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TAGGING AND SAMPLING 

By Brian J. Rothschild, Allan C._' .Hartt, and Donald E. Rogers 

Tagging a.nd sampling studies were carried out in the North Pacific 

Ocean in 1970 by the Fisheries Research Institute (FRI, University of 

Washington, Seattle). Studies were concentrated on improving the forecast 

of the sockeye salmon run to western Alas'ka. Studies are continuing on the 

migrations of juvenile salmon in the Bering Sea and the Gulf of Alaska. 

Also being developed is a systems view of the North Pacific salmon fisheries. 

Forecasting 

Each year since 1959, FRI has made forecasts of the sockeye salmon 

run to western Alaska. These forecasts are based on the apparent abundance 

and age composition of immature sockeye salmon in purse seine catches south 

of Adak Island. Our activities in 1970 involved: (1) forecasting the 1970 

Bristol Bizy sockeye run based upon our sampling in 1969, (2) forecasting the 

1971 run based upon our sampling this summer at Adak, and (3) developing 

alternative methods of forecasting. 

Forecast of 1970 Bristol Bey- sockeye run 

Using the same forecast method as for the 1969 run, we forecast an 

inshore run to Bristol Bizy in 1970 of 57.2 million sockeye salmon with an 

approximate 80% confidence interval of 44.8 to 65.6 million salmon (Rogers, 

1970). The published forecast was distributed on March 31, 1970. The actual 

inshore run amounted to about 40 million" sockeye salmon, or 17. 2 million less 
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than predicted. Alternate methods gave forecasts of 44.5, 49.8, and 59.2 

million (Rogers, 1970)0 

Forecast of 1971 Bristol Bey sockeye run 

We now are analyzing the 1970 catch data for estimating the 1971 

run. Estimation of this run was of particular importance since sockeye 

salmon of age .3 were expected to be relatively abundant in the 1971 Bristol 

Bizy run. The sampling near Adak Island provides the only data on the numbers 

of age • 2 fish remaining at sea to mature as age • 3 in 197lo The two vessels 

fished a replicated series of five stations spaced at 10-mile intervals 

between 5 and 45 miles south of Adak (Fig. 1). Catches through August 11 are 

shown in Table lo 

Age composition is based on length data onlyo We will not draw 

firm conclusions until scale samples are read and ages determined precisely, 

but the preliminary average catch of age .2 sockeye salmon through August 11 

was only 19 fish per set--the lowest average catch of age .2 fish in any 

postdominant year in our sampling to date. Averages in the previous 

postdominant years 1956, 1960, and 1965 were 24, 34, and 43 salmon per set, 

respectiYely. 

The average catch of age al fish was 35 fish per set--the highest 

average catch of this age group in any post dominant year to date. For the 

postdominant years of 1956, 1960, and 1965, the average catches of age .1 

sockeye were 13, 15, and 28, respectivelyo The 1971 forecast will be 

completed after all the index data and the data on the 1970 catch and 

escapement a.re analyzed. The mean length of the age .1 sockeye this year 
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Table 1,.-Tote.1 and (in parentheses) average catch per purse seine set 

of immature sockeye salmon at f1 ve stations south of Adak Island in 

1970 (June·30-August ll). 

Distance Number Catch of sockeye by 
Station offshore of ocean ~e 

.21/ 
Total 

number {miles l sets .1 catch 

1 5 14 232 89 321 
(16.6) (6.4) (22.9) 

2 15 14 207 74 281 
(14.8) (5.3) (20.1) 

3 25 15 670 312 982 
(44.7) (20.8) (65.5) 

4 35 13 502 254 756 
(38.6) (19.5) (58.2) 

5 45 10 584 411 995 
(58.4) (41.1) (99.5) 

Total 66 2,195 1,140 3,335 

Average'Y 34.6 18.6 53.2 

1/ Includes a few maturing fish of ages • 2 and • 3. 

Y Average of the five station averages. 
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(July 1-15) was 33.7 cm; it was 47 en for the age .2 fish. This compares 

favorably with the average sizes obtained in the July 1-15 period in 1969--

34.6 and 47.2 cm, respectively, for the age .1 and .2 groups. 

Alternate methods of forecasting 

As previously indicated, most of our forecasting is based on purse 

seining in the Adak area. We have been attempting to reduce the cost of 

forecasting and to increase precision by studying alternative methods. We 

thus initiated a joint study with the Applied Physics Laboratory (APL) at 

the University of Washington to attempt to count the salmon acoustically. 

Our goal is to perfect a system which generates an accurate 

estimate of the numbers of salmon passing Adak, with a minimum of tending. 

The survey problem is somewhat simplified by knowledge of the species and 

approximate size of fish to be counted, as well as their confinement within 

the first 100 feet below the surface. Also, indications are that salmon are 

the predominant pelagic fish in these areas. 

An electroacoustic system is being designed with sufficient 

resolution to count fish individually in a small sample volume, even at large 

densities. To determine whether a useful instrument can be built for a 

reasonable cost, the APL is investigating several aspects of the problem. 

These limited investigations will, we hope, yield the information necessary 

for the final design of a working system. 

Following preliminary target size measurements on fish of appropriate 

size as a function of aspect angle, a counting arrangement was conceived which 

would impose the least demands upon the dynamic detection range for a 

measurement system. This scheme was incorporated in a versatile, although 
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simple, electroacoustic system, which was tested in local waters in June and 

early July and at Adak in late July and early August. 

Simply described, the arrangement consists of a cylindrical 

transducer housing, vertically stabilized, with interchangeable transducer 

heads which project upwards conical beams of differing directionality. The 

housing contains impedance-matching circuitry, T-R switch, receiver 

preamplifier, and a pressure-sensitive potentiometer for depth sensing. 

The inwater portion is connected by strain-relieved cable to shipboard 

electronics and recorder. 

The electronics controls permit the manual adjustment of a known 

search volume in its range and size. It provides a panel meter reading of 

instrument depth and return pulse count in four full-scale ranges of 3, 7, 

15, and 31 counts. An output for external, permanent recording of count 

versus true sample depth is also provided. The system generates a fish count 

every tenth second with a radial target resolution of less than 6 inches. 

Several modes of use are possible, including one in which an 

adjustable rate of free descent for the sensor generates a fish density coring, 

or another mode in which the instrument is suspended from a buoy at fixed 

depth and provides temporal data for some remotely adjustable volume of water. 

A member of the .l\PL development group delivered the instrument and 

supervised initial field tests aboard the Commander south of Adak. He remained 

on board for about 1 week to acquaint the biological team with its operation 

and to observe, under actual field conditions, the instrument's performance 

during initial trials. 



7 

The results of current field work should help materially in the 

design of a more sophisticated system, while providing for extended 

application. 

The fish-guiding device designed to increase sample size, 

successfully tested in 1969 (Rothschild, Hartt, and Rogers, HS. 1970), was 

not tested in 1970. Additional development, however, is planned as funds 

become available. 

Juvenile salmon studies 

An important part of our field work in 1970 was the recovery of 

salmon tagged as juvenile fish in 1968 and earlier. As described in previous 

INPFC Annual Reports, we performed preliminary studies of juvenile salmon 

migrations in 1964-67; in 1968, we made intensive efforts to tag substantial 

numbers of juvenile salmon in the eastern Bering Sea and at various areas in 

the Gulf of Alaska (Hartt, Dell, and Smith, 1970). Return rates of tagged 

pink and coho salmon in 1969 from the 1968 releases were superior to those 

of earlier years (Rothschild ~ &•, MS. 1970). It is hoped that similar 

improved rates will apply to sockeye and chum salmon due to be recovered in 

1970 and 1971. At the time of writing, the 1970 recoveries were just 

beginning to be received. Results will be reported in a supplementary 

document when tag returns are more complete. 

Two purse seine sets were made in the Strait of Juan de Fuca by 

the vessel Storm on June 17 to briefly check the timing, abundance, and size 

of juvenile pink salmon. The catch consisted of 24 juvenile salmonids 

(3 sockeye, 13 coho, 6 chinook, and 2 steelhead) plus 8 older salmon and 

steelhead. The catch data suggest that the main seaward migration of juvenile 

pink salmon had not yet begun. 
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Systems study of North Pacific salmon fisheries 

We continued our systems study of the North Pacific salmon fisheries, 

with emphasis on the Bristol Bey sockeye salmon stocks. At the time of 

writing of this draft, analyses were still underway, but we expect to 

include some results in the final draft of the INPFC Annual Report for 19700 

Miscellaneous studies 

Several other studies are being conducted which bear directly or 

indirectly on the three major objectives discussedo 

Food of juvenile salmon at sea 

Samples of the food of juvenile salmon collected at a number of 

locations in 1964-68 are soon to be reported in a PhoDo thesis by Mr. Ro Do 

Andrews, formerly on the FRI staff and now Assistant Professor of Biology 

at Central Washington State College. 

Abundance, age, and size of immature chum salmon and other species 
south of Adak Island 

In addition to the data on immature sockeye salmon, the annual 

purse seine sampling south of Adak Island has provided a series of samples 

of other species, chiefly chum salmono These data are being analyzed for 

all years (Rothschild et alo, MSo 1970); the 1970 data will be includedo Table 2 

presents the 1970 seine catch data for all specieso 
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Table 2.--Total end (in parenthe_ses) average catch per purse seine set of 

salmon at five stations south of Adak Island in 1970 (see Table 1). 

Distance Number 
Station offshore of Catch bl S]2ecies Total 
no. (ndlesJ .. sets Sockeye Chum Pink Coho Chinook catch 

1 5 14 321 2,095 22 1 1 2,440 
(2?-.9) (149.6) (i.6) (174.3) 

2 15 14 281 1,826 12 4 2 2,125 
(20.1) (130.4) (1.0) (0.3) (0.1) (151.8) 

3 25 15 982 774 10 6 0 1,772 
( 65 .5) (51.6) (O.i) (o.4) . o (118.1) 

4 35 13 756 301 5 8 2 1,072 
(58.2) (23.2) (o.4) (0.6) (0.1) (82.5) 

5 45 10 995 241 2 6 l 1,245 
(99.5) (24.1) (0.2) (o.4) (0.1) (124.5) 

Total 66 3,335 5,237 51 25 6 8,654 

Mean 50.5 79.3 o.8 o.4 0.1 131.1 
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Longlining in the Gulf of Alaska 

The vessel Storm fished five longline stations in the Gulf of 

.Alaska while en route to Adak (Fig. l.J.. The sampling was financed by the 

Alaska Department of Fish and Game and by the salmon canners of Kodiak 

Isla.ndo The objective was to briefly assess the abundance and distribution 

of pink salmon in the Gulf of Alaska as a possible rough indicator of 

expected runs in coastal areas. The catch data (Table 3) were reported 

during the field season to the Alaska Department of Fish and Game and to 

the Kodiak salmon canners for analysis and interpretation. Tag return data 

will be reported in a supplementary INPFC documento 

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

Purse seine catch data collected in 1964-68 from Cape Flattery, 

Washington, to Yakutat Bay, Alaska, are being used by Mro Gary Sakagawa in 

a doctoral thesiso The objective is to study the migration, growth, and 

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

derivation of guidelines for management and research of the fishe!"'Jo Herein 

is reported the probable source of the stocks of pink salmon juveniles sampled 

in the Strait of Juan de Fuca in July and August 19680 

As previously reported, the 1968 sampling in the Strait of Juan de 

Fuca indicated that the peak of the outmigration occurred July 1-150 Since 

the catches were large (many purse seine catches over 100 fish), it seemed 

that major stocks must have been involved, probably including both Fraser 

River and Puget Sound fisho Accordingly, vertebral counts were used in an 

attempt to identify the fish sampled in 1968. Samples of juvenile pink salmon 
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Table 3.--Longline catches of'·salmon and steelhead trout in the Gulf of 

Alaska, June 1970. 

Location11 
Number Catch & s:12ecies 

Date Set of Steel- Total. 
no. Lat (Ori) Lon&: (°W) skates Sockeye Chum Pink Coho Chinook head catch --

6/19/70 X-3 49°o4'Nx127°3o•w 11 

6/22/70 X-4 56°15'Nx135°59'W 12 1 4 1 6 

6/23/70 X-5 56°16'Nx141°05'W 12 11 5 33· 1 50 

'6/24/70 X-6 56°13'Nx147°02'W 12 26 1 1 1 29 

6/25/70 X-7 56°12'Nx152°22'W 12 3 2 l 2 1 . 

.. Total for 5 sets 

Catch 40 9 38 4 0 1 92 

Tagged 35 8 31 3 0 0 77 

1f See Figure 1. 
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were obtained from the San Juan Islands of British Columbia, which were 

assumed to be of Fraser River origin, and from Hood Canal, Washington, which 

were of Puget Sound origin. The vertebral count analysis indicated that 

the Fraser River juvenile pink salmon had a significantly higher mean 

(65.49) than the Hood Canal fish (65.22). The mean vertebral count for the 

samples from the Strait of Juan de Fuca was 65.55, which is significantly 

different from counts of Hood Canal fish but not significantly different 

from counts of Fraser River fish. If mean numbers of vertebrae of other 

Puget Sound stocks were also less than the mean of Fraser River fish, the 

catches in the Strait of Juan de Fuca were probably of Fraser River origin. 

It should be stressed that this conclusion is based on the assumption that 

the low vertebral counts of Hood Canal pink salmon are representative of 

Puget Sound stocks as a whole. The conclusion is strengthened by the fact 

that the run of adult pink salmon in 1969 to the Fraser River was about seven 

times larger than that of the combined Puget Sound rivers, so that a dominance 

of Fraser River juveniles in the Strait of Juan de Fuca in 1968 might be 

expected. 

Similar studies are being made of juvenile pink salmon sampled at 

a number of points along the coast as far north as Yakutat. 

Physiological studies 

The objectives of our physiological studies conducted from 1966 through 

1969 were to better understand the physiological changes in young salmonids 

caused by capturing, handling, and tagging. Improvement of the techniques 

of handling and tagging would ultimately increase survival and rate of tag 
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returno The primary activities this year were data analysis and manuscript 

preparation because budget reductions precluded field worko 

Three reports in the final stages of preparation are: 

(1) Kidney function in migrating adult coho salmon (accepted 

for publication by Compo Biochem. Physiol.)o 

(2) Changes in hematology and blood ions immediately following 

anesthesia and scale loss. 

(3) Changes in hematology and lipids for 4 weeks after anesthesia 

and taggingo 

A report is being prepared, entitled "An estimate of tagging 

mortality of juvenile pink salmon tagged with Dennison tag." 

Literature cited 
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OCEAN DISTRIBUTION, ABUNDANCE, AND MIGRATION OF SALMON 

By Ro French, Ro Bakkala, Jo Dunn, Do Sutherland, and Po Washington 

Investigations on the ocean distribution, abundance, and migration 

of salmon eontinued in 1970 with three major research cruisesM-winter 

(January 20-March 11), spring (April 17-June 19), and summer (July 23-

September 20)o Results of the summer cruise were not available at time of 

writing and will be reported in a separate docum.ento The spring cruise was the 

third of a series of cooperative studies between the Seattle Biological 

Laboratory of the U.So Bureau of Commercial Fisheries and the Far Seas Fisheries 

Research Laboratory, Fisheries Agency of Japan; we report here only on the 

United States contribution to the cooperative researcho The purposes of the 

cruises were to study the distribution, abundance, and migration of Bristol 

BBiY sockeye salmon and other salmon in relation to environmental features of 

the ocean and to continue studies of the effects of predation on gillnet catcheso 

Particular attention was devoted to the distribution and abundance of the large 

number of Bristol Bay sockeye salmon, progeny of the large 1965 run, which 

returned to spawn in 1970 and the group that will hold over in the ocean to 

spawn in 19710 Comparisons were also made of the apparent relative abundance 

of the 1970 run with runs of past yearso 

Winter and spring cruises, 1970 

Fishing gear and maturity criteria 

Sampling gear for the cruises was a string of gillnets of several mesh 

sizes to sample adequately the sizes of salmon available each seasono On a 

few occasions, longlines were usedo For the winter fishing, the gillnet string 

consisted of 5 shackles each of the following mesh sizes~ 2 inch (51 mm), 
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2-1/2 inch (64 mm), 3-1/4 inch (83 mm), 3-7/8 inch (98 mm), 4-1/2 inch (114 mm), 

and 5-1/4 inch (133 mm)o During the spring cruise the basic net string 

consisted of 6 shackles each of the above mesh sizes with the exception of the 

2-inch mesho On the few longline sets, either 20 or 30 skates (49 hooks per 

skate) were fished at each station. 

The maturity of sockeye salmon caught in the winter was determined by 

their age, gonad weight, and SM (serum maturity) antigen factor of females 

(Ridgway, 1961; utter, 1967)0 These criteria for classifying the maturity of 

winter-caught sockeye salmon were initially used in 1967 (French~ al., 1970)0 

The smne criteria were applied to salmon caught in the winter of 19690 This 

winter (1970) the age o2 sockeye salmon were relatively small, and the length 

and gonad weight criteria used in past years to determine maturity of fish 

lacking SM data was not applicable. The criteria for age o2 fish was, therefore, 

revised this year as follows: 

Fish lengths 

Females ' 415 mm 

/ 416 mm " 
<._ 416 mm 

Males \ 435 mm / 

436 mm 

I 

436 " mm 

Gonad weight Maturity stage 

Maturing 

Immature 

Maturing 

Maturing 

Immature 

Maturing 

As in the past, the age ol sockeye were assumed immature and the age o3 and o4 

fish assumed maturing--that is that they would spawn the following summer and 

fallo Maturity criteria have not been established for other species of salmon 

in the wintero 
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Total catch 

Salmon catches for the winter and spring cruises are given in Tables 

4 and 5o Because the winter cruise was designed to sample maturing sockeye 

sa.l.mon in areas where- past experience indicated they would be f-ound (primarily 

north of 48°30'N in the North Pacific), few salmon other than sockeye were takeno 

Maturing socke~salmon predominated the catches of the spring cruise 

when the fishing pattern was primarily from east to west; chum and pink salmon 

comprised about one-seventh and one-ninth of the total catch. 

No coho salmon or steelhead trout were taken during the winter and 

spring cruiseso 

Relative abundance of salmon caught in gillnets, as shown in the 

figures that follow, is the catch per unit of effort (CPUE) in which the values 

are the sums of the average catch per shackle in each mesh sizeo Catch per unit 

of effort of longline gear is catch per 1,000 hookso 

Distribution and abundance of sockeye salmon 

Wintero--Relatively large catches of maturing sockeye salmon were made 

along the three longitudes fished in 1970 (Figo 2)o The largest CPUE occurred 

near 51°N at 165°w and 160°w (CPUE of 4006 and 4308, respectively); the largest 

CPUE (2708) on 155°w occurred at 49°40 1N. Past experience has shown that the 

abundance of maturing sockeye salmon as indicated by gillnet catches decreases 

south of 49°N. 

Although the cruise was not designed to fish south into areas where 

immature sockeye salmon tend to be located in winter and where they would 

normally dominate catches, immatures were taken at most stations (Fig. 3 ). The 

highest CPUE (range of 7 to 12) was at the southern-most stations on each fishing 

line at latitudes where they have been encountered i~ abundance in past winters. 

Immature sockeye were not taken at the northern-most stations-. 



Table 4-catches of salmon by the u.s. resee.rch vessel GEORGE B. KELEZ, February-March, 1970. 

Position Sea Surface TemE• No. of Shackles Catch b:t: Snecies 
Set Date Lat. N Long. w C of Gillnets Sockeye Chum Pink Total Catch 

l 2/1 54°30• 155°00' 3.9 30 24 0 2 26 

2 2/4 51°30' 155°00' 4.1 30 85 0 6 91 

3 2/5 51°00• 155°00' 4.1 30 33 0 4 37 

4 2/6 50°20• 155°00' 4.1 30 84 0 9 93 

5 2/7 49°40 1 155°00' 4.4 30 173 2 0 175 

6 2/17 52°30' 165°00• 2.8 30 16 0 0 16 

7 2/19 51°00' 165°00 1 3.1 30 211 0 1 212 I-' 
-.:i 

8 2/20 50°00• 165°00• 3.4 30 81 0 0 81 

9 2/21 49°15' 165°00• 3.8 30 39 0 0 39 

10 2/22 48°25' 163°25' 4.2 30 62 l 1 64 

11 2/23 49°16• 161°44• 3.9 30 120 1 0 121 

12 2/25 50°10' 160°00 1 3.9 30 19 0 0 19 

13 2/26 50°50' 160°00• 3.5 30 227 l 0 228 

14 2/27 51°30' 160°00 1 3.3 30 99 1 0 100 

15 2/28 52°30' 160°:>0' 3.3 30 181 0 0 181 

16 3/1 53°30' 160,0 00' 3.4 29 16 0 0 16 

Totals 1,470 6 '23 1,499 



Table 5.--Catches of' salmon by the U.S. research vessel GEORGE B. ICELEZ, April-June, 1970., , 

Position Sea Surface Temp. 
Gee):./ 

Catch bz S;2ecies 
Set Date Lat. N Longitude C Sockeye Chum Pink Chinook Total Catch 

l 4/26 51°331 156°021w 3.8 30 GN 62 l 0 0 63 
2 4/27 51°461 157°501w 4.1 30 GN 123 95 0 0 218 
3 4/28 51°15 1 159°301w 3.5 30 GN 48 41 0 0 89 
4 4/29 52°00 1 160°531w 3.7 30 GN 159 14 0 0 173 
5 4/30 51°101 162°05 1w 3.6 30 GN 196 1 l 0 204 
6 5/l: 50°42 1 163°331W 3.8 30 ON 70 3 0 0 73 
7 5/2 51°301 165°00 1w 3.6 30 GN 132 2 0 0 134 
8 5/7 50°15 1 168°00 1w 3.6 25 ON 25 5 3 0 33 
9 5/8 50°45 1 169°45 1w 3.9 30 GN 86 16 2 0 104 

10 5/9 50°00 1 111°021w 4.1 30 GN 31 8 0 0 39 
11 5/10 li9°30 1 112°391w 4.o 30 GN 24 15 6 0 165 
12 5/ll 49°46 1 173°571W 3.9 30 GN 56 7 1 . 

0 64 
13 5/13 50°48 1 175°101w 3.9 30 GN 14 0 0 0 14 
14 5/14 51°02 1 116°031w 4.3 30 GN l 0 · o 0 l ...... 

CX> 

15 5/17 5ou50 1 116°381w 4.3 30 GN 12 0 0 0 12 
16 5/18 49°37 1 116°521w 3.8 30 GN 0 0 0 0 0 
17 5/19 48°44 1 177°591W 4.o 30 GN 0 0 0 0 0 

18 5/20 48°58 1 179°411w 4.4 30 GN 0 0 0 0 0 

19 5/21 49°431 179°021E 4.3 30 GN 0 0 0 0 0 

20 5/22 49°44 1 176°29 1E 4.2 30 GN 18 4 31 0 53 
21 5/23 50°00 1 l74°59 1E 3.8 30 GN 6 10 3 0 19 
22 5/24 50°35 1 177°09'E 4.3 30 GN 2 0 0 0 2 

23 5/30 50°431 176°291w 5.1 30 GN l 0 0 0 1 

24 5/31 49°59 1 178°031W 4.7 30 LL 10 1 45 0 56 
25 6/1 50°30 1 119°101w 5.6 30 LL 3 0 19 0 22 

26 6/3 51°05 1 178°09 1E 5.3 30 GH 0 0 0 0 0 

27 6/5 51°10• 178°oo•w 5.6 20 LL l 0 2 0 3 
28 6/6 51°17 1 176°09•w 6.2 20 LL 30 0 l 0 31 

29 6/7 51°14 1 175°011w 6.6 30 GN 207 32 65 0 304 

30 6/8 51°03' 115°011w 6.3 30 GN 105 3 20 0 128 

31 6/9 51°29' 175°001W 6.5 30 GN 247 74 57 1 379 

Totals 1,669 338 256 l 2,264 

y GN=shackles of gillnets 
LL=rskates of longlines 



c:=:::1 AGE.2 

- AGE.3 
o NO CATCH 

19 

I I 1 I 
5 10 15 20 

CPUE 
._ ______________ ...., ____ __,..._ ____ 45° 

FiBUre 2. -Relative a.bURdance of maturing sockeye sel.mon a.long 165°W, 160°'1-l, 

and 155°W, winter 1970. ('!be station at 48°25'N, l63°25'W is shown on 165°W; 

the station at 49°16'N, 161°44'W is shown on 160°W.) 
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Figure 3 .--Relative abundance of immature sockeye salmon along 165.°W • l60°rT • 

and l55°W. winter 1970. (The station at 48°25'N, 163°25'W is shown on 165°W; 

the station at 49°16'N, 161°44•w is shown on l60°rT.) 
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Spring.--The 1970 spring cruise was designed to fish through main 

concentrations of maturing Bristol Bay sockeye salmon just before their inshore 

migrationo The station pattern was based on the location of maximum catches 

by United States and Japanese research vessels in previous yearso The area covered 

extended from about 156°W to near 175°E in late April and May; additional coverage 

of the area from 175°W to 178°E was made .in late May and early June. Greater 

north-south coverage would have been desirable to insure that peak areas of abundance 

were included but this could not be accomplished with a single vesselo 

The forecast of a large return to Bristol Bay in 1970 suggested to us 

that catches this spring would be relatively high over most of the area coveredo 

The CPUE values (ranging from about 4 to 32) were high as expected from 156°W to 

about 175°W with apparent main concentrations between 158°W and 165°w (Figo 410 

Not expected were the low catches (CP.UE values Oto 3) from 175°W to 175°Eo 

Additional fishing in late May and early June substantiated the earlier findings 

of generally low abundance in this area (Figo 5)o The apparent relative 

abundance of sockeye increased sharply from June 6 to 9 near 175°W (CPUE for 

gillnets 18 to 41, for longlines 3l)o These catches apparently resulted from the 

concentration of Bristol Bay fish moving from the east and Bouth on their 

migration to the Bering Seao Their relative abundance was highest at the station 

nearest shore (51°29'N) in this periodo 
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Sea lions and other predators were observed much more frequently in the 

gillnet sets west of 175°W than in sets to the easto There was some concern 

that the loss of gilled fish to predators may have considerably reduced the 

gillnet catches in the central North Pacifico Longlines, which are probably 

less susceptible to predation of caught fish, were therefore fished on four 

occasions to determine if larger catches could be made with this type of gearo 

The longline catches west of 176°W (one to seven fish per 1,000 hooks), howeveri 

generally confirmed results from gillnets. All evidence suggest that abundance 

of sockeye salmon was relatively low from about 176°w to 175°E in May and early 

Juneo 

Distribution and abundance of salmon other than sockeye 

Wintero--Few salmon (6 chum and 23 pink) other than sockeye were caught 

during the winter cruise. Past fishing experience has shown that species other 

than sockeye salmon are generally not taken in abundance in winter in the area 

fished (south of the Alaska Peninsula to about 49°N)o Nearly all of the pink 

salmon were taken along 155°W (Table 4); only two fish were caught along 160°w 

and 165°Wo The six chum salmon caught were equally divided among the three 

longitudes fished o 

Spring o--As previously mentioned, the spring cruise track was designed 

to fish through main concentrations of sockeye salmon and therefore was not 

well suited for sampling other species of salmono Main concentrations of chum 

and pink salmon were probably south of waters fished in April and May and catches 

may only represent the apparent re-J.ative abundance of these species in the 

northern part of their distribution o 
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Except for the somewhat large catches near 158°W and 159°W in late 

April ( CPUE 16 and 7) and on 175°W in early June ( CPUE 5 and 11), the CPUE 

values for chum salmon were low (Fig. 6). Most sets west of 175°W failed to 

take chum salmon, indicating lower relative abundance in this area the.n to the 

easto These results indicated that for the areas fished, chums were primarily 

distributed east of 175°W, much the same as sockeye salmon. 

In contrast to the distribution of sockeye and chum salmon, pinks 

were taken mainly from 175°W to 175°E, although zero catches were also 

frequently made in this area (Figo 7 ). The largest catches were made near 

178°W and 179°W by longlines (31 and 13 fish per 1,000 hooks) and near 175°w by 

gillnets (CPUE 10 and 11) in late May and early Juneo 

No coho salmon were caught in the springo A single maturing chinook 

salmon was taken at 175°W and 51°29'N in early Juneo 

Age and size of sockeye salmon, 

~o--The 1970 return of maturing Bristol Bay sockeye salmon was 

expected to consist largely of fish which had spent 2 winters in fresh water 

and 2 winters at sea (Rogers, 1970)0 Our gillnet sampling, which was conducted 

in areas where Bristol Bay sockeye were expected to predominate, also indicate 

that these ages would make up a high proportion of the run as shown belowo 

Season and year 

Summer 1969 

Winter 1970 

Spring 1970 

Percentages of total catch 
which were age ol fish in 
summer 1969 and age .2 in 
winter and spring of 1970 

90.2 

Percentages of total catch 
which were age 2ol fish in 
summer 1969 and age 2.2 in 
winter and spring of 1970 
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Although these ages made up a high proportion of the catches in each season, 

some changes by area and season were apparent which may be due to the presence 

of other than Bristol Bay fish in the samples, to differences in distribution 

of ages within the Bristol Bay stock, or-to sampling erroro Di:f'f'e~ences by 

area within seasons were noted in both winter and spring (Table 6)0 In the 

winter, the percentage of age o2 and age 2e2 fish were lowest on the eastern

most longitude fished; in the spring, they were lower west of 175°W than east 

of this longitudeo 

Immature sockeye taken in the winter (197 fish) were about equally 

divided between ocean ages ol (5208%) and o2 (4702%) fisho The percentage of 

fish in the various freshwater age groups were as follows~ 

Age 

Percentage 

0.1 

2.0 

Too few immatures were taken in the spring to make meaningful age comparisonso 

~o--Mean lengths and weights of sockeye salmon for the winter and 

spring seasons are given in Table 7o Also included are mean lengths for summer 

1969; weights were not taken in the summero Rogers (1970) reported mean length 

data for immature sockeye salmon taken with purse seines south of the mid-Aleutians 

and showed that the immatures were larger in summer 1969 than they were in the 

summers of 1959 and 1964--years preceding the past 2 peak-cycle years for Bristol 

Bay sockeyeo His data indicated that the average size of sockeye salmon would 

be more comparable to the size of fish in the 1969 Bristol Bay r:uzi than to 

the peak-cycle years of 1960 and 1965. Our gillnet catches, south of the mid

Aleutians, also indicated that the immatures were relatively large in summer 

1969 (Table 7). The age ol fish taken with gillnets were similar in size to 



Table 6 .--Percentage aee composition of immature (summer 1969) and maturing (winter and spring 1970) 

sockeye salmon sampled in the North Pacific Ocean. 

No. of Ocean a~e Fr~shwat~r and ocean ap,e 
~a.son and area fish in Age, summer 1969 .1 .2 .3 0.1 1.1 ?.l 3.1 0.2 1.2 ?.? 3.2 1.3 2.3 

sample Age, winter and .2 .3 .4 0.2 1.2 2.2 3.2 0.3 1.3 ?.3 3.3 1.4 ?.h 
s rin 1970 

.unmer 1969 
176°22•w 3,981 84.5 15.3 0.2 0.1 14.4 68.8 1.2 0 . 9.4 5.7 0.3 0.1 0.1 

Loter 1970 
155°W 348 73.6 26.4 0 0 8.6 64.9 0.3 20.1 6.0 0 0 

lbO°W 581 85.1 14.9 0 0 6.7 77.8 0.5 0.5 8.2 6.3 0 0 

165°w 344 92.11 7.6 0 0 6.7 811.6 1.2 0.3 4 .1 3.2 0 0 

lnter total 1,273 83.9 16.1 0 0 7.2 76.2 0.5 o.4 10.3 5.4 0 0 
I\) 
\0 

)ring 1970 
156°-H,5°W 779 89.0 10.9 0.1 0 4.9 84.o 0.1 0.1 8.1 2.6 0.1 0.1 0 

4/26-5/2 

168°-174°W 220 88.7 10.8 0 .11 0 5.4 82.li 0.9 1.8 6.8 2.2 0 o.4 0 
5/7-11 

175°W-175°E 52 Bo.a ·19.2 0 0 17.3 63.4 0 17.3 1.9 0 0 0 

5/13-27 

175°W 557 93.4 6.5 0.2 0 3.6 89.6 0.2 0.2 5.0 1.2 0 0.2 0 

6/6-9 

>ring total 1,608 90.2 9.6 0.2 0 4.9 85.0 0.2 o.4 7.2 2.0 0.1 0.2 0 



30 

Table 7 .-Mean lengths and weights of immature ~d maturing sockeye salmon 

in the summer, winter, and spring of 1968-69 and 1969-70. 

Season Age 

Sununer .1 

Winter .2 

Spring 

Winter 

Spring o2 

Years 
1968-69 1969-70 

53.1 

1.25 

1.98 

Length ( cm) 

51.2 

Weight (kg) 

1.10 

1.73 

Age 

.2 

.3 

.3 

o3 

.3 

Years 
1968~69 1969-70 

4R.4 

56.0 

59.0 

2.12 

49.7 

53.8 

56.7 
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those taken with purse seines; the age o2 immatures from gillnet catches averaged 

slightly larger than the purse seine fish: 

Age .1 Age .2 

Fishing Noo of fish Mean length No. of fish Mean length 
gear (cm) (cm) 

Gillnets 3,315 35.8 768 49o7 

Purse seines 4,211 35o3 461 47o7 

Later gillnet sampling, however, indicated that growth rates declined 

from summer 1969 to winter and spring 1970 when compared with the previous year 

(Table~. Whereas age .1 fish were about 1 cm larger in summer 1969 than in 

summer 1968, they were about 1 cm smaller as age o2 fish in winter 1970 than in 

winter 1969 and about 2 cm smaller by spring 1970 than in the previous springo 

A similar decrease in growth rate was apparent for the age o2 fish (age o3 in 

winter and spring)o These data suggested that sockeye salmon in the 1970 Bristol 

Bey TUn would be smaller than those in the 1969 run. 

The conclusions regarding growth were based on the assumption that 

Bristol Bay sockeye made up a large proportion of the catches even though 

sampling areas varied both seasonally and annually. Summer sampling was south of 

Adak in 1969 and 1970; winter sampling was south of the Alaska Peninsula in 

both years (155°W to 165°w). The spring sampling in 1969 was along 155°W, 165°W, 

and 176°W; in 19qo it was from east to west along 156°W to 175°Eo Racial studies 

(Margolis ~.!!_o, 1966), however, suggest that Bristol Bey sockeye predominate in 

these areas, and it is likelY that Bristol Bay fish made up a high proportion of 

the sampleso 
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Within season variation in mean lengths was noted between areas, most 

of which was probably due to growtho In the winter, mean lengths for maturing 

age o2 fish varied by time rather than by longitude south of the Alaska Peninsula: 

Date Area No. of fish Mean length (cm) 

Feb. 1-7 155°W 253 44o9 

Feb. 17-22 165°W 314 45o9 

Febo 23-March 1 503 

In the spring, growth probably also accounted for differences in mean 

lengths for maturing age o2 fish between areasi 

Date 

April 26-May 2 

May 7-11 

June 6-9 

Area 

165°w-156°W 

174°w-168°w 

176°W-175°W 

No. of fish 

695 

194 

524 

Mean length (cm) 

49o9 

50o9 

53.1 

The sockeye sampled from 175°W to 176°W were 2o2 cm larger on the average than 

those sampled about 1 month earlier from 168°W to 175°Wo Koo (1959) found that 

maturing sockeye (including both age .2 and o3 fish) increased 2 o7 cm in 1 month 

(June-July), based on data from tagged and recovered fisho 

Age and size of chum salmon 

Only six chum salmon were taken in winter. One was age Ool, one age 

0.4, and the others age 0.3o Maturity was not determinedQ 

In the spring, all of the chum salmon taken were maturing, as determined 

from gonad weights (Takagi, 1961)0 They were mostly age 0.3 as shown below. 



0.3 

o.4 

33 

No. of fish 

l 

332 

14 

Percentage 

0.3 

The age composition did not vary to any degree between areas sampled. 

Because of the wide distribution of chum salmon catches in the spring 

(156°W to 175°E) and the likelihood of mixture of stocks, data on size of fish 

are not given. 

Predation on salmon in gillnets 

Studies on the effect of predation on salmon in gillnets were continued 

in 1970. Freshly caught or frozen salmon "decoys" were attached to the cork and 

leadlines when the net was set and tallied when the gear was hauled. The return 

of any portion of the decoy (i.e., the head only) was considered a recovery; we 

were primarily interested in the effect of predation on gillnet catches and we 

normally consider any portion of a fish in a gillnet as a catch. Generally~ 

20 decoys were attached for each experiment--10 each on the corkline and leadline. 

The numbers of potential predators (e.g., fur seals, sharks, sea lions, albatross), 

captured in or obser,ed near the gillnets, were recorded for each set. Results 

by season are given below: 

Winter.--In 13 gillnet sets in winter, 260 decoys were attached and 

239 recovered, for a mean loss of 8.1% (Table 8 }. Percentage loss in individual 

sets varied from Oto 30%. The mean loss rate of 8.1% was similar to the winter 

1969 rate of 7. 2% ( French et al. , MS. 1970 )·. 
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Table 8 • -Percentage loss of decoy fish attached to gilln~ts, winter 1970. 

No. of decoy fish attached Percentage loss of 
Total to different ;earts of net decozs from net Predators 

Set Miles salmon Total Cork Lead Total Cork Lead observed i;ar 
no, offshore catch no. line line line line gillne~ 

1 155 26 20 10 10 0 0 0 None 

3 335 37 20 10 10 5 10 0 None 

4 371 93 20 10 10 0 0 0 None 

5 410 75 20 10 10 5 10 0 None 

7 165 212 20 10 10 5 10 0 7A; 3SK; 2SG 

8 220 81 20 10 10 5 0 10 lSK; 2A 

9 260 39 20 10 10 5 -o 10 lA; lSK 

10 265 64 20 10 10 0 0 0 lSK 

11 270 121 20 10 10 10 10 10 2P 

12 252 19 20 10 10 25 30 20 None 

13 271 228 20 10 10 15· 30 0 1A 

14 236 100 20 10 10 0 0 0 lA; lSK 

16 130 16 20 10 10 30 30 30 2FS; 2SK 

T<YrAL 1,110 260 130 130 tl.l 10 6a2 

1/ A = albatross ; SK = shark; SG = sea gull; P = porpoise ; F'S = fur seal. 
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Few predators were observed during the winter cruise; predators were 

observed in 8 of the 13 gillnet sets, but the total number of predators was only 

270 Percentage loss of decoys in relation to distance from shore suggested no 

change in rate of decoy loss as distance from shore increased (Figo 8 ); 

comparisons of total catch of salmon in relation to loss of decoys also failed 

to suggest any relation (Figo 9)o These two results were similar to those 

found in winter 1969 (French~!:!_., MSo 1970)0 

Springo--In the spring, 374 decoys were attached during 20 gillnet 

sets; 264 were recovered for a loss rate of 29o4% {Table 9)o This rate of loss 

was somewhat less than the 38o2% loss observed during spring 1969 (French et 

!!:!.· 'J MS. 1970), yet was about 3-1/2 times greater than the loss rate of winter 

19700 The percentage loss in individual sets varied from Oto 100% and predators 

were observed near the nets in 95% of the sets. 

about 150 nautical miles from shore (Figo 8 )o 

Loss of decoys sharply decreased 

Additionally-, the decoy loss rate 

was considerably higher when the total gillnet catch of salmon was small, and 

percentage losses declined as catches increased (Figo 9 )o These latter two 

results paralleled the observations in spring 1969 (French et alo, MS. 1970) . 

The decoy loss rates were considerably greater for stations west of 

l 75°W than for stations east of 175°W (Table 9 ) o This greater rate of loss, 

however, may have been influenced by the distance from shore of fishing stationso 

For example, stations east of 175°W were 120 to 270 miles from shore, whereas 

stations to the west were 40-150 miles offshore. 

Results of the 1970 studies on loss of decoys were similar to the 1969 

resultso The loss of decoy fish was related to the frequency of observation of 

predators; in spring, but not winter, decoy loss appeared related both to 

distance from shore and to total catch of salmonids. 
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Table 9.-Percentage loss of decoy fish attached to gillnets, spring 1970. 

No. of decoy fish attached Percentage loss of 
Total to different Earts of net de cois froJl'l net Predators 

Set Miles salmon Total Cork Lead Total Cork Lead observed niar 
no. offshore catch no. line line line line f!i111net.1 

2'!.I 270 218 :>o 10 10 0 0 0 2A 

.µ 262 89 20 10 10 5 10 0 lA· , 12P 

4'?_/ 193 173 19 10 9 0 0 0 lFS 

52/ 212 201. 20 10 10 5 10 0 lA; lSL 

6£/ 202 73 20 10 10 10 20 0 3A; l0P 

fl 148 134 20 10 10 25 50 0 l1A; lSL 

s?-1 152 33 20 10 10 0 0 0 none 

'ft.I 120 104 20 11 9 0 0 0 1 .. 4. 

10~/ 1h5 39 20 10 10 5 0 10 lA 

112/ 155 45 20 10 10 0 0 0 lfiK; lF'S; 3A 

1221 140 64 20 11 9 40 63.6 11..1 HlA 

15 54 12 20 11 9 35 45.6 22.2 lFS; lSL; 7A 

16 121 0 20 10 10 95 100 90 6A; 2S1 

17 150 0 7 4 3 100 100 100 lFS; 14A; 5SL; 3P 

2121 140 19 20 10 10 45 0 90 lA; 2S1 

22 75 2 20 10 10 70 100 40 lF'S; lA; lSL 

23 61 l 10 5 5 90 100 80 lFS; 3A; 5SL; 

26 45 0 18 8 10 95 100 90 4FS; 3A; 3SL 

30 54 128 20 10 10 35 70 0 lFS; 17A 

31 ~o 379 20 11 9 15 273 0 ll•A 

Total 1,717 374 191 183 29.4 40.3 18.0 

1/ A= albatross; SK= shark; SG =seagull; P = porpoise; FS = fur seal; SL= sea lion. 

~/ Stations eastward ot 175°oo•w. 

25P 
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Although some salmon caught by gillnets are obviously taken from the 

net by predators, it is difficult to relate predation upon gillnet catches with 

predation upon decoy fisho For example, the decoy fish normally were exposed to 

predators from the time the gear was set {at about 8:00 Pomo) until completion ot 

haul at about 10:00 aomo, whereas salmon are not normally caught in gillnets on 

the high seas until dark and would therefore be subjected to predation tor fewer 

hours than the decoy fisho The food preference of some predators mey also vary 

between the dead decoy fish and the live gillnet caught tisho Percentages of decoy 

fish removed by predators, therefore, mey not be directly comparable to predation 

upon fish captured by gillnetso 

In any event, the high loss of decoy fish in the spring suggests that 

predators probably have a significant effect on catch rates during certain 

seasons; furthermore, some gillnet catches taken within 150 nautical miles from 

shore probably indicate--on the average--lower than actual abundanceo 

Comparison of sockeye salmon catches between years 

Winter 

The 1970 winter cruise marked the fourth year {1962, 1967, 1969, 1970) 

that we fished gillnets in the northeastern Pacific Ocean during the wintero The 

catch data have established that sockeye salmon are present in varying levels ot 

abundance and are generally '?etween Transition Waters on the south and the Alaska 

Stream on the north {Fig. 10 )o In 1970 sockeye were in Transition waters south 

of the relatively narrow band of the Western Subarctic Intrusion Areao Tagging 

data (Fisheries Research Board of Canada, 1967a, 196Tb) have shown that within 
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the area between 155°w and 165°w north of' 47°30'N, recoveries from Bristol Bay 

predominate among tag returns o The catch data, therefore, have been examined 

to determine if' it is feasible to forecast the magnitude of' the sockeye salmon 

run to Bri~tol ~ from the relation between the apparent ab.undance of' salmon 

in high-seas gillnet catches and the inshore run. 

To compare high-seas catches between years, the geometric mean catch 

was computed for each year {longitudes were combined and zero catches ignored) 

for the stations at 49°N to 54°N inclusive (TablelO)o The results show that the 

return per index point was in fairly close agreement each year f'or age .2 fish 

and somewhat variable for age .3 f'isho The forecast derived f'or the 1970 run to 

Bristol Bay f'rom these relations was f'or an inshore run of' about 52 to 57 million 

age o2 fish and of about 3 to 8 million age o3 f'isho 

Spring 

A cruise track similar to that of spring 1970 has not previously been 

fished by UoSo research vessels, and comparative U.So data are therefore not 

availableo A Japanese research vessel, however, fished a similar pattern in 

May 1965 (Figo 11), although the station plans and fishing methods differed 

somewhat between the two vesselso The Japanese vessel fished from west to east 

during May and the United States vessel from east to west from late April to late 

Mayo In addition, the cruise track of the Japanese vessel was north of that of 

the United States vessel in the eastern part of the area fishedo A single mesh 

size, 408 inch (121 mm), was used by the Japanese; to equate the CPUE for the two 

vessels, the mean catch per shackle from the 4o5 inch (114 mm) and 5.2 inch 

(133 mm) meshes of the United States vessel was compared with the mean catch per 

shackle (adjusted from mean catch per tan) of the 408 inch mesh used by Japano 
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Table 10.--Geometric mean catch of maturing sockeye salmon from winter fishing 

in the northeastern Pacific, site of nm to Bristol~. and nm per index 

point. 

Age of Year 
Type of value fish 1962 1967 1969 1970 

Abtmdence index .2 1.40 1.19 3.08 10.14 
{ geometric mean) .3 1.79 1.10 1.85 2.44 

Bristol Bay inshore .2 T.3 6.7 15.9 
nm {millions of fish) .3 3.1 3.4 2.5 

Size of nm, per index .2 5.21 5.63 5.16 
point .3 1.73 3.09 1.35 
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Comparison of the apparent relative abundance for the 2 years indicates 

that the distribution of maturing sockeye salmon in spring 1970 was mainly 

restricted to waters east of 175°W, whereas in 1965 large catches were also made 

west of 175°W. CPUE values for 1970 were highest east of 165°W (ranging to 9) and 

near 160°w were somewhat similar to those in May 1965, the previous year of a 

very large run of Bristol Bay sockeye salmon. In 1965, high catches (CPUE ranging 

to 11) extended from 160°w to 180°. This comparison shows that large numbers of 

sockeye salmon (primarily Bristol Bay fish) were distributed farther west in 1965 

than 1970, and suggested that the total abundance of maturing sockeye salmon was 

higher in spring 1965 than in spring 1970 in the areas sampled. 
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OCEANOGRAPHY 

by F. Favorite, w. J. Ingraham, Jr., and D. M. Fisk 

Oceanographic data were collected on three cruises of the RV 

George~. Kelez in summer 1969 and in winter and spring 1970. During 

August 1969, an independent oceanographic experiment was perfonned to 

determine the nature of flow in the Alaskan Stream and the flow associated 

with an oceanic front in a small area south of Adak Island (Fig. 12). 

During winter, a broader area was covered; high seas salmon catch data and 

oceanographic data were collected in the western Gulf of Alaska along 152°, 

155°, 160°, and 165°W (Fig. 13). Data were obtained along an east-west 

pattern from 155°W to 175°E during the spring cruise (Fig. 13), a cooperative 

effort conducted jointly with the Hokko ~ (Fisheries Agency of Japan). 

These data were exchanged with Japanese scientists at Adak Island during the 

latter part of the cruise and by mail at a later date. 

Alaskan Stream, August 1969 

Much of our previous analysis of oceanographic conditions and their 

relations to salmon distribution have been based upon calculated geostrophic 

currents, which are only an approximation of flow. This is a good method of 

estimating currents in midocean areas, but direct measurements, which take 

considerable vessel time, are necessary to ascertain true flow in coastal 

areas. We made direct current measurements within 25 miles of shore south 

of Adak Island during August in order to (1) assess the features of the real 

flow in the Alaskan Stream as compared with calculated geostrophic flow and 
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(2) investigate the nature of the pronounced surface temperature and 

salinity front, which mey influence the migrations of salmon. 

Analysis of parachute drogue data at depth indicated the Alaskan 

Stream has the characteristics of a true boundary current with relatively 

high velocities extending to at least 1,000-m depth in a narrow band near 

shore. An inversion was detected in the velocity profile; the highest 

average velocity was 46 cm/sec at 300-m depth. Mean current velocities 

decreased with depth below 300 m, but the actual measured velocity at 

1,000-m depth of 28 cm/sec was much higher than, expected. This depth is 

commonly chosen as a reference level of zero velocity in the geostrophic 

calculations. A comparison of the velocity profile calculated from a 

representative pair of stations near shore with the mean drogue velocities 

near shore (Fig. 14) indicated the discrepancy in the actually measured 

flow--increased from twice at the surface to five times the calculated 

velocity at 600-m depth. This large difference was obviously a result of 

neglecting the velocity at the 1,000-m reference level in the geostrophic 

calculations, which if added as a constant to the geostrophic velocity 

profile would bring the results nearly into agreement. One drogue set 8 km 

farther seaward at 1,000-m depth had a slower mean velocity of 18 cm/sec; this 

suggested a closer agreement between velocity calculations and measurements 

farther from shore. 

While investigating the width of the Alaskan Stream at the surface, 

considerable insight was gained into the nature of the currents associated 

with the pronounced surface temperature and salinity front and fluctuations 

of the front in space and time. Measurements of surface conditions (by means 
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of a continuously recording thermo-salinograph) as the Kelez proceeded 

offshore along 176°20'W on August 18, 1969, indicated the front was about 

22.5 lan south of Adak Island (Fig. 15). At the front, the salinity decreased 

0 
sharply by 0.7 /oo in a dista.nce · of less than 1.6 km, and the temperature 

rose 6°C in about 10 km. Six current-crosses were released 5 km apart 

across the front and their trajectories, during about a 1-day drift, showed 

the flow was strikingly different on each side of the front (Fig. 16). A 

strong westward velocity of about 50 cm/sec occurred in and north of the 

front. South of the front, however, in the high temperature, low salinity 

water, an appreciable northward component existed; the westward component 

of drift was only about 5 cm/sec. This is the first time this strong 

velocity shear zone has been measured and also the first confirmation that 

the high salinity water of Bering Sea origin south of Adak Island moved 

westward and thus must originate from a southward intrusion through one or 

more of the Aleutian Island passes east of Adak. Repeated salinity and 

temperature observations along the same longitude revealed that although the 

front shifted position from shore within a 2-week period, the front still 

maintained a distinct continuity (Fig. 17). The large fluctuations in 

position point out that repetitive fishing locations designed for comparative 

purposes must be based on environmental conditions rather than on fixed 

geographical locations. 

Repetitive fishing sets were not conducted at closely spaced 

intervals across the front, but a north-south gillnet fishing pattern in early 

August indicaterr no sockeye salmon were caught in the front but that several 

hundred were caught south of the front in the warm, dilute surface water, 

characteristic of tpe Alaskan Stream. Although this was not necessarily a 
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consistent result on each north-south pattern, it does suggest that major 

migrations of sockeye salmon (of primarily Bristol Bey origin) from south 

of the Aleutian Islands into the Bering Sea may occur through passes in 

which branches of the Alaskan Stream flow north into the Bering Sea. It is 

argued that this behavior is not because the salmon are passively transported 

by the flow or prefer to migrate downstream but because in this manner they 

move through the passes without being confronted by significant changes, not 

only in temperature and salinity, but possibly in other chemical constituents. 

This implies that these salmon are not searching for, or following, gradients 

of chemical properties dispersed by parent streams, at least not at this 

distance from Bristol Bey. 

New conclusions about the velocity distribution in the Alaskan 

Stream south of Adak Island during summer are: (1) A sharp surface 

temperature and salinity front with an associated sharp velocity shear zone 

may mark the southern boundary of the high velocity portion of the Stream, 

(2) a mean steady state current is flowing generally westward in the 

direction of the depth contours when drogue velocities are averaged for a 

diurnal tidal period of 24.8 hours, (3) an alternating east-west tidal 

current of about 20 to 25 cm/sec is superimposed on the mean steady state 

flow at all depths down to 1,000 m, and (4) an internal wave of the same 

period as the tidal wave is in the vertical density distribution. 

Winter conditions south of Alaska Peninsula, 1970 

We continued to investigate the strength of the major currents and 

the location of water areas that mey influence the distribution of salmon on 

the high seas. 
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The Alaskan Stream is the swiftest ocean current in this area, 

and its strength mey be a sensitive indication of the circulation in the 

entire Subarctic Region. Geostrophic volume transport calculations showed a 

r~latively large westward flow of 1ox106m3/sec this year at 152°W and a slight 

increase downstream to 11x106m3 /sec at 160° and 165°W. Water transported 

6 3 across 152°W was about 2xl0 m /sec greater than last year, but transport 

across 165°W was 1x106m3/sec less. 

Wind-stress transport for February indicates that this apparent 

uniformity in flow mey be deceiving because between 152° and 165°W there 

is a requirement for part of this westward flow to recirculate in the Gulf 

of Alaska (Fig. 18) . Most of this loss is compensated for by a northward 

component of flow near 165°Wo The transport pattern, as indicated in 

previous annual reports, is a theoretical one and refinements in theory and 

application are yet to be worked out, but the method provides insight into 

causes for existing conditions. The task of constructing monthly wind-stress 

transport charts has been turned over to a new BCF environmental group at 

Monterey, California. 

Analysis of the subsurface core of warm water, mesothermal -stratum, 

indicates a recirculation of part of Alaskan Stream water between 156° and 

159°W (Figo 19)o This water crosses over the Ridge Area south of the Stream 

and moves eastward in the northernmost filament of the Subarctic Current. 

Special studies of direct current measurements and closely spaced STD stations 

similar to the August study south of Adak Island are required to adequately 

explain the nature of the recirculation. Mesothermal temperatures also 

delineate the band of relatively cold water (<3.6°C) of the Western Subarctic 

Intrusion, which this year extended eastward into the Gulf of Alaska to at 

least 165°W. 
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Environmental conditions at depth in the western Gulf of Alaska 

are apparent in the vertical temperature profile along 160°W (Fig. 20). 

The vertical extent, 450 m of warm water (>4.0°C) indicative of the 

Alaskan Stream, was greater than normal; the presence of surface temperatures 

in excess of 5°C during this period was unusual. The two temperature

minimum strata (near 51°20 1 N and 53°N) indicate a bifurcation of the cold 

water mass flowing eastward in the Western Subarctic Intrusion Area. This 

:resulted in complex current patterns along this longitude. The southern 

extent of this cruise track was terminated before obtaining a clear 

indication of the northern boundary of the Transition Area. 

Spring conditions and sockeye salmon catches near the Aleutian Islands, 1970 

The change in orientation of cruise tracks from north-south to 

east-west precluded locating the recirculation of the Alaskan Stream in ~he 

western Gulf of Alaska but did contribute data over a broad area south of the 

central Aleutian Islands. The Alaskan Stream transport of 9xl06m3/sec at 

167°W was less than the winter transport of 11x106m3/sec near the same 

location (165°w). Downstream, the transport was larger with 12xl06m3/sec at 

176°25 1 W and 14x106m3/sec at 179°E. A rapid change in flow conditions was 

indicated by the transport values measured after June l; these later values 

of 6xl06m3/sec at 175°W and 7xl06m3/sec at 178°E had decreased by half when 

compared with the May values at adjacent locations. 



fl) 
a: 
bJ 
I-
ILi 
'1 

z 

:c 
I-
Cl. 
ILi 
0 

54° 

100 

200 

300 

400 

, 
, 

I 

, 
I 

52° 51° 

500-----------'---------------------------

Figure 20.--Vertical temperature profile along 160°W5 RV George~ Kelezt 

February 1970e 

::J' 
I-' 



62 

Perhaps the most interesting environmental feature observed in 

spring 1970 was the width and extent of unusually dilute surface water in 

the Alaskan Stream south of the Aleutian Islands; this terminated at a 

sharp front near 175°W (Fig. 21). Surface salinities less than 32.1 °/oo 

a.re rarely found offshore west of 170°W at this time of year, and we have 

never encountered salinity values this low near Adak Island. Although 

comparison with conditions in other years is seriously hampered by inadequate 

data, neither have we encountered the extreme northward position, 50°N, of 

the 33.0 °/oo isohaline south of the Alaskan Stream water. Usually this is 

near 48°N, about 200 km farther south. These conditions suggest the absence 

of any appreciable recirculation of coastal water in the Gulf of Alaska 

gyral and partial blocking, or otherwise restricted westward flow, near 175°W 

as a result of a greater than normal northern component of oceanic flow. 

Gillnet catches, during May 30-June 9 (Fig. 21), indicate large 

concentrations of sockeye salmon in the low salinity water near 175°W. 

Assuming that these salmon were bound for Bristol Ba;y--and there was little 

time remaining for an extensive westward migration south of the Aleutians 

if they were to reach the Bey on time--the distribution pattern suggests that 

the major northward migrations through the Aleutian passes were limited to passes 

east of approximately 180°. 

Mesothermal stratum, 1968-70 

Analysis of temperature distributions show the distribution of 

warm and cold water masses, which originate in the Eastern and Western 

Subarctic Gyres and eventually mix and lose their identity. We have obtained 

enough oceanographic data during each spring of the last 3 years to show some 
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Figure 21.--Surface salinity (O/oo) and sockeye salmon catches, M~ 9-June 9, 

1970 (squares indicate fishing locations; adjacent numbers indicate numbers 

of sockeye). 
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of the diversity in horizontal temperature distributions in the mesothermal 

stratum. Generally, warm water (5.5°c) is in the Alaskan Stream at 155°W, 

and the temperature decreases through mixing to 4.5 C south of Adak Island 

and to 4.0°C west or Amchitka Island. In the central Subarctic Region, the 

cold water is southward of the warm water and has a temperature of 3.5°C 

between 49° and 50°N at 180°, and the temperature gradually increases to 

3. 8°C in the Gulf of Alaska. Sometimes, anomalous conditions occur which 

make it possible to trace movements of specific water masses (Fig. 22). 

Unusually warm mesothermal conditions prevailed in the Gulf of Alaska in 

1968 as a result of an extensive recirculation between 165° and 170°W, 

which blocked the eastward movement of cold water (<3.6°C) beyond 178°vl; 

in 1969, the cold water moved eastward to 170°W and in 1970 it was clearly 

defined as a continuous feature as far east as 157°W. We have suggested 

in numerous annual reports that sockeye salmon of Bristol Bay origin are 

associated with the warm water mass and that Asian sockeye salmon are 

associated with the cold water mass. 

Winter conditions, 155°W--1957, 1962, 1967, and 1969 

Recent attempts to forecast 3 to 5 months in advance the numbers of 

sockeye salmon entering Bristol Bay have been based upon gillnet catches in 

the western Gulf of Alaska near 155°W during late winter--January to March. 

Consistent or extensive station patterns are lacking for this area during 

this period, but environmental data obtained by the INPFC do show variation 

in winter conditions at this longitude over the past 14 years. Limited data 

prevent showing of horizontal distributions, but vertical temperature profiles 
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a.re informative and several have been selected to illustrate changes at 

5-year intervals--February 1957, March 1962 and 1967, as well as January 

1969 (Fig. 23). In these profiles, specific environmental areas, defined 

in previous annual repcrts; can be identified. First the warm water 

(74.0°c) south of the land configuration (Chirikof Island in this case) 

identifies the Alaskan Stream Area in which the flow is westward along the 

Alaska Peninsula and Aleutian Islands. At this time of the year this water 

underlies colder water which will substantially show an increase in 

temperature (as high as 12°C) as a result of spring and summer wanning at 

the surface. The Ridge Area is not consistently defined by temperature but 

always by salinity or density distributions; it lies between this warm water 

and the cold water core--temperature-minimum water, less than 3.6°C--which 

demarks the Western Subarctic Intrusion Area where the flow is eastward. 

The specific identity of surface waters in this Area which overlie the 

temperature-minimum stratum is debatable. In the western North Pacific Ocean, 

the entire water column in this Area, to at least 500 m, has the same chemical 

characteristics; however, as this water mass intrudes eastward of approximately 

180°W in a wedgelike manner, the surface water (above 100 m) is greatly 

altered by wind-driven and hydrodynamic intrusions of water from the Alaskan 

Stream from the north and Transition water from the south. However, it is 

hypothesized that salmon and other biological organisms can detect and are 

affected by this water mass. 

The downward slope of isotherms southward of approximately 48°N 

indicates the nothern boundary of the Transition Area where the flow is also 

eastward . Although there is a general consistent pattern in the profiles 
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for the various years, there is considerable variation in the location and 

extent of the Areas, and it is obvious that we need to know more about 

environmental preferences of salmon before accurate comparisons can be 

made of year to year abundances of the species in this area. 
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BIOCHEMICAL STUDIES OF GENETIC DIFFERENCES AMONG 

SPECIES AND STOCKS OF FISH 

by Fred M. Utter, Harold o. Hodgins, and Allyn G. Johnson 

Biochemical genetic methods are extremely useful tools for the 

detection of single gene variations and have proven useful in the study of 

populations. This usefulness has been reflected by a continually increasing 

effort--observed internationally during the past 10 years--in the application 

of biochemical genetic methods to the study of fish (de Ligny, 1969; Hodgins, 

M3. 1970). This paper summarizes the current status of research by personnel 

of the BCF Biological Laboratory, Seattle, Wash., on biochemical genetics of 

fish populations. 

Potentialities of biochemical genetic variants 
as fish population markers 

It is now well established that biochemical genetic variants are 

useful tools for distinguishing, or for classifying, various populations of 

fishes because of (1) the usually simple mode of inheritance and (2) the 

relatively low cost and ease of application. A significant difference in 

gene frequencies for a particular variant between two samples of the same 

species is good evidence for a genetic difference between these samples (Hodgins, 

MS. 1970). In studies directed towards determining recognizable differences 

between stocks of species taken within areas of potential intermixing (e.g., 

the high seas), biochemical genetic studies alone mey provide sufficient data 

to distinguish individual stocks. It is, therefore, desirable to include 

biochemical genetic studies--where possible--in the initial phases of such 

research. 
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Biochemical genetic variants of various fishes 

Genetic variations, detected by starch gel electrophoresis coupled 

with histochemical staining procedures, have been found in all species that 

we have extensively studied. A listing of the species in which variations 

have been found (arranged in taxonomic groupings), including the type of 

variant, is presented in Table 11. 

Family Clupeidae 

A considerable amount of individual genetic variation has been 

detected in Pacific herring in samples collected from Puget Sound northward 

to Juneau, Alaska (Utter, MS. 1970). The gene frequency for each system is 

similar between samples taken from different areas despite this broad 

geographic range and considerable degree of detectable individual biochemical 

variation. Absence of heterogeneity does not alone validate an assumption of 

genetic homogeneity within this sampling range, however. Intermixing of 

.American stocks of Pacific herring is indicated by tagging data (reviewed in 

Kasahara, 1961), which probably results in some gene flow between adjacent 

spawning populations. Limited gene flow between populations in the absence 

of strong selective pressure for the detected biochemical variants may be 

maintaining the different alleles at similar frequencies; most likely, 

however, it is not sufficient to justify considering these stocks a homogeneous 

unit. 
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Table l~--Biochemical genetic variants in fish examined at the BCF Biological 
Laboratory, Seattle, WashingtotiJ we have assumed from the biochemical and 
population data that the variants have genetic origin. · 

Family, scientific name, 
end common name of fish 

-Clupeidae 
Clupea harengua pallasi 

Pacific herring 

Sal.monidae 
Sa.llno gairdneri 

rainbow trout 

Oncorhynchus gorbuscha 
pink salmon 

O. keta 
ch um s a.l..mon 

o. kisutch 
coho salmon 

o. nerka 
sockeye salmon 

Gadidae 
Merluccius productus 

Pacific hake 

Scomberesocidae 61 
Cololabis sair~ 

Pacific saury 

Scorpaenida.e 
Sebastodes sp .. 

s. alutus 
Pacific ocean perch 

.2.• auriculA.tus 
Brown rockfish 

'fype of genetic 
protein variant 

Esterase I 
pG¥(Y ' 
LOH-A~_ 

AAT.4' 
Peptidase-1 

. -2 
MDH2/, ·NAD dependent 

Eye lens protein 

MDH- ·NAD dependent 

LDH-A ·--B 

LDH-B 
Transferrin 

LDH-B 

PGM 

Esterase-II 
LOH-A 
Muscle protein 
Trans ferrin 

o<.GPDiJJ 
MDH-NAD dependent 

Tetrazolium oxidase 

.C.GPDH 
PGM 

o<.GPDH 

Number of 
variant Type of tissue examined 

ge~~~u:!I~- . .. ??ntai~~ng _v~iants 

5 Muscle, vitreous, liver 
2 Muscle 
3 Muscle, vitreous, liver· 
2 Muscle, vitreous, liver 
2 Muscle, vitreous, liver 
3 Muscle, vitreous 
3 Muscle, vitreous 
2 Muscle 

2 Eye lens 

2 Muscle 

2 Muscle 
2 Muscle, vitreous 

2 Muscle, vitreous, serum 
3 Serum, vitreous 

2 Serum, vitreous, muscle, 
liver 

2 Muscle 
,. 

5 Vitreous, serum 
2 Liver, vitreous, heart 
2 Muscle 
4 Serum, vitreous 

2 Muscle 
2 Muscle 

3 Liver, muscle, vitreous 

2 Muscle 
2 Muscle 

2 Muscle 
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Table 11.--Biochemical genetic variants in fish examined at the BCF Biological 
Laboratory, Seattle, Washington ; we have asstur·ed from the biochemical and 
population data that the variants have genetic origin.--Continued. 

Family, scienti-fic name, 
and common name of fish 

Scorpaeni dae 
S. eaurinus 

Copper rockfish 

s. elongatus8/ 
Green striped rockfish 

s. proriger 
Red striped rockfish 

.§.• brevispinis 
Silvergrey rockfish 

Pleuronectidae 
Lepidopsetta bilineata 

Rock sole 

Parophrys vetulus 
English sole 

Type of genetic 
protein variant 

o(.GPDH 

Muscle protein 
PGM 

PGM 

PGM 

LDH-A 
PGM 
MDH-NAD dependent 
MT 

o<.. GPDH 
Esterase 
LDH-E 
PGM 

1/ Based on electrophoretic patterns 
2/ PGM = phosphoglucomutase 
3/ LDH = lactate dehydrogenase 
4/ MT = aspa.rtate aminotransferase 
5/ MDH = ma.lie dehydrogenase 

Number of 
variant 

genes at a 
locus1./ 

2 

2 
2 

2 

2 

2 
3 
2 
2 

4 
3 
2 
3 

6/ Both variants found independently by Numa.chi (in de Ligny, 1969) 
7/ o(GPDH = alpha-glycerophosphate deeydrogena.se 
"ff/ Muscle protein variant reported by . Tsuyuk.i ~ &• (1968) 

Type of tissue examined 
containing variants 

Muscle 

Muscle 
Muscle 

Muscle 

Muscle 

Muscle 
Muscle 
Muscle 
Muscle 

Muscle 
Vitreous 
Vitreous 
Muscle 
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Family Salmonidae 

The sockeye salmon has been the most intensively studied salmonid 

species; two variant genetic systems--LDH and PGM--have been found (Hodgins, 

Ames, and Utter, 1969; Hodgins and Utter, 1969; Utter and Hodgins, MS. 1970). 

In both systems the mutant forms occur much more frequently in fish sampled 

from the Copper River westward than in those from the Skeena River southward. 

This differential distribution indicates a potential application of these 

systems for identifying the major area of origin of fish caught in the ocean. 

The serum protein, transferrin, in coho salmon is another biochemical 

variant in salmonids where a potential for stock identification has been found 

(Utter, Ames, and Hodgins, MS. 1970). Data from coho smelts sampled from 

hatcheries of Columbia River tributaries and from streams draining into Puget 

Sound have indicated highly significant differences in gene frequencies 

between the two areas. 

Family Gadidae 

Reproductive isolation between two stocks of Pacific hake, from 

Puget Sound and the Pacific Ocean, was verified genetically by significant 

differences of gene frequencies between the two areas in each of four 

polymorphic systems (Utter, 1969a, 1969b; Utter and Hodgins 1969a, 1969b; 

Utter, Stormont, and Hodgins, MS. 1970). Pacific hake caught in the Pacific 

Ocean have a faster growth rate than those taken in Puget Sound (Nelson, 1969); 

biochemical studies have proven useful in verifying that very large fish 

occasionally taken in Puget Sound are indigenous to Puget Sound rather than to 

the Pacific Ocean . 
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Family Scomberesocidae 

A preliminary screening of muscle extracts of Pacific saury revealed 

genetic variation for o<. GPDH and MDH. Similar variation has been independently 

found by Numachi ( reported in de Ligny, 1969) • 

Family Scorpaenidae 

An intensive biochemical genetic investigation of inter- and 

intra-species variation in the genus Sebastodes is currently being conducted. 

Im inter-species marker--tetrazolium oxidase--occurs in three forms in 

Sebastodes, but only one form has been found (with one exception) within a 

single species (Johnson, Utter, and Hodgins, MS. 1970a). This enzyme is stable 

during frozen storage for as long as 1 year and can be used to classify such 

similar species as.§_. alutus ands. reedi. 

Im interesting stratification of.§_. alutus, according to depth of 

water, has been observed in the distribution of phenotypes of o<GPDH and PGM. 

In samples taken from o:ff the Columbia River to Q.ueen Charlotte Sound, 

phenotypes for both systems conformed to expected frequencies--based on genetic 

theory--in samples taken from lesser depths (90-130 fathoms), whereas samples 

taken at greater depths (> 130 fathoms) deviated significantly from expected 

frequencies (Johnson, Utter, and Hodgins, 1970, MS. 1970b). No significant 

differences in phenotypic frequencies were found in samples taken at similar 

depths from different areas. The meaning of this apparent stratification by 

depth is not clear. Possible explanations include (1) differential survival 

of fish of different phenotypes at greater depths and (2) population 

heterogeneity at greater depths. 
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Some pertinent observations have resulted from a preliminary study 

of polymorphisms in other Sebastodes species. Ins. auriculatus and S. 

caurinus, where identification is questionable in some areas (DeLacy, Hitz, 

and Dryfoos, 1964), qualitatively different variants of o<GPDH suggest that 

these are different species. Genetic heterogeneity of.§_. caurinus within 

Puget Sound is indicated on the basis of different o<GPDH gene frequencies 

of samples collected from different areas. A similar genetic difference is 

indicated in a muscle protein variant of~. elongatus (Tsuyuki et&•• 1968) 

when gene frequencies of samples collected from Hood Canal and Canadian 

waters are compared. 

Family Pleuronectidae 

Two species, Englisr sole and rock sole, have been examined. Four 

polymorphic systems have been found in English sole. Gene frequencies for 

all of these systems are similar when samples collected from different areas 

of Puget Sound are compared. When Puget Sound samples are compared with a 

sample collected in the Pacific Ocean near Astoria, Oreg., this similarity 

persists for three systems; highly significant differences, however, are 

found in gene frequencies of esterase variants (in vitreous fluids) between 

the two regions. No statement can be made concerning heterogeneity of gene 

frequencies in rock sole--only a single sample, collected near Seattle, has 

been tested. 
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Summary 

We found biochemical variants in every fish species extensively 

studied. Many of the variants satisfy criteria for genetic markers for 

characterizing fish populations. Data from biochemical genetic studies alone 

mey provide sufficient information to determine discreteness of stocks in a 

particular species. 
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VIABILITY OF MATURE SOCKEYE SALMON THAT DISENTANGLE 

FROM GILLNETS 

By C. J . Hunter, B. G. Patten, and R. B. Thompson 

In 1969 we reported on the viability of mature sockeye salmon that 

became disentangled from gillnets during the summer of 1968 (Thompson, Hunter, 

and Patten, MS. 1970). This study was repeated during the summer of 1969 to 

confirm the first year's data and to compare the viability of fish that became 

disentangled from multifilament gillnets with the viability of fish that became 

disentangled from monofilament gillnets. Experimental procedures in 1969 and 

methods of determining viability of disentangled salmon were similar to those 

of Thompson !:,1 &• 

The group of fish taken by the multifila.ment gillnet had a lower survival 

rate than the group taken by the monofilament gillnet; the monofilament group 

had a lower survival rate than the control group. For example, 80% of the fish 

that had escaped from the multifilament net died within 2 days, 80% that escaped 

from the monofilament net died within 5 days, and 80% of the control group were 

dead in 9 days. In 1969, the mortality rate within the control group was 

considerably greater than in 1968 when less than 5% of the control group died 

within 9 days. There were no changes in the experiment during 1969 to which this 

rapid mortality rate could be attributed. We then examined some dead fish and 

determined that they probably died from disease (cultures taken from the kidneys 

were heavily infected with Vibrio, a marine bacterium). We now assume that some 

fish within each group were infected with Vibrio. 
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Some similarity and some differences existed between results of the 

1968 and 1969 experiments. In 1968 and 1969, mortalities were higher within 

the groups that escaped from the multifilament gillnet than within the control 

g~oups. The most notable difference between years was the increased mortality 

in test and control groups during 1969. Although the results of the 1969 study 

indicate that most fish taken by multifila.ment and monofilament gillnets were 

less viable than the control fish, Vibrio-infected fish could have biased these 

findings, because the fish were subjected to the stress of disease in addition 

to the stress from handling and enmeshment. 
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