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TAGGING AND SAMPLING 

by Brian J. Rothschild, Allan C. Hartt, and . Donald E. Rogers 

The Fisheries Research Institute' (FRI) has conducted tagging studies 

on the high seas of the North Pacific Ocean since 1955 to investigate the 

oceanic migration of salmon. ?he studies have contributed a great deal toward 

the knowledge of salmon migrations (see for -example Roy(!e, -Smith, and Hartt, 

1968) and have also served to demon~trate that the run of sockeye .salmon to 

Bristol Bay could be predicted 1 year in advance by monitoring the abundance 

of immature salmon south of Adak Island. These predictions have been made every 

year since 1959. 

In 1969 we emphasized forecasting, tagging, and juve~;le salmon studies, 

reviewed our past work, and considered directions to be t~en for the future. 

The review suggested placing emphasis on two major objectives: the first is 

a continuation and improvement of the forecast of the run _of sockeye salmon to 

Bristol Bay and the second, a systems study of the salmon fisheries of the North 

Pacific Ocean. The systems study is designed to evaluate objectives for tagging 

studies and to develop a model that will describe the dynamic and economic 

effects of different fishing strategies, either on the high seas or inshore. We 

conducted additional investigations which, although not nirectly supported in 

our tagging contract, are nevertheless important to the objectives of the INPFC 

program and will, therefore, be reported here. Our studies of the physiological 

effects of tagging have reached a stage where they are being reported in a 

separate INPFC Document. 
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Forecasting 

The forecast of the run of sockeye salmon to Bristol Bay is of 

considerable importance to industry and fishery agencies. The forecast for 

each summer is based on a determination of the apparent abundance and, age 

composition of immature sockeye salmon made during the previous summer near 

Adak Island (Fig. 1). The implications of a forecasting system are also of 

great ecological interest and may be useful for studying variables that 

operate on the high seas and affect the return of salmon to Bristol Bay. 

Forecast of 1969 Bristol Bay sockeye run 

Our forecast of the 1969 inshore run of saLilon to Bristol Bay was 

presented to the industry in February 1969 (Rogers, 1969). At that time we 

forecast :J...'1 inshore ru...'1 of 16.2 million sockeye saL"llon, comprising 12.9 million 

age .2
l
/fish and 3.3 million age .3 fish. The most recent statistics on 

actual magnitude of the inshore run is 19.0 million fish. The difference 

between the forec~t value and the actual run is within the limits of expected 

error for our procedures. 

1/ Scales were used to determine age of salmon, and age designations in all 

sections of the report on U.S. research follow the formulas of Koo (1962). 

The number of winters at sea is shown by an Arabic numeral preceded by a dot; 

similarly, the number of winters that the salmon spent in fresh water (not 

counting the winter the egg \{as in gravel) is shown by an Arabic numeral 

preceding a dot. ° Both are shown by tyro Arabic numerals separateOd by a dot. 

An age designation of 1.2 corresponds to age 42 in the formula of Gilbert and 

Rich (1927) that waS used previously in reports on U.S. research. 
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Forecast of 1970 Bristol Bay sockeye salmon run. 

Our indexing of the abundance of immature sockeye salmon south of 

Adak Island was of especial interest in 1969 because of the large number of 

sockeye salmon expected to return to Bristol Bay in 1970. Because of the 

importance of the 1970 run, we attempted, by using two vessels, to further 

reduce the sources of variation in vessel location and time in the apparent 

abundance index. Fi ve stations were fished at 10-mile intervals, between 5 

and 45 miles offshore. The two-vessel operation increased the total number 

of sets and enabled simultaneous sets between vessels for study of 

intervessel variation. We also had the opportunity to compare standard purse 

seine sefs (net held open for 30 minutes) with sets in which the net was held 

open for a short period to test the effect of time on purse seine catches. 

We also made night sets to add additional information on diel yariations in 

movement and to set simultaneously with the gillnetting operations being 

conducted in the vicinity by the BCF research vessel, Miller Freeman. In 

addition to our purse seining studies, we tagged 3,358 immature sockeye salmon 

to provide information on the proportion of non-Bristol Bay sockeye in the 

index area. The apparent abundance and age composition as indicated by our 

sampling off Adak Island ~onfirmed that the run in 1970 will, indeed, be 

large. The catch data are shown in Table 1 by fishing station and ocean age 

of fish. A comparison of the 1969 index catch values (Table 2) with those 

of the previous ~ycle years, 1959 and 1964, indicates that the expected rlm 

in 1970 should be of the same order of ~agnitude as in 1965. 
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Table 1.--Tota1 and (in parentheses) average catch per purse seine set of immature 

sockeye salmon at five stations south of Adak Is1~~d, July 3-August 12, 1969. 

Stat ic;m ahd No. Catch of sockeye salmon (by ocean age) 
and location of .# sets .1 To.ta1 

1 (0-10 miies offshore) 17 3,495 96 3,591 
(205.6) (5.6) (211.2) 

-

2 (11-20 miles offshore) 18 4,217 297 4,514 
(234.3) (16 ~ 5) (250.8) 

3 (21':'30 miles offshore) 15 2,126 147 2,273 
(141. 7) (9.8) (151.5) 

4 (3i-40 miles ~ffshore) 17 1,584 193 I,m 
(93.2) (11.4) (104.6) 

5 (41-50 miles offshore) 13 1,106 168 1,274 
(85.1) (12.9) (98.0) 

Total 80 12,528 901 13,429 

(156.6) (11.3) (167.9) 

11 A few fish were maturing sockeye salmon of ocean age • 2 and .3 • 
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Table 2.--Index catches of immature sockeye salmon in 1959, 1964, and 19611 and 

the Bristol Bay runll for cycle years 1960 and 1965. 

No. of index Average catch/set Percentage/ Year of No. of 
Year sets south by ocean age set of age cycle run fish 

of of .1 fish to .. in run y 
s amp 1 i!!f! Adak Island .1 .2 Total Bristol Bay (millions) 

1959 10 227.2 13.3 240.5 94.5 1960 42.6 

1964 28 146.1 7.1 153.2 95.4 1965 63.1 

1969 80 156.6 11.3 167.9 93.3 1970 

y Includes total run to western Alaska, including t~e north side of the Alaska 
Peninsula, and the estimate of the catch of western Alaska salmon taken on the high 
seas by the Japanese mothership fishery (Ossiander, 1966). 
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It should be noted that the 1959 sampling ~ffort off Adak Island was 

poor in the total number of sets and in the distribution of these sets with 

respect to date and distance offshore; e.g., 5 of t~e 10 sets were made in a 

4-day period between 6 and 10 miles south of the island (Rogers, 1969). Tn 

1964 and 1969, sampling effort was more evenly distributed with respect to date 

and distance off Adak Island so that catches in these 2 years are probably 

better estimates of the abundance of the immature sockeye. The daily catch 

per set data in 1964 and 1969 are diagrammed in Figure 2 to illustrate the 

substantial numbers of immature sockeye that pass~d south of the island 

throughout most of the sampling period, July 3-August 12. \ole are casting the 

data from the present indexing season into a more precise- forecast which will 

be issued as a FRI Circular. 

The immature sockeye salman sampled at Adak. Isla.."ld in 1969 were 

larger than those sampled in 1964, the previous cycle year (Fig. 3), which 

should indicate that the fish in the Bristol Bay run in 1970 will be larger 

than those in the 1965 run. Mean length data of the Adak samples for 1964 and 

1969 are shown below. 

A8,e .1 Age .2 
Year of samElin8, No. of fish Avg,. length (cm - ) No. of fish Av8,. _ len~th (cm ) 

1964 2,998 33.2 260 45 ; 2 

1969 907 35.1 117 47.6 

The 1969 values are based o~ only a part of the season's data, but 

the body lengths are expected to be even larger when data for the latter part 

of the season are added. 
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Forecasting in the Gulf of Alaska 

In addition to forecasting the run to Bristol Bay, we contribute to 

forecasts of the runs of pink salmon to central and southeastern Alaska. We 

fished 12 longline stations in the Gulf of Alaska while the St. Michael and 

the Sto·rm were en route to Adak Island in late June (Fig. 1). The work was 

done in cooperation with, and partially supported by, the Alaska Department of 

Fish and Game and the Kodiak Island salmon packers. The sampling provided an 

indication of the abundance, distribution, and length and weight composition 

of salmon (primarily pink salmon) in the easte~ and central Gulf of Alaska. 

"The length and catch per skate data were compared with comparable data 

obtained in odd-numbered years when extensive longline sampling was done 

joi~tly by Canada and the United States. Catch data are reported in Table 3. 

The seven sets made along the coast between Vancouver Island and southeastern 

Alaska were made in connection with studies ·for the Alaska Department of Fish 

and Game. The catch data were analyzed by the Department as an extension of 

their own longline sampling off southeastern Alaska for predicting the .abundance 

of southeastern Alaskan pink salmon. Details will be reported by that agency_ 

The five sets (S5, 6 and X5, 6, 7, Table 3) west of 1400 w were made 

primarily to indicate abundance and size ·composition of pink salmon destined 

for central Alaska (Kodiak Island, Cook Inlet, and Prince William Sound). 

Although any forecast based on so few sets and in such a short period must be 

tentative, the data (when compared to similar data for previous odd-numbered years) 

suggested only a moderate run of pink salmon to central Alaska--similar to that of 

1965. The average body length was larger than usual, indicating that the pink 

salmon should also be larger than average ~lhen they reach the commercial fishery_ 
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Table 3 .--Longline catches of salmon and steelhead trout in the Gulf of Alaska, 

June 1969. 

sey No. of Catch b;y: sEecies 
Date no. l Location skates Sockeye Chum Pink Coho Chinook Steelhead Total 

6/20 S-l 49°13'N x 126°40'w 10 0 0 1 0 0 0 1 

6/21 S-2 50 013'N x 128°22'W 8 0 0 0 0 0 0 0 

6/22 S-3 52°33'N x 132°24'w 10 0 0 3 0 0 0 3 

6/23 s-4 55°00'N x 134°21'W 10 0 0 0 0 0 0 0 

6/24 S-5 55°04'N x 140 0 02'W 16 - 17 5 86 8 0 0 116 

6/25 s-6 55°00'N x 144°55'W 13 28 0 4 0 0 0 32 

Total 45 5 94 8 0 0 152 

6/19 X-2 50 0 00'N x 128°30'W 10 0 0 3 1 0 0 4 

6/21 X-3 54°20'N x 134°00'w 10 1 0 0 0 0 0 1 

6/22 x-4 57°00'N x 136°20'W 10 0 0 2 0 0 0 2 

6/23 X-5 57°00'N x 140 0 10'W 18 23 5 70 11 0 0 109 

6/24 x-6 57°00'N x 144°50'W 20 8 11 76 2 0 1 98 

6/25 X-7 57°00'N x 150 0 30'W 15 6 1 0 0 0 0 7 

Total 38 17 151 14 0 1 221 

11 S = St. Michael; X = Storm 
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This information was reported in late June to biologists of the Alaska Department 

of Fish and Game and to representatives of the salmon industry, particularly on 

Kodiak Island. At the time of writing it was too early to evaluate the accuracy 

of the above interpretation. 

Alternate methods of forecasting 

These studies are intended' to reduce the cost of ,forecasting in terms 

of reduced actual cost and increased precision without increase in cost. We 

considered concepts which would more efficiently enumerate salmon on the high 

seas, one such being that enumeration might be achieved by use of a trap or 

leading device to guide salmon through an orifice (which could, conceivably,be 

rather'large). The fish could be tallied acoustically as they pass through the 

orifice; the acoustic impluses could trigger a camera system to photograph the 

fish to identifY species und possibly ocean-age. In designing the srunpling 

gear, we utilized a wide variety of approaches to take advantage of the knowledge 

accrued from FRI studies, wh'ich show that salmon are essentially migrating 

westward in the Alaskan Stream fairly close to the surface. 

Items being investigated include arrays of hydrophones or transduc~rs 

for sonic enumeration~ For distinguishing species and ocean age of fish, however, 

optical techniques appear promising. Preliminary investigations suggest the 

practicability of ASA 20"0 film with a 400 watt-second electronic flash. Depth 

of focus (F 'stop) and numbers of cameras can be adjusted for the width and depth 

of the orifice. Cameras can probably be placed in opposition with overlapping 

fields and synchronized exposures. Automatic sequential cameras are being 

considered. Sonar triggering is also within the present state-of-the-art 

capabili~ies • 
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In addition to considering various enUm~ration concepts, models of 

leading devices have been constructed. The crew of the Storm built a le~ding 

device which will be tested in September 1969 in the Strait of Juan de Fuca. 

It consists of a pair of leads, 300 fathoms long and 15 fathoms deep, that 

lead to a rectangular orifice, 2 fathoms wide and 4 fathoms deep. A sloping 

floor extends out from the throat along the wings for 50 fathoms. Seine skiffs 

will tow the ends to hold the gear open. Fish will be observed at the orifice 

by SCUBA divers. A similar but smaller piece of gear was tested south of Adak 

-
Island in 1963, and the general mechanics of hold:i.ng the gear in fishing position 

appeared sati!:!f~ctory. 

Systems study of North Pacific salmon fisheries 

In 1969, we began orga.:.."l.izing a systems s t udy of all North Pacific 

salmon fisheries to examine the biological and economic inter-::elations that 

affect the .yield structure of salmon in the North Pacific Ocean. This study 

will differ from some of the more traditional lines of investigation in that 

interdisciplinary emphasis 'vill be placed on examining the salmon problems 

from a holistic viewpoint, placing considerable emphasis on defining goals 

and objectives and on concentrating on what some systems analysts call "futures" 

rather than on present and past events. Our initial development of the systems 

study has involved the defining of objectives and assembling and collating of 

data, much of which is in the literature. 
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Problem definition has so far concentrated on examining the branches, 

·fitters, and pathways that influence the dispersal of salmon from their 

freshwater nursery areas into the ocean and from the ocean to the spawning 

area. We outlined .the branches that appear to be important in Figure 4. A 

more detailed flow chart, but similar in principle, was derived by Mathews (1967) 

in analyzing .the economics of various levels of accuracy in the forecast of 

Bristol B~ runs. Figure 4 also shows some of the man-controlled filters in 

terms of fisheries and fishery . polici~s and indicates some of the geographic 

pathways"through which the fish migrate. 

We are placing considerable emphasis on the Adak-No Adak branches 

because an understanding of this region of the flow diagram is crucial to 

. understanding prediction mechanisms. In studies of the Adak-No Adak branches 

we have been estimating the actual numbers of sockeye salmon that pass Adak 

Island each summer. These estimates will enable us to appraise the 

proportion of the Bristol Bay run that passes the island and to perhaps. utilize 

these estimat~s in calculations of mortality. 

In addition to studying the various branching processes in Figure 4, 

we are studying some of the filtering mechanisms--in particular, the manner in 

which the gillnet modifies the flow of fish through some of the branches in 

Figure 4. In a theoretical study of the gillnet filtering mechanism, we 

developed a computer simulation model that simulat~s the distribution of fish 

enmeshed in .a gillnet. The objective of the study is to determine abundance of 

salmon from :the spacing of enmeshed fish. Output of our computer simulatior.. model 

shows that spacing, as well as numbers of fish, vary with abundance. Information 

on distribution of fish enmeshed in a gillnet is ordinarily not utilized in 

studies of abundance. 
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Regarding pathways of movement among ~he various branches in Figure 4, 

'we are continuing to assemble information on ' life history and are developing 

experimeh,~al designs for tagging studies. To decide on the tagging studies that 

will extra~t maximal information per tag release, we are designing a computer 

simulation model to evaluate tagging strategies. As a byproduct of these studies, 

we construc~ed an atlas of the dynwnics of the Japanese fishing fleet from data 

supplied by the ' Bureau of Commercial Fisheries (Fredin and Peterson, 1969). 

Figure 5 gives examples of the figures in this atlas. It shows the CPUE of 

sockeye , salmon of age .2 during June 11-20 for 1963 (a year of low abundance) 
, , 

and 1965 (a year, of high abundance~ ' Fig. 5). The atlas provides a ready reference , 

to distribution of effort and apparent abundance; it is presently being used to 

design our tagging study models. 

Juvenile salmon studies 

The chief objective of our juvenile salmon research, initiated in 

1964, is to study the distribution, abundance, migration, timing, growth, feeding, 

and survival of young salmon of all species during their first few months in the 

open sea. Until 1968, the work was exploratory and experimental. We were locating 

areas of abundance and testing methods of catching, handling, and tagging salmon 

only 10-20 cm long. In 1968, using improved methods and tags, we placed primary 

emphasis on tagging to increase the number of returns. More returns were needed 

to better e~tablish the migration patterns suggested by their limited numbers in 

previous years. Because the small tags necessary for juvenile salmon are 

inconspicuous on the maturing fis'h at recovery, a likelihood exists of a high rate 

of nonreporting. Consequently, in 1969 we intensified our efforts to recover tags 
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placed on juvenile fish in 1968 or earlier. Our vessels made a few purse seine 

sets in the Strait of Juaq de Fuca and south of the Alaska Peninsula while en 

route to and from Adak Island, to supplement data on abundance and timing 'in 

these key areas of juvenile migration. 

The numbers of juvenile salmon tagged in 1967 and 1968 by major 

release location 'and by species are listed in Figure 6 • . Returns of sockeye, 

chum, and chinook salmon from the 1967 releases are expected in 1969 and 1970. 

The 1968 tagging shoUld yield returns of pink and coho salmon in 1969 and of 

the other species in i97ci and ·197l. 

Because the vessels were still .fishing at the time of writing, and 
---

as tag returns were yet incomplete, the analysis of the catch and recovery data 

for juvenile salmon in 1969 will be presented in a separate document at the 

INPFC Annual Heetlng. 

Study of scales of juvenile coho salmon 

The following study is typical of a number of projects, undertaken to 

clarifY particular problems encountered in our tagging research. The material 

is being prepared as a master's thesis by Mr. Thomas Peck of FRI as a contribution to 

our tagging research as well as to our knowledge of the general life-history of 

coho salmon. 

In recent years we have increasingly emphasized the determination of 

the freshwater age of the sampled and tagged salmon. Our scale readings indicate 

that the percentage of coho salmon adjudged to have spent two and three winters 

in fresh water is'greeter than would be expected from their known life history. 

This discrepancy was believed due to our inability to differentiate between true 

winter growth zones and zones of retarded growth owing to other causes. The 
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feeding and handling techniques in hatcheries were suspected of causing 

incidental checks (with the characteristics of winter zones) to appear on the 

scales of coho salmon; therefore, a study of growth zones on scales from fish 

of hatchery and stream origin was undertaken. 

All scales used in this study were taken from the INPFC p~eferred 

area of the body. No significant difference was found between scales from the 

right 'and left sides of the body. A study of the numbers of circuli along 

radial lines (at 15° intervals from the center of the focus) that crossed the 

anterior field indicated that counts along the radius 30° dorsal to the 

longitudinal ' axis gave the best correlation with fish length. Circuli of the 

ventral portion of the scale enter the posterior field to a greater extent 

than do those of the dorsal portion, thus distinguishing between the two fields. 

M:onthly collections of abcut 25 juvenile coho salmon, comJ.-loseu of all 

available age groups, was started in August 1967 and continued through March 

1968. 
, , 

Hatchery-reared fish were obtained from the Nooksack, Issaquah, Green River, 
- , , 

and Minter Creek Hatcheries in Washington and the Klaskanine and Big Creek 

Hatcheries in Oregon. Wild fish were obtained from streams associated with each 

of the above hatcheries. 

All hatchery fish are known to be of the 1966 brood year and in 

March 1968 were 'of 'age L However, if we had rea:l the ages of' these fish 

without any prior knowledge of the actual ages, we would have interpreted 

many of them to be age 2., as shown in Table 4. 
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Table 4 .--Apparent freshwater age composition of juvenile coho salmon from various· , 

Washington hatcheries and creeks (located near the given hatcheries), March 1968. 

Age composition (percentage) 
Location No. of fish 1. 2. 

Minter Creek Hatchery 40 50 50 

Minter Creek 50 100 

Green River Hatchery 41 20 80 

Soos Creek 26 92 8 

Issaquah Hatchery 30 10 90 

Issaquah Creek 37 95 5 

Nooksack Hatchery 33 33 61 

Kendall Creek 31 97 3 

- - - - ------ ------- - - - - - - - - - - - - - - - - -

Average age, hatcheries 29 71 

Average age, creeks 97 3 
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Scale data from juvenile coho salmon of Washington i{ere analyzed. 

Table 5 gives the mean number of circuli, number of usable scales, and standard 

deviation in circulus counts. Oregon sanples are not included as the hatcheries 

released their fish in February of that year. It is interesting to not~ that, 

on a similar scale interpretation basis, the Oregon fish averaged 25% age group 2. 

in the Februar,f 1968 sample and that the percentage of age group 2. probably would 

not have been much greater in a Harch sample. Analysis of variance (Table 6) 

for unweighted 'me&lS of Taele 5 indicates no significant interactiori or, in other 

words. no reason to believe that the relation bet\reen mean circulus counts for a 

hatchery end its creek differ among locations. The difference behTeen locations 

and between types is significai1.t, indicating that among locations and particularly 

among types (hatcheries and creeks), mean circulus counts differ. 

It seems that the disproportionate numbers of coho sa,1.mon of age 2. in 

our high seas samples may result from our misinterpretation of the ages of some 

hatchery-reared fish. Means of correcting our scale readings on the basis of 

these findings will be investigated. 

Food of juvenile salmon at sea 

Our seine samples of juvenile salmon are providing excellent material 
, . 

for studying food and feeding habits of young salmon during their critical first 

few months - in the open sea. This study is being undertake.! by Mr. R. D. Andre'..rs 

of FRI as a1h.D. thesis. 
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Table 5 .--Arithmetic means and standard deviations of circuIDs counts for juvenile coho 

salmon from Washington, March 1968 

Tne of sa!!!,E1e Sum of Average 
Location Hatchery Creek type means mean 

x = 22.1 x = 13.4 35.5 17.7 
Minter Creek N = 39 N = 47 

SD = 3.8 SD = 3.5 

x = 24.4 x = 16.2 40.6 20.3 
Green River N = 41 N = 26 

SD = 5.4 SD =-3.4 

x = 27.2 x = 16.2 43.4 21.7 
Issaquah N = 29 N = 37 

SD = 3.8 SD = 2.9 

x = 23.9 'V' = 15.9 39.8 19.9 .. 
Nooksack N = 33 N = 31 

SD = 2.6 SD = 5.2 

Sum of type means 97.6 61.8 159.4 

Average mean 24.4 15.4 
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Table 6 .--Analysis of variance table for unweighted means of circulus counts from 

Washington sites, March 1968 • 

Source SS df MS F-ratio --
Type of 5432.3638 1 5432.3638 17.2866 

sample 

Location 549.9928 3 183.3309 13.6019 

T x L 94.2757 3 31.4252 2.3315 

Residual 3706.5414 275 13.4783 
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Work on the food and feeding habits , of ,'juvenile salmon ' (. 0 age) in 

'1969 consisted mainly of completing tee. examination of the many specimens 

collected, in 1968. A few additional fish were collected in 1969 for comparative 

purposes. We are examining the catch data, including species other than salmon, 

tag recovery records, and oceanographic data from, various sources for the purpose 

of broadening the basis for the ,studies of food and fe~ding. 

The following information is being sought: 

1. quantity and quality of food of juvenile salmon 

2 •• size apd growth of jU'renile salmon 

3. di,urnal feeding activity of juvenile salmon 

4; estimated da'ily food consumption in areas where the population 

of juvenile salmon can be estimated 

5. r€llation bet"Teen rood. eaten b;-f the young calr:ldn and food. items 

observed in the purse seine 

6. ~ompetitor and predator relation with other species 

The data are ~eing compared by species, location, date, and year. 

pynamics of juvenile pink salmon during their first few months at sea 

Purse seine data collected in 1964-68 from Cape Flattery, ,Wash. , to 

Yakutat Bay,- AlaSka, are being used by Mr. Gary Sakaga~a in a doctoral thesis. 

The ,objective of his thesis is to study the dynamics (e.g., migration, growth, 

mortality) of pink salmon with emphasis on their early oceanic residence for 

derivation of guidelin~s for management and research of the fishery. Only 

one aspect. of his work is presented in this report--the preliminary results on 

the apparent abundance of juvenile pin~ salmon in the Strait of Juan de Fuca, 

1968. 



26 

A number of purse seine sets were made in the study area in 1964-68 

and are b~ing evaluated to determine apparent abundance. Preliminary tests 

indicate no significant difference in th~ catch of juvenile pink salmon per 

set in a given day and area among: (1) sets made in d~light hours (t = 0.96, 

d.f. = 48); "(?) sets made with "perfect" haul vs. haul in which the cat'eh wa~ 

felt to be reduced due to various causes--e.g., corkline sinking, presence of 

predators, etc. (t = 1.22, d.f. = 18); and (3) sets made wi,th the seine opening 

in the easterly vS~ westerly direction (t = 0.18, d.f. = 41). Other variables, ' 

e.g., tide and qepth. may have influenced 'the purse seine catches. For example, 

in particular areas--i.e., in straits and bays--sets were made with the net 

opening toward the flowing tide, which may have resulted in a greater catch than 

if the direction of set was chosen randomly. However, as this practice was 

-4 folloi .... ed i-li th reguh.ri ty, especially in 1965-68, the sets for these yeaTs are 

comparable. Furthermore, the results suggest that the averaging of the catches 

of several sets made on the same day within the same area is justifiable. 

The average daily catch of juvenile pink salmon per set in 1968 for 

the Strait of Juan de Fuca is shown in Figure 7. The peak abun~ance appears to 

occur during the early half of July, although daily fluctuations are apparent. 

On the other hand, length-frequency distribution of juvenile ,pink 

salmon was nearly constant, which suggests that fish were migrating out of the 

strait. The average length ranged from about 10 to 14 CIn. Figure 8 is a.'l 

illustration of representative distributions. It should be noted that few fish 

over 17 cm long were caught. Sakagawa (MS. 1969), using recoveries of pink 

salmon tagged as juveniles, proposed that pink salmon caught on the open sea less 

than 17 em long I!lay be regarded as having originated from the general area of 

capture. The lengths of juvenile pink salmon caught in the Strait of Juan de 

Fuca in 1968 appear to confinn his hypothesis. 
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65Zn levels in juvenile coho salmon 

. The results of 65Zn content analysis of juvenile c..<?ho salmon sampled 

by the FlU ' in 1967-68 halfe been reported by Robert E. Loeffel and William 

Forster (MS. 1969) of the Fish Commission of Oregon and Oregon State University, 

respectivel~. The study consisted of comparing the ' 65 Zn contents among samples 

of juvenile coho salmon collected between Cape Flatte~J, Wash., and the Bering 

Sea. As Columbia River water carries a relatively high concentration of 65Zn , 
. ... .. .. ... 

it was expected that salmon that had fed in the plume between Vancouver Island . 
and northern California would have a higher 65 Zn content than those feeding in 

other areas. 

Data presented by Loeffel and Forster showed that between 48° and 

a general declille in 
65 

avera.se Z11 content of coho saL~on was manifested 

with increase in latitude. Some specimens in the northernnost samples contained 

much higher le'vels of 65Zn than others; Loeffel and Forster concluded that some 

coho salmon must have migrated from the plume area. Such a migration is in 

agreement with that shown by tag returns of juvenile fish tagged in the same' 

coastal waters in 1964-68 as reported in INPFC Annual Reports for those years. 

, In 1968 the levels of 65 Zn content of coho s alr.ton we re lover, but 

activity values among samples from the northern areas fell into tw'o groups 

(4.0-45.3 pCi!g 'ash and 93.6-129.8 pCi!g ash), suggesting the presence of fish 

of tyro different origins. Samples from the Bering 

Se3 were obtained only in 1968. Activity levels varied from 0.8 to 3.4 pCi!g ash, 

well below any values obtained in Gulf samples. Loeffel and Forster concluded that 

background levels of 65Zn in coho sa~on therefore appear to be less than 

4 pCi!g ash and that "Gulf-caught fisll with 10101 acLivity values, even though far 

removed from the measured flow of the Columbia River plume, must be affected by 

its supply of 65Zn." 
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Lipid studies high seas salmon, 1969 

A study of the fatty acid content of salmon collected in the Strait of 

Juan de Fuca and near Seattle was begun in 1968 by Dr. James "B. Saddler of the 

FBI staff as an adjunct to o~r migration studies. In 1969 this samplin~ was 

extended to the Adak Island area to provide data on salmon at a truly oceanic 

feeding stage for comparison with the .0 age juveniles and the maturing fish 

sampled in 19"68. The following is a preliminary progress report. 

Alterations in the individual fatty acid content and the total lipid 

content occur during the early development, migration, and maturaticn of Pacific 

salmon. Stored lipids are released for growth, energy, and gonad maturation. 

Specific lipid components cannot be metabolized by the fish; they must be obtained 

from dietary sources. One must, therefore, expect to find yarl!:l.tion in t.h,=, fat.t.y 

acid composition and lipid content of salmon taken from different locations and 

at dffferent times during their life cycle. Mor"eover, the" feeding 

habits and dietary material will affect the type and amount of lipid retained by the 

salmon •. " 

It is the purpose of this study to deterr;:;ine the energy utaization 

of lipids by salmon swimming at various times during their migration and 

maturation and to ascertain the quality of the muscle with respect to the 

stored lipid, which in turn reflects the diet of the salmon and feeding habits. 

The possibility should not be overlooked that the fatty acid conpositicn and 

the total lipid content of the muscle and Ii V"er tissue are indices of grm-rth 

as yell as quality. 
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Nineteen sockeye and 9 chum salmon were sampled by purse seine from 

the ·RV Storm between July 2 and July 7, 1969. The fishing areas·were 5, 15, 25, 

35, and 45 miles south of Adak Island; age .1 and .2 groups were taken. All 

salmon were in good condition (based on appearance at time of sampling), and 

liver and muscle tissues immediately posterior to the pectoral fin were take~ 

from each fish. The samples were immediately frozen and transported from Adak 

to Seattle, packed in dry ice. 

Stomach contents of all salmon sampled for lipid analysis revealed 

-
different feeding habits for the sockeye and chum. All sockeye salmon had full 

stomachs. The entire digestive tract was filled with material in various stages 

of digestion from identifiable to fecal material. The predominant food item of 
. . 

sockeye salmon was sqUid. Euphausiids, also present in the stomachs, were less 

- abund.ant than ,..,.. .... ~ .::J 
;:)Y.,u..!..u. r·1ost chum salmon both a.ge groups 11ad eLlpty st omachs 

although some contained a small number of euphausiic..s. The lower digestive tract 

of the chum salmon had some partially digested material, but in comparison with 

sockeye salmon at the same location, contained less partially digested material. 

The lipid analysis is c~rrently in progress; some trends and 

observations can be made at this time. Sockeye and chum salmon of both age 

groups contained the same fatty acids, but differences existed in co~centrations 

of individual fatty acids • 

. In general, the total lipid percentage of muscle samples from male 

salmon (sockeye and chum) exceeded the total lipid percentage of muscle samples 

from females. The lipid percentage in muscle samples decreased with increased 

distance from shore. 
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The major saturated fatty acids were: " myristic, palmitic, and stea~ic, 

(14:0,16:0, a.nii"18 ·:0); the major monounsat·urated fatty acids were: palmitoleic, 

oleic, eiconsenoic (16':1,18:1, and 20:1); and the major polyunsaturated fatty 

acids were: eicosapentaenoic and docoshexaenoic (20:5, ~~d 22:6). Analysis of 

the alterations in percentages and amounts for the individual fatty acids cannot 

be made at this" time • . 

Saturated and "monounsaturated fatty acids are excellent energy 

sources for salmon and will be used preferentially when compared with 

'-polyunsaturated fatty acids. Therefore, alterations in these fatty acids may be 

indicative of potential energy and energy used during mig~ation. Long-chain 

polyunsaturated fatty acids are primarily used for cell growth and must be supplied 

in the diet as fish cannot metabolize them from other sources. 

Thus, a quantitative a.CCOllnt. of the lip:td components and fattJ- acid 

composition may provide information concerning the energy utilization during 

. . . 
swimming, migration, growth, and maturation and as an estimate of the quality 

of the fish at a given time. Also, lipids ldll reflect the type and quality of 

the dietary material ingested. 

Abundance and size of chum salmon south of Adak Island 

The following is a preliminary report by Dr. D. E. Rogers of the FRI 

staff. It is typical of the ·wealth of data accumulated from seining and tagging 

operations near Adak Island. 
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Much catch and length data for chum salmon are available from purse 

seine catches (June-August) south of Adak tsland (Area 8050). Primary emphasis 

has been directed towards tagging experiments and estimates of abundance of 

sockeye salmon (mainly of Bristol Bay origin); less effort has been made to 

analyze chum salmon data. Tagging and other studies have indicated that chum 

salmon in this area are primarily of Asia.'1. origin (Shepard, Hartt, aI1d Yonemori, 

1968) • 

Our objectives are to estimate the annual relative abundance, size, 

and within-season growth rate from catch and length data for 1961-68. This 

information is pertinent to: (1) estimates of yields from high seas fishing, 

(2) ecological relation between chum and sockeye ·salmon (growth and abundance), 

and (3) forecasts of the runs of Asian chum salmon (to study the relation of 

large and small runs to those of North P~erica). 

Abundance 

The analysis of catch data was confined to those sets in which the 

seine was held open in an easterly direction for about 30 minutes. As·in 

sockeye salmon catches, seine sets open towards the west produce significantly 

lower catches of chum salmon, thus indiqating a predominantly westward movement 

of chum, as well as sockeye in this region. The analysis was further confined 

to those sets made within 50 miles south of Adak Island, June II-August 10, as 

for most years few sets were made farther offshore or outside this time period. 

Table 7 gives 1961-67 sampling effort·by 20-day periods and distance 

from Adak Island •. The corresponding geometric means of the catches are given 

in Tables 8 and 9 by age (winters at sea) and maturity. Maturity was determined 

from body length; those fish over 50 cm were considered as mature (some immature 

fish of age .3, however, would probably be classified as mature in July-August~. 
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Table 7 .--Number of purse seine sets by time period and distance - south 

of Adak Island, 1961-67. 

Time Distance offsho~e ~miles) 
Year period!! 0-10 11-20 21-50 

1961 1 14 3 0 
2 5 2 1 
3 3 1 6 

1962 1 5 5 4 
2 8 6 ' 10 
3 1 2 3 

1963 1 -1 4. 2 
2 2 6 7 
3 6 2 1 

1964 1 11 7 6 
2 9 6 0 
3 6 4 3 

1965 1 5 12 2 
2 7 7 3 
3 6 6 5 

1966 1 11 7 2 
2 0 4 3 
3 7 6 6 

1967 1 4 1 1 
2 17 3 3 
3 8 4 7 

11_ Period 1 = June 11-30; 2 = July 1-20; 3 = July 21-August 10 
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Table 8.--Mean catches of immature chum salmon near Adak Island, 1961-67. 

A~e of fish and distance ~miles2 from Adak 

Time A6e .1 Age .2 Age .3 
Year periodY 0-10 11-20 21-50 0-10 11-20 21-50 0-10 11-20 21-50 

1961 1 0.0 0.0 3.2 3.8 12.6 17.6 
2 5.6 8.5 0.0 5.6 34.5 1.0 2.1 3.9 0.0 
3 1.2 14.0 3.5 14.2 44.0 7.9 2.9 22.0 1.6 

1962 1 1.2 25.7 2.6 12.8 149.9 4.5 0.6 1.9 0.0 
2 6.5 3.9 7.3 5.0 3.0 2.1 0.0 0.0 0.0 
3 0.0 3.9 1.7 1.0 1.4 0.6 0.0 0.0 0.0 

1963 1 57.0 0.6 2.5 20.0 -17.2 32.0 0.0 2.8 0.4 
2 2.5 5.9 19.3 1.8 6.0. 2.1 0.0 0.1 0.0 
3 4.7 5.0 2.0 4.7 4.5 1.0 0.1 1.0 0.0 

1964 1 '1.2 1.6 1.8 60.0 40.1 11.6 13.4- 3.9- 0.1 
2 7g.4 67.9 34.0 23.3 - 0.1 0.0 
3 .1 4.5 1.3 18.1 5.3 1.4 0·3 0.0 0.0 

1965 1 3.4 1.9 11.0 6.4 15.5 20.5 7.3 9.1 2.6 
2 53.0 17.1 48.0 30.6 8.6 21.9 1.7 0.9 1.0 
~ 15.8 5.0 4.6 19.4 15.1 2.0 0.3 0.4 0.0 oJ 

1966 1 0.3 0.4 0.0 3.7 24.1 4.5 2.9 4.5 1.4 
2 16.4 20.7 9·7 13.7 1.3 0.0 
3 15.6 7·9 3.1 7.1 6.8 1.1 0.2 0.0 0.0 

1967 1 79.6 8.0 0.0 32.4 3.0 2.0 0.9 0.0 0.0 
2 67.1 86.0 11.3 25.6 19.3 2.6 0.1 0.0 0.0 
3 2.7 7.7 3.3 4.3 24.2 6.0 0.1 0.2 0.0 

1/ Time period 1 = June 11-30; 2 = July 1-20; 3 = July 21-August 10 
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Table 9.--Mean catches of mature chum salmon nea~ Adak Island, 1961-67. 

Age of fish and distance (miles) from Adak 

Time Ae;e .2 Age .3 Age .4 
Year - period 0-10 11-20 21-50 0-10 11-20 21-50 0-10 11-20 21-50 

1961 1 0.8 1.0 22.3 18.4 7.2 4.6 
2 0.5 1.4 0.0 1.6 5.0 0.0 0.0 0.4 0.0 
3 0.6 0.0 0.5 3.7 4.0 3.3 0.0 0.0 0.0 

1962 1 10.8 2.6 2.1 10.2 1.7 0.8 0.5 0.1 0.0 
2 0.2 0.2 0.0 0.1 0.3 0.1 0.0 0.0 0.0 
3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 

1963 1 0.0 1.1 0.0 _ 0.0 4.2 0.7 0.0 0.0 0.0 
2 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 
3 1.4 4.5 0.0 0.6 0.0 0.0 6.0 - 0.0 0.0 

1964 1 2.5 2.3 0.1 21.1 5.5 0.0 0.8 0.8 0.0 
2 2.2 2.8 0.4 1.1 0.0 0.0 
3 0.6 0.6 0.0 0.3 0.4 0.0 0.0 0.0 0.0 

1965 , 0.1 0.1 0.0 1.3 2.4 0.0 0.0 0.1 0.0 ... 
2 0.2 0.3 0.0 0.5 0.6 1.3 0.0 0.0 0.0 
3 1.6 1.0 0.0 1.4 0·9 0.1 0.0 0.0 0.0 

1966 1 2.7 1.6 0.0 10.4 6.8 2.9 0.5 0.8 0.0 
2 0.4 0.3 2.3 2.6 0.0 0.0 
3 0.3 0.6 0.3 0.1 0.8 0.2 0.0 0.0 0.0 

1967 1 0.4 0.0 0.0 0.6 3.0 0.0 0.0 0.0 0.0 
2 0.9 0.7 0.0 0.7 0.6 0.0 0.0 0.0 0.0 
3 0.5 1.1 0.0 0.6 1.2 0.2 0.1 0.0 0.0 

,. 
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The average 1961-67 catches were lowest for the 21-50 mile intervals 

for all ages, mature and immature. Thus the average center of abundance 

appears to be within 20 miles of Adak Island. The major differences in catches, 

maturi~y, and age composition tend to occur between Junevs. July-August. 

Geometric means for these two periods are given in Table 10. Immature "chums" 

of age .1 tend to be less abundant in June than in July-August, whereas older, 

immature fish tend to be more abundant in June. Similar c~anges in abunda~ce 

occurred for immature sockeye salmon (ages .1 and .2) and after " 1967 sampling 

in June was discontinued--to concentrate fishing effort in July-August for 

our annual estimates of abundance (Rogers, 1968). 

Size 

Fish were measured while live (or shortly aftel' death) to the 

nearest 0.5 cm from tip of snout "to tail fork. With the exception of age 

group .1, only those length measurements accompanied by age determination 

were used in the analysis. The lengths of chum salmon of age .1 were 

usually sufficiently separated from older fish that age could be determined 

from length. To obtain the greatest range in dates, measurements made 

between M~ 30 and August 22 were used to calculate mean lengths by date for 

each age class. Lengths from mature and imillature fish were combined • 

. ' 
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Table 10.--Geometric mean catch (per set) for immature and mature chum salmon, 

taken 0-50 miles south of Adak Island. 

Fishing period Number Immature (by age group) Mature ~by age group) 
and year of catches .1 .2 .3 .1-~3 .2 - .3 .4 .2-.4 

June 11-30 

1961 17 0.00 3.32 13.35 15.85 0.86 21.59 6.68 27.83 
1962 14 5.16 23.94 0.74 31.61 4.28 3.00 0.22 6.93 
1963 7 2.36 21.04 1.38 37.45 0.53 2.00 0.00 2.27 
1964 24 1.42 35.68 4.55 51.48 1.59 6.12 0.55 7.74 
1965 19 2.73 12.72 7.63 43.23 0.12 1.67 0.08 2.11 
1966 20 0.32 7.63 3.20 11.18 1.88 7.96 0.51 14.05 
1967 6 25.91 14.71 0.55 39.01 0.26 0.74 0.00 0.85 
1968 .,. 

Geometric mean 2.52 13.58 4.07 29.23 1.06 4.02 0.14 3.00 

July 1 - August 10 

1961 18 3.72 9.51 2.35 16.09 0.54 2.67 0.04 3.09 
1962 30 4.85 2.54 0.00 '8.26 0.11 0.11 0.00 0.21 
1963 24 7.12 3.54 0.12 12.08 0.47 0.16 0.00 0.55 
1964 28 21.14 15.70 0.09 48.78 1.29 0.44 0.00 1.70 
1965 34 15.92 12.97 0.67 33.11 0.48 0.73 0.00 loll 
1966 26 9.84 5.56 0.19 17.29 0.37 0.72 0.00 1.06 
1967 42 17.31 12.26 0.07 36.02 0.56 0.55 0.02 0.86 
1968 56 7.50 4.65 0.04 13.55 0.65 0.22 0.01 0.87 

Geometric mean 9.28 6.96 0.32 19.61 0.53 0.58 0.01 1.05 
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A plot of the sample mean lengths .by date is shown in Figure 9 for 

age groups .1 and .2. Mean lengths of fish of age .2 tend to decline during 

June and increase in July and August. This ·pheno~en~n is caused mainly by the 

presence of a higher proportion of' maturing ·fish during June. A less-pronounced 

decline in length is evident for age .1 fis~ in late June or early July. The 

same population or mixture of stocks, with respect to length, evidently were not 

available during the entire period in which samples were collected. 

Sampling was conducted at a relatively fixed position, and the 

individual chum salmon moved continuously through. this area. Thus the decline 

and increase · in length is probably the result of the passage of a 

nonhomogeneous mixture of stocks, in which the a\~rage length of each stock 

differed from another at a given time. Such variation 1-TOuld be expected as 

ch~~ saL~on near Ada~ Island origiDute in ~ide3pread Asion coastal areas--from 

Honshu Island to the Anadyr River. These stocks vary as to spawning time, time 

of emergence, and probably as to their progress in oce&~ migrations ~~d feeding 

(Shepard, Hartt, Yonemori, 1968). 

The change in length during July and August was estimated from sample 

means (y) and coded dates (x) (where July 1 = 1, Aug. 1 = 32, etc), using a 

weighted linear regression analysis. Each observation was weighted by the nurr~er 

of fish in the length sample. A stunmary of the regression data is given in 

Table 11. All of the linear regressions for age group .2 were significant at 

the 95% level; the 2.961 and 1962 regressions for age group .1 were not significant, 

and only the 1961 and 1961-68 combined regressions for age .3 were significant. 

Analysis of covariar.ce indicated no significant differences in regression among 

years for age group .2, but significant differences in the yearly regress~Jns for 
" 

age group .1 were detected (primarily due to the regression lines for 1961 and 

1962) • 
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Figure 9. --Mean length o:f chum s·a1.mon o:f age .1 and .2 by date, 1961-68. 

Sample size :for each point ~ 10. Weighted linear regression 

lines :for .July 1 to August 22. 



41 

. . . . 
Table 11.--Chum salmon weighted linear regression of length on coded date for 

July 1-August 22 near Adak Island. 

Number Number Mean Mean Regression 
Age Year of samples of fish date length a . b Sxy Range of dates 

(n) (w) (x) (y) (x) 

.1 1961 11 175 18.9 336 330 0.33 10.6 3-53 
1962 11 506 6.6 318 319 -0.17 10.9 2-39 
1963 14 857 6.7 320 310 .1.45 10.7 2-38 
1964 16 495 21.4 336 301 1.63 15.9 5-46 
1965 22 814 15.1 324 308 1.06 12.7 1-48 
1966 17 396 17.2 329 317 0.69 8.3 8-38 
1967 17 368 12.0 327 315 1.04 6.8 1-43 
1968 19 657 20.0 329 284 2.21 8.6 8-42 

1961-68 127 4,268 14.0 326 310 1.15 12.3 1-53 

.2 1961 13 436 29.8 461 422 1.32 14.9 3-53 
1962 10 170 8.4 439 424 1.83 11.9 2-39 
1963 15 163 15.4 457 432 1.63 14.4 2-38 
1964 16 444 26.7 451 419 1.21 11.2 5-i.~6 
1965 21 542 22.0 448 418 1.34 10.2 1-48 
1966 17 235 24.2 458 425 1.35 15.8 8-38 
1967 13 98 27.0 460 429 1.14 19.1 1-44 
1968 17 279 22.9 461 425 1.57 13.1 8-42 

1961-68 122 2,367 23.4 454 424 1.26 13.9 1-53 

.3 1961 12 175 27.0 534 500 1.28 18.9 3-53 
1962 1 3 2.0 545 
1963 5 10 19.7 555 587 -1.62 24.6 2-35 
1964 8 12 23.5 586 582 0.17 47.7 10-35 
1965 16 53 22.9 527 512 0.67 29.9 1-47 
1966 10 23 21.2 588 586 0.11 40.4 8-38 
1967 6 17 29.1 568 533 1.20 48.8 2-44 
1968 7 13 21.7 542 482 2.78 38.7 8-33 

1961-68 65 306 25.1 542 523 0.77 33.0 1-47 
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Lander ~ ale (1966) estimated the average length and weight of chum 

salmon by age and maturity from samples obtained by gillnet and longline. Their 

samples were collected during June and July (1955-62) and eztimates were given 

for July 1. Mean lengths of age .1 and .2 chmn salmon on July 1 (a in Table 11) 

from the 'purse seine data are consistently smaller than means in Lander ~~. 

(1966, Table 15). 

Length and weight were measured on a s~~ple of 257 chum salmon 

collected in the 1965 seining. The fish ranged from 280 to 605 ' mm and included 

three ages (.1, .2, and .3). The c~lculated regression (loglO weight [gm] on 

log10 length [mm]) 'toras: ,logw = -5.73381 + 3.28822 leg 1. The 95% confidence 

intervals on the regression parameters were 

a = -5.96585, -5.50176 

b = 3.20082, 3.37562 

This weight-length relation waS used to calculate mean weights on 

July 1 and August 15. Estimates of growth ' rates for ages .1 and .2 were then 

calculated from length data. for each year (Table 12). 

Ricker (1964) estimated the average instantaneo'.lS gro'fth per month 

for chum salmon from re cords of length computed f!"om scale annuli and b = 3.2. 

His estimate of the average monthly rate in the final ye~ was 0.128. The 

£I.verage inst~'1taneous g!"owth rates per month .rere: age.l = 0.40 (excluding 

1961 and 1962) and age .2 = 0.31. 
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Table 12.--Growth of chum salmon near Adak Island based on within year estimates 

of growth in length (45 days). 

Ju1l 1 August 15 (1) . - - - - (- - '/-Age Year .. L1 WI L2 W2 L2-L1 \ L2-LV L1 

.1 1961 330 353 345 408 15 
1962 31·9 316 311 290 - 8 -
1963 311 290 377 547 66 
1964 302 264 376 542 74 
1965 309 284 357 457 48 
1966 318 312 349 424 31 
1967 316 306 363 483 47 
i968 . 286 220 386 591 100 

.2 
, 

1961 423 798 483 1,235 60 
; 

1962 426 817 508 1,458 82 
1963 434 869 507 1,448 73 
1964 420 780 475 1,169 55 
1965 419 774 480 1,210 61 
1966 426 817 4Q ..,. V I 1!269 {)l 

1967 430 843 481 1,218 51 
1968 427 823 497 1,357- 70 

(1) Percentage increase in length (45 day period). 

(2) Percentage increase in weight (45 day period). 

(3) Instantaneous growth rate for 45 day period. 

(4) Instantaneous growth rate for 30 day period. 

5 
3 

21 
25 
16 
10 
15 
35 

14 
19 
17 
13 
15 
14 
12 
16 

(2) (3) (4) 
W2-W1 (W2-WJ/~1 g45 g30 

55 16 .14 .09 
- 26 - 8 - -

257 89 .63 .42 
278 105 .72 .48 
173 61 .48 .33 
112· 36 .31 .21 
177 58 .46 .30 
301 169 .99 .66 

437 55 .44 .30 
641 78 .58 .39 
579 67 ·.51 .33 
389 50 .40 .27 
436 56 .45 .30 
1+52 C;C; .44 .30 // 

375 44 .37 .24 
534 65 .50 .33 

. 

. . 
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OCEAH DISTRIBUTIon t ABlJHDANCE t AnD grcWATIO!T OF SAIl-10N 

by R. French, R. Bak}~alat J. Dunn, and D. Sutherland 

The ocean distribution, abundance, and migration of- salmon was studied 

from the northeastern Pacific Ocean to the central Aleutian Islands durlnp; three 

cruises in 1969--~.finter (January 13-FebruaI"'J 16), spring (April 25-June 11), s.nd 

summer (July 3-August 15 and September 6-12). The spring cruise was the second of 

a series of cooperative studies between the Seattle Biolor,ic-al Labor8;tory and the 

Far Seas Fisheries Research LaboratoEY, Fisheries Agency of Japan. The primary 

objective of the three cruises was to study the distribution, abundance, and 

migration of Bristol Bay sockeye and other salmon in relation to environmenta.l 

features of the ocean. For the sprinr; cruise we report here only on the U.S. 

contribution to the cooperative research. Other objectives of the United States 

were to study the effects of predation on gillnet catches, to investigate dronout 

of salmon fron r;illnets, and to compa.re indices of relative abundance of salmon 

from catches by gillnets a~d purse seines in t~e same area. 

Fish gear and naturity criteria 

Fishin~ gear 

Sampling g_ear for the three cruises consisted of gillnets of dil~ferent 

combinations of mesh sizes to adequately sample the sizes of salmon available each 

season. The mll"tbers of 50-fathom (91 m) s~'lackles in the complete strinr,s of gee,r 

are sur:mtarized in Table 13; fe"rer shackles were fished in SOI!'.e sets. The deen 

net sections were three shackles deep, each o~ which "as ser>arated by about 

1/2 meter of 8-1l:ch !'lesh Hehhinp: Hhich creA.ted an openi.nr; hp.t"reen she.cl:lcs. This 

extended the depth of fishintr. to 23 n or thr.ee times that of the regular strinf". 
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Table 13.--Numbers of shackles of gillnet fished in winter, spring, and summer 

of 1969 by type and by size of mesh. 

Mesh size in inches and {mm) Total 
Season Type of gillnet 2(51) 2#(64) 3t(83) 3 7/8(98) 4!(114) 5t(133) shackles 

Regular string~ 4 4 4 4 4 4 24 
Winter Experimental section 

Deep nets,!! 3 3 3 3 3 3 18 

Total 7 7 7 7 7 7 42 

Regular strin;! 5 5 5 5 .5 25 
Spring Experimental section 

Monofilam!jt nets 1 1 2 
Deep nets l 3 3 3 3 3 15 

Total 0 8 8 8 9 9 42 

Regular string.!,! 8 8 8 8 32 
Summer Experimental section 

MOnofilameqt nets 2 2 
T'I __ ~ ~_+~~ ~ 3 ::s 3 12 ,uC~l-' .!..Le .... ·0 oJ 

Total 0 11 11 0 13 11 46 

11 Multifilament netting. 
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Maturity criteria 

Haturity of sockeye salmon taken in vTinter was determined by the same 

methods used for salmon taken in the winter cruise of 1967 (French ~ al., 1969). 

All chum sall'llon caue;ht in ,-Tinter 1969 vrere ap;e .1 and assl.lI'led to be iMmature. 

Maturity criteria of sockeye and ChUI!l salmon taken in spring were the 

same as those used to classif'J fish caue;ht in sprine; 19613 (French et ~ .. , HS. 

1969). For fish caught in summer i,e used maturity criteria as used by .Tapan to 

classify sockeye and chum salmon taken by the mothership fishery (Takagi, 1961). 

Catch results 

Salmon and steelhead trout catches for the winter, sprinr;, and Sl.lJnmer 

cru.i.~cs c'!'e r;i. vpn j n '['l1.blp.f-l 14 to In. Duri.ng the ,·Tinter cruise in the northeastern 

Pacific Ocean from lJ~5° to l65~·T, sockeye salmon prenol"'.inaten in the catches 

(85%), followed by coho (9%) and chum salmon (5%). During spring at stations 

from 155 0 to l76°W, sockeye and chum salmon predoMinated (57 and 35%, respectively). 

Summer catches were predominantly soc}:eye and chum salMon and, as normal for this 

season, prinaril~r immature fish. 

Relative ahundance of salmon caught in gillnets . as shown in figures is 

the catch ner unit of effort in which the values are the SUMS of the average 

catch per shackle in each mesh size. 



Table 11~.--Catches of salmon and steelhead trout by the U.S. research vessel George B. Ke1ez, 
January-February 1969. . - -----

Position Surface SEecies 
temp. No. of 1./ 

Set Date oN oW ' C shackles'~- Sockeze Chum Pink Coho Steelhead Total 

1 1/13 54°18 ' 145°37 ' 3·3 42 13 0 0 0 0 13 
2 1/14 55°07' 147°22' 3·2 42 4 0 0 0 0 4 
3 1/l5 56°10' 149°13' 3·9 42 3 0 0 0 0 3 
4 1/16 57°09' 150°44' 4.8 18 5 8 0 0 0 13 
5 1/22 55°30' 154°59' 4.4 18 1 O · 0 0 0 1 
6 1/24 55°10' 155°01' 4.1 18 6 12 0 0 0 18 
7 1/25 54°15' 155°00' 3·0 42 16 1 0 0 0 17 
8 1/26 53°00' 155°00' 3·1 42 15 6 0 0 0 21 
9 1/27 51°35' 154°58 ' 3.6 39 47 0 0 0 0 47 

10 1/28 50°12' 154°55' 4.3 24 89 0 1 20 1 111 
11 1/29 49°00' 155°00' 5·1 39 60 0 1 15 1 II 
12 1/31 47°00' 154°59' 6.2 24 1 0 1 0 5 0 6 
13 2/11 53°30' 165°00' 3.1 24 1 0 0 0 0 1 
14 2/13 51°00' 165°00' 3.6 36 56 0 0 0 0 56 -'='" \() 

15. 2/15 50°00' 165°00' 3.8 36 39 0 0 0 0 39 
16 2/16 49°01 ' 164 °58' 4.0 24 72 0 1 4 0 77 

Total 428 27 3 44 2 504 

!I Sets that contained over 24 shackles included the deep net section. 
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Table 15. --Catches of salmon and steelhead trout by RV George B. Kelez, 

April-June 1969. -
Position Surface SEecies of salmon · 

Set ' temp. ' No. of " Chin- Steal-
no. Date .. oN ' ", OW / C shackles!isockele Chum Pink nook head Total 

r 4/25" ,55°10' 155°00' 4.7 42 ' 73 4 0 0 Q 77 
2 4/26 54°00' 155°00' 3·5 42 31 0 0 0 0 31 
3 4/27 52°40' 155°00' 3·7 42 31 1 0 0 0 32 
4 4/28 51°40' 155°00' 3·7 42 23 0 0 0 0 23 
5 4/30 50°00' 155°00' 4.2 42 22 1 0 0 0 23 
6 5/4 46~00' 164°59' 5.4 42 17 0 3 0 0 20 
7 5/5 47°00' 165°00' 5.4 42 19 10 1 0 0 30 
8 5/6 48°00' 165°00' 4.5 42 13 18 8, 0 0 39 
9 5/7 49°00' 165°00' 4.7 42 21 33 2 0 0 56 

10 5/8 50°00' 165°00' 4.5 42 85 40 1 1 0 127 
11 5/9 51°00' 165°00' 5·0 42 32 17 0 0 1 5,0 
12. 5/10 52°10' 165°00' 5·3 42 17 5 0 1 0 23 
13 5/11· 53°21' 165°07 ' 4.4 27 " ·0 0 0 0 0 0 
14 5/15 53°30' 165°00' 4.6 27 0 0 0 1 0 1 
1-5 5/17 51°16' 164°45' 4.3 42 , 11 8 1 , 0 0 20 
16 5/18 52°30' 165°00' 4.2 42 12 11 1 0 0 24 
17 5/22 50°00' 165°00' 5·0 42 30 26 13 0 0 69 
18 5/23 50°45' 165°00' 4.8 42 72 51 12 0 0 135 
19 5/24 51°30' 165°00' 4.6 42 39 60 0 0 0 99 
20 5/25 52°15' 165°00' 4.8 42 28 10 0 2 0 40 
21 5/26 52°42' 165°00' 5·2 42 24 ' ." 0 0 0 35 1.J. 

22 5/27 52°45' 167°00' 5.6 27 9 4 0 0 0 13 
23 6/2 51 °30' 176°20' 6.3 27 4 0 1 0 0 5 
24 6/4 50°30' 176°20' 5·5 42 4 14 10 0 0 28 
25 6/5 50°00' 176°20' 5.0 42 10 9 1 0 0 20 
26 6/6, 50°45' 1'(6°20 ' 5.6 42 1 1 0 0 0 2 
27 6/7 51°20' 176°20' 5·5 27 3 2 1 0 0 6 
28 6/8 50°05' 176°20' 5·3 39 1 1 5 0 0 7 
29 6/9 50°35' 176°20' 5·3 39 29 69 25 0 0 123 
30 6/10 51°02' 176°20' 5.8 39 1 0 1 0 0 2 
31 6/11 51°30' 176°20' 4.4 27 . 0 0 0 0 0 0 

Total 662 406 86 5 1 1,160 

1/ Sets that contained over 27 shackles included the deep net section. 



Table 16.--Catches 0f;salmon and steelhead trout by RV Mt11er ~Teemarr and RV Ceorge ~. Ke1ezj 
and September 19691 " I·. ' 

July, August, 

Position Surface SEecies 
Set temp~ No. of 2/ 
no. Date oN ., , OW C shackles- Socke~e Chum Pink Coho Chinook Steelhead Total fish 
1 7/3 .51°15' 176°22' 7.5 46 116 20 2 0 0 0 138 
2 7/4 50°10' 176°22' 7.0 46 75 219 10 • 4 0 0 308 
3 7/5 48°40' 176°23' 8.2 46 , 4 69 0 12 1 o " 86 
4 7/6 '49°35 ' 176°2~' 7.9 46 23 304 9 1 2 1 340 
5 7/7 50°39 ' 176°20' 7.8 . 46 45 42 21 4 0 0 112 
6 7/8 51°02' 176°22' 7.8 46 21 5 0 0 0 0 26 
'"( 7/9 51°25' 176°22' 8.0 26 II 5 0 0 0 0 16 
8 7/10 51°32' 176°22' 7.4 26 138 ' 74 3 0 0 0 215 
9 7/11 50°52' 176°22' 7.4 26 12 77 1 0 0 0 90 

10 7/12 51°25' 176°22' 6.4 26 6 19 1 0 0 0 26 
11 7/13 51°15' 176°22' 7.7 26 148 40 0 0 0 0 188 
12 7/14 50°52' 176°22' 7.8 46 51 15 0 1 0 0 67 
13 7/15 50°40' 176°22' 7.7 46 5 2 0 0 0 0 7 
14 7/18 51°00' 176°22' 8.7 46 242 15 0 13 0 1 271 
15 7/19 50°10' 176°22' 8.3 46 - 78 6 0 ,4 0 2 90 
16 7/20 48°40' 176°22' 9.1 46 1 2 0 52 ' 1 3 59 
17 7/21 51°32' 176°22' 5·7 26 0 0 0 0 0 0 0 V1 

18 ,7/22 51°25' 176°22' 8.8 26 34 0 0 0 0 0 34 I-' 

19 7/23 51°00' 176°22' 8.6 26 11 0 0 0 0 0 11 
20 7/24 50°40' 176°22' 8.8 46 38 2 0 0 0 0 40 
21 7/25 50°10' 176°22' 9·5 46 247 15 0 31 3 0 2,96 . 
22 7/26 50052 ' 176°22' 9·3 46 112 1 0 2 0 1 1'16 
23 7/27 51°15' 176°22' 9.5 26 306 , 4 0 1 0 0 311 
24 7/28 51°32' 176°22' 8.6 26 0 0 0 0 0 0 0 
25 7/29 51°35' 176°22' 10.2 26 18 125 2 8 1 0 154 
26 7/30 51°25' 176°22' 9.5 26 44 5 0 4 0 0 53 
27 7/31 51°00' 176°22' 10.6 26 256 10 0 18 2 1 287 
28 8/3 51 °32' 176°22' 6.7 26 0 2 0 0 0 0 2 
29 8/4 51°15' 176°22' 10.2 26 754 11 1 65 2 3 836 
30 8/6 50°10' 176°22' 10.4 38 21 45 0 21 2 0 89 
31 8/7 50°43' 176°22' 10.6 38 243 23 0 11 1 1 279 
32 8/8 51°00' 176°22' 37 230 4 0 2 0 4 240 
33 8/9 49°30' 176°22' 11.3. 37 45 10 0 7 0 0 62 
34 8/10 51°35' 176°22' 25 12 19 '0 1 0 0 32 
35 8/11 51°25' 176°20' 11.3 25 173 50 0 24 1 1 249 
36 8/12 51°32' 176°22' 9·3 25 516 428 0 1 0 0 945 
37 8/13 51°15' 176°22' 12.2 17 83 20 0 1 0 2 106 
38 8/14 50°45' 176°22' 12.1 17 59 4 0 2 1 0 66 
39 8(.15 51°20' 176°22' 7.4 17 137 4 0 0 0 0 141 
Total July-August) 4,315 1,696 " .50 . 2go ·,· 17 20 6,388 



Table l6.--catches of,salmqn and steelhead trout by RV Miller .Freeman and RV George ~. Kelezj July, August, . 
and September 1969! -Continued .. 

Position Surface SEecies 
Set temp. No. of gJ 
nO. Date oN °VT C shackles Sockeye Chum Pink Coho Chinook Steelhead Total fish 

40 9/6 50°20' 162°30' .13.1 36 6 5 0 . 0 0 0 11 
41 9/7 51°00' 160°00' 12.7 36 r{ 17 0 0 0 0.· 24 
42 9/8 51°30' 160°00' 12.4 36 44 49 0 0 0 ' · 2 95 
43 9/10 52°30' 160°00' 11.9 36 147 80 0 1 0 1 229 
44 9/11 53°00' 160°00' 11.7 36 113 18 0 1 0 4 136 
45 9/12 53°30' 160°00' 11.5 36 12 20 0 1 0 1 34 

Total (September) 329 189 0 3 0 8 529 

Y. The RV Miller Freeman fished sets 1-27 and the RV !1eorge ~. Kelez. sets 28-45. g; Sets that contained over 24 shackles included the deep net section. 
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Distribution and abundance of salmon 

Sockeye .salmon 

Winter.--Sockeye salmon were captured at all stations fished in 

January and February (Fig. 10). The four sets southeast of Kodiak Island 

produced small catches of immature and maturing sockeye salmon. Age composition 

of the winter catches -(Table 17) revealed that the irnrnatures southeast of Kodiak 

Island were age .1 fish and the matur;i.ng fish were ages .3 and .4. Along lsSOVr, 

immature'S were taken at all stations fished; abun'dance was low north of 51°n and 

'highest near 49° and SOoN. The north-south distribution of irnnatures along this 

longi tude was wider in 1969 than in winter 1967. In 1967, irnrnatures \-Tere only 

taken south of soon (French et a1., 1969) but largest catches were at similar 

latitudes each year (near h9°I'T). Along 165 cH, "here samnling vas lirr.ited by 

unfavorable weather in 1969, imrnatures appeared to be more abundant in ~"aters 

south of soon. 

Hatwing sockeye salmon were not as widely distributed as imrnatures 

along l5S<>t:·T. They "rere not taken in the Alaskan Stream nor south of 119°rr. Host 

maturing fish "Tere betvreen SOO and 5sorr "rithin the Ridge and Hestern Subarctic 

water, and greatest concentrations appeared to be near SOoN'. The abrupt chanr;e 

in abundance from the Hestern Subarctic to the Transition Area may have SOrle 

sign~ficance although the distribution of inmatures appeared not to be influenced 

by this boundary. Maturing fish "Tere taken at all stations fished alonr; 16SoT.!; 

areas o.r gr~atest concentration "Tere not clearly defined but good catches \"e!"e 

made fran If~o to 51 on, at latitudes where maximtlJ'l concentrations "iere also found 

alone; l55°H. 
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Table 17.--Age compos it ioril (by ocean age [a] and freshwater age [b] groups} of sockeye salmon taken in 

" 

winter, spring, and summer 1969. 
[a] Ocean age srouEs 

No. in Immature No. in .... '. '." ..... . ..... ". Ma.turirt~ · . . .. . . . 
Season Time Eeriod Lons· samE1e . Age . ~ 1 . . Age . ~ 2 . Age ' ~3 ' . . . sample . . Age . ~ 1 . . Age . ~ 2 . . Age . ~ 3 . . Age .4 

Percent Percent 

Winter Jan. 13-16 145°W-150ow 6 100.0 0 0 11 0 0 90.9 9.1 
Jan. 22-31 155°W 107 60.7 39.3 0 107 0 64.5 35.5 0 
Feb. 11-16 165°W 32 78.1 21.9 0 119 0 68.1 31.9 0 

Spring Apr. 25-30 1550W 0 12h 0 43.5 56.5 0 
May 4-26 165°W 30 16.7 83.3 0 276 2.2 70.8 26.2 0.7 
June 2-11 176°22'W 4 100.0 0 0 26 0 65.4 34.6 0 

Summer July 3-10 176°22'W 365 82.6 17.0 0.5 
July 11-20 176°22'W 485 78.3 21.2 0.6 
July. 21-31 176°22'W 1,004 8,7.6 12.2 0.2 
Aug. 1-10 176°22'W 1,176 76.3 23.6 0.2 VI 

Aug. 11-15 176°22'W 955 91. 7 . 8.3 0 .j::"" 

4 

1/ Based on catch per unit of effort, giving equal weight to each mesh size. 
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Table 17.--Age composition-(by ocean age [a] and freshwater age [b] groups} of sockeye salmon taken in winter, 

spring, and summer 1969.--Continued 
[b] Freshwater a~~ ~rou12s . . . . . . . . . . . . . . . . . .. . . . . . . . . , 

Freshwater age Freshwater age Freshwater age 
No. in of -.1 fish No. in of .2 fish No. in of .3 fish 

Season Time period LonS· sam121e 0.1 1.1 2.1 3.1 samEle 0.2 1.2 ' . ' 2~2 ' ' 3~2 ' ' sample 1.3 2.3 3.3 
Imma.ture 

Percent Percent Percent 

Winter Jan. 13-16 145°W-1500W 5 0 57.9 42.1 0 0 0 0 
Jan. 22-31 1550W 63 0 35.2 60.2 4.6 40 0 70.0 30.0 0 0 0 
Feb. 11-16 165°W 23 0 17.4 82.6 0 7 0 42.9 57.1 0 0 0 

Spring May 4-26 165°W 5 0 40.0 60.0 0 25 0 48.0 48.0 4.0 0 0 
June 2-11 176°22'\>1 4 25.0 25.0 50.0 0 0 0 0 0 

"-

Summer July 3-10 176°22'W 263 0.3 15.2 80.7 3.7 62 0 39.0 54.5 6.4 2 50.0 50.0 0 
July 11-20 176°22'W 305 0 16.8 81.2 2.0 98 0 55.0 45.0 0 2 100.0 0 0 
July 21-31 176°22'W 788 0.1 15.8 82.7 1.3 114 0 6'2.6 33.2 4.1 2 50.0 50.0 0 
Aug. 1-10 176°22'W 817 0 18.5 80.3 1.2 253 0 58.9 40.7 0.4 2 0 100.0 0 \Jl 

Aug. 11-15 176°22'W 798 0.1 17.1 81. 7 1.1 50 0 70.0 29.9 
\Jl 

Maturing 

Winter Jan. 13-16 145°W-150OW 0 0 10 70.0 30.0 0 
Jan. 22-31 155°W 0 69 0 53.6 43.5 2.9 37 64.9 35.1 0 
Feb. 11-16 165°W 0 79 0 53.2 43.0 3.8 37 54.1 43.2 2.7 

Spring Apr. 25-30 155°W 0 ... . ... 54 o. 25.9 74.1 0 70 61.4 38.6 0 
May 4-26 165°W 6 16.7 83.3 0 192 1.0 53.1 42.2 3.6 71 54.9 45.1 0 
June 2-11 176°22'W 0 17 0 47.0 47.0 5.9 9 77.8 22.2 : 0 

1/ Based on catch per unit of effort, giving equal weight to each mesh size. 
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The north-south distribution of sockeye salmon along 155°W varied ~y 

ocean age and maturity (Fig. 11). Main concentrations of age .1 and .2 immatures 

occurred together and farther south than other age and maturity groups. The age 

.2 maturing sockeye salmon were between immatures and age .3 maturing fish, that 

occupied the most northern part of the distribution. Similar findings were made 

in winter 1967 in this area (French et ~., 1969). 

Spring.--We had anticipated relatively large catches of immature age .1 

sockeye salmon, the progeny of the large escapement of sockeye salmon to Bristol 

Bay in 1965. None of the stations fished by the Kelez produced large catches, 

however (Fig. 12). Immatures were most numerous on 165°W in Transition water 

(46° and 47°N). None were taken on 1550W and only a few at one station on 176°22'W. 

The ~"...!!!lber of immature sockeye taken and the brood years represented are shown 

below. 

Brood lear 

Ocean age 1263 1964 1265 1966 1967 Unknown 

.1 0 0 4 3 1 1 

.2 1 12 13 0 0 0 

Total number 1 12 17 3 1 1 

Only nine age .1 fish and 26 age .2 immatures '.rere caught. Fish from the 1965 

brood year accounted for about half the total catch of immatures. 'l'hese results 

indicated that the expected large number of i~~atures from the 1965 spawning in 

Bristol Bay were not in these waters or for other reasons were not available to 

our gillnets. The Hokko Maru, also using gillnets, took greater numbers of age .1 
. 2/ 

fish in May on 175°W from 44° to 46°N.-

~/ Data on file, U.S. Fish and Wildlife Service, Bureau of Commercial Fisheries, 

Biological Laboratory, Seattle, Washington. 
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Maturing sockeye salmon were much more 'abundant and north of the 

~atures,in the spring. The north-south distribution of maturing fish appeared 

to differ along each longitude fished in 1969, perhaps because different stocks 

or different mixtures of stocks were sampled. On 155°W in April, the largest 

catch of maturing fish was made in the Alaskan Stream near 55°N; south of this 

iatitude to 50oN, catches were nearly uniform and smaller. Along 165°W in May, 

stations in the Alaskan Stream produced no fish ~n two sets and a small catch in 

a third set. South of the Alaskan Stream, maturing fish were taken consistently 

in the Ridge Area and were most abundant in the Western Subarctic Area; they also 

extended into the Transition Area in small numbers.· 

Along 176°22' W in early .June, abundan~e was lower than at the more 

easterly longitudes, ~~'hich indica-r:ed tto.t large numbe,rs of maturing sccke:re 

salmon did not move through the area south of the central Aleuti~~ Islands in 

spring 1969 • . 

Seasonal changes in distribution of sockeye salmon were apparent from 

differences in catches between winter and spring. Immatures were taken from 

55°30' to 47°N along 155°W in winter, but none 1.rere caught from about 550. to 50 0 N 

in spring" They may ha'ie moved south o~ 50 0 N by spring, similar to their 

location along 165°'11. On 165°W, an apparent southward shift in distribution of 

immatures took place from winter to spring. In winter they were taken at 50 0 N 

and 49°U but in spring they were largely south of 48°N. 

' . 
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The distributioc of maturi~g fish also'changed on 155°W between winter 

and spring' but no apparent change took place along 1650.111. Along 155°W, maturing 

sockeye s"almpn were not taken in the AJ askan Stream in winter but increased 

southward from the Stream and reached a pe~~ of abundance in the Western Subarctic 

water near 50 0N (Fig. 10). In spring maturing fish were most abundant in the 

Alaskan Stream and were less abundant to the south (Fig.12). The seasonal 

variation in distribution along 155°W was also accompanied by a change in ocean 

age composition from 64% age .2 fish _in Winter to only 43% age .2 in spring 

(Table 11). ' These changes indicated that different groups of fish were sampled 

Slong 155°W in winter and spring and perhaps shows that different stocks 

predominated in this area each season. 

Along 1650W the distrib1.4.tion of maturing sO,ckeye salmon was a.pparently 

much the same from winter to spring although the limited sampling in winter makes 

a seasonal comparison difficult. In winter, large catches were made from 49° to 

51 0 N (Fig. 10) and in spring from 50° to 510 N (Fig. 12). Ocean age composition 

did not change substantially on 165°W between winter (68% age .2 fish) and spring 

, (71% age .2 fish), suggesting that the same stock of sockeye salmon (probably 

Bristol B~ fish) predominated in these waters bott seasons (Table 17). 

The separation of immature and maturing fish was more pronounced in 

spring (Fig. 13) than in winter (Fig. 11), which appeared to result mainly from a 

southward movement of immatures. In addition the separation of maturing fish by 

age gro~p was less apparent in spring. Whereas in winter maturing age .2 fish 

were intermediate between maturing age .3 fish to the north a!ld immature fish to 

the south, spring distributions of the two maturing age groups ,.ere similar 

although age .2 maturing fish extended farther south than the age .3 fisr. 
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The spring studies in 1968-69 have led to tentative conclusions ree;arding 

the migrations of maturing sockeye salmon of Bristol Bay origin. Sockeye salmon 

were absent or in 1m·T abundance in the Alaskan Stream in Hay south of the eastern 

Aleutian Islands (Fig. 12). Sampling in 1968 (French et ~., MS. 1969) sho'toTed that 

by early June the maturing sockeye salmon were concentrated in the Stream and 

northern Ridge Area on their migration to inshore 1-Taters. The 2 years of data 

suggest that the maturing fish in this area, a substanti.al proportion of vhich 

are probably of Bristol Bay origin, remained south of the Alaskan Stream until 

late r.1ay or early June; about a month be:fore t hei r arrival in Bristol Bay they 

moved northward or northwestward into the Alaskan Stream on their shore1·rard 

migration. Fish destined for Bristol Bay from the area of l65°H and eastward 

would not be able to reach Bristol Bay in the accustomed tirte if they were to 

:nigrate ,\leSt1mrrl past the central l\le t.:.tiit.n Islands and northvard throuGh vest e rn 

Aleutian passes. Therefore, Bristol Bay fish that were eastward from 1650W in 

late f-1ay must have used eastern Aleutian passes in 1968-69 to reach Bristol Bay. 

Stumner. --In July and August, sanpling ~·ras restricted to waters south of 

Adak IslarJ.d along 176°22 'H. Fishing was concentrated north of 50 0 n and apportio!"led 

among the oceanographic features in this area--Alaskan Strea..-" Ridge, and Hestern 

Subarctic Areas. 

Haturing sockeye salMon essentially left these waters by July but may 

occur in SMall numbers. In 1969 occasional catch~s of frOM 1 to 11 mature fish 

per set were made :from 49°35' to 51°25'N. 
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The catches of immature sockeye salmon ... Tere mainly age .1 fish and 

primarily ·of the 1965 brood year. The proportion of age .1 fish ranged from 76 

to 92% of catches by lO-day period in July and August (see Table 17) : A 

consistently high proportion (about 8c%) of the age .1 sockeye were fish that had 

migrated to s~a in their third year (age 2.1 see Table 17). ' Thirty-nine to 70% 

of the catches of age .2 immatures (age 1.2 see Table 17) ,were fish of the 1965 

brood year. 

The distribution and chang~s 1n aqundance of immatures south of Adak 

Island (Fig. l~ were similar to those observed in most previous summers. The 
, 

immatures were distributed over the three oceanographic areas sampled; the 

largest catches of age .1 fish ,rere near shore and those for age .2 immat\lreS 
,. 

farther offshore. Abundance incr~ ~sed through July and was highest in August. 

The greatest concentratior..s of immatures varied by ocea.'1ographic area 

as was noted in'summer 1968 (French et al., ~m. 1969). In early Jtuy they were 

most abundant in the Alaskan Stream, but fro:n mid-July to early August they were 

more abundant in the Ridge Area. From August 11 to 15, greatest concentrations 

had shifted back to the Alaskan Stream. Thus, south of Adak Island the movement 

of i!llI1:ature sockeye salmon in summer, which is primarily vTestward, occurs not only 

in the Alaskan Stream but also in the Ridge Area. 
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The relative abundance of age .1 and .• 2 irnnature sockeye salmon along 

176°22 q" vas higher in sUl'llrler 1969 than in 1968 in each of the lO-d'ay fishing 

peri'ods (Fig. 15). The large catches of iIllM.ature fish in summer along l76°22'H 

in contrast to the loy catches in spring along l650W make it apparent that the 

spring samples did not reflect the general abundance of immatures in the North 

Pacific Ocean. 

The RV George B. Kelez made an additional six sets along l60~{ (one 

set was on l62°30'W) from September 6 to 12. Sockeye salmon were primarily in 

the Ridge Area; catches in the Western Subarctic and Alaskan Stream were much 

smaller, but these oceanographic features yere not sampled as yell as the Ridge 

(Fig. 16). The ocean age composition of fish along l600W Vas different from 

that of fish sampled south of Adak Island in July and August. On 160°'" about 

50% of the ca.tches 1·rere a.ge .1 fish; south of l,-dak Island, froJll 76 to 9;:>% Yp.1:"p. 

age .1. This may indicate different mixtures of stocks were sampled in the two 

areas. 

Chum salmon 
f 

Hinter.--Only 27 chum salmon yere captured during the i.rinter cruise 

(Table III). J\.ll were age .1 inrnatures and were captured at or north of 53°r-r 

in three sets along 155°1,oT and in one set at 1500 4h'H. Along 155°1-! t~e three 

catches of immature churn salmon yere in the Alaskan Stream, in the Ridr,e, and 

in the area of recirculation. These locations of ca.pture contrast to yinter 

1967, when no churn salmon were caught north of 50 0 30'II (alonf, 155°",) and their 

greatest abl.,lIldance ifaS near ll8°rr in the Subarctic Current. As in 1967, hm.fever, 

chum salmon yith the exception of one fish vrere not captured ,·rest of 155°1-1 (the 

second sampling line vTaS alonr; l/)?o~'T in 1967 and 165°H in 1969). 
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Spring.--In April, maturing chum salrton ~"ere captured in small numbers 

along 15?OVT in the Alaskan Stream, in the area of recirculation, and in 

Transi tion water (Fig. 17). Along 165°v1 in Hay, maturing fish were captured in 

all water masses. The largest catches .Tere made in the v1estern Subarctic. Along 

176°20'W in June, catches of maturing chum salmon' were small; they were caught in 

the Alaskan Stream, Ridge, and "'estern Subarctic, but catches .Tere greatest in the 

Ridge. The distribution of maturing chum salmon along 165°1'1 in Nay was similar in 

1968 and 1969. In both years, maturing fish were apparently concentrated near 510~; . 

however, "the water masses .There maximum catches occurred were different. In 1968, 

the Ridge extended south to near 50 0 N; in 1969, the Ridge extended only to 52°15'N 

and the Ivestern Subarctic extended south to near 50 0 N. 
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Of interest in spring was the lack of immature fish. ' Only a single 

immature chum salmen (age .2) was captured during the entire cruise. Thi.s fish 

was captured in the Ridge on June 9 along '176°20'W. Thus no immatures were captured 

along 165° or 155OW, although they were taken along 155°W in winter. 

The percentage age composition of maturing chure salmon in spring 1969 

is shown' in Table 18. Age.3 fish dominated catches at most stations and in 

most water masses. Most of the age .2 ma.turing chum salmon were in the Western 

Subarctic and ' Transition water along 165°W. 

Summer.--Chum salmon catches in summer were predominantly of immature 
, , 

fish. From July 1 to 10, catches of immature chum salmon_were greatest near 

49°30'N in Weste'rn Subarctic water, but some were taken at all stations (Fig. 18). 

Age .1 fish predominated all catches in this sanrpling period. In mid-July, 

catches of all age groups in general (and age .2 and older fish in particular) 

decreased from the previous 10-day period. The largest catches of age ~l fish 

were near 50 0 5C'N in Ridge water, a northward shift from the previous period. 

Catches of immature chum salmon declined sharply in the Ridge and \-Jestern Subarctic 

in late JulJr a.'1d early August, although the range of sampling did not extend as 

far south as in previous periods. l:n late July the largest catches were made in 

the Alaskan Stream, a nertl:1warcl shift in concentration over that of the 'previous 

period, whereas in early August catches were similar at most samplirlg stations. A 

change in age composition occurred in early August as age .2 immatures became 

predomi.nant (Table 19). In mid-August, catches of a.ge .1 end .2 immatures in(~reased 

in the Als,skan Stream, but not in other areas, and age .2 fish were predominant 

in all catches. 
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Table 18 .--Percentage age 11 composition of maturing chum salmon by 

oceanographic area, spring 1969. 

Number Number Ocean age 
Area Month Water area of of Total 

sets fish .2 .3 .4 
Percent Percent Percent Percent 

155"W April Alaskan Stream 1 3 100.0 100.0 

Ridge 1 0 0 

Western Subarctic 2 1 100.0 100'.0 

Transition -1 1 100.0 100.0 

Totals 5 5 50.0 50.0 100.0 

165"W May Alaskan Stream 3 3 25.0 75.0 100.0 

Ridge 2 18 66.7 33.3 100.0 

Western Subarctic 6 124 12.6 83.5 3·9 100.0 

Western SUbar3Jic/ 
Transition 2 2 58 19.6 76.8 3.6 100.0 

Transition 4 56 39.6 58.3 2.1 100.0 

Totals 17 259 19.5 75.2 5.3 100.0 

176"W June Alaskan Stream 3 2 100.0 100.0 

Ridge 4 55 24.4 73.2 2.4 100.0 

Western Subarctic 2 6 66.7 33.3 100.0 

Totals 9 63 26.7 71.1 2.2 100.0 

11 Based on catch per unit of effort, giving equal weight to each mesh size. 

g/ Catches near the boundary .of the Western Subarctic and Transition water. 
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19. --Percentage 
1/ 

of immature chum salmon in gillnet catches Table age composition-

by 10-day periods, summer 1969. 

Number of Number Ocean a5e 
Time g111net of fish Total 

period sets caught .1 .2 .3 .4 

Percent Percent Percent Percent Percent 

July 3-10 8 536 75.7 22.4 1.9 0 100.0 

July 11-20 8 153 89.5 8.5 1.3 0.7 100.0 

July 21-30 11 114 81.4 15.7 2.1 0.7 100.0 

August 1-10 7 81 7.4 80.2 12.4 0 100.0 

August 11-15 5 .469 19·2 79.7 10.1 0 100.0 

Totals 39 1,353 55.7 2.2 0.2 100.0 

11 Based on catch per unit of effort, giving equal weight to each mesh size. 
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Immature chum salmon in 1969 'toTere distributed some"rhat differently from 

1968, yet the changes in relative abundance with time remained sini1ar. The 
. 
catches in both years indicated that areas of greatest abundance of immature chum 

salmon 'fluctuate among the water masses durinr, the season (French ~ a1., MS. 

1969). Age composition by la-day period 'ioTaS similar in early and mid-July of 

1968-69. In 1968 the relative proportion of age .1 immatures in the gil1net 

catches declined in late July and early August, but this age group ioTas doninant 

in mid-August in contrast to 1969 when age .2 fish predominated in mid-August. 

Relative" abundance of immature chum salmon over the entire sanp1ing season, as 

'inferred from gi11net catches, was greater in 1969 than in 1968. The average 

catch per unit of effort in 1969 was 2.79 for age .1 fish and 2.58 for age .2, 

. as opposed to 1.21 (age .1) and 0.52 (age .?) in 1968. 

Late surnmer.--Chum salmon (primarily immature) were captured at all 

fishing stations in early September (Table 16). The largest catches were in the 

Ridge and Area of ~ecirculation, bet1reen 51 oN and 53°N (Fig. 19), although fishing 

in the Alaskan Stream ,.,as limited to one station. Catches of chum salmon were 

primarily age .2 or older (75% age .2 or older; 25,% age .1); the predominance 

of age .~ and older fish was similar to that observed south of Adak Island in 

August. 

, ! 



D 

~k' 
~~~ 
~-

II 
~.Ot!l 

I-------------+------------~~~~~~--_u~ ---------+------------+------------1550 . 
N 

R\DGE -----=---.......4;;:. ~R~E~CIIRCUL TION 

I ____ ~· __ \ W~ES~T~R~N~SU~B~A~R~C-T-I +_IN-T-R-U-S-IO-N--~---------+----------r----------1500 
-

;RANSITIONL:~,~ I I I ! I 

o 5 10 
CPUE 
Ie" :] 

I AG E..2 AGE.! 

~---~. -- _--~_ .. _-- L-______ ~.~-- ~ .. -~_.~ __ ~I _____ ~ __ _ --_--~-~.-~_~_.-~~~~~~450 

Figure 19.--Relative abundance of age .~ and age .2 and older chum salmon along 1600 w in September 1969. Boundaries 

of oceanographic features were based on data from early August and may change with later data analysis. 

.. 



74a 

Other salMon and steelhead trout 

Winter.-:"'Hinter catches included three pink salmon, 44 coho salmon, and 

two steelhead trout (Table 14). The pink salmon 'Jere captured south of 50°15' N 

(along 155° and l65~{) in the Western Subarctic and in Transition water. Coho 

salmon were captured only at four stations south of 50 0 15'n in the same water 

masses as pink salmon. Over 92% of the coho samon ,.ere age 1.2. The two 

steelhead trout were captured along l55°W at 50°12 'Wand 49°N • . 

Spring.--'Spring catches included 86 pink salmon, 5 .chinook salmon, and 

a single steelhead trout (Table 15). Maturing pink salmon were distributed 

somewhat differently froIl sockeye and chum salmon (Fir;. 20). none were captured 

along 1550W and, except for a single fish captured in the Ridge, were only found 

south of' 52°rr in th~ \-lest-ern Subarctic and Transition Areas aluGr>; 165°'V'= 'T'h e 

1969 catch locations contrast .ri th the observed distribution in 1968. In May 

1968, pink salmon along l65°\{ were in all water masses (no fishing done in 

Transition water in 19(8). Chinook salmon were captured along l65°~T from 50° 

to 53°30'N. The single steelhead trout was captured at 510 N, 165°1-1 in the VTestern 

Subarctic. 

" 
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Surnmer.--Five species of salmon as well as steelhead trout were captured 

in summer (Table 16). Small numbers of maturin~ pink salmon were captured, 

primarily in early July, in all water masses (49°35'-51 0 35'N). Coho salmon were 

captured initially only in the Western Subarctic and Ride;e areas, south of 51°01 'N. 

Subsequently, in late July, they "Tere captured in the .A~askan Stream, and in August 

this species was captured in all water masses sampled. Chinook salmon were 

apparently distributed similarly to coho salMon; they ,.,ere first captured in 

Western Subarctic water in early July and by the end of July were captured in the 

Ridge and Alaskan Stream. Steelhead trout were 8.lso captured in Western Subarctic 

water until mid-July, when they were captured in Ridge water; in August, they 

were caught in the Ridge and Alaskan Stream. 

Late summer.--Three coho salmon and eight steelhead trout were captured 

].·1- .. - t - -- l?nmer ('Pobl'" 1 h ) .:. J..~. ~ 8L~l!l1l. .. ............ - ..-'oJ • The coho salmon ...,er~ ca!'tured B,t three s"tations at or 

north of 52°30 'N whereas steelhead "Tere captured at four stations at or north of 

Vertical distribution of salmon 

Experimental sections of gillnets designed_ to fish to de!'ths of about 

23 m were used on all three cruises. These deep nets were not used in every 

gillnet set, primarily because of sea conditions or "Then fishing near shore Hhere 

currents or strong tidal action would prevent the nets from lying in a straight 

line as set. Those sets that include the deep nets are listed in Tables III to 16. 

Results by season are given below. 
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Winter 

Forty-six sockeye and one coho salmon were captured in the 10 sets in 

which the deep net section was used (Table 20). All eight of the immature 

sockeye salmon were captured in the surface nets. Of the 38 maturing fish, 87% 

were in the surface panel and the remainder were captured in the 8-15 m depth 

stratum. The single coho salmon was in the bottom panel. 

Spring 

-In the spring, 83% of the maturing sockeye salmon were captured in 

the surface panel, and the proportion of the catch declined with depth 

(Table 20). The few immature sockeye salmon captured were equally divided among 

the three depth strata. Chum salmon catches suggested a vertical distribution 

different from that of sockeye salmon. This species (all were maturing) was 

nearly equally divided (43% vs. 38%) between the O-J m stratum and the 16-23 m 

depth. Pink salmon catches were primarily (78%) in the 16-23 m depth stratum, 

suggesting occupancy of deeper water than either sockeye or chum salmon. 

S~er 

In summer 82% of the immature sockeye salmon were captured in the surface 

net, whereas the remainder were nearly equally divided_ between the 8-15 m and 

16-23 m depths (Table 20). Of the sockeye salmon in the surface net, 65.5% were 

age .1 and 34.4% age .2. The limited catches in the middle and bottom nets were 

nearly equally div~ded between age .1 and age .2 fish. Relatively more chum 

salmon than sockeye salmon were captured ' in the 16-23 m depth; 35% were at this 

depth (8.9% for sockeye salmon) and 46% -in the 0-7 m depth. Age composition of 
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Table 20 .--Percentage catch of salmon and st~elhead trout by depth of gillnet 

in w.1nter, spring, and summer 1969. 

MaturityY 
Number Percentage catch by depth 

Season Species of 
fish 0-7 m. 8-15 m. 16-23 m. 

Winter Sockeye Innnature 8 100.0 · 0 0 
Maturing 38 86.8 13.2 0 

Total 46 89.1 10·9 0 

Coho Maturing 1 0 0 100.0 

Totals 47 87.2 10.6 2.2 

Spring Sockeye Immature 6 33.3 33.3 33.3 
Maturing 95 83.2 13.7 3.2 

; Total 101 80.2 . 14.9 4.9 

Chum Maturing 76 43.4 18.4 38.2 

Pink Maturing 18 11.1 11.1 77.8 

Totals 195 59 .• 5 14.9 25.6 

Summer Sockeye Immature 146 .81.5 9.6 8.9 
Maturing 1 100.0 0 0 

Total 147 81.6 9.5 8.9 

Chum Immature 198 46.0 19.2 34.8 
Maturing 1 0 100.0 0 

Total 199 45.7 19.6 34.7 

Coho Maturing 12 83.3 0 16.7 

Steelhead 1 100.0 0 0 

Totals 359 61.8 . 14.8 23.4 

Late summer Sockeye 65 70.8 20.0 9·2 

Chum 46 47.8 28.3 23·9 
Coho 1 100.0 0 0 

Steelhead 2 100.0 0 0 

Totals 114 62·3 22.8 14.9 

Y Maturity data not available for fish taken in the late summer. 
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chum salmon in the three depth strata were similar; the percentage of age .1 fish 

varied from 79 to 88% in the three depth strata. Ten of 12 coho salmon were 

capture~ in the surface net, as "'as the single steelhead trout. 

Late summer.--In six gillnet sets in September south of the Shumagin 

Islands (160°"°, 71% of the sockeye salmon "'ere captured in the surface net, 

whereas 20% and 9%, respectively, were captured in the 8-15 m and 16-23 m depths 

(Table 20). Relatively more chum salmon were captured in the 16-23 m depth 

(24% as opposed to 9% for sockeye salmon). A single coho salmon and two 

. 
steelhead trout were captured in the surface nets~ 

Examination of Table 20 suggests for sockeye salmon a relatively 

consistent aistribution for the three seasons--percentage occurrence in the 

. surface nets in winter through summer ranged from 80 to 89%, and was 71% in 

limited sampling in late summer. For chum salmon catches in each depth stratum 

were · simila~ ~n the spring and summer (none caught in deep net experiments in 

winter). The limited catches of chun salmon in late summer suggested slightly 

greater occurrence in the 8-15 m depth than in spring or summer. 

The percentage occurrence of sockeye salmon in the surface stratum in 

spring and summer 1969 was higher than in the same seasons of 1968. Last year 

70% of the catches of this species was in the surface net in spring and 65% in 

surnmer~ 26.1 and 24.5%, respectively, were in the 8-15 m depths (French et al., 

MS. 1969). The . vertical distribution of chum salmon in summers 1968 and 1969 

differed Mainly in that a higher percentage (35% vs. 23%) was cantured in the 

16-23 m stratum in 1969. 



79a 

Pred~tion on salmon in gillnets 

In a continuing study, the effect of predation on salmon in gillnets 

was studied by attaching frozen salmon "decoys" to the cork and leadlines when 

the net was set and tallying them when the gear was hauled. The return of any 

portion of the decoy (Le., the head only) vlaS considered a recovery. Normally-

20 decoys were attached for each experinent--lO each on the corkline and leadline. 

Experiments were conducted on each of the three cruises this year. The numbers 

of poten.tial predators (e .g., fur s-eals, sharks, .sea lions, albatross) captured 

in, or observed near, the gillnets were recorded for each set. Results by season , . 

are given below. 
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Winter 

In 10 sets in winter, 195 decoys were attached and 181 recovered, for a 

loss of only 7.2% (Table 21). Percentage loss in individual sets varied from 0 

to 20%. Few predators ,.ere observed during the winter cruises, in contrast to the 

spring and summer; one or more predators were observed near the net in only four 

sets. Percentage loss of decoys in relation to distance from shore suggested no 

change in rate of decoy loss as distance from shore increased (Fig. 21 ). Comparison~ 

of totaL catch of salmon in relation to loss of decoys failed to suggest any 

,relation (Fig. 22). 

Spring 

In spring, h07 clP.COYS 1!~!"e attache r1. dltrinf'; 21 gillnet sets; 210 decoyc 

were recovered for a loss of 1~6.!~%, over six times that observed in winter 

. . t'''''e5 
(Table 21). This loss was over 1 1/2 ~ that observed in spring 1968 (French 

~ ale ~ MS. 1969). The percentage loss in individual sets varied frOM 0 to 100%. 

Predators were observed near the nets in nearly 86% of the sets. Percentage loss 

of decoys was noticeably higher near shore and declined as distance frOM shore 

increased (Fig. 21), but considerable variation in loss ' rates was evident. 

Comparison of total catch against decoy loss rates suegests declining loss rates 

as catches increased (Fig. 22), although again loss of decoys varied considerably. 
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Table 21. --Percenta"ge loss of decoy fish attached to gillnets --winter, spring, 
and swmner 1969. 

No. of No. of decoy fish attached Percentage loss of decoys 
sets with to different parts of net from net 

Season decoys Total Cork- Lead- Total Cork- tead-
attached no. line line line line 

Winter 10 195 96 99 7.2 8.3 6.1 

Spring 21 407 199 208 46.4 55.8 37.0 

Summer 37 722 365 357 53.7 63.3 44.0 

Late summer 6 120 60 60 20.0 36.7 3·3 

11 Potential predators include albatross, fur seals, sea lions, and sharks. 
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Summer 

In 37 gillnet sets in the sununer, 722' decoys were attached and 331~ 

recovered for a loss of nearly 54% (Table 21). This loss was substantially greater 

than in' winter and spring, but smaller than that observed in the same area in 1968 

(67.1%). Predators were observed in nearly 95% of the sets on which decoys were 

attached. ~s in spring, losses tended to be greatest near shore and declined 

offshore; however, variation in losses was large,' particularly in sets made less 

than 100 miles from land (Fig. 21). Percentage decoy loss was high .in catches of 

less than 120 salmon and trout; the loss remained fairly low in catches uy to 260 

fish, then increased, particularly for catches greater than 280 ~ish (Fig. 22). 

' This increasing loss in larger catches may have been partially a function of 

distance from shore. Of the seven gillnet catches of about 280 or more salmon and 

trout, six were made less than (} U rniles from f:hcre. . The ningle instance of a 

large catch (215 fish) with a 100% decoy loss occurred at a station 6 miles from 

shore. 

In early September, six gillnet sets were made along l60 0 w and 162 0 \-1. 

Decoys were attached on each set (Table 21). Decoy loss ranged from 5 to 35% and 

averaged 20%. The less of decoys from the corkline .Tas much ereater than from 

the lead1.ine (37% vs. 3%), which suggested that this loss .ras due principally to 

predation by sea-birds. 

Summary 

The loss of salnon in gillnets due to predation is obvious--it is more 

difficult, hmTever, to evaluate the effect of this predation on catch rates of 

salmon. In ,all three seasons studied in 1969, the loss of decoy fish .ras related 

to the frequency in ',rhich predators '.,.~re C?bserved. The d~coy fish normally were 

exposed to predators froM. the tiTl'le the gear was set (at ahout 8:00 p~n until 
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completion of haul at about 10:00 N4. Salmon ~ormally are not caught in gillnets 

.on the ·high seas until dark and would therefor~·be subjected to predation for 

fewer hQurs than the decoy fish. Because of this, our estinates of predation from 

the decoy ·fish may not be directly applicable to gillnet catches. The high loss of 

decoy fish in the spring and summer indicates that predators could have an effect 

on catch rates of gillnets during these seasons. On the average, the gillnets would 

indicate lower than actual abundance. 

Loss of salmon enmeshed in gillnet 

. Studies of the loss, or dropout, of salmon (fish enmeshed in nets but 

·not landed) from gillnets fished on the high seas· were continued in 1969 following . 

the methods used since 1966 (French ~ al., 1967, 1969, HS. 1969). The gillnets 

were patrolled at night in a smail boat ~ a.nd t.he enrneshen saLmon "rere fOll.l1d 1-Ii th 

the aid of a spotlight. The positions of enmeshed salMon ,·;ere marked on the net 

by fastening a colored marker to the corkline directly above the fish. Their 

presence or absence at the marker was noted during later patrols and at haul. 

In 1969 only the 4 1/2- and 5 1/4-inch multifilanent and the 4 1/2-inch monofilament 

nets were patrolled and examined. 

The total percentage loss of salmon in 1969 was 35% (Table 22), nearly 

twice the percentage observed in spring 1968 (on maturing fish), but less than that 

on large sizes of immature salmon in summer 1967 (57.6%). The percentage of salmon 

" 
lost from the multifilament nets was about one-half that fron the monofilament nets. 

The percentage in 1968 was also less in multifilament nets than in monofilament nets 

(French ~ al., HS. 1969). 

Predation most likely contrihuted to the loss of salMon from the gillnets; 

in the three sets in ,·,hich dropout studie~ were conducted (sets 17, 21, and 25), 

decoy loss was 100%, 0%, and 20%, respectively. Results in 1969 confirm the high 

loss of salmon and the increase in losses vrith time in the net. 
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Table 22.--Number of salmon marked and observed in gillnets ,over varyi~g periods,~ " . 
RV George ~. Kelez, July 1969. 

Set 
no. 

Number of fish 
marked 

during patrols 

Number of fish observed after marking 
Up to 1 hour Up to 2 hours Up to 10 hours 

later later later 

4i- and 5t-inch mesh nets (Multifilament) 

17 2 

21 9 
6 

25 1 

.subtotal 18 

Percentage loss 

4i-inch mesh nets 

17 3 

21 4 
2 

25 13 

Subtotal 22 

Percentage loss 

Total 40 

Percentage loss 

2 

8 
6 

16 
gj 17 

5.9 

(Monofilament) 

2 

2 
2 

6 
gj 9 

33.3 

22 
Y 26 

15.4 

8 

8 
gj 9 

11.1' 

, 
2 

2 

4 
gj 7 

42.9 

12 
gj 16 

25.0 

o 

8 
6 

o 

14 
2/ ' 18 
-' 22.2 

0 

~ 

2 

8 

12 
gj 22 

45.5 

26 
gj 40 

35.0 

!I A zero (0) indicates that the net was examined, but no marked fish were observed; 
a dash (-) indicates that the net was not examined. 

gj Number of possible observations for the time period; different from the number 
marked because some observations were not made in rough seas. 
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Comparison of purse seine and gillnet catches 

Analysis of data from comparative fishing of purse seines (FRI) and 

gillnets {BCF) in 1969 south of Adak Island are incomplete and will be reported 

at a later date. Stations fished with gillnets were mainly fran 10 to ~OO miles 

offshore and apportioned among the oceanographic areas of this region. Pu~se 

seine sampling was designed to make 20 sets pe!" ,-reek which were to be equally 
, 

apportioned at 10-mile intervals to 50 miles offshore. Catches .. ~lilJ,. b~ compared 

where fishing of the two types of g~ar coincided in time and area. 
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OCEAnOGRAPHY 

by F. Favorite, A. Bakun, and W. B. McAlister 

The Oceanography Program continued its investigations of Subarctic" 

environmental conditions and their effects on salmon. These studies are 

primarily directed toward explaining causes of variations in salmon distributions. 

Research has been conducted along three related lines of inquiry. 

First, oceanographic conditions were monitored in" conjunction with sampling of 

high seas salmon. In addition to furnishing environmental support for the 

fishing operations, this field work provides a continually expanding data series 

against which to test analyses and hypotheses. Second, seasonal forecasts of 

oceanographic conditions were made and evaluated against subsequent observations; 

forecasting procedures were then empirically adjusted and refined. Third, 

studies were made of key oceanic processes, crucial to orderly progress for 

interpretation of observational data and for development of forecasting capabilities; 

these studies involved laboratory analyses and actual experiments at sea. In 

addition, a number of reports based on previous investigations were completed and 

submitted as INPFC Documents. 

" , 
' " 
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Collection and analysis of oceanographic data 
during salmon fishing . 

Field investigations 

Oceanographic data--together wi~h catch data from high seas salmon 

fishing--were collected in the Subarctic Water Mass of the North Pad fic Oce"an 

during winter, spring, and summer 1969. Most stations were along 155°W, 160oW, 

and 165°W during winter (Fig. 23); along 155°W, 165°W, and near 176°W "during 

spring (Fig. 23); and primarily south -of Adak Islan~ during summer (Fig. 23"). 

The spring cruise was a cooperative effort c.onducted jointly with the Hokko Maru 

(Fisheries Agency of Japan), after which data were exchanged with the Japanese 

scientists. 

Some oceanographic features of the Subarctic Water Hass that were 

studied during 1969 field investigations have been compared, or related, to the 

distribution of salmon within the water mass; the findings are reported by French, 

Bakkala, Dunn, and Sutherland (MS. 1969). 

Oceanic conditions in the North Pacific Ocean, 1969 

Currents, water areas, and zones.--Some of the major currents, water 

areas, and zones of the Subarctic Water MaSs--:between the Aleutian Islands and 

the Subarctic Boundary (40 0 U)-that m~ i:lfluence distribution of salmon on the 

high seas v{ere described by McAlister, Ingraham, Day, and Larra...'1.ce (MS. 1969). 

Particular attention was given to these oceanograph~c features in 1969. 
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The Alaskan Stream is the only major 't>Testward flow in the northern North 

Pacific Ocean. Having the characteristics of a 't>lestern boundary current, it is 

not primarily locally wind-driven, but represents a return flow of waters carried 
'I. 

into the Gulf of Alaska area by wind-driven circulations in the north Pacific 

Ocean. Consequently, the Alaskan Stream may be a sensitive indicator of the 

circulation of the entire region. 

r.feasurements of flow in the Alaskan Stream made on the winter, spring, 

and summer cruises of the RV George B. Kelez are listed in Table 23. The flow 

is expressed as the volume of water transported westward across a given loneitude 

in 1 second. 

Compared with measurements made in previous years, the transports were 

above average in winter and sprinp; east of 165"\-1, but normal during summer at 

176°20'H. 1m increase in transnort downstream in spring is indicated. This 

apparent entrainment of adjacent waters into the flml is a phenomenon often observed 

in western boundary currents. The fact that no increase in transport was 

measured between 155° and 165°vr during sprinr; points to some degree of gyre 

separation near 165~, indicated by the horizontal distribution of 'mter properties. 

Because of the wide separation of the lines of observation (over 650 km), it is 

only possible to infer continuity for gross oceanic features (Fig. 2h), ' and the 

magnitude and location of recirculation cannot be well defined. 
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Table 23.--Westward geostrophic volume transports (106 m3/sec) in the Alaskan 

Stream during winter, spring, and summer 1969 • 

Season 
Longitude Winter Spring Summer 

155°W 8 8 

165°W 12 8 

176°20'W 11 6 
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Recirculation of Alaskan Stream water durinr, winter is evident in the 

subsurface core of warm water being swept eastward between 160° and 1550W in the 

northernmost filament of the Subarctic Current (Fig. 25). This warm water was 

also present in spring, ~ut the temperature of the core was lower than in winter 

and suggests that Alaskan Stream water observed south of the Ridge Area during 

spring either underwent a greater degree of mixing \-Tith Ridge Area and Subarctic 

Current Area waters than during winter, or originated from a location farther 

removed from the high temperature core of the Stream. 

The Ridge Area--an area of .Teak, variable flow--vTas unusually narro," 

in winter and ' spring, but the up\-Telling feature indicated by the ridging of the 

subsurface isohalines extended considerably farther south. Thus, the high 

productivity within the Ridge Area probably extends well south of it as defined 

by flow criteria. 

Transition water .Tas found south of 50 0 Il during the winter and spring 

cruises. The Subarctic Current Area, defined-by a sharp downward slope of the 

subsurface isotherms, extended from about 49° to 50 0 N along 165°\01 during spring. 

This area is difficult to define alonp; other lines ~/There observations either did 

not extend a sufficient distance to the south or the lack of a strong Hestern 

Subarctic Intrusion results in absence of the characteristically abrupt .din in 

the isotherms. 

Surface fronts.--Plthough the surface of the Subarctic Fegion exhibits 

smaller spatial variations in water properties than the subsurface layers that 

denoted specific salmon environments, sharp fronts still exist in the surface la:rer, 

readily detected by closely spaced observations of temperature and salinity. It is 

within the uPDer layer that salMon' f eed and apparently mif,rate. Thus -surface 

fronts may offer readily sensed environmental features by which sahlOn orient 

themselves to favorable feeding locations or migration paths. 
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Figure 25~-Mesothermal temperature (C) south of the Alaska Peninsula, winter 1969. 



During the spring cruise of the Kelez, a new device--a continuously 

recording temperature and salinity sensor--was effectively utilized to detect 

surface fronts. The sensor was placed in the engine intake system at a depth 

of about 3 meters. Some segments of the recordings are shown in Figures 26 
I 

to 29. Because surface temperatures are subject to short-term variations and 

because the location of the temperature sensor aboard the Kelez may at times 

allow some shipboard conditions to bias recorded temperatures, the absolute 

magnitudes of the temperatures in Figures 26 to 29 must be interpreted with care; 

differences in recorded temperature between adjacent"or close, stations on a 

given cruise track, however, are meaningful. 

Observations during 'the spring cruise were made mainly along 155OW, 165°W, 

and 176°20'W. By far the most striking feature along 155°W was the front near 55°N 

(Fig. 26). This front appears to reflect the boundary between the high temperature-

low salinity Alaskan Stream and the lower temperature-higher salinity Ridge Pxea. 

More than twice as many salmon were caught at a station at the northern edge of 

this front than at any other station along 155°W. An analogous front was observed 

along 165OW; although lesser in magnitude, it was more abrupt. Several c~ossings 

of the front were made during May 15-25 (Fig. 27). During this period, the front 

moved about 13 miles south,ward but mainta5.ned its integrity (altho'ugh ed.dy 

formation or some related process was indicated on the final crossing on May 25, 

1969) • 

Along 176°20'W, this front was not apparent (Fig. 28). Small areas of 

steep gradients were recorded, which may be remnants of a front to the east. The 

disappearance of a distinct front between the surface 'vaters of the Alaska.'1 Stream 

Area and Ridge Area is probably due to the fact that flow in the Alaskan Stream had 

become unstable and highly turbulent off Adak Island. This front may of:"er a 

natural route marker for migrating sockeye salmon, and its decline could result in 

the northward migration of salmon near Adak. 
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. Figure 26,.-Continuous record of surface salin1 ty (dashed. line) and temperature 

along 155°W showing a front at southern boundary of the Alaskan Stream 

(near 55°N); April 24-26, 1969. 
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Figure 274-Continuous record of surface salinity (dashed line) and temperature 

along l65°W sho~~ng abruptness and the fluctuations in character and location 

of the front at southern boundary of the Alaskan ·stream (near 52°50'N), . rno.y '~bS 
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Figure 28~-Continuous record of surface salinity (dashed line) and temperature 
~ 

along 176°20'W showing the sudden appearance of an abrupt salinity front 

indicating the northern boundary of the Alaskan Stream (near 510 30'N), 

June 1969. 
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Two other fronts along 176°20'W are worthy of mention. Tidal action 

through the Aleutian Island passes can transport large masses of Bering Sea water 

south of the islands, leading to forcation of a major salinity front at the 

junction and much lower salinity-higher temperature water in the Alaskan Stream 

Area. The sharpness of this front is remarkable; the area of mixing encompasses 

a mile or less. As shown in Figure 28, no water of Bering Sea origin was observed 

south of Adak Island on June 1, ?ut 1 week later it was noticeab~e ne~r 510 30'N. 

Thus intrusion of Bering Sea water r~sults in the rather atypical oceanic 

situation of highly saline coastal water and more dilute water offshore. These 

conditions have been reported previously at this location. 

Farther south at this longitude, a more gradual salinity front was 

observed between 50 0 00'N and 50 0 30'N (Fig. 29). This front appe?rs to represent 

the location where dilute water from the Alaskan Stream Area that crossed over 

the Ridge Area imp~nges upon water being advected eastward in the Subarctic 

Current, which is associated with the Western Subarctic Intrusion at depth. 

It is obvious that these additional observations have increased our 

ability to investigate relations between salmon and the environment. The cruise 

objectives, however, prevented repetitive fishing across ~hese fronts in 1969. 

Direct measurements of flow velocities.--A dynamic experiment was 

performed in August 1969 south of Adak Island; it involved direct measurements 

with current drogues of flow velocities at the surface and at depth. These data 

will permit comparison of computed geostrophic flow and actual flow across one or 

more of these fronts. 
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Forecasting environmental conditions 

The capability to forecast major environmental changes and to predict 

their effect on the distribution and abundance of salmon is a major goal of the 

Oceanography Program. Part of the initial effort is being directed toward 

forecast"ing the continuity and strength of the Alaskan Stream. The Alaskan 

Stream may be a natural migration pathway for some stocks of" maturing sockeye 

salmon; it may also influence the distrib~tion and migration of juvenile salmon. 

Implicit in understanding the continuity of the Alaskan Stream is the 

phenomenon of gyre formation and recirculation between the Alaskan Stream and 

Subarctic Current systems. These gyres "may more or less effectively fragment 

the circulation into discrete sUbsystems. Observations of the recirculation of 

the Alaskan Stream have denonstrated the drastic changes effected by these gyral 

systems on the position of water (of characteristic properties) &ld direction of 

flow. Such changes presumably have a marked influence on the varied waters and 

flows of the Subarctic Region as locators or migration aids for marine animals. 

Thus a forecast of position, extent, and effectiveness of gyral systems is integral 

to an effective forecast of the salmon environment: 

Wherever a priori knowledge of o~her oceanographic fea.tures would either 

aid fishery management or contribute t:::lward planning economieal and effective 

sampling of the population, efforts will be made to provide forecasts of these 

features. 
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At present, two principal inputs are being used in oceanographic forecasts. 

These are the sea surface temperature distribution and wind-driven transports, 

computed from sea-level pressure distributions. Both have the distinct advantage 

that the basic data coverage is fairly complete, synoptic, and available with 

minimal del~. Sea-surface temperature charts are received at intervals from a 

number of agencies. Surface flow can be inferred from wind stress and temperature 

distribution. Future distribution of properties have been forecast from a 

combination of climatological forecasts, selected initial conditions, and assumed 

persistence of flow. Certain limited successes were attained in forecasting 

important features during 1969 under this procedure. For example, the displacement 

of the northernmost branch of the Subarctic . Current, several hundred kilometers 

northvard of its possible southern position, and a divergence i~ wcstvurd flow 

south of the Alaska Peninsula and Aleutian Islands east of 165°W were predicted 

before ·vessel departure in the spring and subsequently verified by shipboard 

observations. During the spring cruise of the Kelez, the eastward intrusion of 

cold Western Subarctic water extended to 165°W but was absent farther east along 

155OW, which indicated that recirculation had in fact occurred • 

. ;1 
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Special studies 

Improvements in transport forecasts 

Sea-level atmospheric pressure charts are available at short intervals 

from meteorological agencies. From monthly averages of these pressures, 

wind-driven transports were computed utilizing a program developed by the 

Fisheries Research Board of Canada, Pacific Oceanographic Group, Nanaimo. The 

computations involve determination of the curl of the wind-stress, calculation 

of the meridiqnal transport from the Sverdrup transport equation, and sequential 

integration from the coast towards the ocean. The zonal transports are then 

computed from continuity. 

Difficulties in interpretation a:dse from the fact that Sverdrnp' G 

equation considers neither the effect of bottom topography nor the effect of 

lateral boundaries. Studies of the circulation of the North Pacific Ocean have 

indicated that topographical effects are significant. The effect of the 

boundaries represented by the Aleutian Islands and the shore of the partially 

enclosed Gulf of Alaska should also be considered. Due to our present inability 

to assess these effects precisely, the wind-driven transport analysis must, for 

the present, be regarded ~s indicative of the potentials ~f the system. Continuing 

efforts, however, are being made including planned. experiments at sea during 1969 

to evaluate boundary effects and to refitle analytical procedures. Wind-driven 

transport analyses have predicted the high (but not abnormal) transports and a 

strong degree of continuity in the Alaskan Stream during spring and summer 1969. 

Besides the efforts to refine the inputs in current use, an ongoing program is 

developing and incorporating additional inP"':lts into forecasting procedures. The 

scope and accuracy of environmental forecasts are expected to be substantially 

upgraded. 
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Buoy telemetry 

Work has been continued on the telemetry buoy project. The breadth 

and extent of the required data for input to fishery forecasts cannot be 

obt~ined at reasonable cost from ship observations and will, ultimately, 

1 

require fixed or drifting data buoy stations. Our program is investigatine 

the problems and advantaees of small drifting ocean data buoys~ One buoy 

has been modified to digitize data for transmission via satellite; tests 

should be completed late in 1969. 

Cloud cover and insolation 

Modern technology is rapidly providing a large amount of environmental 

date , H~ a.re keeping stride vrith develor>nents that help define or r>redict 

environmental conditions in the Subarctic Region. In addition to sea surface 

temperature charts and computerized wind-stress transport, '-Ie now receive 

daily charts (from ESSA satellites) of cloud cover over the Pacific Ocean. 

Cloud cover data were formerly baseod on ship reports, and charts of cloud 

cover and sea surface insolation (or heat) were compiled as seasonal averages. 

From satellite data in 1968, vre compiled monthly charts of mean cloud cover and 

computed mean monthly insolation for the Gulf of Alaska, which show interesting 

monthly ~d seasonal patterns. Because previous charts were not broken dovm 

by month, the data for summer (June, July, and August) 1968 "Tere comr>ared with 

average summer data fron lonp, term studies (Dodimead, Favorite, and Hirano, 1963). 
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Two indications were immediately apparent. First, mean cloud cover in 

1968 was less 'than 50% compared with the long term average of about 70%-

insolation values for 1968, therefore, were correspondingly higher than the long 

term insolation (Fig. 30). Second, the high insolation off the west coast of 

Vancouver Island suggests that the tongue of deep warm water in this area may, 

at least partia11y, ' be d~e to seasonal heating rather than entirely due to 

advection. A complete report will be made, but further investigations into 

forecasting areas and times of high primary productivity--which depend on 

insolation and thus potential feeding areas for salmon--are contingent upon 

whether we can arrange fo~ computerization of cloud 'data. 

Reports 

The following reports of 1968-69 research were submitted as INPFC 

Documents (these reports will be submitted for pUblication after revision by the 

Subcommittee on Oceanography): 

Bakun A., and McAlister, W. B. Vertical circulation in the North Pacific Ocean. 

Favorite, Felix. A preliminary bibliography of papers pertaining to re~ationships 

between Pacific salmon and the marine en~~ronment. 

Favorite, F. A summary of investigations of the oceanic environment of Pacific 

salmon. 

Fisk, Donald M. Re~overies in 1964-68 of drift bottles released from a 

merchant vessel, SS Java Mail, en route Seattle to Yokohama, October 1964. 
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Q. LONG TERM MEAN INSOLATION 

b. 1968 MEAN INSOLATION 

" Figure 30.--ffean insolation (gIn cal/cm"/day--corrected for cloud coyer) during 
summer (June, July, August) ba!';ed upon (a) Dodimend, Favorite,. Rnd 
Hirano 1963; (b) 1968 daily FoSSA satellite data. 
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Ingraham, W. James, Jr., and Donald M. Fisk. Physical-chemical oceanographic 

data from the North Pacific Ocean, 1966-68~ 

Larrance, J. Primary productivity data, Subarctic Pacific Region, 1966-68. 

Larrance, J. Primary production in the mid-Subarctic Pacific Region, 1966-68. 

McAlister, W. B. Buoy telemetry for environment prediction in fisheries research. 
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STUDIES OF LIVE AND DEAD SArMON THAT UNMESH FROM GILLNETS 

by R. B. Thompson, C. J. ·Hunter, and B. G. Patten 

Studies were continued on ' the viability of sockeye salmon that became. 

disentangled from gillnets and the estimated percentage of dead salmon that 

became unmeshed. Viability of sockeye salmon was examined in a floating enclosure 

in northern Puget Sound (State of Washington) during the summer of 1968. Loss of 

dead salmon was studied during experimental fishing on the high seas in the 

spring and summer of 1968 and the spring of 1969. 

Percentages of salmon lost from gillnets of BCF research vessels on the 

high seas were reported for some sets in 1966 (French et al., 1967), 1967 (French 

et al., 1969), and 1968 (French et al., MS. 1969). The percentage of lost fish 

ranged from 4 to 64% of the entangled fish observed in the net--loss seemed to vary 

with length of fishing period. It was not possible, however, to measure the 

percentage of disentangled salmon that later died or to estimate the percentage 

of lost fish that were dead when they fell from the net; these percentages are 

needed to determine mortality of salmon c~!.Used by gillnets. 

Viability of mature sockeye salmon 
'disentangled from gillnets 

;1 

Sockeye salmon were obtained from a trap near the mouth of the Skagit 

River and from boats fishing with purse seines between the west beach of Whidbey 

Island and Salmon Bank. The fish (probably of Skagit and Fraser River origin) 

would soon have entered their natal rivers. They were transported in live tanks 

on a boat from the capture point to a large floating enclosure (30 ft x 150 ft) 
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in Reservation Bay (Hunter and Farr, HS. 1969). The enclosure had tyTO compartments-

a holding area and a test 'area containing a l3.5-cm (5 1/4-in) mesh gillnet (Fig. 31). 

Part of the fish were used as controls; others were exposed to the 

gil1net to examine the effects of enmeshment. Each fish was identified by means 

of a numbered Dennison-type anchor tag. Except for exposure to the gillnet during 

the test period, control fish were handled identically to test fish. Fish used to 

determine the effects of enmeshment were placed in the gillnet enclosure at 6:00 PM 

(Fig. 31). The net was checked every hour; the location of each enmeshed fish was 

marked on the _net and the type of entanglement was recorded. At 6:00 M~ all live 

test fish were moyed to the holding area. On another group of fish the scales 

anterior to the insertion of the dorsal fin were scraped to determine the effects 

of seal.=, ] 05S. These fish ..... cre then held with the gillnet test and cmitrol fish 

until death. 

Of 180 sockeye salmon placed in the gillnet area of the enclosure, 176 

either were seen entangled or passed unobserved through the net. Eighty-two fish 

(25 alive and 57 dead) 1fere retained 'in the net, and 69 (43%) became unmeshed (the 

remaining 25 fish were entangled at 6:00 AM, when the live test fish were being 

moved to the holding area). Of the 69 fish that became unmeshed, 16 were observed, 

whereas 53 were not obseryed while passing t~rough the net but were later located 

swimming between the gillnet and seine webbing (Fig. 31) or were caught trying to 

re-enter the gillnet enclosure. 
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Lead lines 

Figure -3l.--Arrangement of gillnet enclosure in test compartment of 

floating enclosure. 
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Mortalities of the different groups of sockeye salmon are shown in 

Figure 32. With one exception, all fish retained in the gillnet died within 

11 days. Seventy percent of the fish that had escaped from the net died within 

8 days; mortality then decreased; the last fish died 58 days after being. ·tested. 

Survival of fish entangled at 6:00 AM was most similar to the group that had 

escaped from the net. Control fish lived longer than gillnet test fish and scaled 

fish. 

The results of· greatest interest are: (1) The mortality of fish that 

escaped the net was greater than the mortality of.-·control fish and (2) fish 

entangled for only a short period had a lower survival rate than scaled fish. All 

findings cannot, however, be directly applied to the fishing of gi~lnets on the 

high seas. Our results Were affected by sources of variation that ,·rauld. noL have 

affected fish on the high seas. Test conditions that could have caused variation 

were: (1) delay of migration that kept fish in salt water "ifhen they should have 

been in fresh · w~ter; (2) confinement in the holding area--increased injury and 

stress due to escape efforts; and (3) use of fish rapidly approaching sexual 

maturity and destined shortly to die after spawning in fresh water. In contrast 

to number 3, salmon on the high seas (still feeding) may be more susceptible to 

·stress and injury caused by entanglement in ~he nets. Although these differences 

occurred, the data strongly support the hypothesis that salmon on the high seas 

that disentangle from gillnets have high mortality after they become unmeshed. 
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Loss of dead salmon from gi11nets 

It has been suggested that most salmon lost from gillnets fished on 

the high seas are already dead. If this were true, the results of research (in 

a controlled environment) on the viability of salmon that unmesh from gillnets 

-would be meaningless. 

Loss of dead salmon unmeshed from gillnets was studied in 1968-69 

during high seas gillnet fishing. The operation involved the placement of dead 

fish into the net at the time of set in the evening, or the retention in the net 

of naturally enmeshed fish, and counting of missing carcasses when the net was 

hauled the following morning. Each fish was identifiable by means of numbered 

rubber bands encircling the caudal peduncle or by Dennison-type anchor tags (with 

a numbered, 5-cm length of plastic tUbing), attached just behind the dorsal fin. 

One hund11 ed and fifty-seven carcasses were placed in nine sets in 1968 and 39 

in three sets in 1969. 

It was not possible to establish whether or not a missing fish had 

dropped out of the net passively, or whether it haa been extracted by a predator 

or scavenger. On each set that carcass loss Nas examined however, predator-study 

"decoys" were also attached (French ,et al., HS. 1969). Thus it was possible tc 

apply a correction factor--the expected loss' of carcasses to prede.tors--to the 

data. These adjustments are shown in Tables 24 and 25. 

Losses of marked dead salmon from gillnets are shown in Tables 24 and 25. 

The loss of dead salmon from gillnets i~ 1968 could not be separated completely 

fran the losses due to marine predators or scavengers (Table 24): the act'.lal 

loss of fish was slightly less tha.'1 the expected losses due to predators. On the 



Table 24.--Percentage loss of dead marked salmon from gi11net fished on the high seas, spring and summer 
of 1968 • 

Number "of "fish Percentage loss Expected Adjusted dead 
Date Species Location Enmeshed Lost Percentage of predation- number of fish fish loss 

of set in net loss stuw "dec6ys " "lost "t6predators " "Number " "Percentage 

May 30 Chum 10 5 50 25 2.5 2.5 25 
Pink 4 0 0 25 1.0 0 0 

May 31 Chum 17 0 0 0 0 0 0 
Pink 3 2 67 0 0 2.0 67 

.June 4 Chum 12 2 17 0 0 2.0 17 

June 5 Churn 12 6 50 47 5.6 0.4 3 
Pink 5 3 60 2.4 0.6 12 

July 24 Sockeye Top 11 11 100 90 9.9 1.1 10 I-' 
I-' 

Bottom 9 1 11 30 2.7 0 0 VI 

July 26 Sockeye Top 9 4 44 90 8.1 0 0 
Bottom 9 3 33 20 1.8 1.2 13 

July 27 Sockeye Top 8 3 38 70 5.6 0 0 
Bottom 8 5 63 10 0.8 4;2 53 

Aug. 5 Sockeye Top 10" 9 90 100 10.0 0 0 
Bottom 10 0 0 30 . 3.0 0 0 

Aug. 11 Sockeye Top 10 10 100 100 10.0 0 0 
Bottom 10 2 20 60 6.0 0 0 

Subtotals 
9 ." 6" " Chum -:. 51 13 25 8.1 4.9 

Pink 12 5 42 3.4 2.6 21.6 
Sockeye Top 48 37 77 43.6 0 0 

Bottom 46 11 24 14.3 0 0 

Total 157 66 42 69.4 0 0 



Table 25- --Percentage loss of dead marked salmon from gillnet fished on the high seas, spring 1969. 

Number " of " fish Percentage loss Expected Adjusted dead 
Date Species Enmeshed Lost Percentage of prede,tion- number of fish fish loss 

of set loss studLJ!.~:coys " " "lost "to "predators" " "N1iIilber " "percentage 

May 23 Chum 3 0 0 5 0 0 
Sockeye 1 0 0 0 0 

May 24 Chum 12 4 33 10 1.2 2.8 23.3 
Sockeye 4 2 50 0.4 1.6 40.0 

June 9 Chum 12 12 100 100 12.0 0 0 
Sockeye 5 5 100 5.0 0 0 
Pink 2 2 100 2.0 0 0 

Subtotal 
Chum 27 16 59.3 13.2 2.8 10.4 
Sockeye 10 7 70.0 5.4 1.6 16.0 I-' 
Pink 2 2 100.0 2.0 0 0 I-' 

0\ 

Total 39 25 64.1 20.6 4.4 11.3 
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few occasions when predator-decoy losses were zero, the loss of dead fish w~s 

12.5%. The position of the carcass in the net (near the top or the bottom) was 

recorded for some sets. In four of these five sets, the loss of carcasses from 

the top exceeded the loss from the bottom. The same relation of surface loss to 

bottom loss existed among decoys in the predator study--further indication that 

a portion of the carcasses lost had been removed by predators. The percentage 

loss in 1969, after adjustment for expected losses due to predators, was 11% 

(Table 25). 

These findings, confused by the multiple causes of dead salmon losses, 

are not definitive but indicate that only about 10 to 15% of dead fish in gillnets 

are lost over the entire time that the net is in the water. Because these 

obsp.~vation3 1fere made during moderate sea conditions, it is possible that 

of dead fish would be greater when sea conditions were more severe; further 

, -~~ ...:..uo,::) 

studies will be necessary to determine the relation between sea state and loss of 

dead fish. 
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BIOCH'EMICAL VARIANTS IN THE PACIFIC HAKE 

by Fred M. Utter and Harold O. Hodgins 

Since 1966, scientists of the BCF Biological Laboratory in Seattle, 

Washington, have studied genetic features of commercially, important teleost 

species indigenous to the northeastern Pacific Ocean, mainly to detect genetic 

markers to identifY stocks. We will summarize here some findings on the 

P~cific hake, r>1erlucci us product us • 

Large concentrations of Pacific hake are: (1) in the Pacific Ocean 

between Baja California, Mexico, and Vancouver Island, Canada, and (2) in 

. . . " " " 

Puget Sound, Washington, U.S.A. Ocean stocks have distinct seasonal distributions 

and growth patterns as opposed to Puget Sound stocks (Nelson, 1967). Sampling 

areas are indicated in Figure 33--ocean fish were tween in areas 1 and 2' and 

Puget Sound fish in area 3. Four variant genetic systems were found which 

included an esterase of vitreous fluids, serum transferrin, lactate dehydrogenase, 

a.lld a protein of the skeletal muscle (Utter, 196~); Utter and Hodgins, 1969). 

Five different genes were detected in the esterase system--four in the 

transferrin system and two each in the muscle protein and LDH A systems. Typical 

patterns of these four systems, as demonstrated by starch gel elec~rophoresis, 

are seen in Figure 34. 
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Figure 33.--Areas of sampling in the Pacific Ocean and Puget Sound. 
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Figure aY,--Representative phenotypes of four polymorphic systems in Pacific hake 
demonstrated by starch gel electrophoresis. a. B esterase in vitreous 
fluids. Second band in region I represents r~7e phenotype in about 1% 
of al~/individuals tested (2X magnification

1
).1J b. Serum transferrin 
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Buffer systems described by utter (1969). 
Buffer system consists of 0.2 M tris (hydroxymethylam1nomethane) 
and 0.1 M boric acid, undiluted for electrode compartments and 
diluted 10 fold for gel preparation. 
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Gene frequencies of each system differentiated samples taken from 

these two major areas. The sample means, ranges, and standard deviations for 

the gene frequencies of the most frequent genes (alleles) in each system are 

shown in Figure 35, in which samples from Puget Sound and the Pacific Ocean are 

compared. ~e distribution of the alleles of these systems provides genetic 

evidence of the reproductive isolation of these two groups of Pacific hake. 

Significant deviation within either sampling region from expected frequencies 

based on.genet~c theory (Stern, 1943) was only in the esterase system for Puget 

Sound (Utt~r, 1969). This difference appeared to be an effect of sex rather , 

than a reflection of heterogeneity; when males and females were considered 

separately, the males deviated significantly from expected" ratios, whereas the 

females fit closely. 

Parallel phenotypes between the vitreous fluid and the serum were in 

the esterase and transferrin systems. The vitreous fluids were unmodified for 

detection of the esterase systems but required four-fold concentration by 

dialysis for reliable identification of the transferrin bands. The finding of 

serum proteins in vitreous fluids of Pacific hake suggests that these fluids may 

be applied more generally in the study of serum proteins, which may be of 

practical significance because of the difficulties encountered in obtaining 

blood samples in fishes. 
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Figure -35.--a Comparison between sample means, ranges, and standard 
deviations of gene frequencies of the most common alleles of 
four polymorphic systems in Pacific hake from Puget Sound 
and the Pacific Ocean. In the lactate dehydrogenase and 
muscle protein systems, only the means are presented for the 
Pacific Ocean samples because of the low frequencies of the 
alternate alleles. 

-0 - Pacific -Ocean area off the coast of Washington and Oregon. 
S - Puget Sound, Washington. 
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MATURITY MiD CONTINENTAL ORIGIN OF SOCKEYE SAil10N CAUGHT 

BY THE JAPANESE MOTHERSHIP FISHERY, 1966-67 

by Sueto Murai and Richard Major 

Results of analyses of maturity data were applied to the Japanese 

mothership catch statistics for 2 years, 1966-67, to estimate the catch of mature 

and immature sockeye salmon. Results of analyses of scale data were then applied 

to the mature segment of the catch to estimate their continental origin. To 

conform to the format of the mothership catch statistics presented in the 

Statistical Yearbooks of the INPFC (1966, 1967), the maturity and scale data were 

grouped by 2° lat. x 5° long. areas and lO-day periods~ Estimates of the catch of 

matures and immatures and the continental origin of the matures were made for 

each area-time stratum and then summed for the fishing season. 

Maturity data and scale samples were provided by the Fisheries Agency of 

Japan. Determinations of maturity were based on gonad weights in the manner of 

Takagi (1961). The continent of origin of mature fish was determined from an 

-analysis of three scale characters obtained by our scale readers. The estimates 

of the relative abundance of Bristol Bay and Asian type fish in each sample were 

computed from: (1) observed percentages of fish classified into the Bristol Bay 

and Asian categories; (2) percentages of fish in samples of known Bristol Bay 

origin classified into the Bristol Bay and Asian categories; and (3) percentages 

of fish in samples of known Asian origin classified into the Bristol Bay and Asian 

categories. This method was described in detail by Anas and Murai (r1? 1968). 

General procedures were presented by Anas (1963, 1964) and Mason (1967). 
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The data are presented in the following order: (1) maturity by 2° x 5° 

area and 10-d~ period; (2') continent of origin by 2° x 5° area and 10-day period; 

and (3) summary statistics. 

Maturity by 2° x 5° area and 10-day period 

. . . " 

The percentage .of mature fish by 2° x 5° area and 10-day period for 

1966-67 are shown in Figures 36 and 37 • . Only samples with 17 to 30 fish (30 fish 

was the maximum number collected on a -mothership per day) were used in these 

computations • . We do not have samples from some areas where catches of sockeye 

salmon were reported, but these catChes constituted only ,0.8% of the total catch in 

1966 and 1.3% in 1967. 

In 1966-67, mature fish dominated catches of sockeye salmon in most 

areas through June 30. Exceptions occurred in catches made east of 175°E in the 

North Pacific Ocean during June 21-30 for both years, where substantial proportions 

of the catches were immature fish. Catches with large proportions of immature fish 

also occurred in the same area during June 11-20 in 1966 but not in 1967. 

After June 30, catches with substantial proportions of immature fish 

were widely scattered throughout the fishing area. General patterns of occurrence 

of immature fish within and between years ,.,ere not apparent. 

Continent of origin by 2° x 5° area and 10-day period 

The estimated percentages of Bristol Bay fish in the higr. seas samples 

are summarized by 2° x SO area and 10-day period in Figures 38 and 39 for 1966 

and 1967, respectively. As with our maturity study, onlJ" samples with 17 to 30 

fish were used. In some areas, the Japanese caught mature sockeye salmon, bt:t 
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Figure 36.--Percentage of mature fish in 1966 sockeye salmon samples from the 

Japanese mothership fishery. A sla~h indicates that sockeye salmon were caught 

but samples with 17 or more fish were not provided; sample sizes are listed 

in Table 31. 
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Figure 37.--Percentage of mature fish in 1967 sockeye salmon samples from the 

Japanese mothership fishery. A slash indicates that sockeye salmon were caught 

but samples vii th 17 or more fish i·rere not provided; sample sizes are listed 

in Table 32 .. 
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Figure 38 .--Percentage of mature fish with Bristol Bay type scales in 1966 

sockeye salmon samples from the Japanese mothership fishery. A slash indicates 

that sockeye salmon were caught but samples of 17 or more fish with useable scales 

were not provided; sample sizes are listed in Table 31. 
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samples either were :lot provided or did not include 17 or more mature individuals 

with reada.ble scales. Only 1. 3% of the mature fish caught in 1966 and 1. 7% in 1967 

were excluded from classification for these reasons. 

To estimate the percentages of Asian and Bristol Bay fish ,in s~ples of 

mature sockeye salmon caught on the high seas, we first determined the percentages 

of fish in samples of known Bristol Bay and Asian origin which classified into the 

Asian and Bristol Bay categories. Because each of the continental standards are 

made up of more than one major run, we 'computed weighted percentages of fish 

classified into the two categories for each standard. The weighting factors 

selected were 'proportional to the relative sizes of the runs composing each 

continental standard (this was done for Bristol Bay runs in all years and for the 

1966 As i8..'1 run). 

For the 1966-67 Bristol Bay standards, scale samples taken from sockeye 

salmon of the major Bristol Bay runs were used; the observed percentage of fish 

falling into the Asian category and relative abundance for each run and the 

weighted average percentage classified into the Asian category are shown in Tables z6 
and 27_ Tne comparable figures for the Asian standards are shown in Tables 28 

and 29. Scale data from the major sockeye salmon runs in ·Asia were available for 

the first time in 1966. For 1967 the method. of previous years was adopted in 

which ' scale samples from maturing sockeye salmon taken by the Japanese mothership 

" 
fishery west of 165°E and after June 16 were used as the Asian standard. 

We recognize that this method for selecting an Asian standard may exclude 

segments of Asian sockeye stocks which make up the ,early runs in the Kamchatka 

River.. We are, therefore, undertaking studies to evaluate the method. Because 

of this problem, estimates of the conti~ent~l origin of mature sockeye salmon 

presented in this report are considered provisional. 
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Table 126. --Average percentage of sockeye salmon falling into the Asian 

River 

Branch 

Egegik 

Kvichak 

Naknek 

Ugashik 

Wood 

Total 

category weighted according to relative abundance of contributing 

stocks, Bristol Bay, 1966 .. 

Catch plus Relative 
escapement abundance 

310,637 0.0190 

2,905,420 0.1774 

7,943,759 0.4849-

2,109,107 0.1287 

1,149,894 0.0702 

1,963,416 0.1198 

16,382,233 1.0000 

Observed in 
Asian category 

: (.%) 

5.1576 

0.8824 

1.0811 

2·3136 

8.9552 

17.4051 

I 
\\ 

Weighted 
value 
( 1i) 

0.0980 

0.1565 

0.5242 

0.2978 

0.6287 

2.0851 

3· '(903 
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Tab~e 27.--Average percentage of sockeye salmon falling into the Asian 

category weighted according to relative abundance of contributing 

stocks, Bristol Bay, 1967, 

Catch plus Relative Observed in Weighted 
River escapement abundance Asian category value 

(%) (%) 

Branch 269,358 0.0279 8.3333 0.2325 

Egegik 1,707,806 0.1767 0·9259 0.1636 

Kvichak 5,016,860 0.5189 11.4583 5.9457 

Naknek 1,225,482 0.1268 3.40i4 0.4313 

Ugashik 402,574 0.0416 7.5875 0·3156 

Wood 1,045,526 0.1081 20.7407 2.2421 

Total 9,667,606 1.0000 9.3308 

, I 
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Table 28.--Average percentage of sockeye salmon falling into the Bristol 

Bay category weighted according to relative ablmdance of contributing 

stocks, Asia, 1966 , 

Mean Relative Observed in Weighted 
River escapement!! abundance Bristol Bay category value 

(in millions) (%) (%) 

Kamchatka 1.13 0.4280 40.44 17.3083 

Ozernaya 1.34 0.5076 45.04 22.8623 

Bolshaya 0.17 0.0644 9.26 0.5963 

Total 2.64 1.0000 40.7669 

1/ Mean escapement from 1957-63, from Hanamura (1967). 
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Table ~9.--Percentage" and numbers of sockeye salmon falling into Bristol 
Bay category used as standards of the Asian population, 1967 (includes 
all samples of 17 or more mature sockeye salmon taken "by the Japanese 
mothership fishery west of 165°E after June 16) , 

Sample Position Number of fish 
number Total In Bristol" Bay 

Date oN °E sainEle category 

1 June 17 51°35' 164°54' 27 10 
2 18 52°13' 163°02' 23 13 
3 18 52°51' 164°21' 24 16 
4 19 51 °59' 163°05' 24 13 
5 19 52°39' 164°11' 23 16 
6 19 50°12' 164°32' 24 12 
7 20 51°30' 163°15' 21 11 
8 20 52°45' 164°16' 28 15 
9 21 50°58 ' 163°18' 21 18 

10 21 52°45' 164°15' 27 11 
11 21 50°02' 164°52' 22 12 
12 22 50°42' 162°25' 20 15 
13 22 52°45' 164°15' 23 9 
14 22 49~42' 164°24' 19 9 
15 23 51°24' 163°07' 22 15 
,c. 23 52°5l: 164°09' 26 15 .LV 

17 23 52°29' 161°49' 23 8 
18 24 51°29' 163°47' 22 12 
19 24 52°45' 163°.59' 26 18 
20 25 51 °36 ' 163°52' 27 16 
21 25 52°40' 161°20' 28 20 
22 26 51°51' 164°03' 22 16 
23 26 52°54' 163°-59 24 16 
24 26 53°03' 163°02' 22 10 
25 27 52°28' 162°15' 25 14 
26 27 53°05' 162°55' 27 11 
27 28 49°31 ' 164°33' 17 8 
28 28 51°27' 162°31' 20 15 
29 28 52°41' 164°29' 24 17' 
30 28 52.025 t 161°43' 22 17 
31 28 53°11' 162°58' 22 10 
32 28 50°33' 163°45' 22 8 
33 29 52°44' 164°52' " ~ 29 18 
34 29 53°09 ' 162°53' 24 9 
35 30 51°29' 161°48' 21 12 
36 30 52°14' 162°13' 23 14 
37 30 53°16' 163°11' 23 15 
38 July J, 52°32' 163°01' 18 10 
39 1 50°20' 161°25' 23 15 
40 2 50°15 ' 161°39' 23 16 
41 2 53°27' 162°45' 18 8 
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Table 29.--Percentage and numbers o~ sockeye salmon ~alling into Bristol 
Bay category used as standards o~ the Asian population, '1967 (includes 
all sample's o~ 17 or more mature sockeye salmon taken by the Japanese 
mothership ~ishery west o~ 165°E a~ter June 16)--Continued 

Sample Position Number o~ ~ish 
number Total In Bristol Bay 

Date oN °E samE1e category 

42 July 3 52°43' 164°15' 20 11 
43 3 49°35' 161°04' 21 15 
44 4 49°40' 161°52' 20 12 
45 4 53°10' 163°15' 18 10 
46 5 52°24' 164°53' 24 12 
47 5 49°20' 161°23' 21 12 
48 5 53°07' 163°10' 18 10 
49 6 49°00' 163°32' ·20 14 
50 7 53°09' 162°55' 18 10 
51 8 53°11' 162°58' 25 11 
52 10 53°05' 162°52' 21 15 
53 11 53°11' 162°44' 28 20 

Tc-tRl 1,203 695 

Observed misclassi~ication, percentage 57.7722 
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For both 1966 and 1967, Bristol Bay type fish dominated most samples 

from sockeye salm9n catches made east of l75°E, whereas Asian type fish ftomi~ated 

most samples ,,'est of 175°E. These general results are similar to those observed 

for the 1964 fishing season but differ from those observed for the 1965 season 

(Major ~ al., MS. 1969). In 1965 the occurrence of Bristol Bay type fish between 

170 0 E and 175°E ,.as more pronounced than in 1964, 1966, and 1967. This undoubtedly 

' reflects the large Bristol Bay run in 1965, which was more than three times 

greater than in 1964, 1966 ,and 1967:-

Summary statistics 

As in the 1968 report, the summary statistics for the Japanese 

mctherchip fishery for 1966-67 "Tere obtabed by applying the ma'turi ty a...'1d 

continent of origin composition estimates to the catch in the corresponding 

area and time (Tables 30 and 31) and by summing (Table 32). 

The percentages of immature fish taken in 1966 and 1967 were about the 

same (12.8% for 1966 and 16.2% for 1967). These percentages are similar to that 

for 1965 (14.0%) but considerably smaller than for 1964 (40.7%) (Major et al., 

MS. 1969). 

The percentage of Bristol Bay type 'sockeye salmon in the mature catch was 

24.8% in 1966 and 27.7% in 1967. Comparable figure~ for 1964 and 1965 were 22.8% 

and 60.5%, respectively. 
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Table 30.--Sockeye salmon catch of the Japanese mothership fishery and 
percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1966 (areas from which samples of 17 or more 
fish were not provided are excluded). 

Percentage mature Matures: Percentage 
10-day period 2° x 5° zone Catch and sample size Bristol Bay type and 

samEle size 

May 21-31 E 6552 168,300 99·2 (270) 27·3 (205) 
E 6550 288,494 100.0 ( 418) 33.4 (317) 
E 6548 222,531 100.0 (360) 5·3 (225) 
E 6546 178,730 99·3 (300) 7~8 (218) 
E 7050 128,987 100.0 (270) 57.1 (219) 
E 7048 455,527 97.7 ( 1,080) 23·0 (825) 
E 7046 186,438 90·3 ( 300) 13·5 ~i~i~ E 7550 22,996 100.0 ( . 30) 18.5 
E 7548 37,512 100.0 ( 30) 50_.0 ( 26) 

Totals 1,689,515 1,658,355 389,324 

Junp 1-10 E 6048 14,187 100.0 ( 60) 0.0 ( 53) 
E 6552 48,833 100.0 ( 60) 59.2 ( 49) 
E 6550 49,757 100.0 (150) 11.1 (117) 
E 6548 115,643 98.1 (270) 2.8 (177) 
E 6546 179,632 97.7 (300) 8.0 (226) 
E 7052 21,481 96.7 ( -30) 92.8 ( 28) 
E 7050 44,616 94.4 ( 90) 29.0 ( 69) 
E 7048 204,106 93:3 (510) 19.4 ( 370) 
E 7046 78,264 98.7 (150) 9·3 (107) 
E 7550 73,285 98·3 (180) 50.4 (141) 
E 7548 126,273 89.1 (239) 40.7 (162) 

8050 205,370 99·5 (570) 68.3 ( 401) 
8048 75,140 99.6 (240) 65·3 (176) 

Totals 1,236,587 1,196,021 397,802 

June 11-20 E 6050 11,478 100.0 (150) 1.6 (121) 
E 6048 63,207 98·3 (120) 5·3 ( 94) 
E 6556 10,860 98.9 ( 90) 23·2 ( 69) 
E 6552 114,887 96.9 ( 450) 15.7 (363) 
E 6550 141,758 94.8 (269) 11.3 (168) 
E 6548 176,734 96.7 (360) 2.8 (288) 
E.6546 1,686 93·3 ( 30) 0.0 ( 24) 
E 7052 41,290 97.8 ( 90) 28.6 ( 70) 
E 7050 75,422 85.0 (180) 3·2 (125) 
E 7048 139,411 96.2 (210) 10.1 (178) 
E 7046 9,491 93·3 ( 30) 0.0 ( 23) 
E 7552 21,501 100.0 ( 90) 93·1 ( 58) 
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Table 30.--Sockeye salmon catch of the Japanese mothership fishery and 

percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1966 (areas from which samples of 17 or more 
fish were not provided are excluded)--Continued. ~ 

Percentage mature Matures: Percentage 
10-day period 20 x 50 zone Catch and sample size Bristol Bay type and 

samEle size 

June 11-20 E 7550 18,915 66.7 ( 30) 16.7 ( 18) 
E 7548 18,248 46.7 ( 30) No sample 

8058 7,128 100.0 ( 30) 100.0 ( 25) 
8056 40,582 100.0 (120) 87.0 (100) 
8054 67,776 99.6 (240) 88.4 (173) 
8052 41,851 95.6 ( 90) 94.6 ( 74) 
8050 68,973 92.2 (270) 62.0 (179) 
8048 16,007 90.0 ( 60) 22.7 ( 44) 

Totals 1,087,205 1,025,860 275,344 

June 21-30 E 6052 35,235 97.5 (120) 0.0 ( 95) 
E 6050 22,281 100.0 ( 30) 11.5 ( 26) 
E 6048 23,227 86.7 ( 30) 0.0 ( 20) 
E 6558 16 .. 353 90.5 (210) 20.8 (~ -9 \ ,1.) ) 

E 6556 41,953 93·0 (300) 37.8 (222) 
E 6552 38,173 96.0 ( 150) 0.0 (112) 
E 6550 176,378 94.8 (420) 9·0 (310) 
E 6548 233,962 90.8 ( 510) 7.6 (356) 
E 6546 1,309 90.0 ( 60) 0.0 ( 42) 
E 7058 12,201 85.0 ( 60) 26.2 ( 42) 
E 7056 3,125 71.7 ( 60) 0.0 ( 19) 
E 7054 3,780 80.0 ( 60) 61.9 ( 21) 
E 7050 22,547 91.7 ( 60) 12.8 ( 39) 
E 7048 163,320 85.1 (390) 7.8 (255) 
E 7560 40,810 100.0 ( 90) 63·2 ( 68) 
E 7558 4,628 96.7 ( 60) 73·5 ( 49) 

8060 656 100.0 ( 30) 63·6 ( . 22) 
8058 21,226 100.0 ( 90) 94.7 ( 76) 
8056 14,292 100.0 ( 60) 90.9 ( 55) 
8054 5,396 100.0 ( 30) 100.0 ( 26) 
8052 23,472 98.9 ( 90) 77·3 ( 66) 
8048 2,372 60.0 ( 30) No sample 

Totals 906,696 834,845 155,590 

July 1-10 E' 6052 132,959 96.1 ( 180) 6.2 (144) 
E 6558 34,370 89.6 (270) 37.4 (187) 
E 6556 35,416 87.8 (270) 23·7 (177) 
E 6552 104,702 . 80.8 (120) 13·9 . ( 72) 
E 6550 476,625 67.6 ( 420) 32.4 (145) 
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Table 30 .--Sockeye salmon catch of the Japanese mothership fishery and 

percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1966 (areas from' 'which samples of 17 or more 
fish were not provided are excluded)--Continued. 

Percentage mature Matures: Percentage 
10-day p.eriod 2° x 5° zone Catch and sample size Bristol Bay type and 

samEle size 

July 1-:10 E 6548 540,508 73.4 (448) 13·1 (222) 
E 7056 4,108 66.7 ( 30) 23·5 ( 17) 
E 7054 1,548 60.0 ( 30) No sample 
E 7052 52,512 28.3 ( 60) No sample 
E 7050 407,434 66.3 (270) 18.5 . (119) 
E 7048 172,764 74·3 (210) 32.2 (115) 
E 7046 6,260 40.0 ( 60) No sample 
E 7558 123 43.3 ( 30) No sample 
E 7556 24,024 42.2 ( 90) No sample 

8058 21,044 70.6 (180) 54.8 ( 42) 
8056 50,338 86.1 (180) 28.7 . ( 87) 

Totals 2,064,735 1,481,111 307,464 

July 11-20 E 6556 3,056 50.0 ( 30) No sam:ple 
E 6550 92,071 30.0 ( 30) No sample 
E 6548 83,006 35.6 ( 90) 38.9 ( 18) 
E 7056 1,611 56.7 ( 30) No sample 
E 7048 22,719 63·3 ( 30) No sample 
E 7558 686 16.7 ( 30) No sample 
E 7556 4,734 20.0 ( 60) No sample 

Totals 207,883 75,055 11,495 



Table 31.--Sockeye salmon catch of the Japanese mothership fishery and 
percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1967 (areas from which samples of 17 or more 
fish were not provided are excluded), 

Percentage mature Matures: Percentage 
10-day period 2° x 5° zone Catch and sample size Bristol Bay type and 

sam121e size 

May 21-31 E 6546 206,481 91.1 (417) 14.8 (264) . 
E 7046 374,623 97.4 (269) 39·5 (195) 
E 6548 206,775 99.6 (269) 19.0 (210) 
E 7048 598,444 99·2 (900) 21.2 (628) 
E 7548 82,286 95.6 ( 90) . 28.0 ( 50) 
E 6550 243,024 99·7 (299) 36.9 . (168) 
E 7050 217,696 99·5 (419) 46.6 (363) 
E 7550 54,55'5 98.9 (.90) 39.5 ( 76) 
E 6552 8,117 96.7 ( 30) 81.5 ( 27) 

Total 1,992,001 1,951,963 577,035 

June 1-10 E 6546 176,027 . 100.0 (210) 10.0 (169) 
E 7046 14,156 95.0 ( 60) . 0.0 ( 21) 
E 6548 278,932 98.4 ( 446) ~ ~ " (308) 1..L • \.1 

E 7048 331,218 95·3 ( 509) 16.2 ( 357) 
E 7548 9,289 93·3 ( 30) 44.0 ( 25) 
E 6550 115,264 99·3 (150) 44.7 (132) 
E 7050 93,697 92.2 (180) 39.6 (139) 
E 7550 166,419 98.9 (449) 70.7 (300) 
E 6552 23,688 100.0 ( 30) 57.7 ( 26) 
E 7052 8,189 100.0 ( 60) 40.4 ( 52) 
E 7552 8,244 90.0 ( 30) 100.0 ( 22) 

8050 126,443 93·2 (236) 79.2 . (168 ) 
8052 2,692 93·3 ( 30) 47.8 ( 23) 

Total 1,354,258 1,313,349 423,409 

June 11-20 E 6548 256,635 92.7 (330) 34.4 (192) 
E 7048 68,468 80.7 (150) 23·1 (loB) 
E 6050 38,403 96.7 (120) Assumed to be zero 
E 6550 224,012 93·3 (419) 4.5 ( 311) 
E 7050 168,022 93·3 (268 ) 53·2 (173) 
E 7550 18,388 100.0 ( 60) 100.0 ( 23) 
E 6052 97,373 100.0 (120) Assumed to be zero 
E 6552 112,014 94.8 (269) 28.4 (176) 
E 7052 28 ,582 96.7 ( 90) 13·2 ( 53) 
E 7552 43,428 98.9 ( 90) 90.5 ( 63) 
E 7554 3,005 100.0 ( 60) 100.0 ( 44) 
E 7556 10,086 . 100.0 ( 60) 100.0 ( 53) 

8052 35,315 100.0 ( 30) 100.0 ( 26) 
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Table jl.--Sockeye salmon catch of th~ Japanese mothership fishery and 
percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1967 (areas from which samples of 17 or more 
fish were not provided are excluded)--Continued . 

Percentage mature Matures: Percentage 
10-day period 2° x 5° zone Catch and sample size Bristol Bay type and 

samEle size 

June 11-20 8054 160,986 97.2 (359) 92.9 (281) . 
8056 27,960 99·2 (118 ) 91.9 ( 99) 

Total 1,292,677 1,221,218 497,733 

June 21-30 E 6048 51,925 72.2 ( 90) Assumed to be zero 
E 6548 70,138 77.3 (150) 33·3 ( 63) 
E 6050 272,325 83.0 ( 419) Assumed to be zero 
E 6550 494,192 78·3 (715) 24.1 (349) 
E 7050 190,511 54.2 (120) 57.7 ( 26) 
E 7550 16,656 16.7 ( 30) No sample 
E 6052 264,511 96.5 (538 ) Assumed to be zero 
E 6552 369,880 71.9 (388 ) 2.8 (109) 
E 7052 15,638 50.0 ( 30) No sample 
E 7054 219 100.0 ( 30) 65.5 ( 29) 
E 7056 10,725 96.9 ( 64) 49.1 ( 57) 
E 7556 7,167 100.0 ( 30) 100.0 ( 22) 

Total 1,763,887 1,357,521 190,749 

July 1-10 E 6048 12,901 89.2 (120) Assumed to be zero 
E 6050 46,587 63·3 (120) Assumed to be zero 
E 6550 256,555 53·0 (270) 0.0 ( 36) 
E 6052 285,535 74.5 (470) Assumed to be zero 
E 6552 190,945 63.3 (270) 21.9 ( 73) 
E 7052 18,299 71.1 ( 90) 52.8 ( 36) 
E 7054 9,320 66.7 ( 30) 11.1 ( "18) 
E 6556 5,064 38 • .3 ( 60) No sample 
E 7056 9,159 59·3 ( 59) No sample 
E 7556 6,961 83·3 ( 30) No sample 
E 6558 93,696 33·5 (179) No sample 
E 7058 144,023 75·0 (360) 62.3 ( 61) 
E 7558 50,675 34.4 ( 90) 58.8 ( 17) 
E 7060 11,996 76.7 ( 30) No sample 
E 7560 7,177 82.2 ( 90) 32.8 ( 64) 

8058 17,598 65.6 (147) 90.6 ( 53) 

Total 1,166,491 726,442 123,969 



Table 31. --Sockeye salmon catch of the Japane"se mothership fishery and 
percentage of fish that were mature and of Bristol Bay scale type in 
samples from the fishery, 1967 (areas from which samples of 17 or more 
fish were not provided are excluded)--Continued. 

Percentage mature Matures: Percentage 
10-day period 2° x 5° zone Catch and sample size Bristol Bay type and 

sam121e size 

July 11-20 E 6052 86,798 69.8 (149) Assumed to be .zero 
E 6556 12,814 6.9 ( 29) No sample 
E 7056 17,803 17·3 ( 150) " No sample 
E 7556 6,190 4.4 ( 90) No sample 
E 6558 60,740 14.0 (150) No ~ample 
E 7058 82,255 12.2 (180) No sample 
E 7558 33,259 13·3 ( 90) No sample 
E 7560 14,561 46.7 (. 90) 94.1 ( 17) 

8058 87,799 22.0 (268) No sample 
8060 7,716 28.8 ( 59) No ssmple 

Total 409,935 116,122 6,399 
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Table 32.--Summary statistics of Japanese mothership catch, sockeye salmon, 

1966-67 

Catch maturity 
and origin 

Total catch 

r.faturity 

Unknown 

Immature 

Mature 

Origin of mature fish 

Unknown 

Assumed Asian 

Classified Asian 

Total Asian 

Bristol B~ 

1966 

1/ 
7,254,088-

61,h6# 

921,374 (12.8%) 

6,271,247 (87.2%) . 

83,935 

4,650,293 

4,650,293 (75.2%) 

1,537,019 (24.8%) 

1/ Includes ~ ,393 fish caught before Hay 21. 

~/ Includes 1,864 " " " " " 
1/ \-Test of 165°p, after June 16. 

,. 

1967 

2/ 
8,087,071-

2l 
107,822 

1,292,634 ' (16.2%) . 

6,686,615 (83.8%) 

113,141 

967,58Tl/ 

3,786,593 

4,754,180 (72.3%) 

1,819,294 (27.7) 
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STATISTICS OF JAPANESE MOTHERSHIP SALMON FISHERY 

by A. E. Peterson 

Three studies by the Biometrics Institute of the BCF Seattle -

Biological Laboratory on the Japanese mothership salmon fishery are reported: 

(1) salmon catch and effort statistics of the 1968 mothership fishery, 

(2) res'ults of a forecast on the 1969 Bristol Bay sockeye salmon run from 

preliminary 1969 mothership statistics, and (3) _a schematic description 

of the deployment of mothership catch and effort averaged for 1956 to 1968. 

1968 Japanese-motherShip salmon fishery 

Statistics of annual catch, fishing effort, and catch per unit 

of effort (CPUE) for the 1968 Japanese mothership salmon fishery (INPFC, 

1968) are listed with corresponding data for 1952-67 (Peterson, MS. 1969) 

on sockeye, pink, chum, coho, and chinook salmon (Table 33). The statistics 

for the l7-year period are shown by species in Figures 40 to 44. 

\ , \ 
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Table 33.--Japanese mothership salmon fishery--catch, fishing effort, and 
catch per unit of effort--160oE to 175°W, 1952-68. 

Species of salmon 

Year SockeyeY Pi~/ ChunJi CohcJ./ Chino old! Tot~:t1J 

Catch--Thousands of fish 

1952 738 698 629 24 1 2,091 
1953 1',534 2,892 2,678 307 3 7,414 
1954 3,382 .2,698 8,254 675 57 15,071 
1955 9,456 9,108 14,012 1,467 43 34,164 
1956 8,702 6,589 15,316 3,393 117 34,170 
1957 19,403 17,204 8,877 193 25 46,042 
1958 10,708 7,859 14,048 3,106 38 35,832 
1959 9,125 18,642 12,856 1,388 63 42,326 
1960 12,879 1,826 10,517 862 180 26,324 
1961 12,998 3,226 6,128 281 31 22,704 
1962 10;590 1,011 6,372 1,531 122 19,755 
1963 8,902 6,242 5,858 1,890 88 23,475 
1964 7,097 2,198 8,640 3,533 410 21,964 
1965 12,038 4,238 6,037 1,173 185 23,864 
1966 7,254 2,457 8,562 466 208 19,046 
1967' 8,087 7,698 6,848 225 127 22,985 
1~68 6,373 3,609 8,107 805 362 ' () 2c::6 ..... 7' ..I 

Fishing effort--Thousands of tans 

1952 471 394 471 199 471 411 
1953 1,314 1,027 1,314 619 1,314 1,314 
1954 2,547 2,265 2,547 1,253 2,547 2,547 
1955 5,761 4,511 5,761 2,392 5,761 5,761 
1956 8,729 6,908 8,729 3,629 8,729 8,729 
1957 6,213 4,180 6,213 1,467 6,213 6,213 
1958 7,207 5,628 7,207 2,681 7,207 7,207 
1959 7,096 5,957 7,096 2,433 7,096 7,096 
1960 6,518 5,921 6,518 3,079 6,518 6,5.18 
1961 4,994 4,538 4,994 1,494 4,994 4,994 
1962 5,851 ·4,918 5,851 2,231 5,851 5,851 
1963 5,954 5,186 5,954 2,494 5,954 5,954 
1964 7,518 6,586 7,518 3,926 7,518 7,518 
1965 6,110 5,165 6,110 2,420 6,110 6,110 
1966 5,195 4,207 5,195 1,166 5,195 5,195 
1967 5,231 4,120 5,231 1,398 5,231 5,231 
1968 5,925 4,838 5,925 1,987 5,925 5,925 
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Table 33.--Japanese mothership salmon fishery--catch, fishing effort, 
catch per unit of effort--160oE to 175~, 1952-68--Continued. 

and 

Species of salmon 

Year SOCkeye!! ~inkgj ChuzJi COhoJJ Chinook!! Total!! 

Catch per unit effort--Number of fish per tan 

1952 1.57 1.77 1.34 0.12 0.0021 4.44 
1953 1.17 2.82 2.04 0.50 0.0023 5.64 
1954 1.33 1.19 3.24 0.54 0.0224 5.92 
1955 1.64 2.02 2.43 0.61 0.0075 5.93 
1956 1.00 0.95 1.75 0.93 0.0134 3.91 
1957 3.12 4.12 1.43 0.13 0.0040 7.41 
1958 1.49 1.40 1.95 1.16 0.0053 4.97 
1959 1.29 3.13 -_ 1.81 0.57 0.0089 5.96 
1960 1.98 0.31 1.61 0.28 0.0276 4.04 
1961 2.60 0.71 1.23 0.19 0.0062 4.55 
1962 1.81 0.21 1.09 0.69 0.0209 3.38 
1963 1.50 1.20 0.98 0.76 0.0148 3.94 
1964 0.94 0.33 1.15 0.90 0.0545 2.92 
1965 1.97 0.82 0.99 0.48 0.0303 3.79 
1966 1.40 0.58 ·1.65 0.40 0.0400 3.67 
,r.t::.7 
..L;:7'-'1 1.55 1.87 1.31 0.16 0.0243 4.39 
1968 1.08 0.75 1.37 0.41 0.0610 3.25 

!! May-August gj June-August 11 July-August 

Sources: INPFC Statistical Yearbook (1968) and Peterson (MS. 1969). 

~\ 
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Sockeye salmon 

The catch of 6.4 million sockeye salmon in 1968 was the lowest since 

the early years (1952-54) of the fishery. Fishing effort in 1968 was close to 

the average for the past 8 years. Sockeye salmon CPUE in 1968 was the lowest 

since 1964 (Fig. 40). 

About 82% of the sockeye salmon catch in 1968 was made west of 175°E. 

Best catches were taken south~Test of the western Aleutian Islands between 

165°E and 175°E from late May to mid-June and between 1600 E and 1800 in July. 

Pink salmon 

The 1968 catch of 3.8 million pink salmon (3.6 million excluding 

May catches) was the highest for an even-numbered year since 195o, although 

below catches of recent odd-numbered years. Pink salmon CPUE in 1968 was also 

the .highest of any even year since 1958 (Fig. 41). 

About 82% of the catch was taken west of 175°E. Best catches were 

made southwest of the western Aleutian Islands in early June and mid-June 

and in the western Bering Sea from late June to early July. 

Chum salmon 

The 1968 catch of 8.1 million chum salmon was greater than in 1967 

but slightly less than in 1966. Chum salmon CPUE in 1968 was somewhat higher 

than in 1967 and also higher than the average for the past 8 years (Fig.42 ). 



Best catches of chum salmon were made southwest of the western 

Aleutian Islands between late May and mid-June and in the northeastern Bering 

Sea in July. CPUE was highest in the northeastern Bering Sea in mid-July. 

Coho salmon 

The '1968 catch of 898,000 coho salmon (805,000 excluding May and 

June catches) was greater than in 1966 or 1967 but iess than in 1962-65. 

Coho salmon CPUE in 1968 wa.s higher than in 1967, about the same as in 1966, 

and less than .in 1962-65 (Fig. 43). About 72% of the catch was taken south 

of 48°N in July. 

C'ninook salmon 

The 1968 catch of 362,000 chinook salmon was the greatest since 1964. 

Chinook salmon CPUE in 1968 was the highest of any year since the start of the 

fishery (Fig. 44). Areas of greatest abundance (measured by CPUE) were north 

of 56°n from mid-June to mid-July. 

Forecast of 1969 Bristol Bay sockeye salmon run 

Biometrics Institute scientists made a forecast of the 1969 Bristol 

Bay socke.ye salmon run from preliminary estimates of, catch and effort by the 

1969 Japanese mothership salmon fiscery. The forecast was for a run of 16 to 

22 million sockeye salmon, with a point estimate of 19 million. This estimate 

compared favorably with the preliminary estimate of the actual run which was 

about 21 million sockeye salmon. 



Fishing effort and catch of the Japanese mothership salmon fishery based 
on averages for 1956-68 

Statistics on fishing effort and catch of the five species of salmon 

by 2° x 5° statistical fishing area and by lO-day fishing period for each year 

from 1956 to 1968 (Manzer et al., 1965; IrWFC, 1961-68) were used to determine 

average effort and catch values for each 2° x 5° area and lO-day period. 

Fishing effort (in thousands of tans of gillnet) and geographic 

distribution of this effort by the Japanese mothership salmon fishing fleets 

are shown sche~atically by ~ontours (Fig. 45) for May to August (IO-day periods 

in June and July), based on averages for· 1956-68. In May, the fishing effort 

concentrated in one main center southwest of the western Aleutian Islands. In 

June, this center extended eastward, south of the JUeutian Islands and 

northeastward, north of the islands to the abstention line at 175°W. In July. 

the ma.1or fishing areR.s were in the "W"PRt.ern Nnrth Pacific Ocean off southeastern 

Kamchatka and in the ~ring Sea, mainly between 58~N and 60 0 N. By August, fishing 

effort had diminished (no fishing in August since 1964). 

Catch contours (in thousands of fish) of the five species of salmen 

by the mothership fishery are shown in Figures 46-52. The average catch of 

chum salmon (Fig. 46) for .1956-68 shows a marked similarity to that of fishing 

effort, starting with a concentration of chum salmon southwest of the western 

Aleutian Islwlds in May, an eastward extension in June, and a separation i~to 

two areas in July (one off southeastern Kamchatka, the other in the northern 

Bering Sea). 
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Figure 45.--Fishing effort, Japanese mothership salmon fishery by time period, ~veraged 
for 13 years, 1956-68. 
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Figure 46.--Chum salmon catches, Japanese mothersh1p salmon fishery by time period, 
averaged for 13 years, 1956-68. . 
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Figure 47.--Sockeye salmon catches, Japanese mothership salmon fishery by time p~riod, 
averaged for 7 years, 1958, 1959, 1962, 1963, 1964, 1967, and 1968. 0 
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Figure 48.--Sockeye salmon catches, Japanese mothership salmon fishery by time period, 
averaged for 6 years, 1956, 1957, 1960, 1961, 1965, and 1966. 



1600 E. 

56°N . . 

JULY 21-31~ 

Figure 49.--Pink salmon catches, Japanese mothership salmon fishery by time period, 
averaged for 7 even-numbered years, 1956, 1958, 1960, 1962, 1964, 1966, and 1968. 
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Figure 50.--Pink salmon catches, Japanese mothershi~ salmon fishery by time period, 
averaged for,6 odd-numbered years, 1957, 1959, 1961, 1963, 1965, and 1967. 
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Figure 51.--Coho salmon catches, Japanese mothership salmon fishery by time period, 
averaged for 13 years, 1956-68. 
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Sockeye salmon catches for the 13-year period were divided into two 

groups: (1) the so-called "off" years for Bristol Bay sockeye (1958, 1959, 1962, 

196'3, 1964~.19?7, 1968) and (2) the "peak" years (1956, 1960, 1965) combined 

with the "sub-peak" years (1957, 1961, 1966). This separa~ion is warranted on 

examining Figures 4t and 48, because the spatial distributions of the two 

groups show distinct differences (effort separated on this basis into two groups 

shows differences similar to those of sockeye catches). 

Sockeye catches for the "off" Bristol Bay years (Fig. 47) showed a 

fairly stable concentration southwest of the western Aleutian Islands in May and 

June with little tendency to widen to the east. In July; this concentration 

moved slightly to the west and lessened , by late July. A much ,;.eaker center 

was also present in July in the northwestern Bering Sea. 

I£1 :i:;he "peak" a.Y.LU "sub-peak" Dl'istol Bay years, sockeye sa:mon catches 

in May (Fig. 48) were centered southwest of the western Aleutian Islands but 

were spread over a much broader area eastward than in. the "off" years. By early 

June this eastw~d extension increased, and best catches were made over a wide 

area south of the islands from 1700 E to l75°W. In mid-June, a strong center was 

present in the Bering Sea between 180° and 1750W just north of the islands, and 

greatest recorded average catches of Bristol Bay sockeye were' taken by t~e 

mothership fishery. In late June, sockeye catches inthe Bering Sea dwindled and 

only a moderate concentration remained, but at the same time a more important 

center formed·southwest of the western Aleutian Islands. By early July, only 

small catches .of sockeye ',jere ta.l{en in the Bering Sea, but the center to the 

southwest strengthened and moved west off southeastern Kamchatka, d1'Tindling by 

late July and August. Average sockeye catches in "peak" and "sub-peak" years 

were about 40% higher than in "off" years. 



Pink salmon catcb.es also were divided into two groups (catches of 

even-numbered and odd-numbered years) for study. Odd-Year catches of pink 

salmon averaged 2.6 times even-year catches for the 1956-68 period. In the 

even years (Fig. 49), a center of pink salmon catches formed southwest of 

the western Aleutian Islands and southeast of Kamchatka in June, strengthening 

and moving westward in July. A small·center, present in the northwestern 

Bering Sea in late June, dropped off in July. In the odd years (Fig •. · 50) a 

stronger, broader center thar. in the ~ven years developed southwest of the 

western Aleutian Islands in June, extending into the Be~ing Sea in mid-June. 

Ey early July two strong centers of pink salmon catcheswe~e noted, the. biggest 

off southeastern Kamchatka, the other in the northwestern Bering Sea off 

Karaginskiy Island and Cape Olyutorskiy • . By mid-July, the main ~nncentration 

was in the northwestern Bering Sea and by late July, fei; pink salmon were caught. 

Average catches of coho salmon (Fig. 51) for 1956-68 were low in 

June, but in early July a center formed between 1700 E and 175°E south of 48°N. 

This center expanded and strengthened and, by mid-July to late .July, extended 

north to the Aleutian Islands and west to southeastern Kamchatka. Only small 

numbers of coho salmon were taken in the Bering Sea. CohO salmon catches were 

much less than those of sockeye, chum, and pink salmon but were much g~eater 

than catches of chinook salmon. 

Ave~age catches of chinook salmon (Fig. 52) were highest in late 

June 8l'ld early July in the Bering Sea north of 56°N. In mid-July t'N"O weaker 

centers formed--one in the far south, the other in the far north. Chinook 

salmon catches dwindled a:rter mid-July. 
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