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INTRODUCTION 

The International North Pacific Fisheries Commission, from 1963 to 68, 

published the following series of reports dealing with Pacific salmon 

(genus Oncorhynchus) of the North Pacific Ocean and Bering Sea: 

Part I. Introduction (Jackson, 1963) 

Catch Statistics for North Pacific Salmon (Kasahara, 

1963). 

Part II. Review of Oceanography of the Subarctic Region (Dodimead, 

Favorite and Hirano, 1963). 

Part III. A Review of the Life History of North Pacific Salmon 

1. Sockeye Salmon in the Far East (Hanamura, 1966) 

2. Pink Salmon in the Far East (Ishida, 1966) 

3. Chum Salmon in the Far East (Sano, 1966) 

4. Sockeye Salmon in British Coltnnbia (Ricker, 1966) 

5. Pink Salmon in British Coltnnbia (Neave, 1966a) 

6. Chtnn Salmon in British Coltnnbia (Neave, 1966b) 

Part IV. Spawning Populations of North Pacific Salmon 

1. Sockeye Salmon in the Far East (Hanamura, 1967) 

2. Pink Salmon in the Far East (Ishida, 1967) 

3. Chum Salmon in the Far East (Sano, 1967) 

4. Pacific Salmon in the United States (Atkinson, 

Rose and Duncan, 1967) 

5. Pacific Salmon in Canada (Aro and Shepard, 1967) 

Part V. Offshore Distribution of Salmon (Manzer, et al., 1965) 

Part VI. Sockeye Salmon in Offshore Waters (Ma~golis, et al., 

1966) 
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Part VII. - Pink Salmon in Offshore Waters (Neave, Ishida and 

Murai, 1967) 

Part VIII. Chum Salmon in Offshore Waters (Shepard, Hartt and 

Yonemori, 1968) 

Part IX. Coho, Chinook and Masu Salmon in Offshore Waters 

1. Coho Salmon (Godfrey, 1965) 

2. Chinook Salmon (Mason 
1 

1965) 

3. Masu Salmon (Tanaka, 1965) 

Several of these reports--which were, by and large, sunnnaries 

of information available through 1960
1 

1961
1 

or 1962--are being updated. 

This report on chinook salmon centers around (but is not limited to) 

information collected through 1970 1 with emphasis on information that 

has emerged since 1961 and on how this new information may have modified 

conclusions reached in the earlier report. One major exception will 

be tagging data, in which ca:oe it is beneficial to include all information 

for 1956-70. There also are a limited number of references to data 

gathered since 1970. These will be pointed out as they are encountered 

in the text. 

It should be noted that the earlier series of reports included 

separate papers on the life history of sockeye (.Q. nerka), pink (0. 

gorbuscha), and chum salmon (.Q. keta) but not on the coho (.Q. kisutch), 

chinook (Q. tshawytscha), or masu (Q. masou) salmon. Instead, the 

life histories of the latter three species were presented as introductory 

summaries in the papers dealing with distribution and abundance of 

these species in offshore waters. As the first step to updating the 

knowledge about chinook salmon in the North Pacific Ocean, it is opportune 



to supplement the observations on (1) distribution of spawning grounds 

and (2) life history, that were presented in the earlier paper. Following 

in sequence will he sections on chinook salmon stocks in Asia and 

western North America; their ocean distribution: abundance, time, 

and location; their ocean distribution by area of orgin; and their 

ocean age, length, and sex ratio. 

Although the amount of information available for chinook salmon 

on the high seas is appreciably greater than that included in the 

first report, it is still quite limited--both quantitatively and quali

tatively. The main problem is that chinook salmon are by far the least 

abundant of the five major species of salmon distributed on the high 

seas and, as such, are taken only incidentally in commercial and research 

fishing operations that are designed to locate and capture other species 

of salmon. These operations, although contributing the overwhelming 

bulk of information available to us, have less than 1% chinook salmon 

in their catches. Coho salmon, the next scarcest species, are approximately 

10 times more abundant than chinook salmon. While incidentally accrued 

data are useful in a general way, they do not lend themselves to rigorous 

analyses that would have been possible had data been collected as 

part of an experiment designed to test specific hypotheses regarding 

chinook salmon. 

Another limiting factor is the restricted coverage afforded by 

the primary sources of data--the Japanese mothership fleet and the 

Japanese research vessels. The mothership operations are restricted 

to areas west of 175°W; the research vessel operations, while not 

similarly restricted, also tend to be concentrated in the mothership 

and land-based fishing areas (Figure 1). Coverage in the oceanic areas 

east of 175~~ is much less. 
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Compounding the above limitations are the effects of gillnet 

selectivity, which affects the numbers of fish taken and biases the 

composition of the samples available for our analyses. The impact 

of these limitations will be discussed in greater detail as a necessary 

prelude to the section on ocean distribution. 

DISTRIBUTION OF THE SPAWNING GROUNDS 

Chinook salmon are indigenous to the Pacific coasts of Asia and 

North .America. Since their introduction there, shortly after 1900, 

they also have existed in New Zealand. Recent transplants appear to 

have established them also in the Great Lakes of North .America (Commercial 

Fisheries Review, 1969, 1970). Finally, Hart (1973) cites Hunter (1969) 

as havj_ng reported 13 specimens of chinook salmon in the Coppermine 

River, which flows into Coronation Gulf of the Canadian Arctic, at 

about 115°W, about 1
1
600 1cm east of Port Barrow I Alaska. The New Zealand, 

Great Lakes, and Arctic Ocean runs will not be included in our basic 

discussions. 

In North America, chinook salmon spawn in rivers and streams 

emptying into the Pacific Ocean from San Francisco Bay, California, 

(Atkinson, et al., 1967) to Wulik River, Kotzebue Sound, Alaska, beyond 

the Bering Straitl/. Asian spawning grounds range from the Anadyr 

River southward to the .Amur River including rivers on the continental 

coast of the Sea of Okhotsk and on the Kamchatka Peninsula (Schmidt, 

1950). They also occur in the Aleutian Islands (Wilimovsky, 1964), 

the Komandorskie Isl.ands, u.s.s.R., (Berg, 1948), and Hokkaido Island, 

Japan (Berg, l9q8; Matsubara, 1955). 

l/ Personal communication with Ronald Rcgnart of the Alaska Department 
of Fish and Game, Anchorage, Alaska. 



LIFE HISTORY 

Chinook salmon, like all other species of Pacific salmon, are 

anadromous; that is, they spawn in fresh water but the young later 

migrate to sea where they complete their growth and maturation before 

returning to fresh water to spawn and start the cycle once agairf). 

Other noteworthy characteristics that chinook salmon have in common 

with the other Pacific salmon are: (1) the strong tendency for the 

maturing adults to return to their natal streams to spawn and (2) 

death after spawning. 

Spa,ming and Incubation 

Chinook salmo~ spnwn in approximately 380 streams on the Pacific 

Coast cf the United States (Atkinson, et al., 1967) and 260 streams 

in Canada (Aro and Shepard, 1967). Comparable data are not available 

for the Asian side of the Pacific Ocean, but the number of spawning 

streams is believed to be much smaller. In all regions, however, spawning 

is concentrated in the larger river systems. Aro and Shepard (1967) 

state, for example, that in Canada about 50% of the escapement is 

accommodated in 14 streams. Vronskii (1972) attributes more than 90% 

of the u.s.s.R. commercial catch to the Kamchatka River. Major producers 

in the United States are river systems such as the Sacramento, Columbia, 

Copper, Nushagak, Kuskokwim, and Yukon Rivers. 

The period of time over which chinook salmon migrate to the spawning 

grounds is very prolonged. Vronskii (1972) reports that the first 

individuals appear in the commercial catches in the lower Kamchatka 

11 The Great Lakes runs (mentioned earlier--but not discussed further 
in this report) represent an exception to this general rule, however, 
as oceanic life is replaced by life in the lakes themselves. 
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River in late May and some evidently enter even earlier when the river 

is still covered with ice. In some years the Kamchatka upriver migration 

lasts until the end of August (Berg, 1948). The actual spawning period 

extends from June 23 (Berg, 1948) to September 8 1 with peaks between 

July 15 and August 19, depending on the particular tributary (Vronskii
7 

1972). Chinook salmon enter North American streams nearly year-round; 

the Columbia River, for example, has spring, summer, and fall runs. 

· In broad terms, the spring run enter.s the river from February to May, 

the summer run in June and July, and the fall run in August and September

with stragglers until mid-October. Spawning, according to Fulton (1968), 

lasts from late July to December, with the order in which the various 

runs spawn-·-being only loosely related to the time of their entry 

into the river. The Sacramento River has spring and aut_umn runs that 

are generally comparable to those in the Columbia River but also has 

a winter run that arrives at Redding (about 220 miles upstream from 

the mouth of the Sacramento) from late November through February and 

spawns from late April to late July (Slater, 1963). Mason (1965) suggested 

that there was a tendency for the number of seasonal runs within a 

particular river to decrease from south to north--that is, three runs 

in the Sacramento and Columbia, one or two in the mid-latitudes, and 

only one in the more northern river systems. 

The general nature of the spawning grounds-which may be located 

from just above tidal limits to very great distances upstream (3,200 ~ 

in the Yukon River, for example)--varies considerably. Chapman (1943) 

found chinook salmon spawning in the main stem of the Columbia River 

in depths to 4.6 m; Vronskii (1972), in contrast, found them spawning 

I 
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in tributaries of the Kamchatka River that were only 2-3 m wide and 

25 cm deep. It is not surprising, therefore, that the detailed physical 

character of the spawning grounds may vary accordingly. Nonetheless, 

Vronskii (1972) made certain general observations that represent the 

most commonly encountered chinook salmon spawning grounds. He showed, 

for example, that chinook spawning grounds are characterized by stream 

underflow, rather than being associated with the emergence of ground 

water. Water depth does not appear to be a determining factor (range 

observed was 25 cm to 2 m), nor does stream flow or velocity (0.3-1.5 

m/sec). Particle (gravel and sand) size also may fluctuate widely--coarse 

gravel (more than 10,cm in diam.) may predominate in some areas, sand 

and fine gravel in others. One characteristic shared by the overwhelming 

majority of Kamchatka River spawning areas, on the other hand, is 

the presence of alternating riffles and pools. Approximately 95% of 

the redds were situated precisely at the transition between a pool 

and riffle. Vronskii (1972) feels that Stuart's (1953) finding, that 

underflow currents passing through the gravel are strongest at this 

point, suggests advantages for egg irrigation. Areas just below log 

jams, where flow through the gravel is increased as a consequence 

of reduced surface flow, are also favorite spawning sites. 

Since the spawning of chinook salmon is so widely distributed 

in time and space, it is not surprising to find that recorded water 

temperatures during spawning vary also, the reported range being in 

the vicinity of 4.4 to 18.0°C (Burner, 1951; Mattson, 1948). 

It is difficult to estimate the sex ratio of chinook salmon on 

the spawning grounds because (1) the females tend to die sooner than 

the males (with their carcasses often disappearing from view) and 



(2) the surviving males continually redistribute themselves on the 

spawning grounds. At a given time, consequently, males can outnumber 

females by as much as J0-12 to 1 (Vronskii, 1972). 

The actual construction of the redd is always accomplished by 

the female. With her head upstream and body rolled to either side 

to an angle of about 45°, she dislodges gravel with a series of violent 

flexions of the tail. The current carries the material downstream 

where it builds up as a small mound. Digging continues for several 

days until the bottom of the redd (usually not more than 60 cm according 

to Vronskii, 1972) is lined with stones too large for the female to 

move. The female, during the actual spawning period, alternately releases 

eggs (which are fertilized as they tumble toward the bottom of the 

redd by sperm from the attending males) and excavates further at 

the upper margin of the redd so that the redd is continually being 

expanded upstream and the newly deposited eggs covered by the newly 

loosened material (Burner, 1951). 

Fecundity varies by stock but (in general) chinook salmon, because 

of their large size, are the most fecund of the Pacific salmon species 

(Gribanov, 1948), with as many as 20,000 eggs being found in a single 

female (Vronskii, 1972). Size notwithstanding, Vronskii (1972) hypothesizes 

that the high fecundity is an adaptation to large losses of eggs to 

the fast current where chinook often spawn. He also notes that the 

average number of eggs retained was approximately only 0.6%. Major 

and Mighell (1969) also found egg retention to be negligible in the 

Yakima River in Washington State. Rounsefell (1957) reports that the 

eggs also are the largest among the several species of Pacific salmon. 



Time from fertilization to hatching is largely a function of 

water temperature. Seymour (1956) found that over a range of 40-58° 

(4.3-l~.3°C), there were three methods that gave reasonable approximations 

of the time-tempera·ture relation. Because of its simplicity, the so-cal led 

thermal sums method has been the most widely used of the three methods. 

Calculated by the thermal sums method, hatching requires roughly from 

900 to 1,000 temperature units where one unit equals one degree F 

above freezing (32°F) for a 24-hour period. Velson and Alderdice (In 

Press) used another method, examined by Seymour (the logistic curve 

model), in conjunction with newly available empirical data to show, 

however, that the thermal sums method yields inaccurate estimates 

below 6°C (43°F). They present, in tabular form, a convenient alternative 

for forecasting rate of development and expected hatching time of 

chinook salmon eggs in relation to water temperature. 

Stream Life and Downstream Migration 

The time-space diversity exhibited by the spawning populations 

of chinook salmon gives rise to a highly variable juvenile life history. 

It is unlikely that the habitat preference, food items, growth, behavior, 

and so forth of young fish inhabiting the upper reaches of the Yukon 

River, for example, will be the same as those in small coastal streams 

in Oregon. Detailed life history information, therefore, has real 

meaning only when it is accrued on a subpopulation basis. 

There appear, however, to be two general life history patterns: 

one for fish that originate in spawning grounds relatively close to 

the ocean (and which tend to migrate seaward after a few days to a 
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few months of freshwater residence) and another for fish that originate 

far upstream (and which tend to remain in fresh water a year or longer). 

In North America, these two kinds of chinook salmon are corrnnonly referred 

to as the "ocean!' a~d the "stream" type, respectively. Either pattern 

may be found in the southern part of the range, but only the second 

pattern is found in the northern part. Migration for both groups peaks 

in the spring months but may be scattered (depending on location) 

over the entire year. 

The size of fish moving downstream has been recorded at various 

distances from the sea. Mains and Smith (1955) found first-year fish 

from 20 to 55 mm and second-year fish from 85 to 125 mm, moving downstream 

in the middle section of the Columbia River system. Reimers (1973) 

found that the mean length of first-year fish in the estuary of Sixes 

River, Oregon, ranged from 40 to 50 mm in April to over 120 mm in 

November. Mean lengths of second-year fish ranged from about 80 mm 

in January upwards to 130 mm in June. Meehan and Siniff (1962) found 

that the mean length of chinook salmon (mostly second-with some third-year 

fish) was 73 .3 mm in the Taku River, southeastern Alaska, 14 miles 

upstream from the sea. 

_According to Gauley, Anas, and Schlotterbeck (1958), to Meehan 

and Siniff (1962), and to Major and Mighell (1969), migration tends 

to be nocturnal. Sasaki (1966) found that in the Sacramento River, 

California, chinook salmon migrated downstream near the surface. He 

found insects to be their primary food item, thus corroborating earlier 

findings of Chapman and Quistorff (1938) and of Hanson, Smith, and 

Needham (1940). Salmon eggs and young fish are other food items (Synkova, 

1951). Ito and Parker (1971) report that herring (Clupea harengus 

pallasi) were found feeding on juvenile chinook salmon in Albcrni 

Inlet, British Columbia. 

JO 



Ocean Residence 

Knowledge about the offshore ocean life of chinook salmon has 

expanded greatly as a result of the Japanese fishery on the high seas 

after the second World War and the resultant INPFC-sponsored research 

programs. Prior to that, distribution, abundance,and migrations were 

generally defined only for chinook inhabiting the ocean area between 

California and southeastern Alaska. The status of knowledge for other 

stocks was probably best typified by Gilbert (.1922), who (in describing 

the chinook salmon of the Yukon River) stated, "We have no knowledge 

concerning the feeding grounds of the Yukon salmon and must leave 

the question open to what extent, if at all, the young traverse the 

passes in the Aleutian chain to attain their growth in the North Pacific. 

It is entirely possible that throughout their life in the ocean, they 

remain within the confines of the Bering Sea. None of them have been 

detected traversing the channels between the Aleutian Islands, nor 

have they been recognized elsewhere along lines of their migration 

routes in the sea." 

Now as then, however, very little is known about the early ocean 

life of chinook salmon; most of the new knowledge pertains to older 

and larger fish taken on the high seas. The.primary reason for this 

is that during their first year of ocean life neither the commercial 

' nor research fishing gear is designed to take small fish even if they 

are present. One exception is the small-meshed purse seines fished 

by vessels of the University of Washington's Fisheries Research Institute 

(FRI) during the present study period. Catches made with this gear, 

which had a maximum 25 mm mesh (stretched measure) in the bunt, indicated 
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that first-year-ocean fish are confined primarily to the coastal areas 

and are rr.uch less abundant in the open ocean (Hartt, Smith1 and Dell, 

1965). It is not until the second year of ocean life and thereafter 

that chinook salmon are found to be widely distributed in the North 

Pacific Ocean and Bering Sea. This information will be discussed in 

detail in subsequent sections of this paper. 

Mason (1965), after reviewing tagging work conducted from California 

to southeastern Alaska, concluded that most young chinook in that 

area move northward and that there are some which do not migrate to 

any extent from inshore areas. 

Return to Coastal Waters 

/l 

For those populations of chinook salmon that spend a significant 

portion of their lives distributed on the high seas, it can be asked: 

"When do they begin their homeward migration? What is the rate of 

travel? The route? When do they arrive in the waters adjacent to their 

spawning stream?" Despite our expanded knowledge about distribution 

and abundance of chinook salmon on the high seas, however, these questions 

remain largely unanswered. A complicating factor is that maturing 

and non-maturing fish are frequently taken together; moreover, in only 

certain areas (the areas fished by the Japanese mothership and research 

vessels as will be shown later) have criteria been developed for separating 

maturing and immature individuals. Even in these areas, however, the 

absolute and relative abundance of each component is masked by the 

selective attributes of the gillnets fished. These gillnets, designed 

to take the smaller but more abundant species with high efficiency, 



are suspected of selecting inunature chinook (usually younger and smaller) 

more efficiently than maturing chinook (usually older and larger). 

These limitations notwithstanding, it will be shown later in this 

report that maturing chinook salmon (judging by their relative scarcity 

in the Japanese fisheries) have largely departed the central Bering 

Sea at least by June, at which time they are still fairly abundant 

off the east coast of Kamchatka and east~vard to 17 5°W, south of the 

Aleutian Islands. By July they are scarcer yet, and the area where 

they occur is restricted even more closely to the Kamchatkan coast. 

This information is in keeping with the average timing of the runs 

in the fishery at the mouth of the Kamchatka River, as reported by 

Vronskii (1972): 4% in May, 68% in June, and 28% in July-August. Similar 

information is lacking elsewhere although tagging has fairly well 

established the fact that the migration route of chinook salmon returning 

to southeastern Alaska, British Columbia, Washington, Oregon, and 

California streams is largely southeasterly (Loeffel and Wendler, 

1969). 

Age, Size, and Growth 

Ages of maturing chinook salmon have been reported as 0.1, 0.2, 

0.3, 0.4, 0.5, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 2.1, 2.2, 2.3, 2.4, and 

2.':J..I, although the vast majority of the fish mature in their third 

to sixth year. Age at maturity, like freshwater age and ocean age, 

tends to be greater in the north than in the south. From California 

northward to Cook Inlet, Alaska, for example, 3-, 4-, and five-year-old 

Age designation used in this report is: the numerals that precede 
and follow the decimal point respectively indicate the number of 
freshwater and ocean annuli ~bserved on the scale. Total age (year 
of life) is obtained by adding one to the sum of the annuli, that 
is, a 0.2 age fish is in its third year of life. 
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fish prevail (there are significant numbers of 6-year-olds in some 

areas, but few, if any, 7- or 8-year-olds). Five- and 6-year-olds 

dominate the runs from Bristol Bay northward, but 7- and even 8-year

olds are not unconnnon. Seven is the maximum reported age in Asia. 

Loeffel and Wendler (1969) used the research of Rich (1925), 

Van Hyning (1951), Fraser (1917, 1921), Parker and Kirkness (1956), 

and Milne and Godfref!/ to derive a general growth curve for chinook 

salmon taken southward from southeastern Alaska. They developed separate 

curves for fish that had gone to sea in their first year and those 

that went later (Figure 2). This approach, as Loeffel and Wendler 

(1969) emphasized, provides an approximation of the growth curve but 

cannot be regarded as precise, mainly because in each curve different 

stocks are included. They felt, nonetheless, that the curves provide 

evidence that both the ocean type and the stream type attain most 

of their growth in the spring and summer months and that the rate 

of increase in length slows with age. They suggest, too, that ocean-type 

chinook gain an early growth advantage over stream-type chinook of 

4-5 inches (10-13 cm), that is gradually overcome with increasing 

age. 

Loeffel and Wendler (1969) also used data from the aforementioned 

sources to examine the relation between growth and age at maturity. 

Rapid growth appeared to be linked.with early maturity. Grachev (1967) 

found the same phenomenon with Kamchatkan chinook salmon. He postulated, 

furthermore, that the growth increment during the first 2 years 

~/ Milne, D. J. (Prepared by H. Godfrey). 1964. Sizes and ages of 
chinook Oncorhynchus t:shawytscha and coho .Q. kisutch salmon in 
the British Columbia troll fisheries (1952-1959) and the Fraser 
River gillnct fishery (1956-1959). Fish. Res. Board Can., MS Rep. 
776 43 p. 



of marine life fluctuates in reverse correlation with the abundance 

of East Kamchatkan pink salmon--the more pink salmon, the less chinook 

salmon growth, and vice versa. However, for other stocks at least, 

the hypothesis needs further examination. 

Homing and Straying 

The precision with which chinook salmon home has not been studied 

extensively, but it is presumed that the great majority return to 

the stream in which they had spent their juvenile life. In a series 

of mark-recovery experiments involving Columbia River hatchery fish 

of the 1961-65 brood years, straying amounted to an estimated 8.4% 

for all data pooled (Worlund, Wahle, and Zirnmer, 1969; Rose and Arpl/, 

Arp, Rose and Olhausen~/, and Wahle, Arp,and Olhausenl1). Since many 

of these "strays" were fish that had been taken in other hatcheries, 

and consequently had had no opportunity to leave and continue their 

search for their true home stream, the actual rate of straying probably 

was appreciably less than 8.4%. 
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There have also been mark-recovery experiments with transplanted 

chinook salmon, but here again, the results are not clear. Scheer 

( 1939) refers to the "impressive" results of Snyder (1931) and of Rich 

and Holmes ( 1928)~ wherein straying was negligible in studies involving 

the Klamath River, California, and the Columbia River, respectively. 

Ricker (1972) reexamined these same data, however, and points out 

several reasons why they should be used with caution. 

The questions of homing and straying of natural spawning populations 

of chinook salmon have not been examined closely. 

Food 

The food items eaten by chinook salmon change as the fish grow. 

Juveniles of the populations examined (as was pointed out in an earlier 

section) eat insects, salmon eggs,and young fish while still residing 

in fresh water. Hart (1973) reports that the food of small fish (9-13 cm) 

that have only recently migrated to sea includes crab larvae, amphipods, 

copepods, euphausiids, cladocerans, barnacles, and a variety of small 

fishes. Adult chinook salmon eat fish, squid, euphausiids, pandalids, 

and crab larvae (Reg and Van Hyning, 1951; Merkel, 1957; Reid, 1961; 

and Hart, 1973). Figure 3 (from Merkel, 1957) shows the composition, 

by volume, of the food of chinook salmon taken near San Francisco. 

According to Milne (1955) and Reid (1961), fish provide a larger 

proportion of the diet of large adult chinook salmon than of small 

ones. Chinook may also have food preferences different from other 

closely related salmon species. Heg and Van Hyning (1951) report that 

during a period when coho salmon were feeding heavily on crab megalops, 

.... 



chinook salmon taken in the same area had very ~ew megalops in their 

stomachs. Prakash (1962) found that coho exhibited a more pelagic 

and varied diet than chinook caught in the same area. Whether these 

differences were ·attributable to different depths occupied by the 

two species was not examined. Prakash (1962) also noted a seasonal 

variation for both species--crustaceans were taken in considerable 

numbers in the spring months but gave way to fish thereafter. Merkel 

(1957) noted a similar trend. 

Whereas the above studies suggest that fish constitute the major 

food item of adult chinook salmon in coastal waters (at least off 

the west coast of North America), Ito (1964) found that squid were 

by far the largest diet component of chinook and coho salmon in 3 of 4 

years when these species occurred together in samples taken from the 

Japanese mothership fishery on the high seas. Fish and euphausids 

made up most of the remainder. In one year, however, euphausids con-

stituted about one-half of the food items found in the stomach samples, 

while squid and "other" food items made up the other half in the chinook 

stomachs and fish made up the other half in the coho stomachs. This 

suggests that the diet of chinook and coho salmon is related to the 

types and abundance of food items available. 

Jlfortality and Survival 

The sources of mortality confronting chinook salmon are many 

and varied, both in fresh water and in the ocean. Some are natural; 

others, including fishing, are man-made. Figure. 4 presents an array 

of the factors that can affect the mortality and survival of a particular 

stock of chinook salmon.~/ 

~/ Figure 4 was developed by K. H. Mosher, formerly a fishery biologist 
at the NMFS Northwest and Alaska Fisheries Center, now retired. 



Although there have been many mortality and survival studies 

with chinook salmon--none, apparently, were designed to measure overall 

survival for a population in its pristine state. Moreover, studies 

that have been undertaken since fishing began have usually grouped 

fishing mortality with other mortality or have been aimed at estimating 

survival over a short period (survival from egg to migrant stages, 

survival past a darn, or survival in the ocean, for example). 

Wales and Coots (1954) and Major and Mighell (1969) reported 

on the egg-to-migrant survival of fnll chinook and spring chinook 

in Fall Creek, California, and Yakima River, Washington, respectively. 

Survival of Fall Creek fish ranged from 7.0 to 32.0% (mean, 14.5%) 

over a 4-year period; that for Yakima River fish r~nged from 5.4 to 

16.4% (mean, 10.7%) over a 5-year period. In both studies, seaward . 

migrants were counted at a location that was several hundred km from 

the sea and they would, therefore, have faced additional mortality 

enroute to the ocean. 

Parker (1962) reported that after the initial period of high 

loss, annual survival (excluding fishing) of tagged chinook salmon 

in southeastern Alaska was about 66%. The general order of magnitude 

was 73% for all five species of salmon for which data were analyzed. 

Natural ocean mortality of chinook salmon, he concluded, is relatively 

constant. 

Cleaver (1969), working with marked fall chinook salmon released 

from hatcheries on the Columbia River, estimated annual survival (excluding 

the effects of fishing) at 64% for the 1961 brood. He calculated, 

furthermore that of the 64% surviving death by natural causes each 
' 

year, from 18 to 67% also survive fishing, depending on age and stock. 



When Henry (1971) applied Cleaver's (1969) 64% natural survival estimate 

to the marked Columbia River hatchery fish of the 1962 brood, he determined 

that survival from fishing ranged from 41 to 87%, again depending 

on age and stock. The percentage of marked fish that were still alive 

at the beginning of their third year (at which time they normally 

become available to the fisheries) was about 0.01 and 0.30 for the 

two brood years, respectively. 

CHINOOK STOCKS IN ASIA AND NORTH AMERICA 

Because the oceanic distribution and abundance of chinook salmon 

are in part functions of the locations and magnitudes of the spawning 

stocks, it is appropriate to assess the relative strength of the stocks 

at least to the degree they are documented. Because chinook salmon 

usually spawn in large river systems where it is difficult to measure 

escapement, catch--rather than escapement--data constitute the basis 

on which relative abundance must be approximated. But even here the 

approach is less than straightfon;rard, inasmuch as the Japanese oceanic 

fisheries take a significant number of chinook salmon that cannot 

as yet be precisely ascribed to region of origin. 

The number of chinook salmon taken in the Asian (USSR) and North 

American (Canada and the United States) coastal fisheries and the 

number taken in the Japanese high-seas fisheries are presented in 

Tables 1 to 4 and Figure 5. It is readily apparent that the North 

American commercial catch is many times that of the Asian (1962-70 

averages: 2.85 million vs. 0.11 million, respectively). The disparity 

is even greater when the North American sport catch is included. There 

is no (reported) comparable sport catch in Asia. 



To establish a general concept of the abundance of chinook salmon 

in ·the various coastal regions, data from Tables 1 and 2 are stnnmarized 

in Figure 6. The migratory nature of chinook salmon dictates, however, 

that these catches not be accepted as precise indices of abundance. 

It is known, for example. that significant numbers of fish from one 

area may be taken in the coastal fishery not only in its own area 

but in one or more adjacent coastal areas as well. This is particularly, 

but not exclusively, true for North American regions. 

OCEAN DISTRIBUTION: ABUNDANCE, TIME, AND,LOCATION 

Thi.s section is devoted to the ocean distribution of chinook 

salmon for the species as a whole, that is, without reference to area 

of origin. Evidence that lends itself to the discussion of ocean distri

bution by area of origin (tagging, stock identification studies, etc.) 

will be considered later in the section: DISTRIBUTION BY AREA OF ORIGIN. 

/ 

Sources of Data 

Summarized in Table 5 are the numbers of chinook salmon taken 

on the high seas over the 9-year span, 1962-70. Chinook were captured 

on the high seas by Japan's commercial land-based fishery as well 

but,except for total catch, no data from the land-based fishery were 

available for inclusion here. The land-based fishing area is adequately 

covered, however, by Japanese research vessels. 



It can be readily seen that the Japanese mothership fishery has 

provided the greatest ntmlber of chinook salmon for our purpose (nearly 

2.5 million fish over the 9-year period). Japanese research vessels 

using gillnets took another 10 thousand-plus, after which only the 

U.S. purse seine operation (1,684) and Japanese research vessels fishing 

longlines (1,471) provided samples of any consequence. The U.S. research 

with gillnets yielded only 250 fish i~ 1962-70; U.S. and Canadian 

long lines yielded even fewer. 

Treatment of Data 

The data available for these analyses-although they represent 

a substantial improvement over those available at the time the first 

report was prepared--are beset with some rather severe limitations 

about which some basic decisions were required. The first decision 

related to the highly unbalanced amount of sampling effort in the 

various oceanic areas known to be inhabited by chinook salmon. The 

mothership area was heavily sampled, for example; the areas traversed 

by the Japanese research vessels moderately sampled; and the remaining 

areas scarcely sampled at all. Catches cannot be used, therefore, 

as a direct measure of abundance but neithe~ in all situations,can 

catch-per-unit-of-effort (CPUE), which is the standard method of coping 

with variable fishing effort. The catch and effort involved in all 

but the Japanese mothership fishery and Japanese research operations 

are too scanty for discussion in terms of CPUE. Although the U.S. 

seine catches actually exceeded those taken by Japanese longlining 

efforts (1,684 vs. 1,471), they contained 505 .0-age fish, most of 

lt 



which were not taken on the distant high seas. When these are excluded, 

the numbers of fish taken in the U.S. seine operation are too small 

to warrant treatment in terms of CPUE. Discussion of abundance is 

restricted, therefores to the CPUE data from the Japanese operations. 

The U.S. and Canadian data are discussed only in terms of distribution 

and merely to show where chinook have been taken. 

The second decision involved the feasibility of dividing the 

data into age, maturity,and (for fish captured in gillnets) mesh 

size and netting material categories. Because the numbers of fish 

were not large to begin with, the approach (with certain specific 

exceptions) was to avoid dividing the data into small categories for 

special treatment. The exceptions are as follows: (a) the occurrence 

of .O and .1 fish are described in a qualitative way to show the timing, 

year by year, of the appearance of young fish in the high-seas fishing 

areas and (b) the composition of the Japanese gillnet catches (mothership 

and research) are expressed in terms of maturing and non-maturing 

individuals. Otherwise, data are usually grouped by nation, type of 

operation (mothership or research in the case of Japan), and type of 

gear (gill-net, seine,or longline) for presentation by month and 

2° x 5° area. 

No consideration has been given to variation in netting material 

or mesh size within a particular gillnet fishing operation, although 

these variations are known to have occurred. In the Japanese mothership 

fishery, for example, the proportion of monofilament nets increased 

sharply from 5 to 30% in 1961-64 to almost 100% by 1969-70. Mothership 

gillnets, furthermore, are either 121 or 130 mm, but catches are not 



broken down by mesh size. The type of material used in the Japanese 

research gillnets varied also, increasing from 10% monofilament in 

1962-66 to about 50% in 1970. Although ·the mesh size of these gillnets 

covered a wide range (55-157 nun), over 90% of the gear fished in a 

standard set was made up of 111-121 nun meshes. Because CPUE, particularly 

when calculated from data pooled over 2° x 5° areas, months, and for 

9 years, is not altered substantially by including the catches in 

meshes < 111 nun or.> 121 rmn, all catches have been combined, regardless 

of mesh size. Data arranged in this way are adequate for indicating 

general trends of abundance. 

Although precise data are lacking, it would appear that gillnet 

selectivity is a greater source of error in studies of chinook salmon 

on the high seas than for any other species of salmon. Gillnets fish 

only the upper 6 m of water and chinook (as will be discussed later 

in the subsection: Vertical Distribution), are often found deeper 

than 6 m. There also is the question of selectivity introduced by 

mesh size. Small fish are rarely taken, of course, regardless of species, 

but there is indirect evidence that the larger specimens of chinook 

salmon may be undersampled as well. For example, consider the voluminous 

length-frequency data presented by species in Appendix G of Manzer, 

et al. (1965) in conjunction with the work of Lander and Tanonaka 

(1964). The latter authors showed that multif ilament gillnets of mesh 

sizes 114 and 133 rran (a range which corresponds fairly closely to 

most of the gear fished by Japan) capture, with relatively high efficiency, 

sockeye salmon with fork lengths of about 50 to 60 cm. Beyond this 

range of fork lengths (on either end), efficiency decreases sharply. 



Data from Manzer, et al. (1965) show that of the five species of salmon 

harvested in the Japanese land-based and mothership fisheries, individuals 

above 60 cm make up a relatively small proportion of the sockeye, 

chum, coho, and pink catches but roughly one-half of the chinook salmon. 

l4 

If the results reported by Lander and Tanonaka (1964) regarding the 

vulnerability of sockeye salmon to multifilament gillnets can be extrapolated 

to chinook salmon captured by either multifilament or monofilament 

nets, it can be concluded that chinook salmon under 50 cm and over 

60 cm are under-represented in the high-seas catches relative to those 

lying between 50 and 60 cm. Expressed in terms of ocean-age groups, 

.2 chinook (mean fork length= 58 cm for fish captured in the mothership 

and research gillnets) would be taken with relative high efficiency, 

whereas .l's, .3's, and .41 s-.5's (mean fork lengths 43, 71, and 98 cm, 

respectively) would be taken less efficiently. 

Experiments in the central Bering Sea in 1974 by the Japanese 

authors of this report confirmed that high-seas salmon gillnets of 

medium mesh sizes (111 and 118 rran) are relatively more effective at 

catching .2 chinook than .l's. In these experiments three types of 

gear were used--gillnets of mesh sizes 111 and 118 rran,non-selective 

gillnets (equal amounts of net of 10 different mesh sizes, 48-157 mm) 

and longlines. The results (Figure 7) show that whereas • 2 chinook 

were taken in the same order of magnitude by each type of gear, .1 

chinook, for all practical purposes, were taken only by the non-selective 

gillnets and longlincs. Because so few older (larger) chinook (.3's, 

.41 s, and .S's) were taken by any of the gear, no conclusions can 

be made regarding the inferred undersampling of these ocean-age groups 



by gillnets of medium mesh size. It is suspected, incidentally, that 

the failure of the longlines to catch fish smaller than 30 cm is a 

£unction of the relation between hook size and mouth size. 

In concluding this subsection on treatment of the data, it must 

be emphasized that, because of gillnet selectivity, measurements of 

the biological attributes of chinook salmon considered in this paper 

(age, size, sex, and maturity) are likely to be biased. Gillnets that 

caught chinook salmon probably took proportionately more of the .2 

fish present and fewer of the other ocean-age groups. 

Two Japanese terms-"tan" and 11hachi" are used in expressing 

CPUE. A tan is approximately 50 m of gillnet and a hachi, approximately 

138 m of longline fitted with 49 hooks. Because chinook salmon are 

so infrequently taken on the high seas, CPUE for both types of fishing 

has been multiplied by 1,000 to yield more convenient numbers. For 

gillnetting then, CPUE is (catch/tan) x 1,000; for longlining it is (catch/ 

hachi) x 1,000. 

Catch data for the Japanese mothership fishery were taken from 

the INPFC Statistical Yearbooks. CPUE by month and area for 1962-70 

was derived from sums of data for the individual years when there 

was fishing in the particular month and area. 

Occurrence of .O Chinook Salmon at Sea 

Juvenile chinook salmon are designated as .O's during their first 

growing season in the ocean, signifying that their scales do not yet 

have an ocean annulus. Because of their small size, which is generally 

under 40 cm, but which may vary depending on stock and time of capture, 



.O's are not nor.mally taken by gillnets or longlines. Consequently, 

it was not until FRI carried out an intensive program fishing for 

juvenile salmon with fine-meshed purse seines during the summer and 

fall months of 1964-68 that information about the location of juvenile 

chinook salmon on the high seas (at least in the eastern North Pacific 

Ocean and Bering Sea) began to accrue. 

Areas showing where juvenile chinook salmon were caught, amid 

many areas where fishing took place but where none were caught, are shown 

in Figure 8 for 1962-70. It should be noted that from 1964 on, the 

mesh sizes in the seines were small enough to retain nearly all .O 

chinook salmon enclosed but that prior to 1964 the mesh sizes were 

large enough to permit some .O chinook to escape. The catches of 1962 

and 1963 are included even though they may be partial, as they are 

adequate for denoting occurrence but not relative abundance. 

Catches made with small meshed seines in 1969 and 1970, although not 

part of the intensified juvenile sampling program, are also included. 

The distribution of catches shown in Figure 8 indicates that 

newly migrated chinook salmon will be found in close proximity to 

the mainland. This is not to say that young fish might not be present 

at more distant locations, but FRI's seining did not reveal them there 

despite a fair amount of sampling from April to October. 

Young chinook salmon (judged by their 26-35 cm fork lengths to 

have been in their first year in the ocean) have also been taken inci

dentally by a Japanese trawler fishing for walleye pollack (Theragra 

chalcogramma) in the eastern Bering Sea near 56°N, 168q~ and 



56°N, 173°W in mid-winteJ/. Although scales were not taken (and the 

precise stage of annulus formation not determined), these fish have 

been arbitrarily treated as .O's and their occurrence denoted in Figure 

8. Further research is needed to clarify the distribution of .O's 

during their first year in the ocean. 

Occurrence of .1 Chinook Salmon at Sea 

The next check on the oceanic distribution of young fish comes 

during their second oceanic growing season when as .l's (fish showing 

one ocean annulus on their scales), they will be larger and more likely 

to be captured by the fishing gear. Again, as for .O's in the previous 

section, occurrence rather than abundance will be discussed; high-

seas catches are too small to warrant discussion in terms of CPUE. 

Nor, because of these same constraints, can data be discussed in a 

time-space framework, except in a most general way. 

From Figure 9, which is a composite of all .l's taken by all 

types of fishing gear (purse seines, gillnets
1 

and longlines), it 

is clear that by their second growing season chinook salmon occur 

widely on the distant high seas. They are first encountered by the 

Japanese mothership fishery operating mainly south of the Aleutian 

Islands in May, at which time they range from 40 to 52 cm, fork length 

(40 cm, the smallest individual observed, coincides with the theoretically 

calculated lower size limit of salmon [41 cm] that will be taken in 

a 121 rrnn gillnet [Manzer, et al., 1965]). From May on they are taken 

2.1 Florey, Kenneth R. 1975. Observation aboard the Haruna Maru, December 
1974-January 3

1 
1975. U.S. Dep. Commer., Natl. Oceanic Atmos. Admin., 

Natl. Mar. Fish. Serv., Northwest Fish. Center, Seattle, Wash. 
Unpubl. manuscr. 

This information, although it was gathered after the 1970 termination 
date used in this report, is included because of its particular 
significance. 
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over a wide range of areas on the high seas. There are yet many 

areas where fishing takes place but where no .1 chinook are taken, 

notably the Gulf of Alaska, the far northern reaches of the Bering 

Sea, much of the· Sea of Okhotsk,and the western North Pacific between 

38 and 44°N. 

The findings of the Japanese authors of this report (see Figure 7), 

reveal that .1 chinook ma.yin fact be very abundant in the central 

Bering Sea by June and July. 

The .1 1 s taken in the Japanese mothership and research operations 

have been classified as maturing and non-maturing individuals,using 

criteria set forth by Ito, Takagi, and Ito (1974). Fish were classified 

as immature if their gonad weights were less than or equal to the 

following (in grams): 

To June 20 

June 20-30 

July 1-20 

After July 20 

Females 

80 

100 

100 

100 

Males 

10 

15 

20 

30 

Of the 145 .1 specimens taken by the mothership fishery there 

were more than twice as many matures (99) as immatures (46)--whereas 

in the research catches, immatures (108) outnumbered matures (23). 

Males outnumbered females approximately 2:1 among the immatures taken 

by commercial and research vessels; matures were exclusively males. 

Distribution (Ocean Age Groups .1 and Older Combined) 

Thus far special attention has been given to the occurrence of 

.O chinook, noting how they were not widely distributed from shore, 
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and to .1 chinook, noting their fairly wide distribution on the distant 

high seas, both as maturing and non-maturing individuals. It is appropriate 

now to examine the distribution of chinook salmon at sea in general 

terms, that is, without reference to their ocean age. For these studies 

the .O's are excluded. The .1 1 s are retained, but because they are 

so few, the analysis will in effect deal with the distribution of 

• 2, .3, • 4, and • 5 fish. Also, discussion will be mostly about immature 

fish, because maturing individuals, mostly .3's, .41 s, and .5 1 s, have 

either departed for coastal areas by the time the mothership and rese9rch 

activity commences or, if present, they are not taken in great numbers 

because of gillnet selectivity, already discussed. Mature fish taken 

in the Japanese mothership fishery (discussed in greater detail later) 

may amount to as high as 21% of the chinook catch for a given year . 

but more normally account for from 5 to 15%. 

Distribution as Indicated by the Japanese Mothership Fishery 

The distribution of the Japanese mothership fleet varied each 

year during 1962-70 7 but for these years combined it operated from 

175~i to 160°E and from 46°N to almost 62°N in the Bering Sea. Fishing 

began during mid- to late May and lasted through all or most of July; 

however, in 2 years (1963
7 

1964) some fishing also was done during 

early August. Table 6 gives the annual chinook catch, the number of 

tans of gillnet fished, and the catch-per-tan (x 1000) for the mothership 

fishery, by month, for 1962-70. 



CPUE, depicted in Figure 10, varied by month. Chinook were relatively 

scarce in May, during which time nearly all fishing was· confined to 

the North Pacific Ocean with scarcely any in the Bering Sea. In June, 

the fishery extended into the Bering Sea where considerably higher 

CPUE's were obtained over a wide area centering on E7556. Abundance 

remained low in the North Pacific Ocean. July yielded essentially 

the same picture. Abundance dropped off in August, particularly in 

the Bering Sea (although it must be remembered that there was relatively 

little fishing there, the only activity being in 1963 and 1964). 

Distribution as Indicated by Japanese Research Vessels Using Gillnets 

Japanese research vessels fishing gillnets provided the broadest 

coverage of the high seas during the 1962-70 period. Although they 

did not fish all areas in all years, the composite coverage took in 

the Sea of Okhotsk; the Bering Sea; the North Pacific Ocean from 

38°N northward to the Aleutian Islands as far east as 170°W and eastward 

of 170°W to 150°W in a band south of the Aleutian Islands; and waters off 

the Alaska Peninsula and Kodiak Island. Fishing connnenced as early 

as February and lasted as late as October but was most intense in 

May-August. 

CPUE, shown in Figure 11, varied by month. Catches were generally 

small in February-April when all fishing was confined to the western 

Pacific Ocean. Two areas, E5046 and E6040 (both lying directly south 

of the Kamchatka Peninsula), showed slightly higher catch rates than 

the remaining areas sampled. An extended version of this same general 

area, a chain of 2° x 5° areas stretching from the Sea of Okthosk 

southward and eastward off the southern tip of the Kamchatka Peninsula, 

also yielded most of the better catches in May. 
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In June sampling extended into the Bering Sea,yielding relatively 

heavy catches over a wide area centered on 8056 and W7554, thus showing 

close agreement with the distribution and abundance revealed by the 

mothership fishery in the same area (Figure 10). Again in June, as 

in the earlier months, there seemed to be a few 2° x 5° areas (not 

necessarily contiguous) running from the Sea of Okhotsk southward 

and eastward past the southern tip of the Kamchatka Peninsula where 

the CPUE suggested that concentrations of chinook might be present. 

Essentially the same picture was encountered in July, that is, 

high abundance in many of the 2° x 5° areas in the central (and by 

now the northern) Bering Sea, a secondary concentration in a band 

reaching southeastward around Kamchatka, and the relative scarcity 

of chinook along a band stretching from the westen, Aleutians north

westward to Kamchatka. Mothership data (Figure 10) tended to give 

the same general pattern. 

By August, coverage by the Japanese research gillnetting operation 

changed substantially as the vessels began to withdraw westward. Little 

can be said, therefore, about the central Bering Sea, but it should 

be noted that fish were still relatively abundant in most of the northern 

and western areas of the Bering Sea that were sampled. The previously 

discussed band of fish adjacent to the tip of the Kamchatkan Peninsula 

was once again present. Chinook tended to be less scarce, but certainly 

still not abundant, in the western Aleutian area. Mothership data 

for August are not comparable with those obtained by research vessels 

because the mothership fishery operated in that month in 2 years 

only, 1963 and 1964. 
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Sampling was greatly curtailed as the season drew to a close 

in September and October. Three 2° x 5° areas, all close to Kamchatka, 

yielded relatively high catches. 

In sunnnary, it can be said that gillnetting operations conducted 

from Japanes~ research vessels show chinook salmon to be present .at 

various times between spring and fall over a wide area encompassing 

the entire Bering and Okhotsk seas and the western North Pacific Ocean 

north of 40°N. The greatest concentrations appear to be in the Bering 

Sea with a secondary,but consistent concentration,occurring off the 

tip of the Kamchatka Peninsula. There is some suggestion that the 

two concentrations lie on either side of a less populated area that 

generally coincides with the western Aleutian Islands. This "separation" 

is less apparent in late summer than in mid-sunnner, possibly indicating 

movement from one area to the other by fish which are-as we will 

show in a later section-almost exclusively immature. 

Distribution as Indicated by Japanese Research Vessels Using Longlines 

The basic unit of Japanese J.ongline gear is a basket or skate 

(hachi) holding 49 hooks attached to branch lines (gangions) which 

are secured to 10 small floats. The floats are attached to a mainline 

at prescribed intervals. The spacing between gangions varies somewhat, 

but is usually about 2.3 m, so that a full skate of gear is approximately 

138 min length. A standard set usually consisted of 50-60 skates 

of gear, thus extending about 7-8 km (4-5 nautical miles). The bait 

used was salted anchovy (Engraulis japonica). 



During 1962-70, the Japanese research longline fishing was confined 

almost wholly to the western half of the North Pacific and Bering 

Sea. Some sets, however, al so were made larther to the east and in the 

southeast Okhotsk Sea. 

CPUE by 2° x 5° area and month is shown in Figure 12. Because 

the number of fish taken was roughly only one-tenth that taken by 

gillnets in the same areas, resolution of the fish concentrations 

is reduced accordingly. The central and northern Bering Sea emerge, 

nonetheless, as the main center of abundance, thus corroborating the 

distributional pattern established by the mothership and research 

gillnetting operations. 

The existence of two concentrations of fish--a primary concentration 

in the Bering Sea separated from a secondary concentration off southern 

Kamchatka by a sparsely populated band coincident with the western 

Aleutian Islands--as suggested by the gillnet catch data, cannot be 

confirmed on the basis of longline data. The longline catches are 

simply too scanty to afford such resolution of the fish concentrations. 

Distribution as Indicated by Other Sources 

Chinook salmon have also been taken by U.S. and Canadian research 

vessels using purse seines, gillnets, and longlines. The numbers involved 

are too small, however, for presentation in terms of CPUE. Over the 

1962-70 period, purse seines, for example, took only 1,684 chinook 

salmon, 505 of which were .O individuals whose occurrence was discussed 

earlier; 310 of the remainder were taken in the area south of Adak 

Island (area 8050) where FRI conducts an intensive sampling program 
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to obtain indices of the annual abundance of Bristol Bay sockeye salmon 

runs. Another 532 were taken in area W2548, mainly inside the Strait 

of Juan de Fuca (between Washington State and Vancouver Island, British 

Columbia), and only 337 were taken elsewhere on the high seas. U.S. 

research vessels using gillnets took only 250 chinook; Canadian and 

U.S. research vessels fishing longlines, patterened after those fished 

by the Japanese, took only 126 chinook. 

It is advantageous, however, to record the occurrence of chinook 

salmon taken by North American research vessels using purse seines, 

gillnets, and longlines (Figures 13, 14, and 15 7 respectively). These 

data, when combined with the Japanese data already discussed, give 

a fairly complete picture (Figure 16) of where chinook salmon occur 

on the high seas.·It is likely that chinook would have also been found 

in other areas adjacent to the west coast of North America had these 

areas been sampled. Except for the areas immediately adjacent to the 

coast, it is possible that chinook salmon do not occur on the high 

seas south of about 40°N, since none were taken in the course of fishing 

in the western Pacific south of that latitude. 

Vertical Distribution 

Unlike the other species of salmon for which vertical distribution 

on the high seas has been determined from experiments with longlines 

and sunken gillnets, there is little direct evidence regarding the 

vertical distribution of chinook salmon. As has already been described, 

however, they have been taken over broad ocean areas by nets and longlincs 

in surface waters. 



Although there are many documented examples of chinook salmon 

having been taken in trawls, both in coastal waters and on the high 

10/ 11/ . . 
seas- - , it i 7 usually difficult to determine conclusively the 

depth at which the fish are taken. The most compelling argument that 

chinook salmon can be found at considerable depths, at least in coastal 

waters, comes from Taylor (1969) who, during the course of extensive 

herring surveys off British Columbia in 1968 1 captured 328 salmon 

including 248 chinook. In this study an elaborate system of electronic 

gear facilitated the location of schools of herring and facilitated 

the setting and maintaining of the midwater trawl at the desired depth. 

Because chinook salmon are known to feed on herring and because the 

herring schools could be viewed entering the net on the netsounder 

system, it is reasonable to assume that chinook salmon entered the· 

net along with the herring at the depths recorded. Furthermore, the 

reported location of chinook salmon in the water column closely followed 

the location of herring. The assumed distribution of chinook and coho 

salmon by depth was as follows (adapted from Taylor, 1969): 

.!.!.I 

Larkins, H.A., D.R. Johnson, and D.L. Alverson. 1970. A consideration 
of the vulnerability of salmon to trawls. U.S. Fish Wildl. Serv., 
Bur. Connner. Fish., Explor. Fish. Gear Res. Base, Seattle, Wash. 
Unpubl. manuscr. 13 p. 

Unpublished reports (32) of U.S. observers aboard Japanese trawlers 
in the North Pacific Ocean and Bering Sea, 1973-74. U.S. Dep. 
Connner., Natl. Oceanic Atmos. Achnin., Natl. Mar. Fish. Serv. Northwest 
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Cruise Number Cruise Number Depth 
(m) 1 2 3 4 Total ___ _;;; __ .;;.,... _ ___.;;... _1 ___ 2 __ 3 ___ 4_ Total 

Chinook No. c/. Coho No. % 

<: 20 

20-37 

38-55 

56-73 

74-92 

93-110 

32 

8 

2 

2 

l 

3 

14 

4 

12 

2 

9 

44 

1 

54 

1 

30 

8 

3 

46 

64 

15 

90 

12 

18 

18.5 

25.8 

6.0 

36.3 

4.8 

7.3 

0.8 

0.4 

21 

2 

1 

12 

2 

3 

8 

1 

3 

1 

40 

41 

41 

7 

5 

41.8 

41.8 

7.1 

5.1 

111-128 

? 

1 

1 

15 

1 2 

1 2 

2 2 2.0 

2 2.0 

Total 248 100 98 100 

These data show that chinook salmon were taken over a wide range 

of dcpths--front surface waters to depths exceeding 100 m. It was not 

at all unusual to encounter them at depths ranging from 20 to 110 m. 

Coho salmon, on the other hand, were taken more frequently in the 

upper layers at less than 37 m depth. The latter observation, regarding the 

differential distribution of chinook and coho salmon,was also noted 

by Milne (1955) who presented data showing that troll-caught chinook 

were taken at greater depths (18-27 m) than were coho (9-18 m). Coastal 

troll and sport fishermen also .are of the general opinion that chinook 

salmon frequently inhabit great depths although they may also be found 

near the surface. 

By extrapolating the above findings to the high seas, it would 

not seem unreasonable to assume that at least some of the chinook 

salmon taken by Japanese trawlers in the Bering Sea (see footnote 11) 

were taken at considerable depths. The occurrence of chinook salmon 

at greater depths than those inhabited by the other salmon species 
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would also explain why chinook are virtually the only species caught 

in the trawls even in the summer months when the other species are 

kno,,m to abound in the surface layers. 

Distribution and Surface Temperature 

Although information presented in the previous section suggests 

that it would be instructive to examine the temperature-horizontal 

distribution relation at different depths where chinook salmon occur, 

such data are available for only the surface layers. Broadest coverage 

has been provided by Japanese research vessels; these analyses will 

be based on information obtained on their cruises in 1962-70. 

Fishing success--the number of gillnet sets that produced chinook 

salmon relative to the total number of gillnet sets made--is plotted 

by surface temperature and month in Figure 17. Because this illustration is 

based on pooled data, the important time-area relationship cannot 

be considered here but will be treated later. From Figure 17 it can 

be seen that chinook salmon were encountered over a wide range of surface 

temperatures: l-15°C. The upper and lower temperature limits within 

which chinook are taken generally increase with season as the water 

temperatures themselves increase. Noticeably lacking for any given 

month, however, are abruptly defined limits which might be interpreted 

to signify a preferred temperature range. With the possible exception 

of April and May, where there appeared to be a tendency for chinook 

to be encountered less frequently in the lower half of the range of 

temperatures where fishing took place, chinook salmon occurred with 

relative consistency over a range of temperatures that closely approximated 

the range of temperatures fished. When the data for all months are 
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pooled, the likelihood of success was highest (average 59%) between 

6° and 8°C1 beyond which it decreased gradually out to 1°and 15°C (the 

minimum and maximum temperatures at which chinook were encountered). 

It is appropriate also to examine chinook abundance and surface 

temperature data by season and location. For this illustration,data 

from the 1970 Japanese mothership fishery are employed (Figure 18). 

CPUE has been calculated from data presented in the INPFC Statistical 

Yearbook for 1970 (1972); temperature data are from the Japan Meterological 

Association (unpublished). Throughout the May-July observation period, 

temperatures were increasing in both the North Pacific Ocean (3.0-4°C 

in mid-May to 8.0-ll.5°C in late July) and Bering Sea (3.5-5.SCC 

in early June to 7.5-ll.0°C in late July). Regardless of time and 

surface temperature, however, catch rates of chinook salmon were relatively 

low in the North Pacific Ocean and relatively high in the Bering Sea. 

Viewed in another way, the abundance of chinook salmon did not change 

appreciably as the temperature increased in either area. Temperatures 

that yielded high catch rates of chinook in the Bering Sea did not 

yield them in the North Pacific Ocean; similarly, temperatures 

that yielded low catch rates in the North Pacific yielded high catch 

rates in the Bering Sea. From this, it is concluded that the apparent 

abundance of chinook salmon occurred independently of surface temperatures 

that fell within the 2.0-11. 5 °C range in which fishing was conducted. 

This, of course, is consistent with the information gathered aboard 

Japanese research vessels described earlier (Figure 17). 

38 



DISTRIBUTION BY AREA OF ORIGIN 

Thus far the distribution and abundance of chinook salmon on 

the high seas has been discussed without reference to their area of 

origin. It is appropriate now, by supplementing the catch data with 

tagging and other stock identification information, to describe distribu

tion, abundance, and migration by region of origin. 

Information from Tagging 

Of the 2,331 chinook salmon tagged on the high seas by Canada, 

Japan,and the United States from 1956 to 70 (Figure 19), 122121 were 

recovered (Kondo, et al., 1965; Hartt, 1966; Aro, Thomson, and Giovando, 

1971; Aro, 1972; and Aro, 1974). Seventeen of these had been released 

on the distant high seas and are, therfore, pertinent to this review. 

Figure 20 shows where each of the 17 received its tag and where it 

was subsequently recovered. Lines between the release and recovery 

points are not meant to imply direct migration routes but merely to 

connect the tagging and recovery points for an individual fish. Maturity 

designations at the time of recapture of a tagged fish were made (where 

possible) according to the previously described criteria developed 

by Ito, et al. (1974). The heavy band extending from Yakutat, Alaska, 

to San Francisco-adjacent to the west coast of North Arnerica--depicts 

the well defined homeward migration route of chinook salmon as indicated 

by tagging studies in that area. 

QI One additional fish--tagged in 1972 (subsequent to the cutoff 
date selected for this report) at 172°12 1 E 
in the Yukon River in 1974--has also been included here because 
of its special significance. It was released farther westward 
than any other tagged fish that has been recovered in western Alaska. 



The small number of tagged chinook recovered, considered together 

with related information such as time of recapture and maturity, 

reveals considerable information. Western Alaskan fish, for example, 

occur in the Beririg Sea as irmnatures and as matures in the North 

Pacific Ocean just south of Adak. North American inunature chinook 

salmon from a wide coastal range--Yakutat to the Columbia River--also 

are found at Adak. Also observed is the definite westward migration 

of two tagged chinook, one that had been released in the central 

Bering Sea and the other in the North Pacific Ocean south of Adak. 

Both of these fish were immature at the time of tagging but because 

their maturity was not noted at the time of recovery in subsequent 

years, it cannot be said with certainty that they were bound for 

Asian streams. There have been no reported tag recoveries in Asia. 

Viewed another way, by tagging area and maturity at time of 

tagging, it can be concluded that the central Bering Sea (as far 

west as 172°12 1 E) is a feeding ground or migratory path for irmnature 

western Alaskan chinook salmon. Present in the North Pacific Ocean 

just south of Adak are chinook salmon from widespread areas of North 

America: matures from Bristol Bay and innnatures from the wide Yakutat

Columbia River region. It is interesting to note that the tagging 

sun'nnaries prepared by Aro et al. (1971) and by Aro (1972) show that 

sockeye and chum salmon from many coastal regions also intermix south 

of Adak and that pinks and cohos from Asia and western Alaska (but 

not those from other North American areas) occur there as well. The 

same may be true but not detected for other 2° x 5° areas because 

the numbers tagged and released were considerably less than in Area 

8050. 
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Information from Scale Studies 

Major, Murai, and Lyons (1974, 1975) have investigated scales 

as a means for identifying the continent of origin of chinook salmon 

taken in the Bering Sea and western North Pacific Ocean. This section 

pertains to that work. 

General Procedure 

The general approach--with a view to the ultimate use of the 

discriminant function analysis--a method used in an earlier study 

with sockeye salmon (Anas and Murai, 1969)--was as follows: 

(1) Provisionally determine from the available apriori evidence, 

the streams or regions contributing to the high-seas catch. 

(2) Search for scale characters that are likely to distinguish 

chinook salmon originating in these areas. 

(3) Construct a discriminant function from scale data taken from 

samples of knmm origin. 

(4) Provisionally classify high-seas samples. 

This approach was direct in that it led to a quick assessment 

of the discriminating power of the function. Tests to assess variation 

associated with sex, age, and time of sampling; tests for correlation 

of scale characters with length; and tests to determine how well the 

characters fit the requirements of the discriminant function analysis 

were postponed. 
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Determination of Streams or Regions Contributing Chinook Salmon 

to the Mothcrship Fishery 

A fundamental requirement for using the discriminant function 

analysis was prior knowledge of which streams or regions contribute to 

the high-seas chinook salmon catches. Based on the previously discussed 

tagging and inshore catch data, all chinook salmon caught in the Bering 

Sea were assumed to have originated either in western Alaska or Kamchatka 

and were classified accordingly. Chinook caught in the western North 

Pacific Ocean were also classified as western Alaskan or Kamchatkan fish 

although such classifications contain undetermined error because of 

the known presence of other North .American chinook from central Alaska 

southward. For purposes of their study, Major et al. (1974 1 1975) defined 

western Alaska as the area from (and including) Bristol Bay northward 

to Point Hope (Figure 21). 

Samples 

Samples provided by the Alaska Department of Fish and Game from 

the Yukon, Kuskokwim, Nushagak, and Togiak Rivers made up the major 

portion of the western Alaskan standards, although small samples from 

the Kanektok, Goodnews, and Unalakleet Rivers also were included. 

Samples of maturing chinook salmon taken in the mothership fishery 

west of 170°E--an area adjacent to the Kamchatkan Coast--were used 

as the Kamchatkan standard. The assumption was made that any maturing 

chinook salmon of North .American origin would have departed from the 

area west of 170°E by the time the mothership fishery commenced in 

late May. It was further assumed that samples of maturing chinook 

salmon taken over this broad area are self-weighted, that is that 

they contain fish from all of the major streams in their relative 

proportions. 



Scales from the Japanese mothership fishery were collected by 

the Fisheries Agency of Japan and made available through the INPFC. 

Maturity determinations were made according to the previously described 

table of gonad weights developed by Ito, et al. (1974). 

Collection and Analysis of Scales 

Procedures for collecting, storing, and analyzing scales were 

according to standards set by scientists working under the province 

of the INPFC (Major, Mosher, and Mason, 1972). Scale characters were 

read at lOOX and obtained from an axis selected in a standard manner. 

Selection of Scale Characters 

The study was aimed at identifying the origin of stocks which 

usually live in fresh water for at least 1 year, migrate to sea, 

and then intermix in the areas exploited by the Japanese mothership 

fishery. 

The search for identifying characters was concentrated on the 

first ocean zone--that portion of the scale laid down when the fish 

from the two continental areas inhabit different water masses and, 

hence, are being exposed to different environmental conditions likely 

to affect their scale patterns. Other characters were examined but 

were set aside in favor of characters from the first ocean zone. The 

following three characters were selected as being most promising: 



(1) Number of circuli in first ocean zone 

(2) Width of first ocean zone 

D/ (3) Width of area between 12th and last circuli in first ocean zone-. 

The 1968 Discriminant Function 

In their study of the origins of sockeye salmon caught on the 

high seas, Anas and Murai (1969) constructed discriminant functions 

(based on scale characters) for fish taken each year during 1956-62 

and another function that used pooled data for 1956-62. They found 

little difference between the functions calculated on a yearly basis 

and also found that the pooled function effectively classified samples 

collected in any of the years. The use of a single function to represent 

all years eliminates the need for calculating a new function each 

year and it enables one to classify samples caught at sea immediately, 

i.e., without waiting to construct an individual function from surviving 

members of the oceanic populations when they return to spawn. This 

is particularly important for chinook salmon, because a high percentage 

(79-96) of the high-seas catch are immature individuals whose surviving 

cohorts might not return to the inshore areas for 1-5 (mainly 

1-3) years. Eventually the efficacy of a pooled function for classifying 

chinook salmon will be evaluated, but for the initial phases of the 

study Major, et al. (1974, 1975) chose to use the 1968 function
1
primarily 

because it had the highest theoretical accuracy of all those constructed. 

The percentage of each inshore sample that was correctly classified 

by the 1968 function is shown in Table 7. Results suggest that reasonable 

accuracy can be expected in separating Asian and western Alaskan chinook 

salmon on the basis of the three selected characters. 

QI The 12th circulus is the most commonly observed mid-circulus of 
the first ocean zone. The 12th and last circuli, therefore, delineate 
the second half of the first ocean zone. 



Provisional Classification of 1966-70 High-Seas Samples 

The 1968 discriminant function, subject to the limitations described 

earlier, was used to classify into their western Alaskan and Kamchatkan 

components, the samples of irmnature chinook salmon taken at sea in 

1966-70. For these analyses the mothership fishing area (Figure 21) 

was divided into 10 sub-areas--odd-numbered sub-areas in the North 

Pacific Ocean and even-numbered sub-areas in the Bering Sea. This 

arrangement enabled the researchers to observe east to west variations 

in the composition of the samples in the two bodies of water separately. 

This is desirable because Bering Sea chinook are assumed to have originated 

in either Asia or western Alaska, whereas in the North Pacific Ocean, 

tagging studies have shown that chinook salmon from other North .American 

areas also occur. 

Results, pooled by month and sub-area, are shown in Table 8 and 

Figure 22. Considering the Bering Sea first, 1 year and 1 month at 

a time, it can be' seen from Figure 22 that the percentage of western 

Alaskan type chinook increased from west to east within the mothership 

fishing area almost without exception. Western Alaskan type fish make 

up no less than a quarter of the samples in sub-areas 4 and 6 7 no 

less than about half the samples in sub-area 8 7 and nearly all the 

samples in sub-area 10. The same west-east trend also held true in 

the North Pacific Ocean but the predominance of the western Alaskan 

type occurred farther eastward. 

Although the consistency and plausibility of the results of these 

classifications are encouraging in indicating that the technique is 

valid, they can be regarded only as provisional until certain critical 

tests are completed. These tests, now in progress, are concerned with: 

(1) sources of variation within streams, such as age or sex; (2) bias 



introduced by the presence of fish in samples being classified from 

areas other than Asia or western Alaska; (3) the degree to which scale 

characters satisfy requirements of discriminant function analysis; 

and (4) development of a method for weighting classificatory errors 

and applying the weighted errors to the observed (uncorrected) percentages 

of western Alaskan fish found in the high-seas samples. 

Information From Maturity Studies 

The development of criteria (by Ito, et al., 1974) for determining 

whether chinook salmon taken on the high seas are destined to mature 

in the year of their capture has been one of the more important advances 

in the field since Mason (1965) prepared the earlier report. It now 

is possible to monitor the time-space changes in the maturity composition 

of samples taken on the high seas and (for the mothership fishery) 

to estimate the maturity composition of the entire season's catch. 

The latter is accomplished by summing the weighted estimates (catch 

data used in conjunction with maturity data) for each 2° x 5° area 

and 10-day period (Appendix 1) . 

Summarized below are the estimated percentages of mature and 

immature chinook salmon taken in the Japanese mothership fishery in 

1962-70. It is readily apparent that the fishery exploits mostly immature 

fish. 
Percent Percent 

Year mature ii;nmature 

1962 16 84 
1963 14 86 
1964 6 94 
1965 8 92 
1966 21 79 
1967 14 86 
1968 10 90 
1969 4 96 
1970 5 95 

!J,& 
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The maturity composition of samples taken in the Japanese mothership 

fishery and the areas fished by Japanese research vessels using gillnets 

(presented by month and 2° x 5° area in Figure 23) can be used to 

monitor the movement of maturing Kamchatkan chinook salmon toward 

their spawning grounds. Examination of Figure 23 reveals a general 

trend-the percentage of maturing individuals varies inversely with 

time and distance from the Kamchatka Peninsula. For any given month 

in April-July, samples containing the highest percentages of maturing 

fish occur mainly among those taken closest to shore; samples lying 

seaward are increasingly immature in composition. During the same 

period (April-July) the periphery of the areas containing relatively 

large percentages of maturing chinook moves closer to Kamchatka. Most 

maturing Kamchatkan chinook are inshore, or at least beyond the reaches 

of the mothership fishery by late July, so that the small catches 

taken in August, September,and October are made up almost exclusively 

of immatures. The one apparent exception, however, a research vessel 

sample taken at 8050 in August symbolized as being 100% mature, was 

made up of only three fish. It also is interesting to note that by 

the time the Japanese mothership fishery extends into the Bering Sea 

in June, maturing chinook salmon (assuming that they had been there 

earlier) have largely departed. Catches made in the western Bering 

Sea (west of 170°E) do contain maturing chinook (probably of Asian 

origin) but catches in the central Bering Sea contain very few. 

Several points should be stressed regarding the interpretation 

of the maturity data. First; because of gillnet selectivity, the mature: 

immature ratio is based only on the most catchable ocean age (size) 



groups. Were the .l's and possibly the .4 1 s and .S's sampled in proportion 

to their actual abundance, it is likely that the overall mature:immature 

rates would be different from those reported here. 

Second; the- assumption that the mature chinook being treated 

are Kamchatka-bound chinook does not hold rigorously true, particularly 

for the few samples taken in the band between 180° and 175CW. This 

area, lying roughly equidistant from Kamchatka and western Alaska, 

could contain maturing individuals from both areas. In fact, the only 

fish that was mature at tagging and later recovered inshore, was 

tagged at 8050 south of Adak Island and recovered in the Togiak River, 

Bristol Bay. 

A final point concerns the occasional discrepancy in maturity 

composition within a given area between the two sources of data-the 
, 

mothership fishery and the Japanese r esearch activity. These discrepancies 

are rarely large enough to distort the overall pattern revealed but, 

when they do occur, it is considered probable that the mothership 

samples, because they are larger, are the more reliable. 

Summary of Information on Distribution by Area of Origin 

It is appropriate now to draw on all previously discussed sources 

of information to develop a tentative concept of the distribution 

of the various regional stocks of chinook salmon on the high seas. 

Considered here will be chinook salmon from three major areas-Asia, 
I/ -;i , 

westen1 Alaska ( as defined on p. J,4-') and North America other than 

western Alaska (also referred to as "other North American" chinook). 



From the positive .evidence of recorded tags, western Alaskan chi nook 

are known to occur in the Bering Sea as far west as 172°12 1 E (at 59°03 1 N) 

and in the North Pacific Ocean as far west as 176°18 1W (at 51°36 1 N). 

Other North American chinook are known to occur in the North Pacific 

Ocean as far west as 176°341W (at 51°29"N), but no chinook from these 

stocks have yet been found to occur in the Bering Sea. Although there 

have been no reported tag recoveries from Asia in streams or inshore 

fisheries, one chinook released as an immature in the central Bering 

Sea and another in the North Pacific Ocean south of Adak, were recovered 

at sea in subsequent years after substantial westerly migrations. 

The state of maturity of these two fish at the time of recovery was 

not noted. Had it been determined that they were maturing, it could 

have been said with reasonable certainty that they were Asian-bound. 

From the results of scale pattern and maturity studies, together 

with information on the seasonal distribution of catches by Japanese 

mothership and research vessels in the North Pacific Ocean, Asian 

chinook salmon, principally those from the east coast of Kamchatka, 

probably range as far south as about 40°N and as far east as about 

180°. Similar information for western Alaskan stocks indicates that 

they become widely distributed in the Bering Sea, probably to at least 

as far west at 160°-165°E. Information on the occurrence of western 

Alaskan stocks in the North Pacific Ocean is less certain, but scale 

pattern studies indicate, tentatively, that they may extend from 160°-170°E 

to at least 175~~; but their distribution to the south over this range, 

at least beyond about 50°N, is even more uncertain. Reliable ocean 

distribution data for other North American stocks is even more sparse 



than for the Asian and western Alaskan stocks. With the exception 

of the two tag recoveries mentioned above (tagged near Adak Island 

and recovered year Yakutat, southeastern Alaska and in the Columbia 

River), it is knoim only that chinook are widely scattered 

in the Gulf of Alaska and farther south but that their principal occurrence 

is in relatively large concentrations close to shore, from central 

Alaska to California. That most fish of these stocks probably remain 

relatively close to land rather than at greater distances offshore 

is strongly indicated by the fact that they can be found all year 

round in coastal waters, particularly .in rich feeding (troll fishing) 

areas, such as the north coast of Washington and the west coast of 

Vancouver Island. There are no troll f_isheries to indicate whether 

similar concentrations occur off western Alaska and Kamchatka. 

OCEAN AGE, LENGTH, AND SEX RATIO OF CHINOOK SALMON 

TAKEN IN OFFSHORE WATERS 

It is axiomatic in fishery science that biological descriptors 

usually are most meaningful when they are accrued on a subpopulation 

basis. For salmon, the subpopulations may range from continental or 

regional groups to runs into individual r,ivers or even into individual 

tributaries within a river system. Information gathered from an undefined 

part of a subpopulation or from mixed subpop.ulations is less informative 

and can even be midleading. 

This also is the case with chinook salmon in offshore waters. 

Although biological data have been recorded from large numbers of 

fish in recent years (particularly in the Japanese fishing operations), 

the usefulness of this information for describing the ocean distribution 

and other attributes of particular subpopulations is quite limited. 



Gillnet selectivity combined with the timing and location of the fishing 

operations make it almost certain that data are being accrued either 

from undefined parts of a single subpopulation, from mixed subpopulations, 

or from parts of mixed subpopulations. 

All that can be described from the substantial samples collected 

b tl J I f . h . . ( 14/ . y 1e apanese, t1ere ore, is t e composition ocean-age-, size, 

and sex) of the catches by time and area categories without reference 

to subpopulation. 

Ocean Age 

Ocean-age compositions of samples of chinook salmon taken in 

the Japanese mothership and research operations are presented in Tables 

9 and 10, respectively. Data are presented by maturity group, year 

(months combined), and month (years combined). Because data also are 

pooled over all geographic areas, the important time-area relationship 

cannot be investigated here but will be considered later. 

Certain features in Tables 9 and 10 are noteworthy; some are 

consistent for both fishing activities, whereas others hold true for 

one but not the other. Immature chinook from either fishery, for example, 

consist mainly of .2's and .3's, with only small proportions of .l's, 

.4's, and .S's. There is, however, more year-to-year consistency in 

the ocean-age composition of immatures taken by research vessels than 

in that of immatures taken by the mothership fishery. In the former, 

.2 fish make up 60-80% of the research samples in 7 of 9 years and 

about 50% in the other 2 years; the .2 1 s in the mothership fishery 

Freshwater age is not similarly treated, mainly because the principal 
author (Major) has determined that reader interpretation may be 
a significant source of error in data already assembled--particularly 
for the western Alaska and Asian populations. 



range from 30 to almost 90%. Samples from both sources reflect a similar 

increase in the percentage of .2 1 s over the 1966-70 period. Similarly, 

both show that .2 1 s make up an increasing proportion of the catch 

over the May-June.:.July interval when most fishing is done and most 

of the samples are taken. 

Ocean-age composition of maturing chinook salmon taken in the 

two sources is rather similar to that for innnatures-that is
1 

.2 1 s 

and .3 1 s are by far the most abundant groups. Fish of ages .4 and 

.5 are more abundant among maturing fish, however, than among innnatures 

(5.7% vs 0.5% and 32.6% vs 1.5% in the mothership and research vessel 

samples, respectively). 

It is appropriate also to examine ocean-age composition by year, 

month, and fishing area. For this, the 1966-70 Japanese mothership 

samples use.cl in the earlier analyses (Table 9) have been rearranged 

in Table 11 by year and month into three broad sub-areas: the Bering 

Sea, the North Pacific Ocean east of 170°E, and the North Pacific 

Ocean west of 170°E (Figure 24P/. Also included are samples collected 

by Japanese research vessels fishing with gillnets in the land-based 

fishing area, but only those samples collected in May, June, and July 

1966-70 are included so as to make the land-based samples comparable 

in time to those collected in the mothers~ip fishery. Mature and innnature 

chinook salmon are combined. 

Perhaps the most consistent feature to be noted in Table 11 is 

the increase by month, in all four areas, of the percentage of .2 

fish and the corresponding decrease of the other significant ocean-age 

15/ Samples collected in 2° x 5° area E7052 have been allocated to 
the North Pacific Ocean for these analyses even though approximately 
one-half of area E7052 is in the Bering_ Sea. The number of fish 
involved is inconsequential. 



groups--the .3 1 s, .4's, and .5 1 s. For any given area, in other words, 

the ocean-age composition is at least partially dependent on the time 

of sampling. The absolute level at which the increase in the percentage 

of .2 fish takes place may vary with year and area, but the trend 

is the same-increasing percentages of .2 chinook by month. 

It is informative, too, to compare for a given month, the ocean-age 

composition of the various areas. Such between-area comparisons are 

somewhat restricted for May, however, inasmuch as there is no fishing 

by the mothership fleet in the Bering Sea. Comparisons for May are 

limited, therefore, to samples taken in the North Pacific Ocean east 

of l 70°E (El70), west of 170°E (Wl70), and in the land-based fishing 

area. But even her~ the results are not conclusive: the ocean-age 

composition of samples taken in Wl70 and El70 was fairly similar in 

3 of 4 years when comparisons were possible, but the percentage of 

.2 fish in the samples taken in Wl70 was substantially the higher 

of the two in the fourth year. The land-based samples varied considerably 

from either El70 or Wl70 in terms of the percentage of .2 fish--being 

higher, lower, or intermediate on occasion. 

Ocean-age composition of samples taken in June changed markedly 

over the 5-year period, 1966-70,in all areas-increasing from low to 

moderate abundance (less than 50'/.) on 6 of 8 observations in 1966 

and 1967 to higher abundance (more than 65%) in 9 of 12 observations 

in 1968-70. The percentage of .2 1 s in the Bering Sea was low, in corrrrnon 

with the other areas in 1966 and 1967 but was clearly the highest 

of all areas in 1968-70. The land-based salmon fishing area had the 
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lowest proportion of .2 fish of all four areas in each year during 1966-70, 

while the proportion of .2's in Wl70 and El70 tended to be intermediate 

between that of samples taken in the Bering Sea and in the land-based 

area. 

Essentially the same trend was found in July as for June, that 

is, an increase in the relative abundance of .2 fish in most areas 

over the 5-year. period,1966-70. The increase was at a higher absolute 

level in July than in June (recall that .2 1 s increase from May-June in 

all areas) but distinct,nonetheless, particularly in the Bering Sea 

(56% .2 1 s in 1966 increasing to 95% and 91% in 1969 and 1970, respec

tively), in Wl70 (42% in 1966 to 92% in 1970), and in El70 (64% in 

1966 to 94% in 1969). 

In sunnnary, it can be concluded that for any of the four areas 

where it is possible to compare the ocean-age composition by month 

within a given year (the Bering Sea for June and July and the other 

areas for May, June, and July), the percentage of .2 fish increased 

as the season progressed. Some of this, of course, can be attributed 

to differential distribution of the ocean-age groups, particularly 

for maturing fish. Ito, et al. (1974) showed, for example, that chinook 

salmon maturing at a younger ocean age (.2), tend to arrive at the 

Kamchatka River fishery site later than the older fish (.3, .4, and 

.5). This suggests that maturing .2's may be the last to leave the 

high-seas fishing areas. Gillnet selectivity is another possible reason 

why more .2 1 s and fewer .3 1 s, .41 s, and .S's are taken on the high-seas 

as the season progresses. In all 3 months--June, July, and August-the 

.2's (judging from their mean fork lengths as will be shown later) are 

growing within the "most catchable" range (50-60 cm),whereas the .3's, 

Slf 

.41 s, and .S's are growing in the "less catchable" range (greater than 60 cm). 



It can also be concluded that for all months and for all areas 

there was a general increase in the proportion of • 2 fish in the samples 

from 1966 to 1970. By going back to Table 9 it can be noted that for 

the mothership fishery at least, this increase occurred in both the 

innnature and mature segments of the catch but was most striking for 

the immature fish. From Table 11, it can be established that this 

phenomenon was not an artifact of the times or areas sampled--that 

.2 fish were proportionately less abundant in 1966 than in other years, 

for example, regardless of which month and area are being compared 

over the 5-year period. Had as great a proportion of the mothership 

samples been taken in the Bering Sea in 1966, 1967, and 1968 as in 

1969 and 1970, the percentage of .2 chinook in the overall mothership 

sample would have been somewhat higher than shown in Table 9 but not 

enouBh to alter the conclusion that .2 1 s became proportionally more 

abundant in the samples as the years progressed. 

It cannot be ascertained solely from the data at hand if the 

change was brought about by an increase in the numbers of .2 chinook 

in the sampling areas or a decline in the numbers of ,3's, .4 1 s, and 

.S's. 

Length 

Mean fork lengths of chinook by maturity stage, ocean-age group, 

sex, and month (years combined) taken in the Japanese mothership fishery 

are presented in Table 12. Table 13 contains comparable data for samples 

taken by Japanese research vessels. 



Certain trends are suggested: first, in both fisheries, maturing 

individuals of a given month, ocean-age, and sex group are larger 

than immatures in that group. Second, for immature fish in either 

fishery--males are the same size, or slightly larger, than their female 

counterparts. Third, while maturing females of the .3 ocean-age group 

taken in either fishery are larger than the males, the opposite is 

true for the .4-.5 ocean-age group. 

There are differences as well between comparable samples taken 

in the two fishing activities. Although these differences might be 

explained in part by the different areas fished by the mothership 

and research vessels, it is likely that the mesh size of the gillnets 

fished is another main source of disparity. The mothership fishery 

employs gillnets of only 121 and 130 mm while the research vessels 

use nets with some sections containing meshes as small as 55 mm and 

others with meshes as large as 157 mm. At least partly because of 

these differences, the .l's taken in the research gillnets, regardless 

of whether they are mature, immature, male, or female, are smaller 

in every case where comparisons are possible than those taken in the 

mothership gillnets. This reflects the ability of the smaller-mesh 

gillnets used by the research vessels to take individuals that would 

not be taken by the mothership gillnets. For the older ocean-age groups, 

however, the opposite is true. In 30 of 35 instances where comparisons 

between .2's, .3's, and .4's-.5's are possible, the mean fork length 

of chinook salmon of a particular month, sex, and ocean-age group 

taken by the research vessels is greater than that of their counterpart 

taken in the mothership fishery. This partly is because more larger 



individuals of these older ocean age groups are taken in the sections 

of the research nets which have mesh sizes greater than 130 rrnn than 

are taken in the smaller-mesh nets of the mcithership vessels. 

It is informative as well to consider differences in the mean 

fork length of samples taken in different areas by year, month, and 

ocean-age group. Immature chinook of ocean-age groups .2 and .3 provide 

the best data for these inter-area comparisons (Table 14); the numbers 

of fish available in the other categories (immature ,l's, .4's, and 

.S's, and mature fish of all ocean-age groups) were too small to be 

useful. Again, as had been done for similar analyses earlier, data 

are grouped into four general areas: (1) the Bering Sea, (2) and (3) 

the North Pacific Ocean regions of the Japanese mothership fishery 

lying west and east of 170°E, and (4) the Japanese land-based fishing 

area. 

From Table 14 it can be seen that for either ocean-age group 

and in any given month or year, the mean fork length of samples taken 

in the Bering Sea is smaller--almost without exception--than that 

of samples taken in Wl70 or El70 1 all samples having been taken in 

the mothership fishery with gillnets of 121 and 130 rrnn mesh size. 

There does not appear to be a consistent difference between samples 

taken west of 170°E and those taken east of 170°E, Finally, the mean 

lengths of samples taken in the land-based fishing area in June and 

July are always equal to, or greater than, that from samples taken 

in the mothership fishery. This despite the smaller average mesh size 

of the research gillnets used to take samples in the land-based fishing 

SJ 



area. Had mothership-type gillnets been used, the average size of 

the land-based samples in June and July would probably have been even 

larger. The difference in mean lengths between samples taken in the 

land-based fishing area and the North Pacific region of the mothership 

fishing area is not as pronounced in May as in June and July. 

Sex Ratio 

Sex ratios (males:females) of chinook salmon by maturity stage, 

ocean-age group, and month (years combined) for samples taken from 

the Japanese mothership fishery and research operations are shown 

in Tables 15 and 16 1 respectively. 

Although the sex ratio of the .l's has already been discussed 

in a previous section, the conclusion is repeated here: the maturing 

.l's are exclusively males, while immature .l's are approximately 

two-thirds males. 

Maturing .2 fish also are almost exclusively males, but females 

slightly outnumber the males among the .2 ocean-age group that remains 

at sea. A contributing factor, of course, is that proportionately 

more males than females of the .2 ocean-age group have matured and 

moved inshore to spawn. 

Males also dominate the catches of maturing .3 chinook salmon, 

although not to the extent that they dominate the .l's and .2's. It 

is in the .3 ocean-age category that the first significant numbers 

of females attain maturity. For the .3 1 s that remain behind as innnatures, 

females are approximately twice as abundant as males. This is attributable, 

once again, to the earlier maturation of so many males. 

.. 
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As a result of the general earlier maturing of males as compared 

with females, it would be expected that in the oldest age groups females 

would. outnumber males--and this is indicated for both fisheries in 

the sex ratios of the .4-.5 age group. 

SUMMARY 

(1). On the west coast of North .America, chinook salmon spawn 

in rivers and streams from San Francisco Bay, California-emptying 

into the Pacific Ocean (Atkinson, et al., 1967)•-north to Wulik River, 

Alaska-emptying into the Arctic Ocean. Asian spawning grounds range 

from the Anadyr River south, including the east and west coasts 

of the Kamchatka Peninsula, to the .Amur River on the eas~ coast of 

the U.S.S.R. Chinook also occur in the Aleutian Islands, U.S.A., the 

Komandorskie Islands, u.s.s.R., and Hokkaido Island, Japan. 

Spawning is concentrated in larger river systems such as the 

Sacramento, Columbia, Copper, Nushagak, Kuskokwim,and Yukon Rivers 

in the U.S. and the Kamchatka River, U.S.S.R. Of the 260 chinook spawning 

streams in Canada (including the upper Yukon and several others that 

flow through the U.S. to the ocean), about 50'/. of the spawning escapement 

is to 14 large rivers. 

(2). Although chinook salmon are the least abundant of the five 

species of salmon indigenous to the coasts of North America and 

Asia, the numbers harvested increased from 1953-61 to 1962-70,mainly 

because of increased catches by the Soviet coastal and the Japanese 

oceanic fisheries; the average Soviet catch rose from 89,000 to 113,000 



and the average Japanese catch,from 72,000 to 400,000. Comparable 

data for North America were 3,051,000 (1953-61) and 2,852,000 (1962-70). 

Although records of North American sport-caught chinook were incomplete 

in 1953-61, the average catch in 1962-70 (500,000) is probably higher 

than the average during the earlier period. There is no reported sport 

catch in Asia. 

During 1962-70, the average catch in North America was many times 

that in Asia (2.85 million vs. 0.11 million fish). The large catch 

by Japan's ocean fisheries cannot as yet be precisely ascribed to 

area of origin,although there are strong indications that large catches 

in the central Bering Sea are mostly of North American origin. 

(3). Data presented in this report provide substantial new informa

tion about the distribution of the species as a whole, i.e., without 

reference to area of origin. Sampling with fine-meshed purse seines 

indicates that during their first summer and fall in the ocean, chinook 

salmon (ocean age .O) tend to be closer to the mainland rather than 

on the distant high seas. Samples taken incidentally in bottom trawls 

in December and January indicate that the young fish are present at 

considerable distances from shore by their first winter at sea. 

During their second summer and fall in the ocean, chinook (ocean 

age .1) are encountered over a wide area embracing the coastal waters 

of the Gulf of Alaska, the eastern Aleutian Islands, most of the Bering 

-Sea and the North Pacific Ocean south and eastward from the tip of 
' 

the Kamchatka Peninsula to the central Aleutian Islands. That they 

were not encountered in number despite fishing in the central Gulf 

of Alaska, in the western North Pacific Ocean south of 44°N, in much 



of the Sea of OkhotskJ and in the far northern Bering Sea (all areas 

frequented by older ocean-age chinook) suggests that the .1 chinook 

have not yet attained their maximum distribution. 

Studies conducted in the central Bering Sea with species-specific 

types of gear, capable of catching .l's, suggest that they may be 

very abundant there by June and July. 

CPUE's attained by Japanese research vessels fishing with gillnets 

and longlines and by the Japanese mothership fleet present a fairly 

comprehensive picture of the distribution of chinook salmon (all ocean-age 

groups .1 and older considered together) in the western North Pacific 

Ocean and in the Bering and Okhotsk seas. The greatest concentration 

appears to be in the Bering Sea with a secondary but consistent concentra

tion occurring south and southeast off the tip of the Kamchatka Peninsula, 

u.s.s.R. 

(4). The vertical distribution of chinook salmon on the high 

seas is not well defined. In addition to their being taken in surface 

gillnets, there is indirect evidence as well that they occur at considerable 

depths. Chinook are practically the only species of salmon taken inciden

tally in bottom trawls fished by Japanese vessels in the Bering Sea 

and North Pacific Ocean-even in the summer months when other species 

of salmon are known, at least in the surface layers, to be many times 

more abundant. That chinook frequent greater depths and are captured 

there while the trawls are being fished on or near the bottom--not 

as the trawls are being set or retrieved through the surface layers--is 

suggested by experiments in North American coastal waters which show 

that it is not unusual to encounter chinook at depths up to 110 m. 



(5). Examination of extensive catch and surface temperature data 

(years and fishing areas pooled) fails to reveal abruptly defined 

limits which might suggest a preferred temperature range. Chinook 

were encountered· at temper.:itures ranging from 1 to 15°C with the likelihood 

of encountering them being greatest between 6 and 8oC. Viewed another 

way (by year and area), the abundance of chinook salmon was found 

to be independent of surface temperature at the range encountered 

( 2. 0-11 • 5 °C) • 

(6). Since the earlier report, perhaps the most important new 

contribution to knowledge of chinook salmon on the high seas has been 

the development, by Japanese scientists, of a method for determining 

maturity of high-seas caught chinook salmon on the basis of their 

gonad weight. Not only has it been possible to ascertain that innnqture 

fish make up the greater part (79-96%) of the Japanese mothership 

catch, but it has been possible to use changing mature-immature ratios 

of the catches to monitor the return of matures from the western North 

Pacific Ocean to the Kamchatkan coast. There also are some mature 

chinook, but relatively few, in the western and central Bering Sea 

when fishing begins there in June. Most are found near Kamchatka. 

By July, the few matures remaining are even closer to Kamchatka and 

are almost totally absent from the central Bering Sea. This indicates 

that mature chinook salmon in the western Bering Sea, relatively few 

in number, are bound for Asian streams. 

(7). There is other information, both direct and indirect, with 

which to estimate the oceanic areas inhabited by the various regional 

stocks of .chinook salmon. Tagging shows that western Alaskan fish occur 
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in the Bering Sea as far west as 172°12'E and in the North Pacific · 

Ocean just south of Adak. Chinook from a wide coastal range-Yakutat 

to the Columbia River-are also found at Adak. There have been no 

recoveries in Asia of chinook salmon tagged on the high seas. 

Differences in the growth patterns of scales collected from Asian 

and western Alaskan chinook salmon have been used to provisionally 

classify immature chinook taken in the Japanese mothership fishery 

in 1966-70 to area of origin. Western Alaskan-type chinook were found 

to increase in proportion from west to east within the mothership 

fishing area, particularly in the Bering Sea where catches of immatures 

are the greatest. 

To recapitulate all information on area of origin, western Alaskan 

chinook occur in the Bering Sea as far west as 172°12 1 E (at 59°03 1 N) 

and in the North Pacific Ocean as far west as 176°18 1 W (at 51°36 1 N). 

Chinook from North American streams other than western Alaska are 

known to occur in the North Pacific Ocean as far west at 176°341W 

(at 51°29 1N), but none as yet have been observed in the Bering Sea. 

Although there have been no recoveries in Asia of tagged chinook 

tagged on the high seas, indirect information from scale, maturity, 

and distribution studies suggests that Asian chinook probably range 

as far south as about 40°N and as far east as about 180°. Similar 

infoi-mation for western Alaskan fish indicates that they are widely 

distributed in tho Bering Sea to at least as far west as 160-165°E. 

Their occurrence in the North Pacific Ocean is less certai.n. 

With the exception of two tag recoveries from near Adak Island, 

it is known only that chinook from North American streams other than 

western Alaskan are widely scattered in the Gulf of Alaska and farther 

south but occur principally close to shore. 



(8). Chinook salmon of ocean age .2 and .3 dominate catches by 

Japanese mothership and research vessels, with only small proportions 

of ,l's, .4's and .S's. Regardless of the areas fished, .2 1 s make 

up an increasing percentage of the catches by month (May-June-July) 

and by year (1966-70). 

(9). For any given category--month, ocean-age group, or sex, 

the mean fork length of maturing chinooks is greater than that of 

immatures. Similarly, males tend to be slightly larger than females. 

Innnature .2 1 s and .3's taken in the Bering Sea are smaller by roughly 

1-10 cm on the average than fish of the same ocean age and sex taken 

in the North Pacific Ocean. 

(10). Male chinook salmon reach maturity at younger ocean ages 

than females. Of the maturing chinook taken at sea, males made up 

all or nearly all of the .1 and .2 ocean-age groups in addition to 

one-quarter to three-quarters of the .3 1 s. Females did not predominate 

until ages .4 and .5. Similar trends have been reported from commercial 

catches taken inshore. 
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APPENDIX TABLE 1.-Computation of the number of mature and immature chinook salmon taken 
in the Japanese mothership salmon fishery (1962-70) by year, month, and 2°x5° area. 

Year and 1/ Percent Number Number 
month Area Catch- immature immature mature 

1962 
May 6552 294 57.6 169 125 6550 1,002 40.0 400 602 ,6548 1,121. -~6.4 408 713 6546 2,835 35.0 992 1,843 7052 270 27.8 75 195 7050 505 37.5 189 316 7048 505 28.6 144 361 7046 680 54.o 367 313 8050 20 25.0 5 15 June 9052 88 33.3 29 59 6050 993 72.9 724 ~69 6048 g,3!i2 60.7 J.,422 920 6552 ~,766 J6.6 ;1.,378 2,388 p550 3,490 73.9 2,579 911 6548 J,9,011 69.9 6,998 J,013 65!i6 J.,J.40 74.6 850 290 7052 370 65.2 ~41 J.29 7050 776 67.6 525 251 7048 596 55.6 331 ~65 71)46 186 ;LOO. O 186 0 ",..." J.,545 32.4 c-n, , nl,l, i ~.JU 

7548 
,/ ... -.:.. ~-'"'·-..,. 266 44.o 117 149 8050 510 45.7 233 277 July 6052 659 80.4 530 . 129 6050 1,658 89.9 1,491 167 6o4R 4,737 98.0 4,642 95 6552 5,351 74.7 3,997 1,354 6550 13,067 94.6 12,361 706 6548 14,726 99.2 14,608 118 6546 22,334 93.0 20,771 i,~63 7052 151 100.0 151 0 7050 4,520 , 95.7 1',326 194 7048 16,613 98.9 16,430 18~ 7046 4,757 100.0 li,757 0 

Total 121,8aiJ/ 102,927 18,957 
Percent 84.44 15.5G 



APPENDIX TABLE 1.-Continued 

Year and 
Catch·!/ 

Percent Number Number 
month Area immature immature mature 

1963 
-- ~-- ~ 

May 6050 · 302 28.2 85 217 
6048 258 16.4 42 216 
6552 96 25.0 24 72 . 6550 696 22.3 155 541 
6548 288 20.0 58 230 
7050 60 33.3 20 40 

June 6052 1,208 58.6 708 500 
6050 J.,453 78.2 1,136 317 6048 2,382 73.4 +,748 634 
6552 567 72.1 409 158 
6550 5,899 57.6 3,398 2,501 
6548 4,827 70.2 3,389 1,438 
7052 134 38.9 52 82 
7050 3,855 58.3 2,247 1,608 
7048 303 80.0 242 61 
7554 194 100.0 194 0 
7552 658 71.2 468 190 
7550 349 53.3 i86 163 

July 6052 4,038 83.3 3,364 674 
6050 3,035 94.3 2,862 173 
6048 6,778 97.1 6,581 197 
6558 5,560 83.3 4,631 929 ,,. __ ,. 

213 90.0 192 ,.,., O))o · 
C:..J.. 

6552 1,555 86.3 1 ... ;.,... ..... ~ ... ,.)~.:. C:...L.) 

6550 465 90.0 419 46 
7060 200 .100.0 200 0 
7058 . 9,389 97.1 9,117 272 
7056 1,122 100.0 1,122 0 
7052 56 85.7 48 8 
7050 1,815 100.0 1,815 0 
7048 2,733 100.0 2,733 0 
7560 18,988 99.3 18,855 ·133 
7558 1,884 97.5 1,837 47 
7550 338 100.0 338 0 
7548 1,438 100.0 1,438 0 

Total 83.,136 - 71,455 11,681 

Percent 85.95 14.05 



APPENDIX TABLE 1.-Continued 

Year and Percent Number Number 
month Area Catcl-j:J irrnnature irrnnature mature 

1964 
May 6048 174 55.6 97 77 6550 1,037 43.2 448 589 6548 4,265 23.2 989 3,276 6546 1,422 37.8 538 884 7050 171 60.0 103 68 :ro48 1,199 34.l 409 790 7550 240 . 25.0 60 180 7548 457 30.8 141 316 8050 579 30.0 174 405 8048 176 28.6 50 126 June 6052 782 34.o 266 516 6050 669 37.5 251 418 6048 3,708 65.5 2,429 1,279 6556 1,889 66.4 1,254 635 6552 1,664 34.2 569 1,095 6550 2,914 63.4 1,847 1,067 6548 6,094 51.6 3,145 2,949 6546 2,055 51.5 1,058 997 7058 17,952 96.2 17,270 682 7056 :L, 427 93. 7 · .1,337 90 7052 482 45.0 217 265 7050 3,436 43.2 1;484 1,952 7048 916 48.7 446 470 '7C:C:A 3,310 100.0 3,310 0 

.,,,,_ 
7554 424 100.0 424 . 0 7550 530 35.7 189 341 8058 3,948 100.0 3,948 0 8056 4,745 100.0 4,745 0 8048 · ·43 22.2 10 33 July 6058 0 88 ~9 0 . ·.a 
6558 12,997 78.9 10,255 2,742 6548 1,476 100.0 1,476 b 7058 38,865 98.6 38,321 ~ 544 
7048 43,565 100.0 43,565 0 7046 26,614 100.0 26,614 0 7560 9, !~25 98.7 9,302 123 7558 63,003 98.3 61,932 1,071 7556 3,047 100.0 3,047 0 7550 5,342 100.0 5. ,342 0 7548 41,162 99.4 40,915 247 7546 1,385 100.0 1,385 0 8060 1,184 100~0 1,184 0 So58 22,235 94.o 20,901 1,334 
8056 · 8,504 100.0 8,504 0 8050 15,255 100.0 15,255 - 0 8048 10,383 96.3 9,999 384 



----- -

1964 - Continued 

Year and 
CatcJ./ 

Percent 
month Area irrrrna t ur e 

--~----·-- -- . --·---
August 6052 2,030 96.4 

6552 719 100.0 
6548 400 100.0 
7058 720 100.0 
·7050 540 100.0 
7048 4,461 100.0 
70116. 4,537 100.0 
7560 3,183 100.0 
7558 1,790 100.0 
7550 875 100.0 
8060 268 90.9 
8050 ll,062 100.0 -

Percent 

Number 
inrrnature 

1,957 
719 
400 
720 
540 

4,461 
4,537 
3,183 
1,790 

875 
244 

11,062 

375,693 

93.52 

Number 
mature 

73 
0 
0 
0 
0 
0 
0 
0 
0 
0 

24 
0 

26,042 

6.48 



APPENDIX TABLE !.-Continued 

Percent Number Number Year and 
CatclfJ irrnnature irrnna t tire mature month Area 

1965 

May 6548 55 20.0 11 44 7048 38 40.0 15 23 7550 388 24.o 93 295 7548 156 31.6 49 107 8050 191 54.1 103 88 8048 142 38.5 55 87 June ·6052 104 56.5 59 45 6050 190 . 63.4 120 70 6558 958 66.7 639 319 6556 2,510 93.1 2,337 173 6552 5,467 66.2 3,619 ·1,848 6550 4,236 27.3 1,156 3,080 6548 2,514 90.4 2,182 332 7058 2,212 87.5 1,936 276 7056 6,801 93.8 6,379 422 7054 2,078 100.0 2,078 0 7052 1,211 83.3 1,009 202 7050 1,900 39.5 751 1,149 7048 1,042 66.7 . 695 347 7558 1,904 96.4 1,839 65 7556 4,585 100.0 4,585 0 7554 ·892 100.0 892 0 7552 2,544 95.5 2,430 ll4 --~,.... ,...., ~ 
27.3 .. .., 

155 
, .,,.,v C::J...) ,o C.nct; l2,7!i2 .100. 0 1.2,752 0 

VV.,/V 

8056 4,714 90.1 4,247 467 8054 777 90.3 702 75 8050 143 71.4 102 41 8048 63 62.5 39 24 July 6052 3,943 91.2 3,596 347 6050 1,57.0 88.8 1,394 176 6048 154 100.0 154· 0 6556 7,194 94.9 6,827 367 6552 5,169 80.3 4,151 1,018 6550 4,559 100.0 4,559 0 6548 2,631 94.9 2,497 134 7060 50 100.0 50 0 7058 15,953 98.4 15,698 255 7056 3,648 100.0 3,648 0 7052 1,404 100.0 1,404 0 7050 1,144 100.0 1,144 0 7046 13,160 93.9 12,357 803 7560 12,388 100,0 12,388 0 7558 4,710 95.3 4,489 221 7546 8,190 100.0 8,190 0 8058 17,933 100.0 17,933 0 

Total 164,580 21 
151,411 13,169 Percent 92 Q 8 00 

t "" " " - -



APPENDIX TABLE 1.-Continued 

Year and 1/ Percent. Number Number 
month Area Catch- immature immature mature 

·--~-- -·-·---· . 

1966 
May 6552 --1, 781 59.5 106 1,675 

6550 1,468 32.8 · 482 986 
6548 1,243 36.4 452 791 
6546 869 42.3 368 501 
7050 748 .63.3 473 275 
7oli8 2,922 25.5 745 2,177 
7046 1,642 64 .9 1,066 576 

June 6052 · 388 78.6 305 83 
6050 759 48.9 371 388 
6048 1$644 36.8 605 J.,039 
6558 12,625 68.8 8.686 3,939 
6556 12,791 89. 7 11,474 1.,317 
6552 5,343 60.0 3,206 2,137 
6550 4,980 50.0 2,490 2,490 
6548 3,556 43.3 1,540 2,016 
6546 925 48.2 446 479 
7054 719 J.00.0 719 0 
7952 2,2ll 88.6 1,959 252 
7050 1,427 o.o 0 J.,427 
7048 4,610 44.4 2,047 2,563 
7046 471 69.0 325 146 
7560 7,157" 80.0 5,726 1,431 
7550 1~685 75.0 1,L.14 b.71 -,-
7550 . 565 22.2 125 440 
7548 1,208 42.9· 518 690 
80~5 9,782 100.0 9,782 0 
8052 ll,025 88.9 9,801 1,224 
8050 1,781 58.9 1,049 732 
80118 2,021 80.0 1,617 404 

July 6052 472 70.7 334 138 
6558 ll,303 85.7 9.,687 J.,616 

. 6556 7,476 60.9 4,553 2,923 
6552 151 83.3 :126 25 
6550 2,210 76.9 1,699 511 
6548 4,686 75.0 3,515 1,171 
7052 186 78.6 146 40 
7050 787 100.0 787 0 
7048 3,123 94.1 2,939 184 
7046 26,172 100.0 26,172 0 
7556 12,262 100.0 12,262 0 
7554 1,048 100.0 1,048 0 
7546 3,753 100.0 3,753 0 
8058 3,685 lQO.O 3,685 0 
8056 3,537 97.5 3,449 88 

2/ 
Total 179,397- 142~052 37,345 

Percent 12.lB ZQ.8Z 



APPENDIX TABLE 1.-Continued 

Year and 1/ Percent Number Number 
month Area CatcJJ-=- immature immature mature 

Nay 6548 407 52.8 215 192 
6546 651 65.5 426 225 
7050 803 39.4 316 487 
7046 2,863 66.7 1.,910 953 
7548 436 51.0 222 214 

June .6052 4,005 77.2 3,092 913 
6050 3,103 76.1 2,361 742 
6048 976 96.4 941 35 
6552 5,172 38.3 1,981 3,191 
6550 6,782 80.6 5,466 1,316 
6548 4,195 81.5 3,419 776 
6546 792 44.4 352 440 
7052 676 34.8 235 441 
7050 3,163 64.2 2,031 1,132 
701,8 2,922 · 74.9 2,189 733 
7556 1~601-1- 97.7 1,567 37 
7554 62 100.0 62 0 
7552 2,657 100.0 . 2-,657 0 
7550 1,450 91.7 1,330' 120 
7548 85 88.9 76 9 
8056 3,167 100.0 3,167 0 
8054 4,0l9 98.9 3,975 44 
8052 222 81.8 182 ho 
8050 503 48.o nl., ,...r,... 

.::.<i.:. _,..._ 
July 6052 1,146 81·.1 929 217 

6050 1,150 92.7 1,066 84 
6048 1,118 100.0 1,118 0 
6558 · 10,199 . 92.0 9,383 816 
6552 902 (,6.1 602 300 
6550 3,399 100.0 3,399 0 
7060 700 100.0 700 0 
7058 13,399 93.8 12,568 831 
7056 879 95.0 835 44 
7052 108 70.0 76 32 
7046 4,592 100.0 4,592 0 
7560 7,295 98.0 7,149 146 
7558 12,642 100.0 12,642 0 
7556 1,198 100.0 1,198 0 

Total 109,442 21 94,670 14,772 

Percent 86.50 13.50 



APPENDIX TABLE 1.-Continued 

Year and 
CatcJ.I 

Percent Number Number 
month Area innnature immature mature 
1968 

60118 178 89 89 May 50.0 
6550 1,961 45.9 900 1,061 
6548 2,908 53.4 1,553 1,355 
6546 122 37.5 46 76 
7052 . 154 40.0 62 92 
7050 1,927 42.7 823 1,104 
7048 1.,917 34.7 665 1,252 
7548 112 60.0 67 45 

June -6052 2,027 ·55.3 1,121 906 
6048 3,034 72.7 2,206 828 
6558 3,073 72.7 2,234 839 
6556 15,090 66.1 9,974 5,116 
6552 3,182 41.1 1,308 1,874 
6550 3,543 51.4 1,821 1,722 
6548 2,699 63.6 1,717 982 
6546 1,921 53.6 1,030 891 
7058 15,345 98.7 15,146 199 
7056 25,053 95.5 23,926 1,127 
7054 557 90.0 501 56 
·7052 706 50.0 353 353 
7050 3,094 50.6 1,566 1,528 
7048 3,416 52.3 1,787 1,629 
7046 891 92.3 822 69 
7558 47,859 99.4 47,572 287 
7556 42,772 97 .5 41,703 1,069 
7554 2:413 80.0 1,930 483 
7550 2,444 45.a 1:119 1,325 
7548 485 60.0 291 . 194 
8058 3,687 96.9 3,573 114 
8056. 8,780 94.9 8,332 448 
805~ i,724 90.3 1,557 167 
8050 2,702. 92.9 2,510 192 

July 6052 941 91.9 865 76 
6558 10,130 83.1 8,418 1,712 
6556 2,253 30.8 694 1,559 
6552 2,310 72.6 1,677 633 
6550 411 87.2 358 53 
7058 17,309 98.8 l.7 ,101 208 
7056 7,166 96.7 6,930 236 
7052 1,096 70.1 · 768 328 
7050 2,495 88.6 2,211 284 
7046 916 100.0 · 916 0 
7560 29,699 97.4 28,927 772 
7558 23,737 100.0 23,737 0 
7556 4,695 100.0 4,695 0 
7550 4,198 88.4 3,711 487 
7546 2,783 100.0 2,783 0 
8058 10,681 99,3 10,606 75 
8056 19,013 97.8 18,595 418 
8050 238 100.0 238 0 
8046 8,237 100.0 ·8,237 0 

Total 354,084 21 319,771 34,313 
Percent 20,31 9.69 __ ... 



APPENDIX TABLE 1.-Continued 

Year and 
CatcJ:-1 Percent Number Number 

month Area iTTllllature iTTllllature mature 

1969 
May 6052 . 1,739 32.1 558 1,181 

6050 526 43.0 226 300 
6552 3,144 27.0 849 2,295 
6550 1,181 17.0 201 980 
6548 506 9.5 48 458 
7050 1,063 50.0 532 531 
7048 436 45.2 197 239 
7550 747 30.8 230 . 517 
7548 943 50.0 472 471 

June 6052 2,385 40.2 959 1,426 
6050 1,107 58.0 642 465 
6048 1.,430 83.3 1,191 239 
6558 229 100.0 229 0 
6556 995 88.9 885 110 
6552 4,781+ 52.4 2,507 2,277 
6550 1,100 31.5· 347 753 
65~8 1,906 50.0 953 953 
6546 807 69.l~ 560 247 
7058 571 86.4 493 78 
7056 3,066 100.0 3,066 0 
.7052 1,179 51.2 604 575 
7050 2, 78J_ 39.0 l·,085 1,696 
7048 3,000 76.2 2,286 714 
704C 195 66.7 .... _,, ~ ... 

.I.JV U.) 

7560 ..,. 96'- . 100.0 P7 .... c, . ,... I , ..,. I ,;;,v-. . V 

7558 3,538 100.0 3,538 0 
755{; .,•,: 4,103 99.1 4,066 37 
7554 1.2,137 96.1 11,664 473 
7552 1,066 93.1 992 74 
7550 836 68.4 572 264 
7548 1,826 53.8 982 844 
7546 5,561 100.0 5,561 0 
8058 42,294 100.0 42,294 0 
8054 68,368 100.0 68,368 0 
8052 4,873 96.2 4,688 185 
8048 1,384 100.0 1,384 0 

July 6052 2,035 79.2 1,612 423 
6050 4,025 100.0 4,025 0 
6558 15,066 96.5 14,539 527 
6556 1,309 81.8 1.,071 238 
6552 3,316 84.3 2,795 521 
7060 239 94.4 226 13 
7058 13,957 96.6 l.3,482 475 
7056 5,459 95.4 5,208 251 
7054 859 95.0 816 43 
7052 681. 100.0 681. 0 
7046 6,329 98.8 6,253 76 
7560 85,030 100.0 85,030 0 
755$ 29,396 l.00.0 29,396 0 
7556 5,778 100.0 5,778 0 



1969 - Continued 

Year and 
CatcJ:.I 

Percent Number Number 
month Area immature immature mature 

July 7554 445 100.0 445 0 
(cont'd) 7550 31 100.0 31 0 

7548 8,726 100.0 8,726 0 
7546 ll,552 100.0 11,552 0 
8058 32,371 100.0 32,371 0 
.8056 38,364 100.0 38 ,36li 0 
8050 148 100.0 ·148 0 
8048 3,917 100.0 3,917 0 8oli6 . 20,788 100.0 20,788 0 

Total 479,591 21 
458,577 21,014 

Percent 95.62 4.38 



APPENDIX TABLE 1. -Continued 

Yer1r and 
month Area 

1970 
May 

June 

July 

7050 
7048 
7550 
7548 
8050 

·ao48 
6050 
(>558 
6556 
6552 
6550 
7058 
7056 
7052 
7048 
7558 
7556 
755h 
7552 
·r550 
7548 
8058 
n,,...,.., 
ou,'f 
6052 
8050 
8048 
6052 
6050 
6048 
6558 
6556 
6552 
6550 
6548 
7058 
7560 
7558 
7556 
8058 
8056 

CatcJ./ 

279 
698 
877 

1,278 
1,237 

549 
132 
191 
116 
453 
662 

12,284 
132 
661 
316 

25,553 
11,087 
1,241 
2,251 
2,770 

410 
16,590 
13,416 
25,063 
4,317 

425 
2,572 
1,455 

66 
3,854 

133 
1,039 
2,603 
1,892 

35,842 
36,915 
59,077 
26,791 
33,655 
28,906 

Total 357,788 21 

Percent 

Percent 
immature 

100.0 
60.0 
57.1 
42.3 

.60.0 
68.7 
77.8 
38.5 
44 .l~ 
58.8 
92.4 
68.1 
52.2 
72.3 
55.2 
98.6 
99.3 

100.0 
100.0 

63.3 
80.0 

100.0 
97.5 
92.4 
50.2 

100.0 
80.9 
98.8 
92.3 

100.0 
100.0 

93.1 
92.4 
96.0 

100.0 
98.9 
99.4 
97.5 
97.2 
99.3 

Number 
irrnnature 

279 
419 
501 
541 
742 
377 
103 

74 
52 

266 
612 

8,365 
-69 

478 
174 

25,195 
11,009 
· 1·,241 

2,251 
1,753 

328 
16,590 
13,081 
23,l5o 
2,167 

425 
2,081 
1,307 

61 
3,854 

133 
967 

2,405 
1,816 

35,842 
36,509 
58,723 
26,121 
32,713 
28,704 

341,486 

95.44 

Number 
mature 

0 
279 
376 
737 
495 
172 

29 
117 

64 
187 

50 
3,919 

63 
183 
142 
358 

78 
0 
0 

1,017 
82 

0 
335 

l,9u5 
2,150 

0 
491 
148 

5 
0 
0 

72 
198 

76 
0 

406 
354 
670 
942 
202 

16,302 

1._/ International North Pacific Fisheries Commission, 1962-72. 
2/ Totals shown here are less than those shown in Table 4 inasmuch as maturity data are 
lacking for some areas where chinook salmon were ~aptured. 



FOOTNOTES 

J:j Personal communication with Ronald Regnart of the Alaska Department 

of Fish and Game,. Anchorage, Alaska. 

11 The Great Lakes runs (mentioned earlier--but not discussed further 

in this report) represent an exception to this general rule, however ~ as 

oceanic life is replaced by life in the lakes themselves. 

}/ Age designation used in this report is: the numerals that precede 

and follow the decimal point, respectively, indicate the number of fresh

water and ocean annuli observed on the scale. Total age (year of life) is 

obtained by adding one to the sume of the annuli, that is, a 0.2 age fish 

is in its third year of life. 

1/ Milne, D. J. (Prepared by H. Godfrey). 1964. Sizes and ages of chi

nook Oncorhynchus tshawytscha and coho .Q. kisutch salmon in the British 

Columbia troll fisheries (1952-1959) and the Fraser River gillnet f ishery 

(1956-1959). Fish. Res. Board Can., MS Rep. 776 1 43 p. 

11 Rose, Joe I-I, and Arthur A, Arp. 1970. Contribut~on of Columbia River 

Hatcheries to harvest of 1962 brood fall chinook salmon (Oncorhynchus 

tshawytscha). U,S. Fish Wildl. Serv., Bur. Commer. Fish. 1 Columbia Fish 

Frog, Office, Portland, Oreg, Unpubl, manuscr, 27 p. 

2.,/ Arp, Arthur ll, 1 Joe H. Rose, and Steven K. Olhausen. 1970. Contribu

tion of Columbia River Hatcheries to harvest of 1963 brood fall chinook 

salmon (Oncorhynchus tshawytscha). U.S. Fish Wildl, Serv, 1 Bur. Commer. 

Fish., Columbia Fish. Frog. Office, Portland, Oreg., Econ. Feasibility Rep. 

1. 33 p. (Processed.) 



]../ Wable, Roy J. 1 Arthur H. Arp, and Steven K. Olhausen. 1972. Contri

bution of the Columbia River Hatcheries to harvest of 1964 brood fall chi

nqok salmon (Oncorhynchus tshawytscha). U.S. Dep. Connner.
1 

Natl. Oceanic 

Atmos. Admin. 
1 

Natl. Mar. Fish. Serv. 
1 

Columbia Fish. Frog. Office, Port

land, Oreg., Econ. Feasibility Rep. 2. 31 p. (Processed.) 

~/ Figure 4 was developed by K. H. Mosher, formerly a fishery biolo

gist at the N'MFS Northwest and Alaska Fisheries Center, now retired. 

11 Florey, Kenneth R. 1975. Observa~ion aboard the Haruna Maru, December 

15, 1974-January 3 1 1975. U.S. Dep. Corrnner., Natl. Oceanic Atmos. Admin., 

Natl. Mar. Fish. Serv., Northwest Fish. Center, Seattle, Wash. Unpubl. 

manuscr. 

This information, although it was gathered after the 1970 termination date 

used in this report, is included because of its particular significance. 

]ill Larkins, H. A., D.R. Johnson, and D. L. Alverson. 1970. A con

sideration of the vulnerability of salmon to trawls. U.S. Fish Wildl. Serv., 

Bur. Connn.er. Fish., Explor. Fish. Gear Res. Base, Seattle, Wash. Unpubl. 

manuscr. 13 p • 

.!.!./ Unpublished reports (32) of U.S. observers aboard Japanese trawlers 

in the North Pacific Ocean and Bering Sea, 1973-74. U.S. Dep. Connner. 1 Natl. 

Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest and Alaska Fish

eries Center, Seattle, Wash. 

J1./ One additional fish--tagged in 1972 (subsequent to the cutoff date 

selected for this report) at 172°12 1 E and 59°03 1 N and recovered in the 

Yukon River in 1974--has also been included here because of its special 

significance. It was released farther westward than any other tagged 

fish that has been recovered in western Alaska. 



13/ The 12th circulus is the most corrnnonly observed mid-circulus 

of the first ocean zone. The 12th and last circuli, therefore, delineate 

the second half of the first ocean zone. 

14/ Freshwater age is not similarly treated, mainly because the principal 

author (Major) has determined that reader interpretation may be a signifi

cant source of error in data already assembled--particularly for the 

western Alaskan and Asian populations. 

'JJ_/ Samples collected in 2° x 5° area E7052 have been allocated to 

the North Pacific Ocean for these analyses even though approximately 

one-half of area E7052 is in the Bering Sea. The number of fish involved 

is inconsequential. 



FIGURES 

Figure 1.-Statistical areal divisions of the Japanese salmon fisheries 

during the period covered in this report (1962-70). The coding system 

used to identify 2°x5° areas (shown here for the mothership fishery 

area) is used throughout this paper. Area E6048, for example, is 

the 2°x 5° area with 160°E and 48°N intersecting at its lower left 

hand corner. 

Figure 2.--Composite growth curves for North American chinook salmon 

(adapted from Loeffel and Wendler, 1969). Triangles - Cape Spencer 

to Cape Fair.veather, open circles - west coast of Chicagof Island 

(Parker and Kirkness, 1956); F - Straits of Georgia (Fraser, 1917); 

squares Straits of Georgia (Fraser, 1921); ~ - outside Vancouver 

Island, G - inside Vancouver Island (see text footnote 4); and darkened 

~es - off Oregon (Van Hyning, 1951). 

Figure 3.--Food of chinook salmon off California (from Merkel, 1957). 

Top: percentage composition of major food items by volume, months 

combined. Bottom: monthly consumption of major food items. 

Figure 4.--Factors that might act to control the reproductive potential 

and recruitment of a chinook salmon population [by K. H. Mosher 

(see text footnote 8)]. 

Figure 5.-Annual catch of chinook salmon in the USSR, North America 

and Japan, 1962-70 (in millions of fish). 



Figure 6.-Annual commercial catch of chinook salmon in coastal waters, 

1962-70 (in thousands of fish). 

Figure 7.-Length frequency distribution of chinook salmon (by ocean-age 

group) taken by three types of fishing gear in the Bering Sea in 

1974. 

Figure 8.--Ntnnbers of .O chinook salmon taken in small-meshed purse 

seines; by 2°x5° area (months and years combined, 1962-70). Stippled 

areas indicate that seining was conducted but that no .O chinook 

were captured. Mid-winter trawl catches, 1974-75 (seep. 

given special notation. 

) 
7 
are 

Figure 9.--Numbers of .1 chinook salmon taken in the North Pacific 

Ocean and Bering Sea; by 2°x5° area (nations, types of fishing gear, 

months and years combined, 1962-70). Stippled areas indicate that 

fishing was conducted but that no .1 chinook were captured. 

Figure 10.--CPUE X 1000 of chinook salmon in the Japanese mothership 

fishery; by month and 2°x5° area, 1962-70. The heavy black lines 

enclose the areas within which the mothership vessels actually fished. 

Figure 11.-CPUE X 1000 of chinook salmon taken by Japanese research 

vessels fishing with gillnets; by month and 2°x5° area, 1962-70. 

The heavy black lines enclose the general areas within which fishing 

was conducted. Within those areas, (X) 1 s indicate 2 Ox5 ° areas where 

there was no fishing. 



Figure 12.--CPUE X 1000 of chinook salmon by Japanese research vessels 

fishing with longlines; by month and 2°x5° area, 1962-70. The heavy 

black lines enclose the general areas within which fishing was conducted. 

Within those areas, (X) 's indicate 2 °>::5 ° areas where there was no 

fishing. 

Figure 13.-0ccurrence of chinook salmon of ocean age .1 and older 

as indicated by actual catches; U.S. research vessels fishing with 

purse seines; by 2°x5° area (months and years combined, 1962-70). 

Chinook salmon of ocean age .O also were taken in purse seines but 

are presented separately in Figure 8. 

Figure 14.-0ccurrence of chinook salmon of ocean age .1 and older 

as indicated by actual catches; U.S. research vessels fishing with 

gillnets; by 2 Dx5° area (months and years combined, 1962-70). Chinook 

salmon of ocean age .O were not taken in gillnets fished by the 

U.S. 

Figure 15.--0ccurrence of chinook salmon of ocean age .1 and older 

as indicated by actual catches; Canadian and U.S. research vessels 

fishing with longlines; by 2°x5° area (months and years combined, 

1962-70). 

Figure 16.-Known occurrence of chinook salmon in the North Pacific 

Ocean and Bering ·sea as indicated by stippled 2°x5° areas (nations, 

types of fishing gear, ocean age groups, months and years combined, 

1962-70). Zeros indicate areas fished but no chinook taken. 



Figure 17.--Relation between surface temperature and catch of chinook 

salmon, Japanese research vessels fishing with gilln-ets, 1962-70. 

White histogram indicates number of sets; black histogram indicates 

the number of sets with chinook salmon. 

Figure 18.-Relation between surface temperature and CPUE of chinook 

salmon, by 10-day period, Japanese mothership fishery, 1970 (see 

text). 

Figure 19.--Numbers of tagged chinook salmon released by the U.S., 

Canada, and Japan, 1956-70. 

Figure 20.--Release and recovery locations of tagged chinook salmon 

released on the high seas by the U.S., Canada, and Japan, 1956-70. 

Solid lines indicate that the recovery was made in the year of tagging, 

broken lines indicate that the recovery was made in years subsequent 

to tagging. Maturing individuals are designated (M); immatures (I); 

and those with unknown maturity(?). The stippled band along the 

west coast of North America indicates the general homeward migration 

route of chinook salmon to streams in southeastern Alaska to northern 

California as indicated by tagging studies in that area. 

Figure 21.-Map showing locations important to the stock identification 

study. Numbers appearing on the high seas indicate subareas of the 

Japanese mothership fishing area. Numbers appearing on the mainland 

areas denote the following rivers: (1) Kamchatka, (2) Unalakleet, 

(3) Yukon, (4) Kuskokwim, (5) Kanektok, (6) Goodnews, (7) Togiak, 

and (8) Nushagak. 



Figure 22.·--Percentage of western Alaskan-type chinook salmon in samples 

from the mothership fishing area, 1966-70, by subarea (irmnatures 

only). Subarea number is in the lower right hand corner. 

Figure 23.--Maturity composition of samples of chinook salmon taken 

by Japanese research vessels fishing gillnets, and by the Japanese 

mothership fishery, by 2°x5° areas and month for the years 1962-70 

combined. Research vessel samples are indicated by round symbols, 

mothership samples (beginning in May), by bar symbols. Darkened 

areas indicate the percentage of maturing fish. 
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Fig. 16.-K.,own occurrence of chinook ·salmon in the North Pacific 

Ocean and Bering·sea as indicated by stippled 2°x5° areas (nations, 

types of fishing gear, ocean age groups, months and years combined, 

1962-70). Zeros indicate areas fished but no chinook taken. 
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20.-Release and recove ry locations ot tagged chinook salmon 

released on the high seas by the UoS~ j . Canada, and Japan, 1956-700 
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and those with unknown maturity(?). The stippled band along the 

west coast of North America indicates the general homeward migration 

route of chinook salmon to streams in southeastern Alaska to northern 

California as indicated by tagging studies in that area. 
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combined. Research vessel samples are indicated by round symbols, 

~ mothersh:1.p samples (beginning in Hay), by bar symbols. Darkened 

areas indicate the percentage of maturing fish. 
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TABLES 

Table 1.--Catches of chinook salmon in coastal waters of the USSR, 1962-70; 

in thousands of fish. 

Table 2.-Commercial catch of chinook salmon in North America, 1962-70, 

by region, in thousands of fish. 

Table 3.--Sport catch of chinook salmon in North America,1962-70, by 

region, in thousands of fish. 

Table 4.--Catch of chinook salmon in the Japanese mothership and land

based fisheries,1962-70; in thousands of fish. 

Table 5, ·--Chinook salmon taken on the high seas, 1962-70. (Entries are 

number of fish except for the Japanese mothership fishery where entries 

are in thousands of fish.) 

Table 6.--Total monthly chinook catch and effort Japanese mothership 

fishery, 1962-1970 (in mnnbers of fish). 

Table 7.-Percentage correctly classified by the 1968 discriminant function 

(samples of known origin). 

Table 8.-Classification of immature chinook salmon (from the Japanese 

mothership fi&hing area, 1966-70) by means of discriminant function 

analysis (based on scale data from fish taken in 1968) into Western 

Alaskan-Asian components. Analysis limited to samples of 20 or more 

fish. 



Table 9.-0cean-age composition of chinook salmon: (I) by year and maturity 

stage and (II) by month and maturity stage (years combined), Japanese 

mothership fishery, 1966-70. 

Table 10.--0cean-age composition of chinook salmon: (I) by year and maturity 

stage and (II) by month and maturity stage (years combined), Japanese 

research vessels fishing gillnets, 1962-70. 

Table 11.-0cean-age composition of chinook salmon by month, area and 

year (maturity stages combined) 1 1966-70. Abbreviations are: Bering 

Sea (B.S.), North Pacific Ocean east of 170°E (El70), North Pacific 

Ocean west of 170°E (Wl70), and land-based fishing area (L.B.). Analysis 

limited to samples of 30 or more fish. 

Table 12.--Mean fork length of chinook salmon: by maturity stage, ocean-age 

group, sex, and month (years combined), Japanese mothership fishery, 

1966-70. 

Table 13.--Mean fork length of chinook salmon: by maturity stage, ocean-age 

group, sex, and month (years combined), Japanese research vessels fishing 

with gillnets, 1962-1970. 

Table 14.--Hean fork length of immature chinook salmon by ocean-age group, 

month, area, and year, 1966-70. Abbreviations are: Bering Sea (B.S.), 

North Pacific Ocean east of 170°E (El70), North Pacific Ocean west 

of 170°E (Wl70), and land-based fishing area (L.B.). Analysis is limited 

to samples of 30 or more fish; for this reason the .1 and .4-.5 age 

groups do not appear. 



Table 15,--Sex ratio (males:females) of chinook salmon: by maturity stage, 

ocean-age group, and month (years combined), Japanese mothership fishery, 

1966-70. 

Table 16.-Sex ratio (males:females) of chinook salmon: by maturity stage, 

ocean-age group, and month (years c~nbined), Japanese research vessels 

fishing with gillnets, 1962-70, 



Table 1 0 --Catches of chinook salmon in coastal waters11 ·of the USSR, 1962-70; in thousands of fish.-

Total 1Je[;t coast Eust coast 
Year uss:rr Kamchatka Kamchatka 

1962 100 16 . 84 
1963 124 31 93 
1964 160 33 127 
-1965 ·107 15 92 
1966 93 15 78 
1967 91 16 75 
1968 · a--- 10. 73 . j 

1969 122 9 ll3 
1970 141. 12 129 

. 
Average Ji_:{ 17 96 

Average 1953-61-?,/ 89 14 75 

ll Source INPFC Secretariat, HS 197 Lf. 

l/ Weight in metric tons (Table 41 INPFC Secretariat, MS 1974) 
converted to numbers of fish on the basis of 9833 g. per fish 
calculated from data presented in Tables 31 and 32 INPFC 
Secretariat, MS 1974. 



'1'::lJlc ?.-. Commcz·c:l.oJ. cntch or ch:I./ook r.ml non in ·'North /ut1L'l'':J.cu., 19G2-·ro, 
liy rc(!,:l ,m, :tn thrn.wm1t1o of f:tcl,l , - · 

-·-!Jo:r:th South-
Yee= /lr'.1cricc.n Western Central ea.stern r:r.Ltich Washing- '(h:cgon Co..1.if-

tutrl Alo.slrn. Alaska. Alo.s1m C :,1·.1m1:>ia ton ornin 

. 19G2 2,31l1 213 1,.2 20G '·-r20 330 2118 556 
J.:-JG3 2,G·J9 2c8 35 259 :)03 397 326 662 
:;_9Gl~ 3,CO'.; 260 22 357 ·)67 3h9 3G3 GS·r · 
1965 2 ~8l~ 263 31 2(t( '.)8l 317 300 705 , 
1966 2,855 208 24 308 :l ,:~65 365 231 55)~ 

-19~7 2,705 284 26 301 1,130 356 270 338 
1963 2,80T 259 20 332 .l , ,)82 391+ 2~-9 Lq2 
::_9(,9 3,081 2cm 38 311~ 1,:LOO 450 339 551 
1970 3,323 291 '33 322 ·, ')1 3 .. '·-- 5h2 lio5 517 

l\vcro..r:,e 2,852 253 30 298 .1, 1)18 389· 303 560 

Avcra.'!,c 3,051 159 65 338 ~)03 ~97 428 661 
1 

,. -61 

]j Source INPFC Secretariat, MS 1974 except that the California data for i 953-58 used in computing 
the 1953-61 average is from Mason, 1965. 

, 



-
'i'f.blc ._:: • S?ort ce:~ch of cb.inoo:f/o.lr.lon in Uortl~ /:.:n.'e!'ica.,1962-70, 

by region, in tho;.tsa.--icl.5 of fish= • 

' 
Tote.l -- ·-- . 

Yer!.!' no:-t~ J.J..2.skrJ./ lzitish Washing- QY"e-o'!'12/ California - 0 ·-
h!erica Colu!:1.bia ton 

1c'"2 .;,~- 467 (10) 89 212 (~6) ;_1.20 

1963 478 (10) 85 263 (36) 84 

1061• -.; . .,. h16 (10) 70 207 g8 J.01 

196~ 412 8 67 241 ~6 60 

19_66 484 8 95 g98 ~9 - 74 

1967 48J. ll 80 27Ji. 43 73 

1958 5~9 10 96 263 -~6 ;J.5~ 
,.,. 

1Skl9 567 13 99 ·267 32 156 

1970 645 11 139 300 : l;.7 148 

Aver-2.s~ 5,JQ -. /"'I •11 .,.,c::~ -r - _,, _ ... 
. ✓ •=-.1.1 _.:,v .I.VJ 

!I Source INPFC Secretariat, MS 1974. 

g/ Figures in parentheses ue estimates based on averages. 

ti 

• 



t! 
12::.ble • C,.tca of c11inoolc z:il;~on in the J,:,-~i't'l~se !:lOthership r..nd la...'1d-b0.scd 

:!:'i::;:1eri0::;, 1962-70; i:1 t::ou~ru11::; of fisn.1:.t 

Tottl 

,9 .... ,, 
- o'T 

Mothership fisherr 
Both Pacific 

re~ions . o~ean 

122 122 

46 

206 

Ee!'ing 
Sea 

0 

w.ncl-bazed 
fisheries Y 

125 

100 

191. 

·no 
,9,r 
- 00 

247 

187 

901 

295 

337 

255 

466 

630 

583. 

87 

410 

185 

2o8 

128 

362 

551~ 

43'T 

204 

u6 

123 129 

127 

104 

1967 

1968 

J.969 J.06 

33 

71 

448 

404 

76 

6/ 146 

1/ 
2/ 
~ 

y 
2./ 
§./ 

11 

2TI 88 

7/ 

Source INPFC Se~retariat
1 

MS 1974. 
DivisioE between Pacific Ocec.!l a..'l'ld Bering Sea is e.!JI)roxit:J.ate. 
,.:-eight i.."1. metric ·tons converted to m.t:1ber of fish using 1~717 g • 
as the aver2.ge -weight for gillnet-caught fish, c.!J.C:. 3372 :for \ 
longl:i.ne-caught fish as suggested by data IJresented in tables l and 
2 (International North Pacific Fisheries Commission, 1970). 
Includes s::aJ.l catches in the Okhotsk Sea 1955-59 -after which 
nothership fishi~g discontinued th~rc. 
Based on 1956, 1957 and. 1959-61; othe::- data not c>.vailable. 

Includes Japan coastal catch of 32 metric tons; table 12 (International 
North Pacific Fisheries C~mmission, 1970). 

Inadequate data. 
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Table 5. Chinook sal::!:.On taken on the high seas, 1962-70. (Entries are number of 
fish except for the Japanese mothership fishery where entries are in thousands 
o.f fish. ) Year -

Nation, type of fishery 
__ a_n_d_..;..tv __ !>._e~o_:;f~g..::.~..::.a.::..r __ _:1;:.;q:;...5::...;2:____..;:::1.=...9_6==-3--1...:;9_6_4 __ 1;:_,9_6;:_,5_ 1966 1967 1968 1969 1970 Tot~ 
~ (Research) 

Gill.nc t 
Lo.igline 
Seine. 

__ Canac!a (P..esearch) 
Longline 

.,Tan~"l (Research) · 
Gillnet 
Longline 

·,ran.an (1-!othersh ip) 
Gillnet 

(thousan1s of fish) 

· .. 

48 

.62 

29 ll 

6 
9 

164 

12 

8;49 1., 044 1,1~.o 
55 70. 137 

122 87 410 

14 

697 
295 

65 .. 8 25 
6 

139 246 627 

31 7 

22 

-- . 

14 25c 
22 

41 ·1,68-'.;. 

· 75 

880 ·1,h98 1 1 310 1,562 1,626 
77 132 231 211 243 

10.,6c6 
1,471 

185 208 128 554 . 437 2,493 



Table 6.--Total monthly chinook catch and effort, Japanese mothership fishery 
7 

1962-70 (in numbers 
of fish). 

Co.tch Tc..ri.s fished Cntch per tan (X 1000) 
.. 

Yeo.r .M.'.l.y Jun<3 July J\ugu~t ?fay June July J\uguot Mo.y June July /,U[';"J.Ot 
I 

19G2 7,258 26,J.l3 8U,723 912,625 2,607,284 2,231,062 .0,. 7.78 9.71 39.76 

1963 1,755 22,005 63,533 230 758,262 2,691,427 2, 1182, i197 U,852 2.28 8.17 25.59 19.11, 

1964 · ·9,792 58,076 3oG,313 35,969 93.3,075 2,659,465 2,938,929 987,291 10.119 21.83 1011.22 36.43 

1965 1,o68 61,656 121,780 9~6,43'T 2,743,612 2,419,921 0 1.12 22.117 50.32 

1966 11,338 1o6,980 
JJ., 

937,927 89,719 . 3,041;10'7 .1,165,677 . 0 11.47 35.17 76.70 

19G7 9,245 46,394 71,670 J.,111.,275 2,721,676 1,398,365 0 8.31 17 .01~ · 5J.'~•25 

1968 9,630 197,1194 15l11 )!1I~ :i.,o.35158/J 2,851, l;Ql1 l, 9fl6, 5213 0 8,8·( 69.:::G Tr ,'(9 

1969 10,718 239,544 303,_G30 1,05,5, 317 2,9~7,735 2,202,606 0 10.1!1 00.90 137 .85 

1970 5,124' 178,804 252,698 9:;3.:-795 2,664,190 5,ll91 55l 0 5,63 .. 67,11 49.35 

Source: International North Pacific Fisheries Commission, 1%2-7l. 



rt 
Tc.ble 1 • --Pe:::-ce:1t2.se co:r:rcctly clas~ified b:,· th~ 19c-3 di.scriminar.t 

- function (sanplcB of known origin). 

Area 
Year and Saople Percentage 

subn.rca. size co:::-rectly cl:issift ed 

1966 Western JJ.a.ska 342 88 
Yukon R. 68 66 
Kuskol:wir.i R. 126 89 
Nushagak R. 118 98 
Togiak R. 30 91 

Asia 3~5 _. 74 

1967 Wester11 Alaska 365 83 
Yukon R. 163 .71 · 
Kuskokwim R. m 89 
Nushagak R. 60 98 
Togiak R. 31 100 

Asia • 193. 72 

1968 Western .Alaska 5o3 . 83 
Yukon R. 204 ·· 87 
Kuskokwim R. 55 .56 
11Tne.h.-,,,.,-,1,- P _ 

"i '!" ol, _ ..... - ... --v---- -• .. .=-., .... ., . 
' ... ro~i0:: ?. • 

r.~ 7:-. 
'-'.!. I -

Kanektok R. 28 64 

Asia 633 84 

1969 Western Alaska 561 68 
Yulrnn R. 177 57 
Kuskokwim R. 135 53 
Nushaga.~ R. 141 94 
Togiak R. 37 73 
Kanektok R. 17 71 
Goodnews R. 41 68 
Unalalu.eet R. 13 77 

Asia 621 °71. 
• 

1970. Western Ala.3ka 529 ' • 82 
Yukon R. 164 77 
K,::.Jko!~;1it:1 R. 194 79 
Nushugn.k R. 130 92 
Togiak R. 41 90 

kia 119 75 



Ta:Jle s.--Classification of ir:=:iature chinook salmon (from t~e Japanese mothership fishi ni; area, 1966-70) by means of discrimimmt function analysis 
(based on scale data from fish taken in 1968) into Western Alaskan-Asian co:r,ponent s, Analysis limited to samples of 20 or more fish, 

:-1av j:_1n c Jub· 

F~- ~~ on 1 
year, Si ::c Fi c-h classified (o/. of s.:imnlf') Size Fish clas !:>ificd U, of s .-.::nn l c) Size F' s h c l n r.s i ri.~c1 ('i: of s ,;.i'n l c) 

~::s. s..1barea of Wcsccr~ Ala ~ka 1121 of Wc_,s t ern Al nsic .:i of h'~;,ter~1 Alr:. s~ ."l 
s .::::ple Asia i.incorr.:?cted CorrcctecJ-=-- sa.-r.ple Asi a Uncorr ected Corrected sample Asin Uncorrected Corrected 

~~ ,:,rth P;:cif ic 0-:: can 

1s-cs 
l, 40 72.5 27,5 17.2 20 60,0 40.0 35.8 

(0-35) (9-63) 

3, 43 64,6 35,4 29.0 176 55.7 44.3 42.3 69 71,0 29,0 19,4 
(12-46) (33-51) (6-33) 

5. 45 51,l 48,9 49.1 59 49.2 50,8 52,0 47 78,7 21.3 7,9 
(31-67) (36-68) (0-23) 

7, 

9. 49 36,7 63.3 70,4 
(5 4-87) 

1967 
l, 95 67,4 32.6 24.8 124 51,6 48,4 43.3 

(13-37) (37-59) 

~ 84 69,l 31,0 22,3 219 56,6 43.4 40,9 Jo 

(10-35) (33-l,9) 

s. 66 54.6 45,S 44.0 167 61.7 38,3 33,3 
(29-59) (24-43) 

7, 

9. 

1958 
l. 37 73,0 27 .o 16.4 389 69.2 30,9 22.2 

(0-34) (16-28) 

3, 141 7'1,6 28,4 13,4 344 75,0 25.0 13,4 288 74.3 25.7 14.5 
(9-28) (8-19) (8-21) 

5. 314 66.6 33,4 25.0 
(20-33) 

7. 

9. 



T.:ible 8,--(Co:.t 1 d,) 

May June .Julv 
Rc~icn 1 ye.:ir, Size Fi s h class ified O', of sm::plc) Si::c Fish cl..:is:;ified (o/, of s :1m12le) Size Fish cl.:!ssified ( o/, of sa•7,r. lc) 

a:.d subarea of lfo s tern ,Huska 1 /?/ of \,.1 cstcrn Al;!s!ca of Wi.:!s ~ern Al.:.:.~n 
sc,olc As i a Uncorrected Correcter.I-=-.:=. s11mEle A::;in Un::o:crected Corrected sar., ole Asia Uncorrect ed Co=rect.cd 

Fo:- : h Paci:ic Occ.1n (cont'd) \ 

1969 

1. 99 81,8 18.2 3,3 69 76,8 23,2 10,8 

(0-13) (0-23) 
3. 52 61.5 38,5 33,5 255 69,4 30,6 21,8 51 76,5 23.5 11.3 

(17-50) (15-29) (0-26) 
5, 161 65,8 34.2 27,1 so 82,0 18,0 3,04 

(18-36) (0-16) 
7. 87 42,5 57,5 61, 9 101 46,5 53,5 55,9 

(49-75) (44-68) 
9. 115 28,7 71,3 82,5 

(72-93) 
1970 

L 261 70,l 29,9 20.8 
3· __ 

38 55,3 44,7 42,9 
(ll,-25) 

199 66,8 33,2 25,6 
(23-63) (17-34) 

5. 
7. 37 32,4 67,6 76,9 

9: 36 22,2 77,8 92,1 43 
(58-96) 

27,9 72, 1 83,6 
(75-100) (67-100) 



Table 8.--(Ccnt 1 tl) 

Hav june Julv 
~e.~io:1, year, Size Fish classified (% of sample) Size Fish classif i ed (% of sa:::ry 1 e) Size Fis:. classified (i'. of S.\.-:1Ple) 

and sub~::-.?a . of Wcste'!:'n l·&laskn .l/ 2 / of Wes!:ern Alask2 of Wcs:r:-:1 Al;1sk:?. 
sar:iple Asia Uncorrected Correctea-- sa.--nple Asia Uncorr~ctcC Corrected sa--nple Asia Uncorrected Co:-rccted 

Ib:r_U}g Sr•a 
1966 

2. 

4. 27 48.1 51.9 53.4 22 59.1 40.9 37.2 
(30-77) ( 11-63) 

6. 

a. 
10. 

1967 
2. 

4. 

6, 142 33.3 46.3 45,4 
(35-56) 

8. 43 39,5 60.5 66.3 67 49.3 50,7 51.8 
(48-85) (37-67) 

10. 64 20.3 79. 7 95,0 

1968 
(83-100) 

2. 

4. 74 66.2 33.8 26.6 
(13-40) 

6. 80 67.5 32.5 24. 7 81 66.7 33.3 25.9 
(12-37) (13-39) 

6. 223 53.4 46.6 45.7 144 55,6 44.4 42.4 

10. (36::54) (32.:.53) 

1959 

2. 23 26.1 73.9 86,4 79 41,8 58.2 63.0 
4. (64-100) (L.9-77) 

92 20,7 79,3 9~.5 

6. (8l.-100) 

117 19.7 80.3 95.9 182 13. 7 86.3 100,'.) 

a. (87-100) (99-!.00) 

228 19,3 60.7 96.5 303 16.2 83,8 100.0 
10, (90-100) (96-100) 



Table 8.--(Conc 1d.) 

Region.' year, 
~=-:C scb :i :-e a 

M;:iv 
Fi~h c!.assif:icd (·1.. of s,.:::'.) le) Size Size 

of 
r.~ !'!lnle As i a 

Wc ~tcrn 
Unco,- rcct ccl 

Al a sk a 
1 2 

of 
Corrected'/ 1saraple 

EC'ring Sea (cont'd) 

1970 

4. 
6.: 

10. 

]:/ Correction forr:.ula: P = r -P / 
a ba p -P 

33 b3 

,-:here P = corrected percentage of western Alaskan-type 

r = observed percentage western Alaskan-type 
a 

52 

304 

June 
r i sh c i n~5 ifi ~ <-:t. C'f 

',ol e s t er n 
Asin Uncocrected 

48,l 51,9 

14 . 8 85.2 

pba = percentage of Asian-type standard m~sclassificd as western Alaskan-type 

Paa= percentage of western Alaskan-type standard classified correctly 

1./ 90,~ confi dence 1ir.1its shown in parentheses 

J u l y 
5;1:-:inlc) Size Fi~h cl ;i !. sifiC'd ( ., 

" of s-·.:nlc) 
Al .:?ska of Ke: ~tcr:1 Al..-l sk.:i 

Corrected sample Asia Uncorrected Currccted 

59 20.3 79,7 94.l 
(82-100) 

53.6 63 25.4 74,6 87.4 
(37-71) (7l.-100) 
100.0 120 15.8 84,2 100.0 

(95-100) (93-100) 



Table 9.--0cean-age composition of chinook salmon: (I) by year and maturity 
stage and (II)' by month and maturity stage (years combined), 
Japanese mothership fishery, 1966-70. 

Immature fish Mature fish 

Time period Ocean age (percent) Sample Ocean age (percent) 
.1 .2 .3 .4-.5 size .1 .2 .3 .4-.5 

I Year 
1966 o.o 30.3 68.l 1.6 1342 o.8 50.2 32.7 8.2 

1967 0.1 51.1 li7 .7 1.1 2211~ LO 61Ll 29.0 5.9 

1968 O. l~ 69.5 29.3 o.8 4060 1.5 69.4 22.7 6.5 

1969 0.5 87.9 11.5 0.1 4668 4.4 67.7 22.2 5.7 

1970 o.o 88 .. 5 11.3 0.1 1~106 o.6 83.5 13.4 2.6 

All years (1.3 73.8 25.4 0.5 16,390 1.·9 69.2 23.2 5.7 

., .. 1.•-.--1 ... .,_.,L. .&.1.l'-',A, ,• UL.& 

May 0.2 36.0 62.0 1.7 1096 0.9 61.1 28.7 9.2 

June 0.2 68.0 31.2 . 0.7 7662 1.9 70.8 22.3 4.9 

Ju_ly o.4 · 85.1 14.3 b.2 7632 3.9 79.8 2.4.8 1.5 

All months, 0.3 73.8 25.4 0.5 16,390 L9 69.2 23.2 5.7 
all years 

Sample 
size 

852 

730 

1301 

1360 

1018 

5261 

i469 

3182 

610 

5261 



Teblc 10.--0ccan-age composition of chinook salmon: (I) by year and maturity stage 
and (II) by month and maturity stage (years combined), Japanese research vessels 
fishing gillncts

1 1962-70. 

Immature fish Mature fish 
Time period Ocean age (percent) Sample Ocean age (percent) Sample 

.1 .2 .3 .4-.5 si.zc .1 .2 .3 • 4-.5 size 
. -

I Year 

1962 0.6 75.4 22.3 1.7 175 o.o 20.0 30.0 50.0 10 

1963 0~9 64.6 34.l 0. l; i29 o.o 31.3 31.'3 37.5 16 

1964 0.4 68.8 30.8 o.o· 237 o.o 34.5 20.7 44.8 29 
1965 . 0.6 69.1 29.7 p.6 ps o.o 50.0 10.0 40.0 10 
1966 o.o 5l•. 7 44.7 0.7 300 o.o 36. '• 34.5 29.1 55 

1967 1.3 48u6 l:-1. 5 2.7 560 0.9 10.7 42.9 45.5 112 
1968 3.6 65.0 26.7 4-.8 525 o.o 27u5 26.8 45.6 149 
1969. 7.5 72c7 ia.4 1-. 4 929 ~~- (~ l,1.2 22.2 22.2 153 

I 
1970 o.s 79.8 19.2 0~2 · 931 o.o ,~a. 1 31.2 20.6 189 

All years 2.7 67.9 27.9 1.5 4061 3.2 34-.4 29,7 32.6 723 

II Hont:h 

April o.o 74.0 25.0 1 .. 0 l0l• 0 .. 0 10~7 39.3 50.0 28 

May o.o 53.0 44.2 2.8 no o.o 19.2 36.2 44.7 291 

June 2.6 58.1 37.0 2.3 900 5.0 '•6. 7 23.9 24.5 339 

July 2.9 76.2 20.0 0.9 2139 10.3 46.6 27.6 15.5 - 58 

August 5.4 81.0 13.6 o.o 147 Q.0 7L4 28.6 o.o 7 

Sept. 22.2 52.8 25.0 o.o 36 

October 24.0 64.0 12.0 o.o 25 ':" 

All months, 2.7 67.9 27.9 1.5 4061 3.? 34.4 29.7 32.6 723 .all years 



\ r 
Table 11.--oc. ·an-age compos1t:1on or _c111nook salmon by mo11i:;•, a1. _a ancl year {mat:uricy stnges como1neaJ l.900-10. 'Jbrev1a

tions are: Bering Sea (B.S.), North Pacific 0c•? ,3.!t en.st of 170°E (E170), North Pacific Ocean west of 170°E 
(Wl70), and land-based fishing area (L.B.). An,l L:·sis limited to samples of 30 or more fish. 

~ J~e 
Year Area Ocean age (percent) Sampl e Ocean age (percent) Samp~e 

.1 .2 .3 .4-.5 size -:-:i--·-.2 .3 .4-.5 size _____________________ _.;.. _____ ;.c._ 

1956 

1967 

1968 

1969 

1970 

B.S. 
E170 
Wl70 
L.B. 

B.S. 
El70 
Wl70 
L.B. 

B.S. 
El70 
Wl70 
L.B. 

B.S. 
E170 
W170 
L.B. 

B.S. 
E170 
W170 
L.B. 

- 36.3 56.0 7.7 
33.2 65.3 1.6 

0.9 46.1 47.2 5.8 
- 34.9 55.7 9.4 
- 24.4 54.9 20.7 

50.0 40.0 10.0 
0.5 45.1 47.9 6.5 

- 53.6 32.1 14.3 

1.6 41.0 49.2 8.2 
i.5 64.8 27.S 6.1 

- 4 7. 5 41. o 11. 5 

0.3 72.1 24.3 3.2 
59,9 30.6 9-5. 

168 
190 

343 
255 
246 

40 
632 
224 

61 
534 
l22 

341 
222 

-~•).7 50.3 
0.2 31).5 63 .2 6.1 
0.6 40.5 53.2 5.6 

21J.0 76.0 4.0 

31
). 9 58. S 1. 3 

5 l. 7 45.1 1.3 
0.5 SJ.O 45.0 1.4 
0.8 3·1,9 57.7 7.7 

0.8 BJ.7 
0.4 6'L 7 
0.5 56.9 

15.5 
28.4 
38.4 
36.6 

0.2 
0.9 
3.5 
3.4 

4j .1 

90.2 9.4 
75.5 22.5 
70.4 23.4 
62.8 31.1 

1.5 
4.1 

18.3 

0.1 
1.1 
2.7 
2.7 

8 ·1 • 4 10 • 4 0 • 2 
0.2 80.1 17.4 2.4 
0.4 7d.4 20.5 0.7 

72.6 27.4 

167 
394 
772 

75 

228 
477 
777 
130 

639 
756 

1,238 
71 

932 
747 

1,197 
148 

'1,690 
552 
278 

84 

July 
Ocean age (percent) 

.1 .2 .3 .4-.5 

- 56.li 43.6 
- 64.4 34.6 1.0 

0.5 41.6 54.3 3.6 
- 69.0 30.5 o.6 

- 69.9 30.1 
87.5 12.5 

0.9 63.9 34.4 0.9 
1.1 66.5 31.3 1.1 

o.9 76.4 22.0 ·0.1 

1.0 81.3 17.3 0.4 
79.1 17.9 3.0 

O.L} 95.2 
1.1 93.6 
3.0. 89.0 
7.l-1 72.6 

4.3 0.1 
5.0 0.3 

·a .o 
18,3 1. 7 

91.3 8. 7 

0.5 91.5 7.9 0.1 
83.4 15.9 0.6 

Sample 
size 

202 
104 
197 
l74 · 

448 
64 

352 
179 

437 

1,619 
67 

1,558 
698 
301 
175 

1,214 

1,049 
157 



bnth 

·ay 

une 
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'e.y 

une 
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... 1.9'-J 

Table 12.--Mea11 fork length of chinook salmon: but maturity stage, ocean-age eroup, 
sex, and month {years combined), Japanese mothership fishery, 1966-70. 

Ocean age group 

.1 .2 .3 . -.5 

!-!a.le Female Nale Female ~ ~ .11.al.e ~.l..~ 

CCT "No. Cm No. Cm No. Cre No. Cm No. Cm No. Cm No. Cm No. 

Immature fish 

· 52 (2) 57 (201) 55 (194) 69 (197) "68 (482) 83 (7) 77 (12) 

4l.1 (11) 1+6 (5) 57 (2563) 57 (26!15) 68 (797) 68 (1590) 82 (16) 80 (35) 

44 (18) 54 (10) 58 (3178) 57 (3315) 67 (358) 67 .· (738) 95 (2) Bl~. (14 

Maturi_ng fish 

42 (14) 58 (887) 65 (11) 69 (326) 83 (96) 97 (54) 94 (81 

lfr (61) - 59 (2235) 67 (18) G9 (573) 81 (138) 99 (56) 91-} (101) 

1,1, '') 1, \ f:.r-. ( ,,..,.0' cO ,, c;' '71') (7),\ 7'7 I, C) 07 (h) 0" ( C) 
"T"T \--r I ........ \ -1 l -1 .,..., \-; I ,- \ t • , I I ,-~ I ,,_ ' . , --- ., . 



Table 13.--Mean fork length of chir.ook so.J.rrion: by r.1:1.turity stai:;e, ocean-age group, 
sex, and month (years combined), Japanese research vessels fishing with 
gillnets 1962-1970. 

Ocean age group 

.1 .2 .4-.5 

Fc:male Nale Female .Male Female Male F1::male 

bnth Cm Uo. Cm No. Cm No. Cm No. Cm No. Cm No. Cm No. Crr. No , 

Immature fish 

pril 51~ (35) 54 (l.~2) 70 (10 68 (16) 101 (1 : 

a.y 58 (191) 58 (185) 73 (121) 72 (193) 89 (11 ) 76 (9: 

une 31+ (11) 31+ (12) 60 (255) 59 (268) ·rs (J.22) 'J5 (211) 88 (7) 84 (1h: 

dy ' 41 (4~.) 38 (19) 60 (799) 60 (832) 77 (148) 74 (279) 90 (8) 84 (12: 

ugust 42 (7) 40 (1) 62 (58) 61 (61) 74 (10) 80 (10) 

' . ,_, ., I• \ 
,., 

(10) 
_.,., 

t - ' 70 
, - \ 

"[S1 
, __ ' 

ep·~. 4j l '.) J ?If UJ QL~ t>O l )Ii \ i:::) \I ) 

ct. 50 (6) 60 (10) 52 (6) 61 (3) 

Maturing fish 

pril 59 (3) 86 (9) 91 (2) 102 (5) 95 ( 9 : 

e.y 60 (56) 82 (62) 89 (43) 99 (56) 96 (74 : 

une 43 (17) 60 (135) 67 (3) 82 (60) 88 (21) 100 (36) 96 (47 : 

uly 43 (6) 59 (26) 62 (1) 79 (13) 86 (3) 100 (5) 95 {4 : 

ugust 64 (5) 75 (2) 



Table 14.--Mean fork length of immature chinook salmon by ocean-age group, month, area, and year, 1966-70. 
Abbreviations for the 3 sectors of the mothership fishing area are: Bering Sea (B.S.) 7 North Pacific 
Ocean east of 170°E (El70) and North Pacific Ocean west of 170°E(Wl70). The land-based fishing area 
(covered by research vessels) is designated (L.B.). Analysis is limited to samples of 30 or more 
fish; for this·reason the .1 and .4-.5 age groups do not appear. 

May ,Tune July 
Ocean-age grouE Ocean-age grouE Ocean-age groue 

Year Area .2 .3 ., .3 t~ 
., . 

Cm !'lo. Cm No. Cm No. Cm No. Cm No. Cm No. 

1966 B.S. 56 (95) 66 (85) 55 (61) 64 (78) 
El70 67 (67) 60 (65) 69 (33) .67 . (191) 
Wl70 66 (73) 61 (57) 69 (90) 58 (79) 69 (297) 
L.B. 78 (56) 61 (120) 76 {52) 

.1967 B.S. 54 (82) 69 (131) 53 (303) 67 (124) 
El70 61 (44) 70 (108) 58 (1h6) 68 (166) 60 (53) 
Wl70 59 (31) 69 (111) 60 (289) 68 (295) 59 (184) 68 (112) 

. 
L.B. 59 (52) 72 (97) 61 (43) 75 (73) 63 (119) 75 (56) 

1968 B.S. 55 (512) 61 (95) 57 (323) 68 (94) 
F.170 c;r:- (404) 69 (179) ,. I - -Wl70 59 (61) 69 (197 ). 5a (338) TO (344) 58 (1176) 68 (268) 
L.B. 56 (113) 72 (62) 61 (52) 

1969 B.S. 55 (287) 68 (84) 56 (1466) 67 (63) 
El70 59 (427) 68 (114) . 59 (652) 69 (35) 
Wl70 56 (79) 75 (41) 59 (412) 71 (163) 59 (232) 69 (23) 
L.B. 60 (54) 72 (43) 59 (89) 75 (42) 59 (127) 77 (32) 

1970 B.S. · 55 (1192) 65 (127) 57 (1037) 63 (90 )_ 
El70 57 (144) 67 (54) 57 (281) 66 (75) 
Wl70 59 (131) 68 (48) 61 (850) 65 (71) 
L.B. 57 (108) 72 (50) 59 (60) 61 (130) -



Table 15.--Sex ratio (males: f'emo.les) of chinook salmon: by maturity stage, ocean-
r age g:roup, and month (years combined), Japanese mothership fishery 

1966-70. 

Ocean age group 

.1 .2 .3 . - • c; 

Sex Sex Sex Sex 
Month re.tio No. ratio No. ratio No. ratio No. 

Tounature fish 

May 1.J.l 
females 2 1:0,97 395 1:2.1~5 679 1:1.71 19 

June 1: o.45 16 1:l.03 5208 1:l.99 2387 1:2.19 51 

July 1:0.56 28 1:1.04 6493 1:2 .. 06 1096 1:7.00 16 

Ms.turing _f:Lsl! 

May .All males 11.i 1:0.01 898 1:0.29 h22 1:1.50 135 

~Tune All mn.les 61 1:0.01 2253 l: 0. 21~ 711 l:l.80 157 

July All me.les 2h 1:0.03 487 1:0.22 90 1:1.25 9 



Table 16.---Sex rntio (males:fcmalcs) of chinook salmon: by maturity stage, 
ocean-age group, and month (years cornbined) 1 Japanese research 
vessels fiJhi~~ wit~ gillnets 1962-70. 

Ocean Age Group 

.1 .2 .3 .4-.5 
Sex Sex Sex Se~ 

Month ratio .No. ratio No. ratio No. ratio 

Immature fish 
All 

April 1:0.83 77 l:la60 26 females 

May 1:0.97 376 1:1.60 31l• 1:0.82 

June 1:1.09 23 1: J.. 05 523 J.:lo73 333 1:2.00 

July 1:0.43 63 l:l~o'4 1629 1:1.89 427 1:1.50 

August l:O. ll1 8 1:1005 119 l:lo00 20 

Sept. 1.~0.60 8 1.:0.90 19 1:3.50 9 
All 

Oct. All males 6 l;Q,60 16 females 3 

Mat11ri11~ fish 

.. 
-· 

April All males 3 b0.22- 11 1: 1. 80 

i . 
!U.r~1 _/ , v 

No. 

1 

20 

21 

20 

14 

Hay All males 56 1:0.69 10s · 1:1.32 130 

June All males 17 1:0.02 158 1:0.,:35. 81 1:1.31 81 

July All males 6 1:0.04 27 1:0.23 16 1:0.80 · 9 

August All males 5 All males 2 
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