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Additional Data on the Ocean Distribution, Abundance, 

and Migration of Salmon--Summer 1971 

by R. French, R. Bakkala, D. Sutherland, and Po Washington 

This report supplements the section on ocean distribution, abundance, 

and migration of salmon in the Report of Investigations by the United States 

for the International North Pacific Fisheries Commission in 1971, with 

results ot the 1971 summer research cruise of the RV George ~ Kelez. The 

purpose of the cruise was to investigate the east-west distribution of 

immature salmon (primarily sockeye salmon) in the North Pacific Ocean between 

153 0 W and 170 0 E and to continue studies on comparative catches of salmon in 

multifilament and monofilament g1llnetso Comparisons are also made between 

the 1971 catches and those of 1970. 

Fishing gear and maturity criteria . 

Sampling gear for the summer cruise consisted of a basic string of 

multifilament gillnets of four mesh sizes and an experimental string of 

monofilament gillnets. The multifilament gillnet section consisted of six 

shackles each of mesh sizes 64, 83, 114, and 133 mm (a shackle is about 01.5 m 

long). The experimental monofilament section' of the net string consisted of 

three shackles each of mesh sizes 83, 98, 114, and 133 mm. Three multifilament 

nets of 64 mm mesh size were fished between groupings of the monofilament nets. 

Generally maturity of salmon in the summer is easi~y determined by visual 

observations of the gonads. For any sockeye or chum salmon of doubtful status, 

maturity was determ&ned by gonad weight in the manner of Takagi (1961). 



Total catch 

Sockeye salmon predominated among salmon and steelhead trout catches 

during the summer cruise, accounting for 67% of the total catch (Table 1). 

Chums made up 28%, with cohos and steelhead trout accounting for most of 
( 

the remainder. 

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 size. The CPUE for 

only the multifilament nets is shown. 

Sockeye salmon 

The cruise track fished in summer was designed to sample immature 

sockeye salmon in areas of main concentrations along their east-west distri-

bution south of the Alaska Peninsula and_Aleutian Islands. The stations were 

located on the basis of past years' data which have shown the location of main 

concentrations of immatures and has indicated that these concentrations remain 

at much the same latitudes from year to year. Lack of f.ishing time prevented 

coverage of a greater north-south range of fishing stations. Results from the 

summer cruises, when examined in relation to catch data from subsequent winter 

and spring cruises and to the following years' inshore returns to Bristol Bay, 

are anticipated to lead to an understanding of the distribution and movements 

of Bristol-Bay sockeye during their last year at sea. Summer cruises may also 

be of value in testing assumptions on which forecasts are based from the index 

site off Adak Island and in revealing other possible index sites. 



Table 1.--Catches of salmon and stee1head trout by the U.S. research vessel George ~. Ke1ez, 
July-August 1971 

Position Sea surface No. shackles Catch by species 
Set Date Lat N. Long. temp. °c of 6il1nets Sockeye Chum Pink Coho Chinook @teelhead Total 

1 7/29 52°45' 153°15'W 10.1 39 210 148 4 8 0 3 373 
2 7/30 52°45' 155°00'W 10.2 39 122 106 1 7 0 0 236 
3 8/3 52°00' 156°20'W 11.2 39 208 294 1 1 1 4 509 
4 8/4 51°45' 157°45'W 11.2 39 152 133 0 1 2 12 300 
5 8/5 52°10' 159°00'W 11.2 39 317 45 0 6 1 5 374 
6 8/6 52°00' 160 0 50'W 11.2 39 284 105 0 6 1 8 404 
7 8/7 51°30' 162°15'W 11.0 39 348 107 0 4 1 17 477 
8 8/10 51°25' 166°45'W 10.6 39 192 98 0 17 0 34 341 
9 8/11 51°50' 168°20'W 10.9 39 147 308 1 3 1 8 468 

10 8/12 51°40' 170°00 'w 11.4 39 441 32 0 2 0 0 475 
11 8/13 51°00' 171°20'W 11.3 39 237 39 0 6 2 13 297 
12 8/15 51°00' 174°20'W 9.9 39 136 23 0 2 0 2 163 
13 8/20 51°30 ' 176°30'W 10.1 39 57 4 0 4 1 1 67 
14 8/22 50°50' 179°05 'W 9.7 39 2 0 0 0 0 0 2 
15 8/23 50°30' 179°10'E 8.6 39 214 15 0 15 3 2 249 
16 8/24 50°45' 177°29'E 10.0 39 159 11 0 19 1 2 192 
17 8/25 51°00' 176°10'E 9.8 39 188 10 0 7 0 0 205 
18 8/26 51°30' 174°45'E 7.0 39 61 16 0 5 0 0 82 
19 8/27 51°30' 173°29'E 8.9 39 157 34 0 12 2 0 205 
20 8/28 52°00' 171°)0'E 10.0 39 186 49 0 13 6 2 256 
21 8/29 52°14' 170 0 30'E 9.7 39 67 48 0 6 0 1 122 

Totals 3885 1625 7 144 22 114 5797 
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Distribution and abundance 

Fishing stations this summer followed very closely those of summer 1970, 

both in timing and area covered, and the distribution of immatures was very 

similar in the two years. In 1971, immatures were taken at all but one station 

(51 0 N, 179 0 W) by the multifilament gillnets (Fig. 1). CPUE was relatively 

high from about 153 0 W to 175 0 w, low between 175 0 Wand 180 0
, and intermediate 

from 180 0 to 170 0 E in relation to the other two areas. An exceptionally large 

CPUE was made at 170 0 W. 

An outstanding feature of the distribution of immatures was the abrupt 

changes in age composition encountered from east to west. Age .2 fish were 

the principal age group in catches from about 153 0 W to 162 0 W, whereas age 

.1 sockeye predominated from about 166 0 W to 177 0 W (Fig. 1). Farther west, 

from 180 0 to 170 0 E, age .2 fish again became the principal age group. A 

differential distribution of age groups across the North Pacific may be a 

rather consistent feature of the distribution of immature sockeye salmon in 

summer since it was also observed in the summers of 1966 (Bakkala, in press) 

and 1970 (French, et al., 1971). These have been the only other years when 

east-west fishing was sufficiently extensive to observe this phenomenon. 

Age and size 

As previously shown, the predominance of ocean age groups changed by 

area of fishing and catches were grouped by these areas in presenting age 

compOSition (Table 2). The changes in ocean age composition were extreme 

with age .2 fish clearly predominating in the eastern and western areas of 

fishing (68% and 65i) with the age .1 fish clearly dominant in the central 

area (69%). The ocean age composition in the central area corresponded 

closely to that obtained by the Fisheries Research Institute (71% were age 

.1 fish) in their purse seine fishing south of Adak Island in July and early 
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Figure l.--Distribution and relative abundance (shown below stations) of immature age .1 and age .2 sockeye 

salmon, summer 1971. 
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Table 2.--Age composition of immature sockeye salmon taken in the 
North Pacific qcean, summer 1971 

Freshwater and ocean ages(%) Ocean ages(%) 
Area Sample 

size 1.1 2.1 1.2 - 2.2 Other .1 .2 

South of Alaska 611 14.0 16.2 36.2 30.6 2.9 32.0 68.0 
Peninsula 

153 0 W - 162 0 W 

South of eastern 560 32.4 32.4 14.4 16.4 4.5 68.6 31.4 
and central 
Aleutian Islands 
166°w -_177° W 

South of western 333 5.6 28.1 22.2 38.9 5.1 35.0 65.0 
Aleutian Islands 
180 0 

- 170 0 E 

Total 1,504 18.6 24.6 25.3 27.4 4.0 45.7 54.3 
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August (Hartt and Dell, MS 1971). When data from all areas sampled were combined, 

the age .2 fish contributed the greatest proportion to the gillnet catches (54i). 

The usually important total age groups (freshwater and ocean) each contrib-

uted substantially to the combined catches (Table 2). Ages 2.1, 1.2, and 2.2 

were taken in approximately equal proportions whereas the contribution of age 

1.1 fish was smaller due to their lower relative abundance in the area south 

of the western Aleutian Islands. 

The principal brood years represented in the catches were: 

Brood year 

Percentage 

1966 

29 

1968 

19 

The average lengths of immature sockeye salmon taken in the different 

areas are given in Table 3. Differences were apparent in the average size of 

the age .1 imrnatures between these areas. The larger fish were taken in the 

eastern and western areas fished and the smaller fish were located in the central 

area. In contrast, the age .2 fish increased in size from east to west. Differ-

ences in size of immature sockeye salmon may be due to the presence of different 

stocks or mixtures of stocks in each area or, in the case of age .2 fish, due to 

growth since fish to the west were sampled in later time intervals. 

The immature sockeye salmon were relatively large this year when compared 

to the size of fish sampled from a similar area in summer 1970 (Fig. 2). Both 

age groups averaged about 1.5 cm larger in 1971 than immatures from summer 1970. 

The 1971 immatures were also larger than ·those taken in summer 1967, 1968, and 

1969; in these earlier years, however, samples were restricted to waters south 

of Adak Island. 
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Table 3.--Average lengths of age .1 and .2 immature sockeye salmon 
by area, summer 1971' 

Age .1 Age .2 
Area Sample Average Sample Average 

size length size length 
(cm) (cm) 

South of Alaska 181 38.0 377 50.6 
Peninsula 

153 0 W - 162 0 W 

South of easte~n 378 35.8 147 51.2 
and central 
Aleutian Islands 
166 0 W - 177 0 W 

South of western 107 39.6 208 511; 6 
Aleutian Islands 
180 0 

- 170 0 E 

Total 666 37.0 732 51.0 



Year Area Sample 
Size 

1967 . 176°W 267 

1968 176°W 909 

1969 176°W 2197 
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1971 153°W-171°E 898 
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Figure 2.--Average lengths and ranges in length for immature sockeye salmon, summer, 1971. (1967-69 

samples are from August; for 1970 samples are from July 30 through August 31 and for 197f from 

July 29 through August 29). 
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Comparison of catches between years 

The 1971 summer cruise track from east to west across the North Pacific 

Ocean was planned to coincide as much as possible with the cruise track of 

1970, to compare 1970 catches of sockeye with 1971 catches, and to relate 

distribution in summer to distribution in subsequent winter and spring cruises. 

The distribution of sockeye salmon by age groups was similar for the two 

years. The change in predominance of ocean ages by area shown for 1971 was also 

a major feature of catches in summer 1970, Figure 3. In the eastern part of the 

sampling area, near 155 ° W to about 163 ° W, immature age .2 sockeye salmon pre

dominated in the catches. In the central part of the sampling area from about 

164° W to 180°, immature age .1 fish predominated, although at one station in 

1971 (at 171° W) age .2 fish predominated. West of 180°, age .2 fish again 

comprised the majority of the catches, although in 1971 west of 175° E the two 

age groups were of nearly equal proportions in the catch. 

The similarities between years in the general location of these changes 

and the parallel manner in which the various age groups changed is rather 

remarkable (Table 4). Although the magnitude of the changes in contribution 

of the age groups differed between years, the direction of changes was similar 

between years and from area to area. This was true for both freshwater and 

ocean age groups. These similarities in age composition by area between summer 

1970 and 1971 are difficult to explain. Its significance may become apparent 

after more observations on the relation between summer distribution and the 

subsequent winter and spring distribution. 
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Figure 3.--Fishing stations and relative abundance (shown below stations) of immature age .1 and age .2 

sockeye salmon, sununer 1970 and 1971. 
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Table 4.--Age composition of ~ture sockeye salmon in the north 

Pacific ocean, summer 1970 and 1971. 

Freshwater and ocean ages 
Area (%.) Ocean ages (%.) 

1.1 2.1 1.2 2.2 other .1 .2 

South of Alaska 
Peninsula 

1970 (155°W-163°W) 17 17 43 20 2 38 62 
1971 (153°W-162°W) 14 16 36 30 3 32 68 

South of eastern and 
central Aleutian Islands 

1970 (163°W-177°1) 37 43 9 8 2 82 18 
1971 (166°W-177-W) 32 32 14 16 4 69 31 

South of western Aleutian 
Islands 

1970 (176-1-171-1) 7 27 32 33 2 34 66 
1971 (180--170-1) 6 28 22 39 5 35 65 
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Chum salmon 

Distribution and abundance 

The smnmer cruise, as stated earlier, was designed to fish through main 

concentrations of immature sockeye salmon. Due to interspecific differences 

in distribution, this cruise may not have been in areas of concentration of 

other species of salmon. 

Immature chum salmon were caught along the entire cruise track with the 

exception of one station near 1790 W; the largest catches were made east of 

170 0 W where CPUE ranged from 1.6 to 19.5 and averaged 7.6 (Fig. 4). West of 

about 168 0 W the average CPUE value declined to 0.6 (range 0.0 to 2.0). 

Immature chum salmon apparently occurred in the area west of 175 0 W in greater 

abundance in early summer than indicated by gillnet catches in August. The 

Fisheries Research Institute, while fishing south of Adak Island, caught 

relatively large numbers of immature chum salmon in early July (Hartt and 

Dell, MS 1971). These fish either were not available to gillnets or had moved 

out of the area sampled in late August. 

Some maturing chum salmon were in the area covered by the cruise track in 

late July and August. Maturing fish comprised about l4~ of the total catch of 

chum salmon. 

Age composition of the immature chum salmon is given below: 

Age Percent 

.1 11.9 

.2 51.0 

.3 35·5 

.4 1.6 

The predominant group was the age .2 immature fish. 
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Figure 4.--Distribution and relative abundance (shown below stations) of immature chum salmon, summer 1971. 
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Comparison of catches between years 

Comparison of catches of immature chum salmon (age .1 and age .2 and 

older) for the similar fishing stations in 1971 and 1970 is illustrated in 

Figure 5. The CPUE for the east-west cruise tracks reveale~ largest catches 

in both years were made east of 175 0 w. The area of largest catches in 1971 

was east of the area of largest catches in 1970. Catches were somewhat larger 

at the westernmost stations in 1970 compared to the catches in this area in 

Coho, chinook, pink salmon and steelhead trout 

Coho salmon were taken consistently along the summer cruise track, 

although in much smaller numbers than chum or sockeye salmon (Table 1); 

main concentrations of coho salmon were probably south of the area sampled. 

Including catches in both monofilament,~nd multifilament nets, the numbers 

taken ranged from 1 to 17 and averaged about 5 fish per set from near 153 0 W 

to 1800 with the exception of a single zero catch near 1790 W. Larger catches, 

ranging from 5 to 19 coho and averaging 11 fish per set, were made from 1800 

to 1700 E. Of 121 coho salmon with readable scales, 21% were age 1.1, 68% 
age 2.1, and 11% age 3.1. 

Only 22 chinook salmon were caught in the summer, compared to the 144 

coho salmon taken. The chinook salmon appeared intermittently in catches 

throughout the area fished (Table 1); usually one- or two chinook salmon were 

taken but near 1720 E six fish were caught in a single set. Ocean ages 

represented in th~ sample of 20 chinook with readable scales were age .1 

(3 fish), age .2 (15 fish), and age .3 (2 fish). 
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Seven maturing pink salmon were caught during the summer cruise. Six of 

these were taken in the first three sets (153°15' W to 156°20' W) during 

July 29 to August 3 and the other on August 11 in a set at long. 169° 20' w. 

A total of 114 steelhead trout were caught during the summer cruise; 

104 (91%) were taken east of 174° Wand the balance of 10 fish were caught 

from 174° W to the western end of the sampling area at 170 0 30' E (Table 1). 

Age composition of the steelhead trout was 78% age .1 fish and 22% age .2 fish. 

Major freshwater and ocean age components were age 2.1 (38%), age 3.1 (33%), 

and age 2.2 (13%). Maturity status was not determined. 

Comparison of salmon catches in 
monofilament and multifilament gillnets 

During the 1971 summer research cruise we continued studies on the 

relative efficiency of monofilament and multlfilament gillnets for taking 

salmon as in the winter and spring 1971 cruises (French, et al., ME 1971). 

In the net string used in the summer the four mesh sizes of monofilament 

gillnets were arranged by units in the order 133, 83, 114 and 98 mm with a 

multifilament gillnet of mesh size 64 mm inserted between the 114 mm and 98 mm 

mesh size. Three of these units comprised an experimental section of 15 shackles 

of gillnets attached to the main string of multifilament gillnets. 

Salmon catches in the monofilament and multifilament gillnets in the summer 

are given in Table 5. For total salmon catches the relative efficiency of 

monofilament to multifilament gillnets was about 2.2 to 1. Where catches were 

sufficient for comparison purposes, the relative efficiency of mono- to multi-

filament nets varied with species and mesh size. The relative efficiency 

(mono- to multifilament) was greatest in the 83 mm mesh size for sockeye and 

chum salmon with ratios of about 3.7 to 1 and 4.9 to 1 respectively. The 
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Table 5.--Catches of salmon in monofilament and ~ltifilamant gillnets, summer 1971. 

Species Net fiabed Total Total catch Ratio of catch 
" of Meab 81u Material 110. 'of catch per - (.ono-multifilament 
Salmon (HK) shackles shackle netlJ) 

fi8bed 

Sockeye 83 monofilament 63 1068 17.0 3.70 
multifilament 126 583 4.6 

114 monofilament 63 417 6.6 1.47 
multifilament 126 572 4.5 

133 monofilament 63 73 1.2 0.86 
multifilament 126 175 1.4 

Chum 83 monofilament 63 280 4.4 4.89 
multifilament 126 114 0.9 

114 monofilament 63 285 4.5 1.67 
multifilament 126 346 2.7 

133 monofilamen t 63 82 1.3 1.18 
multifilame~t 126 144 1.1 

Coho U4 monofilameat 63 17 0.3 3.00 
multifilament 126 17 0.1 

133 monofilament 63 19 0.3 0.60 
1\l1iltifilament 126 59 0.5 

Total,!1 ' ~nofilameDt 189 2261 12.0 2.22 
multifilament 378 2025 5.4 

11 Includes pink and chinook salmon. 
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relative effiency for these species was lowest in the 133 mm mesh size and for 

sockeye salmon the multifil~ent was more efficient than the monofilament net. 

Of the relatively few coho salmon caught the CPUE of the monofilament nets was 

greater than for the multifilament nets for the 114 mm mesh size (ratio of 3 

to 1), whereas for the 133 mm me?h size the multifilament n~ts we+e relatively 

more efficient (mono-to multifilament ratio of 0.6 to 1). For each species of 

salmon the relative efficiency of mono-to multifilament nets was much lower 

for the 133 mm mesh size compared to other mesh sizes. 

Larkins (1963), in comparing catches of monofilament (of German manufacture 

Perlon) and multifilament gillnets, found the salmon catch ratios for the 83 mm 

mesh size to be 3.2 to 1 and for 114 mm mesh size 2.3 to 1. In another experi

ment Larkins (1964) in using webbing of Japanese manufacture found the ratio of 

catches of monofilament to multifilament nets to be 1.5 to 1 for the 83 mm mesh 

size and 1.3 to 1 for the 114 rom mesh. The present experiments with monofilament 

gillnets that were more pliable and easier to handle aboard vessels than the 

earlier monofilament nets, also show greater efficiency of the monofilament over 

multifilament gillnets of the 83 rom and 114 rom mesh size in catching salmon. 
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