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TAGGING AND SAMPLING 

by Allan C. Hartt and Michael B. Dell 

Ta.e;ging and sampl~ng studies .. were conducted by t~e risheri~s Researcq 

Institute (FRI, Univ. of Wash., Seattle). Our main objective this year was to 

improve the abundance estimates of salmon in the Adak indexing area (Doc. 1330). 

Estimates of immature sockeye were used to forecast the sockeye salmon run to 

western Alaska, based on sa.rnpling in the central Aleutian Island area. 

Secondary objectives were to: (1) gain additional information on migration 

and distribution of all species of salmon in the central Aleutian area and 

(2) study the migrations of juvenile salmon in the Bering Sea and in the Gulf 

of Alaska by recovering tags placed on juvenile salmon in 1968 and earlier. 

Work was also continued on a systems study of the North Pacific salmon fisheries. 

Abundance estimates 

Each year since 1959, FRI has studied the abundance, timing, and 

distribution of all. species of salmon in the central Aleutian Island area and 

has forecasted the sockeye salmon run to western Alaska, based upon the apparent 

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

south of Adak Island. Our activities with respect to abundance estimates and 

forecasting' tn · 1971. involved: (11 forecasting -the 1971 Bristol Bay sockeye run 

based upon our sampling in 1970, (2) forecasting the 1972 run based upon our 

sampling this summer at Adak, (3) studying the abundance and distribution of 

species other than sockeye south of Adak Island, and (4) developing improved 

methods of estimating abundance. 
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Forecast of' 1971 Bristol Bay sockeye run 

We forecast an inshore run to Bristol Bay in 1971 of 180 1 million sockeye 

salmon with an approximate 80% confidence interval of 14.6 to 21 0 6 million salmon 

(Rogers, 1971). The published forecast wa~ distributed on March ,l?, 1971~ Prel~~inary 

figures indicate that the actual inshore run ·was about 15.2 million sockeye salmon, 

a figure which is within the confidence limits of the forecast. The ocean composition 

of the 1971 run should also be mentioned since our error in forecasting age composition 

in 1971 was far' greater than in any previous year. We forecast 58% age .2, whereas the 

run consisted of about 38% age .2 (preliminary figures from Alaska Depto of Fish and 

Game [ADF&G]). Further analysis of both ocean and freshwater age composition in the 

1971 run will be made in our published forecast for 1972. 

Forecast of 1972 Bristol Bay sockeye run 

We are 'now analyzing the 1971 catch data for forecasting the 1972 run. In 19719 

the purse seine vessel Commander fished (during July 3-August 9) a replicated series 

of five stations, spaced at 10-mile intervals between about 5 and 50 miles south of 

Adak Island·following the same station pattern as in recent years. 

Sockeye catches by ocean age are shown in Table I. The average catch of 

age .1 fish was 14.2 fish/set; the average catch of immature age .2 fish was 4.7 

fish/set. These are relatively low catches and confirm that an off-cycle year may 

be expected in 1972. 

The immature age · .2 fish were apparently more abundant at the offshore stations, 

but the age .1 fish showed a more uniform distribution. 

Catches of species other than sockeye salmon in 1971 

Table 2 lists the total catch of salmon of all species by station. Chum 

salmon (mainly immature) were predominant and were clearly more abundant at the 

inshore stations, which is typical for this species. Studies are continuing on 

the abundance, ·age composition, length, offshore stratification, and seasonal 

timing of the chum salmon stocks migrating south of the central Aleutian Islands. 
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Table 1.--Total and (in parentheses) average catch per purse seine set of 

sockeye salmon at five stations south of Adak Island in 1971 (July 3-Aug. 9). 

Distance 
Station offshore 
number (miles) 

1 

2 

3 

4 

5 

5 

25 

35 

Total 

Averagegj 

Number 
of 

sets 

7 

11 

13 

10 

10 

51 

Catch of sock~y~ by 
ocean agE: 

Iunnature 
.1 .2,.3 

72 
(10.3) 

224 
(20.4) 

94 
(7.2) 

176 
(17.6) 

157 
(15.7) 

723 

14.2 

9 
(1.3) 

32 
(2.9) 

66 
(5.1) 

69 
(6.9) 

73 
(7.3) 

Mature 
.2, .3 

11 
(1.0) 

10 
(0.8) 

3 
(0.3) 

7 
(0.7) 

31 

0.6 

Total 
catch 

81 
(11.6) 

267 U 
(24.3) 

170 
(13.1) 

248 
(24.8) 

237 
(23.7) 

1,003 

19.5 

!I All sets except one had the seine opening to the east (one set at station 2 
was open to the west). 

gj Average of the five station averages. 
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Table 2 --Total and (in parentheses) average catch of salmon per purse seine 

set at five stations south of Adak Island in 1971. 

Distance Number 
Station offshore of Catch b;r sEecies Total 

no. (naut. miles) sets Socke;re Chum Pink Coho Chinook catch " 

1 5 7 81 1,677 18 0 1 1,777 
(11.6) (239.6) (2.6) 0 (0.1) (253.9) 

2 15 Ill! 267 646 8 4 1 926l! 
(24.3) (58.7) (0.7) (0.4) (0.1) (84.2) 

3 25 13 170 499 4 15 12 700 
(13.1) (38.4) (0.3) (1.2) (0.9) (53~8) 

35 10 248 353 3 13 5 622 
(24.8) (35.3) (0.3) (1.3) (0.5) (62 02) 

5 45 10 237 147 2 27 1 414 
(23.7) (14.7) (0.2) (207) (001) (41.4) 

Total 51 1,003 3,322 35 59 20 4,439 

Mean?! 19.5 77.3 0.8 1.1 0.3 99.1 

!I All sets except one had the seine opening to the east (one set at station 2 was 
open to the west). 

?! Average of the five station averages. 
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Although few pink salmon were caught, they appeared more abundant at 

inshore stations. In contrast, coho salmon were apparently more abundant at 

offshore stations. 

Improving the estimates of salmon abundance 

We have continued our efforts to increase the precision of information 

on abundance and distribution of salmon at sea, without increasing the costs as 

discussed in our report for 1970. Increased precision would be particularly 

desirable in forecasting the Bristol Bay run. A promising method is the use of 

acoustic instruments to supplement the purse seine sampling. We have conducted 

further studies of the theory and feasibility of acoustic enumeration of salmon, 

and the following t"TO reports on the subject by Dr. G. E. Lord have been prepared 

for publication: "Estimation of the mean velocity and mean square fluctuating 

velocity for a population of migrating fish" and "Population and parameter 

estimation in the acoustic enumeration of a migrating fish population." The 

Applied Physics Laboratory at the University of Washington is now constructing 

the prototype acoustic instrument with transmitting and receiving units, which 

will be tested in the Seattle area in the fall of 1971, before building multiple 

units for deployment off Adak Island in 1972. 

During the summer of 1971 when weather was unsuitable for purse seining, 

we tested drift-rate, recoverability, and radio range of suspended, free-floating 

devices designed to simulate the sonar units to be deployed in 19720 Neither 

drift-rate nor recoverability appeared to present problems, and the range of the 

radio beacons was at least 25 miles. 
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Juvenile salmon studies 

Intensive efforts were made to recover Dennison-type tags from the 

salmon which we tagged as juveniles in 1968 0 As in 1970, "re hired several 

temporary personnel of the Alaska Department of Fish and Game to observe for 

tagged salmon during hours when they were free of their catch-sampling duties 

at Bristol Bay canneries. FRI personnel also visited the Bristol Bay and Cook 

Inlet canneries. A discussion of tag returns will be included in a supplementary 

report to be distributed at the 1971 Annual Meeting of the INPFC when returns 

should be more complete. 

A graduate student, Mr. Gary Sakagawa, who has been studying juvenile 

pink salmon in the Gulf of Alaska, has completed his Ph.Do thesis entitled 

"Dynamics of juvenile pink salmon during their early oceanic feeding period"" 

Tagging in 1971 

All of the tagging in 1971 was conducted in INPFC area 8050 (180° to 

1750W and 50° to 52°rn south of Adak Islando The totals tagged by species are 

shown in Table 3· Tagging was conducted primarily for estimating the proportions 

of non-Bristol Bay sockeye salmon among the stocks passing south of Adak in 1971 

and to supplement our knmvledge of migration and distribution of all species 0 

As most of the salmon tagged in 1971 were immature, coastal tag returns are not 

expected until 1972 and latero 

Systems study 

Our work on a systems study of the North Pacific salmon fisheries has 

continued; it is best summarized in recent publications by Rothschild and Balsiger 

(1971) and by Booth (t.1S 1971) 0 
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Table 3.--Numbers of salmon tagged south of Adak Island in 1971 (July 3-Aug. 9). 

Number of 
sets 

51 

Species of salmon 
Sockeye Chum Pink Coho Chinook 

702 971 17 50 15 

Total 
tagged 

1,755 



8 

Literature cited 

Booth, Douglas E. MS 1971. Economic policy for managing a salmon fishery. 

Nat1. Mar. Fish. Serv., Fish. Bull. (In press.) 

Rogers, Donald E. 1971. Forecast of the sockeye salmon run to Bristol Bay in 

1971, based on purse seine catches of immature sockeye salmon south of Adak. 

Univ. \-lash., Seattle, Fish. Res. Inst. eirc. 71-1. 27 p. (Processed.) 

Rothschild, Brian J. , and James W. Balsiger. 1971. A linear-programming 

solution to salmon management. Nat1. Mar. Fish. Serv., Fish. Bull. 69: 117-140. 



9 

OCEAN DISTRIBUTION, ABUNDANCE, AND NIGRATION OF SALMON 

by Ro French, R. Bakkala, D. Sutherland, and P. Washington 

Investigations of the ocean distribution, abundance, and migration of salmon 

in 1971 followed the pattern of study of the 1970 research vessel cruises. 

These were a winter :fishing cruise in the northeastern -Pac-ific- Ocean and 

spring and summer cruises in which the vessel followed an east-west fishing 

pattern. nle spring cruise was the fourth in a series of cooperative studies 

between the United States (Seattle Laboratory of the National Ivlarine Fisheries 

Service) and Japan (Far Seas Fisheries Research Laboratory, Fisheries Agency of 

Japan). We report here only on the DoS. contribution to the cooperative research. 

Results of the summer cruise will be reported in a separate documento The 

purposes of the cruises "were to investigate the distribution and migration 

of sockeye salmon in a continuing program: (1) to increase our understanding of 

the distribution and movements of Bristol Bay sockeye salmon during their life 

at sea, (2) to determine the feasibility of improving- forecasts of the size of 

the Bristol Bay run, and (3) to determine the feasibility of predicting the 

vulnerability of Bristol Bay sockeye to the Japanese mothership fisheryo 

Accurate forecasts of size of runs are dependent upon obtaining reliable 

indices of abundance "of the various age groupso Obtaining reliable indices is 

hampered "by lack of knowledge of the basic distribution and migration of the 

stocks and of variations in distribution that occur from year to year. 

Studies this year were also made of the relative efficiency of monfilament and 

multifilament gillnets for catching salmonc The apparent relative abundance 

"of sockeye salmon in the 1971 high-seas catches was again compared with past 

catches. 
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Fishing gear and maturity criteria 

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

to sample the sizes of salmon available each season. Numbers of shackles 

(a shackle is about 91.5 m long) of each mesh size of multifilament and 

monofilament gillnets for the winter and spring cruises were as follows 

(variation occurred for some sets in the winter cruise): 

Type of material- and mesh sizes (mm) 

Season 

Winter cruise 

Spring cruise 

Multifilament 
133 114 98 83 64 51 

5 

5 

5 

5 

5 

5 

5 

5 

5 5 

5 11 

Monofilament 
133 114 98 

3 3 

3 3 

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

age t length t gonad weight"t and 8M (serum mat uri ty) antigen factor of the females 

(Hodgins and Utter t 1969)0 Because lengths of sockeye salmon vary between years t 

different criteria may be necessary each year to classifY maturity of females 

for which 8M data are not available and for males for which SM data are not 

applicable. The fish lengths in winter 1971 were similar to those in 1967; 

therefore maturity criteria used in 1967 (French ~ &. t 1969) were also applied 

to this year's catches. Maturity criteria have not been established for other 

species "of salmon caught in the winter. Maturity' of sockeye and chum salmon caught 

in the spring was determined by gonad weight (Takagi., 1961). 
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Total catch 

Salmon catches for the winter and spring cruises are given in Tables 4 and 5. 

Because fishing in the winter was designed to sample in areas primarily occupied 

by sockeye salmon, few .salmon. other than so.ckey:e were taken. 

Maturing sockeye salmon predominated (73% of the total catch) in the spring 

cruise catches when the fishing pattern was from east to west across the North Pacific 

Ocean and north of areas of main concentration of other salmon species 0 Chum salmon 

constituted about one-fourth of the total catch. 

Relative abundance of salmon caught in gillnets (multifilament nets only) 

as shown in the figures that follow is the catch per unit of effort (CPUE) in 

which the values are the sums of the average catch per shackle of each mesh size o 

Sockeye salmon 

Distribution and abundance 

Wintero--Past cruises have shown that in Janu&r1 and February, sockeye in the 

northeastern Pacific Ocean are segregated by state of maturity with maturing sockeye 

distributed north of the immatures o The maturing sockeye salmon in winter are also 

segregated by ocean age although considerable overlap of age groups occurs; age 03 

maturing fish usually dominate catches at northern stations and age 02 maturing fish 

become the predominant age group farther southo Because age 02 fish have been 

the most abundant age group in the northeastern Pacific, the main concentrations 

of maturing fish in past years have been located to the south near 510 N or 500 N 

(see Figo 21 of French et alo, MS 1971)0 --
In winter 1971, partial separation of ages was again al'parent, but due to the 

predominance of age 03 fish in the sampling area, the main concentrations of maturing 

fish were shifted farther north than in earlier years (Figo 1)0 This was most evident 

at fishing stations along 165°W where the largest catch was made near 52°N o 



Table 4.--Catches of salmon by the UoS. research vessel George Bo Ke,lez, January-February 1971. 

Position Sea surface temEo Shackles Catch b;y: sEecies 
Set Date Lat. N Lonfi· W i5c or 5illnets Socke;le Chum Pink Chinook Coho Total 

1 1/24 53°01' 159°59' 3.9 36 236 0 0 0 0 236 

2 1/28 50°10' 160°00' 4.0 36 341 0 5 0 1 347 

3 1/29 49°30' 160°00' 4.3 36 140 1 5 0 0 146 

4 1/30 49°00' 161°30' 4.8 24 47 0 2 0 0 49 

5 2/1 50°10' 165°00' 4.4 24 60 0 0 0 0 60 

6 2/2 50°50' 165°00' 3.9 24 30 1 0 0 0 31 

7 2/6 53°15' 165°00' 3.9 24 19 0 0 1 0 20 

8 2/11 52°15' 165°00' 3.6 30 75 0 0 0 0 
~ 

75 I\) 

9 2/12 51°30' 165°00' 3.7 30 36 0 0 0 0 36 

10 2/15 52°15' 160°00' 3.4 30 47 0 0 0 0 47 

11 2/16 51°30' 160°00' 3.5 30 48 0 0 0 0 48 

12 2/17 50°50' 160°00' 3.7 30 138 0 0 0 0 138 

13 2/18 50°35 ' 158°00' 3.5 30 101 1 0 0 0 102 

Totals 1,318 3 12 1 1 1,335 



Table 5o--Catches of salmon by the UoSo research vessel George B. Ke1ez, April-May 1971, 

Position Sea surface te!Eo Shackles Catch b~ sE~cies 
Set Date Lat. No Longo Wo I5C ' of gi1lriets Socke;re " Chum Pink Chinook Total 

1 4/25 51°45' 152°45' 3.2 37 88 21 0 0 109 

2 4/26 52°00' 155°00' 3.0 37 114 38 0 1 153 

3 4/27 51°31' 156°29' 3.3 37 108 29 1 0 138 

4 4/28 52°00' 158°00' 3.0 37 46 3 0 0 49 

5 4/29 51°00' 159°00' 3.2 37 148 84 0 0 232 

6 4/30 51°15' 161°00' 3.3 37 149 21 0 0 170 

7 5/2 51°00' 162°30' 3.6 37 90 18 0 0 108 
..... 

8 5/7 51°00' 1640 45' 3.3 37 85 44 0 0 129 w 

9 5/9 50°22' 167°06' 4.0 37 53 50 1 0 104 

10 5/10 50°55' 168°30' 3.6 37 107 50 1 0 158 

11 5/11 50°15' 169°30' 4.2 37 134 46 2 0 182 

12 5/14 50045' 171°15' 4.1 37 83 33 0 0 116 

13 5/15 50°00' 172°30' 4.7 37 0 0 0 0 0 

14 5/16 49°40 ' 174°20' 4.9 37 0 0 0 0 0 

15 5/17 50°31' 175°46' 4.2 37 0 0 0 0 0 

Totals 1,205 437 5 1 1,648 
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Figure 1.-D1stribution and relative abundance ot maturing sockeye 

salmon t winter 1911. 
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While fishing along 160ow, a large catch of maturing sockeye was made near 53°N, 

although the single largest catch was made near 50oN. The relative abundance of 

maturing age .2 and 03 fish was highest at fishing stations along 1600 w (total 

CPUE ranging from 6-44 on 1600 w and 6-13 on 165°W). 

The distribution and abundance of maturing sockeye salmon as shown by sampling 

in winter 1971 may have been influenced by the timing and sequence of gillnet sets 

which were dependent on fishable weather. The sequence of sets is shown in Figure 1 

and it can be noted that the two largest catches were from sets 1 and 2, made on 

January 24 and 280 After completing the southernmost stations along 160 0 w 

(sets 3 and 4) and the stations along 165°W, the Kelez completed stations along 

160 0 w from February 14 to 18. In contrast to the large catches of late January 

in sets 1 and 2 along 160 ow, the sampling in mid-February indicated much lower 

abundance. 

Only 43 immature sockeye salmon were taken during the winter cruise. With 

the exception of one immature taken at 52°15~N on 16oow, all were caught at 

stations from 50 0 10'N to 49°00'N. Sixty-three percent of the immatures were age 01 

fish and 37% age 020 

Springo--The 1971 spring cruise, as in spring 1970, was designed to fish 

east-west through main concentrations of maturing sockeye salmon just prior to their 

inshore migration. Based on analysis of past tagging and other studies 

(Margolis, Cleaver, Fukuda. and Godfrey, 1966), catches in the area fished are 

assumed to be primarily Bristol Bay sockeye salmon. 'Abundance along this cruise 

track in 1971 was rather uniformly high (total CPUE for ages .2 and .3 ranging 

from 4 to 15) from about 152°W to 1710 W (Figo 2 )0 No sockeye were caught in the 

three sets west of 171oWo nlese three blank hauls were 
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Figure 2 .-Distribution and relative abundance o~ age .2 and .3 maturing sockeye sal.mon, spring 19710 
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undoubtedly due to sea lions taking fish from the " nets inasmuch as two or three 

animals were observed' at haul. From the appearance of the nets, however (lack 

of fish remnants and lack of holes in " the net), and from lack of observed feeding 

acti vi ty by the sea lions, we concluded that relatively few salmon were caught in 

the net "and that these were removed by sea lions before the haul. The relatively good 

catches east of 172°W and the lack of catches from 172°30'W to 175°46'w indicated 

that the majority of Bristol Bay sockeye saimon were located east of 175°W prior to their 

inshore migration. 

Indi vidual catches this spring were usually made up predominantly of age .3 

fish although age <> 2 sockeye contributed substantially to some sets and 

predominated in two sets. The age composition of catches appeared to vary with 

latitude. In the southernmost sets of the cruise track, for example, sets 5, 9, 

and 11 (Fig. 2), the age .2 fish made up a much higher proportion 

of the catches than in other sets. 

These changes · in age composition with latitude were probably due to the 

partial separation of age groups wi thin the maturing population of sockeye salmon. 

The age .3 fish were distributed more to the north and the age .2 fish farther 

south. Greater north-south coverage may be required in the spring to assure that 

both age groups are sampled in their true proportions. 

Only five immature sockeye salmon were taken in the spring. From 

investigations in past years it is known that most immatures are located well 

south of the area sampled. 



18 

Age and size 

Freshwater and ocean age composition of sockeye salmon taken in summer 1970 

and winter and spring 1971 are shown in Table 6. The summer 1970 age 

composition was included_to examine distribution o~ age groups. thrQugh the last 

year at sea for sockeye that made up the 1971 inshore returns to Bristol Bay. 

The summer age data were separated by area because major changes in age composition 

were observed in each area shown. Age composition was relatively uniform from 

east to west throughout the waters sampled in winter and spring. 

Results of the summer 1970 sampling showed that age .2 sockeye made up about 

62% of the catches south of the Alaska Peninsula but that south of the eastern and 

central Aleutian Islands, they contributed only about 18%. Rogers (1971) reported 

that age .2 fish made up about 31% of purse seine catches south of the central 

Aleutians in summer 1970. The summer gillnet samples indicated another major 

change in age composition in waters south of the western Aleutian Islands where 

age .2 sockeye again predominated in samples (66%). Based on findings of the age 

composi tion of immatures in the central Aleutian area in summer 1970 where 

Bristol Bay sockeye would be expected to show the greatest predominance in samples, 

the returns to Bristol B~ in 1971 would be anticipated to be largely age .2 fish. 

'!he winter and spring gillnet sampling of maturing sockeye indicated 

that age composition of the 1971 Bristol Bay run might be considerably different 

than shown by the total catch of immatures in the summer' of 1970 (Table 6)0 Winter 

fishing showed that maturing sockeye south of the Alaska Peninsula were largely age. 3 

fish (64%). The spring sampling which extended from south of Kodiak Island to the central 

Aleutians · also indicated a majority. of age . • 3 fish (68%) among the maturing sockeye. 

This change in age ' composition from summer 1970 to winter and spring 1971 was due 

mainly to the absence of age 1.2 fish in the areas fished during the latter two 



Table 6 .--Age composition .of immature sockeye salmon in summer 1970 and maturing sockeye salmon 

in winter and spring 19710 

Season Freshwater and ocean a~es ~~1 Ocean a6es on 
and Sample In 1970 ... 101 2.1 1.2 2.2 Other In 1970 - .1 .2 Other 

lear Area Time :eeriod size In 1971 1.2 2.2 1.3 2.3 Other In 1971 - .2 .3 other 

Summer South 0 f Alaska 7/30-8/5 632 1703 17.4 42.6 20.5 2.1 38.3 61.6 0.1 
. 1970 Peninsula 

155°W-162°34'W 

South of eastern 8/6-23 1,339 37.0 4301 8.9 805 2.5 82.1 17.8 0.1 
and central 

Aleutian Islands 
163°47'W-177°28 I E 

South of western 8/24-26 424 6.6 26.7 31.6 32.8 2.2 34.2 65.6 0.2 
J\.leutian Islands 
l75°39'E-17lo30'E 

...... 
\0 

Total all areas 2 1395 27.0 33.8 21.4 1503 2.4 62.4 37.5 0.1 

Winter South of Alaska 1/23-2/18 759 6.9 27.9 30.3 33.4 1.6 35.1 6404 0.5 
1971 Peninsula 

160 °1-l-165 Ow 

Spring From south of 4/25-5/17 590 4.1 27.5 37.1 30.1 1.2 3200 68.0 0 
1971 Alaska Peninsula 

to central 
Aleutian Islands 
152°45'W-175°46'W 
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sampling periods, whereas ' they made up 27% of the catches in summer 1970 as 

age 1.1 fish. Preliminary age data on the 1971 Bristol B~ run indicated that 

returns were about 61% age 03 fish, which was similar to· the age composition 

shown by the wint.er and ~prin~ offshor~ fislling. 

Assuming that gillnet samples have provided reasonably accurate estimates 

of the age composition of sockeye salmon distributed-across the North Pacific 

Ocean in summer and spring, the age data suggest some significant changes in 

populations of sockeye salmon occupying areas south of the Aleutian Islands between 

summer 1970 and spring 19710 As illustrated in Figure 3, the age 02 immature sockeye 

formed a relatively small proportion of the samples south of the eastern and central 

Aleutians in summer 1970, but as age .3 fish, they formed the predominant age group 

in this area in spring 1971. The age composition of the spring catches were more 

like those in the eastern and western areas of the summer cruise track, particularly 

that to the west o This change in age composition (occurring primarily between 

l65°W and 1710 W) suggests that the age 03 sockeye moved into this area of the 

spring cruise between summer and spring and formed the predominant age group; some 

of the age .2 sockeye (sampled in summer 1970 as age 01 fish) m~ have remained immature 

through 1971 and moved south of the area sampled in the springo 



Figure '3.--Percent contribution of age e2 sockeye salmon to summer 1970 samples and age o3 sockeye 

to spring 1971 samples. 
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The post-dominant runs to Bristol Bay since 1957 have consisted mainly 

of fish originating from the brood year that produced the dominant run but which 

remained at sea an additional year before maturing. Offshore sampling in 1970 and 

1971, however, indicated that the 1971 post-dominant run would be made up largely 

of sockeye from the 1966 brood year--not the 1965 brood year as shown below: 

Season and year Age group in 1970 and Percentage composition of samples 
of offshore (in parentheses) (by brood year) 
sampling in 1971 1965 1966 1967 

Summer 1970 202 (203) 1503 
1.2 (1.3) 21.4 
2.1 (2 02) 3308 
1.1 (1.2) 2700 

Winter 1971 2~,2 (203) 33.4 
1.2 (1.3) 30 03 
201 (2 02) 2709 
1.1 (1.2) 609 

Spring 1971 202 (2.3) 30.1 
1.2 (1.3) 3701 
201 (202) 2705 
1.1 (1.2) 401 

Although the 1966 brood year contributed the greatest proportion of fish to the 

winter and spring samples, the combination of the age 103 fish from the 1966 brood year 

and the 203 fish from the 1965 brood year resulted in a predominance of 3-ocean 

sockeye in the samp1eso 

The conflicting and rather complicated results of age composition studies in 

offshore "raters and the subsequent unusual age composition of the 1971 Bristol Bay 

run may be summarized as fo11ows o Based on the age composition of post-dominant runs 

since 1957 and on the escapement-return relation, the 1971 Bristol Bay run ,.as 

anticipated ' to be predominated by age .3 fish from the 1965 brood year 

(age 20 3 fi sh ) 0 
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Offshore sampling south of the central Aleutian Islands by research vessels in 

ummer 1970 (an area where the 1971 run 'Tould be expected to predominate as immatures) 

indicated that the 1971 run would consist largely of age .2 fish from the 1966 and 

1967 brood years (ages 202 and 102). Later offshore sampling of the maturing sockeye 

salmon in winter and spring 1971, however, conflicted with the summer data and 

indicated that the 1971 Bristol Bay run would be mostly age .3 fish. The change in 

dominant age groups of sockeye salmon from summer 1970 to spring 1971 apparently 

resulted from a major shift in populations of' sockeye salmon occupying waters south 

of' the Aleutian Islands between summer and springo The winter and spring samples 

proved to be reasonably accurate in reflecting the ocean age composition of the 

1971 run to Bristol Bay 0 

The unusual age composition of the 1971 Bristol Bay run was due to changes 

in brood year strength from that observed in recent post-dominant runs. The 

contribution of the 1965 brood year fish was less than expected; the number of fish from 

the 1966 brood year was larger than anticipated. The number of sockeye of the 1966 

brood year in the 1971 run (about 1104 million fish based on preliminary data) was 

highly significant since their abundance prevented a partial failure of the 1971 run 

from lack of fish from the 1965 brood yearo 

Mean lengths of sockeye salmon are now available from summer, winter, and spring 

for a series of years from which it is possible to examine the size of sockeye salmon 

at various stages through" their last year at sea. The fact that different areas 

were sampled within and between· seasons, however" makes any conclusions regarding 

size somev,hat tenuous o The areas sampled are believed to be occupied predominantly 

by Bristol Bay sockeye, and conclusions from these data are thought to apply to that 

stock. 
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The mean lengths of immature age .1 fish sampled in summer (August) and maturing 

age ~2 fish sampled in winter (January and February) indicate that this age group 

increased in 1ength-by about 12 cm during a 5 ... 6 month period (Figo 4) 0 The increase 

was about 5 cm for the age 02 immatures that became age 03 maturing sockeye in winter. 

The increase during the 3-4 month interval between winter and spring (April and M8\Y) 

was smaller--about 6 cm for age .2 maturing fish - and about 3 cm for age .3 

maturing fish. 

The sizes of sockeye salmon were similar by season in each of the years 

1967-68, 1968-69, and 1970-710 The growth between seasons differed most noticeably 

between summer 1969 and spring 1970 when the large numbers of sockeye salmon making 

up the 1970 Bristol B8\Y run were at sea (in excess of 40 million fish). These sockeye, 

as immature age .1 fish in summer 1969, were about 1 cm larger than immatures in 

the other years. Rogers (1970) also noted the relatively large size of immatures 

in summmer 1969, based on purse seine samples south of the central Aleutian Islands 0 

By winter and spring of 1970, however, these fish were smaller than fish in other 

years. Two conclusions are suggested by these findings: (1) The size of the 

Bristol B~ run in 1970 was large enough to tax the available sources of food 

in the ocean and limit growth and (2) The last year at sea is the most critical 

for determining the ultimate size of maturing sockeye salmon. The latter conclusion 

is supported by the evidence from the size of age .3 fish in spring 1971 which were 

not as small as age .3 fish in spring 1970 although the 1971 age .3 fish shared 

the first 2 years at sea with the large numbers of age 02 fish that returned to 

spawn in 1970 0 



Sealon Sample Age .1 Immatures Summer Age .2 Immatures Summer 
Year Area 

Size .2 Maturing fish .3 Maturing fish 
Winter and Spring Winter and Spring 

Summer 1967 176·W 267 I I 
1968 176·W 659 I , 
1969 176°W 1780 I I 
1970 15S"W-175°E 22S4 I I 

Winter 1969 .5SOW-16SOW 201 I I 
1970 ISsoW-165°W 1260 1 I 
1971 1600 W-16SoW 746 1 I 

Spring 1968 162°W-169"W 104 I I 
1969 ISsoW-167°W 380 I I 
1970 156°W-175°E 1031 I ' I 

1971 15S·W-176°W 567 I I 
I I I I • I 

25 45 55 65 40 50 60 70 
LENGTH (em) 

Figure ¥ .--Average lengths and ranges in length for immature ·(summer) and maturing (winter and spring) 

sockeye salmon in the North Pacific Ocean. Summer samples are from August, winter from January 

and February, and spring from April and May. 
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Comparison of sockeye salmon catches between years 

Wintero--The 1971 winter cruise was our fifth since 1962 of sampling maturing 

sockeye salmon in the northeastern Pacifico Sampling locations varied somewhat 

between years but were generally from 165°W to 155°W and north of 48°No The catch 

data have been examined to determine if reasonably -accurate fOl'ecasts of the size 

of the sockeye run to Bristol B~ could be made from the relation between the apparent 

apparent abundance of salmon in high-seas gillnet catches and the inshore runo The size 

of run per index point (Table 7) was in fairly close agreement for the age 02 sockeye 

for the first 3 years of sampling but differed substantially in 1970 and 1971; the 

relation was somewhat similar for the age 03 fish with the exception of 19670 Using 

the values for 1970 we derived a forecast much larger than actually materialized in 19700 

Preliminary estimates of the si ze of the 1971 run (about 1502 million fish) were also 

substantially less than the number predicted on the basis of winter sampling in 1971. 

It would appear, therefore, that accurate forecasts of the size of the Bristol Bay 

run are not yet possible from the pattern of winter fishing carried out to dateo 

Sprin60-~The 1971 spring cruise marked the second successive east-west cruise 

through areas where maturing Bristol B~ sockeye salmon were expected to be located 

prior to their inshore migrationo The comparison of catches for the 2 years is 

shown in Figure 50 In both years largest catches of salmon (CPUE of from 10 

to 32) were made between 174°w and 1550W with decreased catches west of 175°Wo 

The catch data for the 2 years were compared -to provide an estimate of the 

inshore run to Bristol B~ in 19710 The average CPUE in 1971 was about 60% of that 

obtained in 1970 0 Abundance of age 02 fish was about one-fourth of that in 1970, 

and abundance of age .e fish was 3-1/2 times that of 1970. In applying these ratios, 

we estimated the 1971 inshore run would be about 8 million age 02 fish and about 

14 million age 03 fish (total of 22 million fish). The actual inshore returns 
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Table 7.--Geometric mean catch of maturing sockeye salmon from ,-Tinter 

fishing in the northeastern Pacific Ocean, size of run to Bristol Bay 

and run per index point. 

Year of run 
Type of value Ase of fish 1992 1997 19~9 1970 1971 

Abundance index .-2 1.40 1.19 3.08 10.14 4.24 
(geometric mean) .3 1.79 1.10 1. 85 2.44 6.46 

Bristol Bay .2 7.3 6.7 15.9 35.7 5.9 
inshore run .3 3.1 3.4 2.5 3.9 9.2 
(millions of fish ) 

Size of run .2 5.21 5.63 5.16 3.52 1.39 
per index point .3 1. 73 3.09 1.35 1.60 1.42 
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(preliminary figures) ot approximately 6 million age .2 fish and 9 million age .3 

tish were tar short ot predicted ttgures. Thus, the forecast ot the 1971 run based 

on the relation between the size of the run and the apparent abundance in high-seas 

catches during 1970 and 1971 was inaccurate. The ·ottshore catch data in spring 

1971 cUd, hOlfever, 4etect the u,nua~l age Mteup ot the 1971 r\m U discusse.d earlier. 

Chum. pink, coho, and chinOOk · sal.Jion 

Distribution and abundance 

Winter~--Salmon other than sockeye constituted a small portion (1.3%) ot the 

total salmon caught during the winter cruise. The comparatively small catches 

ot chum (3), pink (12), coho (1), and chinook (1) salmon resulted primarily trom 

lim! ted fishing ettort south ot about 50°1 where they are usually most abundant 

in the winter. All except the one chinook were caught south ot 50°50'1 (Table 4 ). 

Spring.--Most ot the tishing ettort in the spring, as in the winter, was in 

an area usually inhabited mainly by sockeye salmon (51° to 52°1 south ot the 

Alaska Peninsula and 50° to 51° south ot the eastern Aleutian Islands). The 

combined catch ot other salmon (443) was much less than the catch ot sockeye 

salmon alone (1,205). Past tishing has demonstrated that chum and pink salmon are 

usually in relatively low abundance in these waters in early spring; they are found 

in these more northern waters in greater abundance in late spring. The catches 

during this cruise, theretore, ~ only represent the apparent. relative abundance 

ot these species in the northern part ot their distribution. 

Chum salmon were caught at stations along the cruiEre line between l53°W and 

l71OW. The CPUE (multifilament nets only) ranged trom zero (50°00'1, l58°00'w) to 

a high ot 14 (510 00'N, l59°00'W) and averaged about 4 tor all locations east ot 

l7lol5'W (Fig. 6). Sets west ot l7lol5'W tailed to take chum or other speCies ot 

salmon. 
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Only five maturing pink salmon were taken intermittently in four sets between 

No coho salmon were caught in the spring and only one chinook salmon was taken 

in the 15 locations fished. The chinook salmon was an age .2 immature and was taken 

in late April at 52°00'N, 155°00'W. 

Age and size of chum salmon 

In the winter only three chum salmon were caught. One was age .2 and 39.5 cm long 

the other two 1,(ere age 03 and were 48.5 cm and 51. 5 em in length. Maturity was 

not determined. 

In the spring all chum salmon were maturing, based on gonad weights. Most were 

age .3 as shown below. 

.3 

.4 

No. of fish 

352 

83 

Percentage 

80.9 

No significant variation in age or size composition was evident within the area 

sampled. 

Chum salmon sampled in the spring of 1971 were somewhat smaller than those taken 

from the same general area in 1970, as shown below: 

Mean len~h (cm) Mean weisht (kS;) 
Year Age .3 Ase .4 Age.3 Age .4 

1970 57: 4 63.4 2.32 2.70 

1971 54.9 58.4 1.93 2.34 
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Comparison-of salmon catches ,. in monQf'ilament 
and multifilament gillnets 

During the 197], .r.esearch cruises, monofilament gilinets were fished along with 

our regular multifilament nets to compare the relative efficiency of the two kinds of 

gear. In simil~ experiments in 1962 and 1963 {Larkins, 1963, 1964), the monofilament 

n,ets used were of German-manufactured Perlon and of a similar type of Japanese 

manufactured material . These nets were relatively stiff, bulky, and difficult to 

handle aboard our research vessels and their use was not continued. In the present 

experiments we used Japanese manufactured netting which was more pliable and easier to 

handle and stow in 'the net box aboard the vessel than the nets used in 1962 and 19630 

The experimental monofilament nets were alternated with small mesh multifilament 

nets and comprised a section of the net string located at the downwind end of the 

regular string when set. The experimental section of the net string was similar to 

the regular string in that large mesh nets were alternated with small mesh nets . 

Comparison of sockeye salmon catches in monofilament and multifilament 

nets (98- and 114-mm mesh size) for the winter cruise is given in Table 80 

In the 98-mm mesh, the -monofilament averaged more fish of each age group Co 2 and 03) 

per unit of gear than the multifilament nets. The ratio of total catches of mono-

to multifilament nets was about 104 to 1. In contrast, the monofilament 114-mm 

mesh size took slightly fewer fish compared to the multifilament gear, and the ratio 

of total catches in mono- ,to multifilament nets was about 0090 The average lengths 

and weights of' sockeye taken by the two types of gear were similar (Table 9) 0 

During the' spring' cruise, monofilament nets fished were the ll4.. and 

133-mm mesh, sizes as 'these were the most efficient mesh sizes available for the 

size of fish usually caught. The .ll4-mm mesh monofilament nets took substantially 

more sockeye salmon per unit of gear than the multifilament gear (Table 8)0 

The ratio of catches of the two kinds of gear was 309 to 10 For the 133-mm mesh, 

the multifilament nets ' caught the most sockeye salmon per unit of gear. 



Table 8.--Catches of sockeye and chum salmon in monQ.t'i.l~ent and I!lulti.fi.la,ment gillnet.s , '"inter and spring 1971. 

catch (by ocean Net. fished Total Total Catch per shackle 
Species of no o of af?ie of fish) 1/ (bZ ocean age of fish) Ratio of catch 
salmon and Mesh shackles (Mono/multifilament 
season of size Material fished nets) 
fishin~ (mm) .2 .3 .4 .2 .3 .4 Total 

Sockeye 
Winter 98 I.fonofilament 39 142 116 3.6 3.0 606 1.43 

Multifilament 47 128 90 2.7 1.9 406 

114 Monofilament 39 60 158 1.5 401 506 0.89 
Multifilament 47 95 203 200 4.3 6.3 

Spring 114 Honofilament 45 176 320 3.9 7.1 11.0 3088 
Nultifilament 75 70 143 0.9 1.9 2.8 

133 t.fonofilament 45 29 82 0.6 108 2.4 0 •. 75 
Hultifilament 75 49 192 006 206 302 

. Chum 
Spring 114 Honofilament 45 136 20 300 004 3.4 2.62 

Multifilament 75 78 20 100 003 1.3 

133 Hon ofi lament 45 20 7 004 002 006 0.55 
Multifilament 75 54 27 007 004 1.1 

1/ Too few age 04 sockeye salmon were taken to include in the analysis, no age .2 chum salmon were caught in the 
spring. 

w 
w 
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Ta.b1e 9. --Avera.ge lengths and wei.ghts· of sockeye and chum salmon taken 

in monofilament and multifilament gi1lnets t winter and spring 1971. 

Species of salmon 
and 

season of fishing 

Sockeye 

Winter 

Spring 

Chum 

Spring 

Net ,- fished 
Mesh -size .. ·Material 

(Iiml) 

98 Monofi1amen t 
Multifilament 

114 Monoi'i1ament 
Multifilament 

114 Monofilament 
Multifilament 

133 Monofilament 
Multifilament 

11q Monofilament 
Multifilament 

133 Monofilament 
Multifilament 

Size of fish 
Average length Average weight 

(cm) 'kgl 

50.2 1. 54 
50.2 1.49 

53.2 1.85 
53.3 1.91 

56.2 2.29 
55.9 2.23 

57.7 2.45 
57.4 2.43 

55.4 2.00 
55.0 1.94 

56.6 2.19 
56.8 2.19 
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The ratio of catches of mono- to multifilament nets for this mesh size was about 

0.8tol. 

The relative efficiency of the two kinds of gear on chum salmon was similar to 

the efficiency on sockeye salmon. The l14-mm mesh of the monofilament nets took 

substantially more fish per tUl:i,t of gear than the mul.tif'ilament nets (ratio of 2.7 

to 1); the l33-mm monofilament nets took less fish per unit of gear than the 

multifilament nets (ratio of 0.6 to 1). 

The average lengths and weights of sockeye and chum salmon taken in the two 

kinds of gear were similar (Table 9). 

Larkins's (1963) experiments in the spring with the 114-mm mesh size showed 

the ratio of catches in monofilament nets to multifilament nets to be 6.9 to 1 

for sockeye salmon and 7.4 to 1 for chum salmon. These ratios were substantially 

greater than those of the present experiments. 
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OCEANOGRAPHY 

by F. Favorite and W. J. Ingraham, Jr. 

Three types of oceanographic field studies are conducted aboard the 

RV George !. Kelez. The first involves routine expendable bathythermograph (XBT) 

observations which provide knowledge of the temperature structure in the upper 

500 m of the water column. These data are collected by shipboard personnel; the 

studies are conducted in cooperation with the National Marine Fisheries Service 

(NMFS) Fishery Oceanography Center, La Jolla, Calif., which utilizes these and 

other data to compile monthly charts of sea surface temperature across the 

North Pacific Ocean, and with the NMFS Environmental Center, Monterey, Calif., 

which provides the XBT probes. Locations of observations from July 25, 1970, to 

August 25, 1971, show the intensity of' these observations (Fig. 7 ). 

The second type of field study consists of routine observations during 

salmon fishing cruises. These are obtained at and between fishing locations 

by one or more scientific' personnel using a constantly recording surface 

thermosalinograph and a 1,500 m salinity-temperature-depth (STD) device, 

as well as additional XBT probes. These data provide knowledge of 

environmental "conditions at the time salmon are caught (Fig. 8 ). The third type 

consists of intense oceanographic sampling for a limited period in a limited area, 

either prior to or after the salmon fishing operations. These cruises provide a 

rather thorough "picture of basic environmental conditions surrounding the fishing 

area and continuity of fronts and other small-scale features that cannot be 

ascertained when the distances between fishing locations are great. Primary 

emphasis was placed on this type of field study during the past year, and two 

cruises of this nature were conducted in the Bering Sea (Fig. 8 ). 
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In addition to these field studies, considerable effort was devoted to 

the planning and preliminary activities of the cooperative, large-scale, long-term, 

synoptic NMFS MARMAP (Marine Resources Monitoring Assessment and Prediction) 

Program, which has the. potential of obtaining 1'rom ships, buoys, and remote 

sensing' devices ~n~ronmental data base for' the Subarctic Region th~ the 

presently limited number of independent research ships is unable to provide. 

General oceanographic conditions 

Although surface salinities less than 330
/00 (parts per thousand) encountered 

in the central Bering Sea in September 1970 (which is discussed in the following 

section) suggested an anomalous surface dilution over a large area, the most 

striking anomalous' condition in the Subarctic Region during the past year was the 

cold ocean temperat ures at the surface and at depth around the GUlf of Alaska 

and out along the Aleutian Islands. Comparison of monthly surface temperature 

distribution for 1969-70 and 1970-71 indicates a progressive intrusion of cold 

water (Fig. 9 ). Preliminary analysis of wind-stress transports does not 

indicate an explanation for this phenomenon; however, comparison of monthly 

conditions in 1970~7l with long term monthly means suggests that only in late 

spring were surface temperatures unusually lower than normal (Fig. 10 ). 

These temperature comparisons are available only for surface conditions. 

Because of the variability in annual fishing patterns in the Aleutian Island 

area, we have not established environmental monitoring lines that permit 

comparison of subsurface conditions at a given time or place in the central 

Subarctic Region. But comparison of subsurface temperatures south of Unimak Pass 

in M~ 1971 with those of M~ 1969 (during which normal surface sea temperature 

existed) indi:cates that . temperatures in the .. surface layer were over 2.5°C (4.5°F) 

lower in 1971 and that the lower temperatures were present along the southern 

side of the Aieutian Islands to a depth in excess of 500 m (Fig. 11). 



DECEMBER 1970 

Figure 9.--Temperature change (OF) of sea surface water in the northeastern 
... 

Pacific Ocean: December 1970 was compared with December 1969; March 1971 

was compared with March 1970; and June 1971 was compared with June 1970 . 

Hatched areas indicate those surface waters that were colder than the 

previous year (Source: Nat1. Mar. Fish. Servo, 1970-71). 
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1970 . 

!971 

1971 

Figure IO.-Temperature change (OF) of sea surface water j,n the northeastern 

Pacific Ocean: December 1970 was compared with the long term mean 

temperature in December; March 1971 was compared with the long term mean 

temperature in March; and June 1971 was compared with the long term mean 
i 

temperature in June. Hatched areas indicate those surface waters that 

were colder than the long term mean temperature (Source: Nat1. Mar. Fish. 

Serv., 1970-71). 



..... 
e .... 
x ... 
Q. 
W 
o 

100 . 

300 

z 

'" -... 
:) 

W 
..J 

'" 

MILES OFFSHORE 

WARMER 

GOO ..... --~U4... 

Figure I J,-Vertica1 section of temperature (OC) cha.nge south of Unimak 

Pass; Ma;y 1971 was compared with May 19698 Shadeo. areas show water that 

was colder in 1971 than in 1969. 



44 

Detailed oceanographic conditions--central 
Bering Sea, September 1970 

It is increasingly obvious that significant changes in environmental 

conditions occur within relatively short distances (a few km) which explains 

why data from widely spaced stations in the Subarctic Region have not shown 

many small-scale features that may affect the movements of salmon. The very 

dilute surface water encountered last spring (Favorite, Ingraham, and Fisk, MS 

1971) in the Alaskan Stream at l75°W, where relatively high gillnet catches of 

sockeye salmon were made compared to catches in the adjacent more saline water, 

prompted us to investigate" whether this dilute water could be traced into the 

Bering Seao The investigation was made in late summer 0 The area north of 

Amchitka Pass was sampled intensively with 101 STD lowerings at various depths 

to 1,500 m during six transects of the Bowers Ridge in a 2-week period, 

August 29 to September 11, 1970 (Figo 8)0 Objectives were: to ascertain the 

nature of northward flow of the Alaskan Stream through Amchitka Pass; to determine 

if the presence of Bowers Ridge, a submarine bathymetric feature, could be 

detected at the " surface "by changes in water properties; and to assess the effect 

of the ridge on circulation in the Bering Seao 

The major features of the circulation may be deduced by subtle indicators 

of flow such as surface-salinity and the vertical and horizontal distributions 

of temperature o 

Surface salinity in the central Bering Sea is normally characterized by 

values greater than 33000/00; this criterion has been used for a number of years 

as a means of identifying Bering Sea surface water south" of the central Aleutian 

Islands 0 The distribution of surface salinity in September 1970 (Figo 12) 

indicated considerable dilution compared to ' previous data. 
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There are two possible explanations: a recent, gradual dilution of surface waters 

in the Bering Sea or a late, summer penetration of the dilute Alaskan Stream 

water into the Bering Sea which has not been documented because existing data 

are primarily from late spring and early summer 0 With the information at hand 

one can only speculate that both factors have contributed to the observed condition. 

The most distinctive feature of the surface salinity data in the 

vicinity of the Aleutian Islands is the band of low salinity water 

( < 32090/00) about 20 km wide, extending from its source (the warm, dilute, 

westward flowing Alaskan Stream south of the Aleutian Islands) northeastward 

from Amchitka Pass into the higher salinity Bering Sea water. The high 

salinity.values (3300-33.30/00) appeared to be a result of extensive vertical 

mixing on both the east and west sides of the pass, but the dilute water in the 

center of the pass was also 3°C higher than the adjacent water indicating less 

extensi ve vertical mixing of the surface layer in the narrmr tongue as it moved 

northward through the pass. This dilute tongue marks the presence of the Amchitka 

Branch of the Alaskan Stream which is also characterized by warm water at depth 0 

A schematic of the temperature distribution (Fig. 13) in the temperature

minimum stratum indicates the extent of water greater than 400° C and water less 

than 2°C. These distributions, separated by areas of horizontal mixing where the 

temperature-minimum had intermediate values between 2.0 0 and 4.00c, gave a better 

approximation of the nature of the basic circulation than the distribution of 

surface salinity. In general, a southward flow of cold intermediate water was 

present east of Bowers Ridge, and a northeastward flow of warm water was evident 

in two tongues, one west of Petrel Bank and the other on the east side of 

Amchi tka Pass. 
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Figure 13--Schematic of temperature distribution (OC) in the temperature-

minimum stratUIll near Bowers Ridge, September . 1970. 
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The complex nature of the surface water circulation in the vicinity of 

Bowers Ridge is evident in the distribution of surface geostrophic currents 

(Fig. 14 ) computed from density distributions in the water column relative 

to 1,000 db (the best method available to assess flow in ocean areas in the 

absence of direet current measurements}. Conc];usiens concerning circulation 

indicated by the distributions of surface salinity and of temperature at 

intermediate depths are basica.lly supported. The southward flow on the 

northeast side of the ridge was about 5 to 15 cm/sec as was the flow in the 

cyclonic gyre west of .. the ridge;, A.relatively high northeasterly velocity 

(about 30 cm/sec) was found in the narrow canyon through the southern part of the 

ridge, where stations were spaced only a few km apart; this flow turned south just 

east of the ridge. The major flow, which is - considered the Amchitka Branch of the 

Alaskan Stream, was _ clearly evident ,- extending. northeastward from Amchi tka Pass 

with a velocity of about 25 cm/sec. Time was not available to trace this current 

system eastward, but thee nature of flow· through- adjacent Aleutian Island passes 

to the east during spring 1971 is reported in a following section. 

Drift bottles were released at a number of locations (Fig. 15). Several 

interesting returns have been made, but it is unlikely in this remote area that 

bottles are recovered as soon as they are washed ashore 9 thus, one can estimate 

trajectories or speeds from only those with short recovery times. Of course, the 

effect of winds cannot be deduced. The two'bottles recovered on the Pribilof 

Islands 76 and· 129 d~s after release east of Bowers Ridge support the conclusion 

of a northeast flow in this area and indicate an advance of about 10 cm/sec 

(.2 knot). However, one recovery from the same release location and recoveries 

from each of two other release locations indicate an anomalous southwesterly 

drift. 
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Figure/~/--Geostrophic currents (relative to 1,000 db) showing Amchitka 

Branch of the Alaskan Stream (hatched area) flowing northward, eastward 

of Bowers Ridge and complex flow in vicinity of ridge, September 1970. 
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If one assumes that the recovery of a drift bottle from the release location 

at 54 0 30' N, 179 0 30 'w reflects the southward flow along the east side of Bowers 

Ridge, that the recoveries· on the Aleutian Islands east of 180 0 reflect an 

eastward flow along the north side of the Aleutian Islands, and that those 

recoveries west of 180 0 were swept southward·throu~ eastern island pass~s 

and carried westward south of the Aleutian Islands in the Alaskan Stream, 

the pattern does not seem as complex as it initially appears to beo This 

anomalous southeasterly flow, which m~ be part of an anticyclonic flow 

around the eastern· Aleutian Islands, was clearly evident in the subsequent 

spring·cruiseo 

Since there are no basic changes in circulation patterns in this area 

between late spring and early fall, it is assumed that the Amchitka Branch of the 

Alaskan Stream is present during the June migration of sockeye salmon from south 

of the Aleutian Islands to Bri tol B~ and provides a recognizable pathway 

through the eastern Bering Sea (Favorite and Ingraham, MS 1971)0 

Detailed oceanographic conditions--eastern 
Bering Sea, May -June 1971 

The 114 STD stations taken aboard the RV George Bo Kelez between 

M~ 21 and June 10 provided the most intense sampling ever taken between 1730 

and 1650W from the Aleutian Islands to the Bering Sea shelfo Objectives were to 

ascertain the nature of northward flow through island passes and of current 

patterns in the eastern Bering Sea before and during the onshore movement of 

salmon into the Bristol B~ areao In addition, we were to fish for salmon with 

a short string of gillnets in the vicinity of ocean frontso 

The distribution of surface salinity for M~-June (Figo 16 ) shows the 

relatively high salinity (-73300 0/00) water characteristic of most of the Bering Seao 
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172" 1710 170' 169" 

Figure 16.--Surface salinity (%0) distribution showing large area of 

typical Bering Sea water (> 33.00/00) and unusual tongue of dilute 

water « 32.6°/00) extending offshore south of the Pribilof Islands, 

May-June 1971. 
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Although the water was unusually dilute during September 1970 in the central 

Bering Sea, the process of winter overturn and vertical mixing with deep, saline 

water had reestablished normal values a As expected considerable dilution did occur 

near the Bering-Sea shelf, but the extensive tongue of dilute water (~3206%0) 

which projected over 100 miles into the eastern Bering Sea south of the Pribilof 

Islands appears quite anomalouse The high salinity ( .> 33000/00) surface water 

north of the Aleutian Island passes west of Unimak Pass implied a net southerly 

flow through the passes into the North Pacific Oceano This provides an explanation 

of how some Bering Sea water could arrive periodically south of Adak Island (176°w) 

where a known westward -flow exists. But this contrasts considerably with 

the September 1970 data which indicated we could have expected tongues of 

the warm" diJ:ute water of the Alaskan Stream to flow northward through the 

island passes similar to the Amchitka Branch. 

The rather uniform but unseasonally cold surface temperatures (Figo l"() 

provide little indication of the tongue of dilute water extending off the shelf 

that could provide subtle chemical indicators of coastal water or even river 

systems that mature, homing salmon may be seeking. Temperatures in the temperature

minimum stratum were rather uniform (204-2.8°c) and showed no evidence of the 

tongues of water less than 2°C and greater than 4°c encountered in the central 

Bering Sea in September 1970 0 

Geostrophic currents indicated the presence of two large cyclonic gyres 

separated by an anticyclonic gyre, which was clearly associated with the seaward 

intrusion of dilute water south of the Pribilof Islands suggested by the surface 

salinity distribution (Figo 18)0 The northeastward flow between 54° and 55°N 

at 1730W j3 believed to be an extension of flow 'i.!3 the Amchitka Branch of the 

Alaskan Streamo The divergence of this flow at 54°N resulting in a strong 

southeast component-was, verified by tracking for several days a transponding buoy 

which drifted southeastward at velocities of 15-20 cm/sec (03- 04 knot)o 
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Figure 17.--Surface temperature (OC) distribution near Unalaska Island, 

May-June 19710 
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Figure /K---Geostrophic currents (relative to 1,000 db) showing general 

cyclonic circulation of the eastern Bering Sea with a large anticyclonic 

meander south of the Pribilof Islandso 
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This clearly explains why there were no tongues of dilute water from the Alaskan 

Stream protruding' northward through the island passes in this areao Two other 

buoys were .released at other locations to ascertain the validity of geostrophic 

currents and good. correspondence was . obtainedo 

One hy.po.:thesis --that we wished to te.§t w~ · the possibil.ity tha,t salmon 

move in greater numbers through Aleutian ·passes . in which a strong northward 

component of flow exists o This is not necessarily because they are passively 

carried by' the · flow· but in this manner they do: not have to adjust rapidly to 

the more saline and perhaps chemically different surface water of the Bering Seao 

In a special gillnet set in the high salinity water at the southern extremity of 

the southward dilute water intrusion, only four sockeye salmon were caught o 

Failure of a propeller shaft bearing prevented fishing in the dilute water 

where large catches were anticipated, but it is hoped that this experiment will be 

attempted again next yearo 

It is well documented that this year the sockeye salmon returning to 

Bristol B~ streams arrived in the b~ I to 3 weeks late, raising some concern 

that the run would be smallo With the limited information at hand there are 

several possible causes. First, the unseasonably cold ocean temperatures m~ 

have retarded the commencement of migration or subsequent movements o Second, 

the southward movement of Bering Sea water through eastern Aleutian passes may 

have retarded the normal northward migration in this areao Third, the combination 

of cold water in the Bering Sea and southward flow through the passes may have 

resulted in a migration farther westward and later than normal 

along the south side of the Aleutian Islands and vThich would not have been 

detected· by research or mothership catcher boatso 
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MARMAP 

The National Marine Fisheries Service has initiated a Marine Resources 

Monitoring Assessment and Prediction (MARMAP) Program designed to obtain 

knOW'I~d~e of the long-~erm status of Hying marin~ " resources 0 It is a ;tong

term, large-s cale, multi-species approach to understanding interrelations 

between organisms and those between organisms and their environment o National 

and international cooperation is being sought so that standard observations 

can be made over large areas with the required intensity, frequency, and 

synopticityc This program reflects the purpose and intent of our limited 

oceanographic studies over the years for the INPFC o Physical, chemical, 

and biological oceanographic studies have been initiated and carried out in 

critical areas and critical times in relation to salmon, but eventually we 

will need to know more about larger segments of the salmon environment to 

understand the fluctuations in ocean distributions o The Subarctic Region is 

only one of several that will be under intense investigation by the ~~P 

Programo Present efforts are being devoted to developing shipboard techniques 

that will consist of rapid, automatic "assessments of fish by acoustic devices, 

as well as ' acquisition of physical, chemical, and biological oceanographic datao 

Ichthyoplankton st~dies will form an integral part of the Programc 

Plankton samples .Till be collected systematically in a BONGO type net array 

over a large portion of the Subarctic Regionjand pelagic fish eggs and 

larvae will be identified to the lowest possible taxonomic groupo Analysis 

of such samples at the plankton sorting" center established at the North Pacific 

Fisheries Research Center will provide an additional parameter to assess the 

distribution and relative abundance of important fishes as well as of forage 

fishes and plankton which constitute the food chain o 
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Endorsement of and participation in the ichthyoplankton phase of the 

~ffiRMAP Program by national sections of the INPFC through the aegis of the 

Oceanography Subcommittee of the Committee on Biology and Research would 

greatly accelerate the acquisition of our knowledge not only of the salmon 

environment but that of other species as wello 
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INHERITANCE OF BIOCHErHCAL VARIJ\NTS IN nIDEE 

SPECIES OF PACIFIC SALI'-10N AND RAINBm., TROUT 

by Fred Mo Utter, James Lo 14ighell, and Harold 0 0 Hodgins 

/ 

In previous INPFC Annual Reports "Te have described several biochemical 

variants in fishes that, based on several lines of indirect evidence, we have 

assumed to be genetic (Utter and Hodgins, in press; Utter, Hodgins, and Johnson j 

in press} o If biochemical variants are truly genetic in nature, they can be 

useful in identifying suecies and races of fish and in determining relative 

influences of genetic and/or environmental factors on ocean distribution, areas 

of origin, and on stock capabilities and characteristics o 

The strongest tests for determining genetic or non-genetic mechanisms that 

control biochemical variants are tests with data from breeding experiments o In 

interpreting the results of breeding experiments we look for evidence of multiple 

loci or a single gene locus, for evidence of different genes (alleles) at a locus, 

and for numerical ratios of progeny that permit interpretation of dominant, 

codominant, or recessive patterns of expression of genes o If numbers of progeny 

of various biochemical types fit closely enough a pattern consistent with that 

predicted from parental types, strong evidence will then have been obtained that 

the biochemical variants directly reflect genes and that the inheritance is 

Mendelian 0 

Allelism (genes at a single locus) of numerous biochemical variants described 

by this laboratory has been inferred by lines of evidence including ~ (1) starch 

gel electrophoretic patterns for particular proteins that are consistent "Ti th 

allelj c variants of the same proteins in other species, (2) repeatability of 

expression from duplicate samplings of a given individual, (3) stability of 

expression over long developmental periods, and (4) conformance of frequencies of 
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phenotypes to a Hardy-Weinberg statistical distribution o (See Utter et al o, 

in press, for a review of the biochemical systems through June 1970 and Hodgins, 

in press, for a more detailed statement of our criteria for allelismo) Although, 

as stated above, we have assumed that biochemical variants that meet these 

criteria are indeed !Ulelic~ we h&ve not previously _demonstrated such a relation 

through data from breeding experimentso 

This paper presents biochemical genetic data for progeny of parents of 

Y~own phenotypes for the following species and biochemical systems: sockeye 

salmon--phosphoglucomutase (PG!vI); chinook salmon--tetrazolium oxidase (TO); coho 

salmon--transferrin (Tfn); rainbow trout--alpha glycerophosphate dehydrogenase 

(AGPD), lactate dehydrogenase (LDH), malate dehydrogenase (MDH), TO, and Tfn o 

These data substantiate hypotheses of Mendelian inheritance for the systems 

investigated and support such hypotheses for the same systems in other salmonid 

species where family data are not, as yet, available 0 

Experimental procedures 

Parents of progeny used in this study were obtained as follows: coho 

salmon--Skykomish Hatchery (Washington State Department of Fisheries); chinook 

and sockeye salmon--adult fish returning to this facility (the National Marine 

Fisheries Service laboratory in Seattle); rainbow trout--adult fish reared at 

this facility; and male anadromous rainbmr trout (steelhead) from the Chambers 

Creek Hatchery of the Washington State Department of Game o All progeny were 

hatched and reared under similar conditions at this facilityo Chinook and sockeye 

salmon progeny were tested between 2 and 4 months after hatchingo Coho salmon 

and rainbow" trout ",ere tested between 6 and 9 months after hatching; somewhat 

larger fish were required from these species because a blood sample--difficult 

to obtain from small fish--was needed to test for Tfno 



All biochemical systems but Tfn were found in skeletal muscle 

extracted as described by Utter and Hodgins (1970)0 Blood plasma for Tfn 

typing IvaS obtained by vlithdrawing blood from the pericardial cavity of freshly 

killed fish with a capillary pipette. Approximately one drop of 'Whole blood 

was expressed into tvTO drops of Alsever's solution (a citrate-dextrose-saline 

anticoagulant) in 10 x 75 rom culture tubes o Each sample was centrifuged at 

1000 x g for 3 minutes before testingo 

Details of electrophoresis were described by Utter and Hodgins (1969)0 

Buffer systems for the respective biochemical variants were as described by 

Utter and Hodgins (MS 1971) 0 Specific staining methods for enzymes followed 

those described by Shaw and Prasad (1970)0 Tfn was detected by a non-specific 

protein staining method using a 0 0 1% nigrosin-buffalo black solution dissolved 

in a 5 g 4g1 'vater-methanol-acetic acid mixtureo Destaining 1-TaS carried out with 

the water-methanol-acetic acid solutiono 

Descriptions of each of the biochemical systems studied in this report have 

been given elsewhere (Utter and Hodgins ., 1970; Utter, Ames, and Hodgins, 1970; 

Utter, in press; Utter and Hodgins, MS 1971)0 Phenotypic designations given in 

these papers are retained here o 

The phenotypes of most of the systems studied here are codominantly expressed 

by starch gel electrophoresis (ioeo, all alleles of a genetic system are fully 

expressed in heterozygous individuals)o Thus the presumed genotype can be 

interpreted directly from a given phenotypeo The data for the fully codorninant 

systems are given in Tables 10 through 16 0 In these systems, the observed 

phenotypes of the parents and progeny are presented and the expected numbers of 

progeny--assuming simple Mendelian inheritance--are shown in parenthesesc In 

systems involving tvTO alleles, all three possible phenotypes (the two homozygous 

phenotypes and the heterozygote) are listed, although some of these phenotypes 
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Table 10.-observe4 and (in parentheses) expected PGM phenotypes of parents 

and proge~ in sockere salmon matings assuming Mendelian inheritance. 

Phenotypes of 
Rro~eet ~henot~es ~arents 

Lot AA : AB BB Male Female 
s 

1 0 90 109 AB BB 
(0) (99.5) (99 .. 5) 

2 0 90 107 1m AB 
(0) (98 .. 5) (98.5) 

3 0 78 90 BB AB 
(0) (84) (84) 

Control .. 0 0 100 1m BB 
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Table ll.-:observed and (in parentheses) expected TO , phenotypes ot parents 

and progenT in chinook salmon matings assuming Mendelian inherit~ce. 

Phenotypes ot 
~oseSl EhenotZ!es Earents 

Lot AA AB BB Male Female 

2-10 12 9 0 Ai AA 
(10.5) (10.5) (0) 

2-11 12 21 7 AB AB 
(10) (20) (10) 

2-13 10 20 10 AB A:B 
(10) (20) (10) 

11-14 8 14 0 AA ' AB 
(11) (ll) (0) 

5-10 0 29 1 AA BB 
(0) (30) (0) 

5-12 0 40 0 BB AA 
(0) (40) (0) 

7-13 0, 14 15 :BB AB 
(0) (14.5) (14.5) 

Control 100 0 0 AA AA 
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Table 12. -Observed and (in parentheses) expected Ttn phenotypes ot parents 

and progeny' in coho salmon matings assuming Mendelian inheritanceo 

Phenotypes of 
Pro~eSl ~henotlEes ~arents 

Lot AA AC CC AB BB ' BC Male Female 

23 0 17 18 18 '0 17 'Be Be 
(0) (17.5) (17.5) (17.5) (0) (17.5) 

51 0 0 27 0 0 33 Be CC 
(0) (0) (30) (0) (0) (30) 

53 0 31 19 0 0 0 AC CC 
(0) (25) (25) (0) (0) (0) 

Control 0 0 20 0 0 0 cc cc 
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Table l3.-Observed and (in parentheses) expected TO phenotypes of parents 

and progeD1 in rainbow trout matings assuming Mendelian inheritance. 

Phenotypes of 
ProaeSl EhenotlEes Earents 

Lot AA AB BB AC BC CC Male Female 

1313 x 0 19 21 0 0 0 BB AB 
1301 (0) (20) (20) (0) (0) (0) 

1343 x 0 0 18 0 26 16 Be 
1347 (0) (0) (15) . (0) (30) (15) 

SH2 0 20 22 0 0 0 AB BB 
(0) (21) (21) (0) (0) (0) . 

Control 0 0 45 0 0 0 BB BB 
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Table 14"'-observed ~d (in parentheses) expected TtD phenotypes ot parents 

and progeDY' in rainbow trout matings assuming Mendelian inheritance. 

Phenotypes ot 
ProseSl EhenotlEes Earents 

Lot AA AB BB Mal.e Female 

1313 x 1 22 4 AB AB 
1301 (8.3) (16.4) (8.3) 

1356 x 32 28 0 AB AA 
1341 (30) (30) (0) 

Control 50 0 0 AA AA 
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Table 150 -Observed and (in parentheses) expected AGPD phenotypes of parents 

and progeD1 in rainbow trout matings assuming Mendelian inheritanceo 

Phenotypes of 
Pro~enl EhenotZEes Earents 

Lot AA AB BB Male Female 

SH2 0 22 20 Alt BB 
(0) (21) (21) 

Control 0 0 140 BB BB 
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Table 16. -Observed and (in parenthe,es) expected LDH phenotypes of parents 

and progell1' in rainbow trout matings assuming Mendelian inh~ritanceo 

Pro~enz Ehenotl2es Phenotypes of 

2' 2° 2" 2" 2" 2" Earents 
Lot B B B B B B Male Female 

SHB 0 45 ·0 pJ."-a2" 2'20 
B.B 

(0) (45) (0) 

sm4 0 11 0 . 2" 2" 'B B B2'B2-
(0) (11) (0) 

Control 200 0 0 B2'B2' B2':82.' 



69 

may not be expected to occur from these matings. Similarly, all six possible 

phenotypes are listed in systems involving three alleles. Controls are data from 

one or more matings where both parents have the same homozygous phenotype. 

Variants . in progeny and their parents 

Pacific salmon 

Each of the sockeye salmon PGM crosses (Table 10) involved a heterozygous 

individual with a common (BB) homozygote. Although none of the crosses deviated 

significantly from expected ratios, an excess of homozygous progeny was found in 

all three matings. These deviations become significant when the data are pooled 

(Chi-square = 4.04, degrees of freedom = 1, .05 ;> P for chi-square test> .01), 

suggesting that some selective factor favored the BB phenotype. 

The ratios of'TOphenotypes in chinook salmon progeny (Table 11) approximate 

expected values based on parental phenotypes. The only qualitative exception 

to Mendelian inheritance in all of these matings is seen in lot 5-10. In the 

AA x BB cross, only heterozygous progeny are expected; however, one BB individual 

was found in this lot. It seems most likely that this individual is from another 

lot and had been placed in the wrong holding tank, because the remaining individuals 

are all of the expected phenotype. 

With the possible exception of lot 53, all of the ratios of Tfn phenotypes 

of coho salmon progeny (Table 12) conform closely to expected values. This support 

of the assumption of Mendelian inheritance of coho salmon transferrins clears the 

way for more " extensive use of this system as a population marker in this species. 

The marked differences in distribution of transferrins between Puget Sound and 

Columbia River coho (Utter ~~., 1970) indicate that this system should be 

useful for comparisons of populations separated by relatively small distances. 
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Rainbow trout (steelhead) 
" 

The numbers of progeny of the different TO phenotypes (Table 13 ) all approach 

expected values based on the phenotypes of the parents. We ,.,ere fortunate in 

finding two Be phenotypes (a reasonably rare phenotype in our stocks) among our 

parent fish. 

Although numbers of progeny of both Tfn crosses (Table 14 ) fell within 

acceptable limits, the double heterozygous cross (1313 x 1301) approached 

significance (i.e., chance might not account for differences between observed 

and expected--.2 > P for chi-square test > .05) 0 Should this trend persist upon 

further sampling, Tfh may prove useful in demonstrating effects of environmental 

variables as it has in voles (Tamarin and Krebs, 1969) and as has been suggested for 

skipjack tuna (Fujino and Kang, 1968). 

Only one of our spa1ming rainbow trout had a heterozygous AGPD phenotype e 

The ratio of phenotypes among its progeny (Table 15)clearly indicates Mendelian 

inheritance • . 
Both matings involving LDH variants (Table 16 ) were between homozygous 

2" 2ft 2' 2" B B males and B B females 0 All progeny tested, as expected had 

2' 2" heterozygous (B B ) phenotypes. Northcote, Williscrort, and Tsuyuki (1970) 

provided family data indicating Mendelian inheritance for a similar--possibly 

identical--variant of rainbow trout. 

A possible exception to the rule of codominance occurs in I,mR variants of 

rainbow trout. Bailey et al. (1970) observed that two loci of rainbow trout 

appear to code for MDH subunits (BY) giving rise to active enzymes having the 

same electrophoretic mobility. One of these loci also coded for an allelic 

subunit (B). Because the B' subunit was synthesized in all individuals, it was 

impossible to qualitatively differentiate between BB' heterozygotes and BB 

homozygotes. (Using densitrometric methods, Bailey et al., 1970, were able to 

quantitatively differentiate these two genotypes on the basis of different 
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intensities of staining of bands having the same mobilities; our MDH phenotypes 

do not appear to reflect these differences as clearly.) In spite of this 

limitation, our MDH data (Table 17 ) support the hypothesis of Mendelian inheritance ~ 

The heterozygous parent was taken from a population where the frequency of the 

MDH variant was reasonably low (proportion of variant MDH phenotypes = 0.17); it 

is, therefore, most likely that its genotype was BB' (rather than BB). The 

progeny data indicating approximately equal numbers of homozygous and heterozygous 

individuals are consistent with this assumption. 

Inferences from variant data 

Data from each of the crosses described above are consistent with an 

assumption of Mendelian inheritance for the genes controlling the observed 

biochemical variants. This finding was expected and virtually eliminated the 

possibility that these variants could be artifacts reflecting different 

environmental stresses (although they may indirectly reflect environmental 

differences through processes of natural selection). The data also suggest 

that these variants do not vary in chinook salmon, coho salmon, sockeye salmon, 

nor in rainbow trout between the juvenile life history stage and time of spawning. 

The data give strong support for hypotheses of Mendelian inheritance for 

similar (probably homologous) variants of other salmonid species where family 

data have not yet been obtained. Such variants we have studied include~ LDH 

of sockeye salmon (Hodgins, Ames, and Utter, 1969), PGM of rainbow trout 

(Roberts, Wohnus, and Ohno, 1969; Utter and Hodgins, MS 1971), LDH variants of 

the B2 locus in chum salmon and coho salmon (Utter et al., in press), and MDH - --
variants in pink salmon (Utter ~ ~., in press). 
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Table 17 • ..observed and (in parentheses) expected MDB phenotypes of parents 

and progeDT in rainbow trout matings assuming Mendelian inheritance. 

Phenotypes of 
ProseS[ ~henot~es I!arents 

Lot B'B' BB' Male Female 

SH8 20 25 BB' B'B' 
(22 .. 5) (22.5) 

Controls 68 0 B'B' B'B' 
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It is now possible to extend use of these variants with increased 

confidence in their genetic nature. Their use in racial studies has been well 

documented (Utter et ~., in press) and will continue. Studies of possible 

genetic linkages in rainbow trout are in progress within our stocks. The 

variants also are potentially important in studying possible selective factors 

that influence their presence in different environments. An understanding of 

these factors may lead to a much clearer understanding of the significance of 

these biochemical genetic variants in populations. 
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PITUITARY GONADOTROPIC ACTIVITY AND OVARIAN ANTIGENS FOR PREDICTING AGE AT 

MATURITY OF HIGH SEAS SOCKEYE SALMON 

by William D. Gronlund, Harold O. Hodgins, and Ethel A. Blood 

Previous studies at the National Marine Fisheries Service (NMFS) laboratory in 

Seattle of a maturity-related lipoprotein (SM antigen) in female sockeye salmon 

blood (Ridgway, 1961; Hodgins and Utter, 1969) and of gonadotropic hormone (GH) 

activity in pituitary glands of sockeye and chum salmon (Gronlund, 1969; Gronlund 

and Hodgins, 1970) have demonstrated that both provide valid criteria for the 

identification of maturing fish taken at sea several months before spawning. For 

accurate forecasting of inshore runs from high-seas sampling, data on probable age at 

maturity of sockeye salmon taken at sea are essential. The possibility of detecting 

the onset of sexual maturity in sockeye during the year before spawning led us to 

investigate pituitary GH further and to investigate the relations between antigens 

in ovaries and the maturation process. 

Blood 8M antigen can be induced with estrogens (Ames, 1967) in immature male 

and female sockeye salmon j blood SM antigen can also be induced in immature female 

rainbow trout but not in immature female coho salmon with pituitary extracts 

(Gronlund, 1969). The antigen id detected in both the b10Qd and ovaries of 

maturing female salmon, and its "presence in blood of high seas sockeye salmon is 

consistent with known age-maturity data (Hodgins and Utter, 1969)0 The GH is 

detected in extracts of maturing sockeye salmon pituitary glands, and levels of 

activity--using gonad· weight augmentation bioassays--are consistent with other 

maturity criteria (Gronlund and Hodgins, 1970). 

Because of lack of sensitivity, the bioassay by gonad weight. augmentation used 

for GH was not applicable to individual pitui~ary glands from high seas ~ockeye, 

and a more sensitive test was needed if earlier maturity predictions were to be 

possible using GH as an indicator. 



Whereas SM antigen "is detectable in the ovaries of all high seas sockeye salmon 

with SM antigen in blood (SM+), some fish without detectable SM antigen in blood 

(SM-) did have detectable SM antigen in ovaries. To assess ovarian SM antigen as a 

maturity factor, we examined the relation between blood and gonad SM antigen. 

The purposes of the present studies were to: ' (1) examine ovarian and serum 

proteins from maturing sockeye salmon to determine how many ovarian constituents 

were detected by anti-SM sera and ,to make preliminary investigations of their 

physico-chemical properties for use in identification of their roles in the maturation 

process and (2) investigate a new GH assay procedure based on radioactive phosphorous 

(32p ) uptake by immature salmonid- testes. Using this method, we examined the 

GH activity of individual pituitary glands of high seas sockeye salmon. We also 

partially characterized the hormone as a first step in the development of immunochemical 

assay procedures, which are extremely sensitive and, can be used to quantitate GH 

activity in blood as well as in pituitaries. 

Experimental procedures 

Ovarian '.SM' antigen tests 

Salmon captured 'at sea on 1967-71 cruises of the R/V George B. Kelez were 

frozen whole and transported to the NMFS laboratory in Seattle. The fish were partially 

thawed and ovaries removed. Ovaries were either homogenized with phosphate buffered 

physiological saline in a glass hand homogenizer, in a mechanical homogenizer, 

or were cut in small pieces and crushed. All methods gave essentially the same 

results. The saline extracts were then tested for SM antigen using the 

immunodiffusion test that was used with blood (Ridgway, Klontz, and Matsumoto, 1962) 0 
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Ovarian 8M antigen purification 

Ovaries pooled from female sockeye salmon captured on the high seas and kept 

in frozen storage were processed by a modification of the method described by Wallace, 

Jared. and Eisen (1966) for separation and purification of phosvitin--a protein 

containing a high" percentage of phosphorous--from eggs of several vertebrate species 

including teleosts o As part of this process, a water-insoluble material which 

they called the "phosvitin-lipovitellin complex" is separatedo We previously found 

that protein material from mature salmon ovaries, serologically cross-reactive 

with serum SM antigen, is water insolubleo This insoluble egg material from salmon 

was, in some instances, used in our laboratory as the antigen for preparing high

titered anti-SI..f sera in rabbits and goats for use in salmon maturity predictiono 

Because of the claim by Wallace et!!:!.o (1966) that their method separated 

phosvitin-lipovitellin from other egg proteins and, subsequently, phosvitin from 

lipovitellin, it appeared to be a desirable method for separating egg proteins 

for further study. 

The initial separating procedure included homogenizing of the maturing salmon 

ovaries, filtering, centrifuging, and ultracentrifuging, in addition to 

precipitation by dilution and by use of neutral salts. Subsequent to this treatment, 

the separated fractions were further fractionated by column chromatography and 

acrylamide gel electrophoresis. A saline extract of sockeye salmon ovaries was 

also fractionated by column chromatography and used as a control. Molecular weight 

and molecular radius estimates were made with a standardized G200 Sephadex column 

(Andrews, 1965; Ryan, 1969) 0 Quanti tati ve estimates of SM antigen and related 

components were by radial" single immunodiffusion tests (Fahey and McKelvey, 1965), 

and qualitative studies of antigens were by a micro, double immunodiffusion assay 

(Ridgway et alo , 1962). Immunoelectrophoresis (a combination of acrylamide disc 

electrophoresis and"" immunodiffusion ) was used to further characterize egg and serum 

proteins. 
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Pituitary gonadotropic hormone (GH) bioassays 

Tv10 tests have been used to measure the gonadotropic activity of pituitary 

glands of salmono The bioassay by gonad weight augmentation in male rainbow trout 

(Schmidt ~~., 1965) was modified and used with coho salmon. An earlier report 

outlined the method and presented preliminary results (Gronlund and Hodgins, 1970) 0 

Because further testing showed this method was not suitable for use with individual 

pituitary glands, \.e tried an assay using 32p uptake by salmon gonads 0 

The method used is a modification of that developed by Breneman, Zeller, and 

Creek (1962) for bird gonadotropins, and a similar method was used by Burzawa-Gerard 

and Fontaine (1965) for testing carp gonadotropins in eels o 

Pituitary glands were collected from sockeye salmon in August and September 

of 1969 and 1970 on the RV George Bo Kelez south of Adak Island. Collections 

were made within 1 hour of death of the fish and the glands were stored in liquid 

nitrogen until usedo The following procedure was followed in assaying individual 

pituitary glands. Coho salmon (12-15 cm) were held at 15°C for 3 d~ys before 

testing and were not fed. Fish were injected with 1 microcurie of 32p subcutaneously 

at the posterior insertion of the dorsal fin. After 24 hours the saline extract of 

1 mg of pituitary was injected intraperitoneally. The fish were killed 24 hours 

after the pituitary injection; the gonads were removed, weighed, dried, and counted 

for radioactivity. The net gonadal uptake of 32p in counts per minute (CPM)/mg wet 

weight of gonad was compared to uptake in the saline injected control fish. A 

standard preparation of pituitary glands of spawning coho salmon was tested to 

determine dose response relation. 

The dose-response relation between log dose of pituitary from spawning coho 

salmon and response in radioactive phosphorous (32p) uptake by immature trout testes 

had a strong positive correlation (Figure 19). At doses of 0.1, 1.0, and 10 .0 mg, 

the responses respectively were 43, 62, and 83% higher than controls. The 1 .0-mg dose 
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was selected to test pituitary glands from high seas sockeye salmon as this dose 

allowed us to test each gland using 5-15 immature fish. 

Pi tuitar,y .GHcharacterization 

Using the bioassay by gonad weight augmentation and the production of SM 

antigen in rainbow trout as activity tests, attempts were made to partially purifY 

and characterize the gonadotropins to determine the number of factors involved 

and their relation to GH of other species. 

Male chinook salmon pituitaries from spawning fish were extracted with an 

equal volume of phosphate buffered physiological saline and clarified in a 

Beckman Model L preparative ultracentrifuge for 1 hour at 40,000 rpm at 4°c. 

A 2-ml sample of ·the supernatant fluid was chromatographed on a G-75 Sephadex 

column ~ and 5-ml fractions of the eluate were- assayed in immature rainbow trout . 

The gonad weight increase produced in males · and the SM antigen production in 

females were used to identifY the most active fractions. Using the method of 

Andrews (1965), the molecular weight of the active factor was estimated. 

Antigens in ovaries and the maturation process 

Two different antigens were detected by anti-SM a.era i5 sockeye s-a.lll1on ovaries. 

One antigen was serologically identical with serum SM antigen (Fig. 20 ); the 

other antigen (Antigen X) 'detected in gonads (Fig. 21) 

was serologically distinct from 8M antigen--it was not detected in serum. 

Immunoelectrophoresis with anti-SM. sera tested against water insoluble
j 

(NH4)2S04 precipitable material from sockeye ovaries also demonstrated two 

antigens (Fig. 22>. One of these antigens " for the most part migrated rapidly 

toward the positive pole of the electric field although traces of it were 

detectable throughout the geL The other antigen, which was serologically 

. identical with ·SM antigen, ' may be of ! ' (1) two different net molecular charges 

and/or (2) two different sizes as indicated by one set of molecules remaining 
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4 

Figure 20.--Immunodiffllsion comparison of semi-purified SM antigen 
from sockeye salmon eggs with serum 8M antigen. 

Positions 2 and 5: Antigen purified by proce~ure for lipovitellin 
which included ultracentrif'ugation; dilution, .precipitation with 
(NH4)2S04, and gel filtration. 
Positions 3 and 6: Antigen purified as above"except using preparative 
disc electrophoresis instead of gel filtratio~. 
Positions 1 and 4: Pool of sera from maturing high seas sockeye salmon 
females. 
Center: Anti-SM antigen sera. 

(All of the positions referred to above are w~lls cut in agar and 
the test is immunodiffusion or the Ouchterlony test). 
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Figure 2l.--Immunodi~fUsion comparison o~ antigen X ~rom sockeye 
salmon eggs with serum SM antigen. 
Position 2: Antigen puri~ied by procedl.U'e ~or phosvitin which 
included ultracentrif'ugation" dilution, 'treatment wit,h (NH4J2S04 
and ge\ ~iltration. 
Positions 3 and 6: Antigen puri~ied as above except using 
preparative disc electrophoresis instead- o~ gel ~iltration. 
Position 5: Same as in Position 2 except another gel ~iltration 
run. 
Positions 1 and 4: Pool o~ sera ~rom matl.U'ing high seas sockeye 
~emales. 

Center: Anti-SM antigen ~era. 

(Test'and conditions are same as described ~or Figure 20). 
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in the sample gel at the negative electrode while another set migrated slowly in 

the separating gel column toward the positive electrode. 

Molecular' weight -estimates demonstrated that serum 8M antigen and ovarian 

8M antigen were not identical molecules (Fig. 23 and Table 18 ) 0 Ovarian 8M antigen 

appears to be about one-half the weight of serum 8M antigeno The other 

ovarian antigen (Antigen X) detected by anti-8M sera is much smaller and its 

relation to maturation is not known o It is not clear that it is phosvitin 

because it was not detected in serum, and 8M antigen in serum is presumed to 

represent a complex of phosvitin and lipovitellin (Wallace and Dumont, 1968)0 An 

altemati ve explanation is that the antigenic sites on the phosvitin molecule 

are blocked or inhibited in the serum phosvitin-lipovitellin complexo In that case, 

ovarian Antigen X could be phosvitin or more likely a dimeric form, as we found 

Antigen X to have a molecular weight of about 39,000 whereas phosvitin from chum 

salmon roe has been reported to have a molecular weight of 19,000 (Mano and 

Yoshida, 1969)0 

Data were analyzed for correlations between gross maturity characters 

(ocean age, body length, body weight, gonad weight) of high seas female sockeye s3.lInon 

and: (1) 8M antigen in both blood and gonads; or (2) 8M antigen not in blood but 

present in gonads; or (3) no 8M antigen in either blood or gonadso We found 

that, without exception, in a total of 215 high seas sockeye (129 age 02 and 

86 age 03) that if 8M antigen was present in blood, it was detected in ovaries o 

Conversely, fish without 8M antigen in ovaries were never found with 8M antigen 

in bloodo 80me fish without 8M antigen in blood did have 8M antigen in ovaries, 

however 0 Comparisons between the different 8M antigen groups and gross maturity 

characters showed that the group with 8M- blood (no 8M antigen) and 8M+ ovaries 

(detectable 8M antigen) were intermediate in other maturity-related characteristics 

between the 'other' 8M groups 0 This is illustrated in Figure 24 which presents a 
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Table 18 0 -Molecular weight and Stokes radius estimates of antigens detected by 

anti-SM antigen serao 

Antigen 

Serum SM 

Ovarian 8M 

Antigen X 
(Ovary ) 

Estimated 
molecular weight 

620,000 

330,000 

39,000 

Estimated Stokes 
fmolecular) 
radius cA) 

70 0 9 

5102 
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comparison of gonad weight/body length ratios for the three SM-antigen groups. 

Gonadotropic activity of pituitary glands 

(;. 
Activity of .individual glands from high seas sockeye salmon 

Of the 16 pituitary glands tested from sockeye salmon collected in late 

summer, two definitely lacked biologically significant gonadotropic activity 

(Table 19). Both fish were of .1 ocean age, some of which would not mature the 

following year. Of the .2 fish, 7 of 10 had substantial gonadotropic activity 

and the remaining 3 fish had moderate activity. As to the 4-year old fish, the 

higher activities were found in pituitaries from females, which suggests an 

earlier initiation of maturation than in males. On the basis of these tests, 

90 to 100% of 02 fish were maturing and 67% of the 01 fish were maturingg 

Characterization of gonadotropic factor of spawning chinook salmon 

The optical density profile of the pituitary extract of spawning chinook 

salmon after column chromatography on G-75 8ephadex and the results of the 

bioassays for gonadotropic activities are shown in Fig. 25. The most active 

gonadotropic fraction is not coincident with any of the three major protein 

peaks (at about 100, 125, and 160 ml) and thus can be assumed to be a minority 

component of the pituitary gland proteins. The same fraction induced the highest 

frequency of 8M antigen in blood of female trout and the greatest testis weight 

increase in male trout. Proteins eluted on this column at this position have an 

estimated molecular weight of 42,000. 
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Table 190--Catch and biological data and results of 32p bioassay for gonadotropic 

activity of individual pituitary glands from high seas sockeye salmono 

Gonad Pituitary 
Date Fork • weight B1001 gonadotrop~7 

caught A6e length Weight Sex (g) sMb activity -
% 

8/25/70 202 535 2010 M 008 129 

8/25/70 2.2 463 1024 F 7.1 128 

8/25/70 202 515 1083 M 009 73 

8/25/70 202 531 1.84 F 1200 - 72 

9/11/69 1.2 520 10 53 F 1209 + 108 

8/25/70 102 518 1087 F 14.4 93 

8/25/70 102 491 1061 M :1:- 001 77 

9/11/69 1.2 509 rmY M NDl! 37 

9/11/69 102 508 1057 M ~001 33 

8/25/70 102 467 1043 M S 001 27 

8/21/70 201 354 050 F 103 65 

8/21/70 201 371 057 F 209 53 

8/21/70 2.1 342 047 M L 0 0 1 30 

8/21/70 201 381 056 M <:. 0.1 0 

9/11/69 1.1 387 .67 M ~ 0 0 1 32 

8/21/70 1.1 279 028 M L. 0 0 1 3 

1/ (+) = SM antigen detected; (-) = no SM antigen detectedo 

2/ Expressed as percentage of activity above saline-injected controls o 

11 ND = Not determined. 
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Potential usefulness for predicting age at maturity 

Several of the new findings presented in this report are potentially useful 

for predicting age at maturity of high seas sockeye salmon", Among these is the 

. discovery that · blood aner ovarian 8M antigens 1tere serologically identical but 

physico-chemically different molecules o Elucidation of the nature and the control 

of conversion of serum SM antigen to ovarian 8M antigen could greatly aid 

prediction of maturation of high seas fish, particularly if definitive information 

were provided on the maturity status of fish without detectable serum SM antigen 

but with ovarian SM antigeno 

The much smaller antigen, termed Antigen X, was detected only in gonads o 

The relation of this antigen to the process of maturation has not been determined, 

but it may also be useful in maturity schedule prediction o 

The results from high seas samples of sockeye salmon pituitary glands are 

still preliminary, partly because of the limited number of samples tested thus 

faro Although provisional, these results do suggest that the onset of maturity 

may be detected in late summer of the year before spawning by measuring pituitary 

gonadotropic act ivity 0 In tests of pituitaries run 2 months after those above and 

using the same stock of immature coho 'salmon and the 32p method, however, 

phosphate uptake increased in testes of saline-injected control fisho The fish 

were older and larger than when the first tests were run and apparently this 

indicated a seasonal or size related change in their physiology, Which resulted 

in the production of endogenous gonadotropin (GH) and made further testing with 

this stock useless 0 The nature of this method (32p ) requires either a group of 

completely immature fish that do not produce pituitary gonadotropic hormones or 

fish with the pituitary gland removed (surgically hypophysectomized}o To insure 

reliability of the' bioassay, the most desirable approach is apparently the secondo 
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At present, tests of pituitary glands of high seas salmon have been suspended 

while surgical methods of removing pituitaries · from small coho salmon are being 

investigatedo Although there are no published reports in the literature on 

hypophysectomy of salmon, other fish speci~s have been successfully so treated, 

and it appears that these methods can be adapted to salmono 

The 32p testing before the apparent physiological change in the test fish 

indicates that this method has promise as a useful bioass~ for salmon 

gonadotropins 0 Compared to the gonad weight augmentation method, this approach 

is~ (1) much more sensitive; (2) more rapid (2 to 3 days vSo 2 weeks); and 

(3) does not require multiple hormone injectionso 

The characterization via column chromatography of salmon GH is an important 

first step in the purification and isolation of the gonadotropic hormone (or 

hormones) 0 Purified hormone is necessary for developing immunochemical methods 

capable of measuring circulating hormone levels o This type of measurement is 

needed for understanding the kinetics of GH production in the pituitary and its 

release to the blood and understanding the nature and timing of subsequent 

maturation processeso 
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VIABILITY OF ADULT SOCKEYE SALMON THAT DISENTANGLE FTIOM GILLHETS 

Richard B. Thompson and Charles J. Hunter 

Research on the survival of adult, maturing sockeye salmon exposed to and 

enmeshed in gillnets was continued in 1970 in Puget Sound, Wash. Emphasis was on 

determination of mortality among those fish that had been enmeshed in gillnets 

and, by means of their own escape efforts, had become disentangled (dropouts). 

A significant difference was found between mortalities in 1968 and 1969 in the 

control groups of fish (Thompson, Hunter, and Patten, in press; Hunter, Patten, and 

Thompson, MS 1971)--assumed to have been caused by infection of experimental fish 

with Vibrio in 1969. This led to continuation of the study through 1970. 

The sources of adult sockeye salmon, the experimental design, and the 

procedures '\oTere the s arne as in previous years (Thompson et !:!.., in pres s ). The 

major experimental groups of fish, test and control, were treated essentially the 

same; the only exception was the exposure of the test fish to gillnets of 

monofilament and multifilament nylon . Following each test, fish in the control 

group and the test fish surviving their entanglement in the gillnets were held for 

observation and determination of survival in a floating enclosure, described by 

Hunter and Farr (1970) . 

The numbers of fish and type of gillnet in each treatment category are shown 

in Table 20 • Approximately 30% of the fish were controls. Test fish were exposed 

to a 5-1/1~-inch multifilament gillnet in 1968 and to 5-inch multifilament and 

monofilament gillnets in 1969 and 1970 . 
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Table 20 • --Numbers of fish in the control groups; types of gillnets fished; 

numbers of fish in the test groups exposed to the gillnets; and numbers and percentages 

of fish that became enmeshed in the nets and that became disentangled from the nets 0 

TyEe of f!iillnet Test fish 
Control Mesh Number Exposed fish that Enmeshed fish that 
fish size 1-1aterial exposed became enmeshed became clisentan~le 

Year (number ) (inches) (nylon) to gillnet Number Percentage Number Percentage 

1968 68 5-1/4 Multifilament 171 146 8504 70 4709 

1969 128 5 Multifilament 137 123 8908 53 4301 
5 Monofilament 131 125 9504 62 4906 

1970 171 5 Multifilament 225 144 6400 61 4204 
5 Monofilament 215 155 7201 89 5704 

Totals Multifilament 533 413 7705 184 4406 
Totals Monofilament 346 280 8009 151 5309 

Totals 879 693 7808 335 4803 
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Enmeshed test fish 

The numbers and percentage of test fish that were enmeshed are shown in 

Table 20 0 There were no significant differences in percentages of exposed fish 

that became enmeshed in 1968 and 1969, but t~e percentages of exposed fish caught in 

the multifilament nets were smaller in 1970 than in 1968 and 19690 Examination of 

the length-frequency curves of the fishes indicated that on the average 

experimental fish were larger in 1970 than in 1968 and 1969, and the larger fish 

were caught less efficiently than the smaller fish. 

The average percentage of test fish that became enmeshed during the 3-year 

study was similar between multifilament and monofilament gillnets--78% for the 

multifilament gillnet and 81% for the monfilamento 

Enmeshed fish that became disentangled 

About half of the enmeshed fish escaped from entanglement, that is, dropped 

out 0 The percentages that became disentangled from the monofilament gillnet 

were larger than the percentages that became disentangled from the multifilament 

gillnets (Table 20) 0 The percentage of salmon that escaped from the monofilament 

net was about 7% higher than from the multifilament net in 1969 and 'fas 15% higher 

in 1970 0 French ~ alo (in press), in a study of the dropout of sockeye salmon from 

gillnets on the high seas, found that the percentage of salmon lost from monofilament 

nets was about twice that from multifilament nets in both 1968 and 19690 Thus, 

results from their studies are in general agreement with our findings, but the 

difference in percentages of fish becoming unmeshed from monofilament and 

multifilament nets was greater in the high seas study. 
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Mortality among experimental sroups of fish 

Mortalities of the different groups of fish are shown in Figures 26, 27, and 28 

for 1968, 1969, and 1970, respectivelyo Included in Figure 26 is a mortality curve 

for fish from which all ~Qa.les ~nterior to the dorsal fin were removed; even these 

fish, on the average, lived longer than those that escaped from the gillnetso 

In all years, the mortality of fish that escaped the nets was greater than 

the mortality of other groups of fisho In 1969 and 1970, when multi-

and monofilament nets were fished, the mortality of fish that escaped from the 

multifilament nets was slightly greater than the mortality of fish that escaped 

from the monofilament nets 0 

Figure 29 shows the mortality of the control groups for the 3 years; the 

fish in 1969 had a much higher mortality than in 1968 or 19700 Examination of some 

carcasses in 1969 disclosed that infection by the marine bacterium Vibrio 

anguillarum probably caused this unusual mortality (not 1 sockeye of the more than 

100 examined in 1970 was infected \OTi th Vibrio) 0 The 1969 data on mort ali ty were 

deleted from the overall averaging of data among years because of the 101, survival 

rate of the Vibrio-infected experimental fish. 

Average cumulative mortalities of the 1968 and 1970 test and control fish are 

shown in Figure 30. The mortality curve for fish taken by monofilament net is 

from the 1970 data only because the data from 1969--the only other year that the 

monofilament material "'as used--were deletedo The mortality depicted in Figure 30 

shows that under our experimental conditions (collecting the fish near the floating 

enclosure, exposing them to gillnets during an overnight fishing period, and holding 

the test and control fish in the enclosure until death) the unmeshed group of fish had 

approximately a four-times greater mort ali ty than the control group--fish that 

',ere collected and treated identically except that they were not exposed to the 

gillnetso 
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It should be noted that the mortality curves for the surviving test fish 

rise rapidly to about the sixth d~ and then slope very gradually upward, this continues 

through and beyond the 20-day period shown in Figures 26 through 30. 

This gradual mortality following the initial rapid rise held steady to the end of 

the observation period, when most of the surviving fish were probably dying from 

the effects of sexual maturation and retention in salt water. This suggests that 

the majority of the fish in the unmeshed group that died from the effects of the 

gillnets died within the first 6 days of the study. In some high seas and inshore 

fisheries, however, predation by large fishes or marine mammals could increase the 

mortality of fish that escape from gillnets--as well as upon fish in the nets. 

The fish in our study ,.ere contained in the net enclosure and were thus protected 

from any possible predation. 

The results of the descaling ~tudy in 1968 suggest that the physical 

injuries that were visible were not the only damage sustained by the fish in the 

nets. Physiological stress caused by their efforts to escape was a likely 

contributor to mortality. This type of stress was not identified nor measured 

in this study but should be a subject for future research. It seems likely that 

there could be a "panic" factor involved. Since emergence from the gravel some 3 or 

4 years previouslYj these fish had been surrounded by a supporting medium, had little 

contact with anything but this medium, and had not in any w~ been forcefully held or 

constrained. It may well be that the neurophysiological shock resulting from such 

constraint ,.as the primary element causing the high mortality of test fish in our 

studies in Puget Sound. 
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SCALE STUDIES TO DETERMINE AREA 

OF ORIGIN OF IMMATURE SOCKEYE SALMON 

by John LaLanne 

Since 1969 the primary objective of studies with scales of sockeye salmon has 

been to provide information -on the origin of immature fish in offshore waters. 'Phis 

information is essential for fishery ' scientists ' attempting' to assess the effects of 

high seas fishing on stocks, generate forecasts of runs in subsequent years, develop 

direct estimates of ocean growth and mortality, or relate oceanic environmental 

conditions to the ocean life history of the stocks. 

Direct and indirect evidence on the natal origin of immature sockeye taken in 

the Bering Sea and in many regions of the North Pacific Ocean is limited. Some 

direct evidence based on high seas sampling in spring and summer is available from 

tagging (Canadian Section, International North Pacific Fisheries Commission, 1971) 

and parasitological studies (Margolis, 1963). The results are summarized in 

Figure 311. Only immatures from Asia and western Alaska have been found in the 

Bering Sea and west of 1700 E in the North Pacific Ocean. Individuals from most of 

the major stocks of Asia and North America have been detected in the North Pacific 

Ocean between 175°E and 170oW, and only immatures from North America have been 

found east of-170oW. 

Indirect evidence 'is ' available from scale studies by Mason (1967). He used 

scale characters in a discriminant function analysis to determine the proportion of 

immature sockeye of Bristol B~ origin in high seas samples. 

Mason's samples were taken from June to September in the North Pacific Ocean 

between 163°E and 1540W in 1962 and south of the Aleutian Islands to about 50 0 N and 

near l620W and 176°w in 1963. The results for 1962 showed high relative abundance 

of immature sockeye of the Bristol Bay type between 175°E and 165°W with a decline 

east of 1650W and west of 175°E. In 1963 the' relative abundance was higher at 176°w 

than at 1620W and the proportions of Bristol B~ fish reached a peak in July at both 

longitudes. 
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This report summarizes the results of classifying by area of origin, the 

samples of immature sockeye of age .1 (1 winter at sea) collected in 1964 from the 

North Pacific Ocean and age .2 (2 winters at sea) collected in 1965 from the North 

Pacific Ocean and Bering Sea. The method of determining origin employs three scale 

characters in a multivariate analysis. Differences among inshore reference samples 

are first depicted on two-dimensional graphs; samples of immatures taken at sea are 

then plotted on the graphs and classified by area of origin based on their proximity 

to reference areas. 

Experimental procedures 

Sampling 

Nearly all of the surviving immature fish of age .1 of 1964 and age 02 of 

1965 returned inshore as maturing fish of age .2 in 1965 and age .3 in 1966 0 Samples 

of these maturing fish (Table 21)were collected from the major sockeye producing 

areas of Asia and North America. Samples from the Ozernaya and Kamchatka Rivers, 

the major sockeye producers in Asia, and from the Bolshaya River, a minor contributor, 

were available and used as standards in 1966. The Asian standards of 1965 are samples 

from Japanese mothership catches from off the east coast of the Kamchatka Peninsula. 

Similar samples collected in 1966 are used for reference samples and for ~omparisons 

with Asian stream samples to determine the adequacy of high seas samples for use as 

Asian standards. To lessen the chance that North American fish are in the samples i 

only maturing sockeye collected after June 14 and west of near 1700 E are used as Asian 

standards. These restrictions are based on the distribution, rates of migration, and 

timing of the runs of maturing sockeye of North American origin as described in INPFC 

Annual Reports for 1956-67. 
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Table 21.-Samp1ing information and generalized variance of reference samples of 

sockeye salmon of age 02 collected in 1965 and of age 03 collected in 1966, 

North America and Asiao 

Year and Samp1inSj 
sample Area Date No o of Generalized 
number fish variance/100!! 

1965 (age 02) 
Bristol Bay 

1 Naknek Ro 1/6 188 28 
2 Branch Ro 1/8 31 56 
3 Branch Ro 1/9 61 22 
4 Wood R, 1/8 100 45 
5 Kvichak Ro 1/10 361 28 
6 Egegik Ro 1/10 306 21 
1 Ugashik Ro 1/15 343 30 

Central Alaska 
8 Karluk Ro 1/31 226 35 
9 Karluk Ro 8/1 41 30 
10 Cook Inlet 1/19 101 20 
11 Copper Ro 5/30,6/3 61 23 

SoEo Alaska 
12 Stikine Re 1/4 21 11 

British Columbia 
13 Nass Ro 8/2 52 56 
14 Skeena R. 1/21 60 65 
15 Rivers Inlet 1/28 109 163 
16 Fraser Ro 8/2 101 39 

Off Kamchatka 
11 500 N 111°E 6/15-6/21 66 166 
18 500 N 1100 E 1/11-1/26 145 151 
19 52°N 1100 E 6/15-6/20 43 119 
20 52°N 1100 E 1/1-1/15 102 55 
21 500 N 1100 E 6/15-6/21 63 188 
22 500 N 169°E 6/15-6/19 42 46 
23 52°1'1 169°E 6/15-6/18 40 62 
24 52°N 1100 E 6/15-6/18 21 139 
25 51°N 1100 E 6/15-6/11 31 108 
26 51°N 169°E 6/24-6/30 96 81 
21 52°N 1100 E 1/4-1/12 104 111 
28 52°N 169°E 1/1-1/5 52 11 

1966 (age 03) 
Bristol Bay 

29 Branch Re 1/9 44 15 
30 Branch Re 1/10 138 51 
31 Naknek Ro 1/1 115 64 
32 Naknek Re 1/8 153 21 
33 Egegik Ro 1/10 28 25 
34 Egegik Ro 1/11 11 11 
35 Wood Re 1/6 20 40 
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Table 21--Sampling information and generalized variance of reference samples of 

sockeye salmon of age 02 collected in 1965 and of age 03 collected in 1966, 

North America and Asiao--Cont o 

Year and Sanrplins 
sample Area Date No o of Generalized 
number fish variance/lOO!! 

36 Wood Ro 7/6 179 78 
37 Ugashik Ro 7/14 126 51 
38 Ugashik Ro 7/15 137 46 
39 Kvichak Ro 7/7 265 19 

Central Alaska 
40 Chignik Lagoon 6/12 28 48 
41 Chignik Lagoon 6/22 35 32 
42 Chignik Lagoon 6/30 64 58 
43 Chignik Lagoon 7/2 59 26 
44 Chignik Lagoon 7/20 72 56 
45 Chignik Lagoon 8/8 90 151 
46 Karluk Ro 6/15 28 66 
47 Karluk Ro 6/23 23 11 
48 Karluk Ro 6/27 29 21 
49 Kenai Ro 7/21 87 38 
50 Kenai Ro 7/23 100 36 
51 Kasilof Ro 7/16 31 18 
52 Copper Ro 8/ ... 86 57 

SoEo Alaska 
53 Yakutat 7/13 71 45 
54 Stikine Ro 6/20 53 27 
55 Stikine Ro 6/22 44 42 

British Columbia 
56 Nass Ro 8/13 32 83 
57 Skeena Ro 7/25 34 38 
58 Rivers Inlet 7/17 36 59 
59 Fraser Ro 7/26 16 32 

Kamchatka 
Peninsula 

60 Kamchatka R 0 6/14 88 98 
61 Kamchatka Ro 6/19 80 69 
62 Kamchatka Ro 6/24 88 150 
63 Kamchatka Ro 6/30 60 80 
64 Kamchatka R 0 7/12 84 83 
65 Kamchatka Ro 7/23 51 199 
66 Ozernaya Ro 7/22 27 112 
67 Ozernaya R. 9/6 38 85 
68 Ozernaya Ro 9/23 52 124 
69 Bolshaya Ro 7/19 83 89 
70 Bolshaya Ro 7/27 84 88 
71 Bolshaya Ro. 8/4 84 102 

Ofr Kamchatka 
72 49°N 167°E 6/23 16 114 
73 49°N 168°E 6/24 14 28 
74 49°N 167°E 6/25 18 31 
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Table 21--Samp1ing information and generalized variance of reference samples of 

sockeye salmon of age 02 collected in 1965 and of age 03 collected in 1966, 

north America and Asiao--Cont 0 

Year and Samp1ins 
sample Area Date no o of Generalized 
number fish var1ance/1001l 

75 49°N 168°E 6/26 14 48 
76 52°N 166°E 6/28 15 20 
77 52°N 164°E 6/30 19 129 
78 51 oN 168°E 6/21 16 120 
79 500 N 169°E 6/23 22 211 
80 52°N 168°E 6/27 15 275 
81 53°N 167°E 6/28 15 398 
82 49°N 163°E 6/20 16 50 
83 49°N 166°E 6/23 16 55 
84 500 N 167°E 6/24 22 165 
85 51°N 167°E 6/25 16 165 
86 52°N 166°E 6/26 17 135 
87 53°N 166°E 6/27 15 34 
88 52°N 166°E 6/28 15 88 
89 52°N 167°E 6/29 18 215 
90 500 N 169°E 6/16 21 66 
91 500 N 169°E 6/17 17 212 
92 49°N 169°E 6/18 19 21 
93 48°N 169°E 6/19 17 122 
94 49°N 1700 E 6/24 19 70 
95 500 N 167°E 6/25 15 64 
96 52°N 166°E 6/27 19 106 
97 52°N 164°E 6/28 20 119 
98 53°N 163°E 6/29 25 117 

1/ See section on statistical methods o 
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The high seas samples of immature sockeye are from catches of Japanese 

motherships and of United States and Canadian research vessels o Gillnets, longlines, 

and purse seines were used in the fishing o Usually all individuals in a sample were 

used, but occasionally, subsamples were taken of the larger catches. 

Collection of scale data 

The following three scale characters of the first ocean zone, first used by 

Anas (1962), were used~ 

10 The circulus count within the first half of the first ocean zone 

multiplied by 100 

20 The distance between circuli 1 and 6 of the first ocean zone o 

30 The distance between circuli 13 and 18 of the first ocean zoneo 

The description of the techniques of scale collection and scale reading are 

given in detail by Anas and Murai (1969)0 They found that differences in year class, 

age, and body location of the scale contributed significant variability to the three 

scale characterso 

In the present study, all scales except those from fish in the 1966 samples from 

the Asian rivers were from the preferred body location, which is two rows above the 

lateral line on the diagonal scale column that extends downward from the posterior 

insertion of the dorsal fino The body location of the scales collected from the fish 

of the Asian rivers is not knowno Year classes and age groups are pooled so the effect 

of these sources are included in the total variation in the analysis presentedo 

Age and maturity methods 

Readers thoroughly trained in the interpretation of scales of sockeye salmon made 

the age determinationso Average agreement on ocean age among readers of scales is 

about 95%0 All fish of age 01 are assumed to be immature because few sockeye spawn 

after only 1 year at seao Most age 03 sockeye mature in the year of capture. The 
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maturity of age 02 fish was usually determined by scientists of the agencies that 

supplied the samples. These methods are based on the seasonal changes in gonad 

weight, and the conclusions among the methods are similar Q When gonad weights were 

not available, the chief factors for the determination of maturity were the fish 

length and the date and location of capture. For all of the methods, the error is 

greatest for samples taken early in the season when late maturing fish tend to be 

classified as immature e 

Statistical methods 

A canonical analysis (Rao, 1952, p. 364-370) is used in which the values of the 

three scale characters of individuals in the reference samples are used to construct 

a set of three linear functions of the characters. The first function absorbs most 

of the variation among the samples, the second absorbs most of the remaining 

variation, and the third accounts for the remainder. One advantage of the method is 

that it often leads to a reduction in the number of dimensions needed to depict 

differences among samples. Before the functions are' calculated, the standard 

procedure is to test the significance of the overall separation among samples (Rao, 

1952, po 262). 

The procedure for classifying samples of immature sockeye is as followsg 

I. The differences among reference samples is shown in multidimensional 

charts with the mean values of the functions (Y values) as coordinate 

axes 0 

2~ The Y values calculated for samples of immature sockeye are plotted on 

the charts. The most likely area of origin is determined by the 

position of the sample points with respect to those of inshore 

reference areas. The generalized variance (GV), which is the 

determinant of the sample variance-covariance matrix j is used to 

distinguish among high seas samples composed of fish of a single stock 
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or mixed stocks o Ninety percent of the 48 stream samples taken in 1965 

and 1966 have a GV/100 of less than 90 with a range of from 11 to 199 

(Table 21) , 

As a rough guideline, high seas samples with variances of 90 or less are considered to 

be COPlPosed of fish with similar scale -counts and measurements and are mos-t likely 

from a single stock but could contain mixtures of stocks with similar scale counts 

and measurementso Those with values greater than 90 contain fish with dissimilar 

scale counts and measurements; they are considered to be mixed stockso 

Classification of immature sockeye of age 01, 1964 

Relations among reference samples 

The age 01 immature sockeye collected in 1964 are compared to inshore reference 

samples (Table 21) of age 02 fish collected 1n 1965 and age 03 fish collected in 1966 0 

The test of the overall differences among reference samples with respect to the 

three scale characters was significant (X2 = 11426, P< 00001)0 Three linear functions 

were ca1culatedo The sum of the latent roots -associated with the three functions is 

a measure of the total variation among samples, and the relative sizes of the 

individual roots illustrate the degree to which the associated functions distinguish 

among samp1es o The values of the three roots are 14003, 7405, and 14090 The first two 

functions account for 93% of the total variation and are judged to adequately depict 

group differenceso The Y1 and Y2 values of the reference samples as derived from the 

two functions are plotted in Figure 320 The Y1 and Y2 values are not given here for 

they can be deduced from Figure 32 0 The approximate'90% confidence limits in the 

(Y1 , Y2) plane for points derived from the means of samples of size N is a circle 

of radius 1 0645/s-1fo In the calculation of the functions and Y values, the samples 

are given equal weight regardless of sample sizeo As an aid to interpret differences 

among sample points, the 90% confidence interval for a sample of size 30 is a circle 

with a radius of 0 03 unit. 
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Four major clusters are outlined in Figure 32. The boundary between the 

Ozernaya-Bolsh~a River cluster and the central Alaska-Kamchatka River cluster is ror 

convenience and does not imply that there are signiricant dirferences among the 

samples near the boundary. In the first dimension (Y ), the samples from North 
1 

American stocks are ordered in a north-south gradient with respect to the geographical 

source of the samples. The samples from Bristol Bay streams, the most northerly 

stocks sampled, are positioned at the left area of the chart; the samples from central 

Alaska are located at the lower center; and the samples from southeastern Alaska and 

British Columbia are at the right. Samples from central Alaska have characteristics 

similar to those rrom the Kamchatka River. The Ozernaya-Bolshaya River and Kamchatka 

River stocks difrer mainly in the Y dimension. Sample 68 taken from the Ozernaya 
2 

river on September 23, 1966, is different from samples 66 and 67 collected on July 22 

and September 6. Some of the samples taken off Kamchatka are similar to sample 68 

and others are clustered about samples 66 and 67. This suggests that at least t1-lO 

groups with different scale characteristics occur in the Ozernaya system. Most 

of the samples taken off Kamchatka (which w'ere collected after mid-June) do not 

resemble the Kamchatka River samples (60-65) 0 This is to be expected because most 

maturing sockeye from the Kamchatka River would have left the high seas by mid-June. 

The upstream migration peaks from mid-June to early July, about 2 months earlier than 

the Ozernaya River run (Krogius and Krokhin, 1956). 

Classifi-cation of high seas samples--North Pacific Ocean 

The samples of age .1 sockeye collected near 50oN-51oN and 173°E in late 

September and early Oct.ober, (Table 22 ) are plotted on a chart (Fig . 33 ) upon which 

the four clusters of reference samples shown in Figure 32 are outlined. The six 

samples are of the Bristol Bay type. The 22 samples taken in late JQ~e, July, 

early August, and early September near 51 oN, 176°'., (Table 22 " Fig. 34 ) 
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Table 22_-Samp1ing information (date and location of capture) and generalized 

variance of immature sockeye salmon of 88e 01 from U.S. research vessel catches 

of 1964 in the North Pacific Oceano Samples are plotted in Figures33 and 34 , 

Figure and 
sample Sa.m;elinS area No o of Generalized 
number Date Latitude Longitude fish variance/100 

Figure 33 
1 9/27 51°10'N 173°00'E 24 113 
2 9/29 500 10'N 173°00'E 63 58 
3 9/29 500 12'N 173°04'E 37 59 
4 9/30 500 10'N 173°00'E 97 39 
5 10/2 500 10'N 173°00'E 147 96 
6 10/11 500 10'N 173°00'E 49 27 

Figure 34 
1 6/27 51°35'N 176°26'w 47 173 
2 6/29 51°22'N 176°23'W 41 121 
3 6/29 51°25'N 176°14'w 31 149 
4 7/5 51°32'N 176°22'W 74 22 
5 7/9 51°36'N 176°37'W 86 17 
6 7/9 51°33'N 176°17'W 16 19 
7 7/14 51°34'N 176°20'W 21 25 
8 7/14 51°28'N 176°26'w 61 49 
9 7/17 510 38'N 176°22'W 44 10 

10 7/17 51°34'N 176°27'W 45 35 
11 7/17 51°35'N 176°30'W 35 28 
12 7/19 51°38'N 176°22'W 38 19 
13 7/20 51°34'N 176°20 QW 85 34 
14 7/24 51°25'N 176°23'W 81 63 
15 7/30 51°31'N 176°18'W 81 96 
16 8/3 51°35'N 176°24'W 37 36 
17 8/4 51°34'N 176°20'W 20 31 
18 8/11 51°25'N 176°23'W 86 74 
19 8/12 51°30'N 176°19'W 34 III 
20 8/12 51°17'N 176°23'W 86 62 
21 9/2 51°33'N 176°18'w 31 54 
22 9/5 51°33'N 176°18'W 44 52 
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Figure 33.--Qutlines of clusters of 1965 and 1966 reference samples (see Fig. 32) 

and plots of Yl and Y2 values of 1964 samples (see Table 22) of immature 

sockeye of age .le Samples composed of fish of a single stock ( 0 ) and 

mixed stock ( • ) taken between 50 0 N and 51 QN at ,'173 °E i~ late September 

and early October. 
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Fig. 32) and plots of Yl and Y2 values of 1964 samples (see Table 22) 

of immature sockeye of age .1. Samples. composed of fish of a single 
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stock ( 0 ) and mixed stocks ( • ) taken near 51 oN, 176°w from late June 

to early September. 
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are nearly all of the Bristol Bay type. Samples 1 and 3 taken in late June, 

samples 19 and 20 taken on August 12, and samples 21 and 22 collected in early 

September are less similar to the Bristol Bay type than the others. The location on 

Figure 34 and relatively small GV /100 (54) of sample 21 suggests it may contain fish 

from an area not represented in the inshore reference sampling. Host of tp,e 22 samples 

are from purse seine catches made by the Fisheries Research Institute of the University 

of Washington. Immature sockeye from the June-August catches were tagged and released, 

and 95% of the inshore recoveries were from Bristol Bay streams (Fisheries Research 

Board of Canada, no date). The tagging results and the results in Figure 34 suggest 

that in 1964, a year preceding very large runs to the Bay (49 million age 02 in 

1965; 13 million age .3 in 1966), the age .1 sockeye near 5loN, l76°w from late 

June to early September were mostly of the Bristol Bay type. 

Classification of immature sockeye of age .2, 1965 

Relation among reference samples 

For the classification of age .2 immature sockeye of 1965, the inshore reference 

samples of age 03 fish of 1966 (Table 21) were used in the canonical analysis. There 
2 

is a significant difference among the group means (X = 6208, P 0.001). The roots 

associated with the three functions are 82.2, 55.2, and 11.6. The first two 

functions account for 92% of the total variation among the ~roups. The group mean 

values for the first two functions are plotted in Figure 35. The results are similar 

to those of Figure 32--four main clusters are outlined. 

Classification of high seas samples--North Pacific Ocean 

Samples of age .2 immature sockeye collected in late June and in July between 

50oN-54°N and 163°E-170oE (Table 23) are plotted in Figure 36 0 Most of the 18 samples 

are of the Ozernaya River type. Samples 1-3 collected near 169°E-170oE are nearer to 

the Bristol Bay cluster than the others. Samples collected between 170oE-173°E and 

49°N-53°N in July and October (Table 23 , Fig. 37) are of the Bristol Bay type (sample l)j 



• Brlltol Bciy 
A Centro I AloSka 
A S.E. Alaaka 
C British Columbia 
e Kamchatka Peninsulo 
• Off Komchatlla 

121 

1.0 

0.5 

r-----~~~~------------------~~~--~~~------------~~ 

Bristol Bay 

1.5 

Figure 35.--Plot of Yl and Y2 values of referen~e samples of age .3 

sockeye of 1966 With outlines of four major clusters (sample 58; 

y1
2 = 3.0, Y2 = -2.2) •. 

-0.5 



122 

Table 23--Sampling information (date and location of capture) and generalized 

variance of immature sockeye salmon of age 02 from Japanese mothership, UoS o 

and Canadian research vessel catches of 1965 in the North Pacific Oceano· Samples 

are plotted in Figures 36-39. 

Figure and 
sample Samyli! area No o of Generalized 
number 'l'5a~e Lat~u-e ~ongI~uae fish variance/100 

Figure 36 
1 6/28 53°01'N 168°49'E 14 47 
2 6/30 520 02'N 169°37'E 15 162 
3 7/1 520 20'N 1700 00 uE 15 321 
4 7/16 500 28'N 167°41'E 19 119 
5 7/17 500 52'N 168°24'E 20 82 
6 7/17 52°57'N 165°50'E 21 79 
7 7/18 53°11'N 165°52'E 18 176 
8 7/18 500 28'N 169°22°E 22 53 
9 7/19 500 47'N 169°32'E 18 77 

10 7/19 51°56'N 164°22'E 17 286 
11 7/19 "53°31'N 163°02'E 15 167 
12 7/20 52°24'N 164°36'E 14 76 
13 7/21 52°26'N 164°23'E 15 119 
14 7/22 51°59 DN 164°40'E 14 81 
15 7/24 51°46'N 165°37'E 15 74 
16 7/24 53°25'N 165°14'E 14 108 
17 7/25 530 28'N 164°57'E 23 65 
18 7/25 500 37'N 1650 38'E 23 142 

Figure 37 
1 7/2 52°29'N 1700 51'E 19 82 
2 7/3 52°11'N 171°16'E 16 91 
3 7/5 51°36'N 172°09'E 16 74 
4 7/20 5po13'N 1700 33'E 22 123 
5 7/21 500 48'N 1700 58'E 23 70 
6 7/22 500 53'N 171°486E 21 463 
7 7/23 51°02'N 171°32'E 19 150 
8 7/24 500 50'N 172°05'E 19 136 
9 7/25 500 18'N 172°17'E 19 145 

10 7/26 49°42'N 171°52 9E 24 120 
11 10/4 51°16'N 172°58'E 43 175 
12 10/5 500 19'N 173°00'E ~7 164 
13 10/6 49°15'N 172°58'E 95 190 
14 10/28 50obo'N 172°17'E 49 465 
15 10/29 500 01'N 1700 38'E 18 262 

Figure 38 
1 7/3 51°29'N 176°48'w 19 29 
2 7/17 51°21'N 176°30'W 112 80 
3 7/18 51°28'N 176°25'W 60 54 
4 7/20 51°26'N 176°28'W 80 65 
5 7/28 51°02'N 176°33'W 29 72 
6 7/29 500 40'N 176°20'W 21 325 
7 7/30 510 19'N 176°23'W 27 43 
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Table 2 3 ~-Sampling information (date and location of capture) and generalized 

variance of immature sockey salmon of age 02 from Japanese mothership, UoS., 

and Canadian research vessel catches of 1965 in the North Pacific Oceano Samples 

are plotted in Figures 36-39 . --Cont 0 

... 
Figure and 

sample Sam;Elinfj area No o of Generalized 
number Date LatitUde Longitude fish variance/100 

8 7/30 51°25'N 176°35'W 28 26 
9 8/1 51~379N 176°26'w 61 112 

10 8/1 51°33'N 176°26'w 43 37 
11 8/3 510 36'N 176°23'W 62 34 
12 8/3 51°32'N 176°24'w 84 49 
13 8/7 51°32'N 176°24 eW 22 138 
14 8/9 510 10'N 176°22'W 28 115 
15 8/9 51°10~N 176°13'W 91 69 
16 8/16 51°02'N 176°33'W 41 103 
17 10/24 500 02'N 178°32'E 42 144 

Figure 39 
1 4/4 48°09'N 134°55'W 26 225 
2 4/5 510 00'N 137°30'W 37 763 
3 4/6 500 00'N 1400 00'w 52 758 
4 4/6 520 00'N 1400 oo'w 29 193 
5 4/6 48°02'N 139°56'w 21 726 
6 4/9 48°49 wN 146°05'W 56 173 
7 4/9 51°00'N 147°20'W 30 156 
8 4/10 48°00'N 1500 00'W 93 148 
9 4/11 49°00'N l520 30'W 69 123 

10 4/12 500 00'N 1550 00'W 30 68 
11 4/l2 48°00'N 155°00 QW 20 261 
12 4/13 49°00'N l57°30'W 21 27 
13 5/5 52°00'N 138°45 'W 21 110 
14 5/20 500 04'N l400 08°W 22 118 
15 5/21 49°03'N 1420 22'W 26 163 
16 5/22 510 03'N 142°40'w 22 71 
17 5/27 48°00'N 1400 00'w 26 276 
18 5/30 48°00 9N l45°00'W 34 90 
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Figure 36.--Outlines of clusters of 1966 reference samples (see Fig. 35) 

and plots of Y
l 

and . Y
2 

values of 1965 samples (see Table 23) of immature 
. . 

sockeye of ~e .2. Samples composed of fish of a single stock ( 0 ) and 

mixed stocks ( • ) taken between 50 ON and 54 ON and between l63°E and l70
0

E 

in late June and July. 
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Figure 37.--0utlines of clusters of 1966 reference samples (see Fig. 35) 

and plots of Yl and Y2 values of 1965 samples (see Table 23) of immature 

sockeye of age .2. Samples composed of fish of a single stock ( 0 ) and 

mixed stock ( • ) taken between 49°N and'53°N ~d between 170 0 E and 173°E 

in July and October. 
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\vest Kamchatka type (sample 5), and mixtures of these types. Samples taken early 

in July and in October tend to be most similar to the Bristol Bay type. 

The 16 samples collected from July 3 through August 16 near 5loN, l76°w are of 

the Bristol Bay type (Table 23, Fig. 38). As with the age .1 fish collected near 

50 0N-510N and l760W in July and August of 1964 (Table 22 .. Fig.. 34), most samples of 

age .2 fish collected in 1965 in the same area and time period are of the Bristol Bay 

type. Sample 17 (collected on October 24 near 500N, 178°E) may be a mixture of 

Bristol Bay and OzernB\Ya River types. 

Of the samples collected in the Gulf of Alaska between 48°N-500N and 158°\'1-134 Ow 

in April and May (Table 23, Fig. 39), samples 8, 9, 10, and 12 are of the Bristol Bay 

type. Samples 6-12, taken farthest to the west (157°W-146°W), are positioned closer 

to the Bristol Bay cluster than the samples taken to the eastward (145°"'-134°w) 0 

Sample 16 most likely contains fish of the central Alaska type rather than the 

Kamchatka River type. Although similarities in central Alaska and Kamchatka River 

scale characteristics occur in this analysis, there is no evidence from tagging and 

parasite studies (Fig. 3D. that Kamchatka River fish occur in the Gulf of Alaskao 

Most of these samples are probably mixtures of North American stocks. 

Classification of high seas samples--Bering Sea 

In the Bering Sea, many of the samples from between 164°E-1700E and 56°N-59°N in 

July appear to be composed of mixtures of Bristol Bay and Ozernaya River type sockeye 

(Table 24, Fig, 40). Several samples from betvreen 167°E and 1700E (samples 4, 6, 14s 

17, and 20) are positioned very near the Bristol Bay cluster. The samples collected 

between 164°E and 167°E (samples 11, 13, 16, 18, 19, 21, 22, and 24) are those most 

similar to the Ozernaya River type. 

Most of the samples from between 170oE-18oo and 54°N-600N in late June and in July 

appear to be of the Bristol Bay type; a few are mixtures of Bristol Bay and Ozernaya RiVe! 

type sockeye and one (sample 2) is of the Ozernaya River type (Table 24, Fig. 41). 
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Figure 38.--Outlines of clusters of 1966 reference samples (see Fig. 35) and 

plots of Yl and Y2 values of 1965 samples (see Table 23) of immature 

sockeye of age .2. Samples composed of fish of a single stock ( 0 ) and 

mixed stocks ( • ) taken near 5l oN, l76°w in July, August, and late 

October. 
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Figure 39.--Outlines of clusters of 1966 reference samples (see Fig. 35) 

and plots of Yl and Y2 ·values of 1965 samples (see Table 23) of immature 

sockeye of age .2. Samples composed of fish of a single stock ( 0 ) and 

mixed stocks ( • ) taken between 48°N and 50 0 N and b~tween 158~ and 

131~ ~ in April and Ma\Y". 
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Table 24--Sampling information (date and location of capture) and generalized 

variance of immature sockeye salmon of age 02 from Japanese mothership catches 

of 1965 in the Bering Seao Samples are plotted in Figures 40-42. 

Figure and 
sample SamE1infj area No o of Generalized 
number Date Latitude LongitUde fish variance/l00 

Figure 40 
1 7/1 56°52'N 168°01'E 16 171 
2 7/3 56°37'N 168°39'E 23 63 
3 7/5 56°32'N 169°21'E 19 158 
4 7/7 57°00'N 169°50'E 16 5 
5 7/8 57°26'N 169°59 9E 25 118 
6 7/10 58°28'N 167°30'E 16 68 
7 7/11 58°36 QN 167°16 gE 15 7 
8 7/12 58°39'N 166°53'E 19 320 
9 7/14 5Bo2l ON 167°17'E 16 315 

10 7/15 58°07'N 167°17'E 16 290 
11 7/16 '57°43'N 166°37'E 14 201 
12 7/16 58°49'N 169°03'E 15 120 
13 7/17 57°30'N 165°18'E 14 691 
14 7/17 59°03'N 169°02'E 15 209 
15 7/18 5~o58~N 169°19'E 21 165 
16 7/20 56°46'N 165°42'E 17 240 
17 7/21 58°59'N 168°36'E 20 67 
18 7/21 57°12'N 165°06'E 21 576 
19 7/22 57°09'N 164°55'E 20 427 
20 7/22 58°57'N 168°36'E 19 133 
21 7/23 57°13'N 165°20'E 22 33 
22 7/24 57°57'N 166°00'E 20 311 
23 7/24 58°45'N 168°39'E 21 244 
24 7/25 58°04'N 166°15 9E 22 258 

Figure 41 
1 6/27 54°03'N 1700 20'E 17 71 
2 7/7 55°58'N 1700 22'E 15 69 
3 7/8 57°03'N 1700 20'E 21 102 
4 7/9 58°02'N 1710 37'E 18 92 
5 7/10 58°42'N 1720 20'E 20 78 
6 7/11 59°02'N 173°00'E 22 18 
7 7/11 - 59°36'N 1700 55'E 15 29 
8 7/12 58°53'N 174°15'E 20 123 
9 7/14 58°31'N 1700 31'E 22 136 

10 7/16 59°11'N 171°06'E 20 19 
11 7/17 59°03'N 171°32'E 16 70 
12 7/18 58°46'N 1710 52'E 14 145 
13 7/19 58°42'N 171°52'E 21 54 
14 7/20 58°55'N 1710 10'E 23 327 
15 7/20 59°03'N 1700 31'E 17 17 
16 7/21 58u 59'N 1720 07'E 18 34 
17 7/22 58°42'N 172°46'E 22 49 
18 7/26 54°24'N 172°15 ' E 21 38 
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Table 24.-Samp1ing information (date and location of capture) and generalized 

variance of immature sockeye salmon of age .2 from Japanese mothers hip catches 

of 1965 in the Bering Seao Samples are plotted in Figures 40-42 . -~Conto 

Figure and 
sample Samp:gne; area No. ot . Generalized 
number Date . Latitude LOngitUde tish variance/100 

19 7/13 59°51'N 177°16'E 16 99 
20 7/20 59°00'N 179°49'E 27 50 
21 7/22 59°04'N 177°52'E 19 34 
22 7/24 58°34'N 178°19'E 23 99 

Figure 42 
1 7/5 58°08'N 179°05'W 18 7 
2 7/17 59°46'N 178°42'W 15 59 
3 7/18 58°S4'N 178°47'W 16 117 
4 7/19 ·59°03'N 178°55'W 18 268 
5 7/19 58°31'N 178°11'W. ·20 21 
6 7/20 58°41'N 177°54'w 17 51 
7 7/22 58°33'N 178°42'W 14 42 
8 7/23 57°27'N 179°51'W 18 24 
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Figure 40.--Outlines of clusters of 1966 reference samples (see Fig. 35) 

and plots of Yl and Y2 values of 1965 samples (see Table 24) of immature 

sockeye of age , .2. Samples composed of fish of & single stock ( 0 ) and 
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Figure 41.--Outlines of clusters of 1966 reference samples (see Fig. 35) 

and plots of Yl and Y2 values of 1965 samples (see Table 24) of immature 

sockeye of age .2. Samples composed of fish of So single stock ( 0 ) and 

mixed stocks ( • ) taken between 54 oN and 60 ON and between 1700 E and 

180° in late June and in July. 
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Samples 1 and 5, however, have Yl values similar to the Bristol Bay type but 

their Y
2 

values position them about 0.5 unit above the Bristol Bay clustero They 

may be composed of fish from a minor area not represented among the inshore 

reference samples o 

Most of the samples from between l80°~177°W and 57°B~60oN in July are positioned 

near the Bristol Bay cluster (Table 24,Fig. 42). Sample 2 may be from a minor stock 

not represented in the reference sampling. 

Summary and Conclusions 

Samples of immature sockeye salmon of age .1 collected from the North Pacific 

Ocean in 1964 and age 02 immatures collected from the North Pacific Ocean and Bering 

Sea in 1965 were classified by area of origin. Three scale characters were used in 

a canonical analysis in which two linear functions were used to compare samples of 

immature sockeye to inshore reference sampleso Sample variances from the scale 

characters were used to distinguish samples composed of fish of one stock or mixed 

stocks. 

Samples of age 01 sockeye collected in the North Pacific Ocean near 5loN, l73°E 

in late September and early October and near 5loN, l76°w from late June to early 

September were of the Bristol Bay type. 

Most samples of age .2 immature sockeye from the North Pacific Ocean were 

collected between 49°N and 54°N from late June through August. Between l63°E and l70oE, 

most were of the Ozernaya River type with some intermingling of this type and the 

Bristol Bay type near l70oE. Samples from between l700 E and l73°E contained fish of 

the Ozernaya River type, the Bristol Bay type, and mixtures of these types. At l76°w 

the samples were composed of the Bristol Bay type fish o Between l58°w and l34°w in 

April and May, ' most samples were mixtures of North American types. Samples from 

between l580W and l500 W were more similar to the Bristol Bay type than those 

collected to the eastward. 
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Figure 42.--Outlines of clusters of 1966 reference samples (see Fige 35) and 

plots of Y
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and Y2 values of 1965 samples (see Ta.ble 24) of immature 

sockeye of age .2. Samples composed of fish of a. single stock ( 0 ) and 
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The samples of age .2 immature sockeye from the Bering Sea were collected mainly 

betvTeen 54°N and 60 0 N in July. From l64°E to l67°E the samples were the Ozernaya 

River type. Several of the samples from between l67°E and l70 0 E were of the 

Bristol Bay type, but most were mixtures of this type and the Ozernaya River type. 

From l70 0 E to 180°, the majority of the samples contained fish of the Bristol Bay 

type; one was of the Ozernaya River type; and others were composed of a mixture 

of the Ozernaya River type and the Bristol Bay type. Two samples were apparently 

composed of fish from a stock not included in the reference sampling and one also 

occurred in the area between 180° and l77°W. Bet1-Teen 180° and l77°W, however, 

the remaining samples were of the Bristol Bay type. 

Studies are continuing to determine if the inter-region differences hold true 

from year to year and if the method described in this paper can be developed into a 

general method for classifying hi gh seas samples by area of origin. 
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