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LETTER OF TRANSMITTAL 

The Chaii-man of the International North Pacific Fisheries Commission presents his 
compliments to the Contracting Parties and their Commissioners and has the honour 
to transmit herewith an annual report describing the activities of the Commission 
during -the year terminating with the adjournment of its Twelfth Annual Meeting on 
November 12, 1965. 

This is the twelfth consecutive annual report summarizing the activities and achieve
ments of the Commission. The report contains a summary account of the Twelfth 
Annual Meeting of the Commission and a brief resume of the activities of the Com
mission's Secretariat. In addition, it contains summaries of the investigations which 
the national research agencies carry out under the planning and coordination of the 
Commission. The views expressed in these research summaries are those of the authors 
and not necessarily those of the Commission. Annual reports of the Commission 
are printed separately in the English and Japanese languages. The accuracy of 
translation is the responsibility of the Secretariat. 

This report is presented in compliance with Article I II ( 1) (f) of the International 
Convention for the High Seas Fisheries of the North Pacific Ocean and Rule 14 (f) of 
the Rules of Procedure. 

ii 

EDWARD w. ALLEN, 

Chairman. 



I. REPORT OF THE TWELFTH ANNUAL MEETING-1965 

1. INTRODUCTION 

The International Convention for the High Seas 
Fisheries of the North Pacific Ocean was brought 
into force on June 12, 1953, with the exchange of 
ratifications among Canada, Japan and the United 
States. The purpose of the Convention is to ensure 
that the fishery resources of the Convention area are 
maintained at the level of maximum sustained pro
ductivity. The International North Pacific Fish
eries Commission, made up of four representatives 
of each of the Contracting Parties, promotes and co
ordinates scientific studies and recommends conser
vation measures as required to accomplish the 
purpose of the Convention. The Commission 
meets annually, and oftener when necessary, and 
conducts its business between meetings through 
its permanent Secretariat at Vancouver, B.C. The 
Commission presents below its report of its Twelfth 
Annual Meeting, the only meeting held during 
1965. 

2. TIME AND PLACE OF MEETING 

The Twelfth Annual Meeting of the International 
North Pacific Fisheries Commission was held in Seat
tle, Washington, from November 8 to 12, 1965, under 
the chairmanship of Commissioner Edward W. Allen 
of the United States. 

During the two weeks immediately preceding the 
plenary sessions of the Commission, meetings of the 
Commission's Standing Committee on Biology and 
Research and its various sub-committees were held. 
The Committee was convened on October 25 under 
the chairmanship of Commissioner Haruo Nakai of 
Japan. Scientific sessions of the Committee were 
convened by Dr. J.L. McHugh of the United States. 
The Gulf of Alaska Groundfish Committee met from 
October 25 to November 1 under its convener, Mr. 
S. J. Westrheim of Canada. 

The Ad Hoc Committee on Abstention met on 
November 9 and 12 under the chairmanship of Com
missioner A. W. H. Needler of Canada. The Stand
ing Committee on Finance and Administration, with 
Commissioner Donovan F. Miller of Canada in the 
chair, met on November 9 and 12. 

3. PARTICIPANTS 

Persons accredited to part1c1pate in the Twelfth 
Annual Meeting are listed in Appendix 1 of this 
report, which also shows committee assignments. As 
in past years, the Commissioners of each national sec
tion were assisted by a number of advisers and ex
perts. At the invitation of the Commission, the In
ternational Pacific Halibut Commission, the Inter
national Pacific Salmon Fisheries Commission and 
the International Commission for the Northwest At
lantic Fisheries were represented by observers. The 
total number of participants was 100, including 17 
from Canada, 16 from Japan, 59 from the United 
States, nine observers and three permanent and six 
temporary members of the Secretariat. 

The Commission again expresses its gratitude to 
the International Pacific Halibut Commission and its 
Director of Research for the services of staff members 
who acted as technical consultants on -matters pertain
ing to halibut and other groundfish during the an
nual meeting. 

4. THE AGENDA 

The agenda for the Twelfth Annual Meeting was 
adopted by the Commission without change from a 
provisiOfl.tll--versio which had been circulated sixty 
days in advance of the opening plenary session. The 
agenda is Appendix 2 of this report. The sections of 
this report which follow cover the Commission's ac
tions in relation to each item on the agenda. 

5. THE OPENING SESSION 

The first plenary session was held on the morning 
of November 8, 1965, at the Olympic Hotel. As 
usual, it was devoted to formal addresses of welcome, 
responses and statements of general policy. The 
Honourable J.D. Braman, Mayor of Seattle, wel
comed the delegates to the city. 

Commissioner A. W. H. Needler, Chairman of the 
Canadian National Section, addressed the opening 
session on behalf of the Canadian delegation, expres
sing pleasure at the opportunity of meeting once again 
in Seattle with the Commissioners from Japan and the 
United States. The Canadian National Section of
fered its full cooperation to the new members ap-
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pointed since the last annual meeting, Commissioner 
Kent of the United States and Commissioners Yasu
kawa and Niwa of Japan. The contributions of 
their predecessors, Commissioners Gatov, Takeuchi 
and Matsuoka, were remembered with a request 
that the best wishes of the Canadian National Sec
tion be conveyed to them by their returning col
leagues. 

The death of former United States Commissioner 
Clawson was noted with deep regret. The very re
cent passing of Dr. W. F. Thompson had taken away 
a man who was an active participant in the planning 
and execution of the Commission's research program, 
as well as one of the great figures in fisheries biology. 

Canada was impressed with the scientific accom
plishments of the Commission, as major contributions 
to knowledge of the North Pacific and its resources. 
There was, however, no possibility of the Commission's 
resting on its laurels because of the need for continued 
and broadened research, not only on salmon but also 
in other fields of growing importance. In particular, 
cooperative research on the expanding groundfish 
fisheries should be strengthened before exploitation 
reached levels at which stringent regulation would be 
necessary to sustain maximum productivity. 

The halibut fishery of the Bering Sea continued to 
present one of the Commission's pressing problems. 
The Commission had taken preliminary steps to 
restore that fishery in certain parts of the eastern 
Bering Sea, but it was Canada's belief that a broader 
and more comprehensive approach was required to 
arrest and reverse the general decline of the fishery 
in that sea as a whole. 

Commissioner Haruo Nakai, speaking for the Japa
nese delegation, expressed gratitude to Mayor 
Braman for his kind welcome and pleasure at meeting 
once again in Seattle. He conveyed the regrets of 
Commissioner Niwa, who was unable to attend the 
meeting because of the pressure of legislative business 
in Japan. 

The Japanese delegation considered that the Com
mission's activities over the past twelve years had pro
duced much new knowledge of scientific significance 
and hoped that research on the valuable fishery re
sources of the North Pacific, particularly salmon and 
halibut, would be continued. The record-breaking 
run of sockeye salmon to Bristol Bay in 1965 had 
demonstrated that this resource was on a healthy 
rising trend. This fact proved that there were no 
grounds for the argument put forward by some United 
States fishing interests that Japanese high seas fishing 
was depleting the Bristol Bay sockeye salmon resource. 
It was unreasonable to suppose, as some had claimed, 
that the Japanese high seas salmon catch had been 

concentrated on the runs of Bristol Bay rivers other 
than the Kvichak, which accounted for more than 
70 percent of the total run to the Bay. 

The Commission should conduct its work strictly 
on the basis of scientific facts, and it was therefore a 
source of satisfaction to the Japanese delegation that 
the Commission was meeting in an atmosphere con
ducive to objective deliberations, unhampered by the 
voices of certain interested parties. It was the hope 
of the Japanese delegation that the meeting would 
contribute further to promote the conservation and 
rational utilization of the fishery resources of the 
northeastern Pacific, which were the common property 
of the nations. 

The Chairman of the United States National Sec
tion, Commissioner Clarence F. Pautzke, welcomed 
the delegates to the Twelfth Annual Meeting. It was 
a great pleasure for the United States Section to serve 
as host to the Commission's meetings and to take part 
in the discussions at those meetings, which were al
ways stimulating and useful. The United States was 
proud of the Commission, though not necessarily 
entirely satisfied with it. The Commission had been 
highly successful in its research effort, which was the 
equal of any ever made in this field in concept, scope 
and quality of execution. Understanding of the 
North Pacific and its resources had been increased a 
thousand times over what it had been fifteen years 
earlier. 

The Commission had been substantially less suc
cessful in applying the results of its research. Al
though most of the research effort had been related to 
salmon, the conservation problem caused by fishing 
in the area of intermingling of salmon stocks had not 
been solved. The Commission's most recent regula
tions for the Bering Sea halibut fishery were prudent, 
but they had been adopted only after two years of 
inadequate action had allowed the fishery to virtually 
collapse. Rapidly growing trawling operations in the 
North Pacific and the Bering Sea in recent years had 
raised the problem of possible over-exploitation of 
halibut and other resources. 

The world food supply was inadequate in the face 
of growing population, and particularly so as regards 
the essential protein element in the diet. The re
sources of the sea constituted a major potential for 
meeting this protein deficiency, but in order to realize 
that potential man must develop not only the requisite 
science and technology but also adequate mechanisms 
for solving the social, political and economic problems 
attendant upon multi-national exploitation of ocean 
resources. 

The Commission represented an experiment in the 
devising of such mechanisms. It had clearly worked 
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well in certain areas, but in others its performance had 
fallen short. The United States delegation believed 
that the Commission could make a substantial con
tribution to the eventual solution of the world's hunger 
problem by working to perfect the means by which 
man could make maximum use of the resources of the 
sea. The United States was dedicated to this end 
and its representatives would devote all of their ex
perience and knowledge to its attainment. 

The Chairman of the Commission, Mr. Edward 
W. Allen of the United States, expanded upon the 
concept that ocean fisheries should be considered to 
be a great trust for the benefit of humanity. In con
trast to the notable technological advances in the 
fisheries in recent decades and also the great progress 
in scientific ocean research, ocean fishery conserva
tion had been enforceable only where dealt with by 
specific treaties. The world was increasingly recog
nizing the obligation of fishermen and fanners to 
maintain the maximum sustainable food production 
by observance of sound conservation principles un
hampered by outmoded practices and concepts. The 
concept of freedom of the seas, as it applied to ex
ploitation of the fisheries, had become outmoded by the 
knowledge that ocean fish resources were not inex
haustible. 

The Commission, one of several international fishery 
commissions formed by progressive nations under 
enlightened treaties, had made a record in the field 
of research of which it could be justly proud. Al
though neither the research nor the provisions of the 
treaty itself may have been perfect, so much progress 
had been made as compared with other fisheries not 
subject to similar conservation limitations that it would 
be folly and a flaunting of the welfare of humanity to 
abandon the effort. Rather the Commission's work 
should be encouraged toward greater achievement by 
the friendly, intelligent and altruistic cooperation of 
all nations dedicated to world fishery conservation. 

6. PROCEDURES 

The Commission continued without change the 
procedures followed at past annual meetings. The 
first plenary session was open to the press and the 
public. Other plenary sessions and meetings of the 
Commission's standing committees were open only to 
accredited participants and to guests and observers 
invited by the Commission. Sessions of the Commis
sion and its committees held in camera were attended 
only by Commissioners and members of the delega
tions specifically designated by the national sections. 

Commissioners A. W. H. Needler of Canada, T. 
Yasukawa of Japan and F. P. McGinnis of the United 
States were named to work with the Secretariat in 

preparing information for the press. Minutes and re
ports of sessions of the Commission and its committees 
were drafted by the Secretariat or by members of the 
delegations who were assigned the task. The draft 
minutes or reports were then reviewed, corrected and 
approved by the group for which they were prepared. 

7. CONSIDERATION OF ADMINISTRATIVE MATTERS 

7 (a) Report of the Chairman 

The Commission adopted the report given by the 
Chairman of the Commission, Mr. Edward W. Allen 
of the United States. 

7 (b) Submission of Reports by the Secretariat 

The Executive Director submitted the following 
reports to the Commission : 

Auditors' report for the fiscal year ended June 30, 1965 
(INPFC Doc. 788)-referred to the Committee on Finance 
and Administration. 

Budget estimate for the fiscal year beginning July I, 1966, and 
budget forecast for the fiscal year beginning July I, 1967 
(INPFC Doc. 789)-referred to the Committee on Finance 
and Administration. 

Administrative report for 1965 (INPFC Doc. 790)- referred 
to the Committee on Finance and Administration. 

Comments on the form and nature of the reports submitted 
by Canada and the United States in 1965 under Articles III 
(I) (c) (iii) and X (2) of the Convention (INPFC Doc. 787)
referred to the Committee on Finance and Administration. 

Statistical Yearbook for 1964-referred to the Committee on 
Biology and Research. 

Final disposition of these reports by the Commission 
is recorded in the sections of this report dealing with 
the work of the standing Committees on Biology and 
Research and Finance and Administration. 

7 (c) Report of the Standing Committee on 
Finance and Administration 

The Commission refers matters concerning finance 
and administration to this committee for study and 
recommendations. Chairman of the Committee was 
Commissioner Donovan F . Miller of Canada ; other 
members are listed in Appendix 1 of this report. 
Recommendations made by the Committee and 
adopted by the Commission at its fourth plenary ses
sion are summarized below. 

i. The report of the Commission's auditors, Peat, Marwick, 
Mitchell and Company, was examined by the Committee which 
recommended its approval by the Commission with two recom
mendations: (I) that the $12,000 excess of income over expendi
ture be refunded by deduction of $4,000 from the contribution of 
each Contracting Party for the second half of the 1965/66 fiscal 
period, and (2) that Peat, Marwick, Mitchell and Company be 
retained as auditors for the next fiscal year. Total expendi-
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ture for operation of the Commission's Secretariat in the fiscal 
period ended June 30, 1965, was $63,460.76 (Canadian funds). 

ii. The Committee recommended to the Commission that it 
adopt a budget totalling $72,000 (Canadian funds) for the opera
tion of its headquarters for the fiscal year beginning July 1, 1966. 
It was recommended that each Contracting Party contribute one
third of the total budget and that payments be made in equal in
stallments on July 1, 1966, and January 1, 1967. 

iii. The Committee presented to the Commission a budget 
forecast totalling S72,000 (Canadian funds) for the operation of 
its headquarters during the fiscal year beginning July I, 1967. 
This budget forecast was provided for the guidance of the national 
sections and will not be considered for adoption by the Commis
sion until the Thirteenth Annual Meeting in 1966. 

iv. The Committee reviewed the Executive Director's Ad
ministr-ative Report for 1965 and recommended its acceptance by 
the; Commission. The Administrative Report forms Part II of 
this annual report. 

v. The Committee reviewed a report entitled "Comments 
on the form and nature of the reports submitted by Canada and 
the United States in 1965 under Articles III (1 ) (c) (iii) and X (2) 
of the Convention " and recommended that this report be ac
cepted by the Commission. The report, which is prepared an
nually by the Secretariat, is an evaluation of reports which the 
Convention requires Canada and the United States to submit 
each year on the measures taken for conservation of the stocks 
under abstention and the enforcement of those measures. 

vi. The Committee recommended that the first plenary 
session of the Thirteenth Annual Meeting of the Commission be 
held on November 7, 1966, at Vancouver, British Columbia. 
The Committee also recommended that the Fourteenth Annual 
Meeting be held at Tokyo, Japan, commencing on November 6, 
1967. 

8. AcTIVITIES OF THE CoMMISSION CoN-cERNING 

SALMON 

8 (a) Background 

The Convention assigns to the Commission two 
major responsibilities with respect to the Pacific salmon 
(genus Oncorhynchus). The Commission must annual
ly consider whether the salmon stocks subject to the 
abstention provisions of the Convention continue to 
qualify for abstention by reasonably satisfying the con
ditions set up by the Convention. Those conditions 
are : ( 1) evidence based upon scientific research indi
cate~ that more intensive exploitation of the s~ock will 
not provide a substantial increase in .. yield which can 
be sustained year after . year ; . (2) the exploitation of 
the stock is limited or otherwise regulated through 
legal measures by each Party which is substantially 
engaged _in its exploitation, for the purpose ·of main
taining or increasing its maximum sustained produc
tivity, such limitations and regulations being in ac
cordance with conservation programs based upon 
scientific research ; (3) the stock is the subject of ex
tensive scientific study designed to discover whether 
the stock is being fully utilized and · the conditions 

necessary for maintaining its maximum sustained 
productivity. Unless it is unanimously agreed that 
a stock no longer satisfies these conditions, a Party 
which has not participated in the exploitation of that 
stock in the past is required to continue to abstain 
from doing so. Under these provisions Japan ab
stains from fishing for salmon east of 175"W longitude 
and Canada abstains from fishing for salmon east of 
that line and north of the Alaska Peninsula and 
Aleutian Islands. 

The line of 175"W longitude which defines absten
tion from fishing for salmon was established by a 
Protocol to the Convention as a provisional line. 
The second major responsibility which the Conven
tion lays upon the Commission with respect to salmon 
is that of recommending the confirmation or the 
shifting of the provisional line. In order to arrive at 
a recommendation, the Commission is required to 
investigate the waters of the Convention area to de
termine if there are areas in which salmon originat
ing in the rivers of Canada and of the United States 
of America intermingle with salmon originating in 
the rivers of Asia. If such areas are found, the Com
mission is required to conduct suitable studies to de
termine a line or lines which best divide salmon of 
Asiatic origin and salmon of Canadian and United 
States origin and to determine whether it can be 
shown beyond a reasonable doubt that this line or 
lines more equitably divide such salmon than the 
provisional line. Any recommendation by the Com
mission must be unanimous. 

8 (b) Interpretation and Implementation of the 
Protocol 

In 1959, at the Sixth Annual Meeting, the members 
of the Commission agreed to inform the Contracting 
Parties that they had been unable to arrive at an 
agreed interpretation of the intent of the Protocol, 
and they requested the Contracting Parties to provide 
them with a single· agreed interpretation as soon as 
practicable. At its Twelfth Annual Meeting the 
Commission noted that no such interpretation had as 
yet been received. The members therefore agreed 
that the Commission was unable to make any recom
mendation for the confirmation or modification of the 
provisional line. The effect of this action was that 
1 75"W longitude continued to mark the western limit 
of the ·areas in which Japan and Canada abstain from 
fishing for salmon in the Bering Sea andJapan abstains 
from fishing for salmon in the North Pacific Ocean. 

8 (c) Results of Research on Salmon in 1965 

The Standing Committee on Biology and Research 
is responsible for planning and coordination of research 
on salmon in connection with the Protocol problem 
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and the analysis and reporting of the results of that 
research. The Committee comprises one Commis
sioner and two scientists from each member country 
plus the Director and Assistant Director of the Com
mission's Secretariat. A large number of scientific 
advisors from the three member countries assist the 
Committee in dealing with the large volume of data 
submitted to the Commission each year by the na
tional research agencies. 

At the 1965 Annual Meeting, the Committee es
tablished a single salmon sub-committee to replace 
the four separate salmon species sub-committees of 
past years in dealing with distribution and migra
tions of salmon in the high seas. Another sub
committee reported on results of oceanographic 
research in relation to high seas salmon studies, 
and a third sub-committee was concerned with plan
ning of future salmon research. The terms of refer
ence of the salmon sub-committee required it to advise 
the Commission as to the effects and implications of 
new information and analyses upon previous know
ledge and conclusions with regard to the distribution 
and origins of salmon in the high seas. In order to 
facilitate the sub-committee's work, reviews of new 
information were prepared in advance by Japan on 
distribution, the United States on tagging and Ca
nada on racial and other studies. The report of the 
salmon sub-committee was organized by species in 
order to preserve continuity with the several sub-com
mittee reports of previous years. 

The reports of the sub-committees on salmon, 
oceanography and research plans, as adopted by the 
Committee and the Commission, are contained in 
full in the processed volume entitled "Proceedings 
of the Twelfth Annual Meeting ( 1965) ". In order 
to present a brief review of progress in these aspects 
of the Commission's research program in 1965, the 
summaries of new information prepared by the sub
committees are either quoted verbatim or paraphrased 
below. 

1. Sockeye salmon 

1. In 1965, winter operations (mid-February to 
mid-March) by research vessels extended westward of 
1so• for the first time. Sockeye salmon were ob
served from 17s·w to 167°E between 4SON and the 
Aleutian Islands. 

2. In the spring of 1965, research vessel catches 
of maturing sockeye were exceptionally large in the 
northern and western parts of the Gulf of Alaska, in 
the North Pacific Ocean east of 1so• immediately 
south of the Aleutians, and in the Bering Sea north 
of the Alaska Peninsula. As indicated by tagging, 
these large catches were a reflection of the especially 

large Bristol Bay run which exceeded 50,000,000 fish. 
3. Sampling by purse seines for young (0-winter

at-sea) salmon was extended in 1965 along the north
ern periphery of the Gulf of Alaska to Kodiak Island. 
A general northwestward movement of young sockeye 
was indicated along the British Columbia and south
eastern Alaska coasts, as in 1964. In the northern 
part of the Gulf, movement appeared to be westward ; 
a southwestward movement was indicated in Shelikof 
Strait. 

4. The catch of sockeye salmon by the Japanese 
mothership salmon fishery in 1964 was the lowest 
since 1955. As indicated by the catch per unit ef
fort the abundance of sockeye in the mothership fish
ing area was lower in 1964 than in any year since 
1952. However, for the area east of 175"E after July 
20, catches in 1964 were greater than those in any 
previous year. 

5. Tag returns in 1965 revealed no major changes 
in range of the principal sockeye stocks. A recovery 
in the Kamchatka River of a sockeye tagged near 
59•N, 1 72•E represented a northeasterly extension 
of the known range of Kamchatka River maturing 
sockeye. 

6. Corrected information concerning recoveries 
in 1964 of immature sockeye tagged in the same year 
has revealed westward migrations from south of Adak 
to west of 165•E in the North Pacific Ocean. 

7. Scale studies have shown that in late May and 
in June, 1962, maturing Bristol Bay sockeye domi
nated samples taken east of 175•E in .the North Pacific 
Ocean, and maturing Kamchatkan sockeye domi
nated west of about 170•E. Between 17o•E and 175•E 
neither group was consistently dominant. 

8. Scale studies of immature sockeye taken in 1962 
have shown the following: In June, immature Bristol 
Bay sockeye appear to have been present as far west 
as about 165•E. In July-August, the apparent pro
portions of immature Bristol Bay sockeye between 
175•E and 17SOW were considerably greater than in 
June. Immature Bristol Bay sockeye predominated 
between about 175"E and 165•w in July-August and 
formed a small proportion of the immatures between 
160•E and 170•E in the same period. 

u. Chum salmon 

1. In the operations of research vessels from mid
February to mid-March in the North Pacific Ocean, 
chum salmon were found principally between 175°W 
and 175•E between 43°N and 49°N. Almost no chum 
salmon were found west of 175°E between 45"N and 
the Aleutians. 

2. In samples of young (0-winter-at-sea) salmon 
taken with purse seines along the coasts of the Gulf 
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of Alaska in 1965, chum salmon were less abundant 
than sockeye, pink and coho salmon. Movements of 
young chum salmon were the same as those indicated 
for young sockeye salmon. 

3. The 1964 Japanese mothership fishery catch of 
chum salmon was greater than in the preceding three 
years but was less than that of the six or seven years 
preceding 1961. 

4. Recoveries in 1965 from chums tagged in 1964 
and 1965 have provided the following new informa
tion on origins and migrations : 

(a) Recovery of a chum in the Yukon River which 
had been tagged in the western Bering Sea at 60°09'N, 
174°30'E on July 30 extends the known westward 
limit of North American chums by about 2° of longi
tude. 

(b) Recovery off the east coast of Hokkaido of 
two chums tagged as immatures off the southwestern 
coast of Kamchatka in 1964 provided the first evidence 
of movement of immature chums of 1-winter-at-sea or 
older from the Sea of Okhotsk to the North Pacific 
Ocean. 

iii. Pink salmon 

1. In 24 gillnet sets made by research vessels 
operating between mid-February and mid-March in 
the North Pacific Ocean westward to 167°E between 
43° -45°N and the Aleutians, three pink salmon were 
taken at a single station at 44°54'N, 179°24'E. 

2. In samples of young (0-winter-at-sea) salmon 
taken by purse seines along the coasts of the Gulf of 
Alaska, pink salmon catches were greatest in the 
north. Directions of movement indicated were the 
same as for young sockeye and chum salmon. 

3. The Japanese mothership fishery catch of pinks 
in 1964 was more than in the previous two even
numbered years, but less than in 1954, 1956 and 1958. 

4. Recoveries of tags reported in 1965 provided 
no new information on origins and migrations of 
pinks on the high seas. 

5. Scale studies on pinks in the Gulf of Alaska 
confirmed earlier findings that pinks destined for 
British Columbia and Washington State streams were 
concentrated from April to mid-June in the eastern 
Gulf of Alaska mainly eastward from 135°W and 
that pinks bound for Alaska were found mainly to 
the west and north. 

IV. Coho and chinook salmon 

l. In research vessel operations in the North Pa
cific westward to l67°E between 43 -45°N and the 
Aleutians from mid-February to mid-March, coho 
salmon were taken only at two of four stations south 
of 45°N between 180° and 177°E. No coho were 

taken at any of the 20 stations between 45°N and the 
Aleutians. No chinook salmon were taken at any of 
the 24 stations. 

2. In sampling by purse seines for young (0-win
ter-at-sea) salmon along the coasts of the Gulf of 
Alaska in 1965, coho salmon were taken in most sets. 
Chinook salmon, which had been almost absent from 
purse seine catches in 1964, occurred in many sets 
in 1965. Directions of movement indicated were the 
same as for the other species of salmon. 

3. The 1964 Japanese mothership fishery catch of 
cohos was the largest on record ; about one-half of 
the 1964 catch was taken between l75°E and 175°W, 
mainly after July 10. The 1964 catch of chinooks 
was more than double that of any previous year. 

4. Of 30 cohos tagged 16 miles off the mouth of 
the Columbia River in 1965, 14 were recovered from 
the Oregon coast to the Queen Charlotte Islands, 
British Columbia. 

5. Tagging in 1964 of 0-winter-at-sea coho along 
the North American coast from 48°N to 58°N yielded 
six returns in 1965 from southeastern Alaska to Oregon. 
All recoveries were from south of the points of release, 
thus supporting the purse seine fishing data which 
indicate that juvenile cohos from North American 
streams tributary to the northeastern Pacific move 
northward upon entering the sea. 

v. Oceanography 

At the Twelfth Annual Meeting, the Sub-Commit
tee on Oceanography reviewed reports of the oceano
graphic research in the North Pacific in 1965. These 
reports covered general oceanographic conditions dur
ing the year, the structure of the Alaskan Stream, 
studies of transport in the North Pacific, buoy teleme
try systems, primary production variations in the 
eastern North Pacific and the vertical distribution of 
zooplankton. 

The Sub-Committee noted that the primary pur
pose of the oceanographic investigations is to describe 
the environment of the Pacific salmon and thereby 
contribute to knowledge of the oceanic phase of the 
life cycle. At the beginning of the investigations, 
only fragmentary knowledge of oceanographic condi
tions in the region existed, and considerable effort 
was expended to define the boundaries and general 
features of the salmon environment. More recently, 
investigations had been directed at specific oceano
graphic features that appeared to affect the distribu
tion or movements of salmon. The Sub-Committee 
suggested that a review of work on such relationships 
be prepared for the next annual meeting. The Sub
Committee commended the United States oceano
graphic buoy program and supported a suggestion 
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for a joint experimental buoy transmission frequency 
for the North Pacific. Japan's presentation of a vast 
amount of valuable oceanographic data collected in 
conjunction with high seas fishing was commended, 
and extension of the Canadian studies on seasonal 
productivity cycles was encouraged in the Sub-Com
mittee's report. 

8 (d) Research Plans for 1966- Salmon and 
Oceanography 

As at past annual meetings, the national sections 
submitted to the Commission their tentative plans 
for research in 1966 on the distribution and inter
mingling of salmon on the high seas. Modifications 
and the detailed developments of these plans are later 
exchanged by the national sections through the Sec
retariat. Summaries of the plans as presented fol
low: 

i. Canada. Studies in 1966 will largely continue 
those conducted in 1965. The distribution and abun
dance of salmon on the high seas will be studied 
in relation to the problem offorecasting the abundance 
of salmon runs from the results of offshore longline 
fishing several months before the commercial fishing 
season. A survey by the G.B. Reed in the central 
Gulf of Alaska will concentrate on sampling sockeye 
by longlining. Attempts will be made to identify 
the racial origin of salmon while the vessel is at sea, 
and the cruise plans may be modified in accordance 
with the results. Recoveries of tagged fish will be 
used for racial identification. Racial studies will be 
continued on data collected in past years, particularly 
with respect to scale characteristics, meristic counts 
and parasites. Other biological studies will include 
the survival of young pink and chinook salmon in 
coastal inlets, parasite fauna and bacterial diseases of 
Pacific salmon, primary and secondary productivity 
in the Strait of Georgia and elsewhere, and salmon 
population data relevant to estimation of maximum 
sustained yield. Oceanographic observations will be 
continued on about the same scale as in 1965 and will 
include observations at Ocean Station " P" (50°N, 
145°W) with sections from the station to the coast at 
six-week intervals, daily observations at shore stations, 
and publication of temperature charts by the Canadian 
Oceanographic Information Service. Three anchored 
buoys will be used to monitor the temperature struc
ture off the west coast ofVancouver Island. Observa
tions in conjunction with high seas fishing will be 
related to correlation of physical oceanographic fac
tors with knowledge offish distribution and movement. 

ii. Japan. The scale of research will be approxi
mately the same as in 1965. About 19 research ves
sels will investigate the distribution and abundance 

of salmon and collect salmon samples in the North 
Pacific, Bering Sea, Sea of Okhotsk and Sea of Japan 
during the fishing season. Collection of catch statis
tics and biological data aboard salmon motherships 
will be continued. Research in the Sea of Okhotsk 
and the Sea of Japan will again receive considerable 
emphasis. In 1966, a research vessel fishing with 
gillnets and another using longlines will operate as 
a pair to follow the migrations of West Kamchatkan 
salmon from the east to the Sea of Okhotsk. Studies 
of salmon gillnet selectivity will be continued and 
applied to the estimation of the real body length com
position of the actual population by using several nets 
with various mesh sizes. Racial studies using scale 
characteristics will be continued. Tagging of salmon 
caught by longlines will be carried out by seven 
research vessels on about the same scale as in 1965. 
Oceanographic research, based on data from fishery 
research vessels and salmon motherships as well as 
the observations of two oceanographic research vessels, 
will also be on about the same scale as in 1965. 

m. United States. Three research vessels will be 
used to continue the study of distribution, abundance 
and age composition of salmon from the western Gulf 
of Alaska to the central Aleutians during the summer. 
In the winter, a salmon sampling cruise will be made 
to the northwestern North Pacific. This cruise will 
immediately follow an oceanographic cruise to the 
same area and will be focused on the distribution of 
salmon in relation to oceanographic features. A 
spring cruise to the central Aleutian area will collect 
additional information on the numbers of salmon 
which drop out of gillnets during fishing operations. 
Tagging and sampling of mature salmon with long
lines in the Gulf of Alaska will be continued on a 
scale similar to that of 1965. One purse seiner will 
operate south of Adak from mid-June to mid-August 
to obtain an index of the abundance and age com
position of immature sockeye salmon for use in fore
casting the 1967 Bristol Bay run. Sampling of 0-
ocean-age fingerlings with fine-meshed purse seines 
will be continued in the Gulf of Alaska and extended 
to the Bering Sea in July and August. Studies of the 
abundance of salmon on the high seas during each of 
year ocean age and routine monitoring of the distribu
tion of North American and Asian races of salmon in 
the North Pacific and Bering Sea will be continued 
in 1966. In oceanography, emphasis will be shifted 
from basic research on physical and chemical features 
to the investigation of their influence on salmon dis
tribution. Features to be investigated on three joint 
oceanographic-fishing cruises will include the east
west temperature front near 45°N and the westward 
terminus of the Alaskan Stream near 49°N, 170°E, 
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in relation to sockeye salmon distribution, and the 
influence of the Komandorski Ridge on the surface 
circulation and salmon distribution at 44°N to 53°N, 
165°E to 172°E. A radio buoy will be set adrift 
south of the Aleutian Islands and its eastward move
ment in the Subarctic Current will be tracked. 

iv. Coordination. The Sub-Committee on Research 
Plans exchanged the requests of the three national 
sections for collection of samples and discussed pro
posed exchanges of scientific personnel in 1966. It 
recommended that opportunities be sought for es
tablishing direct radio communication among research 
vessels of the three countries in the field and noted 
that Canadian and United States salmon tagging and 
sampling operations in the Gulf of Alaska would be 
closely coordinated. The Sub-Committee also recom
mended a continuing exchange by correspondence of 
information on developments in the field of plankton 
net standardization. 

8 (e) Abstention on Salmon 

As noted in section 8 (a) of this report, "Back
ground ", the Convention requires that the Commis
sion annually consider whether the salmon stocks listed 
in the Annex to the Convention continue to meet the 
qualifications for abstention by Canadian and Japanese 
fishermen. At each annual meeting since 1958, the 
Commission has considered this question, and each 
year there has been no agreement as to whether the 
stocks from the fishing of which Japan abstains con
tinue to qualify for abstention. At the 1965 meeting 
of the Commission's Ad Hoc Committee on Absten
tion, as reported in the Proceedings of the Twelfth 
Annual Meeting, Japan continued to maintain that 
the Commission should recommend removal of all of 
the stocks listed in the Annex from abstention as un
qualified. The Canadian and United States repre
sentatives continued to hold that under the criteria 
established by the Convention the stocks in question 
do qualify for abstention. The conclusion reached 
by the Commission, as entered on the record of the 
eighth plenary session of the 1965 Annual Meeting, 
is as follows : 

With respect to all stocks listed in Sections 1 (a), 1 (b), 1 (c) 
and 2 of the Annex to the Convention, no agreement was reached 
at this time as to whether such stocks continued to qualify for 
abstention. Therefore, the Commission-makes no recommenda
tion at this time that any stocks listed in the Annex no longer 
meet the conditions of Article IV of the Convention. 

Since Sections 1 (c) and 2 of the Annex refer to 
salmon, the effect of the above conclusion is that there 
will be no change in the salmon stocks under absten
tion in 1966 ; all salmon east of 175° west longitude 
will remain under abstention by Japan and Canada 

will continue to abstain from fishing salmon in the 
eastern Bering Sea. 

8 (f) Salmon Conservation Resolution 

At the 1965 Annual Meeting, as at past annual 
meetings, the Commission had on its agenda an item 
calling for a consideration of " salmon problems in 
high seas areas of intermingling ". As the conclusion 
to its discussion of this topic, the Commission adopted 
the following resolution for transmittal to the govern
ments of the member countries : 

In view of the results of scientific investigations to date as 
contained in the reports of the Committee on Biology and Re
search and in accordance with the objective of conservation of 
fishery resources of the North Pacific Ocean, as expressed in the 
International Convention for the High Seas Fisheries of the North 
Pacific Ocean, the International North Pacific Fisheries Com
mission respectfully recommends to the Governments of the Con
tracting Parties that full consideration be given to the conserva
tion needs of these fisheries resources in the area of common 
concern when preparing fishing regulations for future opera
tions. Further, it is essential that special attention be given to 
implementation of adequate conservation regulations (patterns 
of fishing activities) with respect to the stocks of salmon. 

9. ACTIVITIES OF THE COMMISSION CONCERNING 

HALIBUT 

9 (a) Background 

Problems related to the conservation of halibut 
(Hippoglossus stenolepis) have increasingly occupied the 
Commission's attention in recent years. This has 
come about because of important developments in the 
fisheries for groundfish in the eastern Pacific and 
Bering Sea and because of a change in the abstention 
status of halibut under the North Pacific Convention. 

The halibut originating along the coasts of North 
America was listed originally in the Annex to the 
Convention as one of the stocks which Japanese 
fishermen were to abstain from fishing. In the years 
since the Convention was drawn up, Japan has de
veloped fisheries on a very large scale for a number of 
groundfish species in the eastern Bering Sea, and the 
development of such fisheries in the Gulf of Alaska 
has also been started. The Commission has had to 
consider the possible effects of these fisheries on the 
halibut stocks, in the light of Japan's obligation under 
the Convention to abstain from fishing for those 
stocks. This problem has been complicated by the 
initiation of large-scale groundfish operations in the 
same areas by the fleets of the Soviet Union, which 
not being a signatory of the Convention is under no 
obligation to inform the Commission concerning the 
effects of its operations on the halibut stocks. 

At its 1962 Annual Meeting, the Commission de-
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termined that the halibut of the eastern Bering Sea 
did not meet the conditions for abstention by Japan. 
Upon the Commission's recommendation, the three 
member governments agreed to remove this stock 
from the Annex, so that after May 8, 1963, Japanese 
fishermen were no longer required to abstain from 
fishing for halibut in the eastern Bering Sea. This 
action placed upon the Commission for the first time 
the responsibility for recommending joint conserva
tion measures for a stock in the exploitation of which 
all three countries were participating. The Com
mission developed such recommendations for the 1963 
fishing season at an interim meeting in Tokyo in 
February 1963. For subsequent seasons the recom
mendations have been developed at the regular an
nual meeting. The conservation measures applied in 
1965 and the results of the fishing done in accordance 
with them will be discussed in later sections of this 
report. 

9 (b) Abstention on Halibut 

At the 1965 Annual Meeting, as required by the 
Convention, the Commission again conducted studies 
to determine whether any stock of halibut remaining 
in the Annex to the Convention continued to meet 
the abstention requirements of Article IV. No agree
ment was reached in the Commission as to whether 
such stocks continued to qualify for abstention. There
fore, the Commission made no recommendation that 
any stocks now listed in the Annex no longer met the 
conditions of Article IV of the Convention. The 
practical effect of this is that halibut south of the 
Aleutian Islands and in the Gulf of Alaska continue 
under abstention from fishing by Japanese fishermen. 
Although the Treaty does not define the area within 
which halibut shall be considered as "originating 
along the coast ofNorth America", Japanese domestic 
fishing regulations require Japanese fishermen to ab
stain from fishing halibut east of the meridian of 
175°W longitude. 

9 (c) The 1965 Halibut Fishery in the Eastern 
Bering Sea 

In 1965, for the third year, fishermen of the three 
countries participated in the halibut fishery of the 
eastern Bering Sea under regulations based on con
servation measures recommended by the Commission. 
The most important difference from the measures in 
force in 1963 and 1964 was that a strictly limited 
season rather than a catch quota was employed to 
reduce removals from the stock. In the main halibut 
fishing ground of the eastern Bering Sea, the triangular 
area bounded by a line connecting Cape Navarin and 
the northern tip of Cape Sarichef on Unimak Island, 

the meridian of 1 70°W and the Aleutian Islands, 
where the maximum catch had been set at 5,000 
metric tons (11 million pounds) in 1963 and 2,900 
metric tons (6.39 million pounds) in 1964, a fishing 
season of only seven days, from April 4 to 11, was 
recommended. In other parts of the joint conserva
tion area, the season was to be from March 25 to 
June 20, about four months shorter than in previous 
years. A provision which in previous years had per
mitted linefishing vessels operating outside the tri
angular area to retain one pound of incidentally 
caught halibut for every seven pounds of other species 
up to November 15 was discontinued. 

In the brief 1965 season, 27 Canadian and United 
States vessels operated in the former quota area. No 
Japanese vessels participated in the fishery. Total 
production was 251 metric tons (553,000 pounds), 
dressed weight. The measures recommended by the 
Commission were successful in reducing the catch to 
only 25.8 percent of the 1964 figure while maintaining 
continuity of commercial fishing data relevant to 
stock trends. 

9 (d) Results of Research on Bering Sea Ground
fish in 1965 

At the Commission's Ninth Annual Meeting, in 
1962, the Standing Committee on Biology and Re
search established a Sub-Committee on Bering Sea 
Groundfish. This Sub-Committee met during the 
two weeks immediately preceding the 1965 Annual 
Meeting and worked under the following terms of 
reference : ( 1) to study results of the commercial 
fisheries and research on groundfish in the Bering 
Sea for the purpose of developing information to as
sist in formulating conservation measures for halibut 
in the eastern Bering Sea, and (2) to consider further 
the needs for research. 

The Sub-Committee's findings were expressed as 
follows in the summary of its report, which was in
corporated in the report of the parent Committee and 
so adopted by the Commission : 

(I) The Bering Sea Groundfish Sub-Committee met from 
October 29 to November 7, 1965, and, in accordance with its 
terms of reference, studied results of commercial fisheries and 
research on groundfish in the Bering Sea for the purpose of 
developing information to assist in formulating conservation 
measures for halibut in the eastern Bering Sea in 1966 and to 
consider further the needs for research. 

(2) Information on the groundfish fishery contained in the 
1964 Report of the Sub-Committee on Bering Sea Groundfish was 
only preliminary. More complete 1964 data were reported at 
the 1965 meeting and preliminary analyses were made of the 
1965 fishery. 

(3) Fourteen Japanese motherships, accompanied by 224 
catcher boats, participated in the Bering Sea fishery for ground-
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fish in 1964. The total catch (excluding crabs) was 412,179 
metric tons or 908.7 million pounds. Main species or species 
groups in order of catch magnitude were pollock, flatfish (ex
cluding halibut), Pacific ocean perch, herring, shrimp, and Pa
cific cod. The 1964 production was about 50% greater than 
the 1963 production and about two-thirds that of the peak year 
of 1961. 

( 4) Preliminary reports of the 1965 fishery show that the 
Japanese operations consisted of 14 mothership fleets accom
panied by 214 catcher boats. The total catch (excluding crabs) 
through August was 316,000 metric tons or 696.7 million pounds. 
Comparable figures through August 1964 were 345,000 metric 
tons or 760.6 million pounds, which suggests that the 1965 total 
production will not equal that of 1964. Through August 1965, 
the main species or species groups in order of catch magnitude 
were pollock, Pacific ocean perch, herring, flounders (excluding 
halibut), Pacific cod and shrimp. Species showing the greatest 
gains were pollock and Pacific ocean perch. Those showing 
substantial decreases included flatfish (excluding halibut) and 
shrimp. 

(5) Halibut production by Japan in the Bering Sea as a 
whole in 1963 amounted to 9,600 metric tons or 21.2 million 
pounds (expressed in terms of North American" dressed weight"), 
as compared with 2,300 metric tons (5.1 million pounds) in 1964 
and 1,600 metric tons (3.5 million pounds) through August 1965. 

(6) In the eastern Bering Sea (east of 175°W), the prelim
inary total production of halibut by Canada, Japan and the 
United States in 1965 was 548 metric tons (1.2 million pounds) 
compared with 1,782 metric tons (3.9 million pounds) in 1964 
and 5,814 metric tons (12.8 million pounds) in 1963. 

(7) In the Quota Area (the triangular section of the eastern 
Bering Sea bounded by 170°W, the Aleutian Islands and a line 
joining Cape Navarin and Cape Sarichef), the total production 
of halibut during the seven-day season in 1965 was 251 metric 
tons (0.55 million pounds), divided as follows: Canada- 101.6 
metric tons (224,000 lb), United States-149.2 metric tons 
(329,000 I b). Japan did not fish for for halibut in the Quota 
Area in 1965. Production in 1965 was about one-quarter of 
that in 1964 and 5o/o of that in 1963. 

(8) The North American fishery in the Quota Area in 1965 
was confined largely to the Polaris ground. There, the average 
catch per unit of effort was 128 pounds per skate, as compared 
with 95 pounds per skate in 1964 and 167 pounds per skate in 
1963. 

(9) Halibut of the 1955 year class (ten-year-olds) accounted 
for nearly one-third of the catch on the Polaris ground in 1965. 
Calculations suggest that this same year class accounted for 
almost one-third of the combined 1963 and 1964 removals from 
the Quota Area. 

(10) Assessment of the current condition of the halibut 
stock(s) in the Quota Area is complicated by numerous factors, 
among which is an apparent change in availability. While this 
problem cannot be resolved at the present time, it is evident 
that abundance, at least on the Polaris ground, remains at a 
low level relative to that of earlier years. An early and sub
stantial increase in stock abundance seems unlikely. 

(II) In 1964, the Sub-Committee expressed the opinion 
that " too much fishing " had occurred in the Quota Area, and 
accordingly recommended a sharp reduction in annual removals. 

The Sub-Committee sees no reason to alter its original opinion 
or to recommend a major change in the conservation measures 
invoked in 1965. 

9 (e) Conservation Measures for Bering Sea Hali
but in 1966 

The Commission considered that, in the light of the 
results of fishing in 1965 and the facts reported by the 
Sub-Committee on Bering Sea Groundfish, exploita
tion of the eastern Bering Sea halibut should continue 
to be severely restricted in 1966 in the interest of a 
speedy rehabilitation of the stocks. Proposals by 
Canada and the United States relative to non-reten
tion of halibut incidentally caught in trawls and ex
tension of conservation measures to all parts of the 
Bering Sea were not adopted because of Japan's con
tention that they would have an undue effect on Japa
nese fishery operations and would extend the area of 
application of joint measures beyond the actual scope 
of joint fishing activity. However, Japan again uni
laterally undertook to prohibit trawling by Japanese 
fishermen in a large area where juvenile halibut were 
known to be concentrated. 

As adopted by the Commission, the recommenda
tions differed from those adopted for the 1965 fishing 
season in that the former quota area of the Bering Sea 
Triangle was subdivided into an offshore portion, 
where a fishing season of about nine days was to 
extend from April 6 to 15, and an inshore portion, 
where a season of equal length was to begin September 
1 and end September 10. Also new was a provision 
authorizing a limited amount of exploratory and ex
perimental longline fishing to be carried on in the 
northeastern Bering Sea after June 20. 

The Commission's statement of its recommenda
tions to the governments was as follows : 

The International North Pacific Fisheries Commission recom
mends to the Governments of its Contracting Parties the follow
ing measures for the conservation of the halibut in the eastern 
Bering Sea in 1966 : 

1. That the area within which these joint conservation 
measures shall apply is that portion of the Bering Sea lying east 
of the meridian of 175°W. 

2. That the period within which these measures shall apply 
is from 0000 hours on March 25, 1966, to 2400 hours on March 
24, 1967. All times mentioned shall be local standard time. 

3. That no halibut of length less than 66 centimeters (26 
inches), as measured from the tip of the lower jaw to the extreme 
end of the middle of the tail, or halibut which, with the head off 
and entrails removed, are less than 2.25 kilograms (5 pounds) in 
weight may be retained at any time by any fishing vessels of any 
of the Contracting Parties. 

4. That nothing within any of these recommendations shall 
apply to or restrict the operations of a bona-fide research vessel 
under the direct control of a Contracting Party. 

5. That within the joint conservation area, except in Areas 
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A and B defined in item 7 below, the opening date for the reten
tion of halibut by any fishing vessel of any of the Contracting 
Parties shall be 1500 hours, March 25, 1966. 

6. Outside of Areas A and B defined in item_7 below, fishing 
vessels of any Contracting Party shall not retain any halibut 
captured after 1800 hours on June 20, 1966. 

7. a. Within the area designated as Area A and bounded by 
a line connecting Cape Navarin and the northern tip of Cape 
Sarichef on U nimak Island; the meridian of I 70°W; and a line 
connecting said northern tip of Cape Sarichef with a point on 
the meridian of 170°W at 54°N; the retention of halibut by 
vessels fishing with longline gear shall be permitted during a 
period beginning at 1500 hours on April 6, 1966, and terminating 
at 1800 hours on April 15, 1966. 

7. b. Within the area designated as Area Band bounded by 
the Aleutian Islands; the meridian of 170°W; and a line con
necting the northern tip of Cape Sarichef on Unimak Island and 
a point on the meridian of 170°W at 54°N; retention of halibut 
by vessels fishing with longline gear shall be permitted during a 
period beginning at 1500 hours on September I, 1966, and ter
minating at 1800 hours on September 10, 1966. 

8. All vessels employing any type of net trawl gear shall 
return to the sea immediately any halibut taken within an area 
bounded by the meridian of 175°W; the Aleutian Islands and 
the Alaska Peninsula; a line from Cape Newenham to the in
tersection of a line from Cape Navarin to the northern tip of Cape 
Sarichef on Unimak Island with the meridian of 17o•w, and a 
line from this point to the intersection of the meridian of 175°W 
with the line from Cape Navarin to the northern tip of Cape 
Sarichef on Unimak Island. 

9. Notwithstanding the provisions of item 6 above, the 
waters of the eastern Bering Sea east of the meridian of 175•W 
and north of a line from Cape Newenham to the intersection of 
a line from Cape Navarin to the northern tip of Cape Sarichef 
on Unimak Island with the meridian of 170°W, and a line from 
this point to the intersection of the meridian of 175°W with the 
line from Cape Navarin to the northern tip of Cape Sarichef on 
Unimak Island shall remain open until 1800 hours on November 
15, 1966, for exploratory and experimental fishing by vessels 
fishing with longline gear. The name of any such vessel entering 
the said waters after 1800 hours on June 20, 1966, shall be noti
fied to the Commission by the party to which such vessel belongs 
prior to such entry. 

The Commission takes note, in relation to the above recom
mendations for conservation measures in the eastern Bering Sea, 
of the opinions expressed by the chairmen of the three national 
sections that only a small number of vessels from each country is 
expected to fish in the waters described in item 9 above after 
June 20, 1966. 

The Commission also takes note that the Government of 
Japan, as a domestic measure in 1966, intends to prohibit trawl
ing of all kinds in an area defined as follows: 

An area delimited by the line of 160°W; a line connecting 
the point of 58° l0'N, 16o•w, and the point of 57°10'N, 163•W; 
the line of 163°W; a line running from the point of 56°20'N, 
163°W, through the point of 56°N, 164•w, to its intersection with 
a line connecting Cape Navarin of the U .S.S.R. and the northern 
tip of Cape Sarichef, Unimak Island; a line connecting Cape 
Navarin and the northern tip of Cape Sarichef; the Aleutian 

Islands; and the Alaska Peninsula. 
This action by Japan will, to a great extent, afford protec

tion for young juvenile halibut known to be concentrated in the 
region. 

The Commission also notes that, in relation to the above rec
ommendations, the Government of Japan intends to establish 
for 1966 a minimum size limit of 66 centimeters for retention of 
halibut throughout the Bering Sea. 

The Commission further notes that appropriate measures will 
be voluntarily taken by the Government of Japan to remove all 
longline gear from the water in the respective closed areas for a 
period of 48 hours prior to the respective opening dates of the 
halibut fishing seasons, although it involves difficulties both 
practical and legal to take such measures. 

Further, the Commission records that it is continuing to de
velop a research program to provide information which will ex
tend and improve the scientific basis for the conservation of the 
groundfish of the Bering Sea. 

9 (f) Halibut and Groundfish in the Gulf of Alaska 

Since 1963, Japanese vessels have been fishing in 
the Gulf of Alaska for various species of groundfish 
and shrimp, primarily by trawling but to some extent 
by gillnetting and Danish seining. The Commission 
has annually considered the possible effects of this 
fishing on the halibut stocks of the area, which Japan 
is obliged to abstain from exploiting under the terms 
of the Convention. At the Twelfth Annual Meeting, 
the Commission again considered this subject under 
an agenda item Effects of trawling on the halibut stocks in 
the Convention area, and the views of each national 
section were presented. 

As information to guide its consideration of this 
agenda item, the Commission had the report of its 
Gulf of Alaska Groundfish Committee, a group of 
scientists working under terms of reference requiring 
them " to prepare joint, factual summaries of informa
tion on the distribution and interrelationshipofhalibut 
and other groundfish in the Gulf of Alaska region, 
with the object of defining areas of halibut concen
tration and providing an assessment of the possible 
effects on halibut of trawl fisheries for other species 
of groundfish." At its 1965 meeting, the Committee 
reviewed 16 documents submitted by the national 
sections, dealing with operations of Japanese com
mercial vessels, operations of research vessels, reports 
of observers and miscellaneous other items of informa
tion. The Committee's report, as recorded in the 
Proceedings of the Twelfth Annual Meeting, contained 
the following summary and conclusions : 

I. The Gulf of Alaska Groundfish Committee met prior to 
the 1965 Annual Meeting of the Commission. In accordance 
with the general terms of reference, the Committee studied further 
results of the fishery conducted by Japan in the Gulf of Alaska. 

2. The Committee is now able to report on the Japanese 
experimental fishery in 1964, but again, because of the timing of 
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the annual meeting, is unable to make a complete appraisal for 
the commercial fishery of the current year. 

3. Numbers of fishing vessels continued to increase, and 
during 1965 (prior to September I) there were 2 side trawlers, 
5 stem trawlers and 5 Danish seiners. 

4. Total catch, all species, also continued to increase, from 
9,400 metric tons in 1963 to an estimated 29,500 metric tons in 
1965 (prior to September 1). Pacific ocean perch catch, effort, 
and catch/effort have also risen in addition to the ocean perch 
proportion of the total catch- 55% in 1963; 68% in 1964; and 
82% in 1965. Catch and effort for blackcod, shrimp and other 
species has decreased. Ocean perch catch areas were extensive 
(Shumagin-Middleton), whereas shrimp fishing continued to be 
concentrated mostly in the Albatross area. Most of the ocean 
perch have been caught from the Portlock to Shumagin areas. 

5. The Japanese Fisheries Agency reported catch rates for 
halibut caught incidentally in ocean perch and shrimp trawls in
creased in 1964. Incidence of halibut in ocean perch hauls in 
1964 was 0.4% (by weight, in total catch), and in shrimp hauls, 
2.3%. 

6. In 1964 and 1965, United States observers were aboard 
Japanese commercial fishing vessels throughout the Gulf of 
Alaska. Incidence of halibut in trawl catches (unsegregated by 
gear) was reported to be 0.5% (by weight, in total catch) in 1964, 
and 1.0% in 1965. 

7. Viability studies by United States observers were under
taken to assess, if possible, the condition of incidentally-caught 
halibut discarded at sea. Condition of halibut examined by 
observers was estimated to be "poor" to "very poor" in all 
cases. The "viability index" wrul lower in 1965 than in 1964. 

8. Three research vessels completed cruises in the Gulf of 
Alaska in 1965, and each cruise produced information on halibut 
pertinent to the terms of reference of the Gulf of Alaska Ground
fish Committee. These vessls were the G. B. Reed (Canada), 
the Taiyo-maru No. 11 (Japan), and the Don Edwards (IPHC) . 

9. Halibut density, as measured by groundfish trawl catch 
rates, during the summer months was found to vary inversely 
with depth according to results reported by all three vessels. The 
G. B. Reed results indicated that halibut density in offshore areas 
(100 fm or more, 183m or more) was higher, and the proportion 
of halibut less than 66 em was greater, during winter than in 
summer in the central and eastern portions of the Gulf. 

10. Halibut incidence by weight in summer ocean perch 
catches of the G. B. Reed and the Taiyo-maru No. 11 (the Don 
Edwards did not fish for ocean perch), ranged from 0.1 to 2.9%. 
These results are similar to those reported by the Fisheries Agency 
of Japan and the United States observers. Highest incidence was 
in the Middleton area, and decreased to the eastward and the 
westward. Halibut incidence was higher in the winter ocean 
perch catches (2.0--7.4%) than in summer catches (1.0-2.3%) 
of the G. B. Reed, in comparable areas. 

II. The Japanese Fisheries Agency tagged 361 halibut in 
the Gulf of Alaska during 1964 and 317 in 1965 (prior to Septem
ber 1). The International Pacific Halibut Commission tagged 
9,544 halibut in 1964, and 4,391 in 1965. Several years may 
elapse before sufficient numbers of tags are returned to justify 
detailed analysis. However, within the first year after release 
(in 1964), tagged fish have been recaptured throughout the Gulf 
of Alaska, from Unalaska Island to the Queen Charlotte Islands. 

12. Soviet trawlers were active again throughout the Gulf 
during 1965. Peak fishing effort was reached in mid-April when 
the fleet numbered over 150 trawlers, 25 refrigerated vessels, 
several factory vessels, and miscellaneous support vessels. In 
October, the fleet had declined to about 80 vessels and was con
centrated in the southeastern Gulf, near Dixon Entrance. The 
trawl catches appeared to be predominantly Pacific ocean 
perch. 

In opening the discussion of this subject, the Canadi
an spokesman requested that Japan give special at
tention to the need for data on incidental catches of 
halibut by Danish seines, noting that tlill. gear was 
particularly efficient for catching flatfishes and might 
be expected to have a considerable effect on the halibut 
stocks. The Japanese National Section stated that 
although this type of gear had been employed for 
some time in the Bering Sea groundfish fisheries, its 
first employment in the Gulf of Alaska was in 1965. 
The Commission was assured that as information on 
the catches of this gear in the Gulf of Alaska became 
available, it could be expected that it would be sup
plied to the scientists for analysis and study. 

The statement of the United States National Sec
tion on this agenda item expressed concern over the 
reports of observers that the percentage of incidentally 
caught halibut in the catches of Japanese trawlers 
had approximately doubled from 1964 to 1965. Al
though the percentage was small, the total incidental 
catch of young halibut could have a serious impact 
on recruitment to the set line fishery, in view of the 
large and increasing catch of the groundfish fishery. 
It had not been possible to examine the catches of all 
types of gear employed, and the changing nature of 
the fishery made it impossible to evaluate its eventual 
effect upon the halibut stocks. It was the United 
States view that few of the incidentally caught halibut 
would survive even if returned to the sea. The 
United States National Section therefore recommend
ed that efforts be increased to develop trawl gear 
which would minimize the capture of halibut, that 
trawling operations avoid grounds where halibut 
concentrations are found, that any expansion of 
trawling operations be carefully planned to minimize 
the capture and destruction of halibut, and that par
ticular attention be given to minimizing the adverse 
effects of the Danish seine on halibut. 

A spokesman for the japanese National Section 
stated that his section continued to maintain that the 
Japanese trawl fisheries for groundfish other than 
halibut in the Bering Sea and the Gulf of Alaska were 
not subject to any restrictions under the terms af the 
Convention. However, since Japan was abstaining 
from fishing for halibut in the Gulf of Alaska, utmost 
caution was being exercised to avoid damage to the 
halibut stocks. 
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Mter further discussion, the Commission agreed to 
adopt the following recommendations : 

1. In addition to concurring with the proposals contained in 
section XII of the Report of the Gulf of Alaska Groundfish Com
mittee, the Commission recommends that scientific work be 
continued to obtain additional data and that the Committee con
tinue to refine its analyses of existing data. 

2. The Commission recommends that an approach be made 
to the Government of the U.S.S.R. through the office of the Chair
man in order to request data on fishing effort and catches of the 
Soviet trawl fishery in the Gulf of Alaska, particularly on in
cidental catches of halibut. 

In adopting these recommendations, the Commission noted 
the following statement of the Japanese National Section: 

The policy of the japanese Government is to provide guidance 
to the fishermen to make efforts to improve their fishing gear with 
the object of reducing the incidental catch of halibut. 

The Canadian spokesman reminded the Commis
sion that it had been the Canadian view that all three 
countries had a joint interest in the groundfish re
sources of the Gulf of Alaska. Canada wished to 
place again on record the strong wish of the Canadian 
National Section that the Gulf of Alaska Groundfish 
Committee be instructed to study not only halibut 
but all groundfish resources of the Gulf. In reply the 
Japanese National Section restated its view that the 
Committee was established to study problems related 
to abstention from halibut fishing and that its terms 
of reference should be left unchanged. The question 
of joint research on other groundfish resources should 
be left until such time as Canadian and United States 
groundfish fisheries in the Gulf of Alaska had de
veloped to a substantial level. 

10. AcTIVITIES OF THE CoMMISSION CoNCERNING 

HERRING 

The Annex to the North Pacific Fisheries Conven
tion originally provided that Japan would abstain 
from fishing for herring ( Clupea pallasii) in the Conven
tion area off the coasts of Canada and the United 
States, exclusive of the Bering Sea and the waters of 
the North Pacific Ocean west of the meridian passing 
through the extremity of the Alaska Peninsula. The 
Convention required that the Commission study these 
stocks annually, commencing in 1958, to determine 
whether they continued to qualify for abstention. At 
subsequent annual meetings the Commission has de
termined that the herring stocks of three areas did not 
meet the qualifications for abstention, as defined in 
Article IV of the Convention, and has recommended 
their removal from the Annex. The only herring 
stocks which remain under abstention are those off 
the coast of British Columbia, except the waters off 
the west coast of the Queen Charlotte Islands. 

At its Ninth Annual Meeting (1962), the Commis-

sion noted that the removal of certain herring stocks 
from abstention had brought up the possibility of a 
joint fishery on those stocks in the future. The Com
mission established a sub-committee of the Committee 
on Biology and Research to draw up a plan for a 
program of joint research, to be implemented at the 
inception of any herring fishery of joint interest. The 
sub-committee presented the plan of a program for 
joint research on herring to the Commission at its 
Tenth Annual Meeting (1963), at which time it was 
adopted. 

No fishery of joint interest on any herring stock 
formerly under abstention had come into being by the 
time of the Twelfth Annual Meeting, and consequent
ly the joint research plan remained unimplemented. 
There was no item specifically referring to herring on 
the Commission's agenda. The status of the herring 
stocks remaining under abstention continued un
changed, as a result of the Commission's finding that 
the national sections had not revised their previously 
stated positions concerning the qualification for ab
stention of any of the stocks listed in the Annex. 

11. AcTIVITIES OF THE COMMISSION CoNCERNING KING 

CRAB 

Since 1954, the Commission has been studying, in 
response to a request received from the United States 
in that year, the stock of the king crab (Paralithodes 
camtschatica) in the eastern Bering Sea to ascertain the 
need for joint conservation measures by the Con
tracting Parties substantially engaged in exploiting 
that stock, i.e., the United States and Japan. This 
has been done under Article III (I) (c) (i) of the Con
vention, which provides that the Commission shall 
study, at the request of any Contracting Party con
cerned, any stock which is under substantial exploi
tation by two or more of the Contracting Parties for 
the purpose of determining the need for joint con
servation measures, provided that the stock is not 
covered by a conservation agreement between such 
parties existing at the time of the conclusion of the 
Convention. 

Since 1955, scientists of Japan and the United 
States have carried out research on the eastern Bering 
Sea king crab, and the Commission, through the Sub
Committee on King Crab Research and Planning of 
the Committee on Biology and Research, has annually 
reviewed the result of that research and considered 
the implementation of Article III (1) (c) (ii) of the 
Convention, which provides for the recommendation 
of necessary joint conservation measures for stocks 
under joint exploitation. At the Twelfth Annual 
Meeting, the Commission adopted, as the conclusion 
to its consideration of this subject, the following para-
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graph from the Report of the Committee on Biology 
and Research : 

In adopting the report of the Sub-Committee on King Crab 
Research and Planning, the Committee noted that the Sub
Committee considered the questioru covered by its terms of re
ference and concluded that studies had not progressed sufficiently 
to make recommendatioru. Attention is directed to the need for 
obtaining catch and biological statistics of the U.S.S.R. king 
crab operations in the eastern Bering Sea, and the Commission is 
requested to take appropriate steps to obtain such data. 

In connection with this item of its agenda, the Com
mission noted that the United States and Japan had 
concluded on November 25, 1964, a two-year agree
ment concerning the eastern Bering Sea king crab. 
In part, the two governments had agreed to ask the 
Commission to " continue and intensify the study of 
the king crab resource in the eastern Bering Sea and 
to transmit to the two governments annually by 
November 30 the findings of such study, including 
also, to the extent possible, an estimate of the maximum 
sustainable yield of the resource ". The Commission 
agreed to accede to this request and decided to submit 
the report of the Sub-Committee on King Crab 
Research and Planning to the governments as its 
findings for 1965. Canada's agreement to these pro
posals was conditioned by provisos that the report 
also be forwarded to the Government of Canada and 
that the Commission's action be understood to carry 
no implications regarding possible future Canadian 
participation in the eastern Bering Sea king crab 
fishery. 

12. PUBLICATIONS OF THE COMMISSION 

The Commission continues to publish and distribute 
a variety of materials related to its work. An annual 
report is published in separate English and Japanese 
versions, of identical content. The annual report 
contains information on Commission meetings, ad
ministrative activities during the year, and summaries 
of research conducted for the Commission by the re
search agencies of each of the member countries. 

At irregular intervals, the Commission publishes a 
scientific bulletin in separate English and Japanese 
versions of identical content. Papers published in the 
bulletin often are obtained from national sources and 
deal with particular investigations carried out under 
INPFC programs by one or more scientists in a particu
lar laboratory. In other cases, the reports may be 
prepared jointly by scientists from all three of the 
member countries, working jointly on the analysis of 
research conducted under INPFC programs. 

The Commission has continued the preparation 
and distribution, in processed form, of a statistical 
yearbook containing data on important fisheries of 

joint interest. The yearbook is in English only. It 
contains data on the catches of salmon, halibut, her
ring, king crab and other groundfish by fishermen of 
the member countries in certain waters. 

The Commission also continues to circulate among 
its own members, accredited participants in its meet
ings, and scientists taking part in its research programs, 
a wide variety of reports on research in progress, 
research plans, background papers, agendas, reports 
of meetings, newsletters, etc. Distribution of these 
materials is limited to those directly participating in 
Commission programs, with a few exceptions. 

All manuscripts must receive approval by the Com
mission prior to their publication. Scientific reports 
must also receive prior review and approval by a 
board of editorial referees. At the end of 1965 the 
editorial referees were: for Canada, Dr. P. A. Larkin; 
for Japan, Mr. Aiji Takashiba; for the United States, 
Mr. D. L. McKernan. Information on the current 
status of Commission publications is given on the back 
cover of this annual report. 

13. CLOSING STATEMENTS AT THE FINAL PLENARY 

SESSION 

Spokesmen for each national section made con
cluding statements at the final plenary session of the 
Twelfth Annual Meeting. 

Commissioner A. W. H. Needler, speaking for Cana
da, expressed satisfaction with the progress of the Com
mission's research programs but stated that the Ca
nadian National Section was dissatisfied with the Com
mission's actions on abstention and on measures for 
conservation of the Bering Sea halibut. He recalled 
that in 1963 and 1964 Canada and the United States, 
on the advice of the International Pacific Halibut 
Commission, proposed stringent restrictions on the 
fishery for those stocks, but Japan's unwillingness to 
agree to those restrictions had resulted in an excessive 
catch and a serious reduction of the stocks. At the 
present meeting Japan again had refused to agree to 
the conservation measures proposed by Canada for 
1966. The Commission must continue to press for 
greater efforts to provide the scientific basis for con
servation and for implementation of the resulting 
recommendations. 

The Canadian Section considered that the data 
already submitted amply substantiated the qualifica
tion for abstention of the stocks listed in the Annex to 
the Convention. It was a cause for disappointment 
that the Commission had failed to recognize their 
qualification, because of Japan's insistence on a degree 
of proof beyond that required by the Convention. 

Japan's efforts to minimize the effects of the Gulf of 
Alaska groundfish fishery on the halibut stocks were 
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appreciated ; however, a more thorough and vigorous 
research effort was needed in this area, too. It was 
the Canadian view that the Commission should not 
delay in undertaking research on which to base future 
management of the northeastern Pacific groundfish 
fisheries. All three countries had a strong interest 
in the groundfish resources, and a broader program 
of research on them should be initiated while the fishery 
was in an early stage of development. 

Canada nevertheless appreciated the scientific co
operation among the three countries and hoped that 
it would long continue. This friendly and fruitful 
cooperation had already produced scientific advances 
of great value to the three countries and would be 
increasingly important in the future, as the three 
nations continued to pursue the broad objectives of 
the Convention. The Commission would continue to 
be of value as a forum for frank discussion of mutual 
problems of the North Pacific fisheries. 

Mr. Takeshi Yasukawa stated that the Japanese 
delegation had been deeply impressed by the Chair
man's statement that " ocean fisheries should be con
sidered to be a great trust for the benefit of humani
ty", a view to which the Japanese delegation whole
heartedly subscribed. As the growing world popula
tion looked increasingly to the sea as a source of animal 
protein, it became the duty of the fishing nations to 
utilize the ocean fishery resources to the fullest for food 
and other purposes and to hand on to posterity this 
valuable common property of all mankind. In the 
Japanese view, the principle of the freedom of high 
seas fishing did not justify unrestricted exploitation of 
marine resources, rather it meant that these resources 
were open for utilization by all nations and all peoples. 
No country was entitled to fence off any resources and 
deny other countries an opportunity to utilize them. 
Of course, those who make use of such resources are 
duty bound to practise conservation. The importance 
of the conservation of resources cannot be over-em
phasized, but it should always be kept in mind that 
the ultimate objective of conservation is the rational 
exploitation and maximum utilization of the resources 
by mankind. For this reason, the Japanese delega
tion believed that the task of the Commission was to 
ascertain, from this point of view, the most suitable 
way of dealing with the stocks of fish in which the 
parties had common interests. 

The representatives ofJapan found it gratifying that 
the participants in the meeting had been able to deepen 
their mutual understanding through a frank exchange 
of views in a friendly atmosphere, despite differences 
of views on a number of questions. The delegates were 
particularly grateful to the scientists for their work in 
the various subcommittees and to their fellow Com-

missioners and advisors for the earnestness of their 
endeavours. 

Commissioner Clarence F. Pautzke, in his closing 
comments on behalf of the United States National 
Section, noted that there was general agreement as to 
the excellence of the research carried out by the scien
tists of the three countries on the freshwater and ocean 
life of the salmon and the significance of their con
tributions in the study of halibut, other groundfish, 
and king crab. However, the application of the results 
of that research and the evaluation of the effects of 
the fisheries on fish stocks of the North Pacific Ocean 
continued to be strongly debated within the Com
mission. 

Although the measures recommended by the Com
mission at this meeting for conservation of the Bering 
Sea halibut reflected a continuation of the prudent 
attitude adopted at the last meeting, the United 
States was disappointed that the additional measures 
proposed jointly by the United States and Canada 
had not been adopted. The United States represen
tatives believed that the proposed measures would 
hasten the recovery of the depleted halibut stocks of 
the Bering Sea. 

Of particular concern to the United States was the 
continued failure of the Commission to deal ade
quately with the problem posed by fishing in the area 
of intermingling ofNorth American and Asian salmon 
west of the abstention line. Japanese spokesmen had 
expressed the view that the record size of the 1965 
Bristol Bay salmon run was proof that Japan's high 
seas fishery had had no deleterious effect on the runs 
of salmon or on the inshore fisheries . The United 
States interpretation was that a partial restoration 
of the Bristol Bay runs had been successfully accom
plished in spite of the serious effects of the high seas 
fishery and only at the expense of the long-established 
United States inshore fishery. The high seas fishery 
was in fact causing great difficulty to the United 
States conservation program and had furthermore 
had a severe adverse economic effect on the inshore 
fishery of Bristol Bay in eight of the last ten years. 

Japan's fishery on Bristol Bay sockeye salmon in 
May and June in the corridor between l75°W and 
170°E, being unselective in nature, could over-catch 
the numerically weak races of salmon and take fish 
which should form part of the spawning escapement. 
Even in 1965, a year of record catch in Bristol Bay, 
only two of the ten river systems of the area had ex
cellent runs, escapements to four rivers had been 
achieved only by severe restriction of the fishery, and 
the escapement to four of the rivers had been below 
the level desired. Cropping of these runs on the 
basis of their biological strength was possible only 
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through an inshore fishery. In view of the alarming 
declines in the major salmon runs of Asia, the United 
States was unconvinced that successful salmon con
servation was possible with a high seas fishery. Fur
thermore, the high seas gillnet fishery was destruc
tively wasteful because of the high percentage of the 
catch which dropped out of the nets before they were 
picked up. 

The Bristol Bay sockeye salmon fishery, which was 
the most important of all United States salmon 
fisheries, faced certain prospects of a much smaller 

run in 1966 than in 1965. The United States was 
apprehensive that the high seas fishery would take a 
very high percentage of this run, as it had in 1957 
and 1961, with adverse consequences to the conserva
tion of the resources and the management of the in
shore fishery. 

The United States National Section had been 
pleased to meet with its Canadian and Japanese col
leagues in the Pacific Northwest and appreciated the 
cooperative spirit which they had shown. 
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APPENDIX II 

AGENDA 

as adopted at the 

TWELFTH ANNUAL MEETING-1965 

Seattle, Washington, November 8, 1965 

I. Addresses and introductions 
2. Adoption of agenda 
3. Report on delegation memberships 
4. Meeting procedures 

(a) Attendance at meetings 
(b) Schedule of sessions 
(c) Press policy 
(d) Minutes 

5. Report of the Chairman 
6. Submission of reports by the Secretariat 
7. Consideration of matters ofresearch 

(a) Progress in research under the Protocol 
(b) Preparation of joint reports on salmon 

(c) 
(d) 
(e) 
(f) 

research 
Research plans under the Protocol 
King crab research 
Statistics (Article III (1) (e)) 
Other matters 

8. Consideration of salmon problems in high seas 
areas of intermingling 

9. Implementation of the Protocol 
10. Conservation measures for the halibut m the 

Bering Sea in 1966 
11. Effects of trawling on the halibut stocks in the 

Convention area 

12. Implementation of Article III (1) (a) of the 
Convention with respect to the stocks listed in 
the Annex 

13. Implementation of Article III (1) (c) (ii) with 
respect to king crab 

14. Consideration of administrative and fiscal mat
ters 
(a) Accounts and audit 
(b) Budget estimate for fiscal year beginning 

July I, 1966 
(c) Budget forecast for fiscal year beginning 

July I, 1967 
(d) Administrative report for 1965 
(e) Comments on the form and nature of 

the reports submitted by Canada and 
the United States in 1965 under 
Articles III (1) (c) (iii) and X (2) of 
the Convention 

(f) Publication of reports and bulletins 
(g) Schedule of future meetings 
(h) Other matters 

15. Election of officers 
16. Other business 
I 7. Closing remarks 
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II. ADMINISTRATIVE REPORT FOR 1965 

by Wilvan G. Van Campen, 

Executive Director 

I. CONTENT OF THE REPORT 

This report summarizes the decisions of the Com
mission and the activities of the Secretariat during the 
period from the adjournment of the Eleventh Annual 
Meeting on November 21, 1964, to the commence
ment of committee meetings at the Twelfth Annual 
Meeting, on October 25, 1965. It does not deal with 
meetings of the Commission or its committees which 
are adequately reported in proceedings. 

2. OFFICERS AND STAFF 

Mr. Edward W. Allen of the United States served 
as Chairman of the Commission during 1965. The 
Vice-Chairman was Dr. A. W. H. Needler of Canada, 
and Mr. Iwao Fujita of Japan was Secretary. Mr. 
Haruo Nakai of Japan was chairman of the Standing 
Committee on Biology and Research, Mr. Donovan 
F. Miller of Canada served as chairman of the Stand
ing Committee on Finance and Administration and 
Mr. Iwao Fujita of Japan was chairman of the Ad 
Hoc Committee on Abstention. The chairmanship 
of the Ad Hoc Committee on the Protocol, which has 
not met since 1961, was vacant. 

There were no changes in the permanent staff of 
the Secretariat during the year. W. G. Van Campen 
continued as Executive Director, F. Nagasaki as As
sistant Director and L. M. Kissack as Secretary. 

3. MEMBERSHIP OF THE NATIONAL SECTIONS 

There were three replacements of Commissioners 
during the year. In the Japanese National Section, 
Mr. Takeshi Yasukawa replaced Mr. Harumi Take
uchi on January 12, and Mr. Masajiro Niwa succeeded 
Mr. Makoto Matsuoka on June 15. In the United 
States National Section, Mr. Roger Kent replaced 
Mr. Albert W. Gatov on June 10. Continuing as 
Commissioners from the previous year were, for Cana
da: A. W. H. Needler, James C. Cameron, Carl E. 
Giske and Donovan F. Miller ; for Japan : I wao 
Fujita and Haruo Nakai; for the United States: 
Clarence F. Pautzke, Edward W. Allen and Fred P. 
McGinnis. 

4. INTERIM AcTIONS OF THE CoMMISSION 

Between the 1964 and 1965 Annual Meetings, the 

Commission made the following decisions by corre
spondence: 
a. The Commission approved the draft summary 

minutes of the first and second in camera sessions 
and the eighth (final) plenary session of the 1964 
Annual Meeting. Approval was announced in 
Circular Letter No. 340, dated February 9, 1965. 

b. The Commission approved for publication three 
Canadian reports on the life histories of chum, 
pink and sockeye salmon in British Columbia. 
Approval was announced in Circular Letter No. 
346 dated May 7, 1965. 

c. The Commission approved for publication a draft 
of its annual report for 1964. Approval was an
nounced in Circular Letter No. 359 dated Septem
ber 2, 1965. 

d. The Commission approved issuance of invitations 
to the following organizations to be represented 
by observers at the 1965 Annual Meeting: 
Food and Agriculture Organization of the United Nations 
Intergovernmental Oceanographic Commission 
International Pacific Halibut Commission 
International Pacific Salmon Fisheries Commission 
Inter-American Tropical Tuna Commission 
International Commission for the Northwest Atlantic 

Fisheries 

Approval was announced in Circular Letter No. 
360 dated September 8, 1965. 

e. The Commission approved for publication two 
Japanese reports on the life history and spawning 
populations of chum salmon in the Far East. 
Approval was announced in Circular Letter No. 
362 dated September 13, 1965. 

f. The Commission approved issuance of a request 
to the International Pacific Halibut Commission 
for scientific consultants to assist at the Twelfth 
Annual Meeting. Approval was announced in 
Circular Letter No. 363 dated September 13, 1965. 

g. The Commission approved for publication four 
Japanese reports on the life history and spawning 
populations of Far Eastern sockeye and pink salm
on. Approval was announced in Circular Letter 
No. 366 dated September 29, 1965. 

5. APPROVAL OF COMMISSION RECOMMENDATIONS 

At its 1964 Annual Meeting, the Commission de-
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veloped and adopted for recommendation to the Con
tracting Parties measures for the conservation of the 
halibut stock of the eastern Bering Sea. These meas
ures, which were based on limitation of fishing time 
rather than a catch quota, as in previous years, were 
accepted by all three governments and were in force 
during the 1965 fishing season. Preliminary reports 
indicated that the seven-day fishing period in the 
Bering Sea Triangle resulted in removal of about 
560,000 pounds of halibut. 

6. RESOLUTION ON CONSERVATION 

At its Eleventh Annual Meeting (1964), the Com
mission again adopted a resolution calling upon the 
Contracting Parties to give full consideration to the 
conservation needs of fishery resources in the area of 
common concern when preparing fishery regulations 
for future operations. The text of this resolution may 
be found on page 8 of this annual report. The re
solution was sent to the Contracting Parties by the 
Secretariat on December 4, 1964. 

7. FISCAL MATTERS 

a. Accounts and Audit 

The auditors' report to the Commission for the 
fiscal year which ended June 30, 1965, has been sub
mitted to the members of the Commission. A copy 
is appended to this report. 

In the 1964/65 fiscal year each Contracting Party 
contributed $25,000 (Canadian funds) toward the 
operating expenses of the Commission. The amount 
of money available was increased to $75,460.76 by the 
addition of interest on bank deposits. Total expendi
tures during the fiscal year amounted to $63,460.76, 
including $8,794.83 reserved for accounts payable and 
accrued expenses from the 1964/65 fiscal year. These 
accrued liabilities were the cost of printing Bulletin 
14 and the 1962 and 1963 Annual Reports in Japanese 
and Bulletins 15 and 16 and the 1964 Annual Report 
in English and the audit fee. There resulted a sur
plus of income over expenditures of $12,000, to be 
applied against contributions for the 1965/66 fiscal 
year or otherwise disposed of as decided by the Com
mission. 

A financial bond in favour of the Commission, in 
the amount of $25,000, was continued on the three 
permanent staff members. The bond is in the hands 
of the Deputy Minister of Fisheries of Canada for 
safekeeping. 

b. Working Capital Fund 

The Commission's working capital fund continued 
at $7,500 during the 1964/65 fiscal period. 

c. Appropriations for 1964/65 

The Commission's budget estimate of $75,450 (Ca
nadian funds) for the fiscal year beginning July 1, 
1965, as approved at the 1964 Annual Meeting, was 
transmitted to all Contracting Parties on December 
4, 1964. Notification of acceptance of the Com
mission's budget estimate was received from Canada 
in a letter of January 4, 1965. While no similar noti
fication has been received from Japan or the United 
States, contributions in the full amount due have been 
received from all three governments for the first half 
of the 1965/66 fiscal year. 

8. REPORTS FROM CONTRACTING pARTIES 

In 1965, for the twelfth consecutive year, Canada 
and the United States submitted reports of their con
servation measures for the stocks of fish under absten
tion and their enforcement of those measures, as re
quired by Articles III (1) (c) (iii) and X (2) of the 
International Convention for the High Seas Fisheries 
of the North Pacific Ocean. The report of the United 
States was transmitted to the Governments of Canada 
and Japan on August 6, and the report of Canada was 
transmitted to the Governments of Japan and the 
United States on August 24, 1965. As in previous 
years, the Executive Director prepared an evaluation 
of the adequacy of the form and nature of these re
ports and transmitted it to the Commissioners on 
September 24, 1965. 

9. COMMISSION PUBLICATIONS 

Progress in the Commission's publication program 
during the past year was particularly noticeable in 
reduction of the lag between publication of the English 
and Japanese versions of reports. During the year 
the Japanese versions of Bulletin 8, two papers by 
United States scientists on salmon serology and mor
phology, and Bulletin 9, papers dealing with Canadian 
salmon stocks under abstention, were completed and 
distributed, as was the Japanese version of the 1962 
Annual Report. Bulletin 14, a collection of five papers 
on salmon by United States scientists, and Bulletin 
16, three reports on coho, chinook and masu salmon 
by Canadian, Japanese and United States authors, 
were printed in English and distributed during the 
year. Bulletin 15, a joint report on the offshore dis
tribution of salmon, has been printed in English and 
will be distributed before the year is out. The Japa
nese versions of Bulletins 14, 15 and 16 and the 1963 
Annual Report are in the hands of the printer. The 
1964 Annual Report in English is also in press but 
will probably not be completed by the time of the 
annual meeting. Bulletin 17, a report by four Japa
nese scientists on the offshore distribution and migra-
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tion of salmon as shown by tagging studies, is in press 
in the English version. 

With completion of Bulletins 15 and 16, four of the 
planned nine parts of the Commission's joint com
prehensive report on Pacific salmon have been pub
lished. These are Part !-Introduction and catch 
statistics (Bulletin 12), Part II-Review of the oceano
graphy of the Subarctic Pacific region (Bulletin 13), 
Part V-Offshore distribution of salmon (Bulletin 15) 
and Part IX-Coho, chinook and masu salmon in 
offshore waters (Bulletin 16). The Canadian and 
Japanese contributions to Part III, a review of the 
life history of sockeye, pink and chum salmon, have 
been approved for publication and will probably be 
printed as one Bulletin during the coming year. It 
appears likely at this time that Part VI, the joint re
port on sockeye salmon in offshore waters, may be 
submitted in time to go to the printer during the 1965-
66 fiscal year. 

A United States report, " Migrations of salmon in 
the North Pacific Ocean and Bering Sea as determined 
by seining and tagging, 1959-1960 ", has been ap
proved by the Commission and will be printed during 
the current fiscal year. 

A full report on the progress and present status of 
the Commission's publications will be made to the 
Committee on Biology and Research through its Sub
Committee on Editorial Matters. 

10. STAFF AcTIVITIES 

The Secretariat continues to be staffed by three 
permanent employees (see Section 2 of this report). 
In addition, one half-time typist is regularly employed, 
and translators and artists are employed on an hourly 
basis as required for preparation of manuscripts for 
the Commission's publications and annual meeting 
documents. The Secretariat's workload continues to 
consist for the most part of manuscript preparation, 

arrangements and staffing for meetings, correspond
ence in connection with research and publication and 
facilitation of the interchange of data, biological sam
ples and scientific observers. 

As in past years, the Secretariat has compiled a 
yearbook of catch statistics for the salmon, halibut, 
herring and bottomfish fisheries in areas of common 
interest to the three member countries, the material 
for the yearbook being furnished through the coopera
tion of the national research organizations. The Com
mission's annual report for 1964 was drafted in part 
and translated by the Secretariat staff. The bound 
volume of " Proceedings of the Eleventh Annual 
Meeting- 1964" was prepared, processed and dis
tributed by the Secretariat early in 1965. The J apa
nese version of the 1964 Proceedings was also prepared 
at the Secretariat and was processed and bound in 
Japan with the cooperation of the Japanese National 
Section. 

In August, the Secretariat served as the meeting 
place for a two-day working group conference of 
groundfish scientists associated with the three national 
sections. The principal purpose of the meeting was 
to discuss possible ways of expediting and improving 
the work of the Gulf of Alaska Groundfish Committee 
at the 1965 Annual Meeting. During the year the 
Secretariat was also favoured with visits by Japanese 
scientists who were in North America to observe hali
but and salmon research activities and by staff scien
tists of the Canadian and United States fishery research 
organizations. The Executive Director and Assistant 
Director visited fishery and research installations in 
the Bristol Bay area in July as guests of the Fisheries 
Research Institute of the University of Washington 
and the Bureau of Commercial Fisheries, and they also 
attended meetings of the International Pacific Halibut 
Commission, the International Pacific Salmon Fish
eries Commission and the Pacific Fishery Biologists. 



AUDITORS' REPORT 

APPENDIX I 
PEAT, MARWICK, MITCHELL & CO. 

Chartered Accountants 
41 0 Seymour Street 

Vancouver 2 
British Columbia 

AUDITORS' REPORT TO THE COMMISSION 

We have examined the statement of assets and liabilities of the International North Pacific Fisheries 
Commission as of June 30, 1965 and the statements of income and expenditure and receipts and disburse
ments for the year ended on that date and have obtained all the information and explanations we have 
required. Our examination included a general review of the accounting procedures and such tests of 
accounting records and other supporting evidence as we considered necessary in the circumstances. 

In our opinion, and according to the best of our information and the explanations given to us and as 
shown by the books of the Commission, the accompanying statement of assets and liabilities and statements 
of income and expenditure and receipts and disbursements are properly drawn up so as to exhibit a true 
and correct view of the state of the affairs of the Commission at June 30, 1965 and the results of its opera
tions for the year ended on that date, in accordance with generally accepted accounting principles applied 
on a basis consistent with that of the preceding year. 

PEAT, MARWicK, MITCHELL & Co. 

Chartered Accountants 

Vancouver, B. C. 
July 26, 1965 

STATEMENT OF ASSETS AND LIABILITIES 
June 30, 1965 

General funds: 
Cash in bank 
Deposit with United Air Lines 

Working capital fund: 
Cash in bank 

Equipment, at cost 
Less accumulated depreciation 

Assets 

Liabilities 
General funds: 

Accounts payable and accrued expenses 
Amount refundable to contracting parties 

Advances from contracting parties for 
working capital fund 

Amount equivalent to expenditure on equipment, 
less depreciation, per contra: 

Amount at June 30, 1964 
Additions during the year, net 

Less adjustments for equipment disposals (Note) 

Deduct: 
Depreciation provided in previous years 
Depreciation in current year 

Less adjustments for equipment disposals (Note) 

s 6,214.20 
898.52 

7,112.72 
2,322.41 

s 8,985.20 
4,790.31 

s 9,883.45 
1,563.81 

11,447.26 
2,462.06 

8,985.20 

s 22,019.83 
425.00 

22,444.83 

7,500.00 

4,194.89 

s 34,139.72 

s 10,444.83 
12,000.00 

22,444.83 

7,500.00 

4,790.31 4,194.89 

s 34,139.72 

Note: Assets having an original cost of S I ,394.65, which had been fully depreciated, were written off at 

June 30, 1965. 
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STATEMENT OF INCOME AND EXPENDITURE 
Year ended June 30, 1965 

Income: 
Contributions from contracting parties 
Interest earned on working capital fund bank account 

Expenditure: 
Personal services 
Travel 
Communications 
Other contractual services 
Supplies 
Equipment 

Excess of income over expenditure, refundable 
to contracting parties 

STATUS OF APPROPRIATIONS 

s 38,189.64 
8,124.76 
1,456.63 

12,123.38 
2,002.54 
1,563.81 

s 75,000.00 
460.76 

75,460.76 

63,460.76 

s 12,000.00 

Appropriations 
Budget as modified by 

appropriations transfus Expenditures 
Personal services s 40,500.00 38,189.64 38,189.64 
Travel 10,000.00 8,124.76 8,124.76 
Communications 2,400.00 1,456.63 1,456.63 
Other contractual services 17,760.76 12,123.38 12,123.38 
Supplies 2,800.00 2,002.54 2,002.54 
Equipment 1,500.00 1,563.81 1,563.81 
Annual meeting rentals 500.00 

75,460.76 63,460.76 63,460.76 
Amount refundable to contracting 

parties 12,000.00 12,000.00 

s 75,460.76 75,460.76 75,460.76 

Note: The budgc;t appropriation for" other contractual services" has been adjusted to includeS 460.76 
received in interest on the working capital fund. 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended June 30, 1965 

Receipts: 
Contributions from contracting parties 
Interest on working capital fund bank account 

Disbursements: 
Personal services 
Travel 
Communications 
Other contractual services 
Supplies 

,Equipment 

Excess of receipts over disbursements represented by 
increase in banlc accounts: 

BalanceJune 30, 1965 
Balance June 30, 1964 

s 38,189.64 
6,474.76 
1,456.63 

10,515.55 
2,002.54 
1,563.81 

29,519.83 
14,262.00 

s 75,000.00 
460.76 

75,460.76 

60,202.93 

15,257.83 

s 15,257.83 
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III. THE RESEARCH PROGRAM 

A. PROGRESS IN 1965 IN CANADIAN RESEARCH 
ON PROBLEMS RAISED BY THE PROTOCOL 

Fisheries Research Board of Canada 

Research during 1965 on problems raised by the 
Protocol included ( 1) studies of distribution of salm
on stocks in the northeastern Pacific Ocean based on 
longline fishing, tagging and studies of scale charac
ters, meristic counts and parasite content to distin
guish between stocks and (2) oceanographic studies 
of the northeastern Pacific. 

I. RESULTS OF LONGLINE FISHING, 
TAGGING AND RACIAL STUDIES IN 1965 

In 1965, Canadian research on salmon on the high 
seas was concentrated on studies of distribution to 
provide a possible basis for forecasting the abundance 
of runs in advance of the commercial fishing season. 
The work involved: 

( 1) A large-scale 1 ongline fishing program (in co
operation with the United States) ·conducted during 
April, May and June involving three Canadian ves
sels (the Fisheries Research Board's research vessel 
G.B. Reed and two chartered vessels, the T. W. Sea 
Queen and the Canadian No. 1). 

(2) Two short longline cruises (about 10 days 
duration each) by Canadian research vessels, one by 
the G.B. Reed in mid-January and another by the 
Fisheries Research Board's research vessel Investigator 
No. 1 at the end of August. 

(3) Studies to identify the origin of sockeye and 
pink salmon in the high seas catches on the basis of 
differences in scale characters, meristic counts and 

parasite content. 
( 4) Histological studies to determine the state of 

maturity of sockeye salmon taken in high seas catches. 
The results of the latter two studies are still under

going analysis and the present report will include only 
a general account of the distribution of catches and 
some preliminary notes on racial studies . 

. RESULTS OF THE jANUARY CRUISE 

In connection with preparation of a film by the 
National Film Board of Canada, the G.B. Reed con
ducted a 7-day cruise into the central Gulf of Alaska 
from January 14 to 20, 1965. The pattern of catches 
was similar to that observed during January longline 
cruises in 1963 and 1964 ; sockeye formed the great 
bulk of the catches (Table I) and were much more 
abundant in the central part of the Gulf of Alaska 
(from 48°N to 52°N and from 140°W to 150°W) 
than in areas closer to the British Columbia coast. 
A total of nine longline sets were made yielding 609 
salmon (584 sockeye, 18 pink, 7 chum, no coho or 
chinook) and two steelhead. Only eight sockeye were 
tagged and released ; all the remaining fish were re
tained for studies of racial origin. None of the sockeye 
tagged were recovered. 

RESULTS OF APRIL-jUNE CRUISE 

1. Distribution of Fishing 
During April and early May longline fishing was 

TABLE I. Salmon and steelhead catches during January 14 to 20, 1965. 

Set 
no. Date 

MfV G.B. Reed 

I Jan. 14 
2 15 
3 16 
4 17 
5 18 
6* 18 
7 19 
8* 19 
9 20 

Total 

* Evening set. 

Position Surface 
No. of temp. 

Lat. (N) Long. (W) skates (0 C) 

48- 55 131 - 33 10 8.6 
49- 33 137- 56 10 6.8 
49- 55 144- 14 30 5.7 
51 - 26 149- 49 40 4.6 
50 3 144- 57 31 5.2 
50- 04 143- 24 10 5.8 
50- 18 139- 42 30 6.2 
50- 23 138- 18 10 6.3 
50- 30 134- 30 30 6.6 

Species 

Sockeye Chum Pink Coho Chinook Steelhead Total 

0 0 0 0 0 0 0 
6 0 0 0 0 0 6 

50 2 7 0 0 I 60 
361 0 0 0 0 0 361 

81 2 7 0 0 0 90 
8 0 2 0 0 0 10 

76 I 2 0 0 0 79 
0 0 0 0 2 
2 0 0 0 0 3 

584 7 18 0 0 2 611 
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Set 
no. Date 

M fV G.B. &ed 
I Apr. 3 
2 4 
3 5 
4 6 
5 7 
6 8 
7 9 
8 10 
9 II 

10 12 
II 13 
12 14 
13 15 
14 16 
15 17 
16 18 

17 " 22 
18 23 
19 24 
20 25 

21 " 27 
22 " 28 
23 " 29 
24 " 30 
25 May 
26 5 
27** 5 
28** 5 
29** 6 
30 7 
31 8 
32 19 

33 " 20 
34 21 

35 " 22 
36 " 23 
37 24 
38 25 

39 " 26 
40 " 27 
41 " 28 
42 " 29 
43 " 30 
44 " 31 
45 June 
46 2 

47 3 
48 4 
49 5 
50 6 
51 7 

Total 
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TABLE II . Salmon and steelhead catches during April3 to june 7, 1965. 

Position 

Lat.(N) Long. (W) 

49--13 130--38 
50--00 135--00 
51 --00 137--30 
50--00 140--00 
51--00 142--30 
49--39 144--45 
51--00 147--20 
48--00 150--00 
49--00 152--30 
48--00 155--00 
49--00 157--30 
52--00 155--00 
53--00 152--30 
52- 00 150--00 
54--00 150--00 
56--00 150--00 
57--04 147--30 
58--30 147--30 
59--00 145--00 
58--00 142--30 
56--00 137--30 
56--00 142--30 
57--00 145--00 
55--00 145--00 
55--00 140--00 
52--00 138--45 
52--00 139--00 
52--10 13 00 
51--49 138--19 
50--00 132--30 
48--00 127--30 
47--00 
47--00 
45--00 
47--00 
49--00 
49--00 
46--00 
45--00 
48--00 
49--00 
47--00 
48--00 
46--00 
46--00 
46--00 
44--00 
44--00 
45--30 
46--00 
48- 00 

130--00 
132--30 
135--00 
135--00 
135--00 
137--30 
137--30 
140--00 
140--00 
140--00 
142--30 
145--00 
145--00 
140--00 
135--00 
135--00 
130--00 
130--00 
128--00 
127- 00 

Surface 
No. of temp. 
skates (0 C) 

20 
29 
40 

40 

7 
12 
40 
30 
30 
30 
30 
40 
40 
40 
39 
20 
30 
30 
20 
20 
30 
38 
40 
40 
40 
40 
10 
10 
30 
30 
30 
20 
30 
30 
30 
30 
30 
30 
30 
40 
20 
40 
40 
30 
30 
40 
30 
30 
30 
40 
40 

7.4 
6. 7 
6.1 
6.2 
5.1 
5.9 
5.0 
6 .9 
6 .0 
6.6 
6 .4 
4.3 
4.1 
4.6 
4.3 
4.6 
4.6 
4.7 
5 .2 
4 . 7 
6.4 
5.6 
5.2 
4.9 
5.2 
6.2 

5 .9 
6.4 
7.9 
9 .4 
9.3 
8 .8 

10.0 
9.0 
8.4 
7.8 

10.8 
11.6 
9.0 
8.4 
9.0 
8.6 

10.4 
ll.5 
11.4 
12.8 
12.0 
11.4 
11.4 
10 . 6 

Species 

Sockeye Chum Pink Coho Chinook Steelhead Total 

0 
80 

202 
ll4 
26 
15 

176 
Ill 
80 
29 
28 

134 
232 
87 

321 
39 

195 
5 

II 
100 
209 
366 

197 
388 
190 
150 

9 
35 
21 
2 
0 
0 
4 
0 

17 
26 
0 
0 

37 
27 
0 

74 
0 
0 
0 
0 
0 
0 
0 
0 

3,739 

0 0 
24 24 
73 10 

9 19 
7 0 
3 0 

10 0 
50 133 
21 18 
65 8 
27 16 
24 I 
29 0 
19 0 
29 0 

5 0 
ll 0 
23 0 
II 0 
6 0 

36 0 
26 0 
32 0 
30 0 
38 0 
15 ll 
3 I 
4 0 
9 4 

10 34 
0 3 
I ll 

28 182 
10 7 
ll 95 
10 35 
20 43 

40 
0 25 

21 64 
ll 15 
24 46 
9 59 

25 65 
0 82 

16 69 
0 0 
0 0 
0 0 
0 0 
0 0 

836 1,120 

0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
I 
0 
0 
0 
2 
3 

18 
3 

II 
12 
5 
3 

23 
8 
6 
6 
2 
I 

22 
0 
0 

I 
130 

0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
2 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 

0 
0 
2 
I 
0 
0 
0 
4 

5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
4 
I 
0 
0 
2 
2 

0 
I 
2 
7 
5 
3 
0 

7 
5 
6 

17 
I 
0 
I 
0 
2 

I 
0 

83 

0 
128 
287 
143 
33 
18 

186 

300 
120 
107 
73 

!59 
262 
107 
350 

44 
206 

28 
22 

106 
247 
392 
229 
418 
228 
181 

16 
39 
34 
48 
7 

15 
233 

22 
125 
79 
97 
44 
27 

!50 
66 
83 

165 
93 
83 

108 
0 
2 
2 
2 

I 
5,915 

---- -------
Continued ... 



Set 
no. Date 

M{V Canadian No. 1 
I Apr. 4 
2 5 
3 6 
4 7 
5 8 
6 9 
7 10 
8 II 
9 13 

10 14 
II 15 
12 16 
13 17 
14 18 
15 " 23 
16 " 24 
17 " 25 
18 " 26 
19 " 27 
20 28 
21 29 
22 " 30 
23 May 
24 5 
25* 6 
26 7 
27 8 
28 9 
29 10 
30 14 
31 15 
32 16 
33 17 
34 18 
35 19 
36 20 
37 21 
38 " 22 
39 " 23 
40 " 24 
41 " 25 
42 " 26 
43 27 
44 " 29 
45 " 30 
46 " 31 
47 June I 
48 2 
49 3 
50 4 
51 5 
52 6 

Total 

Position 

Lat. (N) Long. (W) 

51 - 35 
53- 00 
52- 00 
53- 55 
55- 55 
57- 05 

132-30 
137-10 
140-00 
140-05 
140-05 
142-25 

55- 00 142-35 
53- 02 142-32 
53- 00 147- 30 
54- 00 145- 00 
55- 00 147- 30 
56- 03 144- 56 
58- 00 145- 04 
58--08 150- 10 
57- 10 149- 50 
55- 49 147- 31 
53- 46 147- 15 
52- 04 147- 42 
50--04 147- 35 
50- 58 144- 55 
53--02 145- 05 
52- 00 142--30 
53- 57 142 4 
53- 55 137- 32 
52- 07 134- 55 
51--08 134- 57 
51 - 57 132--40 
50- 52 129- 53 
48- 56 127- 34 
48- 34 125- 02 
49- 30 128--45 
50- 52 132--21 
51 - 51 134--50 
50- 57 137- 33 
51- 54 140- 00 
50--04 140--08 
49--03 142--22 
51 --03 142- 40 
53- 04 142--41 
54- 52 142--00 
54- 00 139- 50 
55--00 137- 26 
54- 20 134--30 
55--06 134--52 
53--06 133--47 
52- 55 134- 37 
53--01 137--20 
52- 08 137- 33 
50--03 137- 25 
49- 57 135- 00 
51- 02 135- 10 
51 - 55 132- 30 
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TABLE II. (Continued) 

Surface 
No. of temp. 

29 

Species 

skates ("C) Sockeye Chum Pink Coho Chinook Steelhead Total 

20 
30 
20 
39 
30 
30 
30 
40 
10 
30 
30 
40 
30 
30 
30 
30 

6 
30 
10 
20 
30 
30 
30 
30 
10 
30 
30 
30 
30 
20 
15 
30 
30 
30 
30 
30 
20 
30 
10 
30 
10 
30 
30 
20 
30 
30 
30 
20 
30 
30 
30 
29 

7.3 
5.2 
5.4 
4.8 
4.2 
4.2 
4.2 
4.8 
4.0 
4.5 
3.6 
4.0 
4.8 
4.4 
3.7 
4.0 
4.5 
4. 7 
5 .5 
5 .8 
4.9 
5.3 
4.9 
5.7 
7.2 
7.3 
7.7 
8.5 
9.5 
9.8 
8 .8 
7.9 
7.3 
7.0 
6.1 
7.0 
6.8 
6.7 
6.0 
6.1 
6.3 
6.4 
8 .8 
8.5 
9.4 
9.4 
7.6 
7.9 
8.3 
9. 7 
9.3 
9.3 

0 
89 
88 

204 
168 
201 
129 
165 
85 
37 

!52 
201 
108 

0 
27 

328 
24 

101 
15 
51 

211 
15 

104 
37 

2 
2 

0 
I 
0 
I 

0 
3 
7 

25 
49 
68 
36 

109 
19 

134 
43 
73 

0 
0 
I 
3 

60 
21 
57 
25 

2 

3,282 

5 
48 
15 
20 
19 
6 

7 

I 
0 
0 
0 

17 0 
53 
5 0 
4 0 
7 0 

13 0 
13 0 
I 0 

22 0 
28 0 
4 0 

12 0 
2 I 

13 3 
24 0 
7 I 

15 0 
14 35 
0 2 
3 50 
I 3 
0 0 
0 0 
0 0 

5 83 
2 231 

23 47 
18 13 
9 40 
9 27 
9 20 
3 2 

19 0 
12 3 
74 48 
0 0 
0 0 
0 14 
5 192 

23 92 
33 25 
12 34 
13 93 
6 75 
I 6 

648 1,151 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 

20 
50 

2 

2 
109 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
I 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 
5 

0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
0 

0 
I 
0 
I 
0 
2 

3 
0 
I 
3 
2 
3 
2 
8 
5 
I 
0 
0 
I 
0 
0 
0 
0 
0 
4 
2 

6 
4 
2 

57 

15 
138 
105 
224 
187 
207 
146 
219 

90 
41 

!59 
214 
121 

I 
49 

356 
28 

113 
19 
68 

235 
24 

119 
87 

4 

57 
5 
3 
3 

30 
3 

94 
242 
98 
82 

126 
77 

139 
24 

!53 
59 

196 
0 
0 

15 
200 
184 
81 

129 
185 
86 
12 

5,252 

Continu~ 
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Set 
no. Date 

M/V T. W. Sea Queen 

Position 

Lat. (N) Long. (W) 

I Apr. 4 48- 09 134-55 
138-25 
139-56 
)46---{)5 

149-18 
152-30 
155---{)0 

157-30 
160-00 

2* 5 48- 27 
3 6 48--02 
4 9 48--49 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

10 15 
11 16 
12 17 
13 18 
14 23 
15 24 
16 25 
17 28 

18 " 29 
19 30 
20 May 
21 4 
22 5 
23 6 
24 7 
25 8 
26 9 
27 10 
28 17 
29 19 
30 20 
31 21 
32 22 
33 23 
34 24 
35 25 
36 26 
37 27 
38 28 
39 29 
40 31 
41 June I 
42 2 
43 3 
44 4 
45 5 
46 7 

Total 

GRAND ToTAL 

* Evening set. 
** Experimental set. 

49- 47 
51---{)0 

50- 00 
51-00 
50---{)0 

52-00 160-00 
53-00 157-30 
54-15 154-45 
56-48 151-30 
55-13 152-43 
53-29 154-40 
51-50 157-40 
50-00 155-25 
48-13 153---{)3 
46-01 152-24 
47-00 150-00 
47-27 145-48 
48-58 142-08 
50-00 137-30 
49---{)5 135-17 
50-00 132-30 
49- 00 130-00 
47- 00 127- 30 
45- 00 132- 32 
45--07 136--50 
44- 00 140- 00 
45- 00 142- 30 
47- 00 140- 00 
48- 00 137- 30 
47- 00 137- 30 
47- 55 135--07 
48- 00 132- 30 
49- 00 132- 30 
51 - 00 130-00 
48- 53 126- 45 
49- 00 127- 30 
50-00 130-00 
50- 00 132- 30 
49- 00 130- 00 
48- 00 130- 00 
47- 00 131 - 00 
47- 40 125- 53 

TABLE II. (Continued) 

Surface Species 
No. of temp. 
skates (0 C) Sockeye Chum Pink Coho Chinook Steelhead 

30 
10 
10 
30 
10 
30 
30 
30 
30 
30 
30 
30 
30 
30 
10 
30 
10 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
10 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
10 
30 
30 
30 
20 
30 
30 

6.75 
7.0 
7.0 
6.0 
5.0 
4.5 
5.2 
3.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.5 
5 .6 
7.6 
7.3 
6.8 
6.4 
6.5 
7.5 
7.7 
8.5 
9.4 
9.0 
9.8 

10.6 
10.0 
9.0 
7 .I 
9.3 
8.4 
8.9 
9.0 

10.0 
10.7 
10.0 
10.0 
9.6 

10.0 
9.8 

10.2 
10.6 

67 
2 

46 
83 
68 

174 
63 
42 
23 
80 

193 
187 

0 
246 
119 
386 

12 
9 
0 
0 

33 
72 
64 
40 

2 

0 
0 

0 
0 
0 
0 

21 
2 

4 
12 
3 
I 
0 
0 
0 
8 
3 
0 
0 
0 

2,066 

109 
4 

13 
75 
16 
32 
21 
17 
21 
15 
20 
10 
6 

21 
3 
8 

29 
3 

39 
17 
13 
16 
27 

4 
2 
0 

58 
0 
0 
0 

25 
39 

4 

23 
9 
2 

I 
0 
0 

21 
0 
0 
0 
0 

112 
0 
6 

19 
6 
I 

12 
0 

12 
0 
0 
0 
0 
0 
0 
0 
2 

71 
15 
53 
19 
13 
15 

Ill 
13 
0 
0 

31 
0 
4 

10 
89 
53 
38 
63 
16 
46 
2 

7 
I 
0 

78 
40 
15 
9 
0 

725 982 

9,087 2,209 3,253 

6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

0 
0 
0 
0 
0 
0 
0 

11 
0 
0 
0 
6 
6 
6 

38 
12 
24 
0 
2 
0 
I 
7 
0 
0 
I 
0 

124 

363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
2 

14 

46 

9 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

20 
6 

12 
I 
6 

I 
7 
I 
0 
0 
7 

11 
2 
2 
4 

2 
0 
0 
4 
0 
I 
0 
0 

153 

293 

Total 

340 
7 

74 
178 
90 

207 
96 
59 
56 
95 

213 
197 

6 
267 
122 
394 

15 
113 

19 
116 
75 

110 
97 

184 
20 
3 

108 
I 
4 

10 
127 
120 
61 

130 
51 
79 
5 

13 
I 

118 
43 
16 
10 
0 

4,052 

15,219 
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concentrated in the central part of the Gulf of Alaska 
where past studies indicated maturing sockeye were 
most abundant at this time of year. From mid-May 
to mid-June effort was concentrated in the south
eastern part of the Gulf where pink salmon predomi
nated in the catches. The 196S fishing program was 
very successful with remarkably few days fishing being 
lost because ofbad weather. The three Canadian ves
sels made a total of 149 longline sets yielding 14,926 
salmon (9,087 sockeye, 3,253 pink, 2,209 chum, 363 
coho and 14 chinook) and 293 steelhead (Table II). 

2. Distribution of Sockeye Catches 

Previous longline surveys (from 1962 to 1964) re
vealed that during April and May in the Gulf of 
Alaska sockeye were restricted mainly to the area 
north of 47°N and west of 13S 0 W, and were largely 
absentfromcoastalwaters (Fig. 1) 1• In both 1962 and 
1963 (in April and May of 1964 fishing was not con
ducted far offshore), there was an area in the central 
part of the Gulf, centered at about S3°N, 146°W, where 
catches were consistently high (mostly exceeding 100 
sockeye per 1000 hooks). In Figure I a dotted line 
was drawn to include the area eastward from 160°W 
where catches were consistently over 10 sockeye per 
1000 hooks and a heavy dashed line was drawn to 
show the area where catches consistently exceeded I 00 
sockeye per 1000 hooks. 

Catches for the same period in 196S are shown in 
Figure 2. For comparison the contour lines for the 

SOCKEYE 
1962-64· 

100' ,,.,. ,,.. 

FIGURE 1. Catches of sockeye salmon per 1000 hooks in long
line surveys in the Gulf of Alaska during April and early May, 
1962-64. Catches of 100 or more sockeye per 1000 hooks are 
circled. Data for 1962 are indicated by plain figures, for 
1963 by underlined figures, and for 1964 by figures with lines 
above. 

1 Catch per unit effort figures shown in Figures I to 13 include 
data collected by United States research vessels. 

,,.. 
SOCKEYE 

1965 

• 

0 0 

.... ,,.. ,,.. 

FIGURE 2. Catches of sockeye salmon per I 000 hooks in long line 
surveys in the Gulf of Alaska during April and early May, 
I 965. Catches of 100 or more sockeye per 1000 hooks are 
circled. 

1962-1964 data are superimposed on the 1965 data. 
In 196S, large catches of sockeye were made over a 
much broader area in the northern and western parts 
of the Gulf than in 1962 or 1963. Catches in the 
southern and eastern parts of the Gulf were not re
markably different from those in 1962 and 1963. The 
southern and eastern limits (off the British Columbia 
coast) of sockeye distribution appeared to be in about 
the same position in 1965 as they were in earlier years. 

Studies to identify the origin of sockeye on the basis 
of parasite content, scale pattern and meristic counts 
are not far enough advanced as yet to warrant pres
entation at this time. However, there were some ob
vious trends in age composition which shed light on 
the origin of sockeye in certain parts of the Gulf. 
With some minor exceptions almost all sockeye origi
nating in British Columbia streams spend only one 
year in fresh water before migrating to sea. On the 
other hand, many Alaskan sockeye, particularly those of 
Bristol Bay, spend two years in fresh water. As shown 
in Figure 3, sockeye spending two years in fresh 
water and two years at sea (so-called age Sa) were the 
dominant age class in the Gulf of Alaska in 196S, 
particularly in the northern and western parts of the 
Gulf where catches were noticeably higher than 
catches in 1962 and 1963. These larger catches and 
the predominance of Sa's reflected the presence of a 
segment of the huge run to Bristol Bay (exceeding 
50,000,000 sockeye) which was composed preponder
antly of age S3 fish. Tagging in the northern and 
western parts of the Gulf provided numerous returns 
in Bristol Bay. 

Almost all the remaining sockeye were fish which 
had spent one year in fresh water and either two or three 
years in the sea (so-called age 42 and 52). Sockeye 
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of the latter two age groups form virtually all British 
Columbia sockeye populations and substantial parts 
of many Alaskan stocks, especially those bound for 
systems tributary to the Gulf of Alaska (e.g., Cook 
Inlet and Prince William Sound tributaries). 

Whereas both 42's and 52's are common in northern 
British Columbia and Alaska systems (including the 
Skeena River and Rivers and Smith Inlets), the major 
upriver producing areas of the Fraser River support 
42's almost entirely. It will be noted (Fig. 4) that age 
42 fish formed high proportions of the high seas catches 
only in the southeast part of the Gulf where 1965 
catches were not remarkably different from those in 
earlier years. Age 52 sockeye formed highest propor
tions of the catches in the far northern areas adjacent 
to the Cook Inlet-Prince William Sound producing 
areas (Fig. 5). 

During the later part of the 1965 high seas sam
pling program (May 11 to June 11), sockeye catches 
were again large in the northwestern part of the Gulf 
(Fig. 7). Elsewhere in the Gulf, fishing was concen
trated eastward from about 145°W (missing to a con-

FIGURE 3. Percentages -of age 53 sockeye (sockeye maturing after 
spending two years in fresh water and two years in the sea) 
in catches throughout the Gulf of Alaska in April and early 
May, 1965. Percentages of 53 sockeye over 40% are circled. 

t 
p=::> J•iox>; "0' ,,.. 

,.. ~U . . ~ -- - .... -1!._~ '"': <. SOCKEYE 

11 
r /.8 ° • , ~l~•ERCENT AGE •• ' . r 0 • • ~% 

II 13 M : : • • ; ,. . ~ .. .. . " .. 

,.,. 

FIGURE 4. Percentages of age 42 sockeye (sockeye maturing after 
spending one year in fresh water and two years in the sea) 
in catches throughout the Gulf of Alaska in April and early 
May, 1965. Percentages of 42 sockeye over 40% are circled. 

FIGURE 5. Percentages of age 51 sockeye (sockeye maturing after 
spending one year in fresh water and three years in the sea) 
in catches throughout the Gulf of Alaska in April and early 
May, 1965. Percentages of 52 sockeye over 40% are circled. 

FIGURE 6. Catches of sockeye per 1000 hooks in longline sur
veys in the Gulf of Alaska during the period May 11 to June 
11, 1962--64. Catches of 100 or more per 1000 hooks are 
circled. The data for 1962 are indicated by plain figures, for 
1963 by underlined figures, and for 1964 by figures with lines 
above. 

0 0 

FIGURE 7. Catches of sockeye per 1000 hooks in longline sur
veys in the Gulf of Alaska during the period May 11 to June 
11, 1965. Catches of 100 or more per 1000 hooks are 
circled. 
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siderable extent areas in the central part of the Gulf 
which yielded relatively high catches in 1962 and 
1963). In the southern and eastern parts of the Gulf, 
1965 catches were much smaller than those to the 
northwest and not remarkably different from the re
latively small catches made in this area during similar 
periods from 1962 to 1964 (Fig. 6). 

3. Distribution of Pink Catches 

Past longline surveys (1962 to 1964) indicated that 
during April and early May (Figs. 8 and 9) substantial 
catches of pinks were made only in the southern and 
eastern parts of the Gulf of Alaska. From mid-May to 
mid-June, substantial catches were also made in the 
central part of the Gulf and catches in the southeastern 
part of the Gulf became even larger (Figs. 10 and 11). 

FIGURE 8. Catches of pinks per 1000 hooks in longline surveys 
in the Gulf of Alaska during the April 3 to May 10 periods 
of 1962 and 1964. Catches of 50 or more pinks per 1000 hooks 
are circled. Data for 1962 are indicated by plain figures and 
for 1964 by underlined figures. 
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FIGURE 9. Catches of pinks per 1000 hooks in longline surveys 
in the Gulf of Alaska during the period April 3 to May 10, 
1963. Catches of 50 or more pinks per 1000 hooks are circled. 
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FIGURE 10. Catches of pinks per 1000 hooks in long line surveys 
in the Gulf of Alaska during the May 11 to June 11 periods 
of 1962 and 1964. Catches of 50 or more pinks per 1000 
hooks are circled. Data for 1962 are indicated by plain figures 
and for 1964 by underlined figures. 
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FIGURE 11. Catches of pinks per 1000 hooks in long line surveys 
in the Gulf of Alaska during the period May 11 to June 11, 
1963. Catches of 50 or more pinks per 1000 hooks are circled. 

It is concluded that this pattern reflects a gradual 
northward movement of maturing pinks and also a 
gradual increase in vulnerability of pinks to surface 
longlines of the type employed. (At the beginning of 
April pinks caught are very small, about 35 em, and 
it is probable that longline gear of the type used is 
more effective for somewhat larger salmon.) Catches 
in 1962 and 1964 tended to be higher than in 1963, 
especially in the area close to the British Columbia 
and Washington State coasts. The lower catches in 
1963 were difficult to explain because the abundance 
of pink runs forming the high seas population of the 
Gulf (mainly the large stocks spawning in rivers from 
Kodiak Island southward to Puget Sound) were in 
toto not greatly different in the three years (total 
catches of pinks from Puget Sound to Kodiak were 
were 67 million in 1962, 53 million in 1963 and 55 
million in 1964). 
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Catches in 1965 (Figs. 12 and 13) formed a similar 
pattern to that of 1963 ; catches were generally lower 
than in 1962 and 1964 and were particularly low in 
the southeast part of the Gulf of Alaska, an area where 
past taggings indicated that British Columbia-bound 
pinks were concentrated. Despite the similarity in 
magnitude of high seas catches in the two odd-num
bered years, the abundance of the stocks contributing 
to the Gulf population in 1965 was only about half 
that in 1963. Thus the high seas catches provided a 
poor reflection of the changes in stock size in the two 
years. 

Further analyses will be required to assess the re
lationship between high seas catches and abundance 
of the stocks. However, one problem already becom
ing obvious is the apparent failure of longline fishing 
to sample adequately pinks bound for the Fraser and 
adjacent rivers. Despite the presence of a large run 
to the Fraser and adjacent Washington State areas in 
1963 (mainly to Puget Sound), relatively few tag re
coveries were made in this area from the high seas 
tagging and, as mentioned above, high seas catches off 
the Washington and southern British Columbia coast 
where such stocks would be expected to be found 
were very low. Results from 1965 again indicated a 
failure of April to June longlining to capture significant 
numbers of Fraser River pinks. 

In 1965, preliminary studies were made of the scale 
characters and vertebral counts of pinks taken on 
the high seas. A key was developed, using procedures 
developed in earlier years, based on counts of the 
numbers of circuli and widths of first-year scale bands 
for pinks taken in commercial fisheries near river 
mouths. Using this key each pink sampled on the high 
seas was classified according to the similarity of its 
scale characteristics to those of pinks originating in 
either Alaskan or British Columbia-Washington State 
areas. In many cases scale characters were of an in
termediate nature and it was not possible to classify 

the pink as being destined for one area or the other. 
To obtain estimates of the expected fractions of pinks 
originating in either Alaska or British Columbia that 
would be classified correctly, samples of known origin 
were processed through the key in the same manner 
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FIGuRE 12. Catches of pinks per 1000 hooks in longline surveys 
in the Gulf of Alaska during the period April 3 to May I 0, 
1965. Catches of 50 or more pinks per 1000 hooks are circled. 
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FIGURE 13. Catches of pinks per 1000 hooks in 1ongline surveys 
in the Gulf of Alaska during the period May 11 to June 11, 
1965. Catches of 50 or more pinks per I 000 hooks are circled. 

TABLE III . Percentages of pinks sampled in coastal areas in odd-numbered years which were 
classified on the basis of scale characters as originating in the British Co1umbia
W ashington area or in Alaska. 

Area 

Fraser 
Central British Columbia 
Skeena 
Nass 
Southeast Alaska 
Prince William Sound 
Cook Inlet 
Kodiak 
Alaska Peninsula 

Assigned area of origin 

B. C.-Wash. Alaska Unidentifiable 

64 0 36 
62 0 38 
31 4 65 
16 5 79 
8 24 68 
4 40 56 
0 68 32 

46 53 
0 76 24 
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as if they had occurred among samples taken on the 
high seas. As shown in Table III, about two-thirds of 
the pinks originating in the Fraser and central British 
Columbia would have been classified correctly-the 
remaining third were individuals for which the area 
of origin could not be identified. The percentages of 
" identifiable " pinks in samples from farther north 
in British Columbia were lower and a few were mis
classified as originating in Alaska. Percentages of 
" identifiable " Alaskan pinks were greater in areas 
along the northern shore of the Gulf (Kodiak and Cook 
Inlet, Alaska Peninsula) than in Southeast Alaska and 
Prince William Sound. 

Using the percentages in Table III as a guide, 
samples taken on the high seas in 1965 were examined. 
As shown in Figure 14, during April and early May, 
pinks with "British Columbia type" scales formed 
substantial percentages of only a few samples, and 
almost all of these were in the area eastward from 
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FIGURE 14. Percentage of pinks in samples (of 10 or more in

dividuals) taken during the period April 3 to May 10, 1965, 
that were classified on the basis of scale pattern as originating 
in either British Columbia or Alaska. 
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FIGURE 15. Percentage of pinks in samples (of 10 or more in
dividuals) taken during the period May 11 to June 11, 1965, 
that were classified on the basis of scale pattern as originating 
in either British Columbia or Alaska. 

L4D0 W. Westward from 14D0 W, "Alaskan type" 
pinks formed very high percentages of every sample. 
From May II to June II (Fig. 15), "British Columbia 
type" pinks again formed substantial percentages 
only in the areas eastward from l4D 0 W (with one ex
ception at approximately 50°N, l4D 0 W, where 36% 
were of the " British Columbia type "). In none of 
the samples did the percentage ofpinks of the" British 
Columbia type" approach the levels of 62-64% 
(Table III) that would be expected if the samples 
had all been Fraser or central British Columbia pinks. 
The area where " British Columbia type " pinks 
formed relatively high fractions of high seas samples in 
1965 is shown by the dotted line in Figures II and 13. 
Preliminary analyses of meristic data indicated that 
there were very few pinks with numbers of vertebrae 
typical of Fraser River pinks among the samples, 
suggesting that just as in 1963, longline fishing failed 
to sample Fraser pinks as thoroughly as those bound 
for British Columbia areas north of the Fraser. 

4. Results of Tagging 

Most of the 15,219 salmon and steelhead caught by 
longlines in the spring of 1965 were retained for racial 
studies, but over 5,000 were tagged and released 
(2, 738 sockeye, I, 726 chum, 41 7 pink, 236 coho, 7 
chinook and 239 steelhead). To June I, 1966, a total 
of 294 had been recovered. 

(a) Recoveries of tagged sockeye. The 1965 tagging 
again indicated extensive intermingling of North 
American sockeye stocks throughout the Gulf of 
Alaska. Over half of the sockeye tag recoveries were 
made in Bristol Bay (99 out of 193). Tagging sites 
providing recoveries in Bristol Bay (Fig. 16) were 
widely scattered throughout the Gulf, and included 
some as far east as l4D0 W. Tagged sockeye bound for 
central Alaska areas of Chignik, Kodiak, Cook Inlet 
and Copper River (accounting for 43 of the total of 
193 recoveries-see Fig. 17) were also widespread but 
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FmuRE 16. Tagging localities of sockeye salmon recovered in 
Bristol Bay, 1965. 
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FmuRE 17. Tagging localities of sockeye salmon recovered in 
central Alaska between the Chignik and Copper River areas, 
1965. 

FIGURE 18. Tagging localities of sockeye salmon recovered in 
Southeast Alaska, 1965. 
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FIGURE 19. Tagging localities of sockeye salmon recovered in 
central and northern British Columbia. 1965. 

were concentrated further northward and eastward 
of those bound for Bristol Bay. Sockeye recovered in 
Southeast Alaska (totalling 11) were tagged mainly 
between 54°N and 56°N in the eastern part of the Gulf 
(Fig. 18). The 19 sockeye recovered in the British 
Columbia area north of the Fraser had been tagged 
mainly in the central and southeastern parts of the 
Gulf (Fig. 19). Tagging areas for Fraser River sockeye 

FIGURE 20. Tagging localities of sockeye salmon recovered in 
the Fraser River area, 1965. 

FIGURE 21. Tagging localities of chum salmon recovered along 
the North American coast north of the Alaska Peninsula, 1965. 

CHUM 

GULF OF ALASKA 

FIGuRE 22. Tagging localities of chum salmon recovered along 
the North American coast south of the Alaska Peninsula, 1965. 

were very similar (Fig. 20). 
In addition to the 193 sockeye tag recoveries de

scribed above, information is available indicating that 
two tagged sockeye passed through the Karluk weir 
on Kodiak Island and one other tagged sockeye was 
taken at Nushagak in Bristol Bay. However, tag 
numbers are not available and locations of tagging are 
therefore unknown. 
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In general the results of tagging of sockeye in 1965 
confirmed findings for earlier years. 

(b) Recoveries of tagged chums. Chums bound for 
the Bering Sea and Arctic Ocean shores of North 
America formed the bulk (34 out of 54) of the re
coveries from tagging in the Gulf of Alaska in 1965 
(Fig. 21). As in past years these northern chums were 
found widely distributed throughout the Gulf. Tag
ged chums recovered both in Canadian and United 
States coastal areas of the Gulf of Alaska were few 
indeed in 1965 (only four-Fig. 22), reflecting, in 
part, the low levels of abundance of the stocks and 
severe restrictions of fishing during the runs. A total 

- ,.,.. 

of nine tags were recovered in the Japanese high seas 
mothership fishery (mainly in the Bering Sea) and 
seven in Hokkaido (Fig. 23). The recovery of a chum 
in Hokkaido that was tagged at 50°N, l40°W extended 
the known eastern limit of Asian chum salmon about 
150 miles eastward (from l44°W). 

(c) Recoveries of tagged pinks. Relatively few pinks 
(only 41 7) were tagged and only nine were recovered, 
eight in Alaska and one in British Columbia (Fig. 24). 
Data on these recoveries provide no new information 
on the distribution of stocks on the high seas. 

(d) Recoveries qf tagged coho, chinook and steelhead. 
Tagging of 237 coho from April to June provided 26 
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FIGURE 23. Tagging localities of chum salmon recovered in Japan and in the Japanese high seas fishery, 1965. 
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FIGURE 24. Tagging and recovery localities of pink salmon 
tagged in 1965. 
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FIGURE 25. Tagging and recovery localities of coho salmon 
tagged in 1965. 
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recoveries, I 0 in Canadian coastal waters or rivers and 
16 in the United States (Fig. 25). Eight of the 238 
steelhead tagged were recovered, four in Canada and 
four in the United States (Fig. 26). One of seven 
chinooks tagged was recovered within a relatively 
short distance of the tagging site off the west coast of 
Vancouver Island (Fig. 26). 

REsULTS oF AuGUST-SEPTEMBER CRUisE 

A short cruise, involving gillnets and longlines, 
within a few miles of shore along the west coast of 
Vancouver Island and in Juan de Fuca Strait yielded 
139 salmonids (Table IV), mainly maturing pinks, in
dicating that even at advanced stages of their inshore 
migrations, salmon are vulnerable to capture by surface 
long lines. Of 16 salmonids tagged ( 15 coho and one 
steelhead), three coho were recaptured, two in Cana
dian waters and one in the United States (Fig. 25). 

FIGURE 26. Tagging and recovery localities of chinook salmon 
and steelhead tagged in 1965. 

TABLE IV. Salmon and steelhead catches, August 27 to September 2, 1965. 

Position Surface Spectes 
Set No. of temp. 
no. Date Lat. (N) Long. (W) skates (•c) Sockeye Chum Pink Coho Chinook Steelhead Total 

M JV Investigator No. 1 

I Aug. 26 48- 37 124-51 gn• 4 2 0 0 0 7 
2 26 48- 36 124-53 gn 0 I 0 0 0 2 
3 26 48- 42 125-07 gn 11.8 1 0 0 0 0 0 1 
4 27 48- 38 124-51 gn 0 0 0 0 0 0 0 
5 27 48- 35 124-50 10 13.0 0 0 10 6 0 0 16 
6 27 48- 34 124-47 gn 13.0 1 0 I 0 4 
7* 27 48 125-07 5 11.7 0 0 2 0 0 3 
8 28 48- 42 125-11 10 0 0 19 3 0 0 22 
9 29 48- 58 125-41 10 11.8 0 1 4 0 0 6 

10 29 49- 07 126-09 gn 12.5 0 0 2 2 0 0 4 
II* 29 49- 21 126-32 5 0 0 0 1 0 0 
12 30 49- 21 126-29 10 12.2 0 0 I 4 0 0 5 
13* 30 50- 04 128-00 5 13.5 0 0 0 4 0 0 4 
14 31 50- 04 128-00 10 0 0 I 9 0 I 11 
15* 31 49- 30 126-44 5 13.3 0 0 0 0 0 0 0 
16 Sept. 49- 02 126-07 10 12.4 I 0 8 6 0 0 15 
17 2 48- 31 124-44 10 11.6 0 0 31 7 0 0 38 

Total 9 2 78 48 0 2 139 

* Evening set. 
1 gn=gillnet (300 fathoms, 60 meshes deep, 5 1/4n extension measure). 

regularly by the Canadian Oceanographic Data 
II. CANADIAN OCEANOGRAPHIC RESEARCH Centre, Department of Mines and Technical Surveys.) 

IN THE EASTERN SUBARCTIC (2) Bathythermograph observations as part of the 
PACIFIC REGION DURING 1965 high seas salmon fishing program. 

The principal oceanographic projects during 1965 (3) Daily observations of near-surface (I m) sea-
included: water temperature and salinity at 14 coastal positiom. 

(l) Oceanographic observations at Ocean Station (A data record is published annually by the Fisheries 
"P" (Lat. 50°N, Long. l45°W) and en route to and Research Board.) 
from the station during alternate six-week periods (4) Preparation of charts defining the sea surface 
(January 22-March 11, Aprill6-June 3, July 2-August temperature and the characteristics of the tempera-
12, September 17-November 4). (Data are published [ure structure (published weekly in the Naval Weather 
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Centre at Esquimalt, B.C.). 
(5) The Marine Sciences Branch of the Depart

ment of Mines and Technical Surveys has undertaken 
to lay and maintain a line of three buoys, each to be 
equipped with recording thermometers, seaward from 
Vancouver Island. Test moorings are near comple
tion. 

(6) Studies of factors governing seasonal timing 
and extent of primary production in the northeast 
Pacific Ocean and B.C. coastal waters. A review of 
available information has been published in the jour
nal of the Fisheries Research Board. 

(7) Analyses of the zooplankton samples from the 
regular routine sampling at Ocean Station " P " since 
1956 and from the extensive collections made during 
the years 1955-63, in conjunction with oceanographic 
and high seas fishing surveys, have been completed. 
An atlas is now available as a manuscript report of 
the Fisheries Research Board. 

OcEANOGRAPHIC CoNDITIONs, jANUARY-jUNE 1965 

Since no large-scale synoptic oceanographic investi
gations were carried out this year, the description of 
oceanographic conditions, primarily temperature, is 
based on bathythermograph data collected during 
the salmon longline surveys, on data taken along Line 
" P " and on the continuous observations at Ocean 
Station " P " and the shore stations. 

The characteristic features of the winter tempera
ture and salinity structure in the eastern Subarctic 
can be described from Figure 27. Because these 
sections were made up from data taken a month apart 
along Line " P ", only the gross features can be dis-

SALINITY (%.) 
LINE 'P' 

1965 

FIGURE 27. Temperature (°C) and salinity (1..) sections along 
Line "P ",January-March, 1965. 

cussed. At this time of year the waters are near
isothermal and isohaline from the surface to the halo
cline. The depth of the mixed-layer usually increases 
seaward. The halocline, in which the salinity in
creases by about 11.. in the depth interval between 
100 and 200 m, is a permanent feature of this area. 
The temperature inversions are associated with the 

TABLE v. Monthly mean sea surface temperatures at Ocean Station" P ", 1951 to 1965. 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1950 6.2 5.2 5.2 5.0 5.4 7.3 9.4 11.6 II. I 10.1 7.8 6.6 
1951 5.50 5.11 5.56 4.94 6.17 8.44 11 .72 13.67 14.22 12.00 8.89 6.89 
1952 4.89 4.56 4.50 4.33 5.50 6.67 9.83 13.72 12.28 11.83 9.39 6.78 
1953 5.22 4.44 4.33 4.83 5.78 7.83 10 .83 14.06 13.22 9.89 8.00 6.67 
1954 6 .22 5.44 5 . 11 5.72 6 . 72 8 . 11 10.89 14 .56 14.50 11.83 9.28 7.11 
1955 6. 28 5.61 5.89 5 .28 6.22 7.39 9.83 11.67 11 .61 9.00 8 .06 6.89 
1956 5.39 5.78 4.78 5 .00 6 .78 7.89 11.06 13 .81 13 . 16 9.89 7.10 6.56 
1957 5.99 5.57 5.94 6.31 7.24 9.78 11 . 10 13 . 14 13.85 12 .76 10.83 8.31 
1958 6 .62 6.33 6.31 6 .25 7.67 10.36 12.71 12 . 72 11.96 10 .72 7.67 6.58 
1959 5.97 5.28 5.03 5.71 7.15 9.50 10.83 12.11 12.34 11.80 10.44 7.95 
1960 6.52 6.06 5.55 5.46 6.50 7.76 10 .33 12.44 12.69 11 .50 7.94 6.00 
1961 5.39 4.94 4.78 5. 17 6.06 8.22 11.33 13.72 13.50 11.56 8.50 6.56 
1962 5.83 6.00 5.94 6.11 7.17 8.94 11.67 13.06 13.45 10 .28 8.51 6.81 
1963 6.49 6.19 6.00 5.86 6.90 8.85 11.34 14.26 13.84 10 .59 7.90 6.21 
1964 5.38 4.98 4.81 5.09 6.05 8.18 10.26 II. 73 12.81 10 . 16 7.61 5.87 
1965 4.95 4.69 5.34 5.77 6.37 8 .51 11.01 12.46 14.11 11.06 8.75 6.92 

1951 - 1965 
mean 5.78 5 .40 5.32 5.46 6.55 8.43 10.98 13.14 13 . 17 10 .99 8 .59 6 .81 
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FIGURE 28. Daily sea surface temperatures at Ocean Station "P" and Cape St. James, January-June, 1965. 
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halocline. 
Temporal variations of sea surface temperature at 

Ocean Station " P" (representative of oceanic waters 
of the eastern Subarctic) and at Cape St. James 
(representative of offshore coastal waters) for the 
period January through June are apparent in the 
trend of daily values (Fig. 28). Daily temperatures 
at Ocean Station " P " are the mean of 3-hourly read
ings, while those from Cape St. James are taken once 
daily at the daytime high tide. Monthly mean values 
for 1965 and the long-term means for these stations 
are also shown. It is apparent from the monthly 
mean values that January and February sea surface 
temperatures at Ocean Station " P " were well below 
average (0.8°C). Temperatures at Cape St. James 
were also well below average in January but the 
anomaly was not as large in February. 

Generally March is a period of minimum tempera
tures as indicated by the long-term means (Fig. 27) 
and monthly means (Table V) which are slightly less 
than the values for February. In 1965, minimum 
temperatures in the oceanic and coastal waters were 
recorded in February. At Ocean Station "P" during 
March, there was a steady input of heat into the water 
column, as reflected in the change in daily sea surface 
temperatures, the overall increase being l.5°C. As 
a result of this warming, the monthly mean tempera
ture at Ocean Station " P " was near-average. At 
Cape St. James, there was only a slight warming which 
also resulted in average conditions being reached. 

At Ocean Station " P ", temperatures decreased 
slightly at the beginning of April and remained fairly 
constant until mid-April, at which time temperatures 
increased about 0.5°C within a two-day period. From 
this point until May 15, fluctuations of the order of 
0.4°C occurred, but there was no general heating or 
cooling trend. At Cape St. James, similar variations 
occurred, in particular the change in mid-April. Ap
parently this warming was widespread since bathy
thermograms obtained from the northwestern portion 
of the Gulf of Alaska and from Ocean Station " P " 
showed similar changes in structure, which were due to 
surface heating. 

The difference between the February and April 
monthly mean temperatures at Ocean Station " P " 
was approximately I °C. An examination of sea sur-

NORTH PACIFIC OCEAN 

SURFACE TEMPERATURE (•C) 

April 3 - May 1!5 

- .... 

196!5 

FIGURE 29. Surface temperatures (°C) in the eastern North 
Pacific Ocean in the period April 3 to May 15, 1965. 

face charts for these two months, issued by the U.S. 
Bureau of Commercial Fisheries, San Diego, indicates 
that a similar change occurred in the oceanic waters 
of the eastern Subarctic Pacific. 

Temperature data from Ocean Station " P" indi
cate the magnitude of the anomalies, heating and 
cooling in the oceanic waters of the eastern Subarctic 
Pacific during the first half of 1965. Therefore, it is 
reasonable to use the daily temperature curve for the 
Station (Fig. 28) to determine the most suitable periods 
for which data can be used to produce reasonable 
synoptic sea surface temperature charts. In Figure 
29, data for the period April 1 to May 15 have been 
used, with a contour interval (I °C) greater than the 
temperature fluctuations for this period. The con
figuration of the isotherms is characteristic of this area. 
The intrusion of relatively cold water eastward toward 
Vancouver Island also occurred at 200 metres depth. 

The monthly mean sea surface temperatures for 
1951 to 1965 and the long-term monthly means for 
Ocean Station " P " are given in Table V. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE INTERNATIONAL NORTH 
PACIFIC FISHERIES COMMISSION DURING THE YEAR 1965 

Fisheries Agency of Japan 
May 1966 

I. SALMON 

1. OFFSHORE DISTRIBUTION 

A. Research by the Mothership Fishery 

Mothership fishing operations in the northwest 
Pacific and Bering Sea in 1965 started in the middle 
of May and terminated in late July. Eleven fleets 
operated. Catch statistics, according to 2° x 5° areas 
(see Figure 1) and by ten-day periods, are given in 
Table I . 

The total mothership catch amounted to 23.86 
million fish. The proportions of sockeye, chum, pink, 
coho and chinook salmon were 50%, 25%, 19%, 5% 
and I%, respectively. The average number of fish 
caught per tan was 2.0, 1.0, 0.7, 0.2 and 0.03, re
spectively, for sockeye, chum, pink, coho and chinook. 
Comparing these results with those observed in pre
vious years (see Table 2), it is noted that sockeye 
abundance was very high in 1965. 

Out of mothership catches, 17,120 sockeye, 18,110 
chum, 16,5 70 pink, 3, 770 coho and 3, 420 chinook 
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FIGURE 1. Statistical areas for the mothership salmon fishing in 
1965. 

were sampled for determination of body length (fork 
length), body weight, sex and gonad weight, and for 
scale collection. These biological data were compiled 
according to the same area divisions used for the catch 
statistics. The following is the summary informa
tion obtained from these data. 

Sockeye salmon. The average catch of sockeye salm
on per I ,000 tans of driftnet in the mothership fishery 
during the 1965 season was 1,970. By ages, 64% were 
53 fish, 13% were 52's, 11 % were 68 's and 6% were 
42's. Up to early June, dense groups of sockeye salm
on were observed all over the Pacific south of the Aleu
tian Islands. They were densely distributed in the 
Pacific west of 175°E and in the Bering Sea east of 
175°E in mid-June. In late June, they were concen
trated in the waters southeast of the Kamchatka Penin
sula and in the central Bering Sea east of 175°E. 

In early July and thereafter, the density of sockeye 
became very light, and immature fish strongly pre
dominated except in waters close to Kamchatka 
(mainly west of l70°E). The age composition of 
sockeye by 2° x 5° areas and by ten-day periods is 
shown in Figure 2. In the earlier part of the season 
(May and June), sockeye of older ocean ages such as 
52's and 63 's were comparatively abundant, partic
ularly in the waters west of 170°E. On the contrary, 
53 fish formed the main body of the sockeye groups 
throughout the season, particularly east of 1 70°E. In 
the later part of the season (from July on), fish of 
younger ocean ages such as 53 's, 42's and 64 's generally 
were distributed widely, except in the northern part of 
the Bering Sea, and most of them were immature. 

Sex composition of the sockeye groups in 1965 is 
indicated in Figure 3. The proportion of females is 
smaller at the younger ocean ages (53, 42 and 64 fish) . 
This characteristic is clearly shown when Table 3 is 
compared with Table 2. 

Chum salmon. The average catch of chum salmon 
per 1,000 tans of driftnet in the mothership fishery 
during the 1965 season was 988, of which 91 % were 
4-year-old fish. By regions, the average catch per 
1,000 tans in the Pacific south of the Aleutian Chain 
was 946, of which 91% were 4-year-old fish, and that 
in the Bering Sea was 1 ,085, of which 92% were 4-
year-olds. Nineteen percent of the catch in the Pacific 
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TABLE I. Salmon catch of the japanese mothership fishery in 1965, in number offish, by species, 
by ten-day period and by 2° x 5° areal· 

Cumulative 
Species quantity of 

gear used 
Period Area Sockeye Chum Pink Coho Chinook Total (in tans) 

May 11- 20 E6050 57 235 2 0 0 294 264 
E6548 2,589 4,466 73 0 0 7,128 2,048 
E6546 3,006 4,819 228 0 8,054 1,713 

Sub-total 5,652 9,520 303 0 15,476 4,025 
•• •oo oooooOOo-•••-• •••oOUO O~OOO-OOOOOo•••••-~• • ••••••oooooooo"O~OOOOO~&O OO---·•• oo OOOOUoOOOo-•-•-•• • -• noOoUOO oOoo o~-·-• ••o• •wo-OOOOooooooo-•-·••••• • •--•• • • •• •• • ••• • • ••o o o oo oooo o oooo oooooooooo o o•-•oo oo oo ooo •ooo o oooooo oo o oo o ooOOOOO Ooo•••-• o 

May 21 - 31 E6550 15,840 8,723 45 0 11 24,619 10,315 
E6548 145 ,259 150,074 6,398 0 55 301,786 53,027 
E6546 12,942 13,018 2,870 0 2 28,832 13,000 
E7052 586 866 2 0 0 1,454 660 
E7050 92 ,273 91,208 4,115 0 84 187,680 58,586 
E7048 114,661 108,699 6,266 0 38 229,664 64,723 
E 7046 1,140 1,568 980 0 0 3,688 1,402 
E7552 1,284 657 5 0 0 1,946 4,617 
E7550 636,741 270,659 21,208 0 388 928,996 240,957 
E7548 141,451 179,281 36,395 0 !56 357,283 75,193 

8052 127 17 0 0 0 144 2,163 
8050 1,213,112 211,409 47,584 0 191 I ,472,296 302,321 
8048 306,980 106,403 64,362 0 142 477,887 115,448 

Sub-total 2,682 ,396 1,142,582 190,230 0 I ,067 4,016 ,275 942,412 
-~- ----~---····· -····· -·············-·············· ······ ··· ·-- - ··- ---·· · · · ·· ·· ··· · ·· ·· · ·· · ······ · ····-·· · · · · · ···· · ···· · ··· · ···· · ·· · ·· ·· ·· · · ····· ·······-···-· ······ · ·· · ···- · ·· · · · ···· ·· ····· ·· ·· · ·····--·-···· · ·· ·· ··········· ·· · ···············-------- ····- -·~---

June 1- 10 E6048 383 I ,463 2,260 0 0 4,106 526 
E6552 4,967 2,759 357 0 2 8,085 2,376 
E6550 49,321 26,391 4,931 0 104 80,747 21,102 
E6548 59,695 38,470 26,559 0 43 124,767 21,364 
E6546 497 595 1,260 0 0 2,352 773 
E7054 41,613 13,672 978 0 61 56,324 11,633 
E7052 66 ,446 26,320 7,363 0 197 100,326 33,416 
E7050 286,764 116,656 28,387 0 203 432,010 151,223 
E7048 56,458 28,970 15,782 0 19 101,229 23,899 
E7046 43 115 207 0 0 365 330 
E7554 20,486 5,500 468 0 50 26,504 14,025 
E7552 187,631 48,901 4,362 0 564 241,458 108,309 
E7550 362,575 91,475 42,770 0 213 497,033 158,159 
E7548 4,816 3,916 5,341 0 2 14,075 4,573 

8054 68,689 19,166 2,131 0 50 90,036 30,873 
8052 9,440 1,146 107 0 0 10,693 6,149 
8050 760,868 89,296 67,578 0 143 917,885 246,096 
8048 231,348 32,657 57,852 0 63 321,920 79,014 

Sub-total 2,212,040 547,468 268,693 0 I ,714 3,029,915 913,840 
-·~· · - -··-·········· ·····-·-· - ----············ ·· ·· ······--·---- ······ ····· · ·· ··· ·····-· · · - - -- ----- -···· · --- -···· ·· ·· · · · - ·-······· ·· - -- ----·- - - - · -················-·~------············ ... -··~ ·-····· · ·- · -- · -····-···················· ... ....... .................. .. 

June 11- 20 E6052 45,497 14,774 2,364 0 33 62,668 20,049 
E6050 84,473 80,265 23,007 0 179 187,924 48,011 
E6048 58,592 49,971 28,357 0 125 137,045 22,141 
E6556 548 1,218 893 0 4 2,663 792 
E6552 102,095 52,700 26,003 0 866 181,664 45,166 
E6550 665,653 331,782 122,458 2 1,767 1,121,662 211,395 
E6548 410,876 270,891 217,455 495 1,177 900,894 142,892 
E6546 105 129 371 0 4 609 264 
E7058 117 280 194 0 25 616 330 
E7056 31,977 5,195 4,999 0 257 42,428 8,250 
E7054 15,109 8,582 7,452 0 169 31,312 9,237 
E7052 66,909 30,524 18,104 0 569 116,!06 31,998 
E7050 295 ,347 104,227 102,094 4 1,680 503,352 119,065 
E7048 162,923 52,169 76,907 46 1,018 293,063 45,696 

1 See Figure I. Continued ... 
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TABLE 1. (Continued). 

Cumulative 
Species quantity of 

gear used 
Period Area Sockeye Chum Pink Coho Chinook Total (in tans) 

June 21- 20 E7046 372 172 428 0 9 981 594 
(cont.) E7556 35,320 12,982 14,232 0 1,089 63,623 17,382 

E7554 46,031 20,308 19,001 0 837 86,177 19,110 
E7552 148,179 44,153 34,847 0 1,977 229,156 39,865 
E7550 970 575 435 0 0 1,980 324 

8058 1,922 521 59 0 50 2,552 990 
8056 94,099 21,836 12,230 0 91 128,256 30,840 
8054 173,011 18,778 3,447 0 291 195,527 41,436 
8052 314,390 10,347 3,122 0 222 328,081 42,497 

Sub-total 2,754,515 1' 132,379 718,459 547 12,439 4,618,339 898,324 
-·· ··· · -- ----- -- --- ------ ---····------------···· ·••• ••• •• •• •• •• •-••••• •• u• • •• ••••••••• ••• • ••• • •• •••• •••••••••••• • ·••·•••••·••--·-·····• · ···· ··-·-·- ·•·-•·•••••• •••••••••••• • • • •-••u ••-ao • •••• • • ••••• • •··-·••••••••••••••n• •••••••-• · • •••• • - --

June 21 - 30 E6052 29,003 12,357 7,072 2 71 48,505 13,706 
E6050 1,494 910 952 6 11 3,373 1,584 
E6048 297 1,005 2,226 36 7 3,571 1,056 
E6558 7,208 19,501 47,684 1 958 75,352 17,816 
E6556 22,564 42,595 129,212 0 2,506 196,877 27' 157 
E6552 216,284 72,335 204,636 89 4,599 497,943 91,569 
E6550 139,867 36,906 95,952 207 2,365 275,297 47,967 
E6548 117,416 69,808 86,399 2,574 1,294 277,491 64,110 
E7060 59 424 790 0 95 1,368 330 
E 7058 7,872 17,297 28,247 0 2,187 55,603 18,411 
E 7056 29,475 53,408 117,200 0 6,544 206,627 58,649 
E7054 77' 132 75,540 125,479 1 1,848 280,000 87,562 
E7052 60,689 32,632 66,878 0 445 160,644 50,836 
E 7050 2,970 879 4,005 0 17 7,871 2,823 
E7048 687 173 562 0 5 1,427 988 
E7046 182 89 396 0 70 737 660 
E 7560 5,456 13,911 8,621 0 1,137 29,125 13,763 
E7558 15,159 28,354 59,117 0 1,904 104,534 42,303 
E7556 155,105 67,169 80,679 0 3,496 306,449 100,865 
E7554 881 102 212 0 5 1,200 620 
E7552 312 105 143 0 3 563 330 
E7550 149 43 181 0 0 373 200 

8060 1,148 1,841 887 0 175 4,051 3,298 
8058 180,293 270,367 125,816 0 12,702 589,178 145,394 
8056 357,006 91,280 67' 103 0 4,623 520,012 103,309 
8054 207,466 12,446 19,699 0 436 240,047 36,142 

Sub-total 1,636,174 921,477 1,280,148 2,916 47,503 3,888,218 931,448 
-------· ---·--··-···-···· ···· ............. ········ ·· ··········-·· ····. ....... . .. .................................. , ...... .. .. ·············---· --------------------------------------··········· -···· ·· ········ ···--- -------········-

July 1- 10 E6052 330,767 82,735 141,347 1,681 1,971 558,501 124,502 
E6050 38,539 17,658 20,544 935 145 77,821 21,081 
E6048 32 279 458 24 794 264 
E6558 32,845 40,667 132,412 3 1' 125 207,052 29,252 
E6556 143,434 110,357 305,170 1 5,922 564,884 73,421 
E6552 249,731 84,100 175,711 908 4,204 514,654 123,019 
E6550 121,731 45,792 66,355 1,618 2,009 237,505 56,492 
E6548 15,311 8,922 6,481 2,784 73 33,571 11,167 
E6546 58 4,518 463 63,289 3,786 72,114 26,130 
E 7058 39,062 50,661 98,959 0 4,600 193,282 48,414 
E7056 34,152 30,340 85,872 0 1,196 151,560 22,178 
E7054 1,843 1,696 3,739 0 58 7,336 2,310 
E7052 64,685 21 '707 51,942 201 1,394 139,929 38,705 
E7050 7,601 4,030 6,882 130 184 18,827 11,481 
E7046 345 12,715 271 296,605 5,740 315,676 106,090 
E 7560 10,144 43,260 22,917 2 4,080 80,403 34,039 

Continued ..• 
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TABLE I. (Continued). 

Cumulative 
Species quantity of 

gear used 
Period Area Sockeye Chum Pink Coho Chinook Total (in tans) 

July 1- 10 E7558 344 679 1,696 0 70 2,789 660 
(cont.) E7556 6,457 10,050 18,898 2 593 36,000 8,152 

E7548 2 13 I 445 11 472 330 
E7546 0 I ,073 0 94,974 983 97,030 35,912 

8060 297 I ,928 966 0 104 3,295 1,970 
8058 63,246 144,649 107,825 4 12,818 328,542 99,906 
8056 !52 794 943 0 50 1,939 660 

Sub-total I, 160,778 718,623 1,249,852 463,606 51' 117 3,643,976 876,135 
• •-•~·••~-~•••n• • • • ••••• ••-• • ••••• • • •• •~•••••• •• ••••• • •• •• •• • • •• ••••••••••••••••••••••••·••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ••••-•••••••••••••••••••• • •••••• ••• •••• •••••••••• ••••••••• • •• •••••••••••••••-•• •• •• ••••• •• •·-··-·•···•• • • • • 

July ll-20 E6056 10, !54 15,037 12,999 187 195 38,572 8,171 
E6052 150,656 121,187 20,377 8,536 979 301 '735 84,921 
E6050 92,735 67,731 21 '789 17,681 1,092 201,028 59,074 
E6048 6,183 13,399 I, 714 8,078 148 29,522 10,032 
E6558 124,132 115,431 222,398 12 4,959 466,932 196,596 
E6556 18,018 21,873 28,280 48 431 68,650 18,401 
E6552 138,416 34,777 23,808 14,176 752 211,929 64,876 
E6550 95,507 62,926 7,659 45,861 1,954 213,907 57,288 
E6548 52,386 55,837 8,285 51,409 2,541 170,458 46,002 
E6546 10 2,706 49 50,433 2,125 55,323 22,370 
E7060 190 404 410 0 50 1,054 660 
E7058 54,118 51,733 112,486 0 8,403 226,740 100,649 
E7056 9,595 10,163 19,232 0 2,349 41,339 22,815 
E7052 1,019 845 5!5 18 10 2,407 I ,645 
E7050 10,166 7' 140 295 8,261 296 26,158 10,824 
E7048 1,156 I ,311 76 3,016 135 5,694 2,904 
E7046 2 5,036 36 93,114 2,671 100,859 47,047 
E7560 23,628 111,960 58,719 3 8,237 202,547 88,736 
E7558 19,654 43,130 25,717 0 2,297 90,798 32,383 
E7548 0 14 0 764 0 778 324 
E7546 0 18,809 120 137,554 7,207 163,690 99,743 

8060 110 3,994 760 0 247 5,111 2,967 
8058 22,112 108,810 10,062 0 3,366 144,350 50,859 
8056 227 87 50 0 II 375 278 
8046 0 442 0 6,673 !50 7,265 2,622 

Sub-total 830,174 874,782 575,836 445,824 50,605 2,777,221 I ,032,187 
ou•-•• ••-u•-•-n•••••-•-•••••••~•••• • • •••••u•••••••••••••••••u•••n- ••-•• •o.•-••••~•••••••••••n••••••••••-•-••-• • • • •••• •• • • •• •••••••••••••••-·-•····· ·- ··-·····--·-·-·••·· -•- ••••••••••• ••••-•••••••••• - •••· •• ••• •••• ••·n•~• •••• ·•• • •• •• 

July 21 - 31 E6056 9,484 10,236 3,099 265 123 23,207 7,392 
E6052 235,212 124,626 8,905 21,066 993 390,802 103,984 
E6050 31,241 42,608 1,458 21,687 333 97,327 31,674 
E6048 23 311 0 459 5 798 264 
E6558 86,587 157,865 63,746 182 I ,578 309,958 55,500 
E6556 32,603 49,155 13,823 837 841 97,259 24,539 
E6552 105,452 38,428 1,498 13,098 213 158,689 35,109 
E6550 62,785 21,737 304 21,072 596 106,494 32,133 
E6548 443 1,455 13 2,790 17 4,718 1,320 
E7058 21,469 24,536 20,803 0 2,950 69,758 42,199 
E7056 303 255 433 0 103 1,094 656 
E7052 752 870 0 95 0 1,717 264 
E7050 59,584 26,472 751 71,648 664 159,119 55,612 
E7048 11,398 12,833 89 52,724 2,013 79,057 23,756 
E7046 0 9,505 14 57,792 4,749 72,060 35,954 
E7560 464 3,801 40 0 71 4,376 990 
E7558 83,045 89,159 28,539 127 2,343 203,213 32,916 

8060 5,055 33,615 391 0 717 39,778 8,909 
8058 9,878 42,396 1,263 0 1,749 55,286 18,428 

Sub-total 755,778 689,863 145,169 263,842 20,058 I ,874, 710 511,599 
-------------------························-·---·-·--··--··--···-···--··--··--····-·-·---···-·----···-··-·-·····--···-·-·-·························-····-··································-··············-···-·-·····-························································· 

GRAND TOTAL 12,037,507 6,036,694 4,428,690 1,176,735 184,504 23,864,130 6,109,970 
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FIGURE 2-i. Age composition of sockeye salmon sampled from 
the mothership fishery in late May 1965. 

160E 16~ E 170[ 1 7~E 18 0 17'W 

FIGURE 2-ii. Age composition of sockeye salmon sampled from 
the mothership fishery in early June 1965. 

FIGURE 2-iii. Age composition of sockeye salmon sampled from 
the mothership fishery in mid-June 1965. 
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FIGURE 2-iv. Age composition of sockeye salmon sampled from 
the mothership fishery in late June 1965. 

FIGURE 2-v. Age composition of sockeye salmon sampled from 
the mothership fishery in early July 1965. 

FIGURE 2-vi. Age composition of sockeye salmon sampled from 
the mothership fishery in mid-July 1965. 
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TABLE 2. Number of fish caught, average catch per tan, and the percentage of the total catch 
for each species in the japanese mothership fishery from 1956 through 1965.1 

Year 

1956 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1957 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1958 Total catch 
Av. catch/tan 
Percentage of 

total catch 

Sockeye 

9,246,828 
1.0 

22.5 

19,822,540 
3.0 

39.3 

11,971' 142 
1.4 

26.2 

Chum 

16,095,787 
1.7 

39.1 

1 ,246,132 
1.4 

18.3 

17' 164,967 
2.0 

37.5 

Species 

Pink 

11,872,576 
1.3 

28.9 

21,045,585 
3.2 

41.7 

13,199,218 
1.5 

28.9 

Coho 

3,752,722 
0.4 

9 . 1 

339,623 
0.05 

0.7 

3,342,345 
0.4 

7.3 

Chinook 

133,979 
0.01 

0.3 

31,104 
0.004 

0.1 

45,123 
0.005 

0.1 

Total 

41,101,892 
4.4 

50,484,984 
7.6 

45,722,795 
5.3 

47 

Cumulative 
quantity of 
gear used 
(in tans) 

9,329,871 

6,619,089 

8,593,877 

•••-·· · •-• -···• ·•••-•••-•• •~ •• • •••••••••• • •• ••••• • •• • ••• • ••••• • • • •~•••••• • ••••• ••••••••-•...,_.•o •• • ·• •• • • • • •• • ~ ··~·--•-• ••• • • ••-•••••• •no••••••• •••••••••oO-Oo••••••••• • •·•·-·--•••• •• • •• •u •o •••• ••~••-•••-•uu oo o oooo • •• •• ••-•• •• ••• -•• •• • • • ••••-··-• • • •-

1959 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1960 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1961 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1962 Total catch 
Av. catch/tan 
Percentage of 

total catch 

1963 Total catch 
Av. catchftan 
Percentage of 

total catch 

1964 Total catch 
Av. catch/ tan 
Percentage of 

total catch 

1965 Total catch 
Av. catchftan 
Percentage of 

total catch 

9,124,967 
1.3 

21.6 

12,878,907 
2.0 

48.7 

12,998,399 
2.6 

57.2 

10,590,430 
1.8 

53.6 

8,902,479 
1.5 

37.9 

7,096,601 
0.9 

32.3 

12,037,507 
2.0 

50.4 

12,858,646 
1.8 

30.4 

10,517,207 
1.6 

39.8 

6, 128, Ill 
1.2 

27.0 

6,372,112 
1.1 

32.2 

5,857,811 
1.0 

24.9 

8,640,473 
1.1 

39.3 

6,037,507 
1.0 

25.3 

18,856,273 
2.7 

44.5 

1,885,380 
0.3 

7.1 

3,262,558 
0.7 

14.4 

1,138,624 
0.2 

5.8 

6,732,008 
1.1 

28.7 

2,281,510 
0.3 

10.4 

4,428,690 
0.7 

18.6 

1,423,089 
0.2 

3.4 

961,953 
0.1 

3.6 

284,056 
0.06 

1.3 

1,532,027 
0.3 

7.8 

1,895,435 
0.3 

8.1 

3,534,980 
0 .5 

16.1 

1,176,735 
0.2 

4 .9 

1 Catches from the Okhotsk Sea are excluded for the years 1956 through 1958. 

68,103 
0.01 

0.2 

180,360 
0.03 

0.7 

31' 182 
0.006 

0.1 

122,094 
0.02 

0.6 

87,523 
0.01 

0.4 

410,150 
0.05 

1.9 

184,504 
0.03 

0.8 

42,331,078 
6.0 

26,423,807 
4.1 

22,704,306 
4.6 

19,755,287 
3.4 

23,475,256 
3.9 

21,963,714 
2.9 

23,864,130 
3.9 

7,092,997 

6,518,531 

4,993,536 

5,850,967 

5,954,038 

7 ,518, 710 

6,109,970 

and 37% of the catch in the Bering Sea were imma
tures. Seasonal occurrence of chum salmon is sum
marized as follows: Mature fish were distributed in 
relatively high density in the Pacific east of 180° in 
late May to mid-June and in the northwestern part of 
the Bering Sea in late June to early July. In mid and 
late July, chum salmon which were mostly immature 
were distributed densely in the northern Bering Sea. 

Pink salmon. The average catch of pink salmon 
per 1,000 tans of driftnet in the mothership fishery 
during the 1965 season was 725. Since 1965 was a 

year of high abundance for Asian pink salmon stocks, 
pink salmon abundance was high compared to previous 
even-numbered years such as 1964, 1962 and 1960. 
Among the years of the high abundance ( odd-num
bered years), it is assumed that the a bun dance in 1965 
was identical to that of 1961, although no direct com
parison is possible because of the larger mesh size 
introduced by the regulations since 1961. In particu
lar, fairly dense groups were observed in the north
western Bering Sea in mid and late July. 
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Fmu:RE 3. Sex ratios (F/F+M x 100) of sockeye salmon sampled from the mothership fishery in 1965. 

B. Research in the Landbased Fishery Area 

In the land based salmon fishing area (the Pacific 
Ocean south of 48°N) in 1965, driftnet fishing opera
tions were carried out from early May to early August 
and longline operations from early May to late June. 
In order to investigate the salmon distribution and to 
collect various biological information in this area, 
seven research vessels with driftnets operated from 
mid-April to mid-August and four research vessels 
operated with longlines from mid-April to early July. 
These research vessels made 415 driftnet sets and 410 
longline sets. Out of the catches, 2,858 sockeye, 
16,962 chum, 18,219 pink, 2,751 coho and 253 chinook 
salmon were sampled for determination of body length 
(fork length), body weight, sex and gonad weight, 
and collection of scale samples. 

The summary of information on salmon distribution 
in this area during the 1965 season, based on the catch 
statistics of commercial vessels and on the information 
on the salmon distribution and biological data obtained 
by research vessels is as follows : 

Sockeye salmon. Sockeye salmon generally occur 
early in the season in the waters east of l60°E in this 
area, but very few sockeye occur in the rest of the area 
and at other times in the season. In 1965, immature 
sockeye in relatively high density (about 1.5 fish per 

tan of driftnet) appeared from late April to late May 
in the waters east of 160°E to 175°E. In June and 
later, no sockeye occurred anywhere in this area. 
The average catch of sockeye per tan during the period 
from early May to early August was 0.03. 

Chum salmon. Chum salmon were generally dis
tributed very widely and fairly evenly in this area. 
The average catch per tan of driftnet in 1965 was 1.0. 
Out of the catches, 81% were 4-year-olds and 16% 
were 3-year-olds. Immature fish amounted to 22%, 
in which 3- and 4-year-old fish were included in equal 
amounts. In July and afterwards the chum salmon 
were mostly immature. 

The average chum catch per hachi (49 hooks) of 
longline was 0.38, which is considerably lower than 
in previous years. Eighty percent of the total catch 
were 4--year-olds and 14% were 3-year-olds. The pro
portion of immature fish was 23%, of which 64% 
were 4-year-olds and 36% were 3-year-olds. 

Pink salmon. Pink salmon in this area were also 
distributed very widely and evenly. Since odd
numbered years are years of high abundance for most 
of the pink salmon stocks occurring in this area, abun
dance was fairly high in 1965 (3.4 fish per one tan of 
driftnet). This figure is lower than those for 1961 
(about 4.0 fish per tan) and 1963 (about 4.1 fish per 
tan), which were high cycle years, but considerably 
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higher than those for 1960 (about 2.0 fish per tan), 
1962 (about 2.2 fish) and 1964 (about 1.6 fish), which 
represented poor cycle years. 

The average catch of pink salmon per hachi of 
longline was 5.5 fish. The comparison of the catches 
per hachi oflongline indicates a similar trend of annual 
abundance to that shown by the driftnet catches. 

The numbers of salmon by species caught in this 
area for 1965 are as follows (in l,OOO's offish): 

Driftnet Long line 
fishery fishery 

Sockeye 190 
Chum 7,584 1,368 
Pink 25,833 19,745 
Coho 1,948 I 
Chinook 86 6 
Total 35,641 21,121 

Units of gear used 7,535x 103 tans 3,581 X 103 hachi 

C. Other Investigations by Research Vessels 

In waters other than those described in the previous 
section, the following research vessels operated during 
the periods and in the areas noted for the study of 
salmon distribution: Hokko-maru (220 g.t.): May 3-
May 31 (Aleutian waters ; northwestern part of Gulf 
of Alaska); No. 2 Kumamoto-maru (99 g.t.) : May 9-
July 24 (off Bristol Bay-also king crab research) ; 
Takuyo-maru (172 g.t.): April 15-May 22 (east of 
Hokkaido), June 9-July 1 (Pacific Ocean south of 
Kamchatka), July 19-August 7 (in the vicinity of Attu 
Island); Oshoro-maru (1,181 g.t.): June 2-July 29 
(eastern Bering Sea) ; Hokusei-maru (222 g.t.): June 
2-J une 9 and June 13-J une 19 (southeast of the Kuril 
lslands),June 30-July 13 andJuly 27-August 5 (eastern 
Okhotsk Sea) ; Ariiso-maru (108 g.t.) : June 13-July 
5 (southern and eastern Okhotsk Sea), July 20-August 
6 (eastern Okhotsk Sea). 

Major information on salmon distribution obtained 
from this research can be summarized as follows: 

a. Dense groups of sockeye which are considered 
to have been of Bristol Bay origin were observed in 
early May in the waters east of 180° and south of the 
Aleutian Islands. These groups included consider
able numbers of 52 fish near 180°, while almost all 
of them were 53 fish in the waters east of 180° (from 
Hokko-maru data). Data obtained by the Etsuzan
maru using longlines (for tagging) at the same time as 
the Hokko-maru operation also support this finding. 

b. Very high concentrations of maturing sockeye 
(about 10 fish per tan) were observed during June 18-
20 in the waters of 52°N-56°N and 170°W-175°W 
(Oshoro-maru data). Also, very dense groups of matur
ing sockeye (more than 50 fish per tan) were found on 

June 26 at 56°15'N, 165'W (Oshoro-maru data). These 
fish are considered to have been obviously bound for 
Bristol Bay. However, on the same longitudinal line 
(i.e., 165°W), the density of sockeye was low at 55°-
30'N, 57°00'N and 58°29'N. Chum salmon were 
more abundant (2-3 chum salmon per tan) than 
sockeye salmon. 

A fairly high concentration of sockeye (four per tan) 
was observed at 57°N, 165°W in early July (No. 2 
Kumamoto-maru data). 

c. Salmon distribution was investigated by operat
ing driftnets with various mesh sizes in the waters 
around the Polar Front offHokkaido during the period 
from mid-April to late May (Takuyo-maru). Many 
pink salmon were caught by the nets with smaller 
mesh sizes (72 mm, 93 mm). A number of chum 
salmon were caught by nets with 93 mm and 121 mm 
mesh sizes. Catches of other species were extremely 
few. 

d. From late June to early August, pink and chum 
salmon in very high density were distributed in the 
eastern part of the Okhotsk Sea, but the density of 
these species in the southern Okhotsk Sea (the waters 
along the Kuril Islands) was low in mid-June (data 
from the Ariiso-maru and the Hokko-maru). 

e. During the period from mid-July to early 
August, driftnets with various mesh sizes were oper
ated in the vicinity of Attu Island to study salmon 
distribution. A number of immature sockeye were 
caught by the nets with 72 mm and 93 mm mesh sizes 
(Takuyo-maru data). 

f. From early June to late June, driftnets with 
121 mm and 130 mm mesh sizes were operated in the 
waters south of Kamchatka to study the effects of net 
material (monofilament and multifilament) and color 
on fishing efficiency ( Takuyo-maru) . The results are 
now under analysis. 

D. Experiments for Standardization of Gillnets 
for Research Purposes 

At the 1964 Annual Meeting of the Commission, 
Japanese scientists made a proposal designed to make 
offshore salmon distribution studies easier and more 
effective, i.e., to standardize gillnets for research pur
poses in order to minimize the bias caused by mesh 
selectivity. In accordance with this objective, ex
perimental gillnets were designed and operated by 
a research vessel during the period from April to 
August in 1965. 

The design of the experimental nets was as follows : 
Five different mesh sizes were used-55 mm, 72 mm, 
93 mm, 121 mm and 157 mm (these are in a geome
tric progression with a ratio of 1 : 3). The length and 
breadth of the net were 50 m and 6 m, respectively. 
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The hanging-in of the net was 43% on the floatline 
side and 45% on the leadline side. Nylon monofila
ment was used as net twine. Equal amounts of net 
with different mesh sizes were connected at random. 
For this trial, 50 tans, 10 each of five different mesh 
sizes, were loaded aboard the research vessel T akuyo
maru, but half were later transferred to another research 
vessel, the Wakashio-maru, for comparative fishing 
operations with longlines. 

Sufficient information was not obtained from the 
1965 operations to calculate mesh-selectivity curves 
and the overlapping portions of the curves of differ
ent sizes were so small that estimation around the mode 
was not of a high accuracy. 

Further experiments on this subject will be con
tinued in 1966. 

2. TAGGING ExPERIMENTS 

In 1965, salmon tagging operations were carried 
out by seven research vessels, including one vessel 
which operated in the Sea of Japan. The numbers 
of salmon released by species and by boat are listed 
in Table 3; 10,688 salmon were tagged and released. 

The Etsuzan-maru operated eastward as far as the 
vicinity of the Alaska Peninsula from May 7 to June 
14, during which period Bristol Bay sockeye salmon 
were tagged. From July 10 to August I, she con
ducted tagging (mostly on chum salmon) in the Bering 
Sea. The Hokko-maru carried out tagging operations 
from July 3 to August 2 in Aleutian waters. The 
Wakashio-maru operated in waters from the central 
Aleutian Islands to l67°E during the period from May 
7 to May 27, tagging mostly chum and pink salmon; 
163 sockeye were also tagged. She then entered the 
Okhotsk Sea off the west coast of Kamchatka and 
tagged chum and pink salmon there from June 10 to 
July 9. Mter that, she moved to waters near Attu 
Island from August 9 to 15. Three vessels, the Hirota
marv, the Kagami-maru and the Kuji-maru, carried out 
tagging (mostly pink salmon) from April through July 
in the land based fishing grounds off the Kuril Islands. 
The Ariiso-maru tagged pink and masu salmon in the 

Sea of Japan from April 30 through May 26. All of 
these vessels used longlines for tagging operations. 
The tagging method used this year was similar to that 
of previous years. A summary of recoveries of tags 
released in 1965 is given below (as of March 15, 1966). 

Thirty-three sockeye, 18 chum, 160 pink, one coho, 
three masu salmon and two unidentified species were 
recovered from the high seas. Migration patterns 
shown by these recovered fish were in general agree
ment with those observed in previous years. 

Recovery of four sockeye was reported from coastal 
streams of the U.S.S.R. and 34 from streams of North 
America (Figure 4-i) ; all were released in May. 
Recoveries from releases in waters east of 180° were 
mostly from the Kvichak River in Bristol Bay. One 
sockeye released south of Kodiak Island was recovered 
in Port Inlet. The four U.S.S.R. recoveries were of 
sockeye tagged by the Wakashio-maru between l60°E 
and l67°E; they were recovered in Kamchatka, three 
from the Ozernaia River and one from the Kamchatka 
River. 

Coastal recoveries of chum salmon are shown in 
Figure 4-ii. Six chum salmon were recovered in 
Hokkaido and Honshu, from Bering Sea, Aleutian 
and Okhotsk Sea releases. Eight recoveries were 
made on U.S.S.R. coasts from releases in the Pacific 
Ocean off Kamchatka and the Kuril Islands and in 
the Okhotsk Sea. Four chum salmon released in May 
in waters south of the Alaska Peninsula were recovered 
in western Alaska. The recovery in the Yukon River 
of a chum salmon released at 60°N, l74°E is note-

e • MAY TAGGING 

100 170W 150W ..... 
FIGURE 4-i. Coastal recoveries of sockeye salmon tagged by 

Japan (tagged and recovered in 1965). 

TABLE 3. Number of salmon tagged by Japanese research vessels in 1965. 

Species 

Vessel Sockeye Chum Pink Coho Chinook Masu Total 

Etsuzan-maru 511 800 99 60 1,470 

Hokko-maru 63 80 3 25 171 

W akashio-maru 417 1,478 2,489 4,384 

Hirota-maru 47 1,450 1,497 

Kagami-maru 119 1,381 1,500 

Kuii-maru 45 1,450 1,495 

Ariiso-maru !55 16 171 

Total 911 2,569 7,027 25 60 16 10,688 
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FIGURE 4-ii. Coastal recoveries of chum salmon tagged by 
Japan (tagged and recovered in 1965). 

FIGURE 4-iii. Coastal recoveries of pink salmon tagged by Japan 
in 1965. 

worthy since another fish released at the same time 
and place was recovered in Hokkaido. 

One pink salmon released in the Sea of Japan was 
recovered from Primore ; three tagged in waters off 
the Kuril Islands and in the Okhotsk Sea were re
covered in West Kamchatka and one tagged near 
51 °N, 178°E was recovered off East Kamchatka 
(Figure 4-iii). The movements of these tagged fish 
are in good agreement with those observed in pre
vous years. 

3. EcoLOGICAL INVESTIGATIONS (relationship between 
the catch by time of day of immature sockeye 
salmon and the vertical distribution of food species 
in the waters south of Attu Island) 

On the second trip of the Hokko-maru in 1964, it was 
ascertained that the food species of salmon can be 
recorded as the D.S.L. by a supersonic sonar (200 kc, 
28 kc). That research is summarized briefly in the 
1964 Annual Report. The study was continued in 
1965 to confirm the occurrence of the D.S.L. and to 
identify the species which form it. Another major 
objective was to study the diurnal feeding cycle in 
relation to the forage organisms. Since an adequate 
catch was not obtained by the vertical longlines used 

FIGURE 5. Stations of gillnet operations and plankton sampling 
by the Takuyo-maru in 1965. 

in 1964, the approach was changed somewhat and 
driftnets were fished in the surface layer at different 
times of the day. 

1. Method of Investigation 

This investigation was carried out by the research 
vessel Takuyo-maru. Stations where driftnet opera
tions were conducted at various times of day and plank
ton collections taken from various layers are shown in 
Figure 5. The field work was divided into three parts, 
as follows. 

( 1) Fishing operations and collection of stomachs by 
time of day. At the same or nearly the same location, 
four operations were made in one day, at local sunrise, 
noon, sunset and midnight. Nets were set one hour 
before sunrise (morning), 30 minutes before noon 
(daytime), one hour after sunset (evening) and 30 
minutes before midnight (nighttime). In addition, 
normal operations, that is, setting nets at sunset and 
taking them up at sunrise (sunset-sunrise), were also 
carried out. Except in the normal operations, nets 
were left in the water for about one hour. Twenty
five tans were used for each operation, five each of 
55 mm, 72 mm, 93 mm, 121 mm and 15 7 mm meshes. 

(2) Measurements of the D.S.L., light and water tem
perature. The D.S.L. was recorded by the sonar with 
28 kc and 200 kc. Brightness was measured both in 
the water and in the air by a battery-operated light
meter. Water temperature was also measured by 
bathythermograph. 

(3) Plankton collections from various layers by time of 
day. A cone-shaped plankton net, 60 em in mouth 
diameter, 2m in length, with 0.530 mm mesh size 
and made of acrylic synthetic fiber, was used for col
lecting plankton. Horizontal hauls were made at 
depths of 0 m, 5 m, 10m, 20m, 30m, 40 m, 50 m, 
75 m, 150m and 200m. The net is called ModelS of 
the direct-connection type, horizontal net invented by 



TABLE 4. Record of catches by time of day during 1965 ecological studies (Area 2 and Area 3). ·See text for details of procedure; also see Figure 5. 

Area, set no., date and 
position of set and haul 

AREA 3 
(1) 7 / 22, 

7/ 23 
7f23 

(2) 7f 26, 
7f 26 
7!27 

(3) 7/2B, 
7/29 

(4) 7f29, 
7/29 
7/30 

(5) 7/30, 
7f31 
7/31 
B/1 

(6) B/2, 
B/2 

( 7) B/3, 
B/4 

(B) B/4, 
B/4 

( 9) B/5, 
B/5 

(10) B/6, 
B/6 

(11) B/7, 
B/7 

51-00N, 175-00E 

51 - 21N, 171-00E 

52-16N, 171-36E 

" " 52-25N, 171-44E 

52-27 N, 172-06 E 

53-20 N, 172-50 E 

53-IBN, 173-33E 

52-00 N, 173-00 E 

52- 00N, 173- 21 E 

51-57N, 173-20E 

51-SON, 173-31 E 

Total 

AREA 2 

Sockeye (Catch/tan) 
Chum (Catch/tan) 

7/19, 50-55N, 164-5B E 

7/19 
7f20, 52-00N, 165-00E 

7/21 
Total 
Sockeye 
Chum 

Morning Daytime Evening Nighttime Sunset-Sunrise 

72' 93 121 72 93 121 72 93 121 72 93 121 72 93 121 

s• c s c s c s c s c s c s c s c s c s c s c s c s c s c s c 

0 

2 

4 

0 2 0 0 

5 2 3 

0 I 0 2 

0 3 0 2 

11 2 7 
22(0.4) 
4(0.1) 

0 3 0 

0 3 0 

5 

0 

0 

0 

6 

9 

0 

12 

5 
33 

0 15 0 12 

2 8 6 

0 12 4 

0 0 3 0 

0 36 4 13 

2 3 0 
4 74 17 28 

135(1.5) 
24(0.3) 

0 

3 

0 

0 

0 

0 
3 

0 

0 

0 

0 

6 

6 

0 0 0 0 

0 0 0 0 

0 5 4 

7 I 6 

0 9 0 13 

2 16 6 23 
45(0.6) 
12(0.2) 

0 

0 

2 

4 

0 5 0 

0 7 3 3 2 

0 I 6 2 B 

0 I 4 0 2 

0 14 14 6 12 
26(0.4) 
21 (0.4) 

0 

0 

0 

0 0 0 0 0 0 0 0 2 0 0 0 10 0 2 0 0 

3 3 B B 0 2 

14 27 7 10 10 

15 B 20 0 IB 12 

0 0 0 2 0 0 

32 38 35 20 2B 15 
95(1.6) 
73(1.2) 

0 I 0 

0 0 I 0 0 0 0 0 0 2 0 0 0 10 0 2 0 0 0 1 0 
3 

2 0 
2 0 

I 0 0 
0 2 12 

1 Mesh size, in mm; five tans of each. Negligible catches in 55 mm and !57 mm mesh nets are excluded. 
1 S=sockeye; C=chum; negligible numbers of other species were caught. 
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Motoda (1959)1 . A cable with two or three nets at
tached was hauled for 30 minutes at about 2.5 knots 
to keep the wire angle at 60°. No flowmeter was at
tached to it. 

2. Results obtained 

( 1) Catches of immature sockeye salmon by time of day. 
Fishing operations by time of day were carried out in 
Areas 2 and 3 but not in Area 1 (see Figure 5), where 
only normal operations were conducted. In Area 3, 
where the largest catches were made, the 55 mm and 
157 mm mesh sizes were apparently not suitable, and 
more fish were caught with 72 mm, 93 mm and 
121 mm meshes. The results of these fishing opera
tions (Table 4) show that the daytime catches were 
larger than the catches at night. These results do 
not agree with the general concept that salmon become 
entangled in nets during the night. In order to dis
cover any difference between the daytime catch and 
the nighttime catch, age composition, sex and gonad 
weights of both catches were analyzed. 

According to the age composition of the catches 
(Table 5), it is noted that in the catches by either day
time or nighttime operations, 53 fish and 43 fish were 
dominant in the catch taken by the 93 mm and 72 mm 
mesh sizes, respectively. If the catches by nets of 
various mesh sizes are combined, the catches in either 
daytime or nighttime operations included 53, 43 and 
42 fish, in that order. Of seven 32 fish, however, six 
were caught by the nighttime operations and one by 
the evening operations. No 32 fish were caught by 
daytime operations. These results tend to suggest 
that more 32 fish are caught by the nighttime opera
tions. However, other one-ocean-year fish, such as 
43's and 54's, were caught both by the daytime and 
the nighttime operations, so that there is no evidence 

'Motoda, S. 1959. Devices of simple plankton apparatus. 
Memoirs of the Faculty of Fisheries, Hokkaido University, Vol. 7, 
No. 1/2, Dec. 1959. 

to support a movement of one-ocean-year age groups 
different from those of older ocean age groups. 

Table 6 shows the sex composition and the gonad 
weight frequency distribution of the catches by time 
of day. The table shows that there is no significant 
difference in sex composition between the catches of 
daytime and nighttime operations. The proportions 
of female fish were 44.2% and 40%, respectively, in 
daytime and nighttime catches. From the position 
of the mode in the gonad weight frequencies, it seems 
that fish caught by daytime operations have slightly 
heavier gonads than those taken by nighttime opera
tions. Considering measurement error, however, dif
ferences of 1-10 g are not considered significant. 
Judging from the findings mentioned above, it is con
sidered that there is no difference in quality between 
the catches by daytime operations and nightime oper
ations. It is assumed, therefore, that immature sock
eye which are generally caught during the night by 
commercial nets are distributed in the surface waters 
even during the day in the waters near Attu Island. 

(2) Digestion of stomach contents by time of day. De
gree of digestion of stomach contents was used as one 
of the indices of feeding activity. Degree of digestion 
was classified into six categories by naked-eye observa
tion. For example, grade 1 represents almost no 
digestion and grades 5 and 6 represent complete diges
tion and empty stomach, respectively. The results 
of observations are shown in Table 7. The table indi
cates that the peak of feeding activity occurs in the 
evening and stomachs are almost empty in the early 
morning. The same result was obtained for pink 
salmon caught by longlines in the fishing grounds 
south of 48°N (Nakamura and Yamashiro, 1963)2• 

2 Nakamura, Satoru, and Shozo Yamashiro, 1963. Relation 
between amount of feed and pink salmon catch by longline gear. 
Problems of the Environment of Salmon during the;MarinePeriod 
of Life (2)-VIII. February 1963, Internal data of the Fisheries 
Agency of Japan, not a formal publication. 

TABLE 5. Age composition of sockeye salmon by mesh size and time of day (excluding fish 
caught by 55 mm and 157 mm mesh nets and fish of unknown age), 1965 ecological 
studies (see text). 

Morning Daytime Evening Nighttime Sunset-Sunrise 

Age 72' 93 121 Total 72 93 121 Total 72 93 121 Total 72 93 121 Total 72 93 121 Total Total Percent 

3. 6 6 7 3.0 

4. 2 4 4 5 10 2 2 5 2 2 8 9 30 12.8 

4a 2 2 21 4 25 17 1 18 45 19.2 

5a 5 2 7 2 43 7 52 3 12 13 28 3 13 16 20 22 43 146 62.5 
5, 2 3 3 1.3 

6a I 0.4 
6, 2 0.8 

Total 3 7 3 13 24 51 12 87 6 15 14 35 4 15 19 25 31 24 80 234 100.0 

1 Mesh size in mm ; five tans of each. 
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TABLE 6. Sex ratio and gonad weight frequency distribution of sockeye salmon by time of day, Area 3 
(excluding fish caught by 55 mm and 157 mm mesh nets). See text and Figure 5. 

G.W. 

FEMALES (F) 
Less than I 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

Total (F) 

MALES (M) 
Less than 1 

1 
2 
3 
4 
5 

6 
7 
8 
9 

12 
47 

Total (M) 

Total (F+M) 
Sex ratio 

(M: Fx10o) 

Morning 

1 
2 
2 

8 

4 
2 

2 

8 

16 

50.0% 

Daytime 

4 
1 
4 

3 
2 

2 
1 
3 
3 
9 

4 
6 
3 

45 

18 
22 
12 
4 
1 

57 

102 

44.2% 

Evening 

2 
3 
1 
4 
5 

1 
2 

19 

12 
4 
1 
4 

21 

40 

47.6% 

Nighttime 

2 
1 
5 

2 
2 

14 

2 
2 
2 

7 

21 

66.7% 

Sunset-Sunrise 

6 

7 
1 
2 

2 
6 
2 
5 

1 
1 
2 

1 
38 

31 
5 

11 
4 
3 

1 
57 

95 

40.0% 

TABLE 7. Degree of digestion of sockeye stomach contents (volume) by time of day. 

Morning Daytime 
Degree of 

Evening Nighttime 

digestion1 N % N % N % N 

1 3 14.3 15 14.7 22 45.8 8 
2 2 9.5 34 33.3 13 27.1 7 
3 1 4.8 32 31.4 13 27.1 8 
4 0 0 .0 15 14 .7 0 0.0 0 
5 2 9.5 3 2.9 0 0.0 0 
6 (empty) 13 61.9 3 2.9 0 0.0 3 
Total 21 100.0 102 100.0 48 100 .0 26 

1 See text. 

Ol 
10 

30.8 
26.9 
30.8 
0.0 
0.0 

11.5 
100.0 
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TABLE 8. Occurrence of different kinds of food organisms in sockeye stomachs, by time of day. 

Morning Daytime Evening Nighttime 

Organism N % N % N % N % 
Fish larvae 2 22.2 68 61.7 12 17.9 5 14.7 
Themisto sp. I II. I 28 25 .5 29 43 .3 II 32.4 
Copepoda 0 0.0 7 6.4 12 17 .9 3 8.8 
Squids 0 0.0 6 5.5 11 16.4 I 2.9 
Aglantha I II. I I 0.9 2 3.0 4 23.5 
Euphausiids 0 0.0 0 0.0 0 0.0 2 5.9 
Mucus and unidentified matter 5 55.6 0 0.0 I 1.5 8 ll.8 
Total* 9 100.0 llO 100 .0 67 100.0 34 100 .0 

* The total does not coincide with the total of Table 7, since there are cases when more than two kinds of organisms are 
taken or empty stomachs are taken. 

(3) Species in stomach contents by time of day. As is 
shown in Table 8, 62% of fish caught during the day 
were feeding on fish larvae such as Atka mackerel 
(Pleurogrammus monopterygius) and sculpins (Hemilepidot
us gilberti), and 25.5% were feeding on Themisto. In 
fish caught in the evening, 43.3% were feeding on 
Themisto. In the stomachs of fish caught during the 
night, various species appeared relatively evenly, al
though Themisto was most abundant. Almost all of 
the contents were well-digested in early morning. 
Since food composition varies from place to place, the 
results given above cannot be generalized. 

( 4) Vertical distribution of food species by time of day. 
The vertical distribution of food species was observed 
in Area I and Area 3. In Area 3, where fishing opera
tions by time of day were also carried out, collections 
from various depths were made at only three stations, 
so that the data are inadequate; however, both areas 
are discussed below : 

At each of the three Area 3 stations, the abundance 
of food species during the night was highest at the 
10-20 m depth (200-300 gfhaul), but very low at 
depths of more than 70 m (less than 100 g/haul). At 
the 5 m depth, it decreased to 100-150 gfhaul. The 
components of the most abundant layer were Calanus 
cristatus and euphausiids. Monospecific aggregations 
of Themisto sp. were sometimes observed in the surface 
layer. 

In the daytime observations in Area 3, the most 
abundant layer was expected to descend in accordance 
with the downward movement of the D.S.L. to the 
200-260 m depth as recorded by sonar. However, 
since it was impossible to collect samples from deeper 
layers than 200m, the maximum layer detected by 
net collections appeared at the 200 m depth, where 
the abundance was 7 5-200 gfhaul, being lower than 
the nighttime value. The components were mostly 
Themisto sp. and small-sized Eucalanus. C. cristatus, 
which was very abundant in the nighttime collections, 

was scarce and no euphausiids were observed. It is 
often observed in the downward movement of the 
D.S.L. that some trace remains in the layer of 0---4{) m 
deep without moving further downwards. When the 
main trace moves upwards, it joins with the remaining 
trace. It may be that the trace which moves deep 
is composed of C. cristatus and euphausiids, while the 
maximum layers detected by net collections may be 
the part which remains behind. This assumption is 
also supported by the existence of a thermocline of 
about 5°C at a depth of 30-50 m. 

In Area I, the observed diurnal change of abun
dance was exactly as expected, that is, the abundance 
was higher in deeper layers during the day while the 
maximum layer was located in shallower waters 
during the night. The lingering trace observed during 
the day in Area 3 could not be found in Area I. The 
components of the various layers were mostly C. 
plumchrus both in the daytime and nighttime collec
tions, and no thermocline was observed. 

Area I was different from Area 3 both in the ab
sence of a thermocline and in the distribution of food 
species. However, it is still premature to conclude 
that the cause of the daytime catch in Area 3 is to be 
found in these conditions, because the components 
of the trace which remained in Area 3 during the day 
were not identical with the stomach contents of sockeye 
salmon caught during the day. In this connection, 
the different efficiency of plankton nets and sockeye 
salmon in catching these food species should be taken 
into consideration. The food chain relationships be
tween what can be collected by the plankton net and 
the fish larvae which are eaten by sockeye salmon are 
at present only postulated and have not yet been 
generalized. 

The vertical movements of each food species and 
methods for collecting food species with reference to 
the feeding behaviour of salmon must be studied in 
the future. 
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II. KING CRAB INVESTIGATIONS IN 
THE EASTERN BERING SEA 

Two Japanese mothership fleets fished for king crabs 
in the eastern Bering Sea in 1965 and produced 185,000 
cases of canned crab, which is 50,000 cases less than 
was produced in 1964. The two motherships arrived 
at the fishing grounds on March 12 and left after at
taining their quotas on August 15 and August 30, much 
earlier than in the previous year. The quotas allotted 
were 94,467 cases to the Tokei-maru fleet and 90,533 
cases to the Dainichi-maru fleet. The Tokei-maru was 
accompanied by five fishing vessels and eight deck
loaded skiffs ; the Dainichi-maru had five fishing vessels 
and nine deck-loaded skiffs. The Tokei-maru fleet 
operated in the waters east of St. Paul Island (one 
of the Pribilofs) from May 31 to July 3 and caught 
420,000 blue crab (Paralithodes platypus)!, from which 
about 19,000 cases were produced. This production 
was included in the quota allotted to this fleet. 

The Japanese king crab investigations were con
ducted, in accordance with the prescribed research 
plan, by research workers aboard both motherships. 
The content of the investigations was almost the same 
as in the previous year. Along with the investigations 
aboard motherships, a research vessel was used for the 
first time. One research vessel of 99 tons operated 
from May to July for the study of king crab distribu
tion outside of the commercial fishing grounds covered 
by the mothership fleets, for tagging experiments and 
for collection of various kinds of biological information 
necessary to evaluate the condition of the king crab 
stocks. 

l. OuTLINE OF FISHING OPERATIONS 

The fishing grounds occupied during 1965 are shown 
in Figures 6-i and 6-ii. Except for the additional 
fishing grounds for blue crab, there has been no major 
change for the past three or four years either in the 
exploitation pattern or in the extent of the fishing 
grounds. Table 9 shows the changes from year to 
year in Japanese fishing operations and the catches. 

As a result of the negotiations between Japan and 
the United States in November 1964, the Japanese 
quota for 1965 was reduced from 235,000 cases to 
185,000 cases. Consequently, the total number of 
crabs taken, which had shown a continuous increase 
since 1961, was prevented from further increase in 
19~5. Only about 4.22 million crabs were caught, 
whtch was about 1.68 million less than the catch in 
1964 or about 2.09 million less if the catch of blue crab 
is excluded. The total number of crabs caught this 

1 The English common name of this species is not well-establish
ed as yet; the japanese common name is "aburagani ". 
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FIGURE 6-i. King crab fishing grounds during the shoreward 
migration and spawning periods in 1965. 
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FIGURE 6-ii. King crab fishing grounds during the feeding period 
in 1965 and blue crab fishing grounds in 1965. 

year was even less than in 1962. 
The catch per tan value this year was 9.4 crabs, 

somewhat higher than in 1963 or 1964. The catch 
per tan value seems to have become stabilized at a 
lower level in recent years. It should be noticed, 
however, that this value has not been adjusted for in
creases in fishing efficiency and the number of days 
nets are left in the water. The catch per tan value 
for blue crab amounted to 9.4 crabs, which is very 
close to that for king crab, but this value cannot be 
compared to those of past years, because no such values 
have been obtained before in these waters. Compared 
to the values obtained in the Oliutorski and the West 
Kamchatkan fishing grounds, the catch per tan value 
for this year, 9.4 crabs, is very high. 

In the number of crabs required for packing one 
case, a remarkable increase was observed from 1962 
to 1964, but the value decreased somewhat in 1965 
and came down to the level of 1963. The size com
position (carapace length) of the commercial catches 
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TABLE 9. Catch and production of king crab in the eastern Bering Sea by the Japanese mothership fleets from 1953 to 1965. 

Area of 
Cumula- No. of fishing Cumulative fishing 
tive no. vessels number of Average Average 
of days No. of tans hauled Catch Catch No. of number 

~rounds 
m square number 

net mother- Inde- Deck- (number of (in number per cases of crabs nautical of cases 
Year hauled ships pendent loaded trawl hauls) of crabs) tan packed1 per case miles) per tan 

1953 110 6 6 106,305 1,276,360 8 .9 58,240 21.9 5321 

(2,534) 
1954 75 6 6 60,516 1,060,814 11.9 59,850 17.7 3031 

(2,095) 
1955 102 2 6 99,157 1,129,163 11.4 59,850 18.9 496 0.60 
1956 99 2 8 147,073 1,079,106 7.3 59,850 18.0 735 0.41 
1957 69 3 8 83,632 1,170,956 14 .0 59,850 19.6 418 0.72 
1958 67 2 8 98,675 1,129,653 11.4 59,850 18.9 493 0 .61 
1959 66 I 2 8 78,364 1,291,618 16.5 70,000 18.5 392 0 .89 
1960 169 2 4 11 128,134 1,948,773 15 .2 98,100 19.9 641 0 .77 
1961 288 5 21 II 256,731 3,030,635 11.8 172,000 18.3 1,284 0.67 
1962 349 5 24 23 436,969 4,950,800 11.3 235,000 21.1 2,185 0.54 
1963 335 2 9 17 642,450 5,476,085 8 .5 235,000 23 .3 3,212 0.37 
1964 326 2 12 17 637,632 5,895,380 9 .2 235,000 25.1 3,188 0 .37 
1965 301 2 10 17 405,211 3,791,380 9.4 165,638 22.9 2, 026 0.41 

46,9043 424,480 9.0 19,362 21.9 235 0.41 
452,115 4,215,860 9 .3 185,000 22.8 2,261 0.41 

1 Twenty-four pounds of canned crab per case. Frozen crab production was converted using the rate of one metric ton to 100 cases. 
2 Only the areas where tanglenets were set. 
8 Italicized figures are blue crab data. 

for these years indicates that the size of crabs this year 
was slightly smaller than in 1963 and 1964. The 
reason that the number of crabs required to pack one 
case was small in spite of the smaller size of crabs is 
probably because the meats of new-shelled males 
caught during the autumn season from the waters be
tween 164°W and 166°W were of good quality and the 
proportion of this category was extremely small. The 
average number of crabs per case for blue crab was 
less than that for king crab by a difference of one crab. 
This is also confirmed by the difference in the frequen
cy distribution of carapace length between these two 
species. The size of blue crab in the commercial 
catches in this area was larger than on the Oliutorski 
and the West Kamchatkan fishing grounds. This may 
be partly because the blue crab stock in this area has 
not been exploited before. 

Based on the number of tans lifted (X) and the 
number of cases produced (A), A/X values were calcu
lated and listed in Table 9 as a simple index showing 
the degree of fishing success. These values represent 
the number of cases produced per one tan lifted, so 
the larger the value the better the fishing. Glancing 
over these calculated values, it is noted that the value 
was lower both in 1963 and in 1964 but recovered 
slightly in 1965. The value for this year, however, 
is still below the level of 1962. It is worthwhile to 
note that the catch per tan values in 1965 for both king 

crab and blue crab were similar although the total 
catches were not comparable. 

2. SizE OF CRABS IN CoMMERCIAL CATCHES 

During the 1965 fishing season, 10,559 king crabs 
and 1,360 blue crabs were measured for body length 
on the motherships. In addition, for the purpose of 
obtaining more accurate data, five tans of nets with 
the crabs still entangled were brought to motherships 
for the measurement of all crabs caught. This type 
of investigation was carried out on both motherships 
once every three days. As a result, 3,691 male king 
crabs (including juveniles), 3,216 female king crabs, 
628 male blue crabs and 152 female blue crabs were 
measured. 

The research vessel used an otter trawl for collecting 
crabs. Out of the total catch by the otter trawl opera
tions, 1,558 male and 1,170 female king crabs were 
sampled and measured. 

The annual variation in carapace length of crabs is 
given in Figure 7. According to these figures, the 
mode of the carapace length frequency distribution 
was observed at 145-160 mm in this season's catches. 
The frequency distribution pattern observed this year 
is quite different from that either in 1963 or in 1964. 
Crabs larger than 170 mm continued to be few, and 
the catches were largely composed of medium and 
small crabs, which were somewhat smaller than pre-
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CARAPACE LENGTH (mm) 

FIGuRE 7. Carapace length frequency distribution of king crabs 
in the Bering Sea, 1955-1965. 

viously. The carapace length of male crabs in the 
commercial catch was required to be greater than 
130 mm up to and including last year, but the mini
mum size was set at 145 mm this year, in accordance 
with the agreement between Japan and the United 

States. In spite of this restriction, the size of crabs 
caught (average length of carapace) was slightly 
smaller this year than last year and was the smallest 
ever observed. At the present stage of the study, 
however, nothing definite can be said of the quantita
tive condition of the king crab stocks because informa
tion is lacking on the relationship between the parents 
and young crabs. It is not a favourable condition, 
however, that the stock available to the fishery has 
come to be made up largely of very young year classes. 
As is shown in Figure 7 and Table 9, the catch per tan 
values have not sharply decreased in the last three 
years in spite of the fact that the catches have more 
heavily depended on medium and small crabs. It is 
assumed that this may be due to the recruitment level 
being considerably higher than it appears to be. In 
the case of blue crab, the mode of the carapace length 
frequency distribution is located at 160-170 mm, and 
the average size is 9.2 mm larger than that of king 
crab. This size is also 3.6 mm larger than the size 
of blue crab caught in the Oliutorski fishing grounds 
in 1956 by the first operations after the war (Table 10). 

Body length data obtained from the measurements 
of the total samples aboard the motherships and the 
measurements collected by the research vessel are 
now being tabulated. 

3. OBSERVATIONS ON MouLTING AND GoNADs 

Moulting conditions were observed on the crabs 
sampled on motherships from the commercial catches 
(10,559 crabs), on all male crabs taken by repeated 

TABLE 10. Carapace width, carapace length and body weight frequency distributions of the 
blue crab specimens caught commercially in the eastern Bering Sea. 

Carapace width Carapace length Body weight 

Size class No. of Size class No. of Size class No. of 
(mm) crabs % (mm) crabs % (kg) crabs % 

155 4 0.3 135 6 0.4 1.5 (+) 
160 6 0.4 140 7 0.5 2.0 13 1.0 
165 11 0.8 145 27 2 .0 2.5 71 5 . 2 
170 38 2.8 150 87 6.4 3.0 280 20 .6 
175 75 5.5 155 191 14.0 3.5 442 32 .5 
180 132 9.7 160 303 22.3 4.0 309 22 . 7 
185 213 15.7 165 294 21.6 4.5 179 13.2 
190 236 17.4 170 246 18.1 5.0 54 4.0 
195 233 17.1 175 141 10.4 5.5 9 0 .7 
200 178 13.1 180 47 3 .5 6.0 
205 129 9.5 185 8 0.6 6.5 2 0.2 
210 65 4.8 190 2 0.1 Total 1,360 
215 25 1.8 195 0.1 Average 3.52 
220 8 0.6 Total 1,360 
225 6 0.4 Average 163.5 
230 (+) 

Total 1,360 
Average 191.8 
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total sampling of five tans of tanglenets (3,691 crabs) 
and on all male crabs collected by the research vessel 
(2,086 crabs). In order to minimize the observation 
error between different observers, the moulting condi
tions were simply classified into three grades : new, 
old and very-old shells. Data thus obtained are now 
being analyzed by areas, season and size classes. 

Observations of egg-bearing females were made on 
samples taken on the two motherships ( 4, 152 crabs) 
and by the research vessel (2,290 crabs). Conditions 
observed were classified into four categories: Those 
carrying eggs in the zoeal stage, those with egg cases 
remaining but with the zoeae already hatched out, 
those with new eggs, and immature individuals. On 
the basis of these data, daily changes in egg-bearing 
conditions were used in an attempt to define the sea
sonal changes in spawning activity (Table II). Ac
cording to this table, it is indicated that the seasonal 
spawning activity varies considerably from year to 
year. Considering the period from 1960 to 1965, it is 
indicated that up to 1963 the inshore migration and the 
spawning took place earlier and the spawning season 
extended over a longer period. Since 1964, however, 
the trend has been for the inshore migration and the 
spawning to be somewhat delayed, and the spawning 
season has become shorter. Since it is important to 
examine the relationship between the mothership 
fishing operations and the seasonal changes in king 
crab activities, this study is still being continued. 

4. CATCH CoMPOSITION 

The composition in terms of commercial categories 
of crabs caught by test fishing operations of scouting 
vessels and otter trawl operations by the research vessel 
was determined. The exploratory operations for king 
crab by scouting vessels were carried out over a wide 
area from 166°W to 160°W during the fishing season. 
They covered 1,934 stations and caught 62,470 crabs 
by 11,645 tans of net lifted. There was almost no 
incidental catch of blue crab in this area. Scouting 
operations for blue crab were carried out intermittent
ly during the period from mid-May to late August in 
the waters near I 70°W around the Pribilof Islands. 
They covered 139 stations and caught 12,617 crabs by 

I ,390 tans of net. Forty king crabs were included in 
the catch. The research vessel started otter trawl 
operations on May 17 at 58°N, l58°30'W and then 
gradually moved westward until she finished the opera
tion at 56°09'N, 163°45'W on July 20. During this 
period, the research vessel covered 130 stations, most 
of which were located outside of the mothership 
fishing grounds. Stations operated were widely dis
tributed in areas of Bristol Bay that even the scouting 
vessels did not cover. The otter trawl was hauled 
for 30 minutes at every station. The total catch by 
the otter trawl operations amounted to 33,599 crabs, 
ofwhich 87% were tanner crab. 

The annual variations in the catch composition and 
the number of crabs caught per tan (or per haul) by 
scouting vessels and the research vessel are shown in 
Table 12. 

In the catch of king crabs by scouting vessels, hard
shelled males and females amounted to about 25% 
each in 1965. Comparing these values to those of 
past years, the percentage of male crabs was the lowest 
while that of female crabs was the highest ever re
corded. In 1961, tanner crabs replaced hard-shelled 
male king crabs as the most numerous category, and 
since then the proportion of this category in the catch 
has continued to be overwhelmingly greater than that 
of any other, without any conspicuous trend of in
crease or decrease. The percentage of juveniles was 
relatively higher this year, amounting to about 10% 
of the total. However, this is still far lower than the 
percentages of male and female crabs. The percen
tage of new-shelled males has been low not only this 
year but also in all previous years. The catch per 
tan values obtained from the scouting operations this 
year were the lowest for all categories. This may have 
resulted from the fact that there is still serious opera
tional competition between fleets and the scope of 
scouting for fishing grounds has continued to expand. 
The annual variation of the percentages of male and 
juvenile crabs is indicated in Table 12. In these data, 
the size of juveniles was defined as 70-130 mm in 
carapace length, but the qualitative makeup of this 
group is unknown. The category " male crabs " was 
defined as in the range of 130-230 mm in carapace 

TABLE 11. Classification of ecological stages of king crab life history, eastern Bering Sea, 1960-1965. 

Shoreward Duration 
migration Spawning Feeding of 

Year period period period spawning 

1960 ... - May 18 May 19 -June 23 June 24- ... 36 days 
1961 ... - May 10 May II -June 20 June 20- ... 41 
1962 ... - May 7 May 8 -June 30 July I 54 
1963 ... - April 24 April 25 - June 11 June 12- ... 48 
1964 ... - May 9 May 10 -June 20 June 21 42 
1965 . .. - May 8 May 9 -June 3 June 4 26 
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TABLE 12. Yearly changes in catch composition and catch per tan, scouting vessel operations, 1955-1965. 

Catch composition (%) No. of crabs per tan (%) 

Cumulative New- New-
No. of no. of tans shelled Tanner shelled Tanner 

Year sets hauled Catch Males males Juveniles Females crabs Males males Juveniles Females crabs 

1955 931 4,608 62,234 41.4 3.3 17.6 15.7 22.1 5.6 0.4 2.4 2.1 3.0 
1956 790 3,953.5 37,753 50.7 5.7 II. I 26.6 5.9 4.8 0.5 2.5 1.1 0.6 
1957 941 4,970 70,336 69.4 1.8 8.4 13.0 7.4 9.8 0.3 1.2 1.8 1.0 
1958 302 1,505.5 24,497 62.8 0.5 5.9 13.3 17.5 10.2 0.1 1.0 2.2 2.8 
1959 338 1,690 29,937 58.5 1.5 1.2 13.3 25.5 10.4 0.3 0.2 2.4 4.5 
1960 369 1,882 40,969 63.0 1.5 3.7 19.9 11.9 13.7 0.3 0 .8 4.3 2.6 
1961 852 7,494 62,943 38.3 2.4 4.2 15 . 1 40 . 1 3.2 0.2 0.3 1.3 3.4 
1962 2,041 12,551 131,726 36.0 0.9 5.4 19 .2 38.4 3.8 0.1 0.6 2.0 4.0 
1963 4,960 29,771 236,635 29.1 0.7 5.6 11.6 52.9 2.3 0.1 0.4 0.9 4.2 
1964 2,937 18,140 94,019 31.3 3.3 7.0 21.9 36.4 1.6 0.2 0.4 1.1 1.9 
1965 I ,934 11,645 62,470 24.1 1.0 9.3 25.4 40.3 1.3 0.1 0.5 1.4 2.2 
19651 139 1,390 12,617 20.9 1.8 0.8 17.4 59.0 1.9 0.2 0.1 1.6 5.4 
19652 130 (130) 33,599 2.2 4.0 6.8 87.0 (5.8) (10. 3) (17.6) (224.8) 

1 Blue crab caught by scouting vessels ; includes 40 king crab. 
2 King crab caught by a scientific research vessel using an otter trawl. 

length, but more detailed data on length composition 
are not available for this category either. Therefore, 
ln order to look for some quantitative relationship 
between these two groups, each of them was treated 
simply as a single entity, and the relative abundance 
of juveniles in a certain year was compared to that of 
male crabs in the next year or two years after. The 
relative abundance of juveniles shows no noticeable 
annual variation while that of male crabs has de
creased year after year. Therefore, it is clear that 
there is no significant quantitative relationship be
tween these two groups no matter which years are 
compared. It may possibly be assumed from these 
results that either the scouting operations did not cover 
all of the major areas where juveniles are actually 
distributed, or that in the king crab the abundance of 
adults has no very important relationship to the magni
tude of recruitment. However, we cannot discuss the 
parent-young relationship from this limited informa
tion alone. 

Data on blue crab are available only from scouting 
vessel operations in 1965. According to this informa
tion (Table 12), the percentage of tanner crabs in the 
catches of the scouting vessels amounted to 59%, which 
is higher than the percentage of this species observed 
in the king crab fishing grounds. Male and female 
blue crab were the next most important, in that order, 
but the percentages of these groups were somewhat 
smaller than the percentages of male and female king 
crabs observed in the same year. Juveniles were 
negligible. This tendency closely resembles that seen 
in the case of king crab, however, the value is so ex
tremely low that it is assumed that the main area of 
distribution of juveniles may be beyond the coverage 

of the scouting operations. The percentage of new
shelled males was similar to that in the king crab 
catches, the value being extremely small. The catch 
per tan values in the scouting operations for blue crab 
were not high. Compared to the results from the 
scouting operations for king crab, however, the values 
for blue crab are somewhat higher in all groups except 
juveniles. The difference is particularly apparent in 
the case of tanner crabs. 

The catch composition of crabs caught by the re
search vessel is not comparable to those of tanglenets, 
because the research vessel used an otter trawl. In 
the otter trawl catches, female and juvenile crabs oc
curred in far higher percentages than male crabs. 
The percentage of tanner crabs was almost two times 
higher than that observed in the tanglenet catches. 
These differences in the catch composition might be 
taken to be the result of the difference of fishing gear 
used, but it may be more appropriate to ascribe them 
to the difference in the scale of operation of research 
and scouting vessels and the season and area of 
operation. 

5. TAGGING EXPERIMENTS 

The king crab tagging experiments in 1965 were 
carried out by the No. 2 Kumamoto-maru; 531 crabs 
were released. The reason that so few crabs were 
released was the unexpectedly poor catch of male crabs 
by the research vessel. Tagging releases were carried 
out in July in the waters between 56°N and 57°N and 
161 ow and l62°W. Since the mothership fleets were 
operating in the entrance of Bristol Bay during July, 
no tags were recovered in this season. 
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6. TAG RECOVERIES 

The Japanese motherships recovered 574 tagged 
crabs in 1965. Out of this total, 228 were from United 
States releases, 218 from U.S.S.R. releases and 128 
from Japanese releases. For each of these recoveries 
the serial number of the tag and length and width of 
carapace were recorded. Extent of fouling on the 
carapace was recorded for males and condition of the 
eggs carried by females was observed. After the 
motherships returned to port, recovery records and 
tags were all forwarded at one time to the releasing 
agencies. Japanese tagging results are now being 
analyzed. 

7. OTHER INVESTIGATIONS BY THE RESEARCH VESSEL 

At each of the stations assigned to the research vessel, 
other kinds of investigations were conducted, such as 
collection of benthonic organisms with a small dredge, 
B.T. measurement of water temperatures, sampling 
of mud for study ofbottom substance and collection of 
stomachs from crabs caught at specific locations. 
These samples and data are now being studied. 

III. BOTTOMFISH RESEARCH IN THE 
BERING SEA 

I. STUDY OF COMMERCIAL CATCHES AND RESEARCH 

ABOARD MOTHERSHIPS 

A. Outline of the Commercial Fishery 

As in 1964, 14 mothership fleets were engaged in 
the bottomfish fishery in the Bering Sea in 1965. 

Names and tonnages of these motherships are listed in 
Table 13, together with the number of accompanying 
catcher boats by the types of gear they employed. 
Out of 14 fleets, two were fishmeal factoryship fleets 
and 12 were freezership fleets. Fishing areas per
mitted were similar to those of the previous year ; for 
the fishmeal fleets they were the shallow waters east 
of 180°, excluding the regulatory triangle area and that 
part of the king crab fishing grounds in Bristol Bay 
which is closed to trawling, and for the freezership 
fleets they were the waters west of the line connecting 
Cape Navarin and Cape Sarichef on Unimak Island. 
Two freezerships equipped to can shrimp were also 
permitted to operate in the pink shrimp fishing grounds 
north of the Pribilof Islands (bounded by the line from 
Cape Navarin to Cape Sarichef, the parallel of 59°N 
and the meridian of I 70°W). As to the periods of 
operation, two freezership fleets started their opera
tions in January and the other fleets began operating 
in April or May. The majority of the fleets completed 
their operations in late September or early October. 

B. Outline of Commercial Catches 

The total catch in 1965 by the 14 Japanese mother
ship fleets engaged in bottomfish fishing in the Bering 
Sea amounted to approximately 380,000 metric tons, 
or about 30,000 metric tons less than the 1964 catch. 
Total catches of important species and the percentage 
composition are shown in Table 14. A comparison 
of these catches with those in the previous year indi
cates a further increase for pollock of 50,000 metric 
tons while both Pacific cod and rockfishes were at 

TABLE 13. General summary of japanese fleets in the Bering Sea in 1965. 

Gross Pair Otter 
Mothership tonnage trawl trawl 

Gyokuei-maru 10,357 6 
Shikishima-maru 10,144 6 
Aso-maru 3,499 
Tenyo-maru 11,581 
Soyo-maru 11,192 6 
Eijin-maru 7,482 12 
Chichibu-maru 7,472 
No. 2 Meisei-maru 9,356 
Hoyo-maru 14, Ill 10 
Itsukushima-maru 5,871 9 
Seifu-maru 8,269 
No. 3 T enyo-maru 3,698 
No. 25 Kowshiro-maru 395 
Tone-maru 535 
Total 37 14 

Number of catcher boats 

Danish 
seine 

20 
12 

9 
21 

10 

19 
5 
7 

104 

Longline 
and 
gillnet 

3 

4 
16 

3 
2 

Longline, 
gillnet 
and 
Danish 
seine 

2 
2 

6 
3 
3 

8 

5 

28 31 

Total 

28 
23 

· -~ ·1~ 
15 
12 
8 

30 

'"....::-.: 18 
28 

1 
3 
2 

214 



62 ANNUAL REPORT 1965 - NORTH PACIFIC COMMISSION 

almost the same level as in 1964. For all other species, 
the catch this year was smaller than in 1964. In 
particular, the catches of flounders and shrimps de
creased considerably. Presumably, the most import
ant cause of these decreases was that the trawl opera
tions were mainly aimed at pollock. The total catch 
of halibut in 1965 amounted to only 1,600 metric tons, 
probably because there were very few halibut longline 
operations. Halibut fishing was permitted from April 
4 to II in the regulatory triangle area in 1965, but no 
Japanese fishing vessels operated there. 

TABLE 14. Catch by species in the Bering Sea in 1965. 

Catch 
Species (in metric tons) Percentage 

Halibut l ,622 0.4 
Yellowfin sole 17,935 4.7 
Turbot 10,321 2.7 
Other flounders 6,043 1.6 
Pacific cod 19,515 5.1 
Pacific pollock 231,658 60.8 
B1ackcod 3,758 1.0 
Pacific ocean perch 46,279 12.1 
Other rockfishes 205 0.1 
Herring 33,426 8.5 
Other fishes 758 0.2 
Shrimps 9,761 2.6 
Total 381,281 99 .8 

C. Research Aboard Motherships 

Again in 1965, all of the mothership fleets engaged 
in the bottomfish fishery in the Bering Sea were re
quested to carry out biological investigations by the 
same methods that were employed last year. These 
investigations included random sampling from the 
catch for body length measurements, collection of 
samples for age determination and other detailed 
biological measurements for major species. These 
data are now being analyzed. 

2. RESEARCH BY RESEARCH VESSELS 

A. Outline of Research Activity 

The Japanese Fisheries Agency sent the side trawler 
No. 11 Taiyo-maru (294 g.t.) to the fishing grounds 
during two months from May through June for the 
purpose of investigating the stocks of important bot
tomfishes in the Bering Sea and the western Gulf of 
Alaska. In these investigations, emphasis was placed 
on extensive collection of various kinds of biological 
information necessary for the study of the resources 
of important species. In addition, tagging of halibut 
and blackcod was also an important item. As a 
special project, fishing experiments to compare North 
American and Japanese longlines were carried out. 

The investigations of the No. 11 Taiyo-maru, all of 
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which were carried out with trawl and longlines, 
began on May 1 and were completed on June 30. 
During this period, 27 trawl hauls and 16 longlining
days (about 820 hachi) were completed, and 814 
halibut, 600 blackcod and 21 of other species were 
tagged and released. 

B. Research by Longlines 

During the research operations of the No. 11 Taiyo
maru, a total of 15 longlining-days of experimental 
operations were carried out in the regulatory triangle 
area of the Bering Sea and in the waters south of 
Kodiak Island in the Gulf of Alaska. In the two days 
of fishing in the regulatory triangle area, no data were 
obtained because most of the fish caught were damaged 
by sea lions and other predators. The research vessel 
therefore moved into the Gulf of Alaska. The results 
obtained in the Gulf of Alaska are shown in Table 15. 
In the longline study of 1964, comparative experi
ments were carried out by setting the North American 
and the Japanese longlines alternately. Since it is 
considered that there are four points of difference 
between these two types of gear, i.e., ( 1) distance be
tween gangions, (2) size of hooks, (3) kinds of bait 
and ( 4) size of bait, the catches were analyzed to dis
cern the differences caused by these factors . Although 
the data are still being analyzed, the following points 
have been clarified so far in the relationship between 
the distance between gangions and the catch. It is 
clearly shown that the catch varies both in quality or 
in quantity according to the distance between gangions, 
so that there is an optimum distance depending on the 
objective. On fishing grounds for halibut and black
cod, the largest catches in weight were made by long
lines with 3.0-4.5 m between gangions. For halibut 
fishing, catches of larger halibut can be expected by 
making the distance longer, but if the catch per hook 
is taken into consideration, an interval of 4.5-6.0 m 
is superior. The result of the fishing mostly for black
cod indicated, however, that a longer interval will 
not result in a higher proportion of larger fish. The 
highest catch per hachi was made by setting the in
terval at 1.5-3.0 m, but an interval of 3.0-4.5 m may 
be the most efficient if the catch per hook is taken into 
consideration. These results. cannot be said to be 
applicable to every case, because the optimum dis
tance may change depending on the quantitative and 
qualitative make-up of the fish stock in question, and 
operational cost must also be considered. It is shown, 
however, that the gangion interval is one of the factors 
controlling the catch. 

C. Research by Trawl 

During the 1965 research by the No. 11 Taiyo-maru, 

97 trawl hauls were made in the Bering Sea ·and 21 
in the Gulf of Alaska west of Kodiak Island. The 
record of these operations together with catches of 
important species are shown in Tables 16 and 17. 
The trawl operations in the Bering Sea were conducted 
mostly during May. Out of 97 hauls, 41 were made 
on the Bering Sea Flats in waters shallower than 200 m 
and 56 sets along the edge of the shelf in the depth of 
200-450 m. A total of 163 halibut were incidentally 
caught by I 0 hauls out of the 41 on the Flats, while 
1,010 halibut were caught by 42 hauls out of 56 on 
the edge. The body length composition of the halibut 
caught is shown by areas in Table 18. In all of these 
areas, fish smaller than 70 em predominated in the 
catches, and the percentage of smaller halibut was 
more than 90% on the Flats. In the Gulf of Alaska, 
13 hauls for fish were made, and halibut were caught 
incidentally in seven of them, while halibut were 
caught by all eight hauls in the shrimp net operations. 
The percentages of halibut by weight were 0.3% and 
3.4% in the catches of the fish trawls and shrimp 
trawls, respectively. The length composition of the 
catches is shown in Table 19. 

3. TAGGING ExPERIMENTS 

During the 1965 season, 1,150 halibut were tagged 
by Japanese vessels, 719 in the Bering Sea and 317 in 
the Gulf of Alaska. In addition, there were 364 
releases of halibut in the Bering Sea a~d 329 in the 
Gulf of Alaska in 1964 which have not been reported 
before. The numbers of halibut released by areas 
are indicated in Figure 8. Tagging operations were 
conducted mainly by the research vessel No. 11 Taiyo
maru, and partly by some commercial vessels attached 
to the motherships. All of the tagged halibut released 
in 1965 and those released in 1964 (Figure 8) were 
caught by trawl. The numbers of halibut tagged by 
Japan, by years and areas, are listed in Table 20. 

180 170W 

FIGURE 8. Numbers of halibut tagged in 1965 (including some 
tagged in 1964 and not previously reported). 
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TABLE 16. Trawl fishing log for the No. 11 Ta!Jio-maru in the Bering Sea, May and June, 1965. 

Location Yellow-
Total fin Oper 

no. Date Lat. (N) Long. Depth(m) Start1 
Duration 

(min) catch Halibut sole Rock sole 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

5/4 
5/4 
5 /4 
5/5 
5/5 
5/5 
5f6 
5f7 
5/7 
5/8 
5/8 
5/8 
5/9 
5f9 
5/9 
5/9 
5/9 
5/9 
5/10 
5/10 
5/10 
5/11 
5/11 
5/11 
5/12 
5/12 
5/12 
5/13 
5/13 
5/13 
5fl4 
5fl4 
5fl4 
5/14 
5/14 
5/15 
5/15 
5/15 
5/15 
5/15 
5/15 
5/16 
5/16 
5/16 
5fl7 
5/17 
5/17 
5fl7 
5/18 
5/18 
5/18 

54-46 
54-57 
54-59 
55-36 
55-36 
56-09 
56-10 
56-10 
56-17 
55- 58 
55-47 
55- 30 
55- 06 
55- 05 
55- 04 
55- 05 
54- 53 
54- 52 
55- 36 
56- 11 
56- 17 
56- 56 
57- 00 
57- 33 
57- 37 
58- 15 
58- 08 
58-10 
58- 08 
58- 07 
58- 01 
58- 09 
58- 13 
58- 26 
58- 30 
58- 30 
58- 31 
58- 31 
58- 32 
58-40 
58- 41 
58- 35 
58- 55 
58- 53 
59- 13 
59- 14 
59- 18 
59- 12 
58- 35 
58- 37 
58- 52 

165- 41W 
166-03W 
167-00W 
167-04W 
168- 12W 
168- 16W 
169- 0IW 
170- 08W 
17I----n3W 
169- 50W 
168- 49W 
168- 16W 
167- 45W 
167 IW 
167- 37W 
167- 40W 
167- 21W 
167- 17W 
165-46W 
165- 47W 
166-53W 
166- 56W 
!67- 58W 
I68----n4W 
169- 09W 
169- 09W 
170-IOW 
170- 58W 
170- 51W 
170- 57W 
170- 50W 
170- 58W 
170- 54W 
171 - 26W 
171- 32W 
171- 49W 
171- 58W 
172- 05W 
172- 00W 
172----n9W 
172- 16W 
172- 42W 
172- 51W 
173- 29W 
173- 23W 
173- 27W 
174- 24W 
175- 21W 
176-51W 
177- IOW 
177- 39W 

1 Japanese standard time (135°E) plus four hours. 

202 
138 
170 
136 
144 
160 
314 
120 
!55 
305 
350 
240 
325 
363 
358 
370 
390 
405 
116 
94 

114 
74 
78 
70 
68 
68 
73 
85 
85 
86 
84 
86 
86 
94 
94 
99 

102 
100 
100 
101 
102 
105 
102 
116 
106 
106 
118 
133 
350 
352 
139 

0610 
1015 
1620 
0520 
1200 
1700 
0630 
1220 
1735 
0615 
1435 
1845 
0455 
0635 
0910 
1045 
1530 
1610 
0620 
1150 
1740 
0545 
1205 
1730 
0550 
1150 
1750 
0550 
1105 
1255 
0630 
0850 
1335 
1820 
2015 
0525 
0725 
0935 
1215 
1655 
1900 
0840 
1220 
1545 
0520 
0645 
1150 
1730 
0555 
0905 
0345 

30 
45 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
45 
60 

40 
40 
40 
40 
40 
40 
40 
40 
40 
50 
60 

75 
90 

120 
90 
90 
80 
90 
90 
90 
90 
90 
90 
40 
40 
40 
40 

40 
40 
40 
40 
40 

25 
65 25 
25 14 

246 8 
294 
226 

15 
3 

3,554 31 
532 10 
621 2 
598 
423 

1,081 8 
3,067 68 
5,295 167 
4,918 136 
4,921 91 
2,236 136 
1,327 
1,635 

912 
765 
220 
261 

1,537 
200 
110 
260 
681 
483 

1,744 
1,891 

2,793 
385 

1,178 
752 

2,377 
1,097 
1,701 
I, 722 
1,055 

344 
226 
264 

220 
86 

168 
198 

197 
37 
12 
98 

6 
10 
0 

0 

1,001 71 
216 12 
601 8 

0 

110 
1,437 

200 
60 

250 
0 
0 

0 

60 
14 
10 
28 

850 
300 
202 
908 

75 

6 

0 

24 
100 
92 

0 
0 

0 

2 The scientific name of the pink shrimp caught in northern Pacific waters is Panda/us borealis, not P. jordani as reported in the 
1963 and 1964 Annual Reports. 
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Green- Pacific Side-
Flathead land Other Pacific Pacific ocean Other Pink striped 
sole Turbot halibut flounders pollock cod Black cod perch Herring fishes shrimp2 shrimp Others 

25 
10 30 
8 2 

63 26 64 61 24 
7 11 200 44 11 

223 
33 670 552 25 2,208 35 
23 56 404 22 17 
0 45 0 558 16 0 
0 40 0 25 23 510 0 
0 55 177 21 170 
0 1,030 25 18 

2,581 360 13 24 21 
4,750 128 250 
4,208 343 231 
4,500 160 170 

0 I ,850 56 45 20 129 
0 936 79 49 50 16 

63 25 0 I ,380 120 10 
0 0 0 800 100 0 0 

83 211 20 253 83 17 
26 8 0 0 56 100 
0 0 0 30 10 

7 
0 0 

0 0 50 
10 0 0 

120 0 0 561 
330 0 0 !53 
300 0 0 1,444 
959 0 932 

............... no catch-broken net .................................................................................................................................... 
2,505 15 213 

243 0 0 128 
0 60 0 30 1,078 
0 450 0 274 
0 0 I, Ill 416 0 
0 605 0 0 192 0 

419 397 70 613 
0 209 0 225 380 

23 0 39 17 15 866 20 
0 51 96 146 51 
9 49 64 67 37 

51 45 0 168 
35 0 16 79 58 32 
10 II 15 29 21 
23 25 72 48 

78 120 0 
44 38 606 118 0 102 0 22 
10 26 0 0 128 40 
23 25 250 45 0 250 

Continued ... 
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TABLE 16. (Continued). 

Oper. 
no. 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

92 
93 
94 
95 
96 
97 

Date 

5/18 
5/19 
5/19 
5/19 
5/19 
5/19 
5/19 
5/20 
5/20 
5/20 
5/20 
5/20 
5/21 
5/21 
5/21 
5/21 
5/21 
5/22 
5/22 
5f22 
5/22 
5f22 
5/22 
5/23 
5/23 
5/23 
5/24 
5/24 
5/24 
5/25 
5/25 
5f25 
5f26 
5/26 
5/26 
5/27 
5/27 
5/27 
5f28 
6f5 

Location 

Lat. (N) 

58-58 
59-03 
59-15 
59-17 
59-34 
59-40 
59-39 
59-48 
59-48 
60- 00 
60- 27 
60-29 
60- 34 
60- 30 
60- 30 
60- 31 
60- 46 
61 - 09 
61 - 06 
61- 10 
61- 03 
61- 07 
61 - 09 
61- 12 
61 - 17 
61 - 14 
60-33 
60- 37 
60- 11 
60- 01 
59-34 
59- 00 
58- 51 
58- 25 
58- 19 
58- 04 
57- 47 
57- 27 
56- 54 
54-34 

Long. 

178-07W 
178-13W 
177-47W 
177-42W 
177-49W 
177-51W 
177-27W 
178-15W 
178-15W 
178-59W 
178- 49W 
178- 52W 
178- 26W 
178- 44W 
178-52W 
178- 51W 
179- 19W 
178- 58E 
179- 00E 
178- 51 E 
179- 00E 
179- 04E 
178-55E 
179- 38W 
177- 53W 
176-35W 
176-20W 
177-29W 
176-53W 
175-32W 
176-19W 
177-02W 
175-59W 
175-25W 
173-56W 
172-46W 
171-46W 
172-41W 
173-09W 
165-37W 

Depth(m) 

300 
145 
386 
400 
300 
220 
200 
140 
140 
320 
350 
330 
172 
252 
325 
420 
440 
310 
344 
320 
325 
320 
310 
165 
150 
112 
124 
152 
144 
120 
135 
135 
128 
330 
120 
106 
102 
115 
132 
280 

N. B. Vessel moved to Gulf of Alaska-see Table 17. 
6/29 54- 40 165-30W 225 
6/ 29 54- 41 165- 29W 230 
6/29 54- 44 165- 38W 235 
6/29 54- 43 165- 42W 268 
6/30 56- 39 168- 42W 100 
6/ 30 56- 46 168- 55W 96 

Start1 

1720 
0525 
0855 
1035 
1415 
1655 
1925 
0550 
0655 
1110 
1610 
1740 
0540 
0820 
1010 
1155 
1525 
0610 
0735 
0920 
1147 

1715 
0535 
1230 
1840 
0545 
1045 
1615 
0550 
1150 
1835 
0555 
1210 
1840 
0530 
1155 
1745 
1135 
1210 

0510 
0625 
0840 
1105 
0720 
0930 

Duration 
(min) 

40 
40 
40 
60 
40 

40 
40 
40 
60 
40 

40 
40 
40 
55 
50 
40 
60 
90 
90 
90 
90 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
60 

40 
40 
60 
40 
50 
50 

Yellow-
Total fin 
catch Halibut sole Rock sole 

929 
138 
626 

5 
7 

19 
1,620 24 

257 18 
372 0 
195 

163 
704 3 
414 26 
318 23 
307 

1,002 
183 

8 
39 

141 17 
35 

179 
1,039 

714 
831 

I ,524 
398 
121 
26 

126 
49 
74 

102 
40 
68 

172 
380 
359 

2,494 
3,122 
I, 101 
2,035 

510 
4,500 

150 
10 

533 
533 
26 
31 

42 
108 
204 
58 

118 
63 

2 

50 

2 

3 
8 

13 
0 

0 
0 

0 
0 

0 

9 
0 

15 
12 
60 
8 

0 
0 

46 

0 
0 

0 

0 
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Green- Pacific Side-
Flathead land Other Pacific Pacific ocean Other Pink striped 
sole Turbot halibut flounders pollock cod Black cod perch Herring fishes shrimp• shrimp Others 

79 166 0 3 605 71 
30 31 0 32 38 0 

106 204 220 7 50 0 20 
75 999 400 102 20 
94 76 0 18 8 3 40 0 0 0 
14 110 45 125 78 0 0 0 
0 24 142 12 0 17 

.. ...... .. ..... no catch- broken net .... . .... . .. .. . ........... ........ ...... .. ... ... . .......... ... ....... . ... .. ....... . ........ .. . . ...... .. . ...... .. ... ... . .... .... .... . 
0 17 0 80 39 0 7 0 20 
0 142 20 40 27 72 400 0 

34 255 35 0 29 15 18 0 2 
0 200 60 0 15 20 0 

11 17 10 151 98 0 0 19 
7 51 35 787 110 4 0 

22 75 20 8 18 0 
20 93 11 

11 20 4 
15 102 11 0 
23 385 500 13 10 0 0 
42 361 75 5 12 0 0 

195 380 104 30 52 0 
247 616 357 0 41 85 0 
23 220 74 0 1 9 0 
0 0 0 0 46 75 0 0 
0 25 0 0 0 0 

24 15 0 18 69 
15 0 11 23 0 
37 0 33 4 

0 0 80 22 0 
30 0 10 0 

0 0 60 0 3 5 0 
40 0 0 120 10 
19 26 15 160 110 
55 81 26 27 170 0 0 
10 0 1,887 142 407 
0 0 0 2,252 770 100 

0 960 138 0 0 
17 0 1,945 65 
32 Ill 0 354 0 0 0 
0 3,500 0 1,000 0 

0 50 75 0 10 15 
0 0 10 0 0 0 0 
0 20 245 268 0 0 0 
0 27 360 125 8 12 0 0 
0 0 15 10 0 
0 10 15 6 0 
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TABLE 17. Trawl fishing log for the No. 11 Taiyo-maru in the Gulf of Alaska, June 1965. 

Location Yellow-
Oper. Duration Total fin 
no. Date Lat. (N) Long. (W) Depth (m) Start1 (min) catch Halibut sole Rock sole 

I 6!7 53-54 163-53 74 1840 40 25 3 
2 6/8 54-07 161-41 140 0710 40 281 
3 6/8 54-18 160-21 200 1515 35 726 3 0 
4 6/9 54-56 157-20 200 0640 20 1,618 0 
5 6/9 55-27 155-47 210 1715 40 2,105 4 
6 6/ 16 55-39 156-03 204 0530 40 217 17 
7 6/ 17 55-40 155-22 200 0700 40 403 3 
8 6f!7 56-02 154-45 196 1730 40 1,421 3 
9 6f!7 56-14 154-15 130 1610 40 145 

10 6f !7 56-15 154-13 124 1737 40 272 5 0 0 
II 6/18 56-14 153-28 230 0550 40 1,305 
12 6/18 56-21 152-49 210 !055 40 800 
13 6/ 18 56-34 152-25 250 1515 40 1,226 3 
14 6/25 56-45 152-32 148 1115 40 674 22 0 
15 6/25 56-35 153-10 1!0 1515 40 739 36 0 0 
16 6/26 55-52 156-06 144 05!0 40 135 4 0 
17 6/26 55-33 157-00 88 1120 40 210 9 35 
18 6/26 55-19 157-52 82 1615 40 769 4 0 
19 6/27 55-52 158-04 78 0430 40 573 18 
20 6/27 55-38 158-56 160 0925 40 195 21 
21 6/27 55-26 159-35 156 1320 40 266 9 0 

1 Japanese standard time (135° E) plus four hours. 
2 The scientific name of the pink shrimp caught in northern Pacific waters is Pandalus borealis, not P. jordani as reported in the 

1963 and 1964 Annual Reports. 
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Green- Pacific Side-
Flathead land Other Pacific Pacific ocean Other Pink striped 
sole Turbot halibut flounders pollock cod Blackcod perch Herring fishes shrimp2 shrimp Others 

8 2 12 
281 

141 312 55 215 0 
0 22 0 1,596 0 

0 10 35 24 0 54 1,870 108 0 
11 73 22 41 7 3 5 38 
4 12 10 160 10 0 187 17 
0 16 21 70 20 2 1,275 14 

145 
5 0 12 160 50 0 10 30 
0 7 40 9 45 I 1,147 50 6 
0 24 31 410 3 12 300 20 
0 175 109 115 12 52 300 460 

70 300 0 0 0 12 180 25 65 
0 0 400 45 13 200 40 5 

14 11 50 0 2 4 50 
0 0 0 6 0 160 

0 750 15 0 
0 0 120 15 0 0 420 
0 0 10 100 16 35 12 

65 100 30 22 2 0 0 13 25 0 



70 ANNUAL REPORT 1965- NORTH PACIFIC COMMISSION 

TABLE 18. Size composition of halibut caught in the Bering Sea by the No. ll Ta!J!o-maru with trawls. 

Edge area Flats area 

Fork length 165°W- 170°W- 175°W- !80°- 165°W- !70°W- 175°W-
(em) !70°W 175°W 180° 175°E Total (%) 170°W 175°W 180° Total (%) 

-20 I I 0.1 
- 30 I I 2 0.2 10 10 0.6 
-40 23 12 13 48 4.8 42 25 67 41.1 
- 50 108 23 75 207 20.3 28 16 44 27.0 
- 60 226 136 100 463 45 .5 20 3 23 14 . 1 
-70 141 44 27 212 20.8 6 3 9 5.5 
- 80 31 9 7 47 4.7 5 5 3.1 
-90 6 I 3 10 1.0 I I 0.6 
- 100 3 I 4 0.4 
-110 2 4 7 0.7 2 1.2 
- 120 2 2 0.2 I 0.6 
- 130 
-140 4 5 0 .5 
- 150 I I 0.1 0.6 
- 160 
-170 I I 

Total 541 2 228 239 (1,010) 114 48 (163) 

TABLE 19. Size composition of halibut caught by the No. 11 TaiJ!o-maru in the Gulf of Alaska. 

Longline 
Trawl Fork length 

5/12 total (em) 5/9 5f10 5/11 5/13 5/14 5/ 15 5/ 22 Total 

- 20 2 
- 25 4 
- 30 4 
- 35 7 
- 40 4 
- 45 3 
- 50 I I I 
- 55 2 5 5 13 I 
- 60 7 8 3 I 2 22 
- 65 4 3 12 2 I 3 2 27 
- 70 6 16 I I 2 I I 28 2 
- 75 4 15 4 3 4 4 I 36 I 
- 80 7 10 I I I I 22 
- 85 5 I 3 I II 
- 90 3 3 6 
- 95 I 6 2 11 
- 100 2 I 5 
- 105 I 3 
- 110 I 2 5 9 
- 115 2 I 3 
- 120 I 2 
- 125 I 2 
- 130 I I 3 
- 135 2 I 4 
- 140 I I 2 
- 145 2 I 5 
- 150 I 2 4 
- 155 I I 2 
- 160 2 I 4 
- 165 I I 
- 170 
- 175 I I 

Total 35 7 90 19 23 26 19 9 228 29 
66cm and 

over 14 3 26 5 2 2 10 2 64 26 
Less than 

66cm 21 4 64 14 21 24 9 7 164 3 



Year 
released 

1962 
1963 
1964 
1965 
Total 

RESEARCH BY JAPAN 

TABLE 20. Number of halibut released, by year. 

Year Bering Sea Gulf of Alaska Total 

1962 173 205 378 
1963 916 1,688 2,604 
1964 669 673 1,342 
1965 719 317 1,036 
Total 2,477 2,883 5,360 

TABLE 21. Number of Japanese-tagged halibut recovered by Japan, by year. 

1962 

3 

3 

Year of recovery 

1963 

9 
25 

34 

1964 

16 
6 

23 

1965 

0 
2 

0 
3 
5 

Total 

13 
43 
6 
3 

65 

TABLE 22. Number of Japanese-tagged halibut recovered by U.S. and Canadian vessels, by year. 

Year 
released 

1962 
1963 
1964 
Total 

1962 

7 

7 

Year of recovery 

1963 1964 

3 I 
6 
I 

4 8 

1965 Total 

0 II 
8 15 
2 3 

10 29 
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B. Recoveries of Tagged Halibut 
years, but the recovery off Cape Navarin of a halibut 
released near the Fox Islands was notable. 

Ninety-four halibut tagged by Japan were reported 
as recovered up to the end of 1965. As is shown in 
Tables 21 and 22, 65 were recovered by Japanese 
vessels and 29 by Canadian and United States vessels. 
Out of these recovered halibut, five were recovered by 
Japanese vessels and ten by Canadian and United 
States vessels during 1965. For the 14 halibut re
covered in 1965 for which the locations both of release 
and recovery are known, the movements of these fish 
are shown by the straight lines from the place of release 
to the place of recovery in Figure 9. The results 
generally confirm the information obtained in past 

170l 110 II OW .... 
FIGuRE 9. Movements of halibut recovered in 1965 from Japa

nese tagging. 
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In 1965 research by the United States for the Inter
national North Pacific Fisheries Commission (INPFC) 
followed essentially the same lines as in 1964. Activ
ities included research on (I) distribution, relative 
abundance, and migrations of high seas salmon, (2) 
areas of origin of high seas salmon, (3) the ocean en
vironment and its influence on salmon, ( 4) ocean 
mortality and growth of salmon, and (5) king crab 
stocks of the eastern Bering Sea. Intensive field tests 
were started to determine mortality of salmon during 
their last few weeks of ocean life and rates of dropout 
(salmon caught but not landed) during high seas gill
netting. 

This report describes the progress on investigations 
in 1965. As in past years, studies on tagging and 
sampling were carried out by the Fisheries Research 
Institute, University of Washington, under contract 
to the Bureau of Commercial Fisheries. Research on 
eastern Bering Sea stocks of king crab is being con
ducted by the Bureau's Biological Laboratory, Auke 
Bay, Alaska. The remainder of the work was done 
by the Bureau's Biological Laboratory, Seattle. Two 
manuscripts by the Seattle Biological Laboratory de
scribing research findings for 1956-60 on eastern Bering 
Sea king crabs are to be submitted for publication in 
1966. 

The United States is cooperating in groundfish 
studies on Bering Sea and Gulf of Alaska stocks with 
Canada, Japan, and the International Pacific Halibut 
Commission. Progress in these studies is reported in 

the Proceedings of the Twelfth Annual Meeting (1965) 
of the International North Pacific Fisheries Com
mission. 

TAGGING AND SAMPLING 

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

The Fisheries Research Institute of the College of 
Fisheries, University of Washington, under contract 
to the U.S. Fish and Wildlife Service, Bureau of Com
mercial Fisheries, sampled and tagged salmon on the 
high seas in a program similar to that of 1964. Tag 
recovery effort in 1965 was similar to that in earlier 
years except that the reward for tags recovered in the 
year of release was increased from $1 to $3 to con
form to practices of the Bureau of Commercial Fish
eries. Advertising and visitation work to promote 
recoveries in the Bristol Bay area was handled by 
personnel of the Bureau of Commercial Fisheries since 
they were engaged in the recovery of large numbers 
of tags from their mortality and growth experiments. 
The 1965 work is described under the following three 
main headings : ( 1) Gulf of Alaska longlining ; (2) 
Central Aleutian purse-seine indexing; and (3) seining 
of fingerling salmon in the Gulf of Alaska. 

GULF OF ALASKA LONGLINING 

Objectives were to fish and tag over wide areas of 
the Gulf starting early in the season to compare abun
dance, distribution, and migrations of salmon (mainly 
mature) with those in earlier years. This longline 
operation was coordinated with similar operations by 
Canada and by Japan. Some samples of sockeye 
salmon (I ,638) were frozen and sent to the Fisheries 
Research Board of Canada's Biological Station at 
Nanaimo, British Columbia, for racial identification 
by means of meristic characters and parasites. Cana
da kindly loaned a brine freezer and cold storage boxes 
for installation on the vessel Storm. Some pink salmon 
(381) were preserved by salting and sent to Nanaimo 
to determine vertebral counts for use in identification 
of stocks. A secondary objective was to fish with a 
purse seine in the southern part of the Gulf of Alaska 
to extend our knowledge of the early-season migra-
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tions of immature sockeye and chum salmon. Opera
tions by U.S. vessels for the above work were as 
follows: 

Vessel 

Commander 

Storm 
Karen T. 

Dates of operation 

April 10-June 7 

April 20-July 12 
May 21-July 3 

Gear 

Longline (principal gear) 
Purse seine (secondary gear) 
Longline 
Longline 

The joint longline sampling and tagging in the 
Gulf of Alaska was the most comprehensive to date. 
Three Canadian and three U.S. boats repeatedly 
sampled a grid of stations between lats. 43°N and 
S9°N, westward to long. 1SS0 W. Mter May 20 
most fishing was in the northern and eastern Gulf. 
Canadian vessels operated from April 1 to June 7. 
Two Japanese vessels fished in the northwestern part 
of the Gulf at a series of stations between Adak and 
Kodiak in late May. Details of the Canadian and 
Japanese operations are available in other parts of 
the Annual Report. 

In general, the catches in 196S indicated distribu
tion and seasonal migration similar to that of earlier 
years. Numbers caught and tagged by U.S. vessels 
in the Gulf longline operation are listed by statistical 
area in Table 1. 

Mature sockeye salmon were most abundant in the 
northwestern Gulf of Alaska in April and May (north 
oflat. S0°N and west oflong. 140°W) and apparently 
many shifted westward as the season progressed. Scale 

\l 
s s 

examinations showed a high proportion of fish of the 
Bristol Bay type in the northwestern Gulf through 
June 10. Subsequently tag returns verified the im
portance of Bristol Bay stocks in this area. In April 
and early May the immature sockeye occurred mainly 
south of lat. S0°N, extending to about 46°N; they 
shifted northward with the season. 

Chum salmon were dispersed widely throughout the 
sampling period and showed little evidence of con
centration. Immature chum salmon were farther to 
the south than the mature fish, as noted above for 
immature sockeye salmon. 

Pink salmon were located in April in a belt ap
proximately between lats. 43° and S0°N. The 
greatest abundance was in the eastern half of the Gulf. 
In May and June the areas of greatest abundance 
shifted northward, particularly in the eastern Gulf. 
General abundance through June lS, where data could 
be compared, was slightly less than in the previous 
cycle year (1963). Catches in the northern Gulf were 
clearly less than in 1963 ; the drop presumably indi
cates a poorer early run in 196S. Catches in the ex
treme southeastern Gulf (east of long. 130°W) were 
also notably less than in 1963. Catches in July indi
cated a northwestward shift of pink salmon in the 
northern Gulf. Operations were ended before these 
stocks could be followed farther coastward, but tag
ging in earlier years has indicated fish in the north
central Gulf to be a mixture destined mainly for 
Kodiak Island, Cook Inlet, Prince William Sound, 

~ ~·· , .. 
:,'• 

hrf' 

.f 

W7548 wlO•B 

W754o W7{)46 

'W7Sil4 WlOii.S 
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FIGURE I. INPFC North Pacific area coding as modified for tagging. 
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TABLE I. Longline and purse seine catch and tagging data by statistical areas, Fisheries Research Institute vessels, 1965. 
LONGLINE OPERATIONS 

Number Numbers caught and (in parentheses) 
of numbers tagged 

Area Inclusive longline Total 
(Fig. I) dates sets skates Sockeye Chum Pink Coho Chinook Steelhead Total 

W7052 6/7 15 129(90) 4(4) 8(4) 0(0) 0(0) 0(0) 141 (98) 
W6054 5/23 20 281 (47) 5(5) 0(0) 0(0) 0(0) 0(0) 286(52) 
W6052 6/4 20 76(6) 4(3) 4(4) 0(0) 0(0) 0(0) 84(13) 

W6050 5/25 10 21 (0) 3(1) 0(0) 0(0) 0(0) 0(0) 24(1) 
W6048 5f26-5 f27 2 40 60(2) 21 (13) 30 (17) 0(0) 0(0) 9(7) 120(39) 

W5558 5/28 II 10(9) 19(16) 0(0) 0(0) 0(0) 0(0) 29(25) 
W5556 5/20- 6/30 3 60 276(1I9) 52(45) 6(4) 0(0) 0(0) 0(0) 334(168) 
W5554 5f!4-7f1 4 65 131 (0) 20(15) 10(9) 0(0) 0(0) 0(0) 161 (24) 
W5552 6/4 15 16(12) 1 (!) 3(3) 0(0) 0(0) 0(0) 20(16) 
W5550 5/10-6/3 5 84 187 (20) 31(28) 41 (34) 0(0) 0(0) 3(2) 262(84) 
W5548 5/28 I 20 !0(0) 5(5) 24(15) 0(0) I (0) 18(18) 58 (38) 

W5546 4/23-4/24 2 30 0(0) 6(5) II (3) 0(0) 0(0) 0(0) 17 (8) 
W5544 4/22 19 0(0) 0(0) 2(1) 0(0) 0(0) 0(0) 2 (!) 
W5058 5f31-6/15 3 31 68(45) 12 (12) 0(0) 0(0) 0(0) I (0) 81 (57) 
W5056 5/25-6/13 6 63 363(170) 15(9) 3 (!) 0(0) 0(0) 0(0) 381 (180) 
W5054 6/13-7/2 2 30 28(0) 3(3) 14 (13) 0(0) 0(0) I (0) 46(16) 
W5052 5/13-6/14 3 60 399(0) 15(8) 50(47) 0(0) 0(0) 2(2) 466(57) 
W5050 5/11-6/2 3 45 242(33) 28 (22) 44(27) 0(0) 0(0) 2(1) 316(83) 
W5048 5/8-5/29 2 40 156(6) 10(7) 33 (20) 0(0) I (0) II (8) 211 (35) 
W5046 4/25 !0 0(0) 3 (2) I (I) 0(0) 0(0) 0(0) 4(3) 
W5044 4/21 1 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
W4558 6/1-6/28 6 80 104(60) 90(76) 56(48) 5(5) 0(0) I (0) 256(189) 
W4556 5f23-7f5 7 78 264(102) 105(86) 170(155) 9(5) 0(0) 7 (7) 555(355) 
W4554 6/15-7/6 3 48 101 (9) 20 (14) 81 (66) 10(8) 1 (0) 9(6) 222 (103) 
W4550 5/13 1 10 10(10) 5(4) 7 (5) 0(0) 0(0) 4(4) 26(23) 
W4548 5f7-6f1 3 45 59(23) 21 (16) 31 (20) 4(4) 0(0) 19(13) !34(76) 
W4546 4/26-5/31 5 60 II (6) 53 (31) 65(32) 4(4) 0(0) 20(18) !53 (91) 
W4544 4/19 10 0(0) I (0) 16(11) 0(0) 0(0) 0(0) 17 (II) 
W4542 4/20 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
W4058 6f4-6f26 5 67 13(8) 25(15) 125(85) 5(2) 0(0) 0(0) !68(1I2) 
W4056 5f22-6f25 7 79 38(20) 16(8) 219(150) 8(7) 0(0) 3(3) 284(188) 
W4054 6f18-7f7 2 30 52(0) 9(7) 95 (69) 4(4) 0(0) 4(2) 164 (82) 
W4052 6f17-6f29 2 30 24(0) 9(5) 94(78) 4 (1) 0(0) 4(2) 135(86) 
W4048 5f30 1 15 2(1) 15 (12) 37 (25) 7 (3) 0(0) I (I) 62(42) 
W4046 4f27-5f17 6 88 40(22) 30(19) 94(40) 4(2) 0(0) 21 (15) 189(98) 
W4042 4/18 1 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
W3552 6/19-6/30 2 20 2(0) 6(4) 48(44) 6(3) 0(0) 2(1) 64(52) 
W3548 5f8-7f9 3 55 17 (4) 51 (29) 49(31) 13(12) I (0) 3(3) 134(79) 
W3546 4/24-5/19 6 59 1 (1) 27 (14) 97 (27) 3(2) 0(0) 4(2) 132(46) 
W3542 4/16-4/17 2 20 0(0) 0(0) 0(0) 1 (0) 0(0) 0(0) 1 (0) 
W3048 4/22- 7/ 2 3 41 5(3) 0(0) 0(0) 6(3) 0(0) 0(0) 11 (6) 
W3046 5/1 - 7/ 10 6 84 0(0) 0(0) 0(0) 3(2) 0(0) 4(2) 7 (4) 
W3042 4/15 8 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
W2548 5f27 1 14 0(0) 0(0) 0(0) 5(5) 1 (1) 1 (1) 7 (7) 
W2546 5/2- 7/ 11 2 34 0(0) 0(0) 0(0) 45(30) I (0) 0(0) 46(30) 
W2544 4/12 5 0(0) 0(0) 2 (1) 0(0) 0(0) 0(0) 2 (1) 
W2542 4f 13 10 0(0) 0(0) 0(0) 0(0) 0(0) 1 (1) 1 (1) 
Longline totals 

(47 areas) 4/12- 7/ 11 124 1708 3196(822) 739(544) 1571 (1090) 146(104) 6(1) 155(119) 5813(2680) 

Continued ... 
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Table I. (Continued). 
PURSE SEINE OPERATIONS 

Numbers caught and (in parentheses) 
Number of numbers tagged 

Area Inclusive purse seine 
(Fig. I) dates sets Sockeye Chum Pink Coho Chinook Steel head Total 

8050 6/ 10- 8/17 67 4081 (3923) 5178(1916) 1639(794) 96(72) 72(49) 3 (3) 11069(6757) 
W7550 6/25 3(3) 12 (12) 44(44) 0(0) 0(0) 0(0) 59(59) 
W7052 6/ 7- 6/ 23 4 218(204) 124(105) 124(107) I (I) 0(0) 0(0) 467 (417) 
W5558 8/ 12- 8 / 14 6 276(84) 6(5) 35(9) 59(21) II (10) 0(0) 387 (129) 
W5556 8/14- 8/15 8 86(36) 53(29) 488(308) 34(6) 4(3) 0(0) 665(382) 
W5060 8/ 21 2 10(0) 0(0) 4(0) 11 (4) 6(6) 0(0) 31 (10) 
W5058 8 /9- 8/11 3 70(60) 5(5) 488(405) II (8) I (I) 0(0) 575(479) 
W4558 8/8 2 449(348) 42(15) 46(31) 31 (25) 5(0) 0(0) 573(419) 
W4550 5fl3 0(0) 0(0) 2(2) 0(0) 0(0) I (I) 3(3) 
W4548 5/14 4(4) 5(5) 20(20) 4(4) 0(0) 0(0) 33(33) 
W4546 5fi2 I 16(16) 0(0) 3(3) 0(0) 0(0) 3(3) 22(22) 
W4058 8/6-9/13 14 95 (81) 283(190) 613(426) 243(137) 13(9) 0(0) 1247(843) 
W4056 8/2-9/13 17 1689(1167) 343(160) 1620(1020) 565 (413) 12(12) 0(0) 4233(2772) 
W4046 5fi7 I 0(0) 2(2) 13(13) 0(0) 0(0) 4(4) 19(19) 
W4042 4/18 I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 
W3556 8/2-9/5 2 43(37) 134(88) 698(494) 12(12) 0(0) 0(0) 887(631) 
W3554 7/30-8fl 6 96(46) 6(0) 29(8) 75 (28) 3(2) 0(0) 209(84) 
W3552 7/29 3 4(0) 4(0) 4(2) 0(0) 0(0) 3(0) 15(2) 
W3548 5/8 0(0) 57(57) 33(33) I (I) 0(0) 0(0) 91 (91) 
W3050 7f26 2 6(4) 52(16) 33(10) 12(5) I (I) 0(0) 104(36) 
W3048 7/22-9/24 4 7 (I) 49(2) 55 (22) 551 (308) 2(0) 0(0) 667 (333) 
W3046 7f2i I (I) 0(0) 4(4) 123(109) I (0) 0(0) 129(114) 
W2548 9/25 0(0) 4(0) 0(0) 17(0) 0(0) I (0) 22(0) 
W2546 7f2i 3(3) 2 (I) 9(9) 64(33) II (2) 0(0) 89(48) 
Purse seine totals ( 24 areas) 

6/7- 9f25 150 7157 (6018) 6362(2608) 6003(3764) 1913(1187) 146(95) 15(11) 21596(13683) 
· ·························------····-·-··-·-· ·-····· ··4··-· ·········-·················-----·-························· ·························-- --- --------·-··· ··················------------------------······ ·········-··-····················----------------
Totals, longline and purse seine combined 

4/12- 9/25 274 10353(6840) 7101 (3152) 7574(4854) 2059(1291) 152(96) 170(130) 27409(16363) 
-----------------------------------------------------------------------

and southeastern Alaska. Subsequent commercial 
catches of pink salmon in all Gulf coastal areas were 
considerably less than in 1963. Sizes of pink salmon 
(21-23 fish per case) in the Kodiak Island area were 
very close to the size indicated by length and weight 
data from catches in the north-central Gulf in June 
and early July. 

Coho salmon and steelhead trout were caught in 
small numbers south of lat. 50°N in the spring, and 
occurred farther north as the season progressed. The 
longline gear took very few chinook salmon. 

Few seine sets were made in the southern Gulf, due 
to unfavorable fishing weather, but on May 8 in area 
W3548 a single seine set took 57 chum salmon, of 
which seven were 2-year-old fish between 30 and 40 em 
long. The longline set at the same location took 23 
chum salmon, all older than two years and over 40 em 
long ; this size indicates the selectivity of longline 
gear for large fish. 

Tag returns from releases in the Gulf of Alaska are 
illustrated in Figures 2 to 7. 

Returns of sockeye salmon by 2° x 5° release areas 
are shown by month of release in 14 major recovery 
areas in Figure 2. This figure indicates rather patchy 
distribution of stocks in the Gulf, but is more nearly 
adequate when Canadian and Japanese data are con
sidered. As mentioned earlier, most sockeye salmon 
from Gulf longline sampling in 1965 were preserved 
for meristic and parasite studies, the results of which 
will be reported by Canada. Figure 2 does show, 
however, a mixture of many stocks in the northern 
Gulf, and mainly the southern stocks in the southern 
Gulf. The determination of maturity for calculation 
of the 10.8 percent rate of return was based on lengths, 
and date and location of sampling. 

The few tag recoveries of chum salmon (Fig. 3) 
showed a distribution similar to that of earlier years. 
Determination of maturity was by the same means 
as for sockeye salmon. The relatively low rate of 
return (3.6 percent) is typical for this species. 

Tag returns of pink salmon from Gulf of Alaska 
releases (Fig. 4) were also sparse, but showed a mixing 
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FlGURE 2. Recovery distribution of mature sockeye salmon 
tagged in the Gulf of Alaska in 1965 by 2• X 5• release areas 
and by month of tagging. 
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FrouRB 3. Recovery distribution of mature chum salmon tagged 
in the Gulf of Alaska in 1965 by month of tagging. 

of stocks similar to that of earlier years. In spite of 
widespread tagging early in the season, returns from 
the Puget Sound-Fraser River area came only from 
July releases near the coast. Perhaps the sampled fish 
examined by Canada will shed some light on the dis
tribution of these stocks. The 3.5 percent total rate 
of return is typical for pink salmon. The fish caught 
by longline and released between April 12 and July 
15 yielded 3.0 percent returns (33/1 086). Seine-caught 
fish released along the coast between July 21 and 
September 25 yielded 8.7 percent returns (9/103). 

The most significant feature of the tagging of coho 
salmon (Fig. 5) was the high rate of return from 30 
longline-caught fish tagged 16 miles off the mouth of 
the Columbia River on May 2; 14 (46.7 percent) 
were recovered. Recoveries ranged from central 

..,.. MA,JOR RECOVERY AREAS 
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FIGURE 4. Recovery distribution of pink salmon tagged in the 
Gulf of Alaska in 1965 by z• X 5• release areas and by month 
of tagging. 

FmuRB 5. Recovery distribution of coho salmon tagged in the 
Gulf of Alaska in 1965 by month of tagging. 

Oregon to central British Columbia, and were made 
from May 3 through October 20. Only three were 
from the Columbia River. Excluding the May 2 
experiment, 10 of 125 releases were recovered, or 
8.0 percent. The results suggest a very high exploi
tation rate on coho salmon stocks that remain inshore. 

Figures 6 and 7 show the returns in 1964 and 1965, 
respectively, of coho salmon (caught by purse seines) 
tagged as fingerlings in 1964 during their first summer 
at sea. The eight returns in 1964 are included in this 
report because five recovered in the Strait of Juan de 
Fuca (Fig. 6) were erroneously recorded as Fraser 
River recoveries in INPFC Document 780 (IBM table 
of U.S. tag returns in 1964) . The distribution of 
returns no doubt was influenced by the distribution of 
fishing effort in the late fall of 1964, but the results 
indicate that the coho salmon fingerlings in the western 
Strait of Juan de Fuca do not necessarily proceed out 
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8/264 = 3.0% 

FOR ADDITIONAL RECOVERIES FROM 
TOTAL 1964 TAGGING, SEE FIG. 7 

45° 

FIGURE 6. Distribution of eight recoveries in 1964 of coho 
salmon fingerlings (first summer at sea) tagged near Cape 
Flattery on September 24, 1964. All were caught in the Strait 
of Juan de Fuca. 

to sea. Three migrated eastward as far as the en
trance to Puget Sound. Another important feature of 
these eight returns is that all were tagged with the 
3/4" diameter red and white discs used on larger salm
on. Of the 264 fish released, 132 were tagged with 
discs, and 132 with darts. Eight discs (6.1 percent) 
were recovered in 1964, and two (1.5 percent) in 1965 
-a total of 7.6 percent. The 132 darts yielded no re
turns in 1964, and only one in 1965 (0.8 percent). 
Such results speak well for discs on fish that average 
only 27 em long. The mean size of the dart-tagged 
fish was 26 em, but such a slight difference could hard
ly account for the much poorer return. Undoubtedly 
the disc-tagged fish recovered in 1964 were held in the 
nets by entanglement of the discs in the web (seven 
were recovered in gillnets and one in a purse seine). 

Every 1965 return from the 1964 releases (Fig. 7) 
was from a point south of the release locations ; the 
fish apparently had migrated northward upon enter
ing the sea. Six bore dart tags and two carried discs. 

FIGURE 7. Recovery distribution of coho fingerlings tagged in 
1964 and recovered in 1965. (Recoveries in 1964 are shown 
in Fig. 6. ) Steelhead trout tagged in 1964 and 1965 andre
covered in 1965 are also shown. 

Table 2 summarizes returns from the two types of 
tags. 

Figure 7 also shows data for three steelhead released 
in 1964 and recovered in 1965, and one tagged and 
recovered in 1965. All but the one in the Queen 
Charlotte Sound area were recovered in rivers by 
sport fishermen. 

CENTRAL ALEUTIAN PURSE-SEINE INDEXING 

The main objective of the central Aleutian work was 
to obtain an index of the abundance and age composi
tion of immature sockeye salmon in the central Aleu
tian area upon which to base a forecast for the 1966 
Bristol Bay run. Secondary objectives were to ob
serve movements of individual salmon in the vicinity 
of release by means of sonic tags, and to study feeding 
habits of immature salmon in this important area. 
Numbers of salmon caught and tagged in purse-seine 
fishing (area 8050) through August 17 are listed in 
Table 1. 

TABLE 2. Recoveries of coho salmon tagged during their first summer at sea, 1964. 

Type Number recovered 
of Number 
tag tagged 1964 1965 

All 1964 experiments 

Dart 368 0 6 
Disc 186 8 2 
Total 554 8 8 

Set CJ20 on{y (Strait of Juan de Fuca, 9 / 24 / 64) 
Dart 132 0 
Disc 
Total 

132 
264 

8 
8 

2 
3 

Total 

6 
10 
16 

10 
11 

1964 

0.0 
4.3 
1.4 

0.0 
6.1 
3.0 

Percentage recovered 

1965 

1.6 
1.1 
1.4 

0.8 
1.5 
1.1 

Total 

1.6 
5.4 
2.9 

0.8 
7.6 
4.2 
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The vessel Commander seined south of Adak from 
June 10 to August 17. A good series of index seine 
sets was obtained and catches indicate a good run 
to Bristol Bay in 1966. The age composition was 
about evenly divided between 1- and 2-winter-at-sea 
fish. Most immature 2-winter-at-sea fish had two 
freshwater annuli, similar to the mature fish at Bristol 
Bay in the 1965 run. 

Over 700 mature sockeye salmon were also tagged 
in the Adak area. Since the peak had probably 
passed by the time (June 10) that operations began, 
these salmon undoubtedly were from the last half of 
the spawning run. While en route to Adak the Com
mander also tagged one day (June 7) south of Unalaska 
Island alongside the Yaquina (chartered by the Bureau 
of Commercial Fisheries) to support tagging studies 
described in the section, " Ocean Mortality and 
Growth". 

Most of the chum salmon caught in the Adak area 
were immature fish not due to return in 1965. The 
average catch was somewhat less than in 1964 when 
65 sets yielded 6,809 chum salmon, as against 5, 158 
in 67 sets in 1965 for comparable time periods. 

Pink salmon were more abundant than in even
numbered years, but the catch was not large for an 
odd-numbered year. Average catch per set from 
June 10 through July 4 was 30 as against 55 in 1963 
and 101 in 1961 for comparable time periods. 

Catches of coho salmon were considerably larger 

than in recent years. The catch of coho salmon was 
95 in 1965 as compared with seven in 1964, 43 in 1963, 
and 20 in 1962 for comparable effort. It is hoped that 
tag returns will be sufficient to indicate the continent 
of origin of these fish. 

The recovery distributions of salmon tagged in the 
Aleutian area are shown in Figures 8 to 12. 

Mature sockeye salmon (Fig. 8) tagged in the cen
tral Aleutian area between June 10 and 19 yielded 

FIGURE 8. Recovery distribution of sockeye salmon tagged in 
the Aleutian area in 1965. 

FIGURE 9. Recovery distribution of sockeye salmon tagged as immature fish in 1964 and recovered 
in 1964 and 1965. 
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FIGuRE 10. Recovery distribution of chum salmon tagged in the 
Aleutian area in 1965. 

FIGURE II. Recovery distribution of chum salmon tagged in 
1964 and recovered in 1965. 

FIGURE 12. Recovery distribution of pink salmon tagged in the 
Aleutian area in 1965. 

103 returns from Bristol Bay and eight from the high 
seas at intermediate points in the Bering Sea. The 
distribution is typical of earlier years' results. The 
two recovered at sea near Attu were immature fish. 
Such migrations are typical of immature sockeye salm
on which characteristically migrate westward through 
the central Aleutians; the fish which have spent two 
winters at sea are frequently intercepted by the 
mothership fleet, particularly in years when the fleet 
returns to the Aleutian area in July and August. The 
rate of return (15.6 percent) was slightly better than 

in any previous year's tagging in the central Aleutians. 
The two immature sockeye are included, since by 
length and date of tagging (49.0 em, 6/10; and 
46.5 em, 6/13) they fall among those classified as 
mature at tagging. The mean length of 45 em, which 
served to separate mature and immature fish in this 
study, undoubtedly misclassified some of each cate
gory. 

The 254 mature sockeye salmon tagged south of the 
eastern Aleutians on June 7 and 23 yielded 33 re
turns, all from Bristol Bay-a typical distribution from 
releases in this area. Total return was 13.0 percent. 
The 90 tagged from longline gear yielded nine returns 
or 10.0 percent, and the 164 tagged from purse seines 
yielded 24 returns or 14.6 percent, similar to the rate 
observed at Adak. 

The returns from sockeye salmon tagged as im
mature fish in 1964 are shown in Figure 9 for both 
Aleutian area and Gulf of Alaska releases. The 
3,988 fish tagged south of Adak were released between 
June 15 and August 15; they may be considered re
presentative of the major mass of immature fish pas
sing this point in 1964. One-winter-at-sea fish greatly 
predominated in the seine catches as expected follow
ing the large outmigration from Bristol Bay rivers in 
1963. The 404 releases in the Gulf of Alaska were 
made during May, when the center of abundance of 
immature sockeye salmon appeared to be in the release 
area illustrated in Figure 9. Only 2-winter-at-sea 
fish are considered, because longline gear does not 
take the 1-winter-at-sea fish in true proportion to their 
relative numbers, and gear injury to the smaller fish 
greatly reduces survival. 

The releases of immature sockeye salmon off Adak 
yielded 185 returns-145 in 1964, from the Japanese 
mothership fleet, and 40 in 1965, of which nine were 
from the high seas, one from the Shumagin Islands, 
and 30 from Bristol Bay. Rates of return were un
usually high (4.4 percent of 1-winter-at-sea fish and 
7. 7 percent of 2-winter-at-sea fish). This high rate 
resulted from the heavy interception at sea in 1964 in 
which year the Japanese fleet made an unprecedented 
return to the central Aleutian area in late July and 
early August when immature sockeye salmon were 
abundant. The interceptions on the high seas in 
1964 indicated a westward migration south of the 
Aleutians extending as far as long. 164°E, and also 
some dispersion far to the northwest in the Bering Sea. 
The following year, returns from the high seas were 
widely distributed along the various approaches to 
Bristol Bay. The one fish recovered in 1965 near East 
Kamchatka was still immature at recovery ; some 
Bristol Bay sockeye may remain far to the west while 
feeding. 



80 ANNUAL REPORT 1965 - NORTH PACIFIC COMMISSION 

Tags from the Soviet Union had not yet been re
ceived at the time of writing but few, if any, are ex
pected since in 10 years of tagging south of Adak there 
has been only one Asian recovery of a sockeye salmon, 
whereas chum and pink salmon tagged at the same 
time have yielded numerous Asian recoveries each 
year. The one recovery from the Shumagin Islands 
was most likely destined for Bristol Bay, since many 
fish caught in the Shumagin Islands area are moving 
westward as evidenced by seine fishing and by tag 
returns from coastal experiments. In fact this re
covery is probably typical of part of the immature 
sockeye from the Adak area ; they seem to make a 
return migration to the Gulf of Alaska during the 
winter following their migration westward. As men
tioned, a large number of mature sockeye tagged in 
the Gulf of Alaska in 1965 were recovered in Bristol 
Bay. Figure 9 indicates then, that the mass of im
mature sockeye passing Adak in 1964 was of Bristol 
Bay origin, with little admixture of Gulf of Alaskan 
or of Asian stocks. 

By contrast, the 404 immature sockeye salmon tag
ged in the central Gulf of Alaska were obviously a 
mixture of all major Gulf stocks, plus Bristol Bay 
stocks. The three intercepted at sea near Adak in 
the year of release probably indicate the migration 
of only the Bristol Bay component of the mixture. 
If the mixture had migrated to Adak intact, then 
the Adak releases should have yielded Gulf of Alaska 
returns. Thus, stocks of salmon originating in var
ious coastal areas may at times be mixed during 
their ocean-feeding migration, but nevertheless have 
differing migration. The Gulf of Alaska component 
of fish released in the Gulf apparently followed a 
more restricted, but unknown migratory path than 
did the Bristol Bay component. It may not be said 
that Gulf of Alaska sockeye do not migrate to the 
Aleutian area, since in 10 years, eight Gulf fish have 
been returned from central Aleutian releases a year 
or more after tagging as against 211 from Bristol 
Bay or the high seas. 

Two returns were obtained in 1965 of sockeye 
salmon tagged as immature fish in 1963 ; both were 
fish which had spent one winter at sea at release. 
One was tagged at Adak and recovered in Bristol 
Bay; the other was tagged in the central Gulf of 
Alaska (lat. 48°N and long. 145°W) and recovered 
in Cook Inlet. The latter fish was tagged with a 
plastic dart tag. 

The distribution of recoveries of chum salmon tag
ged in the Aleutian area (Fig. 10) was typical of 
earlier years' results. The two high seas returns from 
the 85 mature fish released south of Adak were ap
parently destined for Asia. It is possible that coastal 

returns will be received from the Soviet Union. Re
leases in the eastern Aleutians indicated both Ameri
can and Asian stocks. The high seas recovery 
classed as an immature fish on the basis of gonad size 
at recovery, was also classified as immature on the 
basis of length (41.5 em) at release. 

The recovery of chum salmon tagged as immature 
fish in 1964 and recovered in 1965 (Fig. 11) is also 
similar to that of previous years. The Adak releases 
yielded nine returns from the high seas, apparently 
destined for Asia, and one from southeastern Alaska. 
One high seas return was still immature at recovery, 
and two more were borderline according to gonad 
weights. 

Distribution of pink salmon (Fig. 12) was typical 
of this species in an odd-numbered year. From all 
points of release, the high seas recoveries were on a 
path toward the Karaginski region of East Kamchatka. 
The one coastal recovery at Olyutorski Bay was re
ceived directly from an individual fisherman. Tags 
expected from the Soviet fisheries agency have not 
yet been received for 1964 or 1965. The variation 
in rate of return from the several release areas is 
probably due to the timing and distribution of the 
high seas fleet relative to the timing and migratory 
path of the fish released. 

BEHAVIOR STUDIES BY MEANS OF SONIC TAGS 

Sonic tags, which were tested briefly in 1964 in a 
protected harbor, were employed this year in pre
liminary experiments to study in detail the move
ments of salmon in the vicinity of tagging in the 
open sea. Objectives were : ( 1) to study movements 
immediately after tagging. (2) To study actual rates 
of migration. (3) To check on the westward migration 
in the central Aleutian area, as indicated by the 
purse-seine fishing. (4) To find which passes are used 
in entering the Bering Sea and the manner and speed 
of negotiating the passes. 

The tags were of the type developed by the Bureau 
of Commercial Fisheries Fish-Passage Research Pro
gram for study of migrations in the Columbia River 
(Trefethen, 1963). The tags were contained in 
streamlined plastic cylinders, 14 mm by 59 mm, and 
were attached by a plastic pin through the dorsal 
musculature just posterior to the dorsal fin. Bat
tery life was sufficient to emit an interrupted signal 
about 100 hours. The receiving unit was carried 
in a skiff; the underwater receiver was on the end 
of a hand-held aluminum probe six feet long. Ef
fective receiving range was about 300--400 yards. 
This range was determined by tracking fish with a 
small float attached by a light monofilament leader 
20 feet long. 
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Four salmon were tagged with sonic tags between 
9 and 12 miles south of Adak as follows: 

Date Species Length (em ) Remarks 
6/30 Sockeye 50.0 Mature 
6{30 Churn 43.0 Probably immature 
7{12 Churn 54.0 Maturity unknown 
8{8 Churn 54.0 Maturity unknown 

Contact with the two salmon tagged on June 30 
was lost after short periods of tracking. Both moved 
rapidly and erratically when first released. Loss 
of contact may have been due to the masking of the 
signal by tide rips, and to inexperience with the 
equipment. 

The chum salmon tagged on July 12 was followed 
9f hours over a distance of 12 miles. The net direc
tion of travel was south by west. Although net rate 
of travel was about 1.25 miles per hour, the fish 
alternately moved rapidly and remained stationary. 

The chum salmon tagged on August 8 was tracked 
17 hours (1045--0330) over a distance of 23 miles. 
The net direction of travel was also south by west, 
at a net rate of 1.35 miles per hour. Several times 
the fish remained relatively stationary, once during 
the night for 80 minutes. Contact was lost while 
the fish was moving rapidly during the night. The 
search to regain contact was abandoned after 1 t 
hours. 

Conclusions can hardly be drawn on the basis of 
only two fish tracked over such short periods, but 
the net rates of travel were consistent with the 25 
to 30 miles per day commonly observed from tag
recovery data over a number of days. The two 
specimens obviously did not linger in the area of 
tagging but it is not known how much of their move
ment was due to currents and how much to swim
ming. At times the following skiff had to operate its 
motor continuously to maintain contact, indicating 
active swimming. At such times, direction of travel 
was not consistent. The effect of the tag is also 
unknown. 

A thorough study of movements by means of sonic 
tags to answer the objectives stated earlier would 
require considerable time. A simultaneous study of 
the currents would also be helpful. Long-term track
ing would require a covered skiff with the probe 
mounted in a through-hull unit. Problems still to 
be contended with are the effects of tide rips and 
surface reflection on the tag signal. 

SEINING OF FINGERLING SALMON IN THE GULF OF ALASKA 

A fine-meshed purse seine was used to study the 
distribution, abundance, migrations, length, and 
growth of fingerling salmon of all species during their 

first summer at sea. Secondary objectives were (1) 
to test two types of tags for young salmon, (2) to 
study feeding habits of salmon fingerlings during early 
ocean residence, and (3) to conduct initial studies 
on the effects of handling and tagging injuries, par
ticularly scaling. The vessel Storm carried out these 
operations from July 20 through September 25. Table 
1 lists catch and tagging totals by statistical area. 

Outstanding observations are as follows : 
1. Catches confirmed the 1964 observation that 

the fish are primarily in a belt within 20 miles of 
shore and move predominantly northward along the 
Washington, British Columbia, and southeastern Al
aska coasts. 

2. Between Cape Flattery and Lituya Bay (lats. 
48° to 59°N) the catches of salmon in their first sum
mer at sea were notably less than in 1964. 

3. Chinook salmon, which were practically ab
sent from catches in 1964, occurred frequently though 
in small numbers in all areas of fishing in 1965. 

4. The sampling which terminated at Lituya Bay 
(lat. 58} 0 N) in 1964 was extended in 1965 around 
the northern periphery of the Gulf of Alaska to Kodiak 
Island. Salmon fingerlings were found to be moving 
westward in the northern parts of the Gulf and south
westward through Shelikof Strait in the Kodiak area. 
Time did not permit the making of sets in opposed 
directions or determination of the width of the band 
of fish in the northern Gulf and near Kodiak. Catches 
were substantial near Middleton Island ; this indicates 
fingerling salmon are present 50 miles offshore. It 
is likely that the greater offshore distribution of finger
lings is associated with the wider continental shelf 
in this area. 

Two new types of tags were tested on salmon 
fingerlings in 1965 : ( 1) a modified plastic dart tag 
held in the body of the fish by a knot rather than by 
a nylon barb ; and (2) the Swedish dangler-type tag 
(Carlin, 1955) attached through the dorsal muscula
ture of the body by two fine stainless steel wires. 
Comparative tagging was sufficient to give results 
in 1966 that should indicate the relative merits of 
the two tags. 

Returns in 1965 by species, of plastic dart tags 
placed in 1964, were as follows: 

Number returned and 
number tagged 

Percentage returned 

Pink 

0/1018 
0 

Coho 

6{368 
1.6 

Only pink and coho salmon would be expected to 
mature and to yield returns in 1965 ; results on the 
other species will not be seen until 1966 and 1967. 
The lack of pink salmon returns, however, suggests 
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that the dart tags are unsatisfactory, at least on 
fingerlings in the 10-20 em size range. The greater 
returns from tagging of coho sahnon may have been 
due to their larger size (25 em) at tagging and con
sequently better retention of tags. 

PRELIMINARY STUDIES ON THE EFFECTS OF Loss oF 

SCALES 

Since loss of scales has already been shown to af
fect the tag-return rate of small salmon significantly, 
preliminary experiments were carried out this sum
mer to measure the short-term survival and the 
physiological changes in " descaled " fish. By re
moving scales to various degrees and holding the 
fish in a 1000-gallon deck tank, it was learned that 
30-50 percent descaling was the upper limit of scale 
loss if survival is to be reasonably good in small 
(first-summer-at-sea) salmon. Loss of more than 50 
percent of the scales produced skin inflammation, di
lution of blood constituents, and decline of general 
muscular vigor which were usually fatal within 3-
18 hours. Scales were removed also from adult fish; 
although serious skin damage in the form of whitened, 
blistered areas was conspicuous, the fish were still 
alive and active at the end of three days. 

These experiments emphasize the continuing need 
to minimize the injury to small fish while they are 
being caught and tagged and not to assume that tag
ged fish behave and survive the same as untagged 
fish. Further experiments are planned on the basic 
physiology of tagging, anesthetizing, and " descaling" 
fish to develop methods to minimize injury and im
prove survival of tagged fish. 
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DISTRIBUTION AND ABUNDANCE 
OF SALMON 

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

Research cruises were made on the high seas in 
the winter, spring, and fall of 1965. The winter 
cruise, a continuation of high seas winter research 
begun by the United States in 1962, was directed 
toward determination of the distribution, movements, 
and relative abundance of salmon in different areas 
during February and March. Vertical distribution 
of the salmon was also investigated by fishing gill-

nets at selected depths. The spring cruise was made 
primarily to determine " dropout " rates (that is, 
numbers of salmon caught by the gillnets but not 
landed), and also to study the distribution of sockeye 
sahnon migrating to Bristol Bay. The cruise covered 
areas in the migratory path of the salmon, south of 
Unalaska Island and north of the Alaska Peninsula, 
during June and early July. The fall cruise, a joint 
fishing-oceanography study, was made to determine 
distribution and abundance of salmon on north-south 
and east-west lines relative to the position of ocea
nographic fronts and the location of the Alaskan 
Stream. Fishing took place in the central Aleutians 
south of Attu during October and November. 

This report briefly summarizes the data obtained 
during the winter, spring, and fall cruises and pre
sents preliminary analyses of data collected in the 
dropout study. 

WINTER CRUISE 

Locations of stations occupied in the northwest 
Pacific Ocean by the RV George B. Kele;:. in February 
and March are shown in Figure 13. 

The standard gillnet string consisted of 26 braided 
nylon nets-14 of 4l" mesh, three each of 5!" and 
3!", two of2t'', and four of2" mesh. For the studies 
of vertical distribution, additional nets were attached 
below two of the 4l" and two of the 2" mesh nets. 
The sunken nets fished at depths of 24 to 48 feet and 
48 to 72 feet. 

Catch records from the winter cruise are listed in 
Table 3. In addition to the salmonids, nine salmon 
sharks (Lamna ditropis) were caught. 
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FIGURE 13. Location of fishing stations of the RV George B. Kelez, 

February 15-March 19, 1965. 
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TABLE 3. Salmon and steelhead catches, RV Gtorge B. Ktlez, winter cruise, 1965. 

Position Number Species 
Set Surface of 
no. Date Lat. (N) Long. temp. (°C) shackles Sockeye Chum Pink Coho Steel head Total 

2/15 51 - 00 176-01 E 3 .0 342 67 67 
2 2/17 52-16 170-33E 2.8 342 I 
31 2fl9 53- 05 !69-07E 2.2 20 16 16 
4 2/20 52-22 167-32E 1.8 20 2 2 
5 2/21 50- 59 167-26E 1.8 24 6 6 
6 2/ 22 49-12 167-18E 1.6 24 42 42 
7 2/23 48- 14 !67-19E 2.2 24 II II 
8 2/24 47- 08 167-07E 2.2 24 21 21 
9 2/26 46- 04 168-40E 2.4 24 19 20 

10 2/28 45- 59 172-SOE 4.6 24 6 6 
II 3fl 47- 12 172-39E 2.6 24 34 34 
12 3/2 49-34 173-IOE 2.6 24 IS IS 
13 3/3 50- 02 176-ISE 3.1 24 19 19 
14 3/9 48-11 177-17E 2.8 24 25 25 
15 3/10 46-43 176-IOE 4 .0 362 94 6 100 
16 3/11 44-57 176-IOE 5 .3 24 
17 3f12 45-00 177-58E 4.7 24 2 10 12 
18 3/13 43- 55 177-51 E 6.9 24 2 10 12 
19 3/14 42- 50 179-00E 6.9 24 I 
20 3/15 44-54 179-24E 7 .I 24 4 3 9 17 
21 3/16 46-40 179-30E 3.7 362 60 4 64 
22 3/17 48- 39 179-30E 3.4 362 14 6 20 
23 3/18 50- 18 178-12W 3.2 362 73 7 80 
24 3 19 51- 32 176-25W 3.2 24 4 4 

Total 527 46 3 19 596 

1 Nets in the water for two nights. 
2 Includes eight shackles fished at depths below the surface nets. 

Distribution and Relative Abundance 

Sockeye salmon which had spent two, three, and 
four winters at sea were distributed throughout the 
area between longs. 178°W and l67°E (Fig. 14) ; 
concentrations were heaviest at stations nearest the 
Aleutian Island chain. Sockeye salmon were not 
caught at the station just south of Adak Island, and 
the lack of this species was noticeable at stations south 
of lat. 45°N. The 1-winter-at-sea fish were less 
widely distributed than the older sockeye salmon and 
were found principally in a band between lats. 46° 
and 47°N, between longs. 180° and l75°E. This 
winter cruise is the first in which we have taken 1-
winter-at-sea fish in excess of l 0 per l 00 fathoms of 
gillnet. 

Chum salmon were caught principally in the east
ern part of the cruise area and, unlike the sockeye 
salmon, they were taken also at the southernmost 
stations. Chum salmon were relatively few ; no 2-
or 3-year-old fish were taken. 

A few pink and coho salmon and steelhead were 
taken at two stations in the southeastern part of the 
cruise area, south of lat. 45°N, and between longs. 

180° and l77°E. The catches in this area, in addi
tion to these three species, included chum salmon but 
not sockeye salmon. 

Length and Age Composition 

Length frequencies, by number of winters at sea, 
of sockeye salmon are given in Figure 15. Overlap 
in the length frequencies of the 2- and 3-winter fish 
and of the 3- and 4-winter fish was pronounced. 
Among the older sockeye salmon, taken in 3!", 4f', 
and 5!" mesh nets, approximately 53 percent were 
2-winter fish, 45 percent were 3-winter fish, and two 
percent were 4-winter fish . Age 53 fish dominated 
among the 2-winter sockeye (88 percent) ; ages 52 

and 63 were about equally represented among the 3-
winter-at-sea fish. Among the 1-winter-at-sea sockeye 
salmon taken in the 2" and 2!" mesh nets, age 43 

dominated (79 percent). 
Distribution of the various age groups of sockeye 

salmon (Fig. 16) revealed that generally 3- and 4-
winter sockeye were in greater abundance west of 
long. l70°E than to the east ; 2-winter fish were 
more abundant east of long. 1 70°E. In the area west 
of long. 170°E, the age composition, excluding 1-
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FIGURE 14. Relative abundance of sockeye and chum salmon, 
February-March 1965. 

winter-at-sea fish, was seven percent 2-winter, 86 per
cent 3-winter, and seven percent 4-winter fish; east 
of long. 170°E, the age composition, again excluding 
1-winter-at-sea fish, was 70 percent 2-winter and 30 
percent 3-winter fish. As mentioned previously, 1-
winter-at-sea sockeye, ages 32 and 43, were concen
trated between longs. 180° and 170°E and south of 
lat. 50°N. 

Only three age groups of chum salmon appeared 
in the catches. Ages of 44 chum salmon were de
termined ; 33 were 4-year-olds, 10 were 5-year-olds, 
and one was a 6-year-old. No 3-year-old chum salm
on were caught although 2-year-old fish had been 
present in the general area the previous September. 
Apparently, 2- and 3-year-old chum salmon were 
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FrGURE 15. Length frequencies of sockeye salmon by number of 
winters at sea, winter cruise, RV George B. Kelez, 1965. 

absent from the area of the northwest Pacific sampled 
in February and March 1965. 

The three pink salmon caught during the winter 
cruise were 375, 378, and 399 mm long. 

Coho salmon ranged from 343 mm to 459 mm long. 
Scales from 16 specimens showed that 13 were age 43 

and three were age 32• 

Maturity 

Maturity of sockeye and chum salmon taken in 
February and March was determined by (1) serologi
cal methods (Ridgway, 1961) and (2) gona~-weight 
criteria (Ishida and Miyaguchi, 1958). Results of 
maturity determinations for female sockeye salmon 
are given in the section, "Serology". It was found 
that 81 percent of the 2-winter-at-sea and 99 percent 
of the 3-winter sockeye salmon were maturing. 
Among the 2-winter males, for which gonad weights 
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FIGURE 16. Distribution of sockeye salmon by age groups, winter 
cruise, RV George B. Kelez, 1965. (Catches weighted to six 
shackles of the 2- and 2-f-inch mesh nets for !-winter-at-sea fish 
and 18 shackles of 3!-, 4!-, and 51-inch mesh nets for 2-, 3-, and 
4-winter fish. Data combined for areas 5° lat. by 5° long.) 

were obtained, 84 of 96 fish (88 percent) contained 
gonads weighing 1.5 g or more. If the remaining 
growing period from February-March to the inshore 
migratory period in June is considered, it is likely that 
these males would have matured. (Males with gonads 
weighing more than 2 g in May and June are con
sidered to be maturing.) Ninety-four percent of the 
male 3-winter-at-sea sockeye salmon examined con
tained gonads that weighed 1.5 g or more. These 
fish were judged to be maturing. 

Among 16 female chum salmon tested by serologi
cal methods, 15 were classed as maturing. Of 15 
male chum salmon examined, 13 contained gonads 
that weighed 1.5 g or ·more. It is likely that these 
males were maturing. 

We have concluded from these samples taken in 
the northwest Pacific in February and March that over 
90 percent of the older salmon (3-winter-at-sea sock
eye salmon and 4-, 5-, and 6-year-old chum salmon) 
would return to spawning streams the following sum
mer and fall. We also concluded that at least 80 
percent of the 2-winter-at-sea sockeye salmon were 
maturing and hence that no more than 20 percent of 
the fish would stay at sea for at least one more winter. 

Vertical Distribution 

Experimental fishing at depths from 24 to 48 feet 
and from 48 to 72 feet took relatively few fish during 
the night. In seven sets during which 56 shackles of 
gillnets were fished (28 shackles each at vertical ranges 
of 24-48 feet and 48-72 feet), only three salmon were 
caught-two sockeye salmon at 24-48 feet and one 
chum salmon at 48-72 feet. During these same seven 
sets, 28 surface nets (extending from the surface down 

to 24 feet) and fished directly over the sunken nets 
took 54 fish (52 sockeye and two chum salmon). 

Environmental Relationships 

The relationship between occurrence of salmon and 
subsurface temperatures is discussed under the sec
tion, " Oceanography ". An apparent relationship 
between surface temperatures and the distribution of 
salmon was indicated by the occurrence of pink and 
coho salmon and steelhead at two stations where sur
face temperatures were much higher than at other 
stations. At most stations, surface temperatures 
ranged from l.8°C to 5.3°C (see Table 3). Two sta
tions, however, with surface temperatures of6.9°C and 
7.1 °C yielded our only catches of pink and coho salm
on and steelhead. 

Chum salmon occurred mainly in waters with sur
face temperatures greater than 3.2°C and, with one 
exception, were not taken in areas with tempera
tures less than 3.2°C. As we have found on past 
winter cruises, sockeye salmon were taken throughout 
the areas of low surface temperatures (4.7°C or cold
er) ; they were not taken in waters at four stations 
where temperatures were 5.3°C or higher. 

SPRING CRUISE 

Special gillnet strings of Sf' mesh nets were fished 
from the RV George B. Kelez and the chartered schoon
er Paragon (80 feet) during the spring to determine 
dropout rates. Longlines were fished from the Kelez 
on five occasions. Salmon catches of the two vessels 
are listed in Table 4. 

Dropout Studies 

Two experimental designs (developed by G. Hirsch
horn, D. D. Worlund, and R. A. Fredin of the La
boratory's biometrics unit) were used to determine 
dropout rates of salmon. In the first design the nets 
were fished at night ; one unit of gear (four 50-fathom 
shackles of Sf' mesh gillnets per unit) was fished for 
six hours, a second unit for the first three hours, and 
a third unit for the second three hours (Fig. 17). 
This fishing was repeated over three different time 
periods during the night. The dropout rate was 
computed by comparing the catch of the 6-hour unit 
with those of similar units fished during the first and 
the second 3-hour intervals. In the second design 
four units of gillnets were set before daylight and fished 
for various lengths of time until noon. Additional 
units were fished concurrently as shown in Figure 18. 
In this design we expected that in the event fish did 
not enter gillnets set during daylight, the dropout rate 
could be measured directly by comparing catches of 
the gear units after various periods of time. 
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TABLE 4. Salmon catches, RV George B. Kelez and MV Paragon, spring cruise, 1965. 

Position Surface 
temp. 

Gear1 

Shackle 
Species 

Set 
no. Date Lat. (N) Long. (W) ("C) Kind Number hours Sockeye Chum Pink Chinook Total 

RV George B. Kelez 
I 
2 
3 
4 
5 
6 
7 
8 
9 

102 

11 
12 
13 
14 
15 
16 
J72 
18 
19 
21 

6/6 
6/7 
6/8 
6f 9 
6/ 10 
6/ 11 
6f l2 
6/ 14 
6/ 15 
6/ 17 
6/ 18 
6/21 
6/22 
6/23 
6{25 
6f26 
6/ 27 
6/29 
6/30 
7/2 

MV Paragon 
I 6/ 1 
2 6/4 
3 6f7 
4 6/8 
52 6/10 
62 6fll 
7 6/12 
8 6/14 
9 6/15 

102 6fl7 
11 6/18 
12 6f21 
13 6/22 
14 6/23 
15 6/25 
162 6f26 
17 6/28 
18 6/29 
19 7fl 
20 7/2 

53-23 166-00 
53-01 166-03 
53-06 166-00 
53- 32 166--17 
53- 30 166--19 
53- 30 166-18 
53- 30 166-19 
53- 07 166- 37 
52- 55 167- 43 
53- 13 166--20 
53- 19 166- 10 
55- 30 164-00 
55- 50 164-00 
56- 10 162- 31 
57-01 159--58 
57-23 15 24 
57--21 159- 22 
57-45 160-19 
57--30 159-00 
56--24 162- 00 

53- 43 160--44 
53--23 166-01 
53- 20 165--52 
53- 26 165-57 
53- 18 166--00 
53--07 166--28 
52- 52 166-12 
53--15 166--38 
52- 57 167-41 
53--18 166-30 
53--16 166-15 
55- 48 164-31 
55- 55 164-00 
56- 06 162-30 
56--37 161-30 
56--43 161-30 
57 6 161-56 
56--47 161-25 
56- 30 161--05 
56- 17 162-00 

5.5 
5.2 
5.0 

5.5 
5.6 

6 .6 
6.4 
6.8 
6.5 
6.4 
6.2 
5.5 
5.4 

5.0 
4.4 
4.5 
7.6 

Total 

5.0 
4.8 
5.8 
5.5 
5.5 
5.5 
5.8 
6.2 
6.2 
6.5 
6.7 
6 .5 
6.3 
5.7 
5.9 
6.8 
5.7 
6.5 
7.3 
8.3 
Total 

1 GN =shackles of gillnet, LL=skates of Iongline. 
2 Night-Day sets. 

GN 
GN 
GN 
LL 
LL 
LL 
LL 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
LL 
GN 
GN 
GN 
GN 

GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 
GN 

28 
28 
28 
20 
17 
20 
20 
28 
16 
28 
12 
16 
28 
28 
28 
10 
14 
14 
16 
10 

28 
28 
28 
20 
28 
28 
28 
28 
28 
28 
12 
28 
12 
28 
12 
14 
14 
10 
14 
10 

112 
112 
112 

108 
72 

120 
48 
60 

112 
116 
116 

64 
42 
12 
40 

112 
24 

104 
80 

120 
120 
116 
116 
108 
120 
48 

108 
48 

112 
56 
60 
58 
40 
58 
42 

24 
242 
!57 

15 
33 

132 
7 

268 
364 
82 

9 
2 

183 
110 
366 
100 
449 

20 
132 
186 

2,881 

51 
29 

322 
488 

79 
113 
52 

168 
374 

17 
13 

147 
27 

395 
391 
210 

25 
!53 
49 

101 
3,204 

10 
4 

2 3 
3 4 

8 2 
13 2 
3 2 

4 
24 
28 
40 

10 
6 

21 
177 13 

15 
15 
10 
14 
7 

13 

13 
16 

2 

8 

54 
65 
20 
12 
7 
5 
7 

286 

25 
252 
161 

15 
38 

139 
7 

278 
379 
88 

9 
6 

207 
138 
407 
100 
460 
26 

132 
2 209 
5 3,076 

66 
44 

332 
502 
87 

126 
53 

181 
390 

18 
15 

155 
28 

449 
457 
230 
37 

160 
54 

108 
3,492 
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FIGURE 18. Fishing plan (night-day) for study of dropout. Each 
unit of gear is identical ; length of shaded area refers to fishing 
time. 

The night-fishing plan provided for the variation in 
catch attributable to fishing at different times of the 
night by setting standard units of gear (200 fathoms 
of Sf" mesh nets) to fish during four 3-hour time 
periods each night. These periods were 8-11 p.m., 
11 p.m.-2 a.m., 2-5 a.m., and 5-8 a.m. In the North 
Pacific the largest catches were obtained between 8 
and 11 p.m., and the smallest from 5 to 8 a.m. (Fig. 
19). This distribution of catch by time periods was 
similar to that reported for the northwest Pacific area 
in the fall of 1964 (French, 1966). 

The catch by time periods in the Bering Sea differed 
from that in the North Pacific in that the largest 
catches were between 11 p.m. and 2 a.m. and the 
smallest from 2 to 5 a.m. The most interesting differ
ence between the two areas was in catches during day
light, from 5 to 8 a.m. (Sunrise occurred about 3: 30 
a.m. during this time of the year.) In the Bering Sea 
a substantial proportion of the fish were caught in 
the daylight period; in the North Pacific only 12 per
cent were caught during this same period. 

Loss of salmon from gillnets was estimated by regres
sion analysis based on data from the catches taken in 
52 time periods (a 6-hour catch versus two 3-hour 
catches, Figure 17). Ifwe assume N1 and N2 are the 
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FIGURE 19. Percentage of total catch by 3-hour periods. 

numbers of fish available to the gillnets during the first 
and second 3-hour intervals, respectively, and that 
entry of fish into the nets occurs at the midpoint of 
the intervals, the expected catches of the three units 
(four 50-fathom shackles) are: 

cl =So ul Nl for the first 3-hour unit, 
c2 =s0 u1 N2 for the second 3-hour unit, 

and G=s1 s0 u1 N1 +so u2 N2 for the 6-hour unit 

where ui is the fraction of Ni entering a unit during 
the i1" interval, s0 is the fraction of ui Ni retained by 
the gillnets from the time of entry to the time of 
hauling, and s1 is the fraction of s0 u1 N1 retained 
by the 6-hour unit during the second 3-hour interval. 
Rewriting G in terms of c1 and c2 we have, 

G=s1 c1 +(u2/u1)c2. 

Substituting the observed values for C, c1, and c2, 

and rewriting, we have : 

Gjc1=s1+(u2/u1) (~/c1 ). 



88 ANNUAL REPORT 1965- NORTH PACIFIC COMMISSION 

From each of the time periods of fishing during the 
cruise, we have a pair Cfc1 and c2fc1 • The quantities 
s1 and u2/u1 are estimated by the intercept and slope, 
respectively, of the linear regression of Cfc1 on c2/c1• 

In the above model, the loss from a gillnet, l-s10 

applies to the fraction of fish disappearing from a gill
net unit during a 3-hour interval which is assumed to 
begin 1! hours after the fish enter the net. The loss 
from the time of entry to the beginning of the 3-hour 
interval is not included in the estimate of s1 • 

The gillnet sets that yielded usable data on dropout 
are tabulated in Table 5 by time period and unit for 
both vessels. The weighted regression line, signifi
at the five percent level, is given in Figure 20. The 
estimated loss of salmon from gillnets was 27 percent 
(80 percent confidence interval of 5--48 percent). 
The loss was attributable to dropouts and predation. 

We were unable to estimate a dropout rate from the 
data obtained in the second experimental design in 
which gillnets were set in darkness and fished until 
noon. We found that salmon entered gillnets through
out the daylight fishing and, therefore, a direct 
measure of loss of salmon was not possible. 

These preliminary fishing tests have shown signifi
cant losses of salmon from gillnets from fish dropping 
or struggling out of the nets, and from predation on 
entangled fish. We hope in the future to determine 
dropout rates for gillnets by means of direct observa-
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FIGuRE 20. Regression of C/c1 on c2/c1 • C equals the catch in 
the 6-hour unit, c1 the catch in the first 3-hour unit, and c2 

the catch in the second 3-hour unit. 

tions. 

Distribution and Abundance 

Although the dropout study was not planned specifi
cally to provide information on distribution and rela
tive abundance of salmon, data were obtained which 
corroborated earlier findings and provided new know
ledge of the distribution of sockeye salmon at the ap
proaches to Bristol Bay. To fulfill the objectives of 
the cruise, it was important that both vessels make 
large catches of salmon which would provide data for 
reliable estimates of the dropout rate. The results 
of earlier cruises had established that concentrations 
of mature Bristol Bay sockeye salmon could be found 
south of the eastern end of the Aleutian Island chain 
in early June. Both the Paragon and the Kele<. con
centrated their fishing for the first half of the cruise in 
the area south of Unalaska and Umnak Islands. 
Fishing during the second half of the cruise was in the 
Bering Sea north of Unimak Island and the Alaska 
Peninsula at an average distance from shore of about 
35 miles and where the depth of water averaged about 
40 fathoms. 

The most striking feature of the sets in the spring 
cruise was that a relatively high proportion of them 
(65 percent) caught more than 10 fish per shackle 
(50 fathoms) of gillnet (Fig. 21). In previous years, 
a catch of more than 10 fish per shackle in high seas 
fishing has been considered exceptionally high. The 
fact that over 65 percent of this season's catches were 
greater than 10 fish per shackle (ranging as high as 
85 fish per shackle) indicated the tremendous numbers 
of Bristol Bay sockeye salmon present in the eastern 
Aleutian area during the spring of 1965. 

In addition to the regular gill net sets, the Kele<. made 
five longline sets to obtain sockeye salmon for tagging 
(see section entitled" Ocean Mortality and Growth"). 
Four sets were made south of Unalaska Island and 
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FIGURE 21. Relative abundance of sockeye salmon, June and 
July 1965. 
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TABLE 5. Salmon catches by time periods, RV George B. Kelez and MV Paragon, spring cruise, 1965. 

Catch 
Position Time 

Set period 1st 3-hr. 6-hr 2nd 3-hr. 
Date Lat. (N) Long. (W) no. (see Fig. 17) Unit (c1) Unit (C) Unit (c2) 

R V George B. Kelez 

6/6 53- 23 166-05 I 8 0 
m 2 7 7 

6f7 53-01 166-03 2 49 92 0 
m 18 50 6 

6/8 53- 06 166- 00 3 I 13 69 14 
II 14 16 18 
m 18 21 7 

6fl4 53 7 166-3i 8 38 44 38 
II 38 87 22 
m 22 38 6 

6/15 52- 55 167- 43 9 I 100 107 91 
6/22 55- 50 164- 00 13 I 73 65 36 

II 36 13 18 
m 18 9 0 

6/23 56- 10 162- 31 14 22 49 17 
II 17 28 3 
m 3 17 5 

6/25 57- 01 159- 58 15 I 25 57 35 
II 35 23 67 
m 67 112 105 

7/2 56- 24 162- 00 21 II 44 40 30 
m 30 38 54 

----···········-~······· · · ·· ····· · · ··· · ······~-~---·······---······· ···· · ·· ·· ~ ---········· ··~- - ·· ·· ·· ······· ············--------··- -------~---.. · -~· ···· · · · -··-·······-·····-.---~------------·······-············ · ·· ···········- ·-··-·-··············· 

MV Paragon 

6/ I 53- 43 160-44 I 3 10 7 
II 7 12 7 
m 7 24 3 

6/7 53- 20 165- 52 3 I 167 129 19 
II 19 13 0 

6/8 53- 26 165- 57 4 170 147 105 
6/12 52- 52 166- 12 7 I 5 13 3 

II 3 15 4 
m 4 10 3 

6-14 53- 15 166- 38 8 m 67 21 7 
6-15 52- 57 167- 41 9 I 53 33 40 

II 40 160 37 
m 37 27 40 

6/18 53- 16 16 15 II I 9 4 2 
6/21 55- 48 160- 31 12 I 61 18 23 

II 23 20 14 
m 14 II 8 

6/22 55- 55 164- 00 13 3 15 10 
6/23 56- 06 162- 30 14 I 44 50 166 

II 166 130 31 
m 31 14 14 

6/25 56- 37 161- 30 15 I 89 132 235 
6/28 57- 06 161- 56 17 II 7 5 3 

m 3 11 8 
6/29 56- 47 161- 25 18 15 22 26 
7/1 56- 30 161-05 19 I I 11 8 

II 8 7 6 
m 6 15 6 

7/2 5 17 162- 00 20 II 8 7 18 
m 18 40 35 

Total 52 1,778 2,109 1,467 
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one in Bristol Bay. The catches ranged from 7 to 132 
fish (7 to 200 fish when weighted to 1,000 hooks). 
The catch of 200 fish per 1,000 hooks at the Bristol 
Bay station was relatively high and further demon
strated the great abundance of sockeye salmon. 

Variation was considerable in the size of the gillnet 
catches at the 18 stations south of Unalaska and 
Umnak Islands even though most stations were in a 
relatively small area (Fig. 21). These stations were 
about 10 to 40 miles offshore (average 22 miles) and 
where depths were 100 to 1,000 fathoms. The two 
largest catches (over 50 fish per shackle) were made 
about 20 miles offshore in water of200 to 500 fathoms. 
Catches greater than 10 fish per shackle were made 
about 10 to 35 miles offshore. 

The fishing stations in the Bering Sea and along the 
north side of the Alaska Peninsula were generally 
farther offshore than those in the North Pacific. With 
the exception of two stations 65 miles offshore, all 
were between 20 and 50 miles (average 32 miles) 
offshore and where water depths were 30 to 50 fathoms. 
Of the 14 stations less than 50 miles offshore, only two 
had catches of less than I 0 fish per shackle. Three 
stations at which catches were over 50 sockeye salmon 
per shackle were between 30 and 35 miles from shore 
and in waters 30 to 40 fathoms deep. At two stations 
well offshore (65 miles), catches were less than 10 fish 
per shackle. Although fishing north of the Alaska 
Peninsula was restricted to within 70 miles of the 
coast, catches suggested that the main route of sockeye 
salmon to Bristol Bay rivers was along a fairly narrow 
band approximately 40 miles north of the Alaska 
Peninsula. 

FALL CRUISE 

In October and November the RV George B. Kelez 
fished a series of stations south of Attu Island along 
long. 173°E between lats. 40°N and 52°N and 
along an east-west line at lat. 50°N between longs. 
167° and 178°E. The locations of these fishing sta
tions are illustrated in Figure 22. 

The standard gillnet string consisted of 28 braided 
nylon nets: 12 of 4f", eight of 3!", and four each of 
5!'' and 2t'' mesh. At four southern stations (No. 's 
8, 9, I 0, II) we added three nets of 2" mesh to the 
string. 

Catch data for salmonids, by set number and loca
tion, are listed in Table 6. Miscellaneous catches of 
non-salmonid fishes are discussed in a later section. 

Distribution and Relative Abundance 

Catches of sockeye salmon were composed primarily 
of fish that had spent one or two winters at sea. One
winter-at-sea fish (mainly age 43) occurred from lats. 
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FIGURE 22. Location of fishing stations of the RV George B. Kelez, 
October 2-November 5, 1965. 

48°N to 52°N along long. l73°E and from longs. 
l78°E to 167°E along lat. 50°N. Their major abun
dance, however, was between longs. 172°E and 175°E 
at lat. 50°N (Fig. 23). Two-winter sockeye salmon 
(primarily age 53) were distributed similarly to !
winter fish; they were most abundant between lats. 
49°N and 50°N between longs. 172°E and 173°E. 
The two 3-winter sockeye salmon were captured at 
lat. 50°N, long. 170°E. 

The catch of chum salmon included four age groups : 
2-, 3-, 4-, and 5-year-olds. Two-year-old chum salm
on were most abundant in the western part of the 
sampling area, whereas the older chum salmon (most
ly 3- and 4-year-olds) had a wider distribution (Fig. 
23). 
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FIGURE 23. Relative abundance of sockeye and chum salmon, 
October-November 1965. 
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TABLE 6. Catches of salmon and steelhead, RV George B. Kelez, fall cruise, 1965. 

Position Surface 
Set temp. 
no. Date Lat. (N) Long. (E) (oC) 

10/3 52- 00 172-58 8.6 
2 10/4 51 - 16 172-58 9.1 
3 10 /5 50- 19 173-00 9.3 
4 10/6 49- 15 172-58 9.9 
5 10/7 48- 22 173-00 9.9 
6 10/8 48- 40 172-59 9.9 
7 10/9 47- 30 173-05 10.2 
8 10/10 47-00 173-20 11.6 
9 10f12 45- 51 173-02 10.8 

10 10/ 13 44- 40 173-02 12.0 
II 10 / 15 41 - 00 173-00 16.3 
12 10/ 24 50- 02 178-32 8.3 
131 10/ 28 50- 00 172-17 7 .I 
14 10/ 29 50- 01 170-38 6.3 
15 II / I 49- 44 167-28 7.0 
16 11 /5 49- 57 175-03 5.8 

Total 

1 One pink salmon caught in set no. 13. 

A change in dominance from sockeye salmon to 
chum salmon took place in the area between lats. 
47"N and 49"N along long. l73°E. At about 49°N, 
sockeye salmon constituted 80 percent of the catch ; 
near lat. 48"N sockeye salmon made up 38 percent of 
the catch, whereas at 4 7°N the catch was entirely 
chum salmon. Only chum salmon entered the catch 
between lats. 45°51 'N and 48"22'N; no salmonids 
were caught south of 45"51 'N. 

The few coho salmon and steelhead were taken 
primarily on the east-west cruise, at lat. 50"N between 
long. 178"E and 167"E. Set No. 2 at lat. 51 "16'N, 
long. 173°E netted five of the six chinook salmon. 
One pink salmon was caught at 50"N, 173°E. 

Length and Age Composition 

The area of overlap in length frequencies between 
1- and 2-winter sockeye salmon was small; the 
separation point was at about 435 mm (Fig. 24). 
Only two 3-winter sockeye salmon were captured. 

Overlap of length frequencies of 3- and 4-year-old 
chum salmon was extensive, although 4-year-olds 
averaged almost 38 mm longer than 3-year-olds. 
Length frequencies of 2- and 3-year-old chum salmon 
had little overlap ; the separation point was at ap
proximately 425 mm (Fig. 25). 

Table 7 gives the percentage age composition by 
set number for sockeye and chum salmon. The ma
jority of sockeye salmon (66.5 percent) were 2-winter
at-sea fish ; age group 53 constituted 4 7. 7 percent of 
the total catch. 

Of the four age groufY.l (2-, 3-, 4-, and 5-year-olds) 

Number Species1 

of 
shackles Sockeye Chum Chinook Coho Steelhead Total 

28 14 15 
28 78 45 5 3 131 
28 98 50 148 
28 140 36 176 
28 14 28 42 
28 16 21 38 
28 27 27 
31 2 2 
31 2 2 
31 
31 .................. net lost .......................................... 
28 91 7 2 100 
28 90 53 8 151 
28 33 25 10 69 
28 8 9 II 28 
28 94 I I 4 100 

676 307 6 22 18 1,029 

of chum salmon represented in the catches, 3- and 
4-year-olds made up 74.2 percent and 2-year-olds 
25.1 percent of the total catch. 

Salmon other than sockeye and chum constituted 
a small part of the total catch. Coho salmon ranged 
in length from 296 to 34 7 mm ; all were in their first 
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FIGURE 24. Length frequencies of sockeye salmon by number 
of winters at sea, fall cruise, RV George B. Kelez, 1965. 
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FIGURE 25. Length frequencies of chum salmon by total age, 
fall cruise, RV George B. Kelez, 1965. 

summer at sea. Coho salmon scales showed that 10 
had migrated to sea in their second year of life and 
seven in their third year of life. Scale readings from 
six chinook salmon indicated that five were age 42, 

and one was age 52• Lengths ranged from 606 to 
710 mm. Examination of scales from 18 steelhead 

trout showed that 13 were in their second year of 
ocean life, three in their third year and two in their 
fourth year. Lengths varied from 528 mm to 907 mm. 
The one pink salmon taken at lat. 50°N, long. 172°E 
was 493 mm long and in its second year of life. 

Maturity 

Criteria for determining maturity of salmon in the 
fall have not yet been established; with our present 
knowledge it is difficult to determine if a fish will 
mature the following year. Some of the chum salmon 
captured (three males and eight females), however, 
were obviously mature and would have spawned in 
late 1965 or early 1966. Chum salmon spawn as late 
as January in many of the rivers of Japan (Sano, MS 
1964) and North America (Neave, 1966). 

Miscellaneous Catches 

Non-salmonid catches included 20 salmon sharks 
(Lamna ditropis), four blue sharks (Prionace glauca), one 
daggertooth (Anotopterus pharao), 30 pomfret (Brama 
rayi), 12 Atka mackerel (Pleurogrammus monopterygus), 
one bluefin tuna (Thunnus saliens), and one albacore 
(Thunnus alalunga). Salmon sharks were captured at 
most stations throughout the sampling area. Blue 
sharks occurred only at lat. 44°40'N, long. l73°E ; 
three were tagged with Petersen disc tags and released 
in cooperation with the shark tagging program of the 

TABLE 7. Percentage age composition of sockeye and chum salmon by set number, fall cruise, 
RV George B. Kelez, October-November 1965.1 

SocKEYE SALMON 

Set no. and sample size 

l 2 3 4 5 6 12 13 
Age 12 60 86 ll9 12 16 72 78 

32 37 4 12 7 16 
4s 27 29 42 17 lO 28 17 8 
5. 2 l 5 2 
31 2 8 6 
42 27 8 7 18 32 15 23 
58 9 55 36 55 50 53 46 58 
6. 2 2 7 6 7 
52 
68 

CHUM SALMON 

Set no. and sample size 

2 3 4 5 6 7 8 9 
Age 41 48 35 27 21 27 2 l 

2 100 9 21 ll 
3 46 25 66 24 66 75 
4 45 75 34 25 23 22 100 100 
5 3 

1 Data adjusted to equal fishing effort for the various age groups. 
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74 563 

12 7.0 
28 24.0 
5 2.1 

1.0 
8 13.7 

45 47.7 
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4 288 

31 25.1 
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American Institute of Biological Sciences. Pomfret 
were taken in four sets; at lat. 47°30'N, long. l73°E, 
and stations south. Both tunas occurred at lat. 44°-
40'N, long. l73°E in Set No. 10, where surface water 
temperature was 12°C. This was the first catch of 
bluefin tuna by our research vessels in 11 years of gill
netting. 

VISCERAL ADHESIONS IN HIGH SEAS SALMON 

Earlier reports (French, 1965) noted the incidence 
of sockeye salmon afflicted with multiple visceral 
adhesions. Sockeye salmon taken during the winter 
and spring cruises of 1965 were examined to determine 
the incidence of adhesions. 

Sockeye salmon with adhesions were taken in nearly 
every catch of this species during the winter cruise. 
The adhesions occurred in approximately 22 percent 
of the sockeye taken ; they were found most often 
in males (66 percent) and in fish in their second winter 
at sea (78 percent). 

Examination of5,109 mature sockeye salmon caught 
in June and July 1965 during their migration to 
Bristol Bay showed an incidence of visceral adhesions 
of only 0.7 percent. This percentage was much less 
than that during the fall cruise of 1964 (19 percent) 
and the winter cruise of 1964 (26 percent). This 
reduction in the incidence of adhesions in the Bristol 
Bay sockeye sampled in the spring of 1965 indicated 
that the condition is either fatal or temporary if sub
stantial numbers of the sockeye salmon sampled in the 
fall and winter were maturing Bristol Bay fish. Re
cent studies of sockeye salmon taken in the Gulf of 
Alaska have led Margolis1 to believe that the adhesive 
condition is a transient one. 

During the fall cruise, sockeye salmon with visceral 
adhesions were taken in every catch of this species. 
Adhesions occurred in approximately 15 percent of the 
sockeye taken. This percentage is similar to that 
observed during the 1964 fall cruise (19 percent). In 
contrast to the winter cruise, there was little difference 
in incidence of adhesions by sex (males 16 percent; 
females 14 percent). The incidence was highest (22 
percent) in 1-winter-at-sea sockeye. 

SuMMARY 

1. Research cruises in 1965 were made to study 
salmon distribution in the northwest Pacific Ocean 
during the winter and fall and to determine dropout 
rates of salmon caught in gillnets in the eastern North 
Pacific and eastern Bering Sea during the spring. 

2. In the winter, 2-, 3-, and 4-winter-at-sea sockeye 
salmon were taken throughout the area between longs. 

1 Leo Margolis, Fisheries Research Board of Canada, Bio
logical Station, Nanaimo, B. C. (personal communication). 

178°W and 167°E, and from the Aleutian Island chain 
to lat. 45°N. One-winter-at-sea sockeye were abun
dant in the area bounded by lats. 46° and 47°N, and 
longs. 180° and 175°E. Chum salmon, ages 4, 5, and 
6 years, were found principally between longs. 178°W 
and 175°E. No 2- or 3-year-old chum salmon were 
taken. Pink and coho salmon and steelhead were 
taken south of lat. 45°N and between long. 180° and 
l77°E. 

3. The older sockeye salmon taken in winter were 
53 percent 2-winter, 45 percent 3-winter, and two 
percent 4-winter-at-sea fish. Age 53 dominated the 
2-winter fish, ages 52 and 63 were about equally re
presented among the 3-winter fish, and age 43 domi
nated the 1-winter sockeye. 

4. Results of applying gonad weight criteria on 
males, and serological methods on females, for judging 
maturity of winter salmon indicated most of the 2-
and 3-winter sockeye salmon were maturing. Nearly 
all of the chum salmon sampled were maturing. 

5. Experimental gillnet fishing at depths of 24 to 
72 feet revealed that relatively few salmon were at 
these depths compared with the abundance in the 
upper 24-foot layer. 

6. Winter salmon catches indicated a relation be
tween salmon distribution and surface temperatures: 
sockeye salmon were taken at stations where surface 
temperatures were below 5°C; chum salmon at 
stations with surface temperatures generally above 
3°C ; and pink and coho salmon and steelhead only 
at stations with surface temperatures of about 7°C. 

7. A comparison of catches by 3-hour periods in 
the northeastern Pacific in June showed that the largest 
catches were made between the hours 8-11 p.m. and 
smallest between 5-8 a.m. ; in the eastern Bering Sea 
the largest catches were made from 11 p.m. to 2 a.m. 
and the smallest from 2-5 a.m. 

8. Studies of gillnet dropouts indicated a loss of 
salmon of 27 percent. This loss was attributed to 
dropouts and predation. 

9. Relatively large catches of sockeye salmon were 
made in the northeastern Pacific and in the approaches 
to Bristol Bay during June. These catches were indi
cative of the very large run to Bristol Bay in 1965. 

10. In October along l73°E long., between lats. 
48°N and 51 °N, immature sockeye salmon which had 
spent two winters at sea dominated the catches. 
Sockeye which had spent only one winter at sea were 
most abundant at lat. 50°N. Chum salmon had their 
greatest abundance at lat. 50°N near long. l72°E. 
A change in dominance from sockeye to chum salmon 
occurred in the area immediately to the south of lat. 
49°N. Only chum salmon appeared in the catches 
south of lat. 48°22'N, and no salmonids were caught 
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south of lat. 45°5l'N. 
II. Sockeye salmon (mainly 2-winter fish) were 

most abundant on the east-west leg of the fall cruise 
along lat. 50°N between longs. 178°E and l72°E, 
whereas 2-year-old immature chum salmon predomi
nated between longs. l70°E and l72°E. All of the 
steelhead and coho salmon were captured at stations 
north of lat. 49°30'N ; most of the coho salmon were 
at the two stations farthest to the west. 

12. Of the sockeye salmon caught, 66.5 percent 
were 2-winter-at-sea fish; !-winter sockeye constitut
ing most of the remainder. Three- and 4-year-old 
chum salmon were almost equally abundant and ac
counted for 74.2 percent of the total ; 2-year-olds 
made up most of the remainder. 

13. Visceral adhesions occurred in about 22 per
cent of the sockeye salmon taken during the winter 
cruise ; adhesions were found in only 0. 7 percent of 
the maturing sockeye taken south of Unalaska Island 
and at the approaches to Bristol Bay during June, but 
15 percent of the sockeye captured during the fall 
cruise had visceral adhesions. 
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OCEANOGRAPHY 

by F. Favorite 

The present objective of oceanographic research 
conducted for the INPFC is to permit prediction of the 

abundance and location of species and stocks of Pacific 
salmon, through knowledge and understanding of 
physical, chemical, and biological conditions in the 
salmon environment. This implies that salmon re
spond in a predictable manner to changes in their 
environment. Evidence of this behavior has been 
presented in previous INPFC Annual Reports. 

Our early investigations were carried out during 
spring and summer as an adjunct to experimental 
salmon fishing ; voluminous amounts of oceanographic 
data were collected. Using these data, we were able 
to show that southern limits of salmon distribution 
during winter and during summer in the central, 
northern North Pacific Ocean were delineated by ocea
nographic features. Also, we have indicated that the 
annual anomalous westward movement south of the 
Aleutian Islands of mature sockeye salmon returning 
to Bristol Bay appears to be related to the intense 
westward flow of water in the Alaskan Stream. Furth
er, it has been suggested that the westward extent of 
these sockeye salmon appears to be at the western 
terminus of the Alaskan Stream which diverges near 
long. 170°E, sending one branch northward into the 
Bering Sea, and the other southward where it merges 
with the eastward flowing Subarctic Current near lat. 
49°N. 

DISTRIBUTION oF SocKEYE SALMON IN RELATION TO 

ENVIRONMENT 

During the past winter, through the accumulation 
of field data, we were able to strengthen an hypothesis 
that the temperature front near lat. 45°N in the central 
part of the ocean (Favorite and Hanavan, 1963) may 
denote the southern extent of the range of sockeye 
salmon throughout the year. The results of Canadian 
research in the Gulf of Alaska during the period April 
9 to May 6, 1962 (INPFC Annual Report 1962, pp. 
31-32) clearly showed a marked separation of sockeye 
and pink salmon ; the former were concentrated in 
the central part of the Gulf, and the latter off the 
Washington coast. It is generally believed that such 
a separation is chiefly due to surface temperatures, 
and that the pink salmon are associated with the 
warmer water in the southern part of the Gulf. Since 
the surface temperatures during spring indicate only 
a uniform gradient throughout the area, and the values 
are increasing approximately 1 oc approximately every 
two weeks, this correlation appears to be vague. 
Rather, the distribution of sockeye salmon appears to 
be distinctly related to the distribution of a tempera
ture-minimum stratum indicative of a particular type 
of vertical circulation. This relation was shown by 
using temperature data along long. 155°W from the 
1962 winter cruise of the R V Bertha Ann (Favorite 
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et al., 1964) to show the vertical structure of the 
temperature-minimum stratum (less than 4.0°C) at 
150 meters depth, and temperature data from the 1962 
spring cruises of the C.N.A.V. Oshawa and Whitethroat 
(Fish. Res. Bd. Can., 1962) to show the horizontal 
distribution of the temperature-minimum at 150 
meters depth in the Gulf of Alaska. The correlation 
between the distribution of this temperature structure 
and the concurrent distribution of sockeye salmon at 
this apparently critical time of the year (immediately 
prior to homing migrations) is remarkable (Fig. 26). 

As indicated in numerous previous INPFC Annual 
Reports, this temperature-minimum stratum is caused 
primarily by the advection of cold water from the 
western Pacific and winter turnover, and its southern 

NUMBERS OF SALMON CAUGHT 
SOCKEYE 9 20 177 13 198 74 63 20 20 0 

PINK 0 0 0 0 0 0 I 0 I 0 

+ + + + + + + + + + 
Latitude •N 54• s2• so• 48" 46. 

26 28 30 32 34 

FIGURE 26. Vertical temperature distribution south of Kodiak 
Island during late winter and early spring 1962 showing tem
perature-minimum stratum at 150 m depth, and the horizon
tal extent of the stratum in the Gulf of Alaska, compared 
with the distribution of sockeye salmon. 

boundary is denoted by a temperature front indicated 
by the vertical slope of the 4° or 5°C isotherm. During 
salmon fishing by the RV George B. Kele;:; south of the 
Aleutian Islands along long. 179°E and long. 167°E, 
in February and March 1965, the boundary was en
countered near lat. 45°N along long. 179°E. No sock
eye salmon were caught in surface gillnets south of the 
boundary (which during this particular period was 
also denoted by a sharp gradient of surface salinity
see Fig. 27) . Fishing was not conducted far enough 
southward at long. 167°E to reach the boundary; 
sockeye salmon were caught at all fishing stations. 
These vertical sections of temperature also clearly 
show the relative homogeneity of temperature in the 
water column during winter. Summer heating at the 
surface increases surface temperatures from 2°C to 
higher than 10°C and a thermocline with a magnitude 
of approximately 7°C forms in the upper I 00 meters ; 
thus, the boundary is not detected by surface tempera
ture during summer and fall. However, other basic 
properties of the water masses northward and south
ward of the boundary which have influenced the dis
tribution of the sockeye salmon during winter are still 
present ; and, of course, below I 00 meters, the winter 
temperature regime persists throughout the year. 

Therefore, it appears that the southern limit of 
sockeye salmon in the central part of the ocean may 
be determined by a change in water mass at a position 
delineated by the temperature distribution. Attempts 
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FIOURE 27. Vertical temperature distribution along long. 179°E 
and 167°E. Shaded area at long. 179°E, south of tempera
ture front near lat. 45°N, indicates absence of sockeye salmon. 
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will be made next winter to locate the temperature 
front prior to determining fishing locations, and 
fishing will be conducted at closely spaced intervals 
north and south of it to determine the distribution 
of salmon at the boundary between the two water 
masses. 

CHEMICAL STUDIES 

In the area of marine geochemistry, the principal 
emphasis during the year was on the development of 
techniques for the study of trace elements in sea water. 
In a preliminary adaptation of atomic absorption 
methods to sea water analysis, we were able to employ 
a simple extraction procedure for the quantitative 
removal of manganese, iron, and zinc from sea water 
into an organic solvent, suitable as a medium for 
atomic absorption spectrometry. A report on these 
procedures has been published (Joyner and Finley, 
1966). This work has clearly demonstrated the feasi
bility of the routine measurement of the trace-element 
content of sea water by modern spectrometric methods. 
Much additional work remains to be done, partic
ularly in the development of techniques for the pro
cessing of large volumes of sea water for high-precision 
analyses at the parts-per-billion level and lower. This 
type of research is of a somewhat basic character; 
immediate applications most readily apparent are for 
supplementing physical information in the determina
tion of the properties and movements of water masses. 
Applications to biological problems related to salmon 
fisheries will require more extensive research into the 
ecology of plankton than can be undertaken with our 
present capabilities. Therefore, until routine meth
ods can be devised to measure trace elements, these 
studies will be supported by funds from other sources. 
We feel, however, that the studies are basic to our 
knowledge of processes in the ocean related to salmon 
distribution; when the techniques are forthcoming 
they will be used in our INPFC research. 

GEOSTROPHIC TRANSPORT STUDIES 

Many studies of the circulation in the North Pa
cific Ocean have used currents derived from geo
strophic calculations (which assume a balance be
tween horizontal Corio lis forces and horizontal pressure 
forces), but there are few instances of use of geo
strophic transports. For many purposes the trans
port is as significant as the surface current, and can
not necessarily be derived from charts of surface geo
strophic flow. A knowledge of currents and trans
ports is indispensable to an understanding of the 
processes acting in the ocean. Accurate and re
liable direct observations are slowly becoming 
available, but are still so few as to be almost nonex-

istent. The cost and difficulties associated with ob
taining data from current meters and neutrally buoy
ant floats would indicate that, for some years, we 
will still depend upon indirect means for most of our 
knowledge of the surface and deep circulation. 

In indirect analysis, the circulation is inferred 
either from the distribution of properties or from geo
strophic currents calculated from hydrographic data. 
Since the number of stations over the North Pacific 
Ocean for any one season has been small, most of 
the circulation schemes proposed for the region have 
been derived from a study of water properties. Al
though there are geostrophic calculations for limited 
areas of the ocean and particular cruises, calculations 
of deep currents are lacking, and there appear to 
be no transport charts computed from station data 
for the North Pacific Ocean. One reason for the lack 
of such calculations is that the integrated geostrophic 
transport is sensitive to choice of a proper reference 
level ; that is, a depth at which the water is at rest. 
Since relatively few stations extend below 1,000 
meters, this depth has been used as a reference depth 
for dynamic calculations simply because it is the 
deepest depth for which extensive observations are 
available. This choice of depth provides an accept
able surface topography, but little confidence can be 
placed in these geostrophic transports. 

As part of our INPFC program, we have investi
gated two possibilities for obtaining transport values. 
The first method has been to prepare synthetic hydro
graphic data for depths below 1,200 meters. We 
have assumed that at this depth the circulation is 
slow, and is likely to be driven in response to factors 
that will produce a flow pattern which will not vary 
much from year to year ; that is, the short-term 
factors are damped out in the deep circulation. All 
known deep stations have been used to prepare 
average temperature and salinity charts for the North 
Pacific Ocean for standard depths from I ,000 to 5,000 
meters. Although there is some evidence of possible 
changes in the deep water on a time scale of tens of 
years, the evidence from the stations which we ex
amined-with the exception of the 1936 Bushnell sta
tions, all taken between 1951 and 1963- indicates 
that changes over the 12-year period were slight. 
These values have been coupled with actual ob
served station values from 1958 to provide a net
work over the ocean extending to the bottom. Ceo
strophic transports have been calculated from these 
data to show the integrated geostrophic transport in 
the North Pacific Ocean (Fig. 28). 

Our second method has been to use the theories 
of wind-driven ocean circulation to compute the 
circulation and transport from the observed or in-
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FIGURE 28. Geostrophic transport in the North Pacific Ocean 
(IO"m8/sec). 

FIGURE 29. Wind-driven transport in the North Pacific Ocean 
(10°m3 /sec). 

ferred wind or pressure field over the ocean surface. 
In this procedure, the surface barometric pressure 
field is directly related to the integrated geostrophic 
transport in the ocean. This method has been used 
to predict the general transport for 1958 (Fig. 29). 
The computation of transport from the wind or pres
sure field is of great interest because it appears to 
provide information as reliable as the best estimates 
from the geostrophic calculations, and the base data 
are quickly and easily available. It does not, how
ever, provide the information on the internal dis
tribution of transport which is provided by the geo
strophic method. 

Both of these methods provide useful and neces
sary information and will be checked closely against 
direct observations as they become available. We 
plan to develop both methods more fully. The trans
port from the wind or pressure field will provide us 
with a quick, reliable estimate of the surface circula
tion and the total transport. When this is combined 
with hydrographic data observed at the 1,000-meter 
stations, and the long-term values for deeper water, 
it will provide information about the internal dis
tribution of currents in the ocean. 

A definitive paper on the nature, extent, and cause 
of the Alaskan Stream has been submitted for pub
lication in the INPFC Bulletin series (Favorite, MS 
1965). It shows that relative transport in this nar
row current system along the south side of the Aleu
tian Islands can be predicted from knowledge of 
the distribution of sea level pressure in the Gulf of 

Alaska and the vicinity of the Aleutian Islands and 
that the system can be traced as far west as long. 
165°E south of the Aleutian-Komandorski Island 
chain. 

TELEMETRY Buoy PROGRAM 

Our research has indicated that within the Sub
arctic Region, where salmon spend the marine phase 
of their life cycle, a reasonably ordered circulation 
system exists but significant annual fluctuations occur 
that appear to affect the distribution of salmon. We 
realize that the difficulties are great in ascertaining 
circulation patterns accurately enough to permit se
lecting specific fishing locations at the boundaries of 
current !.ystems, even on a seasonal basis, with ships 
available to the Commission ; we believe that drift
ing, telemetry buoys will be the best method of ob
taining the information required. No buoys are 
available equipped with the data-recording and tele
metry equipment required, and it will be a year or 
two before a complete measuring and reporting sys
tem is functional, but a system capable of placing into 
position, and obtaining environmental data from a 
network of drifting buoys would provide a continuous 
synoptic picture of oceanographic conditions. When 
we are able to relate movements of salmon to these 
conditions, such a system might easily provide the 
basis for controlling the time and area that oceanic 
salmon fishing could be conducted in the Subarctic 
Region. Also, by denoting the locations of salmon 
stocks at any time of the year, the system would 
permit research vessels to sample the size of stocks 
from specific areas months or even a year before the 
salmon return to parent streams. We have been as
sured that by 1969 satellites capable of relaying data 
from such a system will be available, and we have only 
one or two years to decide if we will establish a buoy 
system and to make arrangements for the inclusion 
of our data in the satellite data-acquisition system. 
The operation of the system would require the co
operation of all three member nations of the Com
miSSIOn. A total of 56 buoys would be used in the 
initial experiment ; every four months a series of 
seven buoys would be released off the Kuril Islands. 
Present knowledge indicates that the buoys will drift 
eastward and will require about two years to reach 
the North American continent, where most would be 
recovered. After recovery and repair, each series 
would be transported back to the Kuril Island area 
and released again. An approximate distribution of 
buoys at the end of a 2-year period indicates that good 
coverage of the Subarctic Region would be obtained 
(Fig. 30). Of course, daily positioning and trans
mission of oceanographic data by satellite would 
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portray an infinitely more complex picture of in
dividual buoy drift, as well as permit early recovery 
of buoys in danger of going aground. 

One might argue that shoreward-migrating salmon 
move at speeds greater than those found in ocean cur
rent systems, and this may or may not be true. But 
these migrations involve only a few months of the 
several years that some species of salmon spend in 
the ocean. 

An indication of the information that might be 
forthcoming from such a buoy-satellite system is 
reflected by preliminary results of a drift-bottle study 
conducted aboard a ship of opportunity, the S.S. 
Java Mail, last winter. Because previous studies had 
indicated that only two percent of the bottles would 
be recovered, 96 bottles were released at approxi
mately 8-hour intervals at 40 locations during the 
12-day period from October 20 to November 1, 1964, 
as the vessel proceeded from Seattle to Hong Kong 
(Fig. 31). A total of 59 recoveries were received 
by September 1, 1965. Some released as far west as 
long. 165°W were recovered along the west coast of 
Canada and the United States, and thus more or less 
duplicated the results of a study conducted during 
1962 (Favorite, 1964). However, the northward flow 
along the coast shown by recoveries from the inshore 
stations is new information, and may affect the migra
tion of salmon off the west coast of North America. 

Some of the bottles released in the central part of 
the ocean (long. 175°W to 169°E) drifted northward 
and were reported recovered on various Aleutian Is
lands during early spring. This drift was not ex
pected because the results of a previous winter cruise 
(February to April 1962) showed that the westward 
flow of the Alaskan Stream south of the Aleutian 
Islands, extensively documented during the summer, 
could also be expected during winter as far westward 
as long. 175°W, and we assumed that winter condi
tions were therefore similar to summer conditions 

FIGuRE 30. Estimated locations, at 4-month intervals, of drifting 
buoys released at indicated locations off the Kuril Islands. 

FIGURE 31. Drift bottle experiment, the SS Java Mail, October 
to November 1964. Dots show 40 locations where groups of 
96 bottles were released. Numbers indicate total recoveries 
from individual groups as of September l, 1965. 

(Favorite et al., 1964). This drift-bottle study in
dicates there was a westward surface current along 
the south side of the Aleutian Islands ; but there 
also was present a significant northward surface flow 
in the central Aleutian area last winter that, although 
perhaps wind-driven, could have had a significant 
effect on the movements of salmon in this area. If, 
at each location, instead of 96 drift bottles we had 
released a driftmg telemetry buoy, whose position 
and surrounding environmental conditions were re
ported daily, we would have extensive information 
to correlate with any anomalies in the oceanic dis
tribution of salmon this year. 
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OCEAN MORTALITY AND GROWTH 

by R. H. Lander, K. N. Thorson, 
R. C. Simon, T. A. Dark, and G. K. Tanonaka 

For sockeye, chum, and pink salmon of commer
cial size, an accumulating body of evidence now in
dicates that increases in stock weight from growth of 
individuals continue to exceed the losses in stock 
weight from natural mortality until mature fish reach 
both the North American and Asian coasts (Ricker, 
1962, 1964 ; Parker, 1963 ; Fredin, 1964 ; Hirsch
hor~, 1966). The ge~eral conclusion is that pelagic 
fishmg reduces potent1al yields. 

Beyond this general conclusion and its significance 
to sound resource management, however, remain prob
lems for which definitive research techniques are 
not yet available. For instance, Parker ( 1962) noted 
that " A more direct approach designed to measure 
mortality directly is needed, and such experiments 
must be repeated often enough to describe annual 
variability." 

Direct proof is seldom if ever available to support 
the assumptions required in estimating natural mor
tality (Beverton and Holt, 1957; Ricker, 1958). 
The only direct estimates of short-term marine mor
tality in Pacific salmon available are those based on 
offshore and inshore tagging of Asian chum and 
sockeye salmon about 30 years ago (Taguchi, 196la, 
196lb). For sockeye, the estimate of natural mor
tality was 50 percent during the last month of life at 
sea (Taguchi, 196lb). After pointing out that 44 
percent of the coho salmon held in tanks died within 
six hours of capture by troll gear offshore, whereas 
all survived in the Taku River of Alaska after ex
ercise comparable with fighting the troll gear (Parker 
et al., 1959), Parker (1963) contended that the Japa
nese work cited above failed to demonstrate any 
natural ~ortality in Pacific salmon at all. Evidently 
as maturmg salmon move toward the coast, physio
logical changes render them less vulnerable to mor
t~lity associated with the stress of capture and tag
gmg. Among the additional assumptions that Ta
guchi (196la, 196lb) had to make was that survivors 
of salmon tagged offshore and inshore were exploited 
at the same rate in the coastal fishery. 

Parker (1964) reported another example of the 
difficulty in assessing short-term rates of natural mor
tality in Pacific salmon. Pink salmon smolts of the 
1960 brood originating in Hooknose Creek were mar
ked in two coastal areas of British Columbia. The 
~ixing of those smolts with smolts from other popula
tions, and removal of all populations at different and 

inexactly known rates by the commercial fishery in 
196~, prevented the estimation of natural mortality 
dunng the first five weeks in salt water. 

With this background, the Bureau of Commer
cial Fisheries conducted a tagging experiment on 
maturing Bristol Bay sockeye salmon during June and 
July 1965. Major objectives were: (1) to determine 
the feasibility of estimating terminal natural mor
tality by tagging during the last few weeks of ocean 
life ; (2) to estimate growth over the same interval ; 
and (3) to define physiological mechanisms of sig
nificance in the mortality of maturing salmon cap
tured, tagged, and released at sea. 

The present report contains basic information on 
tag releases and on recoveries reported through Nov
ember 15, 1965, includes certain preliminary a
nalyses pe~tinent to the problem of natural mortality, 
and descnbes research in progress under all three of 
the above objectives. 

RELEASE OF TAGS 

Three vessels participated in the 1965 field studies. 
The Bureau of Commercial Fisheries research vessel 
George B. Kelez served as a base for tagging, and for 
physiological research and gillnet dropout studies 
discussed elsewhere in this report. The Kelez fished 
both longlines and gillnets. A purse seine vessel 
the MV Yaquina, was chartered to capture fish 
for tagging, and most tag releases were made from 
this vessel. The Fisheries Research Institute of the 
University of Washington supplemented this research 
on June 7 by tagging from the MV Commander. 

Figure 32 shows the general area and dates of tag
ging. All releases from June 6 through June 20 
were west of 165°W long., and mainly south of Un
alaska Island (see just below " Unalaska I." in Fig. 
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FIGURE 32. General area and dates of tag releases for the 1965 
mortality and growth experiment on maturing Bristol Bay 
sockeye salmon. 
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TABLE 8. Data on tag releases and recoveries of sockeye salmon reported though August 23, 1965. 

Vessel Set 
and date no. 

R V Gtorgt B. Keltz 
6/6 K2 
6f7 K3 
6fiO K5 
6/11 K6 
6/12 K 7 
6/13 K8 
6/14 K9 
6fi7 K 10 
6/22 K 13 
6f26 K 16 

6 / 28 K 17 

6/ 30 KI9 

MV Taquina 

6 / 5 y 2 
6/6 y 3 

Y4 

6 / 7 y 5 
Y6 

6/8 y 7 
Y8 

6/9 y 9 

6/10 

6/11 

6fl2 
6/13 
6/14 

6/15 
6/16 
6f17 

6/19 
6/20 
6/24 

6/26 
6/27 

6/30 

y 10 

Y11 
y 12 
y 13 

YI4 
y 15 
y 16 
y 17 
y 18 
y 19 
y 20 
y 21 
y 22 
y 23 
y 24 
y 25 
y 26 
y 27 
y 28 
y 29 
y 30 
y 31 

Source: 1965 mortality and growth study on Bristol Bay sockeye salmon, by the Bureau 
of Commercial Fisheries. 

Number of recoveries by area2 

Releases 
Bristol 

No. of Nush- Naknek Bay 
Lat. (N) Long. (W) Gear1 fish Togiak agak Kvichak Egegik Ugashik unknown Total 

53- 28 
53--06 
53- 30 
53 - 30 
53- 30 
53- 07 
52- 55 
53- 13 
55- 50 
57- 23 

57- 21 

57- 30 

53- 51 
53- 42 
53- 40 
53- 33 
53- 32 
53- 36 
53- 32 
53- 30 
53- 28 
53- 34 
53- 29 
53- 34 
53- 31 
53- 29 
53- 23 
53- 19 
53- 14 
53- 15 
53- 13 
53- 12 
53- II 
54- 22 
54- 22 
57- 00 
57- 00 
57- 25 
57- 48 
57- 48 
57- 49 
57- 32 

166-04 
166-09 
166-19 
166-18 
166-19 
166-37 
167-43 
166-20 
164-00 
159-24 

159-22 

159-55 

166-16 
165-56 
165-57 
166-02 
166- 06 
166- 12 
166- 14 
166- 19 
166- 19 
166- 17 
166- 22 
166- 15 
166- 25 
166- 25 
166- 30 
166- 41 
166- 56 
166-59 
166- 54 
166- 54 
166- 56 
166- 52 
166- 52 

00 
160-00 
159- 12 
158- 30 
158- 30 
158- 25 
159- 15 

G 
G 
L 

L 

L 

G 
G 
G 
G 
L 

G 
L 

G 
G 

Total 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 

p 
p 
p 
p 
p 

91 
72 
33 

110 
7 

91 
65 
59 
49 
71 
408 

9' 

31 
113 
841 

37 
69 

164 
330 
260 
240 

136 
187 
318 
130 
74 

359 
84 

233 
308 
400 
96 

308 
425 

31 
4 

36 
459 
207 
225 

8 
!58 
49 

311 

( !) 

3 

I 
I ( ! ) 16(2) 
I 3 (I) 

4 

I 

16 

3 

12 
37 

3 
5 

17 
27 
10 
14 
10 
12 

2 

3 
6 

I 
2 

3 

2 

2 

2 

10 3 
3 
8 2 

10(1) 
17 5 
27 2 
30 

5 
15 3 
21 2 

I (I) 
I 
3 

112(3) 25 
60 5 
57(1) 13 

I 
17 
2 I 

48(1) 8 

2 

I 
2 

2 

3 
3 
2 

4 

2 

2 

2 

2 

4 

5 
2 

20 

3 

16 
47 

I 
5 
8 

18 
30 
14 
16 
II 
13 
15 
4 

10 
II (I) 
23 
30 
34 

5 
20 
23 

I (2) 
I 
5 

145 (3) 
70 
75(1) 
2 

35(3) 
7 (I) 

64(1) 

Continued ... 
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Releases 

Vessel Set 
and date no. Lat. (N) Long.(W) Gear1 

y 32 57- 28 159-11 p 

7fl y 33 57- 27 159-03 p 

y 34 57- 30 159---00 p 

7/2 y 35 57-32 159-00 p 

y 36 57- 34 159-04 p 

Total 

MV Commander 
6!7 c 49 

C50 
53- 12 
53-23 

166-47 
166-32 

L 
p 

Total 

1 G=gillnet; L = longline; P=purse seine. 
2 All stream recoveries in parentheses. 
8 Fish held over from gillnet set K-15 on 6/25. 
• Fish held over from longline set K-16. 

TABLE 8. 

No. of 
fish 

230 
291 
241 
328 
208 

6,945 

90 
150 
240 

(Continued) 

Nush-
Togiak agak 

I 
3 

2 3 
2 
4 

6(1) 40(4) 

2 

Number of recoveries by area2 

Naknek 
Kvichak 

47 
48 
60 
81 (2) 
59 

841 (9) 

6 
15 
21 

Egegik 

6 
17 
10 
17 
9 

144 

2 

3 
5 

Bristol 
Bay 

Ugashik unknown 

2 
5 
4 1 
2 1 

3 
32 22 

Total 

57 
73 
80 

103(2) 
76 

1,085(14) 

10 
19 
29 

TABLE 9. Summary of 1965 tag releases of sockeye salmon by release group, gear, tag type, and tagging treatment. 

Group 
and 
gear 

Offshore 
Purse seine 
Longline 
Gillnet 
Sub-total 

Inshore 
Purse seine 
Longline 
Gillnet 
Sub-total 

Total 

Disc 

4,305* 
240 
378 

4,923 

2,491 
80 

233 
2,804 

7,727 

Tag type 

Disc and 
Spaghetti spaghetti 

42 33 

42 33 

200 24 

200 24 

242 57 

Standard1 

4,380* 
198 
202 

4,780 

2,715 
41 

118 
2,874 

7,654 

Treatment 

Immediatez Oxygen8 

42 
176 

42 176 

39 
115 
154 

42 330 

Total 

4,380 
240 
378 

4,998 

2,715 
80 

233 
3,028 

8,026 

1 Fish put in holding tanks as captured, then tagged and released. 
2 Fish brought aboard, immediately tagged and released. 
8 Fish tagged and treated with oxygen. 
* Includes 240 fish tagged and released from the Commander. 

32). All releases from June 22 through July 2, the 
last date of tagging, were east of 165°W long. and 
mainly in Bristol Bay. These two groups are des
ignated hereinafter as " offshore " and " inshore ", 
respectively. 

Table 8 gives specific release data for each vessel ; 
for later reference herein, this table also enumerates 
tag recoveries. All releases and recoveries listed are 
of sockeye salmon. By vessel, 841 tagged sockeye 
were released from the Kelez, 6,945 from the Yaquina, 
and 240 from the Commander, for a total of 8,026. 

In Table 9 is a summary by release group, type of 
gear by which sockeye were captured for tagging 

and physiological studies, type of tag or tags ap
plied, and the method by which fish were handled 
after capture. A later section entitled " Preliminary 
analysis of recovery rates " contains material relat
ing to all items in Table 9 except the " Oxygen 
treatment " ; the latter is described under " Phys
iology " in the section entitled " Work in progress ". 

In addition to measuring fork lengths and collect
ing scales of tagged fish, the tagger recorded a number 
from 1 to 5 for each fish to summarize his judgment 
of its physical condition (degrees of scale loss, injury, 
and general vigor). The number of seconds out of 
water during tagging by the " standard treatment " 
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of Table 9 was recorded for 126 releases from the 
Yaquina. (Additional data taken for physiological 
studies are described later.) 

RECOVERY OF TAGS 

The tagging experiment was publicized before and 
during the fishing season in Bristol Bay. At the time 
tags were released, four out of five were designated 
from the serial numbers as worth a reward of $3 if 
recovered; one out of five was worth a reward of 
$15 if recovered. The Fisheries Research Institute 
of the University of Washington, the Fisheries Re
search Board of Canada, and the Japanese Fishery 
Agency increased their basic reward from $1 to $3. 

The Alaska Department of Fish and Game assisted 
in the recovery of tags ; that agency and the Fish
eries Research Institute of the University of Washing
ton forwarded tags recovered on the spawning 
grounds. Cannery superintendents provided space 
for holding and collecting data on whole fish ; they 
also designated tag processors who recorded (along 
with finders' names and addresses) the recovery dates 
and areas for tagged fish submitted by fishermen and 
cannery personnel. 

Detailed biological data from individual recoveries 
are not yet available in convenient format. How
ever, Table 8 lists by area and tag release the number 
of recoveries reported to the Seattle Biological La
boratory through November 15, 1965. 

PRELIMINARY ANALYSIS OF TAG RECOVERIES 

Detailed fishery statistics and biological data from 
the 1965 return to Bristol Bay are not yet available. 
These will be required for final interpretation of our 
progress toward objectives. The present section con
tains a few preliminary analyses. 

Offshore and Inshore Tagging 

The offshore release of 4,998 fish yielded 338 re
coveries, or seven percent ; the inshore release of 
3,028 fish yielded 837 recoveries, or 28 percent (Tables 
8 and 9). The much lower rate of recovery from the 
offshore releases may be caused by factors acting 
singly or in combination. Grossly, these are : ( l) 
differential escapement of survivors through the Bris
tol Bay fishery, as would occur because of different 
times of arrival ; (2) unequal racial composition of 
offshore and inshore releases; (3) appreciable natural 
mortality between the dates of offshore and inshore 
releases; (4) a high rate of tag failure operating for 
a longer period on the offshore releases; (5) higher 
mortality on the offshore release from the immediate 
or delayed effects of capture and tagging ; and (6) 
selective predation of tagged fish operating longer 

on the offshore release. 

Types of Fishing Gear 

Longlines, purse seines, and gillnets were used to 
capture fish for tagging and physiological studies 
(see Table 8). In Table 10 is a comparison of re
covery rates by type of gear. 

TABLE 10. Comparison of recovery rates of sockeye salmon 
tagged after capture by long1ines, gillnets, and purse 
seines, offshore and inshore (data from Table 8). 

Group and Number Number Percent 
gear released recovered recovered 

Offshore 
Long line 240 14 5.8 
Gillnet 378 0 0.0 
Purse seine 4,380 324 7.4 
Sub-total 4,998 338 6.8 

Inslwre 
Longline 80 23 28.8 
Gillnet 233 16 6.9 
Purse seine 2,715 798 29.4 
Sub-total 3,028 837 27.6 

-- -······ ···--··············· ··· ·· ··· ·····---------······ ··········-···············---······ ······· ·· ------
Total 8,026 1,175 14.6 

Results in Table I 0 agree with the observation 
that salmon taken at sea by gillnets are less likely to 
survive after tagging than if taken by longlines and 
purse seines (Hartt, 1963). 

Certain of the release and recovery data of Table 8, 
in contrast with the pooled data of Table 10, provide 
comparisons among three types of gear. It is as
sumed that these releases are essentially free of dif
ferences in racial composition and times of arrival 
in the Bristol Bay fishery. For example, the inshore 
tagging from gillnets on June 30 yielded a recovery 
rate of 14 percent ; nearby tagging from a purse 
seine led to a recovery rate of 22 percent. Inshore 
releases from longlining and seining on June 26 led 
to respective recovery rates of 28 and 34 percent. 
Finally, offshore tagging from longlines and purse 
seines on June 10-12 yielded recovery rates of five 
and six percent. No recoveries were made of fish 
caught offshore in gillnets, whereas 7.4 percent of 
the fish caught in purse seines were recovered. 

We were interested in comparing offshore and in
shore recovery rates on maturing sockeye salmon in 
connection with the work of Taguchi (1961) and 
Parker ( 1959, 1963) mentioned previously. There 
were 16 recoveries from 233 sockeye salmon tagged 
after capture in gillnets inshore, but no recoveries 
from 378 releases offshore (Table 10). Aside from 
possible differences in racial composition and of ar
rival times of survivors in the Bristol Bay fishery, 
however, this comparison is not of itself too informative. 
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The 16 recoveries were from the inshore release of 
June 30 (set K-19); an additional release of 120 
fish taken by gillnets inshore yielded no recoveries. 
The pertinent result is the absence of recoveries of 
fish caught in gillnets and released either offshore or 
inshore, except for the recoveries from set K-19. 

Only in set K-19 were gillnets used specifically 
to take fish for tagging ; in all others, fish were gradu
ally accumulated in the holding tanks as nets were 
hauled for the dropout study. Average times that 
tagged fish had fought the gear were estimated from 
average fishing time of nets in the two situations. 
The average time between setting and lifting was 
4.1 hours for sets in the dropout study, and 2.4 hours 
for set K-19. Therefore, time spent fighting the 
gear may be a dominant factor in the survival of 
salmon tagged at sea from gillnets. 

Types of Tags 

Recovery rates of disc, spaghetti, and double tags 
were compared (Table 11). Disc tags were affixed 
anterior, and spaghetti tags posterior, to the dorsal 
fin. These positions were retained in double tag
ging. The recovery rates for disc tags were higher 
than for spaghetti tags for all sets (Y-29, Y-35, and 
Y-36) in which the two types were compared. These 
results agree with the observation of Hartt (1963) that 
disc tags have yielded recovery rates almost double 
those of spaghetti tags in the year of tagging. Pooled 
data from the three sets show that the percentage 
of disc tags recovered was nearly twice that of spa
ghetti tags. This difference in recovery rates may 
be due to gear selection of disc tags, differential re
portability, tagging mortality, tag loss, or a combina
tion of these factors. Since three of the 10 double
tagged fish recovered from sets Y-24 and Y-27 were 
without the spaghetti tag, the present experiment 
provides some evidence of differential tag loss. 

The results of set Y -27 suggest differential tag mor
tality. Since one can reasonably assume no dif
ference in gear selection, and a reportability for dou
ble tags at least as high as that for disc tags, the higher 
recovery rate for disc tags may reflect a lower survival 
of double-tagged fish. 

Further and more specialized experiments with sin
gle and double tags must be conducted before the 
separate factors of reportability, tag loss, tagging mor
tality, and tag selectivity can be accurately assessed. 

Standard and Delayed Tagging 

During "standard" tagging (Table 9), fish were 
placed in holding tanks at the time of capture, then 
tagged and released several hours later. During 
" immediate " tagging, fish were tagged and released 
immediately, while the gear was being hauled. 

Of 110 sockeye salmon caught on longlines (set 
K-6 of Table 8), 35 were tagged by the" immediate" 
treatment and the remaining 75 by the "standard" 
treatment. Respective recovery rates were 12 and 
0 percent. Of seven fish taken on longlines and tag
ged by the "immediate" treatment (set K-7), two 
(29 percent) were recovered (the highest recovery 
rate observed for any offshore release). Of 33 fish 
taken on longlines and released after " standard " 
tagging (set K-5), only one was recovered (three per
cent). The data from longline tagging suggest that 
immediate release results in increased survival. 

Effect of Holding Tanks on Survival 

A significant difference in recovery rates between 
fish held in the port and starboard compartments 
of a holding tank was reported by Hartt ( 1963). The 
difference was believed due to a difference in oxygen 
content between the compartment with the inlet and 
the compartment without. 

To alleviate this condition on the Taquina, a flexible 
inlet hose was used which was changed from side to 
side at about 20-minute intervals. To check the ef
fectiveness of this procedure, the recovery rates of 
fish held before tagging in the port and starboard 
compartments were tested by Chi-square. In 26 
separate sets the tests indicated significant differences 
in only two sets, and it was concluded that no dif
ference in water quality existed between compart
ments. It was possible, however, that the water 
quality within the tank may have adversely affected 
the survival of the tagged fish. 

To test this possibility some fish were tagged di-

TABLE II. Comparison of recovery rates of disc, spaghetti, and double tags. 

Number tagged Number recovered Percent recovered 

Set Disc and Disc and Disc and 
number Disc Spaghetti Spaghetti Disc Spaghetti Spaghetti Disc Spaghetti Spaghetti 

y 24 7 29 5 17 
y 27 201 24 70 5 35 21 
y 29 112 45 29 9 26 20 
y 35 228 100 89 16 39 16 
y 36 !55 53 63 13 41 24 
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rectly from the seine, whereas others were held in 
the tanks prior to tagging. Experimenting with four 
separate sets, the recovery rates were higher from 
fish held in the tanks for two sets, the rates were the 
same for one set, and for another the recovery rate 
of fish held in the seine was the higher. The avail
able evidence, therefore, does not indicate a factor 
within the tank itself that would confound other com
parisons. 

Effect of Crowding 

An estimated 5,000 fish were taken in two inshore 
seine hauls by the Taquina on June 30 (sets Y-31 and 
Y-32, Table 8). Most of these were released untag
ged ; some were in evident distress. 

From I 7 offshore sets by the same vessel in which 
the release numbers accurately reflected the total 
catches, and therefore the degree of crowding, a nega
tive correlation (r= -.357) was found between re
covery rate and number of tagged fish released; al
though not significant at the 95 percent level, its 
direction suggests the same harmful effect of crowding 
noted by Hartt (1963). The true effect of crowding 
is obscured by changes in weather, different exploita
tion rates in Bristol Bay on fish tagged on different 
dates, and other factors. 

Time Required for Tagging 

We have long suspected that the time required 
for tagging may reach a point critical to the survival 
of tagged fish. Therefore, in 1964, the time required 
to tag 50 fish captured in two sets was recorded 
(Lander et al., 1966). These data indicated a decline 
in the rate of recovery as tagging time approached 
30 seconds. The experiment was repeated in 1965, 
when 126 tagging times were recorded (during set 
Y -21). Again, reduced recovery rates with increas
ing time were indicated. Further study of this ef
fect is planned. 

WoRK IN PROGRESS 

Mortality 

The Alaska Department of Fish and Game is com
piling detailed catch, effort, management, and bi
ological statistics needed before the feasibility of es
timating terminal natural mortality by tagging can 
be determined. When these data are available, all 
material will be analyzed to determine whether a 
realistic mathematical model can be developed from 
1965 data. Additional tagging on this stock is ten
tatively planned for 1966. 

Growth 

Biological data collected at times of release and re-

covery during 1965 permit a study of short-term ocean 
growth of Bristol Bay sockeye. Results will be of in
terest because previous work on ocean growth of Bris
tol Bay sockeye was based on successive sampling of 
the stock at sea, and terminated three weeks before 
the peak return (Lander and Tanonaka, 1964). Pre
liminary analysis of tagging data, however, suggests 
the need for improved quality of release and recovery 
information. 

Physiology 

Objectives of the physiology field study were : (I) 
to characterize both exhausted and rested fish bio
chemically ; (2) to test the hypothesis that biochemi
cal responses and hence the sensitivity of fish to tag
ging are different at early and full maturity ; and 
(3) to test the hypothesis that holding tagged fish in 
water supersaturated with oxygen before release will 
enhance survival as measured by the recovery of tags. 

For objectives (I) and (2) above, samples of blood, 
muscle, and liver were fixed in 10 percent trichlo
racetic acid (TCA), then frozen for later laboratory 
analyses of glucose (or glycogen), lactate, and pyru
vate. Serum was separated from blood ; both frac
tions were frozen for later determinations of adrenal 
corticosteroids and urea, and of chloride, phosphate, 
potassium, and sodium ions. Of 250 fish sampled, 
about half were sampled soon after capture and the 
rest after 24 or more hours in holding tanks. Blood 
pH was determined electrometrically on 65 of these 
fish while alive; precautions were taken to keep the 
electrode chamber at the same temperature as the 
sea water to avoid exposure of blood samples to the 
air, and to standardize the instrument frequently. 
Bouin-fixed subsamples of adrenal and pituitary glands 
were taken for histological study. 

Preliminary tests with fingerling sockeye salmon in 
a plastic oxygen-pressure chamber (Fig. 33) had sug
gested that 3X supersaturation in water greatly in
creased survival after complete exhaustion. A 500-
gallon tank was accordingly fabricated and welded 
in place near holding tanks aboard the Kele;:, (Fig. 34). 
Adult salmon captured by gillnets and longlines and 
tagged were alternately released and put in the tank. 
Water was recirculated inside the tank continuously 
during and after loading. After 30 to 50 salmon had 
been placed in the tank, 50 gallons of sea water were 
drained from the full tank by displacement with pure 
oxygen. The tank was tightly sealed, and oxygen 
pressure was raised to 30 PSI above atmospheric pres
sure. Pressure was released after about 60 minutes 
at 3X supersaturation (as measured by a silver-lead 
electrode in the bottom of the tank). Fish were 
released by tripping an end hatch abutting a flume 
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FIGURE 33. Plastic pressure chamber, pilot model. Stirring by 
magnetic bar assures proper function of oxygen electrode and 
accelerates dissolution of oxygen. 

FIGURE 34. Holding tanks (lower left) and oxygen pressure tank 
aboard the RV George B. Kelez. Access doer at top center. 
Three viewing ports are not visible. 

FIGURE 35. Emptying tank contents after release of oxygen 
pressure. 

which carried fish and water directly over the side 
of the vessel (Fig. 35 ). Although interpretation is ten
uous because of generally poor tag recoveries, there 
was no evidence of increased survival. 
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consideration of rationality of offshore fishing. II. For red 
salmon (Oncorhynchus nerka). Bull. Japanese Soc. Sci. Fisheries, 
27 (11): 972-978. (Translated by R. H. Kono, U .S. Bureau 
of Commercial Fisheries, Biological Laboratory, Seattle, Wash
ington.) 

SEROLOGY 

by Fred Utter 

The objectives of the serological studies which have 
been conducted under the International North Paci
fic Fisheries Commission's research program include 
the separation of major Pacific salmon stocks which 
intermingle on the high seas and the detection of the 
onset of maturity in Pacific salmon. During the past 
year our racial studies have focused on chum and pink 
salmon, and the major emphasis of our maturity work 
has been on sockeye salmon. 

BLOOD GROUP STUDIES OF PINK AND CHUM SALMON 

More than 60 rainbow trout isoimmune reagents 
were tested for cross-reactivity with chum or pink 
salmon red blood cells ; of these, 16 cross-reacted 
with chum salmon and 12 cross-reacted with pink 
salmon cells. The reagents with strong reactions 
were diluted serially until they no longer reacted with 
any of the test cells. Where differences of two or 
more serial dilutions were found for test cells of a 
given species, cells from individuals which failed to 
react at the lower dilution were used for absorptions. 

Table 12 lists the reaction frequencies of chum salm
on cells from Puget Sound and Alaskan areas with 
two of the isoimmune reagents. The reactive fre-

quency of reagent 252 with cells from three of the 
four areas of the Puget Sound and Columbia River 
district exceeded 50 percent, whereas all of the Alas
kan samples reacted with a frequency considerably 
below 50 percent. The limited testing with reagent 
425 indicates a possible value of this reagent for 
separation of Puget Sound chum salmon from those 
originating in Alaskan waters. All of the Quilcene 
River chum salmon cells which were tested with re
agent 425 reacted, whereas the highest reactive fre
quency of cells from Alaskan areas was 54.5 percent. 

The reactions of pink salmon cells from various 
Alaskan and Canadian areas with two rainbow trout 
isoimmune reagents are given in Table 13. A pool 
of reagent 425 which had been absorbed with weakly 
reacting pink salmon red cells reacted at a higher 
frequency with cells from the three southernmost 
areas. Further work with this reagent may provide 
a means of separation of pink salmon over a broad 
geographic range. Although reagent 41 7 was tested 
with cells from only three areas, the distinct fre
quency difference between two adjacent areas, Ka
chemak Bay in Cook Inlet and Olsen Creek in Prince 
William Sound, suggests that this reagent may be 
useful in discriminating stocks originating within a 
more limited geographic area. 

SEROLOGICAL STUDIEs OF MATURITY IN SocKEYE 

SALMON 

Female sockeye salmon taken on the high seas 
during the fall and winter cruises of the R V George 
B. Kelez were tested for the presence of the SM (serum 
maturity) factor (Ridgway, 1961). The SM factor 
has been characterized as the vitellin component of 

TABLE 12. Reactions of red blood cells from chum salmon from various American areas with two rainbow trout 
isoimmune sera. 

Reagent 

252 (pool of numerous bleedings) 425 (August 1964 bleeding) 

No. No. Total Percent No. No. Total Percent 
Area Year positive negative sample positive positive negative sample positive 

Washington & Oregon 

Columbia R. 1964 15 14 29 51.7 
Samish R. 1964 9 6 15 60 .0 
Skagit R. 1964 16 17 94.1 
Quilcene R. 1964 7 17 24 29 . 1 10 0 10 100 

Alaska 

Tutka Bay 1965 0 13 13 0 5 8 13 38.4 
Olsen Creek 1965 5 17 22 22.7 12 16 22 54 .5 
Annette I. 1964 29 30 3.3 
Annette I. 1965 9 15 24 37.5 6 18 24 25.0 

-··············· ··----~- -- -~--------········-- -·· ·········· ····· · · ··· ··· ·· ······· · ······ · ··· · ·· · · · · · ······ · ·· ················-·-··· -- ········· ·················· ................................ ----····-·················-···············-· 
Chi-square value 55 .4** 16.8** 

** Significant at !-percent level. 
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TABLE 13. Reactions of pink salmon red blood cells from Canadian and Alaskan areas with two rainbow trout 
isoimmune sera. 

425 (Pool absorbed) 

No. No. Total 
Area Year positive negative sample 

Canada & S.E. Alaska 
Skeena R. 1964 22 0 22 
Annette I. 1964 27 2 29 
Annette I. 1965 16 0 16 

Prince William Sound 
& CIJ(Jk Inlet 

Kachemak Bay 1965 II 8 19 
Sheep Bay 1964 22 3 25 
Olsen Creek 1965 12 8 20 
Homer 1964 19 5 24 

Chi-square value 26.6** 

** Significant at !-percent level. 

Reagent 

Percent 
positive 

100 
93 . 1 

100 

57.8 
88 .0 
60 .0 
79.1 

417 (Pool) 

No. No. Total 
positive negative sample 

6 8 14 

16 3 19 

6 12 18 

10.1** 

TABLE 14. Frequency of occurrence of positive SM reactions among 488 female sockeye salmon 
taken during the fall 1964 and winter 1965 cruises of the RV George B. Kelez, according 
to the numbers of winters spent at sea. 

September-October February-March 

Number of SM-positive 
winters Number 

SM-positive 
Number 

at sea tested Number Percentage tested Number Percentage 

0 2 0 0.0 47 I 2.1 
I 223 6 2.7 59 48 81.4 
2 60 31 51.7 90 89 98 .9 
3 0 0 0 .0 7 7 100 .0 
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Percent 
positive 

42.9 

84.2 

33.3 

the developing egg (Ridgway et al., 1962; Van
stone and Ho, 1961) . Its presence is therefore con
sidered a valid indication that the fish is female and is 
maturing. 

search Board of Canada's Technological Station in 
Vancouver, B.C. Concurrently we have been working 
on methods of sensitizing various mammalian and 
avian erythrocytes so that they may be capable of 

Table 14 summarizes the reaction data for the SM 
factor with reference to the number of winters at sea 
for 488 female sockeye salmon. These data have 
been plotted in Figure 36 as the percentage of SM
positive females in the different winter-at-sea cate
gories. Females which have spent two winters at 
sea apparently mature earlier than those that have 
spent only one winter. 

We have continued to seek an immunological 
method for detection of the onset of maturity in males 
as well as more sensitive methods for detection of 
maturity in females. We are currently working on a 
method of hormonal assay which has proven valuable 
for detection of various antigenic hormones in higher 
vertebrates (Wide and Gemzell, 1960 ; Berson et al., 
1963). Three rabbits have been immunized with a 
purified salmon pituitary preparation furnished by 
Dr. H.L.A. Tarr and associates at the Fisheries Re-
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FIGURE 36. Percentage of SM positive female sockeye salmon 
taken in the fall 1964 and winter 1965 cruises of the RV George 
B. Kelez at different ocean ages. 
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absorbing gonadotropic hormones which may be 
present in salmon sera. If the gonadotropic hormone 
adhering to the sensitized erythrocyte reacts with a 
specific antiserum, the resulting agglutination would 
be an indication of the onset of maturity in either 
male or female salmon. Such a test would be much 
more sensitive than the double-diffusion test current
ly used for the detection of the SM factor. 
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SOCKEYE SALMON SCALE STUDIES 

by James E. Mason 

This report presents the results of classifying to 
continent of origin the mature and immature sockeye 
salmon caught on the high seas in 1962, plus the 
mature salmon in the 1964 Bristol Bay inshore sam
ples. Mason ( 1966) reported on the analysis of 1963 
samples. Samples collected in 1964 from the high 
seas and from Asia were not available for analysis. 

The three scale characters used to determine the 
continent of origin of both mature and immature 
sockeye salmon were defined by Anas ( 1964) as fol
lows : ( 1) Circulus count within the first half of the 
width2 of the first-ocean zone. (2) The scale width 
measured across the first six circuli in the first-ocean 
zone. (3) The scale width measured across circuli 
13- 18 inclusive in the first-ocean zone. 

The following material will be presented in this 
report: the criteria used for determining maturity, 
the sources of the samples, the method of interpret
ing the scale characters, the classification procedures, 
and the results of classifying sockeye to continent of 
ongm. Since the classification procedures for mature 
and immature sockeye salmon were different, the 

2 "Width" is substituted for" length" as used by Anas (1963, 
1964) and Anas and Murai (MS 1964). 

procedure for classifying mature fish will be described 
first, followed by the procedure for immature sockeye. 

MATURITY 

Sockeye salmon samples collected on the high seas 
were classified as mature if the gonad weights in 
grams exceeded the following values : 

Females Males 
Late May 15.0 1.0 
Early June 15.0 2.0 
Middle and late June 20.0 3.0 
Early July 25.0 3.0 
Middle and late July 25.0 5.0 

These criteria are from a letter dated April 2, 1964, 
from the Chief of the Research Section of the Fisheries 
Agency of Japan to the Executive Director of the 
INPFC Secretariat. 

SAMPLES 

Bristol Bay samples taken from the Branch, Egegik, 
Kvichak, Naknek, Ugashik, and Wood Rivers (ap
proximately at the peak of the respective runs) were 
used as North American standard reference samples 
for 1962 and 1964. Because no samples from in
shore areas of Kamchatka or the Okhotsk Sea were 
available for 1962 and 1964, two samples collected 
June 12, 1962, near 49°N lat., 166°E long., were 
used as Asian standards and for estimating the aver
age error of misclassification for 1962. They are 
shown as samples 1 and 2 in Table 15. The date 
and location of collection indicated that the fish were 
not from North America; most probably they origi
nated on the Kamchatka Peninsula. These same 
samples were used by Landrum and Dark ( 1964) in 
the morphological classification of maturing sockeye 
salmon in 1962. 

The 1962 samples of mature and immature sockeye 
salmon caught on the high seas were mainly col
lected aboard the Japanese motherships Meisei Maru, 
Shinano Maru, Miyajima Maru, and Jinyo Maru. Sam
ples were also collected by the U.S. research vessels 
George B. Kelez and Bertha Ann. 

Only the samples which exceeded 29 mature or 
1 7 immature sockeye salmon were used. 

INTERPRETATION OF ScALE CHARACTERS 

The scale character data presented for 1962 through 
1964 were collected by the same personnel using the 
same equipment, procedures, and criteria as in previ
ous years (Anas, 1963; Anas and Murai, MS 1964). 
Only the " preferred " scale located two rows above 
the lateral line on the diagonal scale column which 
extends downward from the posterior insertion of the 



Sample Sampling 
number date 

1** 6/12 
2** 6/12 
3 5/25 
4 5/27 
5 5/26 
6 5f25 
7 5/26 
8 5f27 
9 6/18 

10 6/18 
11 6/12 
12 6/10 
13 6/10 
14 6fl4 
15 6/16 
16 6/16 
17 6/12 
18 6/14 
19 7/3 
20 6/21 
21 6/29 
22 6/23 
23 6/23 
24 6/25 
25 6/10 
26 6/2 
27 5/31 
28 6/1 
29 5/31 
30 6/1 
31 6/2 
32 6/4 
33 6/11 
34 6/2 
35 6/6 
36 6/7 
37 6f6 
38 6/5 
39 6/7 
40 6/4 
41 6/25 
42 6f27 
43 6f27 
44 6/28 
45 6/3 
46 6/25 
47 7/1 
48 7/5 
49 7/1 
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TABLE 15. Classification of high seas samples of mature sockeye salmon in 1962. 

Sampling location1 

Lat. (N) Long. 

49- 35 166- 26E 
49- 22 166-36E 
46-17 169-53 E 
47- 17 170-17E 
47- 00 170-00E 
47- 23 169-20E 
47- 00 169-00 E 
47- 03 169-25E 
48- 26 167- 48E 
48- 26 167- 58 E 
48- 20 168- 12E 
48- 10 168- 23E 
48- 45 168- 44E 
48-44 168- 44 E 
48- 44 168- 44 E 
48- 35 169-14E 
48- 32 167- 41E 
48- 32 168- 23 E 
50- 10 165- 31 E 
49- 38 166- 31 E 
50- 09 168- 28E 
50- 13 169- 17E 
50- 13 169- 34E 
50- 20 170- 18E 
50- 23 171- 18E 
50- 09 179- 37 E 
51 - 14 175- 22W 
51 - 08 175- 15W 
51 - 22 17 04W 
51 - 20 176-00W 
51 - 19 175--51W 
51- 08 175- 53W 
50- 57 176-00W 
51 - 08 176- 45W 
51 - 20 176- 57 E 
51 - 20 176- 09E 
51 - 20 176- 21 E 
51 - 00 176- 00E 
51 - 09 174-23E 
51 - 28 173- 01 E 
51 - 10 170- 41 E 
51 - 02 170- 36E 
51 - 06 171- 01 E 
50- 53 171- 11 E 
51 - 00 170- 00E 
50- 32 169-15 E 
55- 33 165- 30 E 
55- 33 165- 41 E 
50- 45 166- 00E 

Sample 
size 

73 
88 

167 
57 
50 
87 
52 
51 
83 
91 
92 
47 
50 
48 
48 
43 

101 
54 
43 
48 
38 
51 
41 
36 

127 
122 
184 
55 

178 
49 
54 

109 
47 
57 

189 
51 
97 
37 
51 
30 
33 
44 
35 
33 
66 
44 
36 
31 
42 

Number of 
Bristol Bay 

sockeye 

21 
22 

107 
14 
13 
17 
22 
9 

28 
28 
27 
12 
8 

11 
13 
9 

30 
13 
14 
12 
15 
13 
12 
16 
52 
61 

140 
40 

133 
38 
41 
89 
34 
43 

160 
40 
84 
22 
35 
25 
14 
10 
9 

12 
23 
14 
14 
10 
9 

Percent classified 

Bristol Kamchatkan 
Bay type type 

28.77 71.23 
25.00 75 .00 
64.07 35 .93 
24.56 75.54 
26 .00 74 .00 
19 .54 80.46 
42.31 57.69 
17.65 82.35 
33.73 66 .27 
30.77 69.23 
29 . 35 70 .65 
25 .53 74.47 
16.00 84 .00 
22.92 77 .08 
27 .08 72 .92 
20 .93 79.07 
29 .70 70.30 
24.07 75.93 
32.56 67.44 
25.00 75 .00 
29 .47 60 .53 
25 .49 74.51 
29.27 70.73 
44.44 55 .56 
40.94 59.06 
50.00 50 .00 
76.09 23 .91 
72 . 73 27 . 27 
74 . 72 25 . 28 
77 .55 22 .45 
75.93 24 .07 
81.65 18 .35 
72.34 27 .66 
75.44 24 .56 
84.66 15 .34 
78 . 43 21 .57 
86.60 13.40 
59 . 46 40.54 
68.63 31 .37 
83 . 33 16 .67 
42 . 42 57 .58 
22.73 77 . 27 
25.71 74 . 29 
36 .36 63.64 
34.85 65.15 
31.82 68 . 18 
38.89 61 . 11 
32.26 67.74 
21.43 78.57 

Corrected 
percent 
Bristol 

Bay type 

65 
0 
0 
0 

27 
0 

12 
7 
5 
0 
0 
0 
7 
0 
5 
0 

10 
0 

22 
0 
4 

31 
25 
41 
86 
80 
84 
89 
86 
96 
80 
85 

100 
38 

100 
57 
73 
99 
28 
0 
0 

17 
14 
9 

21 
10 
0 
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90% 
confidence 
interval' 

55-76 
0-17 
0---18 
0-14 
7-47 
0-18 
0-27 
0-21 
0-18 
0-19 
0-18 
0-18 
0-19 
0-19 
0-18 
0-17 
0-31 
0-18 
0-45 
0---18 
0-25 
7-55 

12-38 
28- 54 
77- 95 
63- 98 
75--93 
72- 100 
69- 100 
85- 100 
61 - 99 
69- 100 
92- 100 
18- 58 
89- 100 
34- 80 
5 92 
79- 100 

3- 52 
0--19 
0--22 
0- 41 
0- 31 
0- 29 
0- 45 
0--34 
0- 20 

Continued ... 
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TABLE 15. (Continued). 

Sample Sampling 
number date 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

7/5 
5/25 
6/1 
6/ 19 
5/25 
6f l6 
6/16 
6/12 
6/11 
6/12 
6/17 
6fl8 
6/13 
6/19 
6/11 
6/12 
6/13 
6fl5 
6/17 
5/25 
5/31 
6f6 
6/6 
5/31 
6/6 
6/6 
6f l 
6/ 1 
7f 13 
7/9 
7f 9 
7/ 11 

Sampling location' 

Lat. (N) Long. 

50- 42 
52- 31 
52- 00 
53- 28 
52- 30 
53- 18 
54-01 
47- 14 

812 
49- 33 

812 
812 
813 
947 
945 
945 

945 
944 
944 

1003 
1006 
1008 
1009 
1123 
1121 
1120 
1115 
1116 

50- 56 
50-32 
50- 44 
50- 20 

165-59E 
170-23E 
170-12E 
175-57W 
170-23E 
166-55E 
177-0IW 
160-59E 

176-45E 

163-10E 
163-32E 
163-32E 
163-32E 

Sample 
size 

30 
77 
46 
30 
76 

137 
54 
52 
55 

148 
45 

146 
45 

107 
53 
81 
46 

100 
39 

!51 
81 
90 

136 
64 
91 
67 
81 
74 
32 
42 
48 
33 

Number of 
Bristol Bay 

sockeye 

9 
33 
13 
23 
25 
37 
49 
11 
14 
41 
7 

42 
12 
25 
17 
31 
16 
42 
8 

87 
42 
35 
86 
44 
80 
48 
63 
62 
15 
16 
8 
9 

Percent classified 

Bristol Kamchatkan 
Bay type type 

30.00 
42.86 
28.26 
76.67 
32.89 
27.01 
90.74 
21.13 
25.45 
47.70 
15.56 
28.77 
26.67 
23.36 
32.08 
38.27 
34.78 
42.00 
20.51 
47.62 
51.85 
38.89 
63.24 
68.75 
87.91 
71.64 
77.78 
83.78 
46.88 
38.10 
16.67 
27.27 

70.00 
57 . 14 
71 . 74 
23.33 
67.11 
72 .99 
9. 26 

78.85 
74.55 
42.30 
84.44 
72.23 
73.33 
76.64 
67 .92 
61.73 
65.22 
58.00 
79.49 
42.38 
48 . 15 
61.11 
36.76 
31.25 
12.09 
28 .36 
22.22 
16.22 
53 . 12 
61.90 
83.33 
72.73 

Corrected 
percent 
Bristol 

Bay type 

6 
28 
3 

87 
11 
0 

100 
0 
0 
2 

0 
4 
0 
0 
9 

20 
14 
79 

0 
54 

44 
21 
64 
74 

100 
79 
89 

100 
0 
0 
0 

90% 
confidence 
interval2 

0- 30 
12- 44 
0- 22 

65- 100 
0- 26 
0- 14 

86-100 
0- 18 
0- 17 
0- 12 
0- 19 

14 
0- 19 
0- 12 
0-28 
5- 36 
0- 34 

66- 92 
0- 20 

42- 66 
28-60 
6- 36 

52- 76 
57- 90 
89- 100 
63- 94 
76- 100 
88- 100 
0- 22 
0- 20 
0- 18 
0- 23 

1 Numbers other than longitude and latitude refer to area designation 1 o of latitude by 1 o of longitude (Lander and Tanonaka, 
1964). 

2 Truncated at 0 percent and 100 percent. 
** Asian standards. 

dorsal fin, or a scale from the " A " zone (page 115, 
INPFC 1961 Annual Report) was read. 

CLASSIFICATION PROCEDUREs FOR MATURE SocKEYE 

SALMON 

The discriminant function computed by Anas and 
Murai (MS 1964) for the 1957 scale-character data 
was used to determine the percentages of specimens 
classified as Bristol Bay type sockeye salmon in the 
1962 high seas samples of mature sockeye and in the 
1962 and 1964 inshore samples. The observed per
centages of misclassified specimens in 1962 and 1964 
in the Bristol Bay stream samples were weighted by 
their respective escapement estimates shown in Tables 
16 and 17. The computed average error of misclassi-

fication of Bristol Bay type sockeye salmon was 16.1 
percent in 1962 and 20.8 percent in 1964. The cor
rected percentage of Bristol Bay type sockeye salmon 
in the 81 samples of mature sockeye caught on the 
high seas in 1962 and the 90-percent confidence inter
vals, computed by the procedures of Anas and Murai 
(MS 1964), are given in Table 15. 

Discriminant function analysis by use of the three 
defined characters has separated Bristol Bay and Asian 
samples in all years from 1956 through 1963 (Fig. 37). 
In 1964, results of the classification of sockeye salmon 
from Bristol Bay rivers were similar to those of other 
years. 
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TABLE 16. Average error in misclassification weighted according to relative abundance 
of the contributing stocks of Bristol Bay sockeye salmon in 1962. 

Observed percent 
Escapement Relative of Weighted 

River in millions abundance misclassification value 

Branch 0.091 0.0164 11.8 0.1935 
Egegik 1.027 0.1851 10.3 1.9065 
Kvichak 2.581 0.4650 12.1 5.6265 
Naknek 0.722 0.1301 7.9 1.0278 
Ugashik 0.255 0.0459 23.2 1.0649 
Wood 0.874 0.1575 40.0 6.3000 
Total 5.550 1.0000 16.1192 

Average errors of misclassification were 16.1192 percent for the Bristol Bay population and 
26.7081 percent for the Kamchatkan population (samples 1 and 2, Table 15). 

TABLE 17. Average error in misclassification weighted according to relative abundance 
of the contributing stocks of Bristol Bay sockeye salmon in 1964. 

Observed percent 
Escapement Relative of Weighted 

River in millions abundance misclassification value 

Branch 0.249 0.0502 10.7477 0.5395 
Egegik 0.850 0.1715 1.6949 0.2907 
Kvichak 0.957 0.1932 37.3219 7.2106 
Naknek 1.350 0.2725 5.5319 1.5074 
Ugashik 0.473 0.0954 20.7756 1.9820 
Wood 1.076 0.2172 42.5466 9.2411 
Total 4.954 1.0000 20.7713 

Average error of misclassification was 20.7713 percent for the Bristol Bay population ; 
1964 samples for the Kamchatkan population are not currently available. 
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FIGuRE 37. Linear distribution of sample mean "Y" values; three scale characters and a discriminant function 
computed from data collected in 1957 were used. 
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Classification of Mature Sockeye Salmon in North 
Pacific Ocean Samples in 1962 

Samples taken May 21-31, 1962, between longs. 165°30'E 
and 170°30'E (Fig. 38) 

South of lat. 49°30'N. In four of six samples, 
sockeye salmon were classified as 100 percent Kam
chatkan type. Sockeye salmon in two samples (3, 7) 
were classified as 65 and 27 percent Bristol Bay type. 
The 90-percent confidence intervals for the latter two 
samples excluded zero. 

North if lat. 49°39'N. The sockeye salmon in two 
samples (51, 54) were classified as 28 and 11 percent 
Bristol Bay type. The 90-percent confidence inter
val for sample 51 was 12--44 percent ; thus, it is prob
able that Bristol Bay sockeye occurred in this area 
at this time of the year. 

SamplestakenMay21-31, 1962, betweenlongs.l70°30'E, 
and 175°30'E (Fig. 38) 

North of lat. 49° 30' N. All three samples included 
Bristol Bay type sockeye salmon; the percentages 
ranged from 44 to 74 percent. The 90-percent con
fidence intervals all excluded zero. These high per
centages were attributed to the presence of Bristol 
Bay sockeye, not sampling variation. 

Samples taken June 1-10, 1962, betweenlongs.165°30'E 
and 170°30'E (Fig. 39) 

South if lat. 49° 30' N. The sockeye salmon in two 
samples (12, 13) were classified as 100 percent Kam
chatkan type. 

North if lat. 49°30'N. Two samples (45, 52) 
showed small percentages of Bristol Bay type sockeye 
salmon. Since the 90-percent confidence intervals 
included zero, it is possible that the point estimates 
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FIGuRE 38. Samples of maturing sockeye salmon taken May 
21-31, 1962, showing percentage of Bristol Bay type sockeye 
salmon by I 0 X I 0 areas. First number is the sample number ; 
second number (in parentheses) indicates percentage Bristol 
Bay type sockeye. 
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FrGURE 39. Samples of maturing sockeye salmon taken June 
1-10, 1962, showing percentage of Bristol Bay type sockeye 
salmon by 1° X 1° areas. First number is the sample number ; 
second number (in parentheses) indicates percentage Bristol 
Bay type sockeye. 

reflected variation in sampling. 

Samples taken June 1-10, 1962, between longs. 170°30'E 
and 175°30'E (Fig. 39) 

North if lat. 49° 30' N. The sockeye salmon in three 
samples (25, 39, 40) were classified from 25 to 99 
percent Bristol Bay type; all 90-percent confidence 
intervals excluded zero. Samples collected north 
of lat. 50°30'N had higher percentages of Bristol Bay 
salmon than those collected to the south. 

Samples taken June 1-10, 1962, between longs. 175°30'E 
and 179°30'W (Fig. 39) 

North of lat. 49° 30' N. All samples were classified 
from 21 to 100 percent Bristol Bay type sockeye 
salmon; all 90-percent confidence intervals excluded 
zero. The samples with the highest percentages of 
Bristol Bay salmon were near the Aleutian Islands. 

Samples taken June 1-10, 1962, between longs. 179°30' W 
and 174°30'W (Fig. 39) 

North of lat. 49° 30' N. All samples were classified 
from 80 to 100 percent Bristol Bay type sockeye 
salmon; 90-percent confidence intervals ranged from 
52 to 100 percent. 

Samples taken June 11-20, 1962, between longs. 165° 30' E 
and l70°30'E (Fig. 40) 

South of lat. 49° 30' N. Eighteen of 20 samples were 
classified as less than 20 percent Bristol Bay type 
sockeye salmon. The average was about eight per
cent. The 90-percent confidence intervals included 
zero except for samples 65 and 67 which classified 
20 and 79 percent Bristol Bay type ; confidence in
tervals were 5-36 percent and 66-92 percent, respec
tively. 
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FIGURE 40. Samples of maturing sockeye salmon taken June 
11-20, 1962, showing percentage of Bristol Bay type sockeye 
salmon by I 0 x I 0 areas. First number is the sample number ; 
second number (in parentheses) indicates percentage Bristol 
Bay type sockeye. 

Samples taken June 11-20, 1962, between longs.179° 30' W 
and 174° 30' W (Fig. 40) 

Only two samples (53, 56) from the Bering Sea 
and one (33) from south of the Aleutian Island chain 
were available. All showed high percentages (80-
1 00) of Bristol Bay type sockeye salmon, and all had 

160" I 75" lBO" ;v 
55" ..) '\ 5 

:.> . 
. .. ~ . 

41 28 
... •l'<l' ~~ 

4 191• : 42t . 
43 0 . 417 

20{0. 
• 23 41 

5 . . . 24(31 50 o• 
21141 2 IO 

. 45 45° 

FIGURE 41. Samples of maturing sockeye salmon taken June 
21-30, 1962, showing percentage of Bristol Bay type sockeye 
salmon by I 0 X I 0 areas. First number is the sample number, 
second number (in parentheses) indicates percentage Bristol 
Bay type sockeye. 
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Samples taken June 21-30, 1962, between longs. 165° 30'E 
and 170°30'E (Fig. 41) 

North of lat. 49° 30' N. All samples classified from 
zero to 31 percent Bristol Bay type sockeye salmon, 
with an average of about eight percent. The 90-
percent confidence intervals included zero for all sam
ples except one, for which the range was 7-55 percent. 

Samples taken June 21-30, 1962, between longs. 170° 30'E 
and 175°30'E (Fig. 41) 

The fish in the four samples were classified 0, 0, 17, 
and 28 percent Bristol Bay type sockeye. The 90-
percent confidence intervals included zero in three 
samples and ranged from 3 to 52 percent in one sam
ple of 33 sockeye. 

Samples taken July 1-20, 1962 (Fig. 42) 

All samples were taken near 165°E long. The 
sampling dates and the small percentages of the sam
ples classified as Bristol Bay type sockeye salmon make 
it unlikely that these fish were of Bristol Bay origin. 

CLASSIFICATION PROCEDURE FOR IMMATURE SocKEYE 

SALMON 

Discriminant function analysis used in scale studies 
requires a priori knowledge of the population to be 
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FIGURE 42. Samples of maturing sockeye salmon taken July 
1-20, 1962, showing percentage of Bristol Bay type sockeye 
salmon by I 0 x I 0 areas. First number is the sample number, 
second number (in parentheses) indicates percentage Bristol 
Bay type sockeye. 

classified to continent of origin. Whereas studies (Fu
kuhara et al., 1962) show that mature sockeye salmon 
in the Bering Sea and west of 165°W long. are of 
Kamchatkan or Bristol Bay origin, evidence is not 
available on the origin of immature sockeye found in 
this area. 

Japanese tagging of both mature and immature 
sockeye salmon showed that Asian sockeye were found 
in a large area southeast of the Kamchatka Peninsula 
and the Kuril Islands (Hartt, MS 1964). Margolis 
( 1963), using the nematode Dacnitis as an indicator, 
found immature Kamchatkan sockeye salmon from 
the east coast of Kamchatka eastward to near long. 
170°W. 

Margolis ( 1963) found immature Bristol Bay sockeye 
salmon from longs. 145°W to 175°E in the North 
Pacific Ocean and from longs. 175°W to 170°E in the 
Bering Sea. Hartt (MS 1964) found that immature 
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sockeye salmon moved westward along the south side 
of the Aleutian Islands from late June into mid
September (when sampling was discontinued). Both 
the abundance and the age composition of these 
immature fish have been related to the run to Bristol 
Bay the following year. 

Hartt (MS 1964), in his studies of tagging of im
mature sockeye salmon in the Aleutian Island area, 
noted that returns were essentially from the high seas 
and from western Alaska. 

The results of these studies are believed sufficient 
to justify the assumption that most of the immature 
sockeye salmon in the Bering Sea and west of long. 
165°W in the Pacific Ocean are of Kamchatkan or 
Bristol Bay origin. If sockeye from Gulf of Alaska 
rivers were present in samples taken west of long. 
165°W, they would probably be classified as Kam
chatkan type (Anas and Murai, MS 1964). This 
would introduce a bias that would increase the classifi
cation estimates of the percentage of Kamchatkan 
type sockeye in the samples. 

Anas and Murai (MS 1964) used a linear discrimi
nant function and a weighting method developed by 
Fukuhara et al. (1962) for samples with pooled ages 
and brood years that resulted in an estimate of per
centage of mature Bristol Bay sockeye in high seas 
samples. A linear discriminant function for pooled 
ages and brood years was also used for immature sock
eye salmon. No satisfactory method of weighting the 
various age classes of immature sockeye salmon for 
their relative abundance has been developed. The 
data for immature fish are therefore unweighted, as 
are the data for mature Asian fish. 

The three scale characters used to classify sockeye 
salmon are formed on the scale during the first year 
of ocean growth. The growth patterns recorded on 
the scale in this year of ocean life remain, regardless 
of the age at which maturity occurs. This should 
result in similar misclassification percentages of sockeye 
from a single brood year and of the same freshwater 
age that return in successive years. For example, 
the average misclassification of age 42 Bristol Bay 
sockeye in 1963 was 17.0 percent and the average for 
age 52 sockeye in 1964 was 12.4 percent. The average 
misclassification was 8.6 percent for age 53 in 1963, 
and 1.6 percent for age 63 in 1964. Other age classes 
were either absent or not present in sufficient numbers 
for evaluation. 

The 1962 samples collected on the high seas in
cluded immature sockeye salmon of the following 
ages: 32 (7.9%), 42 (25.7%), 43 (10.7%), 52 (4.6%), 
53 (35.7%), 62 (0.1 %), 63 (3.0%), 6, (8.8%), 74 
(0.2%), other ages (3.3%). 

The most important year classes represented were 

those from the 1956, 195 7, 1958, and 1959 brood 
years. Sockeye salmon from these brood years re
turned to Bristol Bay as mature fish in important 
numbers in the spawning seasons 1960 through 1964. 
To estimate the percentage of Bristol Bay immature 
sockeye salmon misclassified to origin, the average per
centage of mature fish misclassified in 1960-1964 
(19.97 percent) was applied to the immature fish. 
Similarly, the average percentage (28.62 percent) of 
Kamchatkan type sockeye misclassified was computed 
from samples selected for 1960-63. (Data for the 
Asian standards for 1964 were not available.) 

Results of Classifying High Seas Samples of Im
mature Sockeye 

Samples collected on the high seas in 1962 having 
more than l 7 immature sockeye salmon were classified 
to origin (Table 18). These samples were grouped 
by five degrees of longitude for June 6-29, 1962, and 
July 1-August 22, 1962, and the average corrected 
percentage of Bristol Bay sockeye was computed 
(Table 19). 

The percentages of the samples classified as Bristol 
Bay immature sockeye increased substantially after 
July 1 (Table 19). In the area bounded by long. 
175°W and l75°E, two samples had 74.0 and 48.0 
percent Bristol Bay type fish before July 1, compared 
with 90.0 and 65.3 percent in two samples after July 
l. High percentages (78.0, 66.0, 90.0, 65.3) of the 
samples collected in the area from longs. l65°W to 
l75°E after July l were classified as Bristol Bay type. 
The percentage of Bristol Bay immature sockeye salm
on declined progressively from east to west in samples 
taken west of long. l75°W during June 6-29 and 
July 1-August 22. No Bristol Bay immature sockeye 
were found in the single sample from the Gulf of 
Alaska. 

SuMMARY AND CoNCLUSIONS 

Mature and immature sockeye salmon collected 
on the high seas in 1962, and mature sockeye from 
inshore areas in 1962 and 1964, were classified to 
continent of origin by using scale characters and a 
linear discriminant function computed from 1957 
data. Eighty-one samples with more than 29 mature 
sockeye caught on the high seas, and 36 samples with 
more than 17 immature sockeye, were available for 
classification. 

The samples collected closest to the Aleutian Is
lands after June 1 generally had higher percentages 
of mature Bristol Bay sockeye salmon than those 
collected farther offshore. 

From June l-10, samples averaged about 88 
percent Bristol Bay type sockeye salmon in the area 
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TABLE 18. Classification of samples of immature sockeye salmon collected in 1962 by Japanese motherships and United 
States research vessels. 

Sample Sampling 
number date 

2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

6/6 
6/6 
6/11 
6/12 
6/12 
6f25 
6f26 
6f27 
6/28 
6/29 
7fl 
7/2 
7/3 
7/5 
7/5 
7f7 
7!7 
7/11 
7/12 
7/13 
7/13 
7/14 
7fl5 
7/15 
7 fl5 
7 ! 17 
7Ji8 
7 f21 
7f2l 
7f23 
7/23 
7f25 
8/4 
8J8 
8/9 
8/22 

Sampling location 

Lat. (N) Long. 

49- 47 
49- 33 
50-57 
47- 14 
47- 42 
51-10 
50- 58 
51-02 
50-53 
50-20 
50-33 
51-00 
50-10 
50-33 
50-42 
50-04 
50-16 
50-20 
52-52 
50-20 
50-56 
51-50 
52-20 
49- 46 
59- 14 
51 - 00 
51- 28 
50- 37 
50- 37 
51 - 27 
5! - 39 
5! - 33 
50- 50 
50- 19 
51- 12 
51 - 45 

176-12E 
176---45E 
176---00W 
169-56E 
168-15E 
170-41E 
170-05E 
171-0!E 
171-11 E 
168-28E 
165-39E 
177-00W 
166-34E 
165-41E 
165-59E 
162-43E 
164-54E 
163-32E 
167-07W 
163-32E 
163-10E 
167-00W 
!66-58W 
164-52E 
165-13E 
170-52W 
170-58W 
169-32E 
169-21 E 
168-56E 
169-----{)6 E 
174-04W 
179-00E 
178-59E 
176-00E 
154-00W 

1 Truncated at 0 percent and 100 percent. 

Sample 
size 

26 
18 
18 
33 
22 
26 
21 
18 
38 
21 
18 
92 
27 
23 
24 
21 
30 
21 

275 
28 
21 

212 
57 
30 
31 
57 

!57 
44 
43 
41 
40 
92 
34 

137 
268 

75 

between 179°30'W long. to 174°30'W long., com
pared with about 67 percent, 66 percent, and 4 
percent in areas 175°30'E to 179°30'W, 170°30'E to 
175°30'E, and 165°30'E to 170°30'E long., respec
tively. After June 10, most of the available samples 
(from west oflong. 171 °30'E) were classified as having 
small percentages of Bristol Bay sockeye. The three 
samples collected near 175°W long. in the period 
June 11-20 had high percentages (80, 87, 100) of 
Bristol Bay sockeye. 

The percentages of immature Bristol Bay sockeye 
salmon in the samples collected from June 6-29, 1962, 
were: 74.0 for the area from 175°W long. to 180°, 

Number of 
Bristol Bay 

sockeye 

16 
8 

12 
8 
8 

17 
14 
7 

16 
8 
5 

69 
13 
7 
5 
7 

10 
7 

219 
6 
4 

138 
35 
10 
14 
38 
88 
13 
18 
15 
15 
60 
20 
76 

186 
11 

Percent classified 

Bristol Kamchatkan 
Bay type type 

61.53 
44.44 
66.66 
24.24 
36.36 
65.38 
66.66 
38.89 
42.10 
38 .09 
27.77 
75.00 
48.14 
30.43 
20 .83 
33.33 
33.33 
33.33 
79.63 
21.42 
19.04 
65.09 
61.40 
33.33 
45 . 16 
66.66 
56.05 
29.54 
41.86 
36.58 
37.50 
65.21 
58.82 
58.47 
69.40 
14.66 

38.47 
55.56 
33 .34 
75 .76 
63.64 
34.62 
33.34 
61.11 
57.90 
61.91 
72 . 23 
25.00 
51 .86 
69 .57 
79.17 
66.67 
66.67 
66 .67 
20.37 
78 .58 
80.96 
34.91 
38.60 
66.67 
54.84 
33.34 
43 .95 
70.46 
58.14 
63.42 
62.50 
34.79 
41.18 
41 .53 
30 .60 
85.34 

Corrected 
percent 
Bristol 

Bay type 

64 
32 
74 

0 
15 
72 
74 
20 
26 
18 
0 

90 
38 
4 
0 
9 
9 
9 

99 
0 
0 

71 
64 

9 
32 
74 
53 
2 

26 
16 
17 
71 
59 
58 
79 
0 

90% 
confidence 
interva!l 

34-94 
0-68 

38-100 
0-25 
0-48 

42-100 
41-100 
0- 57 
1- 52 
0- 52 
0- 34 

76- 100 
7- 69 
0- 34 
0- 30 
0- 42 
0- 37 
0- 42 

91 - 100 
0- 27 
0- 32 

60- 81 
43- 84 
0- 37 
4- 61 

54- 94 
41- 66 

0- 24 
2- 50 
0- 40 
0- 42 

55- 87 
32- 86 
45- 72 
70 - 88 
0- 17 

48.0 for the area from 180° to 175°E long., 48.0 for 
the area from 175°E to 170°E long., and 11.0 for the 
area from 170°E to 165°E long., showing a decline to 
the west. In comparison, percentages of immature 
Bristol Bay sockeye were higher in samples collected 
after July 1, as follows: 78.0 for the area from 165°W 
to 170°W long., 66.0 for the area from 170°W to 
175°W long., 90.0 for the area from 175°W to 180°, 
65.3 for the area from 180° to 175°E long., 15.0 
for the area from 170°E to 165°E long., and 6.0 for 
the area from 165°E to 160°E long. No Bristol Bay 
immature sockeye were found in the single sample 
from the Gulf of Alaska collected on August 22. 
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TABLE 19. Classification of high seas samples of immature sockeye salmon, grouped by 5° of longi
tude, june 6-29, 1962, andjuly !-August 22, 1962. 

Date and Sample 
longitude size 

Number of 
Bristol Bay 

sockeye 

Average corrected 
percent 

Bristol Bay 
sockeye 

Percentage 
range 

6/6-6/29 
165E-170E 76 
170E-175E 103 
175E-180 44 
180 - 175W 18 

7/1- 8/22 
160E - 165E 151 
165E - 170E 291 
175E - 180 439 
180 - 175W 92 
175W- 170W 306 
170W- 165W 544 
155W- 150W 75 
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24 
54 
24 
12 

44 
105 
282 
69 

186 
392 

11 

11.0 0-18 
48.0 20-74 
48.0 32-64 
74.0 74-74 

6.0 0-9 
15.0 0-38 
65.3 58-79 
90.0 90-90 
66.0 53-74 
78.0 61-99 
0 0-0 
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PINK SALMON SCALE STUDIES 

by Roger E. Pearson 

The primary objective of the scale studies was to 
classify pink salmon collected on the high seas to 
continent of origin. Methods of collecting, process
ing, and analyzing data for this purpose were pre
sented by Pearson (1964a, 1964b, and 1966) for 1959 
and 1963. This report summarizes the results of 
studies completed in 1965. 

Included here are (1) arithmetic means and stand
ard deviations of scale characters obtained from the 
1964 collections in North America, (2) comparisons 
of scale character mean values between North Ameri
can samples collected in 1963 and 1964, (3) com
parisons of scale character mean values between 
samples taken from the eastern North Pacific Ocean 
in 1963 and from North American spawning regions 
in 1963, (4) arithmetic means and standard devia
tions of scale characters obtained from Kodiak Island 
pink salmon from 1957 through 1964, and (5) tests 
to determine if the measurements taken from scales 
of Bella Bella pink salmon on three different dates in 
1963 were the same. 

ARITHMETIC MEANS AND STANDARD DEVIATIONS OF 
ScALE CHARACTERS OBTAINED FROM THE 1964 
CoLLECTIONS IN NoRTH AMERICA 

Fourteen different scale measurements were ob
tained from the 1964 North American scale samples 
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TABLE 20. List of pink salmon scale characters1• 

Scale character 
number Character 

14 Width from center of focus to 5th circulus. 
15 
16 
17 

Width from center of focus to lOth circulus. 
Width from center of focus to 15th circulus. 
Width from center of focus to 20th circulus. 

18 Width from center of focus to 25th circulus. 
19 Width from center of focus to 30th circulus. 
20 Width from 5th to lOth circulus. 
21 Width from lOth to 15th circulus. 
22 Width from 15th to 20th circulus. 
23 Width from 20th to 25th circulus. 
24 Width from 25th to 30th circulus. 
25 Width from 15th to 30th circulus. 
26 Width from lOth to 20th circulus. 
27 Width from 20th to 30th circulus. 

1 All scales were examined at 100 X magnification. Each 
measurement was to the nearest millimeter. All scale 
character numbers are the same as used by Pearson (1966). 

for use as racial characters (Table 20). These are 
the same characters that were taken from the 1963 
collections and include the characters that were best 
for differentiating fish from North American spawn
ing regions in 1959 (Pearson, 1966). 

Arithmetic means and standard deviations for the 
14 scale characters are shown in Table 21 for 1964. 
The ranges in mean value varied widely for all 
characters. Smaller means frequently occurred in 
samples taken from British Columbia and part of 
southeastern Alaska (characters 16-27). Larger 
mean values occurred with some characters in sam
ples taken in Cook Inlet, Kodiak Island, the Alaska 
Peninsula, and Bristol Bay (characters 19, 21, and 
24-27). The means of some characters became 
progressively larger with an increase in latitude of the 
spawning region (characters 17-20, 23-25, and 27). 

CoMPARISONS oF MEAN VALVES OF ScALE CHARAC

TERS, PINK SALMON COLLECTED IN NORTH AMERICA 

IN 1963 AND 1964 

The mean values of .scale characters in samples 
obtained in 1964 from North American spawning 
regions were compared with the means of the 1963 
samples from North America. The mean values for 
1964 are listed in Table 21 ; the mean values for 1963 
are from Pearson ( 1966). In the British Columbia 
samples, the mean values of scale characters 14-23 
and 25-27 were smaller in 1964. The mean values 
of most scale characters in Alaskan samples were also 
smaller in 1964. The characters follow a pattern 
similar to the relationship shown in Figure 43 for 
character 19. Here, every region had smaller mean 
values in 1964. Figure 44 shows that this relation-

ship did not occur with character 24, for some regions 
had either similar values in both years, or larger 
values in 1964. 

1964 NORTH AMERICAN 
SAMPLES 

Nushogok River 
Alaska Peninsula (Pa.'tlof Boy 

Alaska Peninsula ( lvonof Boy) 
Alaska Peninsula (Ivan Boy} 

Kodiak Island (Olga Boy) 
Cook Inlet 

Kodiak Island (Lorson Bay) 

Port Houghton 
Prince William Sound 

Icy Strait 

Sumner Strait 

Anon Boy 

138 
136 
134 
132 
130 
12B 
126 
124 
122 

120 

liB 

116 
114 

112 
110 

lOB 

106 
104 

102 

Grenville N~~~n~:~:r 100 
Skeeno River 98 
Bello Coolo 

Rivers Inlet 96 
Bello Bello 94 

1963 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula (lvanof Boy) 
Alaska Peninsula (Ivan Boy) 

Kodiak Island (Olga Boy) 
Kodiak Island (Zacher Boy) 
Cook Inlet 
Afognak Island 
Juneau 
Prince William Sound 
Boronof Island 

Wrangell 
Ketchikan 
Nass River 
Skeena River 
Rivers Inlet 
Fraser River 
Butedale 
Bello Bello 
La Canner (WashinQtan) 
Bella Caala 

FmuRE 43. Linear comparison of mean values of scale charac
ter 19 (width from center of focus to 30th circulus) for North 
American samples collected in 1963 and 1964. 

1964 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula ( I von Boy) 

27 

26 

Alaska Peninsula (Pavia! Boy) 25 

Alaska Peni~s~~:(?:!~dl~~y) 
Kodiak Island (Olga Boy) 24 

Kodiak Island (Lorson Boy) 

Part HauQhlon 

Prince William Sound 
Icy Strait 
Butedale 

Nass River 
Sumner Strait 

Grenville Principe 
Anon Boy 

Skeeno River 
BehmCanal 

BelloCoolo 
Bella Bella 
Rivers Inlet 

14 

13 

1963 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula ( lv.lnof Bay) 
Alaska Peninsula (Ivan Bay} 

Kodiak Island (Olga Boy) 

Kodiak Island (Zacher Bay) 
Afa9nak Island 
Caak Inlet 

Juneau 

Baranaf Island 
Prince William Sound 

Fraser River 
Skeena River 
Butedale 

~~l:cah~~::(washinQtan) 
Wran9ell 
Nass River 
Bello Bello 
Rivers Inlet 
Bella Coala 

FIGuRE 44. Linear comparison of mean values of scale character 
24 (width from 25th to 30th circulus) for North American 
samples collected in 1963 and 1964. 
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TABLE 21. Arithmetic means and (in parentheses) standard deviations of measurements 

Sample 
Area Date size 

BRITISH CoLUMBIA 
Rivers Inlet 8/4 68 
Bella Coola 7 f22, 23 215 
Bella Bella 7/22,23,27,28 296 
Butedale 8/18, 20 211 
Grenville 8f4, 5, 6 246 
Skeena River 8/2, 3, 4, 5 274 
Nass R iver 8/3, 4, 5 ; 7/31 215 

ALASKA 
Southeastern : 

Behm Canal 7/22 238 
Anan Bay 7/20 97 
Sumner Strait 8/25 77 
Port Houghton 7/20 262 
Icy Strait 7115 248 

Prince William Sd. 8/3,4 233 
Cook Inlet 7/25 318 
Kodiak Island : 

Larson Bay 8/12 236 
Olga Bay 8/5 235 

Alaska Peninsula : 
Pavlof Bay 7/24 306 
Ivan Bay 7f27 313 
Ivanof Bay 7/28 330 
Ivan-Ivanof Bay2 7/18 316 

Bristol Bay : 
Nushagak R iver 7/27,28,29 357 

1 The character description is found in Table 20. 
2 Mixed fish sampled at a cannery. 

14 

24.6(2.3) 
23 .0(2.3) 
23.3(2 .5) 
25.2(2 .5) 
24.6(2 .7) 
23.9(2.6) 
24.8(2.8) 

24.8(2 .3) 
26.3(2 . 7) 
25 .6(3 . I) 
26.4(2.4) 
26.9(2.7) 
25.1 (2.5) 
23 .2(2 . 5) 

25.1(2 .3) 
22.8(2.1) 

22.8(2.3) 
23.1(2.5) 
23 .9(2.5) 
24.0(2.5) 

22.2 (2. 2) 

COMPARISONS OF MEAN vALUES OF SCALE CHARAC

TERS FROM PINK SALMON COLLECTED ON THE HIGH 

SEAS AND FROM NORTH AMERICAN SPAWNING REGIONS 

IN 1963 

Mean values of scale character 19 (width from cen
ter of focus to 30th circulus) were obtained from all 
1963 high seas samples with l 00 or more pink salmon. 
The means and standard deviations of these samples 
are shown in Table 22. Comparison of these data 
with the North American inshore values presented by 
Pearson ( 1965) shows that the standard deviations of 
the high seas samples were only slightly larger than 
the standard deviations of the inshore samples. The 
low standard deviations show that few fish with 
different scale measurements were present in the high 
seas samples3 ; this suggests that most of the fish in 

15 16 

39.7(3.5) 56.2(4. 7) 
38.1 (3.4) 55.2(4 .8) 
38.6(3.6) 55.5(5.1) 
41.4(3 .5) 58.1 (4 . 7) 
40.7(3 .9) 57 .6(5.3) 
39.3(3. 7) 56.1(4.8) 
40.6(3 .8) 56.7 (4 .8) 

41.8(3.3) 58.4(4.6) 
43.1 (3 .5) 60.4(4.3) 
42.0(4.2) 59.2(5.4) 
46.2(3.6) 65.1(4.8) 
46 .0(3.8) 64. 7 (5.1) 
43.6(3.8) 63.4(5. 2) 
42 .5(4 .0) 65.2(5.4) 

44.1(3.6) 65 . 1 (4.9) 
40.4(3.9) 62 .8(5 .5) 

42.8(4 . 1) 67 .2(5.4) 
42.1 (4.4) 65.3(5.6) 
44.1 (4.0) 67 .I (5.3) 
44.1 (4.2) 67.0(5.3) 

40.4(3. 7) 64.2(5. 9) 

1963 HIGH SEAS 
SAMPLES 

(8) 57"37'N 150" 21'W 

(7) 47"00'N 146°15'W 

(5) 57"35'N 140"08'W 
(4) 57"23'N 137"06'W 
(6) 57" 45'N 143°IO'W 

(3) 49"00'N 136"54'w 
(2) 51"04'N 13J"40'w 

(ll48"31'N 124"40'w 

102 
100 
98 

96 

94 

17 18 

71.8(5.6) 83.8(6.9) 
71.0(6.0) 83.5(6 .5) 
71.1 (6.2) 83.1 (7 .0) 
71.7 (6.0) 84.1 (6 .7) 
71.3(6.0) 83 .6(6.8) 
70.5(5.5) 82 .6(5 .9) 
70 .9(6.2) 83 .3(7 .I) 

74 .7(6.5) 88.2(7. 7) 
76.5(5.7) 90.7 (6 .5) 
75 .9(6.7) 90 .6(7.8) 
84.1 (5.9) 99.3(6.7) 
84.0(6.5) 99 .3(7 .4) 
83.3(6.1) 99.3(6.7) 
85 .8(6.2) 101.8(7 .I) 

83.8(6.0) 99.8(6.6) 
83.3(6.4) 100 . 1(7.1) 

85.5(6 .3) 104 .3(7.5) 
83.8(6.4) 102.7(7.7) 
84.6(6.2) 103 .2(7 .6) 
84.8(6.1) 103.4(7 .3) 

85.9(6.6) 105 .8(8.0) 

1963 NORTH AMERICAN 
SAMPLES 

Alooko Poninoulo(lvonof8oy) 
AlaskaPenlnsu!a (Ivan Bay) 

Kodiokloland (Olga Boy) 
Kodiak lolond (Zacher Boy) 
Cook lnltl 
Afognak Island 
Juneau 
Pr.nce William Sound 
Baranot ltland 

WranC)tll 
Ketchikan 
Nass River 
Skeena River 
Rivers Inlet 
Fraser River 
Butedale 
Bello Bolla 
La Connor ( Woshlnglan) 

ella Cool a 

• If fish from regions that have different mean values are mixed, 
the standard deviation of character 19 will be larger than those in 
the individual regional samples. For example, the standard 
deviation for a mixed sample of Olga Bay (205 fish) and Bella 
Coola (263 fish) scales was 15.0. The regional standard devia
tions were 9.4 for Olga Bay and 7.9 for Bella Coola. 

FIGURE 45. Linear comparison of mean values of scale charac
ter 19 (width from center of focus to 30th circulus) for 1963 
high seas samples and 1963 North American spawning region 
samples. 
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(millimeters) of scale characters from the 1964 North American samples of pink salmon. 

19 

97 .I (7 .6) 
97 .I (7 .2) 
96.6(7 .8) 

102.3(8.2) 
100.8(8.5) 
98.7(7 .3) 

100. 9(8.4) 

104 . 1 (8.2) 
107 . 7(7.4) 
107 .9(8. 7) 
118 .5(8.3) 
117 .9(8. 7) 
118.2(7.8) 
123 .9(8. 7) 

123 .5(8 .5) 
124.3 (8.8) 

128.9(9.4) 
127 .5(9.4) 
127 .8(9.5) 
127 .8(9 .2) 

132.5(9 .9) 

Character numberl 

20 21 22 23 24 25 26 

15.1 (2.4) 16.5 (2. 3) 15 .6(2. 2) 12.0(2.8) 13.3(3.0) 40.9(4. 7) 32.1(3.4) 
15.1 (2.1) 17 .I (2.4) 15 .9(2.2) 12.5(2 . 1) 13.6(3.1) 41.9(4.2) 33 .0(3. 7) 
15 .3(2.1) 17 .0(2.4) 15.6(2 .4) 11 .9(2 .0) 13 .5(3 . 1) 41.0(4.3) 32.5(3.9) 
16.2(2.1) 16.7(2.4) 13.6(2.5) 12.4(2.3) 18.2(4.4) 44.3(5.6) 30.3(4.0) 
16.1(2.3) 16 .9(2.8) 13.7 (2.4) 12.3(2 .5) 17.2(3 .9) 43.2(5.2) 30.6(3 .9) 
15.4(2.2) 16.8(2.7) 14 .3(2.2) 12.1 (2.1) 16.1 (3.5) 42 .5(4 .5) 31.2(3 . 7) 
15.8(2.0) 16.1(2.4) 14.2 (2. 7) 12.3(2.4) 17.7(4 .0) 44 .2(5.1) 30.4(3. 9) 

17.0 (2 . 1) 16 .6(2 .2) 16 .2(2.9) 13.5 (2. 7) 16.0(3.6) 45 . 7 (5.2) 32.9(4.3) 
16.9(1.9) 17 .3(2 .2) 16 . 1 (2.8) 14.2 (2.6) 16.9(3 . 7) 47 .3(4. 7) 33.4(4 .0) 
16.4(2.1) 17 .2(2.3) 16 . 7(2.9) 14.8 (2. 7) 17 .2(3.4) 48.7(5.3) 33 .9 (4 .I) 
19.8(2.2) 18.9(2.4) 19.0(2.6) 15.2 (2. 2) 19.2(3 .4) 53.4(5.0) 37 .8(3. 7) 
19.1 (2 . 1) 18.7 (2.2) 19 . 2(2.6) 15.3(2 . 1) 18 .7 (3 .5) 53.2(5.0) 38 .0(4 .0) 
18.5(2 .2) 19 .7(2.4) 20.0(2.5) 15 .9(2 .2) 19 .0(3.4) 54 .9(5.1) 39.7(3.7) 
19.4(2.3) 22.7 (2.5) 20 .6(2.6) 16.0 (2. 0) 22.0 (3.4) 58 .6(5.3) 43.3 (3.9) 

18.9(2 .2) 21.0(2.4) 18 .8(2.4) 15.9(2 .4) 23. 7(3.4) 58.4(5.4) 39 . 7(3.8) 
17 .5(3.2) 22.5(2.7) 20.4(2. 7) 16.8 (2. 2) 24.2(3.2) 61.4(5.5) 42.9(4 . 1) 

20.0(2. 7) 24.4(2.6) 18 .3(2.4) 18. 7(3 .2) 24.7 (3.2) 61.8 (5. 7) 42 . 7(4 . 1) 
19.0(2 .8) 23.2 (2. 5) 18 .5(2.5) 18.9 (2. 9) 24.8(3 .0) 62.2(5.4) 41.7 (3 .8) 
20 .3(2.3) 22 .9(2.5) 17 .5(2 .2) 18 .6(3 . 1) 24 .6(3 .0) 60 . 7 (5. 7) 40 .5 (3 . 7) 
20.1(2.4) 22 .9(2 .6) 17.8 (2. 2) 18.6(3 . 2) 24.5 (3 .2) 60 .8(5.6) 40 .7 (4 .0) 

18 .2(2 . 3) 23.8(3 . 1) 21.7(2 .6) 19.9(2. 7) 26.6(3.1) 68 .2(5. 7) 45 .5 (4.0) 

TABLE 22 . Arithmetic means and standard deviations of measurements (millimeters) of scale 
character 19 (width from center of focus to 30th circulus) from 1963 high seas samples. 

Location 
Sample Sample1 

number Lat. (N) Long. (W) Date size Mean s 

48-31 124-40 8f18 101 104 .5 6.6 
2 51-04 133-40 6/2 94 112 .3 10.0 
3 49-00 136-54 5/27 90 113 .5 10.9 
4 57- 23 137-06 6/14 146 117.2 10 .7 
5 57-35 140-08 7f1 95 117 .7 9.7 
6 57-45 143-10 6/30 112 115 .7 I 1.1 
7 47-00 146-15 5/19 63 122 .0 10 .5 
8 57-37 150-21 7!12 84 126.8 10.3 

1 Samples with 100 or more fish were originally examined; however, some scales could not 
be used because they were regenerated or had a dirty surface. 
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27 

25.3(3.6) 
26.1(3.7) 
25 .5(3.4) 
30.6(5.6) 
29.5(5.1) 
28.2(4 .3) 
30.0(5.0) 

29.5(4.4) 
31.1 (4.5) 
32.0(4.1) 
34.4(4.1) 
34 .0(3 .8) 
34.9(4 .0) 
38.1 (4.4) 

39 .6(4 . 7) 
41.0(4 .3) 

43.4(5 . 1) 
43. 7(4.6) 
43.2(4 .9) 
43.0(5 .0) 

46 .5(4.6) 
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TABLE 23. Arithmetic means and (in parentheses) standard deviations of measurements (millimeters) 

Sample 
Area112 Date size 14 15 16 17 18 

Uyak Bay 7f30f57 72 26.9(3.0) 47.3(4.7) 73.0(6.3) 92.4(6.5) 110.2(7 .8) 
Larson Bay 7/26/58 89 26.5(2.6) 46.3(3.8) 67 .2(4.4) 87.1(5.1) 101.7(6.1) 
Karluk Lagoon 7/30/58 87 25.4(2.1) 46.1(3.1) 67.9(4.4) 88.2(5.5) 103. 9(6.5) 
Uyak Bay 8/6/59 56 27.8(2.8) 46.0(4.5) 67 .5(5 . 9) 86.8(7.3) 102.2(7.9) 
Karluk Lagoon 7/28/60 106 25.9(2.7) 46.1(4.3) 68.7 (5.4) 87.6(5.9) 103.6(6.8) 
Uyak Bay 8/11/61 84 27 .8(2.8) 47.8(4.7) 69.9(6 .3) 90.3(7 .6) 106.5(8.4) 
Olga Bay 8/11/61 57 26 . 2(2.8) 44.5(4 .6) 67 . 7(6.1) 88.6(7 .2) 104 .8(8. 7) 
Karluk Lagoon 7/ 25/62 71 26 . 7(2.8) 45.2(4.0) 65.1 (5.1) 85.6(6 . 2) 100.8(7 .1) 
Olga Bay 7/22/63 205 24 . 7(2.2) 45 . 2(3.9) 69.3(5.4) 90 .0(6.5) 106.3(7 .4) 
Uyak Bay 8f7 /63 163 29 . 1(2.9) 49.6(4.1) 71.3(5.2) 91.5 (5. 9) 106.4(7 .0) 
Olga Bay 8/5/64 235 22.8(2.1) 40.4(3. 9) 62.8(5.5) 83.3(6.4) 100.1 (7 .1) 
Larson Bay 8/12/64 236 25.1(2.3) 44.1 (3.6) 65.1 (4.9) 83.8(6.0) 99.8(6.6) 

1 Ninety-five fish were sampled at Karluk River weir August 22, 1956, but all their" preferred" scales were eroded. 
2 Scale samples were collected from 76 fish at Olga Bay on August 9, 1959, but most of the scales (69) were eroded too exten-

sively for use ; the sample was discarded. 
8 The character description is found in Table 20. 

each sample were from one region or they were from 
regions with similar scale measurements. 

Figure 45 shows that the mean value of high seas 
sample number l was most similar to mean values 
for Washington and British Columbia; mean values 
of samples 2 through 6 were close to those of northern 
British Columbia and part of :southeastern Alaska ; 
sample 7 was like Baranof Island and Prince William 
Sound ; and sample number 8 was similar to Afognak 
Island, Cook Inlet, and Kodiak Island. 

The scale data from the high seas samples were 
examined to determine if East Kamchatkan stocks 
were present, for pink salmon tagged in Alaskan 
coastal waters were recovered in East Kamchatka in 
1963 (Hartt and Dell, 1964). Since rAsian scale 
samples were not obtained in 1963, the mean value of 
scale character 19 was not known for the East Kam
chatkan stocks. In 1959, however, East Kamchatkan 
mean values were 136.5 and 139.2 (Pearson, 1966). 
These values were much larger than the means of the 
high seas samples listed in Table 22. Assuming that 
the 1963 East Kamchatka scales were similar to 1959, 
the small mean values in Table 22 indicate that very 
few East Kamchatkan pink salmon could be present in 
the eight high seas samples. 

ARITHMETIC MEANS AND STANDARD DEVIATIONS OF 

ScALE CHARACTERS FROM KoDIAK IsLAND PINK 

SALMON IN 1957-64 

The objective of this study was to determine if 
scale character mean values (characters 14-27) from 
one region varied between years. Kodiak Island 
samples were selected. More scale samples were 
collected from this area in 1957-64 than from other 

North American spawning regions. 
Table 23 lists the means and standard deviations of 

scale characters from the Kodiak Island samples. 
The ranges in mean value showed some variation 
between years. Figures 46 and 4 7 show that the 
mean values of character 19 for Kodiak Island were 
large in both odd- and even-numbered years. This 
relationship held for all characters in odd-numbered 
years, but some characters had smaller mean values 
in even-numbered years (Figures 48 and 49). The 
sampling sites within Kodiak Island were different in 

1957, 1959 a 1961 
KODIAK ISLAND SAMPLES 

Uyok Boy 7-30- 57 

Uyak Boy 8- II- 61 
0190 Boy 8· 11·61 

Uyok Boy 8·6·59 

100 
98 
96 
94 

1963 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula (lvonoiBoy) 
Alaska Peninsula (Ivan Bay) 

Kodiak Island (0190 Boy) 
Kodiak Island (Zacher Bay) 
Cook Inlet 
Afoqnok Island 
Juneau 
Prince WilHam Sound 
8aronof Island 

Wranqell 
Ketchikan 
Non River 
Skeena River 
Rivers Inlet 
Fraser River 
Butedole 
Bello Bello 
La Canner (WashinC)ton) 
Bella Caola 

FIGURE 46. Linear comparison of mean values of scale charac
ter 19 (width from center of focus to 30th circulus) for North 
American samples collected in 1963 and Kodiak Island samples 
collected in other odd-numbered years. 
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of scale characters from Kodiak Island pink salmon scales collected in 1957-64. 

Character numbers 

19 20 

135.3 (9. 7) 20.4(2.6) 
120.4(7 .0) 19.8(2.2) 
123.6(8.8) 20.8(2.2) 
125.4(9.0) 18.2(2.6) 
126.0(8.4) 20.1(2.5) 
130.1 (9.9) 19.9(3.0) 
129.7(10.9) 18.3(2.8) 
123.8(8.5) 18.6(2.1) 
130.5(9.4) 20.6(2.8) 
129.2 (9.2) 20.5(2.2) 
124.3(8.8) 17.5 (3. 2) 
123.5 (8. 5) 18. 9(2.2) 

1958,1960 a 1962 
KODIAK ISLAND SAMPLES 

Karluk LOQOOn 7-2 B-60 

Karluk LOQOOn 7-25·62 
Karluk LoQoon 7· 30-5B 

Lorson Boy 7-26-5B 

13B 
136 
134 

21 22 

25.7(2.9) 19.5 (3 .I) 
20.9(1.9) 19.9(2.5) 
21.7(2.6) 20.3(2.5) 
21.5(2. 7) 19.2(2.7) 
22.6(2.6) 18. 9(2. 2) 
22.2(2.8) 20.4(3.0) 
23.2(2.6) 20.9(2.6) 
19.8(2.5) 20.6(2.6) 
24.1 (2.8) 20. 6(3 .I) 
21.7(2.4) 20.2(2.3) 
22.5(2. 7) 20.4(2. 7) 
21.0(2.4) 18.8 (2. 4) 

1964 NORTH AMERICAN 
SAMPLES 

Nushaqok 

Alaska Peninsula (PavlafBay) 
Alaska Peninsula (lvanof Boy) 
Alaska Peninsula (Ivan Bay) 

Kodiak Island (OIQO Boy) 
Cook Inlet 
Kodiak Island (LorsonBoy) 

Part Houf11hton 
Prince Will iom Sound 
Icy Strait 

Sumner Strait 
Anon Bay 
Behm Conal 
Butedole 

Noss River 
Grenville Principe 
Skeeno River 
Bello Coolo 
Rivers Inlet 
Bello Bello 

23 

17.7 (2.8) 
14.6(2.2) 
15.7(2.8) 
15.4(1.6) 
16.0(2.2) 
16.2(2.3) 
16.2(2. 7) 
15.2(1.9) 
16.3(2.5) 
14.9(2.1) 
16.8 (2. 2) 
15.9(2.4) 

FIGuRE 47. Linear comparison of mean values of scale charac
ter 19 (width from center of focus to 30th circulus) for North 
American samples collected in 1964 and Kodiak Island samples 
collected in other even-numbered years. 

24 25 

25.1 (3.4) 62.3(5.5) 
18.6(3.3) 53.2(4.6) 
19.6(4.0) 55.7(5.9) 
23.1 (3.6) 57 .8(5.1) 
22.4(3.8) 57.3(5.2) 
23.6(3.8) 60.2(5.9) 
24.9(3.8) 62.0(6.6) 
23.0(3.2) 58.8(5.2) 
24.3(3.5) 61.2 (5. 9) 
22.9(4.3) 57.9(5.8) 
24.2 (3. 2) 61.4(5.5) 
23.7 (3.4) 58.4(5.4) 

1957,1959 a 1961 
KODIAK ISLAND SAMPLES 

Uyok Boy 7-30-57 
Olga Boy B-11-61 

Uyok Boy 8-11-61 

Uyak Bay B-6-59 

27 

26 

25 

24 

23 

22 

21 

20 

19 

IB 

17 

16 

15 

14 

13 

121 

26 27 

45.1(3.9) 42.8(5.1) 
40.8(3.5) 33.2(3.6) 
42.1(4.1) 35.4(5.0) 
40.8(4.2) 38.6(3.9) 
41.5(3. 7) 38.4(4. 7) 
42.6(4.6) 39.8(4.9) 
44.1(4.1) 41.1 (5.5) 
40.4(3.5) 38.2(4.0) 
44.7(4.6) 40.6(5.0) 
41.9(3.5) 37.8(5.3) 
42.9(4.1) 41.0(4.3) 
39.7 (3.8) 39.6(4. 7) 

1963 NORTH AMERICAN 
SAMPLES 

Alosko Peninsula (lvonot Boy) 
Alaska Peninsula (I von Boy) 

Kodiak Island (OIQaBoy) 

Kodiak Island (Zacher Bay) 
AfaQnak Island 
Cook Inlet 

Juneau 

Baron of Is land 
Prince William Sound 

Fraser River 
Skeena River 
Butedale 
Ketchikan 
LaConner (WashinQton) 
WronQoll 
Na11 River 
Bolla Bolio 
Rivers Inlet 
Bella Coola 

the even- and odd-year cycles, however, and this 
could account for some of the observed differences m 
scale measurements. 

FIGURE 48. Linear comparison of mean values of scale charac
ter 24 (width from 25th to 30th circulus) for North American 
samples collected in 1963 and Kodiak Island samples collected 
in other odd-numbered years. 

ARITHMETIC MEANS AND STANDARD DEVIATIONS OF 

ScALE CHARACTERS OBTAINED FROM BELLA BELLA 

PINK SALMON COLLECTED ON THREE DIFFERENT 

DATES IN 1963 

The objective of this study was to :determine if 
differences occurred in scale measurements [ ( charac-

ters 14-27) between samples from one spawning re
gion collected on different dates in a season. Differ
ences in scale characters between dates could bias the 
results of studies for determining the region of origin 
of pink salmon caught on the high ·seas. Not many 
samples were available to adequately examine this 
important subject. Most pink salmon runs were of 
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1958, 1960 a 1962 
KODIAK ISLAND SAMPLES 

27 

26 

25 

24 

K~~k~9~n ~2~62 23 

Karluk Lagoon 7· 28-60 
22 

21 

20 
Karluk Lagoon 7·30-58 

19 
Larson Bay 7-26-58 

18 

17 

16 

15 

14 

13 

1964 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula (Ivan Bay) 
Alaska Penin&ula (Pavia! Bay) 
Nushavak River 
Ala&ka Peninsulallvanal Bay) 
Kodiak l&land (Olga Bay) 
Kodiak Island (Larson Bat) 

Cook Inlet 

Port Hauqhtan 

Prince William Sound 
let Strait 
Butedale 
Noss River 
Sumner Strait 
Grenville Principe 
Anon Boy 

Skeena River 
Behm Canol 

Bella Caolo 
Bolla Bello 
Rivers lnle1 

FIGURE 49. Linear comparison of mean values of scale charac
ter 24 (width from 25th to 30th circulus) for North American 
samples collected in 1964 and Kodiak Island samples collected 
in other even-numbered years. 

short duration, and it was difficult to obtain large 
samples from one stock that were taken more than a 
few weeks apart. The best available samples were 
taken from Bella Bella over a 3-week period in 1963. 

Each character was tested to determine if differences 
occurred in measurements between dates in the Bella 
Bella samples. A one-way analysis of variance test was 

used. Characters I 7, I 8, 2 I, and 24 were signifi
cantly different at the five percent level ; and charac
ters 22 and 26 were significantly different at the one 
percent level. Although some scale measurements 
were different between dates, all had small mean 
values (Table 24) compared with North American 
samples from part of southeastern Alaska, Afognak 
Island, Prince William Sound, Cook Inlet, Kodiak 
Island, and the Alaska Peninsula. This relationship 
is shown in Figures 50 and 5 I for scale characters 19 
and 24. 

1963 BELLA BELLA 
SAMPLES 

September 2 
Augual 12 

August 26 

138 
136 
134 
132 

130 
128 
126 
124 
122 
120 
118 
116 
114 
112 
110 
108 
106 

102 
100 
9B 
96 

94 

1963 NORTH AMERICAN 
SAMPLES 

Alaska Peninsula (lvanaf Boy) 
Alaska Peninsula (Ivan Bay) 

Kodiak Island (Olga Bay) 
Kodiak Island (Zacher Boy) 
Cook Inlet 
Afoqnak Island 
Juneau 
Prince William Sound 
Boronof IIIOnd 

wran'!"ll 
Ketch1kan 
Nan River 
Skeeno River 
Rivers Inlet 
Fraser River 
Butedale 
Bella Bella 
LoConner twaahin9ton) 
Bella Coal a 

FIGuRE 50. Linear comparison of mean values of scale charac
ter 19 (width from center of focus to 30th circulus) for Bella 
Bella samples collected on three different dates in 1963 and 
from 1963 samples from North American spawning regions. 

TABLE 24. Arithmetic means and (in parentheses) standard deviations of scale characters from 
1963 Bella Bella pink salmon collected August 12, August 26, and September 2. 

Character August 12 August 26 September 2 
number1 (39 fish) (38 fish) (32 fish) 

14 24 .8(3.2) 25 .5(2 .8) 26.2(2.4) 
15 42.0(4. 7) 41.7(4.0) 43.5(4.3) 
16 61.2(5.8) 59 .5(5.2) 61.7(5.0) 
17 78.6(6 .3) 75.4(5. 7) 78.2(5.3) 
18 92.7 (7 .6) 88 .9(6.2) 92.6(6.4) 
19 107 .2(8.1) 104 .5(7 .5) 108 .7 (7. 7) 
20 17 .2(2.1) 16.2(2.4) 17 .2(2.8) 

21 19 .2 (2 . 2) 17.8(3 .0) 18 .2(2.1) 
22 17.5(2.2) 15.9 (2 .4) 16 .5(2.0) 
23 14 . 1 (2.2) 13.4(2.0) 14 .4 (2.2) 

24 14 .4(2 .0) 15 .6(3 . 1) 16.1(3.1) 

25 46 .0 (3 .B) 45 .0(4.4) 47 .0(5.0) 

26 36 .7 (3 . 3) 33 .7(3.8) 34 0 7 (2.9) 

27 28 .5 (3 .2) 29 .0(4.2) 30.5 (3. 9) 

1 See Table 20 for description of characters. 
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1963 BELLA BELLA 1963 NORTH AMERICAN 
SAMPLES SAMPLES 

Alaska Peninsula (lvanof Bay) 
27 AlaskaPeninsula (Ivan Bay) 

26 

25 

24 
Kodiok island (Oiva Bay) 

23 Kodiak island (Zacher Bay) 
Alovnak island 

22 
Cook Inlet 

21 

20 
Juneau 

19 Baranof Island 
Prince Wil1iam Sound 

18 

17 Fraser River 
Skeena River 
Buledale 

September 2 16 Ketchikan 

Auvust 26 
La Conner (Washinvton} 
Wranvell 

15 Nan River 
Bella Bella 

Auvust 12 Rivers Inlet 
14 Bella Coola 

13 

FIGURE 51. Linear comparison of mean values of scale charac
ter 24 (width from 25th to 30th circulus) for Bella Bella sam
ples collected on three different dates in 1963 and 1963 values 
for samples from North American spawning regions. 

SUMMARY AND CONCLUSIONS 

Arithmetic means and standard deviations of 14 
scale characters were calculated from the 1964 col
lections in spawning regions. No Asian scales were 
examined. The ranges in mean value varied widely 
for all characters. Many scale characters differed 
between samples from North American spawning 
regions. 

The mean values of scale characters in samples 
obtained in 1964 from North American spawning re
gions were compared with the means of the 1963 
samples from North America. The mean values of 
most scale characters were smaller in 1964. In both 
years, the mean values of some characters became 
progressively larger with an increase in latitude of 
the spawning region. 

Scale character mean values of eight 1963 high 
seas samples were compared with values of 1963 sam
ples from spawning regions . The mean values of five 
high seas samples were similar to mean values found 
in British Columbia and southeastern Alaska samples. 
One high seas sample had a mean like those ofBaranof 
Island and Prince William Sound. Another sample 
was most similar to Washington and British Columbia. 
The eighth high seas sample had a mean close to that 
of samples from Afognak Island, Cook Inlet, and 
Kodiak Island. The mean values of the high seas 

samples were not similar to 1959 East Kamchatkan 
values. 

Kodiak Island samples that were collected from 
195 7 to 1964 were examined to determine if mean 
values of scale characters varied from year to year. 
The means showed some variation between years ; 
however, the means of all characters were large in the 
odd-numbered years. Some characters had smaller 
mean values in even-numbered years. 

Bella Bella samples that were taken on three differ
ent dates in 1963 were examined for differences in 
scale character values between dates. Six of the 14 
characters examined were different between dates. 
Although some characters were different, all had 
small mean values compared with North American 
samples from part of southeastern Alaska, Mognak 
Island, Prince William Sound, Cook Inlet, Kodiak 
Island, and the Alaska Peninsula. 
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POPULATION DYNAMICS 

by R. A. Fredin, G. Hirschhorn, and S. Murai 

In 1965, biometric research on the dynamics of 
exploited fish populations of the North Pacific Ocean 
included studies of the scientific aspects of the ration
ality of high seas salmon fishing; fishing mortality, 
natural mortality, and growth rates of king crab 
in the eastern Bering Sea ; and fluctuations in catches 
and relative abundance of salmon on the high seas 
as indicated by salmon fishery statistics from Japa
nese motherships. These studies are reviewed in the 
following three sections. 

SciENTIFIC AsPECTs oF THE RATIONALITY OF HIGH 
SEAS SALMON FISHING 

Three papers having a direct bearing on the ration-
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ality of high seas salmon fishing have been published : 

(I) FREDIN, R. A. 1964. Ocean mortality and maturity 
schedules of Karluk River sockeye salmon and some com
parisons of marine growth and mortality rates. U.S. Fish 
and Wild!. Serv., Fish. Bull., 63 (3): 551-574. 

(2) FREDIN, R. A. 1965. Some methods for estimating ocean 
mortality of Pacific salmon and applications. J. Fish. Res. 
Bd. Can., 22 (I): 33-51. 

(3) HIRSCHHORN, GEORGE. 1966. Effect of growth pattern 
and exploitation features on yields of pink salmon in the north
western North Pacific. Trans. Amer. Fish. Soc., 95 (I): 39-51. 

The first paper shows that, except for the relatively 
scarce 4-winter-at-sea fish under one of four different 
temporal distributions of oceanic natural mortality 
considered, any capture of Karluk sockeye salmon 
before the end of their ocean life causes a loss of 
potential yield, provided an inshore fishery exists 
capable of catching the fish not needed for reproduc
tion. The second paper gives estimates of natural 
mortality during the last or penultimate years of 
ocean life of sockeye from Bristol Bay and Karluk 
River. The estimates of average monthly instanta
neous mortality rates are lower than corresponding 
estimates of growth rates available for either Bristol 
Bay sockeye (Lander and Tanonaka, 1964) or Karluk 
sockeye (Ricker, 1962). The third paper deals with 
the effects of different growth patterns and exploita
tion features on yields of pink salmon in the north
western Pacific Ocean. 

FISHING MORTALITY, NATURAL MORTALITY, AND 

GROWTH RATES OF KING CRAB IN THE EASTERN 

BERING SEA 

An analysis of tag recoveries from a part of the U.S. 
king crab tagging program in eastern Bering Sea 
(1955-60 releases) was completed (Hirschhorn, 1965). 

Parameter estimates were obtained for natural 
mortality, catchability coefficient (for Japanese tan
glenet gear, in use from 1956-61), and growth in 
carapace length. The results suggest that the in
stantaneous rate of natural mortality of the king crab 
increases with size (age) throughout most of the 
fishable lifespan. Catchability coefficients were also 
found to be strongly related to carapace length, con
firming earlier results by Miyahara and Shippen (1965) 
which were based on estimates of total abundance 
(by 5 mm group) and length-frequencies in samples 
of the commercial catches of Japanese factoryships in 
1957 and 1958. 

The distribution of biomass in a cohort of freshly 
recruited king crabs was estimated by means of the 
parameter estimates of mortality and observed growth 
increments by time at liberty. The distribution in
dicated that animals of about 160 mm carapace 

length are likely to constitute the optimal size group 
in terms of potential yield. This size group was the 
dominant modal group in earlier years but modal 
values of Japanese-caught animals have shifted grad
ually from 170 mm in 1955 to 150 mm in 1965. 
The achievement of existing quotas has become pro
gressively more dependent on the catches of relatively 
small animals. 

The relative abundance of the optimal size group 
in catches of king crabs in the eastern Bering Sea may 
have decreased (in 1965) by as much as two-thirds 
from the level of 1955-60. However, factors affect
ing presently available indices of relative abundance 
cannot now be examined in greater detail for lack of 
suitable data. 

ANALYSIS OF SALMON FISHERY STATISTICS FROM jAPA

NESE MoTHERSHIPS 

Fishery statistics for the Japanese mothership salm
on fishery for 1964 (INPFC 1964 Statistical Year
book) were combined with corresponding data for 
1952-63 (Manzer et al., 1965; and INPFC 1961-
1963 Statistical Yearbooks) for an analysis of annual 
and intraseasonal fluctuation in catches and catch per 
unit of effort of sockeye, pink, chum, coho, and 
chinook salmon in the North Pacific Ocean and 
Bering Sea west of long. 175°W. 
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FIGURE 52. Sockeye salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, longs. 160°E 
to 175°W, 1952-64 (entire season). 
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TABLE 25. Salmon fishery statistics from Japanese motherships, 160°E longitude to 175"W longitude, 1952--641• 

Species 

Year Sockeye Pink Chum Coho Chinook All species 

Catch (thousands of fish) 

1952 738 698 629 24 2,091 
1953 I ,534 2,892 2,678 307 3 7,414 
1954 3,382 2,698 8,254 675 57 15,071 
1955 9,456 9,108 14,012 1,467 43 34,164 
1956 8,702 6,589 15,316 3,393 117 34,170 
1957 19,403 17,204 8,877 193 25 46,042 
1958 10,708 7,859 14,048 3,106 38 35,832 
1959 9,125 18,642 12,856 I ,388 63 42,326 
1960 12,879 1,826 10,517 862 180 26,324 
1961 12,998 3,226 6,128 281 31 22,704 
1962 10,590 I ,011 6,372 1,531 122 19,755 
1963 8,902 6,242 5,858 1,890 88 23,475 
1964 7,097 2,198 8,640 3,533 410 21,964 

Fishing effort (thousands of tans) 

1952 471 394 471 199 471 471 
1953 I ,314 1,027 I ,314 619 I ,314 I ,314 
1954 2,547 2,265 2,547 I ,253 2,547 2,547 
1955 5,761 4,511 5,761 2,392 5,761 5,761 
1956 8,729 6,908 8,729 3,629 8,729 8,729 
1957 6,213 4,180 6,213 1,467 6,213 6,213 
1958 7,207 5,628 7,207 2,681 7,207 7,207 
1959 7,096 5,957 7,096 2,433 7,096 7,096 
1960 6,518 5,921 6,518 3,079 6,518 6,518 
1961 4,994 4,5~8 4,994 1,494 4,994 4,994 
1962 5,851 4,918 5,851 2,231 5,851 5,851 
1963 5,954 5,186 5,954 2,494 5,954 5,954 
1964 7,518 6,586 7,518 3,926 7,518 7,518 

Catch per unit (no. of fish per tan) 

1952 1.57 1.77 1.34 0.12 0.0021 4.44 
1953 1.17 2.82 2.04 0.50 0.0023 5.64 
1954 1.33 1.19 3.24 0.54 0.0224 5.92 
1955 1.64 2.02 2.43 0.61 0.0075 5.93 
1956 1.00 0.95 I. 75 0.93 0.0134 3.91 
1957 3.12 4.12 1.43 0.13 0.0040 7.41 
1958 1.49 1.40 1.95 1.16 0.0053 4.97 
1959 1.29 3.13 1.81 0.57 0.0089 5.96 
1960 1.98 0.31 1.61 0.28 0.0276 4.04 
1961 2.60 0.71 1.23 0.19 0.0062 4.55 
1962 1.81 0.21 1.09 0.69 0.0209 3.38 
1963 1.50 1.20 0.98 0.76 0.0148 3.94 
1964 0.94 0.33 1.15 0.90 0.0545 2.92 
1 Statistics for 1952-60, Manzer et al. (1965) ; statistics for 1961-64 from INPFC Statistical Yearbooks. Statistics for sockeye, 

chum, and chinook salmon for entire season; statistics for pink salmon for June through August; statistics for coho salmon for 
July and August. 

Sockeye Salmon 
Most of the 1964 catch was taken before July 1, 

west of long. 175°E, and after July 20, east of long. 
The total catch of sockeye salmon in 1964 (Table 175°E. The catch between June 21 and July 20 was 

25 and Fig. 52) was the smallest since 1955. As in- very small. 
dicated by the catch per unit effort, the abundance of In 1956, 1957, 1960, and 1961, substantial catches 
sockeye in the mothership fishing area was lower in of sockeye salmon were made east of long. 175°E in 
1964 than in any year since the post-war high seas June and as late as early July. In the other previous 
fishery began in 1952. years, as in 1964, most of the catch in May and June 
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was taken west of long. 175°E. In all previous years, 
the catches of sockeye between June 21 and July 20 
were substantially greater than in 1964. Catches 
east of long. 175°E after July 20 were considerably 
greater in 1964 than in any previous year. 

In May and June of 1964, sockeye salmon were 
more abundant west of long. 175°E than east of 175° 
E. In late July and early August, sockeye salmon 
were fairly uniformly distributed over a broad area in 
the Bering Sea and North Pacific Ocean (from the 
coast of the Kamchatka Peninsula to long. 175°W). 
Presumably most of the sockeye salmon in late July 
and early August were immature fish. 

Pink Salmon 

The total catch of pink salmon in 1964 (Table 25 
and Fig. 53) was about 2.2 million fish, as compared 
with catches of about 1.0 and 1.8 million fish in 1962 
and 1960. The increase in catch was due to increases 
in fishing effort and in abundance as reflected by the 
catch per unit of effort. Almost all of the pink salm
on catch in 1964 was made between longs. 160° and 
l75°E from June 1 to July 10. Every year since 1955, 
except 1956, 60 to 80 percent of the total annual 
catch of pink salmon has been taken west of long. 
175°E during the same 40-day period. The remaining 
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FIGURE 53. Pink salmon catch, fishing effort, and catch per unit 
effort, Japanese mothership salmon fishery, longs. 160°E to 
175°W, 1952-64 (June-August). 

20 to 40 percent has usually been taken west of long. 
175°E after July 10. 

Catches of 10,000 to 20,000 pink salmon were made 
in late July and early August 1964 between longs. 
180° and 175°W and between lats. 50°N and 52°N. 
The location and timing of the catches suggest that 
these fish originated in nearby Aleutian Island 
streams, but confirming evidence is lacking. 

The catch-per-unit-effort statistics indicate that the 
abundance of pink salmon in 1964 increased some
what over the two preceding even-numbered years, 
1960 and 1962, but remained low in comparison with 
that of the even-numbered years preceding 1960. 

The catch per unit of effort was very low over a 
broad area offishing in May 1964, as it generally was 
during the same month in previous years, including 
those years in which the abundance of pink salmon 
later in the season was much greater than in 1964. 
This suggests that in May pink salmon are south of 
the mothership fishing area. 

In the area of fishing south of lat. 54°N, ,beginning 
June 1, the centers of abundance of pink salmon were 
west of long. 175°E, as in most preceding years. 

Chum Salmon 

The catch of chum salmon in 1964 (Table 25 and 
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FIGuRE 54. Chum salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, longs. 160°E 
to 175°W, 1952-64 (entire season). 
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Fig. 54) was greater than that of the three previous 
years, and exceeded the average annual catch for 
1961-63 by about 2.5 million fish. The increased 
catch appears to have been primarily due to increased 
fishing effort, since the catch per unit of effort in 1964 
was about the same as the average catch per unit of 
effort in 1961-63. Both the catch and catch per unit 
of effort indicate that the abundance of chum salmon 
in 1964 was lower than in the six or seven years 
preceding 1961. 

About 90 percent of the chum salmon catch in May 
and June of 1964 was taken west of long. 175°E and 
south of lat. 54°N. In all other years since 1955, 
except 1956, over 70 percent of the May-June catch 
of chum salmon was made west oflong. 175°E. Mter 
June 20, 1964, chum salmon catches south of lat. 
54°N were generally small, but s~veral large catches 
were made north of lat. 56°N, between longs. 165°E 
and 175°W. 

Coho Salmon 

The catch of coho salmon in 1964 (Table 25 and 
Fig. 55) was the largest on record. This was due to 
a combination of the greatest fishing effort on record 
for July and August and, as indicated by the catch
per-unit-effort data, a relatively high level of abun-
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FIGURE 55. Coho salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, longs. 160°E 
to 175°W, 1952-64 (July-August). 

dance. 
In 1964, as in previous years, practically the entire 

season's catch of coho salmon was taken after July 10, 
south oflat. 52°N. About one-half of the 1964 catch 
was taken between longs. 175°E and 175°W. In 
previous years, except 1963, there was no fishing east 
of long. 175°E, south of lat. 52°N, after July 10. 

In 1964 as in previous years, the catch per unit of 
effort for coho salmon was negligible over the entire 
area of fishing in May and June. Also in 1964, as 
in previous years, coho salmon were extremely scarce 
north of lat. 52°N throughout the season. 

Chinook Salmon 

The 1964 catch of chinook salmon (Table 25 and 
Fig. 56) was more than double that of any previous 
year. The catch per unit of effort was considerably 
greater than in any previous year. 

Catches of chinook salmon through June 20, 1964, 
were small, as they generally were through the same 
date in previous years. In late June and early July, 
however, large catches were made north of lat. 56°N, 
east of long. 170°E. From July 11 to August 10, 
catches of chinook salmon were large south of lat. 
52°N, east of long. 170°E. 

There were large concentrations of chinook salmon 
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FIGURE 56. Chinook salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, longs. 160°E 
to 175°W, 1952- 64 (entire season). 
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north of lat. 56°N between longs. 165°E and 175°W 
in late June and early July, and south of lat. 52°N 
between longs. 165°E and 175°W from July 11 to 
August 11. 

Data on the average weights of chinook salmon 
caught by the mothership fishery in 1964 suggest that 
most of the fish taken north of lat. 56°N after June 20 
and south of lat. 52°N after July 10 were immature. 
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KING CRAB RESEARCH 

by James B. Kirkwood 

An agreement between the United States and Japan, 
which entered into force November 25, 1964, estab
lished a maximum annual commercial harvest for 
Japan for 1965 and 1966 and called for additional 
research by the two nations. The following is a 
quotation from the agreement : 

The International Commission under the North Pacific Fishery 
Convention will be asked by the two Governments to continue 
and intensify the study of the king crab resources in the eastern 
Bering Sea and to transmit to the two Governments annually by 
November 30 the findings of such study, including also, to the 
extent possible, an estimate of the maximum sustainable yield of 
the resource. 

A summary of studies on eastern Bering Sea king 
crabs during 1965 by the Auke Bay Biological Labora
tory follows. 

A Japanese-speaking observer was stationed aboard 

the king crab factoryship Dainichi Maru and the 
research ship Kumamoto Maru No. 2 for approximately 
two months during the summer of 1965. During 
this period the commercial catch of king crabs was 
sampled and 4,588 male crabs, selected at random, 
were measured and weighed. A size frequency study 
of these measurements shows that the crabs sampled 
ranged in carapace length from 122 mm to 204 mm 
with a mean of 152 mm (Fig. 57). The range in 
weight was from 1.4 kg to 5.2 kg with a mean of 
2.4kg. 

U.S. scientists met with Japanese scientists near 
Ugashik Bay in July, aboard the Japanese research 
ship Kumamoto Maru No. 2. Research currently 
being conducted and plans for future research were 
discussed at length. There was considerable dis
cussion concerning Soviet Union activities in the 
eastern Bering Sea. A large part of the research 
conducted by the United States and Japan in the 
past has been centered on tagging. The U.S.S.R. 
has not returned king crab tags recovered from the 
eastern Bering Sea since 1961, and no formal catch 
data have been made available. An agreement be
tween the U.S.S.R. and the United States signed in 
February 1965, however, states that these data will 
be available to the United States in the future. There 
is indication that the data for past years may be 
available to the United States sometime during 1966. 

Tag and recovery data for king crabs tagged in the 
Bering Sea by the United States prior to 1962 and 
recovered by Japan during 1965 have been received 
at the Auke Bay Biological Laboratory. The data 
show that the Dainichi Maru captured 138 king crabs 
bearing U.S. tags, and the Tokei Maru captured 84. 
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The last year in which the United States tagged crabs 
in the eastern Bering Sea was 1961. The 1965 
recovery data have not been thoroughly analyzed. 

The annual catches of king crab in the eastern 
Bering Sea by the United States were summarized 
from catch statistics of the Alaska Department of Fish 
and Game (Table 26). The numbers of crabs shown 
in Table 26 may vary from numbers given in other 
reports because the table includes catches from U.S. 
territorial waters. 

Two reports have been completed by the Seattle 
Biological Laboratory and will be submitted to the 
INPFC for publication. They are : King crab of the 
eastern Bering Sea : a study of movement of king crabs into 
the commercial fishery, by Robert R. Simpson and Her
bert H. Shippen, and Biomass relations in eastern Bering 

TABLE 26. Annual United States commercial catches of 
king crab in the eastern Bering Sea, 1960-65.1 

Number of Average weight 
Year crabs (pounds) 

1960 87,730 7.8 
1961 61,528 10.0 
1962 10,.346 10.0 
1963 100,728 7.7 
1964 122,848 8.3 
1965 223,248 7.3 

1 Includes catches in territorial waters (inside three miles 
of shore). Source : Alaska Department of Fish and Game. 

Sea king crabs, based on tagging estimates of growth and 
mortality, by George Hirschhorn. 








