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Introduction 

On the Pacific Coast of North America coho salmon (Oncorhynchus kisutch) 

occur from at least as far north as Cape Thompson in the Chukchi Sea (Smith, 

1960), south to streams that are tributary to Monterey Bay, California (Briggs, 

1953). In Asia their latitudinal distribution is rather similar; they are found 

at least as far to the north as the Anadyr River, and occur in mainland streams 

southward to the Amur Firth, and on the Shantarskii Islands and the islands of 

Sakhalin and Hokkaido (Gribanov, 1948; Hikita, 1956; Sano, 1959; Schmidt, 1950). 

On both continents they are found in considerably smaller numbers towards the 

northern and southern limits of their distribution. 

Coho salmon are produced in numerous small coastal streams as well as in 

the tributaries of larger rivers. This characteristic renders the assessment of 

coho stocks and the management of coho fisheries extremely difficult. 

On the North American continent the region of the coho's greatest abund

ance extends from Central Alaska to the State of Washington. In Asia it is along 

the east and west coast of the Kamchatka Peninsula. 

Various Russian workers have noted that the coho salmon has been neglected 

by coastal commercial fisheries in the U.S.S.R. until very recent years. The 

main reason for this is that the coho enter inshore waters late in the season, 

when the major fisheries for the more abundant chum, pink and sockeye salmon are 

ending, and at a time of deteriorating weather. Also, in the rivers themselves, 

coho salmon are apparently more difficult to capture than the other species by 

the weirs and nets which the villagers use. Since 1952 large numbers of coho 

salmon have been taken annually by the Japanese high-seas salmon fishery in the 

western North Pacific, principally off the southeast coast of Kamchatka. 

Important numbers are also taken each year in the Japanese land-based fishery 
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which operates eastward of Hokkaido and the southern Kurile Islands. Tagging 

experiments and other evidence indicate that these fish are principally of 

Russian origin, primarily from the coasts of Kamchatka and the Okhotsk Sea coast. 

In North America the exploitation of the coho salmon has been at a very 

high level for many years, particularly hn British Columbia and Washington State. 

In more northern areas, such as Western Alaska, coho salmon are fished commerci

ally less intensively and, as in some regions of the U.S.S.R., this is partly 

associated with their late arrival during autumn weather and at the termination 

of the major salmon fisheries. Also, in some areas of Western Alaska coho are 

fished extensively in fresh water for personal consumption. However, no catch 

data are available. 

In recent years, and primarily in British Columbia and Washington State, 

sport fishing for coho salmon has assumed considerable importance in the overall 

exploitation of this species. It has become necessary to impose increasingly 

severe restrictions upon both kinds of fisheries in order to ensure the mainten

ance of present levels of abundance through adequate escapements. 

Some appreciation of the relative importance of the coho salmon, on both 

continents, as compared with the other species, can be gained from the figures 

shown in Table I. (In preparing this table it was not possible to be consistent 

in the use of either catch by weight or catch by numbers of fish, because of 

differences between regions in methods of statistical compilations.) At the 

present time coho salmon constitute only a minor proportion of the total 

commercial salmon catches in Asia and North America. During 1954-1959, coho 

provided about 2.4 percent of the total Asian salmon catches (including those of 

the Japanese high-seas fisheries) and 9.3 percent of the North America catches, 

as measured by numbers of fish. By weight the contributions of coho would be 

somewhat higher, because they are heavier fish, on the average, than the pink 
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and sockeye salmon. In certain North American areas cohoes are of much greater 

importance. By weight they constituted about 16, 17 and 26% of the total 

commercial salmon catches in British Columbia, Washington and Oregon, respectively. 

Although the coho salmon may be of minor importance in the North Pacific 

Ocean as compared with the sockeye, chum and pink salmon, they do occur in 

sufficient numbers in some areas to deserve consideration in any deliberations 

pertaining to an "equitable division" of salmon stocks on the high seas. How

ever, because they do present less urgent problems in this connection they have 

been studied less intensively, so that there are considerable gaps in our 

knowledge of the occurrence of coho salmon in ocean waters. In particular, there 

is little or no positive information on the racial origin of coho taken in high

seas localities - identification by scale, serological, parasitological and 

morphological techniques, has not been pursued. Despite this, however, it is 

hoped that on the basis of what information there is available it will be possible 

to describe in this paper the distribution of coho salmon in the North Pacific 

Ocean and to indicate their status as it pertains to the problems of the Protocol. 

In addition to the references actually cited in the text, many United 

States, Japanese and Canadian tagging and gill-netting records, distributed as 

numbered INPFC documents, have been used in preparing this Chapter. Only one 

INPFC tagging document has yet been published - that on United States tagging 

during 1956-1958, by Hartt (1962). 

Li fe hi story 

Many of the facts upon which this report is based have been taken from 

two published works on the life history of the coho salmon - in Russia, that by 

Gribanov (1948), and mainly for cohoes in Kamchatkan rivers; and in North America, 

that by Shapovalov and Taft (1954), with particular reference to the cohoes of 
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Waddell Creek in California. This statement is made in order to circumvent 

over-frequent reference to these papers. 

Spawning and incubation 

On both continents coho salmon spawn in numerous small coastal streams, 

and in the tributaries of larger rivers. Their return to the coastal waters is 

very prolonged and occurs late in the season, after the sockeye and pink salmon, 

and mainly during late July and August. According to Gribanov, intensive entry 

into a river is associated with the beginning of a rising tide, and schooling 

off the mouth of a river, in the brackish water, occurs during the period of the 

falling tide. They ascend the rivers during both rising and falling water levels, 

but cease movement during peak floods. They move upstream mainly during daylight 

hours (see also Neave, 1943). 

Over the range of the species the spawning period of the coho salmon is 

very protracted, but takes place mainly during November-January in North America, 

and in October-November in Kamchatka. Coho spawning as late as March has been 

reported on both continents. 

More or less distinct "summer" and "autumn", or "autumn" and "winter" runs 

of coho have been described for certain stocks of Kamchatkan coho, but less 

definitively so for North American coho. 

In Kamchatka coho spawning grounds are distributed throughout the whole 

extent of the river basin, beginning at tidal influence and extending to head

waters, frequently beyond the upstream limits of the sockeye, pink and chum 

salmon. In these respects the spawning grounds of coho in North America are 

generally similar in smaller streams, but various authors ascribe as character

istic of the coho salmon that, generally speaking, they do not ascend larger 

rivers as far as do the chinook and sockeye salmon, and seldom beyond 150 miles 

above the river mouth. 
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Coho spawning usually occurs in swifter water than is characteristic for 

sockeye salmon (Gribanov mentions surface water velocities of 0.30-0.50 m/sec 

for coho and pinks as compared with 0.10 m/sec for sockeye), and usually in 

riffles or where there is ground seepage. The ground water that is typical of 

coho spawning beds is usually highly oxygenated. However, exceptions in the way 

of relatively low surface water velocities, weak bottom waterflow, oxygen 

deficiency and silting in redds, have also been noted (Andrew and Geen, 1960; 

Smirnov, 1960). 

The proportions of the two sexes among the returning adults are usually 

nearly equal, but variations do occur in the sex composition of runs during the 

up-stream migration and throughout spawning. In North America various authors 

have noted the preponderance of males early in the run, and of females later. 

Gribanov has observed the predominance of males on the spawning beds, which he 

attributed to the briefer survival of females after the spawning act. Competi

tion between several males for a single female has often been observed. 

Throughout the range of their distribution coho spawning occurs over a 

wide band of water temperatures. Gribanov has reported water temperatures in 

Kamchatkan rivers during spawning as low as 0.8°C and as high as 7.7°C (but 'the 

annual variation in average temperature in these rivers is not great, so that 

these values do not describe the limits for this species). 

The female coho salmon may make three or four depositions of her eggs, 

each in separate redds which she herself digs. Under normal conditions almost 

all the eggs ejected lodge in the nest and are properly buried. The fecundity 

of the female coho salmon is relatively high as compared with the other species. 

Average egg counts for Kamchatkan salmon were: chinook, 8254; sockeye, 3763; 

chum, 2544; coho, 4883 (Gribanov); and pink, 1300-2200 (Semko, 1939). For 

possibly smaller coho in several small British Columbia creeks average egg counts 
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have ranged from 2100 to 2789 (Wickett, 1951; Forester, 1944). Several workers 

have observed a relation between the size of female coho and the number of eggs. 

The relationship determined by Shapovalov and Taft was: number of eggs = 
2.9403 0.01153 x fork length ; and the longest length class averaged 76 cm and 

3300 eggs. 

The degree of fertilization under natural conditions is usually very high. 

On both continents it has been noted that the full period of incubation, 

and the time for development to different stages, varied with the average water 

temperatures on the redds. At Waddell Creek coho eggs hatched in from 38 days 

at an average temperature of 11°C to about 48 days at an average temperature of 

9°C. Gribanov quotes 100-115 days incubation under natural conditions in a 

Kamchatkan stream, and from 86-101 days in a hatchery with an even temperature 

Emergence from the gravel usually begins in from two to three weeks after 

hatching, with peak emergence occurring within three weeks. Complete emergence 

may take up to ten weeks. Free-swimming, newly-emerged coho fry have been 

observed from early March to late July. 

Stream life and downstream migration 

Almost all young coho salmon spend a year or more in streams or lakes 

before they migrate to the sea. Small numbers may proceed to sea as fry. 

Following emergence the young fish first take up residence in shallow 

gravel areas not far from their redds, especially near the banks of the stream, 

where they feed avidly and grow rapidly. At first they tend to congregate in 

schools, but as they grow the~e break up and the fish disperse both up and down 

the stream. Gribanov has recorded that they may move upstream considerable 

distances into a lake at no great time after their emergence, and at sizes of 

only 38-45 mm in length. 
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Based upon experiments in aquaria and from observations in natural streams, 

Chapman (1962) concluded that coho fry were ~gressive and territorial or hierarch

ical in behaviour. Hierarchies and territories were organized on the basis of 

fish size, and smaller fish tended to move downstream upon continuous harassment 

by the larger. Such fry Chapman termed "nomads", as distinct from the larger 

"residual" fry which, because of their size and agressive behaviour, were able 

to maintain territories after emergence. 

Following the peak of their emergence there is a marked decline in their 

numbers, which has been attributed primarily to predation by fishes. 

As they grow they move into deeper water and eat coarser food. During 

the winter months, feeding declines and growth becomes negligible. Gribanov 

considers the time of formation of the first winter rings on the scales to be 

February-May for coho in Kamchatka streams. 

The downstream migration of the coho smolts takes place over a consider

able period of time, but probably mainly from April to August. The timing 

varies between localities, and there are also annual variations which, according 

to Shapovalov and Taft, are associated with stream conditions. Gribanov observed 

the migration in the Paratunka River to take place from the end of May to the 

end of August, with the peak occurring in July. At Waddell Creek the main 

migrations took place during April and May, but some migrants were found almost 

all the year round. The impetus for the migration of the smolts appears to be 

associated with their size, age and with such ecological conditions as water 

levels and amount of flow. Shapovalov and Taft have suggested that the larger 

fish are the first to migrate. Although some fish may move down stream by day, 

the main migrations occur at night (Neave, 1943), particularly under flood 

conditions. 

At the time of migration, one-year-old coho smolts in Waddell Creek 
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averaged from 103 to 117 mm fork length. Gribanov concluded that it is the 

smaller one-year-old fish that remain in the streams a second year before migra

ting to the sea. 

Ocean residence 

Until recent years it'was generally believed that coho salmon, unlike the 

sockeye, pink and chum salmon, did not make extensive ocean migrations, but that 

most spent the duration of their marine life in coastal waters. In estuarine 

waters off Kamchatka young coho salmon have been found up to 5-6 months after 

they had entered the sea. During this time they had grown considerably. Upon 

this Gribanov argued that since the matures at the time of their spawning migra

tion were not much larger, and since the full period of ocean residence involved 

only 9-10 additional months, it would follow that it must be almost impossible 

for coho salmon to make extensive migrations away from the coasts. Furthermore, 

in past years many immature coho salmon have been tagged in coastal waters of 

North America which were recovered in the following year in the same foraging 

areas, or in spawning rivers. The known migrations of these fish seldom exceeded 

300 miles, and usually considerably less, and were always restricted to inshore 

waters. For these reasons it has been concluded that while in the sea most coho 

salmon probably remain close to shore. 

In more recent years information derived from the Japanese high-seas 

salmon fisheries and from the observations of Japanese, United States and Canadian 

research vessels, has made it clear that numerous coho, and possibly most, do 

migrate far into the North Pacific, to distances that require long return migra

tions to the coasts of their origin, during their last months in the sea. 

In British Columbia juvenile coho salmon have been taken in shallow 

coastal waters, frequently off island beaches, as late as mid-September. However, 

already by the end of July catches had declined sharply, suggesting that during 
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late July and August they had moved off into deeper water (unpublished data of 

Manzer and Taylor, 1955, 1956). The sizes of these fish varied considerably, not 

only by time but also by fishing location, suggesting racial differences and/or 

differences in the timing of emergence and downstream migration. On 19 August, 
I 

1955, 15 coho taken off the east coast of Vancouver Island had attained an 

average length of approximately 24 cm, and a weight of about 166 g. In a more 

northerly area, near the Skeena River, on 15 August, 1955, 27 juvenile coho 

averaged 20 cm in length and 175 g in weight. Juvenile coho captured off the 

southeast coast of Kamchatka in the month of September had reached lengths of 

23.1-31 cm (average, 26.5 cm), and weights of 141-440 g (average, 236 g), 

according to Piskunov (1955). Piskunov also noted that fish that had spent only 

one year in fresh water showed greater length and weight increments for the 

period they had spent in the sea than those that had remained in fresh water a 

second year. Small juvenile coho have been taken in late July and early August 

in the Okhotsk Sea off the west Kamchatkan coast. Among a small sample of these 

the modal fork length was 26 cm (INPFC, 1962). 

Milne (1950) has indicated that there are probably two distinct types of 

coho in British Columbia, which may be referred to as "ocean" and "inshore" 

types. The former are believed to spend ~ost of the period of their ocean 

residence in outer coastal or offshore waters, whereas the latter remain within 

inside waters (such as Georgia Strait and Puget Sound) at all times. The ocean 

type is faster growing, and certain evidence suggests that this more rapid growth 

begins in fresh water and continues through the marine phase. Both groups of 

fish were of the same freshwater age. 

As described in more detail in another section, coho salmon may disperse 

far out into the North Pacific. Asian coho salmon have been tagged as far to the 

east as about 175°W Longitude, in Aleutian waters, or almost 1000 miles eastward 
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of where they were recovered later in the same year. Western Alaska coho have 

been taken at similar distances to the west. In the Gulf of Alaska a mature coho 

was tagged as far as about 700 miles westward from where it was recovered. An 

immature coho that was recovered in the following year off Depoe Bay, Oregon, 

had been tagged some 1200 miles to the northwest in the Gulf of Alaska. It was 

tagged in September, at which time it had already reached a length of 31 cm. 

Other immature coho had exhibited similar long migrations during their first months 

in the sea. 

The main masses of Asian coho would appear to be distributed well to the 

south in the western North Pacific during the spring and early sUmmer, and do not 

enter waters north of 45°N Latitude until during mid- and late summer. North 

American coho have not been found in similar large concentrations in offshore 

waters, but they too probably winter well to the south, and ~ove into more 

northerly waters of the Gulf of Alaska and the eastern North Pacific distinctly 

later than do the sockeye and chum salmon, and possibly even somewhat later on 

the average than the pink salmon. 

Available evidence, from commercial fisheries and research vessels, 

indicates that in the sea coho salmon occur most frequently near the surface. 

Individuals have been taken at greater depths, but most coho have been caught in 

the upper 10 m. Juvenile coho taken by Piskunov (1955) off Southeast Kamchatka 

were also most abundant within the same depth range. 

Maturing coho have been taken in ocean waters where the surface tempera

tures have ranged at least from 4.0oC to l5.2°C; best catches by INPFC research 

vessels have occurred within the approximate range of 8-l2°C. However, various 

evidence indicates that coho may also occur in even colder waters, and Gribanov 

has even found them under the ice of a brackish lagoon in Southeast Kamchatka. 



- 11 -

Return to coastal waters 

In the western North Pacific large concentrations of coho salmon appear 

off the southeast coast of Kamchatka mainly during late July and August. Their 

entry into coastal waters and off river mouths on the east Kamchatkan coast is 

prolonged and ex'tends from mid-July to September or October. It is somewhat 

later farther north (for example, in the Anadyr Gulf), and along the West 

Kamchatkan and the Okhotsk-Tauisk coasts (Gribanov; Semko, 1954; Moiseev, 1955). 

According to Sano (1959) the coho runs to several Hokkaido streams extend from 

late September to early October. 

The coho that return to the east coast of Kamchatka and farther north 

approach the southern tip of the peninsula over a broad front, apparently from 

well to the sopth and southeast, and also along the south Aleutian Chain (some 

from at least as far east as about 175°W Longitude). Some first enter the Bering 

Sea through the western Aleutian passes. Those that spawn in streams along the 

West Kamchatka and Okhotsk-Tauisk coasts approach the northern Kuriles and 

Southeast Kamchatka from a similar direction in the North Pacific, and enter the 

Okhotsk Sea through the Kurile passes and the Kurile Strait. 

Coho salmon first arrive in appreciable numbers in the coastal waters of 

Central and Southeast Alaska and British Columbia early in July, and the runs 

extend into late August or September. They appear to be somewhat later farther 

south, at least off the Washington coast. Few details are known regarding the 

times of arrival of coho off Western Alaska streams, except that again they are 

late in the season, and follow the runs of the sockeye and pink salmon. 

The direction of movement from the high seas of returning North American 

coho is not yet clear, but recent Canadian researches have added some information 

(Neave et 21., 1962). In the early spring and summer of 1962 maturing coho 

began to move into the Gulf from a southeast direction. An area of concentration 
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built up in the centre of the Gulf during late June, following which the coho 

apparently dispersed towards the coasts in many directions, since tagged coho 

were subsequently recovered at points extending from the Alaska Peninsula to the 

Strait of Juan de Fuca. Considerable taggings in coastal waters of Southeast 

Alaska and British Columbia have shown that the adult coho do not make extensive 

migrations along the coast as do the chinook salmon. Rather, their migrations 

are relatively short and may be in many directions inward to co~stal streams 

(Milne, 1957). Tagging has shown the presence of Western Alaska coho south of 

the Aleutian Islands to as far west as about 176°W Longitude. 

The rate of migration of maturing coho salmon at sea is difficult to 

determine with accuracy because most recoveries of tagged coho have been made in 

rivers or streams which they have entered at an unknown time before they were 

caught. Milne (1957) considered that coho in coastal waters travelled more 

slowly than chinook salmon, and probably meandered more during both their feeding 

and spawning migrations. However, rates of as high as roughly 30 miles a day 

over a long distance have been recorded for some individuals, and many workers 

have referred to the strong swimming ability of the coho as compared with the 

other Pacific salmon. The apparent slow rate of migration of coho in the sea 

may be due to continued and intensive feeding activity until towards the end of 

their migration. 

Age, size and growth 

Almost all coho salmon, on both continents, spend one or two years in 

fresh water before migrating to sea. That is, they make the seaward migration 

in the spring or summer following emergence, or a year later. Also, most spend 

two growing seasons in the ocean, returning late in the year following that in 

which they entered the sea. These fish may be designated for age as 32 and 43 

fish, indicating that they had entered the sea in their second or third year of 
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life, and returned in the following year (by Gribanov's designations these would 

be 21+ and 32+' respectively). 

In some areas, besides the 32 and 43 adults, significant numbers of 

"precocious" males return late in the same year they went to sea; these would be 

classed as 22 fish. Various other ages have also been applied to very minor 

numbers of coho, inclu~ing fry that made the seaward migration during the same 

season as emergence. (For many references to coho ages, besides Gribanov, and 

Shapovalov and Taft, see also Foerster, 1955, and Wilimovsky and Freihofer, 1957). 

Among the two major age groups, the predominance of one over the other 

varies geographically. According to Gribanov's determinations of some years ago 

(1926-1936), 43 fish were predominant along the east coast of Kamchatka, and 32 

fish along the west. However, since 1959, according to Dr. S. Tanaka of the 

Japanese Fisheries Agency (personal communication) there has been an increase in 

the proportion of 43 fish in West Kamchatka. Gilbert (1912) indicated that in 

North America the proportion of 43 fish increased from south to north reaching a 

ratio of about 60:40 in the Yukon River. More recently, Shapovalov's and Taft's 

age determinations for Waddell Creek coho averaged 18.3 percent 22 males and 

81.7 percent 32 fish for the years 1933-1942; more than 95 percent of British 

Columbia coho are 32 fish, and all but a few go to sea as year-old smolts 

(Table II; Foerster, 1955). Sato's recent age determinations of some Asian and 

North American coho indicate the occurrence of year-class fluctuations in various 

streams, and also suggest that in more northern areas the 43 fish may equal or 

exceed in abundance the 32 fish (see Table III). 

According to Gribanov's data, mature Kamchatkan coho averaged 60 em in 

fork length (range 40-87 cm), and 3.5 kg (about 7.7 lb) in weight (range, 1.5-

6.5 kg). Males were longer and heavier than females. There were regional 

differences in average sizes that were due to differences in age composition, 
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but there were also variations among a single age class from several localities 

which Gribanov attributed to differences in rates of growth. 

The average fork lengths for mature Waddell Creek coho were given as 40.6, 

64.7 and 63.9 cm for the 22 males, the 32 males and the 32 females, respectively; 

and males tended to be consistently larger than females. 

Coho salmon taken in the troll fisheries of British Columbia exhibited 

a monthly increase in size, indicating a continuance in growth throughout the 

fishing period of from June to September. As an example, during 1952-1960 the 

average lengths of coho taken on the west coast of Vancouver Island changed from 

54.6-58.8 cm in June to 64.4-69.8 cm in September, an increase of roughly 10 cm 

(Milne, unpublished data). The average seasonal weight of coho taken in all 

British Columbia commercial fisheries during 1952-1961 has been 7.09 lb or 3.22 

kg (range, 6.15-8.09 lb, or 2.79-3.67 kg). 

With the exception of pink salmon the rate of growth of coho salmon during 

the ocean phase exceeds that of the other species. An illustration from 

Shapovalov and Taft (their Fig. 21) indicates that 32 coho from Waddell Creek 

reach an average length of roughly 10-15 cm at the time they migrate to the sea; 

during their ocean life of 15-16 months duration they increase in length by 

about 51.5 cm, an increase over their freshwater length of more than 400 percent. 

According to Gribanov's data, Kamchatkan coho of age 32 exhibit a similar rate 

of increase in length during their marine life. The rate of growth of the 43 

fish during the second year of life in fresh water is but a small fraction of 

that of the second year of life of the 32 fish, which is spent in the sea. 

However, during their one year in the sea the rate of growth of the 43 fish 

accelerates sharply, so that during their fourth year of life their growth is 

similar to that of the 32 fish ' in their final year. 
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Homing and straying 

As with the other Pacific salmon, it is believed that the great majority 

of the surviving adult coho return to the streams in which they were hatched. 

Also, although some straying doubtless does occur it is probably to nearby 

streams rather than to more distant rivers. The most positive evidence that 

supports these hypotheses comes from marking experiments. In the case of coho 

salmon, Shapovalov and Taft present data relating to the return of marked coho 

salmon to Waddell and Scott Creeks over a period of seven return-seasons, during 

1934-1941. Of fish marked (by fin-clipping) at Waddell Creek, 85.1 percent of 

the recovered adults were retaken in Waddell Creek and 14.9 percent in Scott 

Creek (which is 'only 4 3/4 miles away). Of those marked at Scott Creek, 73.2 

percent of the recoveries were taken there, and 26.8 percent in Waddell Creek. 

Straying to more distant streams was not positively demonstrated - but for 

obvious practical reasons it could not be investigated thoroughly. It appeared 

that the rate of straying was fairly consistent in different years among fish of 

the same year class. This, according to Shapovalov and Taft, suggested that the 

degree of straying was determined prior to the time of return to a stream, 

probably at the time of ocean migration. In this connection they noted that the 

greater the number, and the smaller the size, of the downstream migrants, the 

greater was the amount of straying. 

Various other investigations involving the return of marked coho salmon 

also offer supporting evidence to their homing behaviour (for example, Neave, 

1941; Foerster and Ricker, 1953), including a long series of experiments with 

marked hatchery-reared coho at Minter Creek, Washington (Salo and Bayliff, 1958). 

In addition, there have been a number of instances where coho eggs have been 

transplanted for rearing in streams where the species was not indigenous, and to 

which the adults have subsequently returned. 
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Although the established return of adult fish to the natal streams consti

tutes evidence supporting the homing hypothesis, more complete proof depends 

upon whether the degree of straying was negligible. This is most difficult to 

determine, particularly in the case of the coho salmon whose spawning streams 

are so many and so widely dispersed. At the present time it may be said that 

although doubtless some "straying" by cohoes does occur, no extant evidence 

indicates that it is as nearly significant as the degree of "homing" in the case 

of marked fish, or that under natural conditions the return of coho salmon bears 

no geographical relationship to the streams in which they were hatched. Indeed, 

the perpetuation of known stocks, and their continued absence or paucity in 

certain streams, indicate the opposite; certainly, the management of coho salmon 

fisheries and stocks, as with the other salmon species, is based upon the 

assumption that most of the progeny return to parental streams. 

The young coho fry begin to feed actively immediately after emergence 

from the gravel. According to Gribanov they may do this even while they carry 

remains of the yolk sac, but Shapovalov and Taft state that under natural con

ditions at Waddell Creek, coho fry rarely emerge until the yolk sac is absorbed. 

The principal food while they are fry consists of aerial insects followed by 

aquatic larval insects, mainly chironomids. 

When they have grown larger, young coho in fresh water feed extensively 

on small fishes, in addition to insects and other material, including the fry of 

the other species of Pacific salmon. They are considered, in fact, to be among 

the most serious predators of young salmon, even of their own kind (Ricker, 1941; 

Semko, 1954; Hunter, 1959; Roos, 1960). 

The food of coho salmon in the sea has not been studied extensively, 

particularly during the early stages of their rapid growth. Young coho taken in 
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Petropavlovsk Bay had fed mainly on insect larvae and imagoes, crustaceans and 

fish fry; and in a sample from Kronostskii Gulf, fish fry were particularly 

important (Synkova, 1951). Piskunov (1955) refers to the importance of larger 

forms of zooplankton in the food of young coho in the sea. The marine food of 

the older and larger coho is mainly fishes of various kinds, according to 

Gribanov, and their importance has also been noted by Synkova. Adult coho taken 

in the Gulf of Alaska by Canadian research vessels in 1957 and 1958 had eaten a 

variety of organisms, including squid and fish, euphausiids, amphipods, copepods, 

decapods and chaetognaths; squid and fish, followed by euphausiids, appeared to 

be the most important items (Manzer and Neave, 1958, 1959). 

Mortality and survival 

By the nature of their wide distribution in numerouS streams, coho salmon 

as a species are particularly vulnerable to some of the natural phenomena that 

condition their freshwater environment, and to many of the effects of the 

encroachments of civilization. The capacities and qualities of streams may be 

seriously impaired by fire, flood and drought, through logging, by water diversion 

for irrigation and hydro-electric development, by road construction and by 

industrial and agricultural pollution. On the other hand, certain features of 

the biology of the coho salmon would seem to favour their survival - their dis

persed distribution, which probably lends resiliency to the species against such 

stresses as have been mentioned; their late return to the rivers, which is usually 

at a time when water levels are more favourable for upstream migration and 

spawning; their aggressive behaviour, including that as predators of other young 

salmon; and (according to Smirnov, 1960) there may even be features of their 

reproductive processes that enhance their chances of survival under adverse 

conditions, and that are not possessed to the same degree by the other species. 

Prior to spawning, losses to adult coho salmon in fresh water arise from 
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river obstructions or adverse water levels that prevent or delay migration, or 

render actual spawning difficult or impossible. Because of their wide distribu

tion, particularly in numerous small streams, coho salmon have been less 

seriously affected than the other species by the installation of large power 

dams. Log jams and similar obstructions are probably frequent occurrences in 

the type of streams which the coho inhabit. An example of a large rockslide 

which blocked the up-stream movement of coho salmon in the Babine River (the 

main tributary of the Skeena River, British Columbia) may be mentioned (Godfrey, 

et ~., 1954). This slide affected the salmon runs to that river in 1951 and 

1952. The other species, and particularly the sockeye salmon, were seriously 

affected by prolonged delay and injury. However, coho losses were much lighter, 

mainly because by their later migration they reached the site of the slide when 

water levels and other stream conditions were considerably more favourable. 

Studies of the survival of coho salmon in fresh water, from egg to migra

ting smolt, are not extensive. According to both Gribanov, and Shapovalov and 

Taft, the percentage of eggs that are successfully fertilized is very high and 

rather constant. Smirnov (1960) has referred to the large quantity of seminal 

fluid and the large concentration of spermatozoa in the seminal fluid which 

distinguish the male coho. He relates these features to the character of the 

spawning sites of the coho and to their loose concentration on the spawning 

grounds - redds usually built separately and in a fast current, as compared with 

sockeye which usually spawn in quieter water and as part of a great concentration 

of fish. 

Based upon the examination of numbers of redds, Gribanov estimated that 

the mortality of coho eggs under natural conditions usually does not exceed 4-6 

percent, but that instances as high as 60 percent, and less frequently total 

losses, do occur. Although lacking adequate quantitative data, Shapovalov and 
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Taft concluded that in Waddell Creek the survival under favourable conditions 

was probably between 65 and 85 percent of the eggs deposited. In both instances, 

silting is referred to as the primary agent causing the losses. Smirnov 

ascribes to the coho egg and embryo certain features which relate to their 

adaptability, to develop and grow under conditions of declining oxygen concentra

tion - small eggs with relatively thin shells, a dense surface capillary system, 

an abundance of carotinoid pigment and intensive pulsation of the embryo. 

As mentioned earlier, after the peak of emergence has passed there is a 

marked decline in the numbers of fry, which Shapovalov and Taft have attributed 

to predation by fishes. 

Estimates of the survival of young coho during their freshwater existence 

are few and variable, and are probably not representative of the overall situation 

for coho salmon on the two continents. Gribanov presents no data pertaining to 

this phase. Neave (1949) has estimated the production of fry from potential egg 

depositions in two streams on Vancouver Island, British Columbia. In 12 determi

nations values ranged from 11.8 to 40.0 percent, with an overall average of 22.8 

percent. This average value is high as compared with estimates reported for pink 

and chum salmon at a similar stage of development, and Neave attributed this to 

more stable conditions of stream flow and bottom materials, and less crowding 

on the redds. He considered that the large losses were due to predators, 

particularly the cutthroat trout. 

A number of estimates have been made of the freshwater survival of coho 

salmon, from potential egg deposition to migrating smolts, for two streams in 

British Columbia (Hooknose and Nile Creeks), one stream in the State of Washington 

(Minter Creek), and one in the State of California (Waddell Creek). The data 

are summarized in Table IV. The rates ranged from a low of 0.70 percent to as 

high as 9.65 percent. The averages for the four streams, based upon a varying 
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number of estimates in each, were rather similar. They ranged from 1.27 to 1.71 

percent. These values are somewhat similar to a number of estimates made for 

several stocks of sockeye salmon at a similar stage in their life history, to 

which Foerster (1955) gave a geometric mean of 1.43 percent. However, higher 

sockeye survival rates have been recorded - for Chilko Lake, Fraser River sockeye, 

that varied between 2.3 and 3.2 percent (IPSFC Ann. Rept., 1955). 

A few attempts have been made to estimate the ocean survival of coho, but 

these have included the effects of fishing as well as natural mortality (Table II). 

The low average rates resulting at Minter and Waddell Creeks (5.20 and 3.55 per

cent) as compared with Hooknose Creek (11.79) were probably due in part to the 

fact that in those two streams some of the annual estimates were based upon the 

return of smolts marked by fin-clipping, since such rates were lower than those 

determined from unmarked fish. 

Murphy (1952) has estimated the survival (after both natural and fishing 

mortality) in their last year of ocean life of coho salmon of the Eel River, 

California on the basis of the numbers of two-year-old male and 3-year-old male 

and female fish of the same brood returning in consecutive years. Assuming a 

50:50 sex ratio of seaward migrants, and that the mortality of males and females 

in the ocean and in the stream until they were counted was equal, he obtained 

12 estimates that ranged from 15.8 to 56.9 percent, average 35.6 percent. 

The fishing mortality rate for coho salmon is not known with accuracy in 

any area of both continents, and because of the characteristics of their coastal 

migrations and spawning distribution it is virtually impossible to determine. 

Milne (1962) has tentatively estimated that in British Columbia somewhat less 

than 50 percent of the adults escape the fisheries to spawn. Too little is known 

from other areas to permit reliable statements, but it may be added that in the 

more northern areas of both continents the coho are somewhat "protected" from 
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intensive fisheries because they arrive late in the season when the main effort 

for the more abundant species has ceased, and when worsening weather restricts 

continued exploitation. 

Coho salmon stocks in Asia and North America 

Accurate estimates of the magnitudes of either Asian or North American 

coho stocks are virtually impossible to determine, mainly because of the lack of 

anything approaching adequate escapement figures. As was indicated early in this 

Chapter, the assessment of spawning escapements of coho salmon is extremely 

difficult, primarily because they are so widely dispersed in numerous streams, 

and partly because their late arrival during autumn weather adds fUrther obstacles 

to the task of enumeration. 

The total number of streams in which coho salmon spawn is not known 

accurately, either in Asia or North America, but it doubtless amounts to many 

hundreds or even thousands. Furthermore, unlike the other species, and particu

larly the chinook and sockeye salmon, the contributions in the aggregate of all 

these streams are important in the total production of coho salmon, rather than 

the total production being subscribed to primarily by the contributions of a few 

major streams. In British Columbia, for example, Milne (1962) has estimated 

that something in the order of 2.5 million coho salmon spawn in more than 1000 

streams; no one area is dominant in their production, and the top 10 rivers 

(1 percent) contribute less than 10 percent of the total escapement. 

Because of these limitations the relative sizes of the stocks of Asian 

and North American coho salmon will be described in terms of the annual catches 

of recent years in the different fishing regions of the two continents, and in 

the Japanese fisheries on the high seas. 
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Asian coho stocks 

As will be described later, the coho salmon that are taken in the Japanese 

mothership and land-based fisheries are probably almost wholly of Russian origin, 

although it is possible that some North American fish may be included. Such 

catches will therefore be apportioned to Asian coho stocks. 

In Asian coastal waters the great bulk of the commercial catch of coho 

s.almon is taken along the east and west coasts of Kamchatka. Commercial catches 

are also made in the Okhotsk-Tauisk region, and small numbers are taken in the 

Shantarskii area, off Sakhalin, the Kurile Islands and Hokkaido (Gribanov, 1948; 

Moiseev, 1955). Available statistics give only the catches in East and West 

Kamchatka. The U.S.S.R. catch from East and West Kamchatka over the past twelve 

years, 1950-1961, has ranged from 2300 (in 1950) to 7500 (in 1954) metric tons, 

averaging 4326 metric tons annually (Table V). In numbers of fish this approxi

mates 760,000 to 2,400,000 with an average for the eleven-year period of about 

1,415,000 coho. 

In most years since 1950 the catches on the West Kamchatka coast have been 

somewhat larger than along East Kamchatka, and during these years the West 

Kamchatka catch has averaged 2332 metric tons or 735,000 fish as compared with 

1989 metric tons or 680,000 fish in East Kamchatka. In West Kamchatka consider

ably larger-than-average catches were made during 1953-1955, and although a 

similar trend is evident for East Kamchatka the catches on that coast have been 

more uni form. 

Coho catches made in the Japanese mothership fisheries from 1952 to 1961 

are shown in Table VI. The first two years of operation were more or less 

exploratory. The average catch for 1954-1961 has been 1,919,000 fish (which is 

a considerable reduction from the 1954-1960 average of 2,153,000, because of the 

very small catch of 1961). Peak catches of between 3.4 and 3.9 million fish were 
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made in 1955, 1956 and 1958, with the catches in the other years being only about 

a third or considerably less than those. 

Coho salmon are also taken in the Japanese land-based long-line and drift-

net fisheries, but in almost all the available statistics the catches are 

combined with those of chum, sockeye and chinook salmon. Landings during 1958-

1961 of coho salmon in the offshore land-based drift-net fishery in the western 

North Pacific south of 48°N Latitude during 1958-1961 are available and were as 

follows (Kasahara, 1962; from Table 42). 

Metric Estimated numbers, 1000ls 
Year tons (at 5.5 Ib per fish) 

1958 1962 786.0 

1959 2958 1185.9 
~ 

1960 3362 1347.9 

1961 3~2 1456.1 

Average 2978 1194.0 

Thus in recent years, since the first major operation of the Japanese 

mothership fishery in 1954, the average total commercial catch of coho salmon 

that may be considered to be of Asian origin has been in the order of 4.6 

millions annually (U.S.S.R. coastal - 1.5; Japanese mothership - 1.9; Japanese 

offshore drift-net - 1.2 millions). 

In considering these figures it should be borne in mind that certain 

factors probably render them less reliable for the purpose of defining the 

relative magnitude of the total Russian coho stocks than would be the case with 

the catch statistics for the chum, pink and sockeye salmon. In the first place 

the fishing effort of the Japanese high-seas fisheries, in respect of coho salmon, 

is very inconsistent from year to year. This is particularly so because in some 

years there has been little or even no fishing at all during August, which is 
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the period during which coho salmon reach their peak of abundance in the waters 

off Southeast Kamchatka. Also, some considerable variability in coho catches 

in the mothership fishery probably results from the fact that the fishing gear 

and the fishing effort is directed primarily to the catching of the more 

numerous species - and their abundance changes from year to year. Furthermore, 

because the coho arrive very late in the season in Russian coastal waters and 

streams, during worsening weather and when the major fisheries are termi~ating, 

they probably tend to be fished both less intensively and with a more variable 

year-to-year effort. However, lacking further information the figure 4.6 

millions must be accepted as the best approximation of the present total average 

annual catch of Russian coho salmon, to be used as a measure of the relative 

magnitude of Asian coho stocks for comparison with those in North America. 

North American coho stocks 

In western North America the commercial fisheries for coho salmon are 

restricted by local regulation and international agreement to coastal and inshore 

waters. The principal fisheries extend from Central Alaska to Oregon. Cali

fornia contributes a small catch and small numbers of coho are also taken in 

Western Alaska, mainly in Bristol Bay and along the Alaska Peninsula. As in 

some parts of Russia, fishing for coho salmon in Western Alaska may be limited 

by reason of their late return. 

The North American commercial catch of coho salmon, by area, is shown in 

Table VII for the period 1950-1961. The total catch has been very constant over 

the 12 years, averaging 6,467,000 fish annually (1954-1961 average of 5,839,000). 

British Columbia has invariably made larger catches than the other areas, and 

has averaged almost 3 million fish annually. Southeast Alaska and Washington 

State have had similar average catches of 1.4 and 1.1 million fish while much 

smaller catches, averaging 0.5 million or considerably less, have been made in 
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Central Alaska, Oregon, Western Alaska and Cali fornia in that order. 

In some regions of the Pacific coast of North America, particularly in 

British Columbia and Washington State, considerable numbers of coho are caught 

annually in the local sport fisheries that operate in more sheltered waters. 

Because of this tt is therefore necessary to combine the sport catches of coho 

salmon with the commercial catches in order to determine the total annual take 

of this species. However, due to a number of factors it is not possible to 

obtain very accurate statistics for sport catches, particularly by species, so 

that the figures that are available, as presented here, must be considered as 

approximate only. 

Although many thousands of persons engage annually in ocean sport fishing 

for salmon along these coasts, the catch is not proportionately large because 

the catch-per-unit-of-effort is extremely low. Furthermore, both in Canada and 

the United States severe restrictions on size of fish and daily quota have been 

imposed in recent years. As a result, with some exceptions the annual sport 

catch of coho salmon amounts to only a small fraction of the total annual yield 

to the two kinds of fisheries, or roughly one-tenth. 

The heaviest sport fishing for coho salmon takes place in Washington 

State and British Columbia; much smaller numbers are caught in Oregon, Cali

fornia and Alaska. In British Columbia the average annual sport catch of coho 

salmon in recent years has been in the order of 200,000 (Table VIII), and in 

Washington, Oregon and Cali fornia combined it has amounted to almost 350,000 

(Table VIII). For North America as a whole, therefore, some 600,000 coho salmon 

are taken annually in the ocean sport fisheries. A significant but unknown 

fraction of these are immature fish. 

Combining the commercial and sport catches of coho salmon in North America 

provides an average yield on this Continent in recent years of 6.4 million fish 
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(using the period 1954-1961 for the commercial catch average, comparable to the 

period used for the Asian estimate). 

In summary then, and using rounded figures, the ratio of recent average 

annual catches of coho salmon in Asia and North America has been in the order 

of 5 to 7 millions. 

Time of arrival in coastal waters 

In addition to such influences as oceanic conditions and "established" 

migratory behaviour patterns, seasonal variations in the high-seas distribution 

of maturing Pacific salmon must surely be related in a considerable degree to 

the normal or usual periods when they spawn. Because of this it is therefore 

necessary to know the times at which salmon return to coastal waters, in order 

to interpret their occurrence at earlier periods in more distant places. This 

is particularly pertinent in the event that at some time they intermingle with 

stocks from the opposite continent. 

The period of return of coho salmon to regions of the North American 

coast can be determined in an approximate manner from available fisheries 

statistics, by observing the times at which various percentiles of the total 

catch are attained. Obviously the method cannot achieve complete accuracy, 

since the commencement, duration and intensity of fishing are subject to regula

tory measures which prevent a fully uniform coverage of the runs. In the case 

of the Russian coho the same approach cannot be made, because the available 

fisheries statistics are not presented on a time basis. Fortunately, some idea 

of the time of return of Russian coho salmon can be gained from statements made 

in the Russian literature, and from the evidence that is inferred by the occur

rence of coho salmon in the Japanese mothership fishery. 

Referring to runs of some 30 years ago, Gribanov (1948) describes the 

time of return of coho salmon to coastal waters on the east and west coasts of 
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Kamchatka and along the Okhotsk coast, on the basis of early and late sightings, 

and their occurrence in the local coastal fisheries. He concluded that, in 

general, the cohoes migrate at about the same time in the southern and in the 

extreme northern parts of their range. On both Kamchatkan coasts and along the 

Okhotsk coast the main runs occur during the last 20 days of August. Early fish 

may appear from roughly mid-July, and late fish were present into October or 

even later. 

For more recent years, statements by Semko (1954) are in general agree-

ment with times given by Moiseev (1955) in the following table: 

Okhotsk-Tauisk and 
West Kamchatka 

Avachinsky Bay 

Kamchatka Gulf 

Rivers of Komandorsky 
Islands 

Anadyr Gulf 

From the beginning to middle of August to 
middle or end of September 

From mid-August to October 

From mid-July to mid-September or October 

Mid-August 

From first to end of September 

Runs to several streams in Hokkaido extend from late September to early 

October, according to Sano (1959). 

As described in more detail later in this report, the catches of coho 

salmon in the Japanese mothership fishery increase sharply during late July and 

August, when the fleet is off the southeast coast of Kamchatka. Tagging results 

have shown that from this general area the coho proceed to both coasts of the 

Kamchatkan Peninsula and to the Okhotsk coast. 

The times of arrival of coho salmon in the outside coastal waters of 

North America can be determined approximately, in the manner described, from 

the statistics of the troll fisheries which operate in those waters. Tables IX 
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to XI indicate the dates during recent years when various percentiles of the 

total catch had been reached, in Southeast Alaska, British Columbia and 

Washington State. It is realized that along the North American coast numbers 

of coho salmon probably spend much or all of their ocean residence in these 

coastal waters, and do not necessarily migrate far offshore. However, the 

seasonal build-up in the coastal troll catches, and the results of exploratory 

fishing and tagging in the Gulf (particularly those of the Canadian long-lining 

expedition in 1962), indicate a definite movement into inshore waters from the 

high seas. Speaking generally, then, coho salmon first arrive in appreciable 

numbers in these coastal waters during early July, and the runs extend into 

late August or early September. Peak catches in the troll fisheries vary 

between areas and years, but to what extent these variations reflect differences 

in times of arrival rather than differences due to such factors as availability 

and fishing effort cannot be determined. The attainment dates for the 50 

percentiles are rather similar for Southeast Alaska and northern British 

Columbia. The data suggest that farther south the runs tend to build up some

what later, and appreciably so in waters off the coast of Washington. 

It is evident that the time of return of coho salmon to coastal waters 

from the high seas is similar in Asia and North America. In the main they take 

place on both Continents during late July and August. 

The ocean distribution of coho salmon 

Considerable new knowledge of the distribution of coho salmon in the 

North Pacific Ocean and Bering Sea has been gained in recent years through the 

operations of the Japanese high-seas fisheries and the investigations of United 

States, Japanese and Canadian tagging and research gill-net vessels. Manzer, 
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et £1. (1963) present and discuss this information in detail, and the tables and 

figures pertinent to coho salmon that are contained in their report should be 

consulted in conjunction with the following briefer description of the ocean 

occurrences of coho salmon. 

In northern latitudes~ maturing cohQ- salmon have been taken intermittently 

across the width of the Pacific Ocean, in the Okhotsk Sea and at widely-dispersed 

points in the Bering ~ea where fishing has been attempted. During the course 

of INPFC fishing operations on the high seas (that is, beyond coastal waters), 

coho salmon have been caught as far south as 45°N Latitude in the eastern half 

of the North Pacific, and at 42°30'N ' L~titude in the western half. They are also 

known to occur even farther south off North America, in the region of the United 

States troll fishery that operates on occasion at considerable distances from 

the southern California coast, and they have also been recorded at sea off the 

Coronado Islands, Mexico (Briggs, 1953). Concentrations of coho salmon appear 

in certain ocean areas, and the locations of these concentrations ch~nge season

ally as the fish approach the coastal waters of the two Continents. 

Until very recently little was known regarding the dispersal of the 

immature coho after they leave the coast and only a few had been captured off

shore, in the Okhotsk Sea and in the Gulf of Alaska. In 1961 United States 

tagging vessels caught more than 1000 juvenile a-ocean age coho in the Gulf of 

Alaska. Some of these fish were taken from as early as in June, through July 

and August, to as late as in September. Most captures were made within a few 

miles of the coastline, but some we~ taken as distant as nearly 100 miles from 

shore. 

In the North Pacific and Bering Sea 

During the months of May and June only a very few coho have been taken 

in the northern North Pacific and Bering Sea to at least as far south as about 
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400 N Latitude (in some areas and in some years), despite considerable fishing 

by both commercial and research vessels. The coho catches in these months for 

all years combined have amounted to only a few thousand fish. This indicates 

that up to this time the main concentrations of coho, which later do appear in 

these waters, must lie farther to the south. A slight increase in the very 

small catches of coho off Southeast Kamchatka north of 48°N Latitude during the 

latter part of June indicates the beginning of a northward movement into that 

general area. The low abundance of coho salmon in these waters during these 

months, as compared with their much greater abundance later in the season, is 

in marked contrast with the relatively high abundance of mature sockeye, pink 

and chum salmon in May and June, in the same areas. 

In the Aleutian area of the Japanese mothership fishery the coho catches 

(Fig. 1) and the catch-per-unit-of-effort (see Manzer et ~., 1963) increase 

sharply during July and August. Also, in these months, and particularly in 

August (in those years when the fishery has operated in that month), the coho 

catches form a much greater fraction than earlier of the combined salmon catch 

(Fig. 2). An indication of the changes in the abundance of coho in western 

Aleutian waters and off Southeast Kamchatka from May to August, and of the actual 

numbers of fish involved in the catches, may be gained from Table XII. From a 

few thousand fish caught in June, peak catches in the last two months of the 

fishery have gone as high as 3.1 millions in July (1956) and 2.2 millions in 

August (1955), only part, if any, of which month was fished in any year. From 

a catch-per-unit-of-effort averaging considerably less than 0.01 in May and June, 

values in July and August have been as high as 0.93 (1956) and 1.78 (1958) 

respectively. 

During July and August the mothership fishery shifts westward, and concen

trates in waters off Southeast Kamchatka, principally south of the western 
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Aleutians and the Komandorsky Islands (Fig. 1). 

In general the catches-per-unit-of-effort for July, and sometimes for 

August also, have tended to be greater in the outer southern and southeastern 

areas of this region, indicating that the coho approach the Kamchatka Peninsula 

over a broad front, mainly from the south and southeast. 

Farther to the south also, in the region of the Hokkaido land-based 

drift-net fishery (roughly eastward of the Kurile Islands between north latitudes 

45° and 48°), the coho catches increase sharply during July and August, and 

again indicate a source from the south and southeast (Nakatsu, 1960). Seasonal 

data on the numbers of coho taken in this fishery cannot be given, since the 

catches are combined with those of chum, sockeye and chinook salmon in the 

available statistics. 

Catches by research vessels have shown a similar marked increase in the 

abundance of coho salmon during July and August in these same general areas. 

These operations have also indicated the presence of important numbers of coho 

along the south Aleutian Islands west of 175°W Longitude and to the south 

1 
(Fig. 3-7). 

In the eastern half of the North Pacific the observed coho concentra-

tions have been very much smaller than in western waters, and very few have been 

taken south of 500 N Latitude. The lack of a high-seas commercial fishery in the 

!with reference to Fig. 3-7 it should be noted that they are intention

ally diagrammatic. Because the three countries used somewhat different kinds 

and amounts of gear, direct comparisons cannot be made between the catches at 

stations occupied by different countries. However, the differences in apparent 

abundance that are discussed in the text are the very great differences that 

occur between major ocean areas, or the major seasonal changes, that are not 

accounted for by the relatively small differences between mesh sizes used or in 

fishing effort. A more detailed comparison of catches is contained in Manzer, 

et 2l., 1963. 
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eastern half of the North Pacific limits our knowledge of the ocean occurrence 

of coho in those waters to the results of the research vessels' operations 

(Fig. 3-7). From these it is apparent that in the Gulf of Alaska coho salmon 

have not been encountered in such large concentrations as occur off Southeast 

Kamchatka. Rather, they are probably more widely dispersed over the Gulf, and 

large concentrations probably do not occur until they are within coastal waters 

in areas where they are exploited by the coastal fisheries. 

The results of the Canadian tagging operations in 1962 give some 

additional information on the distribution and movements of coho salmon in the 

Gulf of Alaska. 

Figure 8 shows the weighted catches (i.e., catch weighted to 20 skates 

of gear) of coho salmon during six periods from 9 April to 26 July. Early in 

the season small numbers of coho were taken only in the southeastern area of the 

Gulf; none was taken in either more western or more northern waters. As the 

season progressed the coho appeared to advance mainly in a northwesterly 

direction towards the centre of the Gulf where, during the latter half of June, 

they formed a concentration in the general area of 52°N Latitude,140-145°W 

Longitude. By the end of July the coho had dispersed from the more central 

region of the Gulf to inshore waters at which time they were being taken in 

numbers in the various coastal fisheries. 

In the Bering Sea larger catches of coho are made in the area of the 

mothership fishery during July and August than earlier. Some of these fish 

doubtless enter the Bering Sea from the concentrations that occur along the 

Aleutian Chain from 175°W Longitude and westward, while the source of others 

must be from the concentrations off Southeast Kamchatka. It is difficult to 

assess their abundance since only a small fraction of the mothership effort 

during July and August has actually taken place within the Bering Sea. Research 
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vessel catches indicate that they are not numerouS and are rather widely dispersed 

until relatively close to the East Kamchatka coast. 

In the Central and Eastern Bering Sea, research vessel catches indicate 

that coho are scarce during the entire season. Small concentrations have been 

noted close to the Aleutian Islands and, later in the season during August ~ well 

to the east near Western Alaska shores. However, fishing effort after June in 

the Bering Sea east of 180° has not been extensive, so that these conclusions 

must be considered as tentative. 

In the Okhotsk Sea 

Japanese motherships have operated in the Okhotsk Sea off the West 

Kamchatka coast during 1955 to 1958 inclusive. The latitudinal boundaries of 

the waters fished in these years have varied between 49°N and 55°N, but most 

of the fishing has been done between north latitudes 50° and 53°. The total 

coho catch has dropped progressively during this period, from 392,000 to 51,000, 

in association with reduction of total fishing effort. The catch-per-tan in 

both July and August has shown no definite trend during these years (Table XIII). 

Furthermore, in each year the catch-per-tan has shown an increase from July to 

August. This indicates that the abundance of maturing coho in the Okhotsk Sea, 

as off Southeast Kamchatka, increases late in the season, during late July and 

August. 

Most of the gill-netting effort by Japanese research vessels in the 

Okhotsk Sea took place in 1962, and the results for that year also indicate the 

build-up of coho salmon in those waters during July and August (Fig. 3-7). 

Tagging results, described later in this report, show that the migrations of 

maturing coho into the Okhotsk Sea occur by way of the Kurile passes, and 

originate from off Southeast Kamchatka and from points still farther to the 

south and southeast. The paucity of coho catches is the more southerly waters 
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of the eastern Okhotsk Sea (that is, in the vicinity of the southern Kurile 

Islands) suggests that most of the migration into the Okhotsk Sea probably takes 

place through the more northerly passes and the Kurile Strait. 

In 1962 most of the coho tagged in the Okhotsk Sea were small, juvenile 

fish. The majority were captured in August relatively close to the west coast 

of Kamchatka, below Latitude 55°N. 

Age, length and maturity 

A few data are at present available from the Japanese high-seas fisheries 

and from Canadian research vessel operations on the age, length and maturity of 

coho salmon taken on the high seas. These are presented in detail in Manzer, 

et g. (1963), and are summarized here briefly. (Manzer, et g., 1963, should 

also be consulted for the locations of the different regions of the Japanese 

fi sheri es • ) 

In the western North Paci fic and western Bering Sea (Table XIV), 3 2 , 43 

and 54 coho constitute almost the complete age composition of the coho catches 

in the Japanese commercial fisheries. The first two make up 90 percent or more 

of the three age groups combined, and of these the 43 fish were invariably 

dominant. As mentioned in the section on Life History the 43 age group is 

dominant in East Kam~hatka streams, whereas the 32 group is the dominant one in 

West Kamchatka. 

Among coho catches made in the Gulf of Alaska by Canadian gill-net 

vessels in 1957 and 1958, 32 fish constituted 90 percent or more of the ages, 

and 43 fish amounted to only 5 percent in the two years combined. In 1962, on 

the other hand, the coho taken by the Canadian long-lines were only 50 percent 

32 fish and 45 percent 43 fish. Since, however, there was some uncertainty 

regarding the age determinations of these fish, the values quoted must be 

accepted with some reservation for the time being. 
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Table XV summarizes some length data for coho salmon captured in the 

Japanese fisheries in 1957-1960; they have been extracted from more detailed 

information contained in Appendices to Manzer et al., 1963. Consistent 

differences in the fork lengths of coho in the several fisheries regions are 

not overly apparent. Where data are appropriate for comparison, males appear 

to be longer on the average than females early in the season, but not invariably 

so later. In general, an increase in length, for both sexes, is evident from 

June to July and August, a rough approximation of which would be 2 em from June 

to August. From the figures for 1959 and 1960 it is apparent that both male 

and female 43 fish are slightly longer than the 32 fish at the same time in the 

same region. The few coho taken in May were almost invariably smaller fish 

than those taken in June. 

Some indication of the weights of coho salmon taken by the Japanese in 

these waters in 1960 is contained in Table XVI. Definite increases in average 

weight from May/June to August are evident, for both sexes. 

Average lengths and weights of coho salmon taken by Canadian research 

vessels in the Gulf of Alaska in 1957 were as shown: 

May June July August 

Number 5 283 30 4 

Lengths (cm) 58.4 56.6 59.4 63.3 

Number 5 236 28 4 

Weight (lb) 5.0 4.9 5.6 7.1 

(kg) 2.3 2.2 2.6 3.2 

Extremely few coho salmon remain a second year in the ocean so that with 

few or no exceptions those taken in the waters of the Japanese high-seas fisher

ies and by Canadian vessels in the Gulf of Alaska have been maturing fiSh (for 
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gonad weights of the Canadian catches see Manzer and Neave, 1958, 1959). In 

the Japanese high-seas fisheries it is evident that the degree of maturity 

increases during the course of the season, as is indicated in the summary 

provided in Table XVII. 

A few immature coho, in their first ocean year, have been captured by 

purse seines of Uni ted States tagging vessels in the Gulf of Alaska. Lengths 

at time of tagging of 9 of these that were recovered a year later were as 

follows: 

Tagged Recovered 

Fork length 
Location Date em. Location Date 

55°42'N x 151°49 'W 5 IX 58 31.0 Depoe Bay, Oregon 30 VI 59 

59°35'N x 140041 'W 16 VII 61 27.0 Oregon coast 9 VIII 62 

56°54 'N x 135°57 'w 22 VII 61 28.5 W. coast Vancouver Is. 3 VII 62 

56°54'N x 135057 'W 22 VII 61 25.0 W. coast Vancouver Is. 22 VIII 62 

56°40'N x 135°38'W 26 IX 61 31.0 W. coast Vancouver Is. 24 VI 62 

60013'N x 146°58'W 16 IX 61 27.0 Copper River 5 IX 62 

58023 'N x 137°20'W 16 VIII 61 28.0 S.E. Alaska 28 VIII 62 

59033'N x 140044'W 25 VII 61 27.5 Strai t of Georgia 23 X 62 

59033'N x 140044'N 25 VII 61 25.0 S.E. Alaska 23 X 62 

Ocean migrations 

The ocean migrations of maturing Asian and North American coho salmon 

can best be described here by summarizing the information gained from high-seas 

fishing and from tagging. 

Catches by the Japanese high-seas fisheries and by research vessels in 

the western North Pacific indicate that maturing Russian coho move towards the 

southern tip of the Kamchatka Peninsula over a broad front that probably extends 
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in a southwesterly direction from the central Aleutians to waters off Hokkaido. 

As has been described, they begin to enter these northerly waters in numbers 

during late June, reaching peaks of abundance there during late July and August. 

They presumably enter the Bering Sea through Aleutian passes (since they have 

been encountered in numbers close to the northern shores of the islands and 

farther north, at least from about 175°W Longitude westward), and also along the 

East Kamchatkan coast from among the concentrations off Southeast Kamchatka. 

These concentrations off the southern tip of the Kamchatka Peninsula also 

provide runs of coho to the west coast of Kamchatka and the Okhotsk Sea coast, 

as indicated by tagging. The results of gill-netting by Japanese research 

vessels in the Okhotsk Sea (mainly in 1962) indicate that the principal movement 

of the maturing coho is northward off the west coast of Kamchatka rather than 

over a broad or dispersed front in that sea (Fig. 3-7). 

Catches by research vessels in the eastern half of the North Pacific 

(including the Gulf of Alaska) and the eastern Bering Sea have not been suffici

ently large or consistent to provide more than a very general description of 

the return routes of North American coho. There appears to be a general north

ward movement of coho in the Gulf of Alaska and towards the eastern Aleutians 

and the Alaska Peninsula throughout spring to late summer. Canadian long-lining 

in the Gulf in 1962 provided evidence that in the spring coho were present only 

in the southeastern limits of the Gulf. As the season advanced, together with 

the progressive warming of more northerly waters, they appeared to have moved 

mainly in a northwesterly direction tOW.-9rds the centre of the Gulf, where they 

became relatively concentrated by late June. Later they apparently dispersed 

shorewards, and coho tagged in the open waters of the Gulf were subsequently 

recovered at points extending from the south side of the Alaska Peninsula to 

northern British Columbia (Fig. 14). In earlier years, coho that were recovered 
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in Western Alaska had been tagged south of Adak, and coho tagged to the south

east of Kodiak Island were recovered from Central Alaska to near the Alaska

British Columbia border. Coho salmon that had been tagged in British Columbia 

coastal waters usually made short migrations (as compared with chinook salmon 

tagged in the same area), and were recovered in many directions from the tagging 

locations (Milne, 1957). 

As mentioned earlier, the rate of migration of maturing coho salmon in 

the ocean is difficult to determine, mainly because of the unknown period of 

time between arrival and capture at the place of their recovery. Milne (1957) 

felt that both the feeding and spawning migrations of coho were relatively slow 

and that the fish wandered more than the other species. However, there have 

been instances of rates of migration for individual coho as high as roughly 30 

miles per day, for example from south of Adak to the East Kamchatka coast and 

to Western Alaska waters. These are considerable distances, but the relative 

proximity to their spawning streams may have been an influencing factor sub

scribing to a faster rate of travel than might have been in effect earlier in 

more southern waters. As an example of a coho tagged and recovered on the high 

seas (as distinct from coastal or stream recoveries) in North Pacific waters 

well removed from coasts, the following recovery may be cited: tagged at 

43°44'N x 170PE on 24 May, 1959; recovered at 45°N x 155°E on 21 July, 1959; 

minimum distance travelled roughly 650 miles; days out 58; average rate of 

travel 11.2 miles per day. 

On the assumption that they returned to their native streams, the 

recoveries, mentioned earlier, of cohoes tagged at O-ocean age provide inter

esting information on the ocean movements of the immature fish. They had moved 

primarily northward and westward in the Gulf. Some had travelled over 1000 

miles during their first months of ocean residence. They must have moved 
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southward during their first ocean winter, then as mature fish, must have moved 

northward again during their last spring or early summer. 

Vertical distribution 

Information on the vertical distribution of coho salmon in the sea is 

rather fragmentary. In Canadian experiments with sunken gill-nets in 1957 and 

1959 a few cohoes were taken at depths between 20 to 80 feet (6-24 m), but 

considerably more were captured near the surface between 0-20 feet (0-6 m). 

Japanese experiments in 1960 (Machidori, 1961) in the western North Pacific and 

Bering Sea indicated that coho salmon were probably limited to depths down to 

10 m (33 ft). Further experiments in 1962 did not add to this knowledge 

(Machidori and Oseko, 1962). 

Coho salmon have frequently been captured by vertical long-lines from 

the Canadian weathership vessels at Station "PH in the Gulf of Alaska (50o N 

Latitude, 145°W Longitude). The actual depths at which these fish have been 

hooked is difficult to determine because of the forward movement of the vessels 

but estimated depths up to 150 feet (46 m) have been reported. 

Milne (1955) has recorded that when testing trolling lures off the west 

coast of Vancouver Island, coho salmon were taken at depths of from 5 to 10 

fathoms (9-18 m), but most of them at about 5 fathoms. 

Fishermen prosecuting the troll fisheries in coastal waters of Southeast 

Alaska and British Columbia are of the general opinion that coho salmon swim 

closer to the surface than do chinook salmon. Dr. R. Parker of the Biological 

Station, Nanaimo, British Columbia, once determined that chinook salmon in 

coastal waters occurred mainly below the thermocline and coho salmon mainly in 

and above the thermocline (personal communication). 
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The geographical origin of coho salmon on the high seas 

As has been mentioned earlier, the racial origin of coho salmon taken 

on the high seas has hardly been examined. Some positive information has been 

derived from the results of tagging operations, and in addition the location and 

timing of catches of maturing coho in fishing operations give indications of 

the probable destinations of these fish. 

Tagging (Fig. 9-14) and high-seas catches 

In the northern North Pacific Ocean, coho salmon of Asian origin have 

been found as far to the east as directly south of Adak Island, that is, to 

almost 1750W Longitude. Thus, during 1956-1962, from taggings south of Adak, 

by the United States in 1957 and by Japan in 1959, there have been 6 recoveries 

on the East Kamchatka coast. From considerable taggings farther to the west in 

the North Pacific, including numbers tagged considerably farther to the south, 

all of relatively many recoveries have been from Asian coastal waters and 

streams, including the east and west coasts of the Kamchatka Peninsula and the 

Okhotsk Sea coast, or from the high seas either close to or appreciably westward 

of the tagging locations. 

Very few coho have been tagged in the Bering Sea up to 1962, and none 

east of the 180° meridian. There has-been but one recovery - in the Kamchatka 

River - from a tagging location at about 172°E Longitude, 55°N Latitude. 

The presence directly south of Adak of mature coho from Western Alaska 

has been indicated by the following recoveries from Japanese and United States 

taggings in 1959; Yukon River, 2; Kuskokwim River, 3; Bristol Bay, 3; and north 

shore Alaska Peninsula, 1. These indicate the known westward limit of the 

occurrence of North American coho in the North Pacific Ocean. 

All other recoveries in North America of coho salmon tagged during 
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1956-1962 have come from taggings in the Gulf of Alaska, the most westerly of 

which had been tagged at about 152°W Longitude. 

These results indicate, therefore, that the coho salmon that are found 

in the western North Pacific must be predominantly of Asian (specifically, of 

Russian) origin, and that Asian coho may occur eastward along the south side of 

the Aleutian Chain at least as far as almost 175°W Longitude. Western Alaska 

coho are known to have occurred at least as far westward as 176°W Longitude 

along the south Aleutian Chain. There have been no recoveries within the 

boundaries of the Gulf of Alaska or further south from any taggings that were 

made outside of the Gulf west of 1600 W Longitude. 

Some coho that were tagged south of the Kamchatka Peninsula entered the 

Bering Sea and were captured at points along the East Kamchatka coast. Tag

gings in the Bering Sea itself were too few to permit definitive statements 

regarding the origin of coho salmon taken there by commercial and research 

vessels. 

The great bulk of the coho salmon that are taken in the Japanese mother

ship and land-based fisheries are captured relatively close to the Asian coast

line, either to the east of Hokkaido and the southern Kurile Islands or south

east of the Kamchatka Peninsula (see Manzer, et ~., 1963, Appendix Tables C4 

and D4). Some sampling and age determinations indicate that these are maturing 

fish (see Tables XIV-XVII). They arrive in these northwesterly waters late in 

the season, mainly during late July and August. Somewhat later, coho runs 

appear in Russian coastal waters and streams, in general beginning with the runs 

to the East Kamchatka coast, followed by those to the west coast of Kamchatka 

and the Okhotsk Sea coast. Their proximity to the Asian coast at this time 

(in contrast with their separation from the western shores of North America), 

their maturity and the subsequent arrival of coho runs in Russian streams 
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indicate that these relatively large concentrations of coho sabnon that are 

found in the more westerly areas of the northwest Pacific Ocean must be of 

Russian origin. The tagging results described above support this conclusion. 

Because commercial salmon fishing in western Canada and the United States 

is limited to coastal waters, there is considerably less information regarding 

the occurrence of coho sabnon in the eastern North Pacific. As a result, less 

can be said at this time about the known distribution of North American coho on 

the high seas. Gill-net catches by research vessels during 1956-1962 have 

indicated that from July to September important numbers of coho appear south 

of the Aleutians westward from at least as far east as Adak Island (176OW). 

Tagging has shown that both Kamchatkan and Western Alaska coho may be present 

in the vicinity of Adak Island during some of this period at least. Farther 

to the east the catches have been more sparse until within coastal waters of 

the Gulf of Alaska. Again, considering that these are maturing fish, and 

considering the time and place of their capture in relation to the timing of 

the coho runs to North American streams, it would seem very unlikely that many 

coho that occur in the North Pacific Ocean east of about 175°W Longitude could 

be of Asian origin. 

Intermingling between Asian and North American coho sabnon 

Positive evidence of some intermingling between mature Asian and North 

American coho sabnon has come from the recoveries of tagged sabnon. Specifically, 

the intermingling (in the sense that both were present in the same area at the 

same time) occurred between coho sabnon from Western Alaska and from East 

Kamchatka. 

In July, 1959, Japan tagged 225 coho sabnon directly south of Adak (at 
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approximately 176aw Longitude), from which 8 were later recovered in Western 

Alaska and 2 in East Kamchatka (Fig. 11). This is the only substantial instance 

of definite intermingling between coho salmon, in the sense described above. 

However, in this same general area, from 43 coho tagged by the United States in 

July of 1957, and from 19 tagged by the United States in July of 1959, there 

were 4 recoveries in East Kamchatka from the 43 and 1 in Western Alaska from 

the 19 (Fig. 13b). 

These data · in themselves are not sufficient to indicate the extent of 

intermingling, in terms of numbers of fish involved or of annual variations, 

particularly in view of the fact that the true magnitudes of the Western Alaska 

and East Kamchatka coho stocks are not known. 

As indicated earlier in this Chapter, the concentrations of coho salmon 

that appear during late July and August in the western North Pacific and western 

Bering Sea, in the regions of the Japanese land-based and mothership fisheries, 

are probably wholly, or at least almost wholly, of Russian origin. When these 

fish do appear in more northern latitudes (north of 45°N) most are already well 

to the west, including probably the bulk of those that approach Southeast 

Kamchatka along the south side of the Aleutian Chain. 

Knowledge of the ocean distribution of maturing coho salmon originating 

in streams of the Gulf of Alaska and farther south is still very limited. How

ever, such evidence as has been derived from research vessel catches and tagging 

recoveries (as described earlier) suggests that it is unlikely that many would 

be present far to the west of the Gulf during their last several months in the 

sea. 

In view of these considerations it is concluded, therefore, that, except

ing some intermingling in some years between Western Alaska and East Kamchatka 

coho, it is improbable that extensive intermingling ever occurs between maturing 
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Asian and North American coho salmon. 

With the exception of some preliminary analyses of the scale character-

istics of North American and Asian coho salmon by Sato (1961b), no racial studies 

of coho salmon, with a view to determining the geographical origin of high-seas 

catches, have yet been attempted. Sato's work gave some indication that 32 coho 

collected off East Kamchatka were mainly of the Asian type, whereas samples of 

the same age class taken off Southeast Alaska were mainly of the North American 

type. 

Summary 

(1) On the Pacific coast of North America the coho salmon occurs from at 

least as far north as Cape Thompson in the Chukchi Sea, and southwards into the 

State of California. It is present in eastern Asia at least as far north as 

the Anadyr River, southwards to the Amur Firth, and on islands in the Okhotsk 

Sea ,and in Hokkaido. , 

In Asia the great bulk of the coho salmon is produced in the streams of 

East and West Kamchatka. The major producing areas in North America extend 

from Central Alaska in to Washington State. 

(2) A brief narrative description of the life history of the coho salmon 

from spawning to their return from the ocean was given. 

\ . 
Almost all coho salmon, on both contlnents, spend one or two years in 

fresh water before they migrate to the sea, and almost all of those that survive 

return as mature adults late in the year following that in which they entered 

the sea. 

(3) It is a characteristic of coho salmon that they spawn in numerous small 

coastal streams, and in the tributaries of larger rivers. The total production 

, . ,~ 
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of coho salmon~ on both continents, is thus an aggregate of the production from 

many rivers. This feature makes estimating the total stock size of coho salmon 

virtually impossible, because spawning escapements cannot be determined. 

Furthermore, the fishing intensity for coho salmon in different regions of the 

two continents is not consistent. For these reasons, comparisons of the total 

production of coho salmon in Asia and North America have been made on the basis 

of average catches in the fisheries in recent years. 

(4) Coho salmon catches in Asia and North America were compared for the 

period 1954-1961, 1954 being the first year of a major Japanese mothership 

operation in the North Pacific Ocean and Bering Sea. For reasons given in the 

text, Japanese catches of coho salmon in their mothership and land-based fish

eries were apportioned to Asian stocks. 

The average annual catch of Asian coho salmon during 1954-1961 has been 

roughly 4.6 millions (U.S.S.R. coastal, 1.5; Japanese mothership, 1.9; Japanese 

offshore dri ft -net fi shery, 1. 2 mi lli ons ) • The comparable figure for North 

America (including sport fishing catches) has been roughly 6.5 millions. It 

is known that on both continents the catch statistics for coho salmon are not 

complete, so that the ratio of Asian to North American catches during 1954-1961 

may be described as in the order of 5 to 7 millions annually. 

(5) The time of return from the high seas into coastal waters of maturing 

coho salmon is similar on the two continents. It is late in the season and 

prolonged, and takes place mainly during late July and August. Generally speaking, 

the coho runs follow those of the other species, excepting the "autumn" runs of 

chum salmon and the late runs of chinook. 

(6) Coho salmon have been found across the width of the northern North 

Pacific Ocean, and intermittently throughout the Bering Sea where fishing has 

.' . 
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been attempted. In the eastern half of the North Pacific a coho salmon has been 

caught as far south as 45°N Latitude by an INPFC vessel, but they are also 

known to occur even farthe~ south, at considerable distances from the southern 

California coast. They have been taken as far south as 42°30'N Latitude in the 

western North Pacific. 

(7) In the western North Pacific Ocean large numbers of maturing coho salmon 

begin to appear in more northerly waters (north of 400 N Latitude) during late 

June. During late July and August concentrations of these fish approach the 

southeast coast of Kamchatka, mainly from the south and southeast, but some also 

from along the south side of the Aleutian Chain. Some proceed to streams on 

the East Kamchatka coast and farther north in the Bering Sea, by way of the 

Aleutian passes and from more directly south, off Southeast Kamchatka. 

The concentrations that appear east of the Kurile Islands and off South

east Kamchatka also provide runs to the West Kamchatka coast and to streams on 

the mainland coast of the Okhotsk Sea. 

(8) Coho salmon appear to be more widely dispersed in the eastern half of 

the North Pacific, including the Gulf of Alaska, than in'the western half. 

Canadian research in 1962 did indicate that a degree of concentration occurred 

during mid-summer in the central area of the Gulf, but they are probably most 

concentrated only after they have reached coastal waters. Here the catches in 

the commercial fisheries increase sharply during July and August; by September 

they are almost wholly absent in offshore waters. 

(9) Catches of a few immature (O-ocean age) coho have been reported from 

the Gulf of Alaska and in the Okhotsk Sea. 

(10) Two years' sampling in the Japanese mothership fishery have shown that 

coho of ages 32 and 43 make up to 90% or more of the age composition of the 
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catch, and that among these the 43 fish were the more numerous. In the Gulf of 

Alaska 32 fish constituted more than 90% of the catches of coho salmon made by 

Canadian research vessels in 1957 and 1958. 

(11) Various evidence indicates that coho salmon in the sea swim relatively 

close to the surface, and that they occur in greatest abundance within the upper 

10 m layer. 

(12) The subsequent recovery of 9 immature, O-ocean age coho salmon that 

were tagged in the Gulf of Alaska indicated that during their first few months 

in the ocean they had travelled great distances (one at least 1200 miles) ~nd 

had grown rapidly (up to 31 em). (This statement assumes that they returned 

to, or close to, their natal streams.) 

(13) Tagging results, their condition of maturity, their proximity to Asian 

shores, their time of arrival in Asian coastal waters, and the subsequent 

appearance shortly after of runs of coho in Asian streams indicate that the 

coho salmon that appear during late summer in the western North Pacific and 

Bering Sea are probably wholly, or at least almost wholly, of Asian (specifically, 

Russian) origin. Coho salmon of East Kamchatkan origin have been found along 

the south side of the Aleutian Chain to at least as far east as about 176°W 

Longitude. 

For similar reasons it was concluded that, excepting the known occurrence 

of East Kamchatkan coho directly south of Adak Island (roughly 176°W Longitude), 

coho found in the eastern half of the North Pacific and Bering Sea were probably 

wholly, or at least predominantly, of North American origin. Western Alaskan 

coho were found as far to the west as directly south of Adak Island. 

(14) Tagging experiments gave positive evidence of some intermingling in one 

year between maturing East Kamchatkan and Western Alaskan coho directly south 
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of Adak. Additional tagging results a+so indicated that East Kamchatkan and 

Western Alaskan coho had been present in other years at least that far to the 

east and west, ' respectively, south of the Aleutians (although not necessarily 

at the same time, since the recoveries to those areas were not made in the same 

year) • 

Apart from this known intermingling between East Kamchatkan and Western 

Alaskan coho it is considered to be very unlikely that extensive intermingling 

ever occurs between maturing coho salmon from the two continents • . 
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Table I. Average catches for 1954-1959 of Pacific salmon taken in coastal fisheries and on the high seas. ~ 
- V' 

Sockeye Chum Pink Coho Chinook _ ~ 

• Total No. % No. % No. % No • % No. % 

Asia - millions of fish 162.4 12.6 7.8 40.4 24.9 105.4 64.9 3.9 2.4 0.1 0.1 

North America - millions of fish 66.7 17.3 25.9 9.7 14.5 30.4 45.6 6.2 9.3 3.2 4.8 

U.S.S.R. - 1,000 metric tons 124.7 3.6 2.9 48.9 39.2 66.4 53.2 4.9 3.9 0.9 0.8 

Japanese mothership, 
Pacific Ocean - 1,000's of fish 37,044 9,526 25.7 12,865 34.7 12,364 33.4 2,235 6.0 56 0.2 

Japanese mothership, Av. 1957 and 1959 
Bering Sea - 1,000's of fish 11 ,663 13 ,585 30.7 1,458 12.5 6,581 56.4 16 0.1 24 0.2 

In 1956 
6,648 2,209 33.2 4,310 64.8 • 76 1.1 5 0.1 48 0.7 . 

Japanese mothership, I 
Okhotsk Sea _- 1,000's of fish ( 9,213 329 3.6 2,728 

I 
29.6 5,990 65.0 166 1.8 1 ... 

Western Alaska - 1,000'5 of fish 7,306.5 ~,959.0 81.6 660.5 9.0 446.8 6.1 85.7 1.2 154.5 2.1 

Central Alaska - 1,000'5 of fish 17,273.9 2,599.8 15.1 3,182.3 18.4 10,953.3 63.4 472.2 2.7 66.3 0.4 

Southeast Alaska - 1,000's of fish 14,592.9 975.3 6.7 2,660.7 18.2 9,419.6 64.5 1,203.8 8.2 333.5 2.3_ 

British Columbia - million pounds 143.9 · 32.2 22.4 34.7 24.1 40.7 28.3 22.7 15.8 13.3 9.2 
Washington - 1,000 metric tons 22.0 7.5 34.2 2.3 10.3 i 4.8 21_.6 3.8 17.2 3.7 16.8 

Oregon - 1,000 metric tons I 4.6 0.1 2.6 0.9 2.0 ... 0.2 1.2 ';5.7 3.2 69.5 
California - 1,000 metric tons 3.8 . . . . .. . .. . .. i ... <.1 0.2 4.3 3.6 95.7 
Research vessels - - i- . 1- , 

I • 
1955-1960, in 1,000's of fish 

, . , 
- . 

Japanese 93.6 36.7 39.2 29.5 31.6 
I 

20.3 21.7 6.6 7.1 0.5 0.5 
I 

Uni ted States - 43.7 14.0 32.1 22.8 52.1 5.8 13.3 0.7 1.7 0.3 0.8 
Canadian 9.8 4.2 43.0 3.4 35..2 1.5 15.5 0.6 6.2 ... 0.1 

Combined 147.1 54.9 37.3 55.8 37.9 27.6 18.8 7.9 5.4 0.8 0.6 



IV 
Table~. Estimates of the survival of coho salmon from five streams in North America. 

Percent 

I . . Egg to s!1lo1t Number Smolt to adult Number 
,. Location Max. Min. Av. of Max. Min. I 

years 
I 

iJ " ,t > I 

Hooknose Creek 1 3.961 0.703 1.299 10 20.24 6.71. 

,t 
t 

Nile Creek 2 2.10 0.76 1.27 4 , . . , .. , ' 

Minter Creek3 9.65 0.70 1.71 11 9.38 0.91: , 

4 I Eel River ( 56.9 15.8 . . . . . . . . 

Waddell Creek5 1.56 1.16 1.43 4 7.72 0.98 

.01 

.. 

IHunter; unpublished data, Biological Station, Nanaimo, B. C. 

4wickett, 1951. 

3Salo and Bayliff, 1958. 

Av. of 
. years 

.. 
I 

11.79 7 

. . .. 

5.20 9 

35.6 12) 
\ 

3.55 4 , 

i 
! 

. . 

~urphy, 1952; this is for ocean survival during last year of life only. 

5 Shapovalov and Taft, 1954. 

, 

Egg to adult 
Max. Min. Av. 

. . 

0.472 0.106 0.146 

" , . . . . . . 

0.905 0.015 ? 

l 

I 
0' J . . 

I 
.. . . 

, .. f , 

0.30 0.02 0.13 

r 

.. 

Number 
of 

years 

i 
7 

· . 

· . 
I · . 
I . 

6 
, , 

I , 

~ 
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AUDQfi~ Table~. The age composition of coho salmon taken in British Columbia fisheries in early and 

recent years (from Milne, Biological Station, Na~aimo, British Columbia; unpublished 
data). 

Ages 

Area Year 21 22 31 32 33 41 42 43 
Number 

read 

Bri tish Columbia 
- Troll 1927-1930 7 .7 .11 6179 2 4 46 54 6312 

(Pri tchard) Percent 0.1 0.1 0.2 97.9 · . 0.1 0.7 0.9 100.0 

Quatsino 1949 
(,'leave) Percent .. 2.0 . . 95.0 · . · . 3.0 · . 100.0 

Georgia Strait 
- Troll 1952-1959 19 8 5 1248 · . · . 5 · . 1285 

Percent 1'.5 0.6 0.4 97.1 · . · ., 0.4 · . 100.0 

W. Vancouver Is. 
- Troll 1952-1959 23 · . 10 1697 · . · . 7 3 1740 

Percent 1.3 · . 0.6 97.5 · . · . 0.4 0.2 100.0 

Fraser River 
- Gill-net 1957-1959 15 · . 4 563 · . · . 1 · . 583 

Percent 2.6 · . 0.7 96.5 · . · . 0.2 · ., 100.0 

~ 
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Ann jil( Table H. Age composition of adult coho salmon from various loca li ties in Russia and North America (froD 
Sato, 1961a). 

, 

22 32 33 

No. % No. % No. .% No. 

America· I 
! 

1. Ketchikan R. -1955 0 0 17 70.8 0 0 0 

2. Stikine R. 1955 0 0 47 45.2 0 0 1 

3. Cook Inlet R. 1956 0 0 8 40.0 0 0 0 

4. Yukon R. 1956 0 0 10 55.6 0 0 0 

5. Unalakleet R. 1955 0 0 25 37.9 0 0 0 

6. Nome R. 1956 0 0 5 29.4 0 0 0 

Asia , 

7. Kamchatka R. 1957 0 0 28 54.9 o . 0 0 

Kamchatka R. 1958 3 6.3 24 50.0 0 0 0 

8. Bo1shaya R. 1957 0 0 19 65.5 0 0 1 

Bolshaya R. 1958 0 0 86 96.6 0 0 0 

Bolshaya R. 1959 0 0 55 72.4 0 0 0 

9. Kukhtui R. 1959 0 0 22 32.8 0 0 0 

I 

, , 
42 43 52 

% No. % No. 

, 

0 , 7 29.2 0 

1.0 54 51.9 0 

0 12 60.0 0 

0 8 44.4 0 

0 41 62.1 0 

0 12 70.6 0 

0 23 45.1 0 

0 21 43.8 0 

3.4 8 27.6 0 

0 3 3.4 0 

0 21 27.6 0 

0 45 67.2 0 

53 

% No. 

\ 

0 0 

0 2 

0 0 

0 0 

0 0 

0 0 

I 
, 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

% 

0 

1.9 

0 

0 

·0 
f'. 

0 

0 

0 

3.4 

0 

0 

0 

Tota: 
No. 

~24 

104 

20 

18 

66 

17 

51 

48 

29 

89 

76 

67 

tI\ 
(P 
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Tablejl!. Commercial catch of coho salmon by the U.S.S.R., 1950-1961, by 

district, in metric tons and calculated numbers of fish. l 

Total E. Kamchatka W. Kamchatka 
Year " 

tons 1000's tons 1000's tons 1000's 

1950 2,300 759 ~,400 475 900 284 

1951 2,700 880 1,200 407 1,500 473 

1952 4,600 1,507 2,400 814 2,200 693 

1953 6,500 2,106 2,400 814 4,100 1,292 

1954 7,500 2,433 2,900 984 4,600 1,449 

1955 6,300 2,038 2,200 746 4,100 1,292 

1956 3,800 1,248 2,100 712 1,700 536 

1957 5,200 1,699 2,500 848 2,700 851 

1958 2,800 929 1,900 645 900 284 

19592 3,807 1,230 1,243 422 2,564 808 

1960 1,890 626 1,280 434 610 192 

1961 2 4,520 1,523 2,350 858 2,110 665 

Average 4,326 1,415 1,989 680 2,332 735 

Average 
(1954-61)3 4,477 1,466 2,059 706 2,411 760 

1 From Table 28, INPFC Doc. No. 398, Rev. 1; converting to numbers of fish 
at 6 1/2 lb. per fi sh for East Kamchatka and 7 lb. per fish for, West Kamchatka 
(using Table 31, INPFC Doc. No. 398). 

~able 28 also shows catches of III and 60 metric tons from the Okhotsk 
coast in 1959 and 1961, respectively. 

3The first major Japanese mothership fishery in the North Pacific Ocean and 
Bering Sea took place in 1954. The 1954-1961 average catch in the U.S.S.R. is 
thus considered to be the more appropriate figure to use for indicating the 
recent level of Asian coho stocks in terms of the annual catches. 
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Table »1._, 

Year 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

Average 
(1954-61)2 

Gatch of coho salmon by Japanese mothership fishery, by 
region, in thousands of fish; 1952-19610 1 

Total 

24 

340 

1,398 

3,576 

3,875 

442 

3,393 

1,423 

962 

284 

1,919 

Paci fic 
Ocean 

24 

340 

1,398 

3,184 

3,753 

339 

3,342 

1,391 

958 

284 

1,831 

Bering 
Sea 

5 

1 

32 

4 

* 

Okhotsk 
Sea 

392 

117 

102 

51 

1 
From Table 37, INPFG Doc. No. 398, Rev. 1; division between Pacific 

Ocean and Bering Sea is approximate • 

. ~his average is used for reasons simi 1ar to those explained in a 
footnote in Table 2. 

* Less than 500 fish. 
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Table -!I. - Commercial catch of coho salmon in North America, by region, in 

thousands of fish, 1950-61. 1 

Total Alaska 

Year North South- British Wash- Cali f-
America Western Central eastern Columbia - ingt'on Oregon- ornia 

1950 7,104 83 762 1,652 2,700 1,407 400 100 

1951 10,107 76 645 3,310 4,053 1,323 600 100 

1952 7,557 70 617 1,746 2,746 1,852 432 94 

1953 6,119 31 387 1,163 2,894 1,269 301 74 

1954 5,960 59 679 1,771 2,445 722 231 53 

1955 6,184 27 468 1,338 2,970 1,043 290 48 

1956 6,566 52 495 935 3,050 1,434 529 71 

1957 6,513 87 301 1,217 3,137 1,108 576 87 

1958 5,807 193 459 955 2,990 994 204 12 

1959 5,644 76 332 1,094 2,897 988 222 35 

1960 3,938 66 618 721 2,030 288 145 18 

1961 6,103 67 -, 357 889 3,297 1,035 3702 882 

~ 

Average 6,466.8 73.9 510.0 1,399.3 2,934.1 1,121.9 358.3 65.0 

Average 
1954-61) 5,839.4 

I 

lusing INPFC Doc. No. 398, Rev. 1, Tables 49, 50, 51, 61, 67, 70, and 71. 

%sing a conversion factor of 7 lb. per fish. 
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Table 1.t:E-. Estimated sport catches of coho salmon in British Columbia during 

1953-19611 , and in the States of Washington, Oregon and California 

combined during 1952~19582, in thousands of fish. 

Bri tish Washington, Oregon 
Year Columbia and Cali fornia 

1952 276 

1953 130 228 

1954 134 284 

1955 185 318 

1956 198 479 

1957 251 564 

1958 262 262 

1959 243 

1960 238 

1961 157 

Average 200 344 

1 From annual reports of the Department of Fisheries, Canada, "Statistics 
on salmon sport fishing in tidal waters of Bri tish Columbia". 

2figures for Washington from the Pacific Fisheries Marine Commission as 
obtained from annual reports of the Washington State Department of Fisheries. 
Figures for Oregon and California from Wendler, 1960, Tables 2 and 3. 
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Table \kl"! • Dates of attainment, by week-end, of percentiles of total troll 

catches of coho in outside waters of Southeast Alaska, 1957-1959. 1 

Area 1212 

Year 25% 50% 75% 95% 

1957 July 27 August 3 August 10 August 24 

1958 August 2 August 9 August 16 September 6 

1959 July 25 August 1 August 15 August 29 

Average July 28 August 4 August 14 August 30 

Area 1643 

1957 July 20 August 3 August 10 August 31 

1958 July 19 July 26 August 16 September 6 

1959 July 11 July 25 August 8 September 12 

Average July 17 July 28 August 11 September 6 

Area 1734 

1957 July 13 August 3 August 24 September 14 

1958 July 19 July 19 August 9 August 23 

1959 July 18 August 1 August 29 September 5 

Average July 17 July 28 August 21 September 4 

1 Data provided by United States Fish and Wildlife Service. 

2 From north tip of Noyes Island south to Cape Muzon. 

3 From just north of Yakobi Island south to Cape Ommaney. 

4 . From Cape Fairweather south to just north of Yakobi Island. 

) 
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Table ~. 

Area 12 

Dates of attainment of percentile catches of coho salmon by 
trollers in Statistical Areas 1, 23 and 26, British Columbia, 
by week-end, 1956-1960. 1 

Percentage 

Year 10 25 50 75 95 Begin End 

1956 July 7 July 14 July 28 Aug. 11 Sep. 1 June 2 Sepo 29 

1957 July 6 July 6 July 13 Aug. 3 Aug. 31 June 15 Oct. 5 

1958 July 5 July 19 July 26 Aug. 16 Aug. 30 June 14 Oct. 4 

1959 July 4 July 11 July 25 Aug. 1 Aug. 22 June 20 Sep. 26 

1960 July 2 July 9 July 23 Aug. 6 Sep. 3 June 18 Oct. 1 

Average July 5 July 12 July 23 Aug. 7 Aug. 30 

~ata used were from "British Columbia Catch Statistics", for 1956 to 1960; 
Department of Fisheries of Canada. 

2Area 1 is Dixon Entrance off the north coast of the Queen Charlotte 
I s lands, and seawa rd. 

Area 23 3 

1956 June 30 Aug. 4 Aug. 25 Sep. 1 Sep. 22 June 16 Nov. 30 

1957 June 22 July 6 July 27 Aug. 17 Sep. 7 June 15 Nov. 30 

1958 July 5 July 12 Aug. 9 Aug. 23 Sep. 13 June 21 Nov. 30 

1959 June 20 June 27 July 11 Aug. 15 Sep. 19 June 20 Nov. 30 

1960 June 25 July 2 July 23 Aug. 6 Sep. 17 June 18 Nov. 30 

Average June 26 July 15 July 31 Aug. 19 Sep. 16 

3Statisti ca 1 Area 23 is off Barkley Sound, west coast of Vancouver Island. 

Area 26 4 

1956 June 30 July 7 July 21 Aug. 11 Sep. 1 June 16 Oct. 20 

,1957 June 22 June 29 July 13 Aug. 3 Aug. 31 June 15 Oct. 19 

1958 July 19 Aug. 2 Aug. 9 Aug. 9 Sep. 6 June 14 Oct. 18 

1959 June 20 June 27 July 18 Aug. 22 S,ep. 12 June 20 Oct. 31 

1960 July 2 July 16 July 23 Aug. 6 Aug. 27 June 18 Oct. 22 

Average July 1 July 9 July 23 Aug. 10 Sep. 3 

4Statisti ~a 1 Area 26 is towards the northern end of the west coast of 
Vancouver Island. 
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Table ~. Dates. of attainment of percenti 1es of tota 1 coho catches in 

Washington Sta.~, U.S.A., 1956-1959. 1 

Pacific Ocean Area 

Year 25% 50% 75% 95% 

1956 July 28 August 18 September 8 September 29 

1957 July 14 August 4 August 25 September 22 

1958 July 26 August 16 August 30 September 27 

1959 July 18 August 8 August 29 October 3 

Average July 22 August 12 August 31 September 27 

Inside Area 

1956 September 22 October 6 October 20 November 10 

1957 September 1 September 15 October 6 November 10 

1958 September 13 September 27 October 11 November 8 

1959 August 29 September 26 October 17 November 7 

Average September 9 September 26 October 14 November 9 

1Dates were determined from data given in INPFC Statistical Yearbooks • 
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Table J(. Coho catches and catch-per-tan by the Japanese mothership fishery in 

the Aleutian area, in numbers of fish, 1954-1961. 1 . 

Catch Catch-per-ta n 
Year 

May: 
. , 

May June July August June July August 

I 
1954 2 112 375,008 750,985 Less than 

0.46 1.23 

1955 5 4,559 51~,481 2,178,420 0.01 ror 0.27 1.28 

1956 7 3,370 3,05+,734 697,611 a 11 years 0.93 0.76 
and both 

1957 34 7,726 331,863 I' -- months 0.18 --
1958 4 5,033 1,659,909 1,677,399 combined 0.55 1.78 

1959 51 35,900 1,387,138 -- 0.57 --

1960 9 737 938,213 22,994 0.32 0.17 

1961 4 3,467 280,585 -- 0.04 --

10ata from INPFC Statistical Yearbooks. 

Xf/( 

Table~. Coho salmon catches in the Okhotsk Sea by the Japanese mothership 
fishery, 1955-1958; in thousands of fish and thousands of tans. 1 

1955 1956 1957 1958 

Fish Tans Fish Tans Fish Tans Fish Tans 

June 1 268 -- 111 + 265 + 162 

July 43 326 105 332 102 247 24 176 

cjr 0.132 0.316 0.413 0.136 

August 332 168 13 35 No fishery 27 55 

Cit 1.976 0.371 0.491 

Total 376 762 118 478 102 512 51 393 

1 Data from Manzer, et al., 1963. 

+ means 1-500 fish. 
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Table~ • . Percentage age composition. of coho salmon taken in Japanese high-seas 

fisheries, 1959-1960; not including small numbers of other age groups.l 

Sample size 32 43 54 

Region 1959 1960 1959 1960 1959 1960 1959 1960 

A leutian2 437 264 29.1 28.8 63.8 65.9 7.1 5.3 

Bering Sea 2 29 6.9 82.8 10.3 

Kamchatka-Kuriles 2 936 1,027 36.5 23.1 58.8 70.2 4.7 6.7 

Southern -
Restricted3 317 25.9 67.2 6.9 

Southern -
Non-restri cted3 167 21.6 72.4 6.0 

Average 1,373 1,804 34.2 24.0 60.4 69.5 5.4 6.5 

1 . 
From data of the Japanese Fisheries Agency. See Manzer, et :al. (1963) ::for , . 

designation of regions. 

2 Japanese mothership fishery. 

3Japanese land-based fishery. 
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Table~. Average fork lengths to' centimetres of coho salmon from · the 

Japanese qigh-seas f~sheries~ 1957-1960, by region. l 

All Ages 
M F 

1957 - Kamchatka-Kuriles June 53.5 52.6 

July 54.1 54.7 

Okhotsk June 55.7 55.3 

July 55.7 55.3 

Land-based July 56.3 55.4 

1958 - Kamchatka-Kuriles June 54.1 53.7 

July 55.5 56.2 

August 56.2 57.3 

Aleutian August 57.2 58.1 

Okhotsk July 57.4 56.8 

August 56.8 57.9 

Age 32 Age 43 

M F M 

1959 - Aleutian June 50.8 50.3 52.8 

July 54.0 52.6 54.6 

Kamchatka-Kuriles June 51.6 51.0 52.2 

July 53.5 53.8 54.0 

1960 - Aleutian July 55.1 55.8 56.6 

Bering Sea August 55.0 

. Kamchatka-Kuriles June 54.5 

July 53.8 55.3 55.4 

F 

51.6 

55.0 

51.7 

54.2 

56.8 

55.1 

53.6 

55.8 

lFrom data of the Japanese Fisheries Agency. See Manzer, et @l. ,. 1963, for 
designation of the di fferent fishery regions . 
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Table 'kP/. Average weights of coho salmon caught in different regions of the Japanese high-seas 

~a1~on: fisheries "1n" 1960, in ki1ograms. 1 

May June July August 

Region M F M F M F M F 

Aleutian - Number 5 2 120 132 4 2 
Weight 1.93 1.91 2.65 2.72 2.11 2.55 

Bering Sea - Number 2 1 II 17 
Weight 3.18 1.75 2.54 2.48 

Kamchatka-Kuri1es 
Number 2 50 34 467 462 10 7 
Weight 1.55 2.00 1.95 2.36 2.47 2.79 3.17 

Southern - Restricted 
Number 115 124 30 50 
Weight 2.55 2.56 3.02 2.94 

Southern - Non-restricted 
Number 1 13 11 75 72 
Weight 1.35 2.43 2.14 2.20 2.16 , 

, 
- ----

1From data of the Japanese Fisheries Agency. See Manzer, et al.., 1963, -for des"ignathm .of the 
di fferent fishery regions. 

. , 

" .4J 
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Table~. Average index of maturity of coho salmon taken in regions of the Japanese high-seas 

salmon fisheries in 1960. 1 

May June July August 

Region M F M F M F M 

Aleutian - Number 5 2 120 132 4 
Index I 0.40 2.50 2.21 2.80 2.00 

Bering - Number 1 1 11 
Index 1.00 1.00 5.36 

Kamchatka-Kuriles 
Number 2 50 34 467 462 10\ .. : , , 
Index 2.50 0.20 1.62 2.17 3.10 3.20 

I 

Southern-Restricted 
Number 115 124 34/, 
Index 2.53 2.84 3.12 

Southern- Non-restri cted 
Number 13 11 75 72 
Index , 0.85 2.64 1.28 2.72 

IFrom data of the Japanese Fisheries Agency. The index of maturity is the weight of the 
gonads expressed as a percentage of the total body weight. 

, 

F 

2 
8.00 

17 
6.35 

7 
4.14 

50 
3.26 

~:--

n 
00 
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Figure 1. Monthly catches of coho salmon in the Japanese mothership 

fishery, 1954-1961. All figures in brackets are for numbers 

of fish; figures not in brackets are for thousands of fish. 
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Fig.4r. Japanese mothership fishery, 1954-1961. The catch of Pacific salmon by species, 
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Figures 3 to 7. Catches of coho saLmon by Japanese, United States and 

Canadian research gill-net vessels; by month, for the years 1956-1962 

combined. The areas embracing fishing stations are outlined; the 

locations of coho catches are shown by stippling. The top figure shows 

the number of sets made in an area, and the lower the number of coho 

sa Lmon caught. 
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Figures 9 to 12. Japanese tagging, 1958-1962; numbers of coho salmon 

tagged and recovered, by month of tagging. 
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