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PART 1. BACKGROUND 

1. THE ASSIGNMENT 

At its Sixth Annual Meeting in November, 1959, the Commission 
adopted a report by its Committee on Biology and Research (INPFC Doc. 
No. 340) which contained recommendations for development of long
range research plans to solve the scientific problems raised by the 
Protocol to the Convention. 

The terms of the Protocol are familiar to those who will deal 
with this report. In essence, the Protocol requires the Commission to 
determine if salmon from Asia and North America are intermingling on 
the high seas. If intermingling exists - and it has been proven to exist -
the Commission is to conduct studies to determine a line or lines which 
will best divide salmon of Asian and North American origin and to show 
beyond a reasonable doubt that this line or lines more equitably divide 
such salmon than the present Provisional Lines. 

The present research program was adopted by the Commission 
in 1954 and began functioning in 1955. The program, with such ex
tenSions, modifications, etc., as have been incorporated in it, is 
continuing to operate in 1960. At its Sixth Annual Meeting the Com
mission agreed that a thorough review of the research program was 
needed, in order to determine the types of programs which can yield 
precise information on specifiC Protocol objectives. To this end, the 
Commission made the following decisions: 

1. Appointed a working party of two scientists from each country 
to work with the Secretariat on the problems of long-term 
planning of research • 

2. Asked the Secretariat to prepare a paper making a preli:r!lj.nary 
assessment of the status of the present program and of the 
problems involved in planning further research which would 
be effective in providing answers to questions raised by the 
Protocol and its associated problems. 

3. Instructed the working party to meet with the Secretariat 
(perhaps in early summer in Tokyo so as to give the Secre
tariat time to carry out its assignment) and discuss the 
status of the present program, the need for further research 
and the prospective value of various lines of research. 
Further questions might be raised and further work required 
as a result of this meeting. 

-1-



u 

4. Decided to schedule a thorough discussion of long-term 
planning just prior to the 1960 Annual Meeting. 

The Secretariat herewith submits the assessment of the status of the 
present research program referred to above. The assessment is not 
intended for publication, nor for general distribution within the Com
mission. Its sole purpose is to serve as a basis for the work of the 
long-range research planning group. Free use has been made of both 
published and unpublished materials, from sources both within and 
outside the Commission. The views expressed in this document are 
believed to be both objective and accurate. However the scientific 
problems associated with the Protocol to the Convention are extra
ordinarily difficult and there is much room for differences of opinion 
on the interpretation and significance of observations accumulated 
during the period of research. 

2. THE PRESENT -RESEARCH PROGRAM 

At its First Heeting, held in Washington, D.C., February 1 
to 12, 1954, the Commission directed the Committee on Biology and 
Research to study the following subjects: 

II (1) The investigations required by the Protocol to the Convention; 

II (2) ':.'he request of the United States Government for a study of 
the king crab in the Bering Sea ••• 

II (3) The studies required by the provisions of Article III(I)(a) 
of the Convention; 

II (4) A review of the fishery problems of the area with regard to 
the species to be considered, the order of priority of the 
problems, and the organization and methods of research 
needed to solve them, including the participation of the 
Contracting Parties and the statistical requirements; and 

II (5) The suggested list, submitted by the Japanese Government, 
of items to be included in reports on conservation measures 
in force, which reports are to be submitted pursuant to the 
provisions of Articles III, VIII and X(2) of the Convention. 

IIThese specific assignments were to be considered within 
the framework of the broad basic instruction 'to review the existing 
knowledge of the fisheries of common concern in the North Pacific 
Ocean; to determine what further knowledge is neces sary to insure 
the maintenance of those fisheries at levels of maximum sustained 
productivity, and to present the Commission at its next meeting 
with a research program designed to obtain that knowledge. '" 1) 

1) INPFC, Report of First Meeting, Feb. 1 to 12,1954. 
-2-
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At the same Commission meeting, the Committee on Biology and 
Research made a progress report with regard to the establishment of a 
research program for the Commission. For the sea life of salmon, in 
connection with the Protocol problem, the Committee agreed that the 
following subjects should be included: 

"(1) A study of movements as indicated by the fishery itself; 

.. (2) The use of tagging to study movements; 

"(3) The marking of seaward migrants; 

.. (4) Differentiation between stocks by morphological or 
physiological or biochemical characteristics; 

.. (5) Special fishing to study movements and the factors 
controlling them; and 

.. (6) A study of the oceanographic background both physical 
and biological." 1) 

Attention was called to the importance of adequate fishery statistics as 
a research tool. The Committee decided that it would prepare for a 
more thorough and balanced cons ideration of the Commission I s program 
at the First Annual Meeting of the Commis sion. 

At the First Annual Meeting, he ld in Vancouver, B. C ., from 
October 25 to 29, 1954, the Committee on Biology and Research 
recommended to the Commission a .. proposed program of research on 
problems raised by the Protocol". The program, as adopted by the 
Commission, is presented in its entirety in Appendix IV of the Report 
of First Annual Meeting of the Commission and will not be repeated 
here. The program envisaged a multiplicity of techniques applied to 
four main problems: First, the offshore distribution of salmon; second, 
the identification of stocks; third, the movements of salmon; and 
fourth, the oceanography of the North Pacific Ocean. 

The original research program, as it began to function in 1955, . 
speCified subjects or items of investigation. This approach was the 
only possible one until such time as sufficient knowledge could be 
accumulated to make possible a reasonably accurate evaluation of the 
scope and complexity of the biological problems arising from the 
Protocol. Now, five years later, it should be possible to survey what 
is known and to predict with suitable accuracy what can be learned 
from various levels and durations of research effort in the future. 
Unproductive or completed lines of investigation may be terminated. 
Gaps or shortcomings in research may be filled. Perhaps the objectives 
of research can now be stated in biological and ecological terms with 
consideration for each of the principal species and populations involved 
in the Protocol problem. 

If INPFC, Report of First Meeting, Feb. 1 to 12, 1954. 
-3-



) 

... 

J 

::) 

OJ 

v 

o 

3. PRELIMINARY V!r;v.!S o:-r tONG-RANGE RESEARCH PlANS 
A:ND OBJECTIVES 

The three national sections submitted preliminary views on 
long-term research planning to the Commission at the 1959 Aiitfual 
Meeting. These views are appended to this report for the convenience 
of the reader (INPFC Docs. 329, 330, 331). 

With respect to these views, the report of the Committee on 
Bi.ology and Research at the 1959 Annual Meeting (INPFC Doc. 340) 
states: 

"Therc is some divergence in national views as to the degree 
to which closer atta~nment of Protocol objectives can be achieved 
bycontimmtion of re.search programs at their present level. Never
theless, all three nations agree that a thorough review of the problem 
is needed, in order to det~rmine the types of programs which will 
yield precise information on spGcifiC Protocol objectives, such as: 

Ita. To detormine the exact proportion of continental 
stoc};:.s of the three major species in commercial or 
research cq! . .'~.h.QB in fi:lely divicL~d areas of the 
high sC·J.o, both east and west of the Provisional 
Line. 

lib. To weight these catches according to the abundance 
of the stocks in each o.fCu. II 

IJ. Tn::; APrr:Ol\CH· USED r::J THIS PAPER 

Part II of this paper, which follows, summarizes existing 
knowledge of the offshore distribution of salmon. It deals only with 
the three major species, sockeye, pink and chum salmon. As previously 
stated, the review has made use of all available sources of information 
on the question and has not been confined only to data and reports 
evolving from the Commission's research program. A list of papers 
cited, which comprises a rather complete bibliography on the subject, 
is appcn·-·:;d to the report. 

Part III of this papsr presents the Secretariat's assessment 
of the status of the present research program, in accordance vlith the 
instructions given by the Committee on Biology and Research. It 
describes the mujo:::- research problems which are now apparent for 
ea'ch of the princ~.pal salmon species on the high seas and discUtsses 
factors to be considered in planning future research on the proli>lems 
raised by ·~he Protocol. 

-4-
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PART II. THE OFFSHORE DISTRIBUTION OF SALMON 

1. INTRODUCTION 

This is a summary review of knowledge of the general character
istics and fluctuations of the offshore distribution of salmon. The review 
has been prepared only as a basis for the assessment of the present 
status of salmon research by the Commis s ion and the problems involved 
in planning further research. Since wide circulation or publication is 
not intended, unpublished as well as published materials were used 
freely. In order to keep the review within reasonable length, most of 
the data on which the review was based are not shown. Also, in many 
cases, the discussion is very brief. The Secretariat is prepared to 
discuss any part of the review in detail. 

Admittedly there is considerable generalization and speculation 
in this interpretation of available data. This is necessary in order to 
make possible a discussion of the general features of. the offshore 
distribution of salmon, its annual and seasonal fJ.uctuations and the 
possible causes thereof, using data collected for a small number of 
years and during a limited period of each year. 

Only three species, namely sockeye, pink and chum salmon, 
are dealt with, because data are very scanty for the otl1er spocies of 
salmon. 

2. COASTAL DISTRIBUTION OF SALMON 

The distribution of salmon on the high seas and its fluctuations 
are undoubtedly related to the areas of origin of the salmon populations 
involved. Two phases of the coastal distribution are important in this 
respect: the distribution and relative abundance of salmon populations 
in the various salmon produc.ing areas; and changes in abundance of 
the major populations. The Se·::xetariat has accumulated pract~.cal1y 
all available catch statistics of the salmon fisheries of the four countries, 
Canada, Japan, the United States and the U.S.S .R., from published and 
unpublished sources, and has accumulated detailed information on the 
coastal distribution of salmon. However, only the most important 
ch~acteristics of the salmon distribution and changes in abJ.1,;:':a.ance 
ate described in the following paragraphs. Available statistics and 
various scientific papers containing pertinent information have been 
used, but the actual statistical data have not been presented ln most 
cases. When catch-figtlres are-mentioned, they are in terms of numbers 
of fish. The weight-number conversion is sometimes inaccurate, but 
it does not affect the nature of the statements presen.ted here. 

-5-
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i. Sockeye Salmon: Undoubtedly, the abundance of sock0ye 
salmon is much smaller in Asia than in 

North America. It is also obvious that the sockeye producing areas 
in Asia are very limited. Most Asian sockeye are produced in Kamchatka, 
except for small numbers from the northern coast of the Okhotsk Sea and 
the northern coast of the Bering Sea. The major portions of Kamchatka 
sockeye catches have been made from the sockeye populations of two 
river systems in Kamchatka, namely, the Ozernaya River on th~ nouth
~~stern coast, and the Kamchatka River on the eastern coast. It is 
difficult to evaluate the size of the present catch from each of these 
sockeye populations, because of the large amounts of fish taken in 
offshore waters by the Japanese fleet. The average Japanese trap catches 
on various areas of the Russian coast are shown in Table 1 for the period 
1921-1930, when there was practically no offshore fishing. The average 
Russian sockeye catches during the same period are not available, but 
as indicated by Semko (1954), they were probably much smaller than 
the Japanese catches. 

TABLE 1. Average annual catch of sockeye by Japan 
from the coast of the U.S.S .R. during the 
decade 1921-1930, in thousands of fish. 

Middle and 
Karaginsk- Kamchatka Lower west upper west 

Total Olyutorsk River coast of Kam. coast of Ka.rn. Okhots~ 

7,828 158 2,337 5,071 222 40 

Apparently some drastic change took place in the Kamchatka 
River sockeye populations during the 1940's and the catch of sockeye 
salmon on the east coast of Kamchatka dropped sharply in 1948 and has 
been at very low levels since then. Beginning in 1951, sockeye fishing 
in the Bay of Kamchatka has been prohibited by the Soviet fishery regu
lations for the period before July 1 (Conference for Research of Northern 
Seas Resources, 1957). According to Taguchi (1957), the major Kam
chatka River sockeye runs were over by about July 5 during the pre-war 
years. Biological information on sockeye salmon in Kamchatka streams 
is summarized by Krogius (1951), Krog!us and Krokhin (1956) and 
Krogius (1958). Usually, 52 and 63 are the most dominant age groups 
for Asian sockeye salmoil. 

Although the total production of sockeye salmon is much greater 
in North America than in Asia, sockeye distribution is also quite uneven 
on the North American coast. There are some well known river systems 
or groups of streams which produce large quantities of sockeye salmon. 
The greatest sockeye salmon producing areas are the rivers tributary to 
Bristol Bay and the Fraser River system. Various other sockeye areas 
of lesser commercial importance occur along the coast from the south 
side of the Alaska Peninsula to the Columbia River. The average annual 
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ca~ches in various regions qf ~orth America are shown in Table 2 for 
th, perl~ds of 1931--40 ant119$1-58. 

TABLE 2. The averc~ge annua~ catches of sockeye 
salmon in various regions of North 
America, in thousands of fish. 

Cenqal S • E. British 
Total 

Western 
Alaska Alaska Alaska Columbia Washington 

1931-40 

1951-58 

31,410 17, 361 

18,560 6,690 

1) Average for 1935-40. 

7,048 1,874 

3,156 991 

4,228 899 1) 

5,386 2,337 

With its extensive river and lake systems, Bristol Bay is the 
most important sockeye producing area in Alaska. There are five major 
sockeye streams in Bristol Bay; the Wood River - Nushagak River 
system, Kvichak River, the largest sockeye producer, Naknek River, 
Egegik River and Ugashik River. The sockeye catch in Bristol Bay 
has been declining since 1940, as shown in Table 3. However, there 
are indications that the return of sockeye salmon to Bristol Bay in 1960 
may be very large (Fisheries Research Institute, University of Washing
ton, 1959). 

TABLE 3. The average annual catch of sockeye 
in Western Alaska in each ten-year 
period, in thousands of fish. 

Period Catch 

1911-20 17,501 
1921-30 14,988 
1931-40 17,361 
1941-50 10,863 
1951-58 6,090 

\1,. -_ A-decrease .in the sockeye catch has also be~n apparent' 1~ 
Cepttal Aiaska, particularly in the Chignik district and Kodiak Island. 
The sockeye production in Southeastern Alaska 1s much smaller tHan 
in a~htral and Western Alaska, but here again the stocks have obviously 
been at low levels of abundance in recent years. 

A moderate long-term decline has occurred in sockeye catches 
in the Skeena River area. The stocks are recovering from the effects 
of a rock slide in the Babine River in 1951. In the Rivers. Inlet area 

.... 7.., 



~ 

,.. 

• .J 

o 

d 

o 

on the middle coast of British Columbia, the sockeye catch has been 
relatively stable since the early period of fishery exploitation. 

The Fraser River sockeye stocks are on the way tovTard re
habilitation from the catastrophic damage begun in 1913 and 1914. 
The catch in 1958, largest of the four cycles, was about 15 million 
fish. 

In almost every sockeye producing area in North America and 
Asia there are some cyclic fluctuations, the cycle ranging from four 
to six years. However, except for the Fraser River sockeye populations, 
in which most fish become mature at age four, these cyclic fluctuations 
are not extreme or consistent. This is chiefly because the age composi
tions of the major populations of these areas are not as simple as for 
the Fraser River populations. In general, ,age groups 4, 5 and 6 con
stitute major portions of spawning populations, but their proportions 
are different between river systems and to some extent between years. 

It should be noted, however, that the sizes of the populations 
of Bristol Bay sockeye salmon fluctuate considerably. Such fluctuations 
greatly affect the offshore distribution of sockeye salmon in Aleutian 
and Bering Sea waters, as will be mentioned later. 

i1. Pink Salmon: There is no doubt that Asian streams as a 
whole produce many more pink salmon than, 

North American streams. The average annual catch of pink salmon by 
Ja!)an and the U.S.S.R. during the six years 1953 through 1958 is 
estimated at around 110 million fish, whereas the average annual catch 
by the United States and Canada during the same period is 32.5 million 
fish. In some of the pre-war years, the annual take reached over 200 
million fish in Asian waters. 

Although the distribution of pink salmon extends to the Arctic 
Ocean, the northernmost important commercial fishing grounds are 
found between Cape Olyutorskii and Cape Ozernoi on the northeast 
coast of Kamchatka. Various streams in the Karaginsk district are 
particularly important. Rather remarkable cyclic fluctuations have been 
observed in the pink salmon catch of this area. A strong odd-year cycle 
existed during the years 1913-24. After a short period (1926-30), in 
which the even-year catches exceeded the odd-year catches, an odd
year cycle appeared again in the early 1930's. This new odd-year 
dominance again declined during the period 1939-44, in which catches 
were good in both odd and even years. Soviet catches were relatively 
low during the next period 1945-50 and since 1951 an odd-year cycle 
has been built up again, reaching a maximum in 1957. The Soviet 
coastal catch of pink salmon in East Kamchatka in 1956 was only 
about 400,000 fish and in 1957 at least 22 to 23 million pink salmon 
from East Kamchatka populations were caught by the U.S.S.R. and 
Japan. The Soviet coastal catch in East Kamchatka was very somal! 

-8-



" 

I' 

0; 

<I 

J 

u 

again in 1958, estimated at L3 million fish. Japan's catch of pink 
salmon in the Bering Sea in either 1956 or 1958 is estimated at less 
than 70,000 fish. Sufficient statistics are not yet available for the 
year 1959, but there are indications that large catches of East Kam
chatka pink salmon were made by Japan on the high seas and that the 
Soviet coastal catch was also considerable. 

The west coast of Kamchatka is obviously the most important 
pink salmon producing area in the entire North Pacific. The middle and 
lower west coast, including the Ichinsk, Bolsheretsk and Kikhchinsk 
districts, is particularly important. Well over half of the coastal catch 
of pink salmon along the entire U.S.S .R. coast was usually made from 
this part of the west coast of Kamchatka during the pre-war years. 
Semko (1954) indicates that in good cycle years the Bolishaya River 
alone had a total return of over 50 million pink salmon. In the catch 
statistics, cyclic fluctuations were not marked until the 1920's, when 
a remarkable even-year cycle started. This cycle continued until 1934; 
during the period 1935-38 cyclic fluctuations Wfre not apparent. A new 
odd-year cycle started in 1939, but it was rather obscure until about 
1945. After 1945, this odd-year cycle increased its amplitude and has 
persisted to the present. 

There are pink salmon fishing grounds of cons iderable importance 
along the northern coast of the Okhotsk .3ea. Perhaps the most important 
are in the Okhotsk district. Strong even-year cyclic fluctuations were 
observed in most of the pink salmon populations on the northern coast 
of the Sea of Okhotsk from the earliest years of fishing (the 1910' s) until 
about 1934. The cycle switched to the odd years during the period 
1935-40 and the odd-year cycle has been very strong from 1945 to the 
present. 

The next most important pink salmon producing area on the Asian 
mainland is the waters of the Amur Firth. During the years 1902-1913, 
cyclic fluctuations were not very large and both odd-year and even-year 
catches were moderate. Extreme cyclic fluctuations dominated during 
the years 1914-36, the even years being those of high abundance. 
After 1936, fluctuations became less extreme; both odd and even year 
catches were very low during the period 1950-55. A strong even-year 
cycle started again in 1956, but the catch level is still much lower 
than that of the 1920's. 

The Soviet coast of the Japan Sea also produces considerable 
amounts of pink salmon. An odd-year cycle existed until 1951; there
after a switch in the cycle year took place. The catch has been re
latively low in recent years. 

The §outhern half of Sakhalin Island is a very important pink 
salmon area. Cyclic fluctuations were not consistent before 1933, 
when an odd-year cycle became apparent. This cycle lasted until 
1951 and thereafter the cycle was disturbed. There are signs of a 
new even-year cycle in the catches of recent years. 

-9-
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In summary, two-year cyclic fluctuations have been observed 
in the catches in various parts of the Asian coast during different 
periods of time. However, there have been no cases in which extreme 
and consistent disparity was observed for the entire period of 1910-
1958. Alterations of cycles have taken place in all of the important 
pink salmon producing areas. There appears to be no way to predict 
the nature of cyclic fluctuations in the future. At present, odd-year 
cycles dominate in East Kamchatka, West Kamchatka, and the northern 
coast of the Okhotsk Sea; and even-year cycles dominate in the Amur 
district and along the Japan Sea coast of the tJ.S.S. R. Because of the 
strong odd-year cyclic fluctuations in the former areas, the total U. S • S • R. 
coastal catch and the total Japanese mothership catch have recently been 
considerabiy larger in the odd years. The total Asian pink salmon catch 
has also shown an odd-year cycle. 

On the North American side there is no commercial fishing in 
the areas north of Bristol Bay. Pink salmon are taken by natives in 
these areas but the quantities thus taken are unknown. Commercial 
catches are made in Bristol Bay, on the northern side of the Alaska 
Peninsula and in Aleutian Island waters, mostly around Unimak Pass. 
Although the pink salmon catch in Western Alaska has never been 
large, an obvious decline has occurred since 1920. However, the 
catch of 1. 8 million fish in 1958 was one of the best in history. An 
even-year cycle has dominated almost the entire period for which 
statistics are available and extreme disparity between odd and even 
years was observed during the 1930's. The Nushagak system is 
considered the largest pink salmon producer in Western Alaska (Fisheries 
Research Institute, University of Washington, 1959). 

The coast from the southern side of the Alaska Peninsula to 
southern British Columbia has many important pink salmon streams. 
The pink salmon catch in Central Alaska was at its highest level during 
the years 1936 to 1947, the annual catch being 20 to 31 million fish; 
the catch was considerably smaller during the following period, 1948-
1958. Cyclic fluctuations have not been noticeable in the catches of 
Central Alaska as a whole, except that even-year catches were dominant 
in the 1910's and 1920' s. Some cyclic fluctuations can be recognized 
in the catch statistics of some of the individual districts of Central 
Alaska. 

Southeastern Alaska is the most important pink salmon producing 
area in the whole of North America. the catch was generally high until 
1949 and thereafter a sudden decline took place. Cyclic fluctuations 
have not been apparent in the catch of Southeastern Alaska as a whole, 
although there must have been noticeable two-year cycles in some of 
the different districts of. this part of Alaska, also. 

In summary, it can be said that long-term trends of general 
decline are more noticeable than cyclic fluctuations in the catch 
statistics of Alaska pink salmon, except that in Western Alaska there 
has been a strong even-year cycle. 

-10-



f) 

., 

~). 

" 

u 

Judging from the pack and catch statistics of past years, the 
pink salmon catch of British Columbia as a whole has not shown any 
sign of serious decline, however, a moderate decline has taken place 
in the catch of the Skeena River pink salmon. The cyclic fluctuations 
observed in pink populations in various areas of British Columbia were 
reviewed by Neave (1952). It is well known that in certain areas of 
British Columbia pink salmon appear, practically speaking, in odd 
years or even years only, whereas in some other areas both odd-year 
and even-year populations appear in comparable quantities. The 

Queen Charlotte Islands district shows a very remarkable even-year 
cycle, which can be traced back to the earliest years of fishing; 
practically no pink salmon can be observed in odd years in many of 
the streams located on the Islands. The district including the Fraser 
River, Georgia Strait and Puget Sound shows an extreme odd-year 
cycle and very few pink salmon are found in even years. 

The average annual catches of pink salmon in the various 
districts of North America are shown in Table 4 for the period 1931-40 
and 1951-58. 

TABLE 4. Average annual catches of pink salmon in 
various regions of North America, in 
thousands of fish. 

Western Central S.E. British 
Period Total Alaska Alaska Alaska Columbia Washington 

1931-40 64,537 116 21,850 32,523 7,542 2 506 1) , 

1951-58 33,999 352 10,898 10,677 9,553 2,519 

I) Average for 1935-40. 

iii. Chum Salmon: Chum salmon are probably more abundant 
in Asia than in North America. The total 

catch from all Asian chum salmon populations is estimated at an average 
of over 43 million fish annually during the period 1932-41 and roughly 
40 million f.ish annually for the period 1954-58. The average annual 
North American catches during the same periods were about 14.5 and 
10.4 mill10n fish, respectively. 

The distribution of Asian chum salmon extends over a vast area 
from the Arctic coast to northern Honshu. Two groups of chum salmon 
may be distinguished; namely. summer chum and autumn chum. Only 
summer chum are found along the Arctic coast, the Kamchatka coasts 
and the northern coast of the Okhotsk Sea. In the Amur River and 
Sakhalin both summer chum and autumn chum are present: only autumn 
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6hum are found in the areas south of the Amur and Sakhalin. In total 
production summer chum far exceed autumn chum. 

On the Soviet coast of the Bering Sea some commercial fishing 
for chum salmon is conducted as far north as the Bay of Anadyr. How
ever, the northernmost major commercial fishing grounds are found in 
the areas between Cape Olyutorsk and Kamchatka Bay. The Japanese 
coastal catch in the pre-war years in this region was several million 
fish in most years. The U. S . S • R. coastal catch after the war has 
ranged from one to six million fish in most years. 

The west coast of Kamchatka also has been one of the important 
areas for chum salmon. Equally important is the northern coast of the 
Bering Sea. The U.S.S. R. coastal catch of chum salmon on the 
northern coast of the Bering Sea seems to have varied from 3 to 11 
million fish during 1945-58, the estimated annual average being about 
6 million fish. 

As first mentioned by Berg (1934), both summer and autumn 
chum are found in the Amur River; the two forms differ from each other 
in their spawning seasons and distribution of spawning grounds as well 
as their sizes. The story of the Amur River chum salmon is summarized 
in several Soviet papers (Birman, 1954; Smirnov, 1947; Lovetskaya, 
1948; and Birman, 1952; etc.). The catch of summer chum, which 
was once from 10 to over 20 million fish a year, sharply decreased 
during the years 1914-1920 and is still at a very low level. The 
present catch of Amur River chum salmon is composed mostly of 
autumn chum and the abundance of autumn chum is also at a relatively 
low level at present. 

Autumn chum exceed summer chum in quantity in most areas 
of South Sakhalin, except in the Proonai River, where summer chum ' 
are more abundant than autumn chum (Dvinin, 1952). 

The annual catch of chum salmon from Hokkaido and Honshu 
chum populations has been from two to four million fish in recent 
years. 

Generally speaking, relatively large random fluctuations 
characterize the past chum salmon catches from the various areas on 
both coasts of Kamchatka and the northern coast of the Okhotsk Sea. 
There have been per iods of higher catches and those of lower catches, 
both of which have lasted only a few years, in most of these areas. 
A definite trend of decline has been observed for the Amur River chum 
salmon, particularly for the summer chum. 

Chum salmon become mature at ages 2 - 6, but, in general, 
3, 4 and 5 year old fish constitute the largest portions of the spawning 
populations. 3-year old fish appear in considerable proportions in the 
streams of Hokkaido and south. 4-year olds and 5-year olds are 
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equally important in northern areas, but the actual age composition 
differs from area to area and, to a considerable extent, from year to 
year. (Semko, 1954; Taguchi,· 1957; Sano, 1959; etc.). Small 
numbers of chum salmon become mature as 2 and 6-year olds. 

The distribution of chum salmon on the American coast is also 
very wide, ranging from the Arctic Ocean to the State of Oregon. The 
northernmost commercial fishing, however, takes place in the Bristol 
~av a.rea, except for a few thousand fish taken in areas further north 
in some years. It is known that there are some large populations of 
chum salmon in the northern areas, particularly in the Yukon and 
Kuskokwim Rivers, but it is not known how many chum salmon are 
taken by the natives in these areas. The catch of chum salmon in 
Western Alaska has never been very large. It was something between 
one and two million fish annually during the period from 1926 through 
1941 and decreased sharply to about one half or less after 1941. 

The major chum salmon fishing grounds are between the Alaska 
Peninsula and the State of Washington. The chum salmon catch in 
Central Alaska has been relatively stable from 1926 to the present. 
The annual catch in the whole of Central Alaska usually has been 
between two and five million fish during this entire period. The 
catch statistics of chum salmon in Southeastern Alaska as a whole 
show a little more fluctuation. The highest catches were made in 
some years of the decades of 1910 and 1920. The catch has been 
relatively stable since 1926, except for the latest years (1955-1958), 
when catches were somewhat lower than in most of the earlier years. 

Chum salmon are also found in considerable quantities along 
the coasts of British Columbia and northern Washington. The catch 
statistics of B. C. show that the annual catch was between two and 
seven million fish in most years. There were no apparent long-term 
tronds in the catch, except that the catches in recent years (1955-
1958) were at a low level. 

There have been no appreciable overall cyclic fluctuations 
detectable in the catch statistics for any of the above regions. 
4-year old fish dominate the spawning populations in all areas of 
North America, judging from age data obtained for the years 1955-
1957. 5-year old fish constitute higher proportions in Western 
Alaska than in Central Alaska and southward (Kobayashi and Abe, 
1958; Kobayashi, 1959). 

The average annual commercial catch of North American chum 
salmon is shown in Table 5 for the periods 1931-40 and 1951-58. 
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TABLE 5. Average annual catches of chum salmon in 
various regions of North America, in 
thousands of fish. 

Western Central S.E. British 
Period Total Alaska Alaska Alaska Columbia Washington Oregon 

1931-40 14,136 1,399 2,718 4,761 4,415 843 I} 2} 

1951-58 11, 174 589 3,111 3,311 3,566 570 27 3} 

I} Average for 1935-40. 2) No data 3} Average for 1952-58. 

3. SALMON IN OFFSHORE WATERS 

Even before the commencement of the Commission's salmon 
research program in 1955, Japanese scientists and some Russian 
scientists believed that Asian salmon moved to mid-ocean areas 
during the period of their ocean residence. This belief came from the 
Japanese experience in commercial and experimental fishing in offshore 
waters during the pre-war and post-war years and also from the results 
of tagging experiments conducted by Japan during the pre-war period. 
(Fisheries Agency of Japan, 1955; Sato, 1938 and 1939; Taguchi, 
1957; Hirano, 1953; Kaganovski, 1949; etc.). It should be mentioned 
that the United States also conducted son~G c Xplo;:-il+sry o:'::shore fishing 
operations for salmon in the Bering Sea and Aleutian waters in the years 
1939, 1940, 1941 and 1953 (Barnaby, 1952; Schaefers and Fukuhara, 
1954). However, it is through the results of the salmon research 
program of the Commission that the basic facts on the offshore distri
bution of salmon have been firmly established. It has been found that 
salmon have no particular adherence to coastal waters during their 
marine life, that their distribution is more or less continuous over a 
wide area of the northern North Pacific and its adjacent waters and 
that during the late spring and summer months there are directional 
movements of maturing salmon toward the coasts for spawning. It 
has also been established that immature salmon of various ocean 
ages are found within a wide range of offshore waters. Thus, it 
is obvious that salmon have adapted themselves, in the course of 
evolution, to be able to utilize the rich food resources in the offshore 
areas of Sub-Arctic waters on the one hand and to use fresh water 
environments for their reproduction on the other hand. 

One of the most important features of the offshore distribution 
of salmon is that large numbers of salmon from the coasts of Asia and 
Western Alaska are found in offshore waters at great distances from 
their home streams. On the other hand, the salmon from the streams 
of Central Alaska and sout!:1ward seem to spend their oceanic period 
of life mostly in the general region of the Gulf of Alaska, although 
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small numbers of salmon obviously go out to the mid-ocean areas, as 
will be mentioned later. This general phenomenon of long distance 
migrations by Asian and Western Alaskan salmon seems to be related 
to some of the oceanographic characteristics of the Sub-Arctic region. 
This is not a new idea. Kaganovski clearly presented this in his paper 
of 1949, particularly for pink salmon. 

It has been observed that salmon, in general, avoid waters of 
very low temperatures (Yokoyama and Kawakami, 1932; Kaganovski, 
1949; Fisheries Agency of Japan, 1955; Taguchi, 1957. 1957b and 
1957c; Birman, 1958; Konda, 1959; etc.). From various papers 
published in the past and also from fishing data obtained by research 
vessels operating under the Commission's program, it can be said that, 
generally speaking, the major concentrations of chum and sockeye 
salmon are found in waters with temperatures higher than to-2°C. and 
3°C., respectively. Major concentrations of pink salmon are found 
in waters warmer than 4 °-5 °C., principally above 5°C. Of course, 
these temperature limits are not absolute and small numbers of salmon 
may be found in waters with lower temperatures. It shoUld also be 
mentioned that these temperature observations were made mostly for 
maturing salmon migrating coastward during late spring and early 
summer. Immature chum and sockeye are not usually found in waters 
in which the temperature is close to the lower limits mentioned above. 
Nevertheless, it is assumed that the isotherms of these temperatures 
form, as a rule, the boundaries for the offshore distribution of the 
various species of salmon in the winter months. 

There have been no direct observations of the winter temperature 
distribution in the Sub-Arctic region, except its eastern part, parti
cularly the Gulf of Alaska area, but it is possible to conjecture roughly 
the major characteristics of the surface water temperature distribution 
in the region, through the descriptions given in Fleming (1955) and 
through summer data as proposed by Dodimead (1959). Figure 1 shows 
the general forms of the to, 3 ° and 5°C. isotherms in winter. This 
figure was drawn by conjecture and it is indicated, through summer 
observations, that there are large annual fluctuations in the winter 
surface temperature distribution (Dodimead, 1959). 

In spite of the reservations we must make as to the lower 
temperature limits for the various speCies of salmon and the actual 
winter temperature distribution, it is obvious that salmon of all 
species and all age groups from the coasts of Asia and Western 
Alaska are forced to travel great distances in order to winter in 
areas of suitable temperatures. This general pattern of salmon 
distribution in winter conjectured from the water temperature distri
bution coincides very well with the distribution of the salmon fishing 
grounds of the Japanese high seas fishing fleet during the earliest 
part of the season. The Japanese mothers hip fleet starts its operations 
usually in early May in areas east of 165°E. and south of the Aleutian 
Chain. The land-based fishing vessels from Hokkaido and Honshu 
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start fishing in April in waters southeast of Hokkaido. A continuous 
distribution of salmon is observed between these two fishing areas. 

In contrast with the offshore migrations which Asian and 
Western Alaskan salmon are more or less forced to conduct, salmon 
from the coast of the Alaska Peninsula and southward do not have to 
move westward to the mid-ocean areas, as far as the winter temperature 
condition is concerned. Their westward movements probably arise 
through gradual dispersal and through the drifting force of the Aleutian 
current flowing from the northern Gulf of Alaska toward the mid-Aleutians. 

It is also important that, as we can infer from the winter 
temperature distribution, major concentrations of pink salmon go to 
more southerly waters than sockeye and, more particularly, further 
south than chum salmon. As shown in Figure 1, there is a wide area 
between the isotherms of 3 ° and SoC., particularly in mid-ocean areas. 
This again is correlated with data from commercial and experimental 
fishing in offshore waters. During the month of May, pink salmon are 
scarce in waters immediately south of the western Aleutian Islands 
where considerable numbers of chum and sockeye are being caught. 
Also, in the fishing grounds off Hokkaido and the South Kuriles, 
pink salmon appear later than chum salmon, although the difference is 
not as marked as in the Aleutian areas. 

Since salmon from the streams of the Alaskan coast north of 
the Peninsula are also most likely to come down to waters along the 
Aleutian Islands and southward in winter, leaving the main part of the 
Bering Sea, it is easily understood that the probability of salmon from 
the Alaskan coast north of the Peninsula intermingling with salmon from 
some of the Asian coasts in waters around and south of the mid-Aleutians 
is very high. The results of the research under the Commission's pro
gram indicate, almost without exception, high degrees of intermingling 
between Asiatic fish and Western Alaskan fish in mid-Aleutian waters 
during late spring and summer. Thus, it can be concluded that the 
winter temperature distribution, particularly the distribution of the 
lower-limit temperatures for salmon, is one of the principal factors 
for determining the general pattern of the ocean distribution and 
intermingling of salmon. 

4. SEASONAL MOVEMENTS 

Two types of seasonal movements must be clearly distinguished 
in considering offshore migrations of salmon. These are the directional 
migrations conducted by maturing salmon during the spring and summer 
months and the feeding migrations conducted by immature salmon through
out the year. 

There have been many observations of the coastward migrations 
of maturing salmon during the months of late spring and summer 
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(Sato, 1939; Kaganovski, 1959; Hirano, 1953; Taguchi, 1957 and 
1957b; Birman, 1958; Semko, 1958; Dvinin, 1958; Hanavan, 1958; 
Anonymous. 1959; Hartt, 1959; Hirano and Kondo, 1959; Fisheries 
Agency of Japan, 1955; etc.). These observations are mostly con
cerned with the migrations of maturing sockeye, chum and pink salmon 
toward the coasts of Asia and Western Alaska. This subject will be 
discussed in some detail in the sections where each species of salmon 
is dealt with. It should be pointed out, however, that because of the 
directional nature of these pre-spawning migrations in offshore waters, 
the distribution of mature fish in offshore waters should be understood 
dynamically. In other words, not only the time of observation but also 
the timing of spawning migration of the stocks concerned should always 
be taken into consideration in interpreting any observation on mature 
salmon. The migrations of Asian chum salmon present the best example 
in this respect, as will be discussed later. The distribution of immature 
salmon is also dynamic because of their seasonal migrations, which 
will be discussed in the next section. 

T~le dynamic nature of the offshore distribution of salmon makes 
the study of distribution and intermingling of salmon a difficult one. 
Our observations cave been made only during the months of late May 
through Septembs::. However, for instance, in order to determine the 
maximum eastward exten:;. ion of Asian salmon during the course of a 
year the dis 'i:ribution in offshore waters during winter and early spring 
must be kIlo'NIl, bGcause this is likely to be the time when Asian salmon 
are located farthest to the south and east, judging from the oceanographic 
characteristics mentioned in (3). On the other hand, the maximum west
ward extension of sockeye salmon of Bristol Bay origin can be determined 
fairly well through observations during May and June and that of immature 
salmon of American origin can probably be determined by observations 
dw-ing the month of August or early September. 

5. DISTRIBUTION OF YOUNG SALMON AT SEA 

The words "immature" and "mature" in this section mean 
"salmon which do not spawn within the year" and" salmon which spawn 
within the year", respectively. Allowance must be made for chum salmon 
spawning in the southernmost areas, particularly Honshu, in January and 
February of the next year. How to distinguish immature salmon from 
mature salmon in the catches from the high seas is a complicated 
question. A summary discussion is found in Hartt (1959) in relation 
to the tagging experiments conducted by the United States. The 
problems are summarized here in a way differing somewhat from 
Hartt I s review. 

(1) Zero-ocean-winter fish may safely be considered immature 
and they can be distingished easily by length or by age. 
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(2) All one-ocean-winter pink salmon may be considered mature. 
Since any pink salmon of zero~6tean-winter age belongs to 
a completely separate size group and since there are practically 
no two-ocean-winter pink salmon, the case is very clear-cut. 

(3) Most one"'ocean-winter sockeye and chum salmon may be 
considered immature, although small numbers of male sockeye 
and chum salmon become mature after spending one winter in 
the ocean. This group again forms distinctive size groups in 
both species • 

(4) Most three-ocean-winter sockeye salmon and five-ocean-winter 
chum salmon may be considered mature, although small numbers 
of sockeye do not become mature until they have spent four 
winters in the ocean and small numbers of chum salmon do not 
become mature until five ocean winters have elapsed. 

(5) In some cases, the date and location of catch fairly well 
separates mature and immature sockeye salmon. Most 
sockeye salmon found in waters of the Aleutians, Bering Sea 
and northwest Pacific after August 15 can safely be considered 
immature, because the major sockeye salmon runs in Asia and 
Western Alaska are over by August 20. The dividing date could 
be July 31, except for the areas immediately off the coast of 
southeast Kamchatka. This will sacrifice some accuracy, but 
will considerably increase the amount of data that can be 
treated by this method. In some portions of the above region, 
separation by the date and location of catch can be applied 
almost throughout the season for sockeye salmon without 
great errors, as pointed out by Hartt (1959). This method 
is not applicable to chum salmon because of the presence 
of autumn chum in these waters, as shown by the results 
of tagging (Hartt, 1959; Hirano and Kondo, 1959). 

(6) For the salmon which do not belong to any of the above five 
categories, gonad weight can be a measure of maturity, as 
suggested by Ishida and Miyaguchi (1958) and Godfrey (1959). 
This meth6d, however, has only a limited value for separating 
the mature and immature chum salmon found in mid-ocean areas -
again because of the presence of late-maturing fish. It is also 
not applicable to some of the sockeye and chum salmon caught 
in the earliest part of the fishing season, because it is shown 
by both Ishida and Miyaguchi and Godfrey that some pink 
salmon have very small gonads early in the season. 

(7) Length in combination with some of the criteria listed above 
is still a useful means to roughly separate mature and immature 
sockeye and chum salmon in tagging experiments (Hartt, 1959). 
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In spite of some uncertainty in the determination of maturity of 
salmon found in offshore waters there have been marty findings which 
help us to understand the distributjon and movements of immature salmon 
in offshore waters. The best picture of the summer distribution of 
immature sockeye salmon can be obtained by plotting catches of one
ocean-winter fish and catches of fish of all categories after August 1 
in North Pacific and Bering Sea waters, excluding the Gulf of Alaska. 
Reservations should be made for sockeye salmon found in waters off 
southeast and southwest Kamchatka during early August. Also, for 
sockeye caught in July and August, catches of immature fish as deter
mined by gonad weight can be plotted for all areas. 

The general areas where supposedly immature sockeye salmon 
have been found during the month of August may be shown roughly as 
in Figure 2. Large concentrations of immature sockeye salmon have 
been found in waters on the southern side of the Aleutian Chain and 
the Alaska Peninsula and also in the western part of the Bering Sea. 
Relatively few immature sockeye salmon have been caught in the 
eastern pai."t of the Bering Sea, although rather few stations have been 
occupied in this area. The distribution of immature salmon in the Sea 
of Okhotsk has not been studied. I) It may be assumed that the 
distribution of immature chum salmon during the month of August is 
not greatly different from that of sockeye salmon because immature 
chum salmon are usually caught in the same general areas as immature 
sockeye salmon. 

The seasonal movements of immature salmon are feeding migrations. 
All of the Aleutian and Bering Sea waters become suitable as to both 
temperature and food conditions. (For relative abundance of food 
organisms in the North Pacific, see Aron, 1958 and 1959). However, 
during the summer months waters of higher temperatures constitute 
the southern limits of salmon distribution in offshore waters, as 
mentioned by Manzer (I 95 8). Generally speaking, the 13°C. isotherm 
forms the southern boundary for the distribution of immature salmon 
during the summer months, although there is a possibility that some 
salmon remain in sub-surface layers of more southerly waters. 

Since observations of the distribution of immature salmon in 
offshore waters have been made mostly from late June through August, 
there is no direct knowledge of the actual distribution of immature 
salmon during the rest of the year, particularly in winter and early 
spring. It is almost certain, however, that immature sockeye and chum 
sCl.lmon are distributed, during winter and early spring, in waters 
delineated on the north by the 1 ° and 3°C. isotherms, respectively; 
as roughly shown in Figure 1. Also, cons idering the fact that in May 

1) The Japanese research summary which just arrived states that good 
catches of 2-year old chum salmon were made by one research 
vessel which occupied Okhotsk Sea waters off the Kuriles and 
southwest Kamchatka. 
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and early June when the temperature is still relatively low in central 
and western Aleutian waters most of the salmon found there are mature, 
it is very likely that immature sockeye and chum salmon occupy waters 
south of the Aleutian Islands and waters of the Gulf of Alaska during 
winter and early spring. Accordingly, generally speaking, the seasonal 
migrations of immature salmon take place toward the north and west 
during the months of warming and toward the south and east during the 
months of cooling. It follows that the maximum eastward expansion 
of the distribution of immature Asian salmon takes place during winter 
and the maximum westward expansion of the distribution of immature 
American salmon takes place during summer. 

It is likely that, at least in some years, immature salmon 
originating in the streams along the Gulf of Alaska are forced to move 
not only northward, but also westward because of higher surface 
temperatures prevailing in the eastern part of this general region 
(Figure 3). 

6. VERTICAL DISTRIBUTION OF SALMON 

The question of the vertical distribution of salmon in various 
parts of the ocean during various periods of the year has a bearing on 
research problems, particularly in relation to the interpretation of data 
from gillnet fishing. There are two problems involved; changes in the 
vertical distribution of salmon probably depending on the vertical 
distribution of water temperature; and diurnal movements. 

The experimental fishing with sunken nets conducted by Canada 
during the years 1957-59 in waters of the Gulf of Alaska demonstrated 
that salmon live in deeper layers than previously thought (Fisheries 
Research Board of Canada, 1957; Manzer and LeBrasseur, 1959). 
Chum and sockeye salmon were caught by sunken gillnets at depths 
of 50-75 meters. It is indicated that the vertical distribution of 
salmon in the Gulf of Alaska may be related to the temperature structure 
of the water column. Observations on gillnet catches of salmon in an 
area off the southeast coast of Kamchatka also indicate a relationship 
between the vertical distribution of temperature and that of salmon 
(Yamahira, 1954). 

If the vertical distribution of fish is related to that of water 
temperature, as suggested above, the characteristics of the former 
should change according to seasonal changes in water stratification 
and should also differ from area to area during the same season. It 
is conceivable that salmon occupy shallower layers in waters closer 
to the Asian coast than in waters of the Gulf of Alaska during spring, 
summer and autumn, because temperatures suitable for salmon ex
tend to lesser depths in waters close to Asia. 
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Figure 3. Surfqce temperature distribution in the Gulf of Alaska, 1956-58' 
(from INPFC, Annual Reports, 1956-58) 
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It has been known by Japane~? fishermen and biologists that 
salmon conduct diurnal vertical migrations, staying at greater depths 
during daylight. This is also suggested for sockeye salmon in the 
results of the Canadian experiments (Manzer and LeBrasseur, 1959). 
The extent of diurnal migration must also be related to the vertical 
distribution of water temperature. For instance, extremely low temp
eratures found in sub-surface layers of the waters on the Asian coast 
should constitute a physical barrier for vertical movements of salmon. 
The U. S • S • R. scientists seem to think that salmon are essentially 
night time surface feeders and that the vertical distribution of salmon 
in the Northwest Pacific is within the top 50 meters (Mednikov, 1958). 

7. IMPORTANCE OF THE ALEUTIAN CHAIN 

The directional movements of salmon in waters north and south 
of the Aleutian Chain are discussed by Hartt (l959) in considerable 
detail. The question is reviewed here from the viewpoint of the 
importance of the Aleutian Chain as a physical barrier for salmon 
distribution. 

Figure 4 is taken from Fleming (1955) to show the sections of 
various passes between the Aleutian Islands. First, it may be said 
that the Aleutian Chain must form, to a greater or lesser extent, a 
physical barrier for the seasonal migrations of salmon, not only 
directly because of the land masses, but also indirectly because of 
the disturbance of water in the passes. To what extent different parts 
of the Islands hinder salmon movements through the passes depends 
primarily on the widths and depths of the passes in different parts of 
the Chain. As shown in Figure 4, the most easterly pass is Unimak 
Pass. This is a small pass but it may be of considerable importance 
for mature salmon migrating from the North Pacific to the Bering Sea 
because it is the first pass fish moving westward along the southern 
side of the Alaska Peninsula will find. 

There are no passages of appreciable size between Krenitzin 
Island and Umnak Island. Then there are several passes of considerable 
size between Umnak Island and Amlia Island, between approximately 
169°Vv. and 173°VV. Particularly important are those between the 
Islands of Four Mountains and Seguam Island, including the large 
Amukta Pass. There are practically no important passes between 
Amlia Island and Tanaga Island (approximately 172 ° 30'\iV.). Then 
there is a group of paS3es between Tanaga Island and Semisopochnyi
Amchitka Islands; particularly important in this group is Amchitka Pass 
at around 180 0

• The next passes of larger size are found between 
Kiska Island and Agattu Island. Beyond Attu Island (about 172 0 30'E.) 
there are practically no obstacles for salmon migration except the two 
islands of the Commandorski3. 
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From the above description, it is apparent that there are three 
groups of. passes which are probably most important for salmon migration 
from the North Pacific into the Bering Sea in the central and eastern 
Aleutians. They are from west to east - the Amukta group, between 
170 0 W. and 172°30'W.i the Amchitka group, between 178°W. and 
179°E.i and the Kiska-Agattu group, between 177°30'E. and 174°E'. 
Also, Unimak Pass at 165 o·W. may have considerable importance in 
spite of its smaller size. During the late spring and summer months, 
the general movement of salmon in waters south of the Aleutians is 
probably toward the west and north, as mentioned previously, Accord
ingly, salmon are likely to accumulate on the southern side of the 
Aleutian Chain, because the Chain forms a physical barrier. Since 
mature salmon going toward various parts of the Bering Sea coast 
must go through passes in the Aleutian Chain, the larger portions of 
these mature salmon going northward probably go through some of the 
above groups of larger passes. In the central and eastern Aleutians 
there are only three major groups of passes, with considerable 
distances in between. Especially there is a distance of approximately 
5°30' longitude (about 210 miles) between the Amukta and Amchitka 
groups. It would make considerable difference in the migratory pattern 
of, for instance, mature Bristol Bay sockeye, which group or groups of 
passes most of them go through. Under certain circumstances salmon 
may be more or less evenly distributed among these three groups of 
passes and even the passes west of Attu, but under other circumstances 
one group may receive many more fish than the others. Annual fluctua
tions in the migratory pattern of Bristol Bay sockeye salmon going from 
the North PaCific into the Bering Sea, as suggested by Hanavan (1958) 
and Hartt (I 9S 9), may be caused in this way. Distribution of Bristol 
Bay mature sockeye between the Amukta and Amchitka groups of passes 
appears to be particularly important. 

The same thing may be true for the migration pattern of the pink 
salmon bound for the Karaginsk district, although this question has not 
received careful study. 

For immature salmon the Aleutian Chain may be even more signi
ficant as a physical barrier to migration, because they do not necessarily 
have to go into the Bering Sea. Waters south of the Aleutian Chain are 
suitable for immature salmon as feeding grounds, even during the period 
of highest water temperature. This might explain the relative scarcity 
of immature salmon in the eastern part of the Bering Sea during August. 
On the contrary, catch data from commercial and research vessels 
indicate the presence of large numbers of immature chum and sockeye 
salmon in the western part of the Bering Sea as well as in waters south 
of the western Aleutian Islands. This is conceivable because the 
island structures west of Attu Island should not form a physical barrier 
for salmon migration. The passes are extremely wide and deep and the 
only obstacles are the two Commandorski islands. 

If the above hypothesis is correct, a similar mechanism must 
also be working in the Kurile waters. 
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8. SUMMARY OF THE PRESENT KNOWLEDGE OF THE 
OFFSHORE DISTRIBUTION OF PINK SALMON 

Pink salmon 'is t-ak6m_up. ~irst, because the life history of this 
species is rather simple aha marty fa~t6rs which rmay-·pe. import~nt for 
the other species cari be el1mihated Irc)m coftt;ideration. 

After migrating into the sea in the spring as fry, pink salmon 
s pend some time in inshore waters. Irlformation on this part of their 
life cycle is found in Fisheries Research Board of Canada (1956), 
Manzer (1956), and Fisheries Research Institute, University of 
Washington (1959). Young pink salmon of 20 - 27 cm. in length are 
mote or less regularly observed along the Japan Sea coast of Sakhalin 
in autumn (Kaganovski, 1949; Dvinin, 1952). Some numbers of pink 
salmon of the same size category have been found in an area southwest 
of Kodiak Island in mid-September (Hartt, 1959). 

From the discussion in (1), we know that the major Asian pink 
salmon populations originate from the various coasts of the Sea of 
Okhotsk and from the northeastern coast of Kamchatka, particularly the 
Karaginsk and Olyutorsk districts. Also, from the discuss ions in (2), 
we can assume that their Wintering grounds are in waters with tempera
tures higher than 4 ° to 5°C., mostly higher than 5 °C. Accordingly, 
pink salmon from the streams tributary to the Sea of Okhotsk go out 
into the Pacific Ocean and some of the pink salmon from the streams 
of the northern coast of the Japan Sea probably go to the southern 
Japan Sea, where the temperature of the surface layer is within their 
preferable range. Also, most pink salmon from the streams in north
eastern Kamchatka go out of the Bering Sea in winter to live in warmer 
southern waters. The approximate position of 5°C. istotherm is 
shown in Figure 1. This assumption of long distance offshore migration 
of pink salmon from Asian streams seems to be supported by all avail
able data and findings. Most pink salmon from Western Alaska, that 
is, the part of Alaska north of the Peninsula, also come down to the 
Pacific Ocean. In contrast with the long distance migration of pink 
salmon from Asia and Western Alaska, pink salmon from Central Alaska 
and southward seem to spend the winter mostly in waters of the Gulf of 
Alaska, judging from the temperature distribution in the eastern part 
of the North Pacific in winter. 

Kaganovski (1949) assumes that there are three separate 
Wintering areas for Asian pink salmon, two in the Pacific Ocean an.d 
one in the Japan Sea. However, judging from data from commercial 
and experimental fishing. pink salmon distribution in the western 
Pacific is more or Ie s s continuous. This, of course, doe s not deny 
the presence of larger concentrations in some areas than in other 
areas. 

Since the length of time pink salmon spend in the ocean is 
short, intermingling of pink salmon from streams of distant areas 
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may be more or less limited. Chances of intermingling are probably 
higher between the various populations of Okhotsk Sea pink salmon 
wintering in the northwest Pacific Ocean, because all these populations 
must pass through the major passes of the Kurile Chain. As indicated 
in the results from tagging experiments by Japan during the Ire-War 
years (Hirano, 1953), more pink salmon from the VI/est Kamchatka pink 
salmon populations are found, during the fishing season, in waters 
off southeastern Kamchatka and the North Kuriles and more Sakhalin 
pink salmon are found in waters off Hokkaido and the South Kuriles. 
However, there seems to be considerable intermingling, in offshore 
waters, even between these two groups of pink salmon. In short, 
pink salmon from various districts of the Okhotsk Sea coast, including 
Sakhalin and probably the Amur River, occupy more or less continuous 
areas in the northwest Pacific in winter. 

On the contrary, the central parts of the Pacific south of the 
Aleutian Chain are likely to be occupied in winter mostly by pink 
salmon from the Karaginsk-Olyutorsk districts, judging from their 
distribution and movement in June as shown in the res ults of tagging 
experiments (Hartt, 1959) and analysis of fishing and scale data 
(Ishida and Miyaguchi, 1958a). Of course, it is possible that the 
distribution of Okhotsk Sea pink salmon extends further eastward during 
the month of May and earlier, causing some intermingling with Bering 
Sea pink salmon. However, available information seems to indicate 
that intermingling between these two groups of pink salmon populations 
in offshore waters is rather limited. Probably intermingling is more 
significant between East Kamchatka pinks and Western Alaska pinks, 
as indicated by tagging results. 

In Figure 5, the major commercial fishing grounds for Asian 
pink salmon are shown, with approximate periods of fishing. Consider
able numbers of pink salmon are caught in Pacific waters off Hokkaido 
and the South Kuriles beginning in early May, by land-based fishing 
vessels. Fishing starts even earlier, in April, on the Japan Sea side. 
Pink salmon fishing in waters off Hokkaido and the South Kuriles is at 
its height in June and July and the fishing grounds gradually shift 
toward the north. In August pinks become scarce in these southern 
waters. Large numbers of pink salmon are also caught every year by the 
mothership fishery in waters off southeast Kamchatka and the North 
Kuriles, mostly west of 170 0 E., during the months of June and July. 
In early August offshore pink salmon fishing takes place only in waters 
close to Kamchatka. Large quantities of pink salmon used to be caught 
by the mothership fishery on the high seas of the Okhotsk Sea off the 
west coast of Kamchatka from late June to August. Thus, mass move
ments of pink salmon from the Pacific waters into the Sea of Okhotsk 
are clearly indicated by commercial catches in offshore waters. 

The movements of pink salmon from the mid-ocean areas of 
the North Pacific into the Bering Sea and towards the coasts of north
east Kamchatka and western Alaska are shown by commercial and 
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experimental fishing data and particularly by tagging results. There 
is little doubt that the pink salmon found in Aleutian waters east of 
about 170 ° E. in various parts of the Bering Sea during the months of 
June and July are mostly bound for the Asian or Alaskan coasts of the 
Bering Sea. The most striking feature of the distribution of pink salmon 
in these waters is that the abundance changes tremendously from year 
to year. Without trying to make an accurate comparison between years, 
the total pink salmon catches by the U.S. research vessels working 
in these waters are shown for the years 1956-59 (Table 6). (INPFC, 
1956-1958; Anonymous, 1959). 

TABLE 6. Pink salmon catch by U.S. research vessels 
in Aleutian and Bering Sea waters between 
170 o E. and 165°VV., 1956-59 

Year No. of Vessels No. of Fish 

1956 2 50 
1957 2 3,155 
1958 2 193 
1959 2 7,367 

Also, the pink salmon catches by the U.S. tagging vessels are shown 
(Table 7) (Hartt, 1959; unpublished data for 1959 operation). 

TABLE 7. Pink salmon catch by U.S. Tagging Vessels 
(purse seine) in Aleutian and Bering Sea waters 
between 170 o E. and 165°VV., 1956-59 

Year No. of Vessels No. of Fish 

1956 2 113 
1957 2 7,948 
1958 2 348 
1959 2 2,928 

More accurate comparisons of fishing data for different years 
could be made, but for the purpose of this review it is sufficient to 
see the general magnitude of changes in the availability of pink 
salmon in this general region from year to year, as indicated in the 
above tables. Similar differences appear in the commercial catches 
of the Japanese mothership fishery in the western part of this region. 

These large annual fluctuations in abundance of pink salmon 
in offshore waters of the Aleutians and the Bering Sea are obviously 
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related to the yearly fluctuations in abundance of the pink salmon 
populations involved. As mentioned in (1), the largest pink salmon 
populations along the coast of the Bering Sea are found in northeast 
Kamchatka, particularly in the Karaginsk district. Tagging results 
clearly show that most of the pink salmon found in large numbers in 
1957 and 1959 in these waters were bound for this district, and part 
of the remainder went to neighbouring areas in northeast Kamchatka. 
The commercial catches from these northeast Kamchatka populations 
in 1957 and 1959 are many times larger than those in 1956 and 1958 
as mentioned in (1). Judging from the commercial catches, the abund
ance of pink salmon in this area was very low in 1956 and 1958 and 
this was reflected in the low abundance of pink salmon in Aleutian 
and Bering Sea waters in these two years. 

In 1958, the tagging results showed that there were pink salmon 
bound for the west Alaskan coast in mid-Aleutian waters. However, the 
abundance of pink salmon in these waters in 1958 was many times lower 
than that in 1957 and 1959; as roughly indicated in the above tables. 
Since 1958 was one of the years of highest abundance of Bristol Bay 
pink salmon, judging from the catch statistics, it may be said that 
the average contribution of Western Alaska pink salmon to the offshore 
pink salmon population of this general region is many times smaller 
than that of northeast Kamchatka pink salmon. This is only natural, 
because the total abundance of the latter populations is obviously 
far greater than that of the former populations, as indicated in the catch 
statistics (see Section (1». 

The maximum eastward extension of the pink salmon from north
east Kamchatka populations in their ocean life cannot be determined 
unless observations are made during May and earlier in waters far 
south of the Aleutians and the Alaska Penins ula. The presence of 
pink salmon in waters as far south as 4P30'N.-165°W. in April was 
shown by research vessel operations in 1956. 

There are indications that the migration patterns of northeast 
Kamchatka pinks are somewhat different even between years of high 
abundance. For ins tance, pinks seem to have arrived in Aleutian waters 
later in 1959 than in 1957. 

Migrations of pink salmon from the coast between the Alaska 
Peninsula and Puget Sound have not been studied in detail. Judging 
from the oceanographic conditions prevailing in this general region 
of the Gulf of Alaska it is likely that pink salmon avoid the waters 
of the northeastern part of the Gulf during winter. On the contrary, 
during the mop.ths of spring and summer there may be northern move
ments of pink salmon before they start their coastward migrations. 
It is also conceivable that the pink salmon from the streams of 
Southeastern Alaska and southward may stay in waters relatively 
close to the shore all their life. 
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The movements of pink salmon in the Japan Sea are indicated 
by fishing data and tagging results (Kaganovski, 1949; Fisheries 
Agency of Japan, 1959). The pink salmon from the Amur River apparently 
winter both in the Pacific Ocean and in the Japan Sea (Dvinin, 1958; 
Fisheries Agency of Japan, 1959). 

9. SUMMARY OF THE PRESENT KNOWLEDGE OF THE 
OFFSHORE DISTRIBUTION OF CHUM SALMON 

The offshore distribution and movements of chum salmon are 
the most complicated of the three species. Several factors contribute 
to the complexity. First, the coastal distribution of chum salmon is 
wider than for any other species of salmon. Second, their ocean life 
is longer, a few spending two winters in the ocean, most spending 
three or four winters and some five winters. Third, their spawning 
season covers a much longer period of the year than those of pink 
and sockeye salmon. 

The coastal distribution and major fishing grounds for chum 
salmon are described in (1). Chum salmon fry stay in rivers and 
river mouths longer than pink salmon fry. In inshore salt waters, 
however, chum fry are found in much smaller quantities than pink 
fry. Most chum salmon fry seem to leave inshore waters by the end 
of July, with a body length mostly less than 10 to 12 cm. (Mihara, 
1958). Catches of chum salmon of larger sizes in coastal waters have 
been reported on occasion, but large catches of zero-ocean-winter 
fish, which are not unusual for pink salmon, have never been reported 
for chum salmon. 80me zero-ocean-winter chum have been found in an 
offshore area southwest of Kodiak Island in mid-September, together 
with small sockeye and pink salmon (Hartt, 1959). 

As previously mentioned, chum salmon can live in considerably 
colder waters than pink salmon. However, it can probably be assumed 
that surface temperatures of 1 0 

- 2 °C. in the Pacific and Bering Sea 
generally constitute the western and northern limits of the distribution 
of major chum salmon concentrations in winter (Figure 1). It should 
also be noted that since these lower limit temperatures have been 
deduced from the observations on maturing chum salmon on their 
coastward migration, immature chum salmon may prefer temperatures 
considerably higher than these limiting temperatures. 

It is therefore safe to say that most chum salmon stay in waters 
around the Aleutian Islands and southward in winter and stay out of the 
Sea of Okhotsk, waters off the Kurile Islands and Kamchatka, the major 
portion of the Bering Sea and the northern part of the Japan Sea. Here 
again, it is obvious that most chum salmon from Asian streams and 
\'Vestern Alaskan streams make long distance migrations during the 
first year of their ocean life. It should be noted, however, that the 
waters around the central and western Aleutian Chain fall within the 
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range of their suitable temperatures during the winter season, which is 
not the case with pink salmon, although it is also li~ely that chum 
salmon in their first year of ocean life may prefer somewhat higher 
water temperatures than adult chum salmon. 

Their offshore migration after the first winter in the ocean can 
be considered in two phases; feeding migration of immature salmon 
and spawning migration of mature salmon. It is assumed that, during 
the period of their ocean life chum salmon seek waters of their preferred 
temperatures and good feeding conditions and intermingling between 
different populations gradually takes place. The degree of intermingling 
must be much higher in chum salmon than in pink salmon because of 
their long ocean residence. This is clearly shown in the results of 
tagging experiments conducted in past years as summarized in Figures 
6 and 7. Recoveries from tagging in the mid-Aleutian areas during the 
months of June through August are shown in these figures for immature 
chum salmon only and for summer chum salmon and autumn chum salmon 
separately. These figures indirectly indicate the state of intermingling 
before chum salmon engage in directional coastward migrations. 

As expected, chances of intermingling are apparently greatest 
between different populations of Asian chum salmon and between Asian 
and Western Alaskan chum salmon. Chum salmon from various streams 
of practically all districts of the Asian coast are well represented in 
the northern North PaCific, together with those from Western Alaska. 
Although accurate quantitative comparison is difficult for various 
reasons that will be mentioned later, the results of scale studies 
(Kobayashi and Abe, 1958; Kobayashi, 1959; Bilton, Shepard and 
Jenkinson, 1958; Bilton and Shepard, 1959) and tagging indicate that 
more Asian chum salmon are found in the central part of the North Pacific 
and Aleutian waters than Alaskan chum salmon. This is understandable 
because chum salmon are obviously more abundant in Asia than in North 
America and also chum salmon from almost the entire Asian coast are 
found in this region, while most North American chum salmon found 
here are from the areas north of the Alaska Peninsula. Some Asian 
chum salmon go eastward at least to the vicinity of the Alaska Penin
sula, but the maximum eastward extension of Asian chum salmon is not 
known because of lack of tagging and sampling in the earlier months of 
the year, as is the case with pink salmon. On the other hand, it is 
also possible that small quantities of chum salmon from the coast of 
Central Alaska and southward may go to the mid-ocean areas of the 
North Pacific and Aleutian waters during their long ocean reSidence, 
although they would not seem to be particularly forced to do so. The 
recovery of a Southeastern Alaskan chum from a tagging lot in the mid
Aleutian area (tagged in 1956 and recaptured in 1957) indicates that 
this is actually happening. 

The distribution of immature chum salmon during the summer
time has not been fully studied, but it is not likely to be greatly 
different from that of sockeye salmon shown in Figure 2. High 
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Figure 6. Coastal recoveries of summer chum salmon tagged as immature in Aleutian and 
Bering waters; tagged 1956-"58, recovered 1957-59. 
Subject to corrections and future additions. 
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Figure 7. Coastal recoveries of autumn chum salmon tagged 

as immaturesi tagged 1956-58, recovered 1957-59. 
Subject to corrections and future additions 
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temperatures in southern waters in summer months must push most 
immature salmon northward and westward to waters of more suitable 
temperatures. In the mid-ocean areas, the southern boundary of chum 
salmon distribution in the surface layer fishable by gillnet is rather' 
clearly defined in August and September (Manzer, 1958). Large 
quantities of immature chums are found in Aleutian waters and probably 
in the western Bering Sea (Hartt, 1959; Hanavan, 1958; Anonymous, 
1959; Ishida and Miyaguchi, 1958). These immature chum salmon 
found in northern areas in summer undoubtedly come back to the southern 
wintering grounds toward winter. 

There are indications that chum salmon can stay in waters of 
somewhat higher temperatures than sockeye. Sometimes appreciable 
numbers of chum salmon are caught at surface temperatures as high as 
14°C. and accordingly the southern boundary of distribution of chum 
salmon in August-September is located slightly further to the south 
than that of sockeye (Birman, 1958; Manzer, 1958). 

The spawning migration of mature chum salmon is also more 
complicated than that of pink salmon. This is mostly because of the 
great differences in spawning season between different populations of 
chum salmon, particularly between the two main groups, summer chum 
and autumn chum. On the northern part of the Asian coast, where 
summer chum salmon are found, chum salmon runs take place mostly 
during July and August. On the contrary, autumn chum runs in 
Hokkaido coastal waters take place mostly from September through 
November and partly in December. In Sakhalin and the Amur River 
both summer chum and autumn chum are present. In Sakhalin, summer 
chum salmon come inshore from the beginning of July to the end of 
August or the beginning of September. Autumn chum appear from the 
end of August or beginning of September and their runs last until the 
beginning of November (Dvinin. 1952). The same situation exists in 
the Amur River, although the summer chum runs in this river have been 
in decline in recent years. as previously mentioned. In other words. 
the timing of the spawning migration of summer chum is not greatly 
different between districts. but autumn chum runs take place consider
ably later than summer chum runs - in September and later. In total 
abundance, taking the chum populations in Asia as a whole, summer 
chum far exceed autumn chum. 

As mentioned above and shown in Figure 6. immature summer 
chum salmon from the populations of various districts of the Okhotsk 
Sea are well represented in the coastal recoveries from tagging in 
mid-Aleutian waters during the summer months. However, mature chum 
salmon bound for distant areas of the Okhotsk Sea, particularly the 
northern coast, have not been found among the recOveries from tagging 
in these vJ'aters during June and July, except for one fish tagged south 
of Atka in 1959. as shown in Figure 8. This apparent scarcity of 
mature chum salmon bound for distant Asian areas is not surprising. 
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Figure 8. Dates and locations of tagging for mature summer 
chum salmon tagged in the mid-Aleutians and 
recovered in the Sea of Okhotsk, 1956-59. 

o Recovered from the west coast of Kamchatka 

x Recovered from the mothership grounds off the 
west coast of Kamchatka. 

II Recovered from the northern coast of the Okhotsk 
Sea. 

Subject to corrections and future additions. 
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(Another chum salmon was recovered within the year of tagging in 
the Okhotsk district, but it was from the Japanese tagging in 1958 in 
waters close to the southeastern coast of Kamchatka.) The shortest 
distance from the middle of the Aleutian Chain to the Okhotsk district 
is about 2, 000 miles and the arrival of maturing chum salmon in the 
Okhotsk district takes place mostly in late July and August. There
fore, those chum salmon must leave the mid-ocean areas early. On 
the other hand, immature chum salmon from these distant areas of 
the Okhotsk Sea coast do not have to leave the mid-ocean areas. 
There have been a few recoveries of mature chum salmon in south
western Kamchatka from tagging in Aleutian waters. Most of these 
fish were tagged before June 20, indicating that chum salmon bound 
for this district are not present in mid-Aleutian waters after the middle 
of June. This is clearly shown in Figure 8. 

The situation, however, is entirely different with autumn chum. 
Because of their late spawning, they can stay much later in Aleutian 
and Bering Sea waters than summer chum. As shown in Figure 9, 
mature autumn chum bound for Hokkaido and Sakhalin (about 2,000 
miles from the mid-Aleutians) are found in these waters in considerable 
numbers during the summer months, June, July and even in August. 
They were recaptured mostly after two to four months. It is, therefore, 
indicated that mature autumn chum salmon do not start their directional 
coastal migration until July or Augu st. They probably follow waters of 
suitable temperature and feeding conditions until this time and since 
water temperatures of the southern areas are apparently too high for 
chum salmon during summer, major concentrations of autumn chum 
salmon shift northwards before they start their directional spawning 
migration toward the southern coastal areas. 

These f:ndings indicate that timing of sampling or tagging is 
extremely important in interpreting the results of racial studies .or 
tagging experiments on mature chum salmon. The distribution of 
Asian summer chum salmon before they start their coastward spawning 
migration is very difficult to determine from summer observations. 

Northward movements of mature summer chum through the 
Aleutians and Bering Sea toward the Bering Sea coasts of Asia and 
North America are shown fairly well in the results of tagging experi
ments (Hartt, 1959; Hirano and Kondo, 1959). Movements of mature 
summer chum bound for different areas of the Okhotsk Sea coast after 
they enter south Kamchatka-Kurile waters are, to some extent, known 
from the results of the Japanese tagging experiments in past years 
(Hirano, 1953; Hirano and Kondo, 1959). 

Information is limited as to the movements of chum salmon of 
Central Alaska and southward. One immature salmon tagged in an area 
south of Kodiak Island has been recaptured - in the Taku River, South
eastern Alaska. 
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Figure 9. Dates and locations of tagging for mature autumn chum salmon 

(recovered in Hokkaido, Honshu, South Kurile, and Sakhalin, 1956-59. 
Subject to corrections and future additions. 



As mentioned previously, cyclic fluctuations of chum salmon 
populations are not apparent from commercial catch data. Serious 
long-term trends of decline have not been observed for Asian chum 
salmon. Furthermore, many populations from different areas of Asia 
and 'Western Alaska are contributing to the chum salmon found in mid
ocean areas. Also, fish from at least four year-classes are present 
in any year. Therefore, it is believed that the abundance of chum 
salmon in mid-ocean areas is relatively stable. The catches of chum 
salmon by research and tagging vessels have shown much less fluctua
tion than those of pink and sockeye (Anonymous, 1959; Hartt, 1959). 
It is also difficult, at least from available data, to relate the fluctuations 
in abundance of chum salmon in these waters to those of chum populations 
of any particular coastal areas. The contribution of \Vestern Alaskan 
chum salmon in the offshore population is relatively minor, at least in 
waters west of 175 o·W. during the summer months. The results of tagging 
and scale studies all lead to this conclusion. Any future changes in 
the abundance of Western Alaska chum salmon would not greatly change 
the relative strengths of American and Asian chum salmon in mid-ocean 
areas, unless the relative abundance of continental stocks changes 
markedly, because the total abundance of chum salmon in Western 
Alaska does not seem comparable to that of the Asian chum salmon 
contribution to the offshore population in these waters. 

10. SUMMARY OF THE PRESENT KNOWLEDGE OF THE 
OFFSHORE DISTRIBUTION OF SOCKEYE SALMON 

The distribution and intermingling of sockeye salmon in mid
ocean areas are somewhat simpler than those of chum salmon. This 
is largely because of the limited coastal distribution of sockeye salmon, 
particularly in Asia. 

Sockeye salmon spend one to four winters in the ocean, but 
most of them become mature after spending two or three winters. Since 
most sockeye salmon spend one or two winters in fresh water after 
hatching, the main age groups of mature sockeye salmon are 4 2 , 53, 
52, and 63. The proportion of three-ocean-winter fish is, in general, 
higher in Asian sockeye than in North American sockeye. The age groups 
32, 42, 43, and 53 constitute the major portions of immature salmon 
found in offshore waters. Most sockeye smolts leave their home streams 
in their second or third summer after hatching. These smolts are found 
in in3hore waters in June and July on their way to offshore waters 
(Manzer; 1956; Fisheries Research Board of Canada, 1956). A few 
sockeye salmon of zero-ocean-winter age have been found in an area 
southeast of Kodiak Island by tagging vessels (Hartt, 1959). It may 
be assumed that in winter major sockeye concentrations are found in 
areas confined by the 3°C. isotherm, as roughly indicated in Figure 1. 
It is therefore obvious that not only Asian sockeye salmon, but also 
large numbers of sockeye from Bristol Bay are distributed mostly in 
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waters south of the Aleutian Chain during the winter months. This 
explains the fact that most sockeye salmon found in offshore waters 
outside the Gulf of Alaska during the late spring and summer months 
are either Bristol Bay fish or Asian fish. 

The results of various racial studies and tagging experiments 
under the Commission's program, however, reveal remarkable differ
ences between sockeye salmon and chum salmon in offshore distribu
tion and intermingling. The dominance of Alaskan sockeye in the 
central Aleutian and Bering Sea areas and the presence of Alaskan sock
eye further westward have been firmly established. This, it seems, can 
be mainly ascribed to the existence of large sockeye populations in the 
Bristol Bay area and the limited coastal distribution of Asian sockeye 
salmon, although some other factors may be involved. The existence 
of large sockeye populations in the area immediately north of the 
Alaska Peninsula must be a strong contributing factor to the offshore 
distribution of sockeye salmon in mid-ocean areas. The major sockeye 
salmon populations in Asia are restricted to certain areas of Kamchatka 
and also the most important sockeye system on the east coast of 
Kamchatka, the Kamchatka River, has been producing only very small 
numbers of fish in recent years, as mentioned in (l). 

The distribution and movements of Bristol Bay sockeye salmon 
in Aleutian and Bering Sea waters during late spring and summer are now 
fairly well known. First, the positions and dates of tagging are plotted 
in Figure 10 for those Bristol Bay sockeye salmon recaptured in the year 
of tagging. The stations where Triaenophorus-infected sockeye salmon 
of supposedly mature stage have been found are also indicated in the 
same figure (Margolis, 1958 and 1959). From these data and various 
observations made by tagging vessels in Aleutian waters, it is assumed 
that most mature sockeye salmon of Bristol Bay origin migrate from south 
of the Aleutian Chain into the Bering Sea through the major passes during 
late May, June and early July. General westward movements along the 
southern side of the Chain and eastward movements in the Bering Sea 
have been observed by U. S. tagging vessels. The migration from off
shore areas of the Bering Sea to Bristol Bay seems to be rapid (Hartt, 
1959). The Triaenophorus data in 1958 and tagging data in 1959 indicate 
that considerable numbers of Bristol Bay sockeye are present in the Gulf 
of Alaska area before they begin coastward migrations (Figure 10). 

Considerable annual fluctuations have been observed in the 
migratory pattern of mature Bristol Bay sockeye .salmon (Hanavan, 1958; 
Hartt, 1959). As mentioned in (7), and also pOinted out by Hartt (1959), 
the topography of the Aleutian Chain must have a bearing on these 
fluctuations. There are only three groups of large passes in the central 
and western Aleutians which may be considered important as migration 
routes for Bristol Bay salmon. They are the Amukta group, the Amchitka 
group and the Kiska-Agattu group. Particularly, there is a long distance 
between the Amukta and Amchitka groups. Unimak Pass must have some 
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importance and also some Bristol Bay sockeye may go through the large 
opening between Attu and the Commandorskis. The way major portions 
of th8 migrating Bristol Bay sockeye salmon are distributed between 
these groups of passes should make considerable differences in the 
observed patterns of migration. Oceanographic conditions not only 
during the period of coastward migration, but also during the period 
prior to the beginning of such migration may be important as the 
factors determining the distribution of fish among different passes. 

Because of the dominance of Bristol Bay sockeye, the general 
abundance of mature sockeye salmon in the central and eastern parts 
of Aleutian and Bering waters seems to be related to the abundance of 
Bristol Bay sockeye salmon during late May and June, although the 
observed abundance in a particular area at a particular time is also 
greatly dependent on the migratory pattern of Bristol Bay sockeye in 
each year (Hanavan, 1958; Anonymous, 1959; Hartt, 1959). 

The distribution of immature sockeye salmon of Bristol Bay 
origin during the summer months is shown in Figure 11, which illustrates 
the tagging locations for the immature sockeye recovered from Bristol 
Bay and the stations where Triaenophorus-infected sockeye of supposedly 
immature stages have been collected. Triaenophorus data are very 
helpful in this case, because the area of sample collection is much 
wider than that of tagging in most years. It is noted that the distribution 
of immature salmon of Bristol Bay origin during the summer months is 
expanded both eastward and westward and it is indicated that consider
able numbers of immature Bristol Bay sockeye salmon are present in the 
eastern Gulf of Alaska during the summer months. 

The offshore distribution of sockeye salmon from Central Alaska 
and southward is not very well known, but a few salmon tagged in 
various offshore areas have been recovered in British Columbia waters, 
as shown in Figure 12. There have been four recoveries of southern 
sockeye salmon from tagging in mid-Aleutian waters, all in 1959. 
Two were mature sockeye salmon tagged in the Kodiak-Adak area and 
recovered, one from the Karluk area, Kodiak Island, and one from 
Kodiak or Chignik. One was a mature sockeye salmon tagged in an 
area further south of the Chain and recaptured in the Nas s River area, 
British Columbia, and another was an immature sockeye tagged at 
177 0 40'£. and recaptured in the Rivers Inlet area two years later. 
These recapture records indicate that some of the sockeye salmon from 
southern areas migrate to Aleutian waters, probably in small numbers. 
Practically no offshore tagging has been conducted in the Gulf of 
Alaska, except in an area south of Kodiak Island and accordingly, 
the distribution and movements of sockeye salmon in this general 
region are little known. Judging from the summer distribution of 
surface water temperature (see Figure 3) it may be assumed that the 
main bodies of immatur_e sockeye originating south of the AlaGka 
Peninsula occupy the western Gulf of Alaska and waters south of the 
eastern Aleutians. 
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The offshore distribution of Asian sockeye salmon in late spring 
and summer cannot be defined as clearly as that of Bristol Bay sockeye. 
There are certain problems in the interpretation of tagging results and 
also there are considerable discrepancies between the results of differ
ent types of study. These will be discussed in more detail when each 
phase of the Commission's research program is dealt with in Part III. 
However, the presence of Asiart sal'mon ih mid-AleUtia-n waters wou1<;l 
not greatly affect the overall dominance of Bristol Bay sockeye in this 
general area during summer. 

The southern limit of sockeye distribution in mid-ocean waters 
in the surface layers fishable by surface gillnets in August and September 
is known to some extent from data from research vessel operations 
(Manzer, 1958). 
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PART III. EVALUATION OF THE PRESENT RESEARCH PROGRAM 

1. GENERAL ) 
First, it is necessary to remember that the Commission has not 

outlined the specific objectives of its research program from a biological 
viewpoint. The research program has always been described as "research 
on the problems raised by the Protocol". It has been described in terms 
of activities rather than in terms of the biological problems involved. 

Reading over the Report of the Committee on Biology and Research 
for 1959 on Items Other Than the Progress of Research on Problems Raised 
by the Protocol (Doc. 340) and the views of the three national sections on 
the question of long-term plans (attached to this document as Appendices 
II, III and IV), it seems to be generally agreed that the main objective of 
the research program is to determine the distribution of the various species 
of salmon from each continent in a quantitative way. The quotation given 
on page 4 of this report refers to " •.• the abundance of the stocks in each 
area. II 

However, the statement regarding objectives of the research 
given in Document 340 is insufficient in that it still does not describe 
the specific biological problems involved. For example, it does not 
mention how seasonal and yearly fluctuations should be taken into 
consideration. Is it necessary to determine the proportion and abund
ance of continental stocks of the three major species in finely divided 
areas of the high seas only during the summer? Or, is it necessary to 
determine proportion and abundance for the rest of the year also? Even 
within the s·ummer season, is it May and June, or July and later? Is the 
objective to determine the exact proportion of the continental stocks 
every year, regardless of the nature of the fluctuations involved? All 
these questions have great bearing on the research program, because, 
as mentioned in Part II, the distribution and intermingling of salmon 
in offshore waters change rapidly during the course of each year and 
also differ fr°om year to year. 

Another major question is, what relative importance should be 
attached to salmon in various stages of development. he immature 
salmon as important as mature salmon in quantitative consideration? 
If so, how do we deal with the same year-classes appearing in 
successive years? 

Strictly speaking, all these and many other questions must be 
answered in order to make an assessment of the present program and 
the problems involved in planning future research. For instance, if 
the winter distribution of salmon in offshore waters should be as 
important as the summer distribution, the entire research program 
would have to be recons idered. 
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However, since at this moment we do not know the answers 
to these and other related questions, we must make certain additiohal 
assumptions in order to proceed with the work of making a preliminary 
assessment of our salmon research. The first assumption is that we 
are attempting to learn the distribution and intermingling of salmon on 
the high seas during the late spring and summer, that is, from May 
through late August or early September. This assumption is made 
simply because the Commission's investigations in past years have 
been conducted during this period of the year, and it has no relation 
to any proposed interpretation of the provisions of the Protocol. 

The second assumption is that we are hoping to be able to find 
average conditions with respect to the distribution and intermingling 
of salmon by conducting research for a number of years and by evaluating 
the factors causing year to year fluctuations. This assumption is rea
sonable, because the provisions of the Protocol are concerned with more 
or less permanent conditions. ________ 

The thil:d assumption is that mature and immature forms of the 
same species of salmon may be considered as two different forms to 
be dealt with separately. This again is a reasonable assumption, 
because immature and mature salmon are quite different from each other 
in distribution and movements in offshore waters. We are not making 
any assumption on how these two forms of each species should be 
weighted for quantitative consideration, because this would involve 
such factors as natural and fishing mortalities for each speCies of 
salmon, on which we have practically no information. 

It is obvious that these assumptions oversimplify our problems. 
However, for the present, we will proceed with our analysis on the basis 
of these three assumptions, all of which relate to the search for quanti
tC.tive information. 

2. MAJOR PROBLEMS FOR EACH SPECIES 

The findings so far obtained from the Commission's research, 
as summarized in Part II of this paper, enable us to outline the major 
problems for future study. The problems are considerably different from 
species to species and, accordingly, they are reviewed for each speCies 
in the following paragraphs. 

1. Pink Salmon: Pink salmon present a most clear-cut case. For 
questions directly related to the Protocol, many 

of the major pink salmon populations do not need much additional attention. 
Pink salmon from practically all areas of the Sea of Okhotsk and the Japan 
Sea are found j.n waters of the North Pacific principally west of 175 0 E. 
during the months of May through August. Also, it is perhaps safe to 
say that most of the pink salmon from the coast of Central Alaska and 
southward are found in waters of the North Pacific east of 165 oW. during 
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the same period of the year. Mos,t pink salmon found in Aleutian waters 
east of approximately 170 o E. and in the Bering Sea during late May through 
early August are either those bound for the Bering Sea coast of the U.S.S .R. 
or the coast of Alaska north of the Peninsula. 

Furthermore, we have a fairly good idea of the relative contributions 
by Asian salmon and Alaskan salmon in this general region of Aleutian' and 
Bering Sea waters. Even in 1958, when Bristol Bay apparently had one of 
the largest pink salmon runs in its history, the general abundance of pink 
salmon in this region was very small, far smaller than those of 1957 or 
1959 when Asian pinks appeared in large quantities in this region. Such 
differences in the relative abundance of Asian pinks and Alaskan pinks 
in this region of the high seas are obviously caused by the differences 
in the sizes of the contributing populations and not by ecological 
peculiarities of pink salmon. 

A question arises here. Is there not sufficient information for 
the Gommis sion I s purposes, as far as pink salmon are concerned? If 
not, what problems are left for study? It may be said that, compared 
with what is known about the other species of salmon, the information 
on pink salmon is nearly sufficient. In other words, any categories of 
questions that cannot be answered for pink salmon from the presently 
available information may not be answered for the other species even 
after years of further study. Their brief life span expedites the study 
of pink salmon. 

On the other hand, if it is wished to make the information on the 
distribution of pink salmon in the Aleutian and Bering areas more accurate, 
there are certain things left to do. First, since fluctuations in the 
abundance of pink salmon along the coast of the Bering Sea, particularly 
those of the northeast Kamchatka populations, have not been simple or 
consistent, as mentioned in Part II, future fluctuations should be 
observed through collection of fishery statistics for the offshore and 
coastal fishing grounds. Observations by research vessels in the 
offshore areas that are not occupied by commercial fishing vessels 
would be desirable to measure major annual fluctuations in the off-
shore distribution. It might be possible to choose only a few key 
stations for research vessel operations for this particular purpose, 
because the general characteristics of the distribution and movements 
of pink salmon in this region are already fairly well known. Tagging 
at some of these key stations would also be desirable to check annual 
fluctuations in the distribution of the pink salmon bound for different 
coastal areas. Information is rather scanty as to the distribution of 
northeast Kamchatka pink salmon during the month of May and, accord
ingly, it would be desirable to conduct experimental fishing and tagging 
in waters of the North Pacific further south from the Aleutians and 
probably in waters south of the Alaska Peninsula. 

However, it should be mentioned again that these research 
observations and tagging will become neces sary only if, for some 
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reason, we wish to have much more accurate information for pink 
salmon than for the other species. 

ii. Sockeye Salmon: The problems are more complicated for 
sockeye salmon. As mentioned in Part II, 

the major characteristics of the distribution and movements of Bristol 
Bay sockeye salmon are fairly well known. On the other hand, the off
shore distribution of As ian sockeye salmon is not very well known. 
Different lines of study under the Commission's program have resulted 
in somewhat different conclusions with respect to the proportion of 
Asian sockeye salmon in Aleutian and Bering waters, as will be men
tioned later, although it is safe to say that Bristol Bay sockeye have 
been generally predominant in mid-Aleutian and Bering waters during 
the summer. Alr.;o, there are indications that sockeye salmon from the 
North American coast south of the Peninsula appear in Aleutian waters, 
probably in small quantities. 

Another complicating factor, which is not a problem with pink 
salmon, is the presence of immature sockeye of various ages. In a 
sense, however, it is an advantage to be able to study the distribution 
and intermingling of immature salmon, because they represent a 
condition not influenced by directional coastward movements of salmon. 
Fortunately, for the sockeye salmon found in Aleutian and Bering waters 
during the summer it is not difficult to separate immatures from matures 
with reasonable accuracy. 

In order to make possible a quantitative analysis of the distri
bution of salmon from various origins, it is first necessary to have 
continuous observations of the abundance of salmon over wide offshore 
areas. For the areas that are not occupied by commercial fishing 
vessels, research vessel operations are the only means to obtain 
such information. There are many difficulties in obtaining accurate 
measures of abundance through such observations. These will be 
discussed later when the study of distribution of salmon by research 
vessels is dealt with. It is equally difficult to determine "the exact 
proportions of continental stocks" in catches. This will be discussed 
later when each line of research is reviewed. 

The distribution of sockeye salmon in mid-ocean areas changes 
rapidly even during the period of May through August. Also there are 
indications that the abundance and movements of sockeye salmon in 
offshore waters fluctuate considerably from year to year. These 
seasonal changes and annual fluctuations make the determination of 
quantitative distribution more difficult. 

iii. Chum Salmon: Chum salmon present the most complicated 
case among the three species. It has been 

found that chum salmon from various districts of Asia, ranging from the 
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northern Bering Sea coast to Hokkaido, are present in mid-ocean areas 
in good numbers during their ocean residence. Chum salmon from various 
districts of Alaska north of the Peninsula are also present in the same 
areas. In other words, chum salmon found in mid-ocean areas are a 
mixture of fish from a large number of populations from various districts 
of Asia and Western Alaska. Summer observations indicate that Asian 
chum salmon predominate at least as far east as 175 oW. during summer 
in Aleutian and Bering waters. Data are not sufficient to say anything 
definite for the areas east of 175 oW. and this is perhaps an area in 
which more sampling and tagging should be done in the future. Informa
tion is also quite insufficient as to the offshore distribution of chum 
salmon of various origins in the month of May • 

The distribution of mature chum salmon changes during the 
spring and summer in a complicated way, because the summer chum 
salmon bound for distant Asian districts leave the mid-ocean areas 
early in the season, while the autumn chum salmon bound for similarly 
distant areas of Asia tend to stay in offshore waters until much later, 
as mentioned in Part II. Therefore, the distribution of mature chum 
salmon must be studied in relation to the distances to the spawning 
areas and the spawning seasons of the major populations concerned. 
The state of intermingling is better indicated in the summer distribution 
of immature salmon, because the complications from directional coast
ward movements are not involved. However, there are difficulties 
in distinguishing immature salmon from mature salmon in the case of 
chum, owing to the existence of autumn spawning fish. 

The same types of difficulties mentioned for sockeye salmon 
exist in the determination of quantitative distribution of chum salmon. 
(The last two paragraphs of (2-ii).) 

Year to year fluctuations in abundance and intermingling, 
however, do not seem to be as great as in the case of pink or sockeye 
salmon, because the fish from a large number of populations from 
various districts are present in the mid-ocean areas and also a number 
of year-classes are included as both mature and immature salmon. 

3. DISCUSSION OF EACH PHASE OF THE SALMON RESEARCH PROGRAM 

In the following paragraphs each phase of the Commission's 
salmon research will be reviewed. Main emphasis will be placed on 
what has been achieved by various methods of research, what more 
could be achieved by continuing the same lines of study in the future, 
and what might be done for overcoming the difficulties involved. The 
types of study that have proved not to be useful for the purpose of the 
Commission's program and therefore have been given up will not be 
discussed here. The review will be arranged according to the items 
of the program established by the Committee on Biology and Research. 
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i. Offshore Distribution of Salmon: 

a. Catch Statistics: It is obvious that the enormous amount 
of data collected from the Japanese 

commercial high seas fisheries, which cover a vast area of the western 
North Pacific, western Bering Sea and Okhotsk Sea, is most useful for 
studying the di::;tribution and movements of salmon in offshore waters. 
Japan undertook to collect and compile such data from her own fisheries. 
In fact, not only have very detailed catch statistics been collected 
from the mothers hip fishery since 1952, but also bio-statistical data, 
such as size, age and sex compositions, have been collected from the 
same fishery for several years. 

All the catch statistics submitted to the Commission by Japan 
are compiled in the Commission's Statistical Yearbooks, 1952-58. 
The need for obtaining further detailed statistical data for research 
purposes has been stressed by the Commission. It is obvious that the 
present time unit of one month is too large, if we consider the fact 
that pink salmon concentrations move from Aleutian waters to the 
coast of northeast Kamchatka in about a month and mature Bristol Bay 
sockeye migrate from Aleutian waters to the coast also in about a 
month. A finer area division may also be desirable for some purposes. 

Part of the bio-statistical data collected from the Japanese 
mothers hip fishery has been submitted to the Commission (Fisheries 
Agency of Japan, 1956 and 1957). Japan has attempted to compile 
all the bio-statistical data that have been collected since 1952 and 
make them available to research workers related to the Commission's 
program (Letter from Dr. Fujinaga, January 28, 1959). It is hoped 
that the working party on the distribution of salmon formed at the 
1959 Annual Meeting can study the matter and utilize the catch and 
bio-statistical data referred to above. 

Statistical data have also been collected by Japan from the 
land-based offshore salmon fisheries as indicated by Ishida and 
Otomari (1959). The data from these fisheries are valuable for 
studying the distribution and movements of pink salmon and, to a 
considerable degree, of chum salmon in offshore waters. 

b. Research Vessel Operations: The special fishing opera
tions by research vessels 

..under the Commission's program were started in 1955 and expanded in 
1956. Details of the operations are given in the annual reports of the 
Commission and need not be shown here. 

From the beginning the research vessel operations have had 
two purposes. One is to determine the distribution of salmon in off
shore waters and the other is to obtain samples for racial studies. 
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These two purposes, to some extent, conflict with each other. Fot 
studying salmon distribution in offshore waters, it may be desirable 
to cover as wide an area as possible in a tather short period of time. 
For collecting samples for racial studies, however, certain numbers 
of salmon of each species should be collected from certain stations 
during certain periods of time, because racial studies have rather 
definite requirements for size of sample, area of sampling and time 
of sampling. The actual cruises have been more or less compromises 
between these two requirements. 

Research vessel operations have produced information of 
great value. The continuous trans-Pacific distribution of all five 
species of salmon has been discovered; the general nature of the 
seasonal distribution of salmon in offshore waters has been described; 
remarkable fluctuations in the distribution and abundance of some 
species of salmon have been observed; the distribution of immature 
salmon has been revealed to a considerable extent; and some know
ledge of the vertical distribution of salmon in the eastern Pacific has 
been obtained. On the other hand, past operations have yielded very 
little information on the distribution of salmon in the winter and earfy 
spring. The research vessel operations have been the most important 
source of high seas samples for racial studies and, although sampling 
in the past has not been completely satisfactory, tremendous efforts 
have been made to meet the sample requirements for racial studies. 
It is not intended to search for deficiencies or shortcomings in past 
operations of research vessels. Instead, two phases which appear 
most important in relation to plans for future research vessel operations 
will be discussed. 

First, the way the plans for research vessel operations are 
developed should be improved. In the past, each national section 
has submitted its vessel cruise plans and after some modifications 
and adjuGtments the plans have been finalized. This arrangement has 
resulted in considerable duplication of effort in some cases and gaps 
in the coverage by research vessels in other cases. It seems that the 
stage has been reached where the research vessel plans which would 
give the best possible coverage in terms of time and area and would 
bring about the best possible collection of samples for racial studies 
could be discussed first and then the question of how to divide the 
effort required for such operations between the three countries could 
be discussed. The research agencies of the three countries now have 
had much experience in conducting research fishing operations efficiently 
and are using almost exactly the same fishing gear and methods. They 
are able to tell whether proposed operations are feasible in the light of 
past experience. Sampling of scales, whole fish, blood, etc., is all 
standardized. It should be pOSSible, in the light of the results of past 
studies and according to the requirements for future studies, to describe 
the most desirable and practical coverage for research vessels in terms 
of time and area. 
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Secondly, limitations in the accuracy of quantitative data 
obtained by the research vessels should be considered. As mentioned 
before, it is considered desirable to determine the exact proportion of 
continental stocks of the three major species in catches by commercial 
or research vessels in finely divided areas of the high seas, and to 
weight these catches according to the abundance of the stocks in each 
area. Therefore, it is obvious that, at least for the waters not occupied 
by commercial vessels, the most important function of the research 
vessel operations will be to obtain an index of the abundance of 
salmon of each species in each of finely divided areas of the high 
seas for the purpose of determining the quantitative distribution of 
continental stocks of the three major species. The long term research 
planning proposal by Japan (see Appendix II) goes on to say: .. in 
order to determine quantitatively the chronological and spatial distri
bution of salmon of Asiatic and North American origin, a certain index 
of the density of salmon should be observed for each of a number of 
strata, finely divided by time and space, and at the same time the 
proportions of Asiatic and North American salmon in each of such 
strata should be determined." It is not difficult to describe the 
methods of quantitative determination of salmon distribution in a 
mathematical fashion. However, research planning must be realistic 
and cognizant of the limitations in methods and scope of observation. 

It cannot be expected that effort in research vessel operations 
can be greatly expanded in the near future. Therefore, some of the 
results obtained in the past by research vessel operations may be 
examined in order to estimate what could be done toward the quanti
tative determination of salmon distribution in the future with about the 
same total effort. Consider one of the simplest cases. In 1957, 
large numbers of pink salmon went through Aleutian and Bering Sea 
waters during June and July and entered the streams of the northeast 
Kamchatka coast. Most of the pink salmon found in Aleutian waters 
east of 170 0 E. and in the Bering Sea were apparently bound for the 
Bering Sea coast of the U.S.S .R., particularly the Karaginsk-Olyu
torsk district. The question of the presence of immature salmon is 
not involved in this case. This is obviously the simplest kind of 
situation and therefore it presents an almost ideal condition for 
quantitative observation by research vessels. The results will be 
examined below • 

Figure 13 shows the catch-per-unit-of-effort by research 
vessels at each station during the month of June. 1957. There were 
four research vessels operating in this general region with INPFC 
standard gillnets. It is immediately apparent that the area coverage 
was far from sufficient and that the catch figures show large variations 
within the general region of mid-Aleutian and Bering waters. Not only 
that, the catches at stations close to each other show considerable 
differences. Many factors could have contributed to these differences; 
timing, uneven concentrations of fish, weather, direction of net setting, 
random errors, etc. No matter what area division is applied it will be 
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quite difficult to accurately determine, from these data, the quantita
tive distribution of pink salmon in this general region in June, 1957. 
The situation is much worse for -the month of July (Figure 14). The 
research vessel data do not show the presence of large concentiat!6ns 
of pink salmon in the Bering Sea waters, except in an area off the 
Karaginsk district. This makes a sharp contrast with the data from the 
commercial fishery, which indicate the presence of large concentrations 
of pink salmon in July over the western half of the Bering Sea (Figure 15). 
This discrepancy was, to a large extent, caused by differences in timing 
of fishing operations. A number of stations at around 175 0 E. were 
occupied by research vessels in late July, when concentrations of 
pink salmon had gone through this area. In order to partially eliminate 
this source of variation, which was extremely serious in this case, a 
shorter time interval should be adopted, but then the area coverage 
would become much poorer and variations from other sources would 
be greater. 

In summary, even in this simplest case, research vessel 
operations on the present scale would not yield information sufficient 
to determine the quantitative distribution of salmon with reasonable 
accuracy. The problem becomes even more difficult when salmon bound 
for more than one district are involved and when immature salmon are 
involved, because the patterns of migration are quite different for 
these different groups or categories of fish. The removal of fish by 
commercial fishing vessels makes any quantitative analysis increasingly 
difficult. These views should not be considered as unnecessarily 
peSSimistic, but it is felt that the Commission should be made aware 
of the difficulties involved in the determination of the quantitative 
distribution of salmon, which has been so often mentioned in various 
reports and papers as the major objective of future study. 

It seems that the Commission has come to the stage where it 
should seriously consider the future conduct of research vessel operations. 
If the Commission wishes to study the quantitative distribution of various 
stocks of each species of salmon in offshore waters with reasonable 
accuracy, then a greatly increased number of research vessels will 
have to be used for longer periods of time in much wider areas in order 
to obtain better measures of abundance. Even then it would be doubtful 
whether such expansion of the scale of research vessel operations would 
yield fully satisfactory results. On the other hand, if research vessel 
operations are continued on the present scale they will not yield sufficient 
data for the determination of quantitative distribution. 

As mentioned in Part II of this paper, the general characteristics 
and fluctuations of the offshore distribution of each speCies of salmon 
in the summer months are known. There are certain problems still to 
be studied in this respect as mentioned in (2) of Part III. It might be 
wiser and more realistic to fill some of these gaps in general information 
and try to find a reasonable way to apply the available information to the 
solution of the Protocol problems rather than going into a detailed study 
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of quantitative distribution of various stocks, which would obviously 
require greatly increased efforts in research vessel operations, without 
assurance of yielding satisfactory results. This suggestion will become 
even more realistic when consideration is given later to limitations in 
ability to determine lithe exact proportion of continental stocks of the 
three major species II in high seas salmon catches. 

ii. Racial Studies (Identification of Stocks): The various types 
of racial studies 

will be reviewed here with particular emphasis on the question of how 
much would be added to present knowledge of the distribution and inter
mingling of salmon in offshore waters by continuing each type of racial 
study, rather than emphasizing critical evaluation of past studies. 

a. Morphological and Meristic Studies: Among the morphol-
ogical and meristic 

studies that have been conducted in the past, the study of intermingling 
of Asian and Alaskan sockeye salmon by use of a combination of several 
meristic characters and through statistical methods using the generalized 
distance function and the discriminant function has been most consistent 
with respect to the methods used and results obtained. It is not intended 
here to describe the statistical methods used. These are explained in 
great detail by Fukuhara (1957; 195 7a), Worlund (1957), Anonymous 
(1958), Murai (1958) J and Fukuhara and others (1959). Fukuhara and 
others (1959) especially reviews the basic assumptions and sources of 
variation involved in this method. 

Two types of analysis have been made. First, based on certain 
required statistical assumptions, samples from various coastal areas 
and streams were compared in all combinations cf pairs, using the 
generalized distance function, and a statistical model was constructed 
to illustrate the degrees of similarity and overlapping between any given 
sample and all other samples, with regard to the meristic characters 
used. By placing samples from offshore waters in this model it was 
possible to say to which samples of known origin in the model these 
high seas samples were seemingly most closely related. Then, based 
on the assumption that all high seas samples from Aleutian and Bering 
waters were composed of sockeye salmon of Bristol Bay or Okhotsk 
Sea origins, similarities between these high seas samples and Bristol 
Bay and Okhotsk Sea samples were compared and general conclusions 
as to the state of intermingling between these stocks were drawn. 

This type of analysis, however, does not give an estimate as 
to what portions of an offshore sample belong to the populations of 
particular streams or dIstricts. ..?\nother type of analysis, the discrim
inant function analysis, is used for answering this type of question, 
again based on the assumption that all specimens in the high seas 
samples under question belong to e1ther of two known standard popula
tions. In analysis of the offshore samples obtained from Aleutian and 
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Bering Sea waters, sockeye samples from Bristol Bay (samples from 
three rivers in the Kodiak Island and Chignik districts were included 
later) and those from the high seas catches in the Okhotsk Sea are 
used as the reference standards representing North American sockeye 
salmon and As ian sockeye salmon that are present in the areas under 
question. Discussions of the validity of the biological and statistical 
assumptions used in this discriminant function analysis may be found 
in various 'reports from the Committee on Biology and Research and 
particularly in Fukuhara and others (1959). 

In the present paper emphasis is placed on the nature of the 
conclusions reached by this method of analysis, as to the intermingling 
of Asian and Alaskan sockeye salmon. The results obtained by this 
discriminant function method, under a number of biological and statisti
cal assumptions. are represented by a statement in Item 5 of the Summary 
in the 1959 paper by Fukuhara and others (page 76, Doc. 320): 

"5. Indications of intermixing of red salmon from the respective 
continents was evident over a considerable range, with the maximum 
westward extent of the distribution of North America red salmon in 
the Bering Sea and the maximum eastward distribution of the Asian 
populations occurring in the North Pacific Ocean. In general, it 
appears that during the month of June, a substantial percentage 
(greater than 70 percent per sample) of mature North American red 
salmon occur on the high seas as far west as 175°E. longitude 
with this percentage diminishing to 30 percent and 25 percent as 
as far west as 168°E. longitude. Mature Asian red salmon were 
seen to dominate samples as far east as 175 °E. longitude. For 
lack of samples between this longitude and 175 oW., south of 
the Aleutians, no inference can be derived concerning the eastward 
extent of their distribution. " 

This is a very general statement, considering the elaboratness of the 
methods used and amount of work involved for sampling and analysis. 
Furthermore, in view of the basic assumption and sources of errors 
involved, it is not known what sigpificance can be attached to the 
figures such as 70%, 30% or 25% used in this statement. Even a 
slight change in the basic assumptions or in the timing of sampling 
might have an appreciable effect on the final percentages. Further
more, confidence intervals are not shown for any of these figures. 
This should not be taken as a criticism of the meristic study of 

tsockeye salmon conducted by the United States ~ but should be taken 
as an indication of limitations of the degree of preciseness that can 
be obtained through the application of statistical methods to the 
question. The limitations arise from various causes. The basic 
biological and statistical assumptions cannot be entirely correct; 
various types of statistical errors are involved; sampling errors 
must be considerable; and even more important is the dynamic nature 
of the high seas distribution of any given stocks of salmon, i. e. , 
the effect of their seasonal movements. 
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Analysis of pink salmon populations by use of the generalized 
distance function is summarized in two papers submitted in 1958 
(Anonymous, 1958a; 1958b). In one of the two papers. meristic 
characters are used in combination with scale characters. These papers 
seem to demonstrate that for pInk salmon this method is far less effective 
than in the case of sockeye salmon. Also, higher degrees of similarity 
found between some of the small Alaskan populations and the major 
Asiatic populations make the interpretation of the results very difficult. 
For pink salmon much more definite conclusions have been obtained 
from the results of tagging experiments and the catch data from research 
and commercial fishing vessels, as presented in Part II. It therefore 
appears that knowledge of the distribution of pink salmon in offshore 
waters will not be incre·::lsed by the continuation of this type of 
statistical analysis of morphological characters. 

Similar comments may be made on the analysis of chum salmon 
data using the distance function (Anonymous, 1958c; La Lanne , 1959). 
Because a number of Asiatic and North American chum salmon populations 
of considerable importance are involved in the question of offshore 
intermingling. no such analysis as was made in the case of sockeye 
salmon is possible. It should also be noted that the efficiency of 
separation is lar-;JC'ly dependent on one scale character. Therefore, 
it is possible that more detailed analysis of scale characters may 
yield even better results, with tremendously reduced effort. Scale 
studies of chum salmon will be discussed separately later. 

b. Scale Studies: Scale studies so far conducted under 
the Commission's program can be 

classified into two general types. In some of the studies, one or 
two characters which show the best separation between the samples 
of different coastal areas are utilized and high seas samples are 
compared with these coastal samples as to the frequency distributions 
of these characters. Therefore, the conclusions reached are of rather 
general nature. However, there are no serious questions about the 
methods used. On the other hand, in other studies, elaborate stat
istical methods are used. In such cases, there inevitably arise questions 
as to the validity of the statistical methods used and the basic biological 
assumptions adopted. In general, it may be said that at the present 
stage of investigation, conclusions obtained from analysis by simple 
methods are as useful as those obtained from elaborate statistical 
analyses. 

In the study of sockeye salmon scales by the United States, 
several different methods of analysis have been used (Mosher, 1956; 
1957; 1957a; 1958; 1959). The latest method is described in detail 
by Mosher (1959). The basic biological assumptions used in this 
method are not much different from those in the meristic study of 
sockeye salmon already discussed. However, the method of analysis 
used is much simpler than in the latter case. It is emp:irical rather 
than theoretical. Two scale characters are used in combination. 
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As in the case of the meristic study of sockeye salmon, the main 
conclusions arrived at are of rather general nature and do not differ 
greatly from those obtained by the meristic study. These general 
conclusions are perhaps not far from the truth to the extent that 
Bristol Bay sockeye salmon generally predominated in mid-Aleutian 
and Bering waters in 1956 and 1957. However, here again it is not 
known what significance can be attached to the percentage figures 
presented in the paper . 

It has been suggested on various occasions that the scale 
characteristics of the sockeye of some populations are so unique that 
they might be useful for determining the offshore distribution of those 
populations, just as some of the parasites acquired in fresh water 
are useful for the same PUfi·~ose. It appears that this possibility 
should be more thoroughly explored. Such a study of the Rivers Inlet 
sockeye population, for instance, might yield valuable results, because 
of its relatively large size, as to the offshore distribution of sockeye 
salmon from southern areas. 

Sockeye scales have also been studied by Japanese scientists 
(Kubo, 1958; Kubo and Kosaka, 1959). The study is still at a pre
liminary stage, because different age groups are treated separately 
and the results are presently available only for three age groups. 
Since the results obtained for different age groups are not combined 
and also because samples from two to four different years are treated 
together, the conclusions reached in the above two papers are difficult 
to evaluate. For example, a conclusion of Kubo's paper of 1958 
regarding the age groups 52 and 63 is that during the month of June in 
1956 and 1957, sockeye salmon of American origin greatly predominated 
in the waters of the Bering Sea between 175°E. and 175°W., but sock
eye of Asian origin were in great majority in waters south of the Aleutian 
Islands between the same longitudes. However, the samples used were 
collected in 1957 for the Bering waters and in 1956 for the area south 
of the Aleutian Islands. 

The pink salmon scale study by the United States using the 
generalized distance function yielded obscure results as did the 
morphological study by the same method (Anonymous, 1958d). The 
Japanese pink salmon study combined the scale analysis with findings 
from other sources (Ishida and Miyaguchi, 1958; Ishida and Otomari, 
1959). It is implied that, although scale characters are useful for 
distinguishing stocks, it is not possible to interpret the results of 
such analysis withou.t information from other sources. This is parti
cularly true in the present case of pink salmon, because the offshore 
distribution is stronG ly influenced by fluctuations in abundance of 
some of the important pink salmon populations. Although the Japanese 
paper is not quite conclusive, this approach has advantages over a 
purely statistical treatment of certain characters which does not pay 
sufficient attention to the ecological background of the problem. 
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Chum salmon scales have been studied by Canada and Japan 
(Sato, Bilton and Shepard, 1958; Bilton, Shepard and Jenkinson, 1958; 
Bilton and Shepard, 1959; Kobayashi and Abe, 1958; Kobayashi, 1959). 
The Canadian and Japanese studies do not differ greatly either in 
methods used or conclusions reached thus far. It has been demonstrated 
that the numbers of circuli in the first and second year bands are useful 
to distinguish, to a certain extent, between the major stocks of chum 
salmon in the North Pacific and furthermore, that there are geographical 
clines in the frequency distributions of these scale characters. The 
conclusions so far reached indicate generally that the samples collected 
from waters west of l75°W. during the years 1955-1957 are predomin
antly Asian chum salmon, and that very few chum salmon from the coast 
of Central Alaska and southward are found in mid-ocean waters. The 
picture is obscure for waters between 175 oW. and 165 oW. because of 
the following factors: Sufficient samples were not available from these 
waters for 1956 and 1957; Hokkaido chum salmon rather closely resemble 
some North American chum salmon in respect to the characters used; and 
no statistical method has been found to estimate the proportions of chum 
salmon of different origins in the samples from the areas of intermingling. 

Certain things should be done before one can fully evaluate 
the effectiveness of the chum salmon scale studies. First, since more 
samples from waters east of 175 oW. are becoming available, the results 
of analysis of these samples are awaited. Various statistical methods 
for estimating the proportions of chum salmon of different origins in 
apparently mixed samples might be tried, in order to find out what 
kind of statistical result could be obtained from chum salmon scale 
studies. One method was proposed by Fukuda (1959). Kobayashi's 
paper of 1959 indicates that it might be possible to distinguish Hokkaido 
chum salmon from Western Alaska chum salmon by using the growth in 
the second year at sea. 

Special meetings were held in 1956 and 1957 to discuss the 
technical problems of scale reading. It seems desirable to plan 
similar meetings in the near future, because a number of questions on 
the technical aspects of scale studies still require coordinated study. 

c. Parasitological Studies: The study of salmon stocks 
by use of parasites is the most 

complete among all racial studies in the sense that practically all of the 
possibilities and limitations have been scrutinized. After a complete 
study of parasite species found in salmon at sea, certain species were 
proposed as indicators for distinguishing between salmon of different 
origins, for each species. After further study of these indicator species 
of paraSites, it was found that parasitological methods were not useful 
for racial distinction of chum and pink salmon. The most comprehensive 
study was made for sockeye salmon. Finally, two parasite speCies 
were selected as useful tools for distingishing stocks of sockeye found 
in offshore waters; and analysiS has proceeded on this basis. Para
sitological studies on chum salmon have been summarized by Uzman 
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(1956, 1957, 1957a) and Uzman and Lander (l958). Those on pink 
and sockeye salmon have been summarized by Margolis (l9~6t 19?7, 
1958, 1959). 

The most interesting phase of all these parasitological studies 
is obviously the study of the distribution of Bristol Bay salmon as 
marked by the presence of a larval form of the tapeworm Triaenophorus 
crassus. As stated in Part II (particularly see Figures 10 and ll), 
this method is as powerful as tagging in determining the range of 
offshore distribution of Bristol Bay sockeye salmon and perhaps more 
powerful than tagging for study of the distribution of immature Bristol 
Bay sockeye salmon. 

As inferred from Margolis' paper of 1959, it may be worthwhile 
to consider the possibility of using this method for the determination of 
the quantitative distribution of Bristol Bay sockeye salmon. Obviously 
mature and immature salmon should be considered separately. Two 
basic assumptions would be necessary in such a quantitative analysis: 
The first assumption is that Triaenophorus-infected sockeye populations, 
particularly the Wood River populations, are more or less homogeneously 
mixed, in offshore waters, with sockeye from the other Bristol Bay 
populations. This assumption is not unreasonable in view of the fact 
that most of the Bristol Bay sockeye populations enter the Bay area at 
approximately the same time of the year and that there are, at least at 
present, no apparent reasons why different populations from the same 
district should choose significantly different offshore areas in their 
ocean period of life, except that salmon of different ocean ages may 
differ somewhat from each other in offshore distribution during their 
last year in the ocean. Since the distributions of the sockeye bound for 
the different stream systems of Bristol Bay must become differentiated as 
they approach the coast, this as sumption should only be applied to off
shore waters. If this assumption should be rejected for some reason, 
it would perhaps become necessary to reject some of the assumptions 
used in other racial studies by applying the same strict criteria. The 
second assumption is that in the Bering Sea the decreased rates of 
infection by Triaenophorus toward the west are caused by dilution of 
Bristol Bay fish by Asian sockeye salmon and that in waters south of 
the Aleutian Islands the decreased rates of infection towards the west 
are caused by dilution of Bristol Bay sockeye by Asian sockeye and 
those towards the east are caused by dilution of Bristol Bay sockeye 
by sockeye salmon from more southerly North American areas. This 
assumption is not particularly unreasonable and a similar assumption 
also has been made in some of the other racial studies. It would be 
interesting to see the results of an analysis based on thes~ assumptions. 

For such quantitative analysis, much larger samples would be 
required both from high seas and coastal areas. However, it should 
be possible to estimate approximately the sizes of samples and amount 
of labour required. If it is found that such quantitative study as 
mentioned above is not possible or practicable, it seems reasonable 
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to conclude the parasitological studies of salmon races after the 
examination of the samples now at hand, as Canada has planned to do. 

For immature fish, the problem is far more complicated. The 
overall rate of infection for the entire Bristol Bay populations can be 
calculated only for mature fish entering the coastal areas and streams 
of Bristol Bay. Therefore, the overall rate of infection for Bristol Bay 
salmon which are going to become mature next year cannot be deter
mined except from study of the mature fish taken in the next year. 
The presence of immature fish which will not become mature for two 
years makes the application of this method even more difficult. 

The study of the distribution of Asian sockeye salmon by use 
of another fresh water parasite, Dacnitis truttae, is much more difficult 
than the study of Bristol Bay salmon using Triaenophorus. Accurate 
ecological information on this parasite species in relation to the distri
bution of sockeye salmon in Kamchatka streams is not available and 
furthermore the overall rate of infection of Asian sockeye salmon by 
this species seems to be much lower than the rate of infection of 
Bristol Bay salmon by Triaenophorus. The results so far obtained 
only indicate that the distribution of Dacnitis-infected sockeye reaches 
as far east as 175 oW ; 

d. Serological Studies: Another promising line of racial 
study is the serological study of 

sockeye salmon, which is summarized by Klontz and Ridgway (1957), 
Ridgway (1957), and Ridgway and others (1958; 1958a; 1959). It was 
found that one or both of the antigens designated I and II were }resent 
in most of the sockeye blood samples taken from North America, parti
cularly Alaska, and absent in most of the sockeye blood samples taken 
from the Okhotsk Sea mothership fishery. The proportion of the Alaskan 
sockeye salmon which did not pos ses s one or both of these antigens 
and that of the Okhotsk Sea sockeye salmon which possessed one or 
both of these antigens were so small that the results can be shown 
almost on a yes or no basis. Therefore, if the basic assumption is 
correct this method would be a most powerful means to determine the 
origin of the sockeye salmon caught on the high seas, provided that 
the amount of effort required in sampling and analysis is feasible • 
The basic assumption is, of course, that the serological characteristics 
in relation to Antigens I and II are hereditary and do not change during 
the course of growth or migration. Without attempting to discuss the 
validity of the assumption, some of the results obtained through this 
method are considered. 

It is noted that the results from the serological study deviate 
from those obtained from the meristic and scale studies, mostly in 
that the proportion of Asian type sockeye remains fairly high through
out the waters between approximately 173 0 E. and 165 oW. on both 
sides of the Aleutian Islands, as shown in Table 8. The existence 
of large proportions of sockeye without Antigens I and/or II in eastern 
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waters cannot be explained by the possible presence of the sockeye 
salmon from the southern areas of North America, because as shown 
in Table 1 of Ridgway and others (1959), the proportions of fish with 
Antigens I and/or II are very high in these southern populations, too. 
Therefore, it is obvious that if the abovementioned basiC assumption 
is correct, the results obtained by this method to date lead to 
conclusions considerably different from those arrived at by other 
methods of racial studies. 

The serological method used for distinguishing pink salmon 
stocks has not so far led to a conclusion as to its usefulness in the 
case of pink salmon. 

Serological studies of salmon blood for the purpose of dist
inguishing stocks have also been conducted by Japanese scientists. 
The results so far obtained, however, are not conclusive. 

e. Summary Discussion of Racial Studies: From the fore-
going discussions 

of various phases of the racial study, it is obvious that most of the con
clusions so far obtained are of a rather general nature and are insufficient 
lito determine the exact proportion of continental stocks of the three major 
species in commercial or research catches in finely divided areas of the 
high seas II. This is partly owing to limitations in the precision of the 
methods used and partly to the dynamic nature of salmon distribution as 
mentioned in Part II. Careful thought should be given as to whether it 
would be possible to determine the exact proportion of continental 
stocks by continuing these studies with the amount of effort available 
for the Commission's work. The program should not be expanded unless 
it is known that such expansion would yield quantitative information of 
adequate precision on the offshore distribution of salmon stocks. The 
foregoing discussion of various phases of the racial studies seems to 
lead to a preliminary conclusion that it is rather doubtful that the above 
target can be achieved by putting more effort on research along the 
present lines. However, it is also true that there are certain things that 
can be done toward improving the racial studies under the Commission's 
program . 

It is fairly obvious that continuation of meristic studies on 
chum and pink salmon would not add much to the information on the 
distribution of these two species that has already been obtained from 
tagging and fishing data. 

The meristic study of sockeye salmon and the scale study of the 
same speCies should be compared carefully in order to find out whether 
it is possible to substitute the latter for the former, because this would 
mean a great reduction in research effort and a much greater chance to 
obtain larger samples from wider geographical areas. The results of 
various racial studies on sockeye salmon should be compared thoroughly 
to determine how they differ from each other and what are the explanations 
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TABLE 8. Numbers of soclieye possessing'Antigens land/or 11 
in high seas samples from waters between 172°E. 
and 165 oW. (after Ridgway and others, 1959) 

Year Area 

1957 175°E., Bering 
175 oE., Pacific 
180 ° , Bering 
175°W., Bering 
175 oW'., Pacific 

Total 

(:9958 172°E.-177°30'E., Bering 
" " Pacific 1) , 

177 ° 30'E. -177 0 30'W •• Bering 
/~~ " " Pacific 
''''--------
177°30'W.-172°30'W., Bering 

" " Pacific 

Numbers with 
Antigens 

I and/or II 
in each sample % 

56/89 62.9 
39/69 56.5 
4/9 44.4 

52/95 54.7 
87/191 45.5 

238/453 52.5 

11/24 45.8 
22/33 66.7 

8/20 40.0 
7/7 100.0 

0/2 0.0 
34/65 52.3 

172°30'W.-167°30'W., Bering 2) 25/5~0~ ~O.Or~ 
~ -- "~ ~Pacific 7/15 46.7 . ;.-

, - t 

165 ~W., Pacific 
-~ 

16/29 55.1 -' - ' ----
Total 130/245 53.1 

1) Including one sample taken at 172 ° E . 

2) Including one sample taken at 172 ° 30'W. 
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for such discrepancies. Special attention should be paid to the 
differences between the results of the serological study and those 
from other racial studies. In view of the valuable information on the 
distribution of Bristol Bay sockeye salmon obtained by parasitological 
analysis it might be worthwhile to scrutinize the possibility of using 
this method for quantitative study, as suggested in (ii) (d) • 

It is strongly suggested that, wherever it is pOSSible, racial 
analyses of sockeye salmon by different methods should use the same 
samples, in order to detect differences between the results obtained 
by different methods as to the proportions of the fish of different origins 
or the identification of individual fish. This might give a general idea 
of how much significance can be attached to the final figures resulting 
from different methods of racial study. 

Chum salmon scale studies should be continued to learn the 
degree of precision that can be reached by this type of analysis. 
Analysis of pink salmon scales might be useful for speculating on the 
origin of the fish in the samples from areas where tagging is not con
ducted or during the periods when tagging is not feasible. 

iii. Study of Movements by Tagging: There is little doubt that 
the results of tagging ex

periments under the Commission's program, particularly those conducted 
by the United States, constitute some of the most remarkable achieve
ments in the whole program. They are not only important as independent 
information on the movements of salmon in offshore waters, but also are \; 
valuable for checking the results obtained by the various racial studies. 

Much of the information on the general features of the distri
bution and movements of salmon of various species in offshore waters, 
as summarized in Part II, has been obtained from the results of these 
tagging experiments. Undoubtedly, further analysis of tagging results 
will bring up many more interesting facts. Also, there have been some 
interesting findings regarding the directional movements of salmon in 
offshore waters, as reviewed by Hartt (1959) • 

The United Gtates tagging experiments started in 1955, and the 
first attempts to tag salmon along the Aleutian Chain were made in 
1956. In view of the successful results in 1956 a similar type of 
operation was continued in 1957, 1958 and 1959, in larger areas and 
with further improvements in the methods of fish handling. (INPFC 
Annual Reports, 1956; 1957; 1958; Hartt, 1959). Recoveries have 
been made not only within the year of tagging, but also, in considerable 
numbers, in the following-year. A few-fish (mostly chum salmon) have 
been recovered two years after tagging. One chum salmon was recovered 
three years after tagging. 
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Efforts by Japan to tag salmon on the high seas had been 
unsuccessful until the 1958 season when long-line gear was used for 
capturing the fish. The unsuccessful results of the tagging operations 
before 1958 were obviously due to the damage to the fish caused by 
the nylon netting of gillnets. The tagging operations in 1958 using 
long-lines for catching fish were successful. Tagged fish have been 
recovered in various areas of Asia and North America in considerable 
numbers (INPFC Annual Report, 1958; Hirano and Ko~do, 1959). 
Whether or not salmon caught by long-lines and tagged can survive 
for a full year in good numbers will not be known until the recovery 
data for 1959 become available. 1) Tagging was conducted in 1959 
using the same method. 

Details of tagging results are summarized in various papers, 
particularly in Hartt (1959) and Hirano and Kondo (1959), and therefore 
will not be dealt with in the present review. Instead, emphasis is 
placed upon the question of whether accurate quantitative analysis of 
the relative abundance of different stocks on the high seas is possible 
through use of the tagging results. The major problems involved in such 
quantitative analysis are discussed below. Discussion is confined to 
the United States tagging experiments, because the results of Japanese 
tagging are available only for the year 1958. However, most of the 
problems described below also apply to quantitative use of Japanese 
tagging data. 

In the United States tagging experiments, the area of operation 
has been mostly in waters very close to the Aleutian Islands. In Table 9, 
the past tagging operations are summarized in terms of the number of 
sets and catches in different areas west of 165 oW. In 1956, tagging 
was conducted entirely in waters within 30 miles of the Aleutian Islands. 
During 1957 through 1959 the area of operation was expanded toward 
the north and south from the Aleutian Chain. Nevertheless, most sets 
were made in a narrow band of waters within 30 miles of the Aleutian 
Islands, mostly on the southern side. Only 20, 12 and 16 sets were 
made outside this band on the Pacific side in 1957, 1958 and 1959, 
respectively. An even more remarkable feature is that 89% to 96% of 
the catches of sockeye ahd chum salmon 2) were made in this narrow 
band of water, mostly on the southern side of the Chain. The numbers 
of fish caught in Pacific waters outside the above band were 250 fish 
in 1957, 203 fish in 1958 and 202 fish in 1959. 

1) The Japanese research summary for the 1959 Annual Report, which 
arrived after this paper was written, mentions that a number of 
recoveries from 1958 tagging have been made in the Japanese high 
seas fisheries in 1959. 

2) Catches of pink salmon are not included, because they differ 
greatly from year to year and also within the season. 
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TABLE 9. Catch of sockeye and chum salmon by tagging 
vessels (purse seine), by area, 1956 - 1958 1) 

~ Area 

1956 within 30 miles West of 180 0 

from Aleutian 
Islands 3) 

outside the 
above area, 
Bering Sea 

outside the 
above area, 
Pacific 

BetVv.:;an 180 0 

and 165°W. 

Total 

West of 180 0 

Between 180 0 

and 165 oW. 

Total 

West of 180 0 

Between 180 0 

and 165 °VI/. 

Total 

1957 within 30 miles West of 180 0 

from Aleutian 
Islands 3) 

outside the 
above area, 
Bering Sea 

outside the 
above area, 
Pacific 

Between 180 0 

and 165 oW. 

Total 

West of 180 0 

Between 180 0 

and 165°W. 

Total 

West of 180 0 

Between 180 0 

and 165 o·W. 

Total 

1) Subject to minor corrections. 
2) In number::> of fish. 
3) Mostly on the southern side. 
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No. 
of sets Catch2) % 

Catch 
per set 

1 o 

110 7088 

III 7088 100 63.9 

113 4046 

~ 4834 

205 8880 89.3 43.3 

5 170 

~ 647 

37 817 8.2 22.1 

8 49 

-1l 201 

20 250 2.5 12.5 

Continued •••• 



TABLE 9. Continued. 

r} 
r No. Catch 

Year Area of sets Catch2) % per set 

1958 within 30 miles West of 180 0 67 4760 
from Aleutian Between 180 0 

I~ 
Islands 3) 

and 165°W. ~ 8208 

Total 119 12968 96.1 108.9 

outside the Westof 180 0 8 60 
above area, Between 180 0 

Bering Sea and 165 oW. -1l 260 

Total 31 320 2.4 10.3 

outside the Westof 180 0 12 203 
above area, Between 180 0 

Pacific and 165 oW. 

Total 12 203 1.5 16.9 

-----------------------------------------------
) 1959 within 30 miles Westof 180 0 25 2049 

from Aleutian Between 180 0 

Islands 3) and 165 oW. ...i§. 4422 

Total 71 6471 90.8 91.1 

outside the Westof 180 0 7 55 
above area, 

Between 180 0 

Bering Sea 
and 165 oW. ~ 402 

Total 29 457 6.4 15.8 

.. 
outside the Westof 180 0 3 4 
above area, 

Between 180 0 

... Pacific 
and 165°W. -1l 198 

Total 16 202 2.8 12.6 

o 
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There seem to be two reasons for such concentration of 
fishing operations in areas close to the Aleutian Islands. First, more 
efficient operations are possible with maximum safety irt these waters, 
using the Islands as shelter. The second factor is the availability of 
fish in the present method of purse seining. In the last column of 
Table 9, the catch per set is compared between different areas for 
each year. It is consistently indicated that the catch per set is 
much higher in the narrow band of water around the Aleutian Islands 
than in other areas. Of course, since catches are greatly different 
at different times of the season, accurate comparisons cannot be 
made using the figures of catches per set throughout the season as 
shown in Table 9. Nevertheless, the differences are remarkable, 
particularly in 1958 and 1959. Such great differences are not found 
in the catch records of research vessels using drift nets or tagging 
vessels using long-lines, which seems to indicate that these differ
ences in the catch per set by purse seine are not reflecting only the 
differences in abundance of fish. One possible explanation is that 
these differences are, to a large extent, caused by stronger directional 
movements of fish in some areas than in other areas. As mentioned by 
Hartt (1959), consistent strong westward movements of fish along the 
southern side of the Chain and northward movements through the passes 
have been observed. In the present method of fishing, large catches 
are made mostly when the mouth of the purse seine is set against the 
direction of such directional movement, as also described by Hartt 
(1959). In other words, since the Aleutian Chain constitutes, to 
some extent, a physical barrier to the distribution of fish and accordingly 
causes strong directional movements of fish coming from the south and 
east, ' fishing is far more efficient in waters immediately south of the 
Islands than in other areas, insofar as the present method of fishing 
with purse seines is concerned. 

The limited area of operation in itself is a limitation to the 
use of tagging as a means to determine the proportions of fish of 
different origins on the high sea s • Furthermore, the technique of 
seining combined with the directional nature of salmon movements 
might cause bias in the results. For instance, it is possible that the 
proportions of mature salmon bound for the Bering Sea coasts may be 
higher in waters immediately south of the Chain than in areas further 
south. 

The second problem is differences in the efficiency of recovery. 
In tagging experiments in coastal waters of limited area, quantitative 
analysis of tagging results may be pOSSible, on the assumption that 
the efficiency of finding and reporting tags is approximately the same 
within all areas concerned. However, when distant areas in various 
countries and fisheries of various types using different methods are 
involved, as in this case, this assumption is impossible. The 
efficiency of finding tags in catches and reporting them depends on 
too many factors, such as method of fishing, method of processing 
fish, organization of fishermen, reward, advertising, rate of escape-
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ment, amount of effort in stream sUtvey~ etc. For example, the large 
numbers of tag recoveries from Hokkaido can be explained, at least 
partly, by the prolonged stay of mature autumn chum salmon in high 
seas areas, as mentioned in Part II. However f this cannot explain 
the disproportionately larger numbers of tag recoveries from Hokkaido 
in the years following tagging. Among 55 coastal recoveries of Asian 
chum salmon from the fish tagged by the United States as immatures 
during the years 1956-1958, 25 were reported from Hokkaido. Yet the 
catch of Hokkaido chum salmon is only a small portion of the total 
chum salmon catch along the Asian coast. In an area like Hokkaido, 
where practically all fish are caught either by coastal fisheries or by 
hatcheries, the efficiency of recovery is obviously very high • 

Another factor which makes quantitative analysis of tagging 
results very difficult is the large numbers of tags returned from the 
high seas fisheries. Table 10 shows that the proportions of tags 
recovered by the high seas fisheries have been increasing. In 1958 
and 1959, roughly three-fourths of the recoveries from tagging in 
waters west of 175 ° VI/ • came from the Japanese high seas fisheries. 
Except in certain cases, we do not know where these fish caught on 
the high seas were bound; on the other hand, these recoveries from 
the high seas cannot be ignored in quantitative analysis, because 
the high seas catches constitute the greatest portions of the total 
Asiqn catches of these salmon species. In 1958 Japan tagged large 
numbers of sockeye salmon in waters off southeastern Kamchatka, 
west of 165 °E., during early July. Judging from the results of past 
studies, these fish must have been mostly Asian sockeye, particularly 
from southwest Kamchatka. 82 tags were recaptured from these lots 
during 1958, among which only six were reported from the Russian 
coast. One might think that most of these fish were still immature 
in 1958, but the timing of tagging and recapture seem to indicate that 
they were mostly mature sockeye 1). 

The results of pink salmon tagging by Japan in 1958 are peculiar. 
From tagging of pink salmon in waters west of 165°E. in the North 
Pacific area, 44 recaptures were reported in 1956. Among them were 
10 recoveries from the high seas fishery in the Okhotsk Sea off the 
southwest coast of Kamchatka, but none was repotted ,from the Russian 
coast. Also, catch statistics indicate that large proportions of Asian 
salmon, particularly West Kamchatka salmon, are taken in waters off 
Kamchatka before they reach the coastal waters and that, accordingly, 
quantitative analysis of the results of tagging is not possible without 
takinq into consideration the large numbers of tags returned from high 
seas fisheries. . 

1) The Japanese research summary for the 1959 Annual Report, which 
was received after this paper was written, shows the recoveries 
of sockeye in 1959 from their 1958 tagging. Among the 32 
recover ies so far reported., only one is from the lots under 
question. 
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TABLE 10. High seas and coastal recoveries from 

e tagging in waters west of 175 oW. 1) 

~ TAGGING 

Years of 
Reco~ery Areas Sockeye Pink Chum Total 

I) 

1956 High seas 1 2 3 
American coast 4 3 7 .. 
Asian coast J.i -1i 
Total 4 1 19 24 

1957 High seas 22 14 25 61 
American coast 18 4 22 
Asian coast - ~ --2l 102 -
Total 40 53 92 185 

1958 High seas 8 2 87 97 
American coast 3 4 7 
Asian coast - ....li ....li -
Total 11 6 111 128 

i' 
1959 High seas 18 126 55 199 

American coast 14 3 17 
Asian coast .-1 --il .M 2!! 
Total 33 159 82 274 

------------------------------------------
JAPANESE TAGGING 

1958 High seas 93 44 45 182 
American coast 4 1 1 6 

.~ Asian coast ......1. - ~ ...l.Q -
Total 104 45 69 218 

I.'" 

1) Subject to corrections and future additions. 

o 
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There are a number of other factors which contribute to the 
complexity of the problem. For instance, mortality due to tagging 
may be different for salmon of different sizes and ages and also for 
fish travelling different distances before being recaptured; or for fish 
free for different periods of time. 

In summary, tagging is definitely the best source of information 
on the general characteristics of the offshore di'sti"ibution and origin 
of salmon of different species. However, tagging does not seem to 
have an obvious value for estimating the proportions of salmon of . (. 
different origins in various areasot1lie-htgn---sea-s. 

iv. Oceanography: The importance of oceanography in the 
study of the distribution and movements 

of salmon was recognized when the Comm1s sion' s research program 
was established in 1954. Since then a number of oceanographic 
cruises have been made by vessels from the three countries. Canada 
and Japan have been especially active in this field. Exploratory fishing 
vessels have also conducted general oceanographic observations in the 
waters which they have occupied. 

A great deal of oceanographic data has been collected and 
exchanged through the Commission or in publications (POG, 1956; 
1957; 1957a; 1957b; 1958; 1958a; 1958d; 1959; Fisheries Agency of 
Japan, 1957a; 1957b; Faculty of Fisheries, Hokkaido University, 
1957; 1958; Department of Oceanography, University of Washington,. 
1956; Favorite and Love, 1957; Love, 1957; etc.). The Commission, 
however, had not made much effort to utilize the results of these in
vestigations for the purpose of its salmon research until the 1959 
Annual Meeting. 

There should be two different types of oceanographic study 
in relation to the salmon problems. First, the available data shOUld 
be analyzed in order to describe the general oceanographic character
istics of the areas concerned. This is very important to the under
standing of the characteristics of the offshore distribution of salmon, 
as mentioned in Part II. Fleming (1955) reviewed the general oceano
graphy of the northern North Pacific on the basis of the data collected 
before 1954. Although this paper gave us the best available information 
on the general oceanography of the salmon waters at that time, it is 
apparent that a much better review could be prepared from.. the data that 
have been collected since 1955. 

Canada has been analyzing the data obtained by her investi
gations in the northeastern part of the North Pacific (INPFC Annual 
Reports, 1956 - 1958: Tully and Dodimead, 1957; Fisheries Research 
Board of Canada, 1957a; Dodimead, 1958: POG, 1958b; 1958c; 
1959). A paper on the observations in the vicinity of the Aleutian 
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Islands in 1958 was also submitted (POG, 1958e). A very interesting 
report--came out in 1959 regarding some features of the upper zone in 
the subarctic Pacific Ocean (Oodifflead, 1959). It 1s suggested th:e1t 
the winter surface temperature distribution in the Subarctic region may 
be estimated from the summer temperature distribution of sub-surface 
layers. Since the winter temperature distribution has a great bearing 
on the distribution and movements of salmon on the high seas, as 
mentioned in Part II, this thesis deserves special attention. By 
comparing the actual data from winter observations with summer data, 
it ha s been proved that the proposed method is quite accurate for the 
eastern Subarctic region. For the western part of the North Pacific 
Subarctic region and the Bering Sea, some allowances should be made 
for the effects of "entrainment" and transport, as implied in Dodi
mead's paper. In this connection, it is very desirable to obtain actual 
data from winter observations in the western Subarctic region and the 
Bering Sea for comparison with summer data. Japan has also sub
mitted some papers regarding the general oceanographic features of the 
Bering Sea and the northern North PacifiC (Kitano, 1958; 1959). 
Summaries of the oceanographic studies conducted by the United States 
are contained in the progress reports submitted at past annual meetings 
(Favorite, 1957; 1958; 1959). 

Although these papers greatly contribute to understanding of 
the oceanography of the northern North Pacific and its adjacent seas, 
a comprehensive review that gives the best summarized descriptive 
information on the oceanography of this region is still lacking • At 
the 1959 Annual Meeting, the Commis s ion adopted a recommendation 
to the effect that a comprehensive study of the oceanographic data 
that has been collected in the Subarctic region be undertaken by 
qualified representatives of Japan, Canada and the United States with 
a view to producing a consolidated report on the oceanography of this 
region. In order to give effect to this deCiSion, a working group of 
oceanographers from the three countries was organized. 

The second type of study required is one relating oceano
graphic conditions and their seasonal and yearly fluctuations to the 
distribution and migration of salmon on the high 3eas. A few papers 
have been prepared along this line in the past (Kitano, 1958; Favorite, 
1957; 1958; 1959; Taguchi, 1957; 1957ai 1957b; 1957c). Most of 
these papers, however, are of rather limited scope and not conclusive. 
A group of papers dealing with plankton and feeding of fish have also 
been prepared (LeBrasseur, 1958; Allen, 1956; Allen and Aron, 1958; 
Aron, 1958i 1959). 

In short, more attention should be given to the utilization of 
oceanographic data so far obtained for the purposes of the Commission's 
salmon research. It also appears that winter observations in the north
western North Pacific and Bering Sea for at least one year would be very 
profitable in relation to the thesis proposed by Dodimead (1959). 
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INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

SIXTH ANNUAL MEETING - 1959 

Seattle, Washington, November 2, 1959 

LONG TERM RESEARCH PLANNING (JAPAN) 

As submitted to the Committee on Biology and Research 

October 29, 1959 

1. POLICY FOR RESEARCH 

In the Protocol to the North Pacific Fisheries Convention, it 
is stated that the Commission shall conduct suitable studies to deter
mine a line or lines which best divide salmon of Asiatic origin and 
salmon of North American origin and to determine whether this line or 
lines more equitably divides such salmon than the Provisional Lines. 

In the Preamble of the Convention, it is stated that: 

.. Recognizing that in view of these considerations it is 
highly desirable (1) to establish an International Commission, 
representing the three Parties hereto, to promote and coordinate 
the scientific studies necessary to ascertain the conservation 
measures required to secure the maximum sustained productivity 
of fisheries of joint interest to the Contracting Parties and to 
recommend such measures to such Parties and (2) that each 
Party carry out such conservation recommendations. and Jrovide 
for necessary restraints on its own nationals and fishing vessels, 

This part of the Preamble states the purpose of the conclusion of the 
Treaty and the establishment of the Commission. 

Accordingly, the Commission is obliged to conduct studies for 
the purpose of determlning the above mentioned line or lines and also 
the .. Qeterminations by the Commission should not contradict the purpose 
of the establishment of the Commission stated in the Preamble. 

Considering the above pOints, there is no doubt that the 
purpose of the research program carried out by the Committee on 
Biology and Research is to collect biological information necessary 
for determining a line or lines which best divide salmon of Asiatic 
origin and salmon of North American o:igin and determining whether 
this line or lines are more equitable than the Provisional Line. 
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At the same time, necessarY Wormation should be collected in order 
to assure that any decisions made by the Commission should not negate 
the possibility of increasing or maintaining the maximum sustained pro
ductivity of the fisheries resources of the North Pacific or negate the 
effort that is made by each Contracting Party, either within or outside 
the framework of the Convention, for" the purpose of increasing or 
maintaining such productivity. 

One of the various types of important information required is 
that of the chronological and spatial distributions of the abundance 
of Asiatic and North American salmon. The term "distribution" herein 
should be defined as the distribution under natural conditions where 
there 1s no fishing. However, it 1s not possible to directly observe, 
at the present stage. the distribution under such conditions. Accord
ingly, the only thing we can do is to observe "actual" distribution 
under conditions where fishing is being conducted and to convert such 
observed distribution to that of no fishing, considering the relation
ship between the conditions of fisheries and the salmon distribution. 

In order to find a line or lines to divide salmon of both 
origins eqUitably, it is neces sary to know, in addition to the above 
mentioned general distribUtion, the dynamics of salmon populations 
during their ocean life with respect to various factors. One of the 
important types of information in this respect is the natural mortality 
during the ocean period of life and migration of the fish. The static 
spatial distribution which is observed at each time, combined with 
the information of the above mentioned types, could supply us with 
the dynamic pattern of salmon populations. 

In order to determine quantitatively the chronological and 
spatial distribution of salmon of Asiatic and North American origin 
a certain index of the density of salmon should be observed for each 
of a number of strata finely divided by time and space, and at the 
same time the proportions of Asiatic and North American salmon in 
each of such strata should be determined. In order to know about 
the natural mortality or migration, tagging experiments will be parti
cularly useful. 

The distribution, migration and natw:al mortality of salmon 
in offshore waters should be discussed in relation to the environment 
of salmon populations and the information on the salmon environment 
is required also to have a , deep appre'llension of yearly fluctuations in 
these phenomena. The environments to be studied should include not 
only physical and chemical but also biological environments. 

In view of the above conSiderations, the items of research 
that have been carried out by the three countries (offshore distribution, 
racial studies, tagging experiments and oceanography) do not have to 
be changed greatly. For the first three of the above items, however, 

-71-



o 

'1 

. ) 

1 

~. 

(-) 

there are still many things to be improved in the basic techniques used 
and also a great improvement in the representativeness of the results 
is required. For the fourth item, it will be necessary to intensify the 
study of biological environment, particularly predators and food, since 
previous studies have been mostly concerned with physical and chemical 
environments. 

2. RESEARCH PLANS 

2. 1 Basic Studies 

In order to accurately determine the distribution of salmon· of 
Asiatic- and North American origins, the methods of determining the 
density index of salmon and proportions of salmon of both origins 
should be established. Certain results have been obtained in this 
phase of research up to the present time, however ~ they are not 
sutlicient as indicated by many questions raised at the 1958 Tokyo 
me~ting. Although the natural mortality in offshore waters is not at 
all negligible, this problem has not been taken up as an important 
research subject. Many difficult questions are involved in the esti
mation of natural mortality and these should be solved one by one. 
Before attempting to estimate the natural mortality, it will be necessary 
to know the causes and apprOximate magnitude of such natural mortality. 
Tagging can supply useful information for estimating natural mortality 
and migration routes, however, considering the effects of various 
factors, the results so far obtained are not sufficient to be used for 
quantitative discussion. Efforts should be made to further study the 
problems involved in tagging and to obtain more information from the 
results. 

I 
2 • 1 • 1 Dens ity Index 

Ultimately the catch-per-unit-of-effort will be used as a 
means to determine the density index for salmon. The catch-per-unit
of-effort, however, fluctuates by the effects of fish movements, 
vertical distribution of fish, weather, oceanographic conditions t etc. t 
and accordingly, studies should be made as to how we could eliminate 
the effects of these factors and obtain the correct density index. The 
standard method which is considered the best shOUld be established. 

2.1.2 Racial Discrimination 

The studies for distinguishing between American and Asiatic 
salmon by means of morphology, serology, parasitology, etc., have 
obtained certain results in respective fields. These results, however J 

are not considered sufficient. It is necessary to ·study biological and 
statistical techniques which are best suited for the purpose of 
identifying salmon of both origins and estimating their proportions. 
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2.1.3 Estimation of natural mortality 

Throu~h pathological and ecological studies of the causes of 
natural mortality, we Will be able to . ~dow what causes are the most 
important. The ecological studies include those of damage by pre .... 
dators, effects of insufficient food, etc. 

2.1.4 Tagging 

It should be studied what phases of the present tagging 
experiments should be improved in order to estimate migration routes, 
~bundance of stocks, mortality, etc., and various estimations using 
tagging data should be attempted. Tagging experiments are also 
useful for generally defining the areas of intermingling. 

2.2 Research to Determine a Line or Lines 

After we have established various methods of studies through 
the basic research as outlined above, we should conduct a large-scale 
research program using such standardized methods. The study of 
distribution should be conducted at spatial and time intervals divided 
as finely as practicable, and tagging experiments and environmental 
obs'ervations should be conducted according to plans designed to be 
sufficient in representativeness. 

The results of such research should be compared between 
different years in order to obtain information on yearly fluctuations 
of the population dynamics of salmon. It would eventually become 
possible to know the average dynamics throughout such yearly 
fluctuations. 
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APPENDIX III 
INPFC 
Doc. 330 

INTERNATioNAL NORTH PACIFIC FISHERIES COMMISSION 

SIXTH ANNUAL MEETING - 1959 

Seattle, vVashington, November 2, 1959 

CANADIAN VIE'WS ON LONG-TERM PIANNING OF INPFC RESEARCH 

As submitted to the Committee on Biology and Research 

October 29, 1959 

In the Canadian view long-term planning of INPFC research 
requires answers to two questions: (1) Does the Commission require 
research on other problems than those raised by the Protocol? 
(2) Would continuance of the present level and direction of research, 
past the completion of the analysis of material already collected, 
improve the answers to the question raised by the Protocol enough to 
justify the rather expensive field program? 

The first question involves long-term policy and should properly 
be answered by the Commission itself. Canada is, of course. interested 
in research on the growth. survival and migrations of the 3almon origin
ating in Canadian rivers because prediction of the size and timing of the 
returning salmon runs would be useful to their exploitation and manage
ment • Canada intends, therefore, to conduct re search in this field 
which might fit into a broader research program by the Commission, 
should it adopt one. 

The second question involves an assessment of the results of the 
present research program and of the prospects for further benefits from 
its continuance, and it is appropriate for the Committee on Biology and 
Research to consider this question. In the Canadian view the completion 
of analysis of the material collected to date will provide about as firm 
answers to the questions raised by the Protocol as may be expected from 
the present level of effort and lines of investigation. Analysis has 
fallen behind collection of data and samples. Emphasis should now 
be placed on completion of the analyses and on full reporting, and 
the present field program mjght be reduced without loss. 

There seems to be little prospect of a major increase in the 
research effort by Canada, and perhaps Japan and the United States are 
in a similar situation. It thus seems that there is little chance of a 
sufficient increase in the scale of the research to obtain firmer 
answers to the questions raised by the Protocol. It is possible that 
new lines of investigation might do so. Sound long-term planning 
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cannot be done without close examination of this possibility as well 
as of the advantages to be expected from continuance of the present 
program. 

Until this is done it is possible only to make tentative plans. 
On this basis Canada proposes to carry out the following: 

1. OCEANOGRAPHY 

Because of its great basic importance Canada proposes to continue 
and perhaps intensify its work in oceanography. Its purpose is not only 
to observe conditions, but also to develop oceanographic models on 
which to base both predictions and better knowledge of past conditions. 
An investigation of primary productivity in the sea is also in progress. 

2. RACIAL STUDIES 

(a) Parasitology. It is proposed to terminate this phase of the 
work when examination of the 1959 collections 

is completed, because it is believed that further work would add little 
or nothing to the knowledge obtained at that stage. 

(b) Scales. It is planned to continue work on chum salmon scales 
using the material already collected to and including 

1959, and probably to extend scale studies to other species. 

(c) Sampling. In view of the large volume of material already on 
hand which has not yet been examined it is hoped 

that high-seas sampling by Canada can be discontinued or at least 
greatly reduced. Inshore or fresh-water samples would be provided 
as required. 

3. TAGGll\]G 

It is proposed to carry out tagging of salmon in the Gulf of 
Alaska, starting in the eastern part of the Gulf. 

4. DISTRIBUTION OF SALMON 

Further studies of depth distribution in relation to oceanographic 
conditions are proposed to improve the basis for interpretation of 
surface gill-net catches as quantitative evidence of salmon distribution. 

5. GENERAL 

The above program would involve field operations on about the 
present scale but with some change in direction. 
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APPENDIX IV 

INPFC 
Doc. 331 

INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

SIXTH ANNUAL MEETING - 1959 

Seattle, Washington, November 2, 1959 

UNITED STATES VIEWS ON A LONG RANGE RESEARCH PIAN 

As submitted to the Committee on Biology and Research 

October 29, 1959 

I • OBJECTIVE 

The task that has been assigned to the Committee on Biology 
and Research is to discover and describe the varying distribution in 
the high seas of the several species of salmon with reference to their 
Asian or North American origins. The objective of this work, under the 
Committee's present terms of reference, is to provide the Commission 
with information upon which it can base a determination as to whether 
a line or lines can be drawn to divide the Asian and North American 
stocks of salmon more equitably than the present provisional abstention 
line. In order that the Committee's research may move toward this 
objective with the greatest possible expedition and with economy of 
effort, it is desirable to set up a long-term comprehensive plan. Such 
a plan should be designed so as to ens ure that those lines of research 
which appear most likely to produce, within a reasonable period of 
time, results that will be useful to the Commission in its deliberations 
on the Protocol problem, are continued and reinforced. It should also 
ensure that a minimum of time and effort is spent by the Committee on 
types of research that show little promise of developing information 
which will be helpful to the Commis sion in this connection. 

2. EVALUATION OF PAST AND PRESENT RESEARCH 

The eS sential first step in developing a long-range plan of 
research aimed at achieving this objective is a general review and 
evaluation of all research that scientists of the three countries have 
done or are now doing on the distribution of salmon of Asian or American 
origin in the high seas. This review and evaluation will show how far 
each kind of study has progressed toward the objective of enabling the 
Commission to· define a more equitable abstention line, what rate of 
progress is being made toward that objective along each line of 
research at present, and what the prospects are that any of the past 
or present studies or any combination of them will, if continued on 
a ~ baSiS, attctili that objective. 
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3. RACIAL STUDIES 

Any long-range research program aimed at enabling the Commission 
to deal wisely -with .. the PJ;o~ocol problem will necessarily include a 
continuation of research on methods of dtsting:ulshing -the _s~v~ral races 
of salmon irt the hi~h seas arid the definition of tHeir cHsttibutidn 
through use of racial characters. For tH~ purpose of this te~earch. 
collection of high-seas samples for the application of tnortJHometrid; 
scale, serological, parasitological or other methods of racial distinction 
should be continued, with emphasis on filling gaps in past sampling and 
refining sampling in areas most relevant to the Commission's handling 
of the Protocol question. 

4. TAGGING AND MIGRATION 

Tagging of salmon on the high seas should be continued for the 
pJrpose of defining more precisely the routes and time schedules of the 
migrations of Asian and North American salmon. Particular emphasis 
might be placed on tagging experiments and other studies designed to 
clarify patterns androutes of red salmon migration in the area of the 
Aleutian Islands. Tagging, combined with appropriate racial studies, 
will be used to gain further knowledge of the movements and distribution 
of pink salmon stocks in even-numbered years. In all tagging work 
every effort will be made to ascertain the relations between the stocks 
of fish which are being tagged and the stocks which are exploited by 
the fisheries. 

5. OCEANOGRAPHY 

Research on the oceanography of the North Pacific, with an 
increasing degree of coordination and cooperation among the research 
agencies t should be continued for the purpose of discovering areas of 
high biological productivity in the ocean, defining the role of such areas 
as feeding or rearing grounds for salmon, and clarifying relations between 
physical and chemical features of the environment and the movements 
and behavior of salmon. 

6. CATCH AND EFFORT DATA 

Statistics of high seas research and commercial catches, with 
the greatest possible refinement of detail in regard to time, location, 
species, maturity, and age, together with associated data on fishing 
effort, are essential if many of the past and present lines of research 
pursued by the Committee are to yield their full potential contribution 
to the work of the Commission on the Protocol problem. Therefore, 
vigorous efforts will be continued to obtain especially the statistics 
of the commercial catch and to make them fully available for the use 
of the scientists of all three nations. 
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