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Introduction 

Last June in Tokyo, the Editorial Referees recommended 
that procedures for reporting the results of research be changed, 
beginning with the October 1960 meeting. It was proposed that 
all available reports be reviewed and reported upon by rapport
eurs for each species of salmon. It was evident that the few 
months intervening before the 1960 annual meeting would not 
permit a careful study of the pertinent reports and documents 
presen~e~ prior to 1960. Further, it was antiCipated that re
ports De~ng prepared for the 1960 meeting of the Committee on 
Biology and Research would not be fully available in time to be 
incorporated in the presentation by any species rapporteur. For 
these reasons this paper includes only a partial coverage of 
current research progress and utilizes only summaries prepared 
at past meetings for comparative purposes. 

Distribution of sockeye salmon. 

The distribution of red salmon spawning areas is unique in 
that this species tends to flourish abundantly in fewer areas 
than the other species of salmon. Therefore it is worthwhile to 
review which areas provide most of the red salmon df the North 
Pacific Ocean and Bering Sea. Stream systems which produce this 
species are distributed from Japan to northern Siberia in Asia 
and from the Columbia River to northern Alaska in North America. 
However, it appears that nearly all red salmon which originate 
in Asia are from spawning streams of western and eastern Kam
chatka, and in North America most red salmon originate in 
Bristol Bay, the Chignik-Kodiak-Cook Inlet complex, and streams 
of British Columbia. This means that a red salmon found on the 
high seas must with a high degree of possibility come from one 
of these four general and rather widely separated areas. 

On the high seas this species is widely distributed. It 
has oeen found completely across the ocean between 460 and 600 
north latitude, but its movements during life at sea are only 
partly clear. It is plain that the distribution is fluid, 
changing with the season, and to a lesser extent from year to 
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year. We have not caught many young fish during their first 
summer or winter in the sea. Our vessels have first en
countered them in the more southerly portion of their ocean 
environment in the spring of their second year at sea. As 
summer approaches, they move north, perhaps with the warming 
water. During the summer they are found throughout the Gulf of 
Alaska, along the Aleutian Islands, and off eastern Kamchatka. 
Large numbers of these immature fish in their second year at 
sea have been found movin3 to the westward along the south side 
of the Aleutian chain. As the second winter at sea approaches, 
our knowledge again is deficient. By May of the third summer 
at sea, we find them again in the southern portions of their 
range; south of Kamchatka, south of the Aleutians, and in the 
Gulf of Alaska. The maturing Bristol Bay red salmon, either 
after two winters or three winters in the sea migrate northward 
separately and ahead of the immature red salmon. They approach 
the Aleutian Islands from the south and move westward with the 
current then north through one or more of the passes and east
ward toward Bristol Bay. 

Maturing Asian red salmon have been so scarce in the cen
tral Aleutian area that their pattern of movement is not clear. 

Objective of Protocol Research 

Research conducted under the auspices of the International 
North Pacific Fisheries Commission has two principal purposes 
(1) to discover whether or not Asian and North American salmon 
intermingle on the high seas, and (2) if they do, to determine a 
line or lines which best divide salmon of Asian origin and 
salmon of Canadian and United states of America origin. A 
variety of approaches for identifying the origin of high seas 
red salmon has been employed, including studies of tagging, 
parasites, morphology, osteology, physiological characteristics, 
immunology and scales. These are in varying stages of completion, 
but none, with the possible exception of osteology, have pro
ceeded to completion. Studies of oceanic distribution and 
migrations also are proceeding. 

For this report there are available summaries of progress 
in 1960 from Canada and the United States. In the limited 
period available, Japan was unable to furnish this information. 
Dr. Leo Margolis furnished an excellent review of current 
Canadian work. The program leaders who wrote the annual report 
of investigation progress for the United States furnished ma
terial on their subjects. The results of U.S. tagging work must 
be reported later by Mr. Hartt of the University of Washington 
because a.major portion of the returns are ordinarily received 
just before or during the meeting of the Committee on Biology and 
Research. Accordingly, only the available results are summarized 
herein. Detail can be obtained from the investigational progress 
reports. 
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Canadian Research 

Canada has proceeded with studies of tagging, osteology, 
scales and parasites of red salmon. As explained above, 
Canadian tagging results also were too incomplete for inclusion 
here. Osteology has been discontinued. Certain distinctive 
scale characteristics have been used to identify red salmon 
from Smith Inlet and Rivers Inlet (Canada) on the high seas. 
Forty-one scales from one or the other of these localities were 
identified. The area in which these fish were found extended 
from 1350 to 1700 W longitude and from 500 to 580 N latitude. 

High-seas distribution of western Alaskan red salmon as 
determined by Triaenophorus 

As seen from INPFC Document 200 (Fig. 4), Document 303 
(Fig. 1) and Document 409 (Fig. 1), Triaenophorus-infected red 
salmon have been caught as far west as about 1710E in the Bering 
Sea, as far west as about 1680 E south of the Aleutians and as 
far east as 1450 W in the Gulf of Alaska. 

Distribution of maturing red salmon 
Maturing Trlaenophorus-infected reds (maturity determined 

mainly by gonad development) have been observed within the limits 
noted above (Doc. 303, Fig. 2 and Doc. 409, Fig. 2), mainly in 
May and June. In July and August few maturing Triaenophorus
infected fish were present in high-seas samples and these were 
observed in the central Aleutian area and in the Bering Sea as 
far west as about 1730 E. The scarcity of Triaenophorus-in
fected red salmon on the high seas in July and August is in 
accordance with the timing of the flrunsfl arriving in Bristol Bay 
rivers. Usually the peak of these spawning runs is within the 
first two weeks of July. 

The differences in availaoility of samples, in time and area, 
from year to year, precludes the possibility of determining if 
there are annual variations in distribution. 

Although precise conclusions on quantitative distribution 
are not possible, some general conclusions can be drawn from data 
on the incidence of Triaenophorus-infected red salmon in high 
seas samples of maturing 1'ish. Since few Triaenophorus-infected 
reds were found on the high seas in July and August, such quanti
tative considerations apply only to the May-June period. 

The data from 1959 sampling are the most adequate to illus
trate the quantitative aspects of distribution (Doc. 409, Fig. 2). 
In the Bristol Bay area the overall incidence of Triaenophorus
infected red salmon in returning spawners was estimated to be 
between 10 and 13% (Table I). From Fig. 2 of Document 409 it is 
seen that the incidence of Triaenophorus in samples from the 
Bering Sea from 1800 to 1700 W in the latter half of June usually 
was quite uniform and the mean incidence (11%) in this area was 
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similar to that in Bristol Bay stocks as a whole. This suggests 
that these samples consisted largely of a uniform mixture of reds 
of Bristol Bay origin. At 1710E in the Bering Sea the incidence 
was only 2% in samples taken in early June, indicative of a 
considerable reduction in the percentage of Bristol Bay red salmon 
in the samples. A lack of samples between 1800 and 17loE in the 
Bering Sea does not permit detecting the weste rn limit of pre
dominance of Bristol Bay reds. 

In the area immediately south of the Aleutians between about 
1690W and 1750E the variation in incidence between samples was 
greater and the overall incidence (8%) was lower than In the 
eastern half of the Bering Sea, but nevertheless relatively high. 
This suggests that immediately south of the Aleutians between 1690W 
and 1750E the samples contained a somewhat smaller proportion of 
Bristol Bay reds than did those in the eastern half of the Bering 
Sea. 

TABLE I. Incidence of Triaenophorus in adult red salmon 
runs to Bristol Bay in 1959. 

bocality 

Size of Ilrun II 
(catch and Sample 
escapement) size 

Nushagak 
Wood River 3,500,000 
Igushik Riverl,OOO,Ooo 

Kvichak-Naknck 

50 

° 
Kvichak River 975,000 49 
Branch River 1,200,000 ° 
Naknek River 3,200,000 50 

Egegik RiVer 1, '735,000 50 

Ugashik River 635,000 50 

Bear River 535,000 25 

Sandy River 125,000 ° 
Total 12,905,000 
Total in 
sampled are-
as 10,580,000 

% infected 
with 

Triaenophorus 

30 

Estimated No. in
fected in total 

"run ll 

1,050,000 

Estimated incidence of Triaenophorus vas ed on sampled areas -
ca. 137&. 

If Igushik, Branch and Sandy Rivers were free of Triaenophorus, 
the estimate1 incidence for all areas combined is ca. 10%. 

If Igushik rate of infection is Similar to the Wood River, Branch 
River similar to Kvichak River and Sandy River similar to Bear 
River, the estimated incidence for all areas combined is ca. 13%. 
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o to 12%). Again Triaenophorus was not observed in any reds taken 
south and west of the area immediately south of the western 
Aleutians. 

Distribution of immature red salmon 
As seen from Fig. 3, Document 303, and Fig. 3, Document 409, 

immature reds infected with Triaenophorus were found south of the 
Aleutians and to a lesser extent in the Bering Sea as far west as 
1750 E. There was also one isolated record from the Bering Sea 
near 171oE. In eastward extent they have been encountered in the 
Gulf of Alaska to 1450 W. Most immature reds have been caught from 
late June to late August and consist of fish which have spent one 
or two (rarely three) years at sea. Immature Triaenophorus-in
fected reds that have spent one year at sea 3eem to be as widely 
distributed as those having spent tow or three years at sea 
(Taole DJ, Doc. 303, and Fig. 4, Doc. 200). 

The application of rates of Triaenophorus infection of 
immature red salmon to quantitative analysis of distribution is 
far more complicated than for maturing fish and has not been 
attempted, 

High-seas distribution of Asian red salmon as det e rmined 
"c y Da cn it is, 

Dacnitis-infected reds (Fig. 1, Doc, 409; Fig. 4, Doc. 200, 
and Fig, 1, Doc, 303) have been found from the Sea of Okhot~k 
eastward to 175°W in the Bering Sea and as far east as 1700 W south 
of the Aleutian s , but most of them have be en found from 1750 E 
westward. 

Distribution of maturing red salmon 
All maturin~ Dacnitis-infe cted r eds (a total of 49) haV e b2en 

found from 1750 E and westward to the Sea of Okhotsk (Fig. 2, 
Doc. 409, and Fig. 2, Doc. 303). Some have been found in the 
western Lering Sea out most have come from the area between the 
waters south of the western Aleutians and the Okhotsk Sea. These 
reds have been caught from mid-May to the end of July, earlier
caught fish usually having been taken farther to the east. 

Distribution of immature r ed salmon 
Only 10 immature r eds infected with Dacnitis have been found 

during the 5 years of sampling. These bave been taken from the 
east coast of Kamchatka to as far east as 1750 W in the Bering Sea 
and as far cast as 1700 W south of the Aleutians. They include 
fish that have spent from one to three years at sea and have been 
caught mainly in July and August. 
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United States Research 

The United States has studied the protocol questions with respect to 
red salmon, employing tagging, morphology, scale characteristics and 
serology. As mentioned earlier, the results of tagging will be presented 
by IVlr. Hartt. Serological investigations have been continued to identify 
the origin of high seas salmon using anti-serum produced in rabbits. In 
addition, other sources have been examined for substances which might 
produce a useful reaction with red salmon serum, Further detail may be 
found in the" Progres::; Report of Investigations by the United States 
during 1960" (Doc" -120). 

Scale studies 

Using procedures reported in Document v 12, Mr. Mosher employed 
bivariate tables to identify the origin of red salmon taken at sea oetween 
May 15 and July 15 from 1956 to 1959. In 1958, the latest year for which 
samples have been processed completely, and the year of most extensive 
sampling to ddte, V\festern Alaska type red salmon dominated the Bering 
Sea stocks out to 175 o E. and along the north side of the Aleutians to 
172 o E. Only one sample in this area contained less than 30 per cent 
North Amer ican type red salmon. 

South of the Aleutians in 1958, Asian-type fish dominated from 
the Asian coast to 175 o E. and in limited areas as far as 180 0

, In 1956 
and 1957, essentially the saInG distribution was found, but since 
sampling wa.s less extcmsive thG boundaries of dominance of red salmon 
of either continental origin cannot be drawn as completGly as for 1958. 

Using readily recognizable characteristics unique to the red 
salmon of those systems, fish from Dalnee Lake (Kamchatka), Fish 
Creek (Cook Inlet, Alaska) and Rivers Inlet (Canada) have bGen identified 
in samples takGn at sea. Figure 26 of Document 4 Z0 shows the distri
bution of these idGntifiable SpGCim0nS, 

Morphology studies 

The 1958 and .1959 morphological samples werG analyzed by 
Mr. Fukuhara with thc discriminant function based on 1956 referencG 
data which was reported in Document 320. F0w samplGs were available 
for the months of May and June, 1358. Asian fish were dominant in 
four of the five samples taki.:m between 170 0 E. and ll5°E. longitude 
and in one (the only one availablG) between 175°E. and 175°VV. longi
tude, East of 175 °'lv. longitude all samples appeared to be primarily 
of American origin. May and Tun" sampl2: s from high seas areas were 
far mon:: numerous in 1959. Bristol Bay rod salmon were dominant in 
the samplGs between Bri::: tol Bay and 180 0

• Excluding the two most 
northerly samples on l a O a (Figure 3~ of Doc. 420), three-fourths of the 
samples were found to contain mOrG tha n 70% Bristol Bay fish, The 
percentage of Bristol Buy fish de creased to the west, reaching the 
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50% level near 170° E. longitude. South of the Aleutian Islands, 
Asian fish wore dominant from Asia to 175 °E. but at 180 ° and eastward, 
Bristol Bay red salmon dominated the samples. 

The immature fish sampled in July and August of these years 
tended to show much the same results in the Bering Sea, However, 
south of the Aleutian Islands the separation was not as clear. While 
Bristol Bay fish were dominant in some of the samples ;:is far west as 
17 5 ° E. longitude, they were not dominant in some samples takon south 
of the Alaska Peninsula at 160 0 W. longitude as well as in some samples 
between 175 ° E. and 160 oW. longitude. We find evidence that red salmon 
from streams east and south of the Ala s ka Peninsula migrate as far west 
as 175 oW. longitude, and that these tend to be mis-identified as Asian 
fish when classified using this particular discriminant. Therefore, 
th(jre probably are more red salmon of North American origin in these 
samples than the percentage figures indicate, and the figures therefore 
are minimal. However, from parasite studies it is evident that Asian 
fish may be found as far east as 170 oW. longitude. 

Confidence limits 

Mr. ·Worlund and Mr. Fukuhara ha.vo doveloped a method of 
calculatj.ng confidence limits for point estimatos, from morphometric 
studies, of the percontage of Bristol Bay rod salmon in samples taken 
at sea. The method accounts for s ampling variation and variation duo 
to errors in clas s ification . The form of the rela tionship between sample 
size and onG-half of the confidence inte rval is shown in Figuro ::>3 of 
Document £120. 

Comparison with Previous Results 

Results now available for 19S8 and L·5S samples of maturing 
fish are generally in agreement with those results obtained in the past. 
For E56, 1957, 1958 and 1959 , Bristol Bay sockeye dominated the area 
from Bristol Bay west to beyond 180° and at times to 170 0E. longitude. 

Where data WGre available, Bristol Bay rod salmon usually were 
found to make up 75 per cent or moro of the samples of maturing red 
salmon taken in the Bering Se a be tween Bristol Bay and 180 0. The point 
at which half of the fish were from Bristol Bay was .between 1800 and 
1700E. longitude. South of the Aleutian Islands Bristol Bay re d salmon 
dominated samples of maturing fish to between 180° and 175°E. longi
tude. Asian red salmon consistently dominated BHing Sea samples 
edst to 1700E. longitude and at times to the area betwe en 170 0E. 
and 180 ° longitude. South of the Aleutians, they dominated samples 
from Asia to 1"15 0 E. and at times to the aroa bctwGE.:n 175°E. and laO° 
longitude. 
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This general relationship seems to have held through several years 
during which the size of the Asian and Bristol Bay stocks varied greatly. 
Furthermore, during this period, hydrographic conditions underwent changes 
of a relatively large order. Despite these considerable biological and 
physical changes the relative distributions of Asian and Bristol Bay red 
salmon have remained remarkably constant. From this we may conclude 
that for maturing red salmon the distribution pattern observed in the 
Aleutian Islands area has considerable stability. 
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