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MON!TOP.ING HIGRAT~ONS ~ND ABUNDANCE or SALMON AT SEA 

by Allan C. Hartt, Gary E. Lord, and Donald E. Rogers 

Introduction 

The Fisheries Research Institute, University of Washington, under 

contract to the National Harine Fisheries Service has since 1955 been 

conducting studies of the various phases of the oceanic life history 

of salmon for the purposes of the INPFC. In 1974, and for the past 

several years the chief objective has been to assess the abundance, size, 

age composition, distribution, and timing of all species of salmon both 

immature and mature during the period July 1 - August Ie in a key area 

of concentration south of the central Aleutian Islands. A major appli-

cation of the study is to forecast, one year in advance, the abundance 

and ocean age composition of the run of sockeye salmon to Bristol Bay, 

Alaska. The forecasts have proved valuable to the Alaska Department of 

Fish and Game and to the salmon industry in planning the regulation and 

harvesting of this important resource. A secondary objective has been to 

identify the continental and sub-continental source of the salmon in the 

sampling area by means of tagging. 

Our major activities in 1974 were: (1) publishing a forecast of the 

1974 sockeye salmon run to Bristol Bay based upon our sampling in 1973; (2) 

sampling salmon south of Adak Island in the summer of 1974 as a basis for 

forecasting the 1975 run to Bristol Bay; (3) studying the abundance and 

distribution of species other than sockeye salmon south of Adak and tagging 

them; (4) utilizing acoustic buoys as a means of improving our estimate of 

abundance based upon purse seine gear; and (5) analyzing and writing reports 

on data collected in previous years. 



• 

2 

19711 rie1d Onerations 

Two chartered research vessels were operated in 1974 - the l'larine Vic-w, 

82 feet long, using a purse seine 400 fathoms long and 20 fathoms deep,. and 

the Commando, 65 feet long, using four sonar buoys similar to those described 

in our 1973 report. Both vessels operated at five stations spaced at about 

10 mile intervals between five anq fifty miles south of Adak Island following 

the -same station pattern used since 1968. Both boats arrived at Adak July l. 

The Commando operated through July 27, and the Marine View through August 17, 

which is one '-leek longer than in recent years. The additional week of 

operatio~/ was to ensure that sampling would include the major period of 

passage of immature sockeye even if they arrived late as was apparently the 

case in 1973 (Hartt, et aI, M.S. 197Ll). Our goal was to obtain at least 

two purse seine sets per station during each of the seven weekly time periods 

that the Marine Vievl operated and similar synoptic data from the senar

instruments during the four weeks that the Commando operated.

Forecast of 1971l Bristol Bav Sockeye Salmo:! Run 
~~~~~~------~~~~~~~---~.~. --~--~-----

On the basis of our sampling south of Adak Island over the years 1962-

1973, we forecast an inshore run to Bristol Bay in 1974 of 3.9 million 

sockeye salmon with an approximate 80 96 confidence interval of l. 2-6. 6 

million sockeye salmon (Rogers, 1974). The actual inshore run in 1974 viaS 

approximately 11 million sockeye or about three times the numbers forecasted. 

A percent,:ge error of this magnitude is unprecedented in our forecast e>:pcrience. 

The cause of the gross underestimate probably lay in the following three 

factors: (1) the very late timing of the passage of immatUl"e sockeye salmon 

through the index area south of Adak Island in the summer of 1973; and (2) the 

curtailed fishine effort by Japan in the areas of concentration of mir;ratinf, 

Bristol Bay sockeye in the spring of 1974, and (3) a hj-r;h ocean survival rate 
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of Bristol Bay sockeye in their final year at sea. 

The factor believe~ to be primary was the very late timing of the 

passage of immature sockeye salmon past Adak in 1973 as described in our 

1973 report to DIPFC (Hartt, et aI, l-l.S. 197Il). During the first three 

weeks of sampling in 1973 (July 1-21) relatively few sockeye salmon Here 

caught, but during the fourth week the average catch suddenly increased 

by a factor of about 10 and abundance continued at this high level until 

the termination of sampling on August 8. In previous years, catches in 

the second half of the season have- increased or decreased by a maximum 

factor of about 2, but a ten-fold increase as seen in the case of age .1 

fish in 1973 was unnI"ecedented. Because of the late migration in 1973, 

our index apparently did not embrace the same segment of the run-tin~ 

profile as in previous years, which in turn contributed to our low forecnst 

for 1074.  The cause of the late timing is unknown. Snce the timing of 

the migration of the immature chum salmon Has normal in 1973, it appeal:'2d 

that the lateness of the sockeye run .. las not due to pervasive environmental 

factors that affected both species. 

A second factor was the reduced fishing " effort by Japan in 197L~ 

in areas north and south of the "/'.leutians west of the treaty line at a 

time when mature Bristol Bay sockeye are usually concentrated. 'ilien the 

statistics of the catch and effort by the Japanese mothership fleet in 1<J7t~ 

become available, it may be possible to estimate the degree to which this 

factor contributed to the larger than expected inshore run in 1974. "The 

degree of intercention of Bristol Bay fish by the mothership fleet, is/of 

course) contingent upon the major routes followed bv the run as it mir,rates 

shoreward and these vury considerably from year to year, so that a precise 
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estimate would be imnossible. In any event, this factor, including loss 

throur,h dropout, probably , .. ould not account for more · than a one million 

difference in the size of the inshore run. 

A third factor was the posible high survival of Bristol Bay sockeye 

during their final year at sea. Enhanced survival was expected on the basis 

of the larger than average size of the immature sockeye sampled south of 

Adak in 1973 (Hartt, et al M. S., 1974). In addition, sockeye runs in the 

Kodiak Island and Chignik River areas and pink salmon runs in Bristol Bay 

all exceeded expectations in 1974, suggesting above normal survival at sea 

in 1973-197L~. 
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Purse seine catches off Adak Island in 1974 

The purse seine was fished in the standard manner using 30-minute 

tow hauls and with the net open to the east to take advantage of the 

strong westerly direction of migration of salmon in the study area. 

Catch and effort data in 1974 are surnn~rized in Table 1 by station and 

by species. 

Table 1. Total catch and catch per purse seine set of salmon and 

stee1head trout at five stations south of Adak Island in . 
1974 (July 4 - August 15) 

Station no. 
and distance Catch by sEecies'': and catch/set in parentheses 
offshore No. of Steel- Total 
(nau't. mi. ) sets Sockeye Churn Pink Coho Chinook head catch 

Sta. # 1 13 895 699 10 14 16 1634 
(5-10) (S8.8) (53.8) (O.S) (1.1) (1.2) (125.7) 

Sta. /I 2 10 432 264 5 7 16 724 
(15-20) (43.2) (26.4) (0.5) (0.7) (1.6 ) (72.4) 

Sta. # 3 11 529 302 5 30 26 892 
(25-30) (48.1) (27.5) (0.5) (2.7) (2.4) (81.1 ) 

Sta. # 4 12 413 115 6 5S 16 4 (;.0 '1 
(35-40 ) (34-.4) (9.6) (0.5) ( 4.(,) (1. 3) (0.3) ( 50.3) 

Sta. # 5 10 284- 64- 1 51 11 6 417 
(45-50) (28.4-) (6.4) • (0.1) (5.1) (1.1) (0.6) (41.7) 

Total 56 2553 1444 27 157 85 10 4276 - (4-5.6) (25.8) (0.5) (2.8) (1. 5) (0.2) (76.4) 

1: minor changes in species totals may be made when scales have been read. 
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TIle 56 purse seine sets were fairly well distributed among the 5 

stations (Table 1), but the distribution of sets among the 7 weekly time 

periods was oore variable because of prolonged stormy seas. Numbers of 

sets by 'veek were: 

Week No. Ho. of sets Week No. No. of sets 

1 10 5 6 

2 10 6 14 

3 6 7 1 

4 9 

A total of 2,553 sockeye salmon was caught in 56 sets or 45.6/set. 

The abundance was fairly uniform at all five stations although it tended 

to be higher inshore. Individual catches of sockeye ranged from 0-2S9!set. 

A total of 1,444 chum salmon were caught (25.8/set). Individual catches

ranged from 0 -  240/set .   The largest  catches occurred at  stations 1-3 

and abundance gener·ally diminished with the distance from shore, which is 

typical for this species. Nearly all chums were immature although a 

scattering of mature specimens between 50-70 cm long occurred at all stations. 

Few pink salmon were caught (27 total), primarily because our operations 

began af~er the main run of this species had passed through the area. In even-

numbered years, the pink salmon occurring south of the central Aleutian Islands 

are destined for east Kamchatka, the Aleutian Islands, and western Alaska. 

Abundance generally diminished with the distance from shore, which is typical 

for this species. 

A total of 157 coho salmon were caught. They were more abundant at 

offshore stations. All were maturing fish. 

The 85 chinook salmon occurred rather randomly with respect to distance 

from shore. Nearly all Here immature (ages .1, .2 and .3). 
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The ten steelhead trout occurred at stations 4 and 5, indicating 

a more offshore distribution for this species. Based upOn their lengths, 

one was age .1 and the remainder age .2 or older. 

The total season's catch and average catch per seine set by species 

are summarized in Table 2 for the seven years 1968 through 1974 - the 

years in which we adhered to the five-station sampling pattern. The 

data are presented to show general trends by species but do not show 

details of age composition and maturity. 

The average sockeye catch of 45.6 fish per set in 1974 was considerably 

greater than in the previous three years (15.3 - 30.7/set), but was well below 

the figure of lSO.8/set in 1969 the previous cycle year for immature sockeye. 

The 1974 chum salmon catch of 2S. a/set was the lO\<lest on record. 

Previous catches ranged from 37.4 to l23.9/set. 

Little can be said about relative catches of pink salmon ')ecause our 

saIDRling period since 1968 has been after the passage of the main run of 

this...:- species. 

The catches of coho salmon (2.a/set), chinook salmon (l.S/set), and 

steelhead trout (O.2/set), though small relative to sockeye and chum 

salmon, \ .. ere larger than in any previous year. The only previous year in 

which catches were at all comparable, was 1968 (coho 2.1/set), chinook 

(1.2/set), and steelhead trout (O.OS/set). 

The reason for the high abundance of these three species in 1974 is 

unknown, but it may be related to the warmer than usual surface temperatures 

which prevailed. As shown in Fig. 1, surface temperatures in 1974 were warroor 

(season mean temperature 8.7°C) than in any of the previous four years (7.3-

7.8°C). Temperatures in 1974 were similar to those in 1968 (B.SOC), another 

year in which coho, chinook and steelhead trout were abundant. 
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The year 1969 was the warmest year of the seven shown in Fig. 1 (9.30 C), 

yet abundance of the three species in question was not exceptional. 

Table 2. ~otal catch and catch per seine set of ~almon and steelhead trout 

at stations 1-5 during period June 30 - August 15 south of Adak Island 

in years 1968-1974. 

No of Catch bv soecies and catch/set in parentheses . 
~ . Year Period fished seine sets l Sockeye
l Chum . IPink . .f~hO . Fhi~OOk Steelhead Total -- I ! 

1968 July 7-Aug. 12 58 4,902 I 2,173 65 122 70 3 ~335 
(84.5) (37.4 (1.] )(2.1 ) (1. 2) (0.05) (126.5) 

1969 July 3-Aug. 12 89 13,417 11,027 188 110 40 2 2~784 
(150.8) (123.9 (2.1) (1. 2) (0.4) (0.02) (278.5) 

1970 June 30-Aug.ll 66 3,258 5,359 51 26 6 - 8,700 
(49.4) (81.2 ) . (O.S)I (0.4) (0.1) - (131. 8) 

1971 JuJ_y 3-Aug. 9 51 1,003 , 3,322 35 59 20 - '-1.439 
1(19.7) I (65.1)i (O.7)i (1.21) (0.4)1 

I 
(B7_0) 

1972 July 4-Aug. 13 ' - 74 1,133 3,829 26 I 20 29 1 5.038 
(15.3) (51.7) (0.4 (0.3) (0.4) (0.01) (68.1) 

1973 July 4-Aug. 8 55 1,690 3,309 12 30 3 5;044 
(30.7) (60.2) (0.2 (0.5) (0.1) (91. 7) 

1974 July 4-Aug. 15 56 2,553 1,444 27 157 85 10 ~76 
(45.6) (25.8) (0.5 (2.8) (1.5) (0.2) (76.4) 
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Abundance and age 'cor~osition of sockeye salmon due to return to Bristol Bay in 197~ 

The 1974 sockeye catch is shown below by ocean age and maturity. 

Immature Sockeye 
Age.1 Age .2 

Total catch 1,968 583 

Mean catch 35.1 10.4 

Mature sockeye 
Age .2(+) 

2 

0.03 

Total 

2,553 

45.6 

Of 2,553·sockeye caught, two were judged to be mature, and the irnmatures 

included 1,968 age .1 and 583 age .2. Further evaluation of the catches 

will be made when total ages/including freshwater age~ have been determined 

from the scales. 

I~proved abundance estimates by means 'of'acoustic buoys 

Acoustic buoys, which ,·re have been developing and testing foy' fou:::.-· 

years together with the Applied Physics Laboratory of the University of 

Washington, "lel"'e operated successfu.lly during the period July 1-27. The 

early termination of the acoustic monitoring was necessitated this year 

because of budget limitations. The objectives were to provide a more 

accurate index of abundance by extending the sampling in space and time 

and to provide additional information on the migrations and behavior of 

salmon in the index area not available from purse seine gear (depth stratifi-

cation, dispersion or schooling, and variations in these according to day and 
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night, time of season, or weather conditions). The rationale of the method 

and the assumptions and limitations are given in a recent report by Lord 

(1973). The research vessel Commando was equipped. with four free-floating 

acoustic fish sensing buoys. Whenever feasible the buoys were operated 

in proximity to the purse seine vessel in order to obtain comparable data 

for use in evaluating the buoy performance. At times, the buoys were 

operated independently, ie. at night, and when weather was too rough for 

seining. 

At least three of the four instruments operated reliably throughout the 

sampling period. Relatively little time was lost due to malfunction. We 

obtained approximately the same amoknt of data as in 1873, so that we

now have two years '  data for comparison and for determining relative  

population values. The 1974 tapes are being processed. 

Tag releases in 1974 

A total of 2,044 salmon were tagged; mostly immature sockeye salmon, 

all in area 8050 within 50 miles south of Adak Island. A primary objective 

of the tagging was to measure the proportion of non-Bristol Bay sockeye 

salmon among catches. Standard 3/1~-inch diameter disk tags were used. Most 

fish were anesthetized prior to tagging this year in an effort to reduce tagging 

mort ali ty, and thereby to increase the numbers of recoveries. 

Tag returns 

Five sockeye salmon which had been tagged as immature fish south of Adak 

Island in 1973 have be~n returned in 1974 to date. All were from Bristol Bay 

or its approaches. The release and recovery data are summarized in Fig. 2. 
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Arrows are not intended to show actual migration during the year at 

liberty. The arrow depicting the recovery at False Pass, however, is drawn 

as shown because of a typical westward migration of maturing salmon in this 

area during spring and early surmner each year. Three of those recovered 

were age .1 at release and two were age .2. Tag return rate was probably reduced 

by the relatively small fishing effort in Bristol Bay in 1974. Additional 

returns are expected from the high seas fishery and possibly from other 

coastal areas. 

Fig. 2 also shows a tag recovery from the USSR which was recently for-

warded to us. It was a sockeye salmon recovered July 6, 1973 in Lake 

Pekulneiskoe near 62°40'N x l77°10'E on the Chukotka Peninsula in the north-

western Bering Sea. This fish had been released on JQly 23, 1972, ten miles 

south of Adak Island. It was 55 cm long and 5 years old (age 2.2) at release 

and 67.5 cm long at recover; a year later. This is the northernmost recovery 

location recorded to date for a sockeye t~gged in INPFC operations and 

recovered in Asian coastal waters. 

Report writing" 

Considerable time was spent in writing and in working sessions on the 

new joint comprehensive reports on sockeye salmon and pink salmon. Also, 

time was spent on revie"ling editorial changes made by INPFC in our contri-

butions to the INPFC Symposium on Salmon Sampling. 
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