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PREFACE 

At the 1960 Annual Meeting of the International North Pacific Fisheries 

Commission a report was submitted (Shepard, 1960) which attempted to review 

briefly the present status of knowledge regarding the offshore distribution of 

chum salmon (Oncorhynchus keta). This report after thorough discussion, and 

with changes, deletions and additions, formed the basis of the agreed report of 

the INPFC Committee on Biology and Research's Sub-committee on chum salmon. 

The present report again attempts to bring information on high-seas distribu

tion of chum salmon up to date. Since the 1960 meeting, however, very few new 

data have become available. The report therefore is very similar to last 

yea~'s. When comprehensive reports of various aspects of the INPFC program 

(e.g. report of the group studying distribution and relative abundance of 

salmon on the high seas) become available a more complete account can be pro

vided. 
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I NT ROOU CI' rON 

. Research on the distribution of Pacific salmon on the high seas began 

in the 1920's and 1930's with offshore exploration by Japan involving drift 

netting and tagging in the western Bering Sea and North Pacific Ocean (e.g. 

Sato, 1938, 1939). These studies, interrupted by the second world war, were 

revived in 1952 along with the development of the Japanese mothership fisheries 

for salmon in the North Pacific, the Bering Sea, and the Sea of Okhotsk 

(Hirano, 1953; Yamahira, 1954). During this latter period, the United States 

also conducted some preliminary reconnaissance work in the eastern part of the 

Bering Sea (Barnaby, 1952; Schaeffers and Fukuhara, 1954). In 1955, the vast 

co-operative program of the International North Pacific Fisheries Commission 

began. In the six years since 1955, research vessels of Japan, the United 

States and Canada have explored the entire North Pacific Ocean and the adjacent 

seas to study the offshore distribution of salmon. Japan and the United States 

have conducted tagging from purse seines, long lines and drift nets to 

determine the migration pattern of salmon in the critical areas along the 

Aleutian chain and in the far west North Pacific. Intensive studies to develop 

means of identifying the continental origin of fish taken on the high seas 

through body measurements and meristic counts, scale characteristics, parasite 

content, and blood chemistry have been conducted by scientists of the three 

countries. Research is continuing and thorough analysis of the great mass of 

results is now under way. 

Already the general patterns of the migratory movements of the five 

major species of Pacific salmon have been revealed. It is to be hoped that 

when analyses fr,om the present studies are completed and adequate information 

is gained on the oceanic environment, the marine biology of Pacific salmon 

will be better understood than that of any other group of stocks in the world. 
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DISTRIBUTION OF SPAWNING STOCKS 

Chum salmon are the most widely distributed of all the Pacific salmons. 

Streams inhabited by chums extend on the North American side from Oregon 

northward more or less continuously to the Arctic shore of Alaska. Some are 

found as far east as the Mackenzie River on the Arctic coast of Canada. In 

Asia, chum is the dominant species of salmon found in the streams of Hokkaido 

and of northern Honshu in Japan. They are also found in large numbers in the 

coastal rivers of the Sea of Okhotsk and northward along the North Pacific, 

and Bering Sea coast of the U.S.S.R. to the Arctic Ocean. Chums spawn in all 

types of rivers from small coastal streams to large river systems, in which 

they may travel hundreds of kilometers to the headwaters. Depending on the 

area, major spawnings may take place as early as June or as late as December. 

In both Asia and North America, the more northerly stocks tend to spawn during 

the summer, whereas in some of the more southerly streams separate summer and 

autumn spawning stocks occur. At the southern fringes of the chum distribution, 

spawning takes place in the autumn and early winter. In Asia, the important 

stoc~s of the northern coast of the Sea of Okhotsk and the spawning grounds of 

Kamchatka and the U.S.S.R. Bering Sea and Arctic coasts include only summer 

spawning chums (Taguchi, 1957), the Amur River and the streams of Sakhalin 

have both summer and autumn runs, and Japan only autumn spawners. In North 

America, the best available information indicates that the far north Bering 

Sea and Arctic coast streams support summer spawners only. In southeastern 

Alaska and northern British Columbia most chums spawn in the summer and early 

fall, but a few later spawning runs occur as well. Just as the southernmost 

streams of Asia, in North America rivers from Vancouver Island southward have 

only autumn spawners. 
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The tendency for the more northerly runs to spawn earlier is probably 

associated with the lower temperatures prevailing in those streams; the 

incubation time of the northern fish would be considerably longer than that 

of fish spawning in the more temperate southern streams. 

Data on catches made in various areas give an indication of the distri-

bution and relative abundance of chum salmon spawning stocks. In almost all 

coastal areas or rivers adjacent to spawning grounds, chum salmon are subjected 

to fisheries by traps, drift-nets, s~ines and long-lines. In addition, since 

1952, chums have been exploited on the high seas westward from 175°W by 

Japanese mothership fleets employing drift-nets. Reasonably reliable catch 

statistics exist for most areas, but in some northern regions, where chums 

are utilized by natives for food and barter, only approximate estimates of 

yields are available. 

The relative abundance of the various Asian stocks is difficult to 

determine from recent catch statistics because the areas of origin of fish 

composing the very substantial North Pacific and Bering Sea catches of the 

Japanese high-seas fishery cannot be determined. Because the Japanese fishery 

may exploit different stocks to differing extents, the coastal catches in the 

U.S.S.R. may not provide a good reflection of the abundance of the stocks. 

Pre-war statistics
l 

indicate that the stocks of the Kamchatka Peninsula 

provided the largest catches (in the order of 25 million annually). The north

ern coast of the Sea of Okhotsk also produced great numbers of chums (averaging 

around 11 million), whereas the southern Asian rivers (the Amur and the rivers 

uf Sakhalin, Hokkaido and Honshu) provided a similar annual yield (a total of 

about 10.5 million - 7.5 million from the Amur and 3.0 million from the others). 

lStatistics cited in this paper are those contained in the excellent 

and very comprehensive report prepared by the INPFC Secretariat (Doc. 398). 
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In recent years (Table I) catches along the coast of Kamchatka have 

formed a progressively smaller proportion of the Asian coastal catch, the 

largest average annual yields being along the northern coast of the Sea of 

Okhotsk. 

In North America, commercial catches are rather evenly divided between 

central Alaska, southeastern Alaska and the area from British Columbia south

ward (Table I). Substantial runs also occur in northern Alaskan streams 

(north of Bristol Bay). These runs are used by the native populations, but 

accurate annual catch statistics are not available l • (The same may be true 

for some far northern Asian streams.) 

Commercial cat.ches2 of chum salmon on the Asian side of the Pacific 

have always been considerably larger than those along the North American coast. 

In the decade prior to World War II (1932 to 1941) the Asian catch averaged 

about 43 million fish whereas the North American catch during the same period 

was only about 14.5 million (34%). In recent years (1955-60) the Asian catch 

has averaged about the same as in the pre-war period (about 40 million) and 

the North American catch has dropped to around 900 million (21% of the Asian 

catch). Whether or not these catch figures indicate the true relative magni

tudes of Asian and North American chums is open to question. 

Before the war, chum salmon were highly prized in Asia and were 

energetically exploited throughout all the major Asian producing areas (e.g. 

Taguchi, 1957). In Japan, extensive programs of artificial propagation were 

lINPFC Doc. 170 indicates that the estimated annual chum salmon catch 

in this northern area (excluding the Yukon River) approximates 0.9 million. 

In the Yukon, the total catch of all species of salmon is about 1.0 million, 

but data on the proportion of chums in this catch is not available at present. 

2Catches in areas for which published annual catch statistics are 

available. 
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ini tiated to maintain the chum sa lmon stocks in the face of deterioration of 

the freshwater environment through growth of cities and very heavy exploita

tion both in the coastal fisheries and on the spawning streams (Anon., 1955). 

In Asia, chum salmon have always commanded higher prices than have pink salmon. 

During this same pre-war period in North America chum salmon were generally in 

low demand (e.g. Hoar, 1951), bringing prices considerably less than those for 

pink salmon. In general, chums in North America were fished incidentally with 

pink salmon. Under these conditions it is likely that North American chum 

salmon were exploited considerably 19S5 than Asian chums and therefore the 

disparity between the relative abundance of chums from the two continents was 

probably not as great as indicated by the 3;1 difference in the magnitude of 

the commercial yields. 

In recent years it is quite possible that Asian chum stocks have still, 

in general, been exploited more heavily than North American stocks. Although 

actual data on rates of exploitation are not available for most areas, there 

are indications in the literature suggesting that this is the case. Semko 

(1958) has suggested that the escapement of all species of salmon to Soviet 

streams in 1955 and 1956 approximated 35 million spawners. During 1955 and 

1956, escapements to Hokkaido streams (Sano, 1959) were in the order of 200,000 

to 300,0001). In 1955 and 1956 the total catch made on the Asian side of the 

Pacific (both coastal and high-seas catches) was about 180 million, giving a 

possible total Asian salmon stock in the order of 215 million. If Semko's 

Escapement figure is approximately correct for Asian salmon in 1955 and 1956, 

~ost chums escaping to Hokkaido streams are taken for hatchery 

propagation. Therefore, figures for the number of adults used for spawn 

taking provide a rough estimate of escapements to Hokkaido streams. 
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the rate of exploitation would thus have been about 85%. In the coastal trap 

fisheries of Hokkaido alone, it is estimated that approximately 2.0 million 

chums were taken. With an average escapement of about 0.3 million, the total 

stock arriving in the Hokkaido area would approximate 2.3 million and the rate 

of exploitation would be 8~. It is known (see later sections) that con-

siderable numbers of Hokkaido bound chums are present in high-seas fishing 

areas during the fishing season and that many are undoubtedly taken there. 

Thus the actual rate of exploitation on Hokkaido chums would be considerably 

in excess of 90%~ 

In North America it is probable that, in recent years9 rates of 

exploitation on most chum stocks have been considerably less than those in 

Asia. In British Columbia from 1955 to 1957 9 gross estimates of escapements 

indicate that the fisheries for both pinks and chums remove about 40% to 60% 

of the available stock. Th9se years were years of low abundance and the fisher-

ies were severely restricted in attempts to provide adequate escapements. 

Thus the rates of exploitation of Asian stocks~ at least in the period around 

1955-57, were probably much greater than those on North American stocks for 

which data are available. 

It is difficult to compare the magnitudes of those chum stocks of 

northern Asia and northern Alaska which do not contribute significantly to the 

commercial catch. Surveys by the United States indicate that the northern 

Alaska stocks have recently amounted to several million fish. It is probable 

that northern Asian stocks are commercially exploited to a greater extent l ) 

lRecent U.S.S.R. catch statistics do not provide breakdowns of catches 

by small areas, but pre-war figures indicate that chum stocks as far north as 

the Anadyr were subject to substantial exploitation (Pravdin, 1940). They 

probably still are, but catch figures are lumped with those from East Kamchatka. 

The catches in the pre-war period for the far north amounted to 2 million in 

some years. 
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than are the northern North American stocks. Thus, North American stocks for 

which catch figures are not available may form a considerably larger propor

tion of the North American chum population than do the stocks from similar 

areas in far northern Asia. Because of the probable lower levels of exploita

tion of North American stocks, and the presence of large stocks not utilized 

by commercial fisheries in the American far north, the apparent 4:1 superiority 

in abundance of Asian chums indicated by commercial catch statistics is 

probably too higho 

OCEAN MIGRATIONS OF CHUM SALMON 

In the spring, young chum salmon emerge from the gravel and move from 

the stream to the sea taking little time to accomplish their downstream 

migration in short streams and up to several months in big river systems 

(Semko, 1954; Mihara 9 1958). Many young chums remain in coastal waters (where 

they OCcur in abundance) until mid-summer before disappearing to the more off

shore regions (e.g. Manzer, 1956; Mihara, 1958). During their coastal resi

dence they grow to lengths of 10 to 15 em. Between mid-summer of their first 

year at sea and their second summer, young chums become dispersed throughout 

the offshore waters of the North Pacific and Bering Sea. July samples taken 

in small meshed nets by research vessels from most high-seas areas contain 

considerable proportions of small chums which had spent only one winter at sea 

(Figure 1). There is a~ost no direct information on the exact pattern of 

movement of the young fish from the coastal areas to the open ocean. Very few 

chums in their first year of ocean life have ever been taken in offshore 

waters, probably because the type of gear (surface drift-nets, purse seines 

and long-lines) used in offshore salmon explorations is not suitable for 

capture of fish so smallo 

l 
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A general concept of the winter movements of salmon has been developed 

by several authors (eog. Kaganovski, 1949). It has been suggested that in 

winter months salmon are forced to emigrate from the very cold northern and 

western waters of the North Pacific area. 

Observations on the movements of older salmon indicate that chums avoid 

waterS of very low temperatures. In Asian coastal waters, concentrated inshore 

movements of both mature and immature chums occur only after surface tempera

tures have risen above 1°C. In both coastal and offshore waters the main 

concentrations of chums occur in areas where surface water temperatures exceed 

3°C (e.g. Taguchi, 1957; Bilman, 1958; Konda, 1959). Figure 2 gives a general

ized picture of probable winter surface temperature patterns (see Fleming, 

1955 and Dodimead, 1959). If chum salmon must avoid water colder than OOC and 

tend to concentrate in waters warmer than 3°C, most Asian chums would be 

forced out of the Sea of Okhotsk, the western Bering Sea and neighbouring North 

Pacific regions into warmer waters stretching from southeast of Hokkaido to 

the central Aleutian area. Chums originating in the streams along the Bering 

Sea coast of North America would also be forced southward. Chums present in 

the Gulf of Alaska would not be subjected to such low temperatures and would 

therefore not be forced to leave the Gulf to escape from winter extremes. 

This general pattern would involve very long seaward migrations of Asian chums 

to the south and east, and a southward movement of northern North American 

chums. It would lead to intermingling of chums from the two continents in the 

Aleutian area. 

1. Catches of chum salmon on the high seas 

Data on the occurrence of chums on the high seas ~ome from the catches 

of research vessels operated by .Japan, the United States, Canada and the 
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U •. S.S.R., and the catches of the Japanese land-based and mothership fleets 1). 

Some interpretations regarding the relative densities of chums in different 

areas at different times have already been presented by several authors (see 

INPFC Ann. Rept. for 1956, pp. 70-71; Ibid., 1957, p. 55; Manzer, 1958; Konda, 

1959; and Ishida and Otomari, 1959), but the important task of synthesising 

information for all areas from all sources of information is not yet complete. 

Until the findings of the working group are available, there is little virtue 

in attempting a detailed description of high-seas distribution. The general 

pattern, however, is quite clear and can be deduced from a gross examination 

of the catch data. To indicate variations in the abundance of chums in the 

western North Pacific Ocean and Bering Sea, the greatest total catch made 

during the period 1955 to 1960 in each of 34 statistical areas is shown in 

Figure 3 for each month from May to August. The total take of this fishery was 

relatively constant oVer the years under consideration (varying from 9.2 to 

17.2 million). Lumping of data for all years would, therefore, not be expected 

to distort the picture of distribution provided by these catches too greatly. 

Because not all statistical areas were fished in every month or in every year, 

data for areas in which zero or small catches were made can tell us little 

IThe data are summarized in INPFC Ann. Rept. 1955-1960 (for research 

vessel drift-net catches), INPFC Statistical Yearbooks, 1955-60 (for Japanese 

commercia 1 fishery catches), Hartt, 1959 (for catches of Uni ted States 

tagging vessels for 1955-1958) and Birman, 1958 (for results of U.S.S.R. 

research vessel operations in 1956). 
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without considering the nature of the effort expended l ) or the regulations 

imposed. However, the occurrence of large catches is obviously indicative of 

the presence of "considerable concentrations of chums in certain areas. 

Comparable data for the Japanese land-based fishery immediately 

adjacent to the mothership fishery are not yet available; Ishida and Otomari 

(1959), however, have provided some data on the catch per unit effort of this 

fishery at di fferent times of the year. Their Figures 2-2 to 2-4 are repro

duced in this report as Figure 4. 

Catches of research vessels throughout the study area will eventually 

provide much useful information on distribution. Much work remains "to be done 

in collating and standardizing such data before realistic interpretations can 

be made concerning relative abundance in different high-seas areas at different 

times. At present, the simple records of catch can be used only to indicate 

the approximate extent of the distribution of chums within the area sampled. 

In Figures 5 and 6, Manzer's (1958) synthesis of research vessel catch data 

are presented to illustrate this point. 

From these sources of data, an attempt has been made to describe 

seasonal changes in chum distribution on the high seas of the North Pacific 

and Bering Sea. 

lThese considerations will be left to the working group studying catch 

statistics. To some extent, fishing for chum salmon is secondary to fishing 

for sockeye. Thus, availability of sockeye may influence the areas in which 

fishing is concentrated and fishing therefore might not be directed to where 

the most chums could be caught. Fishing areas and times are also dictated 

somewhat by the provisions of the Japan-Soviet Treaty. 
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(a) April and May. The first commercial fishing for chum salmon occurs 

off the southeast coast of Hokkaido in April when surface temperatures begin 

to rise above 1°C (Konda, 1959). The fishery extends generally northward 

toward the Kuriles until by the end of May it occupies a broad area stretching 

from Hokkaido eastward to around 1650 E (Figure 4). The northerly movement of 

the fishery seems to coincide with the northern extension of the 3°C to 5°C 

isotherms associated with the spring warming. Towards the end of May the 

Aleutian mothership operations usually begin in the general area eastward from 

165°E, near 500 N (Figure 3). Here the greatest catches of chums appear to 

occur in waters of 3°C and warmer. This is shown in data presented by Taguchi 

(1957) for the 1955 high-seas fishery and by Birman (1958) for 1956. By the 

end of May the two Japanese fisheries form a more or less continuous band from 

Hokkaido northwestward to the mid-Pacific area (between 175°E and 175°W in 

different years). The northern boundary of good fishing appears to approximate 

the 3°C isotherm and the lower boundary the lOoe isotherm (Konda, 1959). Most 

of the fish caught in this area are probably maturing individuals (Ishida and 

Miyaguchi, 1958) migrating generally northward in the wake of warming spring 

water temperatures on their way to the spawning grounds of the U.S.S.R. coast. 

Little is known about the distribution of chums in other parts of the North 

Pacific and adjacent seas in May. Exploratory fishing by research vessels 

(both drift-netting and tagging), which usually begins towards the end of May, 

has been almost entirely restricted to the area south of the Aleutians and in 

the Gulf of Alaska. As shown in Figure 7 substantial catches of chums were 

made throughout the area south of the Aleutians from the Kamchatka coast to 

the eastward limit of sampling in the central ocean area at 165°W. Judging 

from age composition data, the fish taken by both drift-nets- and purse seines 

were mostly matures. Fishing in the central Gulf of Alaska, beginning in mid

May, yielded substantial catches. 
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Thus the fragmentary picture of chum salmon distribution in May reveals 

large concentrations of mature fish in the western North Pacific, moving in a 

generally northwestward direction toward Kamchatka and the Kurile chain. By 

the time that oceanwide sampling by research vessels begins towards the end of 

May, chums (mostly mature) form a continuous band extending from the eastern 

coast of Hokkaido northward to Kamchatka and eastward along the entire length 

of the Aleutian chain as far as sampling extended to 1 65°W • Off Hokkaido and 

the Kurile chain, tagging (Hirano, 1953) revea ls that many of the fish were 

destined for streams dl-aining into the Sea of Okhotsk (see Figure 16). 

(b) June. I n June, warming of the water proceeds rapidly so that by the 

end of the month surface temperature-s throughout the North Paci fic and the 

Bering and Okhotsk Seas exceed 5°C (for example see temperature data for 

research vessel cruises, INPFC Ann. Repto 1955-1958; Favorite, 1958; Taguchi, 

1957). If the theory that the northern extent of salmon distribution is 

limited by the presence of near-freezing temperatures is correct, then by June 

chums could have re-occupied most of the waters of the Northwest Pacific and 

adjacent seas from which they has been excluded during the winter. Research 

vessel and commercial catches indicate that this is true (Figures 5 and 6). 

Chum salmon were taken in most sets as far north in the Bering Sea as sampling 

was conducted (60oN). In the western North Pacific, the pattern of the com

mercial catches indicates that large concentrations of mature chums are still 

present off the coast of Kamchatka and along the Kuriles, reflecting the 

continuing movement of chums toward the U oS.S .R. spawning streams of Kamchatka 

and the Okhotsk coast. Based on data on the catches of chums made when seine 

nets were held open in different directions, Hartt (1959) concluded that 

whereas there were some chums moving both east and west along the Aleutian 

chain, the predominant movement was westward. 
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The main Japanese high-seas catches in the Sea of Okhotsk have been 

made in June. 

Throughout the area of study, especially in the Bering Sea, immature 

fish begin to form larger proportions of research vessel catches and substan

tial numbers are taken in purse seine sets by tagging vessels along the 

Aleutian chain, suggesting a general northward shift of immature fish associ

ated with the progressive warming of the seas" 

(c) July to September. In July, chums are found widely distributed 

throughout the study area. In the far west, the center of the Japanese high

seas fishery has moved inshore toward the coast of Kamchatka and the Kuriles 

(Figures 3 and 4), reflecting the fact that by this time most of the summer

run chums to the U.S.S"R" would be approaching their destination. As will be 

mentioned later in the section dealing with tagging, fish destined for the 

late-run chum rivers of the southern U.S oS oR. and Japan are present in the 

high-seas areas off Kamchatka and the Kuri les at this time. 

In research vessel catches, immature fish begin to form very large 

proportions of the samples in the mid-ocean area and also make substantial 

contributions to samples taken in areas close to both the North American and 

Asian coastal areas as well. The numbers of mature fish taken in either 

drift-net or seine catches in the general area between l700W and 1800 falloff 

markedly during July, suggesting the evacuation of mature fish from this area. 

In August, the onshore movement of mature fish and the trend for 

immature fish to predominate in mid-ocean research vessel catches continued. 

It would be expected that the only mature fish present in offshore areas at 

this time would be those bound for the autumn-run rivers of the southern 

U.S.S.R., Japan, southeastern Alaska and southern British Columbia. In August, 

catches by the Japanese high-seas fleet are made close inshore to Hokkaido, 
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the Kuriles and Kamchatka (Figure 3). As indicated by Ishida and Miyaguchi 

(1958), Birman (1958) and Semko (1958), immature fish are found in increasing 

relative abundance in the coastal waters off the Kamchatka and Kurile coasts 

and in the Sea of Okhotsk_ 

Konda (1959), Manzer (1958) and Birman (1958) suggest that, as the 

season progresses, the southern boundary of chum salmon distribution shifts 

northward. The data suggest that the southern limit of chum salmon catches 

roughly parallels the 12° to 13°C surface temperature isotherms. 

2. Racial oriqin of chu~2 on the high seas 

With this very general and oversimplified description of the distribu

tion pattern of chums on the high seas, let us turn to a more detailed 

consideration of the offshore movements of different stocks. Considerable 

work has been done on developing means of identifying fish of different origins 

on the high seas. Tagging has been conducted by the United States and Japan 

in the Aleutian area and in the far west North Pacific, and by the United 

States and Canada in the Gulf of Alaska. Scale studies have been carried out 

by all three countries. The United States has also carried out studies on 

racial differences in parasitism and meristic counts. There are limitations 

to all these studies which must be carefully considered when interpreting 

results. Sampling on the high seas perhaps poses the most serious problem in 

this respect; it is virtually impossible with the effort available to conduct 

simultaneous sampling or tagging throughout the high-seas area under considera

tion, nor is it feasible to carry out such operations throughout the year. 

Thus, at one time we are usually examining the distribution of fish in rela

tively small parts of the study area and never have a complete picture of what 

is happening throughout the whole. Even then we can examine the pattern of 

events only during the summer months (from May to September). In racial 
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studies which require comparisons between the characteristics of fish taken 

on the high seas with those of fish of known origins taken in coastal areas 

or on spawning grounds, there a~e grave problems of obtaining representative 

samples from all important spawning areas which contribute fish to the high

seas population. Despite these shortcomings, the studies already tell us much 

about the high-seas distribution of stocks originating in different regions. 

I~ the following sections, the results of the various approaches are briefly 

summarized. 

(a) Tagging. Tagging provides the most precise means for positively 

identifying the area of origin of individual salmon taken on the high seas. 

Through the prodigious efforts of the United States seiners and Japanese long

line vessels, tagging has been conducted along the entire length of the 

Aleutian chain as well as in the Bering Sea (mainly to the east) and in the 

western North Pacific adjacent to the Kamchatka coast. As shown in Hartt's 

(1960) very thorough review of results from the Uni ted States 1956 to 1958 

taggings and Hirano and Kondo's (1959) synthesis of results of United States 

and Japanese taggings for the same period, these programs have been remarkably 

successfUl. Recoveries of fish tagged as matures and immatures in different 

high-seas areas have been made in substantial numbers in all major coastal 

fisheries and spawning grounds of the study area. 

Distribution of tagging effort is illustrated in Figure 8. Tagging was 

most intensive along the Aleutians (mainly within 30 miles of shore) but 

substantial taggings were also carried out in the western North Pacific and 

northern Bering Sea. 

Results of taggings of mature chums are summarized in Figures 9 to 13 

and of taggings of immature salmon in Figures 14 and 15. pata for the years 
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1956-1960 were lumped to present as comprehensive a picture as possible. 

Because there is some year-to-year variation in the patterns of tagging and 

recoveries (Hartt, 1960), the combined results illustrated in these figures 

would tend to indicate the maximum extent of distribution of each stock 

observed during the four··year period. Maps showing the exact locations of 

recoveries are not included in this report; such detailed information is 

presented in the numerous illustrations contained in reports by Hartt (1960) 

and Hirano and Kondo (1959) and the l'l;!ader is referred to these papers for 

more thorough considerations. 

:(1) Pistl'ibution of mature summex-run chums from northern Asia. Chums 

utilizing the streams of the nOl'thern U.S.S.R. along the coastline of the 

northern and eastern Sea of Okhotsk, and of the North Paci fic, Bering Sea and 

Arctic Ocean, spawn mainly in the summer months (July to September). As indi-

cated by tagging, maturp. fish from this area are broadly distributed on the 

high seas during May and ~rune 0 DUTing July and August, except for fish tagged 

in the fa r western North Pa Cl n c adja cent to Kamchatka, on.l y occasiona 1 mature 
" 

indi vidua Is tagged in high-seas areas were recovered in the northern U.S .,S.R. 

As shown in Figures 9, 10 and 11, northern U.S.S .R. recoveries were made from 

May and June taggings in almost every ~igh-seas tagging area as far east as 

163°W. In May, two recoveries were made from taggings of only 58 fish between 

163°W and 165°W. No tagging was conoucted in the area immediately eastward 

from here. In June, very substantial tagging between 163°W and 165°W failed 

to provide any northern U.S.S.R. recoveries, but taggings between 1650 W and 

1700W did provide some. These facts suggest that northern U.S.S.R. mature 

chums may have extended even farther east than 163°W in May, but that by June, 

most of these fish had already 16ft the area eastward from 165°W on their 

return journey. The probability of northern Asian chums extending eastward of 
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1630W is supported by the recovery of a single tagged fish in a stream on the 

east coast of Kamchatka from a tagging conducted by Gilbert and Rich near the 

Shumagin Islands (160oW) in 1923 (see Gilbert and Rich, 1925). 

From extensive July and August taggings (Figures 12 and 13) very few 

recoveries were made except from those tagged close to the Soviet coast, 

indicating that by this time most northern U.S.S.R. fish had left the offshore 

areas of the North Pacific and Bering Sea. 

Among the Asian "summer-run" chums, those bound for streams a long the 

northern and western shores of the Sea of Okhotsk appear to evacuate the high

seas area along the Aleutians earliest. Numerous recoveries of fish tagged as 

immatures in the Aleutian area (Figures 14 and 15) were made in the coastal 

areas of the northern Okhotsk Sea. Relatively fewer recoveries were made in 

the summer run areas along the coast of Kamchatka and the North Pacific and 

Bering Sea coast (12 compared to 26). For fish tagged in the year of maturity, 

however, the recovery pattern was directly reversed; recoveries from the 

Kamchatka area far outnumbered those from the northern Okhotsk (43 to 6). Thus, 

although they were present in the Aleutian area in considerable numbers as 

immatures, most northern Okhotsk chums had left the Aleutians by early summer 

of the year in which they mature. 

Mature fish tagged throughout the season in the far west Pacific, near 

the Kamchatka coast and the Kuriles (see Figures 10, 12, 13, 16), provided 

substantial numbers of recoveries to both the Kamchatka area and the northern ~ 

Sea of Okhotsk coast, indicating the presence of both stocks in this area. 

(ii) Distribution of mature autumn-run chums from Hokkaido and ' southern 

U.S.S.R. Most chums originating in the streams of Hokkaido and Honshu in Japan, 

and in the Amur River and streams of Sakhalin Island in the U.S.S.R., spawn in 

the autumn from September through to December. Because of the lateness of 
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their spawning it would be expected that mature chums bound for these regions 

would be present in the open ocean area longer than mature fish bound for 

northern early-run Asian rivers. Tagging data indicate that this is the case; 

substantial numbers of recoveries were made from most high-seas taggings 

carri'ed out from June to August westward from l65°W (including those in the 

Bering Sea near the Pribilovs). 

Considering the relatively small commercial catches made in the Hokkaido 

area (about ~ of the total catch made on the Asian side of the North Pacific 

area), the number of recoveries made in Hokkaido is remarkably high. This is 

due in considerable measure to the great efficiency of recovery in this area, 

made possible by . the concentrated nature of the coastal fishery and the fact 

that a large proportion of the spawning escapement is captured for hatchery 

propagation. The recapture of more tags i n Hokkaido than anywhere else would 

tend to give a more complete picture of the extent of distribution of the 

Hokkaido stock within the high-seas area of tagging than of the other stocks. 

The high efficiency of tag recovery in Hokkaido does not in itself 

explain the large number of recoveries made in this area. As will be shown in 

a later section, recoveries made in Hokkaido formed a much smaller proportion 

of the total coastal recoveries of chums tagged as immatures (Figures 14 and 

15) than did the Hokkaido recoveries of fish tagged as matures. This suggests 

that Hokkaido chums formed a higher proportion of the mature chum population 

present in the high-seas tagging areas than of the immature population. Such 

a difference could be accounted for by the early departure of chums bound for 

the northern rivers of Asia and North America from most of the central ocean 

area where tagging was concentrated. In this case, the mature Hokkaido chum 

population, available for capture for a much longer period, would be tagged 

proportionately more heavily than the early-running populations. 
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Very few fish tagged in the Aleutian area (either as matures or 

immatures) were recovered in the important Amur system, suggesting that this 

stock did not extend in strength to the mid-Pacific area. 

(iii) Distribution of mature ' summer-run chums originating in northern 

Alaska. As is the case for chums originating in the northern Asian rivers, 

those originating in streams of the North American Bering Sea and Arctic Ocean 

coastlines spawn during the summer months. Mature chums tagged in most areas 

eastwa;rd from 1800 during May and June (Figures 9, 10 and ll) were recovered 

in northern Alaskan rivers. Thus, just as with the early-running northern 

Asian stocks, it is probable that by' the time the major tagging effort began 

(in late May and in June) many mature Alaskan salmon had already begun their 

homeward migration. It is therefore possible that the full extent of the 

distribution of these maturing fish is not shown by the tagging experiments. 

Indeed, one chum tagged near l77 0 E by Japan in the pre-war period was recovered 

in western Alaska ~ suggesting that North American chums , may, in some years, 

extend further westward than indicated by recent taggings. 

(iv) Distribution of chums originating in southern Alaska and Canada. 

Only a few recoveries were made in Gulf of Alaska inshore areas and rivers. 

Most of these recoveries were from taggings within the Gulf of Alaska itself, 

although one recovered in southeastern Alaska was tagged as an immature near 

l77°W south of the Aleutians. A recovery was also made in British Columbia 

from a chum tagged as a mature near l67°W. Thus, a few fish originating at 

the southeastern extreme of the chum salmon's range extend into the mid-Pacific 

area where both Asian and northern Alaskan fish are also found. 

(v) Recoveries in the Japanese high-seas fisheries. Large numbers of 

tags were r'ecovered in the Japanese mothership fishery operating in the North 

Pacific and Bering Sea westward from l75°W. Some tagging was conducted in the 
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immediate vicinity of the high-seas fishery and local recoveries from these 

taggings were therefore numerous. Some "same season"· recoveries were made 

from May and June taggings in almost every area along the Aleutians as far east 

a's l650 W in the North Pa ci fi c and from the taggings in the Pribilov area of 

the Bering Sea. Data on the time and place of recovery suggest that some of 

the fish ,recovered on the high seas were mature fish migrating toward Asian 

spawning streams, but many oth,ers may have been immatures intercepted during 

feeding migrations. The continental origin of these immature fish cannot be 

determined. 

, (vi) General , conclusions from tagging. Taggings indicate that, in the 

period 1956-60, chum salmon of North American and Asian origins intermingled 

. extensively in the Aleutian area at least as far east as l630W and at least as 

far west as 180°. Taggings in the eastern Bering Sea show that intermingling 

occurs as far east as l700 W and at least as far west as l75°W. Because of 

probable differences in the rate and times that different stocks were tagged 

and in the efficiency of recovery in coastal areas it is virtually impossible 

to estimate, from tagging results, likely proportions of North American and 

Asian fish in various high-seas areas. Nevertheless, some general trends are 

apparent. - As shown in Tables II and III, taggings in both the North Pacific 

Ocean and Bering Sea westward from 180° provided numerous returns from Asia 

but only one recovery from North America, indicating that North American chums 

formed an insignificant part of the far-west ocean population. From taggings 

between 1800 and l75°W, recoveries were made primarily in Asian coastal areas, 

although there were a few North American recoveries as well. Tagging between 

~ 75°W and l70oW: yielded more North American recoveries, but Asian recoveries 

were about as numerous. From taggings between l65°W and l700 W, North American 

recoveries were over twice as numerous as were Asian recoverieS. - From taggings 
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eastward from 165°W almost all recoveries were made in North American coastal 

areas. These results suggest that for both mature and immature fish, the area 

between 165°W and 1800 is a transition zone with Asian fish heavily predomina

ting to the west and North American fish to the east. Considering the data 

generally, without regard to seasonal or annual variations, the approximate 

division point separating tagging areas which provided predominantly Asian 

recoveries from those yielding predominantly North American recoveries would 

lie between 1700 W and 175°W both in the North Paci fic Ocean and in the Bering 

Sea. 

(b) Scale studies. Studies aimed at distinguishing between races of chum 

salmon on the basis of scale patterns have been conducted by scientists of 

Japan- and Canada (Kobayashi and Abe, 1958; Kobayashi, 1959; Sa to et al., 1958; 

Bilton et El., 1958, 1961; Sato, 1958; Bilton and Shepard, 1959; Tanaka et al., 

1960). These studies have all shown essentially the same pattern of differ

ences between scale characters of fish sampled in various inshore sampling 

areas and spawning grounds throughout the study area. The results (see 

Figures 17 and 18) indicate a geographic cline in the numbers of circuli and 

widths of annuli in the first- and second-year bands. Briefly, fish origina

ting in the streams of British Columbia (Canada) and the State of Washington 

(United States) had many closely packed circuli and large annulus widths, 

whereas those from central and western Alaska and along the North American 

shores of the Bering Sea and Arctic Ocean had fewer and more sparsely spaced 

circuli but about the same annulus widths as those from the more southerly 

parts of North America. Those from Kamchatka in the U.S.S.R. had the smallest 

circulus counts and annulus widths. Southward to Hokkaido, Japan, circulus 

counts and annulus widths increased againo Second-year band circulus counts 

and annulus measurements were quite similar throughout North America. On the 
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other hand second-year measurements for stocks of the U.S.S.R. and Japan were 

similar to each other, tendin9 to be significantly smaller than those for 

North American fish~ Circulus counts and annulus measurements tended to differ 

somewhat between fish originating in different brood years and between fish 

maturing at different ages. 

Tanaka, et ~. (1960) and Bilton, et ~. (1961) attempted to use the 

di fferences in s ,cale characters of fish originating in di fferent rivers to 

identify the continental origin of fish sampled on the high seas. Their 

method involved establishment of a key in which 8 scale characters for fish 

taken on the high seas were compared with the s-ame characters for fish of 

known origins sampled in coastal fishing areas or on spawning grounds. From 

these comparisons each fish taken on the high seas was classified according to 

the similarity of its scale pattern to scale patterns of fish originating in 

streams within 4 broad geographical areas: the Southeastern Region (from Oregon 

to central Alaska), the Northeastern Region (central, western and far northern 

Alaska), the Northwestern Region, and the Southwestern Region (type samples 

were obtained from Hokkaido only, but it is possible that chums from the more 

southerly U.S.S.R. producing areas may exhibit similar characteristics). In 

many cases, fish taken on the high seas could be assigned to one of the 4 

re.9ions. I n other cases it was possible only to designate that the fish 

originated in either of two or in one of three or even all four of the regions. 

As a test of the method, sub-samples of fish of known origin were 

processed in the same way as if they had occurred among samples taken on the 

high seas. These tests indicated that the region of origin of about half the 

fish originating in the Southeastern Region would be recognized correctly by 

this method. For an additional 15%, the region could not be determined, but 

the fish would be designated as originating in either the Southeastern or 
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Northeastern Region and could therefore be assigned as North American fish. 

In all but 1% of the remaini~g cases neither the region nor the continent of 

origin could be determined. In about 1% of the cases either the region or 

continent of origin was misclassifiedo Somewhat smaller percentages of fish 

originating in the Northeastern (northern Alaska) and Northwestern (northern 

Asia) Regions could be classified as to region or continent of origin (33% and 

' 31% respectively). The number of cases in which wrong classification occurred 

was small (about 1% and 3% for the Northeastern and Northwestern Regions 

respectively)o Because their scale characteristics are intermediate between 

those of Northwestern and North American chums, very few (around 6%) of the 

fish from the samples from Hokkaido (Southwestern Region) could be classified 

even to continent of origino In 4.5% of the cases, the continent of origin 

was misclassified. The actual percentages cited above would not necessarily 

apply to any individual sampleo Thus the methods used would be expected to 

provide on the average an accurate identification of the region of origin of 

varying proportions of chums taken on the high seas which had originated in 

the streams of northern Asia and along the entire North American coastline. 

Very few of the fish originating in southern Asian chum streams would be 

identified. 

(i) Apparent high-seas distribution of Asian chums. Chums with scale 

patterns similar to those sampled in northern U.SoS.R. coastal areas were well 

represented in most samples taken westward from 175°W (see Figure 19). Some 

samples taken further east, including several taken in the Gulf of Alaska, also 

contained substantial proportions of "Northwestern" fish. The appearance of 

such fish in samples of mature fish taken immediately offshore from the coast 

of British Columbia (10% of the fish sampled early in the season in the 

vicinity of 135°N, 55°W were mature fish designated as originating in the 
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Northwestern Region) indicates the probability of considerable er~or in the 

methods. Because these fish were maturing, the possibility that they were 

truly Asian fish bound for rivers some 5,000 miles distant within a period of 

no more than 3 months must be discounted. It is more likely that they were 

North American -fish of a type not well represented in the North American 

coastal standards. Despite this apparent source of error, contrasts in the 

proportions of fish of ''Northwestern type" in di fferent areas provides a 

reasonable picture of the distribution of northern U.S.S.R. stocks in the mid

ocean area. During May and June most chums sampled in both the Bering Sea 

and North Pacific Ocean contained 20% or more of the Northwestern type and very 

few of any other (see Figures 20 and 21). Samples immediately to the eastward 

contained less than 10% and larger proportions of fish of North Ameri can types, 

suggesting a rather sharp division between areas occupied mainly by fish 

originating in the northern U.S.S.R. and those from other areas. At this time 

of year most of the fish sampled, especially closer to the coastline, were 

maturing fish. 

Late in the season (July to September - see Figure 19) sampling was more 

widespread and included a good coverage of the Gulf of Alaska as well as of 

the western part of the study area. As the season progressed it would be 

expected that mature chums destined to spawn during the summer months would 

rapidly emigrate from the high seas, leaving behind immatUre fish and popula

tions of later spawning fish. The stocks of northern Asia are summer spawners 

and their distribution pattern as indicated by the scale studies, reflects their 

movement away from the central Bering Sea toward the Asian coast. The propor

tions of identifiable Northwestern chums were very high along the Kamchatka 

coast (about the same as in the early season) and almost everywhere else con

siderable lower than they had been: in the spring. Samples throughout most of 
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the western North Pacific and Bering Sea contained moderate proportions of 

Northwestern fish and large proportions of unidentifiable fish, suggesting 

that the residual populations there could be made up of a high proportion of 

late spawning southern Asian fish (which are impossible to identify because of 

their intermediate scale characters). 

The representation of so-called Northwestern fish in the Gulf of Alaska 

both early and late in the sampling season may be attributable to error as 

suggested above. However it is worthy of note that with the exception of the 

early season samples taken off the British Columbia coast, of 151 fish sampled 

eastward from 1600 W designated as originating in the Northwestern Region all 

but 5 were immatures. Because these immature fish still had from 8 months to 

several more years of ocea~ life before returning to their spawning grounds, 

it is possible that at least some were truly Asian fish and not misclassified 

fish of North American origin. 

(ii) Apparent high-seas distribution of North American chums. During 

May and June fish designated as originating in Central and Western Alaska (the 

t~ortheastern Region") were best represented in samples taken in the East 

Bering Sea and south of the Aleutians near 165°W (Figure 20). A few were also 

found in the mid-ocean area between 175°E and 1800. Early season sampling in 

the Gulf of Alaska was very sparse; fish designated as originating in the 

Southeastern Alaska-British Columbia area ("Southeastern Region") were found 

in concentration only in the large samples taken immediately off the British 

Columbia coast (Figure 21). 

In the late part of the season, identifiable northern Alaskan fish 

appeared in greatest proportions in samples in the east Bering Sea and in the 

North Pacific between 155°W and 165°W. They also contributed significantly to 

samples taken throughout the western Gulf of Alaska. Mature fish of So~theastern 
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origin were concentrated against the eastern shore of the Gulf, but also 

occurred in smaller proportions along the northern rim of the Gulf westward 

to about 1700 W. 

Sato (1959), studying the spacing of circuli on scales of chum salmon 

sampled on the high seas in 1956, also concluded that there was considerable 

intermingling of North American and Asian chums at least between 1600W and 

1800 • 

(c) Parasitology. Uzman (1956, 1957) and Uzman and Lander (1958) ~tudied 

the degree of infestation of chum salmon taken on the high seas by the parasite 

Anisakis sp. Anisakis is a marine parasite and infestation, therefore, occurs 

after the chums have reached the sea. Although Uzman's studies indicated 

differences in the level of infection of fish taken in the eastern and western 

halves of the study area (there seemed to be a rather sharp dividing line 

between high and low rates of infestation around 1800 ), variations in the 

degree of infestation among samples from coastal areas and inconsistencies in 

high-seas samples made the res~lts difficult to interpret. These studies were 

discontinued in 1958. 

(d) Meristics. United States scientists (LaLanne, 1959) have conducted 

preliminary studies of meristic counts in chums taken in coastal fisheries and 

on the high seas. These studies show some differences between fish from North 

America and Asia, but as yet the results do not permit assessments of the 

continent of origin of fish taken in high-seas samples. 
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CONCLUSIONS 

(a) Asian chum salmon stocks are more abundant than those originating in 

North America. On both continents, chums are widely distributed, inhabiting 

streams and rivers of northern Japan, the northern Japan Sea, Okhotsk Sea, 

North Pacific, Bering Sea and Arctic Ocean coasts of the U.S.S.R., and of the 

entire North American coastline from Oregon northward to the Mackenzie River ' 

on the Arctic Ocean. On both continents the more northerly runs spawn in the 

summer (mainly June to September) whereas in southern streams (especially 

Hokkaido and southeln British Columbia) the fish spawn in the autumn (September 

to December). The summer-run U.S.S.R. stocks of the Sea of Okhotsk and 

Kamchatka are the most abundant of all. 

(b) Chum salmon, migrating to sea as fry in the spring and early summer, 

become distributed throughout most of the North Pacific and Bering Sea north 

of the Sub-Arctic front by the time they have completed their first year at 

sea. 

(c) Tagging from 1956 to 1960 indicates that the chums originating in 

North America and Asia intermingle extensively in the central North Pacific 

and Bering Sea. 

(i) Fish tagged as far west as 1800 in the North Pacific Ocean 

south of the Aleutians have been recovered in North America 

and some tagged as far east as 163°W have been recovered in 

Asia. Because extensive taggings have not been conducted 

immediately eastward of 163°W, the eastern extent of the 

distribution of Asian chum salmon cannot be determined from 

tagging. 
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(ii) In the Bering Sea north of 55°N, chums tagged as far east 

as l700 W have been recovered in Asia and some tagged as far 

west as l75°W have been recovered in North America. Tagging 

in this region, however, was not as extensive as it was 

near the Aleutians and consequently the results may not 

indicate the full range of intermingling. 

(iii) Thus, intermingling between fish of North American and Asian 

origins is known to occur between l63°W and 1800 south of 

the Aleutians in the North Pacific Ocean and at least between 

l700W and l75°W in the Bering Sea. 

(iv) Both in the Aleutian area and in the Bering Sea north of 55°N, 

recoveries from taggings of fish westward from l700W were 

maiqly made in Asia whereas those from tagging eastward from 

l700W were made mainly in North America. 

(v) In the area of intermingling, fish originating · in both 

northern (summer-run) and southern (autumn-run) streams of 

Asia were present. Almost all the North American fish present 

came from northern (summer-run) Alaskan streams draining into 

Bristol Bay and the Bering Sea. 

(d) Studies of scale characteristics on fish collected in 1956 and 1957 

also suggest that intermingling occurs over a broad area. Although the methods 

used require further testing, the results, in general, parallel those of tag

ging studies. 
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(i) . In the North Pacific south of the Aleutians, samples taken 

early in- the season near l75°W and westward contained large 

numbers of fish with scales similar to those of fish sampled 

in the Kamchatka area of the UoS.S.R. and very few fish with 

scales similar to those of North American fish. Samples 

taken eastward of l700W, on the other hand, contained sub

stantial numbers of fish with scales of the North American 

type and relatively few fish with Asian-type scales. 

Extensive intermingling occurred at least between l65°W and 

180° and possibly, to a lesser extent, as far west as l700E 

south of the Aleutians and as far east as the central Gulf of 

Alaska. 

(ii) _ Scale studies indicate that chums originating in the British 

Columbia-Southeastern Alaska area extend throughout the 

Northern Gulf of Alaska. A few may migrate far westward into 

the central Aleutian area. Throughout the Gulf, they inter

mingle extensively with fish originating in Alaska streams 

northward from Yakutat. 

(e) From data collected from 1956 to 1960 it is concluded that, from late 

May to early September, the approximate division between areas where North 

American and Asian chum salmon predominated lay somewhere between l700W and 

l75°W in the Aleutian area and probably between the same longitudes in the 

Bering Sea between 55°N and 600N. 
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Tu1e I. C-rc1a1 catcbH of dna salaon 1n V8riwa In .. , frca 1952 to 1959 (in 1I1111onl of flab). 

Japan U.S.s.R • . -

South- Total alothership La rid-ellt Contra 1 W .. tern Horth ba.;J,2 East Weat 
Yeer • • ahington canada Alaska A1aalta Alaska AMerica Paei fie Bering OkhoUk Kamchatka Kaachatlta Okhotak 

1951 0.9 2.5 4.2 3.5 0.5 1l.6 0.6 · .. · .. 2.7 2.5 2.5 3.4 

IN 0.5 4.7 3.5 3.1 0.6 12.5 2.7 · .. • • 0 
3.8 0.9 2.1 3.1 

19~ 0.7 5.9 4.2 3.3 0.8 15.1 9.4 · .. · .. 6.6 1.6 4.4 8.0 

1~ 0.4 1.6 1.5 1.6 0.3 5.5 18.6 ... 3.4 7.1 3.3 5.2 6.4 

19H 0.2 2.5 2.7 3.7 ('.8 9.9 12.9 4.3 3.2 4.4 3.7 3.6 11.2 

1957 0.2 2.4 3.4 4.4 0.5 10.9 7.9 1.3 2.7 8.4 1.3 0.7 4.5 

1958 0.6 3.2 2.8 3.2 0.6 10.4 17.2 ... 1.6 15.2 1.2 0.3 3.5 

1959 0 .. 5 2.0 1.2 1.9 0.9 6.6 11.2 1.6 ... 14.0 2.2 2.5 3.7 -
1960 0.3 1.8 1.0 3.7 1.9 8.7 6.6 3.9 ... 14.63 0.9 1.1 6.9 

Averag. 
1955-60 0.4 2.3 2.1 3.1 0.8 8.7 12.4 1.9 1.8 10.6 2.1 2.2 6.0 

• 0.8 4.6 4.2 6.2 1.6 17.4 24.8 3.8 3.6 21.2 4.2 - 4.4 12.0 

SakhaUn 
AlNr KurU. 

3.3 2.0 

3.2 1.2 

1.5 0.8 

3.8 1.7 

4.6 1.0 

1.8 1.7 

2.9 0.7 

3.3 0.2 

4.3 0.3 

3.5 0.9 

7.0 1.8 

TotAl 
Alia 

17.1 

17.1 

32.4 

49.6 

49.0 

30.3 

42.7 

38.8 

38.6 

41.5 

82.6 

o 
o 
n . 



Tabl. II. Diatrlbution of recoyoriee from togglnp ot _ture tieh at YarlOWl langitudeo in the North Pacitic Ocean and Bering Sea, 1956-60. 

TAGGI!lG AIIU -+ We.t ot 180· 175·W - 180· 170"ll - 175"11 165"11 - 170"11 Eut ot 165"11 
R!X:O'IERT IlrancI 

AREA IIq J""e lul,. lug. Total Ka,. 1""0 lul7 Aug. Total Ka,. Juno Jul,. lug. Total He,. June Jul7 Aug. Total 11&,. lune lul7 "" . Total total 

-l-

&lian eoaetal a,..as (oar17) 12 15 11 7 44 0 15 0 0 15 1 9 0 0 10 1 9 0 0 10 2 0 0 0 2 81 

&o1an _.tal area. (lator) 6 14 23 42 85 0 15 24 0 39 0 4 3 0 7 0 7 13 1 21 0 0 0 0 0 152 

High S ... 36 58 53 0 147 1 )7 1 0 )9 0 5 0 0 5 0 6 0 0 6 0 0 0 0, 0 197 

H_ &aoriean coutal ...... 0 1 0 0 1 0 2 3 0 5 2 14 0 0 10 2 65 9 1 T1 2 14 6 , 31 1)0 

TOTAL 51. 88 87 49 m 1 69 28 0 98 ) )2 , 0 )8 3 87 22 2 114 4 14 6 9 " 560 

Table III. Distribution of recoveries to date fram taggings of imsature fish at various longitudes in the Horth Pacific 
Ocean and Bering Sea, 19~6-60. 

RECOVERY TAOOING AREA ~ W of 1800 l7~"-18oe l7()1'1-l7~ 165"-170-1 E of 165" Total 
AREA 

"-
Asian coastal areas (early) 26 1 2 0 51 

Asian coastal areas (later) 21 1 1 0 28 

High Se .. 83 1 2 1 1~5 

North American coastal areas 0 8 2 0 15 

TOTAL 110 113 5 6 239 
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Fig. lAo Percentage of one- and two-winter chum. in reaearch vessel catches during JUNE, 1957. (Figures in 
brackets indicate percentages of one-winter fish, unbracketed figures indicate percentages of two-winter fish.) 
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Fig. lB. Percentage of one- and two-winter chums in research vessel catches during JULY, 1957. (Figures in 
brackets indicate percentages of one-winter fish, unbracketed figures indicate percentages of two-winter fish.) 
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Fig. le. Percentage of one- and two-winter chums in research vessel catches during AUGUST, 1957. (Figures in 
brackets indicate percentages of one-winter fish, unbracketed figures indicate percentages of two-winter fish.) 
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ris. 5. Chum salmon distribution in the north Pacific and the leriaa Sea, 1956. 
(fro. Manzer, 1958.) 



rig. 6. 
1957. 

Chum salmon distribution in the northeast Pacific aDd the Bering Sea, 
(from Manzer, 1958.) 
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Figure SA. Chua salmon tagging areas, 19~6-60. 
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Figure 88. Chum salmon tagging areas, 19~6-60. 
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Figure 9. Di.tribution of recoveries of mature 
chua salmon tagged in varioul high-leas areas 
during lIay of 19~-60 by United States, Japan 
.nd Canad •• 
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150 160 170 180 

TAOOING AREA ---. II A B 
RECOVERY 

Japan (all) 'I 'I AREA 
TOTAL NUIIBER TAGGED USA (matures) 0 0 

! USA (immaturel) 0 0 
Total 'I ? 

ASIAN COASTAL AREAS (EARLY) Total 0 0 

Anadyr 0 0 
Olivtorski 0 0 
E. Kamchatka 0 0 
W. Kamch. tka 0 0 
Penzhinski 0 0 
N.W. Okhotsk coast 0 0 
Okhotsk Sea 0 0 
U.S.S.R. (location unknown) 0 0 

ASIAN COASTAL AREAS (LATER) Total 1 4 

Alllllr 0 1 
Sakhalin 0 3 
Hokkaido 1 0 

MICi! SEASb Total 0 0 

If. Pacific 0 0 
If. Bering 0 0 

NORnI AMERICAN CXlASTAL AREAS Total 0 0 

E. Aleutians 0 0 
If. Alaska 0 0 

TOTAL 1 4 

alnc1uding 6 tagged in April. 

.Gt 

: I ... -

., 

, 
:oJ 

170 160 150 140 

Westward from 175 ... Entward from 175"11 

C D E F G H , I I J K L 

327 0 0 0 0 0 108 67 0 0 
0 136 2 263 2 15 0 0 30 58 
0 1 0 3 1 1 0 0 0 1 

327 137 2 266 3 16 108 67 30 59 

2 5 0 5 0 0 0 0 1 2 

0 0 0 0 0 0 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 1 
0 1 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 
1 2 0 3 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 

18 13 0 5 0 1 0 0 0 0 

18 12 0 4 0 0 0 0 0 0 
0 1 0 1 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 2 1 

0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 2 0 

20 18 0 11 0 1 0 0 3 3 

~ecov.ri.1 of chums in •• me ye.r al year of t.gging (the •• fi.h .ra not nec •••• ri1y aatura.). 
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0 502 
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0 7 

26a 1,041 

0 15 

0 1 
0 1 
0 2 
0 1 
0 2 
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0 1 
0 1 
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Figure 10. Distribution of recoveries of mature chum ~ ,~ salmon tagged in various high-seas areas 1n the ~ 
Bering Sea during June of 1956-60 by Uni ted ~ 
States, Japan and Canada. ~ 
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.- -
Westward from 175°W Eastward from 175°. 

TAGGING AREA ~ 
I 

A B C D 
II 

E F G 
I 

H Tota 1 

RECOVERY Japan (all) 0 0 0 0 0 267 0 109 376 
AREA USA (matures) 57 20 58 226 57 89 39 6 552 

1 
TOTAL NUMBER TAGGED USA (immatures) 30 0 0 237 0 9 0 0 276 

Canada (a 11) 0 0 0 0 0 0 0 0 0 

Total 87 20 58 463 57 365 39 115 1,204 

ASIAN Q)ASTAL AREAS (EARLY) Total 3 1 2 1 5 1 0 0 13 

Anadyr 0 0 0 0 1 0 0 0 1 
E. Kamchatka 2 0 2 0 4 1 0 0 9 
Okhotsk Sea 1 1 0 0 0 0 0 0 2 
U.S.S.R. (location unknown) 0 0 0 1 0 0 0 0 1 

ASIAN Q)ASTAL AREAS (LATER) Total 0 1 0 0 3 0 0 1 5 

Sakhalin 0 0 0 0 1 0 0 0 1 
Hokkaido 0 1 0 0 2 0 0 1 4 

HIGH SEASb 
Total 2 1 0 1 1 0 0 0 5 

W. Pacific 2 1 0 0 1 0 0 0 4 
W. Bering 0 0 0 1 0 0 0 0 1 

NORTH AMERICAN COASTAL AREAS Total 0 0 0 0 4 10 2 7 23 

E. Aleutians 0 0 0 0 0 0 0 1 1 
W. Alaska 0 0 0 0 4 10 2 6 22 

TOTAL 5 3 2 2 13 11 2 8 46 

bRecoveries of chums in same year as year of tagging (these fish are not necessarily matures). 



Figure 11. Distribut10n of recoveries of lDature chUID 
salmon tagged in various high-seas areas in the 
North Pacific Ocean during June of 19~6-60 by 
United States, Japan and Canada. 
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Figure 12. Distribution of recoveries of mature chum ~ .-~ salmon tagged in various high-seas areas during ""'"' 
July of 1956-60 by United States, Japan and ~ 
~~. ' 1 ~ 
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--
Westward from 1750W I;astward from 1750 W 

TAGGING AREA ~ I A B C D E F G H I J K L I III N 0 P Q----;l Total 

RECOVERY Japan (all) 82 675 247 0 20 9 275 0 0 0 0 284 0 0 0 0 0 0 1,592 

AREA USA (ma tures ) 0 0 0 21 137 0 0 8 89 36 3 453 193 830 52 29 2 0 1,853 

1 
TOTAL NUMBER TAGGED USA (ilDlDBtures) 0 0 0 807 3480 28 83 238 967 1 541 6803 235 2479 0 177 39 0 15,878 

Canada (all) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 47 47 
Total 82 675 247 828 3637 37 358 246 l!Y.>6 37 544 7540 428 3309 52 206 41 47 19,370 

ASIAN COASTAL AREAS (EARLY) Total 1 4 1 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 12 

E. Kamchatka 0 2 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 5 
W. Kamchatka 0 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 5 
N .W. Okhotsk coast 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Okhotsk Sea 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

ASI AN COASTAL AREAS (LATER) Total 4 6 5 1 4 0 3 0 0 0 0 24 3 13 0 0 0 0 62 

S. Kuriles 1 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 4 
Sakhalin 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Hokkaido 1 2 5 1 4 0 3 0 0 0 0 22 2 13 0 0 0 0 53 

HIGl SEASb Total 17 18 2 2 5 0 7 0 2 0 0 1 0 0 0 0 0 0 54 

W. Pacific 17 18 0 1 5 0 0 0 2 0 0 1 0 0 0 0 0 0 44 
W. Bering 0 0 2 1 0 0 7 0 0 0 0 0 0 0 0 0 0 0 10 

NORTH AMERICAN COASTAL AREAS Total 0 0 0 0 0 0 0 0 0 0 0 3 0 9 3 0 0 3 18 

E. Aleutians and Alaska Peninsula 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 3 
W. Alaska 0 0 0 0 0 0 0 0 0 0 0 3 0 8 1 0 0 0 12 
British Columbia-southeast Alaska 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 

TOTAL 22 ~ 8 3 9 0 16 0 2 0 0 28 3 22 3 0 0 3 147 

bRecoveries of chums in same year as year of tagging (these fish are not necessarily mstures). 
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TAGGING AREA ---- ,--
A B C 0 E F G H 
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I J K L 14 

I 
Total ----

RECOVERY .Japan (u11) 1475 376 0 0 0 0 0 0 0 0 0 0 0 1,851 
AREA USA (matures) 0 111 27 2 26 15 92 29 50 40 3 26 12 433 

1 
TOTAL NUllBER TAGGED USA (immature.) 0 402 244 41 236 45 1852 20 211 508 196 13 0 3,768 

Canada (all) 0 0 0 0 0 0 0 0 0 0 0 0 30 30 
Total 1475 889 271 43 262 60 1944 49 261 548 199 39 42 6,082 

ASIAN COASTAL AREAS (EARLY) Total 7 0 0 0 0 0 0 0 0 0 0 0 0 7 

Chukchi 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
E. Kamchatka 4 0 0 0 0 0 0 0 0 0 0 0 0 4 
N.W. Okhotsk coast 2 0 0 0 0 0 0 0 0 0 0 0 0 2 

ASIAN COASTAL AREAS (LATE) Total 27 9 2 0 4' 0 0 0 1 0 0 0 0 43 

S. Kurl1 •• 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
Sakhalin 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
Hokkaido 26 9 2 0 3 0 0 0 1 0 0 0 0 41 

HI<JI SEASb Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NORTH AllERICAN COASTAL AREAS Total 0 0 0 0 0 0 0 0 1 1 1 7 0 10 

Kodiak 0 0 0 0 0 0 0 0 0 1 0 1 0 2 
Brltish Columbia-southeast A1uk. 0 0 0 0 0 0 0 0 1 0 1 6 0 8 

TOTAL 34 9 2 0 4 0 0 0 2 1 1 7 0 60 

i>aecoverles of chUIIUI in same year as year of tagging (these fish are not necessarily matures). 



figure 14. Distribution of recoveries to date of ." .~ immature chum salmon tagged by the United States I~ 
and Japan in the Bering Sea from 19~6 to 1960. ~ .,. 
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AREA USA ~Dl.tu:res) 189 32 94 246 ~7 89 39 6 7~2 TOTAL NUMBER TAGGED 

1 
USA (immature.) 1322 279 1 824 0 9 0 0 2 43~ 

Total 2409 311 9~ 1070 57 36~ 39 11:> 4,461 

ASIAN COASTAL AREAS (EARLY) Total 2 0 1 1 1 0 0 0 !I 

E. K.mchatka 0 0 1 0 1 0 0 0 2 
W. Kamchatka 0 0 0 0 0 0 0 0 0 
N.W. Okhotsk c~at 2 0 0 0 0 0 0 0 2 
Okhotsk Sea 0 0 0 1 0 0 0 0 1 

ASIAN COASTAL AREAS (LATER) Total 1 1 0 1 0 0 0 0 3 

Sakhalin 1 0 0 1 0 0 0 0 2 
Amur 0 1 0 0 0 0 0 0 1 
HokItaido 0 0 0 0 0 0 0 0 0 

HlCii SEAS Total 19 1 1 8 0 0 0 0 29 

W. Pac:ific 19 1 0 B 0 0 0 0 2B 
W. Bering 0 0 1 0 0 0 0 0 1 

NORTH AllERICAN COASTAL AREAS Total 0 0 0 0 0 0 0 0 0 

TOTAL 22 2 2 10 1 0 0 0 37 



Figure 15. Distribution of recoveries to date of " ,~ immature chum salmon tagged by the United ~ ~ 
States and Japan in the North Pacific Ocean ~ 
from 1956 to 1960. L 
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TAGGING AREA - I A B C D E F G II H I J K L It N 0 I Total 

RECOVERY Japan (all) ? !)2!>1 2150 163 954 199 1241 118 67 0 0 0 0 0 0 !i,437 AREA 
USA ( .. tures) 0 0 0 481 0 546 1630 422 0 2623 ~l 112 3 27 12 6,387 

1 
TOTAL NUMBER TAOOEO USA (immatures) 0 0 0 4307 2B 1417 1l0!J8 340 0 3!i17 1 732 196 16 0 21,612 

Canada (all) 0 0 0 0 0 0 0 0 0 0 0 0 0 21 77 98 
Total ? 525+ 21!i0 4971 982 2162 13929 880 67 6140 ~2 844 199 64 59 33,~4 

+ 

+ 

ASIAN COASTAL AREAS (EARLY) Total 0 1 5 11 0 3 24 0 0 2 0 0 0 0 0 46 

Anadyr 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
E. Kamcha tit_ 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 3 
W. Kamchatka 0 0 0 2 0 2 1 0 0 1 0 0 0 0 0 6 
N.W. Okhot sk coaet 0 1 4 6 0 1 15 0 0 0 0 0 0 0 0 27 
Okhotsk Sea 0 0 0 2 0 0 6 0 0 0 0 0 0 0 0 8 
Gizhiginsk 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 

ASIAN COASTAL AREAS (lATER) Tot.l 0 0 0 2 0 1 20 1 0 1 0 0 0 0 O. 25 

Sakhalin 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 3 
Hokkaido 0 0 0 1 0 1 18 1 0 1 0 0 0 0 0 22 

HIGH SEAS Total 0 1 16 31 0 15 49 1 0 2 0 1 0 0 0 ll6 

•• Pacific 0 1 16 28 0 14 49 1 0 1 0 1 0 0 0 111 
•• Bering 0 0 0 3 0 1 0 0 0 1 0 0 0 0 0 5 

NORTH AMERICAN a)ASTAL AREAS Total 0 0 0 0 0 0 8 2 0 0 0 5 0 0 0 15 

•• Alaska 0 0 0 0 0 0 7 1 0 0 0 4 0 0 0 12 
E. Aleutians 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
Bri tiah Columbia -southeast Alaska 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 2 

TOTAL 0 2 21 44 0 19 101 4 0 5 0 5 0 0 0 201 



Pig. 16. Recove~ie8 from Japanese taggings in the Iur11. 
region (aftar Hirano, 1953). Recoverie8 made in Japen 
from taggings immediately adjacent to Hokkaido not lacluded. 
Dotted line. indicate areas in which taggina va. conducted. 
Arrows indicate areas of recaptures, with number of 
recoverie8 in each area indicated by number. enelo.ad in 
circles. No recoveries were made in East Kamchatka. 
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Figure 17. Annulus widths in the first and second years, and circulus counts in the first and last halves 
of the first year for scales of chums of the 1953 brood year from different areas of the North Pacific. 

Ll - annulus width of the first year band. 
L2 - annulus width of the second year band. 
Ca - circuli in the first half of the first year. 
Cb - circuli in the last half of the first year. 

Black bars indicate frequencies for 31 fish, white for 41's and cross-hatched for 51's. 
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Figure 18. Annulus widths in the first and second years, and circulus counts in the first and last halves 
of the first year for scales of chums of the 1954 brood year from different areas of the North Pacific. 

Ll - annulus width of the first year band. 
L2 - annulus width of the second year band. 
Ca - circuli in the first half of the first year. 
Cb - circuli in the last half of the first year. 
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Figure 19. Percentage contribution of chums (age 3 to 5) designated as 
originating in the "Northwestern Region" (northern U.S.S.R.) in the 
early and late parts of the years 1956 and 1957. 
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Figure 20. Percentage contribution of chums (age 3 to 5) designated as 
originating in the MNortheastern Region" (Central and Western Alaska) 
in the early and late parts of the years 1956 and 1957. 
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Figure 21. Percentage contribution of chums (age 3 to 5) designated as 

originating in the "Southeastern Region" (British Columbia
Southeastern Alaska) in the early and late parts of the years 
1956 and 1957. 
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Figure 22. Continental origin of chum salmon in vcI·ious high-seas areas during May and June as determined from 
taggings of mature fish (circles) and from scale studies (triangles). 

IIIII cross hatching indicates presence of chums of North American origin. 

~ solid shading indicates presence of chums of Asian origin. 

x indicates areas where taggings were conducted from which no recoveries were made. 

stippled area indicates area where extensive intermingling between Asian and North American chums 
occurs. 

Proportion qf symbols occupied by either cross hatching or shading indicates relative proportions of North 
American or Asian chums among samples' taken in designated areas: 

• • e 
- Virtually all fish in area sampled estimated to be of Asian origin • 

- Majority of fish estimated to be of Asian origin, but North American fish present as well. 

- Majority of fish estimated to be of North American origin, but substantial numbers of 
North American type present. 

~ - Virtually all fish in area sampled estimated to be of North American origin. 

etc. - Clear areas within triangles indicate that continental origin of large proportions of fish 
sampled from scale studies ·could not be estimated. 

Note: The basis of designation of proportions from sca Ie studies was as follows: 

a) Symbol completely filled in when 20% or more of the fish sampled were designated as originating 
in one continent. 

b) Two-thirds of symbol filled in when from 10 to 20% of fish sampled were designated as 
originating in one continent. 

c) One-third of symbol filled in when frOI I! 5' to l~{, cf ~i sl: sampi.ed were designated as originating 
in one continent. 

In .the odd case where 20% or more of the fish were designated as originating in one continent and over 5 but 
under 20% were designated as originating in the other, two-thirds of the symbol was filled in with the pattern 
of the dominant continent, e.g. 25% Asian, 7% North American would be shown: 



Figure 23. Continental origin of chum salmon in various high-seas areas from July to September as 

determined from taggings of mature fish (circles), and from scale studies (triangles) 

and of immature fish throughout the season as determined by tagging (hexagons). 

I I II I cross hatching indicates presence of chums of North American origin. 

~ solid shading indicates presence of chums of Asian origin. 

x indicates area where taggings were conducted from which no recoveries were made. 

stippling in mid-oce~n area indicates region where extensive intermingling between Asian 

and North American chums occurs. Stippled areas in far west North Paci fic and Gulf of 

Alaska with question marks indicate areas where scale studies suggest occurrence of 

intermingling but where tagging experiments do not confirm tllese findings. 

Proportion of symbols occupied by either cross hatching or shading indicates relative proportions 

of North American or Asian chums among samples taken in designated areas (see legend to Figure 22 

for further explanation). 




