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LEITER OF TRANSMITIAL 

This report summarizes the activities and achievements of the International North 
Pacific Fisheries Commission during the year terminating with the adjournment of its 
Fourteenth Annual Meeting, held in Tokyo, Japan, from October 23 through Novem
ber 10, 1967. It contains a summary account of the Fourteenth Annual Meeting, a 
brief resume of activities during the interim period between annual meetings, and 
summaries of 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. 

In compliance with Article III (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, it is 
my pleasure as Chairman of the International North Pacific Fisheries Commission to 
present my compliments to the Contracting Parties and their Commissioners and to 
transmit herewith the report described above. 
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KENJIRO NISHIMURA, 

Chairman. 
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I. REPORT OF THE FOURTEENTH ANNUAL MEETING 

OF THE COMMISSION-1967 

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 ratifica
tions among Canada, Japan, and the United States. 
The purpose of the Convention is to ensure that the 
fishery resources of the Convention area are main
tained at the level of maximum sustained productivity. 
The Convention established the International North 
Pacific Fisheries Commission, which promotes and 
coordinates scientific studies and recommends con
servation measures as required to accomplish the 
purpose of the Convention. The Commission con
sists of twelve members, four appointed by each of 
the three Contracting Parties. The Commission 
meets annually, and oftener whenever necessary, and 
conducts its business between meetings through its 
permanent Secretariat in Vancouver, Canada. The 
Commission presents below a report of its Fourteenth 
Annual Meeting, the only meeting held during 1967. 

2. TIME AND PLACE OF MEETING 

The Fourteenth Annual Meeting of the Interna
tional North Pacific Fisheries Commission was held 
at Tokyo, Japan, from November 6 to 10, 1967, under 
the chairmanship of Commissioner Kenjiro Nishimura 
of Japan. During the two weeks immediately preced
ing the plenary sessions of the Commission, meet
ings of the Standing Committee on Biology and 
Research and its various sub-committees were held. 
Commissioner James C. Cameron of Canada was 
Chairman and Dr. Tomonari Matsushita of Japan 
acted as scientific convener. The Standing Com
mittee on Finance and Administration met on N ovem
ber 7, B, and 9, with Commissioner Roger Kent of 
the United States as Chairman. The Gulf of Alaska 
Groundfish Committee, chaired by Mr. S.J. Westrheim 
of Canada, met from October 30 to November 4. The 
Ad Hoc Committee on Abstention met under the 
chairmanship of Commissioner S. V. Ozere of Canada 
on November 7 and 9; this committee's Scientific 
Sub-Committee met on November 4 and 7. 

3. PARTICIPANTS 

Persons accredited to participate in the Fourteenth 
Annual Meeting are listed in Appendix I of this report, 
which also shows committee assignments. Changes 
in Commission membership which occurred during 
the year are shown on the inside front cover of this 

annual report. As in past years, the Commissioners 
of each national section were assisted by a number 
advisors and experts. At the invitation of the Com
mission, the International Pacific Halibut Commission 
and the International Commission for the Northwest 
Atlantic Fisheries were represented by observers. 
These observers also were members of national delega
tions. A staff member of the International Pacific 
Halibut Commission, Mr. Richard J. Myhre, acted 
as technical consultant on matters pertaining to 
halibut and other groundfish. The Commission 
wishes to record its appreciation of Mr. Myhre's 
services. The total number of participants was 124, 
including 17 from Canada, 55 from Japan, 37 from 
the United States, three permanent and II temporary 
members of the Secretariat, and one consultant. 

4. AGENDA 

The agenda for the Fourteenth Annual Meeting, as 
adopted by the Commission, is Appendix 2 of this 
report. In adopting its agenda the Commission 
agreed, at the request of Canada, to include under 
" other business " consideration of initiation of a joint 
research program on the groundfish resources of the 
northeast Pacific Ocean under Article III (I) (c) (i). 
The sections of this report which follow cover the 
Commission's actions in relation to each item on the 
agenda. 

5. THE OPENING SESSION 

The first plenary session was held on the morning 
of November 6, 1967, in the Auditorium of the Min
istry of Foreign Affairs. The session was devoted to 
an address of welcome, statements by the national 
sections, and the Chairman's remarks. 

His Excellency Ichirobei Kusano, Parliamentary 
Vice-Minister for Agriculture and Forestry of the 
Government of Japan, welcomed the delegates to 
Japan. He stated that the Commission, since its 
establishment 14 years ago, had contributed greatly 
to clarification of fishery resource conditions in the 
North Pacific Ocean and expressed appreciation for 
the dedicated efforts of Commissioners and scientists. 
He spoke of Japan's dependence on fish for a supply 
of animal protein and pointed out the attention and 
effort expended by Japan for the development and 
conservation of marine resources. The lagging behind 
of world food production in the face of an expanding 
world population had placed an increasing demand 
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on marine resources for production of food. Mr. 
Kusano said that meeting this demand was a new and 
serious task confronting all the fishing nations of the 
world. Conservation of marine resources and estab
lishment of orderly world fisheries continued to be of 
importance. Fishing operations of a country not party 
to the North Pacific Convention had become increas
ingly active and required the working out of a new 
way of thinking suitable to the recent development. 
Mr. Kusano was convinced that the three nations of 
the Commission must cooperate further with each 
other to promote rational utilization of fishery re
sources in the North Pacific. He believed a course 
of action based on scientific truth, which did not 
demand sacrifice on the part of any particular country, 
would be consistent with the interests of the three 
nations and conducive also to solution of fisheries 
problems throughout the world. Mr. Kusano ex
pected abundant results toward promotion of con
servation and effective utilization of fisheries resources 
to be obtained through utilization of knowledge 
amassed in past years. 

Commissioner S. V. Ozere, Chairman of the 
Canadian National Section, addressed the session on 
behalf of his delegation. He expressed gratitude for 
the welcome extended by Vice-Minister Kusano 
and appreciation of the opportunity to meet again 
with colleagues from Japan and the United States. 
Mr. Ozere welcomed Mr. Ohkawara and Mr. Miyoshi 
to the Commission and extended best wishes to their 
predecessors in the Japanese National Section, Mr. 
Nakashima and Mr. Kamenaga. The death during 
the past year of the Commission's first Executive 
Director, Mr. Milton C. James, was noted by the 
Canadian delegation with sincere regret. A welcome 
was extended to the new Executive Director, Mr. 
Samuel J. Hutchinson. Commissioner Ozere stated 
that the progress made towards solution of problems 
inherent in sea fisheries management, and the recon
ciliation of many conflicting interests, were a tribute 
to the governments and fishing industries of the three 
nations participating in the Commission. Much more 
must be learned from the field of fishery science before 
the fishery resources of the North Pacific could be 
safeguarded for rational exploitation on a sustained 
yield basis. A change in emphasis might be necessary, 
and new investigations embarked upon, if the Com
mission is to effectively utilize experience gained from 
cooperative research programs conducted in the past, 
make the most efficient use of skilled scientists, and 
continue to show progress towards attainment of 
primary objectives. The Canadian National Section 
will give serious consideration to any proposals which 
would increase knowledge of marine resources in the 

Convention area. The economic implications of 
fishery resource exploitation must be taken into 
account in fisheries management. The endeavours 
of maritime nations in the field of international law 
as it pertains to high seas fisheries exploitation must 
be accelerated if conditions detrimental to the fishing 
industries of all countries are to be avoided. The 
Commission's experience in dealing with problems of 
developing sound measures for sea fisheries manage
ment-experience based on goodwill and cooperation 
-should stand in good stead in the further develop
ment of rational exploitation of sea resources, not 
only for the benefit of the three Contracting Parties, 
but also in the general interest of mankind. 

Commissioner Clarence F. Pautzke, Chairman of 
the United States National Section, addressed the 
meeting on behalf of his delegation. Mr. Pautzke 
expressed the pleasure of his delegation on being with 
colleagues of Japan and Canada and gratitude for 
the welcome extended by Vice-Minister Kusano. 
New Commissioners, Mr. Ozere of Canada and Mr. 
Ohkawara and Mr. Miyoshi of Japan, were wel
comed. In the 14 years since its establishment, the 
Commission, through cooperative scientific effort, has 
amassed an impressive library of knowledge about 
fishery resources of the North Pacific Ocean. This 
knowledge in some cases had been applied usefully 
toward achievement of Convention objectives. In 
other cases the Commission has not been able to agree 
on the application of available information toward 
solution of some problems. One of the problems 
which still faces the Commission is that of sockeye 
salmon runs to Bristol Bay. The low cycle run in 
1967 had been disastrous for the Bristol Bay salmon 
season. In these circumstances the taking of Bristol 
Bay fish on the high seas has serious adverse effects 
on the management program of the United States. 
Since the 1968 run is predicted to be at about the 
same level as the 1967 run, the utmost restraint must 
be exercised by the high seas fishery in 1968 if proper 
conservation and a minimum United States fishery 
are to be attained. Commissioner Pautzke com
mented on the continuing favorable effects apparent 
from measures applied to halibut fishing in the eastern 
Bering Sea. The United States was concerned about 
the lack of conservation regulation in the western 
area of the Bering Sea, in view of evidence of a re
lationship between stocks of halibut there and stocks 
in the eastern Bering Sea. With respect to halibut 
stocks in all areas covered by the Convention, the 
United States expressed concern over effects on the 
halibut stocks of fishing for other species. The 
problems presented by the marked expansion of such 
fisheries, including the increasing use of gear which 



REPORT OF ANNUAL MEETING 3 

takes juvenile halibut, call for urgent and intensified 
action. Greater effort must be made toward stan
dardization of collecting and recording data on halibut 
catches in the Gulf of Alaska. Research on the king 
crab stock of the eastern Bering Sea must be continued 
and intensified, with closer collaboration, standardiza
tion of data collection, and more rapid analysis. The 
decline in king crab stocks indicated by research to 
date is a cause for concern in the United States Section. 
Chum and chinook salmon fishing on the high seas 
of central and northern Bering Sea has created a 
situation which concerns the United States, par
ticularly since there is a continuing lack of research on 
the origins of these stocks. Fishing by Japan off the 
Chukchi Sea coast of Alaska remains a concern of 
the United States, since the fishery may damage 
salmon stocks which are the principal means of sub
sistence in the area. The United States did not 
wholly accept the Commission's objections to con
sideration of this matter and intends to arrange 
for continuing review and, if necessary, regulation of 
the fishery by whatever means can be devised. 
Because of the importance of the limited stock to the 
natives of northern Alaska, and the lack of data on 
the continent of origin of these fish taken on the high 
seas, the United States urges that there be no high 
seas fishery in this northern area. The Commission's 
research program thus far has been concentrated on 
problems raised by the Convention's Annex and Proto
col. As scientific knowledge increases, new problems 
are revealed, and as new developments occur in the 
area, still new problems arise. The United States 
Section believes that the Commission should examine 
the direction of its efforts in order to assure fulfillment 
of the obligation to deal with conservation of all 
fishery resources of the North Pacific Ocean. No 
decrease is advocated in present efforts toward effective 
conservation of salmon, herring, and halibut. In con
junction with present research, flatfish and other 
groundfish in the eastern Bering Sea and groundfish 
resources of the northeastern Pacific Ocean also must be 
further studied. The opportunity presented by exist
ing trawl fisheries in these areas for collection and 
analysis of data does not appear to be utilized ade
quately. Fisheries of countries not party to the North 
Pacific Convention created problems which the United 
States felt could be met effectively by the governments 
concerned. Whatever the difficulties faced, full and 
frank discussions and increased efforts toward con
servation of North Pacific resources must be continued 
to fulfill the responsibilities of the Commission. 

Commissioner Kenkichi Nakabe addressed the 
session on behalf of the Japanese National Section. 
He welcomed colleagues from the United States and 

Canada to Tokyo and expressed the pleasure of his 
section at being host to the meeting. Commissioner 
Nakabe spoke of the regret felt at the resignation of 
Mr. Wilvan G. Van Campen from the position of 
Executive Director and wished him success in his new 
post. Mr. Samuel J. Hutchinson was welcomed as 
the new Executive Director. The excellent results 
obtained through unremitting effort by scientists of 
the three countries over the past 14 years were noted. 
The considerable scientific data accumulated on 
fishery resources of the North Pacific, about which 
little was known prior to Commission investigations, 
should be valued highly. However, the constantly 
changing fishery environment in the Convention area 
requires renewed effort in the conduct of research if 
conservation and proper management of the resources 
and rational development of the fisheries are to be 
achieved. The vital role played by the high seas 
fishery in solving the food shortage problem of today 
cannot be overemphasized. Development of fishery 
resources on the high seas of the North Pacific, with 
proper attention to their reproduction, has long been 
the endeavour of the Japanese Government. Japan 
has cooperated with the other countries concerned 
by faithfully observing the provisions of the Conven
tion and paying close attention to conservation, and 
intends to continue to do so. Proper conservation of 
resources cannot be accomplished by imposing fishery 
regulations on a particular country ; only by adop
tion of conservation measures which are based on 
convincing scientific evidence and which are applied 
equally to all the countries concerned can this goal be 
reached. The Japanese Section hoped that the present 
meeting would serve to deepen mutual understanding 
through constructive discussions and provide fruitful 
results for promotion of conservation, effective utiliza
tion, and rational development of the fishery resources 
of the North Pacific. 

The Chairman of the Commission, Mr. Ke~jiro 
Nishimura of Japan, addressed the meeting. He 
thanked Vice-Minister Kusano for his words of wel
come, expressed his pleasure as Chairman on wel
coming delegates to the meeting, welcomed new 
Commissioners and the new Executive Director, and 
expressed the regret of the Commission on hearing of 
the death of Mr. Milton C. James, the first Executive 
Director. He reviewed the establishment and objec
tives of the Commission and spoke of the progress 
made during the past 14 years. Chairman Nishimura 
thanked Commission members and scientists for their 
efforts in developing and utilizing scientific information 
to further international cooperation and understand
ing. Some problems of the Commission continued to 
exist, and much work remained to be done. However, 
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the Commission can take pride in its accomplishments 
over the past 14 years and use them as a guide in 
future deliberations on effective joint action for con
servation of North Pacific fishery resources. Research 
continued on salmon, herring, halibut and other 
groundfish, and king crab of the eastern Bering Sea. 
The salmon tagging program has yielded considerable 
information. Regulatory measures recommended for 
conservation of halibut in the eastern Bering Sea had 
been adopted by the Contracting Parties for the 1967 
fishery. Study of the stocks listed in the Annex must 
be continued. Progress in publication of the results 
of Commission investigations was satisfactory ; the 
comprehensive report on salmon undertaken by the 
Commission is almost complete. The rapid expansion 
of fisheries in the North Pacific increased the com
plexity of the Commission's problems. Analysis of 
all scientific data available must be continued and 
action taken must be on the basis of a reasonable 
interpretation of the facts. 

6. PROCEDURES 

The Commission continued without change proce
dures followed at past annual meetings. The first 
plenary session was open to the press and the public. 
Other plenary sessions and meetings of the Commis
sion's standing committees were open only to ac
credited participants and to guests and observers 
invited by the Commission. Sessions of the Commis
sion and its committees which are held in camera are 
attended only by Commissioners and members of the 
delegations specifically designated by the national 
sections ; no in camera meetings were held at the 
Fourteenth Annual Meeting. Commissioner D. F. 
Miller of Canada, Commissioner Y. Ohkawara of 
Japan, and Mr. S. Blow of the United States were 
named to work with the Stcretariat in preparing 
information for the press. Minutes and reports of 
sessions of the Commission and its committees were 
drafted by the Secretariat or by members of the 
delegations who were assigned the task. Draft 
minutes or reports were 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 address given by Mr. 
Kenjiro Nishimura of Japan at the opening plenary 
sessiOn as the Chairman's report to the Commission 
for 1967. 

7 (b) Submission of Reports by the Secretariat 

The Executive Director submitted the following 
reports to the Commission : 

i. Auditors' report for the fiscal year ended June 30, 1967-
referred to the Committee on Finance and Administration. 

ii. Budget estimate for the fiscal year beginning July I, 1968, 
and budget forecast for the fiscal year beginning July I, 1969-
referred to the Committee on Finance and Administration. 

iii. Administrative report for 1967-referred to the Committee 
on Finance and Administration. 

iv. Comments on the form and nature of the reports submitted 
by Canada and the United States in 1967 under the provisions of 
Articles III (I) (c) (iii) and X (2) of the Convention-referred to 
the Committee on Finance and Administration. 

v. Statistical Yearbook for 1966---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 
recommendation. Membership of the Committee is 
listed in Appendix l. Commissioner Roger Kent of 
the United States was Chairman. Recommenda
tions made by the Committee and adopted by the 
Commission at its fourth plenary session are sum
marized below : 

i. Approval of the report of the Commission's auditors, Peat, 
Marwick, Mitchell and Company, was recommended. Total ex
penditure in the fiscal period ended June 30, 1967, was $67,056.77 
(Canadian funds). The auditors' report is Appendix 3 of this 
report. 

ii. The Committee recommended that the sum of $6,000, 
representing an excess of income over expenditure in the 1966/67 
fiscal period, be deposited in the Commission's working capital 
fund. 

iii. The Committee recommended that a budget totalling 
$72,000 (Canadian funds) be adopted for the fiscal year beginning 
July I, 1968. Each Contracting Party is to contribute one-third 
of the total budget and payments are to be made in equal install
ments on July I, 1968, and January I, 1969. 

iv. The Committee presented to the Commission a budget 
forecast totalling $72,000 (Canadian funds) for the fiscal year 
beginning July I, 1969. The budget forecast is provided for the 
guidance of the national sections and is not to be considered for 
adoption until the Fifteenth Annual Meeting, in 1968. 

v. The Committee recommended adoption of classifications 
and associated salary ranges set forth in a study of Secretariat 
staff duties and salaries prepared by the Canadian National 
Section. These are to be used as a guide in determining Sec
retariat salaries. 

vi. The Committee, in connection with item v above, also 
recommended that any general increase which becomes effective 
in Canadian Civil Service salary scales should be applied to 
Secretariat salaries at the same time. 

vii. The Committee reviewed the Executive Director's Ad-
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ministrative Report for 1967 and recommended its acceptance by 
the Commission. The administrative report which forms Part II 
of this annual report is substantially the same as that submitted 
to the meeting. The changes which were made eliminated 
duplication and repetition of information contained in other parts 
of this annual report. 

viii. The Committee reviewed a report entitled" Comments 
on the form and nature of the reports submitted by Canada and 
the United States in 1967 under the provisions of Articles III (I) 
(c) (iii) and X (2) of the Convention " and recommended its 
acceptance. The report, prepared annually by the Secretariat, 
is an evaluation of reports which the Convention requires Canada 
and the United States to submit each year on measures taken for 
conservation of the stocks under abstention and enforcement of 
those measures. 

ix. The Committee recommended a procedure for appoint
ment of an Executive Director or Assistant Director. The proce
dure provides for the incumbent in either position to give the 
Chairman of the Commission notice of his intention to resign pre
ferably three months and not less than one month in advance. The 
Chairman is to communicate such notification to the Commission, 
which will establish a nominating committee comprising the 
current Chairman of the Committee on Finance and Admin
istration, a Commissioner designated by each of the other two 
national sections, and the Executive Director. This nominating 
committee, after consideration of the qualifications of the candi
dates, will recommend a designee to the Commission. The 
Chairman of the Commission is to appoint the Executive Director 
and the Executive Director is to appoint the Assistant Director. 
Either the Executive Director or the Assistant Director shall be a 
Japanese national, in view of the two official languages of the 
Commission. 

x. The Committee recommended that Dr. Fukuzo Nagasaki 
and Miss Lorraine Kissack be commended for their outstanding 
performance during the period of vacancy in the Executive 
Director position and that an award of Two Hundred Dollars 
be paid to each as recognition of the Commission's appreciation. 

xi. The Committee recommended that the first plenary ses
sion of the Fifteenth Annual Meeting of the Commission be held 
on November 4, 1968, at St>attle, Washington. The Commit
tee also recommended that the Sixteenth Annual Meeting be 
held at Vancouver, Canada, commencing on November 3, 1969. 

8. AcTIVITIEs oF THE CoMMISSION CoNcERNING 

SALMON 

8 (a) Background 

The Convention assigns to the Commission two 
major responsibilities with respect to the Pacific 
salmon (genus Oncorhynchus). The Commission must 
consider annually whether the salmon stocks subject 
to the abstention provisions of the Convention 
continue to qualify for abstention by reasonably 
satisfying the conditions set up by the Convention. 
Those conditions are: (1) evidence based upon 
scientific research indicates that more intensive ex
ploitation of the stock 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 maintaining or increasing its maxi
mum sustained productivity, such limitations and 
regulations being in accordance with conservation 
programs based upon scientific research; (3) the 
stock is the subject of extensive 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 unani
mously 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 abstains from fishing for salmon east 
of 175°W and Canada abstains from fishing for salmon 
east of 175°W and north of the Alaska Peninsula and 
Aleutian Islands. 

The line of 175°W which defines abstention from 
fishing for salmon was established by a Protocol to 
the Convention as a provisional line. The second 
major responsibility which the Convention 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 recommenda
tion, the Commission is required to investigate the 
waters of the Convention area to determine if there 
are areas in which salmon originating in the rivers of 
Canada and of the United States of America inter
mingle with salmon originating in the rivers of Asia. 
If such areas are found, the Commission is required 
to conduct suitable studies to determine 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 reason
able doubt that this line or lines more equitably divide 
such salmon than the provisional line. Any re
commendation by the Commission must be unanimous. 

8 (b) Interpretation and Implementation of the 
Protocol 

At the Sixth Annual Meeting (1959), 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 ; 
they requested the Contracting Parties to provide 
them with a single agreed interpretation as soon as 
practicable. At its Fourteenth Annual Meeting 
(1967), the Commission noted that no such interpreta
tion had as yet been received. The members there
fore agreed that the Commission was unable to make 
any recommendation for the confirmation or modifi
cation of the provisional line. The effect of this 
action is that 175°W continues to mark the western 
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limit of the areas in which Japan and Canada abstain 
from fishing for salmon in the Bering Sea, and Japan 
abstains from fishing for salmon in the North Pacific 
Ocean. 

8 (c) Research on Salmon in 1967 

The Standing Committee on Biology and Research 
is responsible for planning and coordination of research 
on salmon in connection with the Protocol problem 
and the analysis and reporting of the results of that 
research. Research activities of the three countries 
are summarized in Part III of this annual report. 

At the Fourteenth Annual Meeting (1967), the 
Committee again established sub-committees to deal 
with the various aspects of salmon research: a salmon 
sub-committee dealt with distribution and migrations 
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 
was concerned with planning of future salmon 
research. 

A brief summary of new information on salmon 
distribution and abundance obtained from the Com
mission's research program in 1967, based on data 
contained in the salmon sub-committee report, is 
given below, followed by a summary of results of 
oceanographic research in 1967. 

i. Summar:_y of new information on salmon. 

Winter (February-March) longlining for salmon was 
carried out for the first time by research vessels in 
waters off Hokkaido and northern Honshu from about 
39°N to 44°N and west of 161 °E to Honshu Island. 
Sockeye and chum salmon were generally scarce, one 
pink salmon was taken in February, pink salmon were 
distributed widely in March throughout the area 
fished, and no coho or chinook salmon were taken. 

For the first time in an odd-numbered year fishing 
for juvenile salmon was conducted in the eastern Bering 
Sea and, for the first time ever, south of Unalaska 
and Unimak Islands and the western end of the 
Alaska Peninsula. Fishing was done with small
meshed purse seines from late August to mid-Sep
tember. Sockeye catches south of the Alaska Peninsula 
were small, except for one set south of Unimak Island 
which yielded 561 juveniles. Chum and pink salm
on occurred in small numbers mixed with sockeye 
and were more numerous in catches south of the 
Alaska Peninsula than in catches in the eastern Bering 
Sea. Pink salmon had not been taken in the eastern 
Bering Sea in previous similar operations in even
numbered years (1962 and 1966). 

Fishing with small-meshed purse seines for juvenile 
salmon in the Gulf of Alaska (coastal areas from Cape 

Flattery to Yakutat) from July through October 10 
yielded record sets for both inside and outside waters; 
i.e., in Dixon Entrance 4,857 juveniles (over 95% 
pink salmon) were taken on August 17 and off Chi
chagof Island 3,942 juveniles (197 sockeye, 1,055 
chums, 2,670 pinks, and 20 cohos) were taken on 
August 28. 

Winter longline fishing was conducted in the central 
Gulf of Alaska (50°-54°N, 135°-l62°W) for the first 
time in late November and early December of 1966. 
Sockeye were caught at most stations fished; the 
average catch per 1,000 hooks was 63. The major age 
groups1 represented in the sockeye catch were: 1.2-
43%, 1.3-27%, 2.3-15%, and 2.2-8%. Catches 
of chum salmon were small. The few pinks taken 
were caught mainly eastward of 145°W. Few coho 
and no chinook were caught. 

Gillnetting and oceanographic studies in the Gulf 
of Alaska (along 162°W and 155°W) in late January 
to mid-March caught immature sockeye mainly 
south of 50°N in the Oyashio Extension and the Sub
arctic Current and maturing sockeye mainly north of 
50°N in waters of the Alaskan Stream and Gyre. 

The known ranges of high seas distribution of salmon 
based on tagging were extended as follows by returns 
received in 1967: 

Recor·ery Release 
Species location location Extension 

Sockeye Cook Inlet 52°2I'N, Eastward 
135°ll'W (maturing) 

Sockeye Bristol Bay 4goN, Southward in 
175°E western Pacific 

(maturing) 
Sockeye About 50°N, About 48°N, Eastward 

I66°E 160°W (immature) 
Chum Yukon River 4go53'N, Eastward 

135°35'W (maturing) 
Chum Kotzebue 53°HYN, Eastward 

Sound 145°l5'W (maturing) 
Pink Strait of Juan Near 57°N, Northward 

de Fuca l36°W (maturing) 
Coho Kodiak Island 4go06'N, Southeastward 

135°W (maturing) 
Chinook Yukon River Bering Sea Westward 

near 175°E (immature) 
Chinook Nushagak River Bering Sea Westward 

near l75°E (immature) 

Other new information revealed by tagging results 
in 1967 are as follows : 

(1) Recovery locations in 1967 of maturing 
sockeye tagged in 1965 as age .1 immatures suggested 

1 Age designations follow the system of Koo (1962)-Studies of 
Alaska Red Salmon (pages 39-48), University of Washington 
Press, Seattle. 
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that there was a larger proportion of non-Bristol Bay 
sockeye among the age .1 fish tagged south of Adak 
in 1965 than in the 12 previous years. 

(2) Recovery of four sockeye in British Columbia 
from fish tagged as juveniles in August 1965 off 
northern Southeastern Alaska and Prince William 
Sound indicated a rapid northward migration along 
the Gulf of Alaska coast during the first summer at 
sea. 

(3) Record distances between tagging and recovery 
sites for pink salmon tagged as juveniles and recovered 
as maturing fish are represented by the recovery in 
1967 in the Nass and Fraser Rivers of pink salmon 
tagged as juveniles at 58°30'N, 138°W. 

ii. Results of oceanographic research in 1967. 

Reports on research conducted by the three countries 
in 1967 and analyses of previously-collected data 
were reviewed by the Sub-Committee on Oceanog
raphy. The following summary is taken verbatim 
from that sub-committee's report : 

Very cold water of about o•c was observed in the eastern area 
off Urupp Island at 100-m depth in the summer of 1967. 

Surface water temperatures in southeastern Bering Sea ranged 
from 5.4•C to 10.4°C in mid and late June and those on the 
continental shelf were the highest every recorded in recent years. 

The maximum velocity of transport in the Alaskan Stream in 
February and March 1967 along long. 162°W was 30 cmfsec 
and 50 em/sec along 155°W. 

A generally low net transport of S x 108m3/sec to 6 x 108m8fsec 
was found in the Alaskan Stream in 1967. Normally, south of 
Adak Island, warm water (>4°C) is present up to 100 miles 
from shore at depths to 200 m. In 1966, water warmer than 
4°C was not found at these depths till July and was not clearly 
established to 300m until August. Measurements during June 
1967 indicate that normal conditions prevailed and that water 
warmer than 4°C was near shore south of Adak to depths beyond 
250m. 

Very unusual oceanographic conditions existed at least during 
the summer months in the eastern Subarctic Pacific. In the 
warm area off the coast of Vancouver Island, sea-surface temper
atures were about 2-3°C above normal for this time of year. 

8 (d) Research Plans for 1968-Salmon and 
Oceanography 

Tentative plans for research in 1968 were submitted 
to the Commission by each national section and were 
reviewed by the Sub-Committee on Research Plans. 
The Sub-Committee discussed exchange of samples 
and personnel in 1968 and recorded a proposal for a 
research program south of the Aleutian Islands in the 
spring of 1968 which would coordinate research 
vessels of Japan and the United States. The follow
ing summaries of research plans are based on the 
report of the Sub-Committee. 

1. Canada 

During 1968 Canada will continue analyses on data 
collected in 1967 and prior years ; no new research 
on problems of the Protocol is planned. Oceano
graphic research will include continuation of the 
program on Ocean Station P (50°N, 145°W) and en 
route to and from the station (Line P). The Line P 
program will be expanded to include continuous 
surface sampling and analyses for nitrates and 
chlorophyll a. Continuous surface profiles of tem
perature and salinity will be obtained. Two three
week cruises (in April and in October) are planned 
in the oceanic-coastal waters extending about 150 
miles off the west coast of Vancouver Island and the 
Queen Charlotte Islands. 

n. Japan 

Research by Japan in 1968 will include collection 
of catch and biological data aboard the motherships 
operating on the high seas. Research vessels will 
study salmon distribution, conduct tagging experi
ments and record oceanographic conditions in the 
northwest Pacific, the Aleutian area, the Bering Sea, 
and the Okhotsk Sea. These investigations will take 
place (I) in winter and spring in the northwest 
Pacific and Aleutian area, to study the winter distribu
tion of salmon, predict their abundance, study 
migration routes and conduct tagging experiments ; 
(2) during the summer in waters where no commercial 
fishing takes place (including the Okhotsk Sea, the 
Bering Sea, and the Pacific Ocean east of 175°W), to 
study salmon distribution; (3) in autumn in the 
Bering Sea and northwestern Pacific, to provide 
distribution studies and tagging data on immature 
fish for use in clarifying the distribution and migra
tion of immature salmon and predicting abundance in 
the next season. All research vessels and motherships 
will make bathythermograph measurements of water 
temperature daily. From these data, temperature 
distribution charts covering the northwest Pacific and 
Bering Sea will be prepared once every 5-10 days 
for the reference of the fishing vessels. Plankton and 
larvae collections for use in analyses of relationships 
between water temperature structure and the dis
tribution of fish will be taken by some of the research 
vessels. 

m. United States 

During 1968 the United States will continue in
vestigations of salmon distribution in relation to 
oceanographic features, and sampling and tagging of 
immature salmon. A winter cruise, similar to that 
conducted in 1967 is planned during March and 
April along longitudes 155°W, 162°W, and 17o•w. 
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The major objective will be to relate salmon dis
tribution to oceanographic features. A spring cruise 
will be conducted south of the Aleutian Islands from 
l65°W to l75°W to study distribution of maturing 
sockeye salmon as related to oceanographic features 
and to assess relative abundance of stocks from east 
to west. Purse seines and gillnets will be fished by 
research vessels in the summer south of Adak Island 
to index the abundance of immature sockeye salmon 
and to compare catches of the two gears. Juveniles 
will be sampled and tagged during research vessel 
cruises in the eastern Bering Sea in late summer and 
along the coastline of the Gulf of Alaska in summer 
and fall. Physiological studies on juvenile salmon 
will be carried out in conjunction with sampling in 
the Gulf of Alaska to study tagging stress and survival 
of tagged fish. Gillnets and longlines will be fished 
by research vessels in waters 20 to 40 miles off South
eastern Alaska during June and July to improve 
short-range forecasting and to increase knowledge of 
salmon migrations in the area. A vessel will fish on 
the north side of the Alaska Peninsula in late June 
and early July to provide a short-range forecast of 
age composition and abundance of Bristol Bay 
sockeye. Oceanographic research will be conducted 
in conjunction with fishing operations of the research 
vessels and during cruises to investigate currents, 
primary productivity, and plankton distribution in 
the winter and spring. Physical and biological 
oceanographic data will be collected north and south 
of Amchitka Island (along l79°W) in February. 
Primary productivity and phytoplankton and zoo
plankton standing crops and their distribution will 
be measured during a spring cruise in the Pacific 
Subarctic Region from 54°N to 40°N between l62°W 
and l55°W. Research with telemetry buoys will be 
continued. Identification of racial origin of salmon, 
the maturation schedule of salmon, vertical distribu
tion of salmon in winter and summer, and rates and 
viability of salmon dropping out of gillnets fished on 
the high seas are all subjects of continuing investiga
tion. Feeding habits, particularly of juvenile fish in 
their first summer at sea, also will be studied. 

8 (e) Abstention on Salmon 

As noted in Section 8 (a) of this report, "Back
ground", the Convention requires that the Commis
sion consider annually 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 salmon stocks under abstention continue 

to qualify. At the 1967 meeting of the Ad Hoc 
Committee on Abstention, Japan continued to 
maintain that the Commission should recommend 
removal from abstention of all stocks listed in the 
Annex. The Canadian and United States representa
tives continued to hold that under the criteria esta
blished by the Convention the stocks in question do 
qualify for abstention. The conclusion reached by 
the Commission, as entered on the record of the 
fourth plenary session of the Fourteenth Annual 
Meeting (1967), is as follows: 

With respect to all stocks listed in Sections I (a), I (b), I (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 I (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 1968; all salmon east of l75°W 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 Fourteenth Annual Meeting (1967), as at 
past annual meetings, the Commission had on its 
agenda an item calling for consideration of "salmon 
problems in high seas areas of intermingling ". As 
the conclusion to its discussion of this topic, the Com
mission adopted the following resolution for trans
mittal to the governments 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 Research 
and in accordance with the objective of conservation of fishery 
resources of the North Pacific Ocean, as expressed in the Interna
tional Convention for the High Seas Fisheries of the North Pacific 
Ocean, the International North Pacific Fisheries Commission 
respectfully recommends to the Governments of the Contracting 
Parties that full consideration be given to the conservation needs 
of these fisheries resources in the area of common concern when 
preparing fishing regulations for future operations. 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 

Because of important developments in the fisheries 
for groundfish in the eastern Pacific and Bering Sea 
in recent years, and because of a change in the 
abstention status of halibut under the North Pacific 
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Convention, problems related to the conservation of 
halibut (Hippoglossus stenolepis) have occupied an 
increasingly large share of the Commission's atten
tion. Halibut originating along the coast of North 
America were 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 
developed fisheries for groundfish species in the 
eastern Bering Sea and in the Gulf of Alaska. 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 halibut. This problem has been 
complicated by initiation of groundfish operations 
in the same areas by the Soviet Union which, not 
being a signatory of the Convention, is under no 
obligation to inform the Commission concerning its 
operations. 

At its 1962 Annual Meeting, the Commission 
determined that halibut of the eastern Bering Sea did 
not meet the conditions for abstention. 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 
no longer were required to abstain from fishing for 
halibut in the eastern Bering Sea. This action placed 
upon the Commission for the first time the responsi
bility for recommending joint conservation measures 
for a stock which all three countries would fish. Such 
recommendations for the 1963 fishing season were 
developed at an interim meeting in Tokyo in February 
1963. For subsequent seasons the recommendations 
have been developed at the regular annual meeting. 
The conservation measures applied in 1967 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 its Fourteenth Annual Meeting (1967) 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 agreement was 
reached in the Commission as to whether such stocks 
continued to qualify for abstention. Therefore, the 
Commission made no recommendation that any 
stocks now listed in the Annex no longer meet the 
conditions of Article IV of the Convention. Halibut 
south of the Aleutian Islands and in the Gulf of 
Alaska continue under abstention from fishing by 
Japan. Although the Convention does not define the 
area within which halibut shall be considered as 
"originating along the coast of North America", 

Japanese domestic fishing regulations require Japanese 
fishermen to abstain from fishing halibut east of 
175°W. 

9 (c) The 1967 Halibut Fishery in the Eastern 
Bering Sea 

In 1967, for the fifth year, fishermen of the three 
countries were able to participate in the halibut 
fishery of the eastern Bering Sea under regulations 
based on conservation measures recommended by the 
Commission. 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 170°W, and the Aleutian Islands, where fishing 
had been limited by a total catch quota in 1964 and 
a seven-day fishing season in 1965, was divided in 1966 
into inshore and offshore areas, with fishing seasons 
from April 6 to 15 and from September 1 to 10, 
respectively. In 1967, waters of the eastern Bering 
Sea east of 175°W were sectioned into five areas (see 
map on page 11 ). Fishing for halibut in each of 
these five areas was limited to the following periods: 

Area A: April 3-17 (longline gear only) 
Area B: September 1-10 (longline gear only) 
Area C: March 29-April 22 (longline gear only) 
Area D: March 29-June 20 
Area E: Closed at all times 

As in previous years, retention of halibut taken by 
net trawl gear in Areas A, B, C, and E was prohibited. 
Other provisions were essentially similar to those of 
1966. Japan continued, as a domestic measure, to 
prohibit trawling by Japanese vessels in an extensive 
area of the southeastern Bering Sea where juvenile 
halibut are abundant. 

No halibut were retained by Japan in the eastern 
Bering Sea in 1967. Canadian and United States 
vessels, fishing exclusively for halibut with setline 
gear, took 1,320,371 pounds from Area A, 10,000 
pounds from Area B, 420,714 pounds from Area C, 
and 158,285 pounds from Area D (preliminary 
figures). Removal of halibut from the eastern Bering 
Sea (east of 175°W) in 1967 thus totalled approxi
mately 1,909,370 pounds. 

9 (d) Results of Research on Bering Sea Ground
fish in 1967 

At the Commission's Ninth Annual Meeting 
(1962), the Standing Committee on Biology and 
Research established a Sub-Committee on Bering Sea 
Groundfish. This Sub-Committee met during the 
two weeks immediately preceding the 1967 Annual 
Meeting and worked under the following terms of 
reference : (1) to study results of the commercial 
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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, and (2) to consider 
further the needs for research. The Sub-Committee's 
findings were expressed as follows in the summary of 
its report: 

As has been the case in the past, timing of the meeting does 
not permit complete reporting of the current year's fishing. Ac
cordingly, data for 1967 are incomplete and can be treated only 
in a preliminary manner, while data for 1966 are in a form 
suitable for complete reporting. 

In 1966, 14 Japanese mothership fleets accompanied by 193 
catcher boats operated in Bering Sea for groundfish, shrimp and 
herring. The total catch for the " fishing year" (November 
1965-0ctober 1966) amounted to 433,185 metric tons (953 
million 1 bs), or 13% more than in the comparable 1965 "fishing 
year ". The principal species, in order of magnitude in the 
catch, were Pacific pollock, yellowfin sole, and Pacific ocean perch. 

Preliminary information for 1967 (through August) indicates 
that 14 Japanese motherships accompanied by 184 catcher vessels 
were in operation between January and August. The total catch 
during this period was 640,842 metric tons (1.4 billion 1 bs ). This 
amount alone equals or exceeds the peak production achieved 
in 1961. Whereas the bulk of the production in 1961 consisted 
ofyellowfin sole, 73% of the production in 1967 consisted mainly 
of Pacific pollock. Next in order of importance are yellowfin 
sole, herring, Pacific cod, and Pacific ocean perch. The Japanese 
catch of halibut (1,177 metric tons or 2.6 million lbs) was slightly 
higher than that in 1966 (854 metric tons or 1.9 million 1 bs ). 

All fishing in Area A (the northern and principal portion of 
the original " Quota Area " or "Triangle Area ") during the 
14-day fishing season in 1967 was conducted by North American 
vessels and their catch amounted to 600 metric tons (1.32 mil
lion lbs), dressed weight. The catch and fishing effort were 
better distributed on the three fishing grounds in Area A than 
in the preceding year, when the catch amounted to only 99 
metric tons (0.22 million 1 bs ), in a nine-day fishing season. 
However, the 1967 catch is far below the 5,000-metric ton peak 
catch of 1963. 

In the eastern Bering Sea (east of 175°W) the preliminary total 
catch of halibut in 1967 was 868 metric tons (1.91 million lbs), 
all of which was taken by North American vessels. Japanese 
production, totalling 883 metric tons (1.94 million lbs), dressed 
weight, originated from waters west of 175°W and principally 
from the region between 175°W and 180°. The foregoing figures 
of course exclude any catches of halibut which might have been 
made by the Soviet Union. 

Since the inception of fishing in eastern Bering Sea, particularly 
in Area A (Polaris, Clipper, and Misty Moon Grounds), there 
has been evidence of moderate fluctuations in recruitment. 
Several year classes have contributed to the production more 
than others. Currently, the 1955 and 1958 year classes pre
dominate, as they did in 1966. 

Further evidence has been gathered to reconfirm earlier ob
servations that the eastern Bering Sea " flats " are a major nursery 
area for young juvenile halibut. This nursery area includes all 
of Area E and the inshore regions of Area D (east of 175°W). 

Information currently available indicates seasonal variations in 
the distribution and areas of concentration of the young halibut. 

9 (e) Conservation Measures for Bering Sea 
Halibut in 1968 

The Commission adopted a set of recommendations 
for conservation measures to be applied by the member 
countries to their eastern Bering Sea halibut fisheries 
in 1968. The Commission's recommendations for 
the 1968 season were identical in content to those 
adopted for the 1967 season. Recommendations for 
conservation measures and proposals for domestic 
measures adopted for transmittal to the Contracting 
Parties were as follows : 

1. That the area within which these joint conservation meas
ures shall apply is that portion of the Bering Sea lying east of 
the meridian of 175°W. This area shall be subdivided as follows: 

AREA A : That portion of the Bering Sea bounded by a line 
connecting Cape Navarin and the northern tip of 
Cape Sarichef on Unimak Island; the meridian of 
170"W ; and a line connecting said northern tip 
of Cape Sarichef with a point on the meridian of 
170"W at 54°N. 

AREA B : That portion of the Bering Sea bounded by the 
Aleutian Islands ; the meridian of 17o•w ; and a 
line connecting the northern tip of Cape Sarichef 
on Unimak Island and a point on the meridian of 
17o•w at 54°N. 

AREA C : That portion of the Bering Sea bounded by the 
Aleutian Islands ; the meridian of 175•w; that 
portion of the line connecting Cape Navarin to the 
northern tip of Cape Sarichef on Unimak Island 
between 175"W and 170"W; and the meridian of 
11o•w. 

AREA D : That portion of the 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 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 

AREA E: 
tip of Cape Sarichef on Unimak Island. 

That portion of the Bering Sea bounded on the 
north by a line from Cape Newenham to a point at 
5 7• 15'N, 170°W, on the west by the eastern boundary 
of Area A and on the south and east by the Aleutian 
Islands and the Alaska Peninsula. 

2. That the period within which these measures shall apply 
is from 0000 hours on March 25, 1968, to 2400 hours on March 
24, 1969. 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 
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Areas designated m 1968 conservation measures for eastern Bering Sea halibut. International Pacific 
Halibut Commission fishing grounds within " triangle area" are shown for reference. Shading in 
Area E indicates area within which Japan, as a domestic measure, prohibits trawling of all kinds. 
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apply to or restrict the operations of a bona-fide research vessel 
under the direct control of a Contracting Party. 

5. a. Within Area A the retention of halibut by vessels 
fishing with longline gear shall be permitted during a 
period beginning at 1500 hours on April_3, 1968, and 
terminating at 1800 hours on April 17, 1968. 

b. Within Area B retention of halibut by vessels fishing 
with longline gear shall be permitted during a period 
beginning at 1500 hours on September 1, 1968, and 
terminating at 1800 hours on September 10, 1968. 

c. Within Area C the retention of halibut by vessels 
fishing with longline gear shall be permitted during a 
period beginning at 1500 hours on March 29, 1968, 
and terminating at 1800 hours on April 22, 1968. 

d. Area E shall be closed to halibut fishing at all times. 
6. All vessels employing any type of net trawl gear shall 

return to the sea immediately any halibut taken within Areas 
A, B, C, and E. 

7. Within Area D retention of halibut by any fishing vessel 
of any of the Contracting Parties shall be permitted during a 
period beginning at 1500 hours on March 29, 1968, and terminat
ing at 1800 hours on June 20, 1968. 

8. Notwithstanding the provisions of item 7 above, Area D 
shall remain open until 1800 hours on November 15, 1968, 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, 1968, shall be notified 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 Area Dafter June 20, 1968. 

The Commission also takes note that the Government of Japan, 
as a domestic measure in 1968, intends to prohibit trawling 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°10'N, 160°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. 

The Commission also notes, that, in relation to the above 
recommendations, the Government of Japan intends to establish 
for 1968 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 prac
tical and legal to take such measures. 

The Commission also notes that the Government of Canada 
and the Government of the United States as a domestic measure 
in 1968 intend to prohibit the retention of halibut by vessels 
fishing with any type of net trawl gear in the Bering Sea. 

Further, the Commission records that it is continuing to develop 

a research program to provide information which will extend 
and improve the scientific basis for the conservation of the 
groundfish of the Bering Sea. 

The area divisions of the above recommendations 
are shown in a map on page II. 

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

Since 1963, Japanese vessels have been fishing in 
the Gulf of Alaska for groundfish and shrimp, pri
marily by trawling but to some extent by gillnetting 
and Danish seining. The Commission has considered 
annually 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 Con
vention. At the Fourteenth Annual Meeting (1967), 
the Commission again considered this subject under 
an agenda item Effects of trawling on the halibut stocks 
in the Convention area. 

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 in
formation on the distribution and interrelationship of 
halibut and other groundfish in the Gulf of Alaska 
region, with the object of defining areas of halibut 
concentration and providing an assessment of the 
possible effects on halibut of trawl fisheries for other 
species of groundfish. At its 1967 meeting, the 
Committee reviewed 18 documents submitted by the 
national sections, dealing with operations of Japanese 
commercial vessels, operations of research vessels, 
reports of observers and miscellaneous other items of 
information. The Committee's report contained the 
following summary and conclusions : 

(1) The Gulf of Alaska Groundfish Committee met prior to 
the 1967 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 reported on the Japanese commercial 
fishery in 1967, but, because of the timing of the annual meeting, 
was unable to make a complete appraisal of the commercial 
fishery during the current year. 

(3) Prior to 1966, Japanese commercial operations in the 
Gulf of Alaska (east of 135°W) were conducted by independent 
trawlers. In 1966, operations were carried out by mothership
catcher-vessel units. Numbers of vessels continued to increase. 
Eighteen fishing vessels (10 large stern trawlers, 3 small stern 
trawlers, 3 side trawlers, and 2 Danish seiners) participated in 
the 1966 fishery. In 1967 (prior to September 1), 19 vessels 
(10 large stern trawlers, 6 small stern trawlers, 2 side trawlers, 
and 1 Danish seiner) took part. During September-December 
1966, two vessels fished east of 135°W. 

(4) Total catch, all species, continued to increase, from 19,800 
metric tons during the experimental fishery of 1964 to 84,654 
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metric tons in 1966. The 1967 catch prior to September I was 
73,765 metric tons. Pacific ocean perch continued to be the 
principal species caught, constituting 78% (66,155 m.t.) of the 
total catch in 1966, and 72 % (52,893 m.t.) in 1967. Approx
imately 16% (8,387 m.t.) of the Pacific ocean perch catch in 
1967 was taken east of 135°W. Shrimp constituted 0.6% 
(474 m.t.) of the total catch in 1966, and 1.8% (1,297 m.t.) in 
1967. 

(5) Total fishing effort increased in 1966 over that in 1965 
for most classes of gear and vessel. Total trawling hours increased 
from 7,657 to 13,119, and only shrimp side trawl effort decreased. 
Danish seine drags decreased from 812 in 1965 to 619 in 1966. 

(6) The Japanese Fisheries Agency reported the incidental 
catch of halibut by fish-net vessels was 71 metric tons (12,313 
fish) in 1966, compared with 58 m.t. (12,778 fish) in 1965. 
Shrimp-net trawlers' incidental catch of halibut was 3 metric tons 
(2,370 fish) in 1965, and shrimp-net vessels did not report inci
dental catches of halibut in 1966. 

(7) In 1967, as in the previous three years, United States 
observers were aboard] apanese commercial vessels in the northeast 
Pacific Ocean. Observations were conducted in the Chirikof, 
Kodiak, and Yakutat areas of the Gulf of Alaska, and off Wash
ington and Oregon. Halibut incidence (percent by weight in 
total catch) in the Pacific ocean perch fishery by stern trawlers 
varied by area and season, and ranged from 0.0% (Kodiak, 
July-September) to 3. 7% (Chirikof, April-June). In the Kodiak 
area, halibut incidence was again highest during April-June, as 
was noted in 1965 and 1966. Halibut incidence in catches off 
Washington and Oregon was 1.0% (July-September). Viability 
index for discarded halibut was 53% in 1967, compared with 
75% in 1966, 35% in 1965, and 28% in 1964. 

(8) At the request of the Committee, the United States 
Section undertook a comparison of 1964 and 1965 halibut inci
dence records collected aboard Japanese commercial vessels by 
the japanese Fisheries Agency and the U.S. observers. The two 
sets of base data representing the same month-blocks over the 
two years show significant positive correlation, indicating that 
the U.S. observers and the vessel personnel usually reported 
relatively high or low catches of incidental halibut for the same 
month-blocks. However, when the base data were adjusted for 
possible interchange of information between U.S. observers and 
the vessel personnel, the data were no longer correlated signifi
cantly. The loss of correlation suggests that information on the 
incidence of halibut was exchanged, and that the Japanese 
Fisheries Agency reports were biased by the data from the U.S. 
observers. The unadjusted number of halibut per hour from the 
Japanese Fisheries Agency data amounted to one-third of that 
reported by the U.S. observers in 1964, and one-half in 1965-
adjustment of the Japanese Fisheries Agency data dropped the 
values to one-fourth and one-twelfth, respectively. The un
adjusted weight of halibut per hour from the Japanese Fisheries 
Agency data amounted to four-fifths of that reported by the U.S. 
observers in 1964 and two-fifths in 1965-adjustrnent of the data 
did not change the value for 1964 but dropped the value of 1965 
to one-tenth. 

(9) Four research vessels conducted cruises in the Gulf of 
Alaska during 1967. These vessels were the G. B. Reed (Canada), 
the Clulsea, Don Edwards, and HarmoT!JI (IPHC). The G. B. Reed 

completed one cruise, during February-April, off west Vancouver 
Island (rockfish maturity studies) and one cruise, during Sep-

tember-October, to Queen Charlotte Sound and Southeastern 
Alaska (Pacific ocean perch distribution studies). Complete 
details of the IPHC cruises are not yet available. 

(10) Halibut incidence in the G. B. Reed catches was 0.5% 
(by weight, in total catch) off west Vancouver Island, 0.9% in 
Queen Charlotte Sound, and 0.6% off Southeastern Alaska. 

(II) The Japanese Fisheries Agency has reported on halibut 
tagged by Japanese observers while aboard IPHC vessels during 
1964 and 1965. In May 1964, 300 halibut were tagged in the 
Chirikof-Kodiak region. During May and June 1965, 100 
halibut were tagged in the Charlotte and Vancouver areas. 

(12) Soviet trawlers were again active throughout the north
east Pacific Ocean during 1967. During January-March most 
of the fleet was fishing Pacific ocean perch in the region from 
Yakutat to Vancouver Island. By April the concentration had 
shifted southward to the Vancouver Island-Oregon region, and 
by May approximately 114 vessels were off Washington fishing 
Pacific ocean perch and hake, and only a few vessels were sighted 
in all other areas. By September, the fleet began to shift north
ward as far as British Columbia. Fishing effort and catch off 
Washington and Oregon appeared to be lower in 1967 than in 
1966. Soviet vessels also conducted shrimp fishing and processing 
operations off the Shumagin Islands and on Portlock Bank during 
January-May. 

(13) A new area, Columbia, was defined which lies imme
diately south of the Vancouver area, and encompasses most of 
the region off Washington and Oregon. 

(14) The Committee suggested improvement in the format 
of the INPFC Statistical Yearbook for Gulf of Alaska groundfish 
statistics, including a return to segregating annual catch by major 
species. It also recommended that selected North American 
bottomfish statistics, published by the Pacific Marine Fisheries 
Commission, be included in subsequent INPFC Statistical 
Yearbooks. 

(15) The Committee recommends that the Japanese and 
United States Sections continue their studies of halibut incidence 
in the japanese trawl fishery. 

(16) The Committee did not reach a decision on the proposed 
Gulf of Alaska groundfish bulletin, but further discussion will be 
undertaken by correspondence prior to the 1968 meeting. 

(17) The Committee renewed its request that the Commis
sion continue its efforts to obtain information from the U.S.S.R. 
on the statistics of the Soviet trawl fishery in the northeast Pacific 
Ocean. 

The United States expressed concern over the 
possible adverse effects on the halibut stocks which 
might accrue from the substantial incidental catches 
of this species made during operations for other 
groundfish. Data contained in the Gulf of Alaska 
Groundfish Committee report disclosed areas of known 
abundance of halibut which should be avoided. 
Discrepancies in the halibut incidence rates given by 
Japanese sources and United States observers were 
noted. It was the United States request that a 
review in depth be made of this problem at the next 
annual meeting. The United States was concerned 
also about a longline vessel retaining halibut caught 
incidentally in the Gulf of Alaska. Evidence of 
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incorrect reporting of the catch location increased the 
seriousness of the offence. The United States felt 
that immediate attention should be given to the 
problem by appropriate authorities. At this time the 
United States re-emphasized its concern as expressed 
at the opening plenary session about the lack of 
adequate conservation regulations on halibut in the 
western Bering Sea. Measures applied to halibut in 
the eastern Bering Sea appeared to be having a con
tinued favourable effect. Since there was evidence of 
a relationship between stocks of halibut in the eastern 
Bering Sea and those in the western Bering Sea the 
United States urged Japan to intensify its study of the 
western Bering Sea halibut stocks and to institute such 
conservation measures as are necessary to bring pro
duction of halibut up to the maximum sustainable yield. 

A Japanese spokesman reminded the Commission 
that operations for fish stocks other than halibut in 
the Gulf of Alaska were not restricted by the Con
vention. Voluntary limitation of the number of 
vessels had been made by Japan with a view to proper 
consideration of the problem of the effect on halibut 
stocks of fishing for other species. Incidental catches 
of halibut were small when compared with catches 
of the United States and Canada. Due care has been 
taken to return halibut to the sea in as good condition 
as possible. Further research on survival rates was 
desirable. With regard to the discrepancies in 
halibut incidence rates submitted by the fishing 
vessels and those obtained by U.S. observers, the 
Japanese Section felt that a review and study of the 
problem should be made. No restriction of opera
tions directed at fish species other than halibut was 
felt to be necessary from the viewpoint of effective 
utilization of useful groundfish stocks in the Gulf of 
Alaska. Research on the effect of these operations on 
the halibut stocks will continue. The matter of a 
longline vessel reported to have retained halibut in 
the Gulf of Alaska would be investigated and proper 
measures taken. 

The Canadian spokesman stated that his section also 
was concerned about the effect of the growing trawl 
fishery in the northeastern Pacific Ocean on the 
important halibut stocks and expressed the hope that 
every effort would be made to operate the traw 1 
fishery in a manner which would do minimum damage 
to halibut stocks. 

The Commission noted that no data on Soviet 
fishing activities in the Gulf of Alaska had been received 
and that no reply had been received to the Chairman's 
letter of March 18, 1966, to Minister Ishkov. It 
was agreed that the Chairman would write another 
letter in a similar vein in a further attempt to obtain 
Soviet fishing data required by the scientists. 

I 0. AcTIVITIES OF THE CoMMISSION CoNcERNING 

GROUNDFISH SPECIES (OTHER THAN HALIBUT) 

oF THE NoRTHEASTERN PACIFIC OcEAN 

The Commission agreed, in adopting its agenda, to 
give consideration under " other business " to the 
initiation of a joint research program on the ground
fish resources of the northeast Pacific Ocean under 
the provisions of Article III (1) (c) (i). This article 
of the Convention provides that the Commission shall 
study, at the request of any Contracting Party con
cerned, any stock which is under substantial exploita
tion 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. The Canadian National Section, at the 
request of the Government of Canada, resolved that a 
joint study of the biology of important groundfish 
species (other than halibut) in waters of the north
eastern Pacific Ocean be undertaken in accordance 
with the provisions of Article III (1) (c) (i), and the 
United States Section supported the resolution. A 
working group, assigned the task of deciding the best 
method of handling the resolution, reported to the 
Commission as follows : 

Upon reviewing the request made by the Canadian and United 
States Governments, the working group recognized that research 
into groundfish stocks in the northeastern Pacific Ocean met the 
requirements of Article III (I) (c) (i) of the Convention, and that 
therefore it is feasible and proper for the Commisrion to conduct 
research activities regarding this matter. The working group 
also recognized that it is proper and feasible to add a new term 
of reference to those which are currently handled by the Gulf 
of Alaska Groundfish Committee, and that the Committee should 
study the aforementioned new term of reference and make ar
rangements for pursuit of such a study. 

The Commission accepted this report and adopted 
the following new term of reference for the Gulf of 
Alaska Groundfish Committee : 

The Committee shall study and plan joint research on ground
fish other than halibut in the northeastern Pacific for the purpose 
of determining the need for joint conservation measures. 

ll. 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 Con
vention 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 
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stocks annually, commencing in 1958, to determine 
whether they continued to qualify for abstention. At 
subsequent annual meetings the Commission has 
determined that the herring stocks of three areas 
did not meet the qualifications for abstention defined 
in Article IV of the Convention, and 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, in 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 
Commission 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 Fourteenth Annual 
Meeting, and consequently the joint research plan 
remains unimplemented. 

There was no item specifically referring to herring 
on the Commission's agenda in 1967. The status of 
the herring stocks remaining under abstention con
tinued unchanged, since the national sections had 
not revised their positions concerning the qualification 
for abstention of any of the stocks listed in the Annex. 

12. AcTIVITIEs OF THE CoMMISSION CoNCERNING 

KING CRAB 

At the Fourteenth Annual Meeting (1967), the 
Commission's agenda contained two items pertaining 
to the king crab of the eastern Bering Sea. The 
first item, Implementation of Article III (1) (c) (ii) with 
respect to king crab, has been a subject of discussion annu
ally since 1954, when the Government of the United 
States requested a study of the stock under the pro
visions of Article III (1) (c) (i). The Commission 
has not been able thus far to recommend conservation 
measures on the basis of its research results. Bilat
eral agreements between the United States and Japan 
for regulation of fishing on king crab stocks in the 
eastern Bering Sea, first concluded in 1964 and sub
sequently renewed in 1966, created some procedural 
questions for the Commission. The second king crab 
item on the 1967 agenda, ConsiderationqftheCommission's 
activities regarding eastern Bering Sea king crab, afforded 
the Commission an opportunity to discuss and clarify 
its position. The Commission adopted the following 

resolution on king crab : 
I (a). The Commission has been conducting a study of the 

king crab resources of the eastern Bering Sea since its first meet
ing at the request of the United States Government. This study 
is being conducted in accordance with the provisions of Articles 
III (I) (c) (i) and (ii) of the Convention. 

I (b). The Commission hereby requests the Governments of 
Japan and the United States of America to submit to the Com
mission scientific data necessary for the said study by January 31 
of every year, and, in addition, requests that the governments 
submit to each annual meeting such data from the current year, 
including (but not limited to) total catch, effort, size composi
tion, and tag recovery information, as is possible at the time. 

I (c). The Commission reconfirms that it will submit to the 
Governments of Canada, Japan, and the United States of America 
by November 30 of every year a report on the results of the study, 
as requested by the Governments of Japan and the United States 
of America and in accordance with the decision of the Commis
sion at its Twelfth and Thirteenth Annual Meetings. The Report 
of the Sub-Committee on King Crab Research and Planning 
will serve as the said report. 

2. The right of the Commission to determine necessary joint 
conservation measures in addition to those currently in effect 
based on the results of the study referred to in I (a) above and 
to make recommendations to the Contracting Parties is in no 
way prejudiced by any bilateral agreements such as the Japan
U.S. arrangements on king crab. 

3. However, in view of the fact that bilateral agreements on 
king crab have been concluded between Japan and the United 
States of America and between the United States of America and 
the Soviet Union and that those governments apply specific 
regulatory measures to the king crab resources of the eastern 
Bering Sea, the Commission considers it unnecessary to make 
recommendations in accordance with Article III (I) (c) (ii) of the 
Convention, unless and until it recognizes that the regulatory 
measures taken by those governments are inadequate. 

4. The Commission requests the governments of its Contract
ing Parties concerned to inform the Commission of any regulatory 
measures referred to in 3 above. 

It was agreed that the Report of the Sub-Committee 
on King Crab Research and Planning as contained 
in the 1967 Report of the Committee on Biology and 
Research would be submitted to the three govern
ments, as prescribed in item 1 (c) of the adopted 
resolution. 

13. PuBLICATIONS OF THE CoMMISSION 

The Commission continues to publish and distribute 
a variety of materials related to its work. All man
uscripts must receive approval of the Commission 
prior to publication. Scientific reports must also 
receive prior review and approval by a board of 
editorial referees. At the end of 1967 the editorial 
referees were: for Canada, Mr. K. Radway Allen; 
for Japan, Mr. K. Tanaka; for the United States, 
Dr. G. B. Collins. Information on the current status 
of Commission publications is given on page 125 of 
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this annual report. 
The Annual Report is published in separate English 

and Japanese versions, of identical content. It 
contains information on Commission meetings, ad
ministrative activities during the year, and summaries 
of research conducted for the Commission by the 
research agencies of each member country. 

The Commission's Bulletin is published at ir
regular intervals in separate English and Japanese 
versions of identical content. Papers published in 
the Bulletin series are obtained from national sources 
and deal with particular investigations carried out 
under INPFC programs by one or more scientists in 
a particular laboratory, or are prepared by scientists 
from all three of the member countries working 
jointly on the analysis of research conducted under 
INPFC programs. Titles of papers contained in the 
Bulletin series are given on page 125 of this annual 
report. 

The Commission has continued the preparation and 
distribution, in processed form, of a statistical year
book containing data on important fisheries of joint 
interest. The yearbook is in English only. It contains 
data on the catches of salmon, halibut, herring, king 
crab, and groundfish by fishermen of the member 
countries in certain waters. Each year the statistical 
yearbook has been referred to the Committee on 
Biology and Research for consideration and recom
mendation. The Committee referred the statistical 
yearbook for 1966 to a working group which was 
asked to consider whether the contents of future 
yearbooks should be reviewed. This working group 
recommended establishment of a working party to 
study the contents of the yearbook and set forth 
proposed terms of reference and priorities for the 
working party. The recommendation was subse
quently adopted by the Commission. 

The Commission also continues to prepare and 
circulate among its own members, accredited partici
pants in its meetings, and scientists taking part in its 
research programs, proceedings of its annual meeting, 
reports on research in progress, research plans, 
background papers, agendas, newsletters, etc. Dis
tribution of these materials is limited to those directly 
participating in Commission programs, with a few 
exceptions. 

14. OFFICERS ELECTED FOR 1968 

The Commission elected officers for 1968 in ac
cordance with the Rules of Procedure and established 
practice, except that it was agreed to alter the system 
of rotating the chairmanship of the Committee on 
Biology and Research so that the host country would 
provide the chairman at future meetings. Officers 

elected were : 
Chairman of the Commission-Mr. Edward W. Allen of the 

United States 
Vice-Chairman of the Commission-Mr. S. V. Ozere of Canada 
Secretary of the Commission-Mr. Kenjiro Nishimura of Japan 
Chairman of the Committee on Finance and Administration-

Mr. D. F. Miller of Canada 
Chairman of the Committee on Biology and Research-Mr. 

C. F. Pautzke of the United States 

Terms of all officers of the Commission and its standing 
committees begin with the adjournment of the annual 
meeting and continue until the adjournment of the 
subsequent annual meeting. 

15. CLOSING STATEMENTS AT THE FINAL PLENARY 

SESSION 

Spokesmen for each national section made con
cluding statements at the final plenary session of the 
Fourteenth Annual Meeting, on November 10, 1967. 

The Chairman of the Canadian National Section, 
Mr. S. V. Ozere, pointed out the opportunity afforded 
by the annual meeting to engage in fruitful discussions 
concerning problems involved in the exploitation of 
North Pacific fisheries. He stated that although there 
are many conflicting interests which divide the three 
sections, many other common interests serve to unite 
them and make work in harmony possible. Canada 
felt that an important step had been taken by agree
ment to initiate a joint study of the important ground
fish stocks of the northeast Pacific Ocean. The 
Canadian Section appreciated the cooperation shown 
by the Japanese and United States Sections in this 
matter. Mr. Ozere noted that scientific evidence 
indicated some recovery of the halibut stocks in the 
eastern Bering Sea and that application during the 
next year of measures proposed by the Commission 
would contribute to a further recovery. Decisions of 
the Commission with respect to the conduct of work 
within the Committee on Biology and Research were 
constructive and should result in improved effec
tiveness of the scientists' work. Mr. Ozere hoped that 
consideration would be given at the next annual 
meeting to more effective use of the Scientific Sub
Committee of the Ad Hoc Committee on Abstention. 
The Canadian Section regretted that once again it 
had not been possible to reach a decision regarding 
the qualification for abstention of stocks specified in 
the Annex. It is Canada's view that these stocks do 
qualify under the terms set out in the Convention, 
and that reasonable and convincing evidence is 
contained in the voluminous data which had been 
provided by Canada and the United States over the 
years. 

Commissioner Y oshio Ohkawara spoke on behalf 
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of the Japanese National Section, expressing the 
pleasure of the host country that the meeting as a 
whole had proceeded in a friendly atmosphere and had 
been guided by the spirit of mutual understanding 
which has long characterized the Commission's 
activities. He expressed the gratitude of the Japanese 
Section for the efforts of the scientists during the two 
weeks prior to the plenary sessions. Mr. Ohkawara 
noted the settlement which had been achieved at the 
meeting of some matters concerning the activities and 
operations of the Commission. The function of the 
Commission with respect to the king crab resources 
and concrete measures to be taken in that connection 
had been specified clearly. Establishment of pro
cedures for resignation and nomination of the Execu
tive Director and Assistant Director was a matter of 
satisfaction to the Japanese Section. He stated that 
it was Japan's intention to cooperate in the program of 
joint research on groundfish resources of the northeast 
Pacific Ocean which would be initiated in accordance 
with a decision reached by the Commission at this 
meeting. One of the major objectives of the Conven
tion is to secure the maximum sustained productivity 
of fishery resources in the area of common concern and 
the new program would serve as a means to this end. 
Efforts to remove existing differences of opinion on 
the several matters still unresolved were in themselves 
beneficial to progress and development. Mr. Ohka
wara thanked the Commissioners and advisors from 
the United States and Canada for their cooperation. 

The Chairman of the United States National 
Section, Commissioner Clarence F. Pautzke, said the 
Commission had made forward progress at this 
meeting, but that some problems of concern remained 
at a standstill. The continuing vitality of the Com
mission and its efforts to achieve the broader objectives 
of the Convention were evidenced in the decision to 
expand research to important groundfish stocks of the 
northeastern Pacific Ocean. Commissioner Pautzke 

expressed regret that it was not possible at this time 
to include the eastern Bering Sea in the broadened 
program, and hoped the way will be eased through 
exchange of data for the subsequent inclusion of the 
important groundfish resources of the eastern Bering 
Sea. The United States Section also was hopeful 
that new understandings on the Commission's role 
in research on the king crab stocks of the eastern 
Bering Sea will help to achieve increased knowledge 
and eventually more efficient measures for conserva
tion of the stock. Discussion leading to agreement on 
recommendations for regulation in 1968 of the halibut 
fishery in the eastern Bering Sea were marked by an 
encouraging atmosphere of harmony. The United 
States remains concerned about the threat to the 
future of the halibut stocks of the expanding trawl 
fisheries in the northeastern Pacific Ocean. The 
Commission must continue and intensify its efforts 
in connection with this resource. Salmon problems 
remained and the United States hoped that a study 
would be initiated on chinook and chum salmon 
stocks in the central and northern Bering Sea. It 
was hoped also that Japan would continue to exercise 
restraint over fisheries for salmon in the Chukchi Sea. 
With respect to the Bristol Bay sockeye salmon run 
in 1968, Commissioner Pautzke stressed the critical 
situation which faces the management authorities of 
the United States and asked that the high seas fishery 
be operated with every regard for the Bristol Bay 
salmon fishermen and the industry. Economic dis
aster for the Bristol Bay fishermen and damaging 
consequences for the United States conservation 
program were possible if such regard is not given. 
Mr. Pautzke thanked the Japanese Government and 
the people for their gracious hospitality. 

All spokesmen, in closing their addresses, expressed 
appreciation to the Chairman, the national sections, 
and to the members of the Secretariat for the smooth 
and efficient conduct of the meeting. 
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K.R. Allen 
C.R. Forrester 
J.M. Harrington 
W.R. Hourston 
K.S. Ketchen 
L. Margolis 
R.G. McMynn 

Kenjiro Nishimura 
Tokyo, Japan 

Yoshio Ohkawara 
Tokyo, Japan 

CANADA 

Kenjiro Nishimura 
Edward W. Allen 
S. V. Ozere 

Commissioners 

James C. Cameron 
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Advisors and Experts 

JAPAN 
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M.P. Shepard 
W.M. Sprules 
S.J. Westrheim 
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Commissioners 

Shinji Miyoshi 
Tokyo, Japan 

Kenkichi Nakabe 
Tokyo, Japan 
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lwao Fujita Masayasu Kato Kenji Takagi 
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Haruo Nakai Teruo Ishida Kenichi Yamazoe 
Tsukane Tagami Ryuzo Ohyama Koji Takeshita 
Ganji Kawabata Kaoru Tatara Kazumitsu Kawada 
Michio Yamada Seiwa Kawasaki Masanao Osako 
Morihisa Sakiyama Atsushi Wada Seiji Machidori 
Motokichi Morisawa Tamotsu Yonemori Hideo Tanaka 
Kenzo Kawakami Kiyomitsu Kitano Jun Ito 
Toshihiko Ohba Tatsuo Saito Shintaro Sasaki 
Koichiro Tanaka Kunihiko Saito Tetsuya Noda 
Tomonari Matsushita Keiichi Nakajima Takeo Ito 
Shiro Y oshizaki Goro Asakawa Hiroshi Tominaga 
Osamu Kibezaki Koya Mimura Tojiro Shinada 
Takehiko Kawakami Kazurni Niwa Ichiro Saito 
Sumio Edamura Yoshiya Takahashi Tadashi Yamamoto 
Tadashi Yamada Tokio Ono Kisaburo Taguchi 

UNITED STATES 

Commissioners 

Clarence F. Pautzke 
Washington, D.C. 

Roger Kent 
San Francisco, California 

Edward W. Allen 
Seattle, Washington 

Fred P. McGinnis 
Anchorage, Alaska 

C.E. Atkinson 
Stuart Blow 
R.L. Burgner 
G.B. Collins 
H.E. Crowther 
R.A. Fredin 

M.E. Brooding 
C.R. Carry 
Truman Emberg 
Harald B. Friele 
Jay Hammond 
Gordon Jensen 
H.E. Lokken 

Advisory Committee 

R.H. Moss 
W.G. Saletic 
T.F. Sandoz 
W.O. Smith 
Clement Tillion 
W.V. Yonker 

Advisors and Experts 

F.M. Fukuhara 
A.C. Hartt 
D.R. Johnson 
D.L. McKernan 
C.H. Meacham 
Takashi Miyahara 

U.S. Senate Commerce Committee Observer 

John H. Wedin 

Secretary to the United States Section 

C.]. Burner 

L. M. Nakatsu 
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H.L. Rietze 
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L.C. Vass 

19 



20 ANNUAL REPORT 1967-NORTH PACIFIC COMMISSION 

CONSULTANT 

Richard J. Myhre, International Pacific 
Halibut Commission 

OBSERVERS 

International Pacific Halibut Commission W.M. Sprules 
H.E. Crowther 

International Commissionfor the Northwest Atlantic Fisheries D.L. McKernan 

Permanent 
S.J. Hutchinson 
F. Nagasaki 
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Interpreters 
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I. Ueda 

1. COMMITTEE ON FINANCE AND ADMINISTRATION 
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JAPAN 

UNITED STATES 

SECRETARIAT 

Commissioner-member: 
Commissioner-advisors : 

Advisor: 

Commissioner-member: 
Commissioner-advisor: 
Advisors : Kenzo Kawakami 

Toshihiko Ohba 
Masayasu Kato 
Kunihiko Saito 

Commissioner-member: 
Commissioner-advisor: 
Advisors: 

Ex officio: 

Donovan F. Miller 
Carl E. Giske 
S.V. Ozere 
W.M. Sprules 

Yoshio Ohkawara 
Shinji Miyoshi 

Keiichi Nakajima 
Tokio Ono 
Hideo Tanaka 
Shintaro Sasaki 
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Stuart Blow 
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S.J. Hutchinson 
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2. COMMITTEE ON BIOLOGY AND RESEARCH 

CANADA 

JAPAN 

UNITED STATES 

SECRETARIAT 

Commissioner-member : 
Scientist-members : 

Commissioner-member: 
Scientist-members : 

Advisors: 

Motokichi Morisawa 
Koichiro Tanaka 
Tomonari Matsushita 

(Convener) 
Osamu Kibezaki 
Takehiko Kawakami 
Tadashi Yamada 
Masayasu Kato 
Yukio Onda 
Teruo Ishida 
Ryuzo Ohyama 
Kaoru Tatara 
Seiwa Kawasaki 
Atsushi Wada 
Tamotsu Yonemori 

Commissioner-member: 
Scientist-members : 

Advisors: 

Ex officio: 

3. AD Hoc CoMMITTEE ON ABSTENTION 

CANADA Commissioner-member: 
Commissioner-advisor: 
Advisors: 

James C. Cameron (Chairman) 
K.R. Allen 
K.S. Ketchen 

Kenkichi N akabe 

Kiyomitsu Kitano 
Tatsuo Saito 
Goro Asakawa 
Koya Mimura 
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Shintaro Sasaki 
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R.L. Burgner 
W.H. Noerenberg 
Gordon Jensen 
W.V. Yonker 

S . .J. Hutchinson 
F. Nagasaki 

S.V. Ozere 
James C. Cameron 
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W.R. Hourston 
K.S. Ketchen 
R.R. Parker 
W.M. Sprules 
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Takehiko Kawakami 
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Commissioner-advisors: 

Advisors: H.E. Crowther 
Stuart Blow 
M.E. Brooding 
Truman Emberg 
R.A. Fredin 

Kenjiro Nishimura 
Yoshio Ohkawara 
Shinji Miyoshi 
Kenkichi Nakabe 

Tatsuo Saito 
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Tokio Ono 
Kenichi Yamazoe 
Hideo Tanaka 
Shintaro Sasaki 
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Roger Kent 

H.E. Lokken 
D.L. McKernan 
T.F. Sandoz 
W.O. Smith 

4. THE GULF OF ALASKA GROl.!NDFISH COMMITTEE 

CANADA 

JAPAN 

UNITED STATES 

CONSULTANT 

C.R. Forrester 
K.S. Ketchen 
S.J. Westrheim 

Motokichi Morisawa 
Kenzo Kawakami 
Toshihiko Ohba 
Tomonari Matsushita 
Shiro Y oshizaki 
Kenichi Y amazoe 
Osamu Kibezaki 
Masayasu Kato 
Yukio Onda 

R.A. Fredin 
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W.A. Smoker 
Advisors: 

R.H. Moss 
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APPENDIX 2 

AGENDA 

as adopted at the 

FOURTEENTH ANNUAL MEETING--1967 

Tokyo, Japan, November 6, 1967 

1. 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 of research 

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

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

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

9. Implementation of the Protocol 
10. Conservation measures for halibut in the Bering 

Sea in 1968 
11. Effects of trawling on halibut stocks in the Con

vention area 
12. Implementation of Article III (l) (a) of the 

Convention with respect to the stocks listed in 
the Annex 

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

14. Consideration of the Commission's act1v1t1es 
regarding eastern Bering Sea king crab 

15. Consideration of administrative and fiscal 
matters 

(a) Accounts and audit 
(b) Duties and salaries of the Secretariat staff 
(c) Life insurance plan for the Secretariat 

staff 
(d) Budget estimate for fiscal year beginning 

July l, 1968 
(e) Budget forecast for fiscal year beginning 

July l, 1969 
(f) Administrative report for 1967 
(g) Procedure for resignation and nomination 

of the Executive Director 
(h) Comments on the form and nature of the 

reports submitted by Canada and the 
United States in 1967 under Articles 
III (l) (c) (iii) and X (2) of the Con
vention 

(i) Publication of reports and bulletins 
(j) Schedule of future meetings 
(k) Other matters 

16. Election of officers 
1 7. Other business : Consideration of initiation of a 

joint research program on the groundfish 
resources of the northeast Pacific Ocean 
under Article III (1) (c) (i) 

18. Closing remarks 
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APPENDIX 3 

AUDITORS' REPORT TO THE COMMISSION 

PEAT, MAR WICK, MITCHELL & CO. 
Chartered Accountants 

900 West Hastings Street 
Vancouver I 

British Columbia 

We have examined the statement of assets and liabilities of the International North Pacific Fisheries Com
mission as of June 30, 1967 and the statements of income and expenditure and receipts and disbursements 
for the year then ended. 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 circum
stances. 

In our opinion, these financial statements present fairly the financial position of the commission as at 
June 30, 1967 and the results of its operations for the year then ended, in accordance with generally ac
cepted accounting principles applied on a basis consistent with that of the preceding year. 

Vancouver, British Columbia 
July 6, 1967 

PEAT, MARWICK, MrrcHELL & Co. 
Chartered Accountants 

STATEMENT OF ASSETS AND LIABILITIES 

June 30, 1967 

General funds : 
Cash in bank 
Pension fund repayment receivable 
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, 1966 
Additions during the year 

Less adjustments for equipment 
disposals (Note) 

Deduct: 
Depreciation provided in previous 

years 
Depreciation in current year 

$4,776.46 
893.93 

5,670.39 

$8,940.20 

~31~ .45_ 

$8,836.81 
462.33 

9,299.14 

358.94 

8,940.20 

$16,931.71 
274.28 
425.00 

17,630.99 

7,500.00 

3,628.75 

$28,759.74 

$11,630.99 
6,000.0_Q_ 

17,630.99 

7,500.00 

Less adjustments for equipment 
disposals (Note) 358.94 5,311.45 3,628.75 

$28,759.74 

Note: Assets having an original cost of $358.94, which had been fully depreciated, were written off at 
June 30, 1967. 
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STATEMENT OF INCOME AND EXPENDITURE 

Year ended June 30, 1967 

Income: 
Contributions from contracting parties 
Interest earned on working capital fund bank account 
Pension plan withdrawal allowance 

Expenditure : 
Personal services 
Travel 
Communications 
Other contractual services 
Supplies 
Equipment 
Annual meeting rentals 

Excess of income over expenditure, rifundable to 
contracting parties 

STATUS OF APPROPRIATIONS 

Budget 
ajJpropriations 

Personal services $43,244.00 
Travel 8,000.00 
Communications 1,500.00 
Other contractual s.-rvices 14,512.77 
Supplies 2,500.00 
Equipment 800.00 
Annual meeting rentals 2,500.00 

73,056.77 
Amount r .. fundable to 

contracting parties 

$73,056.77 

$34,794.06 
6,854.47 
2,077.15 

18,505.21 
2,273.46 

462.33 
2,090.09 

Appropriations 
as modified by 

tran.ifers 
34,794.06 
6,854.47 
2,077.15 

18,505.21 
2,273.46 

462.33 
2,090.09 

67,056.77 

6,000.00 

73,056.77 

$72,000.00 
312.77 
744.00 

73,056.77 

67,056.77 

$6,000.00 

Expendi lures 
34,794.06 

6,854.47 
2,077.15 

18,505.21 
2,273.46 

462.33 
2,090.09 

-----
67,056.77 

6,000.00 

73,056.77 

Note: The budget appropriation for" other contractual services" has been adjusted to include $312.77 
received in interest on the working capital fund and that for " personal services" has been adjusted to 
include $744.00 received as a credit from the Sun Life Assurance Company of Canada as a withdrawal 
allowance for an employee who resigned. 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended June 30, 1967 

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

Disbursements : 
Personal services 
Travel 
Communications 
Other contractual services 
Supplies 
Equipment 
Annual meeting rentals 

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

Balance June 30, 1967 
Balance June 30, 1966 

$34,324.34 
8,254.47 
2,077.15 

19,343.38 
2,273.46 

462.33 
2,090.09 

24,431.71 
20,944.16 

$72,000.00 
312.77 

72,312.77 

68,825.22 

$3,487.55 
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II. ADl\HNISTRATIVE REPORT FOR 1967 

by 
Samuel J. Hutchinson 

Executive Director 

1. CONTENT OF THE REPORT 

This report provides information on decisions of the 
Commission made by correspondence between the 
Thirteenth (1966) and Fourteenth (1967) Annual 
Meetings, describes actions taken with respect to 
decisions made at the Thirteenth Annual Meeting, 
and reviews Secretariat activities. The period covered 
by this report is from the adjournment of the Thir
teenth Annual Meeting on November 11, 1966, to 
the opening of the Fourteenth Annual Meeting in 
Tokyo, Japan, on November 6, 1967. It is substanti
ally the same as my administrative report submitted 
to the Commission at the Tokyo meeting. 

2. OFFICERS AND MEMBERS 

Officers of the Commission and membership during 
the period covered by this annual report are listed on 
the inside front cover. A List of Participants for the 
Fourteenth Annual Meeting appears as Appendix 1 
of Part I of this annual report. 

3. INTERIM AcTIONs OF THE CoMMISSION 

From the conclusion of the Thirteenth Annual 
Meeting (1966) up to November 6, 1967, the following 
Commission business was transacted by correspond
ence: 
a. The Commission approved the draft summary 

minutes of the sixth and seventh (final) plenary 
sessions of the 1966 Annual Meeting. Approval 
was announced in Circular Letter No. 408 dated 
December 9, 1966. 

b. The Commission approved for publication in its 
Bulletin series a rerort entitled " The distribu
tion of mature western Alaskan and Kamchatkan 
sockeye salmon (Oncorhynchus nerka) in the North 
Pacific Ocean and Bering Sea", by Betty J. 
Landrum and Thomas A. Dark. Approval was 
announced in Circular Letter No. 409 dated 
December 29, 1966. 

c. On January 7, 1967, the Executive Director 
announced his intention to resign and asked the 
Commission to authorize him to announce the 
vacancy (Circular Letter No. 411). An an
nouncement of the vacancy in the Secretariat and 
a request for applications was issued on January 
20, 1967. The announcement was mailed to all 
Commissioners with Circular Letter No. 414 

dated January 20, 1967. 
d. The Commission approved for publication in its 

Bulletin series a report entitled " Movement and 
recovery of tagged king crabs in the eastern 
Bering Sea, 1955- 63 ", by Robert R. Simpson 
and Herbert H. Shippen. Approval was an
nounced in Circular Letter No. 422 dated 
February 27, 1967. 

e. The Commission approved for publication in its 
Bulletin series a report entitled " Salmon of the 
North Pacific Ocean-Part IV. Spawning pop
ulations of North Pacific salmon in Canada" 
by K. V. Aro and M. P. Shepard. Approvai 
was announced in Circular Letter No. 424 
dated March 3, 1967, in which a reservation 
expressed by the United States on the use of 
the term " stock " was brought to the attention 
of the Commission. Formal recognition by 
Canada and Japan of the United States reserva
tion was announced in Circular Letter No. 431 
dated March 29, 1967. 

f. The Commission approved appointment of 
A. W. H. Needler of Canada to act as its observer 
at the Seventeenth Annual Meeting of the 
International Commission for the Northwest 
Atlantic Fisheries. Approval was announced 
in Circular Letter No. 436 dated April 17, 1967. 

g. The Commission approved Dr. Nagasaki's request 
to move his family back to Tokyo. Approval 
was announced in Circular Letter No. 438 dated 
April 18, 1967. 

h. The Commission approved participation of the 
permanent Secretariat staff in a group life 
insurance plan. Approval was announced m 
Circular Letter No. 440 dated May 23, 1967. 

1. The Commission approved the appointment of 
Samuel J. Hutchinson to the position of Execu
tive Director of the Secretariat. Approval was 
announced in Circular Letter No. 445 dated 
July 14, 1967. 

j. The Commission approved the issuance of in
vitations to various international organizations to 
send observers to the Fourteenth Annual Meeting. 
Approval was announced in Circular Letter 
No. 451 dated August 16, 1967. 

k. The Commission approved issuance of a request 
to the International Pacific Halibut Commis-
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sion for the assistance of its staff as scientific 
consultants at the Fourteenth Annual Meeting. 
Approval was announced in Circular Letter 
No. 451 dated August 16, 1967. 

1. The Commission approved for publication in its 
Bulletin series a report entitled " Salmon of the 
North Pacific Ocean-Part VIII. Chum salmon 
in offshore waters", by M.P. Shepard, A. C. 
Hartt, and T. Yonemori. Approval was an
nounced in Circular Letter No. 452 dated August 
17, 1967. 

m. The Commission reviewed and approved a 
tentative agenda and schedule for the Four
teenth Annual Meeting. Approval was an
nounced in Circular Letter No. 453 dated 
September 6, 1967. 

n. The Commission approved for publication its 
Annual Report for 1966. Approval was an
nounced in Circular Letter No. 460 dated 
October 11, 1967. 

4. APPROVAL OF COMMISSION RECOMMENDATIONS FOR 

HALIBUT 

At its Thirteenth Annual Meeting (1966), the 
Commission formulated and adopted for recommenda
tion to the Contracting Parties conservation measures 
for the halibut stock of the eastern Bering Sea in 1967. 
The recommendations were transmitted to the 
Contracting Parties and were subsequently accepted 
by them and incorporated into domestic regulations 
governing their 1967 fisheries. Individual notifica
tion from Contracting Parties regarding their ac
ceptance of the recommendations were contained in 
a letter from Japan dated February 6, a letter from 
Canada dated February 21, and a telegram from the 
United States on March 28, 1967. 

5. RESOLUTION ON CoNSERVATION oF FisHERY 

RESOURCES 

At its Thirteenth Annual Meeting (1966), the 
Commission 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 resolution was forwarded 
to the Contracting Parties by the Secretariat on 
November 21, 1966. 

6. REPORT ON KING CRAB 

At its Twelfth Annual Meeting (1965), the Com
mission agreed to continue and intensify its study of 
the eastern Bering Sea king crab resource and to 
transmit the findings of such study to the governments 
of all three nations annually by November 30. The 

1966 Report of the Sub-Committee on King Crab 
Research and Planning was forwarded to the three 
governments on November 12, 1966, in accordance 
with a decision reached at the third plenary session of 
the Thirteenth Annual Meeting (1966). 

7. NoN-PARTICIPANT SALMON FrsHING 

At the sixth plenary session of the Thirteenth 
Annual Meeting (1966), the Commission adopted a 
motion requesting the Chairman to prepare a suitable 
letter for forwarding to the governments of the Con
tracting Parties to draw their attention to the pre
valence of reports that the Republic of Korea planned 
to enter the North Pacific salmon fishery, to express 
grave apprehension over the adverse consequences of 
such a development for the fulfillment of the Commis
sion's responsibilities, and to request that due con
sideration be given to the Commission's expression of 
concern in this regard. Such a letter was prepared by 
Chairman A.W.H. Needler (November 11, 1966) and 
transmitted to the Contracting Parties. 

8. FISCAL MATTERS 

a. Accounts and audit 

The auditors' report to the Commission for the 
fiscal year which ended June 30, 1967, was trans
mitted to the Commission on July 24, 1967 (see 
Appendix 2 of Part I of this annual report). The 
Commission's auditors, Peat, Marwick, Mitchell & 
Company, who have been appointed annually by 
the Commission, also performed an audit of the Com
mission's accounts as of February 28, 1967, when Mr. 
Van Campen resigned as Executive Director. 

A financial bond in favour of the Commission, in 
the amount of $25,000, was continued on permanent 
Secretariat staff members. This bond remains m 
the hands of the Deputy Minister of Fisheries of 
Canada for safekeeping. 

b. Working capital fund 

The Commission's working capital fund, established 
in 1955, continued at $7,500 during the 1966f67 fiscal 
period, this amount having been on deposit since 
June 1964. 

c. Appropriations for 1967/68 

The Commission's budget estimate of $72,000 
(Canadian funds) for the fiscal year beginning July 1, 
1967, as approved at the Thirteenth Annual Meeting 
(1966), was transmitted to all Contracting Parties on 
November 15, 1966. Contributions for the first half 
of the 1967/68 fiscal year were received in full from 
all three governments. 
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9. REPORTS FROM THE CONTRACTING PARTIES 

In 1967 for the fourteenth consecutive year, Canada 
and the United States submitted reports of their 
conservation measures for the stocks of fish under 
abstention and their enforcement of these measures. 
Submission of these reports is required by Articles 
III (1) (c) (iii) and X (2) of the Convention. The 
report of the United States was received by the Sec
retariat on September 6, 1967, and transmitted to the 
Governments of Canada and Japan on September 7. 
The report from Canada was received and transmitted 
to the Governments of Japan and the United States 
on September 7, 1967. One of the Executive Direc
tor's annual assignments is to prepare an evaluation 
of the form and nature of these reports. 

10. INVITATIONS TO ATTEND OTHER INTERNATIONAL 
MEETINGS 

During the year, the Commission received invita
tions to be represented by observers at the annual 
meeting of the International Commission for the 
Northwest Atlantic Fisheries, the second session of 
the Food and Agriculture Organization's Committee 
on Fisheries, the forty-eighth session of the Council 
of the Food and Agriculture Organization of the 
United Nations, and the FAO Conference on Fish 
Behaviour in Relation to Fishing Techniques and 
Tactics. A. W. H. Needler represented the Commis
sion at the ICNAF meeting and Tomoyoshi Kamenaga 
represented the Commission at the Committee on 
Fisheries' second sessiOn. The other two invitations 
were declined. 

11. CoMMISSION PuBLICATIONs 

The Commission's publication program pro
gressed at a good pace during the year. English 
versions of the 1965 Annual Report and Bulletins 19, 
20, 21, and 22 were printed and distributed. Japanese 
versions of the 1964 Annual Report and Bulletins 
15, 16, 17, 18, and 19 were completed and distributed. 

The Secretariat compiled a yearbook of 1966 catch 
statistics for the salmon, halibut, herring, and bot
tomfishes in the areas of common interest to the three 
countries. Data presented in the statistical yearbook 
were furnished through the cooperation of the national 
research organizations. 

A complete listing of Commission publications, up 
to date as of publication of this annual report, appears 
on pages 125- 126. Titles of papers contained in the 
Bulletin series are included in this listing. 

12. STAFF AND AcTIVITIES 

During 1967 a major change occurred m the 

permanent staff of the Secretariat. Mr. Wilvan G. 
Van Campen, Executive Director since May 1964, 
resigned on February 28, 1967, to accept a position 
with the U.S. Department of State. The position 
stood vacant until August 1, when Mr. Samuel J. 
Hutchinson was selected by the Commission as its 
new Executive Director. 

The Secretariat has a permanent staff of three 
persons and employs such temporary and part-time 
help as is required. The duties of the Secretariat 
consist primarily of preparation of pre-meeting 
documents, reporting at meetings, arrangements and 
staffing for meetings, facilitation of interchange of 
data, preparation of English and Japanese manuscripts 
for printing, preparation of a statistical yearbook and 
annual meeting proceedings, together with the daily 
office routine of correspondence and related duties. 
Customary contacts with the national sections were 
limited because of the vacancy in the Executive 
Director position. Dr. Nagasaki made a trip to 
Tokyo in April for consultation with the Japanese 
National Section and to arrange for space and staff 
for the Fourteenth Annual Meeting. Brief contacts 
with Canadian and United States Commissioners 
and scientists at Nanaimo and Seattle were made 
whenever possible. 

The bound volume " Proceedings of the Thirteenth 
Annual Meeting-1966" was prepared, processed 
and distributed by the Secretariat early in 1967. 
The Japanese version of the 1966 proceedings also 
was prepared at the Secretariat and was processed 
and bound in Japan with the cooperation of the 
Japanese National Section. 

The Secretariat distributed a questionnaire request
ing verification and correction of all addresses on the 
Commission's mailing list for annual reports and 
bulletins. Response was excellent and almost 100% . 
Our present mailing addresses, which number ap
proximately 900, now are current and accurate. 
These addresses have been placed on addressograph 
plates for greater facility in handling. 

Secretariat staff were invited to attend the com
missioning of the United States Department of the 
Interior research vessel Miller Freeman at Seattle in 
early September. Two members took pleasure in 
accepting this invitation and inspecting this vessel 
which will be engaged in North Pacific fishery research 
of prime interest to the Commission. A special 
meeting of the International Pacific Halibut Commis
sion was attended in Seattle by the Executive Director 
and his assistant. It is expected that contacts with 
other international organizations and national research 
agencies will be made regularly in the future. 
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III. THE RESEARCH PROGRAM 

A. PROGRESS IN 1967 IN CANADIAN RESEARCH ON 
PROBLEMS RAISED BY THE PROTOCOL 

Fisheries Research Board of Canada 

Research in 1967 on problems raised by the Protocol 
included (1) continuation of studies of distribution of 
salmon stocks in the northeastern Pacific based on 
longline fishing and tagging, and (2) oceanographic 
studies of the northeastern Pacific. 

I. RESULTS OF HIGH SEAS 
FISHING AND TAGGING 

Canadian research on salmon in the Gulf of Alaska 
was directed (1) to developing longline catch indices 
to forecast the abundance of runs of maturing salmon 
several months in advance of inshore commercial 
fishing seasons, (2) to providing information on the 
distribution of salmon in the central and western 
parts of the gulf during the winter, and (3) to obtain
ing additional information on migration routes of 
maturing salmon close to the coast. To achieve these 
objectives, the following operations were conducted : 
(1) fishing with longlines by the C. B. Reed, primarily 
in the central and western parts of the gulf, in late 
November and early December of 1966 (representing 
the first time fishing has been conducted in the gulf 
at this time of year), (2) fishing with longlines and 
gillnets by the G. B. Reed and the chartered vessel 
T. W. Sea Q;uen from early May to late June 1967 in 
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FIGURE I. Catches of sockeye per 1,000 hooks in longline surveys 
in the Gulf of Alaska, May II to June II, 1966. Catches of 
100 or more sockeye per 1,000 hooks are circled. 

the central and eastern gulf, and (3) fishing with 
longlines and gillnets in late June and July 1967 off 
the coasts of northern British Columbia and South
eastern Alaska. This was done in cooperation with a 
third vessel, the Paragon, chartered by the Alaska 
Department of Fish and Game. 
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FIGURE 2. Catches of sockeye per 1,000 hooks in longline 
surveys in the Gulf of Alaska, July 15 to August 23, 1966. 
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circled, 
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TABLE I. Longline catches of salmon and steelhead, November 21 to December 7, 1966. 

Position Date Catches 
Time Surf. 

Set Lat. Long. Mo. Day of temp. No. of Chi- Steel-
no. Area c·N> c·w) day1 c·c) skates Sockeye Chum Pink Coho nook head Total 

G. B. Reed 
1 W4550 50-02 144-42 11 21 7.5 30 3 11 0 0 12 27 
2 W5050 50-00 150-00 11 22 7.5 40 114 105 1 1 0 3 224 
3 W5550 50-00 154-51 II 23 6.6 30 109 10 2 0 0 0 121 
4 W6550 50- 35 161-56 11 25 6.2 7 65 0 0 0 0 0 65 
5 W6052 53-00 157-30 11 30 5.1 30 7 0 0 0 0 0 7 
6 W5552 53- 00 152~30 12 1 5.5 40 21 1 0 0 0 0 22 
7 W5050 51 - 30 150-00 12 2 4.9 20 129 0 0 0 0 0 129 
8 W5052 53-51 148-00 12 4 5.1 39 182 3 0 0 0 0 185 
9 W4552 53-59 142-43 12 5 5.8 30 145 9 0 0 0 155 

10 W4552 52-00 141-00 12 6 6.4 40 78 13 5 3 0 4 103 
11 W4050 51-30 135- 16 12 7 7.7 40 0 0 7 12 0 8 27 

Total 853 152 17 16 0 27 1,065 

1 Time of day : 1 =dawn. 
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1. FISHING FROM NOVEMBER 21 TO DECEMBER 7, 1966 

From November 21 to December 7, 1966, the 
G. B. Reed fished longline gear in an area bounded by 
50°N and 54°N and by 135°W and 162°W. Catch 
data are presented in Table I, together with other 
statistics of fishing. Of the catches 56 sockeye, 119 
chum, 10 coho, and 10 steelhead were tagged and 
released. The remainder were frozen and returned to 
Nanaimo for laboratory inspection. Only one tag 
recovery has been reported from the fish tagged, a 
chum salmon released on November 22 at 50°N, 
150°W and recovered in the Yukon River in July 
1967. 

so• N, 150"-155"W 

1. • 20 

10 ...1 
51"30'N, 150"00'W 

J. .. 
30 

·o I_ 
10 ..... 

52"-54"N, 141"-143"W 
30 

FIGURE 5. Comparison of lengths and relative gonad weights 
for age 42 male sockeye from different areas and for all age 
52 and 63 male sockeye sampled from longline catches in the 
Gulf of Alaska, November 2 I to December 7, 1966. 

a) Sockeye catcheJ 

Generally, sockeye catches were higher than they 
had been during the previous summer, but not as 
high as they had been during the previous spring 
(compare Fig. 1, 2 and 3). During the November
December cruise (Fig. 3) substantial catches of 
sockeye were made at most stations with the most 
westerly station (50°35'N, 161 °56'W) yielding the 
highest catch per unit of effort (65 sockeye on seven 
skates of longline). It is unfortunate that adverse 
weather prevented more fishing in this area. 

Age 4l sockeye were the most abundant group, 
forming 43 % of the total sockeye catch; 27% were 
age 52, 15% were age 63, and 8% were age 53 (Fig. 4). 
Age 42 sockeye were the predominant group in catches 
in the southern and eastern part of the area, whereas 
ages 52 and 63 were the most abundant groups in 
catches taken in the western part of the area. Age 
53 sockeye formed no more than 14% of the sockeye 
sampled at any station. 

Age 42 sockeye from the southernmost stations 
(between 150°W and 155°W at 50°N) were larger, 
on the average, than those of the same age taken at 
stations to the north and east (Fig. 5). It is difficult 
to determine the proportion of these age 42 sockeye 
that would have matured in 1967. Gonads of almost 
all sockeye taken during the cruise, including those 
of age 52 and 63 fish, were relatively very small (Fig. 5). 
It is expected, from other knowledge, that nearly all 
of the 52 and 63 fish would have matured within a 
year. Histological examinations would be required 
to permit further assessments of the state of maturity. 

130' 
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FIGURE 6. Catches of chums per 1,000 hooks in a Iongline 
survey in the Gulf of Alaska, November 21 to December 7, 
1966. 

1 Ages given are those which the fish would have attained m 
the spring of 1967. 
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FIGURE 7. Catches of pinks per 1,000 hooks in a longline survey 
in the Gulf of Alaska, November 21 to December 7, 1966. 

b) Chum catches 

With the exception of a catch of 53 per 1,000 hooks 
at 50°N, 150°W, catches of chum salmon were gener
ally low throughout the survey area (Fig. 6). Age 31 

chums formed 31 % of the total chum catch, age 41 

formed 65%, and age 51 formed the remaining 4%. 

c) Pink catches 

A few small pinks (averaging 29.7 em and 267.5 gm) 
were taken in the southern and eastern parts of the 
area covered. No pinks were taken in five of the 
seven stations fished westward of 145°W (Fig. 7). 

One pink salmon, measuring 50 em in length and 
weighing 1,270 gm, taken at 51 °30'N, 135°16'W, was 
in its second year at sea. 

2. LONGLINE FISHING IN THE GULF OF ALASKA, 

MAY 5 TO jUNE 22, 1967 

In 1965 and 1966, Canadian and United States 
longline vessels carried out a broad cooperative 
survey of the Gulf of Alaska, fishing a series of stations 
separated by about 1° of latitude (approximately 60 
miles) and 2!0 of longitude (approximately 90 miles). 
Indices of abundance were obtained by averaging 
catch per unit of effort data for a large number of 
such stations. In assessing the reliability of such 
indices it is necessary to know how much variation 
in catch might be expected in a given area by varying 
the day and time of day fished, stations occupied, and 
fishing vessels. 

The G. B. Reed and the T. W. Sea Queen carried out 
repetitive fishing within small areas, fishing at different 
times of day and with both gillnets and longlines to 
provide such information. Longline catches and 
associated observations are presented in Table II and 
in Fig. 8 to 13. 
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FIGURE 8. Catches of sockeye per 1,000 hooks in longline 
surveys in the Gulf of Alaska, May 5 to June 3, 1967. 
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FIGURE 9. Catches of chums per 1,000 hooks in longline surveys 
in the Gulf of Alaska, May 5 to June 3, 1967. 
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FIGURE 10. Catches of pinks per 1,000 hooks in longline surveys 
in the Gulf of Alaska, May 5 to June 3, 1967. 

a) Repetitive fishing within small areas 

Three series of stations were fished, one in early May 
centered at about 52°30'N, l44°W, another in late 
May centered at about 53°N, 140°W, and a final 
series off the Queen Charlotte Islands in early June 
centered at about 53°30'N, 135°W. Each series 
involved four stations forming the corners of a square 
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FIGURE II. Catches of sockeye per 1,000 hooks in a longline 
survey in the Gulf of Alaska, June 14 to 22, 1967. 
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FIGURE 12. Catches of chums per 1,000 hooks in a longline 
survey in the Gulf of Alaska, June 14 to 22, 1967. 
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FIGURE 13. Catches of pinks per 1,000 hooks in a Jongline 
survey in the Gulf of Alaska, June 14 to 22, 1967. 

(with sides of approximately 60 miles), with a fifth 
station forming the center of the square. For ex
ample, the grid (series) fished in early May involved 
the following stations2 : 

NW corner 
• 

centre 
• 

(52°30'N, l44°W) 

NE corner 
• 

SW corner SE corner 
• • 

In the first grid the G. B. Reed and T. W. Sea Queen 
began fishing at different stations (the G. B. Reed at 
the center station and the T. W. Sea Queen at the NE 
corner). Each day thereafter the vessels set in a 
different position so that after five days fishing each 
vessel had set at each position of the grid. The 
second and third grids were fished the same way, 
except that both vessels occupied the center position 
on the first day. Thirty skates of gear were set at each 

2 As a result of difficulties of navigation at sea (under almost 
constant cloud cover), actual stations occupied often deviated 
slightly from those indicated. Actual station positions are given 

in Table II. 



34 ANNUAL REPORT 1967-NORTH PACIFIC COMMISSION 

TABLE II. Longline catches of salmon and steelhead, May 5 to July 26, 1967. 

Position Date Catches 

Set 
no. Area 

G.B. Reed 
I W3048 49-30 
2 W3548 49-53 
3 W4050 50- 41 
4 W4050 51 - 21 
5 W4550 51 -45 
6 W4550 51 -46 
7 W4550 51 -48 
8 W4550 51 -50 
9 W4550 51 -51 

10 W4550 51 -53 
II W4550 51 -55 
12 W4550 51- 57 
13 W4550 51- 59 
14 W4552 52-01 
15 W4552 52-02 
16 W4552 52-04 
17 W4552 52-06 
18 W4552 52-08 
19 W4552 52- 30 
20 W4552 53-03 
21 W4552 53-00 
22 W4552 52-00 
23 W4552 52-00 
24 W4552 52-08 
25 W4552 52-07 
26 W5054 54- 36 
27 W5552 52- 25 
28 W5552 52- 23 
29 W5552 52- 21 
30 W5552 52- 19 
31 W5552 52- 17 
32 W5552 52- 22 
33 W5552 52-22 
34 W5052 52- 22 
35 W5052 52- 22 
36 W5052 52- 21 
37 W5052 52- 21 
38 W5552 52-31 
39 W5552 52-36 
40 W5552 52-36 
41 W5056 56-01 
42 W5054 55-03 
43 W4554 54-25 
44 W4052 53-00 
45 W4552 52-30 
46 W4052 52-30 
47 W4052 52-30 
48 W4052 52-30 
49 W4052 53-00 
50 W4052 53-20 
51 W4052 53-30 

Time Surf. 
Long. of temp. No. of Sock- Chi- Steel-
(0W) Mo. Day day1 (0 C) skates eye Chum Pink Coho nook head Total 

130-00 5 
132-35 5 
136-20 5 
139-38 5 
143-31 5 
143-33 5 

5 
6 
7 
8 
9 4 
9 4 

143-35 5 9 4 
143-37 5 9 4 
143- 40 5 9 4 
143- 42 5 9 4 
143-45 5 9 4 
143-47 5 9 4 
143- 50 5 9 4 
143-53 5 9 4 
143-55 5 9 4 
143-58 5 9 4 
144-00 5 9 4 
144-03 5 9 4 
144-00 5 11 

144-45 5 12 
143- 10 5 13 
143- 10 5 13 2 
143- 10 5 14 
144-50 5 15 
144-44 5 16 
147-00 5 17 I 

150- 28 5 18 4 
150- 27 5 18 4 
150- 26 5 18 4 
150- 25 5 18 4 
150- 24 5 18 4 
150-06 5 18 4 
150-03 5 18 4 
150-00 5 18 4 
149- 56 5 18 4 
149- 53 5 18 4 
149-50 5 18 4 
150-25 5 19 3 
150- 22 5 19 2 
150-22 5 20 
148-08 5 25 
145- 35 5 26 
143-40 5 27 
140- 00 5 28 
140-50 5 29 
140-00 5 29 3 
139-27 5 29 2 
139- 10 5 30 I 
139- 10 5 30 3 
139- 10 5 30 2 
139- 10 5 31 

8 .7 
8 .4 
6.5 
5 .5 

5 .5 

5.2 
5.4 
5.6 
5.9 
5.7 
6 .0 
6.3 
6.2 
6 .2 

6 .2 
6 . 2 
6 .3 
7.0 
7.2 

6.9 
6 .5 
6.1 
5.8 
5.8 
6.0 
6.3 
6.6 
6 .7 
6 .9 
7.3 
7.3 
9.0 
7.6 
7.0 

20 
29 
38 
30 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

30 
30 
30 
10 
30 
30 
30 
20 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

II 
9 

20 
30 
30 
17 
29 
20 

9 
10 
20 
10 
10 
20 

2 
7 

148 
132 

II 
4 

0 

2 
0 
I 
2 
I 
0 
0 

0 
81 

130 
107 

7 
58 
41 
41 
19 

0 
2 

16 
4 

2 

I 
2 

6 
30 
38 
18 
32 
42 

132 
32 
0 

17 
30 
3 
7 

65 

---

4 
53 
30 

4 
0 
2 
0 
0 
0 
I 
0 
0 

0 
0 
2 
0 
0 

13 
35 
16 
I 
7 
8 
6 

31 
0 
0 
0 
0 
I 
0 
0 
I 
0 
0 
0 
0 
2 

14 
17 
14 
6 
9 
4 

I 
2 
5 
0 
I 

5 

I 
22 
13 
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 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
I 
0 
0 
5 
2 

0 
0 
2 

0 
0 

23 

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 
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 
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 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

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

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 

0 
0 
I 
0 
0 
0 

7 
83 

193 
136 

13 
4 

0 
I 
3 
0 
I 
3 

0 
2 

0 
94 

165 
124 

8 
66 
49 
47 
50 
0 
2 

16 
4 

3 

2 

I 
2 
6 

32 
54 
36 
46 
48 

147 
40 

19 
38 

3 
8 

93 

Continued .. . 
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TABLE II. Continued. 

Position Date 

Set 
no. Area 

Lat. 
("N) 

G. B. Reed (cont.) 
52 W4052 53- 30 
53 W4552 53- 30 
54 W4552 53- 30 
55 W4052 52-43 
56 W4052 52- 22 
57 W3550 50- 52 
58 W3552 52- 31 
59 W3552 53-31 
60 W4052 53-35 
61 W4052 53-58 
62 W4054 54-00 
63 W4052 52-57 
64 W4052 52-58 
65 W3552 52-57 
66 W3552 53-12 
67 W3554 54-01 
68 W3552 53-54 
69 W3552 53-57 
70 W3554 54-45 
71 W3554 54-40 
72 W3554 55-30 
73 W3554 55-37 
74 W4056 56-15 
75 W4054 55- 30 
76 W3554 54- 37 
77 W3554 54-50 
78 W3554 54- 41 
79 W3554 54- 01 
80 W3554 55- 30 
81 W3554 55- 33 
82 W4054 55- 30 
83 W3554 54- 50 
84 W3554 54- 49 
85 W3554 54- 03 
86 W3554 55- 33 
87 W3554 54- 39 
88 W3554 54- 39 
89 W3052 52- 00 

T. W. Sea Queen 
1 W3048 49-11 
2 W3548 49-53 
3 W4050 50-41 
4 W4050 51-06 
5 W4550 51-45 
6 W4550 51-46 
7 W4550 51-48 
8 W4550 51-48 
9 W4550 51-50 

10 W4550 51-51 
11 W4550 51-52 

Time Surf. 
Long. of temp. No. of Sock-
("W) Mo. Day dayl (°C) skates eye Chum 

140- 00 5 31 
140- 33 5 31 
140- 50 6 
136- 51 6 
135-03 6 2 
130- 37 6 3 
132- 30 6 14 
134-55 6 14 
135-05 6 15 
135-45 6 15 
135-50 6 16 
135-50 6 16 
135-49 6 17 
134-08 6 17 
134- 14 6 18 
134-05 6 18 
134-03 6 19 
134- 10 6 20 
134-00 6 21 
134-00 6 22 
134-00 6 25 
134- 37 6 26 
136- 30 6 27 
135- 30 6 28 
132- 40 6 29 
133- 15 7 
134-01 7 2 
133-54 7 3 

4 
5 
6 
7 
8 
9 

10 

3 
2 
1 
2 

2 

1 
2 
1 
2 

2 
1 
2 

1 
2 

134-00 7 
134- 40 7 
135- 30 7 
133- 15 7 
133- 53 7 
133- 55 7 
134-05 7 
132-42 7 
132-42 7 

10 2 
11 

129- 20 7 

129- 48 5 
132- 35 5 
136- 20 5 
139-40 5 
143- 33 5 
143- 36 5 
143- 40 5 
143- 43 5 
143- 45 5 
143- 48 5 
143- 52 5 

12 

5 
6 
7 
8 1 
9 4 
9 4 
9 4 
9 4 
9 4 
9 4 
9 4 

7.0 
6.8 
6.8 
8.4 
9.3 

10.0 
10.3 
10.7 
10.5 
10.6 
10.5 
10.7 
10.2 
11.3 
11.2 
11.2 
11.2 
11.2 
10.5 
9.6 

11.5 
11.6 
11.6 
11.2 
9.0 

10.5 
11.8 
12.3 
11.8 
12.0 
11.9 
10.8 
12.2 
12.1 
12.0 
9.5 
9.5 

12.6 

10 
10 
20 
10 
30 
20 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
20 
10 
20 
40 
30 
40 
40 
14 
20 
30 
30 
40 
30 
40 
19 
30 
30 
29 
10 
20 
30 

2 
8 

40 
5 

34 
0 
1 
0 
3 
1 
4 
0 
2 

0 
0 
0 
0 
0 

2 
2 

13 
4 
6 
0 
0 
1 

2 

15 
7 

16 
1 
9 
1 

17 

4 
5 

G. B. Reed Total 1 , 487 

8.2 
7.7 
6.9 
5.6 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 

20 
30 
40 
20 
7 
6 
6 
6 

6 
6 
6 

4 
213 
67 

2 

5 
2 

1 
0 
2 

5 
2 

22 
1 
4 
2 

21 
0 
7 
1 

10 
5 
8 
0 
1 

0 
4 

20 
4 
4 
7 
0 
0 
6 
0 
4 
7 
4 

0 
5 
1 
3 

5 
4 

467 

2 
56 
58 

3 
0 
2 
0 
0 
0 
0 
0 

35 

Catches 

Chi- Steel-
Pink Coho nook head Total 

0 
1 
7 

14 
163 

18 
18 
21 
53 

9 

59 
9 

22 
9 

29 
2 
2 

16 
2 
9 
8 
9 

12 
37 

0 

5 

0 
19 
19 
9 
0 

10 
13 
27 
0 
6 

11 

720 

3 
28 
25 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
5 
5 
1 
4 
0 
2 
2 
2 

2 
1 

0 
3 

12 
10 
5 
1 
0 
0 
7 

9 

7 
0 
4 
2 
0 
9 
0 
8 
2 

105 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 

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 
0 
0 
0 
0 
0 
2 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

2 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

2 

0 
0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
2 
2 
0 
0 
0 
0 
1 
0 

5 
10 
52 
21 

223 
19 
23 
28 
82 
11 
75 
10 
36 
16 
39 
3 
6 

20 
3 

18 
42 
36 
25 
52 
0 

19 
3 

47 
42 
31 

5 
26 
15 
56 
3 

23 
0 22 

23 2,804 

2 

1 
3 
0 
0 

0 
0 
0 
0 
0 
0 

8 
89 

299 
70 
2 
7 
2 

1 
0 
2 

Continued ... 
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TABLE II. Continued. 

Position Date 
Time Surf. 

Long. of temp. No. of Sock-Set 
no. Area (0W) Mo. Day day1 (°C) skates eye Chum 

T. W. Sea Queen (cont.) 
12 W4552 51 - 54 143-54 5 
13 W4552 53-00 143-10 5 
14 W4552 52-00 143-10 5 
15 W4552 52-06 144-43 5 
16 W4552 52- 59 144-41 5 
17 W4552 52- 32 143-53 5 
18 W5054 54- 36 147-00 5 
19 W5552 52- 30 150-22 5 
20 W5552 52- 29 150-22 5 
21 W5552 52- 27 150-23 5 
22 W5552 52- 26 150-23 5 
23 W5552 52- 25 150-24 5 
24 W5552 52- 25 150-15 5 
25 W5552 52- 25 150-12 5 
26 W5552 52- 25 150-10 5 
27 W5552 52- 25 150-08 5 
28 W5052 52- 21 149-56 5 
29 W5554 54- 27 151-05 5 
30 W5056 56-02 147-40 5 
31 W5054 55-03 145-38 5 
32 W4552 52- 58 140-17 5 
33 W4052 53 -30 139-10 5 
34 W4052 53- 24 140-00 5 
35 W4552 53- 28 140-34 5 
36 W4552 53- 34 140-53 5 
37 W4552 52- 39 140-55 5 
38 W4552 52- 30 140-50 5 
39 W4052 52- 30 139-54 5 
40 W4052 52- 30 139-26 5 
41 W4052 52- 41 139-06 6 
42 W4052 52- 41 136-42 6 
43 W4052 52- 21 135-11 6 
44 W3550 51 - 01 130-56 6 
45 W3550 51 - 46 131-02 6 
46 W4052 53- 25 135-15 6 
47 W3552 53- 06 134-23 6 
48 W3552 53- 00 134-10 6 
49 W3552 53- 28 133-57 6 
50 W3552 53- 50 134-06 6 
51 
52 
53 
54 

W3552 53- 55 
W4054 54-00 
W4054 54- 02 
W4052 53- 10 

134-10 6 
135- 43 6 
135- 53 6 
135-50 6 

9 4 
II 
12 
13 
14 
16 
17 I 
18 4 
18 4 
18 4 

18 4 

18 4 
18 4 

18 4 
18 4 
18 4 

19 I 
19 2 
25 
26 
28 
29 I 

29 3 
29 2 

30 I 
30 2 
31 I 
31 3 
31 2 

I 
I 2 
2 

3 
14 
15 
15 2 

16 I 
16 3 
16 2 
17 I 

17 2 

18 
18 2 

55 W4052 53- 04 
56 W3552 52- 00 
57 W3552 53- 00 
58 W3554 54- 25 
59 W3554 54-00 
60 W3552 52- 17 
61 W3554 54- 00 
62 W3554 54- 47 
63 W3554 54- 15 
64 W3554 54- 00 

135- 50 6 19 
132-00 6 20 
133-00 6 21 
133- 30 6 22 
133- 30 6 25 
132-59 6 26 
134-30 6 27 
134-27 6 28 
132- 57 6 29 
133-30 7 I 

5.2 
5.2 
5.5 
5.2 
5.3 
6.0 
5.8 
5 .8 
5 .8 
5.8 
6.1 
6.1 
7 .I 

7 .I 
6.8 
6.8 
6.5 
6.5 
5.7 
5 . 7 
6.5 
7. 2 
7.8 
7 .4 
7 .I 
7 . I 

6 .7 
7 .I 
7.3 
7.2 
8 .4 
9 .5 

10.1 
10.7 
10.6 
II. I 
10 .6 
10.9 
10.9 
10.6 
11.8 
11.0 
10.5 
10 . 2 
10 .9 
10.3 
9.8 

10 .7 
II. I 
11.7 
9.8 
9.9 

11.4 

5 
30 
30 
30 
30 
30 
20 
6 
6 
6 
6 
6 
6 
6 
6 
6 

20 
10 
30 
20 
29 
20 
10 
10 
20 
10 
19 
10 
10 
20 
10 
20 
29 
20 
20 
10 
20 
10 
5 

19 
10 
20 
10 
20 
30 
30 
20 
30 
30 
30 
30 
30 
20 

0 
39 
59 
28 
42 
28 
30 
0 
2 
9 
6 
0 
0 
0 
2 
0 

50 
0 

29 
22 

149 
70 

37 
2 

60 
0 
4 

41 
2 

26 

2 

2 

6 
I 
0 
I 

I 
3 
4 

16 
3 
4 

5 
0 
2 
6 
2 

10 

0 

9 
19 
2 
9 
5 

19 
0 
I 
0 
0 
0 
0 
0 
I 
3 

16 
0 

35 
9 
9 
5 
I 
0 
2 

21 
I 
2 
5 
3 

37 
0 
2 

8 
2 

14 
0 
0 

9 
22 
0 
6 
0 
0 
0 
5 

17 
0 
0 
9 
0 

Catches 

Chi- Steel-
Pink Coho nook head Total 

0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 

15 
0 
0 
0 
0 
5 
0 
0 
5 
I 

51 
31 

9 
30 

4 

13 
5 

13 
52 
10 
62 
6 
9 

164 
6 
9 

13 
28 
16 

4 

22 

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 
0 
0 
0 
0 
0 
0 
0 
7 
0 
I 
2 
0 
I 
3 
7 
2 

II 
3 
2 
7 

12 
0 
I 
0 

10 

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

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

I 
0 
I 
0 
0 
0 

48 
79 
30 
51 
34 
49 
0 
3 
9 
6 
0 
0 
0 
3 
3 

66 
0 

64 
31 

166 
91 

2 

40 
3 

86 
2 

6 
53 
7 

115 
32 
13 
47 
8 

34 
8 

13 
55 
23 
94 
12 
44 

171 
12 
22 
31 
47 
24 
3 

37 
23 
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TABLE II. Continued. 

Position Date Catches 
Time Surf. ---------------

Set 
no. Area 

Lat. 
("N) 

T. W. Sea Queen (cont.) 
65 W3552 53-00 
66 W3552 52-00 
67 W3552 52-26 
68 W3552 53-00 
69 W3554 54-00 
70 W3554 54-27 
71 W3552 52- 50 
72 W3552 53-00 
73 W3554 54- 16 
74 W3554 54-00 
75 W3554 54- 18 
76 W3554 54- 21 
77 W3554 55- 28 
78 W4054 55-39 
79 W3554 54-51 
80 W3554 54- 39 
81 W3554 54-02 
82 W3554 54-00 
83 W3554 54-02 
84 W3554 55-30 
85 W3554 54-00 
86 W3552 53-00 
87 W3552 52-00 

Long. 
("W) 

133-30 
132-00 
132-57 
134-30 
134- 18 
134- 18 
134- 21 
133- 30 
132- 57 
133-30 
132- 57 
133-02 
134-02 
135- 30 
134- 30 
134-06 
134- 24 
134-00 
133- 30 
134-00 
133- 30 
133- 30 
132-00 

of temp. 
Mo. Day day' (°C) 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

12 .3 
12 .3 
12 .5 
11 .9 
12 . 1 
11.9 
11.8 
12 .3 
10.5 
11.5 
10 .6 
10 .6 
12 .5 
12.4 
12.4 
13 .4 
13 .5 
13 .9 
13.5 
13 .0 
13 .8 
14.3 
14.5 

No. of Sock-
skates eye Chum 

30 
30 
30 
30 
30 
29 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

2 

3 

4 
I 
8 
5 
5 
7 
6 
2 
9 

15 
25 

3 
12 

I 
6 

II 

6 
8 

10 

2 
10 
0 

24 
I 

14 
45 
0 
4 

47 
2 
2 

2 
7 

5 
I 
0 
9 

16 
21 
0 
0 

Pink 

7 
29 
27 
8 

17 
28 
6 
9 

28 
33 

4 
20 
66 
17 
64 
39 
9 

30 
146 
58 
63 

3 
10 

T. W. Sea Queen Total 1,258 645 I ,370 

Annual Total 2,745 1,112 2,090 

1 Time of day: I = Dawn; 2 = Dusk; 3 = Day; 4 = Non-Standard. 

Coho 

0 
0 
0 
0 
0 
0 
2 
0 
8 
3 
4 

18 
0 
0 
0 
2 
0 
0 

0 
4 
0 
0 
0 

Ill 

216 

Chi
nook 

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

0 
0 
0 
5 

7 

Steel
head 

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

0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 

Total 

II 
42 
28 
36 
19 
53 
58 
14 
47 
89 
13 
52 
83 
49 
69 
58 
II 
31 

161 
89 
90 
II 
20 

28 3,417 

51 6,221 
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TABLE III. Catches and bait returns (number per 1,000 hooks) for sets made at stations on small area grids. 

Position in grid 

NW NE sw SE 
corner corner Center corner corner Total 

GRID I (centered at 52°30'N, !44°W) 
Sockeye 

G. B. Reed 89 73 55 28 39 284 
T. W. Sea Queen 29 27 19 19 40 134 
Total liS 100 74 47 79 418 

Chum 
G.B. Reed 23 II 9 4 5 52 
T . W. Sea Queen 6 6 3 13 29 
Total 29 17 12 5 18 81 

Total salmonids 
G. B. Reed 112 84 64 32 45 337 
T. W. Sea Queen 35 33 23 20 54 165 

Total bait return 
G.B. Reed 212 288 259 506 458 1,723 
T. W. Sea Queen 506 325 485 524 373 2,213 

GRID II (centered at 53°N, l40°W) 
Sockeye 

G. B. Reed 41 66 93 33 32 265 
T. W. Sea Queen 38 71 !05 64 42 320 
Total 79 137 198 97 74 585 

Chum 
G. B . Reed 5 5 6 4 4 24 
T. W. Sea Queen 2 5 6 23 5 41 
Total 7 !0 12 27 9 65 

Pink 
G.B. Reed 7 23 4 2 2 38 
T. W. Sea Queen 0 15 6 5 5 31 
Total 7 38 10 7 7 69 

Total salmonids 
G. B. Reed 53 95 103 41 39 331 
T. W. Sea Queen 41 93 117 92 54 397 

Total bait return 
G.B. Reed 388 247 122 451 452 1,660 
T. W. Sea Queen 453 214 !51 171 426 1,415 

GRID III (centered at 53°30'N, 135°W) 
Sockeye 

G. B. Reed 4 0 3 2 0 9 
T . W. Sea Queen 3 I 4 16 6 30 
Total 7 I 7 18 6 39 

Chum 
G.B. Reed 7 I 21 !0 8 47 
T. W. Sea Queen 22 I 8 6 14 51 
Total 29 2 29 16 22 98 

Pink 
G.B. Reed 60 2 54 22 30 168 
T. W. Sea Queen 63 56 37 9 13 178 
Total 123 58 91 31 43 346 

Coho 
G. B. Reed 4 2 5 2 2 15 
T. W. Sea Queen 7 I 2 II I 22 
Total II 3 7 13 3 37 

Total salmonids 
G.B. Reed 77 6 84 37 40 244 
T. W. Sea Queen 96 59 51 45 35 286 

Total bait return 
G.B. Reed 287 706 264 316 450 2,023 
T. W. Sea Queen 52 271 237 371 356 1,287 
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station in the first grid, 29 at the center station in the 
second grid, and 20 at all other stations in the second 
and third grids. Setting of the gear was begun 15 
minutes before civil twilight when 29 or 30 skates 
were set and 10 minutes before civil twilight when 
only 20 skates were set. In all cases hauling was 
commenced 45 minutes after setting was completed. 
This duplicated the standard procedure followed in 
1966. 

Catches per 1,000 hooks and bait return data are 
given in Table III. 

In the first grid (G. B. Reed sets 19, 20, 21, 23, 25; 
T. W. Sea Queen sets 13, 14, 15, 16, 17; Table II), 
centered at 52°30'N, 144°W, sockeye predominated 
in the catches. Chums accounted for most of the 
remainder of the catch. Overall, the G. B. Reed 
caught about twice as many sockeye as did the T. W. 
Sea Queen. No ready explanation for these differences 
in catches between vessels can be offered. Species 
composition was remarkably constant in catches at all 
stations, on all days, and by both vessels ; the percent
age of the catch made up by sockeye in each set 
varied only between 76% and 86%, with the exception 
of the smallest catch where 28 of 30 or 93% of the 
salmon caught were sockeye. 

In the second grid (G. B. Reed sets 44, 45, 48, 51, 
54; T. W. Sea Queen sets 32, 33, 36, 38, 41 ; Table II), 
centered at 53°N, 140°W, sockeye also predominated 
(80 %) in the catches, with pinks and chums contribut
ing about 10% each. Observed differences in catch 
per unit of effort between the two vessels are not as 
striking as those of the first grid. One reason for 
the smaller overall discrepancy is that in the central 
position, where the two vessels fished close together 
at the same time, catches were substantially higher 
than those at other stations. 

In the third grid (G. B. Reed sets 60, 62, 64, 66, 68; 
T. W. Sea Queen sets 46, 48, 51, 53, 55; Table II), 
centered at 53°30'N, 135°W, pinks formed the 
bulk (66%) of the catch with chum, coho, and sockeye 
forming approximately equal parts of the remainder. 
Again, differences between the catches of the two 
vessels appear to be relatively slight. 

In the second and third grids, the G. B. Reed and 
T. W. Sea Queen fished close to the same position and 
at the same time on the initial day of each grid 
(G.B.R. 44-T. W.S.Q. 32 ; G.B.R. 60-T. W.S.Q. 
46). In addition, the two vessels fished morning sets 
in close proximity (2 to 19 miles) at nine other 
stations (G.B.R. 1--=-T. W.S.Q. 1 ; G.B.R. 2-T. W.S.Q. 
2; G.B.R. 3-T. W.S.Q. 3; G.B.R. 4-T. W.S.Q. 4; 
G.B.R. 26-T. W.S.Q. 18; G.B.R. 41-T. W.S.Q. 30; 
G.B.R. 42-T.W.S.Q. 31; G.B.R. 56-T.W.S.Q. 43 ;. 
G.B.R. 57-T. W.S.Q. 44; see Table II). Catches 

TABLE IV. Comparison of catches per I , 000 hooks by 
the G.B. Reed and the T. W. Sea Queen fishing in close 
proximity, at the same time. 

Set All 
no.1 Sockeye Chum Pink salmonids 

G.B. Reed 2 4 I 7 
T. W. Sea Queen 2 3 8 
G.B. Reed 2 5 37 15 58 
T. W. Sea Queen 2 3 38 19 61 
G.B. Reed 3 79 16 7 104 
T. W. Sea Queen 3 109 30 13 153 
G.B. Reed 4 90 3 0 93 
T. W. Sea Queen 4 68 3 0 71 
G.B. Reed 26 19 32 0 51 
T. W. Sea Queen 18 31 19 0 50 
G.B. Reed 41 12 12 I 25 
T. W. Sea Queen 30 20 24 0 44 
G.B. Reed 42 22 10 0 31 
T. W. Sea Queen 31 22 9 0 32 
G.B. Reed 44 93 6 4 103 
T. W. Sea Queen 32 105 6 6 117 
G.B. Reed 56 23 15 Ill 152 
T. W. Sea Queen 43 27 38 52 117 
G.B. Reed 57 0 I 18 19 
T. W. Sea Queen 44 I 0 22 23 
G.B. Reed 60 3 21 54 84 
T. W. Sea Qyeen 46 4 8 37 51 
Total-G.B. Reed 348 157 211 727 

T. W. Sea Queen 391 177 152 727 

1 See Table II. 

per 1,000 hooks in these 11 paired sets are compared 
in Table IV. While in these sets the total catch 
per unit of effort was identical for both vessels, the 
G. B. Reed took, in total, less sockeye, less chum, and 
more pink salmon than the T. W. Sea Queen. 

A chi-square test of homogeneity was carried out 
for catches of sockeye, chum, and pink salmon 
separately, and also for the total catches of all salm
onids. This test showed significant differences in 
the catch ratios between vessels except for sockeye 
[sockeye x2 = 12.6, d. f. = 8, p> 0.10; chum x2 = 28.0, 
d. f.=8, p<O.Ol; pink x2 = 18.0, d. f. = 5, p < O.Ol; 
all salmonids x2 = 33.0, d. f.= 10, p <0.0 1]. When 
total chi-square values were partitioned it became 
apparent that the major contributions could usually 
be ascribed to about two sets, out of the potential 
total of 11. For these two sets the catch ratios differed 
significantly from 1 : 1, and usually differed in op
posite directions between vessels (i.e., Table IV, 
G. B. Reed set 3, T. W. Sea Queen set 3; and G. B. Reed 
set 60, T. W. Sea Queen set 46). From these data it 
is concluded that there is no evidence that one vessel 
was superior to the other in terms of catch per 1,000 
hooks ; in fact they usually produced about equal 
catches. 
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FIGURE 14. Catches of salmon and bait returns in six-skate sets made in sequence throughout the day on May 9, 1967. Catches and 
bait returns on the G.F. Reed are indicated by the square symbols, those on the T. W. Sea Queen by the circular symbols. 
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FIGURE 15. Catches of salmon and bait returns in six-skate sets made in sequence throughout the day on May 18, 1967. Catches 
and bait returns on the G.B. Reed are indicated by the square symbols, those on the T . W. Sea Queen by the circular symbols. 
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Within the grids, differences due to days and 
positions fished were confounded. The apparent 
superiority of the G. B. Reed over the T. W. Sea Queen 
in the first grid must be left unexplained. For fish
ing within these relatively small areas it is concluded 
that there are no demonstrable differences between 
positions or between days in this experiment. Within 
each grid there was considerable variability in catch 
per 1,000 hooks. In the first grid the coefficient of 
variation (C) of the catch per 1,000 hooks was ap
proximately 58%. In the second grid, C was ap
proximately 40%, and in the third grid, C was ap
proximately 52%. 

b) Variations in catches at different times of day 

Traditionally, salmon longlines have been set just 
before dawn ; sets made at other times of day have 
almost always provided poorer catches than those 
made in the predawn period. To provide more 
detailed information on the effects of setting time 
on the catch, the G. B. Reed and T. W. Sea Queen made 
two series of sets, beginning during the predawn 
period and continuing through dawn and daylight 
periods to darkness the following night. Each series 
of sets was carried out with the two vessels approxi
mately five miles apart, proceeding into the wind on 
parallel courses. During the predawn, early morn
ing, and dusk periods sets were made with the two 
vessels setting alternately at 30-minute intervals. 
During the daylight hours sets were made less fre
quently. Each set, using six skates of longline gear, 
took approximately one hour to complete ; five 
minutes being required to set the gear, followed by a 
20-minute " soak " period, approximately 25 minutes 
hauling time, and a 10-minute period to allow the 
vessel to proceed to a new fishing position about two 
miles distant. Results are summarized in Fig. 14 
and 15. 

In both series, catches were greatest in sets which 
were soaking during sunrise. Sets made just before 
or after this period caught lesser numbers, but those 
made in the dark or more than one hour after sunrise 
generally yielded very few fish. The number of 
baits returning on the gear is inversely correlated with 
the catch. 

Thus the traditional pattern of setting just before 
dawn (usually 10-20 minutes before civil twilight) and 
leaving the gear to soak for 45 minutes would pro
vide full coverage of the period of high catches shown 
by the experiments. 

Past experience suggested that there would be two 
periods of high catch-the dawn one which was 
greatest and a second one with lower catches at dusk. 
These experiments did not indicate a period of rel
atively high catch at dusk. To investigate this ap
parent discrepancy between earlier beliefs and the 
results of this experiment, on six occasions while fish
ing within the grids described earlier (section 2a), 
either the G. B. Reed or the T. W. Sea Queen made 
routine sets (i.e., sets were allowed to soak for a full 
45 minutes) at the normal dawn period, at midday, 
and about one hour before dusk (two hours before 
evening civil twilight). The results are shown in 
Table V. 

In general, these dawn sets caught about 14 times as 
many salmon as the midday sets and over three times 
as many as the evening sets. The evening sets 
consistently caught more salmon (over four times as 
many) than did the noon sets, supporting the earl
ier belief that higher catches can be obtained at dusk 
than at midday. The discrepancy between these 
findings and the results of the experiments illustrated 
in Fig. 14 and 15 is not yet understood. One ap
parent difference between the two series of experi
ments is that in the experiments illustrated in Fig. 14 
and 15, the gear soaked for only 20 minutes whereas in 

TABLE v. Comparison of catch per I, 000 hooks in sets made just before dawn, at noon, and just before dusk. 

Morning Noon Evening 

All All All 
Sockeye Chum Pink salmon Sockeye Chum Pink salmon Sockeye Chum Pink salmon 

G.B. Reed 
May 29 33 4 2 41 0 2 0 2 35 4 0 39 
May 30 32 4 2 39 6 0 0 0 14 2 0 16 
May 31 66 5 24 95 4 2 0 4 16 2 2 20 

T. W. Sea Queen 
May 29 71 5 15 93 2 2 0 4 2 0 0 2 
May 31 64 23 5 92 0 2 0 2 8 4 0 12 
June 16 6 14 13 35 2 0 10 16 0 0 26 26 

Total 272 55 61 395 14 8 10 28 75 12 28 115 
Percent of morning catch 5.1 14.5 16.4 7 .I 27.6 21.8 45.8 29.2 
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the later experiments 45 minutes was allowed. 

3. LONGLINE FISHING OFF NORTHERN BRITISH COLUM

BIA AND SouTHEASTERN ALASKA FROM JUNE 16 
TO jULY 26, 1967 

During the latter part of June and throughout July, 
the G. B. Reed and T. W. Sea Queen fished a series of 
stations off the northern British Columbia-South
eastern Alaska coast in conjunction with the Paragon, 
operated by the Alaska Department ofFish and Game. 
Longline catches per 1,000 hooks for all three vessels 
are summarized in Fig. 16 to 19. Catches of the two 
Canadian vessels are given in Table II. 

a) Sockeye catches 

As in earlier years, longline catches of sockeye in 
near-coastal waters were relatively low during June 
and July. As shown in Fig. 16, catches were generally 
below 10 per 1,000 hooks. Highest catches tended 
to be off the entrance of Sumner Strait, Southeastern 
Alaska. 

b) Chum catches 

Chum catches were also relatively low. A few 
catches exceeded 20 per 1,000 hooks, mostly at 
stations off the Queen Charlotte Islands, British 
Columbia (Fig. 1 7). 

c) Pink catches 

Pink catches were generally higher than those of the 

other species (Fig. 18), but with one exception they 
were all below 100 per 1,000 hooks. Compared to 
1962 (the only other year in which longline fishing was 
conducted in the near-coastal area as late in the 
season) catches in 1967 were relatively small ; in 1962 
many catches in the area exceeded 100 and some 
exceeded 200. The lower catches in 1967 reflected a 
poor run to the northern British Columbia-South
eastern Alaska area. 

In 1967, during the June 16-22 period, fishing was 
concentrated off the Queen Charlotte Islands. 
Catches in this area tended to be higher during the 
June 16-22 period than in late June or early July, but 
catches tended to increase again toward the end of 
July. Catches off the southern part of Southeastern 
Alaska similarly tended to increase from late June 
through July. Showing an opposite trend, catches 
off Cross Sound tended to decrease in July. 

d) Coho catches 

Coho appeared in catches at most stations during 
June and early July (Fig. 19), but nowhere did the 
catches exceed 11 per 1,000 hooks. 

4. CoMPARISON OF CATCHES BY GILLNETS AND LoNG

LINES 

Over the past 12 years, exploratory fishing for 
salmon under the cooperative INPFC program has 
been conducted mainly by gillnetting with a series of 
nets with graded mesh sizes (2f', 3!'', 4f", and 5!"-

TABLE VI. Gillnet catches of salmon and steelhead, May 12 to July 10, 1967. 

Set 
no. Area 

G.B.&ed 
20 W4552 
24 W4552 
25 W4552 
41 W5056 
60 W3552 
62 W4054 
64 W4052 
66 
68 
69 
73 
78 
79 
81 
84 
85 
86 

W3552 
W3554 
W3554 
W3554 
W3554 
W3554 
W3554 
W3554 
W3554 
W3554 

Total 

Position 

Lat. 
(oN) 

53-00 
52-00 
52-10 
56-00 
53-30 
54-00 
53-00 
53-00 
54-00 
54-00 
55-30 
54-45 
54-00 
55-30 
54-45 
54- 00 
55- 30 

Long. 
(oW) 

144-50 
144-50 
144-50 
148-00 
135-00 
135-50 
135-50 
134-10 
134-10 
134-10 
134-35 
134-00 
134-00 
134-35 
134-00 
134-00 
134-00 

Date 

Mo. Day 

5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 

12 
15 
16 
25 
15 
16 
17 
18 
19 
20 
26 
2 
3 
5 
8 
9 

10 

Surf. 
temp. 
(oC) 

5.4 
6.0 
6.3 
6.0 

10.5 
10.5 
10.2 
l1.2 
11.2 
11.2 
11.6 
11.8 
12.6 
12.0 
12.2 
12.0 
12.0 

Type 
of 

net 

Catches 

INPFC 19 6 0 
INPFC 15 5 0 
INPFC 15 9 0 
INPFC 19 19 0 
INPFC 6 18 
INPFC 4 10 25 
INPFC 5 5 16 
INPFC 27 20 
INPFC 5 4 60 
4-3/4" 2 2 12 
4-3/4" 10 40 6 
4-3/4" 9 2 8 
4-3/4" 7 4 0 
4·-3/4" 9 II II 
4-3/4" 0 I 0 
4-3/4" 4 67 I 

0 
0 
0 
0 
5 
9 
9 
0 
6 
2 
3 
8 

10 
0 

4-3/4" 7 3 2 4 
---------------------

132 221 179 58 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
I 
0 
3 
0 

I 
0 
0 
I 
0 
0 
I 
0 

8 

25 
20 
24 
38 
31 
48 
38 
48 
77 
19 
59 
27 
13 
41 

74 
16 

599 
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TABLE VII. Comparison of species composition of catches in longline and gillnet sets at the same positions. 

Set no1 Gear Sockeye Chum Pink 

Longline no. 213 48 0 

% (81 . 7) (18 .3) (0) 
no. 49 20 0 

20,24,25 
INPFC gillnet2 

% (71.0) (29.0) (0) 

Longline no. 18 17 I 

% (50 . 0) (47 .2) (3.8) 
no. 19 19 0 

41 
INPFC gillnet2 

% (50 .0) (50. 0) (0) 

Longline no. 9 47 165 

60, 62, 64, 66, % (3.8) (19. 7) (69 .4) 
68 INPFC gillnet2 no. 16 52 139 

% (6 .6) (21. 5) (57. 5) 

Longline no. 50 27 99 

69, 73, 78, 79, % (23 .0) (12 . 5) (45 .6) 
81, 84, 85, 86 4-3/4" gillnet no. 48 130 40 

% (19.2) (52.0) (16.0) 

' See Tables II and VI. 

Coho Chinook 

0 0 
(0) (0) 
0 0 

(0) (0) 

0 0 
(0) (0) 
0 0 

(0) (0) 

15 I 
(6.3) (0.4) 

29 I 
(12.0) (0.4) 

37 0 
(17 . I) (0) 

29 0 
(II. 6) (0) 

Steel-
head 

0 
(0) 
0 

(0) 

0 
(0) 
0 

(0) 

I 
(0.4) 

5 
(2.0) 

4 
(1.8) 

3 
(1.2) 

All 
salmon 

261 
(100.0) 

69 
(100. 0) 

36 
(100.0) 

38 
(100 .0) 

238 
(100.1) 

242 
(100.0) 

217 
(100 . 0) 

250 
(100.0) 

P for 
chi-square 

test 

0.10 

0.99 

0.025 

<0.005 

2 Adjusted so that catch by each mesh size is equally represented. 

TABLE VIII. Comparison of age composition of sockeye in catches by longlines and gillnets fishing at the same 
position. 

Age P for 

Set no. 1 Gear 4. 5, 58 6a All salmon 
chi-square 

test 
----

Longline no. 67 61 38 36 202 

20,24,25 % (33. 2) (30.2) (18.8) (17.8) (100.0) 
0.04 

INPFC gillnet2 no. 15 18 22 22 77 

% (19.4) (23.4) (28 .6) (28.6) (100.0) 

Longline no. 31 6 5 42 

69, 73, 78, 79, % (73. 9) (14. 3) (11.9) (100.0) 
0.05 81, 84, 85,86 4-3/4" gillnet no. 21 17 5 43 

% (48.8) (39.6) ( 11.6) (100.0) 
·-·-----

' See Tables II and VI. 
2 Adjusted so that catch by each mesh size is equally represented. 

stretched measure). Catch per unit of effort data have 
been expressed by giving catches in each mesh size 
equal weight in the calculations. During May and 
early June of 1967, the G. B. Reed fished with gillnets 
as well as longlines at a number of stations. Each 
gillnet set employed a gang of 12 multifilament nylon 
nets made up of two panels each of 2f'', 3f', and 5l" 
mesh and six panels of 4t" mesh ; each panel being 
91.4 meters long and approximately 6.5 meters deep. 
Gillnets were set just before dusk and retrieved in the 
middle of the next morning. Longlines were set at 
the usual predawn period and picked up after a 
45-minute soak. 

In the latter part of June and during July, at a 
number of " index" stations, in addition to making 
longline sets, the G. B. Reed set 914 meters of 4f" nylon 
gillnet provided by the Alaska Department ofFish and 
Game. Catches by both types of gillnets are shown 
in Table VI. 

Comparison of catches by longline gear and gillnets 
are made in Tables VII to X. The paired sets were 
divided into four series: (1) one in mid-May (in
volving paired sets 20, 24 and 25--compare Tables II 
and VI) in the central part of of the Gulf of Alaska 
which yielded only sockeye and chums ; (2) a single 
paired set (No. 41) toward the end of May farther 
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TABLE IX. Comparison of age composition of chums in catches by longlines and gillnets fishing at the same positions. 

Set no.l 

20,24,25 

60, 62, 64, 66, 
68 

69, 73, 78, 79, 
81, 84, 85, 86 

Gear 

Long line 

INPFC gillnetz 

Long line 

INPFC gillnetz 

Long line 

4- 3/4" gillnet 

31 

no. 

% 
no. 

% 
no. 36 

% (80.0) 
no. 42 

% (65.6) 
no. 5 

% (18.5) 
no. 49 

% (41.9) 

Age 

41 

40 
(85.1) 

20 
(58.8) 

9 
(20.0) 

22 
(34.4) 

14 
(51. 9) 

47 
(40.2) 

7 
(14 .9) 

14 
(41. 2) 

8 
(29.6) 

21 
(17 .9) 

All salmon 

47 
(100.0) 

34 
(100.0) 

45 
(100.0) 

64 
(100.0) 

27 
(100.0) 

117 
(100.0) 

P for 
chi-square 

test 

0.017 

0.17 

0.14 

---
1 See Tables II and VI. 
2 Adjusted so that catch by each mesh size is equally represented. 

TABLE X. Comparison of sizes of sockeye, chums, and pinks in catches by longlines and gillnets fishing at the same 
positions. 

Sockeye Chum Pink 

Average P for Average P for 
length chi-square length chi-square 

Average 
length 
(em) 

P for 
chi-square 

test Set no.l Gear (em) 

20,24,25 
Longline 55.96 
INPFC gillnet 56.55 

60, 62, 64, 66, Long line 
68 INPFC gillnet 

69, 73, 78, 79, Longline 54.53 
81, 84, 85, 86 4-3/4" gillnet 57.87 

1 See Tables II and VI. 

north in the gulf which also yielded mainly sockeye 
and chums; (3) a series of five paired sets (No. 60, 
62, 64, 66, and 68) off the Queen Charlotte Islands 
which yielded mainly pink salmon but also chum, 
coho, and sockeye; and (4) a series off the northern 
British Columbia-Southeastern Alaska coast which 
yielded chum, pink, sockeye, and coho. The first three 
series involved INPFC gillnets and the last one the 4!" 
mesh net. 

The species composition of catches by INPFC gill
nets and longlines was very similar for the first two 
series of sets (Table VII). However (as indicated by 
chi-square tests) the gillnets tended to sample pro
portionately more of the older and larger sockeye and 
chum than did the longlines (Tables VIII, IX and 
X). 

In the later series involving longlines and INPFC 
gillnets (sets 60 to 68) pinks predominated in catches 
by both types of gear but the gillnets sampled pro-

test (em) test 

0.05 
58.38 

0.025 
60.26 

56.67 
0.78 

57.87 

0.32 
68.56 

0.01 
64.63 

48.73 
51.18 

53.98 
54.05 

<0.005 

0.14 

portionately fewer pinks than did the longlines 
(Table VII). Pinks caught in gillnets were signi
ficantly larger on the average than those taken by 
longlines (Table X), but there were no significant 
differences in either size or age composition of chums 
taken by the two types of gear (there were too few 
sockeye to permit examination of possible size or age 
differences). 

In the final series, involving paired sets of longlines 
and 4!" gillnets, the gillnets caught proportionately 
many more chums than did the longlines ; chums 
predominated in the gillnet catches whereas in the 
longline sets pinks formed the most abundant group 
(Table VII). The average size of gillnet-caught 
chums was less than that of the longline-caught chums 
(Table X), reflecting the presence of a higher pro
portion of three-year-olds, the youngest age group 
sampled (see Table IX). Conversely, the long lines 
caught proportionately more of the younger sockeye 



RESEARCH BY CANADA 49 

than did the gillnets (Table VIII). 
Examination of the proportions of live and dead 

salmon in the gillnet and longline catches suggests a 
possible reason for the gillnets catching proportionately 
more chums than the longlines. For most gillnet sets, 
records were kept of the number of salmon which were 
alive and the number which were dead when the net 
was hauled. For longlines, although no records were 
kept, it is known that the vast majority of the salmon 
caught are taken alive (commonly over 90% of the 
salmon taken in a longline set are judged to be 
" lively " enough to be tagged and released). Among 
sockeye taken in the gillnets, 39 of 74 (34.5%) for 
which records were kept were alive. In contrast, 
only 7 of 192 (3.5 %) chums were alive. These data 
suggest that the chums had been in the net longer than 
the sockeye and that the chums, therefore, had been 
caught at an earlier period than the sockeye (possibly 
many had been taken the previous evening), before the 
longlines were set. 

5. RESULTS OF TAGGING 

Of 6,221 salmon and steelhead caught in 1967 on 
longline gear by Canadian vessels, 5,013 were tagged 
and released (2,239 sockeye, 898 chum, 1,673 pink, 
163 coho, 5 chinook, and 35 steelhead). To February 
22, 1968, a total of 538 tags had been returned. 

a) Recoveries of tagged sockeye (Fig. 20-26) 

In 1967 tagging was not carried out throughout the 
Gulf of Alaska as in 1965 and 1966 but was restricted 
between May 5 and June 3 to stations fished by the 
G. B. Reed and the T. W. Sea Queen more or less in a 
direct line between Vancouver Island and Kodiak, and 
between June 14 and July 26 to stations occupied by 
the two vessels off the Queen Charlotte Islands and off 
southern Southeastern Alaska. Partly because of this 
difference in the tagging area and period, the pro
portion of tag recoveries from different areas in 1967 

SOCKEYE 

BRISTOL BAY 

6 ...... ~· .. -' 
Ll .... ....... ,_.. 
0 .... "'"'" .,_. 
0 'UlOII!OIUL:I):::-~ 

FIGURE 20. Tagging localities of sockeye recovered in Bristol 
Bay, 1967. 

varied from the pattern observed in previous years. 
In 1967 the majority of sockeye tag recoveries were 
made in British Columbia whereas in 1965 and 1966 
the greatest number of returns were from Bristol Bay. 
Tagging sites which provided the 19 Bristol Bay re
covenes m 1967 were in the central part of the gulf 
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6 ~· ... ~· .. - . 
iJ '"" ",.. •-n 0 IUIOf:IO .. IULY II -· 

0 IULY lltoiYL:O::.-.;. 

FIGURE 21. Tagging localities of sockeye recovered along the 
south side of the Alaska Peninsula and around Kodiak 
Island, 1967. 
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FIGURE 22. Tagging localities of sockeye recovered in central 
Alaska between the Cook Inlet and Copper River areas, 1967. 

SOCKEYE 

SOUTHEASTERN ALASKA 

FIGURE 23. Tagging localities of sockeye recovered in South
eastern Alaska, 1967. 
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FIGURE 24. Tagging localities of sockeye recovered in northern 
British Columbia, 1967. 
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FIGURE 25. Tagging localities of sockeye recovered in central 
British Columbia, 1967. 

FIGURE 26. Tagging localities of sockeye recovered in southern 
British Columbia and Washington, 1967. 

centered around 53°N and 145°W. The tagging area 
for sockeye recovered along the south side of the Alaska 
Peninsula and Kodiak Island (total recoveries 33) and 
in the central Alaskan producing area of Cook Inlet 
and Copper River (total recoveries 29) was similar to 

CHUM 
ALASKA- BERING SEA COAST 

(), ... , ..... _, D . ,.,,_,_., 

8 
_,. __ ,.,_, 
M.l' , , .. _ , t<l- 1 
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FIGURE 27. Tagging localities of chums recovered along the 
Alaskan coast north of the Alaska Peninsula, 1967 . 

CHUM 

ALASKA- PACIFIC OCEAN 

!:> ..... _.,_ , 
0 .. y .. .. _ , _' 

0 -"·-· ··-· 
0 _. "·-:.;:--; 

FIGURE 28. Tagging localities of chums recovered along the 
Pacific Ocean coast of Alaska, 1967. 
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FIGURE 29. Tagging localities of chums recovered in British 
Columbia, 1967. 

that for Bristol Bay, but was centered somewhat farther 
to the east. Of sockeye tags recovered in Southeastern 
Alaska (total recoveries 26) and in northern British 
Columbia (total recoveries 115) about one-half had 
been tagged close to the coasts of Southeastern Alaska 
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FIGURE 30. Tagging localities of pinks recovered in Southeastern 
Alaska, 1967. 
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FIGURE 31. Tagging localities of pinks recovered m northern 
British Columbia, 1967. 
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FIGURE 32. Tagging localities of pinks recovered in central 
British Columbia, 1967. 
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FIGURE 33. Tagging localities of pinks recovered in southern 
British Columbia and Washington, 1967. 
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FIGURE 34. Tagging localities of coho recovered in British 
Columbia, 1967. 
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FIGURE 35. Tagging and recovery locations of chinook and 
steelhead, 1967. 
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and the Queen Charlotte Islands while the other half 
had been tagged farther out in the gulf, centered around 
53°N and 143°W. The northern British Columbia re
coveries, which were mainly from the Nass and Skeena 
Rivers, were more numerous (38% of the 301 sockeye 
tags recovered) than recoveries from any other area. 
The tagging area for sockeye recovered in central 
British Columbia (totalling 28) and southern British 
Columbia (totalling 51) was similar to that for South
eastern Alaska and northern British Columbia except 
that in the two former regions no recoveries were 
made from tagging locations off Southeastern Alaska. 

In addition to the 301 sockeye tag recoveries 
described above, information is available indicating 
that two tagged sockeye passed through the Karluk 
weir on Kodiak Island. However, the tag numbers 
are not available and the tagging locations are there-
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fore unknown. 

b) Recoveries of tagged chums (Fig. 27- 29) 

Of the 901 chums tagged 41 were recovered sub
sequently. From tagging sites in the central part of 
the Gulf of Alaska recoveries were made only along 
the Bering Sea coast of North America, along the 
south side of the Alaska Peninsula, and in Prince 
William Sound. Of interest was the recapture at the 
mouth of the Yukon River of a chum tagged about 
200 miles west of Vancouver Island. Tag recoveries 
in Southeastern Alaska and British Columbia were 
from tagging locations in the eastern part of the gulf. 

c) Recoveries of tagged pinks (Fig. 30-33) 

Most of the pink salmon tagged in 1967 were tagged 
at locations close to the coasts of Southeastern Alaska 

130° 125° 120° 

55° 

o66 

50" 

45° 

130° 120° 

FIGURE 36. Station positions, September II to October 5, 1967. 
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and the Queen Charlotte Islands. These taggings 
provided recoveries in Southeastern Alaska, British 
Columbia, and Washington. A single recovery 
(included with the Southeastern Alaska data) was 
made in Prince William Sound from a pink salmon 
tagged at 53°30'N, 139°l0'W. 

d) Recoveries of tagged coho (Fig. 34) 

Coho were tagged in 1967 only in the eastern part 
of the gulf, adjacent to southern Southeastern Alaska 
and the Queen Charlotte Islands. Two tagged coho 
were recaptured in Southeastern Alaska and 24 in 
British Columbia. Most of the British Columbia 

PACIFIC 

recoveries were from northern British Columbia. 

e) Recoveries of tagged chinook and steelhead (Fig. 35) 

Of five chinook and 35 steelhead tagged, three 
chinook and two steelhead were recovered, all of them 
in British Columbia. 

II. CANADIAN OCEANOGRAPHIC 
RESEARCH IN THE EASTERN 
SUBARCTIC PACIFIC REGION 

DURING 1967 

Four oceanographic projects were carried out m 
the eastern Subarctic Pacific during 1967: 

SURFACE TEMPERATURE (°C) 

II SEPT - 5 OCT 1967 

FIGURE 37. Sea surface temperatures ("C), September II to October 5, 1967. 
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(I) The oceanographic programs at Ocean Station 
P (Lat. 50°N, Long. l45°W) and en route to and 
from the Station (Line P) were maintained (Fig. 36). 
The observations are now being made from the new 
weathership C.C.G.S. Vancouver. Observations were 
of a similar type to those in previous years. 

(2) Bathythermograph observations, collection of 
surface samples for salinity, nitrate and plant pigment 
analyses, and secchi disc measurements were made 
by salmon investigators during their longline surveys 
(May-July). 

(3) A review of oceanographic conditions (tem
perature, salinity, density, and geostrophic currents) 

in the central Subarctic Pacific along Longitudes 
l75°E and l65°W for the winter of 1966, and a 
comparison to those reported recently for other 
periods at about the same longitudes, was made. 

(4) An oceanographic cruise in the oceanic
coastal waters off the coast of British Columbia was 
carried out from September II to October 5, 1967. 
Station positions are shown in Fig. 36. For the first 
time in this area, continuous temperature and salinity 
profiles to a maximum depth of 1500 meters were 
obtained using a Bissett-Berrnan salinity/temperature/ 
depth system. At each station, surface samples were 
analyzed for phosphate, nitrate, and silicate. Some 

SURFACE SALINITY (%o) 

II SEPT - 5 OCT 1967 

FIGURE 38. Sea surface salinities(%. ), September I I to October 5, 1967. 
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profiles of these nutrients were obtained. Surface 
net tows for zooplankton were made. 

OcEANOGRAPHIC CoNDITIONs, AuGusT-OCTOBER 1967 

Unusual oceanographic conditions existed during 
summer and early autumn in the eastern Subarctic 
Pacific. In late August, sea surface temperatures 
were particularly high (about 2° to 3°C above normal 
for this time of year) along Longitude 130°W from 
the Queen Charlotte Islands southward. Further
more, a true mixed layer was absent much of the 
time in this area, the thermocline beginning essentially 
at the surface. Even as far west as Ocean Station 
P, layer depths in late August were occasionally as 
shallow as six meters, compared to layer depths of 
15-30 meters usually encountered at this time of year. 

The oceanic surface waters were still relatively 
warm in the latter part of September, with the coldest 
waters occurring adjacent to the coast of Vancouver 
Island and in Hecate Strait (Fig. 37). Layer depths 
also remained relatively shallow until the onset of the 
autumn storms in early October, when the mixed 
layer deepened and surface temperatures decreased. 

The temperature pattern and temperatures for 
these periods were similar to those observed in the 
summer of 1958. The isotherms lay nearly north 
and south between Ocean Station P and the coast, 
and the waters along the west coast of Vancouver 
Island were considerably colder than the adjacent 
oceanic waters. 

There was no obvious anomaly in the horizontal 
distribution of temperature in the non-seasonal 
(deep) waters, suggesting that there was no major 
change in the circulation. The warm surface waters 
resulted from a combination of above-normal insola
tion, light winds, and warm air advection. These 
factors contributed to an unusually large accumula
tion of heat energy in a shallow surface layer over a 
large part of the eastern Subarctic Pacific. 

The surface salinity distributions showed two 
distinct tongues of low-salinity water extending 
seaward (Fig. 38). There appeared to be an intru
sion from the west of oceanic surface water off the 
northern end of Vancouver Island, and an intrusion 
from the northwest off southern Queen Charlotte 
Islands, giving rise to these tongues. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

DURING THE YEAR 1967 

Fisheries Agency of Japan 

May 1968 

I. SALMON 

Research by Japan for the International North 
Pacific Fisheries Commission in 1967 was principally 
the same as in 1966, and was carried out by 18 re
search vessels and 11 motherships from April 1967. 
Research vessel investigations in past years ended by 
August ; however, in 1967 these operations were 
continued into mid October for the purpose of studying 
the distribution of immature salmon. An additional 
research vessel operated during February and March 
in the waters east of Hokkaido and northern Honshu, 
studying salmon distribution. The results of these 
research activities are summarized below. 

1. OFFSHORE DISTRIBUTION 

A. Investigations of Motherships 
Salmon fishing on the high seas in 1967 was con

ducted from the end of May to the middle of July by 
11 motherships with 369 catcher boats. At the end 
of May mothership operations were concentrated 
around 49°N, 170°E in the northwestern Pacific Ocean. 
The main fishing grounds in early June were around 
50°N, 170°E, but some fleets fished south of the central 
Aleutian Islands. In mid June the main fishing 
grounds moved to around 51 °N, 168°E, and some 
fleets fished around 55°N, 178°W in the Bering Sea. 
In late June, almost all motherships were operating 
around 52°N, 165°E in the northwestern Pacific 
Ocean. In early July, the fleets were fishing around 
52°N, 165°E in the northwestern Pacific Ocean and in 
the northwestern part of the Bering Sea. In mid July 
they fished mainly in the northwestern Bering Sea. 

A total of 49,780 salmon (15,540 sockeye, 15,600 
chums, 13,510 pinks, 720 cohos, and 4,410 chinooks) 
were sampled on 11 motherships for biological meas
urements of length, weight, gonad weight, and for 
sex identification and scale collection. Water tem
peratures were observed every day up to 200-m depth. 

The total number of salmon caught in the mother
ship fishery in 1967 was 23,060,000--comprising 
8,087,000 sockeye, 6,838,000 chums, 7, 782,000 pinks, 
226,000 cohos, and 127,000 chinooks. The catch 
per tan of driftnet was 4.4, the second highest value 
since 1960, following the high of 1961. Pink salmon 
especially show the highest value in eight years. 
(Table 1 and Figure 1.) 

TABLE I. Catch per tan1 in the Japanese mothership 
fishery, by species, 1960-1967. 

No. of fish per tan 

Year Sockeye Chum Pink Coho Chinook Total 

1960 1.98 1.63 0.29 0.15 0.03 4.05 
1961 2.60 1.23 0.65 0.06 0.01 4.55 
1962 1.81 1.09 0.19 0.26 0.02 3.38 
1963 1.50 0.98 1.13 0.32 0.01 3.94 
1964 0.94 1.15 0.30 0.47 0.05 2.92 
1965 1.97 0.99 0.72 0.19 0.03 3.90 
1966 1.40 1.65 0.49 0.09 0.04 3.67 
1967 1.54 1.31 1.48 0.04 0.02 4.40 

1 The tan used in the mothership fishery measures approxi-
mately 164 feet (50 m) at the float line. 

FIGURE I. Abundance of salmon in the Japanese mothership 
fishery, 1960- 1967, as indicated by catch per tan values. 

a. Sockeye Salmon 

The number of fish caught per 1,000 tans of driftnet 
was 1 ,546 fish in 196 7 ; this value is very close to the 
1960-66 average (1 ,543). By ages, 1.3 (5:>.) fish were 
in lowest abundance since 1960 and 2.2 (Sa) and 2.3 
(63) fish showed relatively high values (Table 2). 

The distribution of sockeye salmon by ten-day 
periods is summarized as follows (Figure 2) : in late 



RESEARCH BY JAPAN 57 

May they were found throughout the waters south 
of the Aleutian Islands mainly around S0°N, 170°E. 
In June the distribution area extended gradually 
towards the northwest, and in late June fairly high 
densities were encountered from 48°N to S4°N in the 
waters south of the Komandorski Islands. In the 
Bering Sea, sockeye were taken near the Aleutian 
Islands in early June; their distribution spread to the 
north in mid June, with high densities being observed 
from S0°N to S2°N and from 17S 0 W to 180°, and at 
the end of June extended to the northwest Bering Sea. 
In early July sockeye were observed from S0°N to 
S4°N and from 160°E to 17S0 E in the northwest 
Pacific Ocean, and from 170°E to 17S 0 E near SS 0 N 

TABLE 2. Average number of sockeye salmon caught per 
1,000 tans in the Japanese mothership fishery, by age, 
1960- 1967. 

Age 

1.2 1.3 2.2 2 .3 3 .2 3.3 
Year (4,) (52) (5.) (6.) (6,) (7 ,) Others Total 

1960 478 277 711 294 87 77 52 1,976 
1961 112 923 657 833 23 41 27 2,616 
1962 86 270 540 611 240 23 40 1,810 
1963 234 307 347 428 38 115 26 I ,495 
1964 193 287 278 132 25 9 20 944 
1965 112 250 1,255 217 88 20 26 I ,968 
1966 47 366 368 498 22 58 36 I ,395 
1967 105 168 602 576 49 30 16 1,546 

in the Bering Sea. In mid July their distribution was 
limited to near the Kamchatkan coast in the Pacific 
Ocean, while in a wide area north of S6°N in the 
Bering Sea. The proportion of immature sockeye 
salmon increased sharply after the end of June, reach
ing 76% by the middle of July (Table 3). 

b. Chum Salmon 

From the end of May to early June, chum salmon 
were distributed in a wide area south of the Aleutian 
Islands in the northwest Pacific Ocean, especially 
in the waters west of 1 7 S 0 E (Figure 3). By mid June 
and thereafter the density of maturing chum salmon 

TABLE 3. Numbers of maturing and immature sockeye 
salmon caught in the Japanese mothership fishery, by 
10-day periods, 1967. 

Total Mature Immature 
(l,OOO's ( l,OOO's (l,OOO's Percent 

10-day period of fish) of fish) of fish) immature 

May: mid & late I ,999 1,978 21 1.1 

June: early 1,364 I ,321 43 3.1 
mid 1,316 1,239 77 5.8 
late I ,766 I ,353 413 29.4 

July: early I ,201 741 460 38.3 
mid 440 106 334 76.7 

Total 8,086 6, 738 1,348 16.7 
----
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FIGURE 2. Abundance (catch per tan) of sockeye salmon caught in the Japanese mothership fishery, 1967. 
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FIGURE 3. Abundance (catch per tan) of chum salmon caught in the Japanese mothership fishery, 1967. 

TABLE 4. Numbers of chum salmon caught per 1,000 tans in the japanese mothership fishery, by age, 1960-1967. 
==----=-==------= =-;,.-== 

South of Aleutian Islands North of Aleutian Islands 

2 3 4 5 6 3 4 5 6 
Year ( .1) ( .2) (.3) (.4) (. 5) Total (.2) (. 3) (.4) (. 5) Total 

----· 
1960 70 914 433 
1961 49 558 686 29 
1962 73 648 330 36 
1963 65 586 116 5 
1964 141 585 118 
1965 32 862 52 
1966 4 67 831 596 
1967 3 61 767 181 2 

---------- -------· 

was low, and the percentage of small fish, presumably 
immatures, increased gradually. In the Bering Sea 
chum salmon were distributed in a wide area from 
mid June to mid July. The number of chum salmon 
caught by age per 1,000 tans of driftnet in the mother
ship fishery since 1960 is shown in Table 4. It is noted 
that the density of 4-year-olds (age .3) in 1967 was 
very high in the Bering Sea. 

c. Pink Salmon 

In the first half of the season pink salmon were 
abundant in areas south of the Aleutian Islands; in 
the latter half of the season they were taken in greater 
quantities in the northwest Bering Sea. The general 
character of their distribution showed a high cycle 

1,418 12 1,466 735 2,214 
I ,322 II 350 352 13 726 
I ,087 

772 277 I ,424 37 3 I, 741 
844 484 1,539 148 2,170 
946 ';8 998 29 1,085 

1,499 274 1,305 583 2,162 
I ,014 96 2,004 180 2 2,282 

----

year (Figure 4). The number of pink salmon caught 
per tan was the highest since 1960 (Figure 1). 

d. Coho Salmon 

Since the mothership operations terminated in early 
July, information on the offshore distribution of coho 
salmon is limited. In early July, some coho salmon 
were found around 46°N, 175°E. 

e. Chinook Salmon 

No particular differences were observed m the 
offshore distribution of this species. 

B. Investigations by Research Vessels 

a. Research in Winter 
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FIGURE 4. Abundance (catch per tan) of pink salmon caught in the Japanese mothership fishery, !967. 

TABLE 5. Record of Japanese research vessel winter longlining operations, 1967. 

Location No. Number of fish caught 
of 

Date Lat. (0 N) Long. (0 E) hachi1 Sockeye Chum Pink Coho Chinook 

1st Cruise 
2/6 40- 12 145-54 10 
2/7 40- 09.8 149- 12 20 
2/8 40- 43 149- 12 30 
2f!O 40-39 147- 17 45 
2/11 39- 29 145-02 20 
2f!2 39-40 142- 51 20 

Total 145 

2nd Cruise 
2f16 40-08 145- 21 20 
2f!7 40- 18 148- 17 17 
2/19 40-38 .5 149-25 30 

Total 67 .. ·--- ----------
3rd Cruise 

2/28 40- 56 151 -07.2 30 I 
3/2 41 -48 153-00 30 76 
3/3 42-04 154-00 50 73 
3/4 42-02 155- 29 40 47 
3/7 42-39.5 156-54 40 2 81 
3/9 43-22 159-57.5 50 14 26 
3/10 42-18.2 160-04.5 51 I 72 

Total 291 14 4 376 
0 •· •••• ••••c 

4th Cruise 
3/22 41-53 151 - 16 50 3 36 
3f24 41-44 148-01 30 5 2 
3/25 41-09.3 147- 36 35 
3/26 41-07 .3 150- 10 70 13 191 

Total 185 21 229 

GRAND TOTAL 688 15 25 605 
1 longlines, 45 hooks. 

Total 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

2 
76 
73 
47 
83 
40 
73 

394 

40 
7 
0 

204 
251 

645 

59 
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FIGuRE 5-ii. Surface temperature and relative abundance of salmon in the northwestern Pacific in early May, 1957. Relative abun

dance is shown by catch per tan or catch per hachi (catch per hachi in parentheses). 

One research vessel equipped with longline gear 
carried out distribution studies on salmon in February 
and March 1967 in the area east of Hokkaido and 
northern Honshu as far as 160"E, from 39"N to 44"N. 
The catch record of surface longline fishing is shown 
in Table 5. No salmon were caught west of 150"E 
in February when the research vessel worked this 
area. In March, the research area extended from 

148°E to 160"E, and 64 7 salmon were caught. Of 
these, 15 sockeye, 25 chum, 605 pink, and one steelhead 
were caught by surface longlines, and one pink salmon 
was caught by vertical longlines. 

b. Research in the Area of Landbased Longline and 
Driftnet Fisheries 

Eleven research vessels equipped with driftnet or 
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FIGURE 5-iv. Surface temperature and relative abundance of salmon in the northwestern Pacific in mid June, 1967. Relative abun

dance is shown by catch per tan or catch per hachi (catch per hachi in parentheses). 

longline gear covered the fishing grounds of the 
landbased salmon fisheries (northwest Pacific Ocean 
south of 48°N) and their vicinity (including the 
Okhotsk Sea) from mid April to early August. 

The main subjects of this research were distribution 
studies, tagging experiments, and oceanographic ob
servations. From the total catch of these operations, 
about 45,800 driftnet-caught salmon and about ll ,000 

longline-caught salmon were sampled for biological 
measurements. Results of the distribution study are 
summarized by species as follows (see Figure 5). 

Sockeye salmon. Sockeye salmon were distributed 
mainly in the vicinity of 45°N east of l65°E. In this 
area, a maximum catch per tan* of 5.4 occurred in 
* The tan used by research vessels in this area measured approx-

imately 135 feet (41 m) at the float line. 
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fiGURE 5-vi. Surface temperature and relative abundance of salmon in the northwestern Pacific in late July, 1967. Relative abun
dance is shown by catch per or catch per hachi (catch per hachi in parentheses). 

mid April and although some catches were made 
until mid June, the density gradually went down 
(Figure 5). Since very few sockeye salmon had been 
observed in this area prior to 1966, their occurrence in 
fairly dense groups in 1966 and 1967 is noteworthy. 
As usual, there were no sockeye salmon west of l60°E. 

Chum salmon. It was observed that fairly dense 
chum salmon remained in the offshore waters of the 

area for long periods, primarily in the 5°C water tem
perature zone. In April dense chum salmon groups 
(7 to 8 fish per tan) were distributed around l53°E. 
The center of distribution moved east of 160°E after 
May but density decreased gradually as the season 
progressed. (Figure 5.) 

Pink salmon. Pink salmon distribution in this area 
showed features of high cycle years. In the area from 
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FIGURE 6. Abundance of samon caught by Japanese research vessels in April and May, 1967. 

150°E to ISS0 E, pink salmon were taken better by 
longline fishing than by gillnet fishing in May, the 
initial period of the season, and their density was 
higher in the southern half of the area where the 
surface temperature was slightly higher than in the 
northern half (Figure S) ; the percentage of small 
fish was higher than in past years. After mid May 
in the area from ISS 0 E to 160°E, small pink salmon 
(0.6-0.8 kg in body weight) were distributed densely 
in the southern half of the area where the surface 
water temperature was considerably high (around 9°C). 
Pink salmon density in this area decreased in June, 
but recovered again in July. In the offshore area 
east of 160°E, pink salmon were taken in the waters 
around 44°N at the end of May (Figure S). 

Coho salmon. Coho salmon were distributed in the 
waters east of 160°E after mid June, but their density 
was not high. 

Chinook salmon. Chinook salmon were distributed 
widely in this area, but their density was low as usual. 

c. Research in the Aleutian Area, Southeast of Kam
chatka, and in the Western Bering Sea 

Research in these areas was divided mainly into 

four periods: (I) May, (2) June and July, (3) July 
and August, (4) September and October. 

May. Distribution studies, tagging, and ocean
graphic observations were carried out by three research 
vessels equipped with both driftnet and longline gear 
in the area south of the Aleutian Islands from 165°E to 
170°W and from 42°N to S2°N. 

Sockeye salmon were distributed generally north 
of 45°N (Figure 6). Fish were larger in the northern 
areas than in southern areas. Comparing the average 
length of sockeye salmon caught at stations along 180°, 
the average was S6.8 em in the north (S0°N) and 
30.4 em in the south (4S0 N). The density of sockeye 
salmon in the area south of the Aleutian Islands 
around S0°N in the corresponding season of 1967 was 
lower than in 196S and similar to that of 1966 (Table 
6). 

Chum salmon were distributed widely in general 
(Figure 6). Although not so much so as with sockeye 
salmon, the average size was larger in the north than 
in the south. For example, the average size at stations 
along 180° was S6.S em in the north (50°N) and 
53.9 em in the south (4S 0 N). 

Pink salmon density was low generally and they 
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TABLE 6. Frequency distribution of catch per tan for 
sockeye salmon around 50"N, 167°E-170"W, in May of 
1965, 1966, and 1967. 

Catch 1965 1966 1967 per tan 

0 0 9 4 
0.1 - 1.0 0 23 8 
1.1 - 2.0 2 4 4 
2.1 - 3 .0 0 0 
3 . 1-4 .0 0 0 
4.1-5.0 I 0 0 
over 5.1 2 0 0 
Number of 

operations 7 36 16 

were taken only in the south. No catches were made 
in the cold-water zone to the north and west. These 
features of pink salmon distribution contrasted with 
those of sockeye salmon (Figure 6). The average size 
was larger in the north and smaller in the south as 
with sockeye and chum salmon; for example, the 
average was 49.5 em at 50°N and 38.4 em at 45°N in 
the waters from l70°W to 171 ow. 

4G SOCKEYE 

<3 CHI..M 

<J3 PINK 

<) COHO 

~ CHINOOK 

0 ONE FISH 
PER TAN 

OTHREE FISH 
PER TAN 

X: NO CATCH 

TABLE 7. Age composition of sockeye salmon collected 
from the Pacific Ocean and the Bering Sea west of 
I77°W, in July and August, 1967. 

North of South of 
Age Aleutian Is. Aleutian Is. 

0.1 -% 0.2% 
1.1 11.2 11.1 
2.1 28 .2 32 .6 
3.1 2 .8 2.4 
0.2 0 .3 2.6 
1.2 13.7 19.5 
2 .2 37.7 28 .9 
3 .2 2 .8 1.5 
0.3 0 .2 
1.3 1.5 0.4 
2.3 1.4 0.6 
3.3 0.2 
1.4 0 .2 
Total 100.0% 100.0% 

------

June and july. Distribution studies, tagging, and 
oceanographic observations were carried out by two 
research vessels equipped with driftnet and 1ong1ine 

0 

0 X 

X .... 
···~ • SON 

• 
•t:S:'\ 
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~ 
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X 
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FIGURE 7. Abundance of salmon caught by Japanese research vessels in July and August, 1967. 
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gear mainly in the area south of the Aleutian Islands 
from l70°E to l75°W and from 42°N to 51 °N. An 
additional research vessel studied primarily gear 
efficiency and driftnet selectivity in the offshore area 
southeast of Kamchatka in July. 

In these areas, the density of sockeye and chum 
salmon was higher to the north, but in coho and 
pink salmon, density was slightly higher to the south 
in the warmer water temperature zone. 

july and August. Distribution studies, tagging, 
oceanographic observations, etc., were carried out 
by three research vessels equipped with driftnet and 

TABLE 8. Age composition of chum salmon collected from 
the Pacific Ocean and the Bering Sea west of l77°W in 
July and August, 1967. 

Age 

2( .1) 
3 (. 2) 
4( .3) 
5( .4) 
Total 

North of 
Aleutian Is. 

42.9% 
36.7 
19.8 
0.6 

100 .0% 

• • • 

South of 
Aleutian Is. 

9.8% 
67.9 
20 .0 
2 .3 

100.0% 

0 

longline gear in the northwestern Pacific Ocean north 
of 46°N and in the Bering Sea west of l77°W. 

Sockeye salmon were mainly age .2, with some 1.1 
(3a) and 2.1 (4a) age fish (Table 7). In the north
western Pacific Ocean they were distributed mainly 
north of 50°N ; in the Bering Sea they were distributed 
in the central and western parts, but no sockeye were 
caught just north of the Aleutians (Figure 7). 

Chum salmon caught during these cruises were 
mainly 2-year-olds (age .1) and 3-year-olds (age .2) 
(Table 8). At some stations more than 30% of the 
catch was made up of 4-year-old and 5-year-old 
mature fish- these stations were located in the offshore 
area southeast of Kamchatka, in adjacent waters of 
the Aleutian Islands, and around Cape Oliutorski. 
Chum salmon were distributed more widely than 
sockeye salmon in the northwestern Pacific Ocean 
south of the Aleutians, being found as far south as 
47°N to 48°N (Figure 7). Immature chum salmon in 
this area were mainly 3-year-old fish. In the Bering 
Sea immature chum salmon were found over a 
fairly wide range, except for the waters just north of 
the Aleutian Islands. These immature chum salmon 

~ SOCKEYE 

<) Cli.JM 

<fl PINK 

~ CHINOOK 

Fl SH PER TAN 

0 0.5 

Q1.0 
02.0 

FIGURE 8. Abundance of salmon caught by Japanese research vessels in September and October, 1967. 
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FIGURE 9. Abundance of salmon caught by gillnets (115 mm and 121 mm) of the Japanese research vessel Oshoro-maru, June and 

August, 1967. 
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were mainly 2-year-olds (age .1) and 3-year-olds 
(age .2) (Table 8). 

No substantial pink salmon distribution was 
observed in 1967, other than in some waters close to 
shore (Figure 7). 

A relatively large distribution of coho salmon was 
encountered in the northwestern Pacific Ocean south 
of the Aleutian Islands. On the other hand, very 
few were found in the Bering Sea (Figure 7). 

Although low in density, immature chinook salmon 
were distributed widely in the northwestern Pacific 
Ocean and in the Bering Sea (Figure 7). 

September and October. Research similar to that 
mentioned for July and August was carried out by 
two research vessels equipped with driftnet and 
longline gear in the Pacific Ocean north of 46°N and 
in the Bering Sea west of 1 76°E. 

Sockeye salmon were distributed throughout the 

TABLE 9. Number of fish caught per tan of driftnet (mesh size : 115 mm and 121 mm) at the stations which showed 
high density of distribution in the southeastern Bering Sea, 1967. 

Date 

6/25 
6f28 

Location 

56°55'N, 16~00'W 

57°00'N, 166°00'W 

Sockeye 

22.4 
13.1 

Chum 

3.8 
0 .6 

Pink 

0.1 

+ 

Coho Chinook 

0.1 

TABLE 10. Number of salmon released from March to September, 1967. 

Area Sockeye Chum Pink Coho Chinook 

Northwestern Pacific Ocean (west of 1700E) 194 I ,025 5,893 15 
Central North Pacific Ocean (170°E-165°W) 407 522 305 39 
Western Bering Sea (west of 175°W) 169 275 2 
Okhotsk Sea 17 16 

Total 770 1,839 6,215 55 3 

TABLE II. Recoveries of Japanese tagged salmon by area (up to March 1968). 

-- ----~=--·---

Recovery area 

Central Western 
NW Pacific North Bering Sea North 

(West of Pacific (West of Unknown Asian American 
Release area 170°E) (170°E- 165°W) 175°W) (offshore) coast coast 

------- ------
Sockeye 

NW Pacific 22 II 

(%) (66 . 7) (33. 3) 
Central North Pacific 5 16 6 3 18 

(%) (10.4) (33 .3) (12.5) (6 .3) (37 .5) 

Total 27 27 6 3 18 
----·--------------

Chum 
NW Pacific 46 5 I 4 

(%) (88 .5) (9.6) (1.9) 
Central North Pacific 10 10 2 

(%) (45.5) (45 .5) (9 . 1) 
Total 56 15 3 4 

-----------·-··· 

Pink 
NW Pacific 135 4 15 

(%) (90.0) (10.0) 
Central North Pacific 4 4 I 

(%) (44.4) (44.4) (II. I) 
Total 139 4 I 4 15 

Total 

26.4 
13.8 

Total 

7,127 
1,274 

448 
33 

8,882 

Total 

33 

48 

81 

56 

22 

78 

154 

9 

163 
---- ·---- ------ - ····---------------- ------------------------

Colw 
Central North Pacific I 

(%) (100.0) 
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waters north of 50°N, and somewhat dense groups 
were encountered towards the Kamchatka Peninsula 
(Figure 8). These sockeye salmon were mostly im
mature fish, with gonad weights less than 20 g-the 
majority had gonads less than 10 g-and were age .1 
or age .2 fish. 

Chum salmon were distributed widely in the area 
covered by the research vessels, as were sockeye salmon 
(Figure 8). Judging from gonad weights, almost all 
of these fish were immature, but at the end of September 
some large well-matured males and females (more than 
60 em in body length) with gonads weighing more 
than 200 g were caught in the waters around the 
Komandorski Islands. 

No substantial catches of pink or coho salmon were 
made. 

Chinook salmon were distributed widely in low 
density, and were all small, immature fish, less than 
age .3. 

d. Research in the Eastern Bering Sea 

Distribution studies and oceanographic observations 
by one research vessel equipped with driftnet gear 
were made in the Bering Sea east of l78°W and south 
of 59°N, from mid June to early July. In addition, 
another cruise from the end of July to mid August 
covered the area east of 180° and north of 60°N, 
including waters around St. Lawrence Island, Norton 
Sound, and Anadyr Bay, for the same purpose. 
Moreover, comprehensive oceanographic observations 
including water temperature, salinity, oxygen, and 
nutrient salt measurements, were carried out along 
178°W from 48°N to 59°N. (Figure 9.) 

Sockeye salmon were distributed widely in fairly 
high density in the southeastern Bering Sea from mid 
June to the end of the month (Figure 9). Notably, 
more than 13 sockeye per tan* were caught at two 
stations east of 166°W around 57°N in late June 
(Table 9). Chum salmon and pink salmon also were 
observed in this area. The highest catch per tan of 
chum salmon was 3.8; for pink salmon it was less 
than 1.0. 

Chum salmon were distributed (about 0.6 fish 
per tan) in the northeastern Bering Sea in early and 
mid August. However, the density of sockeye salmon 
and pink salmon were both very low (Figure 9). 

2. TAGGING 

In 1967, eight Japanese research vessels tagged 
8,882 salmon, including 770 sockeye, 1,839 chums, 
6,215 pinks, 55 cohos, and three chinooks, in the 
northwestern Pacific Ocean, the Bering Sea, and the 

* The tan used by research vessels in this area measured approx
imately 164 feet (50 m) at the float line. 

Okhotsk Sea, during the period from March to 
September. About 80% of these tagged fish were 
released in the northwestern Pacific Ocean west of 
l70°E (Table 10). 

Results of salmon tagging in the northwestern 
Pacific Ocean, the Bering Sea, and the Okhotsk Sea 
in 1967, with recoveries in offshore and coastal waters 
in the same year, can be summarized as follows : 
salmon of all species released in the northwestern 
Pacific Ocean (west of 170°E) were mostly recovered 
in the same area. Of tagged pink salmon released 
in this area, 15 were recovered on the Asian coast 
(Table 11). Of sockeye salmon released in the 
central North Pacific Ocean (170°E-l65°W), 33% 
were recovered from the release area, 13 % from the 
western Bering Sea, 10% from the northwestern 
Pacific Ocean, 6% from the Asian coast, and 38% 
from the coast of Alaska. Chum salmon and pink 
salmon were recovered about 45% each from the 
release area and from the northwestern Pacific Ocean. 
(Table 11.) 

The information from these recoveries affirms the 
salmon distribution and migration known from pre
vious results. Some chinook salmon released as 
immature fish in the western Bering Sea in 1965 were 
recovered as mature fish from the Yukon River and 
from Bristol Bay in 1967 (Figure 10). 

3. OcEANOGRAPHY 

A. Oceanographic Conditions of the Western 
Subarctic 

In late May, waters with surface temperatures 
lower than 4°C (4°C marks the initial operations of 
motherships) were spread southeast of the Kamchatka 
Peninsula and the northern Kuril Islands. This 
area was narrower than in the same period of 1966 
(Figure 11). The 10°C isotherm was located slightly 
more to the north than in 1965 or 1966. 

Seasonal increases in water temperature in 1965, 

SSN 

170E 

FIGURE 10. 
1967. 
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FIGURE II. Distribution of surface temperature (4°C, 10°C), May 21 to 25, Jq65-1967. 
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FIGURE 12. Annual fluctuations in 5-day mean surface temperature, 1965, 1966, and 1967, and 1958- 1966 average. 
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1966, and 1967 in the central area of the mothership 
fleet operations (167°E-168°E, from 51 °N to 52°N and 
from 47°N to 48°N) are compared with the 1958-1966 
average in Figure 12. In late May 1967, surface 
water temperatures were the same or slightly higher 
than the 1958-1966 average. Water temperatures 
increased more rapidly in 1967 than the 1958-1966 
average or than in 1965 and in 1966: from late 
May to mid July, water temperature increases ex
ceeded the average by about 10 days. Although our 
observations in 1967 are limited to May-early June 
in the area from 47°N to 48°N, water temperatures 
also were increasing at a higher trend than in either 
1966 or the 1958-1966 average (Figure 12). 

In the horizontal distribution of water temperature 
at 100-m depth (Figure 13), it is noticed that a band 
of cold water (less than 2°C) extended to the east 
as far as 174°E between the Alaskan Stream and the 
Subarctic Boundary. A tongue of cold water like this 
was not observed in 1966. A warm water mass 
(higher than 3°C) around the Aleutian Islands ex
tended to the west at 50°-52°N. This water mass 
was cut off at its western extremity, forming a fairly 
wide water mass around 165°E. A cold water mass 

55H 

50H 

45H 
2 

) 
2 

150E 

150E 

. , 
0 

170E 

(less than 1 °C) was observed in the area east of Urup 
Island. This mass perhaps originated from very 
cold water that had cooled during winter in the 
Okhotsk Sea and extruded to the Pacific Ocean, 
passing through some channel in the Kuril Islands 
(Figure 13). A similar cold water mass (less than 
1 °C) in the area east of the Kuril Islands had been 
observed partly in 1965 and 1966, but not in 1963 and 
1964. 

While the tendency of water temperatures at 100-m 
depth in 1967 was to be colder than usual, surface 
water temperatures tended to be higher. This high 
surface water temperature perhaps was caused by the 
effects of meteorological conditions in the North Pacific 
Ocean in 1967, that is, by deviation in travelling 
courses of low pressures related to the blocking 
phenomenon of Aleutian high pressures. 

II. KING CRAB INVESTIGATIONS IN 
THE EASTERN BERING SEA 

In 1967 the king crab mothership fishery operated 
on the same scale as in previous years, with two 
fleets, the Tainichi-maru and the Keiko-maru. 

Records of daily operations, biological measure-

180 170W 

60H 

45H 

8 

180 170W 

FIGURE 13. Distribution of temperature (°C) at 100 meters depth, summer 1967, 
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ments of catch and recovery records for tagged crabs 
were collected, and tagging experiments were carried 
out for commercial-sized male crabs on each mother
ship. As a basic investigation of tagging experiments 
of the Tainichi-maru, recovery rate of tags recaptured 
was examined, and test of tagged crab survival was 
made by using sinking culture pot. 

A research vessel, the Kumamoto-maru No. 2, was 
engaged in investigations during the period from May 
1 to July 10. A basic experiment on the relationship 
between soaking time and the number of crabs caught 
by tanglenets, oceanographic observations, bottom 
and benthos sampling, and tagging were carried out 
on this cruise. 

In the soaking time experiment the number of crabs 
caught increased with the duration of soaking time, 
having asymptotic value, within a limited range. If we 
convert the number of small male (under 130 mm in 
carapace width) and female crabs caught into the 
number of large males, the relationship of number of 
crabs caught and the duration of soaking time is 
expressed by the following monomolecular reaction 
equation, 

Ct=Cma:r: (1-e-kt) 
where: C1 =number of crabs caught per unit of 

tanglenet after t days of soaking, 
Cmax=maximum number of crabs to be 

possibly attained by unit of effort 
(assumed as 100 of crabs in case of 
large male), 

t =soaking days, and 
k ='constant. 

The otter trawl operations conducted as a control 
experiment indicated that the daily catch of crabs in 
this area remained nearly constant. 

It seems that the effect of soaking time should not 
be ignored in consideration of tanglenet effort. 
Further study should be given to the problem of 
evaluating the effect of soaking time in tanglenet effort, 
since the catch per unit effort of tanglenet may not 
remain always proportional, as indicated by the results 
of the experiment. 

III. BOTTOMFISH RESEARCH IN 
THE BERING SEA 

1. STUDY OF COMMERCIAL CATCH AND RESEARCH 

ABOARD MOTHERSHIPS 

A. Outline of the Commercial Fishery 

There were 14 mothership fleets engaged in the 
bottomfish fishery in the Bering Sea in 1967. Al
though 228 catcher boats were licensed for these 
fleets, only 184 actually operated, i.e., 28 pair
trawlers, 70 Danish seiners, 31 trawlers, and 55 long
line-gillnetters. 

Fishing areas permitted to each fleet were exactly 
the same as in previous years up to the end of August ; 
however, these limitations were abolished on Septem
ber 1. 

Eleven independent trawlers operated under far 
seas trawl fishery licenses after September 1. 

For halibut fishing, the regulations formulated at 
the Thirteenth Annual Meeting of the International 
North Pacific Fisheries Commission in Vancouver 
(1966) were applied. 

B. Outline of Commercial Catches 

The total catch in 1967 (to the end of October) by 
14 fleets and 11 independent trawlers engaged in 
bottomfish fishing in the Bering Sea amounted to 
approximately 740,000 metric tons, a 310,000-metric 
ton increase over the same period of last year. The 
increase occurred in the catch of each species except 
Pacific ocean perch, the catch of which decreased 
by about 18,000 metric tons. The catch of pollock 
was more than doubled. Catch totals and percentages 
by major species are shown in Table 12. 

The catch of halibut in 1967 (January to October) 
amounted to 1,287 metric tons, about 300 metric 
tons more than last year. Out of this total, 1,167 
metric tons were caught by otter trawls, 81 metric 
tons by longlines, and 39 metric tons by pair trawls 
and Danish seines. The majority of the catch (1,200 
metric tons) was taken on the Bering Sea 'edge' 
grounds between 175°W to 180°. 

C. Research Aboard Motherships 

Each of the motherships and independent trawlers 
operating in the Bering Sea in 1967 was required to 

TABLE 12. Catch by species in the Bering Sea in 1967.1 

Catch 
Species (in metric tons) Percentage 

Halibut I ,287 0 .2 
Yellowfin sole 58,007 7.9 
Turbot 20,032 2.7 
Other flounders 14 ,020 1.9 
Pacific cod 30,591 4.1 
Pacific pollock 546,277 73.9 
Black cod 6,587 0 .9 
Pacific ocean perch 25 ,213 3 .4 
Other rockfishes 313 0.0 
Herring 32,879 4.4 
Other fishes 453 0.1 
Shrimps 3,288 0.4 

Total 738,957 
---

1 Figures are for the period from January to the end of Octo
ber 1967. Final catch in 1967 (January to December) will 
be reported in the 1967 Statistical Yearbook. 
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r ABLE 13. Size composition of halibut caught in 1967 by 
the mothership bottomfish fisheries in the Bering Sea, by 
5° bands of longitude (in number of fish). 

Fork 
length 
(em) 

45- 50 

- 55 
- 60 
- 65 
- 70 
- 75 
- 80 
- 85 
- 90 
- 95 
- 100 
- 105 
- 110 
- 115 
- 120 
- 125 
- 130 
- 135 
- 140 

Total 

Stat. 
no. 

I 
2 

3 
4 

5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Longline 

Northwestern Bering Sea 

165°E- I70°E- I75°E-
1700E I75°E 180° 

12 II 38 
14 45 40 
17 64 49 
7 76 33 

II 78 33 
13 39 21 
6 24 10 
2 6 7 

5 10 
4 

2 
4 

83 350 250 

Sarichef-Navarin edge 

180°- 175°W-
1750W 170°W 

5 8 
24 8 
21 7 
33 8 
32 7 
35 
47 
40 
42 
18 
II 
5 
5 

319 39 

TABLE 14. Record of trawling operations in the 
Bering Sea by the Japanese research vessel 
Nisshin-maru No. 51, 1967. 

Date 

7/10 

7/11 

7/12 

7/13 

7/10 
7/11 

7/12 
, 

7/13 

7/14 

Lat. 
(oN) 

54-52 
55-07 
55- 26 
55- 39 
55-53 
56-07 
56-22 
56- 37 
56-52 
57-08 
57- 23 
55-23 
55-57 
56- 25 
56-40 
56- 56 
57-08 
57- 25 
57- 39 
56-54 
57-08 
57- 24 

Location 

Long. 
(oW) 

165-14 
164-46 
164-15 
163-46 
163-16 
162-46 
162-17 
161-45 
161 - 18 
160-47 
160- 13 
165- 16 
164- 13 
163- 15 
162-43 
162- 17 
161 - 49 
161- 12 
160-44 
163- 17 
162-46 
162- 13 

Start 
time 

of trawl1 

0320 
0925 
1645 
0550 
0900 
1255 
0655 
1005 
0350 
0555 
0935 
1220 
0300 
1605 
1350 
1555 
1820 
1710 
1350 
1535 
1240 
1010 

Stat. 
no. 

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 
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 

Date 

7/14 
, 

7!26 

7/15 

7!16 

7/17 
7!16 

7/26 

7/18 
7/19 

7/19 

7/25 

7/19 
7/20 

, 
7!21 

, 
7/20 
7/25 
7/23 
, 

7/21 
7/22 
7!21 
7/20 
7f22 

, 
7/21 
7/24 
7/25 
7/23 
7/22 
, 

7/24 
, 

7/23 
7/24 

TABLE 14. Continued. 

Lat. 
(oN) 

57- 40 
57-53 
55- 53 
56-23 
56- 52 
57-D7 
57-27 
57- 37 
58-53 
57-DB 
57-22 
57-38 
57-53 
58-07 
56-23 
56-53 
57-22 
57-38 
57-52 
58-08 
58-22 
57-52 
58-07 
58-23 
58-37 
56- 53 
57- 22 
57-53 
58-05 
58-22 
58- 38 
58- 52 
58- 22 
58- 38 
58-53 
59-08 
57- 22 
57- 52 
58- 23 
58-37 
58-52 
59-08 
59- 21 
58-38 
58-52 
59-D6 
59-22 
57- 23 
57-52 
58- 22 
59-DB 
59-22 
57-53 
58-20 
58-52 
58-52 

Location 

Long. 
(oW) 

161 -47 
161 - 15 
166- 12 
165- 13 
164- 13 
163-48 
163- 17 
162-49 
162-14 
161-45 
164-15 
163-47 
163-12 
162-48 
167-14 
166-15 
165-15 
164-47 
164-15 
163-47 
163-14 
165-14 
164-47 
164-13 
163-45 
168- 15 
167- 15 
166- 13 
165-43 
165- 14 
164-48 
164- 16 
166- 13 
165-46 
165- 14 
164-45 
169- 15 
168- 12 
167- 15 
166-47 
166- 16 
165-47 
165- 14 
167-47 
167- 14 
166-47 
166- 16 
171 - 15 
170- 14 
169- 14 
167-48 
167- 12 
171 -45 
171 - 15 
170- 13 
171 - 15 

Start 
time 

of trawJl 

0700 
0350 
1345 
0820 
0355 
0650 

1025 
1225 
0720 
0355 
1325 
1655 
1340 
1005 
1845 
0315 
0345 
0655 
1035 
1335 
1630 
1415 
1120 
0655 
0340 
1420 
1910 
1735 
0345 
0615 
0915 
1225 
1525 
1225 
0910 
1510 
0900 
0800 
0315 
1825 
0345 
0610 
1745 
1855 
1530 
0650 
0345 
1800 
0320 
1240 
1220 
0925 
1240 
0745 
1745 
0315 

1 Each haul was of approximately 30 minutes duration. 



Stat. 
no. 

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 

TABLE 15. Catch (in kg) records by station and by species in trawl operations of the Japanese research vessel Nisshin-maru No. 51 in the Bering Sea, 1967. 
Each haul was of approximately 30 minutes duration. 

Total 

85.7 
278.6 
167.3 

I, 137.4 
2,288.4 

572.7 
696.0 

I ,207 .5 
5,946.9 

170.8 

9,919.9 
123.7 
197.3 
801.1 

I, 105.4 
747.3 

I ,564.5 
I ,650.9 
1,526.0 
3,807.3 

506.0 
6,552.5 

226.2 
307.4 
126.4 
995.9 

1,702.6 
3,924.4 
7,906.5 

545.4 

325.6 
341.5 
957.6 

I ,213.3 
201.3 
377 .I 
193.1 

I, 127.8 

Yellow
fin 
sole Turbot 

0 
64.7 
29.4 

147.0 
91.3 
80.5 

211.5 
188.4 
40.9 
30.4 

6.4 
0 

47.2 
45.4 

298.0 
294.0 
187.2 
260.2 
514.5 
476.3 

270.6 
205.8 
116.0 
253.1 

0 
66.2 

169.7 
514.5 
661.5 
267.9 

235.2 
205.8 
316.1 
558.6 
147.0 
294.0 

0 
220.5 

42.7 
42.7 
35.4 
55.1 
11.2 
12.0 
12.3 
16.8 
14.2 
3.1 

0 
69.4 
17.0 
1.2 

10.3 
15.7 
10.7 
5.0 
0 

14.1 

4.0 
7.6 
0 
0 

24.9 
5.5 
3.2 
8.8 

16.4 
1.5 

0 
0 
2.2 
0 
0 
0 

27.4 
9.0 

Other Pacific 
Rock Bering Alaska R. hippo- flat- Pacific Pacific ocean Other Pink 
sole flounder plaice Halibut glossoides fishes Blackcod cod pollock perch Herring fishes shrimp Others 

11.4 
20.7 
4.7 
8.9 
0.5 
0 

38.1 
34.6 
5.5 
5.6 

4.7 
0 

20.7 
2.4 
5.9 

20.2 
5.3 
7.7 

91.8 
1.5 

2.0 
1.5 

20.6 
7.2 
0 
0 
0 
1.6 

17.9 
8.0 

17.7 
44.4 
1.2 
3.7 

6.4 
30.7 
0 

14.9 

0 
68.7 
13.1 

136.2 
7.7 
4.1 

10.6 
15.8 
5.2 
2.8 

1.0 
20.0 
40.4 
0 
8.3 

41.4 
16.2 
14.7 
1.6 

40.4 

18.2 
2.0 
6.8 
3.4 

22.7 
53.1 
15.7 
63.1 
12.2 
12.8 

24.2 
0.2 

12.0 
5.2 

10.5 
11.4 
29.0 
13.1 

0 
0 
0 
1.3 
2.3 
2.4 
1.6 

29.4 
0.4 
0.2 

0 
0 
4.5 

14.9 
3.9 

30.4 
10.7 
5.9 
7.7 

13.9 

17.7 
0.2 

20.3 
6.4 
0 
4.4 

14.7 
36.1 
10.9 
13.5 

14.7 
10.5 
12.0 
9.3 
4.4 
1.1 
0 
2.9 

0 
0 
0.4 
0 
0 
0 
0 
0 
1.2 

10.3 

3.9 
0 
0 
0 

15.0 
0 
0 
5.7 
9.8 
0 

0 
3.9 

10.3 
22.7 
0 
0 
0 
0 

20.2 
14.5 

10.7 
17.0 
0 

10.5 
17.7 
26.2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
8.8 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0.6 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
6.9 

0 
2.2 
0.9 
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 

1.2 
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 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

3.7 
0.7 
0 
0 
0 
0 
4.4 
5.8 

71.8 
63.1 

214.3 
0 
0.3 
4.5 
0.7 

42.4 
33.4 
25.2 
86.4 
38.4 

9.2 
89.8 
19.2 
4.2 
1.4 
7.4 

17.6 
16.4 
58.8 
49.9 

0.2 
10.4 
5.8 

33.6 
6.0 
2.7 
0 

24.2 

19.9 
60.6 
75.7 

566.0 
I ,909.6 

409.7 
385.4 
886.6 

5,783.4 
49.4 

9,684.4 
10.2 
58.1 

722.5 
747.3 
228.1 

1,295.8 
1,319.5 

781.1 
3,205.4 

104.1 
5,592.4 

21.2 
2.0 

61.4 
852.5 

I ,473.1 
3,150.8 
7,092.8 

169.7 

2.2 
0 

545.6 
347.8 

2.8 
0 

136.4 
818.4 

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 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

211.5 
264.4 
44.0 
20.7 
29.3 
21.7 
0.4 

0 
0 
0 
0 
0.4 

66.1 
0.2 
0 
0 
0 

72.4 
647.3 

0 
0 
0 
0 
0 

52.9 
0.4 
0 

0 
0 
0.2 

237.0 
0 
0 
0 
0 

8.0 
18.3 
7.7 

11.4 
1.4 

20.0 
11.4 
0.8 
2.6 
5.5 

5.2 
15.1 
9.1 
1.4 

15.6 
9.0 
5.0 
7.0 

33.1 
17.3 

7.8 
2.0 

11.8 
8.4 

16.0 
6.2 
8.6 

80.2 
15.4 
7.6 

19.5 
53.2 
62.5 
7.6 
6.5 

11.0 
0.3 

17.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
9.0 
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 

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 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
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make biological investigations, including body length 
measurements, once each day for the major species 
in its catch, and to collect materials for age determina
tions of some important species. For halibut, biologi
cal measurements were made on 1,041 longline-caught 
samples (Table 13). 

2. RESEARCH BY RESEARCH VESSEL 

A. Outline of Research Activities 

The side-trawler Nisshin-maru No. 51 (263 g.t., 
550 h.p.) was chartered by the Fisheries Agency as a 
research vessel in 1967. Studies were carried out for 
80 days during .June to September, and the emphasis 
of this research was placed on trawl fishing at stations 
on the southeastern Bering Sea flats and tagging of 
halibut and blackcod caught by longlines in the Cape 
Navarin area. The results are now undergoing 
detailed analysis, but can be outlined as follows. 

B. Trawling Operations 

These operations were conducted, as was the case 
in 1966, for the purpose of obtaining information on 
the biotic community and seasonal variation of halibut 
distribution, and other biological information neces
sary for the study of bottomfish resources. In a 
similar manner as the 1966 research, 78 stations were 
occupied systematically on the southeastern Bering 
Sea flats ; a 30-minute trawl haul was made at each 

station. The locations of these stations are shown in 
Figure 14, and a record of each operation and the 
catch by species at each station are shown in Tables 
14 and 15, respectively. The trawl net used in this 
research was the same as that of previous years, and 
the selectivity features of the gear therefore are the 
same as in previous years. 

The number of halibut smaller than 66 em in fork 
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FIGURE 16. Japanese halibut tagging areas and numbers 
tagged, 1967. 

FIGURE 17. Recoveries of tagged halibut by Japanese vessels in 1967. 
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length and the average lengths of halibut caught in 
each 30-minute trawl operation are shown in Figures 
14 and 15, respectively. It is noted that the highest 
density of young halibut in July is limited to the shallow 
waters near Bristol Bay and Cape Newenham, and 
also that in this season the density of young halibut 
is extremely low in the waters north ofUnimak Island 
and the central shallow part of the continental shelf, 
where high density of young halibut was observed in 
the 1966 cruise, which took place in the spring. In 
relation to the distribution of other bottomfish, young 
halibut were distributed in more shallow waters than 
were yellowfin sole or pollock. 

3. TAGGING 

A. Halibut Tagging in 1967 

Halibut tagging was carried out mainly in the 
waters around Cape Navarin, the same area of opera
tion as in previous years (Figure 16). Halibut for 

tagging were caught by the research vessel Nisshin
maru No. 51, using longlines. Because of the lateness 
of the season, few halibut were taken by the longlining 
operations, and only 136 were tagged and released. 
Strap tags of compound metal were used, as in 
previous years ; they were affixed to the halibut's 
opercle on the eye side. 

B. Recoveries of Tagged Halibut 

In 1967, Japanese vessels recovered and reported 
27 tagged halibut which had been released either by 
Japan or by the International Pacific Halibut Com
mtsston. Release and recovery positions for 16 of 
the 27 recoveries are illustrated in Figure 1 7 ; these 
recoveries are of halibut tagged by Japan. Although 
observed in only one recovered halibut, a movement 
from the southeastern Bering Sea flats to the northern 
Bering Sea extends our previously-known knowledge 
of halibut migration. 
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INTRODUCTION 

Research by the United States for the International 
North Pacific Fisheries Commission (INPFC) in 1967 
included studies on the distribution, relative abun
dance, and migration of salmon on the high seas and 
on the marine environment of salmon. Major 
emphasis was given to the initiation of tests of hy
potheses concerning the influence of oceanic features 
on the distribution of salmon. Other research in
cluded inquiries on: (I) growth and maturity 
schedules of salmon, (2) racial identification of sockeye 
and pink salmon by scale characteristics, (3) use of 

mothership catch-effort and biological statistics to 
forecast the size of sockeye salmon runs a few weeks 
before their entry into Bristol Bay, and (4) status of 
king crab stocks of the eastern Bering Sea. 

Progress on these and related investigations are 
summarized here. Studies on tagging and sampling 
were carried out by the Fisheries Research Institute, 
University of Washington, under contract to the 
Bureau of Commercial Fisheries (BCF). Scientists of 
the BCF Biological Laboratory at Auke Bay, Alaska, 
conducted field studies on king crabs. The remainder 
of the work was done by the Bureau's Biological 
Laboratory in Seattle, Washington. 

Some of the reports that follow are updated revisions 
of those presented by the United States at the 1967 
annual meeting of the Commission. 

TAGGING AND SAMPLING 

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

Tagging and sampling on the high seas in 1967 
consisted of four subprojects: (I) indexing abundance 

FIGURE I. Sampling and tagging areas- Commander and Storm, 1967. 
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and age composition of immature sockeye salmon 
near Adak Island, (2) sampling and tagging of juvenile 
salmon in the eastern Bering Sea, (3) sampling and 
tagging of juvenile salmon in the Gulf of Alaska, and 
(4) physiological studies of juvenile salmon. Vessel 
operations are outlined below and illustrated in 
Figure 1. 

Vessel and gear Dates 

Commander 
Purse seine June 13-24 

Area 

Unscheduled sta
tions, Seattle to 
Adak Island on lat. 
51°N 

Purse seine June 25-Aug. 15 South of Adak 
Island (area 8050) 
including joint 
fishing with BCF 
vessel George B. 
Kelez 

Purse seine Aug. 16-Sept. 15 Eastern Bering Sea 
(emphasis on juve
nile salmon) 

Purse seine Sept. 16-0ct. 5 Unscheduled sta
tions, Bering Sea 
to Seattle (empha
sis on juvenile 
salmon along 

Storm 
Purse seine July 1-0ct. 25 

shore) 

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

INDEXING ABUNDANCE OF SocKEYE SALMON IN THE 

ADAK IsLAND AREA 

Our primary objective near Adak Island was to 
obtain an index of the abundance and age composi
tion of immature sockeye salmon on which to base a 
forecast of the 1968 run to Bristol Bay. Secondary 
objectives were: (1) to tag immature sockeye salmon 
as an aid to later identification of their area of origin 
and (2) to make a series of seine sets alongside the 
gillnets of the BCF vessel George B. Kelez to compare 
the efficiency of the two types of gear. 

The Commander operated south of Adak Island from 
June 25 through August 13. The catch and tagging 
totals are given in Table 1. As in previous years, 
immature sockeye and chum salmon migrated west
ward along the south coast of Adak Island during the 
entire period of sampling. The abundance of sockeye 
salmon was fairly uniform throughout the season ; 
the average catch per set was 76 (22 sets) from June 25 
throughJuly 14 and 71 (29 sets) from July 15 through 
August 13. The catch of 2,659 immature sockeye 
salmon consisted of 1,971 (74 percent) age .1 and 688 
(26 percent) age .2 or older1• These data will be 

1 Scales were used to determine age of salmon and age designations 
in all sections of the report on United States research follow 
the formulas of Koo (1962). The number of winters at sea is 
shown by an Arabic numeral preceded by a dot; similarly, the 
number of winters that the salmon spent in fresh water (not 
counting the winter the egg was in gravel) is shown by an Arabic 
numeral preceding a dot. Both are shown by two Arabic nu
merals separated by a dot. An age designation of 1.2 corre
sponds to age 42 in the formula of Gilbert and Rich (1927) 
that was used previously in reports on United States research. 

TABLE I. Numbers of salmon and steelhead trout caught and tagged in 1967, by subproject. 

Species of salmon or trout 
---

Subproject Sockeye Chum Pink Coho Chinook Steelhead Total 

Adalc area indexing 
(55 sets) 

Number caught 3,786 10,534 241 16 51 5 14,633 
N urn ber tagged I ,881 228 200 5 21 0 2,335 

Eastern Bering Sea sampling of juveniles' 
(25 sets) 

Number caught 3,016 55 120 67 2 0 3,260 
Number tagged 778 17 2 35 I 0 833 

Gulf of Alaska sampling of juveniles• 
(108 sets) 

Number caught 4,330 3,952 18,104 1,728 198 II 28,323 
Number tagged 500 714 2,191 715 65 7 4,192 

Grand total caught II ,132 14,541 18,465 I ,811 251 16 46,216 
Grand total tagged 3,159 959 2,393 755 87 7 7,360 

1 A few mature fish included. 
2 A few mature fish included ; a few sets were made south of the Alaska Peninsula and Unalaska Island. 
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NUMERALS INDICATE NUMBER OF 
JUVENILE SOCKEYE SALMON IN CATCH 

160 w 
FIGURE 2. Catches of juvenile sockeye salmon in the eastern Bering Sea and vicinity during August and September 1967. 

incorporated in a consolidated forecast issued by the 
Alaska Department of Fish and Game. 

Chum salmon were very abundant during the early 
part of the season, but declined after mid-July. From 
June 25 to July 14, the average catch per seine set 
was 446 (22 sets) ; from July 15 through August 13, 
the average was 24.2 (29 sets). A high abundance 
during the earlier period was particularly demon
strated by the four highest seine catches, which were 
as follows: 

Date Set No. Chum Salmon Catch 

June 29 C 13 1,078 
July 1 C 16 1,202 
July 2 C 19 1,919 
July 12 C 29 2,588 

In eleven previous years of intensive semmg in the 
area we caught over 1,000 chums in only two sets: 
1,002 in 1962 and 1,039 in 1965. About 67 percent 
were age .1 and 33 percent were age .2 or older. 

Few pink salmon were taken in 1967; probably 

our operations near Adak Island began after most 
fish had left the area. 

SAMPLING AND TAGGING OF JuvENILE SocKEYE SALMON 

IN THE EASTERN BERING SEA 

The objective of this subproject was to study the 
summer distribution, abundance, migration, and 
growth of age .0 salmon of all species in the eastern 
Bering Sea. The Commander fished a number of 
stations in the eastern Bering Sea and south of the 
Alaska Peninsula between August 1 7 and September 
18 (Fig. 2). The distribution of catches indicates 
that juvenile sockeye salmon in the Bering Sea were 
mainly east of long. 164°W even as late as September. 
They apparently were distributed farther north than 
in July and August of 1966, when they were taken 
only in a narrow belt near the north side of the Alaska 
Peninsula. 

A specimen that had been spray-dyed as a smolt 
in the Ugashik River between May 29 and June 3 by 
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biologists of the Auke Bay Biological Laboratory of 
the BCF was recaptured September 7 at lat. 55°36'N, 
long. l62°57'W. It was among 970 specimens 
examined under ultraviolet light out of a catch of 
2,039. The mean fork length of juvenile salmon at 
this time was about 17-18 em and the frequency 
distribution was sharply unimodal. 

Seining south of Unalaska Island between August 
29 and September l yielded small numbers of juvenile 
sockeye salmon (Fig. 2), but their large size (average 
fork length, 24-25 em) suggested that they were not 
from Bristol Bay. Juvenile fish caught south of the 
Alaska Peninsula and Unimak Island were intermedi
ate in length (average, 20 em). Scales from all samples 
of age .0 fish are being examined to identify their 
source. 

Juvenile chum and pink salmon were few in number 
in the eastern Bering Sea but were more numerous 
south of the Alaska Peninsula. Juvenile pink salmon 
were not taken in 1966 or 1962, probably because of 
the pronounced even-year cycle of mature pinks in 
the Bristol Bay area. 

A new type of molded plastic internal anchor tag 
was used in 1967 on the juvenile salmon in the Bering 
Sea (Thorson, 1967). In preliminary tests on trout 
in fresh water, we found that this tag could be applied 
rapidly, that it was retained well, and that the rate 
of return over a 5-month period was comparable with 
that of disc tags (Dell, 1968). The tags appeared 
satisfactory on the juvenile salmon at sea, but we 
must await future returns to compare their efficiency 
with that of tags used previously. 

SAMPLING AND TAGGING OF jUVENILE SALMON IN THE 

GULF OF ALA~KA 

The main objective of this subproject was to study 
the distribution, abundance, migration, and growth 
of age .0 salmon of all species during their early ocean 
residence along the coast of the Gulf of Alaska. 

Secondary objectives were to compare several types 
of tags designed for young salmon and to study the 
feeding habits of juvenile salmon. Data on migration 
are derived from: (l) relation of catches to direction 
of set of purse seine, (2) tag returns, (3) scale features, 
and (4) morphometric, meristic, and parasitic studies 
of specimens returned to the laboratory. 

The Storm fished a series of coastal stations between 
the Strait of Juan de Fuca, Washington, and Yakutat, 
Alaska, from July l through October 25. The 
Commander made six sets in the southern part of the 
area (June 13 to 15) while en route to Adak Island; 
it then made seven sets between Kodiak Island and 
Vancouver Island while en route to Seattle in late 
September and early October. Numbers caught and 
tagged are shown in Table l. 

Juvenile fish of all species were again migrating 
generally northward along the coast throughout the 
area and period of sampling. A record catch for 
inside waters--4,857 juveniles (over 95 percent pink 
salmon)-was made in Dixon Entrance on August 
17 ; a record catch for outside waters-3,942 juveniles 
(197 sockeye, 1,055 chum, 2,670 pink, and 20 coho 
salmon)-was made off Chichagof Island on August 
28. 

TAG RETURNS 

Because our objective in 1967 was to sample and 
tag immature salmon, the only mature fish tagged 
were those caught incidentally. Releases in 1967 
yielded 225 returns (27 sockeye, 5 chum, 136 pink, 
53 coho, and 4 chinook salmon) through January l, 
1968, nearly all of which were from the eastern coast 
of the Gulf of Alaska. Return data for the two major 
areas of release are listed in Table 2 ; detailed 
release and recovery data are listed in IBM tables 
and have been sent to the appropriate agencies of 
Japan and Canada. One sockeye salmon tagged 
near Adak Island was recovered at Port Moller, on 

TABLE 2. Number and percentage of tag returns from salmon and steelhead trout released in 1967. (Broken down by 
two general areas of release and by preliminary maturity data.) 

Aleutian Islands and Gulf of Alaska Bering Sea 
--- ---

Species of salmon or trout and Number Number Percent Number Number Percent 
maturity classification tagged returned returned tagged returned returned 

Sockeye (mature) 31 I 3.2 81 26 32 . 1 

Chum (mature) 24 0 0.0 125 5 4.0 
Pink (mature) 205 3 1.5 615 133 21.6 

Coho (mature) 7 0 0.0 153 39 25.5 

Coho (immature) 60 0 0 .0 535 14 2.6 

Chinook (combined mature & immature) 25 0 0.0 62 4 6.5 

Steelhead (combined mature & immature) 2 0 0.0 5 0 0.0 

Total 354 4 1.1 I ,576 221 14.0 
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FIGURE 3. Returns in 1967 of six sockeye salmon tagged as age 
. 1 immature in 1966 near Adak Island. 

FIGURE 4. Returns in 1967 of six sockeye salmon tagged as age 
.2 immature in 1966 near Adak Island. 

FIGURE 5. Returns in 1967 of six sockeye salmon tagged as age 
. 1 immature in 1965 and one tagged in 1964 near Adak Island. 

the north side of the Alaska Peninsula. The three 
pink salmon, also tagged near Adak Island, were 
recovered by the high seas fleet in the Bering Sea near 

FIGURE 6. Returns in 1967 of chum salmon tagged as immature 
fish-three in 1966, two in 1965, and one in 1963 . 

lat. 58°N, long. 175°E and thus presumably were 
en route to East Kamchatka. More data on 1967 
recoveries of chum and pink salmon in Asian coastal 
waters may be received in the future. 

Most recoveries from the Gulf of Alaska were from 
coastal areas adjacent to the areas of release and 
exhibited no new features of migration. Variation 
in the rates of return probably reflect the intensity 
of the fisheries in the various areas of release and for 
the several species. 

All 14 of the coho salmon tagged and recovered 
as juveniles were tagged with disc tags, and were 
recovered in purse seines and gillnets near the area 
of release. These returns again demonstrate the 
vulnerability of salmon of any size to nets when the 
fish are tagged with disc tags. In contrast, no juvenile 
coho salmon tagged with Carlin or Dennison tags 
were recovered. The four chinook salmon that were 
recovered (also near the points of release) were age .I 
and probably immature. 

The returns in 1967 of salmon tagged as immature 
fish in the Aleutian area are illustrated in Figures 3- 6. 
All but one of six sockeye salmon tagged as age .1 
immature near Adak Island in 1966 were still im
mature at recovery in 1967 (determined by gonad 
weight) ; the recovery locations (Fig. 3) indicate the 
distribution of this group as immature age .2 fish 
about one year after they migrated past Adak Island 
in the summer of 1966. Evidence of such distribu
tion is of course limited to areas and times fished by 
the Japanese mothership fishery. Additional returns, 
including some from coastal waters, may be expected 
in 1968, when most of the fish should be maturing . 
The fact that only one of six fish recovered at sea in 
1967 was maturing and that none was recovered in 
coastal fisheries suggests that relatively few of this 
group matured in 1967. 

The 297 immature sockeye salmon of age .2 tagged 
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near Adak Island in 1966 yielded four returns from 
the high seas and two from Bristol Bay in 1967 (Fig. 4). 
The average return rate in 1967 was 2.0 percent 
(6 of 297) ; but because all six were from releases on 
June 27 and 28, the return rate was 18.8 percent 
(6 of 32) for fish tagged on those dates and nil for the 
remaining 265 releases made between June 5 and 
August 5, 1966. The reasons for such great varia
tion in rates of return are unknown. Dates and 
locations of recovery of high seas returns suggest that 
they were destined for Bristol Bay, but continent of 
origin is uncertain. 

Six fish were recovered from sockeye salmon tagged 
as age .1 immature near Adak Island in 1965 and one 
from tagging in 1964 (Fig. 5) ; five were from the 
high seas and one each from Kodiak Island and the 
Skeena River, B.C. The recovery dates and locations 
of two of the high seas recoveries (June 20 and July 
6, southwest of the Komandorskiy Islands) suggest 
that the fish were destined for Asian rivers ; the other 
three high seas returns were probably bound for 
Bristol Bay. The Kodiak and Skeena River recoveries 
suggest that more than the usual number of fish were 
of Gulf of Alaska origin near Adak Island in 1965 ; 
we had only eight such returns before 1967. The 
fact that recoveries in 1967 outnumbered recoveries 
in 1966 by 6 to 1 is unusual and suggests that most of 
the age .1 fish tagged in 1965 did not mature until 
1967, a situation similar to that already suggested 
for the age .1 fish tagged in 1966. The fish tagged 
in 1964 may be cited as a more normal annual distribu
tion of returns from age .1 immature fish released 
near Adak Island. Of3,677 released, 33 (0.9 percent) 
were recovered in 1965, 14 (0.4 percent) in 1966, and 
1 (0.03 percent) in 1967. In addition, 128 (3.5 
percent) were recovered by the mothership fleet in 
the year of tagging, but these removals probably did 
not bias the annual proportions thereafter. Further
more, all high seas returns in 1965 for which gonad 
data were available (seven of nine) were maturing 

FIGURE 7. Returns in I 967 of four sockeye salmon tagged as ju
veniles in 1965 and two pink salmon tagged as juveniles in 1966. 

fish ; thus the annual recovery rates apply to maturing 
fish in 1965, 1966, and 1967. 

The foregoing data suggest that the Bristol Bay 
forecasts, based on the 1965 and 1966 purse seine 
indexing near Adak Island, may have been biased 
by two factors: (I) an unusually low proportion of 
age .I fish that matured at age .2, and (2) in 1965 
at least, an unusually high influx of fish from the Gulf 
of Alaska and Asia. The actual proportions of the 
1965 fish that matured in 1966 and 1967 may be 
estimated from the age composition of the Bristol 
Bay run which consisted of 5.0 million fish of age .2 
in 1966 (Ossiander, 1967) and 3.4 million of age .3 
in 19672• Since these age ratios are about average, 
the abnormal annual tag return from 1965 was 
probably due to the presence of non-Bristol Bay fish 
in the index samples or to bias due to small numbers. 

The recovery distribution in 1967 of six immature 
chum salmon tagged in 1963, 1965, and 1966 near 
the central Aleutian Islands is illustrated in Figure 6. 
The few fish for which maturity data were available 
were mature at recovery. 

Several tags were returned in 1967 from salmon 
that were released as juveniles (age .0) in the Gulf 
of Alaska in 1965 and 1966. Four sockeye salmon 
tagged in 1965 (at lengths of 19 to 21 em) were 
recovered in 1967 in the coastal fisheries of British 
Columbia and Washington (Fig. 7) ; one had been 
released near Prince William Sound on August 9 and 
three had been released off the northern part of 
southeastern Alaska on August 26. Such returns 
demonstrate that juvenile sockeye salmon also migrate 
rapidly northwestward along the coast as proven 
previously for pink and coho salmon. Additional 
sockeye salmon may be recovered in 1968 as age .3 
fish. 

Figure 7 also illustrates the release and recovery 
locations for two pink salmon tagged in 1966 as juve
niles and recovered in 1967. The general principle 
of a northwestward migration of juvenile pink salmon 
was shown by five returns (from southeastern Alaska) 
in 1966 from the 1965 tagging ; the two returns in 
1967, however, demonstrate much longer migrations. 
The recovery from the Salmon Banks area of Wash
ington shows that juvenile pink salmon from this 
vicinity can migrate as far as 58°N, a distance of about 
850 nautical miles, by August 12. At tagging, this 
specimen was 23.5 em long. The fish recovered in 
the Nass River was 20.0 em long when tagged on 
September 10. The 0.2 percent return rate is similar 
to that in 1966. 

2 Unpublished preliminary data from Alaska Department of Fish 
and Game and BCF. 
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TABLE 3. Summary of release and recovery data for U.S. tags received after the submission date of the 1966 INPFC 
Annual Report. 

Year Year Species of Number 
tagged recovered salmon or trout Area of release Area of recovery of tags 

1966 1966 Sockeye Gulf of Alaska South side Alaska Peninsula 
Cook Inlet 
Southeastern Alaska 3 
British Columbia 22 
Washington State 2 

Total 29 
1966 1966 Chum INPFC Area 8050 Hokkaido 5 

" 
Anadyr R., U.S.S.R. 1 

Gulf of Alaska Anadyr R., U.S.S.R. 1 
Southeastern Alaska 3 

Total 10 
1966 1966 Pink Gulf of Alaska Southeastern Alaska 19 

" 
British Columbia 19 

Total 38 
1966 1966 Coho Gulf of Alaska Kodiak Island I 

British Columbia 14 
Washington State 12 

Total 27 
1966 1966 Steelhead Gulf of Alaska British Columbia 1 

Total 
1965 1966 Sockeye IN PFC Area 8050 Bristol Bay I 

Total 
1965 1966 Chum INPFC Area 8050 Hokkaido 2 

" Southeastern Alaska 
Total 3 

1965 1966 Pink Gulf of Alaska Southeastern Alaska I 
Total 

1965 1966 Coho Gulf of Alaska Oregon coast 3 
British Columbia 
Columbia River 
Washington State 

Total 6 
1965 1965 Sockeye INPFC Area 8050 Bristol Bay I 

Gulf of Alaska Prince William Sound 
Total 2 

1965 1965 Pink INPFC Area 8050 High seas- Bering Sea I 
Gulf of Alaska Southeastern Alaska 

Total 2 
1964 1965 Chum INPFC Area 8050 East Kamchatka I 

Total 
1964 1964 Sockeye Gulf of Alaska British Columbia 2 

Total 2 
1964 1964 Chum INPFC Area 8050 Sakhalin I., U.S.S.R. 1 

Total 
1964 1964 Pink Gulf of Alaska Prince William Sound I 

British Columbia 1 
Total 2 

1963 1963 Pink Gulf of Alaska Southeastern Alaska I 
Total 

1962 1962 Pink Gulf of Alaska Cook Inlet I 
Southeastern Alaska I 

Total 2 
1961 1961 Pink Gulf of Alaska Southeastern Alaska 2 

Total 2 
Grand Total 131 
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FIGURE 8. Returns in 1967 of 16 coho salmon tagged as age .0 
immature in 1966, and of three steelhead trout tagged as age 
I .immature-one in 1966 and two in 1965. 

Returns of coho salmon in 1967 from age .0 juvenile 
fish released in 1966 are illustrated in Figure 8. These 
returns confirmed earlier data and added new informa
tion on movements near Kodiak Island and Cook 
Inlet, where two fish were recovered. The recovery 
in the Copper River of a coho salmon tagged near 
Yakutat indicates a southeastward movement before 
tagging, which opposed the trend of all other returns 
to date. As in 1965 and 1966, the lack of returns 
from Puget Sound and vicinity suggested that these 
stocks may not migrate as extensively as most others 
which originate between California and southeastern 
Alaska. The total rate of return from 1966 tagging, 
2.0 percent, was lower than that from operations in 
1964 or 1965, as shown below. 

Return rates of age .0 coho salmon tagged in the Gulf of Alaska 

rear Number Number recovered in: Percentage 
tagged tagged rear tagged rear tagged+ 1 return 

1964 554 8 8 2.9 
1965 1,062 I 46 4.4 
1966 I ,562 16 16 2.0 

LATE RECEIPTS OF TAG RECOVERY DATA 

A number of tags that were recovered in 1966 and 
earlier have been received since the 1966 Annual 
Report was submitted. Detailed data on such re
coveries were forwarded to the three participating 
countries and are summarized in Table 3, rather 
than mapped, because the information contributes 
nothing new on the extent of ocean migrations. 

PHYSIOLOGICAL STUDIES OF jUVENILE SALMON 

A floating laboratory was designed and built in 
1967 to aid in tagging large numbers of immature 
salmon and to study their physiological responses 
to the stress of capture, tagging, and certain environ
mental factors. Preliminary research was begun on 
osmoregulation-blood plasma ions in coho salmon 
smolts were found to take 30-40 hours to adjust to the 
change from fresh to salt water. In other preliminary 

FIGURE 9. Stations fished by the RV George B. Kelez, and water 
masses in the western Gulf of Alaska, January-March 1967. 
Water masses are defined in the section "Oceanography" in 
this report. 

experiments, injections of histamine into the blood 
stream of rainbow trout caused decreases in blood 
pressure and heart rate, loss of equilibrium, and 
death-symptoms somewhat like those seen in im
mature salmon after severe scale loss at time of capture 
for tagging. 
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OCEAN DISTRIBUTION, ABUNDANCE, 
AND MIGRATION OF SALMON 

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

In 1967 the distribution, abundance, and migration 
of salmon were studied in the western Gulf of Alaska 
during the winter (January 30 to March 22) and off 
the central Aleutian Islands during the summer (June 
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23 to August 20). The primary objective of the winter 
studies was to relate the distribution and abundance 
of salmon to the environmental features of the ocean ; 
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FIGURE 10. Distribution of sockeye salmon in winter 1967 by 
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the average catch per shackle in each mesh size. 
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FIGURE II. Distribution in winter 1967 of sockeye salmon by 
age group and CPUE along long. 162°W and 1ss•w. Values 
of CPUE are the sums of the average catch per shackle in each 
mesh size. 

the objectives of the summer studies were to examine 
the distribution and relative abundance of immature 
sockeye salmon, to compare indices of relative abun
dance of salmon from simultaneous catches by gillnets 
and purse seines, and to determine the percentage 
of loss (" dropouts ") from gillnets during fishing. 

WINTER STUDIES 

Two tracks were fished by the R V George B. Kelez 
during the winter-one along long. 162°W, the 
other along long. 155°W. The stations fished and 
locations of the water masses are shown in Figure 9. 

The sampling gear consisted of a string of 32 shackles 
(50 fathoms each) of braided nylon gillnets-six each 
of 2- and 21-inch mesh and five each of 3!-, 3-7/8-, 
41-, and 5!-inch mesh. Catch data are listed in 
Table 4 ; sockeye salmon made up 82 percent of the 
total. 

Distribution of Salmon and Steelhead Trout 

Although sockeye salmon were widely distributed 
along both cruise tracks, the distribution of the ocean 
age groups differed (Fig. 1 0). The younger fish were 
generally south of lat. 50°N ; the older fish were more 
abundant north of this latitude. Age .1 fish were 
mainly in the Oyashio Extension and Subarctic 
Current, whereas age .2 sockeye salmon were widely 
distributed along both cruise tracks but concentrated 
in the Alaskan Gyre, Oyashio Extension, and Subarctic 
Current at long. 155°W and in the Alaskan Gyre 
and Oyashio Extension at long. 162°W. Age .3 
and .4 sockeye salmon also had a wide distribution 
but were most abundant in the Alaskan Stream and 
Gyre. For each ocean age group the north-south 
distribution at both longitudes was apparently 
independent of freshwater age (Fig. 11). 

All of the chum salmon except one were caught 
along long. 155°W; none was caught north of 
50°30'N. The area of greatest abundance was near 
lat. 48°N in the Subarctic Current. All of the 
chum salmon were age .2 or older (Table 4) . 

Coho salmon, like the chum salmon, were caught 
only at southern stations, but they were taken along 
both long. 162°W and long. 155°W. Catches of other 
species of salmon and steelhead trout were few . 

Stage of Maturity of Sockeye Salmon 

The maturity of female sockeye salmon was deter
mined by serological methods (Ridgway, 1961). We 
classified males as to maturity by taking into considera
tion their age, gonad weight (Ishida and Miyaguchi, 
1958), and length. All age .1 sockeye salmon were 
considered immature, and all age .3 and .4 sockeye 
salmon were considered maturing ; that is, they 
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would spawn m the following summer and fall . 
Criteria for determining the maturity of age .2 male 
fish were as follows: 

Gonad weight 
Trace-0.4 g 
0.5-0.9 g 
0.5-0.9 g 
1.0 g and over 

Fish length 

<460mm 
>460mm 

Maturity stage 
Immature 
Immature 
Mature 
Mature 

The catch per unit of effort (CPUE) by ocean age 
and maturity of sockeye salmon in Figure 12 shows a 
clear separation of immature and maturing fish. 
Most age .1 and .2 immature sockeye salmon were 
taken between lat. 48°N and 49°N in the Oyashio 
Extension or Subarctic Current, whereas the maturing 
fish (age .2, .3, and .4) were widely distributed but 
were most abundant north of lat. 50°N in the Alaskan 
Stream and Gyre. 

Area of Origin of Sockeye Salmon 

Sockeye salmon were classified into one of two 
groups-Bristol Bay-type or non-Bristol Bay-type
with a discriminant function of three scale characters 
(Mason, 1966). The discriminant function was 
computed from data collected in 1957. The error 
of classification for the 1967 winter samples has not 
been determined. We assumed that application of 
classification errors would not markedly change 
relative percentages of Bristol Bay-type sockeye 
between samples (Table 5) . The total percentages 
of Bristol Bay-type sockeye salmon of a given age 
and maturity classification were similar for the two 
longitudes, but the percentages of Bristol Bay-type 
sockeye salmon differed between age groups of im
mature fish and between age .I and maturing fish 
(Table 5). The percentage of Bristol Bay-type fish 
was smaller among age .1 sockeye salmon (immature, 

TABLE 4. Catches of salmon and steelhead trout by the U.S. research vessel George B. Kelez, January-March 1967. 

Set 
no. 

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 

Date 

lf30 
1/31 
2/1 
2f2 
2/3 
2f7 
2/9 
2/10 
2/12 
2/13 
2/14 
2/15 
2/16 
2/17 
2fl8 
3/4 
3/5 
3f6 
3f7 
3/11 
3fl2 
3fl3 
3/14 
3/15 
3/16 
3fl7 
3/18 
3fl9 
3/20 
3/21 
3/22 

Total 

Lat. 
(oN) 

54-00 
53-09 
52-20 
51 -30 
50-44 
48-35 
46-05 
46-55 
47-31 
48- 10 
49-00 
49-32 
49-58 
51- 10 
52-49 
55- 18 
54- 19 
53- 30 
52-39 
52- 10 
51 -20 
50- 30 
49-43 
48- 50 
47- 57 
46-50 
48-22 
49- 15 
50-05 
50-57 
51 -47 

Long. 
(oW) 

162-00 
162- 10 
162-05 
162-00 
161 - 50 
162-00 
162-00 
161- 58 
162-01 
162-00 
162-00 
162-00 
162-01 
162-00 
161 - 53 
155-03 
154-59 
155-02 
155-00 
155-04 
155-00 
155-01 
154-55 
155-02 
155-00 
155-00 
155-00 
155-00 
154- 58 
155-00 
155-00 

Sockeye Chum 
Surf. Number ----- -----
temp. of .2 and .2 and Chi- Steel- Total 
(°C) shackles . I older .I older Pink Coho nook head fish 

2.9 
3.5 
3.2 
3.8 
4.2 
5.0 
6.9 
6.0 
5.4 
5.0 
4.8 
4.4 
4. 1 
3.8 
3.5 
3.6 
3.2 
3.2 
3.2 
3.5 
3.7 
4.2 
4.4 
5.2 
5.4 
6.6 
5.2 
5.0 
4.4 
3.9 
3.6 

32 
32 
22 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 

982 

6 
20 

6 
15 
32 
6 
3 

4 
4 

22 
12 

135 

25 
7 
2 

10 
39 
17 

7 
12 
9 

12 
5 
5 

44 

I 
5 

13 
13 
8 

52 
2 

16 
18 
2 

49 
47 
25 
23 
28 

496 

2 

II 
27 

15 

58 

19 

23 
6 
2 

4 

13 

69 2 

2 

2 

4 

26 
7 
3 

10 
45 
56 

39 
33 
43 
18 
8 
5 

44 

5 
13 
13 
8 

53 
5 

21 
33 
31 

7 
101 
60 
26 
23 
28 

765 
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TABLE 5. Classification by area of origin of sockeye salmon taken by the R V George B. Kelez:, January-March 1967. 

Water mass and 
set number 

Alaskan Stream 
I 
2 
3 

15 
Alaskan Gyre 

4 

5 
14 

Oyashio Extension 
6 
9 

10 

II 
12 
13 

Subarc6c Current 
7 
8 

Subtotal 

Alaskan Stream 
16 

Alaskan G)'re 
17 
18 
19 
20 
21 
22 

23 

29 
30 

31 
Oyashio Extension 

24 
28 

Subarctic Current 
25 
26 
27 

Subtotal 

Total 

Bristol 
Bay 
type 

0 

0 

8 
3 
3 

13 
2 
0 

29 

3 

3 

0 
0 

12 
19 

48 

Age .I Immature fish 

Percentage lkistol 
Other Bristol Bay Bay 
type type type 

Percentage Bristol 
Other Bristol Bay Bay 
type type type 

Long. 16:ZOW 

4 

7 
I 
3 
7 
4 

3 

30 

2 

5 

7 

17 

47 

0 

0 

53 
75 
50 
65 
33 
0 

49 

75 

33 
38 

0 
0 

63 

53 

50 

9 
2 
7 

0 

19 

2 

7 
6 

17 

34 

53 

0 

I 
2 
2 

6 

Long. Jss•w 

0 
0 

I 
0 

0 

15 

16 

22 

100 

90 
50 
78 

0 

76 

100 

100 

88 
100 

100 

53 

68 

71 

0 

4 

4 
17 
2 

3 
0 
I 
4 
6 
2 

44 

I 

3 
3 

18 

7 
12 
8 
8 

18 

5 

85 

129 

Age .2 

Maturing fish Age .3 and .4 

Percentage Bristol Percentage 
Other Bristol Bay Bay Other Bristol Bay 
type type type type type 

2 
10 
0 

2 
I 

0 
0 
2 
0 

18 

0 

3 

2 
3 
6 
4 

4 

9 

0 

5 

38 

56 

0 
100 
100 

67 
63 

100 

60 
0 

100 
100 
75 

100 

71 

100 
75 
75 
86 

78 
80 
57 
67 

20 
67 

100 

50 

69 

70 

8 
5 

21 

3 
6 
2 

3 

51 

4 

9 

5 
4 

18 
I 
3 

4 
10 

8 

69 

120 

10 

0 
0 

16 

0 
2 

0 

0 
0 

29 

I 
3 
2 
0 
8 
I 
0 
4 
3 
3 

2 

3 

31 

60 

44 
100 
100 

57 

100 
75 
67 

100 

100 
100 

64 

80 
75 
71 

100 
69 
50 

100 
20 
57 
77 

33 
73 

50 
69 

67 
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FIGURE 12. Distribution of immature and maturing sockeye 
salmon in winter 1967 by ocean age group and CPUE along 
long. 162°W and 155°W. Values of CPUE are the sums of 
the average catch per shackle in each mesh size. 

primarily in Oyashio Extension and Subarctic Current) 
than among either age .2 immature sockeye salmon 
(also primarily in Oyashio Extension and Subarctic 
Current) or maturing sockeye salmon (concentrated 
in the Alaskan Stream and Gyre). 

Abundance qf Sockeye Salmon 

Estimates of the relative abundance of sockeye 
salmon of age .1, .2, and .3-.4 were computed for 
long. 162°W and 155°W by calculating the area 
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TABLE 6. Age composition of salmon taken in January
March 1967; percentages, based on catch per unit of 
effort . 

Sockeye Chum Coho 

Age 162°W 155°W 162°W 155°W 162°W 155°W 

Ocean age 
.I 28.3 11.3 100.0 100.0 
.2 34.6 58.0 3.5 
.3 36.4 29.8 100.0 54.3 
.4 0.7 0.9 38.7 
.5 3.5 

Freshwater and 
ocean age 

1.1 61.9 37.8 5.6 
2.1 33.7 53.3 89.9 83.2 
3.1 4.4 8.9 8.1 11.2 
4.1 2.0 
1.2 28.1 44.2 
2.2 71.9 53.7 
3.2 2.1 
0.3 1.0 
1.3 46.2 50.5 
2.3 52.8 48.7 
3.3 .8 
1.4 100.0 66.7 
2.4 33.3 

under the curve formed by the CPUE values at each 
fishing station (Fig. I 2). The formula used was : 

AGE .2 
AGE. 3 AGE .4 
X= 56.3 ~: 57.4 

MATURING ~...!.8~ N=5 
X= 49.0 ··· .·· 

II N • 197 
I 1_1 
I I 
I I 
I 
I '-, 

_I I 
I I 
I I 
I 1 
I I 
I I 
I I 
I I 
I I _I 

rl I 
1-, 

I 
._, 

I 
I 
I 
I 
I 
I 

45 50 55 65 
FORK LENGTH (CM.) 

FrGURE 13. Length frequencies of sockeye salmon in winter 1967 by number of winters at sea. 
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N-l 

A. = -} L (L;+l-Li-1) C; 
i=2 

L;.1 =number assigned to the station north 
of latitude i, 

C;=the catch per unit of effort at latitude i, 
A.=area under the curve. 

Where : latitudes are numbered from 1 to N ; 1 is 
the latitude where zero catches were reached 
at the northern limit of sockeye salmon 
distribution ; N is the latitude where zero 
catches were reached at the southern limit 
of sockeye salmon distribution ; 

This measure of relative abundance replaced an 
average catch per unit of effort because it accounted 
for differences in the latitudinal distribution of fish 
along each longitude. For example, along long. 
162°W, average CPUE's for age .1 fish (1.682) and 
for age .3 and .4 fish (1.809) were similar. The total 
abundance along the cruise track, however, was 
greater for age .3 and .4 fish because of their wider 

and : Lt+l =number assigned to the station south 
of latitude i, 

TABLE 7. Direction of movement of sockeye salmon, January-March 1967, by RV George B. Kelez set number. 

Lat. 
(oN) 

54-00 
53-09 
52-20 
51-30 
50-44 
48-35 
46-05 
46- 55 
47- 31 
48- 10 
49- 00 
49- 32 
49- 58 
51 - 10 
52- 49 

Total 

55- 18 
54- 19 
53- 30 
52- 39 
52- 10 
51 - 20 
50-30 
49-43 
48-50 
47-57 
46-50 
48-22 
49-15 
50-15 
50-57 
51-47 

Total1 

Long. 
(

0 W) 

162-00 
162- 10 
162-05 
162- 00 
161 - 50 
162- 00 
162- 00 
161 - 58 
162- 01 
162- 00 
162-00 
162-00 
162- 01 
162-00 
161 - 53 

155-03 
154- 59 
155- 02 
155-00 
155-04 
155-00 
155-01 
154-55 
155-02 
155-00 
155-00 
155-00 
155-00 
154-58 
155-00 
155-00 

Set 
no. 

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 

Date 

1/29 
IJ30 
1/31 
2JOI 
2J02 
2/06 
2/08 
2/09 
2/11 
2/12 
2/13 
2/14 
2/15 
2/16 
2/17 

3/03 
3/04 
3/05 
3/06 
3JIO 
3/11 
3/12 
3/13 
3/14 
3J15 
3/16 
3/17 
3/18 
3/19 
3/20 
3/21 

Age .I Age .2 Age .3 

Catch by Primary 
direction direction 

Catch by 
direction 

of movement -----
West East (Percentage) 

I 
8 
0 

18 
2 
0 

32 

4 

3 

6 

0 

0 

4 
2 

II 
6 

13 
4 
3 

43 

0 
0 
0 
0 

0 

0 

162"W 
IOOW 

IOOW 

80E 
67E 
58E 

IOOE 

58W 
67E 

IOOE 

57E 

155"W 

(lOON) 
IOOW 
IOOW 
IOOW 

IOOW 

IOOW 

West East 

13 
0 
8 

3 
2 

31 

2 
0 

10 

4 
8 
2 

6 
7 

5 

30 

0 
0 
5 

17 
I 
7 
5 

I 
6 
2 

44 

2 
4 

15 

8 
7 
0 

12 
7 
9 

41 

Primary 
direction 

Catch by 
direction 

of movement ----
(Percentage) 

IOOW 
IOOW 
83E 
57E 

IOOE 
53W 
83E 

75W 
75E 
67E 

59E 

sow 
IOOE 
(60s) 

(67N) 
53W 

IOOW 

67E 
sow 
64E 

58E 

West East 

15 
5 

4 

0 

3 

31 

3 

15 
0 
2 

2 
5 
4 

16 

7 
I 
0 
2 
4 

2 
3 

21 

5 
3 

10 
2 
2 
2 

2 
I 
6 

21 

Primary 
direction 

of movement 
(Percentage) 

68W 
83W 

IOOW 
67E 
SOE 

100E 

60W 
75E 
SOE 

60W 

63E 
75E 

(60N) 
IOOE 
(SON) 
67E 

SOE 
83W 

60E 

57E 

1 Sets 21 and 23 were not included. The primary direction of movement for these sets was north or south. 
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distribution. 
The relative abundance of sockeye salmon by ocean 

age and maturity along each cruise track as reflected 
by gillnet catches was : 

Sockeye salmon 
Immature age .I 
Immature age .2 
Maturing age .2 
Maturing age .3 and .4 

Long. 162°W 
15 
11 
13 
21 

Long. 155°W 
6 
9 

23 
19 

Maturing salmon were more abundant than im
mature salmon along both cruise tracks. Within 
these two groups, immature fish were more abundant 
along long. 162°W than along long. 155°W, but 
maturing sockeye salmon were more abundant along 
long. 155°W. 

Age and Length Composition of Sockeye, Chum, and Coho 
Salmon 

The ocean age composition of sockeye salmon 
differed between cruise tracks (Table 6). Along long. 
162°W, the three main age groups (.1, .2, .3) were 
similar in abundance; along long. 155°W, age .2 
sockeye salmon were dominant, followed by age .3 
fish. The freshwater age composition varied con
siderably along each cruise track, among and within 
ocean age groups. 

Most of the chum salmon were age .3 or .4; only 
two fish of age .2 and .5 were caught. Coho salmon 
were primarily (80-90 percent) of the 2.1 age group. 
Age 3.1 coho salmon made up 11 percent of the total 
catch, and age groups 1.1 and 4.1 were each represent
ed by a single specimen. 

Modes of the length frequencies of sockeye salmon 

ACi[ ,, 

.,. 

.............. :.. 
~'· ·:: .... 

' I ·---

AGE .z 

•--• SOMMER 1966 
1~•w lONG. 

- WINTER 1967 
155"w t.OI\~ • 

0·· ·0 WitHER 1967 
162" W LONG. 

···r-----.--.------,.,:--:--0!---r. --.--,,---
CATC!o! P!R UN(t [HQRi 

FIGURE 14. Distribution of age .I and .2 immature sockeye 
salmon by latitude and CPUE in February-March 1967 and 
distribution of the~e age groups in July-August 1966. Values 
of CPUE are the sums of the average catch per shackle in 
each mesh size. 

revealed a distinct size separation by number of 
winters at sea (Fig. 13) . Length data, however, 
were not corrected for mesh selectivity. The size 
distributions of age .2 immature and maturing sockeye 
salmon overlapped, but mean fork lengths differed 
by 7 em. The length distributions of maturing age .2 
and .3 sockeye salmon overlapped as well ; the differ
ence in mean lengths was also about 7 em. 

Mean fork lengths (em) of sockeye salmon taken in 
the winter of 1967 are compared below with mean 
lengths of sockeye salmon taken on winter cruises !n 
1962- 65. Mean lengths of age groups .1 and .2 fell 
within the range of mean lengths for the earlier years ; 
age .3 sockeye salmon were larger than in the past. 

rear Area Age .1 Age .2 Age.3 
1962 North Pacific Ocean in central 27.5 48.4 53.6 

Aleutians and western Gulf 
of Alaska 

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

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

1965 Western North Pacific Ocean 27.5 48.4 54.0 
1967 Western Gulf of Alaska 27.1 46.8 56.3 

Chum salmon were predominantly age .3 and .4. 
Mean length of the age .3 fish was 54.5 em, and that 
of the age .4 fish was 60.7 em. 

55" 

54" 

53" 

52" 

51" 

.... 
0 50" 
::> 
>-
>-
~ 49" _, 

48" 

47° 

46" 

___ .~;;.-.::..-o_-- -.,.. _ ..... 
....... -...... ...... ----------x 

AGE.3 - WINTER 1967 ON 155"W. LONG 
o----<>WINTER 1967 ON 162"W LONG 

AGE.2 x--xSUMMER 1966 ON 158"W. LONG 

4 8 12 
CATCH PER UNIT EFFORT 

FIGURE 15. Distribution of age .2 immature sockeye salmon by 
latitude and CPUE in July-August of 1966 compared with 
distribution of age .3 maturing sockeye salmon in February
March 1967. 
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TABLE 8. Catches of salmon and steelhead trout by the U.S. research vessel George B. Kelez, June-August 1967. 

Set. 
no. 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Total 

Date 

6/24 
6f25 
6/26 
6/27 
6/28 
6/29 
7/8 
7/9 
7fl0 
7/11 
7/12 
7/13 
7/14 
7/16 
7/18 
7/19 
7f23 
7/24 
7f25 
7/26 
8/1 
8/2 
8/3 
8/4 
8/5 
8/15 
8/16 
8/17 
8/18 

51-30 
51-00 
50-30 
50-00 
49-00 
48-00 
51- 35 
51-15 
51-00 
50-30 
49-30 
50-45 
51-35 
51-30 
51-15 
51-00 
50-45 
49-45 
50-15 
51-00 
51-40 
51-15 
50-15 
49-30 
50-45 
51 -30 
51 -00 
50-45 
51 - 15 

176-22 
176-22 
176-22 
176-22 
176-20 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 
176-22 

Direction of Movement of Sockeye Salmon 

Surface 
temp. No. of 
(° C ) shackles 

7.0 
7.8 
7.8 
7.8 
7.7 
8.0 
6.8 
9.3 
9.4 
8.2 
8.8 
9.3 
7.2 
7.5 
6.4 
9. 7 

9.7 
10.2 
10.4 
10.8 
6.2 
9.2 

11.0 
11.3 
10.7 
9.4 

10.7 
11.6 
10.4 

28 
28 
28 
28 
28 
28 
8 

19 
28 
28 
28 
28 
12 
28 
28 
28 
28 
28 
28 
28 
8 

28 
28 
28 
28 
28 
28 
28 
28 

Direction of movement of sockeye salmon was 
determined by Johnsen's (1964) method. Because of 
small catches, one of Johnsen's criteria (using only 
sets in which 15 or more fish were taken) was ignored; 
for this analysis, we used all sets which met his other 
criteria. Because of the small sample sizes, caution 
must be exercised in the interpretation of the data. 

Direction of movement was not dominantly to 
the eastward or westward for any age group, nor 
were differences in direction of movement between 
age groups and areas substantial (Table 7). Dunn 
(MS 1967) concluded from the 1962 winter data that 
sockeye salmon showed a pronounced eastward 
movement along long. 155°W. Although move
ment in 1967 was also eastward, it was less pronounced 
than in 1962. 

Comparison of 1967 Winter and 1966 Summer Distributions 
of Sockeye Salmon 

In the summer of 1966, the chartered research 

Species 

Sockeye Chum Pink Chinook Coho Steelhead Total 

4 
12 
6 

1 
10 
I 

23 

6 
43 

I 
64 
97 

4 

5 
9 
2 

58 
207 

16 
2 

574 

14 
66 
94 

213 
19 

13 
7 

6 
7 

I 
83 
20 
3 

101 

9 

657 

1 
76 

81 

2 

6 

1 
8 

10 
17 
16 

60 
37 

4 

3 

160 

3 

7 

2 

19 

19 
154 
102 
216 

31 

34 
25 
40 

6 
43 

132 
144 

4 

6 
100 
23 
68 

313 
2 

26 
5 

1,497 

vessel St. Michael fished in the same general area 
(along long. 158°W) as the 1967 winter research 
cruise (French et al., 1967). The latitudinal distribu
tions of immature age .1 and .2 sockeye salmon were 
farther north m the summer than in the winter 
(Fig. 14). The distributions of age .2 immature 
fish in July and August 1966 and of age . 3 in the winter 
of 1967 were similar (Fig. 15). The age .3 fish ap
parently remained in more northerly waters in the 
winter and did not move southward or mingle ex
tensively with the immature sockeye salmon. 

SUMMER STUDIES 

The RV George B. Kelez fished with gillnets south of 
Adak Island from lat. 51 °40'N to 48°N along long. 
176°22'W from June 24 to August 18, 1967. The 
gillnet string consisted of 24 shackles of braided nylon 
nets-six each of 5!-, 4!-, 3!-, and 2!-inch mesh
and four shackles of monofilament nets-two each of 
5:f- and 4!-inch mesh. At some stations, close to 
shore, the net string was reduced to facilitate handling 
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TABLE 9. Average catch1 of immature age .I and older sockeye salmon per shackle by 10-day periods and distances 
south of Adak Island, RV George B. Kelu. operations, June-August 1967. 

Miles from Adak Island 
Dates of 

operation 0-15 16-30 31-45 46-60 61-75 76-90 Over 90 Mean 

Age .1 sockeye salmon caught in 21/ 1- and 31/,-inch mesh nets 
June 21-30 0 0 0 0.02 0.01 

July 1-10 0 0 0 0 

July ll - 20 0 0.08 2.20 1.17 0 .08 0 0.59 
July 21-31 0 0 4.92 3.83 2.19 

Aug. 1-10 0 0.17 3 .67 0.17 0.08 0.82 
Aug. 11-20 13 .33 0 .08 0 0.92 3.58 

Mean 2.67 0.08 0.44 1.44 0.04 2.54 0.98 

Age .2 and .3 sockeye salmon caught in 41/ 1- and 51ft-inch mesh nets 
June 21 - 30 0 0.21 0.14 0.10 0.11 

July 1- 10 0 0 0 0 
July ll-20 0 0 0.46 0 . 17 0 .50 0.08 0.20 
July 21-31 0.08 0 1.75 0.75 0.65 
Aug. 1- 10 0 0.25 0 .50 0 . 17 0.08 0.25 
Aug. ll - 20 3.33 0 0 0 .33 1.22 

Mean 0.67 0.06 0.15 0.25 0 .32 0.96 0.25 

93 

I A zero (0) indicates sampling in which immature sockeye salmon of age .I and .2 were not caught; a dash (- ) indicates no 
sampling in the area. 

TABLE 10. Average catch1 of immature age .I and older chum salmon per shackle by 10-day periods and distances 
south of Adak Island, RV George B. Kelez operations, June-August 1967. 

Miles from Adak Island 
Dates of 

operation 0- 15 16-30 31-45 46- 60 61 - 75 

Age .1 chum salmon caught in 21/ 1- and 3 1f,-inch mesh nets 
June 21 - 30 0 0.93 1.36 

July 1- 10 0 0 
July ll - 20 0 0 0 0 0.42 

July 21 - 31 0 0 
Aug. 1-10 0 0 0 
Aug. ll -20 3.83 0 0 0 . 17 

Mean 0 .96 0 0 . 19 0 .04 0 .89 

Age . 2 and older chum salmon caught in 4 1/ 2- and 5 1/ 4-inch mesh nets 
June 21 - 30 0 0.07 
July 1- 10 0 0 
July ll - 20 0 0 0 
July 21 - 31 0 
Aug. 1- 10 0 0.08 
Aug. ll - 20 4 .50 0 .08 0 

Mean 1.12 0.04 0.01 

0 
0 
0 .08 
0 .58 

0 . 17 

1.21 

0 . 17 

0.69 

76- 90 Over 90 Mean 

6.93 2.30 
0 

0.33 0 . 12 
0 0 0 
0 0 0 

1.00 

0 1.82 

0.31 0.40 
0 

0.08 0.04 
0.25 0.11 0.10 
4.00 1.33 1.10 

1.29 

2.12 0.47 

1 A zero (0) indicates sampling in which immature chum salmon of age .I and older were not caught; a dash (-) indicates no 
sampling in the area. 
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in strong currents and tide rips. 
Catch data are listed in Table 8. Salmon catches 

were relatively low. Sampling was less extensive than 
planned because of mechanical difficulties with the 
vessel and the assignment of the vessel to other 
activities. Sockeye salmon usually dominated gillnet 
catches in the Adak Island area in the past, but in 
1967 chum salmon predominated. 

Distribution and Abundance of Salmon and Steelhead Trout 

Tables 9 and 10 show the average CPUE for sockeye 
and chum salmon, age .1 and older, by 10-day periods 
and distances offshore. Catches in monofilament 
gillnets are excluded. Age .1 sockeye salmon were 
relatively scarce in the entire sampling area until 
mid-July; they appeared to be more abundant 75 
miles or more offshore in late July, 46-60 miles offshore 
in early August, and within 15 miles of shore in late 
August. Although sampling was not as extensive 
as in 1966, it seems clear that age .l sockeye salmon 
were generally less abundant in 1967 than in 1966 
(French et al., 1967). Sockeye salmon, age .2 and 
older, were in low abundance in all areas, especially 
early in the season. The abundance increased beyond 
75 miles offshore after the middle of July; the greatest 
abundance was within 15 miles from shore in mid
August. 

The greatest abundance of age .l chum salmon was 
more than 90 miles offshore in late June. Abundance 
was uniformly low in July and early August, but 
reached a second small peak within 15 miles of shore 
in mid-August. Compared with 1966, the abun
dance of age .1 chum salmon was rather low (French 
et al., 1967). The older chum salmon (age .2 and 
older) were most abundant after August 1 ; their 
greatest concentration was beyond 75 miles from shore 
in early August and within 15 miles of shore in mid
August. 

Although gillnet catches were relatively low in 
196 7, purse seine catches of sockeye and chum salmon 
in the same area were relatively high. This anomaly 
may be explained in part by the fact that highest 
catches were made by purse seines at inshore stations ; 
the gillnet vessel fished offshore. 

Comparison of Purse Seine Hauls and Gillnet Catches 

Catches from five gillnet sets and nine purse seine 
hauls in the same area over the same time period 
were compared. The nine seine hauls captured 1,011 
salmon (mostly chum and sockeye) ; the five gillnet 
sets took only nine. We offer no explanation for this 
disparity. 

STUDIES OF DROPOUTS FROM GILLNETS 

Studies of dropouts from gillnets fished on the high 

seas were continued in 1967 m the same manner as 
in 1966 (French et al., 1967). The procedure was to 
patrol the nets at night from small boats, mark the 
locations of gilled salmon, and to determine their 
presence or absence at later patrols and when the 
gear was hauled the following morning. The posi
tion of a salmon was marked by fastening a colored 
marker to the cork line directly over the fish . The 
number of patrols during the night was increased over 

TABLE II. Number of salmon marked and observed in 
gillnets over varying periods\ RV George B. Kelez oper
ations, June-August 1967. 

Number of fish observed after marking 

Set 
no. 

Number of fish 
marked 

during patrols 

Up to Up to 
I hour 21/ 0 hours 
later later 

4 1/ 2- and 5 1/ 4-inch mesh nets 
6 6 3 

4 

12 2 
21 3 3 3 
25 4 4 2 

3 3 2 
4 4 
5 4 

26 11 II 10 
14 II 10 
2 2 
4 4 

Total 63 50 27 
57 2 352 

Percentage loss 12.3 22.9 
--------------··· - .. ·-- ----- -- --- ... .. 
21/ 1- and 3 1/ 4-inch mesh nets 
21 I I 

4 4 

25 I I 0 
4 3 3 

I 
2 2 

26 5 5 5 

Total 18 17 9 
)82 ))2 

Percentage loss 5.6 18.2 
-~--~----·-···- -------------------- -
Grand Total 81 67 36 

752 462 

Percentage loss 10.7 21.7 

Up to Up to 
5 hours 10 hours 
later later 

3 

4 

2 
0 0 

0 

6 
7 
2 
3 

8 25 
14' 592 

42.9 57.6 

0 0 
0 0 

0 0 
0 
0 
0 

3 

0 3 
62 182 

100.0 83.3 
- ----·----···· 

8 28 
202 n• 
60.0 63.6 

1 A zero (0) indicates that the net was examined, but no 
marked fish were observed ; a dash (- ) indicates that the 
net was not examined. 

2 Number of possible observations for the time period; dif
ferent from the number marked because some observations 
were not made in rough seas. 
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1966, to include more observations at shorter intervals. 
In addition, we conducted similar studies in Puget 
Sound (State of Washington) to compare dropout 
rates on the high seas with those in inshore waters. 

Results of the studies on the high seas and in Puget 
Sound are given in Tables 11 and 12. Total losses 
from high seas gillnets ranged from about 11 percent 
for fishing periods up to one hour to 64 percent for 
fishing periods up to 10 hours. The losses were 
slightly larger than in 1966, when they were 4 percent 
for a 1-hour period and 42 percent for periods up to 
10 hours. 

Losses from the large mesh nets were slightly greater 
than those from the small mesh nets for periods up to 
2! hours (Table 11). For periods longer than 2! 
hours, however, dropouts were substantially greater 
from the small mesh nets than from the large mesh 
nets. 

No dropouts were recorded in the experiments in 
Puget Sound (Table 12). We were unable to fish 
longer than three hours because of the danger of 
fouling the gear on reefs or with gear from other 

TABLE 12. Number of salmon marked and observed in 
gillnets (mesh sizes 51/ 8 and 56/ 8 inches) over varying 
periods of time, Puget Sound, 1967. 

Number of 
Set fish marked 
no. during patrols 

I I 

2 2 
2 

3 8 
2 

4 2 
I 

5 3 
3 

6 3 
2 
5 

7 9 
4 
9 

8 3 

Total 59 

Percentage loss 

Number of fish observed 
after marking 

Up to I hour Up to 2-3 hours 
later later 

2 
2 

8 

3 

2 

9 

9 

3 

38 
(38)1 

0 

3 
2 

9 
4 
9 

3 

30 
(30)1 

0 

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

vessels. 
Dropouts of salmon from gillnets fished on the high 

seas undoubtedly are due in part to predation by sea 
lions as well as to the effects of wave action and large 
ocean swells. The comparatively high rates may 
arise also from the variety of sizes and age groups of 
salmon available to the gear. Mortalities related to 
dropout are unknown. 

SUMMARY 

Analysis of data from the 1967 winter cruise revealed 
a separation of maturing and immature sockeye salmon 
by ocean water mass in the western Gulf of Alaska. 
Immature sockeye salmon were almost exclusively 
south of lat. SOoN in the Oyashio Extension and 
Subarctic Current. Maturing sockeye salmon were 
primarily north of lat. S0°N in the Alaskan Stream 
and Gyre. Maturing sockeye salmon were more 
abundant than immature fish. Chum and coho 
salmon were the only other species taken in significant 
numbers, primarily south of lat. S0°N. 

Classification of winter-caught sockeye salmon 
indicated that the proportion classified as Bristol 
Bay-type fish was smaller among age .l sockeye 
(principally in the Oyashio Extension and Subarctic 
Current) than among age .2 immature fish (also 
primarily in the Oyashio Extension and Subarctic 
Current) or among maturing sockeye (concentrated 
in the Alaskan Stream and Gyre). 

The ocean age composition of sockeye salmon caught 
in winter varied among cruise tracks. Age .1, .2, and 
.3 fish were of nearly equal abundance along long. 
l62°W; age .2 sockeye were dominant along long. 
lSS0 W. Freshwater age composition varied consi
derably along each cruise track, among ocean age 
groups, and within ocean age groups. Most chum 
salmon were age .3 or .4. Coho salmon were prim
arily age 2.1. 

A comparison of the summer 1966 and winter 1967 
distributions of sockeye salmon in the same area show
ed that the age .1 and .2 immature fish were farther 
north in summer than in winter. The distributions 
of age .2 sockeye salmon in the summer and the age 
.3 fish in the winter (age .2 fish become age .3 during 
the following winter) were similar in the two seasons. 
This similarity in distribution suggests that maturing 
sockeye salmon remain in more northerly waters 
through the winter and do not migrate southward in 
the fall or winter. 

Data from the 1967 summer cruise south of Adak 
Island indicated that the abundance of sockeye salmon 
(as measured by gillnet catches) was low in comparison 
with past years. Loss of salmon by dropout from 
high seas gillnets (11 percent for fishing periods up 
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to one hour and 64 percent for fishing periods up to 
I 0 hours) was higher than in 1966. Preliminary 
studies indicated no dropouts of salmon from gillnets 
fished in Puget Sound in periods up to three hours. 
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OCEANOGRAPHY 

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

The oceanography program provides information 
on the marine environment and its relation to the 
distribution and abundance of salmon. Our ultimate 
goal is to forecast environmental conditions and their 
effects. Our capabilities were greatly improved dur
ing 1967 by the acquisition of a shipboard computer 
and electronic gear for measuring temperature and 
salinity which permitted : (a) rapid sampling and 
identification of water masses and unusual environ
mental features, (b) concurrent analyses of ocean 
conditions and salmon catches, and (c) greater flex
ibility aboard research vessels. Oceanographic ob
servations and fishing were conducted simultaneously 
from the R V George B. Kelez in the Gulf of Alaska 
across the Alaskan Stream south of Kodiak Island from 
January to March, along the Stream from Kodiak to 
Adak Island in June, and south of the Aleutian Islands 
in July and August. 
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We continued to investigate circulation as calculated 
from pressure distributions at sea level. Previous 
analysis suggested that these transports can indicate 
monthly, seasonal, and annual variations in circulation 
during periods of no direct observation (Favorite 
et al., 1967). Transport in the Alaskan Stream and 
general circulation in the eastern North Pacific Ocean 
agreed closely with the calculated transports. The 
circulation appeared normal during winter and spring ; 
recirculation in the Alaskan Gyre was somewhat less 
than usual. Calculated transports of wind stress 
suggested that the circulation was much weaker during 
the summer, which was confirmed by reduced trans
port in the Alaskan Stream later in the season. 

Drifting telemetry buoys continued to provide 
synoptic oceanographic coverage in the Subarctic 
Region ; a test program was completed for a proto
type. One of these buoys, equipped with temperature 
and salinity sensors, was tested in the Subarctic 
Region near Adak Island for deployment in 1968. 
The instruments responded without difficulty to radio 
commands from ship and shore. 

:lC• 
c:x: 
o· 
c:x: 

JUNE 25- JULY 2 JULY 4-13 JULY' 14-23 

:I: 0 
~u_ --:o 1-

A a. 50 5~~ 
LIJ 

0 

4.0....,:::-:::-::.---..:-==:-;::: 
0 .... ~.:5"2 7 .... -(3.2 ... 

100 { (/ ,{ ,. .r '' .... .:. ::: 
'~''\ \..J' /,----~ ,-(3.6 

;- .:\ 
//t J ____ _, 

150 
/ l_/ , 

:· ·.: I;., ...... -,, \..., 

~: ... -"";., I '"'-
' 200 .· .. 1 {341 
', -I \ --

:lC 3.0: \ 
250 ~: 3.2) 0. 

<l 

300 
JULY 24-29 AUGUST 1-7 AUGUST 11-19 

FIGURE 17. Vertical sections of temperature (°C) south of Adak Island along long. 176°22'W from June 25 to August 19, 1966. 
(Shaded area shows Alaskan Stream.) 



98 ANNUAL REPORT 1967-NORTH PACIFIC COMMISSION 

LATITUDE 
50~. 52°N 

:I: 
1-
0. 
w 
a 

100 

200 ~ 

0 

100 

200 

300 

No 20J (51 
dotal (West (East 
~ fll 

Flow) Flow) 
·,' <3 •.: ... 

10 ... 40 .,. 
:· :: 0 

.. -. 
.. ,..., 

~· 
<C 
a· 
<J:•: (2o 

NOVEMBER 1965 
Vol. Tronsp,(6.2xl06m~/sec. l 

(No I u~ i(west 

ffo 4( i Flow) 
I 

i~ 
....... 

'<(5) 

··· . 20 
... u . . .· ·. , .. .. 
- · 
~ ·. 10 3C 10 
<J: ', 
a·. 

fi5l <t.': 
MARCH 1966 

Vol. Tronsp. (9.9x106m.3/sec.) 

(N8atol : (Wes1 
I Flow (East 

(.) I 10 FloVtt ... ~ 

I <3 ... .-:·:·: 60 I I 

•' . I (5) ··:· .. I I 
... · 

5~ 
I I . . · I I ;:: -: I 0. 0 

: ~-
_. 

I 

L .. . .I I I ~ ; 3C (5) .; 
<1: 

' a · II 
<f.:. II I 

I 

SEPTEMBER 1966 
Vol. Tronsp. (5.2x 106m.3/sec.l 

(No I \!.9} ( .... ,East 

~60 
_ 1 Flowl 

IO,._t!5l <:3 
(West Flow) 

I . 
I 

. I 
<(5) 

I . -· .. 
5~ 

I 0 0 ~.: I <£ .: 

~J I 

I 
a. <:3 c:r:: I 

JUNE 1967 
Vol. Tronsp, (6.3x106m~/sec.) 

FIGURE 18. Volume transport (m3fsec) and vertical sections of geostrophic velocities (em/sec referred to 1,000 decibars) south of 
Adak Island along long. 176°22'W, November 1965 to June 1967. 

OcEANOGRAPHIC CoNDITIONS IN THE NoRTH PACIFIC 

OcEAN 

The ocean environment and plankton were observed 
in the Gulf of Alaska south of Kodiak Island and in 
the North Pacific Ocean south of Adak Island. The 
seasonal and annual changes in water properties 
were compared with the movement of salmon. 
Particular attention was given to the closely spaced 
stations across the Alaskan Stream where the fine 
structure of the flow was studied. We now have 
adequate observations over several years to permit 
the description of oceanographic conditions on the 
basis of average conditions and expected seasonal 
changes. 

Alaskan Stream 

The Alaskan Stream is the only westward flowing 
return flow in the northern North Pacific Ocean and 
may be a natural migration pathway for maturing 
sockeye salmon. The extent, position, and magnitude 
of the Alaskan Stream are cumulative effects related 
to the entire wind-driven circulation in the North 

Pacific Ocean and depend more on average oceanic 
conditions than on local climatic conditions. This 
dependence makes it particularly valuable as an index 
of the general circulation throughout the North Pacific 
Ocean. 

Seasonal changes in the Alaskan Stream south of 
Adak Island are shown in a sequence of vertical 
sections of ocean temperature by depth (Fig. 16). 
Warm water (> 4°C) is normally present up to 100 
miles from shore at depths to 200m (Favorite et al., 
1967) ; 1966 was anomalous in that water warmer 
than 4°C was not found at depths of 200 m from 
March through June. The return to normal condi
tions is shown in a sequence of vertical temperature 
sections across the Alaskan Stream south of Adak 
Island from July through August 1966 (Fig. 17). The 
temperature structure was complex through the 
summer, but water warmer than 4°C was clearly 
established inshore at depths to 200 m by early August. 
Measurements during 1967 indicated that normal 
conditions prevailed and that water warmer than 4°C 
was near shore south of Adak Island (Fig. 16). 
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Velocities from geostrophic calculations and density 
distributions provided mean values across a section ; 
sampling at short intervals was required in regions 
where the velocity changed rapidly if a true representa-

tion of its distribution was to be obtained. Hydro
graphic stations were taken at 5-mile intervals across 
the axis of the Alaskan Stream. Velocities were 40 emf 
sec during November 1965 and March 1966 and reach-
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ed 60 em/sec during September 1966 and June 1967 
(Fig. 18). The increase during June and September 
accompanied a seasonal shift in the narrow (1 0-mile
wide), high-velocity axis, which was 40 miles from 
shore in winter and shifted to within 15 miles of 
shore during summer. Because of the averaging 
effects and the neglect of frictional forces inherent in 
geostrophic calculations, the actual velocities were 
probably somewhat higher than the calculated 

geostrophic velocities. A transect made across the 
Alaskan Stream near Adak Island at 2-mile intervals 
during late June 1967 gave velocities in excess of 
100 emf sec ; these figures agreed with direct measure
ments of current. 

The Alaskan Stream in the western Gulf of Alaska 
was observed at long. 167°W from July through 
September 1966 (Fig.l9), at long. 162°W and 155°W 
in February and March 1967 (Fig. 20), and at long. 
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FIGURE 21. Oceanographic features along long. 165"W and 155"W, June~l967. 

155°W and 165°W in June 1967 (Fig. 21). The 
Alaskan Stream was close inshore during summer 1966 
and characterized by low-salinity water at the surface 
(less than 32.4roo), and water warmer than 4°C at 
a depth of 200 m. The characteristics were useful 
in assessing the recirculation from the Alaskan Stream 
to the Gulf of Alaska. 

In the winter of 1967 the axis of the Alaskan Stream 
(Fig. 20) shifted to a position 150 miles from shore, and 
a countercurrent developed with an eastward trans
port near shore. The condition was similar during 
the winter of 1962 when the axis of the Alaskan Stream 
shifted 100 miles offshore at long. 155°W, and a 
well-developed eastward flowing countercurrent 
formed inshore of the Alaskan Stream. This condi
tion suggests that the countercurrent may be a regular 
feature of the circulation in the western Gulf of Alaska 
during winter, although it was not observed farther 
west near Adak Island, nor near 155°W in other 
seasons. The countercurrent was probably due to 
the local distribution of the density field in the sea 

water from winter runoff and the movement of the 
Bering Sea water southward through passes in the 
eastern Aleutian Islands. 

Although the various sections across the Alaskan 
Stream at long. 155°W, 165°W, and 176°W (Fig. 21) 
are not truly synoptic, they are close enough in time 
to allow a comparison of transport for continuity of 
flow and an evaluation of the extent of recirculation. 
As the Alaskan Stream flows westward past long. 
160°W, part of the flow normally recirculates in the 
Alaskan Gyre (Fig. 22). The extent of recirculation 
is variable, seasonally and annually, and is influenced 
by many of the environmental features in the Gulf 
of Alaska. Extensive BT data indicated that recircula
tion of the Alaskan Stream was well developed during 
spring and summer of 1966 (Favorite et al., 1967). 
Hydrographic data for July and August 1966 in
dicated that the major recirculation into the Alaskan 
Gyre took place between long. 176°W and 167°W. 
The geostrophic currents were confirmed by the 
distribution of temperature and salinity. Water was 
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relatively warm (> 4.0°C at 200m) and less saline 
( <32.4%o) at the surface) during the summer at two 
locations : in the westward-flowing Alaskan Stream 
and offshore between 50° and 51 °N in the eastward
flowing recirculation (Fig. 19, a and b). 

The largest gillnet catches of salmon early in July 
(Fig. 19, c) were in the weak westward flow just 
south of the dilute water near shore. The largest 
catches in August were in the Alaskan Gyre just north 
of the eastward-flowing dilute water, suggesting that 
the main concentration of fish had followed the path 
of recirculating water. The largest catches in early 
September were made farther south in the recirculat
ing water. 

The large north-south extent of less saline water 
during September suggests that the location at 
which the recirculating water separates from the 
Alaskan Stream may have moved eastward, closer to 
long. 167°W. Volume transport in the Alaskan 
Stream along long. 167°W varied from 4 X 106 m3/sec 
in July to 2 X 106 m3fsec in September 1966, with an 
estimated 2 x 106 m3 /sec in recirculated flow ; the 
transport south of Adak Island in September was 
about 5 X 106 m3fsec. 

The strong recirculation in the summer of 1966, 
inferred from calculations of wind-driven transport 
for the spring, was absent during February and March 
1967. An inshore countercurrent and a low net 
transport of 5 X 1 Q6 m3 /sec to 6 X 106 m3 fsec were 
found in the Alaskan Stream in 1967. Net transport 
measured in March 1966 south of Adak Island was 
10 X 106 m3/sec. 

Westward transports along long. 155°, 165°, and 
176°22'W in June 1967 were 5.9, 4.8, and 6.3 X 

106 m3fsec, respectively, in the range of expected 
spring transport. These calculated transports in
dicated a small recirculation of about 1 X 106 m3fsec 
between long. 155° and 165°W. The small differ
ences in transport along each longitude indicate that 
the recirculation was weak compared with that of 
1966. No hydrographic data were obtained from the 
Alaskan Gyre or other areas south of the immediate 
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FIGURE 22. Schematic representation of ocean currents and water 
masses in the western Gulf of Alaska, February-March 1967. 

environment of the Alaskan Stream to allow us to 
measure the extent of recirculation from the distribu
tion of properties. All but one of the gillnet sets 
for salmon were made along 176°22'W. 

Small numbers ( <20) of immature sockeye salmon 
were caught along long. 176°22'W. Their distribu
tion appeared similar to that in November 1965 when 

the largest catches were in the boundary area between 
westward and eastward flow. 

Ocean Environment South of Adak Island 

It has become increasingly evident that the sockeye 
salmon, zooplankton, and primary productivity 
within the Subarctic water mass are related to five 
major currents and zones between the Aleutian 
Islands and lat. 40°N (Fig. 22). The names and 
characteristics of these currents and zones are : 

(l) the Alaskan Stream, a high-velocity (40-60 emf 
sec) westward boundary current, arbitrarily bounded 
on the north by the 100-fathom depth contour and on 

TABLE 13. Primary productivity, chlorophyll a, and daily solar radiation at the sea surface, Pacific Subarctic Region, 
1966-67. 

(A) (B) (C) 
Carbon uptake Chlorophyll a Solar radiation Ratios 

mg CfmZ per day mg/m2 g-calfcm2 per day 
Time 
period Mean Range Mean Range Mean Range A/B A/C 

March 143 121-165 14.5 11.7- 16.9 245 73-388 9.8 0.58 
June 143 98-196 8.0 3.2- 12 .7 276 126-413 17.8 0 . .52 
September 181 103-249 7.8 2.4- 13.0 344 153- 450 23 .3 0.53 
Jan.-Feb. 46 24-60 8.3 5.7- 10.6 113 49- 193 5.5 0.41 
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the south where surface velocities decrease to less 
than 5-10 cmfsec. 

(2) the Ridge Area, or boundary between westward 
and eastward flow, a broad area with weak surface 
velocities under 3 cmfsec with a temperature minimum 
near 100 m and a ridge in the salinity structure at 
depth. 

(3) the Oyashio Extension which flows weakly east
ward ( <3 em/sec), a core of cold water distinguished 
by temperatures below 3.6°C between 200 and 400 m. 

(4) the Subarctic Current, the first significant 
eastward velocity (5-20 cmfsec) south of Adak Island, 
a narrow current which, like the Alaskan Stream, has 
an axis that coincides with the downward slope of the 
4.0°C isotherm from 150 to 400 m. 

(5) the Transition ,(one which extends over a wide 
area between lat. 47° to 41 °N and exhibits consider-
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ably higher temperatures (4.0° to 9.0°C at 200m) than 
water farther north. 

Ocean Environment in the Western Gulf of Alaska 

The major oceanographic water masses of the 
western Gulf of Alaska are also south of Adak Island 
where the Ridge Area broadens out over an extensive 
region as the Alaskan Gyre (Fig. 22). Oceanographic 
environmental conditions in the water masses are 
modified according to the extent of recirculation of 
Alaskan Stream water. 

The summer of 1966 was notable for the strong 
effects of recirculating Alaskan Stream water (Fig. 19). 
Along long. 162°W and 155°W during February 
and March 1967, we observed normal oceanographic 
features-the Alaskan Stream, the westward and 
eastward flowing Ridge Area (or western part of the 
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Alaskan Gyre), the Oyashio Extension, and the 
Subarctic Current. The major oceanographic fea
tures pointed to a smooth east-west continuity between 
long. 162°W and 155°W (Fig. 20). Older (age .2 
and .3) sockeye salmon were distributed across the 
Alaskan Gyre and Oyashio Extension but were not 
found south of the axis of the Subarctic Current. 
The Subarctic Current was previously reported as the 
southern limit for sockeye salmon during summer and 
fall. A feature first observed in 1967 was the coin
cidence of younger immature (age .1) sockeye salmon 
in the Oyashio Extension-Subarctic Current area of 
the Gulf of Alaska. 

DISTRIBUTION OF PLANKTON IN THE SUBARCTIC WATER 

MASS 

Concentrations of sockeye salmon in the area be
tween the two opposing current systems south of the 
Aleutian Islands have been examined since March 
1966 to determine if their abundance could be ascribed 
to the availability of food organisms. We continued 
to assess and compare seasonal productivity and 
standing crops of macrozooplankton and nekton 
populations in known, discrete water masses of the 
Subarctic Region. 

Primary Productivity 

In our productivity studies, we assessed the standing 
stocks and rates of phytoplankton production in the 
water masses inhabited by salmon between lat. 40°N 
and the Aleutian Islands. The timing and levels of 
primary productivity and standing stock of phyto
plankton may be predicted in the future by models 
developed from these and similar data. The results 
presented here are from measurements taken during 
cruises in March, June, and September 1966 and 
January-February 1967. Stations were on long. 
176°W except in January-February 1967 when the 
track extended along long. 162°W. 

The carbon-14 method of Steeman Nielsen (1952) 
was used to measure primary productivity. Samples 
were taken at each station from five depths within the 
euphotic zone before dawn and at noon; experi
ments on photosynthesis were run for half of the 
daylight period. Each sample was placed in an 
incubator on deck and covered with a neutral density 
filter to simulate the light intensity at the depth from 
which it was taken. Samples for phytoplankton pig
ments and dissolved phosphate and silicate also were 
collected. Total incident solar radiation at the sea sur
face was measured by a pyranometer and continuously 
recorded and integrated. Water transparency was 
measured by a Secchi disc. Because the daylight 
intensities differed between experiments, the measured 

productivity rates were not comparable and were 
corrected to permit comparison (Table 13). A curve 
showing the response of " average " marine phyto
plankton to daily light energy (Ryther and Yentsch, 
195 7) and seasonal means of observed energies (adjust
ed for latitude) were used to correct the measurements 
of productivity. 

Values of primary productivity and chlorophyll a 
concentrations in the euphotic zone showed no clear 
relation to the identifiable water masses (Fig. 23). 
Water near Adak Island, however, was more produc
tive than water farther south. The highest measured 
productivity was in Adak Bay which is strongly in
fluenced by Bering Sea water ; the effect of coastal 
water on productivity can be clearly detected as far 
south as lat. 51 °N in June and the continental edge 
in September. The observations from stations near 
Adak Island were excluded from Table 13 because 
they are atypical of the open ocean. A salinity 
inversion south of lat. 44°N in September was ac
companied by low concentrations of chlorophyll a, 
phosphate, and silicate, but not by an appreciable 
difference in productivity (Fig. 23 and 24). 

The mean productivity during March was 
143 mg Cfm2 per day-three times the winter value of 
46 mg Cfm2 per day (Table 13) - indicating that a 
spring increase had begun. The mean productivity 
in June was identical to that of March; the Septem
bervaluewassomewhathigher (181 mgC/m2 perday). 
Mean chlorophyll a concentrations were 14.5 mg/m2 

in March and close to 8 mg/m2 in the other seasons. 
Total solar radiation at the sea surface was slightly 

TABLE 14. Mean and total nutrient concentrations in the 
mixed layer, Pacific Subarctic Region, 1966. 

Phosphate (P) Silicate (Si) 
Time -------
period mgfm8 mgfm2 mg-atfm3 mg-atfm2 

March 47.4 4800 34.8 2950 
june 32.6 680 26.4 600 
September 23.6 710 16.3 500 

higher in June than in March, appreciably higher in 
September, and lowest during the winter (Table 
13). The dominant influence of light energy on 
primary productivity is shown in Table 13 by relatively 
similar ratios of productivity to daily radiation 
compared with the dissimilar ratios of productivity 
to chlorophyll a concentration. Inorganic nutrients 
decreased through spring and summer (Table 14) but 
did not limit production, except perhaps at southern 
stations during September (Fig. 24). 

Nutrient, radiation, and hydrographic conditions 
which generally favor an increase in primary produc-
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FIGURE 24. Mean phosphate and silicate values in the euphotic 
zone, long. 176"W, 1966. 

tivity prevailed during the spring. The average depth 
of the surface mixed layer decreased from about 100 
m in March to about 25 m in June. Critical depths, 
defined by Sverdrup (1953) as the maximum depth 
to which the mixed layer can extend and permit 
positive net phytoplankton production under given 
light conditions, ranged from 300m to 120m during 
spring and exceeded the depths of the mixed layer in 
all seasons. 

Although the extent and duration of the spring 
" bloom " cannot be determined from existing data, 
a substantial decrease of phosphate in the mixed 

layer is evidence that an increase in productivity did 
occur. The net loss of phosphate-phosphorus from 
the mixed layer during the spring was 4 g/m2 (Table 
14) ; the estimated loss due to phytoplankton pro
duction was roughly 1.4 mg/m2• The latter figure 
was obtained by adjusting the net loss for the isolation 
of phosphate from the mixed layer as its lower extent 
became shallower. The amount of carbon fixed by 
photosynthesis was calculated to be 56±21 g/m2 by 
application of a carbon to phosphorus ratio of 40± 15 
(Strickland, 1960). The estimate of the total uptake 
of carbon from March to June based on productivity 
measurements, however, was 11 gfm2• The estimate 
of 56 g Cfm2 does not account for changes in phosphate 
concentration attributable to advection and regenera
tion, but these processes would tend to increase the 
phosphate concentration and the computed phos
phorus depletion would be even higher. There must 
have been higher productivity during the spring, 
therefore, than that measured in March and June. 
The total uptake of carbon from June to September 
was 14 gfm2, but no net change in phosphate was 
observed. 

Although productivity was probably high during 
the spring, a decrease in chlorophyll a concentration 
indicates that zooplankton grazed down the standing 
stock and kept it near the observed levels during the 
summer. The seasonal differences in zooplankton 
catches corroborate this hypothesis : catches are low 
at greater amounts of chlorophyll a and high when 
phytoplankton is less plentiful. 

,(ooplanlcton 

The abundance and distribution of macrozooplank
ton and micronekton were investigated in known, 
discrete water masses of the Subarctic Region. 
During March, June, and September 1966, replicate 
samples were collected after dark in 30-minute oblique 
tows between the surface and 150-m depth with a 
modified 3-ft Isaacs-Kidd midwater trawl along long. 
176°25'W, from Adak Island to lat. 40°N. The sam
pling was similar during January-February 1967 in 
the study of the zooplankton populations along long. 
162°00'W, from lat. 54°N to 46°N. 

Seasonal changes of average zooplankton biomass, 
expressed as wet weight in grams per 30-minute tow, 
were as expected for temperate waters ; the means 
were low in winter (12 g and 14 g in March and 
January-February, respectively). The mean value 
was large (47 g) in June but somewhat lower (39 g) 
in September. The average standing crop of zoo
plankton increased fourfold from March and January
February (winter) to June (late spring). Differences 
in biomass were notable in the different water masses 
of the Subarctic Region (Fig. 25). Values were low 
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in water near the shore and in the Alaskan Stream, 
whereas values were high within the area of the 
Ridge and decreased again in the Oyashio Extension. 
Biomass was consistently low at southernmost stations 
and varied widely from station to station in the areas 
of the Ridge and Transition Zone. These variations 
may be caused by changes in the numbers of 
euphausiids and, to a lesser extent, of copepods. 

Euphausiids were identified to determine if the dis
tribution of the species could be related to water 
masses. Thysanoessa longipes was the dominant species 
(> 60 percent of sample) near Adak Island. Eu
phausia pacifica was dominant in the Transition Zone 
except during September when Nematoscelis dijficilis 
was abundant south of lat. 43°N. The dominant 
euphausiid species varied seasonally in the Alaskan 
Stream, the Ridge, and the Oyashio Extension. For 
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FIGURE 25. Wet weight (grams) of zooplankton (per tow) 
collected along long. 176°25'W during March, June, and 
September 1966, and along long. 162°00'W during January
February 1967, in relation to specific zones and currents of the 
Subarctic Region. 

example, E. pacifica was dominant in the Ridge during 
March and January-February and at some stations 
in June. At other stations in June, either E. pacifica 
shared dominance with T. longipes or the latter was 
dominant. T. longipes was dominant or shared 
dominance with E. pacifica in September. Thysanoessa 
inermis was always found in the northern water masses 
-never south of the Ridge ; its greatest abundance 
was near shore and in the Alaskan Stream where it 
reached its highest abundance in the winter. Thy
sanoessa inspinata usually increased in prominence to 
the south; largest numbers were in the Oyashio Ex
tension and Transition Zone except in September, 
when large numbers were in the boundary area be
tween water near the shore and the Alaskan Stream. 

The consistently high abundance of large zooplank
ton organisms within the Ridge zone seems to cor
respond to the area of known concentration of im
mature salmon during autumn. The flow within 
the Ridge zone was less than the flow of either the 
Alaskan Stream or the Oyashio Extension. The 
reduced flow may provide a favorable habitat. The 
magnitudes of phytoplankton production and stand
ing stock in the Ridge zone, however, were less than 
those measured near Adak Island or in the Alaskan 
Stream. This difference in relative abundance of 
zooplankton and phytoplankton may be the result 
of different grazing rates or varying physical-chemical 
conditions between the two areas. 

ENVIRONMENTAL PREDICTIONS 

The fact that Pacific salmon have definite seasonal 
patterns of migration and distribution suggests that 
their whereabouts may be predicted from environ
mental criteria. Direct observation of the environ
ment from research vessels, however, will always be 
limited and must be augmented with information 
from other sources. 

Measurement of wind stress as indicators of volume 
transport in the North Pacific Ocean was described 
by Favorite et al. (1967). By constructing circulation 
models from data on wind stress and by developing 
telemetry buoys, we are attempting to provide new 
bases to forecast environmental conditions. Because 
changes at either side of the North Pacific Ocean can, 
in a short time, influence the environment across the 
ocean, the forecasts must be based upon knowledge 
of conditions throughout the entire North Pacific 
Ocean and north of the Subarctic boundary. 
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OCEAN GROWTH AND MORTALITY 

by T. A. Dark, K. N. Thorson, 
and G. K . Tanonaka 

Studies of the ocean growth and mortality of Pacific 
salmon have been conducted for several years, 
primarily to examine the effects of high seas exploita
tion on biological yield. The 1964-66 field studies 
were reported by Lander et al. (1966) and (1967) , 
and Dark et al. (1967) . The studies on mortality 
progressed in 1967 to the final analytical stages ; 
three new studies on growth were initiated. 

MORTALITY STUDIES 

Mortality studies based on tagging experiments 
were undertaken to determine the feasibility of 
estimating natural mortality of Bristol Bay sockeye 
salmon during their last few weeks at sea. Maturing 
salmon were tagged and released in 1965 just south 
of Unalaska Island (offshore) and again in Bristol Bay 
(inshore) in an experiment designed to determine the 
feasibility of obtaining direct estimates of the inter
vening natural mortality. The commercial fishery 
at Bristol Bay recovered 7.6 percent of the tagged 
salmon released offshore and 28.4 percent of those 
released inshore. This difference in recovery rates 
was attributed to several probable sources of loss that 
operated independently or in combination. These 
potential sources of loss were further examined in 
1967 ; a comprehensive report is being prepared, 
including the 1967 analyses and all other mortality 
research since 1964. 

GROWTH STUDIES 

The objectives of the three growth studies now in 
progress are: (I) to estimate seasonal and annual 
ocean growth rates of chum salmon ; (2) to determine 
the relation between scale and body growth which 
may be useful in the assessment of growth for chinook 
salmon ; and (3) to examine the possibility of using 
growth characteristics of Bristol Bay sockeye salmon 

to predict maturity schedules. 
The study on chum salmon is based on about 18,000 

specimens collected on the high seas by United States 
research vessels during 1956--66. Conclusion of this 
research awaits evaluation of the sources of variation 
and final assessment of growth estimates. 

The study on chinook salmon is based on informa
tion from the recovery of about 1,200 fish which were 
marked as fingerlings for evaluation of hatchery 
production in the lower Columbia River. These 
unique data were derived from successive sampling 
at sea of a single year class of known origin. Pre
liminary results indicate that several potentially useful 
relations exist between scale and body growth. 

The study on sockeye salmon was begun to help 
predict maturity schedules and thus to improve 
forecasts of the annual returns to Bristol Bay. Data 
from earlier studies (Lander and Tanonaka, 1964) 
indicated that between September of one year and 
May of the next, maturing age .2 sockeye salmon 
begin to grow more rapidly than immature age .2 
fish and are considerably larger when they return to 
the estuary in July. This apparent divergence in 
length may be useful in predicting the proportion of 
age .2 salmon that will mature the following summer. 

MESH SELECTION 

One of the objectives of the 1967 winter cruise 
(January 20-March 27) of the RV George B . Kelez 
was to determine whether our standard winter gillnet 
gear, composed of 2-, 2·h 3!-, 4-h and 5!-inch mesh 
sizes, representatively samples the lengths of age .2 
sockeye salmon. A potential source of sampling error 
was the !!-inch gap between the 3!- and 4!-inch 
meshes which Peterson (1966) reported as causing a 
relatively lower catch efficiency for sockeye salmon 44 
to 4 7 em long than for shorter or longer fish. Previous 
sampling in January-March 1963 (French and Mason, 
1964) showed that the length distributions of age .2 
sockeye salmon encompass the above length interval. 
Accordingly, gillnets of 3-7/8-inch mesh size were 
included in the standard winter string to examine the 
effect on total catch efficiency. 

Individual and composite selection curves are shown 
in Figure 26 (catches in the 2- and 2!-inch meshes 
were too small to allow construction of selection curves 
for those mesh sizes) . Inclusion of the 3-7/8-inch mesh 
increased the catch efficiency of the standard gillnet 
string for 44-47 em fish and smoothed the composite 
selection curve. 

Before examining the possible error in sampling 
the lengths of age .2 sockeye salmon without the 
3-7/8-inch mesh in the string, the length distributions 
by sex, maturity, and age group were constructed for 
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INDIVIDUAL MESH SELECTION CURVES BASED ON 1959 SUMMER 
SOCKEYE SALMON CATCHES (FROM PETERSON 1966) 
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FIGURE 26. Individual and composite mesh selection curves for 
samples of sockeye salmon, 1959 and 1967 (method of Peterson, 
1966). 

the 1967 winter samples. Maturity was determined 
by criteria described under "Ocean distribution, 
abundance, and migration of salmon " in this report. 
Because samples were collected over a period of two 
months, intervening growth may have distorted the 
length-frequency distributions for any point in time 
if early and late samples were combined. Accord
ingly, samples were further grouped into two collec
tion periods (January 31-February 18 and March 
5-March 22); the hypothesis of no difference in mean 
body (fork) lengths between collection periods for 
each sex, maturity, and age group was then tested. 
Mean lengths between collection periods differed 
only in the age .2 maturing males (Table 15). Even 
though growth within the collecting period may be a 
source of variation in age .2 maturing males, all 
" early " and " late " samples were combined to 
provide larger samples. The hypothesis of no 
difference in mean lengths between sexes of the same 
maturity and age group was similarly tested (Table 
15). All tests were significant at the 0.05 level and 
the hypothesis was rejected. Therefore, sexes were 
treated separately in construction oflength frequencies. 

The bias which would be introduced by omission 

TABLE 15. Results of one-way analysis of variance, testing 
for differences in average fork lengths by date of capture 
and by sex (1967 samples of sockeye salmon). 

Comparisons of average fork lengths by period 

Test Sample Significance 
Group1 no. Period2 size at .05 level 

Male 1-1 44 
2 22 

Female 1-1 2 I 39 
2 24 

Male 1-2 3 15 
2 28 

Female 1- 2 4 I 15 
2 28 

Male M- 2 5 I 37 * 
2 69 

Female M- 2 6 23 
2 58 

Male M - 3 7 1 61 
2 33 

Female M- 3 8 25 
2 53 

Comparisons of average fork lengths by sex 

Test Sample Significance 
Group1 no. Sex size at .05 level 

I - I Male 66 * 
Female 63 

I -2 2 Male 43 * 
Female 43 

M-2 3 Male 106 * 
Female 81 

M-3 4 Male 94 * 
Female 78 

1 I = immature; M = maturing; .I, .2, and .3 age groups. 
2 I =January 31-February 18; 2 = March 5-22. 
* Significant. 

of the 3-7/8-inch mesh was demonstrated by super
imposing Peterson's composite selection curve on the 
length frequencies of the age .2 and .3 groups (Fig. 27). 
The striking feature is the highly variable catch 
efficiency over the length distribution of the age .2 
group-in the absence of the 3-7 /8-inch mesh nets 
the smaller immature and the larger maturing fish 
would have been taken much more efficiently than the 
larger immature and the smaller maturing fish. This 
selection could cause underestimation of the mean 
lengths of the immature age .2 fish, overestimation of 
the mean lengths of the maturing age .2 fish, and 
underestimation of the abundance of age .2 immature 
males. Addition of the 3-7 /8-inch mesh substantially 
reduced the variation in catch efficiency, and con
sequently the sampling bias, for age .2 fish. The 
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sharp reduction in catch efficiency for fish below 44 em 
may be explained by the lack of age .2 sockeye salmon 
in the 2!-inch mesh net. This absence of age .2 
sockeye salmon in the 2!-inch mesh could be a result 
of sampling variation or smaller age .2 sockeye salmon 
may not be vulnerable to capture in the 2!-inch 
mesh in the winter. If the latter is true, the catch 
efficiency for smaller age .2 fish can be improved only 
by inserting a mesh size between the present 2!- and 
3!-inch meshes. 
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BIOCHEMICAL STUDIES OF MATURITY 
IN SOCKEYE SALMON 

by H. 0. Hodgins and F. M. Utter 

The ability to determine the stage of maturation of 
sockeye salmon at sea and to forecast their year of 
spawning is important to our understanding of their 
life history and to the management of this resource. 
Gonad weight, one index of maturity, is reliable for 
only a short period before spawning. Biochemical 
changes associated with maturity in salmon were 
studied to develop criteria that would make it possible 
to detect maturation earlier. 

Lipoprotein antigen (SM factor) in sera of maturing 
female sockeye salmon was reported by Ridgway 
(1961) and Utter (1967). This serum antigen is 
related to or identical with a component of developing 
ova. A serum lipoprotein fraction was also detected 
in maturing female coho salmon by zone electro
phoresis. This component accompanied egg formation 
and was absent from the plasma of males, immature 
females, and spawned-out females (Vanstone and Ho, 
1961). Similar components have been detected in 
sera of other oviparous animals. These factors, 
extensively studied in chickens, have been found to 
be phosphoproteins that are synthesized in the liver 
under hormonal control. In female salmon the 
development of mature ova apparently requires 
production by the liver of these protein factors which 
are transported by the blood to become constituents 
of ripening eggs. One such factor in sockeye salmon 
is the SM antigen. 

In the present studies the occurrence of SM antigen 
in the sera of female sockeye salmon was compared 
with other data that bear on maturity--ocean age, 
gonad weight, body weight, body length, and the time 
of !Year that the sample was taken. 

RELIABILITY OF METHOD OF DETECTING SM ANTIGEN 

IN SocKEYE SALMON 

Rabbit or goat anti-SM sera and the techniques 
described by Ridgway et al. (1962) were used ; 3,269 
male and 3,308 female sockeye salmon taken at sea 
were examined for SM antigen (Fig. 28). This 
antigen was found in about 1.5 percent of male 
sera-probably because of error in testing or in iden
tification of sex. Similarly, 0.6 percent of the sera of 
age .1 female salmon (taken from February through 
September) were scored as containing the antigen. 
Because fish this young are usually not mature, these 
few positive reactions probably also represent errors 
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FIGURE 28. Areas and periods of capture of sockeye salmon 
which were tested for SM antigen. 

in testing. We concluded that only a small percent
age of testing errors led to misclassification of SM
negative sera (without SM) as SM-positive (with 
SM). 

Although the test was sensitive (Table 21 in Kabat 
and Mayer, 1961), low concentrations of SM antigen, 
such as might be present in serum early or late in 
maturation, may not have been detected. The data 
indicated, however, that fish were classified as SM
positive if their sera contained more than traces of 
antigen. For example, 89- 100 percent of age .3 and 
.4 fish were SM-positive from January through June, 
and similar percentages of these fish would be ex
pected to be maturing. 

RELATION BETWEEN SM ANTIGEN AND MATURATION OF 

FEMALE SocKEYE SALMON 

The occurrence of SM antigen in salmon of different 
ocean ages agreed closely with other data on maturity. 
Very few age .1 female sockeye salmon are normally 
in the spawning run, variable proportions of age .2 
fish mature, and a high percentage of age .3 and 
nearly all age .4 sockeye salmon mature (Margolis 
et al., 1966). In many areas, migrations of sockeye 
salmon into their rivers of origin reach a peak in 
June and July (Margolis et al., 1966). This migration 
from the ocean to the rivers is presumably reflected 
in Figure 29 by a sharp decrease in numbers of 
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FIGURE 29. Frequency of occurrence of SM antigen in sera of 
female sockeye salmon . 

SM-positive fish captured at sea in July. 
Mean weights and weight-frequency distributions 

of gonads for SM-positive and SM-negative age .2 
female sockeye salmon are shown in Figures 30 
and 31 for all months in which the sample included 
10 or more fish for each group. For all months 
represented, the means of gonad weights of the SM
positive and SM-negative fish were significantly dif
ferent (P<O.Ol). A peak appears in the SM-negative 
curve in June (Figure 30). Some fish captured in 
June were clearly mature on the basis of gonad weight 
but did not have detectable antigen in the serum. A 
possible explanation is that after SM requirements for 
oogenesis are satisfied, SM production diminishes and 
the antigen no longer appears in the serum. 

We also compared age .2 females of different body 
weights and lengths (Fig. 32) with respect to detectable 
SM antigen. Mean body weights and mean lengths 
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FIGURE 31. Distribution of gonad weights of age .2 female 
sockeye salmon. 

of SM-positive fish were significantly larger (P<O.Ol) 
than those of SM-negative fish for all months except 
September, when mean lengths were not significantly 
different. The ranges of body weights and lengths 
of SM-positive and SM-negative fish overlapped 
considerably, however. 

SuMMARY AND CoNCLUSIONS 

A total of 3,308 female and 3,269 male sockeye 
salmon, captured at sea from 1961 to 1967, were 
studied for presence of SM antigen. The occurrence 
of the antigen in the sera of females was then compared 
with other data that may also indicate maturity ; 
presence of the antigen was closely related to matura
tion as defined by gonad weight. The timing of 
detectable levels of SM antigen in sera of female 
sockeye salmon of various ocean ages and the relative 
numbers of SM-positive and SM-negative fish also 
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FIGURE 32. Body weights and lengths of SM-positive and SM
negative age .2 female sockeye salmon. 

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

female sockeye salmon about one year before spawning 
but not until about five months before spawning in 
others. We thus concluded that from late February 
or early March to time of spawning this method detects 
most of the female sockeye salmon that are maturing 
that year. 

Studies on maturation of sockeye salmon are 
continuing, and more data from analyses of SM 
antigen are being collected. Occurrence of SM 
antigen is being compared with gonadotrophic 
hormone activity of pituitary glands and to pituitary 
and gonad cytology. 
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SCALE STUDIES OF PINK SALMON 

by Roger E. Pearson 

The main objective of these studies was to classify 
samples of pink salmon taken on the high seas by 
region of origin. Before 1962, most scale samples 
used in INPFC studies were from fish taken in the 

central and western North Pacific Ocean, but large 
numbers of scales are now available from pink salmon 
captured in eastern waters. Because pink salmon from 
the central and western regions have been classified 
by continent of origin (Amos et al., 1963; Pearson, 
1964b), we are now examining samples from the 
eastern North Pacific Ocean. 

Some information has been published on area of 
origin of pink salmon in the eastern North Pacific 
Ocean; tagging experiments indicate that most 
fish are from North America (Hartt and Dell, 1964; 
Hartt et al., 1967; Fisheries Research Board of 
Canada, 1964a, 1964b, 1966, 1967). Pink salmon 
tagged in these waters have been found in every major 
spawning area of North America and in eastern 
Kamchatka. No eastern Kamchatka tag returns 
were reported, however, from fish released eastward 
oflong. 155°W. 

Scale features have been examined since 1963 on 
pink salmon from major spawning areas of North 
America. Twenty-seven scale characters were ori
ginally examined for differences among North Amer-

TABLE 16. Means and standard deviations of measurements of scale character 19 (width from center of focus to 30th 
circulus) for 1963 high seas samples taken eastward of long. 155°W. 

........-~- --------=.....---
Location 

Sample 
number1 Lat. (0 N) Long. (0 W) Date Sample size2 Mean s 

45-56 137-52 4/28 32 123.4 9.1 
2 52- 30 139-00 5fl4 52 117.3 8.5 
3 47- 00 146-15 5/19 63 122.0 10.5 
4 53- 17 137-15 5/19 65 119.3 10.2 
5 47- 00 154-55 5/21 21 119.1 9.4 
6 49- 00 141-04 5/26 71 113.9 10.9 
7 49- 00 136-54 5f27 90 113.5 10.9 
8 51 - 30 147-25 5/27 41 125.8 II. I 
9 49- 50 145-20 5/28 43 127.6 9.9 

10 49- 00 132-11 5/28 65 104.8 9.8 
II 57- 00 141-30 5/28 60 124.0 10.6 
12 51 - 07 144-47 5/30 43 132.3 11.8 
13 51 - 00 140-35 5/31 50 123.0 11.2 
14 51 - 04 133-40 6/2 94 112.3 10.0 
15 51 -03 129-57 6/3 46 102.7 7.6 
16 57- 32 138-50 6/10 51 118.4 9.4 
17 57- 23 137-06 6/14 146 117.2 10.7 
18 57- 25 142-20 6/17 61 118.9 10.6 
19 57-45 143-10 6/30 112 115.7 11.1 
20 57- 35 140-08 7/1 95 117.7 9.7 
21 57 - 37 150-21 7/12 84 126.8 10.3 
22 57- 18 136-50 7/26 46 107.9 7.8 
23 48- 31 124-40 8/18 101 104.5 6.6 

1 Sample numbers 1- 15 were taken by Canadian research vessels; sample numbers 16- 23 were taken by United States research 
vessels. 

2 Samples with 50 or more fish were originally examined; however, some scales could not be used because they had fewer than 30 
circuli, were regenerated, or had a dirty surface. 
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ican areas of origin (Pearson, 1966). Character 19 
(width from center of focus to 30th circulus) was 
the most suitable for identification of area of origin 
of pink salmon caught in the eastern North Pacific 
Ocean ; it was not significantly correlated with 
body length, not significantly different between 
sexes, and had a small within-sample variance 
compared with differences in mean value between 
stocks (Pearson, 1964a, 1966, and 1967a). Scale 
character 19 was used in 1966 to classify by area of 
origin pink salmon taken in 1964 from the Gulf of 
Alaska (Pearson, 1967b). High seas samples eastward 
of long. 155°W in 1963 and 1965 were examined 
in 1967 in the same manner. On the basis of tagging 
experiments, we assumed that all samples of pink 
salmon taken eastward of long. 155°W in 1963 and 
1965 were of North American origin. 

COMPARISONS BETWEEN 1963 SAMPLES FROM NORTH 
AMERICAN SPAWNING REGIONS AND THE EASTERN 
NoRTH PACIFIC OcEAN 

Means and standard deviations of width from center 
of focus to 30th circulus from all 1963 high seas 
samples with 50 or more fish are shown in Table 16. 
The standard deviations for samples from spawning 
regions ranged from 7 to 11 in 1963 (Pearson 1966) ; 
high seas samples with standard deviations greater 
than 11 were considered to be a mixture of stocks. 
Samples with values from 7 to 11 also could have 
consisted of mixed stocks, but most fish in such samples 
appeared to be from the same coastal region (Pearson, 
1967a). Character 19 was used to classify relatively 
homogeneous groups of pink salmon by area of origin ; 
samples with standard deviations larger than 11.0 
therefore were not classified (Figure 33). 

Mean values from high seas samples with standard 
deviations less than 11.0 and from North American 
coastal samples are shown in Figure 34. The figure 
shows the following similarities between means of 
numbered high seas samples and of those from coastal 
regions : (a) 10, 15, 22, and 23, Washington and 
British Columbia; (b) 6, 7, and 14, British Columbia 
and the southern part of southeastern Alaska; (c) 
1, 2, 3, 4, 5, 11, 16, 17, 18, and 20, southeastern 
Alaska, Prince William Sound, and Afognak Island ; 
and (d) 9 and 21, Afognak Island, Cook Inlet, and 
Kodiak Island. 

CoMPARISONS BETWEEN 1965 SAMPLES FROM NoRTH 
AMERICAN SPAWNING REGIONS AND THE EASTERN 
NORTH PACIFIC OCEAN 

High seas samples of 1965 were examined in the 
same manner as the 1963 samples. Means and 
standard deviations of scale character 19 were obtained 
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FIGURE 33. Distribution of high seas samples with 50 or more 
pink salmon (Tables 15 and 16). Large circle indicates that 
the standard deviation of scale character 19 (width from center 
of focus to 30th circulus) exceeded 11.0; triangle indicates 
that most scales had less than 30 circuli. 

from all 1965 high seas samples containing 50 or more 
mature pink salmon (Table 17). Samples with 
standard deviations larger than 11.0 were not clas
sified (Figure 33). 

Mean values from high seas samples with standard 
deviations less than 11.0 and from North American 
coastal samples are shown in Figure 35. The follow
ing similarities were indicated between means of 
numbered high seas samples and of those from coastal 
regions: (a) 1, 5, 6, 7, 8, 11, 16, 18, 21, 24, 25, and 
26, British Columbia and the southern part of south
eastern Alaska; (b) 12, 15, and 19, southeastern 
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1963 HIGH SEAS 
SAMPLES 

(9)49"50'N 145"20'W 
(21 )57"37'N 150°2I'W 
(II) 57°00'N 141°30' W--__,__ 
(I) 45"56'N 137°52'W 
(3)47"00'N 146°15'W 
(4)53"17'N 137"15'W 
(5)47"00'tii54"55'W---'"~ 
( IB)57"25 N 142° 20'W 
(16)57"32'N 13B"50'W 
(20)57"35'N 140"0B'W 
(2)52"30'N 139"00'W 
( 17 )57"23'tl 137°06'W 
(6)49°00'N 141"04'W 
(7)49"00'N 136"54'W 
(14)51°04'N 133"40'W 
(22)57"1B'N 136"50'W 
(10)49"00'NI32"11'W ----I
(23)4B"31'N 124"40'W 

(15) 51°03'N 129"57'W 
100 
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96 
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1963 NORTH AMERICAN 
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FIGURE 34. Comparison of mean values of scale character 19 
(width from center of focus to 30th circulus) from 1963 North 
American spawning region samples and 1963 high seas samples 
taken eastward of long. 155°W that had standard deviations 
less than 11.0. Locations of high seas samples are shown by 
number in Figure 33. 

1965 HIGH SEAS 
SAMPLES 
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Alaska Peninsula (Ivana! Bay) 

Kodiak Island (Uyak Bay! 
Kodiak Island (Olga Bay) 
Cook Inlet 
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FIGURE 35. Comparison of mean values of scale character 19 
(width from center of focus to 30th circulus) from 1965 North 
American spawning region samples and 1965 high seas samples 
taken eastward of long. 155°W that had standard deviations 
less than 11.0. Locations of high seas samples are shown by 
number in Figure 33, 

Alaska, Prince William Sound, and Cook Inlet ; and 
(c) 17 and 27, Cook Inlet and Kodiak Island. 

SuMMARY AND CoNCLUSIONS 

Mean values of scale character 19 (width from focus 
to 30th circulus) were obtained from 23 samples of 
50 or more mature pink salmon collected during 
1963 in the eastern North Pacific Ocean. The scale 
data suggested considerable mixing of stocks in at 
least four of the 23 samples. Mean values of the 
other 19 samplesree w compared with values of 
samples from North American coastal regions. The 
means for four high seas samples were similar to mean 
values in Washington and British Columbia samples. 
Three samples had means similar to those of British 
Columbia and the southern part of southeastern 
Alaska; 10 resembled samples from the northern part 
of southeastern Alaska, Prince William Sound, and 
Afognak Island ; and two samples resembled scales 
from Afognak Island, Kodiak Island, or Cook Inlet. 

Twenty-five samples from mature pink salmon 
collected during 1965 were examined in the same 
manner ; the data suggested considerable mixing of 
stocks in eight of the 25 samples. The mean values 
of 12 high seas samples were similar to means in 
British Columbia and the southern part of southeastern 
Alaska. Three samples had means similar to those 
of southeastern Alaska, Prince William Sound, and 
Cook Inlet ; two resembled the samples from Cook 
Inlet and Kodiak Island. 
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TABLE 17. Means and standard deviations of measurements of scale character 19 (width from center of focus to 30th 
circulus) for 1965 high seas samples taken eastward of long. 155°W. 

Location 
Sample 

number1 Lat. (0 N) Long. ("W) Date Sample size2 Mean s 

48- 09 134-55 4/4 36 113.7 10.5 
2 48- 00 150-00 4/10 -· 3 48- 13 153-03 4/29 -· 4 47-00 150-00 5/1 _I 

5 49-05 135-17 5/7 99 112 . 4 10.7 
6 50- 52 132-21 5/16 72 110.6 10.3 
7 51 - 51 134-50 5/17 193 112 .6 10.0 
8 47-00 132-30 5/20 139 112.6 9.9 
9 47- 00 135-00 5/22 72 118.5 12.0 

10 47- 00 140-00 5/22 72 124.2 12.1 
11 48- 00 137-30 5/23 44 115.7 10.8 
12 47- 55 135-07 5/25 59 121.1 10.9 
13 48- 00 140-00 5/27 52 122.1 11.2 
14 48- 00 145-00 5/30 46 129.4 11.4 
15 46- 00 145-00 5/31 42 124.7 10.2 
16 52- 55 134-37 5/31 176 112.2 10.2 
17 46- 00 140-00 6/1 67 126 .5 10.0 
18 53- 01 137-20 6/1 86 119.0 10.2 
19 46- 00 135-00 6f2 59 121.1 10.5 
20 50- 00 132-30 6/2 64 112.8 11.1 
21 49- 57 135-00 6/4 88 114 .0 9.5 
22 51 - 02 135-10 6/5 71 113 .2 11.8 
23 52- 55 140-00 6/17 37 126 .5 11.9 
24 55- 00 137-30 6/18 67 114 .5 9.6 
25 58- 00 137-30 6/25 63 118 .0 10.2 
26 57- 00 140-00 6/25 80 117 .5 10.6 

' 27 57 -05 145-00 7/4 46 128.0 9.6 
28 56-55 142-30 7/5 82 119 .2 11.1 

1 Sample numbers 1- 22 were taken by Canadian research vessels; sample numbers 23-28 were taken by United States research 
vessels. 

2 Samples with 50 or more fish were originally examined ; some scales could not be used, however, because they had fewer than 30 
circuli, were regenerated, or had a dirty surface. 

1 Most scales had fewer than 30 circuli. 
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POPULATION DYNAMICS 

by R. A. Fredin and A. E. Peterson 

Studies during the past year included forecasts of 
the size of the Bristol Bay run of sockeye salmon in 
1967 and a review of statistics on catch and fishing 
effort for the Japanese mothership salmon fishery in 
1966. 

FoRECASTs oF THE 1967 BRISTOL BAY SocKEYE SALMON 

RuN 

Three forecasts of the size · of the 1967 Bristol Bay 
run of maturing sockeye salmon were made one and 
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1967). 
3. Estimates of 1967 high seas catches of sockeye 

salmon and fishing effort east of long. 170°E through 
May 31. 

4. The assumption that all sockeye salmon caught 
between long. 170°E and 175°W in late May were 
fish destined to return to Bristol Bay in 1967. 

The forecast for a run composed of 60 percent age .2 
sockeye salmon was 17 million fish. For a run 
composed of 70 percent age .2 sockeye salmon, the 
forecast was 20 million fish. 

The accuracy of these forecasts was doubtful. Not 
only were the 80-percent statistical confidence intervals 
rather broad (13 to 22 and 16 to 29 million fish, 
respectively), but about 90 percent of the high seas 
catch east of long. 170°E in late May was estimated 
to have been taken between long. 170°E and 175°E 
south of lat. 51 °N-where tagging and racial studies 
have indicated that, in some years, sockeye salmon of 
Asian origin predominate (Margolis et al., 1966). If 
Asian sockeye salmon accounted for a larger propor
tion of the catch from that area in 1967 than usual, 
the May 31 forecast of the Bristol Bay run would be 
biased upward. 

June 10 Forecast 

Based on statistics of high seas catch and effort 
through June 10 (Table 18 B) and on the assumption 
that all sockeye salmon caught east of long. l70°E 
were maturing Bristol Bay fish, the June 10 forecasts 
were as follows : 13 million fish for a run composed 
of 60 percent age .2 sockeye salmon, and 18 million 
fish for a run composed of 70 percent age .2 sockeye 
salmon. The 80-percent confidence intervals were 
I 0 to 22 and 12 to 38 million fish. 

Although their confidence intervals were broader, 
the June 10 forecasts were considered to be somewhat 
more reliable than the May 31 forecasts because 
catches of sockeye salmon and the fishing effort east of 
long. 175°E were higher in early June than in late 
May. The assumption that only maturing Bristol 
Bay sockeye salmon were caught between long. 
170°E and 175°E remained an important factor, 
nevertheless, with respect to the accuracy of the June 
I 0 forecasts. 

Because of the doubt concerning the origin of 
sockeye salmon caught between long. 170°E and 
175°E in 1967, and after considering the scientific 
basis for alternative assumptions, we replaced the 
assumption that all sockeye salmon caught through 
June 10 between long. 170°E and l75°W were 
maturing Bristol Bay fish with the assumption that all 
sockeye salmon caught east of long. 175°E were 
bound for Bristol Bay in 1967 and modified the June 

10 forecasts (Table 18C), using the statistics on high 
seas sockeye salmon catch and fishing effort east of 
long. 175°E through June 10. 

Modified June 10 Forecast 

The modified forecasts were I 0 million fish for a 
run composed of 60 percent age .2 sockeye salmon, 
and 14 million fish for a run composed of 70 percent 
age . 2 sockeye salmon. 

These modified forecasts and the first pair of June 
10 forecasts (13 and 18 million fish) were used to 
establish ranges within which the size of the 1967 
Bristol Bay run was considered most likely to fall. 
For a run composed of 60 percent age .2 sockeye 
salmon, the range was lO to 13 million fish. For a 
run composed of 70 percent age .2 sockeye salmon, 
the range was 14 to 18 million fish. When these 
ranges were established, preliminary data from U.S. 
research vessels fishing north of the Alaska Peninsula 
indicated that age .2 sockeye salmon would account 
for no more than 60 percent of the run. Hence, 
the lower range of forecasts-! 0 to 13 million fish
was considered to be the more realistic of the two. 

1967 Bristol Bay Run 

Preliminary data on inshore catches and escape-
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FIGURE 36. Sockeye salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, long. 160°E to 
to 175°W, 1952-66 (entire season). 
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ments for the Togiak, Nushagak, Naknek- Kvichak, 
Egegik, and Ugashik districts and for the north side 
of the Alaska Peninsula indicated that the total 
inshore run in 1967 was about I 0.8 million sockeye 
salmon. Preliminary estimates of age composition 
indicated that age .2 sockeye salmon accounted for 
about 65 percent of the inshore run. 

We estimated that 1.0 million maturing sockeye 
salmon of Bristol Bay origin were caught by the high 
seas fishery in 1967-about 0.25 million fish in late 
May between long. l70°E and l75°E, and about 0. 75 
million fish east of long. l75°E from May 21 through 
June 20. These estimates were based on: (I) timing 
of the sockeye salmon run in Bristol Bay in 1967 
(W. H. Noerenberg, personal communication) ; (2) 
average rate of travel of maturing Bristol Bay sockeye 
salmon on the high seas (Kondo et al., 1965; Hartt, 
1966) ; (3) approximations of the dates that these fish 
could have been available to the fishery in various areas 
of the high seas in 1967 ; and (4) coastal tag returns 
and racial studies (Margolis et al., 1966; Landrum 
and Dark, 1964; Fisheries Agency of Japan, 1964, 
1966, 196 7 a, and 196 7b ; Hartt and Dell, 1964 ; 
Hartt et al., 1966; Hartt, Smith, and Dell, 1967; 
and Hartt et al., 1967). The total run of Bristol Bay 

20 

·~ "' ., 
ii: ... 
0 .,•o 
z 
2 
..J 

= :IE ~ 

z 
C( 

3 .... 
a: 

"' ... 
"' ., 

2 ii: ... 
0 

a: 

"' ., 
:I! 
::> z 

CATCH 

CATCH PER 
UNIT EFFORT 

PINK SALMON 

FIGURE 37. Pink salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, long. 160°E 
to l75°W, 1952-66 (June-August). Shading indicates even
year cycle. 

sockeye salmon in 1967, including the estimated 
high seas catch of maturing fish, is estimated to have 
been about 11.8 million fish. 

Summary of 1967 Forecasts 
The forecast of I 0 to 13 million fish was fairly 

accurate. Yet the fact remains that the size of the 
run could have been a few million fish less than I 0 
million or several million more than 13 million and 
still have been within the 80-percent statistical 
confidence limits. The wide confidence interval 
reflects the small number of pairs of data used in the 
regression and also the variation in the catchability 
coefficient due to factors other than the percentage of 
age .2 fish in the runs-for example, annual changes 
in the ocean distribution of maturing Bristol Bay 
sockeye salmon arising from changes in environmental 
conditions. 

STATISTics ON THE jAPANESE MoTHERSHIP SALMON 

FISHERY 

Statistics on annual catch, fishing effort, and catch 
per unit of effort (CPUE) for the Japanese mothership 
salmon fishery in 1966 (INPFC Statistical Year book 
for 1966) are listed in Table 19 with corresponding 
data for 1952-65 (Fredin et al., 1967) for sockeye, 
pink, chum, coho, and chinook salmon. The statistics 
for the 15-year period are shown by species in Figures 
36 to 40. 

Sockeye Salmon 

The catch of 7.25 million sockeye salmon in 1966 
was the second smallest in 12 years (Figure 36). The 
relatively small catch can be ascribed to 20-percent 
reductions in fishing effort and CPUE from the 
averages of the preceding 11 years. 

About 85 percent of the total catch was taken west 
of long. 175°E. Best catches were made in late 
May and early July between long. l65°E and 175°E, 
south of lat. 52°N. The largest concentrations 
(CPUE) occurred in (I) late May between long. 
l65°E and 170°E, south of lat. 52°N and (2) July 
west of long. 180°, between lat. 48°N and 52°N. 
Sockeye salmon were relatively scarce in other areas 
and periods . 

Pink Salmon 

Even though fishing effort was less, a greater CPUE 
resulted in a larger catch of pink salmon in 1966 
(2.46 million) than in any of the three preceding 
even-numbered years (Figure 37). Both the catch 
and CPUE in 1966, however, were less than in 1956 
or 1958. 

About 90 percent of the catch was taken west of 
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long. 175°E. The largest catches were made after 
June 10 between long. 165°E and 170°E, north of 
lat. 56°N and south of lat. 52°N. The CPUE was 
considerably greater west of long. 170°E, north of 
lat. 56°N, in late June and early July than in any 
other area or period. 

Chum Salmon 

The 1966 catch of 8.56 million chum salmon was 
the second largest and the CPUE was the largest in 
six years (Figure 38). These statistics suggest that 
the 7-year trend of declining abundance in the mother
ship fishing area may be reversing. 

The largest catches of chum salmon were made in 
early July between long. 165°E and 170°E, south 
of lat. 52°N, and between long. 180° and 175°W, 
north of lat. 56°N. The CPUE was greatest in July, 
especially in areas north of lat. 52°N. 

Coho Salmon 

The 1966 catch of 466,000 coho salmon was one 
of the smallest on record (Figure 39), partly because 
fishing effort for this species was less than in any 
year since 1954 and partly because the CPUE was 
below the average of previous years. As in previous 
years, most coho salmon were caught south of lat. 
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FIGURE 38. Chum salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, long. 160°E 
to 175°W, 1952-66 (entire season). 
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unit effort, Japanese mothership salmon fishery, long. 160°E 
to 175°W, 1952-66 (July-August). 

48°N in July. This area in July accounted for the 
only significant concentrations. 

Chinook Salmon 

In 1966 both the total catch of chinook salmon 
(208,000) and the CPUE were the second largest on 
record (Figure 40). Largest catches were made in 
widely separated areas from June 11 to July 10. The 
area of greatest abundance was west of long. 175°E, 
south of lat. 48°N, in July. 
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KING CRAB RESEARCH 

by James B. Kirkwood and James F. Hebard 

Two types of activities were conducted during 
1967 and the last part ofl966 : research was continued 
on the status of king crab stocks of the eastern Bering 
Sea and several meetings were held between scientists 
from Japan and the United States to prepare a report 
for negotiations between the two governments. 

REPORT OF THE WORKING GROUP ON RESEARCH 

The king crab agreement between the United 
States and Japan, in effect since November 25, 1964, 
was modified and extended for two years on Novem
ber 29, 1966. Modifications involved the quota for 
Japan (163,000 cases per year compared with 185,000 
cases in the original agreement) and the date of the 
next review of the agreement (" before December 
31, 1968 " compared with " before December 31, 
1966 " in the original agreement). 

During the king crab negotiations, scientists from 
Japan and the United States held several meetings 
and prepared the following report for the negotiators : 

A working group on research met on November 16 and 17, 
1966. The members were: For Japan, Messrs. Matsushita 
and Kawasaki; for the United States, Messrs. Rietze, Kirkness, 
Kirkwood, and Gilbert. 

The working group agrees that the two governments should 
continue and intensify their study of king crab resources in the 
eastern Bering Sea with the intent, among others, of providing 
reliable estimates of the maximum sustainable yield as soon as 
possible. It is also desirable that the two governments provide 
for the exchange of scientific personnel engaged in the study of 
the king crab resources. Data resulting from the investigations 
should be exchanged annually by January 31 through the Secre
tariat of the INPFC. The data to be exchanged by each govern
ment may be prepared in accordance with its own methodology 
and should provide, but not be limited to, the following : 
A. Biological data. 

(1) Tag returns: tag number and/or tag; date and location 
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of capture (latitude and longitude); sex, length, width of crab; 
condition of shell. 

(2) Life history information : length, width, weight by sex ; 
shell condition ; breeding habits, feeding habits, migration habits. 

(3) Publications dealing with king crabs in the Bering Sea 
and North Pacific Ocean. 

(4) Ecological information including distribution of larval 
king crab and oceanographic data. 
B. Catch statistics. 

(I) Total annual catch in number of crabs and representative 
samples of length and average weights. 

(2) Daily catch in number of crabs by noon location of each 
processing ship. 
C . Effort statistics. 

(I) Number of nets and pots set; location of nets and pots 
set (sub-area, latitude and longitude, or boundaries of net fields) ; 
duration of set for nets and pots and number of crabs caught ; 
description of nets and pots (length, depth, mesh size, twine). 

(2) Number of fleets operating by dates of operation; number 
of setting boats, picker boats, pot boats ; number of fishermen. 
D. Production statistics. 

(I) Canned crab : number of cases, number of crabs per 

case. 
(2) Frozen crab: total weight of frozen meat; number of 

crabs. 
It is agreed that the more detailed the information is, the more 

benefit will be obtained by the scientists for the study of king 
crab stocks, and that in this sense, daily records will be more 
desirable than weekly or monthly records. It is recognized, 
however, that there may be some difficulty in obtaining such 
records of individual operations as would involve commercial 
secrets of fishing companies. 

RESULTS OF STUDIES DURING 1967 

The U.S. biological observer aboard the Dainichi 
Maru collected measurements of carapace length 
during 1966 from 7,683 male king crabs (Fig. 41). 
The mean length was 150 mm, 2 mm less than the 
mean for the sample taken by the same vessel in 1965 
(Kirkwood, 1967). In comparison with the 1965 
samples, relatively more crabs in 1966 were 110 to 
135 mm and 1 70 to 185 mm long ; relatively fewer 
were between 135 and 165 mm long. 

U.S. biological observers were again aboard the 
Japanese factoryship Dainichi Maru in 1967 from 
from April 15 to May 13 and from June 27 until the 
end of the fishing season. These observers were 
restricted from sampling the commercial catch, as they 
were during previous years (Kirkwood, 1967 ; Kirk
wood and Hebard, 1967) ; but were permitted to 
collect data on food habits and environmental factors. 

A king crab biologist was aboard the International 
Pacific Halibut Commission's research vessel MV 
Harmony during a trawl survey in 1967 (Fig. 42). 
Length, weight, and shell condition were recorded 
for all male crabs captured in the southeastern Bering 
Sea, and all uninjured specimens were tagged and 

released. Three modes in the length-frequency data 
from all sampling stations were : 80 mm, 100 mm, and 
135 mm (Fig. 43). 

Recoveries in 1966 of crabs tagged by the United 
States included 24 from the Soviet fleets, 166 from 
the Japanese fleets, and two from United States 
fishing boats. The United States recoveries and 75 
of the Japanese recoveries were from crabs that were 
tagged during 1966; all other recoveries were from 
crabs that were tagged before 1962. Tags recovered 
in 1967 by japan and the U.S.S.R. have not been 
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FIGURE 41. Carapace length frequency of king crabs sampled 
in the Bering Sea, 1966, aboard the Japanese factoryship 
Dainichi Maru. 
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FIGURE 42 . Stations and areas where tagged king crabs were 
released, MV Harmony, Bering Sea, 1967. 
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The U.S. commercial catch of king crab from the 
southeastern Bering Sea was sampled for length, 
width, weight, and shell condition twice in 1967: 
106 crabs were sampled in March and 218 crabs in 
May. Length distributions of the samples were 
similar and are combined in Figure 44. The mean 
length of these king crabs was 155 mm, 5 mm larger 
than the mean of the 7,683 crabs sampled aboard 
the Japanese mothership in 1966 (Fig. 41). 

FIGURE 43. Carapace length frequency of king crabs sampled 
in the southeastern Bering Sea, 1967, aboard MV HarmoT!)I. 

Table 20 records the commercial catch for Japan, 
U.S.S.R., and U.S. in 1960-66. A desirable addition 
would be average weights from the U.S.S.R. and 
Japan. Mean weight in conjunction with weight
frequency distribution, as determined by sampling, 
would provide required data on the biomass removed 
by the commercial fisheries. .. 
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We do not yet have adequate data to estimate 
reliably the standing crop or maximum sustainable 
yield. Research should be intensified for more 
accurate knowledge of the king crab stock in the 
southeastern Bering Sea. 
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TABLE 20. Annual commercial harvest of king crab by Japan, U.S.S.R., and U.S.A. in the southeastern Bering Sea, 
1960-66. 

Japan U.S.S.R. U.S.A. 

Number of Average Number of Average Number of Average 
Year crabs weight (lbs.) crabs weight (lbs.) crabs weight (lbs.) 

1960 I ,948, 773 1,995,006 87' 730 7.8 
1961 3,030,635 3,441,314 61,528 10.0 
1962 4,950,800 3,019,211 10,346 10.0 
1963 5,476,085 3,019,417 100,728 7.7 
1964 5,895,380 2,799,620 122,848 8.3 
1965 4,215,860 2,225,567 223,248 7.3 
1966 3,898,210 2,559,598 5.4 139,684 7.5 
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