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TAGGING AND SAMPLING STUDIES 

by A. C. Hartt, M. B. Dell, and L. S. Smith 

Tagging and sampling operations on the high seas in 1967 consisted 

of four subprojects: (1) Indexing abundance and age composition of immature 

sockeye salmon at Adak Island, (2) sampling and tagging of juvenile salmon in 

the eastern Bering Sea, (3) sampling and tagging of juvenile salmon in the 

Gulf bf Alaska, and (4) physiological studies of juvenile salmon. Vessel 

operations are outlined below and illustrated in Figure 1. Data from tag 

returns are very incomplete at present, and will be presented at the 1967 

Annual Meeting of the INPFC. 

Vessel Gear Dates of operation 

Commander Purse seine June 13-24 

Purse seine June 25-Aug. 15 

Purse seine Aug. 16-Sept. 15 

Purse seine Sept. 16-0ct. 5 

Storm Purse seine July 1-Nov. 1 

Areas of operation 

Unscheduled stations enroute 
Seattle to Adak Island on 
lat. 51°N 

South of Adak Island 
(area 8050) including joint 
fishing with BCF vessel 
George~- Kelez 

Eastern Bering Sea (concentrating 
on juvenile salmon) 

Unscheduled stations enroute 
Bering Sea to Seattle 
(concentrating on juvenile 
salmon along shore) 

Coastal Gulf of Alaska from 
Strait of Juan de Fuca to 
Yakutat, Alaska 



., 

: Adak area 
indexing 

· June 25 - Aug_. 1S 

········••.· 

Figure 1 .-1967 sampling and tagging areas - vessels Commander and Storm. 

I\) 
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Indexing abundance of sockeye salmon in the Adak Island area 

Our objective at Adak Island was to obtain an index of the 

abundance and age composition of immature sockeye salmon on which to base a 

forecast of the 1968 run to Bristol Bay. A secondary objective was to make 

a series of comparative seine sets alongside the gill nets of the U.S. Bureau 

of Commercial Fisheries vessel George B. Kelez to evaluate the relative 

efficiency of the two types of gear. 

The Commander began operations south of Adak Island on June 24, 

which were continuing on August 10 when this report was prepared. The 

numbers of sets, the catch, and the tagging totals through August 10 are 

given in Table 1 • As in previous years, immature sockeye and chum salmon 

migrated westward along the south coast of Adak Island during the entire 

period of sampling. When sampling commenced in late June, catches of 

sockeye and chum salmon were large, but declined considerably by mid-July 

and thereafter. 

The catch of immature sockeye salmon (total 2,659) consisted 1/ 
1,971 of age .1 (74 percent) and 688 (26 percent) of age .2 (or older}. 

This is a preliminary age breakdown based on lengths only and includes samples 

through August 10. The data, when complete,will be incorporated in a consolidated 

forecast to be issued by the Alaska Department of Fish and Game. 

'y Age designations of salmon in all sections of the report on United States 
research follow the system of Koo (1962). The number of ocean winter annuli 
on the scale is preceded by a decimal point (age .1--one winter at sea, etc.). 
The number of fresh water annuli precedes the decimal point. Total age is 
the sum of the two numbers plus 1 year for the time the eggs were in gravel~ 
For example, a age 1.2 fish has 1 fresh water annulus, 2 winters in the ocean, 
and is in its 4th year. This age corresponds to age 42 in Gilbert and Rich 
(1927) system. 



Table 1.--Numbers of salmon and steelhead caught and numbers tagged 
in 1967 by subproject (through August 10) 

Subproject Species of salmon or trout 
Sockeye Chum Pink Coho Chinook Steelhead Total 

Adak Island area 
indexing 
(50 sets) 

Numbers caught 3,386 10,345 241 14 29 0 14,015 
Numbers tagged 999 132 196 2 5 0 1,334 

Eastern Bering Sea (This subproject scheduled to begin after the submission 
sampling of date of this report. A summary will be distributed at the 
juveniles INPFC meeting in October.) 

Gulf of Alaskayampling 
of juvenile.s 1 
(44 sets) 

Numbers caught 3,078 1,532 4,671 849 - 177 2 10,309 
Numbers tagged 299 359 221 328 48 0 1,255 

Grand total caught 6,464 11,877 4,912 863 206 2 24,324 

Grand total tagged 1,298 491 417 330 53 0 2,589 

y A few mature fish included. 
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The catches of immature chum salmon from June 28 to July 14 

averaged 443 per seine set (22 sets) •. Three sets exceeded 1,000 and one set 

exceeded 2,000 chum salmon. Such large catches suggest a high abundance of 

immature chum salmon in 1967; in previous years we rarely ·caught as many as 

1,000 in a set. Age composition of chum salmon during the above period was 

approximately 67 percent age .1 and 33 percent age .2 or older, 

Pink salmon were relatively few in the 1967 sampling, but probably 

our operations at Adak Islan~ in 1967 began after the peak had passed. 

Sampling and tagging juvenile sockeye salmon in the Eastern Bering Sea 

A separate summary of results of this subproject will be prepared 

for distribution at the 1967 Annual Meeting of the INPFC. 

Sampling and tagging juvenile salmon in the Gulf of Alaska 

The main objective of this subproject was to study the distribution, 

abundance, migrations, and growth of age .O salmon of all species during 

their early ocean residence along the coast of the Gulf of Alaska. Secondary 

objectives were to test a new type of tag designed for young salmon and to 

study feeding habits of juvenile salmon at this stage of life. Data on 

migrations are derived by three means: (1) By direction of set of the 

purse seine, (2) by tag returns, and (3) by morphometric, meristic, and 

parasite studies of specimens returned to the laboratory. 
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Using purse seine gear, the Storm commenced fishing a series of 

stations along the coast from the Strait of Juan de Fuca to Yakutat, Alaska, 

on July 1 and will continue through late October. The Commander made several 

sets in the southern part of the area on June 13, 14, and 15 while enroute 

toward Adak Island. 

Through August 10, the Storm had made one and one-half circuits of 

the assigned coastal belt. Juveniles of all species were again found to be 

migrating generally northward throughout the area of sampling. A record 

catch for inside waters of 4,551 juvenile salmon (mainly pink salmon) was made 

in Dixon Entrance on July 14, and a record catch for outside -waters of 1,688 

(mainly sockeye salmon) was made north of Cape Spencer near 58°24 1 N on July 23. 

The chief tag used on juvenile salmon this year was a new type of 

molded plastic internal anchor tag, injected from a cartridge of 25 tags. 

Preliminary tests on trout in fresh water showed that tags could be applied 

rapidly with a high rate of retention. Rate of return over a 5-month period 

has been comparable with that of disc tags. The tags appeared satisfactory 

on the juvenile salmon at sea, but the returns in 1968 and 1969 

must be evaluated before their efficiency can be compared with that of tags 

used earlier. Details of the tags and applicator are reported by Dell (1967). 

Stomach samples from juvenile salmon and plankton samples are being 

collected in the Bering Sea and in the Gulf of Alaska for later laboratory 

study. 
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Physiological studies of juvenile salmon 

Laboratory and field work on this subproject will be reported at 

the 1967 Annual Meeting of the INPFC. 

Literature cited 

Dell, Michael B. 

1967. A new fish tag and rapid, cartridge-fed applicator. Trans. Amer. 

Fish. Soc. (In press.) 

Gilbert, Charles H., and Willis H. Rich. 

1927. Investigations concerning the red-salmon runs to the Karluk 

River, Alaska. Bull. U.S. Bur. Fish., 43, Pt. 2: l-69. 

Koo, Ted S. Y. 

1962. Age designation in salmon. In: Studies of Alaska red salmon; 

p. 39-48. Univ. of Washington Press, Seattle. 
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OCEAN DISTRIBUTION, ABUNDANCE, AND;. MIGRATION OF SAIMON 

by R.R. French, D.R. Craddock, R. G. Bakkala, and J. R. Dunn 

In 1967, the distribution, abundance, and migration of salmon were 

studied during winter (January 30 to March 22) in the western Gulf of Alaska 

and during summer (June 23 to August 20) off the central Aleutian Islands. 

The primary objective of the winter studies was to compare the distribution 

and relative abundance of salmon with environmental features of the ocean; 

objectives of the summer studies were to examine the distribution and relative 

abundance of immature sockeye salmon, to compare indices of relative abundance 

of salmon from catches of gillnets and purse seines fished simultaneously, 

and to determine the percentage of salmon lost from gillnets during fishing 

(dropouts). 

Winter studies 

Two tracks were fished by the RV George~- Kelez during the winter-

one along long. 162°w, the other along long. 155°w. The stations fished and 

locations of the water masses (see page$ 60-61 for definition of water masses) 

are shown in Figure 2. 

The sampling gear consisted of a string of 32 shackles of braided 

nylon gillnets--6 each of 2- and 2½-inch mesh and 5 each of 3¼-, 3-7/8-, 4½-, 

and 5½-inch mesh. Catch data are listed in Table 2. Sockeye salmon made up 

82 percent of the total catches. 
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Table 2.--Catches of salmon and steelhead trout by the United States research vessel 
George~- Kelez in January through March of 1967 

.. Socke~ :!::,f Cfium !f-Surf. 
Set temp. Nor bf· .· Age.2 and Age.2 and Chi-. Steel- Total 
no. Date La.t.N. Long.W. oc. shackles Age.l older Age.l older Pink Coho nook head fish 

1 1/30 54°00 1 162°00 1 2.9 32 1 25 261 

2 1/31 53°09 1 162°101 3.5 32 - 7 7 
3 2/1 52°20 1 162°05 1 3.2 22 1 -2 3 
4 2/2 51°30 1 162°00 1 3.8 32 10 10 
5 2/3 50°44 1 161°50 1 4.2 32 6 39 45 
6 2/7 48°35 1 162°001 5.0 32 20 17 -. 19 56 
7 2/9 46°05 1 162°00 1 6.9 32 ~ . - -
8 2/10 46°55 1 161°58 1 6:o 32 I 

9 2/12 47°31 1 162°01 1 5.4 32 6 7 1 23 2 39 
10 2/13 48°10 1 162°00 1 5.0 32 15 12 6 33 
11 2/14 49°00 1 162°00 1 4.8 32 3g . 9 2 43 
12 2/15 49°32 1 162°00 1 4.4 32 6 12 18 
13 2/16 49°58 1 162°01 1 4.1 32 3 5 8 
14 2/17 51°10 1 162°001 . 3.8 32 ~ 5 5 
15 2/18 520491 161°53 1 3.5 32 -' 44 44 
16 3/4 55°18 1 155°03' 3.6 32 ' 1 1 I-' 

0 
17 3/5 54°191 154°591 3.2 32 5 5 
18 3/6 53°30 1 155°021 3.2 32 13 13 
19 3/7 52°39 1 155°001 3.2 32 13 13 
20 3/11 52°10 1 155°041 3.5 32 -· 8 · 8 
21 3/12 51°20 1 155°00 1 3.7 32 - 52 1 53 
22 3/13 50°30 r 155°01 1 4.2 32 - 2 2 1 5 
23 3/14 49°43 1 154°55 1 4.4 32 4 16 .J 1 21 
24 3/15 48°50 1 155°021 5.2 32 4 18 11 33 
25 3/16 47°57 1 1~5°00 I 5.4 32 1 2 27 1 31 
26 3/17 46°50 1 155°00 1 6.6 32 1 ..J 1 1 4 7 
27 3/18 48°22 1 155°00 1 5.2 32 22 49 _, 15 13 2 101 
28 3/19 49°15 1 155°00 1 5.0 32 12 47 1 6o 
29 3/20 50°05 1 154°58 1 4.4 32 1 25 26 
30 3/21 50°57 1 155°00 1 3.9 32 - 23 23 
31 3 22 51°47 1 155°00' 3.6 32 - ~ 28 28 
Total 9 2 135 9 · -? 58 1 9 2 7 ·5 
g Age designation as given by Koo (1962). 
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Distribution of salmon and steelhead trout 

Although sockeye salmon were widely distributed along both cruise 

tracks, there was a difference in the distribution of the ocean-age groups 
g/ 

(Fig. 3). The younger fish were generally south of lat. 50°N and the older 

fish were more abundant north of this latitude. Age .1 fish were mainly in 

waters of the Oyashio Extension and the Subarctic ;Current, whereas age .2 

sockeye salmon were widely distributed along both cruise tracks, but 

concentrated in the Alaskan Gyre, Oyashio Extension, and the Subarctic 

Current at long. 155°W and in the Alaskan Gyre and Oyashio Extension at 

long. 162°W. Age .3 and .4 sockeye salmon also had a wide distribution, 

but were most abundant in the Alaskan Stream and Gyre. 

For each ocean age group it appears that the north-south distribution 

at both longitudes was independent of freshwater age (Fig. 4). 

All of the chum salmon except one were caught along long. 155°\-r. 

None were caught north of 50°30'N. The area of greatest abundance was near 

lat. 48°N in the Subarctic Current. All of the chum salmon were age .2 

or older (Table 2). 

y Values of catch-per-unit effort in Figs. 3, 4, 5, 7, and 8 are the 
summations of the average catch per shackle in each mesh size, which gives 
equal weight to each mesh size. 
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Coho salmon, like the chum salmon, were caught only at southern 

stations, but they were taken on both long. 162°w and 155°W. Catches of 

other salmon species and steelhead trout were few. 

Stage of maturity of sockeye salmon 

Maturity of female sockeye salmon was determined by serological 

methods (Ridgway, 1961). We classified the males to maturity stage taking 

into consideration their age, gonad weight (Ishida and Miyaguchi, 1958), 

and length. All age .1 sockeye salmon were considered immature and all 

age .3 and .4 sockeye salmon were considered maturing; that is, they would 

spawn the following summer and fall. Criteria for determining the maturity 

of age .2 male fish were as follows: 

Gonad weiS!:!t 

Trace - 6.o 

6.0-9.9 g. 

6.0-9.9 g. 

10.0 g. and 

Criteria 

g. 

over 

Fish length 

.!_ 460 

> 460 

mm. 

mm. 

Maturity stage 

Immature 

Immature 

Mature 

Mature 
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The catch-per-unit effort (CPUE) by ocean age and maturity 

presented for sockeye salmon in Figure 5 shows a clear separation of immature 

and maturing fish. Most age ,1 and .2 immature sockeye salmon were taken 

between lats. 48°N and 49°N in the Oyashio Extension or in the Subarctic : 

Current, whereas the maturing fish (age .2, ,3, and .4) had a wide distribution, 

but were most abundant north of lat. 50°N in the Alaskan Stream and Gyre. 

Area of origin of sockeye salmon 

Sockeye salmon were classified to one of two groups--Bristol Bay or 

non-Bristol Bay--with a discriminant function using three scale characters 

(Mason, 1966).2/ The total percentages of Bristol Bay type sockeye salmon 

of a given age and maturity classification were similar for the two longitudes, 

but there were differences in the percentages of Bristol Bay type sockeye salmon 

between age groups of immature fish and between age .1 and maturing fish 

(Table 3). 

3/ The discriminant function was computed with data collected in 1957. 
The error of misclassification for the 1967 winter samples has not been 
determined. We have assumed that application of misclassification errors 
would not markedly change relative percentages of Bristol Bay type sockeye 
between samples (Table 3). 
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Table 3 .--Classification to area of origin of s ockeye salmon taken in January through March of 1967 

Age 7 A e .2 Age ,3 and .4 • .l.. 

Immature fish Maturint:!; fish 
Bristol Percent Bristol Percent Bristol Percent Bristol Percent 

Set Bay Other Bristol Bay Other Bristol Bay Other Bristol Bay Other Bristol 
Water mass no. ty:ee type Bay ty~ ty12e tyue Bay type t;y:ee ti:e: Bay ty;e: t;y:~ ty;e: Bay type 

Long. 162°W 
Alaskan 1 8 10 44 

Stream 2 0 1 0 5 0 100 
3 O· 1 0 1 100 1 0 100 

15 4 100 21 16 57 

Alaskan 4 4 2 67 3 0 100 
Gyre 5 0 4 0 1 Q. 100 17 10 63 6 2 75 

14 2 0 100 2 1 67 

Oyashio 6 8 7 53 9 1 90 3 2 60 1 0 100 
Extension 9 3 1 75 2 2 50 0 1 0 

10 3 3 50 7 2 78 1 0 100 
11 13 7 65 4 0 100 5 
12 2 4 33 6 2 75 3 0 100 
13 0 3 0 0 1 0 2 Q 100 1 0 100 

Subarctic 7 
Current 8 

Subtotal 29 30 49 19 6 76 44 18 71 51 29 64 

Long. 155°W 
Alaskan 16 

Stream 

Alaskan 17 .4 1 80 
Gyre 18 1 0 100 9 3 75 

19 3 1 75 5 2 71 
20 3 1 75 4 0 100 
21 18 3 86 18 8 69 
22 1 1 50 
23 3 1 75 2 0 100 7 2 78 3 0 100 
29 1 0 100 12 3 80 1 4 20 
30 8 6 57 . 4 3 57 
31 8 4 67 10 3 77 



Table 3 .--Classification to area: of origin of sockeye salmon taken in January through March of 1967--
Continued 

Af;_e .1 A e .2 Age .3 and.4 
Inunature fish Maturin1:; fish 

Bristol Percent Bristol Percent Bristol Percent Bristol Percent 
Set Bay Other Bristol Bay Other Bristol Bay Other Bristol Bay Other Bristol 

Water mass no. tr~ tr~ Bar type type type Ba;z: t;z:pe type ti~ Bai t;z:Ee t;z::e:: t;z:~ Ba;y: t~e 

Long. 155°W 
Oyashio 24 1 2 33 7 1 ss- 1 4 20 1 2 33 

Extension 28 3 5 38 6 0 100 18 9 67 8 3 73 

Subarctic 25 0 1 0 l 0 100 1 0 100 
Current 26 0 1 ·G 

27 12 7 63 17 15 53 5 5 50 1 1 50 

Subtotal 19 i7 53 34 16 68 85 38 69 69 31 69 

:--' 
48 47 50 53 22 71 129 56 70 120 6o 67 D 

Total 
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A smaller proportion of age .1 sockeye salmon (all immature and found 

principally in the Oyashio Extension and Subarctic Current) classified as 

Bristol Bay type fish than the age .2 immature sockeye salmon (also located 

primarily in the Oyashio Extension and Subarctic Current) or the maturing 

sockeye salmon, which were concentrated in the Alaskan Stream and Gyre. 

Abundance of sockeye salmon 

Estimates of the relative abundance of sockeye salmon of age .1, 

.2, and .3-.4 were computed for long. 162°w and 155°W by calculating the area 

under the curve formed by the CPUE values at each fishing station (Fig. 5). 

The formula used was: 

where: 

and 

= 
N-1 

1. E::.... 
2 i=2 

latitudes are numbered from 1 to N; 1 is the latitude 

where zero catches were reached at the northern limit 

of sockeye salmon distribution, and N is the latitude 

where zero catches were reached at the southern limit 

of sockeye salmon distribution 

Li+l = number assigned to the station south of 

latitude i 

Li-l = number assigned to the station north of 

latitude i 

Ci = the catch-per-unit effort at latitude i 

Ac = area under the curve 



I 

21 

I 
This measure of relative abundance replaced an average catch per 

unit of effort because it accounted for differences in the latitudinal 

distribution of fish along each longitude. For example, for long. 162°w, 

average CPUEs:' for age .1 fish (1.682) and for age .3 and .4 fish (1.809) 

ar.e similar. However, the total abundance along the cruise track is greater 

for age .3 and .4 fish because of their wider distribution. 

The relative abundance of sockeye salmon by ocean age and maturity 

along each cruise track was: 

Sockeye salmon 

Immature 

Age .1 

A~ .2 

Maturing 

A~ .2 

Age .3 and .4 

Long. 162°w 

15 

11 

13 

21 

Long. 155°w 

6 

9 

23 

19 

Maturing salmon were more abundant than immature salmon along 

both cruise tracks. Immature fish were most abundant along long. 162°w, 

whereas the maturing sockeye salmon were more abundant along long. 155°W. 

Age and length composition of sockeye, chum, and coho salmon 

The ocean age composition of sockeye salmon differed between cruise 

tracks (Table 4). On long. 162°w, the three main age groups (.1, .2, .3) 

were similar in abundance. Along long. 155°W, age .2 sockeye salmon were 

dominant and were followed by .3 sockeye salmon. The freshwater age composition 

varied considerably along each cruise track, among ocean age groups, and within 

ocean age groups. 
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Table 4.--.Age composition of salmon taken in January through March of 1967; 
percentages are based on catch-per-unit effort 

Sockeie Chum Coho 
Age 162°w 155°w 162°w 1550w 162°w 155°w 

Percentage Percentage Percentage 

Ocean age .1 28.3 11.3 100.0 100.0 
.2 34.6 58.0 3.5 
.3 36.4 29.8 100.0 54.3 
.4 0.7 0.9 38~7 
.5 3.5 

Freshwater 1.1 61.9 37.8 5.6 
and ocean 2.1 33.7 53.3 89.9 83.2 
age 3.1 4.4 8.9 8.1 11.2 

4.1 2.0 

1.2 28.1 44.2 
2.2 71.9 53.7 
3.2 2.1 

0.3 1.0 
1.3 46.2 50.5 
2.3 52.8 48.7 
3.3 .8 

1.4 100.0 66.7 
2.4 33.3 
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Most chum salmon were of the .3 or .4 age group; only two chum 

salmon of age .2 and .5 were caught. Coho salmon were primarily of the 

age 2.1 group (80-90 percent). Age 3.1 coho salmon made up 11 percent of 

the total catch, and age groups 1.1 and 4.1 were each represented by a single 

specimen. 

Modes of the length frequencies of sockeye salmon revealed a distinct 

size separation by number of winters at sea (Fig. 6). Length data, however, 

were not corrected for mesh selectivity. The size distributions of age .2 

immature and maturing sockeye salmon overlapped, but there was a 7 cm. difference 

in mean fork length. The length distributions of maturing age .2 and .3 sockeye 

salmon overlapped as well, and the difference in mean lengths was also about 

7 cm. 

Mean fork lengths of sockeye salmon taken in the winter of 1967 are 

compared below with mean lengths of sockeye salmon taken on past winter cruises. 

Year Area Age .1 Age .2 Age .3 
Cm. 

1962 North Pacific Ocean in central 27.5 4B":i+ 53.6 
Aleutians and western Gulf 
of Alaska 

1963 Bering Sea and North Pacific 28.6 46.5 55.0 
Ocean in Aleutian Islands area 

1964 Bering Sea and North Pacific 25.1 46.4 54.3 
Ocean in Aleutian Islands area 

1965 Western North Pacific Ocean 27.5 48.4 54.o 

1967 Western Gulf of Alaska 27.1 46.8 56.3 

Mean lengths of age groups .1 and .2 fell within the range of mean lengths for 

earlier years. Age .3 sockeye salmon were larger than in past years. 

Chum salmon were predominantly of age .3 and .4. · Mean length of 

the age .3 fish was 54.5 cm. and that of age .4 fish was 60.7 cm. 



30 

25 

~ 20 
Lt. 

IJ.. , 
O · 

O'; 
llJ 
CD 15· 
~ 
::> 
z 

10 

5 

AGE .. 1 
x= 26.8 
N = 132 

.--, 
I '•-1 
I I 
I I 
-1 1 
I 
I 
I 
I 
I 
I 

t 
I 
! 
•• i 
1 
I 
I 
I , . 

.. _I 

,--' 
I 
I 
I 
I 
I 

,--, I 
I I I 
I I I 
I I I 
I t I 1 __ 1 

I 
I 

--, 
I 
I 
I 
I 
I 
I 
I 
I 

AGE·.2· 

IMMATURE MATURING 
X = 42.0 X= 49.0 
N = 84 N = 197 

: r·1 
I • 7 
l I . 
L, . I 
l fll· f. .I ~- . 
: J .r '7 ,-J : r· ·. ·1 I.J· ,_ ·: I 

: . I 
I :- -, I I I 
l • ..t I r r-

,-

AGE· .3· 
x = 56.3 
N = 185 ,-, 

I I 
I -1 
J ~ . I 
~ ·1 
I 7 

_I I 
I I 
I I 
I I 
I I 
I I 
I I 

_I f 
I I 

-' I I· 
I '-, 
I '-7 

I 
I 
I 
I 
I 
I 

AGE .4 
·x-= 57.4 
N=5 
••••• • 

' . 

t7--• l':'·"'i . 'fit,• .J .. ••••• .., •• J_ -
,!n,'• ◄ I : ~ • •'= o---...--'---------------....--..._ _ _...,_._ __ -'-T" _____ ....__ ........ ..__..,.... _____ _._.._ _ __.., ~----~----__,_-r 

20 30 35 40 45 50 55 60 65 
FORK LENGTH {CM.) 

. . 

Fi~ 6.--Length !,:f'requencies or· sockeye salmon during winter of 1967 by number of' winters at sea. 



25 

Direction of movement of sockeye salmon 

Direction of movement for sockeye salmon was determined by Johnsen's 

method (1964). Because of small catches, one of Johnsen's criteria (only 

using sets with 15 or more fish) was ignored; for this analysis, we used all 

sets which otherwise met his criteria. Because of the small sample sizes, 

caution must be exercised in the interpretation of these data. 

Direction of movement was not particularly dominant to the 

eastward or the westward for any age group, nor were differences in direction 

of movement between age groups and areas substantial (Table 5). Dund±J 
concluded from 1962 winter data that sockeye salmon showed a pronounced 

eastward movement along long. 155°W. Although the direction of movement 

in 1967 was similar to 1962, the eastward movement of sockeye salmon was 

more pronounced in the winter of 1962 than in 1967. 

!±) Dunn, J. R. Direction of movement of salmon in the North Pacific Ocean, 
Bering Sea, and Gulf of Alaska as indicated by surface gillnet catches, 
1962-1965. Bur. Comm. Fish. Biol. Lab., Seattle, Wash. Manuscript (1967). 



Table 5.--Direction of movement of sockeye salmon in January through March of 1967 by set number 

' . ~ -. . . -. . .... -... - - . ' .. '• ........ -. ~ . .... ·~ ..... -
Age .1 Age .2 Age .3 

Catch by Primary Catch by Primary Catch by Primary 
Lat.N Long.W Set Date direction direction direction direction direction direction 

no. West East of movement West East of movement West East of movement 
Percenta~e Percenta~e Percentage 

54°00 1 162°00 1 1 1/29 1 0 100 W 15 7 68 w 
53°09 1 162°10 1 2 1/30 1 0 100 W 5 1 83 w 
52°20 1 162°05 1 3 1/31 1 0 100 W 1 0 100 W 1 0 100 W 
51°30 1 162°00 1 4 2/01 1 5 83 E 1 2 67 E 
50°44 1 161°50 1 5 2/02 1 4 80 E 13 17 57 E 4 4 50 E 
48°35 1 162°00 1 6 2/06 1 2 67 E 0 1 100 E 
46°05' 162°00 1 7 2/o8 8 11 58 E 8 7 53 w 0 1 100 E 
46°55 1 161 °58 I 8 2/09 0 6 100 E 1 5 83 E 
47°31 1 162°01 1 9 2/11 
48°10 1 162°00 1 10 2/12 
49°00 1 162°00 1 11 2/13 18 13 58 w 3 1 75 w 3 2 60 W 
49°32 I 162°00·1 12 2/14 2 4 67 E 2 6 75 E 1 3 75 E 
49°58 I 162°01 1 13 2/15 0 3 100 E 1 2 67 E 1 1 50 E 
51°10 1 162°00 1 14 2/16 

I\) 
0\ 

52°49 1 161°53 1 15 2/17 
Total 32 43 57 E 31 44 59 E 31 21 60 w 

55°18 I 155°03 1 16 3/03 
54 °19 r 154°59 1 17 3/04 
53°30' 155°02' 18 3/05 
52°39 I 155°00' 19 3/06 2 2 50 W 3 5 63 ·E 
52°10' 155°04 1 20 3/10 0 4 100 E 1 3 75 E 
51°20' 155°00' 21 3/11 10 15 (60 s) 15 10 (60 N) 
50°30' 155°01' 22 3/12 0 2 100 E 
~043r 154°55' 23 3/13 4 0 (100 N) 4 8 (67 N) 2 2 (50 N) 

050• 155°02' 24 3/14 3 0 100 W 8 7 53 w 1 2 67 E 
47°57 I 155°00' 25 3/15 1 0 100 W 2 0 100 W 
46°50 1 155°00 1 26 3/16 1 0 100 W .. 
48°22 1 155°00' 27 3/17 
49°15' 155°00' 28 3/18 
50°15' 154°58 I 29 3/19 1 0 100 W 6 12 67 E 2 2 50 E 
50°57' 155°00' 30 3/20 7 7 50 W 5 1 83 w 
51°47 1 155°00 1 31 3/21 5 9 64 E 4 6 60 E 

Totall/ -6 0 100 W 30 41 58 E 16 21 57 E 
1/ Sets 21 and 23 were not included~ The primary direction of movement for these sets was north or south. 
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Comparison of 1967 winter and 1966 summer distribution of sockeye salmon 

In the summer of 1966, the chartered RV St. Michael fished in the 

same general area along . long. 158°W as the 1967 winter research cruise. 

(French et al., 1968). The latitudinal distributions of immature age .1 

and .2 sockeye salmon were farther north in the summer than in the winter 

(Fig. 7). The distributions of age .2 immature sockeye in July and August 

of 1966 and of age .3 in the winter of 1967 were similar (Fig. 8). The age .3 

fish appear to remain in more northerly waters in the winter, and do not move 

southward and intermingle extensively with the immature sockeye salmon. 

Summer studies 

The RV George~· Kelez fished with gillnets south of Adak Island 

from lat. 51°40'N to 48°N along long. 176°22 1w from June 24 to August 18, 1967. 

The gillnet string consisted of 24 shackles of braided nylon nets--

6 each of 5¼-, 4½-, 3¼-, and 2½-inch mesh, and 4 shackles of monofilament nets--

2 each of 5¼- and 4½-inch mesh. At some stations, close to shore, the net 

string was reduced to facilitate handling in strong currents and tide rips. 

Catch data are listed in Table 6. Salmon catches, in general, were 

relatively low during the period fished. Sampling, however, was less extensive 

than planned because of mechanical difficulties with the vessel and the 

involvement with the seismic explosion, Chase VI. In past years sockeye salmon 

usually dominated in gillnet catches in the Adak Island area, whereas this year 

chum salmon dominated the catches. 
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Table 60--Catches of' salmon and steelhead trout by the United States research vessel 
Geor5e ~- Kelez in June tbrough August of' 1967 

Surf'ace s;eecies 
Set Date Lat.N Long.W temp. No. of' .. 
no. 6c shackles Sockeze Chum Pink Chinook Coho Steelhead Total 
1 6/24 51°30' 176°22 1 7.0 28 l 1 
2 6/25 51°00 1 176°22 1 7.8 28 4 14 1 19 
3 6/26 50°30 1 1766 22 1 7.8 28 12 66 76 154 
4 6/27 50°00 1 1766 22 1 7.8 28 6 94 1 1 102 
5 6/28 49°00' 176°20 1 7.7 28 1 213 1 1 216 
6- 6/29 48°00 1 176°22 1 8.o 28 1 19 1 1 8 1 31 
7 7/8 51°35' 176°22 1 6.8 8 
8 7/9 51°15 1 176°22 1 9.3 19 1 1 
9 7/10 51°00 1 176°22 1 9.4 28 1 1 

10 7/n 50°30 1 176°22' 8.2 28 10 13 10 1 34 
11 7/12 49°30 1 176°22' 8.8 28 1 7 17 25 
12 - 7/13 50°45 1 176°22 1 9.3 28 23 16 l 40 
13 7/14 51°35' 176°22 1 7.2 12 
14 7/16 51°30 1 176°22 1 7.5 28 w 

0 

15 7/18 51°15' 176°22 1 6 .. 4 28 6 6 
16 7/19 51°00' 176°22 1 9.7 28 43 ... 43 
17 7/23 50°45' 176°22 1 9.7 28 1 1 
18 7/24 49°45 1 176°22 1 10.2 28 64 6 1 60 1 132 
19 7/25 50°15 1 176°22' 10.4 28 97 7 2 37 1 144 
20 7/26 51°00 1 176°22 1 10.8 28 4 4 
21 - 8/1 510401 176°22 1 6.2 8 .. 
22 8/2 51°15 1 176°22 1 9.2 28 5 1 6 
23 8/3 50°15 1 176°22 1 11.0 28 9 83 1 4 3 100 
24 8/4 49°30 1 176°22 1 11.3 28 2 20 l ' 23 
25 - 8/5 50°45' 1766 22' 10.7', 28 58 3 7 68 'O 

26 - 8/15 51°30' 176°22 1 9.4 28 207 101 1 1 3 313 R 

zr 8/16 51°00• 176°22 1 10.7 28 2 2 d) 

28 8/17 50°45' 176°22 1 11.6 28 16 9 1 26 ~ 
29 8/18 51°15' 176°22 1 10~1.i- 28 2 1 1 1 5 

Total 574 657 81 6 160 19 1,497 
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Distribution and abundance of salmon and steelhead trout 

Tables 7 and 8 show the average CPUE for age .1 and older sockeye 

and chum salmon by 10-day periods and distances offshore. Catches in 

monofilament gill nets are excluded. Age .1 sockeye were relatively scarce 

in the entire sampling area until mid-July. They appeared to be more abundant 

75 miles or more offshore in late July, 46-6'.) miles offshore in early August, 

and within 15 miles of shore in late August. Although sampling was not as 

extensive as in 1966, it seems clear that age .1 sockeye salmon were generally 

less abundant in 1967 (French et al., .1968). The age .2 and older sockeye 

salmon were in very low abundance in all areas, especially early in the season. 

The abundance increased in the area beyond 75 miles offshore after the middle 

of July, and the greatest abundance of the season occurred within 15 miles 

from shore in mid-August. 

The greatest abundance of age .1 chum salmon was found more than 

90 miles offshore in late June. Abundance was uniformly low in July and early 

August. A second small peak of abundance occurred within 15 miles of shore 

in mid-August. Compared to 1966, the abundance of age .1 chum salmon was quite 

low (French et al., 1968). The older chum salmon (age .2 and older) were most 

abundant after the 1st of August; their greatest concentration was beyond 75 

miles from shore in early August and within 15 miles of shore in mid-August. 
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Table 7.--Average catch per shackle of immature age .1 and older sockeye 
salmo/ by 10-day periods and distances south 
1967.l 

of Adak Island, 

Dates of Miles from Adak Island 
over at ion 0-15 16-30 31-45 46-60 61-75 76-90 Over 90 Average 

A~e .1 sockere salmon caught . 21 in ~- and Jt inch mesh nets 

6/21 - 30 0 0 0 0.02 0.01 
7/1 - 10 0 0 0 0 
·7/11 - 20 0 o.o8 2.20 1.17 o.o8 0 0.59 
7/21 - 31 0 0 4.92 3.83 2.19 
8/1 - 10 0 0.17 3.67 0.17 0.08 0.82 
8/11 - 20 13.33 o.o8 0 0.92 3.58 

Mean 2.67 0.08 o.44 1.44 0.04 2.54 0.98 

As_e .2 and .~ sockere salmon cau~ht in 4½-z and 5f-inch mesh nets 

6/21 - 30 0 0.21 0.14 0.10 0.11 
7/1 - 10 0 0 0 0 
7/11 - 20 0 0 o.46 0.17 0.50 0.08 0.20 
7/21 - 31 0.08 0 1.75 0.75 0.65 
8/1 - 10 0 0.25 0.50 0.17 0.08 0.25 
8/11 - 20 3.33 0 0 0.33 1.22 

Mean 0.67 0.06 0.15 0.25 0.32 0.96 0.25 

y A zero (o) indicates that sampling was conducted, but immature sockeye 
salmon of age .1 and .2 were not cautht; a dash(-) indicates that sampling 
was not conducted in the area 
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Table 8.--Average catch per shackle of immature .1 and older chum sa,iion 
by 10-day periods and distances south of Adak Island, 19671 

Dates of Miles from Adak Island 
o:eeration 0-15 lb-30 ~1-42 41J-1Jo bl-75 7b-20 over 90 Avera~e 

Ag_e .1 chum salmon cau~t 1 in 2-z- and 1 ~~inch mesh nets 

6/21 - 30 0 0.93 1.36 6.93 2.30 
7/ 1 - 10 0 0 0 
7/11 - 20 0 0 0 0 o.42 0.33 0.12 
7/21 - 31 0 0 0 0 0 
8/ 1 - 10 0 0 0 0 0 0 
8/11 - 20 3.83 0 0 0.17 1.00 

Mean 0.96 0 0.19 0.04 0.89 0 1.82 

Ag_e .2 and older chum salmon caught in 4½- and 2~ inch mesh nets 

6/21 - 30 0 0.07 1.21 0.31 o.4o 
7/ 1 - 10 0 0 0 
7/11 - 20 0 0 0 0 0.17 o.oB 0.04 
7/21 - 31 0 0 0.25 0.11 0.10 
8/ 1 - 10 0 0.08 o.oB 4.00 1.33 1.10 
8/n - 20 4.50 o.oB 0 0.58 1.29 

Mean 1.12 0.04 0.01 0.17 0.69 2.12 o.47 

1/ A zero (0) indicates that sampling was conducted, but immature chum salmon 
of .1 and older age were not caught; a dash(-) indicates that sampling was 
not conducted in the area. 
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Although gillnet catches were relatively low in 1967, purse seine 

catches of sock.eye and chum salmon in the same area were relatively high. 

This anomaly may be explained in part by the fact that at the time highest 

catches were made by purse seines at inshore stations, the gillnet vessel 

was either fishing offshore stations or involved with the seismic explosion, 

Chase VI. 

Comparison of purse seine and gillnet catches 

Five gillnet sets and nine comparative purse seine hauls were made. 

The nine seine hauls captured 1,011 salmon (mostly chum and sockeye), whereas 

the five gillnet sets took only nine salmon. No explanation for this disparity 

is offered at this time. 

Studies of dropouts from gillnets 

Studies of salmon dropouts from gillnets fished on the high seas were 

continued in 1967 in the same manner as in 1966 (French et al., 1968). The 

procedure was to patrol the nets at night from small boats, mark the locations 

of gilled salmon, and to determine their presence or absence at later patrols 

and when the gear was hauled in the morning. The position of a salmon was 

marked by fastening a colored marker to the cork line directly over the fish. 

This season we increased the number of patrols during the night so as to include 

more observations at varying time intervals. 
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In addition, we conducted similar studies in Puget Sound (State of 

Washington) in order to compare dropout rates between gill nets fished on the 

high seas and in inshore waters. 

Results of the studies on the high seas and in Puget Sound are given 

in tables 9 and 10. Total losses from high-seas gillnets ranged from about 11 

percent for fishing periods up to 1 hour to 64 percent for fishing periods up 

to 10 hours. These losses were slightly larger than those observed in 1966 when 

losses for the 1-hour period were 4 percent and 42 percent for periods up to 

10 hours. 

In arranging the data according to mesh sizes in which salmon were 

observed, we found slightly greater losses in the large mesh nets for periods 

up to 2½ hours than in the small mesh nets. For periods up to 5 and 10 hours, 

however, dropouts in the small mesh nets were substantially greater than in the 

large mesh nets. 

Experiments in Puget Sound did not show dropouts of salmon from 

gillnets for the periods fished. We were unable to fish longer than 3 hours 

because of danger of fouling the gear on reefs or with gear from other vessels. 

Dropouts of salmon from gillnets fished on the high seas undoubtedly 

are due in part to sea lion predation as well as the effects of wave action and 

large ocean swells. The comparatively high rates may arise also from the variety 

of sizes and age groups of salmon available to the gear. Actual mortalities 

resulting from dropouts are unknown. 
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Table 9.--Number of high seas salmo7 marked and observed in gillnets over 
varying periods of time .! 

Number of' fish 
Set marked on 
no. various patrols 

4~ and 2¼-inch mesh nets 

6 6 
1 
4 

12 2 

21 3 

25 4 
3 
4 
5 

26 11 
14 

2 
4 

Total 63 

Percent loss 

2½- and 3½-inch mesh nets 

21 1 
4 

25 1 
4 
1 
2 

26 5 

Total 

Percent loss 
Grand Total 81 

Number of fish observed after ma.rkinfi 
Up to u~ to Up to Up to 
1 hour 22 hOUl'S 5 hours 10 hours 
later later later later 

3 3 1 
1 1 1 

4 

2 

3 3 0 0 

4 2 1 
3 2 1 
4 0 
4 1 

11 10 6 
11 10 7 

2 2 
4 3 

50 
57 g/ 

27 
35 g/ 

8 
14 g/ 

25 
59 g/ 

14.o 22 .. 9 42.9 57.6 

1 1 0 0 
4 0 0 

1 0 0 0 
3 3 0 
1 0 
2 0 

5 5 3 

17 9 O 3 
18 g/ 11 g/ 6 g/ 18 g/ 

5 .. 6 18 .. 2 100.0 83.3 
67 36 8 28 
75 g/ 46 g/ 20 g/ 77 2/ 

Percent loss 10.7 21.7 60.0 63.6 
1:,/ A zero (0) indicates that the net was examined, but no marked fish 
were observed; a dash(-) indicates that the net was not examined. 
2/ Number of' possible observations for the time period; difference from 
the number marked is because some observations were not made in rough seas • . 
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Table 10.--Number of Puget Sound salmon marked and observed in (mesh sizes 
were 5-1/8 and 5-5/8 inches) gillnets over varying periods of time 

Set 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

Total 

~~ .. .. , ' 

No. of fish marked 
on various patrols 

1 

2 
2 

8 
2 

2 
1 

3 
3 

3 
2 
5 

9 
4 
9 

3 

59 

Percent loss 

Number of fish observed after marking 
Up to 1 hour later Up to 2-3 hours later 

2 
2 

8 

3 

2 

9 

9 

3 

38 
(38).l:./ 

0 

3 
2 

9 
4 
9 

3 

30 
(30).l:./ 

0 

1/ Number of possible observations for the time period; difference from 
the number marked is because some net drifts were of short duration and 
observations were not made over the entire period. 
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Summary 

Analysis of data from the 1967 winter cruise revealed a separation 

of maturing and immature sockeye salmon by ocean water masses in the western 

Gulf of Alaska. Immature sockeye salmon were found almost exclusively south 

of lat. 50°N in the Oyashio Extension and the Subarctic Current. Maturing 

sockeye salmon were located primarily north of lat. 50°N in waters of the 

Alaskan Stream and Gyre. Maturing sockeye salmon were more abundant than 

immature fish in the catches. Chum and coho salmon were the only other species 

taken in significant numbers~ They were located primarily south of lat. 50°N. 

Classification of winter-caught sockeye salmon indicated that a 

smaller proportion of age .1 sockeye (found principally in the Oyashio fuension 

and Subarctic Current) classified as Bristol Bay type fish than age .2 immature 

fish (also located primarily in the Oyashio Extension and Subarctic Current) or 

the maturing sockeye which were concentrated in the Alaskan Stream and Gyred 

The ocean age composition of sockeye salmon caught in winter varied 

between cruise tracks. Age .1, .2, and o3 fish were of nearly equal abundance 

along long. 162°w; age .2 sockeye were dominant along long. 155°w. Freshwater 

age composition varied considerably along each cruise track, among ocean age 

groups, and within ocean age groups. Most chum SEW.men were of age .3 or .4. 

Coho salmon were primarily age 2.1. 
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A comparison of the summer 1966 and winter 1967 distributions of 

sockeye salmon in the same area showed that the latitudinal distributions 

of age .1 and .2 immature fish were farther north in summer than in winter. The 

distributions of age .2 sockeye salmon in the summer and the age .3 sockeye in 

the winter (age .2 fish become age .3 during the following winter) were similar 

in the two seasons. This suggests that maturing sockeye salmon remain in more 

northerly waters through the winter and do not migrate southward in the fall or 

winter. 

Data obtained from the 1967 summer cruise south of Adak Island 

indicated the abundance of sockeye salmon, as measured by gillnet catches, 

was low in comparison to abundance in past years~ Loss of salmon by dropout 

from high seas gillnets (11 percent for fishing periods up to 1 hour and 

64 percent for fishing periods up to 10 hours) was higher than observations 

of 1966. Preliminary studies indicated no dropouts of salmon from gillnets 

fished in inshore waters (Puget Sound) for periods up to 3 hours. 
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OCEANOGRAPHY 

by w. B. McAlister, W. J. Ingraham, Jr., D. Day, and J. Larrance 

The Oceanography program provides information on the marine 

environment of salmon and the relation between oceanic conditions and the 

distribution and abundance of salmon. The ultimate goal is to forecast 

marine conditions and their effect on the distribution and abundance of 

salmon. Our ability to achieve this goal was greatly enhanced during the 

past year by the acquisition of a shipboard computer and electronic gear 

for sampling temperature and salinity which permitted (a) rapid sampling 

And identification of water masses and unusual environmental features, 

(b) concurrent analyses of ocean conditions and salmon catches, and 

(c) greater flexibility in research vessel operations. In 1967, 

simultaneous oceanographic observations and fishing operations were 

conducted from the RV George_!!. Kelez in the Gulf of Alaska from January 

to March, across the Alaskan Stream south of Kodiak Island and along the 

Stream from Kodiak to Adak Island in June, and south of the Aleutian Islands 

in July and August. 
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We have continued to investigate oceanic circulation as calculated 

from pressure distribu.tions at sea level. Previous analysis has suggested 

that these transports can provide an indication of monthly, seasonal, and 

annual variations in circulation during periods of no direct observation. 

Observation of transport in the Alaskan Stream and of general circulation 

in the eastern North Pacific Ocean during the year agree closely with the 

calculated transports. The circulation, generally, appeared normal during 

winter and spring, 1967, with somewhat less recirculation in the Alaskan 

Gyre than usual. Calculated wind-stress transports suggest that the 

circulation will be much weaker than usual during the summer, and this 

is confirmed by observations which show reduced transport in the Alaskan 

Stream later in the summer. 

Drifting telemetry buoys continue to be developed to provide 

synoptic oceanographic coverage in the Subarctic Region. A test program 

was completed this year for a prototype buoy. One of these buoys, with 

temperature and salinity sensors, was tested for deployment in 1968 in the 

Subarctic Region near Adak Island. Buoys and their sensing components 

responded without difficulty to both ship and shore radio commands. 
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Oceanographic conditions in the North Pacific Ocean 

Field observations of the ocean environment and plankton have been 

continued in the Gulf of Alaska south of Kodiak Island and in the North 

Pacific Ocean south of Adak Island to observe the seasonal and annual changes 

in water properties and to compare the ocean environment with the observed 

movement of salmon. Particular attention has been given to observations 

taken across the Alaskan Stream where ·stations have been closely spaced 

to study the fine structure of the flow. We now have adequate observations 

from several years and seasons so that oceanographic conditions in this 

part of the North Pacific Ocean may be des~ribed by comparison to average 

conditions and to expected seasonal changes. 

Alaskan Stream 

The Alaskan Stream is the only westward flowing return flow in 

the northern North Pacific Ocean, and m:ay be ·a natural migration 

pathway. f6r , ma:t.uring··sockeye salmon. The extent, position, and magnitude 

of the Alaskan Stream is a cumulative effect related to the entire 

wind-driven circulation in the North Pacific Ocean, and is more 

representative of average oceanic conditions than it is related to local 

climatic conditions. This makes it particularly valuable as an index to 

the general circulation patterns throughout the North Pacific Ocean. 

Seasonal chan&es in the Alaskan Stream south of Adak Isla.~d are 

shown in a sequence of vertical sections of ocean temperature by depth 

(Fig. 9). Normally, warm water (:;>4° c.) is present tlp to 100 miles from 

shore at depths to 200 m. (Favorite, McAlister, Ingraham, and Day, 1968); 

1966 was anomalous in that water warmer than 4° C. 

was not found at depths of 200 m. from March 



-(/) 

er 
LLJ 
1-
l&J 

. :::E -::c 
t
a. 

51°N 

i 

LATITUDE 
50°N. ·52°N. 

, SEPTEMBER 1966 

Q-f--......:-TTT-:--.,--....--L-------1 
'-, I f ---

50 

100 

I I \ I .,-",, 

3.~l \ \ <~.41 (c3.2> 
,. I ' ! - '"' \ 
:• I r3 6} . ' \ ,•; I t, . ,-\ '\ \ 

I It lrJ1 \"----~ 
• •. I \ I \,._3 6) ' ---• • I ..,,, \ ~ , __ _ 

.. .. ----- -· . .. ".,,,.,,,._- -150 
/,1 MAX. u.: ·•x: M ("2.8) o 200 · :• <r:·. '~- / f· r.t -9-- - · 

: o:: / '· .\-.I.'.< ) 
· <t :- (3.6) 1 . 1 -

250 .. .. MARCH 1966 

50 

100 

150 

200 

· JUNE 1966 

... ·· .... 
• ... . .. .. . .. - .. . .. ... -.. 

:·-:--• 

JUNE l967 

Figure 9.--Vertical sections of temperature (°C.) south of Adak 
Island along long. 176°22' W,"November 1965 co June 
1967. 



46 

through June. The return to normal conditions is shown in a sequence of 

vertical temperature sect~cnsacross the Alaskan Stream south of Adak Island 

from July through August 1966 (Fig. 10). The temperature structure was 

complex through the summer, but water warmer than 4 ° C. was clearly 

established inshore at depths to 300 m. by early August. Measurements 

during 1967 indicate that normal conditions prevailed and that water 

warmer than 4 °C. was near shore south of Adak Island (Fig. 9). 

Velocities obtained from geostrophic calculations and the density 

distribution provide mean values across a section; it is necessary to sample 

at short intervals in regions where the v.elocity is changing rapidly if 

a true representation of the velocity distribution is to be obtained. 

Hydrographic stations were taken at 5-mile intervals across the axis of the 

Alaskan Stream. Velocities of 40 cm./sec. were found during November (-1965) and 

March(1966),. and to 66 cm./sec .. during September(1966) and June(1967.)(Fig.ll). 

The velocity increase observed .during June and September is .associated with a 

seasonal shift in the location of the narrow (10-mile wide), high velocity 

axis. The axis was located 40 miles from shore in winter and shifted to 

within 15 miles of shore during summer. Because of the averaging effects 

and the neglect of frictional forces inherent in geostrophic calculations, 

the actual velocities are probably somewhat higher than the calculated 

geostrophic velocities. During late June 1967, a transect was made across 

the Alaskan Stream near the Adak Island shore at 2-mile intervals which 

gave velocities in excess of 100 cm./sec., in agreement with direct current 

measurements • 
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Observations of the Alaskan Stream in the western Gulf of Alaska were 

:ina,de at long. 167°W from July through September 1966 (Fig. 12), at long. 162°W 

and 155°W in February and March 1967 (Fig. 13), and at long. 155°W and 165°W 

in June 1967 (Fig. 14). The Alaskan St,:-eam was close inshore during sUllIIIl=r 

1966, and characterized by low salinity surface water (less than 32.4°/oo, 

and water warmer than 4° C. at depths of 200 m. The characteristics were 

uaeful in assessing the recirculation from the Alaskan Stream to the 

Gulf of Alaska. · 

In winter the axis of the Alaskan Stream was observed during 1967 

(Fig. 13)to shift to a position 150 miles from shore and a countercurrent 

with an eastward transport near shore developed. A similar condition was 

observed during the winter of 1962 when the axis of the Alaskan Stream shifted 

100 miles offshore at long. 155°W, with the formation of a well developed 

eastward flowing countercurrent inshore of the Alaskan Stream. This suggests 

that the countercurrent may be a regular feature of the circulation in the 

western Gulf of Alaska during winter, although the countercurrent has not been 

observed further westward near Adak Island, nor near 155°w in other seasons. 

The formation of the countercurrent is probably due to the local distribution 

of the density field in the sea water associated with winter runoff and 

the movement of the Bering Sea water southward through passes in the eastern 

Aleutian Islands. 

Although the various sections across the Alaskan Stre~m at long. 

155°w, 165"w, and 176°W (Fig. 14) are not truly synoptic, ttiey are close enough 

in time to allow a comparison of transport for continuity of flow, and an 

evaluation of the extent of recirculation. As the Alaskan Stream flows 
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westward past long. 160°W, part of the flow in the Alaskan Stream normally 

recirculates in the Alaskan Gyre (Fig. 15 ). The extent of recirculation is 

quite variable, both seasonally and annually, and is associated with many of 

the environmental features observed in the Gulf of Alaska. Extensive 

BT data indicated that recirculation of the Alaskan Stream was well developed 

during spring and summer of 1966 (Favorite et al., 1968). Oceanographic 

station data taken during July and August 1966 indicate that the major 

recirculation into the Alaskan Gyre took place between long. 176°W and 

167°W. Confirmation of the geostrophic currents was also observed in the 

distribution of temperature and salinity. During the summer, relatively 

warm()' ·4.0° C. · at 200 .m. )and less saline water ( z 32.4°/ oo) was observed 

at two locations: In the westward flowing Alaskan Stream, and offshore 

between 50° and 51°N in the e~stward flowing recirculation (Fig. 12 ~ and E_). 

The largest gillnet catches of salmon early in July (Fig. 12 ~) 

were made in the weak westward flow just south of the dilute water near 

shore in the Alaskan Stream. In August the largest catches were made 

in the Alaskan Gyre just north of the eastward flowing dilute water as if 

the main concentration of fish had followed the path of recirculating water. 

During early September the largest catches were made farther south in the 

recirculating water. 

The large north-south extent of less saline water during September 

suggests that the location of the point at which the recirculating water 

separates from the Alaskan Stream may have moved eastward nearer to long. 167°W. 

Volume transport in the Alaskan Stream along long. 167°W varied from 

4 x 106m)/sec. in Ju+y 1966 to 2 x 106m~/sec. in September 1966, with an 

estimated 2 x 106mJ/sec. in recirculated flow. The transport south of Adak 

Island in September 1966 was about 5 x 106m~/sec. 
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The strong recirculation which had been observed in the summer 

of 1966, and inferred from wind-driven transport calculations for the 

spring of 1966 was absent in observations made during February and 

March 1967. An inshore countercurrent and a generally low net transport 

of 5 x 106m~/sec. to 6 x 106m~/sec. was found in the Alaskan Stream.in 1967. 

These compare with values of 10 x 10
6
m~/sec. measured in March 1966 

south of Adak Island. 

Westward transports along long. 155°, 165°, and 176°22 1w 
6 3 

in June 1967 were 5.9, 4.8, and 6.3 x 10 m. /sec. respectively, in the 

range of expected spring transport. These calculatedt'r;ansports indicated 

a small recirculation ·o:r··about.· 1 x" 106m.3/sec. between long. 155° and 165° W. 

Considering the small differences in transport along eac~. longitude, the 

recirculation was weak compared to that of last year. No hydrographic 

data was obtained from the Alaskan Gyre or other areas south of the 

immediate env.ironment of the Alaskan Stream to allow us to substantiate the 

extent of recirculation from the distribution of properties. All but one 

of the gillnet sets for salmon were m~de along 176°2Z'W. 

Immature sock.eye salmon were caught in small numbers(< 20) along 

long. 176°22 1w. Their distribution appeared similar to the distribution 

observed in November 1965--the largest catches were obtained in the boundary 

area between westward and eastward flow. 

Ocean environment south of Adak Island 

It has become increasingly evident that the sockeye salmon, 

zooplankton, and primary productivity within the Subarctic Water Mass are 

related to five major currents and zones that are found between the Aleutian 

Islands and lat. 40°N (Fig. 15 ). The names and characteristics of these 



currents and zones are as follows: (1) The Alaskan Stream which is a high 

velocity (40-60 cm./sec.) westward boundary current that is arbitrarily 

bounded on the north by the 100-fathom depth contour and on the south 

where the surface velocities decrease to less than 5-10 cm./sec.; (2) the 

Ridge Area, or boundary between westward and eastward flow, is a broad area 

with very weak surface velocities under 3 cm./sec., a temperature minimum 

near 100 m., and a ridge in the salinity structure at depth; (3) the Oyashio 

Extension which flows wealµy eastward ( < 3 cm./sec.) is a core of cold 

water distinguished by temperatures below 3.6° c. between 200 to 400 m.; 

(4) the Subarctic Current, the first significant · 

eastward velocity (5-20 cm./sec.) south of Adak Island is a narrow current, 

and like the Alaskan Stream its axis coincides with -the downward slope of 

the 4.0° C. isotherm from 150 to 4oo m.; and (5) the Transition Zone which 

extends over a wide area between lat. 47° to 41 °N ·and exhibits considerably 

warmer temperatures ( 4 .. o O to 9 .o ° C. at 200 m.) compared to the water 

further north. 

Ocean enviro11I1¥=nt in the western Gulf of Alask~ 

Environmental conditions in the western Gulf of Alaska are closely 

associated with the extent or absence df recirculation of Alaskan Stream 

water. The major oceanographic water masses that are observed in the western 

Gulf of Alaska are also observed south of Adak Island, with the addition that 

the ridge area broadens out 

Alaskan Gyre (Fig.15 ). 

over an extensive region as the 
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The summer of 1966was notable for the strong effects of recirculating 

Alaskan Stream water (Fig. 12). Obse·rvations along long. 162°w 

and 155°W during February and March 1967 showed the same general oceanographic 

features as normally occur--the Alaskan Stream, the westward and eastward 

flowing Ridge Area (or western part of the Alaskan Gyre), the Oyashio 

Extension, and the Subarctic Current. The major oceanographic features 

showed a smooth east-west continuity between long, 162°W:and 155°W (Fig. 13). 

Older (age .2 and .3) sockeye salmon were distributed across the Alaskan Gyre 

and Oyashio Extension, but were not found south of the axis of the Subarctic 

Current.. The Subarctic Current has previously been reported as a southern 

limit for sockeye salmon during summer and fall. A feature first ohserved 

j_n 1967, was the · coin'¢idence of the younger immature (age .1) soc-keye salmon 

with the Oyashio Extension-.:.surmrctic Current Ar.ea in· the Gulf. of Alaska. 

Distribution of plankton in the Subarctic Water Mass 

Concentrations of sockeye salmon between the two opposing current 

systems south of the Aleutian Islands have been examined since March 1966 

to determine if their abundance could be ascribed to the availability of food 

organisms. We have continued to assess and compare seasonal productivity and 

standing crops of macrozooplankton and nekton populations in known, discrete 

water masses of the Subarctic Region. 

Primary productivity 

In our productivity studies, we assessed the standing stocks and 

rates of phytoplankton production in the water masses inhabited by salmon 

between lat. 40 °N and the Aleutian Islands. The timing and levels of 



primary productivity and standing stock of phytoplankton may be predicted 

by models developed from these and similar data. The results presented 

here are from measurements taken during c~uises in March, June, and 

Septemoer of 1966 and January to February of 1967. Stations were located 

on long. 176°W except in January-February of 1967 when the track extended 

along long. 162°W 

The carbon-14 method of Steeman. Niels~n (1952) was used to 

measure primary productivity. Samples were taken at each station from five 

depths within the euphotic zone before dawn and noon; experiments on 

photosynthesis were run for half of the daylight period. Each sample was 

placed in an incubator on deck and covered with a neutral density filter 

to simulate the light intensity at the depth from which it was taken. 

Samples for phytoplankton pigments and dissolved phosphate and silicate 

were also collected. Total incident solar radiation at the sea surface 

was measured by a pyranometer and continuously recorded and integrated 

throughout each day. Water transparency was measured by a Secchi disc. 

Because the daylight intensities differed between experiments the measured 

productivity rates were not comparable and were corrected to permit comparison 

(Table 11). A curve showing the response of "average" marine phytoplankton to 

daily light energy (Ryther and Yentsch, 1957) and seasonal means of observed 

energies, adjusted for latitude, were used to correct the measurements of 

productivity .. 

Primary productivity values and chlorophyll~ concentrations in the 

euphotic zone s·howed· no clear relation . to .the ideiltif.iable wate·r. masses 

(Fig. l6 ). Water near the shore of Adak Island, however, was more 

productive than water farther south. The highest measured productivity 

was in Adak Bay. which is strongly influenced by Bering Sea water; 
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Table 11.--Primary productivity, chlorophyll a, and daily solar radiation 
at the sea surf'ace, Pac:1,f'ic Subarctic Region, 1966 to 1967 

A B 
Time Carbon ~ptake Chlorop~ll a Solar rad~ation Ratios 

period !!!S·cL~xdar ~bn - S:-cal{ cm; xdal 
Mean Range Mean Ran~e Mean Ranse A/B A/C 

March 143 121-165 14.5 11.7-16.9 245 73-388 9.8 0.58 

June 143 98-196 8.o 3.2-12.7 276 126-413 17.8 0.52 

September 181 103-249 7.8 2.4-13.0 344 153-450 23w3 0.53 

Jan.-Feb. 46 24-60 8.3 5.7-10.6 113 49-193 5.5 o.41 
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the effect of coastal water on productivity can be clearly detected as far 

south as lat. 51 °N in June and the continental edge in September. The 

observations from stations near Adak Island were excluded from Table 11 

because they are atypical of the open ocean region. A salinity inversion 

south of lat. 44°N in September was associated with low concentrations 

'of chlorophyll~, phosphate, and silicate, but no appreciable difference 

Jn productivity was apparent (Fig. 17). 

2 The mean productivity during March was 143 mg. c./m. xday--

three times the winter value of 46 mg. c./m.2xday (Table 11)--indicating ., 
that a spring increase had begun. The mean productivity in June was 

identical to that of March, and the September value was somewhat higher 

(181 mg. c./m.2xday). Mean chlorophyll~ concentrations were 

14.5 mg./m.2 in March and very nearly 8 mg./m.2 in the other seasons. 

Total solar radiation at the sea surface was slightly higher in June than 

in March, appreciably higher in September, and lowest during the winter 

(Table 11). The dominant influence of light energy on pri~ry productivity 

is shown in Table 11 by relatively similar ratios of productivity to 

daily radiation compared to the dissimilar ratios of productivity to 

chlorophyll~ concentration. Inorganic nutrients decreased through spring 

and sunmer (Table 12) but did not limit production, except perhaps at 

southern stations during September (Fig. 17). 
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Table 12.--Mean and total nutrient concentrations in the mixed layer 
Paci~ic Subarctic Region, 1966 

Phos:12hate - P Silicate - Si 
Time 

;e.:riod mg./m.3 mg./m.2 mg. at/m.3 mg. at/m.2 

March 47.4 4800 34.8 2950 

June 32 .. 6 680 26.4 6oo 

September 23.6 710 16.3 500 
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Radiation and hydrographic conditions which generally favor 

an increase in primary productivity prevailed during the spring. The 

average depth of the surface mixed layer decreased from about 100 m. in 

March to about 25 m. in June. Critical depths, defined by Sverdrup (1953) 

as the maximum depth to which the mixed layer can extend and permit positive 

net phytoplankton production under given light conditions, ranged from 

300 m. to 120 m. during spring and exceeded the depths of the mixed layer 

in all seasons. 

Although the extent and duration of the spring '~loom" cannot 

be determined from existing data, a substantial decrease of phosphate 

in the mixed layer is evidence that an increase in productivity did occur. 

The net loss of phosphate-phosphorus from the mixed layer during the 

spring was 4 g./m.2 (Table 12) which corresponds to 100-220 g. of carbon 

fixed per square meter if a C:P ratio of 40 ~ 15 is assumed (Strick.land, 

1960). The estimate of the total uptake of carbon from March to June 

based on productivity measurements, however, was 11 g./m.2 • The estimate 

of 100-220 g. c./m.2 does not account for changes in phosphate concentration 

attributable to advection and regeneration, but these processes would tend 

to increase the phosphate concentration and the computed phosphorus 

depletion would be even higher. There must have been higher productivity 

during the spring, therefore, than that measured in March and June. 

The total uptake of carbon from June to September was 14 g./m.2, 

but no net change in phosphate was observed. By applying C:P=40, roughly 

2 
o.4 mg-at. P ./m. was added to the mixed layer during the summer by advection 

and regeneration. More data would permit an estimate of the vertical transport 

of water in this region by the above approach. 



Although productivity was probably high during the spring, a 

decrease in chlorophyll~ concentration indicates that zooplankton grazed 

down the standing stock and kept it near the observed levels during the 

summer. The seasonal differences in zooplankton catches corroborate 

this hypothesis: low catches correspond with greater amounts of 

chlorophyll~ and high catches with less phytoplankton. 

Zooplankton 

The abundance and distribution of macrozooplankton and micronekton 

have been investigated in known, discrete water masses of the Subarctic Region. 

During March, June, and September of 1966, replicate (2) samples were collected 

after dark in 30-minute oblique tows between the surface and 150~m. depth 

with a modified 3-ft. Isaacs-Kidd midwater trawl along long. 176°25 1w, from 

Adak Island to lat. 40°N. Similar sampling techniques were used during 

January-February of 1967 to study the zooplankton populations along long. 

162°00 1W, from lat. 54°N to 46°N. 

Seasonal changes of average zooplankton biomass, expressed as 

wet weight in gr. per 30-min. tow, were as expected for temperate waters. 

The means of biomass were low in winter (12 gm. and 14 gm. in March and 

January-February, respectively). A large mean value of 47 gm. occurred in 

June, whereas a sonEwhat lower value ( 39 gm.) was found in September. The 

average standing crop of zooplankton increased fourfold from March and 

January-February (winter) to June (late spring). Notable differences in 

biomass were observed in the different water masses of the Subarctic Region 

(Fig. 18). Low values occurred in water near the shore and in the Alaskan 
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stream, whereas high values occurred within the area of the Ridge and 

decreased again in the Oyashio Extension. Biomass was consistently low at 

the southernmost stations, and varied widely from station to station in the 

area of the Ridge and Transition zones. These variations may be related to 

changes in the numbers of euphausiids and to a lesser extent, copepods. 

Euphausiids were identified to determine if the distribution of 

species could be related to water masses. Thysanoessa longipes was the 

dominant species ( > 60 percent of the total sample) near Adak Island. 

Euphausia pacifica was dominant in the Transition zone except during September 

when Nematoscelis difficilis was abundant south of lat. 43°N. Seasonal 

variation of the dominant euphausiid species occurred in the Alaskan Stream, 

the Ridge, and the Oyashio Extension. For example,!• pacifica was 

dominant in the Ridge during March and January-February and at some stations 

in June. At other stations in June, either!• pacifica shared dominance with 

T. longipes or the latter was dominant. !• longipes was dominant or shared 

dominance with!• pacifica in September. Thysanoessa inermis never occurred 

south of the Ridge but was always present in the northern water masses; 

its greatest abundance was in the water near the shore and in the Alaskan 

Stream where it reached its highest abundance in the winter. Thysanoessa 

inspinata usually increased in prominence to the south; largest numbers 

occurred in the Oyashio Extension and Transition zone except in September 

when large numbers occurred in the boundary area between water near the 

shore and the Alaskan Stream. 
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The consistently high abundance of large zooplankton organisms 

within the Ridge zone seems to CC?rrespom ·· to the area of known autumn 

concentration of iIIDD.ature salmon. The flow within the Ridge zone was 

less than the flow of either the Alaskan Stream or the Oyashio Extension. 

The reduced flow may provide a favorable habitat. However, the magnitudes 

of phytoplankton: production and standing stock in the Ridge zone were less 

than those measured near Adak Island or :tn the Alaskan Stream.. This 

difference in relative abundance of zooplankton and phytoplankton may be 

the result of different grazing rates or varying physical~chemical 

conditions between the two areas .. 



Environmental predictions 

The fact that Pacific salmon have definite seasonal patterns of 

migration and distribution suggests that their whereabouts may be predicted 

from environmental criteria. Direct observation of the environment from 

research vessels, however, will always be limited and must be augmented with 

information from other sources. 

Measurement of wind stress as indicators of volume transport 

in the North Pacific Ocean was described by Favorite ~t al~,1968)~ By constructing 

circulation models from wind stress data and by developing telemetry buoys, 

we are attempting to provide additional observational data for future forecasts 

on the environment. Because changes at either side of the North Pacific Ocean 

can, in a short time, influence the environment across the ocean, the 

environmental forecasts must be based upon knowledge of conditions throughout 

the entire North Pacific Ocean and north of the Subarctic boundary. 
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OCEAN GROWTH AND MORTALITY 

by Thomas A, Dark, Kenneth N, Thorson, and George K. Tanonaka 

Studies of ocean growth and mortality of Pacific salmon have been 

conducted for several years, primarily to examine the effects of high seas 

exploitation on biological yield. The 1964, 1965, and 1966 field studies were 

reported by Lander et al. (1966, 1967) and Dark et al. (1968). The mortality 

studies progressed in 1967 to the final analytical stages, and three new 

growth studies were initiated, 

Mortality studies 

Mortality studies, using tagging experiments, were undertaken to 

determine the feasibility of estimating natural mortality of Bristol Bay sockeye 

salmon during their last few weeks at sea. In 1965, maturing salmon were tagged 

and released just south of Unalaska Island (offshore) and again in Bristol Bay 

(inshore) in an experiment designed to provide direct estimates of the intervening 

natural mortality. The Bristol Bay commercial fishery recovered 7.6 percent of 

the tagged salmon released offshore and 28.4 percent of those released inshore. 

This difference in recovery rates resulted from natural mortality and probably 

several other sources of tag loss operating independently or in combination. 

The validity of assumptions concerning the possible other sources of tag loss 

was examined during 1967. A comprehensive report is being prepared, including 

the 1967 analyses and all other mortality research since 1964. 



Growth studies 

Three growth studies are in progress. The objectives of these 

studies are: (1) to estimate seasonal and annual ocean growth rates of chum 

salmon; (2) to determine scale growth-body growth relationships for chinook 

salmon, which may be useful in assessing growth patterns; and (3) to examine 

the possibility of using growth characteristics of Bristol Bay sockeye salmon 

to predict maturity scheduJes. 

The chum salmon study is based on approximately 18,000 specimens 

collected on the high seas by United States research vessels during 1956-66. 

Conclusion of this research awaits evaluation of the sources of variation and 

final assessment of growth estimates. 

The chinook salmon study utilizes information from the recovery of 

approximately 1,200 salmon, which were marked as fingerlings for evaluation 

of hatchery production in the lower Columbia River. This data is unique in 

that it is derived from successive sampling at sea of a single brood year of 

known origin. Preliminary results indicate that several potentially useful 

scale growth-body growth relationships exist. 

The study on-· sockeye ·salmon growth was stimulated by the need to 

predict their maturity schedules as an adjunct to improved forecasts of the 

magnitude of the annual Bristol Bay return. Data from earlier growth studies 

(Lander and Tanonaka, 1964) indicated that sometime between September of one 

year and May of the next, the maturing age .2 sockeye salmon begin growing 

more rapidly than the immature age .2 fish and are considerably larger when 

they return to the estuary in July. This apparent divergence in length may 

be useful in determining the proportion of age .2 salmon that will mature 

the following summer. 
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Mesh selection 

One of the objectives of the 1967 winter cruise (January 20-March 27) 

of the RV Geor5e B. Kelez was to determine whether our standard winter gillnet 

gear, composed of 2-, 2½-, 3¼-, 4½-, and 5¼-inch mesh sizes, representatively 

samples the lengths of age .2 sockeye salmon. A potential source of sampling 

error was the 1! inch gap between the 3¼- and 4½-inch mesh sizes, which 

Peterson (1966) reported as causing a relatively lower catch efficiency for 

sockeye salmon 44 to 47 cm. long than for shorter or longer fish. Previous 

sampling in January-March, 1963 (French and Mason, 1964) showed that the length 

distributions of age .2 soc~ye salmon encompass the above length interval. 

Accordingly, gillnets of 3-7/8-inch mesh size were included in the standard 

•winter string to examine its effect on overall catch efficiency (see page 8 ). 
I 

Individual and composite selection curves are shown in Figure 19. 

Catches in the 2- and 2½-inch meshes were too small to allow construction of 

selection curves for those mesh sizes. Inclusion of the 3-7/8-inch mesh increases 

the efficiency of the standard gillnet string for catching 44-47 cm. fish and 

smooths the composite selection curve. 

To examine the possible error in sampling the lengths 0f age .2 

sockeye salmon without the 3-7/8-inch mesh in the string, the length 

distributions by life history group were constructed for the 1967 winter 

samples. Age .2 salmon were separated into those which would and would not 

mature in 1967 with criteria described on page 15. Because samples were 

collected ·over a period of 2 months, intervening growth may have distorted 

the length frequency distributions for any point in time if early and late 

samples were combined. Accordingly, samples were grouped into two collection 
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INDIVIDUAL MESH SEt.E:CTION CURVES BASED ON 1959 SUMMER 
SOCKEY£ SALMON CA1 CHES ( FROM PETERSON 1966) 
Mean Selection 

Length lcm.) 38.2 52.2 61.6 

Standard Deviation 5.5 5.7 5.9 
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Figure 19.--Individual mesh and composite selection curves for sockeye 
salmon samples, 1959 and 1967 (method of .Peterson, 1966). 
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periods (January 31-February 18 and March 5-March 22); the hypothesis of 

no difference in mean body (fork)lengths within a life history group was the~ 

tested. :Mean lengths between collection periods differed only in the age .2 

maturing males (Table 13). Even though growth may be a source of variation 

in age .2 maturing males, ail "early" and "late" samples within a life 

history group were combined to provide larger sample sizes. The liypothesis 

of no difference in :uean lengths between sexes within a lffe history group 

was similarly tested (Table 13 ). All tests were significant at the .05 

level and the hypothesis was rejected. Therefore, sexes were treated · 

separately in construction of length frequencies. : 

The bias which would be introduced by omission of the 3-7/8-inch 

mesh can be demonstrated by superimposing Peterson's composite selection 

curve on the length frequencies of the various life history groups (Fig.20 ). 

The striking feature is the highly variable catch efficiency over the length 

distribution of the age .2 group. The smaller immature and the larger 

maturing fish would have been taken much more efficiently than the larger 

immature and the smaller maturing fish. This could have resulted in: 

(1) underestimation of the mean lengths of the immature age .2 fish and 

overestimation of the mean lengths of the maturing age.2 fish and (2) likely 

bias in an estimate of relative abundance of immature and maturing components; 

i.e.; most age .2 immature males are taken with less efficiency than most 

age .2 maturing males (Fig. 20 ). 

By superimposing the 1967 composite selection curve (Fig. 20) 

it can be seen that the addition of the 3-7/8-inch mesh substantially reduces the 

variation in catch efficiency, and consequently the sampling bias, for age .2 fish. 
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Table 13 .--Results of one-way analysis of variance, testing for 
differences in average fork lengths by dates of capture 
and by sex (1967 sockeye salmon samples) 

tory Test 
no. 

Sample 
size 

Comparisons of average fork lengths by date periods 

Male I-1 

Female I-1 

Male I-2 

Female I-2 

Male M-2 

Female M-2 

Male M-3 

Female M-3 

Maturity Ji 
age grou 

1 

2 

3 

4 

5 

6 

7 

8 

Test 
no. 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Se.x 

Comparisons of average fork lengths by sex 

I-1 

I-2 

M-2 

M-3 

1 

2 

3 

4 

Male 
Female 

Male 
Female 

Male 
Female 

Male 
Female 

44 
22 

39 
24 

15 
28 

15 
28 

37 
69 

23 
58 

61 
33 

25 
53 

Sample 
size 

66 
63 

43 
43 

106 
81 

94 
78 

1J I= immature: M = maturing; 1, 2, and 3 winters at sea. 

g/ 1 = January 31-February 18; 2 = March 5-22. 

* Significant. 

Significance 
at .05 level 

* 

Significance 
at .. 05 level 

* 

* 

* 

* 
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It should be noted that the catch efficiency drops rapidly for lengths 

smaller than 44 cm. Such reduced efficiency may be explained by the absence 

of age .2 sockeye salmon catches in the 2½-inch mesh. This could be a 

result of sampling variation or perhaps of the unavailability of smaller 

age .2 sockeye salmon to capture in the 2½-inch mesh in the winter. If the 

latter is true, then the catch efficiency for smaller age .2 fish can be 

improved only by inserting a mesh size between the present 2½-inch and 

3t-incb. meshes. 
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BIOCHEMICAL STUDIES OF MATURITY IN SOCKEYE S.AIMON 

by H. O. Hodgins and F. M. Utter 

The ability to determine the stage of maturation D~ sockeye salmon 

at sea and to forecast their year of spawning is important in understanding 

the marine life history and in the management of this resource. Gonad weight, 

one index of maturity, is reliable for only a short period before spawning. 

We have been studying biochemical changes associated with maturity in salmon 

to develop criteria that will make it possible to detect maturation earlier. 

The presence of a lipoprotein antigen (SM factor) in sera of 

maturing female sockeye was reported by Ridgway (1961) and Utter (1967). 

This serum antigen is related to or identical with a component of developing 

salmon ova. A serum lipoprotein fraction related to maturity was alsb 

detected in maturing female coho salmon by zone electrophoresis. This 

component was associated with egg formation and was absent from the plasma of 

males, immature females, and spawned-out females (Vanstone and Ho, 1961). 

Similar components have been detected in sera of other oviparous animals. 

These factors have been extensively studied in chickens and found to be 

phosphoproteins that are synthesized in the liver under hormonal control. In 

female salmon the development of mature ova apparently requires production by 

the liver of these protein factors which are transported by the blood to become 

constituents of ripening eggs. One such factor in sockeye salmon is the SM antigen. 



In the present studies the occurrence of SM antigen in sera from 

female sockeye salmon was compared with other data which also relate to maturity-

ocean age, gonad weight, body weight, body length, and the time of year that the 

s~mple was taken. 

Reliability of method of detecting 
SM antigen in sockeye salmon 

Using rabbit or goat anti-SM sera and the techniques described by 

Ridgway et al. (1962), 3,269 male and 3,308 female sockeye salmon taken at 

sea were examined for SM antigen (Fig. 21). About 1.5 percent of male sera 

were reported to contain SM antigen.· De,tec-tion of SM antigen in males probably 

represents error in testing or in identification of sex. Similarly, o.6 

percent of sera of age .1 female salmon taken from February through September 

were scored as containing SM antigen. Because fish this young are usually not 

mature, these few positive reactions probably also represent errors in testing. 

We concluded, therefore, that only a small percentage of testing errors resulted 

in misclassifying SM-negative sera (without SM) as SM-positive (with BM). 

Although the test was sensitive (Table 21 in Kabat and Mayer, 1961), low 

concentrations of SM antigen, such as might be present in serum early or late in 

maturation, may not have been detected. The data indicated, however, that fish 

were classified as SM-positive if more than traces of antigen were present. 

For example, 89-100 percent of age .3 and .4 fish were SM-positive from January 

through June, and similar percentages of these fish would be expected to be 

maturing. 
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Relation between SM antigen and maturation 
of female sockeye salmon 

The occurrence of SM antigen in salmon of different ocean ages was 

in close agreement with other data that also relate to maturity (Fig. 22). 

That is, very few age .1 female sockeye salmon are normally found in the 

spawning run; variable proportions of .2 age fish mature, and a high percentage 

of age .3 and nearly all age .4 sockeyes mature (Margolis et al., 1966). In 

many areas, migrations of sockeye salmon into their rivers of origin reach a 

peak in June and July (Margolis et a1, 1966). This migration from the ocean 

to the rivers is presumably reflected in Figure 22 by a sharp decrease in 

numbers of SM-positive fish captured at sea in July. 

Mean weights and weight frequency distributions of gonads for SM

positive and SM-negative age .2 female sockeye salmon are shown in Figures 23 

and 24 for all months in which there was a sample size of 10 or more fish for 

each group. For all months reported, the means of gonad weights of the SM

positive and SM-negative fish were significantly different (Pz.01). In 

Figure 23 a peak appears in the SM-negative curve in June. Some fish captured 

in June were clearly mature on the basis of gonad weight (Figure 24) but did 

not have detectable antigen in the serum. A possible explanation is that after 

SM requirements for oogenesis are satisfied, SM production diminishes and the 

antigen no longer appears in the serum. 
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Figure 24.--Distribution of gonad weights of age .2 female sockeye 
salmon.--(Continued) 
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We also compared age .2 females of different body weights and lengths 

(Fig. 25) with respect to the presence of detectable SM antigen. Mean body 

weights and mean lengths of SM-positive fish were significantly larger (P(.01) 

than those of SM-negative fish for all months except September, when mean lengths 

were not significantly different. There was considerable overlap, however, in 

the ranges of body weights and lengths of SM-positive and SM-negative fish. 

Summary and conclusions 

A total of 3,308 female and 3,269 male sockeye salmon, captured at 

sea from 1961 to 1967, were studied for presence of SM antigen. The occurrence 

of SM antigen in the sera of females was then compared with other data that may 

also relate to maturity. 

Presence of the SM antigen in the sera of female sockeye salmon was 

closely related to maturation as defined by gonad weight. The timing of 

development of detectable levels of SM antigen in sera of female sockeye salmon 

of various ocean ages, and the relative numbers of SM-positive and SM-negative 

fish, also demonstrated that fish with SM antigen are maturing. 
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The SM antigen can be detected in the sera of some female sockeye 

salmon about 1 year before spawning. In other maturing sockeye salmon, 

however, the antigen is not detected until about 5 months before spawning. 

Therefore, we conclude that from late February or early March to time of 

spawning this method detects most of the female sockeye salmon that are 

maturing that year. 

Studies on maturation in sockeye salmon are continuing, and more 

data from SM~antigen analyses are being collected. Presence of the SM 

antigen is being related to gonadotrophic hormone activity of pituitary 

glands; the presence of SM antigen will also be related to pituitary and 

gonad cytology. 
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SCALE STUDIES OF PINK SAIMON 

by Roger E. Pearson 

The main objective of these studies was to classify pink salmon samples tal<en 

on the high seas by region of origin. Prior to 1962, most scale samples for 

INPFC studies were from fish taken in the central and western North Pacific 

Ocean, but large numbers of scales are now available from pink salmon captured 

in eastern waters. Since pink salmon from the central and western regions have 

been classified to continent of origin (Amos, Anas, and Pearson, 1963, and 

Pearson, 1964b), we are now examining samples from the eastern North Pacific Ocean. 

Some information has been published on area of origin of pink salmon 

in the eastern North Pacific Ocean; tagging experiments indicate that most fish 

are from North America (Hartt and Dell, 1964; Hartt, Smith, and Dell, 1967; 

INPFC, 1964a; INPFC, 1964b; INPFC, 1966; and INPFC, 1967). Pink salmon tagged in 

these waters have been found in every major spawning area of North America and in 

eastern Kamchatka. There were no eastern Kamchatka tag returns, however, from 

fish released eastward of long. 155° W. 

Scale features have been examined since 1963 on pink salmon from major 

spawning areas of North America. Twenty-seven scale characters were originally 

examined for differences between North American areas of origin (Pearson, 1966). 

Character 19 (width from center of focus to 30th circulus) was found to be the 

best scale character for identifying area of origin of pink salmon caught in the 

eastern North Pacific Ocean. It was not significantly correlated with body length, 

it was not significantly different between sexes, and it had a small within-sample 

variance compared to differences in ~rithmetic mean value between stocks 
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(Pearson, 1964a; Pearson, 1966; and Pearson, 1967). Scale character 19 was used 

in 1966 to classify by area of origin pink salmon taken in 1964 from the Gulf of 

Alaska (Pearson, 1968). High seas samples taken eastward of long. 155° w. in 

1963 and 1965 were examined in 1967 in the same manner. On the basis of tagging 

experiments, we assumed that all pink salmon samples taken eastward of long. 155° 

W in 1963 and 1965 were of North American origin. 

Comparisons between 1963 samples from North American 
spawning regions and the eastern North Pacific Ocean 

Means and standard deviations of character 19 from all 1963 high seas 

samples with 50 or more fish are shown in Table 14. The standard deviations 

for spawning region samples in 1963 ranged from 7 to 11 (Pearson, 1966); high 

seas samples with standard deviations greater than 11 were considered to be a 

mixture of stocks. Samples with values from 7 to 11 could also have consisted 

of mixed stocks, but most fish in such samples appeared to be from the same 

general coastal region (Pearson, 1967). Character 19 was used to classify 

relatively homogeneous groups of pink salmon by area of origin; samples with 

standard deviations larger than 11,0 were therefore not classified (Fig. 26). 

Mean values from high seas samples with standard deviations less than 

11.0 and from North American coastal samples are shown in Figure 27. The figure 

shows the following similarities between means of numbered high seas samples and 

of those from coastal regions: (a) 10, 15, 22, and 23, Washington and British 

Columbia; (b) 6, 7, and 14, British Columbia and the southern part of south

eastern Alaska; (c) 1, 2, 3, 4, 5, 11, 16, 17, 18, and 20, southeastern Alaska, 

Prince William Sound, and Afognak Island; and (d) 9 and 21, Afognak Island, 

Cook Inlet, and Kodiak Island. 



Table 14.--Arithmetic means and standard deviations of measurements of' 
scale character 19 (width from center of' focus to 30th 
circulus) for 1963 high seas samples taken eastward of' 
long. 155° W. 

Sample Location Sample 
numberY Lat. (N) Long. (W) Date size,s/ Mean s 

1 45°56 1 137°52 1 4-28 32 123.4 9.1 
2 52°30 1 139°00' 5-14 52 117.3 8.5 
3 47°00' 146°15 1 5-19 63 122.0 10.5 
4 53°17 1 137°15 1 5-19 65 119.3 10.2 
5 47°00 1 154°55 1 5-21 21 119.1 9.4 
6 49°00 1 141°04 5-26 71 113.9 10.9 
7 49°00 1 136°54 1 5-27 90 113.5 10.9 
8 51°30' 147°25 1 5-27 41 125.8 11.1 
9 49°50 1 145°20 1 5-28 43 127.6 9.9 

10 49°00 1 132°11 1 5-28 65 104.8 9.8 
11 57°00 1 141°30 1 5-28 60 124.o 10.6 
12 51°07 1 144°47 1 5-30 43 132.3 11.8 
13 510001 140°35 1 5-31 50 123.0 11.2 
14 51°04 1 133°40 1 6-2 94 112.3 10.0 
15 51°03 129°57 1 6-3 46 102.7 7.6 
16 57°32 1 138°50 1 6-10 51 118.4 9.4 
17 57°23 1 137°06 1 6-14 146 117.2 10.7 
18 57°25 1 142°20 1 6-17 61 118.9 10.6 
19 57°45 1 143°10 1 6-30 112 115.7 11.1 
20 57°35 1 140°08 1 7-1 95 117.7 9.7 
21 57°37 1 150°21 1 7-12 84 126.8 10.3 
22 57°18 1 136°50 1 7-26 46 107.9 7.8 
23 480311 124°40 1 8-18 101 104.5 6.6 

y Sample numbers 1-15 were taken by Canadian research vessels; sample 
numbers 16-23 were taken by United States research vessels. 

gJ Samples with 50 or more fish were originally examined; howeve½ some 
scales could not be used because they had less than 30 circuli, were 
regenerated, or had a dirty surface. 
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Comparisons between 1965 samples from North American spawning regions and 
the eastern North Pacific Ocean 

High seas samples of 1965 were examined in the same manner as the 

1963 samples. Means and standard deviations of scale character 19 were 

obtained from all 1965 high seas samples with 50 or more mature pink salmon 

(Table 15). Samples with standard deviations larger than 11,0 were not 

examined (Fig. 26). 

Mean values from high seas samples with standard deviations less 

than 11.0 and from North American coastal samples are shown in Figure 28. 

The following similarities were indicated between means of numbered high 

seas samples and of those from coastal regions: (a) 1, 5, 6, 7, 8, 11, 16, 

18, 21, 24, 25, and 26, British Columbia and the southern part of south

eastern Alaska; (b) 12, 15, and 19, southeastern Alaska, Prince William 

Sound, and Cook Inlet; and (c) 17 and 27, Cook Inlet and Kodiak Island. 

Summary and conclusions 

Mean values of scale character 19 (width from focus to 30th circulus) 

were obtained from 23 samples of 50 or more mature pink salmon collected during 

1963 in the eastern North Pacific Ocean. The scale data suggested considerable 

mixing of stocks in at least 4 of the 23 samples. Mean values of the other 19 

samples were compared with values of samples from North American coasta1 regions. The 

mean values of four high seas samples were similar to mean values in Washington 

and British Columbia samples. Three samples had means similar to those of British 

Columbia and the southern part of southeastern Alaska; 10 resembled samples from 

the northern part of southeastern Alaska, Prince William Sound, and Afognak 

Island; and two samples resembled scales from Afognak Island, Kodiak Island, 

or Cook Inlet. 
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Table 15.--Arithmetic means and standard deviations of measurements of 
scale character 19 (width from center of focus to 30th 
circulus) for 1965 high seas samples taken eastward of 
long. 155° w. 

Sampley Location Sampgj 
number Lat.(N) Long. (W) Date Size2 Mean s 

1 48°09• 134°55' 4-4 36 113.7 10.5 
2 48°00' 150°00' 4-10 11 
3 48°13' 153°03' 4-29 1: 4 47°00 1 150°00' 5-1 
5 49°05' 135°17' 5-7 99 112.4 10.7 
6 50°52' 132°21' 5-16 72 110.6 10.3 
7 51 °51 I 134°50' 5-17 193 112.6 10.0 
8 47°00 1 132°30' 5-20 139 112.6 9.9 
9 47°00 1 135°00 1 5-22 72 118.5 12.0 

10 47°00' 140°00' 5-22 72 124.2 12.1 
11 48°00' 137°30' 5-23 44 115.7 10.8 
12 47°55' 135°07' 5-25 59 121.1 10.9 
13 48°00 1 140°00' 5-27 52 122.1 11.2 
14 48°00 1 145°00 1 5-30 46 129.4 11.4 
15 46°00 1 145°00 1 5-31 42 124.7 10.2 
16 52°55' 134°37' 5-31 176 112.2 10.2 
17 46°00' 140°00 1 6-1 67 126.5 10.0 
18 53°01' 137°20' 6-1 86 119.0 10.2 
19 46°00' 135°00 1 6-2 59 121.1 10.5 
20 50°00 1 132°30 1 6-2 64 112.8 11.1 
21 49°57 I 135°00 1 6-4 88 114.o 9.5 
22 51 °02' 135°10 1 6-5 71 113.2 11.8 
23 52°55 I 140°00 1 6-17 37 126.5 11.9 
24 55°00 1 137°30' 6-18 67 114.5 9.6 
25 58°00 1 137°30' 6-25 63 118.0 10.2 
26 57°00' 140°00' 6-25 80 117.5 10.6 
27 57°05' 145°00 1 7-4 46 128.0 9.6 
28 56°55' 142°30 7-5 82 119.2 11.1 

y Sample numbers 1-22 were taken by Canadian research vessels; sample 
numbers 23-28 were taken by United States research vessels. 

g/ Samples with 50 or more fish were originally examined; however, some 
scales could not be used because they had less than 30 circuli, were 
regenerated, or had a dirty surface. 

'J/ Most scales had less than 30 circuli. 
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Twenty five samples from mature pink salmon collected during 1965 

were examined in the same manner; the data suggested considerable mixing of 

stocks in 8 of the 25 samples. The mean values of 12 high seas samples 

were similar to mean values in British Columbia and the southern part of 

southeastern Alaska. Three samples had means similar to those of 

southeastern Alaska, Prince William Sound, and Cook Inlet, and two resembled 

the samples from Cook Inlet and Kodiak Island. 
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POPULATION DYNAMICS 

by R. A. Fredin and A. E. Peterson 

Studies during the past year included forecasts of the size of 

the Bristol Bay run of sockeye salmon in 1967 and a review of statistics 

on catch and fishing effort for the Japanese mothership salmon fishery 

in 1966. 

Forecasts of the 1967 Bristol Bay sockeye salmon run 

Two sets of forecasts of the size of the Bristol Bay run of 

sockeye salmon in 1967, based on statistics for the mothership fishery and 

analytic procedures similar to those described in INPFC Doc. 876 (1966), 

were made this year. The first set of forecasts, referred to here as the 

May 31 forecasts, was made about 2 weeks in advance of the fishing season 

in Bristol Bay. The second set--or June 10 forecasts--was made about 

1 week before the season. 

May 31 forecasts 

The following data and assumptions were used to derive the 

May 31 forecasts: 

1. The relation between the estimated coefficient of catchability 

(Aq) of Bristol Bay sockeye salmon by the Japanese mothership 

fishery east of 170°E. long. in late May and the percentage of 

age .2 fish (p) in the Bristol Bay runs in 1958, 1959, 1962, 

1963, and 1964 (Table 16 A). (The regression analysis was 
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Table 16.--Estimates of high seas catch of maturing Bristol Bay sockeye salmon 
and fishing effort, total Bristol Bay sockeye salmon run, percent 
age .2 fish in the Bristol Bay run, and catchability coefficients 
for the high seas fishery and regression of catchability on 

A. High 

Year 

1958 
1959 
1962 
1963 
1964 

percent age .2 fish: 1958, 1959, 1962, 1963, and 1964 (catch and 
total run in millions of fish; fishing effort in millions of tans) 

seas fishery statistics, long. 170°E - 1756w, through May 31 
High seas fishing Bristol Bay ru.i-i!/ Catchability coeff. 

Catch Effort Total % age .2 per million tans 
{C) (f) (N) (S) (q)g/ 

0.584 o.466 7.697 4 .5 0.1693 
0.385 0.273 15.184 82.6 0.0941 
o.474 0.337 12.232 67.2 0.1173 
0.091 0.087 8.382 54.6 0.1255 

A 0.385 0.371 12.741 75.l 0.0768 
q = 0.2617 - 0.002212p 

B. High seas fisher statistics lon • 170 °E - 1 75 °W 
Bristol Bay r 

throu h June 10 
Catchability coeff. 
·per million tans 

c. 

Year 

1958 
1959 
1962 
1963 
1964 

High 

Year 

1958 
1959 
1962 
1963 
1964 

High seas fishing 
Catch Effort 

(C) (f) 
1.014 0.853 
0.904 0.835 
1.313 1.049 
0.634 0.372 

~ 0.546 0.613 
q = 0.3782 - o.003845p 

Total %age .2 

(N) fs) 
7 .607 .5 

15.184 82.6 
12.232 67.2 

8.382 54.6 
12.741 75.1 

(~) 
0.1 56 
0.0735 
0.1082 
0.2114 
0.0714 

seas fishery statistics, long. 175°E - 175~ through June 10 
High seas fishing Bristol Bay runff Catchability coeff. 

Catch Effort Total % age .2 per million tans 
(C) (f) (N) (p) (q) 

0.017 0.016 6.700 51.3 0.1581 
0.127 0.125 14.407 84.3 0.0708 
0.606 0.565 11.525 68.6 0.0956 
0.211 0.124 7.959 55.4 0.2167 
0.126 0.220 12.321 76.6 0.0467 

4 = o.4049 - o.oo4273p 

y Includes estimates of high seas 
salmon east of J.i;:ing~ 170°E. 

catches of maturing Bristol Bay sockeye 

g/ q = [ ln (1 - i ) ] /f. 
ll Includes estimates of high seas catches of maturing Bristol Bay sockeye 

salmon east of long. 175°E. 
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restricted to the "off" years of the cycle of Bristol Bay sock.eye 

salmon runs, because the estimates of the catchability coefficients 

in these years were larger, relative to the percentage of age .,2 

fish in the runs, than in the "peak" years of the cycle, that is, 

1956-57, 1960-61, and 1965-66. 1967 was considered to be an 

"off" year.) 

2. Earlier predictions·by U.S. fisheries scientists that age •. 2 fish 

would account for 60 or 70 percent of the Bristol Bay run of 

sockeye salmon in 1967 . (0ssiander, 1967). 

3. Estimates of 1967 high seas catches of sockeye salmon and fishing 

effort east of 170°E long. through May 31. 

4. The assumption that all sockeye salmon caught between 170°E and 

175°W long. in late May we~e fish destined to return to 

Bristol Bay in 1967. 

The forecast for a run composed of 60 percent age .2 sockeye salmon 

was 17 million fish. For a run composed of 70 percent age .2 sockeye salmon, 

the forecast was 20 million fish. 

The accuracy of these forecasts was doubtful. Not only were the 

80 percent statistical confidence intervals quite broad (13 to 22 and 16 to 29 

million fish respectively), but about 90 percent of the high seas catch east 

of 170°E long. in late May was estimated to have been taken between 170°E and 

175°E long. south of 51°N lat.--where tagging and racial studies have indicated 

that, in some years, sockeye salmon of Asian origin predominate (Margolis, 

Cleaver, Fukuda, and Godfrey, 1966). If Asian sockeye salmon accounted 

for a larger proportion of the catch from that area in· 1967 ' than usual, 



115 

the May 31 forecasts of the Bristol Bay run would be biased upward. Their 

reliability was therefore in doubt. 

June 10 forecasts 

· Based on high seas catch and effort statistics through June 10 

(Table ;i.6 B) and on the assumption that all sockeye salmon caught east of 

170°E long. were maturing Bristol Bay fish, the June 10 forecasts were as 

follows: 13 million fish for a run composed of 60 percent age .2 sockeye 

salmon, and 18 million fish for a run composed of 70 percent age .2 sockeye 

salmon. The 80 percent confidence intervals were 10 to 22 and 12 to 38 

million fish. 

Although their confidence intervals were broader, the June 10 

forecasts were considered to be somewhat more reliable than the May 31 

forecasts because catches of sockeye salmon and the fishing effort east of 

175°E long. were higher in early June than in late May. The assumption 

that only maturing Bristol Bay sockeye salmon were caught between 170°E and 

175°E long. remained an important factor, nevertheless, with respect to the 

accuracy of the June 10 forecasts. 

Because of the doubt concerning the origin of sockeye salmon caught 

between 170°E and 175°E long. in 1967, and after considering the scientific 

basis for alternative assumptions, we replaced the assumption that all sockeye 

salmon caught through June 10 between 170°E and 175°W long. were maturing 

Bristol Bay fish by the assumption that all sockeye salmon caught east of 

175°E long. were bound for Bristol Bay in 1967 and modified the June 10 

forecasts (Table 16C), using high seas sockeye salmon catch and fishing 

effort statistics east of 175°E long. through June 10. 
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The modified forecasts were as follows: 10 million fish for a 

run composed of 6o percent age . • 2 sockeye salmon, and 14 million fish for 

a run composed of 70 percent age .2 sockeye salmon. 

These modified forecasts and the first pair of June 10 forecasts 

(13 and 18 million fish) were used to establish ranges within which the 

size of the 1967 Bristol Bay run was considered most likely to fall. 

For a run composed of 60 percent age ,2 sockeye salmon, the range was 10 

to 13 million fish. For a run composed of 70 percent age ,2 sockeye salmon, 

the range was 14 to 18 million fish. When these ranges were established, 

preliminary data from U.S. research vessels fishing north of the Alaska 

Peninsula indicated that age .2 sockeye salmon would account for no more than 

60 percent of the run. Hence, the lower range of forecasts--10 to 13 million 

fish--was considered to be the more realistic of the two. 

1967 Bristol Bay run 

Preliminary data on inshore catches and escapements for the 

Togiak, Nushagak, Naknek-Kvichak, Egegik, and Ugashik Districts and for the 

north side of the Alaska Peninsula indicated that the total inshore run in 

1967 was about 10.8 million sockeye salmon. Preliminary estimates of age 

composition indicated that age .2 sockeye salmon accounted for about 65 percent 

of the inshore run. 

We estimated that 1.0 million maturing sockeye salmon of Bristol 

Bay origin were caught by the high seas fishery in 1967--about 0.25 million 

fish in late May between long. 170°E and 175~, and about 0.75 million fish 

east of long. 175°E from May 21 through June 20. These estimates were 

based on: (1) Timing of the sockeye salmon run in Bristol Bay in 1967 

(W. H. Noerenberg, personal communication); (2) average rate of travel of 

maturing Bristol Bay sockeye salmon on the high seas (Kondo, Hirano, Nakeyama, 
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and Miyake, 1965; Hartt, 1966); (3) approximations of the dates that these 

fish could have been available to the fishery in various areas of the high 

seas in 1967; and (4) coastal tag returns and racial studies (Margolis, 

Cleaver, Fukuda, and Godfrey, 1966; Landrum and Dark, 1964; Fisheries Agency 

of Japan, 1964, 1966, 1967, and 1968; Hartt and Dell, 1964; Hartt, Dell, and 

Mathews, 1966; Hartt, Smith, and Dell,1967; and Hartt, Smith, Dell, and 

Kilambi, 1968). The total run of Bristol Bay sockeye salmon in 1967, including 

the estimated high seas catch of maturing fish, is estimated to have been about 

11.8 million fish. 

Summary of 1967 forecasts 

The forecast of 10 to 13 million fish was fairly accurate. Yet the 

fact remains that the size of the run could have been a few million fish less 

than 10 million or several million more than 13 million and still have been 

within the 80 percent statistical confidence limits. The wide confidence 

interval reflects the small number of pairs of data used in the regression 

and also the variation in the catchability coefficient due to factors other 

than the percentage age .2 fish in the runs--for example, annual changes in the 

ocean distribution of maturing Bristol Bay sockeye salmon associated with changes 

in environmental conditions. 

Japanese mothership salmon fishery statistics 

Statistics on annual catch, fishing effort, and catch-per-unit effort 

for the Japanese mothership salmon fishery in 1966 (INPFC Statistical Yearbook, 

1966) are listed with corresponding data for 1952-65 (Fredin, Hirschhorn, and 

Murai, 1968) for sockeye, pink, chum, coho, and chinook salmon in Table :17. 

The statistics for the 15-year period are shown by species in Figures 31 to 35 • 

Statistics on catch and catch-per-unit effort for 10-day periods and 

various areas of fishing in 1966 are shown in Figures 36 to 45 for the five 

species. 



118 

Table 17.--Japanese mothership salmon fishery--catch, fishing effort, and 
catch Eer unit effort--lon~. 160° E to 175° w.--1952-66 

.· Yea:r Socke;yeY 
g/ S:e:cies of salmon 

. 2 . 17, . JI 
Pink. _ · - -Chum-1 • Coho- ChinookY 

Catch--Tb,ousands of: fish' 

1952 ·. 738 698 629 24 1 
1953 1,534 2,892 2,678 307 3 
1954 3,382 2,698 8,254 675 57 
1955 9,456 9,108 14,012 1,467 43 
1956 8,702 6,589 15,316 3,393 117 
1957 19,403 17,204 8,877 193 25 
1958 10,708 7,859 14,048 3,106 38 
1959 9,125 18,642 12,856 1,388 63 
1960 12,879 1,826 10,517 862 180 
1961 12,998 3,226 6,128 281 31 
1962 10,590 1,011 6,372 1,531 122 
1963 8,902 6,242 5,858 1,890 88 
1964 7,097 2,198 8,640 3,533 410 
1965 12,038 4,238 6,037 1,173 185 
1966 7,254 2,457 8,562 466 208 

Fishing effort--Thousands of tans 
1952 471 394 471 199 471 
1953 1,314 1,027 1,314 619 1,314 
1954 2,547 2,265 2,547 1,253 2,547 
1955 5,761 4,511 5,761 2,392 5,761 
1956 8,729 6,908 8,729 3,629 8,729 
1957 6,213 4,180 6,213 1,467 6,213 
1958 1,207 5,628 7,207 2,681 7,207 
1959 7,096 5,957 7,096 2,433 7,096 
1960 6,518 5,921 6,518 3,079 6,518 
1961 4,994 4,538 4,994 1,494 4,994 
1962 5,851 4,918 5,851 2,231 5,851 
1963 5,954 5,186 5,954 2,494 5,954 
1964 7,518 6,586 7,518 3,926 7,518 
1965 6,110 5,165 6,110 2,420 6,110 
1966 5,195 4,207 5,.195 1,166 5,195 

Catch per unit effort--Num.ber of fish per tan 
1952 1.57 1.77 1.34 0.12 0.0021 
1953 1.17 2.82 2.04 0.50 0.0023 
1954 · 1.33 1.19 3.24 0.54 0.0224 
1955 1.64 2.02 2.43 0.61 0.0075 
1956 1.00 0.95 1.75 0.93 0.0134 
1957 3.12 4.12 1.43 0.13 0.0040 
1958 1.49 1.40 1.95 1.16 0.0053 
1959 1.29 3.13 1.81 0.57 0.0089 
1960 1.98 0.31 1.61 0.28 0.0276 
1961 2.60 0.71 1.23 0.19 0.0062 
1962 1.81 0.21 1.09 0.69 0.0209 
1963 1.50 1.20 0.98 0.76 0.0148 
1964 0.94 0.33 1.15 0.90 0.0545 
1965 1.97 0.82 0.99 o.48 0.0303 
1966 1.40 0.58 1.65 o.4o 0.0400 

To:ta1Y 

2,091 
7,414 

15,071 
34,164 
34,170 
46,042 
35,832 
42,326 
26,324 
22,704 
19,755 
23,475 
21,964 
23,864 
19,046 

471 
1,314 
2,547 
5,761 
8,729 
6,213 
7,207 
7,096 
6,518 
4,994 
5,851 
5,954 
7,518 
6,110 
5,195 

4.44 
5.64 
5.92 
5.93 
3.91 
7.41 
4.97 
5.96 
4.04 
4.55 
3.38 
3.94 
2.92 
3.79 
3.67 

1_/ May-August 2/ June-August if July-August 
Sources: 1952-19"(;0, INPFC Doc. 622; 1961-1966, INPFC Statistical Yearbooks 
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Sockeye salmon 

The catch of 7.25 million sockeye salmon in 1966 was the second 

smallest in 12 years (Fig. 31) The relatively small catch can be ascribed 

to 20 percent reductions in fishing effort and catch-per-unit effort from 

the averages of the preceding 11 years. 

About 85 percent of the total catch was taken west of 175°E long. 

(Fig. 36). Best catches were made in late May and early July between 

165°E and 175°E long., south of 52°N lat. The largest concentrations 

(catch-per-unit effort) occurred: (1) In late May between 165°E and 170°E 

long., south of 52°N lat., and (2) in July west of 180° long., between 

48°N and 52°N lat. (Fig. 37). Sockeye salmon were relatively scarce in 

other areas and periods. 

Pink salmon 

I 

Even though fishing effort was less, a greater catch-per-unit 

effort resulted in a larger catch of pink salmon in 1966 (2.46 million) than 

in any of the 3 preceding even-numbered years (Fig. 32). Both the catch and 

catch-per-unit effort in 1966, however, were less than in 1956 or 1958. 

About 90 percent of the catch was taken west of 175°E long. (Fig. 38). 

The largest catches were made after June 10 between 165°E and 170°E long., 

north of 56°N lat. and south of 52°N lat. The catch-per-unit effort was 

considerably greater west of 170°E long., north of 56°N lat., in late June 

and early July than in any other area or period (Fig. 39). 
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Chum salmon 

The 1966 catch of 8.56 million chum salmon was the second largest 

and the catch-per-unit effort was the largest in 6 years (Fig. 33). These 

statistics suggest that the 7-year trend of declining abundance in the 

mothership fishing area may be reversing. 

The largest catches of chum salmon were made in early July between 

165°E and 170°E long., south of 52°N lat., and between 180° and 175°W long., 

north of 56°N lat. (Fig. 40). The catch-per-unit effort was greatest in 

July, especially in areas north of 52°N lat. (Fig. 4i). 

Coho salmon 

The· 1966 catch· .of. 466,000 coho salmon was one of the smallest on 

record (Fig. 34), partly because there was less fishing effort for this species 

than in any year since 1954 and partly because the catch-per-unit effort was 

below the average of previous years. 

As in previous years, most coho salmon were caught south of 48°N 

lat. in July (Fig. 42). This area in July accounted for the only significant 

concentrations (Fig. 43). 

Chinook salmon 

Both the catch (208,000) and the catch-per-unit effort of chinook 

salmon in 1966 were the second largest on record (Fig. 35). 

were made in widely separated areas from June 11 to July 10 

Largest catches 

(Fig. 44) • The area of greatest abundance was west of 175 ° E long., south 

of 48°N lat., in July (Fig. 45). 
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KING CRAB RESEARCH 

by Js.mes B. Kirkwood and James F. Hebard 

Report of the working group on research 

The king crab agreement between the United States and Japan, in 

effect since November 25, 1964, was modified and extended for 2 years on 

November 29, 1966. Modifications involved the quota for Japan (163,000 cases 

per year compared to 185,000 cases per year in the original agreement) and the 

date of the next review of the agreement ( "before December 31, 1968" compared 

to "before December 31, 1966 11 in the original agreement). 

During the king crab negotiations, scientists from Japan and the U.S. 

held several meetings and prepared the following report for the negotiators: 

"A working group on research met on November 16 and 17, 1966. The 

members were: For Japan, Messrs. Matsushita and Kawasaki; for the U.S., Messrs. 

Rietze, Kirkness, KirkwoodJ and Gilbert. 

"The working group agrees that the two governments should continue 

and i~tensify their study of king crab resources in the eastern Bering Sea with 

the intent, among others, of providing reliable estimates of the maximum 

sustainable yield as soon as possible. It is also desirable that the two 

governments provide for the exchange of scientific personnel eng~ged in the 

study of the king crab resources. Data resulting from the investigations should 

be exchanged annually by January 31 through the Secretariat of the INPFC. 

The data to be exchanged by each government may be prepared in accordance with 

its own methodology and should provide, but not be limited to, ·the following: 
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A. Biological data. 

(1) Tag returns: tag number and/or tag; date and location of 

capture (latitude and longitude); sex, length, width of 

crab; condition of shell. 

(2) Life history information: length, width, weight by sex; 

shell condition; breeding habits, feeding habits, migration 

habits. 

(3) Publications dealing with king crabs in the Bering Sea and 

Morth Pacific,Ocean. 

(4) Ecological information including distribution of larval king 

crab and oceanographic data. 

B. Catch statistics. 

(1) Total annual catch in number of crabs and representativec 

samples of length and average weights. 

(2) Daily catch in number of crabs by noon location of each 

processing ship. 

C. Effort statistics& 

(1) Number of nets and pots set; location of nets and pots set 

(sub-area, latitude and longitude, or boundaries of net 

fields); duration of set for nets and pots and number of 

crabs caught; description of nets and pots (length, depth, 

mesh size, twine). 

(2) Number of fleets operating by dates of operation; number 

of setting boats, picker boats, pot boats; number of 

fishermen. 
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Do Production statistics~ 

( 1) Canned crab: number of cases, number of crabs per case. 

(2) Frozen crab: total weight of frozen meat; number of crabs. 

"It is agreed that the more detailed the information is, the more 

benefit will be obtained by the scientists for the study of king crab stocks, 

and that in this sense, daily records will be more desirable than weekly or 

monthly records. It is recognized, however, that there may be some 

difficulty in obtaining such records of individual operations as would 

involve commercial secrets of fishing companies." 

Results of studies during 1967 

During 1966 the u. S. biological observer aboard the Dainichi 

Maru collected measurements of carapace length from 7,683 male king crabs 

(Fig. 46). The mean length was 150 mm., 2 mm. less than the mean for the 

sample taken by the same vessel in 1965 (Kirkwood, 1967), In comparison 

with the 1965 samples, relatively more crabs in 1966 were 110 to 135 mm. 

and 170 to 185 mm. long, and relatively less were between 135 and 165 mm. 

long. 

U~ s. biological observers were again aboard the Japanese 

factory ship Dainichi Maru in 1967 from April 15 to May 13 and from June 27 

until the end of the fishing season. These observers were restricted from 

sampling the commercial catch as during prior years (Kirkwood, 1967; 

Kirkwood and Hebard, 1968), but were permitted to collect data on food 

habits and environmental factors. 
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A king crab biologist was aboard the International Pacific 

Halibut Commission 1 s research vessel MV Harmony during a trawl survey in 

1967 (Fig. 4]. All male crabs captured in the southeastern Bering Sea 

were measured and weighed, their shell condition identified, and uninjured 

specimens tagged and released. Three modes were present in length 

frequency data from all sampling stations combined: 80 mm., 100 mm., and 

135 mm. (Fig. 48. 

Recoveries in 1966 of crabs tagged by the United States included 

24 from the Soviet fleets, 166 from the Japanese fleets, and 2 from United 

States fishing boats. The United States recoveries and 75 of the Japanese 

recoveries were from crabs that were tagged during 1966; all other 

recoveries were from crabs that were tagged before 1962. Tags recovered in 

1967 by Japan and the U.S.S.R. have not been transferred to the United 

States. As of August 1, United States fishermen caught only two tagged 

crabs during 1967. 

The u. s. commercial catch of king crab from the southeastern 

Bering Sea was sampled for length, width, weight, and shell condition on 

two occasions during 19671 106 crabs were sampled in March and 218 crabs 

in May. Length distributions of both samples were similar and are combined 

in Figure 49. The mean length of these samples was 155 mm., 5 mm. larger 

than the mean of the 7,683 crabs sampled aboard the Japanese mothership in 

1966 (Fig. 46). 



59°N. 

• 

58° 

57° 

56° 

55° 

144 

• 
• • • • • •• • 

• • • • • 0 . • • • • 
" ·• • • • e:,~ 

• • • • ,~ 
• • • 

• • · • • ~~ 

• • • ~e:, 

• • 0 ~" 
• 

• • 
·• f:S fa, • 

c:,., 

Figure 47.--Station locations and tag release· areas of MV Harmony, 
Bering Sea, 1967. 

58° 

57° 

56° 

55° 

•·· 



120 

100 
(f) 
ro 
<t 
a: 
(.) 

80 
C> 
z 
~ 

\L. 
0 60 
a: 
LLJ 
CD 
~ 
::> 40 z 

20 

0 1 .... 

15 
L -~ 

I ~--T 

55 75 95 115 135 155 175 195 215 
CAR APACE . LE.NGTH (MILLIMETERS) 

Fig,1re h8 • --Carapace length frequency of king crabs sampled in 
southeastern Bering Sea, 1967, aboard MV Harmonr. 

~ 
VI 



50 

40 
(/) 
CD 

. <( 

er 
0 
e> 30 
z 
~ 

LL 

0 20 
er 
I.LI 
CD 
~ 
::> 
Z · IO 

0 -
110 

,- ,... 

- - ,... ,..... 
' • 
. 

,... ..... 
,..... 

), 

,.... 

-

I I • I I I I I ' I I JJ..JL9--, 
120 130 1_40 150 160 170 180 

CARAPACE LENGTH ( Milli METERS) 

Jt'igure : -~-9• --Carapace length frequency of king crabs sampled in 
southeastern Bering Sea, 1967, from the United States 
commercial catch. 

190 200 



The U.S.S.R~ has not provided statistics from their commercial 

harvest in 1967 that are suitable for length frequency analysis. These data 

have been promised, however, and should be available on November 30, 1967, 

the date scheduled in the king crab agreement between the u.s. and u.s.s.R. 

for the next annual exchange of data. 

Table 18 lists the commercial harvest figures for Japan, u.s.s.R., 

and U.S. for the years 1960 through 1966. A desirable addition would be 

average weights from the u.s.s.R. and Japan. Mean weight in conjunction 

with weight frequency distribution, as determined by sampling, would provide 

required data on the biomass removed by the commercial fisheries. 

We do not yet have adequate data to reliably estimate the standing 

crop or maximum sustainable yield. Research should be intensified in order 

to make a more accurate determination of the condition of the king crab 

stock in the southeastern Bering Sea. 
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Table 18.--Annual co:mmercial harvest of king crab by Japan, u.s.s.R., 
and U.S.A. in the southeastern Bering Sea, 1960-66. 

Ja:12an u.s.s.R. u.s .. A. 
No. crabs Avg. wt. No. crabs Avg. wt. No. crabs Avg. wt 

in lbs. in lbs. in lbs. 

1,948,773 1,995,006 87,730 7 .. 8 

3,030,635 3,441,314 61,528 10.0 

4,950,800 3,019,211 10,346 10.0 

5,476,085 3,019,417 100,728 7.7 

5,895,38o 2,799,620 122,848 8.3 

4,215,86o 2,225,567 223,248 7.3 

3,898,210 2,559,598 5.4 139,684 7.5 




