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LETTER OF TRANSMITTAL 

This report summarizes the activities of the International North Pacific 
Fisheries Commission during the year terminating with the adjournment of its 
Sixteenth Annual Meeting, held in Vancouver, Canada, from October 20 
through November 7, 1969. It contains a summary account of the Sixteenth 
Annual Meeting, a brief resume of activities during the interim period between 
annual meetings, and summaries of investigations which the three national 
fishery 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) 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. 

ii 

S. V. OzERE, 
Chairman. 



TABLE OF CONTENTS 

Page 
Letter of Transmittal .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . n 

I. REPORT OF THE SIXTEENTH ANNUAL MEETING-1969 
1. Introduction . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... I 
2. Time and place of meeting .... .. .. .. .... .. .. .. .. .. .... .. .... ...... .. .... .. .... I 
3. Participants ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 1 
4. Agenda.. . ........... . .................. ........ ............ ... .......... .. . ......... 1 
5. The opening session............................................................... 1 
6. Procedures . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . 5 
7. Consideration of administrative matters. .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . 5 

(a) Report of the Chairman . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 5 
(b) Submission of reports by the Secretariat.............................. 5 
(c) Report of the Standing Committee on Finance and Adminis-

tration.......................... . .................................... .. ... . 5 
8. Activities of the Commission concerning salmon . .. . .. . .. . .. . .. . .. . .. . .. . 6 

(a) Background . .. . ... ... .. . .. . ... .. . .. . ... ... .. . .. . .. . ... .. . ... .. . .. . .. . .. . ... 6 
(b) Interpretation and implementation of the Protocol .. .. .. .. .. .. .. . 7 
(c) Research on salmon in 1969 . . . . . .. .. . .. . .. . .. . . .. .. . .. . .. . .. . .. . .. . .. . 7 
(d) Research plans for 1970-salmon and oceanography ...... ... ... 7 
(e) Abstention on salmon . ... ... .. . ... ... ... ... ... ... ... ... ... ... ... ... ... ... 8 
(f) Salmon conservation resolution . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. . .. .. .. . 8 

9. Activities of the Commission concerning halibut . . .. .. . .. .. .. .. .. .. .. . .. . 9 
(a) Background . ... .. . .. . ... .. . . .. .. . ... .. . .. . . .. ... ... .. . ... .. . ... ... .. . .. . ... 9 
(b) Abstention on halibut . .. . .. . . .. .. . .. . .. . .. . .. . .. . .. . .. . .. . . .. .. . .. . . .. .. . 9 
(c) The 1969 halibut fishery in the eastern Bering Sea................ 9 
(d) Results of research on Bering Sea groundfish in 1969.... .. ....... 10 
(e) Conservation measures for Bering Sea halibut in 1970 . ... .. .... 10 
(f) Halibut and groundfish in the Gulf of Alaska . . . . . . . . . . . . . . . . . . . . . . 13 
(g) Effects of trawling on halibut in the Convention area .. .. .. .. .. .. 14 

10. Activities of the Commission concerning groundfish species (other 
than halibut) of the northeastern Pacific Ocean ..................... 15 

11. Review of Commission activities with respect to groundfish . .. . .. .. .. 15 
12. Activities of the Commission concerning herring ... ......... ...... ...... 15 
13. Activities of the Commission concerning king crab .. .. .. .. .. .. .. .. . .. .. 16 
14. Activities of the Commission concerning tanner crab .. .. ...... .... . .. .. 16 
15. Resolution regarding non-member fishing in Convention area......... 16 
16. Publications of the Commission.... ... ......................................... 17 
17. Statistics . .. . . .. .. . .. . .. . .. . .. . .. . . .. .. . . .. .. . .. . .. . .. . .. . .. . .. . . .. .. . .. . .. . .. . . .. .. . 17 
18. Officers elected for 1970 . .. . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .. .. . . .. .. . .. . .. . .. . . .. I 7 
19. Closing statements at the final plenary session . .. .. .. .. .. .. .. .. .. .. .. .. .. . I 7 

APPENDIX 1. List of Participants . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. 20 
APPENDIX 2. Agenda . .. . .. . .. . .. . .. . .. . . .. .. . .. . .. . .. . .. . . .. .. . .. . .. . . .. .. . .. . . .. 24 
APPENDIX 3. Auditors' Report . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 25 

II. ADMINISTRATIVE REPORT FOR 1969 ... .. . ... ... ... ... ... ... ... ... ... ... ... ... ... ... 27 
III. THE RESEARCH PROGRAM 

A. Research by Canada in 1969 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 30 
B. Research by Japan in 1969 . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 44 
C. Research by the United States in 1969 . ... ...... ............ ... ...... ... 67 

iii 



PRINTED IN JAPAN 
by 

KENKYUSHA PRINTING COMPANY 
TOKYO 



1 

I. REPORT OF THE SIXTEENTH ANNUAL MEETING-1969 

I. 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 when necessary, and conducts 
its business between meetings through its permanent 
Secretariat in Vancouver, Canada. The following is 
a report of the Commission's Sixteenth Annual 
Meeting, the only meeting held during 1969. 

2. TIME AND PLACE OF MEETING 

The Sixteenth Annual Meeting of the International 
North Pacific Fisheries Commission was held at 
Vancouver, Canada, from November 3 to 7, 1969, 
under the chairmanship of Commissioner S.V. Ozere 
of Canada. During the two weeks immediately 
preceding the plenary sessions of the Commission, 
meetings 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. K. S. Ketchen, also of Canada, 
acted as scientific convener. The Standing Commit
tee on Finance and Administration met during the 
period of November 4 to 7, with Commissioner 
Yoshio Ohkawara of Japan as Chairman. The 
Gulf of Alaska Groundfish Committee, chaired by 
Mr. S. J. Westrheim of Canada, met from October 
27 to November 2. The Ad Hoc Committee on 
Abstention met under the chairmanship of Commis
sioner Edward W. Allen of the United States on 
November 4 and 5. This committee's Scientific Sub
Committee met on October 31 ; an Editorial Sub
Committee established by the parent committee met 
on November 4 and 5. 

3. PARTICIPANTS 

Persons participating in the Sixteenth 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 indicated on the inside front cover of this 
annual report. As in past years the Commissioners 
of each national section were assisted by a number of 
advisers and experts. At the invitation of the Com
mission, the International Pacific Halibut Commission 
and the International Pacific Salmon Fisheries 
Commission were represented by observers. Staff 
members of the International Pacific Halibut Commis
sion acted as technical consultants on matters pertain
ing to halibut. The Commission wishes to reiterate 
its appreciation of this invaluable service. The 
total number of participants was 118, including 28 
from Canada, 16 from Japan, 60 from the United 
States, three permanent and five temporary members 
of the Secretariat, five consultants, and two observers 
(one observer also attended as a Canadian adviser). 

4. AGENDA 

The agenda for the Sixteenth Annual Meeting, as 
adopted by the Commission, is Appendix 2 of this 
report. 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 3, 1969, in the Vancouver Island Room 
of the Hotel Vancouver in Vancouver, Canada. At 
this session, which was open to the public, there were 
two addresses of welcome, statements by the national 
sections, and an address by the Chairman. 

Alderman Marianne Linnell welcomed delegates 
to the City of Vancouver. 

The Honourable E. F. Whelan, M.P., Parliament
ary Secretary to the Minister ofFisheries and Forestry 
of Canada, addressed the session. Mr. Whelan 
explained that government business had kept Minister 
Jack Davis from welcoming the Commission to Canada 
personally and extended on his behalf warm regards 
to the delegates from Japan and the United States 
and the hope that their stay in Canada would be 
enjoyable and of mutual benefit. 

Mr. Whelan spoke of the growing concern through
out the world regarding the future of marine resources. 
Although world catches of marine products are 
increasing year by year, the increases are due mainly 
to the use of large mobile fisheries using technologies 
undreamed of 20 years ago-many of which exploit 
one stock to exhaustion and move to another. Such 
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hit-and-run techniques could deplete resources of 
desirable food fish to the point where years of restraint 
would be required to rebuild them to productive 
levels. A constant scientific watch must be kept on 
developing fisheries, findings must be examined in the 
widest possible forum, and management implications 
of the findings must be abided by, if overfishing is to be 
prevented and harvests maintained at high levels. 

Mr. Whelan noted that the three countries have an 
outstanding research record, one example of which is 
the uncovering of the riddles of the high seas life of 
salmon. The Commission has been the catalyst for 
this research and its performance will serve as a model 
for other cooperative ventures between fishing nations. 
He pointed out that a number of serious conservation 
problems existed in the North Pacific, problems com
plicated by the presence of nations not signatories 
to the Convention. Canada is taking active steps to 
provide special protection for Canadian fishermen 
by establishing fishing zones in the waters adjacent to 
the Canadian coast. Canada still has a vital interest 
beyond these limits, both off Canadian shores and in 
other areas where Canadians fish, an interest shared 
with others. Canada believes that intensive research 
on stocks of mutual concern in the northeastern 
Pacific is in the interests of all. Such research is 
essential to maintain the vitality and usefulness of 
the Commission, and will serve as a reminder to 
other nations of the serious interest the three countries 
share in the wise use of the resources. 

Mr. Whelan went on to note that research can 
provide background, but nations must be willing 
to exercise restraint and to recognize the conservation 
needs of the resources. Restraint must be practised 
not only by fishermen, but by others who use the same 
waters which support the fishery resources. Main
tenance of fish stocks originating in rivers and lakes 
becomes increasingly difficult as industry expands 
and population grows. By spending millions of 
dollars on anti-pollution measures, curtailing the size 
of its fishing fleet, and building large artificial spawn
ing facilitie~, Canada is building up a substantial 
investment in uncontaminated waters and their 
natural products. It is the Canadian view that if it 
were not for sacrifices by citizens of Canada in general, 
and by our fishermen in particular, some resources 
such as salmon would soon disappear. It is only 
natural that Canada should receive the benefit of 
harvesting these resources. The abstention provi
sions of the Convention are just and equitable, es
pecially for salmon. In this case, recognition of 
Canada's special interest is a cornerstone of our 
international fisheries policy. 

Mr. Whelan closed with a reiteration of Canada's 

view that formation of the International North 
Pacific Fisheries Commission was an historic step 
in the development of fisheries relations with other 
countries. The achievements of the Commission, 
particularly in research, are an outstanding example 
of international cooperation. He wished the Com
mission well in its deliberations and expressed his 
confidence that the enviable record established m 
the past would be maintained. 

Commissioner Kenjiro Nishimura, Chairman of 
the Japanese National Section, addressed the session 
on behalf of his delegation. He expressed gratitude 
on behalf of his delegation for the welcome extended 
by Mrs. Linnell and Mr. Whelan. The Japanese 
delegates looked forward to meeting in Vancouver 
and renewing associations with familiar faces, as well 
as to making the acquaintance of newly-appointed 
delegates. Mr. Nishimura expressed appreciation of 
the valuable contributions to the effective operations 
of the Commission made by Mr. Pautzke, Mr. Kent, 
and Dr. McGinnis. He extended a hearty welcome 
to their successors as U.S. Commissioners, Mr. 
Meacham, Mr. Brooding, and Mr. Rasmuson. The 
Japanese Section will make every effort to maintain 
the close cooperative relationship which has existed 
in the past. Mr. Nishimura stated that his delegation 
attached much significance to the exchange of frank 
views on fishery problems of the North Pacific Ocean, 
which are of common concern, and had great hope 
for the discussions to be held at this meeting. 

Mr. Nishimura noted that the intensive studies 
and painstaking efforts of the Commission's scien
tists had contributed invaluably to knowledge of 
the condition of important fishery resources in the 
North Pacific Ocean. However, it was necessary 
for the Commission to make further effort toward 
continuation and strengthening of the scientific 
research, thereby obtaining more objective and 
complete knowledge. Specific measures taken by 
the Commission for conservation should be fair and 
impartial, based on scientific knowledge thus far 
available. They should in no way be based on an 
arbitrary judgement of any particular country. The 
duties and responsibilities placed on the Commission 
are significant in this connection. 

Japan has engaged in fishing since ancient times, 
depending on fishery resources for much of its animal 
protein. The North Pacific Ocean, being geogra
phically close to Japan, traditionally has been a 
most important fishing ground. For this reason, 
Japan has a deep interest in the development, con
servation, and effective utilization of fishery re
sources of the North Pacific, based on scientific know
ledge. Thus far cooperation has been positive in 
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the implementation of conservation measures de
termined by the Commission for the resources. Japan 
is prepared to continue such positive cooperation in 
the future. 

Mr. Nishimura pointed out that there had been 
indications recently that a country which is not a 
member of the Commission might initiate full-scale 
fishing operations for salmon and other species in 
Convention waters. Japan considers that such a 
move will have a serious impact on the effectiveness 
of the conservation measures taken by the three 
member countries at great expense, with the aim of 
accomplishing the objective of the Convention to 
maintain maximum sustained productivity. The 
Commission adopted a resolution in 1966 which 
requested the Contracting Parties to give due con
sideration to the Commission's grave apprehensions 
over the adverse consequences of a North Pacific 
fishery by a non-participating country. The Japanese 
National Section holds a deep concern over the 
problem and considers it necessary for the Com
mission to make further effort toward settlement of 
the matter. 

Mr. Nishimura expressed the hope that the present 
meeting would attain fruitful results through thorough 
and extensive discussions. 

Commissioner Charles H. Meacham, Chairman 
of the U.S. National Section, addressed the meeting 
on behalf of his delegation. He expressed gratitude 
for the welcome extended, and pleasure at being in 
Vancouver. Mr. Meacham remarked that the Com
mission was greeted this year not only by many of 
its old problems, but by some new aspects. The 
Convention, although not very old, has a remarkable 
history and as representatives of responsible people we 
~hould consider well its perpetuation. It has brought 
the three nations into closer and friendlier contact, 
with greater appreciation of each other's conditions 
and problems, and has provided a forum in which 
such matters can be discussed candidly. In the 
practical field of fishery research it has provided the 
mechanics for coordination of the research efforts of 
the three governments. The results of this research 
form an important scientific background upon which 
management decisions are based. This work has been 
documented in the Commission's publications and is 
available to the community of nations. The desir
ability of perpetuating the edible resources of the sea 
has been espoused by all. Even when some nations 
have not always pursued conservation practices, the 
Convention has kept sound goals before us constantly. 
Now key fisheries are threatened by invasion from 
countries that have only recently participated in North 
Pacific fishing. This situarion presents problems 

which demand prompt solution; they must be 
considered carefully in order to provide the three 
Contracting Parties with the best possible information 
and advice. Because ofthe unique properties of these 
resources, especially salmon and halibut, we believe 
it is essential that fishermen of other countries respect 
the principles embodied in the Convention and 
refrain from engaging in these special fisheries. 

Mr. Meacham referred to the predictions for a 
large run of sockeye salmon to Bristol Bay in 1970. 
Such a large run would demonstrate what can be 
accomplished through ~evere restraints on the U.S. 
fishing industry over many years and the application 
of the principles embodied in the Convention. Runs 
to Bristol Bay are cyclical in nature and there is need 
for continuing effort to increase the low cycles. There 
continues to be no less urgency for a solution to 
problems arising from intermingling of salmon on the 
high seas. 

The U.S. Section urged once again that increased 
research be undertaken regarding the origins of chum 
and chinook salmon taken by high seas fisheries in the 
northern and central Bering Sea. Residents of 
Western Alaska are dependent on salmon for subsist
ence and protection of stocks originating in that area 
is of great importance. 

The condition of halibut stocks in the eastern 
Bering Sea, as well as in other areas of the North 
American halibut fishery, continued to concern the 
U.S. Section. Particularly disturbing is the evidence 
of a decline in the abundance of juvenile halibut. 
Consideration should be given to remedial actions, 
such as expansion of the closed area for trawling in the 
Bering Sea, designed to increase the survival of juven
ile halibut. The U.S. Section desires continuation 
and intensification of studies of the effect of trawling 
on the halibut stocks in all areas. 

Similarly, the U.S. Section is concerned about the 
condition of the eastern Bering Sea king crab stock, 
and the effect of the large fishery on tanner crab 
stocks. Although bilateral arrangements for king 
crab conservation are in effect, acceleration of studies 
to determine their adequacy is urged. Also, the 
effect on king and tanner crabs of the trawl fisheries 
must be assessed. 

Major attention in the past has been devoted to 
salmon and halibut fisheries. Many other fisheries 
have expanded tremendously in recent years, taking 
various species in quantities sufficient to cause doubt 
as to how long the stocks can support such a rate of 
exploitation without long-term damage. Participa
tion in these fisheries of nations not party to the 
Convention complicates the problems. The U.S. 
Section proposes that the Commission give thought to 
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a better system for enlisting the cooperation of all 
nations in the acquisition and exchange of information 
on trawl and other fisheries in the North Pacific, 
with a view to eventual formulation of conservation 
regulations. 

The U.S. Section looked forward to a week of 
profitable discussions. 

Commissioner James C. Cameron of the Canadian 
National Section addressed the session on behalf of 
his delegation. He expressed appreciation to the 
guest speakers for their welcome and interest in the 
work of the Commission, and greeted associates from 
Japan and the United States. The Canadian 
Section was privileged to host the Sixteenth Annual 
Meeting, and would assist visiting delegations to make 
their short visit a memorable one. Mr. Cameron 
welcomed Commissioners and advisers from Japan, 
who had travelled so far to attend the meeting. A 
special welcome was extended to Mr. Allen, dean of 
the U.S. Commissioners, and to Mr. Brooding, who 
had been reappointed a U.S. Commissioner recently. 
Mr. Meacham and Mr. Rasmuson, recently-appoint
ed U.S. Commissioners, also were welcomed, and 
outgoing U.S. members were wished well. 

Mr. Cameron noted that the Commission's lengthy 
agenda included many individual items which referred 
in simple terms to complex problems. The next 
few days would be very busy, and decisions would be 
reached once again that would affect the operations 
of fishermen and fleets of the three nations. Such 
decisions, based on the best scientific evidence avail
able, will contribute to development of a more 
effective program for the rational utilization of the 
fishery resources of common interest. 

Special consideration by the Commission at this 
meeting would be required by problems relating to 
the condition of the halibut stocks in the eastern 
Bering Sea, with particular reference to their failure 
to build up to more productive levels following the 
introduction of conservation measures several years 
ago; the condition of certain groundfish stocks, such 
as ocean perch, which have been exposed to heavy 
exploitation in recent years and appear to be showing 
the effects of overfishing; and the effects on the estab
lished and regulated fisheries of the development of 
new fisheries by nations not members of the Commis
Sion. 

The Canadian Section looked forward to studying 
the new data obtained from the coordinated scientific 
investigations carried out during 1969, to reviewing 
new analyses of accumulated data, and to working 
with Japanese and U.S. colleagues toward effective 
solution of mutual problems. 

The Chairman of the Commission, Mr. S. V. Ozere, 

addressed the session. He thanked Mr. Whelan for 
his words of encouragement and Mrs. Linnell for 
her welcome to Vancouver. Fellow commissioners 
and their advisers were welcomed. In particular, 
the three new U.S. Commissioners were assured of 
full cooperation. Mr. Ozere expressed gratitude to 
Mr. Kent, Dr. McGinnis, and Mr. Pautzke for their 
significant contribution to the Commission's work 
during their tenure as U.S. Commissioners. Guests 
and observers at the session were greeted. 

Mr. Ozere said the preceding speakers had out
lined the importance of the Commission's work 
and drawn attention to specific areas of concern. It 
would be difficult to expand on those presentations 
and Mr. Ozere would confine his remarks to de
velopments of interest since the last annual meeting. 
The most spectacular scientific event to transpire 
was the landing of man on the moon. While the 
Commission's accomplishments had not been quite 
that dramatic, knowledge of the fishery resources of 
the North Pacific Ocean had advanced as a result 
of new data obtained from the coordinated investiga
tions conducted by the scientists of the three nations. 
World requirements for animal protein continue to 
increase and the quickest possible realization of 
maximum sustained productivity of the fishery re
sources of the oceans is incumbent on organizations 
such as the Commission. 

The past year would not be described by fishermen 
in the Convention area as a good year from the 
standpoint of production. Halibut stocks in the 
eastern Bering Sea remain at a low level and are not 
responding adequately to the conservation measures 
recommended by the Commission. Salmon runs 
to many North American spawning streams were 
meagre and other resources such as king crab and 
certain groundfish species appeared to show the 
effects of earlier large removals. Many of these 
events were predicted to some degree by our scien
tists, which attests to the value of the data gathered 
and the analyses conducted. Such events show, 
however, that we have not fully reached our ob
jectives. If we are to ensure maximum sustained 
productivity of the fishery resources of the North 
Pacific Ocean, we must continue to seek a more 
complete understanding of the effects of biological 
and physical environments on resources of mutual 
concern and a more accurate assessment of the in
terrelationships of various fishing activities conducted 
in the Convention area. 

Research conducted by the agencies of the three 
countries had produced new information which 
would be of value in reaching solutions to the problems 
still before us. Coordinated vessel cruises were 
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undertaken to further salmon studies and oceanogra
phic data collections on the high seas, and groundfish 
research was continued and expanded, especially 
in the Gulf of Alaska. Valuable information has 
been made available to the Commission by the 
International Pacific Halibut Commission. Without 
the assistance of the Halibut Commission and the 
industry it would be difficult for us to carry out 
certain of our responsibilities. We are indebted to 
all concerned for this cooperation. 

Once again vessels of other nations not parties 
to our Convention conducted fishing operations in 
areas of the North Pacific Ocean where our fleets 
operate. Of particular concern is the extension of 
trawl fishing activities of South Korean fishermen in 
the Bering Sea, and the development of a high seas 
salmon fishery in the outer approaches to Bristol 
Bay. USSR vessels continued to fish extensively 
throughout the eastern North Pacific area. In 
recent years these operations have produced an annual 
catch in excess of three billion pounds. It is obvious 
that our scientists cannot produce reliable assessments 
of the stocks of common interest unless detailed 
biostatistical data covering all substantial removals 
are made available on a continuing basis. It is 
unfortunate that the Commission's efforts to obtain 
such data from the Soviet Union have not been 
successful. 

It is obvious that the Commission still has much 
to do. Efforts must be intensified to find solutions 
to problems of mutual concern. Our deliberations 
during this week will be directed toward this end 
and will be conducted in a spirit of goodwill and 
understanding. 

6. PROCEDURES 

The Commission continued without change pro
cedures followed at past annual meetings. The 
opening and closing sessions were open to the press 
and the public. Other plenary sessions and meetings 
of the Commission's standing committees were open 
only to national section delegates and to guests and 
observers invited by the Commission. Sessions of 
the Commission 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 sessions were 
held at the Sixteenth Annual Meeting. Com
missioners D.F. Miller of Canada, Y. Ohkawara 
of Japan, and M.E. Brooding of the United States 
were named to work with the Secretariat 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. S. V. Ozere of Canada at the opening plenary 
sess10n as the Chairman's report to the Commission 
for 1969. 

7 (b) Submission of Reports by the Secretariat 

The Executive Director submitted the following 
reports to the Commission, all of which were referred 
to the C.ommi ttee on Finance and Administration: 

i. Auditors' report for the fiscal year cndedJune 30, 1969 
ii. Budget estimate for the fiscal year beginning July 1, 1970, 

and budget forescast for the fiscal year beginning July 1, 1971. 
iii. Administrative report for 1969. 
iv. Comments on the form and nature of the reports submitted 

by Canada and the United States in 1969 under the provisions 
of Articles III (1) (c) (iii) and X (2) of the Convention. 

Final disposition of these reports by the Commission 
is recorded in the following section. 

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 I. Commissioner Yoshio 
Ohkawara of Japan was Chairman. Recommenda
tions made by the Committee and adopted by the 
Commission at its fifth plenary session are summarized 
below: 

i. Approval of the report of the Commission's auditors, Peat, 
Marwick, Mitchell and Company, was recommended. Total 
expenditure in the fiscal period ended June 30, 1969, was 
$73,269.23 (Canadian funds). The auditors' report is Appendix 
3 of this report. 

ii. The Committee recommended confirmation of actions taken 
previously with respect to increases in the salary of the Secretary 
and payment of retroactive salary. 

iii. The Committee recommended that the 1967 decision of 
the Commission to use Canadian Public Service classifications 
and salary scales as a guide in setting salary levels for the Execu
tive Director and Assistant Director be revoked. Use of a Clerical 
and Regulatory classification as a guide in setting salary levels 
for the Secretary will be continued. 

iv. The Committee recommended adoption of salary ranges 
of $19,000 to $22,000 (with $500 increments) for the Executive 
Director and $15,000 to $18,000 (with $400 increments) for the 
Assistant Director, both salaries to be in Canadian dollars and 
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subject to Canadian income tax or a staff assessment program. 
v. The Committee recommended immediate payment of 

bonuses of $1,000 and $750 to the Executive Director and As
sistant Director, respectively, as a cost ofliving adjustment. 

vi. The Committee recommended that a budget totalling 
$73,500 (Canadian funds) be adopted for the fi~cal year beginning 
July I, 1970. 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, 1970, and January I, 1971. 

vii. The Committee presented to the Commission a budget 
forecast totalling $84,000 (Canadian funds) for the fiscal year 
beginning July I, 1971. The budget forecast is provided for the 
guidance of the national sections and is not to be considered for 
adoption until the Seventeenth Annual Meeting, in 1970. 

viii. The Committee reviewed the Administrative Report for 
1969 submitted by the Executive Director and recommended its 
acceptance by the Commission. 

ix. The Committee reviewed a report entitled, " Comments 
on the form and nature of the reports submitted by Canada and 
the United States in 1969 under the provisions of Articles III (i) 
(c) (iii) and X (2) of the Convention", and recommended its 
acceptance. 

x. The Committee discussed the use or disposition of the 
working capital fund and made several recommendations designed 
to reduce the amount of the fund from the present $18,000 level. 

xi. The Committee recommended that the following interna
tional organizations be invited to send ob~ervers to the Commis
sion's 1970 Annual Meeting: 

International Pacific Halibut Commission 
International Pacific Salmon Fisheries Commission 
International Commission for the Northwest Atlantic Fisheries 
Inter-American Tropical Tuna Commis~ion 
Inter-Governmental Oceanographic Commission 
Food and Agriculture Organization of the United Nations 
xii. The Committee recommended that the Commission issue 

a formal request for the services of International Pacific Halibut 
Commission biologists as consultants at the 1970 Annual Meeting. 

xiii. The Committee received and reviewed a five-year forecast 
of the Commission's budget requirements prepared for its use by 
the Executive Director. 

xiv. The Committee recommended that present accounting 
procedures with respect to exchange of Canadian dollars into 
U.S. dollars and Yen be continued without change. 

xv. The Committee recommended adoption of a resolution 
authorizing the Executive Director to enter into and execute on 
behalf of the Commission a memorandum of agreement with the 
Government of Canada concerning inclusion of Commission 
employees in the Canada Pension Plan. 

xvi. The Committee recommended participation of the Com
mission in a group long-term disability plan which had been made 
available by the International Fisheries Commissions Pension 
Society. 

xvii. In connection with item 17 of the Commission's agenda, 
which was referred to the Committee for consideration and report, 
the Committee recommended that the Secretariat communicate 
with the three national sections asking for information on any 
changes that have taken place in the laws pertinent to Articles 
III (I) (d) and IX (2) since the last submission of information. 
Alw, the Secretariat is to request information on enforcement 
and the extent of violations, including fines imposed, or any other 

punishments inflicted-such as cancellation of fishing license. 
The Secretariat is to prepare the information for submission to 
the Committee at or prior to the next annual meeting. 

xviii. The Committee recommended that the first plenary 
session of the Seventeenth Annual Meeting of the Commission 
be held on November 2, 1970, at Tokyo, Japan. The Committee 
also recommended that the Eighteenth Annual Meeting be held 
at Anchorage, Ala~ka, commencing on November I, 1971. 

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 condi
tions are: ( 1) evidence based upon scientific research 
indicates that more intensive exploitation of the 
stcck 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 re
gulated through legal measures by each Party which 
is substantially engaged in its exploitation, for the 
purpose of maintaining or increasing its maximum 
sustained productivity, such limitations and regula
tions 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 unanimously 
agreed that a stock no longer satisfies these conditions, 
a Party which has not participated in the exploitation 
of that stock in the past is required to continue to 
abstain from doing so. Under these provisions Japan 
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 recom
mending the confirmation or the shifting of the pro
visional 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 
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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 deter
mine whether it can be shown beyond a reasonable 
doubt that this line or lines more equitably divide 
such salmon than the provisional line. Any recom
mendation 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 Sixteenth Annual Meeting (1969), 
the Commission noted that no such interpretation had 
been received. The members therefore agreed that 
the Commission was unable to make any recommenda
tion for the confirmation or modification of the pro
visional line. The effect of this action is that 175°W 
continues to mark the western 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 1969 

The Standing Committee on Biology and Research 
is responsible for planning and coordination of re
search 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 Sixteenth Annual Meeting (1969), the Com
mittee again established sub-committees to deal with 
the various aspects of salmon research: a salmon sub
committee dealt with distribution and migration of 
salmon in the high seas, another sub-committee re
ported on results of oceanographic research in rela
tion to high seas salmon studies, and a third was con
cerned with planning of future salmon research. 

1. New information on distribution and origin of salmon 

The following summary of new information on dis
tribution and origin obtained from the Commission's 
research program is taken verbatim from the report 
of the Sub-Committee on Salmon. 

A. SOCKEYE 
I. A sockeye which had been tagged in the western North 

Pacific Ocean near the Kamchatka Peninsula (54°05'N, !63°E) 
on September 19, 1968, was recovered south of the central Aleutian 
Islands at 50°!5'N, 179°35'E on June 20, 1969. Its eastward 

migration was much farther than had been observed previously 
for sockeye tagged in the western North Pacific and recovered 
as immature fish a year later. 

2. In the winter of 1969 age .I immature sockeye salmon were 
captured east of 155°W and north of 55°N, in the Gulf of Alaska, 
for the first time. 
B. CHUMS 

In the winter of 1969 age .I immature chum salmon were 
captured in the Gulf of Alaska north of 52°N along 155°W, and 
at 57°09'N, 150°44'W for the first time. 
C. PINKS 

I. One pink salmon tagged by Japan on June 26, 1967, south 
of Kiska (50°24'N, l77°23'E) was recovered on Sakhalin Island 
in 1967. This recovery extends the known range of Sakhalin 
pinks eastward by about 17° of longitude and northward by 
about 4° oflatitude. 

2. Two pink salmon tagged near 43°N, 149°E on June 8, 
1969, were recovered at sea near 43°N, 167°E on June 20 and 23. 
These unusually long eastward migrations indicate that some 
pinks migrate extensively and rapidly during their last spring and 
summer at sea in directions that may not relate to their final hom
ing migration. 

3. One juvenile pink salmon tagged south of the Aleutians 
near l64°W and three juvenile pinks tagged south of the Alaska 
Peninsula near 159°W in 1968 were recovered at Kodiak Island 
in 1969. These recoveries demonstrate for the first time a move
ment of juvenile pinks of Kodiak origin along the Alaska Peninsula 
and Aleutians to at least J64•w . 

ii. Results f!f oceanographic research in 1969 

The Sub-Committee on Oceanography reviewed 
oceanographic research conducted in 1968--69 and 
summarized its effect on the status of oceanographic 
knowledge of the North Pacific Ocean and Bering Sea. 
The Sub-Committee reviewed the terminology used 
in INPFC Bulletin No. 13. Since publication of 
Bulletin No. 13, further research work has provided 
more precise definitions of the different environments 
within the central Subarctic Pacific Region, and at
tempts have been made to correlate salmon distribu
tion with these environments. In some cases uses of 
existing terms have been inconsistent, and a revised 
nomenclature should be considered, although some of 
the new terms would represent a departure from the 
concept of domains. With respect to the Sub-Com
mittee's 1965 recommendation to review the current 
research on the distribution and abundance of salmon 
in relation to the oceanographic environment, the 
Sub-Committee noted that a bibliography of past 
work dealing with such relationships had been com
piled. 

8 (d) Research Plans for 1970-Salmon and 
Oceanography 

Tentative plans for research in 1970 were submitted 
to the Commission by each national section and were 
reviewed by the Sub-Committee on Research Plans. 
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The Sub-Committee discussed exchange of samples 
and personnel in 1970. The United States expressed 
satisfaction with the 1969 coordinated research under
taken with research vessels of Japan south of the 
Aleutian Islands. The United States wishes to con
tinue this coordinated research, providing funds, per
sonnel, and equipment are available. 

8 (e) Abstention on Salmon 

As noted in Section 8 (a) of this report, "Back
ground", the Convention requires that the Com
mission 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 ques
tion, and each year there has been no agreement as to 
whether salmon stocks under abstention continue to 
qualify. At the 1969 meeting of the Ad Hoc Com
mittee on Abstention, Japan continued to maintain 
that the Commission should recommend removal from 
abstention of all stocks listed in the Annex. Canada 
reaffirmed the view held at previous meetings-that 
data submitted by Canada are ample proof that the 
stocks concerned qualify for abstention within the 
terms of the Convention. The United States con
tinued to hold the view that the scientific data pre
sented in its abstention documents over the years 
demonstrate clearly that all requirements for absten
tion on salmon have been met. The conclusion 
reached by the Commission, as entered on the record 
of the fourth plenary session of the Sixteenth Annual 
Meeting (1969), is as follows: 

With respect to all stocks listed in Sections 1 (a), 1 (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 1 (c) and 2 of the Annex refer to 
salmon, the effect of the above conclusion is that 
there will be no change in the salmon stocks under 
abstention in 1970; all salmon east of 175°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 Sixteenth Annual Meeting (1969), 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". The 
U.S. spokesman noted that his section's views on the 
conservation aspects of fishing for salmon on the high 

seas had been stated in considerable detail on many 
occasions in the past. The United States continued 
to maintain that conservation of U.S. salmon stocks 
is affected adversely by the operations of the high 
seas salmon fishery west of the provisional abstention 
line. A salmon run to Bristol Bay in 1970 of the 
magnitude forecast would demonstrate that strong 
cycles can be developed, at a cost of many years of 
restraint on the part of the U.S. industry. The 
United States is encouraged by this anticipated 
success and is striving to strengthen the lean cycle 
years. Intensive and unselective high seas fishing, 
which brings about disproportionately heavy exploita
tion of minor Bristol Bay stocks taken incidentally 
with the dominant Kvichak River run, is adverse to 
this end. The U.S. spokesman reiterated the convic
tion that taking North American salmon on the high 
seas as immatures is wasteful. He pointed out the 
need for more accurate quantitative estimates of the 
catch of immature salmon on the high seas, the lack 
of which hampers U.S. efforts to improve prediction 
accuracy and to manage the stocks properly. The 
United States also urged that efforts be made to 
reduce mortality of mature and immature salmon 
resulting from dropping out of gillnets on the high 
seas. Evidence in past reports of the Committee on 
Biology and Research indicates that such mortality 
may be very high. Concern was expressed over the 
effects of high seas fishing in the central and northern 
Bering Sea on Western Alaska chum and chinook 
salmon resources. Similarly, recent mothership op
erations in waters south of the central Aleutians in 
July are of concern since they are aimed at coho 
salmon and there is evidence available that many of 
the coho in these waters originate in Western Alaska. 
The U.S. spokesman urged the Commission to take 
effective action on salmon problems in high seas areas 
of intermingling. 

The Japanese spokesman reiterated the position of 
the Japanese National Section- that Japan has the 
right to catch salmon of any origin in the areas west 
of the provisional line under the terms of the Conven
tion. The Japanese Section is unable to agree that 
the high seas fishery has an adverse effect on the 
reproduction of the salmon stocks of Bristol Bay, 
considering the big run to Bristol Bay in 1965 and the 
large run of sockeye anticipated in 1970. Japan is 
concerned with conserving Bristol Bay sockeye salmon 
and is willing to make every effort to this purpose, 
but such effort must be on an equitable and rational 
basis. With regard to the catching of immature 
salmon, the Japanese spokesman pointed out that a 
big run occurred in 1965 after many immatures were 
caught in 1964. Japan did not think that there need 
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be too much concern about a large catch of immature 
salmon affecting the size of the run in the following 
year. With respect to the dropout rate of salmon 
from gillnets and the resulting mortality, the Japanese 
spokesman pointed out that the results of research on 
this subject fluctuate greatly and are not advanced 
sufficiently for application to the high seas fisheries. 
Japan feels that the investigations should be continued. 

The Canadian spokesman informed the Commission 
that the views of the Canadian Natonal Section were 
the same as those stated previously. Canada believes 
that high seas fishing is incompatible with maximum 
yield when the runs fished in the high seas are sub
ject to well developed management and well de
veloped fisheries inshore. Canada believes that the 
salmon fisheries in North America have well developed 
management inshore and well developed fisheries 
which crop the runs to the full. 

As the conclusion to its discussion of this topic, the 
Commission adopted the following resolution for 
transmittal to the governments of the member coun
tries: 

In view of the results of scientific investigations to date as 
contained in the reports of the Conunittee on Biology and Research 
and in accordance with the objective of conservation of fishery 
resources of the North Pacific Ocean, as expressed in the Inter
national Convention for the High Seas Fisheries of the North 
Pacific Ocean, the International North Pacific Fisheries Commis
sion respectfully recommends to the Governments of the Contract
ing 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 

Halibut originating along the coasts 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 de
veloped fisheries for groundfish species in the eastern 
Bering Sea and in the Gulf of Alaska. The Commis
sion 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 deter
mined that halibut of the eastern Bering Sea did not 
meet the conditions for abstention. Upon the Com
mission's recommendation, the three member govern
ments 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 respon
sibility 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 1969 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 Sixteenth Annual Meeting (1969) the Com
mission again conducted studies to determine whether 
any stock of halibut remaining in the Annex to the 
Convention continued to meet the abstention require
ments of Article IV. No agreement was reached 
in the Commission as to whether such stocks continued 
to qualify for abstention. Therefore, the Commis
sion made no recommendation for removal of any 
stock from the list in the Annex. 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 
fishing halibut east of 175°W. 

9 (c) The 1969 Halibut Fishery in the Eastern 
Bering Sea 

In 1969 fishermen of Canada, Japan, and the 
United States fished in the eastern Bering Sea under 
regulations based on conservation measures recom
mended by the Commission. Japan took 20,000 
pounds of halibut through August. Canadian and 
United States vessels, fishing exclusively for halibut 
with setline gear, took 999,784 pounds (preliminary 
figure). Regulations for the 1969 fishery for halibut 
were almost identical to those of 1968. Waters of the 
eastern Bering Sea were sectioned into five areas (see 
map on page 11 ), and fishing for halibut in each of 
these five areas was limited to the following periods: 

Area A: April 3-15 (longline gear only) 
Area B: April 3-15 (longline gear only) 

September 1-13 (longline gear only) 
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Area C: March 29-April 22 (longline gear only) 
Area D: March 29-June 20 (all gear); June 20-

November 15 (exploratory and experi
mental fishing by longline gear) 

Area E: Closed at all times 
As in previous years, retention ofhalibut taken by net 
trawl gear in Areas A, B, C, and E was prohibited. 
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. Canada and the United States continued, 
as a domestic measure, to prohibit retention of halibut 
by vessels fishing with any type of net trawl gear in 
the Bering Sea. The Canadian and United States 
catch mentioned above was taken from Area A 
(234,810 pounds), Area B (265,880 pounds), Area C 
(215,347 pounds), and Area D (283,747 pounds). 

9 (d) Results of Research on Bering Sea Ground
fish in 1969 

A Sub-Committee on Bering Sea Groundfish met 
during the two weeks immediately preceding the 1969 
Annual Meeting, working under terms of reference 
as follows: (1) to study results of the commercial 
fisheries and research on groundfish in the Bering Sea 
for the purpose of developing information to assist 
in formulating conservation mea~ures 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 in the past, timing of the meeting does not permit complete 
reporting of the current year's fishing. Accordingly, data for 
1969 are incomplete and can be treated only in a preliminary 
manner, while data for 1968 are in a form suitable for complete 
reporting. 

In 1968, 12 Japanese mothership fleets (226 catcher boats), 
42 independent trawlers, and 22 independent longline-gillnetters 
fished for groundfish, shrimp, and herring in the Bering Sea. 
The total catch (round weight) for the" fishing year" (November 
1967-0ctober 1968) amounted to 863,666 m.t. (1,904 million lbs), 
approximately 123,000 m.t. (271 million lbs) more than in the 
comparable 1967 fishing year, the increase being mostly from 
pollock. The principal contributors to the catch were pollock 
(77.2%), Pacific cod (6.0%), Pacific ocean perch (5.2 % ), and yel
lowfin sole (3.3%). The total catch of halibut by the mother
ship, independent trawler, and independent longline-gillnetter 
fleets in 1968 was 1,403 m.t. (3.1 million lbs), compared with 
1,287 m.t. (2.8 million lbs) in the 1967 fishing year. 

In 1968, 182 landbased trawlers were licensed in the Bering 
Sea, in addition to the mothership fleets and independent vessels 
dealt with above. The total catch (based on preliminary data) 
of the landbased trawlers was 51,064 m.t. (113 million lbs), an 
increase of45% over the catch in 1967. Their total halibut catch 
was 3,474 m.t. (7. 7 million lbs), compared with 4,893 m.t. (10.8 
million lbs) in 1967. In both years, the halibut catch was taken 
in the northern Bering Sea, west of 175°W. Records for species 

other than halibut are not available for review this year. 
Preliminary information for 1969 (through August) indicates 

that 12 mothership fleets (226 catcher boats), 42 independent 
trawlers, and 22 independent longliners were licensed to operate 
in the Bering Sea during the January-August period. The 
total catch (round weight) during this period was 840,933 m.t. 
(1,853 million lbs), an increase of 94,827 m.t. (209 million lbs) 
over the same period in 1968. The principal contributor to the 
catches was pollock (77.3%). This species was caught primarily 
in the flats and edge areas east of 170°W. The Japanese halibut 
landings through August amounted to 737 m.t. (1.6 million lbs), 
a decrease of 534 m.t. (1.2 million lbs) from the catch made in the 
comparable period of last year. Most of the halibut was taken 
between 175°W and 180°. 

Records of the 1969 landbased trawler fleet are not yet avail
able. 

In 1969 (through early October), the North American catch 
of halibut in the Bering Sea was 529 m.t. (1.17 million lbs)
dressed weight-slightly less than in 1968 (555 m.t.; 1.22 million 
lbs). All catches were made with setline gear, and 75 m.t. (166,-
000 lbs) were taken west of 175°W (1.5 m.t. in 1968). The 1969 
(through August) Japanese catch of halibut (exclusive of the 
landbased fishery) in the Bering Sea was 552 m.t. (1.22 million 
lbs)-dressed weight-compared with 953 m.t. (2.10 million lbs) 
through August 1968. (Japanese catches have been converted 
to dressed weight equivalents for purposes of comparison with 
North American catches : dressed weight= round weight X 0. 75.) 
The 1968 and 1969 Japanese catches were taken by setlines, trawls, 
and Danish seines, almost entirely within the region between 
175°W and 180°. The 1969 records of the Japanese landbased 
fishing vessels are not available yet. Likewise, no records of 
Soviet Union halibut catches in the Bering Sea are available at 
this time. 

Further information has been gathered concerning the distribu
tion and relative abundance of juvenile halibut inhabiting the 
eastern Bering Sea-inshore regions of Area D (e), and all of 

Area E. These juvenile halibut exhibit considerable seasonal 
variation in distribution. IPHC trawl surveys during June 1966-
69 in Area E indicate a decline in abundance ofjuvenilt- halibut. 

The Sub-Committee examined the available scientific evidence 
for the purposes of assessing the condition of the halibut stock(s) 
in the various areas of the Bering Sea and assisting the Commission 
in formulating conservation measures for halibut of the eastern 
Bering Sea in 1970. 

9 (e) Conservation Measures for Bering Sea Hali
but in 1970 

The Commission adopted a set of recommendations 
for conservation measures to be applied by the mem
ber countries to their eastern Bering Sea halibut 
fisheries in 1970. The Commission's recommenda
tions for the 1970 season were similar in content to 
those adopted for the 1969 season. Recommendations 
for conservation 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 
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of the North American groundfish (trawl) catch. Principal 
species of groundfish in the trawl landings were: Pacific cod 
(6,600 m.t.) ; rock sole (2,584 m.t.) ; lingcod (1 ,886 m.t.) ; Eng
ish sole (657 m.t.); and petrale sole (472 m.t.). Animal food 
landings (principally turbot and butter sole) totalled 9,953 m.t. 
and reduction landings (principally Pacific cod), 215 m.t. Shrimp 
landings consisted principally of Panda/us jordani (trawl) and P. 
platyceras (trap). Preliminary records for 1968 indicate a trawl 
catcli of 18,150 m.t., an 8% increase over 1967. Principal species 
were Pacific cod (6,730 m.t.), rock sole (3,060 m.t.), lingcod 
(2,920 m.t.), and Pacific ocean perch (886 m.t.). Animal food 
landings (principally turbot and butter sole) totalled 2,270 m.t. 
and landings for reduction were negligible. Line vessels landed 
1,742 m.t. of groundfish, chiefly lingcod (1,220 m.t.). 

(11) In 1967, United States trawlers landed 59,678 m.t. of 
groundfish (other than halibut) and 24,556 m.t. of shrimp. Line 
vessels landed a small, but unknown, amount of groundfish. 
United States trawlers fished from the Southeastern Area to 
southern California, and 74% of their catch was taken in the 
Charlotte-Columbia region. Principal species in the trawl land
ings were: rockfishes other than Pacific ocean perch (8,649 m.t.); 
Pacific ocean perch (6,892 m.t.); Dover sole (5,340 m.t.); 
English sole (5,007 m.t.); Pacific cod (4,062 m.t.); lingcod 
(3,439 m.t.); and petrale sole (2,890 m.t.). Animal food land
ings totalled 6,113 m. t. (principally Pacific hake and turbot), and 
landings for reduction totalled 12,173 m.t. (principally Pacific 
hake). Shrimp fishing extended from the Kodiak Area to southt>m 
California. Principal species were Panda/us borealis (Kodiak-South
eastern) and P. jordani (south of the Southeastern Area). Pre
liminary records for United States groundfish (trawl) production 
indicate a 1968 catch of 50,580 m.t., approximately one-third of 
which is rockfishes and one-third flatfishes. 

(12) North American trawl fishing effort expended in 1967 
for groundfish totalled 146,482 hours, of which Canada supplied 
26,483 (18%) hours and the United States, 119,999 hours. Cor
responding data for 1968 is not available at this time. Shrimp 
trawl effort units varied among states and nations, and hence 
could not be summarized. 

(13) During 1969, as in previous years, United States observers 
were aboard Japanese stem trawlers (fish net) in the northeast 
Pacific Ocean. Observations (182 hauls) were conducted in the 
Chirikof, Kodiak, Yakutat, Southeastern, and Charlotte Areas 
during April-September. Pacific ocean perch was the pre
dominant species (61% by weight) in the observed catches. Aver
age incidence of halibut in the observed catches was 0.4%, by 
weight, and ranged from 0.0 to 0.9%, compared with 0.2-1.3% 
recorded during 1964--68. Halibut catch rates observed in 1969, 
compared with 1968, were slightly higher for small ( <66 em) 
halibut (1.0 vs. 0.5 fishfhr) and considerably lower for large 
(;:::66 em) halibut (1.3 vs. 2.2 fishfhr). Viability index for dis
carded halibut was 31% (55% in 1968). 

(14) Three research vessels conducted cruises in the Gulf of 
Alaska during 1969. These vessels were the Canadian vessel G. B. 
&ed and two IPHC-chartered commercial vessels (Tonquin and 
Sea Prince). The G. B. &ed completed a cruise during February 
(rockfish maturity studies) in the Vancouver Area and another in 
September (Pacific ocean perch distribution studies) in the Char
lotte Area. Halibut incidence (by weight in total catch) in the 

February catches was 0.6%, compared with 0.5% in 1967 and 
0.6% in 1968 in the same area. In the September catches, halibut 
incidence was 0.4%, and comparable values from the same area 
were 0.2 in 1965, 1.4 in 1966, and 0.9 in 1967. 

(15) A report on the IPHC studies of juvenile halibut in the 
Gulf of Alaska during 1967 was received. Trawl catches at 
selected stations in the Shumagin-Southeastern Area indicated 
that inshore (6-26 fm) catches generally contained younger hali
but than offshore (15-128 fm) catches. 

(16) The IPHC tagged 6,760 halibut during 1969 in the 
northeast Pacific Ocean from Washington to Unimak Island. 
Some halibut were recovered in the Gulf of Alaska which were 
tagged in the Bering Sea. No recent information on recoveries 
of halibut tagged by the IPHC in the Gulf of Alaska has been 
reported. Records of halibut released, with Japanese tags, in the 
Bering Sea and Gulf of Alaska during 1963-67 and recaptured 
during 1968-69 indicate that: (I) all recoveries of halibut tagged 
in the Gulf of Alaska were made in the Gulf; and (2) of the re
coveries of halibut tagged in the Bering Sea, approximately 84% 
were from the Bering Sea and 16% from the Gulf of Alaska. 

(17) Soviet trawlers were again active throughout the north
east Pacific Ocean. These vessels were most numerous (20) off 
Alaska (western Gulf of Alaska) in October 1968 and May 1969, 
off British Columbia (22-36 vessels) in July-August 1969, and off 
Washington and Oregon during spring and summer 1969. Ob
served catches consisted primarily of Pacific ocean perch off 
Alaska, and of Pacific hake off British Columbia, Washington, and 
Oregon. The Soviet shrimp fishery in the Gulf of Alaska began 
in April and ended in May and was centered on Portlock Bank. 

9 (g) Effects of Trawling on Halibut in the Con
vention Area 

In dealing with the agenda item, Effects of trawling 
on halibut stocks in the Convention area, the Commission 
had for its reference the reports of the Sub-Committee 
on Bering Sea Groundfish and the Gulf of Alaska 
Groundfish Committee. 

A spokesman for Japan advised the Commission 
that according to Japanese research incidental catches 
of halibut in Japanese trawl fisheries were very 
small. Halibut caught incidentally are returned to 
the sea in as good condition as possible. Japan does 
not believe trawling in the Gulf of Alaska has' any 
marked effect on the halibut stocks. Japan pointed 
out that many vessels of the USSR were trawling in 
the area and data from these operations were neces
sary if the Commission's research on the question was 
to be advanced. Japan requested the Commission 
to ask the Soviet Union for data on incidental catches 
of halibut. 

The Canadian spokesman referred the Commission 
to the Canadian statement on this subject made at 
the 1968 Annual Meeting. This statement indicates 
clearly Canada's continuing concern regarding effects 
on the halibut resources of trawl fisheries for other 
groundfish. In view of evidence contained in the 
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latest report of the Sub-Committee on Bering Sea 
Groundfish, Canada is even more concerned about 
the future of the North American setline fishery for 
halibut. Canada acknowledges the fact that a coun
try not party to the Convention has been trawling 
extensively in the northeastern Pacific Ocean for 
species other than halibut, but notes with added 
concern that in 1968 a substantial increase occurred 
in Japanese trawling and longlining operations in 
that region. Failure of halibut stocks in the north
eastern Pacific to respond adequately to recent reduc
tions in allowable catch is clearly indicative of 
declining recruitment of young halibut. A similar 
situation exists in the Bering Sea. In the Canadian 
Section's view it is no mere coincidence that this 
decline has occurred at a time when adverse effects 
could be expected from trawling in rearing areas of 
the eastern Bering Sea and northeastern Pacific. 
Canada reiterated the view that every effort should 
be made to obtain quantitative measures of the losses 
from the halibut stocks incurred by incidental capture 
in fisheries for other species. 

The United States spokesman, referring to data in 
the report of the Bering Sea Groundfish Sub-Commit
tee, pointed out the lack of response of halibut in 
Area A to conservation measures adopted in recent 
years. One reason for the poor condition of halibut 
stocks in this area, particularly on the Polaris Ground, 
is the long-term reduction in recruitment of young 
halibut. The Bering Sea Groundfish Sub-Commit
tee regards recruitment of young halibut to be a 
matter of considerable concern. Concentrations of 
small juvenile halibut have been found in recent years 
outside of the no-trawling area adopted by Japan as 
a domestic measure. Halibut tagged outside the no
trawling area have been recaptured by commercial 
fishing vessels in the northeastern Pacific. Also, 
recent surveys have indicated a decline in the abun
dance of juvenile halibut in Area E. The United 
States was disappointed that the no-trawling area 
was not to be expanded. Continuation and intensi
fication of studies to determine the effect of trawling 
on the halibut stocks in all areas was recommended. 
Attention was called to a request for provision by 
Japan of information, summary, and analysis of size 
composition of all halibut caught by trawls used by 
the Japanese fisheries in Area D of the Bering Sea. 
The United States urged Japan to respond fully to 
this request and further requested that similar data 
be provided for Area E. 

The Commission, noting Japan's comment re
garding data on Soviet trawl fisheries, agreed that a 
request should be made to the Soviet Union for data 
on catches in the northeastern Pacific trawl fisheries. 

I 0. AcTIVITIEs OF THE CoMMISSION CoNCERNING 

GROUNDFISH SPECIES (OTHER THAN HALIBUT) 

oF THE NoRTHEASTERN PACIFIC OcEAN 

At its 1967 Annual Meeting the Commission agreed 
to initiation of a joint research program on the ground
fish resources of the northeastern Pacific Ocean under 
the provisions of Article III (I) (c) (i). This article 
of the Convention provides that the Commission 
shall study, at the request of any Contracting Party 
concerned, any stock which is under substantial 
exploitation by two or more of the Contracting Parties 
for the purpose of determining the need for joint 
conservation measures, provided that the stock is not 
covered by a conservation agreement between such 
parties. 

When dealing with this topic at the Sixteenth (1969) 
Annual Meeting the Commission agreed that studies 
were not advanced sufficiently to allow recommenda
tion of joint conservation measures for groundfish 
other than halibut in the northeastern Pacific Ocean. 

11. REVIEW OF COMMISSION ACTIVITIES WITH RESPECT 

TO GROUNDFISH 

At the Fifteenth Annual Meeting (1968) the Com
mission agreed to discuss in detail at the Sixteenth 
Annual Meeting (1969) a proposal of the Canadian 
National Section regarding the Commission's hand
ling of groundfish research as a whole. As a result 
of discussions in 1969 it was agreed that all terms of 
reference with respect to groundfish should be dealt 
with by the Committee on Biology and Research. It 
was understood that the Committee on Biology and 
Research would use two sub-committees in dealing 
with these terms of reference, one on Bering Sea 
groundfish and one on northeastern Pacific ground
fish. Thus, commencing with the 1970 meeting work 
done previously by the Gulf of Alaska Groundfish 
Committee will be done by the Committee on Biology 
Research. 

12. 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 
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 
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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 (1962), the Commis
sion noted that the removal of certain herring stocks 
from abstention had brought up the possibility of a 
joint fishery on those stocks in the future. The Com
mission established a sub-committee of the Committee 
on Biology and Research to draw up a plan for a 
program of joint research, to be implemented at the 
inception of any herring fishery of joint interest. The 
sub-committee presented the plan of a program for 
joint research on herring to the Commission at its 
Tenth Annual Meeting (1963), at which time it was 
adopted. No fishery of joint interest on any herring 
stock formerly under abstention had come into being 
by the time of the Fifteenth Annual Meeting, and 
consequently the joint research plan remains unimple
mented. 

There was no item specifically referring to herring 
on the Commission's agenda in I 969. 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. 

13. AcTIVITIES OF THE CoMMISSION CoNCERNING KING 

CRAB 

At the Fourteenth Annual Meeting (1967), 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 
meeting at the request of the United States Government. 
This study is being conducted in accordance with the provi
sions of Article III (1) (c) (i) and (ii) of the Convention. 
(b) The Commission hereby requests the Governments of 
Japan and the United States of America to submit to the 
Commission 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 composition, and tag recovery information as is 
possible at the time. 
(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 re
sults of the study, as requested by the Governments of Japan 
and the United States of America and in accordance with the 
decision of the Commission at its Twelfth and Thirteenth 
Annual Meetings. The Report of the Sub-Committee on 
King Crab Research and Planning will serve as the said re
port. 

2. The right of the Commission to determine necessary joint con
servation measures in addition to those currendy in effect 
based on the results of the study referred to in 1 (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 (1) 
(c) (ii) of the Convention, unless and until it recognizes that 
the regulatory measures taken by those governments are in
adequate. 

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

At the Sixteenth Annual Meeting (1969) the Com
mission agreed that the report of the Sub-Committee 
on King Crab and Tanner Crab as contained in the 
1969 Report of the Committee on Biology and 
Research would be submitted to the three govern
ments, as prescribed in item I (c) of the resolution. 
With respect to implementation of Article III (I) (c) 
(ii) the Commission noted that the report of the 
Committee on Biology and Research did not contain 
recommendations for conservation measures for eastern 
Bering Sea king crab and that the Sub-Committee 
wished to defer until the next annual meeting any 
comment on the adequacy of bilateral regulatory 
measures. 

14. AcTIVITIES OF THE CoMMISSION CoNCERNING 

TANNER CRAB 

At the Fifteenth Annual Meeting (1968) the Com
mission agreed to study the stock of tanner crab in 
the eastern Bering Sea for the purpose of determining 
the need for joint conservation measures. Accord
ingly, the 1969 agenda contained the item, Implementa
tion of Article III (I) (c) (ii) with respect to tanner crab. 
In dealing with this agenda item the Commission 
agreed that information is not yet sufficient for the 
purpose of recommending joint conservation measures 
for tanner crab. The report of the Sub-Committee 
on King Crab and Tanner Crab was to be transmitted 
to the Contracting Parties as the Commission's report 
on the study being conducted on the tanner crab 
resources of the eastern Bering Sea, in accordance with 
an agreement reached by correspondence during the 
interim between annual meetings. 

15. REsoLUTION REGARDING NoN-MEMBER FisHING 

IN CONVENTION AREA 

Under item 20 of its agenda, Other business, the Com-
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miSSion adopted a resolution which took note of a 
report that the Republic of Korea had fished for 
salmon in the Convention area. Further, the resolu
tion expressed grave apprehensions that such fishing 
by a non-member country would have an adverse 
effect on conservation measures taken at great expense 
by Canada, Japan, and the United States with a view 
to attaining the Convention's objective to ensure 
maximum sustainable productivity of the fishery 
resources of the North Pacific Ocean. The resolution 
requested the member governments to take appro
priate measures to deter fishing operations which are 
detrimental to the achievement of the Convention's 
objectives. 

16. PUBLICATIONS OF THE COMMISSION 

The Commission publishes an Annual Report and 
a Bulletin. All manuscripts must receive approval of 
the Commission prior to publication. Scientific re
ports for inclusion in the Bulletin also receive prior 
review and approval by an editorial referee from each 
national section. The Annual Report and Bulletin 
are published in separate English and Japanese ver
sions, of identical content. The Annual Report 
contains a report of the Commission's annual meeting 
as well as reports of any interim meetings which may 
have been held during the year, an administrative 
report covering activities between annual meetings, 
and national summaries of research conducted for the 
Commission by the research agencies of each member 
country. The Bulletin is published at irregular 
intervals. Reports 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. Information on the current status of Com
mission publications is given on the back cover of 
this annual report, including titles of papers contained 
in the Bulletin. 

17. STATISTICS 

The Commission prepares a statistical yearbook, in 
processed form, containing data on catches of salmon, 
halibut, herring, king crab, and groundfish by fisher
men of the member countries in certain waters. The 
yearbook is in English only and its distribution is 
limited. Each year the statistical yearbook has been 
referred to the Committee on Biology and Research 
for consideration and recommendation. In 1967 the 
Committee referred the 1966 Statistical Yearbook 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 
subsequently adopted by the Commission. That 
working party corresponded during 1968 and met at 
the 1968 Annual Meeting. For various reasons, the 
working party restricted its discussions to the ground
fish portion of the yearbook. A Sub-Committee on 
Statistics was established by the Committee on Biology 
and Research at the 1968 Annual Meeting to receive 
the report of this working party. The Sub-Committee 
recommended continuation of the working party's 
work, under the title" Working Party on Groundfish 
Statistics ", and also recommended that the salmon 
portion of the yearbook be reviewed by a second 
working party to be called, "Working Party on 
Salmon Statistics ". The Sub-Committee on Sta
tistics met in 1969 and received a report from each 
of its two working parties. Descisions on certain 
recommendations of the Sub-Committee are to be 
made at a subsequent annual meeting. Final recom
mendations of the working parties to the Sub-Commit
tee also are to be presented at a subsequent meeting. 

18. OFFICERS ELECTED FOR 1970 

The Commission elected officers for 1970 in ac
cordance with the Rules of Procedure and established 
practice. Officers elected were: 

Chairman of the Commission-Mr. Kenjiro Nishimura of japan 
Vice-Chairman of the Commission-Mr. Edward W. Allen of the 

United States 
Secretary of the Commission-Mr. S. V. Ozere of Canada. 

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

19. CLOSING STATEMENTS AT THE FINAL PLENARY 

SESSION 

Spokesmen for each national section made conclud
ing statements at the final plenary session of the 
Sixteenth Annual Meeting, on November 7, 1969. 

Commissioner Isamu Ikezaki, speaking on behalf of 
the Japanese National Section, remarked that his 
delegation had been impressed by the autumn 
scenery of Vancouver and expressed gratit1.1de for the 
hospitality and cooperation which had been extended 
to them. Mr. Ikezaki had been impressed by the 
smooth conduct and friendly atmosphere of the proce
edings at this meeting, which occurred in spite of the 
replacement of some experienced commissioners and 
experts. This demonstrates that the Commission is 
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based on a solid foundation of mutual understanding 
and collaboration, and represents a source of satisfac
tion to the Japanese Section. Mr. Ikezaki offered 
appreciation and admiration for the untiring efforts 
of the scientists of the three countries, who had met 
in the two weeks prior to the plenary sessions and had 
presented again this year invaluable results of scientific 
research conducted on fishery resources of the North 
Pacific Ocean. Substantial discussion had taken 
place on subjects of mutual concern, such as salmon, 
halibut, other groundfish resources, and king and 
tanner crab stocks. The Commission also had dealt 
constructively with problems in the area of finance 
and administration. Certain areas of disagreement 
remain. Also, that new problems should appear as 
fisheries of the three nations continue to develop 
is only natural. Progress will be achieved by dealing 
with problems " head-on ". In this sense, discrep
ancies existing between the respective views must be 
faced squarely, and worked on in the context of 
effective utilization and conservation of fishery re
sources of the North Pacific Ocean, with a view to 
the overall development of the fisheries of the three 
countries. This meeting was the sixteenth since the 
Commission came into existence in 1953. Noticeable 
changes in the situation have accompanied recent 
developments in the North Pacific fisheries, one 
example of which is the problem created by fishing 
operations by fishermen of a country which is not a 
member of the Commission. All three member 
nations share a grave concern over this matter. Mr. 
lkezaki was convinced that the situation should be 
coped with positively from a fresh perspective. Mr. 
lkezaki extended appreciation and best wishes to 
Chairman Ozere; the Commissioners, experts, and 
advisors of Canada and the United States; and 
members of the Secretariat for their cooperation. 

The Chairman of the U.S. Section, Commissioner 
Charles H. Meacham, expressed the appreciation of 
his section for the hospitality extended by the Canadian 
hosts at this Sixteenth Annual Meeting. He spoke 
of the U.S. Section's gratitude for the opportunity to 
exchange frank views on important matters pertain
ing to the conservation of fishery resources of the 
North Pacific Ocean. The U.S. Section looks forward 
to increased cooperation with members of the Com
mission and to the day when Convention objectives 
will have been reached fully. Mr. Meacham was 
gratified that the Japanese and Canadian members 
shared U.S. concern over the recent intrusion by a 
non-contracting nation's pelagic salmon fleet into 
Convention waters adjacent to Bristol Bay. These 
expressions of concern indicate that appropriate 
measures will be taken by all three Contracting 

Parties to discourage encroachments by non-signatory 
nations which defeat the mutually-defined conserva
tion goals of the Commission. The U.S. Section was 
disappointed that its view concerning the apparent 
impact upon juvenile halibut of the trawl fisheries 
in the eastern Bering Sea is not shared by all members 
of the Commission. In the light of the steadily in
creasing fishing by trawl fleets, available evidence 
suggests that the optimum time for corrective measures 
already may be past. The serious decline of ground
fish stocks, particularly ocean perch, in the Gulf of 
Alaska, which well may indicate widespread deple
tion of certain of the stocks, is viewed by the U.S. 
Section with increasing alarm. Similar stock ex
haustion may be occurring in groundfish stocks in 
the Bering Sea and the U.S. Section urges the Com
mission to collect and analyze in greater detail in
formation which will enable recommendation of 
timely measures to protect these stocks. The U.S. 
Section also urges that changes agreed upon at this 
meeting for arrangements in investigating ground
fish resources be reflected in intensified and improved 
efforts to determine the condition of the resources. 
The United States continues to maintain that a high 
seas salmon fishery is wholly inconsistent with good 
management and conservation practices. The reasons 
supporting this view need not be dwelt upon since 
this position and its scientific basis are documented 
in Commission proceedings and scientific literature. 
Mr. Meacham, in closing, expressed appreciation to 
the scientists and the Secretariat staff who gave so 
much to make the meeting successful. The U.S. 
Section had enjoyed its stay in Vancouver and looked 
forward to meeting in Tokyo in 1970 and in Anchorage 
in 1971. 

Commissioner James C. Cameron of Canada ad
dressed the session on behalf of his section. He 
pointed out that another milestone had been passed 
along the road to achievement of objectives embodied 
in the Convention. Experience of sixteen years had 
taught that conflicting interests make agreement 
difficult in certain areas, but that on the other hand 
there are areas of common interest. Mr. Cameron 
said that perhaps too much time had been devoted 
to the former and not enough to the latter. Matters 
on which agreement is difficult are known; year after 
year the records change but little and attest to the time 
spent repeating statements on matters where agree
ment could not be reached. One valuable lesson 
learned from association with the Convention is that 
the sections can agree to disagree on certain issues, 
but that this does not deter them from seeking agree
ment on important matters of common interest. 
Perhaps the time has come for more concentration 
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on matters in which greater progress can be made, 
matters in which there is a vital common interest. 
The Convention is flexible enough to permit its use 
as an instrument to serve our common purposes. In 
particular it can serve the interests of conservation. 
It should be kept in mind that in the large area ofthe 
North Pacific this is the only Commission charged 
with the responsibility of conservation of multiple 
species of fish. Our able and dedicated fishery 
scientists could, if untrammelled by conflicting in
terests, pursue their investigations with enthusiasm. 
They could produce results in the field of conserva
tion which would be of inestimable value in the 
scientific management of fisheries and of lasting 
benefit to the fishing industries of their respective 
countries. If we do not allow our scientists this 
objectivity, but confine their efforts to narrow fields 
bounded by conflicting interests, we will stifle their 
enthusiasm and make their work not only difficult 

but futile. The Canadian Section is concerned that 
the scientists are handicapped by a lack of detailed 
information from fleets of nations not party to the 
Convention which are exploiting the fishery resources 
of the North Pacific. The salmon fishing efforts of the 
Republic of Korea are a source of alarm to the Cana.. 
dian Section and the necessity of taking appropriate 
measures to deter fishing operations which would be 
detrimental to achievement of Convention objectives 
will be impressed upon the Government of Canada. 
Mr. Cameron expressed appreciation to the Secretariat 
for the meeting arrangements and gratitude to the 
interpreters and others who had worked long hours to 
make the meeting possible and worthwhile. The 
Canadian Section had enjoyed hosting the Sixteenth 
Annual Meeting and looked forward to meeting in 
Tokyo in 1970. Mr. Cameron wished the delegates 
from Japan and the United States a safe and pleasant 
journey home. 
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APPENDIX 2 

AGENDA 

as adopted for the 

SIXTEENTH ANNUAL MEETING-1969 

Vancouver, Canada, November 3-7, 1969 

I. Opening 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) Oceanographic research 
(b) Salmon research 
(c) King crab and tanner crab research 
(d) Bering Sea groundfish research 
(e) Gulf of Alaska groundfish research 
(f) Research planning 
(g) Publication of research results 
(h) Statistics 

8. C.onsideration of salmon problems in high seas 
areas of intermingling 

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

Sea in 1970 
II. Effects of trawling on halibut stocks in the Con

vention area 
12. Implementation of Article III (I) (a) with re

spect to the stocks listed in the Annex 

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

14. Implementation of Article III (I) (c) (ii) with 
respect to tanner crab 

15. Implementation of Article III (I) (c) (ii) with 
respect to groundfish other than halibut in the 
northeastern Pacific Ocean 

16. Consideration of Canadian proposal for handling 
of groundfish research 

17. Consideration of status of implementation of 
Article III (I) (d) and Article IX (2) 

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

July I, 1970 
(c) Budget forecast for fiscal year beginning 

July 1, 1971 
(d) Administrative report for 1969 
(e) Comments on the form and nature of the 

reports submitted in 1969 by Canada 
and the United States in accordance 
with the provisions of Article III (I) 
(c) (iii) and X (2) 

(f) Schedule of future meetings 
(g) Other matters 

19. Election of officers 
20. Other business 
21. Closing remarks 
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AUDITORS' REPORT TO THE COMMISSION 

PEAT, MARWICK, MITCHELL & CO. 
Chartered Accountants 

900 West Hastings Street 
Vancouver 1 

British Columbia 

We have examined the statement of assets and liabilities of the International North Pacific Fish
eries Commission as of June 30, 1969 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 circumstances. 

In our opinion, these financial statements present fairly the financial position of the commission 
as at June 30, 1969 and the results of its operations for the year then ended, in accordance with gener
ally accepted accounting principles applied on a basis consistent with that of the preceding year. 

PEAT, MARWicK, MrrcHELL & Co. 

Vancouver, British Columbia 
August 18, 1969 

Chartered Accountants 

STATEMENT OF ASSETS AND LIABILITIES 

June 30, 1969 

General funds : 
Cash in bank 

Working capital fund: 
Cash in bank 

Equipment, at cost 
Less accumulated depreciation 

General funds : 
Accounts payable and accrued expenses 

Advances from Contracting Parties for 
working capital fund 

Assets 

Liabilities 

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

Amount at June 30, 1968 
Additions during the year 

Less adjustments for equpiment disposals (Note) 

Deduct: 
Depreciation provided in previous years 
Depreciation in current year 

Less adjustments for equipment 
disposals (Note) 

s 6,205.53 
552.00 

6,757.53 

3,474.21 

s 5,519.94 
3,283.32 

$8,940.20 
53.95 

8,994.15 

3,474.21 

5,519.94 

3,283.32 

s 3,671.30 

18,000.00 

2,236.62 

s 23,907.92 

s 3,671.30 

18,000.00 

2,236.62 

s 23,907.92 

Note: Assets having an original cost of $3,474.21, which had been fully depreciated, were writ
ten off at June 30, 1969. 
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STATEMENT OF INCOME AND EXPENDITURE 
Year ended June 30, 1969 

Income: 
Contributions from Contracting Parties 
Interest earned on working capital fund 

Expenditure: 
Personal services 
Travel 
Communications 
Contractual serviC'es 
Supplies 
Equipment 
Annual meeting rentals 

STATUS OF APPROPRIATIONS 

Personal services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 
Annual meeting rentals 

Budget 
appropriations 
$44,300.00 

7,500.00 
2,350.00 

13,269.23 
2,550.00 

800.00 
2,500.00 

s 73,269.23 

$44,102.76 
7,181.68 
1,862.98 

13,437.39 
2,759.41 

53.95 
3,871.06 

Appropriations 
as =dified by 

transfers 
44,102.76 

7,181.68 
1,862.98 

13,437.39 
2,759.41 

53.95 
3,871.06 

73,269.23 

s 72,000.00 
1,269.23 

73,269.23 

73,269.23 

S-

Expenditures 
44,102.76 

7,181.68 
1,862.98 

13,437.39 
2,759.41 

53.95 
3,871.06 

73,269.23 

Note : The budget appropriation for " contractual services " has been adjusted to include 
Sl,269.23 received in interest on the working capital fund. 

Receipts: 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended June 30, 1969 

Contributions from Contracting Parties 
Interest earned on working capital fund 

Disbursements : 
Personal services 
Travel 
Communications 
Cor..tractual services 
Supplies 
Equipment 

s 44,102.76 
6,181.68 
1,862.98 

16,481.37 
2,759.41 

53.95 

s 72,000.00 
1,269.23 

73,269.23 

Annual meeting rentals 3,871.06 75,313.21 

F.xcess of disbursements over receipts 
represented by decrease in bank accounts : 

Balance June 30, 1968 
Balance June 30, 1969 

s 23,715.28 
21,671.30 

S2,043.98 
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II. ADMINISTRATIVE REPORT FOR 1969 

I. CoNTENT OF THE REPORT 

This report provides information on decisions of 
the Commission made by correspondence between the 
Fifteenth (1968) and Sixteenth (1969) Annual Meet
tings, describes actions taken with respect to decisions 
made at the Fifteenth Annual Meeting, and reviews 
Secretariat activities. The period covered by this 
report is from the adjournment of the Fifteenth 
Annual Meeting on November 8, 1968, to the opening 
of the Sixteenth Annual Meeting in Vancouver, 
Canada, on November 3, 1969. 

2. OFFICERS, MEMBERS, AND STAFF 

Officers of the Commission and membership during 
the period covered by this annual report are listed 
on the inside front cover. 

There were no changes in the permanent staff of 
the Secretariat during the period. Samuel J. 
Hutchinson continued as Executive Director, Kaoru 
Tatara as Assistant Director, and Lorraine M. Kissack 
as Secretary. 

3. INTERIM AcTIONs oF THE CoMMissiON 

From the conclusion of the Fifteenth Annual Meet
ing (1968) up to November 3, 1969, the following 
Commission business was transacted by correspond
ence: 
a. The Commission approved for publication in the 

Bulletin two reports, entitled " Comparison of 
catches of Pacific salmon by gillnets, purse seines, 
and longlines" and "Direction of movement of 
salmon in the North Pacific Ocean, Bering Sea, 
and Gulf of Alaska as indicated by surface gillnet 
catches, 1962-65 ". Approval was announced in 
Circular Letter No. 524 dated December 20, 1968. 

b. The Commission approved summary minutes of 
the fourth, fifth, and sixth plenary sessions of the 
Fifteenth Annual Meeting. Approval was an
nounced in Circular Letter No. 526 dated January 
15, 1969. 

c. The Commission approved for publication in the 
Bulletin a report entitled "Origin of chum salmon 
(Oncorhynchus keta) in offshore waters of the North 
Pacific in 1956-1958 as determined from scale 
studies". Approval was announced in Circular 
Letter No. 535 dated March 21, 1969. 

d. The Commission approved for publication in the 
Bulletin a report entitled " Use of scale charac
teristics and a discriminant function for classifying 
sockeye salmon (Oncorhynchus nerka) by continent 

of origin ". Approval was announced in Circular 
Letter No. 561 dated August 28, 1969. 

e. The Commission assigned terms of reference with 
respect to tanner crab studies to the Committee 
on Biology and Research. This action was an
nounced in Circular Letter No. 567 dated Septem
ber 12, 1969. 

f. The Commission agreed to provide the Contract
ing Parties with an annual report on the results 
of the tanner crab studies. Agreement was an
nounced in Circular Letter No. 573 dated October 
1, 1969. 

4. APPROVAL OF COMMISSION RECOMMENDATIONS FOR 
HALIBUT 

At its Fifteenth Annual Meeting (1968), the Com
mission formulated and adopted for recommendation 
to the Contracting Parties conservation measures for 
1969 halibut fishing in the eastern Bering Sea. The 
recommendations were transmitted to the Contracting 
Parties on November 29, 1968, and were subsequently 
accepted by them and incorporated into domestic 
regulations governing the 1969 fisheries. Individual 
notification from Contracting Parties regarding their 
acceptance of the recommendations were contained 
in a letter from Japan dated January 25, 1969, a 
telelegram from the United States on March 28, 1969, 
and a letter from Canada dated June 9, 1969. 

5. RESOLUTION ON CONSERVATION OF FISHERY RE· 
SOURCES 

At its Fifteenth Annual Meeting (1968), the Commis
sion adopted a resolution calling upon the Contract
ing 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 on November 29, 1968. 

6. SuBMISSION OF KING CRAB REPORT TO THE CoN
TRACTING pARTIES 

The Commission adopted a resolution on king crab 
at its Fourteenth Annual Meeting (see page 15 of the 
Commission's 1967 Annual Report). One provision 
of the resolution is that the report of the Sub-Com
mittee on King Crab shall be forwarded to the three 
Contracting Parties by November 30 of each year 
as a report on the results of the Commission's study 
of the king crab resource of the eastern Bering Sea. 
On November 29, 1968, the Secretariat forwarded 
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III. THE RESEARCH PROGRAM 

A. REPORT ON RESEARCH BY CANADA FOR THE INTERNATIONAL 
NORTH PACIFIC FISHERIES COMMISSION 

Fisheries Research Board of Canada 

I. OcEANOGRAPHY 

1. Programs 

During 1969 there were six programs which con
tributed data essential to a study of the oceanography 
of the subarctic Pacific Region : 

(a) Studies of the seasonal and year-to-year 
temperature and salinity variations in the oceanic
coastal waters off British Columbia were continued. 
Profiles of salinity and temperature were again ob
tained by STD. Three surveys were undertaken in 
1969. The first was an intensive survey of a small 
area overlying the continental shelf north of Barkley 
Sound, undertaken in early March. The second and 
third were approximately 3-week cruises in April 
and October, similar to those undertaken in 1967 and 
1968. 

(b) The oceanographic program at Ocean Station 
P was expanded to two ships early in 1969. Ob
servations in both ships were similar to those made 
last year, and included a modest program ofbiological 
work. For the first time, bottom currents were 
measured for several days with a moored current 
meter. New equipment now used in the weathership 
oceanographic program includes STD's, XBT's, and 
a satellite receiver and computer for determining 
the ship's position . 

(c) Computations of transport utilizing values 
of sea-level barometric pressure are being continued. 
A program for computing transport on a 2° grid for 
the British Columbia coastal area is now available, 
and computations for both the time of, and somewhat 
before, each oceanographic cruise are being made. 

(d) Studies of the extent and "timing" of the 
spring plankton bloom across the subarctic Pacific 
are being made. A cruise in CNA V Endeavour from 
Esquimalt to Tokyo and back was completed in 
March-May. In addition to the biological mea
surements, surface temperature and salinity and XBT 
observations were obtained at regular intervals along 
the transect. 

(e) The program of daily seawater observations 
at 16 lightstations along the British Columbia coast 
was continued. 

(f) The Maritime Forces Weather Centre in 
Esquimalt, B. C., continues to publish twice weekly 

charts of sea-surface temperature for the northeast 
Pacific. They are also preparing charts of monthly 
sea-surface temperature anomalies compared to a 
long-term mean. 

2. Physical Oceanography 

(a) Depth of mixed layer-April 1968. In April 
1968, the thickness of the surface mixed layer varied 
between 0 and 90 meters, with the shallowest depths 
occurring near the coast of Vancouver Island (Fig. 1). 
These depths are considered to be representative 
of mid-winter and early-spring conditions. There 
is a marked similarity in the distribution of these 
isopleths and of the surface isohalines, par~icularly 
seaward of Vancouver Island (cf. Fig. 1 and 2). 
The main features of the gradients are nearly coin
cident, and the shallowest mixed-layer depths are 
~sociated with the lowest surface-salinity values. 

The formation of the mixed layer is considered to 
be due to wind mixing and to convective overturn 
resulting from cooling and evaporation. The depth 
to which these processes extend will depend on the 
stability within the water column. It would appear 
that, off the coast of Vancouver Island, the prime 
factor limiting the depth of mixing during late winter 
and early spring is the salinity of the surface waters. 

(b) Surface temperature and salinity-April 1969. 
In Fig. 3 and 4 are presented the surface temperature 
and salinity distributions for April 1969. Surface 
temperatures were highest, 8.0-9.5°C, in the waters 
overlying the continental shelf off Vancouver Island 
and lowest, 6.5°C, in the oceanic waters seaward of 
Queen Charlotte Sound (Fig. 3). 

The surface temperatures of the continental shelf 
waters off Vancouver Island were about 0.5-l.0°C 
higher in April 1969 than in April 1968 (values for 
the latter time not shown here). On the other 
hand, the temperatures of the adjacent oceanic waters 
were about 0.5°C higher in April 1968. Northward 
of Vancouver Island surface temperatures of the 
oceanic waters were similar for both periods, but 
in Queen Charlotte Sound they were slightly higher 
in April 1969. 

The surface salinity distribution for April 1969 
(Fig. 4) reflects the winter convergent situation that 
usually exists at this time of the year, with low-
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FIGURE I. Depth (m) of mixed layer, April 1968. 
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salinity water confined near the coast, and relatively 
high-salinity water lying near the continental slope. 

Off the coast of Vancouver Island, the convergent 
situation was more fully developed in April 1969 
than in April 1968, as indicated by the strength of 
the near-shore gradient (cf. Fig. 2 and 4). 

In Queen Charlotte Sound, surface salinities in 
April 1969 were slightly higher (by about 0.5:Yoo) 
than those observed in April 1968. 

(c) Vertical distributions of temperature. In Fig. 5 
and 6 are presented examples of the vertical dis
tributions of temperature in two sections for the 
periods April 1968 and 1969. One section extends 
seaward from Estevan Point, at about mid-Vancouver 
Island, and the other extends seaward from Mcinnes 
Island in Queen Charlotte Sound. Their locations 
are shown in Fig. 4. Temperatures in the sections are 
representative of the general thermal features seaward 
and northward of Vancouver Island. A feature 
common to all sections is the presence of temperature 
inversions in the depth interval between 75 and 175 
meters. The temperature inversions were more pro
nounced in the Estevan Point section than in the 
Mcinnes Island section. 

In April 1968, between 250 and 800 m depth, 
the isotherms tended to slope upward, while in the 
deep water (below about 800 m) the isotherms 
tended to slope downward, on approaching the 
continental slope. In April 1969 all the isotherms 
tended to a downward slope on approaching the 
continental shelf. The change is probably associated 
with a redistribution of mass and a change in direc
tion from southerly to northerly in the circulation 
of the waters seaward of the continental slope. 

There were significant differences in the tempera
tures of the bottom waters overlying the continental 
shelf. OffVancouver Island and in Queen Charlotte 
Sound, bottom or near-bottom temperatures in 
April 1969 were from 1.0 to l.5°C greater than those 
observed in April 1968. A review of the data from 
cruises in 1967-1969 indicates that bottom or near
bottom temperatures off Vancouver Island were 
similar in September 1967, April 1968 and October 
1968, ranging from approximately 6.0°C at the edge 
of the shelf to 7.2°C about 5 miles from the coast; 
however, they were about 1.0°C higher in April 1969. 
In the Mcinnes Island section to the north, shelf 
bottom temperatures ranged from 5.5°C at the edge 
of the shelf to 6.2°C in the eastern sector of Queen 
Charlotte Sound in September 1967 and October 
1968. In April 1968, temperatures ranged from 
about 4.3°C to 6.8°C and, in April 1969, from 5.5°C 
to 7.3°C. 

3. Biological Oceanography 

During the past two years a cooperative program 
has been developed for the study of production 
processes in the subarctic North Pacific Ocean. 
The primary purpose of this program is to examine 
components of oceanic variability which may affect 
commercial fisheries (e.g. high seas salmon mor
tality) and further to assess the productivity and 
diversity of organisms having potential value as 
a food resource for man. The principal agencies in 
this cooperative program are the Fisheries Research 
Board of Canada, Nanaimo, and the Department 
of Oceanography, University of Washington, Seattle. 

It was recognized that, in order to carry out the 
study, it was necessary to collect data over very large 
ocean areas. To this end, it was proposed that 
maximum use should be made of observational 
platforms which regularly cover the North Pacific. 
Weatherships, commercial vessels and satellites have 
therefore been considered for the collection of such 
data as are specifically required for large-scale ocean 
surveys. In addition, however, it was considered 
necessary that research vessels should be occasion
ally employed in this program for the purpose of 
comparing protracted observations from established 
platforms with intensive but sporadic observations 
made from a research vessel. Thus the primary 
purpose of the trans-Pacific cruise of CNA V Endeavour 
was to investigate the waters of the l.ubarctic Pacific, 
to examine plankton, small fish and other animals 
which form the primary food of secondary carnivores, 
including salmon, and to compare the results with 
theoretical predictions of biological productivity based 
on data collected from commercial vessels, weather
ships and satellites. 

(a) Observations. The cruise track (Fig. 7) was 
designed to follow the approximate route of American 
Mail Line vessels travelling on the great circle route, 
from Seattle to Yokohama. The cruise was carried 
out during the months of March and April, 1969, 
and was timed to coincide with the onset of the spring 
plankton bloom in the subarctic Pacific. Surface 
sampling included continuous underway monitoring 
of nutrients, carbon dioxide, pH, chlorophyll, tur
bidity, temperature, salinity, zooplankton and solar 
radiation. In addition, depth profiles for plankton, 
nutrients and small fish were taken each day, for a 
total of 39 stations. 

(b) Nutrients. Data obtained from the continuous 
monitoring program, representing a coverage of 
approximately 8,000 miles of ocean surface, are 
shown in Fig. 7. These data show the degree of 
both small- and large-scale variability in the nutrient 
structure of the subarctic Pacific. The rate of 
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nutrient utilization can be determined as the dif
ference between values from the westbound and 
eastbound tracks, and the data used as a measure of 
the temporal and spatial characteristics of maximum 
productivity over the whole area. Long-term 
variations in these parameters, as measured from 
commercial vessels, will be used to assess time/space 
changes in the environment of the subarctic Pacific. 
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(c) Primary production. Primary productivity 
throughout the subarctic Pacific is shown in Fig. 8 
for 5 months in 1969. The data have been taken 
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the cruise of CNA V Endeavour. The figure shows 
that productivity in the spring was depressed in the 
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along the coast of North America, in the vicinity of 
the Aleutian Islands and off the coast of Japan, 
production increased steadily from February/March 
through June. Another significant aspect of these 
data is that the western subarctic Pacific is shown 
to be appreciably more productive than the eastern 
subarctic. Thus the average primary production 
for six months at longitudes East was 600 mg C/m2/ 

day compared with the average, throughout the 
same period for longitudes West, of 310 mg C/m2/day. 

(d) Scattering layer. Traces obtained from a 
200 KHz (Furuno) echo sounder revealed the presence 

of an ocean-wide shallow scattering layer (Fig. 9 and 
10). This layer varied in intensity but was seldom 
absent. Detailed sampling using a Longhurst re
corder showed that the layer was composed of the 
large marine copepod, Calanus cristatus, at concen
trations far exceeding any previously reported. This 
finding is both scientifically and economically signifi
cant. From a scientific point of view it is known 
that the amount of food a fish can acquire is related 
to the concentration of forage organisms and to 
their degree of aggregation or " patchiness ". In 
previous studies of ocean environments only prey 
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concentrations have been measured, since patchiness 
is generally difficult to evaluate. With the use of 
the 200 KHz sounder, however, patchiness has been 
shown to be readily measurable, thus permitting a 
better interpretation of plankton data with respect 
to fisheries. 

II. RESEARCH ON GROUNDFISH 

I. Introduction 

Groundfish investigations began, on a modest 
scale, in the 1930's, but expanded rapidly in the late 
1940's. Primary emphasis was placed initially on 
the biology and population dynamics of the inshore 
stocks of flatfishes, Pacific cod, and lingcod exploited 
by the British Columbia trawl fleet. In 1962, a 
new program began which dealt with the identifica
tion, distribution, abundance, and biology of rock
fishes (Scorpaenidae) in the northeast Pacific Ocean, 
with special emphasis on Pacific ocean perch (Sebas
todes alutus). The research vessel G.B. Reed, com
missioned in December 1962, has been used for 
virtually all the field studies on rockfishes. 

During 1963-66, a general trawl and echo-sounder 
survey was conducted, primarily in summer, of the 
rockfish stocks on the outer continental shelf and 
upper continental slope from Cape Blanco, Oregon, 
to Unalaska Island, Alaska. Concurrently, fishing 
gear was standardized, catch sampling techniques 
were developed, and an age determination study begun 
on Pacific ocean perch. Results of the initial survey 
have been used to select the more detailed studies 
undertaken after 1966. 

2. General Progress on Studies of Roclifish 

Numerous rockfish species exist in the northeast 
Pacific Ocean, but their taxonomy is not well estab
lished, and no keys are available for identification of 
juveniles or larvae. Hence, considerable effort was 
expended in establishing the identity of the various 
species encountered in G.B. Reed trawl catches. A 
number of articles have been published dealing with 
range extension records (14 species), species new to 
British Columbia (9), and new species (one published, 
one in press). Of special interest has been the use of 
biochemical techniques (protein electrophoresis) to 
complement the conventional morphological tech
niques. 

Preliminary distribution and abundance studies 
suggest that numbers of rockfish species increase 
eastward and southward from the Aleutian Islands, 
from approximately 5 or 6 in the western Gulf of 
Alaska to about 34 off Oregon. Pacific ocean perch 
was the predominant species in all areas north of 

Dixon Entrance. South of Dixon Entrance, complex 
rockfish communities were encountered occasionally. 
Pacific ocean perch distribution varied by area, depth, 
season, type of bottom, and age. Based on differential 
growth and dominant year-classes, ocean perch have 
been subdivided into two major stocks (B.C.-type and 
Gulf-type) whose mutual boundary is Dixon Entrance. 
Growth and other data suggest that further subdivi
sions will be possible in the future. Ocean perch 
abundance, based on echo-sounder surveys and catch 
rates, varied irregularly among areas. High abun
dance was noted for the western Gulf; intermediate 
abundance for southeastern Alaska and British 
Columbia, and low abundance for the central and 
eastern Gulf, and off Washington and Oregon. 
Detailed studies on ocean perch distribution and 
abundance (and interspecies relationships) have been 
initiated for two important grounds off British 
Columbia-southwest Vancouver Island and Queen 
Charlotte Sound. 

Biological studies have included age determination 
and growth of ocean perch-and to a limited extent, 
other rockfish species-and maturity, spawning season, 
and larvae identification of all rockfish species. 
Ocean perch growth varies inversely with latitude and 
depth of water. Age composition data suggest that 
year-class strength varies substantially within and 
among areas. Rockfish spawning season extends from 
at least January to July, but for any single species 
spawning is complete within 30 to 40 days. Ocean 
perch usually release their larvae during March
April. To date, we have been unable to segregate 
pre-extrusion larvae, by species, on the basis of 
melanophore patterns or other morphological charac
ters. Rearing experiments, with unfed larvae, aboard 
the G.B. Reed suggest that larvae undergo substantial 
morphological changes within 2 to 3 days after birth. 

3. Field Activities in 1969 

Three G.B. Reed groundfish cruises were completed 
during 1969. The fit"St, in February off southwest 
Vancouver Island, was designed to investigate : (I) 
maturity, spawning season, and larvae identification 
of rockfishes; (2) bathymetric distribution and 
abundance of ocean perch; (3) length-weight rela
tionship for ocean perch; and (4) systematic studies 
of marine species by protein electrophoresis. 

The second cruise, in June, was designed to : (1) 
collect length-weight data on ocean perch off southwest 
Vancouver Island and in Queen Charlotte Sound; 
and (2) collect rockfish, particularly the" aleutianus " 
A-B-C complex, off southwest Vancouver Island and 
Monterey, California, for morphological and biochem
ical (protein electrophoresis) taxonomic studies. 
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The third cruise, in September, was designed to: 
(1) collect length-weight data on ocean perch off 
southwest Vancouver Island and in Queen Charlotte 
Sound; (2) investigate the bathymetric distribution 
and abundance of ocean perch in Queen Charlotte 
Sound; (3) investigate maturation of rockfish ovaries 

off southwest Vancouver Island and in Queen Char
lotte Sound; and (4) conduct an in situ evaluation, 
by U.S. scientists, of the G.B. Reed on-bottom, ground
fish trawl and the Universal Mark II trawl (designed 
by the U.S. Bureau of Commercial Fisheries) in Juan 
de Fuca Strait. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

DURING THE YEAR 1969 

Fisheries Agency of Japan 
September 1970 

I. SALMON 

Research by Japan for the INPFC in 1969 was 
principally the same as in 1968. A salmon distribu
tion study was carried out in February 1969 by a 
research vessel. Also, salmon research was continued 
by three research vessels in March, and by 15 research 
vessels and 11 motherships after April. Research 
vessel investigations in 1969 ended in September; 
however, results summarized here are as of the end 
of July. 

1. OFFSHORE DISTRIBUTION 

A. Investigations of Motherships 

The mothership salmon fishery in 1969 was con
ducted from the end of May to the middle of July 
by 11 motherships with 369 catcher boats. Mother
ship operations were initiated at the end of May 
around 50°N and 167°E, as usual, and extended to the 
northwest. In early June, some fleets moved from 
the May fishing grounds to areas south of the Aleutian 
Islands east of 180°. In mid June the fleets were 
distributed along 50°N between 165°E and 175°W, 
and some fleets began to move into the Bering Sea, 
operating in the southern central part. In early 
July, there were four groups of fishing grounds: the 
western Bering Sea, the central Bering Sea, off the 
southeast coast of the Kamchatka Peninsula, and the 
Pacific area south of the central Aleutians. The 
Bering Sea groups shifted a little to the north in mid 

July. Fishing grounds in late July were in the same 
areas as in mid July, and operations terminated on 
July 23. 

Thirty fish of each species were sampled on each 
mothership from the catch of every fishing day for 
body length, body weight, and gonad weight measure
ments, sex identification, and scale sampling. Water 
temperatures were observed every day up to 200-m 
depth. The following are the rounded numbers, by 
species, measured on the motherships: 17,200 sockeye, 
18,000 chum, 15,700 pink, 2,200 coho, and 7,300 
chinook. 

The catch per tan of drift gillnet in the mothership 
fishery was 3.62 fish, and that for sockeye was the 
lowest in the past 10 years; however, pink salmon 
showed features of high cycle years and chinook 
increased (Table 1, Fig. 1 ). The results by species 
are summarized as follows. 

a. Sockeye Salmon 
The catch per tan of sockeye in 1969 was 0.96, the 

second lowest since 1964. By ages, 2.2 (53 ) and 2.3 
(63 ) fish showed lower than average values and 1.2 
(42) fish showed higher (Table 2). 

Sockeye density in 1969 was low generally except 
at the beginning of the season (late May and early 
June) in an area off southeast Kamchatka where 
density was slightly higher. 

The proportion of immature sockeye in the mother
ship catch was 29%, the second highest since 1964 
(Table 3). 

TABLE I. Catch-per-tan of salmon in the mothership fishery from 1960 through 1969. 

Species 

Year Sockeye Chum Pink Coho Chinook Total 

1960 1.98 1.61 0.29 0.15 0.03 4.06 
1961 2.60 1.23 0.65 0.06 O.oi 4.55 
1962 1.81 1.09 0.19 0.26 0.02 3.37 
1963 1.50 0.98 1.13 0.32 0.01 3.94 
1964 0.94 1.15 0.30 0.47 0.05 2.91 
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 4.39 
1968 1.07 1.37 0.65 0.15 0.06 3.30 
1969 0.96 1.24 1.12 0.21 0.09 3.62 
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FIGURE 1. Abundance of salmon caught by mothership fishery. 

TABLE 2. Catch-per-1000-tans of sockeye salmon in the mothership fishery from 1960 through 1969, by age. 

Age 

1.2 1.3 2.2 2.3 3.2 3.3 
Year (41) (5a) (5.) (63) (6,) (7,) Misc. 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 1,495 
1964 193 287 278 132 25 9 20 944 
1965 112 250 1,255 217 88 20 26 1,968 

1966 47 366 368 498 22 58 36 1,395 
1967 175 168 602 576 49 30 16 1,546 
1968 199 207 317 247 64 20 21 1,075 
1969 218 211 199 232 29 18 48 955 

TABLE 3. Ratio of immature sockeye salmon sampled in mothership fishery, by age. 

41 5a 5. 6s 6, 7, 
Year (1-2) (1-3) (2- 2) (2-3) (3- 2) (3-3) misc. Total 

1960 4.8 1.0 11.3 0.4 0.8 0.1 0.4 18.8 
1961 1.0 1.2 2.2 0.8 0.2 + 0.1 5.9 
1962 2.1 1.5 6.9 1.5 2.4 0.1 + 14.5 

1963 7.6 5.7 9.8 2.1 1.1 0.3 0.5 27.1 
1964 14.8 6.2 13.8 1.1 1.4 0.1 0.2 37.7 
1965 2.8 1.7 9.6 0.7 1.0 0.2 0.5 16.4 
1966 1.3 2.7 7.0 1.6 0.3 0.2 0.3 13.4 
1967 2.8 1.5 10.2 1.5 0.5 0.1 0.1 16.6 
1968 7.7 1.8 9.9 0.8 1.2 + 0.3 21.7 
1969 13.3 2.3 9.5 0.9 1.2 0.1 1.8 29.1 
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TABLE 4. Catch-per-1000-tans of chum salmon in the mothership fishery from 1960 through 1969, by age. " 

Pacific Ocean Bering Sea 

2 3 4 5 6 3 4 5 6 
Year (0.1 ) (0.2) (0.3) (0.4) (0.5) Total (0.2) (0.3) (0.4) (0.5) Total 

1960 70 914 433 1,418 12 1,466 735 2,214 
1961 49 558 686 29 1,322 11 350 352 13 726 
1962 73 648 330 36 1,087 
1963 65 586 116 5 772 277 1,424 37 3 1,741 
1964 141 585 118 844 484 1,539 148 2,170 
1965 32 862 52 946 58 998 29 1,085 
1966 4 67 831 596 1 1,499 274 1,305 583 2,162 
1967 3 61 767 181 2 1,014 96 2,004 180 2 2,282 
1968 133 712 171 3 1,019 496 1,380 355 5 2,236 
1969 111 623 92 826 952 1,031 38 2,031 
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FIGURE 2. Relative abundance of salmon by ten-day periods, caught by the gillnets of the research vessels in the Okhotsk 

Sea in summer of 1968. 
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b. Chum Salmon 
The catch per tan of chum in 1969 was 1.24 fish, 

about the average since 1960 (Table 1 ). By areas, 
it was 0.83 fish in the Pacific, or the record low since 
1960, and 2.03 fish in the Bering Sea, a substantially 
high value. In both areas, 0.3 (41 ) fish were the main 
body of fish by ages and, particularly, 0.2 (31) fish 
showed very high levels in the Bering Sea (Table 4 ). 

c. Pinlc Salmon 
Reflecting the high cycle year (odd year) in Asian 

stocks, pink salmon density was relatively high, 1.12 
fish. Particularly, densities were high in the areas 
off the southeast coast of Kamchatka and in the 
western Bering Sea since late June. 

d. Coho Salmon 
Little information was obtained because the fishery 

terminated just after mid July. 
e. Chinook Salmon 
Though the proportion of chinook in the total catch 

was low generally, it was the highest in the past ten 
years. Particularly, high values were recorded in the 
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Bering Sea. 

B. Investigations by Research Vessels 

The results of research from August 1968 to July 
1969 are summarized below; results prior to that 
period were summarized in the 1968 Annual Report. 

B-1. Okhotsk Sea, June-August 1968 
In this period, chum salmon density was high and 

relatively low in coho and chinook (Fig. 2). Chum 
density was highest in June, and decreased as the 
season progressed. The highest values for sockeye 
and pink were in mid July. In early August, the 
density of each species tended to decrease except in 
coho salmon where it increased slightly. 

B-2. Eastern Bering Sea, June-August 1968 
Sockeye salmon appeared in high density in the 

eastern part of this area in late June; however, values 
decreased to 1.0 fish per tan in July and there were 
very few in August. Chum salmon values were some
what high (1.0 fish per tan) in the eastern part of this 
area in June-July, but their density rose to nearly 
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FIGURE 3-1. Relative abundance of salmon caught by the gillnets of the Oshoro-maru in the Bering Sea in June 1968. 
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6 fish per tan in the northern stations in August. 
Pink, coho, and chinook were distributed very lightly 
in the general area in June-August. (Fig. 3.) 

B-3. Central Bering Sea, July 1968 
The sockeye salmon catch was 0.3 fish per tan, 

and no deiJse group was recognized. In chum 
salmon, on the contrary, the catch per tan was 2-3 
fish, the highest of all species, and they were con
centrated around 55°N, 177°W and 60°N, l77°W. 
Chinook salmon were found in slight density (0.25 
fish per tan) around 56°N, l77°E, but very few pink 
and coho salmon were found. (Fig. 4.) 

B-4. .Northwest Pacific, Western Bering Sea, and 
Okhotsk Sea, August-September 1968 

The study of immature salmon distribution which 
was initiated in 1967 was continued in the western 
Bering Sea and northwest Pacific in August-Septem
ber. Drift gillnets used were the standard research 
net with five meshes from 55 mm through 157 mm. 

Sockeye density was low in the area south of 50°N, 
but one-ocean-year fish were densely distributed 
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50~ 
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south of Attu Island in the Aleutian Chain, and 
around 60°N, 167°E. Also, 0-ocean-year sockeye 
were caught (1.9 fish per tan) along the southwest 
coast of the Okhotsk Sea in September. 

Chum salmon density was low generally, and most 
were one- and two-ocean-year fish. However, they 
were distributed in a little higher density in the 
northern Bering Sea around 60°N, l77°E. 

Very few pink, coho, and chinook salmon were 
found. (Fig. 5, Fig. 6-1, Fig. 6-2.) 

B-5. .Northwestern .North Pacific, February 1969 
A distribution study conducted in February 1969 

using standard research nets is summarized in Figure 
7. Each salmon species was distributed in low 
density. Sockeye salmon were seen only around 
45°N, 160°E, in densities lower than 0.2 fish per 
tan, and they were mostly three-ocean-year fish. 
Chum salmon were seen in the southern part of the 
research area, in densities lower than 0.1 fish per tan, 
and three-ocean-year fish were dominant. Pink salm
on appeared in all stations, but the catch per tan was 
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only 0.3 fish at best, and the average body length was 
34 em. Only one coho was caught and no chinook at 
all. 

B-6. Central North Pacific 
A distribution study using standard research nets 

was conducted in the central North Pacific in May 
1969 (Fig. 8). Sockeye density was high around 
45°N, and the next high was near 50°N, 175°W. 
Chum were lightly distributed and catch per tan 
remained under 0.5 fish. Pink distribution was high 
near 45°N, 175°W (1.3 fish per tan), and was low in 
the north. At 44°N, 176°E, 0.9 fish per tan of coho 
were caught, and also at two stations along 175°W, 
but not in the northern stations. Chinook were 
caught at only one station. 

2. TAGGING 

In 1969, seven research vessels tagged 9,21 7 salmon 
out of 56,564 caught by longline gear, including 1,278 
sockeye, 1,321 chum, 6,516 pink, 36 coho, and 66 
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chinook. Tagging areas from February to July in 
1969 are shown in Figure 9. 

High seas and coastal recoveries in 1969 from salmon 
released in the North Pacific or the Bering Sea in the 
same year gave no additional information. However, 
among chum salmon recoveries it is noted that, as is 
shown in Figure 10, some chum salmon released near 
50°N and 57°N along 175°W were recovered after 
westerly migration, and judging from gonad weights 
they were to spawn in Asian rivers in the same year. 

Many sockeye salmon released near 56°N, 175°W 
were recovered in the Bristol Bay area in early July. 
Among the additional recoveries from releases in 1968, 
two recoveries were notable: one sockeye released near 
54°N, 163°E in September 1968 was recovered near 
50°N, 179°E in June 1969, and this fish was presumed 
immature by its gonad weight; another sockeye 
released near 58°N, 1 77°E in August 1968 was recap
tured in Bristol Bay in early July of the following year. 
(Fig. 11.) 
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FIGURE 9. Release stations of Japanese salmon tagging experiment in spring and summer (February to July) of 1969. 
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175°W line in 1969. 
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Il. OCEANOGRAPHY 

Oceanographic conditions in 1969 were examined 
using water temperature data recorded by salmon 
research vessels and motherships from spring to sum
mer. The results are summarized in comparison with 
1967 and 1968. Comparisons of annual oceanogra
phic conditions were made primarily with respect to 
the following features : 

1) the Subarctic Boundary 
2) changes in the cold water mass emerging from 

the Okhotsk Sea to the Pacific through Kuril 
Island passes 

3) the eastward extension of Western Subar::tic 
Water 

4) the Alaskan Stream. 

I. THE SuBARCTIC BouNDARY 

Water temperatures at 100-m depth in the north
west Pacific in June 1967, 1968, and 1969 are shown 
in Figures 12-14, respectively. It seems that the 
location of the 3°C contour along 45°N from 145°E to 
170°E reflects the changes ofWestern Subarctic Water 
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"p 
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' 

' • 0 • 
~ 

1 

~ 

in each year. 
In 1969, the 3°C isotherm did not show any sub

stantial change in April through to June, and the 
location in June represents the state of spring-summer 
period (Fig. 14). Notable features in 1969 are that 
the 3°C isotherm moved far north in the area west of 
150°E, compared with 1967 or 1968; and the occur
rence of l4°C water around 40°N indicated that the 
northern limit of the Kuroshio Current was farther 
north than in any year since 1963. Another feature in 
1969 was that the 3°C isotherm moved south of 45°N 
in the area near 167°-l68°E. These phenomena were 
not seen in 1967 or 1968, as can be seen by comparing 
Figure 14 with Figures 12 and 13. 

2. CHANGES IN THE CoLD WATER MASs EMERGING 

FROM THE OKHOTSK SEA TO THE PACIFIC 

THROUGH KURIL ISLAND PASSES 

In 1969, cold water lower than I °C was distributed 
in a wide area southeast of warm water located around 
45°N and 152°E (Fig. 14), compared with 1968, when 
the extent of cold water like this was limited to a small 
area (Fig. 13). Though such cold water was dis-
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FIGURE 12. Temperature (0 C) at 100m depth, 1967 (by Kitano). 
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FIGURE 13. Temperature (°C) at 100m depth in June 1968. 
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tributed in a wide area also in 1967, in 1969 it extended 
far more to the · south along 150°E. 

3. THE EASTWARD ExTENSION OF WESTERN SuB

ARCTIC WATER 

In 1967, the Western Subarctic Water lower than 
2°C extended to the east beyond l70°E around 47°-
480N (Fig. 12). This feature also was recognized in 
about the same magnitude in 1968; however, the 
temperature was a little higher, lower than 2.5°C 
(Fig. 13). In 1969, water temperature in this area 
was 2.5-3°C and no cold water extension occurred 
such as in 1967, nor did cold water lower than 2.5°C 
extend beyond 1 70°E. 

4. THE ALASKAN STREAM 

The Alaskan Stream can be identified roughly as 
water warmer than 4°C at 100-m depth. Comparing 
Figures 12-14, water warmer than 4°C was distributed 
in a relatively wide area around the Aleutian Islands, 
and in 1969 the westem tip of this water reached 
172°E. However, the extent of water warmer than 
4°C was very limited in 1967 and 1968. The water 
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temperature in this area in 1969 was about 1 oc higher 
than in 1967 or 1968, but it is impossible to discuss 
the axis of current or transport of the Ala~kan Stream 
by only the distribution of water temperature. 

III. CRAB INVESTIGATIONS IN THE 
EASTERN BERING SEA 

1. KING CRAB 

King crab investigations in the eastern Bering Sea 
in 1969 were conducted by one research vessel and 
two motherships. Biological data were collected in a 
field survey and analytical studies of catch statistics 
and biostatistics were continued. 

Since 1965, bilateral agreements on the king crab 
fishery concluded between Japan and the United 
States and between the United States and the USSR, 
have set catch quotas and size limits for crabs. In 
the revised agreements in 1968, reflecting the stock 
condition, production quotas in 1969 and 1970 were 
agreed at 85,000 cases for Japan and 52,000 cases for 
the USSR. 

In addition to this, since 1967 fishing grounds have 

170E 

FIGURE 14. Temperature (°C) at 100m depth in June 1969. 
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FmuRE 15. Carapace length distribution and average carapace lengths of commercial male crabs 
sampled by the Japanese mothership fleet in the Bering Sea, 1965-69. 
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TABLE 5. Catch data of king crab by the japanese king crab fishery in the eastern Bering Sea, 1965-69. 

Tans of No. of 
No. of net used crabs caught 

Year motherships (X 1000) (X 1000) 

1965 2 452.2 4,215.9 
1966 2 447.3 4,206.3 
1967 2 440.5 3,764.1 
1968 2 484.7 3,853.3 
1969 2 271.9 2,072.9 

been set for each country (Japan and USSR) to avoid 
unnecessary troubles arising from competitive gear 
operation. 

The average carapace length of commercial male 
crabs was 149.5 mm in 1969, and the proportion of 
large-size groups in the carapace length distribution 
seems to be decreasing in recent years (Fig. 15). Also, 
the number of crabs per case increased to 24.4, com
pared with 22.8 in 1965 (Table 5 ). 

In order to determine the rational catch level for 
the king crabs in this area, it is necessary to evaluate 
population characteristics, and for this purpose analy
tical studies of catch and biostatistics which are under
way should be accelerated. 

2. TANNER CRAB 

Preliminary studies on tanner crab in 1968 indicated 
that there were two species, Chionoecetes bairdi and C. 
opilio, in the tanner crab resource in the king crab 
fishing grounds in the eastern Bering Sea. Therefore, 
emphasis in 1969 was placed on studies of the dis
tribution and migration of these two species. A 
research vessel, the Kumamoto-maru No. 2, conducted 
trawl fishing at l 0 l stations, and two motherships 
released 20,000 tagged tanner crabs. In addition, for 
the study of results of tagging release, the Kumamoto
maru No. 2 kept tagged tanner crabs in sunken crab 
pots and examined the death or loss of tags among 
them. 

The research area of the K umamoto-maru No. 2 was 
marked by the lines of 55°40'N, 58°N, l66°W, and 
l59°W. A preliminary study of results revealed the 
following information on tanner crab distribution. 

C. bairdi were distributed generally throughout the 
research area, with concentrations being noted at 
those stations along the Alaska Peninsula from Amak 
Island to off Black Hill and in offshore areas far to the 
northwest; therefore, it seems that in the area of 
research C. bairdi were concentrated along the 70-90 m 
depth contour line which enters Bristol Bay from the 
west. On the other hand, compared with C. bairdi, 
the distribution of C. opilio was limited to the north
west rortion of the research area and concentrations 
were limited to areas north of 57°N and west of 

No. of No. of No. of No. of 
crabs days nets cases crabs 

per tan soaked produced per case 

9.3 23.5 185,000 22.8 
9.4 27.8 185,000 22.7 
8.3 28.1 163,000 23.1 
7.5 26.1 163,000 23.6 
7.2 28.2 85,000 24.4 

l63°30'W. The major concentrations of these species 
were found separately. Analytical studies are con
tinuing for the ecological study of intra- and inter
specific features of distribution. 

The data obtained from the tagging experiment 
conducted by the motherships and the research vessel 
are under examination. 

IV. GROUNDFISH RESEARCH IN 
THE BERING SEA 

1. STUDY OF COMMERCIAL CATCH AND RESEARCH 

ABOARD MOTHERSHIPS 

A. Outline of the Commercial Fisheries 

There were 12 mothership fleets licensed in the 
groundfish fishery in the Bering Sea in 1969. All the 
motherships were equipped with freezing facilities, 
and six had fishmeal and minced meat plants. There 
were 226 catcher boats licensed for these fleets; these 
were divided by fishing gear as follows: 24 pair 
trawlers, 55 Danish seiners, 50 trawlers, 43 longline
gillnetters, and 54 Danish seine-longline-gillnetters. 

In addition to these fleets, 42 independent trawlers 
were licensed to operate in the northern Pacific Ocean 
including the Bering Sea, and some of these trawlers 
fished in the Bering Sea and around the Aleutian 
Chain. 

In the North Pacific longline-gillnet fishery, 22 
vessels were licensed to operate, and some of these 
vessels fished in the Bering Sea and around the 
Aleutian Chain. 

A landbased trawl fishery in the North Pacific also 
was licensed to operate in the Bering Sea and Aleutian 
waters west of 170°W; however, no fishery statistics 
are available at this time. 

Halibut fishing regulations formulated at the Fif
teenth Annual Meeting of the International North 
Pacific Fisheries Commission (Seattle, 1968) were 
applied. 

B. Outline of Commercial Catches 

The total catch in the Bering Sea by the end of 
August in 1969, by the mothership fishery, indepen-
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FIGURE 16. The grid of stations and the number of halibut caught by the Japanese research vessel Yoko-maru, per half-hour on 
the southeastern Bering Sea flats in 1969. 
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FIGURE 17. The grid of stations and the number of halibut caught by the Japanese research vessel 
Yoko-maru , per half-hour in the Gulf of Anadyr in 1969. 
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FIGURE 18. The survey lines and the number of halibut caught by the Japanese research vessel Yoko-maru, per half-hour on the 
edges of the continental shelf in the Bering Sea in 1969. (Occupied stations on the survey lines are expressed in the modifica
tion, stations are 150m, 200m, 300m, 400 m, and 450 m in depth from shallower side.) 

TABLE 6. Preliminary data on Japanese catch (metric 
tons) in the Bering Sea during January-August 1969 by 
mothership fleets, independent trawlers, and inde
pendent longline-gillnetters. 

Catch in Per-
Species metric tons centage 

Yellowfin sole 64,693 7.7 
Turbot 10,344 1.2 
Rock sole 3,938 0.5 
Flathead sole 8,790 1.0 
Halibut 737 0.1 
Black cod 7,387 0.9 
True cod 38,307 4.6 
Pollock 650,021 77.4 
Pacific ocean perch 17,843 2.1 
Herring 25,762 3.1 
Pink shrimp 8,006 1.0 

Total catch 840,933 100 

dent trawl fishery, and North Pacific longline-gillnet 
fishery, amounted to approximately 840,000 metric 
tons, an increase of about 100,000 metric tons over 
the same period of last year. The increase occurred 
in the catch of pollock, yellowfin sole, herring, black
cod, and rock sole, in order of amount of increment; 
a decrease occurred in catches of Pacific ocean perch, 
turbot, and Pacific cod. Catch totals and percen
tages by major species are shown in Table 6. 

The catch of halibut (by the end of August) amount
ed to 737 metric tons, about 500 metric tons less than 
in the same period last year. The majority of the 
catch was taken between l75°W to 180° in the Bering 
Sea. 

C. Research on Commercial Catch 

Each of the motherships and independent trawlers 
operating in the Bering Sea in 1969 was entrusted with 
biological investigations for major species; that is, 
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measurements of body length, collection of materials 
for age determination, and frozen samples were taken 
for major species sampled from the catch. 

2. RESEARCH BY RESEARCH VESSEL 

A. Outline of Research Activities 
The trawler Toko-maru (315 g.t., 850 h.p.) was 

chartered as a research vessel in 1969 for three months 
from June to September, and was operated for the 
following investigations: 

1) trawling at fixed stations on the eastern Bering 
Sea flats, for 18 days 

2) trawling at fixed stations in the Gulf of Anadyr 
for 9 days 

3) trawling on the edge grounds of the Bering 
Sea, for 24 days 

4) tagging, for 24 days. 
The outline of results is as follows, but data are under 
detailed study. 

B. Investigations by Trawling 

The trawling operations were conducted on the 
eastern Bering Sea flats, in the Gulf of Anadyr, and on 
the area along the outside edge of the continental 
shelf extending from Cape Navarin to Unimak Pass; 
the emphasis of these trawling cruises was placed on 
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obtaining biological information on halibut for the 
studies of distribution and stocks. 

In the eastern Bering Sea and Gulf of Anadyr thirty
minute trawls were conducted at each station shown 
in Figures 16 and, 17, and the catch weight by species 
was examined. On the edge grounds, fixed lines 
which are shown typically in Figure 18 were set on 
the research area, and thirty-minute trawls were made 
at each depth of 150 m, 200 m, 300 m, 400 m, and 
sometimes 450 m (or around that depth) on those 
fixed lines, and the catch weight by species was ex
amined. In Figure 18 trawling stations on each 
fixed line are presented typically for convenience. 
Species composition of catch for these cruises and the 
number of halibut caught at each station are shown 
in Table 7 and Figure 18, respectively. Size com
position of halibut caught is shown in Table 8. 

Information on halibut obtained at these opera
tions can be outlined as follows. Most of the halibut 
caught on the flats were under 66 em in fork length, 
and they were concentrated around Nunivak Island 
on the coast of Alaska in June and July. Distribution 
was light on the wide flat area deeper than 50 m. It 
has been shown that young halibut under 66 em in 
fork length were distributed along the edge area from 
Cape Navarin to Cape Olyutorsky and also in the 

170W 160W 

65N 

55N 

160W 

FIGURE 19. Locality of tagged halibut recaptured by the Japanese commercial fisheries in 1969, and release 
positions of those fishes. 
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TABLE 7. Catch (in kg) by region of fishes taken by the 
Japanese research trawler Yoko-maru in the Bering Sea, 
1969. 

Species Flats 

Yellowfin sole 17,399 
Turbot 5 
Rock sole 3,610 
Flathead sole 293 
Alaska plaice 2,061 
Halibut 814 
Greenland halibut 11 
Other flounders 53 
Blackcod 
Northern cod 2,917 
True cod 1,745 
Pollock 33,300 
Pacific ocean perch 
Herring 1,745 
Smelts 223 
Sculpins 2,740 
Poachers 379 
Eel pouts 191 
Snailfishes 9 
Skates 82 
Other fishes 126 
Octopus, Squid 20 
Shrimps 

Total weight 67,723 

Gulf of 
Anadyr 

27 
5 
6 

543 
216 
229 
224 

3,824 
16,551 

35 
1,531 

14 
464 
146 
234 

10 
5 

3,885 

27,950 

Edges 

15,756 
184 

1,949 

876 
10,809 

119 
1,836 

8,571 
52,915 
4,448 

1,104 
9 

11 
128 
799 

2,703 
336 

4 

102,557 

Gulf of Anadyr. In June-July, halibut were distri
buted more in the northern part of the edge area than 
in the central or southern edge areas. 

3. TAGGING 

A. Halibut Tagging in 1969 

Halibut tagging by Japan in 1969 was carried out 
on fish caught by trawling along the edge area in the 
Bering Sea mentioned above. A total of 256 halibut 
in very good condition without external injuries were 
selected from the catch for tagging and release. 
Strap tags of compound metal were used as in previous 

TABLE 8. Fork length composition of halibut caught by 
the Japanese research trawler Yoko-maru in the Bering 
Sea, 1969. 

Fork length 
(em) 

5-10 
- 15 
- 20 
- 25 
-30 
-35 
-40 
-45 
-50 
-55 
-60 
-65 
-70 
-75 
-80 
-85 
-90 
-95 
-100 
-105 
-110 
-115 
-120 
-125 
- 130 
- 135 
- 140 

Total 

Flats 

8 
108 
75 
70 

122 
165 
94 
34 
26 
21 
18 
12 
15 
9 
6 
1 
2 

788 

Gulf of 
Anadyr 

0 

4 
5 
4 
5 
5 
5 
2 
3 
5 

1 
2 

1 
3 

51 

years, affixed to the opercle on the eye side. 

B. Recoveries of Tagged Halibut 

Edges 

1 
3 

11 
21 
30 
43 
40 
38 
26 
26 
14 
10 
4 
3 
1 
2 

276 

In 1969, Japanese vessels recovered and reported 
62 tagged halibut; 58 of those recovered had been 
released by the International Pacific Halibut Com
mission and four by Japan. Release and recovery 
positions for 38 of those recoveries are illustrated in 
Figure 19. 
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INTRODUCTION 

Research by the United States for the INPFC 
(International North Pacific Fisheries Commission) 
in 1969 included studies of salmon, king and tanner 
crab, Pacific hake, and the marine environment 
of salmon and crab. In past years, major em
phasis was given to investigations of the distribution, 
relative abundance, and migration of salmon on the 
high seas. These investigations are being con
tinued, but emphasis has shifted to the utilization 
of distribution knowledge for forecasting and to 
studies of the reasons for that distribution. Data 
for the salmon investigations were obtained from 
tagging experiments and gillnet and purse seine 
catches along the Aleutian Islands and in the 
northea~tern Pacific Ocean. 

Fishery oceanography was also emphasized. 
Oceanographic surveys were conducted in the 
northeastern Pacific Ocean to determine the influence 
of oceanic features on the distribution of salmon 
and in the southeastern Bering Sea to define the 
ocean environment of king and tanner crabs. 

Other research included inquiries on: viability 
of sockeye salmon that become disentangled from 
gillnets; the percentage of dead salmon that become 
unmeshed from gillnets; biochemical genetic markers 
that vary among different stocks of Pacific hake; 
racial identification of sockeye salmon taken in 1966 
and 1967 by the Japanese mothership fishery; catch
effort statistics of the Japanese mothership fishery; 
and status of king and tanner crab stocks of the 
southeastern Bering Sea. 

Research was done by the BCF (Bureau of Com
mercial Fisheries) and by the FRI (Fisheries Re-

search Institute), University of Washington, under 
contract to BCF. The section titled Tagging and 
sampling describes the studies by the FRI, and the 
part on King and tanner crab research describes recent 
findings by the BCF Biological Laboratory, Auke 
Bay, Alaska. All other research was done by the 
BCF Biological Laboratory, Seattle, Washington. 

TAGGING AND SAMPLING 

by Brian J. Rothschild, Allan C. Hartt, 
Donald E. Rogers, and Michael B. Dell 

The FRI (Fisheries Research Institute) has con
ducted tagging studies on the high seas of the North 
Pacific Ocean since 1955 to investigate the oceanic 
migration of salmon. The studies have contributed 
a great deal toward the knowledge of salmon migra
tions (see for example Royce, Smith, and Hartt, 
1968) and have also demonstrated that the run of 
sockeye salmon to Bristol Bay can be predicted I year 
in advance by monitoring the abundance of im
mature salmon south of Adak Island. These predic
tions have been made every year since 1959. 

In 1969 we emphasized forecasting, tagging, and 
juvenile salmon studies, reviewed our past work, 
and considered directions to be taken in the future. 
The review suggested that two major objectives should 
be emphasized: the first is a continuation and im
provement of the forecast of the run of sockeye salmon 
to Bristol Bay, and the second is a systems study of 
the salmon fisheries of the North Pacific Ocean. 
The systems study is designed to evaluate objectives 
for tagging studies and to develop a model that 
will describe the dynamic and economic effects of 
different fishing strategies, either on the high seas or 
inshore. We conducted additional investigations 
which, although not directly supported in our tag
ging contract, are nevertheless important to the 
objectives of the INPFC program and therefore are 
reported here. Our studies of the physiological 
effects of tagging have reached a stage where they 
are being reported separately. 

FORECASTING 

The forecast of the run of sockeye salmon to Bristol 
Bay is of considerable importance to industry and 
to fishery agencies. The forecast for each summer 
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is based on a determination of the apparent abundance 
and age composition of immature sockeye salmon 
made during the previous summer near Adak Island 
(Fig. 1 ). The implications of a forecasting system 
are also of great ecological interest and may be useful 
for studying variables that operate on the high seas 
and affect the return of salmon to Bristol Bay. 

Forecast of 1969 Bristol Bay Sockeye Salmon Run 

Our forecast of the 1969 inshore run of salmon to 
Bristol Bay was presented to the industry in February 
1969 (Rogers, 1969). At that time we forecast 
an inshore run of 16.2 million sockeye salmon, com
prising 12.9 million age .2 fish1 and 3.3 million age 
.3 fish. The actual inshore run was 18.5 million 
fish (excluding jacks). The difference between the 
forecast value and the actual run is within the limits 
of expected error for our procedures. 

Forecast of 1970 Bristol Bay Sockeye Salmon Run 

Our indexing of the abundance of immature 

sockeye salmon south of Adak Island was of special 
interest in 1969 because of the large number of sockeye 
salmon expected to return to Bristol Bay in 1970. 
Because of the importance of the 1970 run, we used 
two vessels to increase our sampling effort and to 
reduce the sources of variation in vessel location and 
time in the abundance index. Five stations were 
fished with purse seines at 10-mile intervals, between 
5 and 45 miles offshore. The operation of two 
vessels increased the total number of sets and enabled 

1 Scales were used to determine age of salmon, and age designa
tions in all sections of the report on U.S. research follow the 
formulas ofKoo (1962). The number of winters at sea is shown 
by an Arabic numeral preceded by a dot ; similarly, the num
ber of winters that the salmon spent in fresh water (not counting 
the winter the egg was in gravel) is shown by an Arabic nu
meral preceding a dot. Both are shown by two Arabic numerals 
separated by a dot. An age designation of 1.2 corresponds to 
age 42 in the formula of Gilbert and Rich (1927) that was used 
previously in reports on U.S. research. 

FIGURE 1. Locations of 1969 field operations by the Fisheries Research Institute. 
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us to study intervessel variation by comparing simul
taneous sets made by the two vessels. We also 
compared standard purse seine sets (net held open 
for 30 minutes) with sets in which the net was held 
open for a shorter period, to determine the effect 
of time on purse seine catches. We also made night 
sets to add additional information on diel variations 
in movement and to provide simultaneous sets with 
gillnets set in the vicinity by the BCF research vessel, 
Miller Freeman. In addition to our purse seining 
studies, we tagged 2,804 immature sockeye salmon 
to provide information on the proportion of non
Bristol Bay fish in our index area. 

The apparent abundance and age composition as 
indicated by our sampling off Adak Island confirmed 
that the run in 1970 will, indeed, be large. The 
catch data are shown in Table 1 by fishing station 
and ocean age of fish. A comparison of the 1969 
index catch values with those of the previous cycle 
years, 1959 and 1964 (Table 2), indicates that the 
size of the run in 1970 should be similar to that of 

1965. Since sampling effort was more evenly dis
tributed with respect to date and distance off Adak 
Island in 1964 and in 1969 than in 1959, the catches 
in these 2 years are probably better estimates of the 
abundance of the immature sockeye. (In 1959 the 
total number of sets off Adak Island was small and 
the distribution of these sets with respect to date and 
distance offshore was poor; e.g., 5 of the 10 sets 
were made in a 4-day period between 6 and 10 miles 
south of the island-see Rogers, 1969.) The daily 
catches per set in 1964 and 1969 are diagrammed in 
Figure 2 to illustrate the substantial numbers of 
immature sockeye salmon that passed south of the 
island throughout most of the sampling period, 
July 3-August 12. We are casting the data from the 
present indexing season into a more precise forecast 
which will be issued as an FRI circular. 

The immature sockeye salmon sampled at Adak 
Island in 1969 were larger than those sampled in 1964, 
the previous cycle year, which should indicate that 
the fish in the Bristol Bay run in 1970 will be larger 

TABLE I. Total and (in parentheses) average catch per purse seine set1 of immature sockeye salmon at five stations 
south of Adak Island, July 3-August 12, 1969. 

Ocean age 
Station Location 
number (miles offshore) No. ofsets .I .2 Total 

0--10 17 3,472 91 3,563 
(204.2) (5.4) (209.6) 

2 11- 20 18 4,202 277 4,479 
(233.4) (15.4) (248.8) 

3 21 - 30 17 2,214 167 2,381 
(130.2) (9.8) (140.0) 

4 31--40 16 1,521 183 1,704 
(95.1) (11.4) (106.5) 

5 41- 50 13 1,106 163 1,269 
(85.1) (12.5) (97.6) 

ToTAL 81 12,515 881 13,396 
(154.5) (10.9) (165.4) 

1 Includes only effective standard 30-minute sets open east. 

TABLE 2. Index catches1 of immature sockeye salmon in 1959, 1964, and 1969, and the Bristol Bay run2 for cycle years 
1960 and 1965. 

No. ofindex Average catch/set Year of 
Year sets south by ocean age Percentage/set cycle run No. of 

of of of age to Bristol fish in run 
sampling Adak Island .I .2 Total .I fish Bay (millions)2 

1959 10 227.2 13.3 240.5 94.5 1960 42.6 
1964 28 146.1 7.1 153.2 95.4 1965 63.1 
1969 78 138.1 9.6 147.7 93.5 1970 

1 Includes only effective standard sets open east between July I and August I 0. 
2 Includes total run to western Alaska, including the north side of the Alaska Peninsula, and the estimate of the catch ofwestern 

Alaska salmon taken on the high seas by the Japanese mothership fishery (Ossiander, 1966). 



70 ANNUAL REPORT 1969-NORTH PACIFIC COMMISSION 

1964 

4 

3 2 

3 

20 
3 

10 

~ 8 
Ill 6 !i: 

!!; 4 

0: 

ll! 
:i 2 
:::> 
~ 
X 
0 
1-

1969 <3 1,000 
3 2 

:J 
800 

< 600 3 
0 2 
w 
<!I 
< 
0: 
w 
> 
< 

5 10 15 20 25 30 5 10 15 
JULY AUGUST 

DATE OF CATCH 

FIGURE 2. Average daily catch per set of sockeye salmon of ocean 
age .I taken by purse seine south of Adak Island, 1964 and 1969. 
Numbers at tops of columns indicate numbers of sets. 

than those in the 1965 run. Weighted mean length 
of the Adak samples for 1964 and 1969 are shown 
below. 

Age .I Age .2 
Year of No. of Avg. No. of Avg. 
sampling fish length fish length 
1964 3,957 34.0cm 178 45.9cm 
1969 4,260 35.4cm 500 48.3 em 

Forecasting in the Gulf of Alaska 

In addition to forecasting the run to Bristol Bay, we 
contributed to forecasts of the runs of pink salmon 
to central and southeastern Alaska. We fished 12 
longline stations in the Gulf of Alaska while the St. 
Michael and the Storm were en route to Adak Island in 
late June (Fig. 1). The work was done in coopera
tion with, and partially supported by, the Alaska 
Department of Fish and Game and the Kodiak Island 
salmon packers. The sampling provided an indica
tion of the abundance, distribution, and length and 
weight composition of salmon (primarily pink salmon) 
in the eastern and central Gulf of Alaska. The data 
on length and catch per skate ( 49 hooks) were com
pared with comparable data obtained in odd-num
bered years when extensive longline sampling was 
done jointly by Canada and the United States. Catch 
data are reported in Table 3. 

The sets along the coast from Vancouver Island to 
southeast Alaska (Sl-S4 and X2-X4, Fig. 1) were 
made to sample pink salmon stocks destined for 
Washington State, British Columbia, and southeast 
Alaska; they were intended to supplement the index 
fishing off southeast Alaska by the Alaska Department 
of Fish and Game. The small catch of pink salmon 
at all of these stations (9 in 7 sets, Table 3) suggested 
a poor run to adjacent coastal areas; catches varied 
from 0 to 6 per 20 skates, as compared to 1 to 112 in 
1967, for example. The runs of pink salmon in all 
districts from Puget Sound to southeast Alaska were 
notably poor in 1969 with the exception of the Icy 
Straits area in the northern part of southeast Alaska, 
where a moderate run developed. 

The five sets west of 140°W (S5 and 6 and X5, 6, 
and 7, Table 3) were made primarily to indicate 
abundance and size composition of pink salmon des
tined for central Alaska (Alaska Peninsula to Prince 
William Sound). Although any forecast based on so 
few sets-especially since they were made in such a 
short period-must be tentative, the data (when com
pared to similar data for previous odd-numbered 
years) suggested only a moderate run of pink salmon 
to central Alaska, similar to that of 1965. The 
average body length was larger than usual, however, 
indicating that the pink salmon should be larger than 
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TABLE 3. Numbers of salmon and steelhead trout caught on longlines in the Gulf of Alaska, June 1969. 

Location Species 
Date Set No. of 

(June) no.' ON ow skates Sockeye Chum Pink Coho Steelhead Total 

20 S-1 49-13 126-40 10 
21 S-2 50--13 128-22 8 
22 S-3 52-33 132-24 10 
23 S-4 55-00 134-21 10 
24 S-5 55- 04 140--02 16 
25 S-6 55-00 144-55 13 

TOTAL 67 

19 X-2 50-00 128-30 10 
21 X-3 54-20 134-00 10 
22 X-4 57- 00 136-20 10 
23 X-5 57-00 140--10 18 
24 X-6 57-00 144-50 20 
25 X-7 57-00 150--30 15 

TOTAL 83 

GRAND TOTAL !50 

1 S= St. Michael ; X = Storm. 

average when they reached the commercial fishery. 
This information was reported in late June to biologists 
of the Alaska Department of Fish and Game and to 
representatives of the salmon industry, particularly 
on Kodiak Island. The evidence of large fish proved 
correct, particularly on Kodiak Island where fish per 
case was about 20 compared to an average of 22-25 
in recent years. The evidence of low abundance was 
misleading, however; Kodiak Island had a large run 
of over 14 million pinks, whereas other districts of 
central Alaska had average runs. It seems clear that 
the spatial-temporal coverage of longline sets in 1969 
(Fig. l) was not adequate to obtain a reliable index of 
abundance. 

Alternate Methods of Forecasting 

With the aim of reducing the cost of forecasting 
and increasing precision without increase in cost, we 
considered alternate and more efficient methods of 
determining the abundance of salmon on the high 
seas. One such method might be enumeration by use 
of a trap or leading device to guide salmon through an 
orifice (which could, conceivably, be rather large). 
The fish could be tallied acoustically as they pass 
through the orifice, the acoustic impulses could trigger 
a camera system to photograph the fish to identify 
species and possibly ocean-age. In designing the 
sampling gear, we used a wide variety of approaches 
to take advantage of the knowledge gained from FRI 
studies, which show that salmon in a number of key 
areas migrate predominantly in one direction. 

Items being investigated include arrays of hydro-

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

17 4 86 9 0 116 
28 0 4 0 0 32 
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0 0 3 0 4 
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23 4 70 12 0 109 
8 II 76 2 98 
6 0 0 0 7 

38 16 !51 15 221 

83 20 245 24 373 

phones or transducers for sonic enumeration. For 
distinguishing species and ocean age of fish, however, 
optical techniques appear promising. Preliminary 
investigations suggest the practicability of ASA 200 
film with a 400 watt-second electronic flash. Depth 
of focus (F stop) and numbers of cameras can be 
adjusted for the width and depth of the orifice. 
Cameras can probably be placed in opposition with 
overlapping fields and synchronized exposures. Au
tomatic sequential cameras are being considered. 
Sonar triggering is also within the present state-of-the
art capabilities. 

In addition to considering various enumeration con
cepts, a model of a leading device was built by the 
crew of the Storm and tested in the outer Strait of 
Juan de Fuca on September ll. In general pattern 
and dimensions, the device consisred of a pair of 
leads, 275 fathoms long and lO farhoms deep, that 
lead to a rectangular orifice, 2 fathoms wide and 4 
fathoms deep (Fig. 3). A sloping floor extended out 

FIGURE 3. Salmon guiding device tested in the outer Strait of 
Juan de Fuca in September 1969. 
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from the throat along the wings for 50 fathoms. Seine 
skiffs towed the wings to hold the gear in fishing 
position. The device was set from the Storm at 9: 30 
AM and held in position until4: 10 PM. We observed 
and photographed the gear in fishing position from 
the surface and from underwater. From underwater, 
juvenile coho salmon were seen leading along the 
wings, and a school of mature pinks was observed and 
photographed as it passed through the orifice. Salm
on were also observed jumping at various points within 
the enclosure of the wings. The principal difficulty 
encountered was the inability of one of the skiffs to 
hold its wing in a straight line. This was corrected 
by rigging a bridle to the orifice (Fig. 3) and pulling 
in a counter direction with the Storm. Such counter
towing might not be required if both skiffs were power
ful enough. 

These test~ accomplished the following: 
1. Demonstrated that a fish-guiding device of a 

size comparable to our purse seine gear could be set, 
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held for a number of hours, and retrieved under open 
sea conditions. 

2. Showed that our basic design is satisfactory and 
that salmon can be led through an orifice 2 fathoms 
wide and 4 fathoms deep. 

3. Showed that powerful skiffs are needed for 
efficient operation of the prototype model. 

4. Provided practice in setting and retrieving 
which indicated the need for some modifications in 
rigging to improve efficiency and ease of operation. 
The latter would be particularly valuable in setting 
in heavy seas. 

SYSTEMS STUDY OF NORTH PACIFIC SALMON FISHERIES 

In 1969 we began organizing a systems study of 
all North Pacific salmon fisheries to examine the 
biological and economic interrelations that affect 
the yield structure of salmon in the North Pacific 
Ocean. This study will differ from some of the 
more traditional lines of investigation in that in-
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FIGURE 4. Flow diagram of migrations of Bristol Bay sockeye salmon throughout the marine phase of their life cycle, including 
high seas and coastal fisheries. 
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terdisciplinary emphasis will be placed on examining 
the salmon problems from a holistic viewpoint, 
placing considerable emphasis on defining goals and 
objectives and on concentrating on what some 
systems analysts call " futures " rather than on 
present and past events. Our initial development 
of the systems study has involved the defining of 
objectives and assembling and collating of data, 
much of which is in the literature. 

Problem definition has so far concentrated on 
examining the branches, filters, and pathways that 
influence the dispersal of Bristol Bay sockeye salmon 
from their freshwater nursery areas into the ocean 
and from the ocean to the spawning area. The 
branches that appear to be important are outlined 
in Figure 4. A more detailed flow chart, but similar 
in principle, was derived by Mathews (1967) in 
analyzing the economics of various levels of accuracy 
in the forecast of Bristol Bay runs. Figure 4 also 
shows some of the man-controlled filters in terms of 
fisheries and fishery policies and indicates some of the 
geographic pathways through which the fish migrate. 

We are placing considerable emphasis on the 
Adak-No Adak branches because an understanding 
of this region of the flow diagram is crucial to under-
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standing prediction mechanisms. In studies of the 
Adak-No Adak branches we have been estimating 
the numbers of sockeye salmon that pass Adak Island 
each summer. These estimates will enable us to 
appraise the proportion of the Bristol Bay run that 
passes-the island and perhaps to utilize these estimates 
in calculations of mortality. 

In addition to studying the various branching 
proce~ses in Figure 4 we are studying some of the 
filtering mechanisms-in particular, the manner in 
which the gillnet modifies the flow of fish through 
some of the branches in Figure 4. In a theoretical 
study of the gillnet filtering mechanism, we developed 
a computer model that simulates the distribution 
of fish enmeshed in a gillnet. The objective of the 
study is to determine abundance of salmon from 
the spacing of enmeshed fish. Output of our com
puter simulation model shows that the pattern of 
distribution in the net (clustering and spacing of fish) 
varies with abundance. Information on distribution 
of fish enmeshed in a gillnet is ordinarily not utilized 
in studies of abundance. 

Regarding pathways of movement among the 
various branches in Figure 4, we are continuing to 
assemble information on life history and are develop-
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FIGURE 5. Apparent abundance of age .2 sockeye salmon in the western North Pacific Ocean as indicated by Japanese 
mothership fishing statistics in a year of low abundance (1953) and in a year of high abundance (1965), June 11-20. 
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ing experimental designs for tagging studies. To 
decide on the tagging studies that will extract maximal 
information per tag release, we are designing a 
computer simulation model to evaluate tagging 
strategies. As a byproduct of these studies, we con
structed an atlas (Rothschild, Geist, and Kelley, 
1969) of the dynamics of the Japanese fishing fleet 
from data supplied by the Bureau of Commercial 
Fisheries (Fredin and Peterson, 1969). Figure 5 
gives examples of the figures in this atlas. It shows 
the CPUE (catch per unit of effort) of sockeye salmon 
of age .2 during June 11-20 for 1963 (a year of low 
abundance) and 1965 (a year of high abundance). 
The atlas provides a ready reference to distribution 
of effort and apparent abundance; it is being used 
to design our tagging study models. 

JUVENILE SALMON STUDIES 

The chief objective of our research on juvenile 
salmon, initiated in 1964, is to study the distribution, 
abundance, migration, timing, growth, feeding, and 
survival of young salmon of all species during their 
first few months in the open sea. Until 1968, the 
work was exploratory and experimental. We were 
locating areas of abundance and testing methods of 
catching, handling, and tagging salmon only I 0-20 
em long. In 1968, using improved methods and 
tags, we placed primary emphasis on tagging to in
crease the number of returns. More returns were 
needed to confirm or modify the migration patterns 
suggested by the limited number of returns in previous 
years. Because the small tags necessary for juvenile 

1967 
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FIGURE 6. Numbers of juvenile salmon tagged in 1967 and 1968, 
by species and area of tagging. 

salmon are inconspicuous on the maturing fish at 
recovery, a likelihood exists of a high rate of nome
porting. Consequently, in 1969 we intensified our 
efforts to recover tags placed on juvenile fish in 1968 
or earlier. The numbers of juvenile salmon tagged 
in 1967 and 1968 by major release location and by 
species are listed in Figure 6. Returns of pink and 
coho salmon from the 1967 releases were reported 
in I 968. Returns of sockeye in 1969 are reported 
herein, and additional returns of sockeye, chum, and 
possibly chinook are expected in 1970. The 1968 
tagging yielded returns of pink and coho salmon in 
1969; returns of the other species are expected in 
1970 and 1971. Our vessels made a few purse seine 

TABLE 4. Numbers of salmon and steelhead trout caught and (in parentheses) numbers tagged in 1969, by subproject. 

Subproject (see Fig. 1), method No. of 
Species of salmon or trout1 

of capture, and dates sets Sockeye Chum Pink Coho Chinook Total 

Gulf of Alaska Ionglining 12 83 20 245 24 373 
June 19- 25 (53) (14) (169) (16) (252) 

Adak Area indexing 89 13,417 11,027 188 110 40 24,784 
Purse seine (2,805) (133) (29) (I I) (3) (2,981) 
July 3- Aug. 12 

South of Alaska Peninsula 3 11 3 2 3 19 
Purse seine 0 0 0 0 0 
June 26 and Aug. 16 

Strait of Juan de Fuca 5 16 71 59 2 148 
Purse seine 0 0 0 0 0 
June 17 and Sept. 4--5 

Grand total 109 13,527 11,050 506 193 45 25,324 
(2,858) (147) (198) (27) (3) (3,233) 

1 The fish caught in the Gulf of Alaska on June 19-25 were mostly mature; those in all other catches were mostly immature. One 
steelhead trout was taken in the June 19-25 period and two were taken July 3-August 12; they were not tagged and are not shown 
in the table. 
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FIGURE 7. Release and recovery data for sockeye salmon tagged 
and recovered in 1969. 
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FIGURE 8. Release and recovery data for sockeye salmon tagged 
in 1968 and earlier. 

sets in 1969 in the Strait of Juan de Fuca and south of 
the Alaska Peninsula while en route to and from 
Adak bland (Fig. I), to supplement data on abun
dance and timing of juvenile salmon in these key 
areas of migration, but we tagged no juvenile salmon. 

TAG RETURNS 

Tag returns received in 1969 contributed significant 
new information on ocean migrations of salmon, 
particularly those from salmon tagged as juvenile 
fish in previous years. The totals of salmon caught 
and tagged in 1969 are shown in Table 4 by subpro
ject. Tag returns received through December 31, 
1969, are summarized below according to species. 
Detailed release and recovery data are available m 
computer-produced tables supplied to scientists of 
the participating countries. 

Sockeye Salmon 

Tag returns in 1969 from sockeye salmon released 
in 1969 are illustrated in Figure 7. The II recoveries 
south of Adak Island were of particular interest 
because they shed some light on migrations near the 
index fishing area south of the central Aleutian Islands. 
Returns were received only from the releases of 
July 3, 4, 5, and 6. Recovery dates ranged from 
July 6 though July 22. One recovery was from the 
R V Miller Freeman and the rest were from the Japanese 
mothership fleet. The recovery distribution in
dicated a movement to the south-southwest but this 
representation is probably incomplete and reflects 
primarily the distribution of the Japanese fleet. Most 
recoveries of immature sockeye released in this area 
in past years have been from rhe mmhership fleet 
at widespread points west or northwest of Adak, 
although a few have been from points to the south. 
Those tagged and recovered in 1968, for example, 
exhibited more of a westerly trend (Fig. 8). The 
1969 recoveries indicate that at least some of the 
immature sockeye migrating past Adak do not proceed 
continuously westward. This may be evidence of 
" recirculation " of salmon in this area as hypothe
sized by French and McAlister (in press). 

The remaining nine recoveries shown in Figure 
7 were maturing fish tagged from longline catches 
in the Gulf of Alaska in June and recovered in various 
coastal fisheries. The results indicate that sockeye 
in the central gulf are a mixture from widespread 
sources. 

Figure 8 presents recoveries of sockeye tagged as 
immatures in previous years. One tagged at Adak 
(age .I) in 1967 was recovered in central British 
Columbia in 1969. Such a migration is not unpre
cedented, but it is rare. The immatures tagged at 
Adak in 1968 yielded 30 returns-8 in the year of 
tagging and 22 in 1969 (Fig. 8). The eight returns 
in 1968 were from the Japanese high seas fleets to the 
west and southwest of the release area. Six returns in 
1969 were also from the mothership fleets north and 
south of the central Aleutian Islands. The remaining 
16 returns in 1969 were from coastal areas-13 from 
Bristol Bay and 3 from the Gulf of Alaska. The three 
returns from the Gulf of Alaska coastal areas suggest 
a high proportion of non-Bristol Bay fish in the Adak 
index samples in 1968. We have occasionally received 
one or two such Gulf of Alaska recoveries in previous 
years, but three is unprecedented, and suggests the 
need to make allowances for non-Bristol Bay sockeye 
in our forecast procedures. The specimen recovered 
in the Copper River was unusual in that it was age 
0.3 (54.5 em) at release, and therefore age 0.4 
(66.0 em) at recovery. 
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FIGURE 9. Release and recovery data for four chum salmon 
recovered in 1969. 

FIGURE I 0. Release and recovery data for pink salmon recovered 
in 1969. 

The three returns in 1969 from age .0 juveniles 
tagged in 1967 were all from releases on July 20 north 
of Cape Spencer, Alaska (Fig. 8). The results suggest 
that Fraser River sockeye must have been predomi
nant in the catches on that date. Additional re
coveries from the juveniles tagged in 1967 are expected 
in 1970. 

In addition, a sockeye tagged as a juvenile in 1966 
was recovered in 1969. It was released north of 
Cape Spencer on September ll, 1966, and recovered 
near Haines, Alaska, in upper Lynn Canal on July 
9, 1969. It had grown from 17.0 to 64.8 em. 

Chum Salmon 

Only four chum salmon tag returns were received 
in 1969 (Fig. 9). All were tagged south of Adak 
and recovered by the Japanese mothership fleet in the 
central Bering Sea. All were age 0.2 at release 
(43.5-51 em) and apparently maturing at recovery. 

Pink Salmon 

Returns of five mature pink salmon tagged during 
the 1969 longline operations are illustrated in Figure 
10. All were at liberty for 30 to 60 days, so the actual 
migrations were probably much more extensive than 
those shown. The migrations are consistent with 
those observed in previous years. 

As mentioned in our 1968 report, we made a con
siderable effort to tag a large number of all species 
of juvenile salmon that year in a number of key areas, 
using methods and tags designed to yield an improved 
rate of return. The 1968 totals tagged by species and 
by area were presented in Figure 6. The returns 
of pink and coho salmon in 1969 have provided the 
first measure of the success of the 1968 experiments. 
We have received 38 pink salmon returns as illustrated 
in Figure 10. The 34 returns along the southeast 
Alaska-British Columbia coast confirm evidence from 
previous years that pink salmon originating in these 
areas migrate northward along the coast during their 
first summer at sea. The one recovered near Noyes 
Island (55°N), that had been released in Dixon 
Entrance (54-l/2°N), was probably not an exception 
to the rule since the natal streams of some pinks caught 
at Noyes Island are in northern British Columbia. 
The scarcity of returns from central and southern 
British Columbia and Washington is probably a reflec
tion of the very small runs to those areas in 1969. 

The four tag returns from Kodiak Island are the 
first returns from juvenile pink salmon tagging in this 
area and add new information on the migrations of 
Kodiak pinks during their first summer at sea. These 
fish were passing westward south of the Alaska Penin
sula as judged by direction of the set of the seine at 
time of tagging. Presumably other stocks were mixed 
with them. Returns from Kodiak Island would be 
most likely, however, in view of the large run to that 
district in 1969. These results indicate that pink 
salmon in the northwestern Gulf of Alaska also travel 
downstream in the Alaskan Gyre, as do those in the 
eastern gulf. Thus the early ocean migration of 
juvenile pink salmon in the whole gulf is a coastwise 
movement of a mixture of stocks that is probably more 
or less continuous from Cape Flattery, Wash., to 
Unimak Island. The movement apparently does not 
continue west of l65°W; we have caught no juvenile 
pink salmon in our purse seining operations south of 
Unalaska Island, although a few juvenile sockeye 
have been caught. Such a limited western distribu
tion is also evident in the distribution of maturing 
pink salmon of Gulf of Alaska origin (Neave, Ishida, 
and Murai, 1967, Figures 20 to 25). Because matur
ing pink salmon are found far to the south in the open 
gulf in the spring (Neave et al., 1967) the juveniles 
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must move offshore and southward in fall and winter. 
The timing and locations of the offshore and south
ward migrations are unknown. 

The rate of return of the juvenile pink salmon was 
0. 7%, somewhat better than the 0.5% obtained in 
I968. Although this percentage may appear very 
small, it is probably the best that can be expected 
unless additional improvements are made in methods 
of catching, handling, and tagging salmon at sea. 
Tag recovery advertising might be improved also, but 
as mentioned, we did increase our advertising effort 
in I969. If we consider only those experiments in 
which recoveries were obtained, the rate of return 
was I.O% (38 of 3,639 tagged). If, among those 
experiments, we consider only the fish that were classi
fied as in excellent condition (" condition I ") at 
release, the rate is 1.1% (38 of 3,329). In addition, 
rates of return in I969 might have been higher if 
fishing effort had been normal in all areas where 
recoveries were expected. As shown in Figure II, 
the rate of return was high (I. I%) from releases 
in the northernmost area of tagging (W4058) and 
relatively low in all areas to the south. Many of the 
pink salmon tagged in area W4058 originated in the 
northern part of southeastern Alaska, where the I969 
run was relatively good and fishing intensity was 
normal. Those tagged from area W4056 and south
ward originated between the southern part of south
eastern Alaska and Puget Sound, where runs in 1969 
were very poor and fishing time was greatly restricted. 
The very small size (Fig. II) of those tagged in area 
W2548 probably further reduced their probability of 
return. 

A study of the recovery distribution of the juvenile 
pink salmon tagged within area W4058 further 
emphasizes the effect of fishing intensity upon rates 
of return. The pink salmon tagged in area W4058 
(Fig. II) were of two size groups. Recovery rates 
were as follows: 

Modal length 
group 

IS em (13-19 em) 
22 em (20-26 em) 

Number 
tagged 
1,803 
1,030 

Number 
recovered 

25 
6 

Percentage 
recovered 

1.4 
0.6 

Thus the smaller salmon yielded a much better rate 
of return than the larger ones, which is contrary to 
our usual experience in which size at release is directly 
correlated with success of return. The higher rate of 
return from the smaller fish probably was due to the 
fact that they were mainly from the Icy Straits area 
where the 1969 catch was relatively good and fishing 
intensity was normal. Among the smaller fish, I5 
of 20 returns for which recovery area was known were 
from Icy Straits; the remaining 5 were from the 
Noyes Island fishery (55°N, Fig. 10). In contrast, 

40 

30 

200 

Q .., 
c:> 
c:> 
c( ... 
II: .., 
m 
::E 
::I 
z 

100 

RATE OF RETURN 

11463 • 0.2,. 

31/2833. 
1.1'!'. 

•0'!'. 

TAGGING AREA 

W6554 

W6054 
W!5556 

W40!56 
w 3!1!56 

W3552 

W3050 

W2548 

10 15 20 25 30 
FORK LENGTH (CM) 

Q .., 
II: 

I~ 
0 
0 .., 
II: 

II: .., 
m 
2 
::I 
z 

35 

FIGURE II. Lengths of juvenile pink salmon tagged in 1968 
compared with lengths of the tagged fish (at release) that were 
recovered in 1969. Body lengths (at release) of the recovered 
fish are indicated by the dark bars. 

three of the five returns of the larger fish (20-26 em, 
Fig. II) for which recovery area was known were 
from Noyes Island and only one from Icy Straits. 
The fifth was from the Harrison River, a tributary of 
the Fraser River (Fig. 10). Thus most of the larger 
fish had apparently originated in the more southern 
area where abundance and fishing effort were reduced 
in 1969. 

The timing of the different stocks of juvenile pink 
salmon passing northward through area W4058 is also 
evident in the length and tag return data. The Storm 
operated in area W4058 during two time periods in 
1968. Between July 27 and August I the juvenile 
pink salmon were mainly of the smaller size but 
between September I5 and I7, most fish were of the 
larger size. The tag returns therefore indicate that 
in late July and early August, the migration consisted 
mainly of fish originating in the nearby Icy Straits 
area and a few of the larger fish from points farther 
south. In mid-September, the migration was com
posed mainly of larger fish originating in the more 
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FIGURE 12. Release and recovery data for 32 coho salmon tagged 
in 1968 and recovered in 1969. 
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VANCOUVER I. 

I TO BRITISH COLUMBIA, 
UNKNOWN 

/23'W 122'W 

FIGURE 13. Release and recovery data for 45 coho salmon 
tagged in 1968 and recovered in 1969. 

southern production areas and a few of the Icy Straits 
fish. 

The specimen recovered in the Fraser River was 
tagged on July 29, during the period when the smaller 
local fish predominated. It was 20.0 em long, how
ever, which places it in the size class of the larger 
fish that predominated in mid-September. This fish 
was probably among the earliest of the Fraser River 
pink salmon to reach the tagging location near 58°N, 

RATE OF RETURN 
0/40 • 0'!1. 

621799• 7. 8~ 

FORK LENGTH (CM) 
40 

FIGURE 14. Lengths of juvenile coho salmon tagged in 1968 
compared with lengths of the tagged fish (at release) that were 
recovered in 1968 and 1969. Body lengths (at release) of the 
recovered fish are indicated by the dark bars. 

since our sampling in the Strait of Juan de Fuca in 
1968 showed juvenile pink salmon to be abundant in 
July and still present in appreciable numbers in mid
August (Hartt, Dell, and Smith, 1970). Thus, 
juvenile pink salmon from the Fraser River-Puget 
Sound area must have been distributed at least from 
the Strait of Juan de Fuca northward to 58°N by late 
July. The date that the juveniles first enter the open 
ocean is unknown. If we assume that the fish in 
question entered the sea from the Strait of Juan de 
Fuca on June 15, 1968, it would have migrated the 
800 miles to 58°N in 44 days, or at a rate of about 
18 miles per day. It is doubtful that the migration 
rate was greater than 18 miles per day, so its entry 
into the sea was probably no later than June 15. 

These results point up the need for more extensive 
sampling and tagging ofjuvenile salmon at key points 
to establish more precisely the timing of entry into 
the sea and subsequent migrations, distribution, and 
rates of travel during this critical period in their life 
history. 

The general growth features of juvenile pink salmon 
during their early ocean residence are also implicit 
in the length distributions of the fish sampled in the 
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geographic areas from south to north. Studies of this 
phenomenon are in progress. 

Coho Salmon 

Juvenile coho salmon were tagged in 1968 at a 
number of points between the Strait of Juan de Fuca 
(48°N) and Lituya Bay, Alaska (59°N), and a few 
were tagged in the eastern Bering Sea and south of 
the Alaska Peninsula (Fig. 6). Returns in 1969 are 
illustrated in Figures 12 and 13, and the length data 
at release are shown in Figure 14. The total return 
was 95 of 1,796 released or 5.3% (18 in 1968 and 77 
in 1969), which is above average for this species. 
Returns in previous years have varied from 2.3 to 
4.5%. 

The recovery distribution of those tagged in the 
more northern areas (Fig. 12) was similar to that of 
fish marked there in earlier years. Recoveries were 
south of release locations, indicating that the fish had 
migrated northward as juveniles. Fish originating 
in Oregon and California were prominent among 
returns. The actual migrations of these fish between 
tagging and recovery are unknown, but their route 
probably continued around the periphery of the Gulf 
of Alaska past Kodiak Island-tagging in previous 
years has shown that some juvenile cohos from Oregon 
reach the Kodiak Island area by September. Their 
migrations and timing between the Kodiak Island 
area and recovery location can be inferred only from 
winter distribution studies and from spring sampling 
and tagging studies which show that most cohos in 
offshore areas in the spring are south of 50°N. Pre
sumably then, they move southward from the Kodiak 
Island area and then eastward into coastal areas of 
ongm. It should be emphasized that the proposed 
migration might not apply to all cohos along the area 
under study. Some evidently remain relatively close 
to coastal waters as discussed below. Sampling and 
tagging studies are needed to identify the actual dis
tribution and migrations during fall and winter to 
complete our understanding of the whole migratory 
picture. Migrations of the other species could be 
studied at the same time. In fact, migrations of the 
pink salmon may closely parallel those of the coho, 
since both species spend only one winter at sea. 

The recovery distribution of cohos tagged in the 
Strait of Juan de Fuca (Fig. 13) was more localized. 
The actual migrations of some of these specimens may 
have been extensive, however, since they were at 
liberty a year or more. In fact we know from Figure 
12 that some Puget Sound cohos reach Dixon Entrance 
(54°N) during their first summer at sea. Cohos are 
caught by sport fishing gear in the Strait of Juan de 
Fuca during all months of the year (Haw, Wendler, 
and Deschamps, 1967); thus apparently many do 

not migrate extensively. 
The distribution of the 18 juvenile cohos tagged 

and recovered in 1968 need not be illustrated because 
17 of the 18 were from releases in the Strait of Juan 
de Fuca, and recovery distribution was similar to that 
of the recoveries in 1969 (Fig. 13). Because six were 
recovered in estuaries or streams of Puget Sound, they 
must have been jacks. Those recovered in the year 
of tagging (26-40 em) were somewhat larger than 
those recovered a year later (22-36 em), probably 
because early maturing jacks are generally larger than 
fish which remain and mature a year later. One fish 
tagged off southeast Alaska was recovered slightly 
north of the point of tagging in December on trolling 
gear. 

Juvenile cohos tagged in 1968 in the Bering Sea 
(area W6556) were larger than those tagged in other 
areas (Fig. 14 )-possibly because of the high abun
dance of larval fish and euphausiids in the Bering Sea 
as indicated by our observations of food organisms in 
the purse seine catches (Hartt et al., 1970). Cohos in 
the Strait of Juan de Fuca (area W2548) were larger 
than those in any of the other areas of the Gulf of 
Alaska. Their larger size is probably due to three 
factors: (1) they enter salt water and begin marine 
growth at an earlier date than do those in the more 
northerly production areas, (2) many remain in the 
Strait and feed rather than proceed to sea as they 
attain some critical size, and (3) they include an ap
preciable proportion of jacks which are characteris
tically larger. 

In contrast to coho salmon, the pink salmon in the 
Strait of Juan de Fuca were smaller than in any area 
sampled (Fig. II )-which illustrates the differing 
migratory behavior of the two species. Pink salmon 
characteristically migrate to the open sea as they reach 
a length of about 10-12 em and do not remain and 

. -----TAGGED leiS-AGE .z 2: III:ETUNNS 
-TAGGED 1911- AGE .I t RETURNS ( 4 INSIDE STRAIT OF JUAN DE FUCA 

NOT SHOWN) 
TAGGED 19t8- AGE .0 I RETURN I RELEAS!D AND RECOVERED INSIDE 

STRAIT Of JUAH DE ,UCA) 

FiGURE 15. Release and recovery data for chinook salmon re
covered in 1969. 
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feed in the Strait as do the cohos. Thus our samples 
of pinks in the Strait consisted only of local stocks at 
an early stage of their seaward migration. Our 
samples of pinks collected farther north included fish 
that had been at sea for varying lengths of time-some 
that had come from points of origin far to the south 
and had grown considerably while en route (Figs. 10 
and 11 ). The differing migratory behavior of the 
two species is also evident in the purse seine catch data 
in the Strait of Juan de Fuca in 1968 (Hartt et al., 
1970). Pink salmon diminished in abundance be
tween early July (163 per set) and mid-August (54 
per set), whereas coho salmon increased in abundance 
(6 per set in early July and 80 per set in mid-August). 

Chinook Salmon 

Fourteen chinook salmon tag returns were received 
in 1968, all from fish tagged as immatures in 1967 and 
1968 (Fig 15). The specimen tagged in 1968 near 
Adak and recovered on the Fairweather Ground in 
the northeastern Gulf of Alaska was the second tag 
return to show an extensive east-west migration of 
this species. The other was tagged south of Adak 
Island in 1956 and recovered in a tributary of the 
Columbia River in 1957. The remainder of the 
returns were from fish released in or near the Strait 
of Juan de Fuca. Recovery locations were from Coos 
Bay, Oreg., to Queen Charlotte Sound, B.C. Some 
of those recovered in salt water were still immature 
at recovery. 

Future Tag Returns 

The improved rate of return of pink and coho salm
on tagged in 1968 and recovered in 1969 suggests that 
we can expect an improved return of the sockeye and 
chum salmon tagged in 1968, which are due to mature 

in 1970 and 1971. Because we tagged record num
bers of these species in 1968 in a number of key areas 
(Fig. 6), recoveries should yield many new data on 
migrations and rates of return. Recoveries of sockeye 
salmon tagged as juveniles are expected from the 
mothership fleet and from Bristol Bay for the first 
time. 

RELATED STUDIES 

Study of Scales of Juvenile Coho Salmon 

In recent years we have noted in our age determin
ations, based on scale readings, that the freshwater 
age composition of coho salmon collected in the eastern 
Gulf of Alaska includes a much higher proportion of 
age 2. and 3. fish than would be expected from their 
known life history. The problem is being studied 
by Thomas H. Peck as a master's thesis. The age 
discrepancy was believed due to our inability to dif
ferentiate between true winter growth zones and zones 
of retarded growth owing to other causes. The feed
ing and handling techniques in hatcheries were sus
pected of causing the formation of incidental checks 
with the characteristics of winter growth zones on the 
scales of coho salmon; therefore, a study of fresh
water growth zones on scales from fish of hatchery and 
stream origin was undertaken. 

All scales used in this study were taken from the 
INPFC preferred area of the body. No significant 
difference was found between scales from the right 
and left sides of the body. A study of the numbers of 
circuli along each of 13 radial lines (at 15° intervals 
from the center of the focus) that crossed the anterior 
field indicated that counts along the radius 30° dorsal 
to the longitudinal axis gave the best correlation with 
fish length. Circuli of the ventral portion of the scale 

TABLE 5. Apparent percentage age composition of juvenile coho salmon (known age, 1.) from various Washington 
hatcheries and creeks (near the given hatcheries), March 1968. 

Source and apparent source 

Hatchery Stream 
Number of 

Location fish l. 2. I. 2. 

Minter Creek Hatchery 40 50 50 
Minter Creek 50 100 

Green River Hatchery 41 20 80 
Soos Creek 26 92 8 

Issaquah Hatchery 30 10 90 
Issaquah Creek 37 95 5 

Nooksack Hatchery 33 33 67 
Kendall Creek 31 97 3 

Average hatcheries 144 29 71 
Average creeks 144 97 3 
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TABLE 6. Arithmetic means and standard deviations of circulus counts for juvenile coho salmon from Washington, 
March, 1968. 

Type of sample 

Location 

Minter Creek 

Green River 

Issaquah 

Nooksack 

Sum of type means 
Average mean 

Hatchery 

x=22.1 
N=39 

SD= 3.8 

x=24.4 
N=41 

SD= 5.4 

'!=27.2 
N=29 

SD= 3.8 

x=23.9 
N=33 

SD= 2.6 

97.6 
24.4 

Sum of Average 
Creek type means mean 

x=l3.4 35.5 17.7 
N=47 

SD=3.5 

x=l6.2 40.6 20.3 
N=26 

SD= 3.4 

x=l6.2 43.4 21.7 
N=37 

SD= 2.9 

x= 15.9 39.8 19.9 
N=31 

SD=5.2 

61.8 159.4 
15.4 

TABLE 7. Analysis of variance table for unweighted means of circulus counts from Washington sites, March, 1968. 

Source ss 
Type of sample 5432.3638 
Location 549.9928 
T x L 94.2757 
Residual 3706.5414 

enter the posterior field to a greater extent than do 
those of the dorsal portion, thus distinguishing be
tween the two fields. 

Monthly collections of about 25 juvenile coho 
salmon, composed of all available age groups, was 
started in August 1967 and continued through March 
1968. Hatchery-reared fish were obtained from the 
Nooksack, Issaquah, Green River, and Minter Creek 
Hatcheries in Washington and the Klaskanine and 
Big Creek Hatcheries in Oregon. Wild fish were 
obtained from the streams upon which each of the 
above hatcheries were located. 

All hatchery fish are known to be of the 1966 brood 
year and in March 1968 were of age I. However, if 
we had read the scales of these fish without any prior 
knowledge of the true ages, we would have inter
preted many of them to be age 2., as shown in Table 5. 
The hatchery-reared fish are released to migrate to 
sea in March or April along with the wild stream
reared fish. It seems that the disproportionate num
bers of coho salmon of age 2. in our high seas samples 
results primarily from our misinterpretation of the 
ages of hatchery-reared fish. Means of correcting 
our scale readings on the basis of these findings will be 

df MS F-ratio 

1 5432.3638 17.2866 
3 183.3309 13.6019 
3 31.4252 2.3315 

275 13.4783 

investigated. 
The analysis of scale data from juvenile coho salm

on of Washington sampled in March 1968 revealed a 
linear relation between fork length and number of 
circuli. Table 6 gives the mean number of circuli, 
number of usable scales, and standard deviation in 
circulus counts for hatchery- and stream-reared fish. 
The hatchery-reared fish, which were typically larger 
than the wild fish, clearly also have more circuli on 
their scales. (Oregon samples are not included as 
the hatcheries released their fish in February. On a 
similar scale-interpretation basis, the percentage of 
age group 2. among hatchery-reared fish from Oregon 
averaged 25% in the February 1968 sample and prob
ably would not have been much greater in a March 
sample.) Analysis of variance (Table 7) for un
weighted means of Table 6 indicates no significant 
interaction or, in other words, no reason to believe 
that the relation between mean circulus counts for 
a hatchery and its creek differ among locations. The 
difference between locations and between types is 
significant, indicating that among locations and par
ticularly among types (hatcheries and creeks), mean 
circulus counts differ. 
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Food of Juvenile Salmon at Sea 

Our seine samples of juvenile salmon are providing 
excellent material for studying food and feeding habits 
of young salmon during their critical first few months 
in the open sea. A study of the subject is being under
taken by R. D. Andrews, as a doctoral problem. 
Work on the food of juvenile salmon (age .0) in 1969 
consisted mainly of completing the examination of 
the many specimens collected in 1968. A few addi
tional fish were collected in 1969 for comparison. We 
are examining the catch data (including species other 
than salmon), tag recovery records, and oceanographic 
data from various sources for broadening the basis 
for the studies of food and feeding. The following 
information is being sought: 

1. Quantity and quality offood of juvenile salmon. 
2. Size and growth of juvenile salmon. 
3. Diurnal feeding activity of juvenile salmon. 
4. Estimated daily food consumption in areas 

where the population of juvenile salmon can be 
estimated. 

5. Relation between food eaten by the young salm
on and food observed in the purse seine. 

6. Competitor and predator relation with other 
species. 

The data are being compared by species, location, 
date, and year. 

Dynamics of Juvenile Pink Salmon During Their First Few 
Months at Sea 

Our sampling and tagging of juvenile salmon is 
also providing material for new studies of the dyna
mics of ju~enile salmon of all species during their early 
ocean residence. Data on juvenile pink salmon col
lected in 1964-68 between the Strait of Juan de Fuca, 
Wash., and Yakutat Bay, Alaska, are being used by 
?ary T. Sakagawa in a doctoral thesis. The objective 
Is to study the dynamics (e.g., migration, growth, 
mortality) of pink salmon with emphasis on their 
early oceanic residence. The study is expected to aid 
in improved management of the pink salmon fishery 
and in assigning priorities for research in the study 
area. 

Only the preliminary estimates of the apparent 
abundance and lengths of juvenile pink salmon in the 
Strait of Juan de Fuca in 1968 are reported here. 
In that year, 50 purse seine sets were made at three 
stations in the outer strait-37 between July 3 and 17 
and 13 between August II and 23 (Table 2 of Hartt 
et al ., 1970). 

Preliminary tests of the 1964-68 data indicate no 
significant difference in the catch of juvenile pink 
salmon per set in a given day and area among: (1) 
sets made in daylight hours (t=0.96, d.f. =48); (2) 

sets made with " perfect " haul vs. haul in which the 
catch was felt to be reduced due to various causes
e.g., corkline sinking, presence of predators, etc. (t= 
1.22, d.f.=l8); and (3) sets made with the seine 
opening in th~ easterly vs. westerly direction (t=0.18, 
d.f.=41). With respect to the third point it should 
be explained that in the Strait of Juan de Fuca tidal 
flow is generally east or west, and we generally set the 
purse seine so that the tide flowed into the opening 
of the net. Seining in this manner generally yields 
better catches, particularly in fishing for juvenile 
salmon at times when tidal currents are strong. 
Furthermore, the results suggest that the averaging of 
the catches of several sets made on the same day 
within the same area is justifiable. 

The average daily catch of juvenile pink salmon per 
set in 1968 for the Strait of Juan de Fuca is shown in 
Figur~ 16. Abundance was clearly greater in July 
than m August, although daily fluctuations were 
fairly large. Sampling did not begin early enough to 
establish the peak period. The length-frequency 
d~tribution. of juvenile pink salmon increased only 
shghtly dunng the sampling period (Fig. 17), which 
suggests that fish were migrating out of the strait. 
The average length varied from about 10 to 14 em and 
the range was about 9 to 16 em. This is apparently 
the size range at which pink salmon generally enter 
the open sea. The same size range apparently 
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FIGURE I 7. Length-frequency distribution of juvenile pink 
salmon in the Strait of Juan de Fuca, 1968. 

applies to other species as well, because in all of our 
oceanic sampling of juvenile salmon between Cape 
Flattery and the Bering Sea, the minimum size has 
been about 10 em. The seines are capable of taking 
much smaller salmon- in inner waters we catch 
specimens as small as 6 em. 

65 Zn Levels in Juvenile Coho Salmon 

A study of the 65Zn contents of juvenile coho col
lected in the Gulf of Alaska indicated a general 
migratory pattern that is in agreement with that 
shown by tagging. The results were reported by 
Robert E. Loeffel of the Fish Commission of Oregon 
and ·william Forster of Oregon State University 
(MS 1969). The study consisted of comparing the 
65Zn contents among samples of juvenile coho salmon 

collected by the FRI in 1967-68 between Cape 
Flattery, Wash., and the Bering Sea. As Columbia 
River water carries a relatively high concentration 
of 65Zn, it was expected that salmon that had fed 
in the plume between Vancouver Island and northern 
California would have a higher 66Zn content than 
those feeding in other areas. 

Between 48° and 58°N, a general decline in average 
65Zn content of coho salmon occurred with increase 
in latitude. Some specimens in the northernmost 
samples contained much higher levels of 65Zn than 
others; Loeffel and Forster concluded that some coho 
salmon must have migrated northward from the plume 
area. In 1968 the levels of 65Zn content of coho 
salmon were lower, but activity values among samples 
from the northern areas fell into two groups (4.0-
45.3 pCi/g ash and 93.6--129.8 pCi/g ash), suggesting 
the presence of fish of two different origins. Samples 
from the Bering Sea were obtained only in 1968. 
Activity levels varied from 0.8 to 3.4 pCi/g ash, well 
below any values obtained in gulf samples. Loeffel 
and Forster, therefore, concluded that background 
levels of 65Zn in coho salmon appear to be less than 
4 pCi/g ash and that "gulf-caught fish with low 
activity values, even though far removed from the 
measured flow of the Columbia River plume, must 
be affected by its supply of65Zn." 

Lipid Studies 

A study of the fatty acid content of salmon collected 
in the Strait of Juan de Fuca and near Seattle was 
begun in 1968 by Dr. James B. Saddler of the FRI staff 
as an adjunct to our migration studies. In 1969 this 
sampling was extended to the Adak Island area to 
provide data on salmon at a truly oceanic feeding 
stage for comparison with the age .0 juveniles and 
the maturing fish sampled in 1968. The following 
is a preliminary progress report. 

Alterations in the individual fatty acid content 
and the total lipid content occur during the early 
development, migration, and maturation of Pacific 
salmon. Stored lipids are released for growth, 
energy, and gonad maturation. Specific lipid com
ponents cannot be metabolized by the fish; they 
must be obtained from dietary sources. One must, 
therefore, expect to find variation in the fatty acid 
composition and lipid content of salmon taken from 
different locations and at different times during their 
life cycles. Moreover, the feeding habits and diet 
will affect the type and amount of lipid retained by 
the salmon. 

It is the purpose of this study to determine the 
energy utilization of lipids by salmon swimming at 
various times during their migration and maturation 
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and to ascertain the quality of the muscle with 
respect to the stored lipid, which in turn reflects the 
diet of the salmon and feeding habits. The pos
sibility should not be overlooked that the fatty acid 
composition and the total lipid content of the muscle 
and liver tissue are indices of growth as well as 
quality. 

Nineteen sockeye and nine chum salmon were 
sampled by purse seine from the R V Storm between 
July 2 and July 7, 1969. The fishing areas were 5, 
15, 25, 35, and 45 miles south of Adak Island; age 
groups .1 and .2 were taken. All salmon appeared 
to be in good condition at time of capture; samples 
of muscle tissue (from a point immediately posterior 
to the pectoral fin) and liver tissue were taken from 
each fish. The samples were immediately frozen and 
transported from Adak to Seattle, packed in dry ice. 

Stomach contents of all salmon sampled for lipid 
analysis revealed different feeding habits for the 
sockeye and chum. All sockeye salmon had full 
stomachs. The entire digestive tract was filled with 
material in various stages of digestion, ranging from 
identifiable organisms to fecal material. The pre
dominant food of sockeye salmon was squid. Eu
phausiids were less abundant. In contrast, most 
chum salmon of both age groups had empty stomachs, 
although some contained a small number of euphausi
ids. The lower digestive tract of the chum salmon 
had some partially digested material but the amounts 
were considerably smaller than in sockeye salmon 
taken at the same location. 

The lipid analysis is presently incomplete, but a 
few observations can be made at this time. Sockeye 
and chum salmon of both age groups contained the 
same fatty acids, but concentrations of individual 
fatty acids differed. 

In general, the total lipid percentage of muscle 
samples from male salmon (sockeye and chum) 
exceeded the total lipid percentage of muscle samples 
from females. The lipid percentage in muscle samples 
decreased with increased distance from shore. 

The major saturated fatty acids were myristic, 
palmitic, and stearic, (14: 0, 16: 0, and 18: 0); the 
major monounsaturated fatty acids were palmitoleic, 
oleic, and eicosenoic (16: 1, 18: 1, and 20: 1); and 
the major polyunsaturated fatty acids were eicosapen
taenoic and docoshexaenoic (20: 5 and 22: 6 ). 

Saturated and monounsaturated fatty acids are 
excellent energy sources for salmon and are used 
preferentially when compared with polyunsaturated 
fatty acids. Differences in the kinds and amounts of 
fatty acids may therefore be indicative of potential 
energy and the use of energy during migration. 
Long-chain polyunsaturated fatty acids are primarily 

used for cell growth and must be supplied in the 
diet because fish cannot metabolize them from other 
sources. 

Thus, a quantitative account of the lipid compon
ents and fatty acid composition may provide informa
tion concerning energy utilization during swimming, 
migration, growth, and maturation, as well as an 
estimate of the quality of the fish at a given time. 
Also, lipids will reflect the nature and quality of the 
diet. 

Abundance and Si4_e of Chum Salmon South of Adak Island 

Many catch and length data for chum salmon are 
available from purse seine catches Qune-August) 
south of Adak Island (Area 8050). Primary emphasis 
has been directed towards tagging experiments and 
estimates of abundance of sockeye salmon (mainly 
of Bristol Bay origin); less effort has been made to 
analyze chum salmon data. Tagging and other 
studies have indicated that chum salmon in this 
area are primarily of Asian origin (Shepard, Hartt, 

TABLE 8. Number of purse seine sets by time period and 
distance south of Adak Island, 1961-67. 

Distance offshore (miles) 
Year and time 

period1 0-10 11- 20 21-50 

1961 
1 14 3 0 
2 5 2 
3 3 6 

1962 
I 5 5 4 
2 8 6 10 
3 2 3 

1963 
1 1 4 2 
2 2 6 7 
3 6 2 

1964 
1 11 7 6 
2 9 6 0 
3 6 4 3 

1965 
1 5 12 2 
2 7 7 3 
3 6 6 5 

1966 
1 11 7 2 
2 0 4 3 
3 7 6 6 

1967 
I 4 I 1 
2 17 3 3 
3 8 4 7 

1 1= June 11-30; 2=Ju1y 1-20; 3= July 21 - August 10. 
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TABLE 9. Mean catches of immature chum salmon near Adak Island, 1961--{)7. 

Age offish and distance (miles) from Adak 

Year and Age .I 
time 

Age .2 Age .3 

period1 0--10 ll - 20 21-50 0--10 ll- 20 21-50 0--10 ll- 20 21- 50 

1961 
I 0.0 0.0 3.2 3.8 12.6 17.6 
2 5.6 8.5 0.0 5.6 34.5 1.0 2.1 3.9 0.0 
3 1.2 14.0 3.5 14.2 44.0 7.9 2.9 22.0 1.6 

1962 
I 1.2 25.7 2.6 12.8 149.9 4.5 0.6 1.9 0.0 
2 6.5 3.9 7.3 5.0 3.0 2.1 0.0 0.0 0.0 
3 0.0 3.9 1.7 1.0 1.4 0.6 0.0 0.0 0.0 

1963 
I 57.0 0.6 2.5 20.0 17.2 32.0 0.0 2.8 0.4 
2 2.5 5.9 19.3 1.8 6.0 2.1 0.0 0.1 0.0 
3 4.7 5.0 2.0 4.7 4.5 1.0 0.1 1.0 0.0 

1964 
I 1.2 1.6 1.8 60.0 40.1 11.6 13.4 3.9 0.1 
2 73.4 67.9 34.0 23.3 0.1 0.0 
3 8.1 4.5 1.3 18.1 5.3 1.4 0.3 0.0 0.0 

1965 
I 3.4 1.9 11.0 6.4 15.5 20.5 7.3 9.1 2.6 
2 53.0 17.1 48.0 30.6 8.6 21.9 1.7 0.9 1.0 
3 15.8 5.0 4.6 19.4 15.1 2.0 0.3 0.4 0.0 

1966 
I 0.3 0.4 0.0 3.7 24.1 4.5 2.9 4.5 1.4 
2 16.4 20.7 9.7 13.7 1.3 0.0 
3 15.6 7.9 3.1 7.1 6.8 1.1 0.2 0.0 0.0 

1967 
I 79.6 8.0 0.0 32.4 3.0 2.0 0.9 0.0 0.0 
2 67.1 86.0 11.3 25.6 19.3 2.6 0.1 0.0 0.0 
3 2.7 7.7 3.3 4.3 24.2 6.0 0.1 0.2 0.0 

1 Time period ! = June 11- 30; 2= July 1-20; 3=July 21-August 10. 

and Yonemori, 1968). 
Our objectives are to estimate the annual relative 

abundance, size, and within-season growth rate from 
catch and length data for 1961-68. This information 
is pertinent to: (1) estimates of yields from high seas 
fishing, (2) the ecological relation between chum and 
sockeye salmon (growth and abundance), and (3) 
forecasts of the runs of Asian chum salmon (to study 
the relation of large and small runs in Asia to those 
in North America). 

Abundance. The analysis of catch data was confined 
to sets in which the seine was held open in an easterly 
direction for about 30 minutes. As in sockeye salmon 
catches, seine sets that were open towards the west 
produced significantly lower catches of chum salmon 
than sets that were open towards the east, thus 
indicating a predominantly westward movement of 
chum, as well as sockeye, in this region. The analysis 
was further confined to sets made within 50 miles 
south of Adak Island, June 11-August 10. As for 

most years, few sets were made farther offshore or 
outside this time period. 

Table 8 gives 1961-67 sampling effort by 20-day 
periods and distance from Adak Island. The cor
responding geometric means of the catches are given 
in Tables 9 and 10 by age (winters at sea) and maturi
ty. Maturity was determined from body length; 
fish over 50 em were considered as mature (some 
immature fish of age .3, however, would probably be 
classified as mature in July-August). 

The average 1961-67 catches were lowest for the 
21- 50 mile intervals for all ages, mature and immature. 
Thus the average center of abundance appears to be 
within 20 miles of Adak Island. The major dif
ferences in catches, maturity, and age composition 
tend to occur in June rather than in July and August. 
Geometric means for these two periods are given in 
Table 11. Immature chums of age .1 tend to be 
less abundant in June than in July-August, whereas 
older immature fish tend to be more abundant in 
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TABLE 10. Mean catches of mature churn salmon near Adak Island, 1961--67. 

Age offish and distance (miles) from Adak 

Year and Age .2 Age .3 Age .4 
time 

period1 0-10 11-20 21-50 0-10 ll- 20 21-50 0-10 ll- 20 21-50 

1961 
0.8 1.0 22.3 18.4 7.2 4.6 

2 0.5 1.4 0.0 1.6 5.0 0.0 0.0 0.4 0.0 
3 0.6 0.0 0.5 3.7 4.0 3.3 0.0 0.0 0.0 

1962 
I 10.8 2.6 2.1 10.2 1.7 0.8 0.5 0.1 0.0 
2 0.2 0.2 0.0 0.1 0.3 0.1 0.0 0.0 0.0 
3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 

1963 
I 0.0 1.1 0.0 0.0 4.2 0.7 0.0 0.0 0.0 
2 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 
3 1.4 4.5 0.0 0.6 0.0 0.0 0.0 0.0 0.0 

1964 
2.5 2.3 0.1 21.1 5.5 0.0 0.8 0.8 0.0 

2 2.2 2.8 0.4 1.1 0.0 0.0 
3 0.6 0.6 0.0 0.3 0.4 0.0 0.0 0.0 0.0 

1965 
0.1 0.1 0.0 1.3 2.4 0.0 0.0 0.1 0.0 

2 0.2 0.3 0.0 0.5 0.6 1.3 0.0 0.0 0.0 
3 1.6 1.0 0.0 1.4 0.9 0.1 0.0 0.0 0.0 

1966 
I 2.7 1.6 0.0 10.4 6.8 2.9 0.5 0.8 0.0 
2 0.4 0.3 2.3 2.6 0.0 0.0 
3 0.3 0.6 0.3 0.1 0.8 0.2 0.0 0.0 0.0 

1967 
0.4 0.0 0.0 0.6 3.0 0.0 0.0 0.0 0.0 

2 0.9 0.7 0.0 0.7 0.6 0.0 0.0 0.0 0.0 
3 0.5 1.1 0.0 0.6 1.2 0.2 0.1 0.0 0.0 

1 Time period ! = June ll - 30 ; 2= July 1- 20 ; 3= July 21- August 10. 

June. Similar changes in abundance occurred for 
immature sockeye salmon (ages .I and .2) and 
sampling in June was discontinued after 1967- to 
concentrate fishing effort in July-August for our 
annual estimates of abundance (Rogers, 1968). 

Size. Chum salmon were measured while alive 
(or shortly after death) to the nearest 0.5 em from tip 
of snout to tail fork. With the exception of fish of 
age group .I (which usually could be separated from 
older fish on the basis of length alone), only length 
measurements accompanied by age determination 
were used in the analysis. Measurements made 
between May 30 and August 22 were used to calculate 
mean lengths by date for each age class. Lengths 
from mature and immature fish were combined. 

A plot of the sample mean lengths by date is shown 
in Figure 18 for age groups .1 and .2. Mean lengths 
of fish of age .2 tended to decline during June and 
increase in July and August. This phenomenon is 
caused mainly by the presence of a higher proportion 

of maturing fish during June. 
A less pronounced decline in length is evident for 

age .1 fish in late June or early July. The same 
population or mixture of stocks, with respect to length, 
evidently was not available during the entire period 
in which samples were collected. Sampling was 
conducted at a relatively fixed position; chum 
salmon moved continuously through this area. Thus 
the difference in length is probably a result of the 
passage of a nonhomogeneous mixture of stocks, in 
which the average length of each stock differed from 
another at a given time. Such variation would be 
expected because chum salmon near Adak Island 
originate in widespread Asian coastal areas-from 
Honshu Island to the Anadyr River. These stocks 
vary in spawning time, time of emergence, and 
probably in their progress in ocean migrations and 
feeding (Shepard et al., 1968). 

The change in length during July and August was 
estimated from sample means (y) and coded dates (x) 
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TABLE 11. Geometric mean catch (per set) for immature and mature chum salmon taken 0-50 miles south of Adak 
Island. 

Immature (by age group) Mature (by age group) 
Fishing period Number of 

and year seine sets .1 .2 

June 11- 30 
1961 17 0.00 3.32 
1962 14 5.16 23.94 
1963 7 2.36 21.04 
1964 24 1.42 35.68 
1965 19 2.73 12.72 
1966 20 0.32 7.63 
1967 6 25.91 14.71 
1968 

Geometric mean 2.52 13.58 

July 1-August 10 
1961 18 3.72 9.51 
1962 30 4.85 2.54 
1963 24 7.12 3.54 
1964 28 21.14 15.70 
1965 34 15.92 12.97 
1966 26 9.84 5.56 
1967 42 17.31 12.26 
1968 56 7.50 4.65 

Geometric mean 9.28 6.96 
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FIGURE 18. Mean length of chum salmon of age .1 and .2 by 
date, 1961-68. Sample size for each point ~ 10. Weighted 
linear regression lines for July I to August 22. 

.l- .3 .2 .3 .4 .2- .4 

15.85 0.86 21.59 6.68 27.83 
31.61 4.28 3.00 0.22 6.93 
37.45 0.53 2.00 0.00 2.27 
51.48 1.59 6.12 0.55 7.74 
43.23 0.12 1.67 0.08 2.11 
11.18 1.88 7.96 0.51 14.05 
39.01 0.26 0.74 0.00 0.85 

29.23 1.06 4.02 0.14 3.00 

16.09 0.54 2.67 0.04 3.09 
8.26 0.11 0.11 0.00 0.21 

12.08 0.47 0.16 0.00 0.55 
48.78 1.29 0.44 0.00 1.70 
33.11 0.48 0.73 0.00 1.11 
17.29 0.37 0.72 0.00 1.06 
36.02 0.56 0.55 0.02 0.86 
13.55 0.65 0.22 0.01 0.87 
19.61 0.53 0.58 0.01 1.05 

(where July 1=1, Aug. 1=32, etc.), by using a 
weighted linear regression analysis. Each observa
tion was weighted by the number of fish in the length 
sample. A summary of the regression data is given 
in Table 12. All of the linear regressions for age 
group .2 were significant at the 95% level; the 1961 
and 1962 regressions for age group .1 were not signi
ficant, and only the 1961 and 1961-68 combined 
regressions for age .3 were significant. Analysis of 
covariance indicated no significant differences in 
regression among years for age group .2, but signi
ficant differences in the yearly regressions for age 
group .1 were detected (primarily due to the regres
sion lines for 1961 and 1962). 

Lander et al. (1966) estimated the average length 
and weight of chum salmon by age and maturity 
from samples obtained by gillnet and longline. Their 
samples were collected during June and July (1955-
62), and estimates were given for July 1. Mean 
lengths of age .1 and .2 chum salmon on June 30 
(a in Table 12) from the purse seine data are consis
tently smaller than means in Lander et al. (1966, 
Table 15). 

Length and weight were measured for a sample 
of 257 chum salmon collected in 1965 seining. The 
fish ranged from 280 to 605 mm and included three 
ages (.1, .2, and .3). The calculated regression 
(log10 weight [gm] on log10 length [mm]) was: logw 
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TABLE 12. Weighted linear regression of length of chum salmon on coded dates for July 1-August 22 near Adak Island. 

Age 

.I 

.2 

.3 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

1961---{;8 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

1961---{;8 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

1961---{;8 

Number 
of samples 

(n) 

11 
11 
14 
16 
22 
17 
17 
19 

127 

13 
10 
15 
16 
21 
17 
13 
17 

122 

12 

5 
8 

16 
10 
6 
7 

65 

Number 
offish 

(w) 

175 
506 
857 
495 
814 
396 
368 
657 

4,268 

436 
170 
163 
444 
542 
235 
98 

279 

2,367 

175 
3 

10 
12 
53 
23 
17 
13 

306 

Mean 
date 
(x) 

18.9 
6.6 
6.7 

21.4 
15.1 
17.2 
12.0 
20.0 

14.0 

29.8 
8.4 

15.4 
26.7 
22.0 
24.2 
27.0 
22.9 

23.4 

27.0 
2.0 

19.7 
23.5 
22.9 
21.2 
29.1 
21.7 

25.1 

Mean 
length 

(ji) 

336 
318 
320 
336 
324 
329 
327 
329 

326 

461 
439 
457 
451 
448 
458 
460 
461 

454 

534 
545 
555 
586 
527 
588 

568 
542 

542 

Regression 

a b 

330 
319 
310 
301 
308 
317 
315 
284 

310 

422 
424 
432 
419 
418 
425 
429 
425 

424 

500 

587 
582 
512 
586 
533 
482 

523 

0.33 
-0.17 

1.45 
1.63 
1.06 
0.69 
1.04 
2.21 

1.15 

1.32 
1.83 
1.63 
1.21 
1.34 
1.35 
1.14 
1.57 

1.26 

1.28 

-1.62 
0.17 
0.67 
0.11 
1.20 
2.78 

0.77 

10.6 
10.9 
10.7 
15.9 
12.7 
8.3 
6.8 
8.6 

12.3 

14.9 
11.9 
14.4 
11.2 
10.2 
15.8 
19.1 
13.1 

13.9 

18.9 

24.6 
47.7 
29.9 
40.4 
48.8 
38.7 

33.0 

Range 
of dates 

(x) 

3-53 
2-39 
2-38 
5-46 
1-48 
8-38 
1-43 
8-42 

1-53 

3-53 
2-39 
2-38 
5-46 
1-48 
8-38 
1-44 
8-42 

1-53 

3-53 

2-53 
10-35 
1-47 
8-38 
2-44 
8-33 

1-47 

TABLE 13. Growth of chum salmon near Adak Island based on within year estimates of growth in length (46 days). 

June 30 August 15 

Age 

.1 

.2 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

330 
319 
311 
302 
309 
318 
316 
286 

423 
426 
434 
420 
419 
426 
430 
427 

353 
316 
290 
264 
284 
312 
306 
220 

798 
817 
869 
780 
774 
817 
843 
823 

I. 
345 
311 
377 
376 
357 
349 
363 
386 

483 
508 
507 
475 
480 
487 
481 
497 

(1) Percentage increase in length (46-day period). 
(2) Percentage increase in weight (46-day period). 
(3) Instantaneous growth rate for 46-day period. 
(4) Instantaneous growth rate for 31-day period. 

408 
290 
547 
542 
457 
424 
483 
591 

1,235 
1,458 
1,448 
1,169 
1,210 
1,269 
1,218 
1,357 

15 
- 8 
66 
74 
48 
31 
47 

100 

60 
82 
73 
55 
61 
61 
51 
70 

(1) 

5 
-3 
21 
25 
16 
10 
15 
35 

14 
19 
17 
13 
15 
14 
12 
16 

55 
-26 
257 
278 
173 
112 
177 
301 

437 
641 
579 
389 
436 
452 
375 
534 

(2) 

16 
-8 
89 

105 
61 
36 
58 

169 

55 
78 
67 
50 
56 
55 
44 
65 

(3) 

.14 

.63 

.72 

.48 

.31 

.46 

.99 

.44 

.58 

.51 

.40 

.45 

.44 

.37 

.50 

(4) 

.09 

.42 

.48 

.33 

.21 

.30 

.66 

.30 

.39 

.33 

.27 

.30 

.30 

.24 

.33 
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= -5.73381 -t-3.28822 log 1. The 95% confidence 
intervals on the regression parameters were 

a= -5.96585, - 5.50176 
b=3.20082, 3. 37562 

This weight-length relation was used to calculate 
mean weights on June 30 and August 15. Estimates 
of growth rates for ages .1 and .2 were then calculated 
from length data for each year (Table 13). 

Ricker (1964) estimated the average instantaneous 
growth per month for chum salmon from records of 
length computed from scale annuli and b=3.2. His 
estimate of the average monthly rate in the final year 
was 0.128. The average instantaneous growth rates 
per month were: age .1=0.40 (excluding 1961 and 
1962) and age .2=0.31. 
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OCEAN DISTRIBUTION, ABUNDANCE, 
AND MIGRATION OF SALMON 

by R. French, R. Bakkala, J. Dunn 
and D. Sutherland 

The ocean distribution, abundance, and migration 
of salmon was studied from the northeastern Pacific 
Ocean to the central Aleutian Islands during three 
cruises in 1969-winter (January 13-February 16), 
spring (April 25-June 11 ), and summer (July 3-
August 15 and September 6-12). The spring cruise 
was the second of a series of cooperative studies 
between the Seattle Biological Laboratory and the 
Far Seas Fisheries Research Laboratory, Fisheries 
Agency of Japan; we report here only on the U .S. 
contribution to the cooperative research. The 
primary objective of the three cruises was to study 
the distribution, abundance, and migration of Bristol 
Bay sockeye and other salmon in relation to environ
mental features of the ocean. Other objectives were 
to study the effects of predation on gillnet catches 
and to investigate dropout of salmon from gillnets. 

FISHING GEAR AND MATURITY CRITERIA 

Fishing Gear 

Sampling gear for the three cruises consisted of 
gillnets of different combinations of mesh sizes to 
sample adequately the sizes of salmon available each 
season. The numbers of 50-fathom (91-m) shackles 
in the complete strings of gear are summarized in 
Table 14; fewer shackles were fished in some sets. 
The deep net sections were three shackles deep; the 
center panel was separated from the upper and the 
lower panels by strips of 8-inch mesh webbing about 
1/2 meter wide, which created an opening between 
shackles. This extended the depth of fishing to 
23 m, or three times that of the regular string. The 
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TABLE 14. Numbers of shackles ofgillnet fished in winter, spring, and summer of 1969 by type and by size of mesh. 

Mesh size in inches and (mm) 
Season, and 

type of gillnet1 2 (51) 2t (64) 

Winter 
Regular string 4 4 
Experimental section 

Deep nets 3 3 

Total 7 7 

Spring 
Regular string 5 
Experimental section 

Monofilament nets 
Deep nets 3 

Total 0 8 

Summer 
Regular string 8 
Experimental section 

Monofilament nets 
Deep nets 3 

Total 0 II 

1 Multifilament netting unless otherwise indicated. 

gillnets were set at about 8: 00 PM and hauled the 
next morning at about 8:00AM. Normal procedure 
was to set the nets in the direction of the prevailing 
winds. 

Maturity Criteria 

Maturity of sockeye salmon taken in winter was 
determined by the same methods used for salmon 
taken in the winter cruise of 1967 (French et al., 
1969). All chum salmon caught in winter 1969 
were age .1 and assumed to be immature. 

Maturity criteria of sockeye and chum salmon 
taken in spring were the same as those used to classify 
fish caught in spring 1968 (French et al., 1970). 
For fish caught in summer, we used maturity criteria 
as used by Japan to classify sockeye and chum salmon 
taken by the mothership fishery (Takagi, 1961 ). 

CATCH RESULTS 

Salmon and steelhead trout catches for the winter, 
spring, and summer cruises are given in Tables 15 to 
17. During the winter cruise in the northeastern 
Pacific Ocean from 145° to 165°W, sockeye salmon 
predominated in the catches (85%), followed by coho 
(9%) and chum salmon (5%). During spring at 
stations from 155° to 176°W, sockeye and chum 
salmon predominated (57 and 35%, respectively). 
Summer catches were predominantly sockeye and 
chum salmon and, as normal for this season, primarily 

Total 
3l (83) 3-7{8 (98) 4t (114) 51 (133) shackles 

4 4 4 4 24 

3 3 3 3 18 

7 7 7 7 42 

5 5 5 5 25 

1 1 2 
3 3 3 3 15 

8 8 9 9 42 

8 8 8 32 

2 2 
3 3 3 12 

11 0 13 11 46 

immature fish. 
Relative abundance of salmon caught in gillnets, 

as shown in Figures 19 to 29 is the catch per unit of 
effort in which the values are the sums of the average 
catch per shackle in each mesh size. Only the 
multifilament surface nets were used to calculate 
relative abundance. 

DISTRIBUTION AND ABUNDANCE OF SALMON AND STEEL

HEAD TROUT 

Sockeye Salmon 

Winter. Sockeye salmon were captured at all 
stations fished in January and February (Fig. 19). 
The four sets southeast of Kodiak Island produced 
small catches of immature and maturing sockeye 
salmon. Immatures caught southeast of Kodiak 
Island were age .1 fish and the maturing fish were ages 
.3 and .4 (Table 18). Along 155°W, immatures 
were taken at all stations fished; abundance was low 
north of 51 °N and highest near 49° and 50°N. The 
north-south distribution of immatures along this 
longitude was wider in 1969 than in winter 1967. 
In 1967, immatures were only taken south of 50°N 
(French et al., 1969) but largest catches were at 
similar latitudes each year (near 49°N). Along 
l65°W, where sampling was limited by unfavorable 
weather in 1969, immatures appeared to be more 
abundant in waters south of 50°N. 
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TABLE 15. Catches of salmon and steelhead trout by the U.S. research vessel George B. Kelez, January-February 1969. 

Position Surface Species 
temp. No. of 

Set Date ON ow oc shackles1 Sockeye Chum Pink Coho Steelhead Total 

I l fl3 54-18 145-37 3.3 42 13 0 0 0 0 13 
2 1/14 55-07 147-22 3.2 42 4 0 0 0 0 4 
3 1/15 56-10 149-13 3.9 42 3 0 0 0 0 3 
4 1/16 57-09 150--44 4.8 18 5 8 0 0 0 13 
5 1/22 55-30 154-59 4.4 18 I 0 0 0 0 I 
6 1/24 55-10 155-01 4.1 18 6 12 0 0 0 18 
7 1/25 54-15 155-00 3.0 42 16 I 0 0 0 17 
8 1/26 53-00 155-00 3.1 42 15 6 0 0 0 21 
9 1/27 51 - 35 154-58 3.6 39 47 0 0 0 0 47 

10 I f28 50-12 154-55 4.3 24 89 0 I 20 I Ill 
11 1/29 49-00 155-00 5.1 39 60 0 I 15 I 77 
12 1/31 47-00 154-59 6.2 24 I 0 0 5 0 6 
13 2/ 11 53- 30 165-00 3.1 24 I 0 0 0 0 1 
14 2/13 51-00 165-00 3.6 36 56 0 0 0 0 56 
15 2/15 50-00 165-00 3.8 36 39 0 0 0 0 39 
16 2/ 16 49-01 164-58 4.0 24 72 0 I 4 0 77 

Total 428 27 3 44 2 504 

1 Sets that contained more than 24 shackles included a deep net section (see text for description). 

TABLE 16. Catches of salmon and steelhead trout by RV George B. Kekz, April-June 1969. 

Position Surface Species 
temp. No. of 

Set no. Date ON ow oc shackles1 Sockeye Chum Pink Chinook Steelhead Total 

I 4/25 55- 10 155-00 4.7 42 73 4 0 0 0 77 
2 4/26 54-00 155-00 3.5 42 31 0 0 0 0 31 
3 4/27 52--40 155-00 3.7 42 31 I 0 0 0 32 
4 4/28 51-40 155-00 3.7 42 23 0 0 0 0 23 
5 4/30 50-00 155-00 4.2 42 22 I 0 0 0 23 
6 5/4 46-00 164-59 5.4 42 17 0 3 0 0 20 
7 5/5 47- 00 165-00 5.4 42 19 10 I 0 0 30 
8 5f6 48-00 165-00 4.5 42 13 18 8 0 0 39 
9 5/7 49- 00 165-00 4.7 42 21 33 2 0 0 56 

10 5/8 50- 00 165-00 4.5 42 85 40 I I 0 127 
II 5f9 51-00 165-00 5.0 42 32 17 0 0 I 50 
12 5f l0 52- 10 165-00 5.3 42 17 5 0 I 0 23 
13 5/11 53- 21 165-07 4.4 27 0 0 0 0 0 0 
14 5/ 15 53- 30 165-00 4.6 27 0 0 0 I 0 I 
15 5/ 17 51- 16 164-45 4.3 42 II 8 I 0 0 20 
16 5/ 18 52- 30 165-00 4.2 42 12 11 I 0 0 24 
17 5/22 50-00 165-00 5.0 42 30 26 13 0 0 69 
18 5/23 50-45 165-00 4.8 42 72 51 12 0 0 135 
19 5/24 51 - 30 165-00 4.6 42 39 60 0 0 0 99 
20 5/25 52- 15 165-00 4.8 42 28 10 0 2 0 40 
21 5/26 52-42 165-00 5.2 42 24 11 0 0 0 35 
22 5/27 52-45 167-00 5.6 27 9 4 0 0 0 13 
23 6/2 51 - 30 176-20 6.3 27 4 0 I 0 0 5 
24 6/4 50-30 176-20 5.5 42 4 14 10 0 0 28 
25 6/5 50- 00 176-20 5.0 42 10 9 I 0 0 20 
26 6/6 50-45 176-20 5.6 42 I I 0 0 0 2 
27 6!7 51- 20 176-20 5.5 27 3 2 I 0 0 6 
28 6/8 50-05 176-20 5.3 39 I I 5 0 0 7 
29 6/9 50- 35 176-20 5.3 39 29 69 25 0 0 123 
30 6f l0 51-02 176-20 5.8 39 I 0 I 0 0 2 
31 6fll 51- 30 176-20 4.4 27 0 0 0 0 0 0 

Total 662 406 86 5 1,160 

1 Sets that contained more than 27 shackles included a deep net section (set text for description). 
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TABLE 17. Catches of salmon and steelhead trout by RV Miller Freeman and RV George B. Kelez, July, August, and_Septem
ber 19691• 

Position Surface Species 
temp. No. of Set 

no. Date ON ow °C shackles1 Sockeye Chum Pink Coho Chinook Steelhead Total fish 

2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

7/3 
7f4 
7!5 
7/6 
7!7 
7/8 
7!9 
7/ 10 
7/11 
7/ 12 
7/ 13 
7/14 
7/ 15 
7/18 
7/19 
7/20 
7/21 
7/22 
7f23 
7/24 
7f25 
7/26 
7/27 
7/28 
7/29 
7/30 
7/31 
8/3 
8/4 
8/6 
8/7 
8/8 
8/9 
8f l0 
8fll 
8/ 12 
8/13 
8/ 14 
8/15 

51 - 15 176-22 7.5 
50-10 176-22 7.0 
48--40 176-23 8.2 
49-35 176-22 7.9 
50-39 176-20 7.8 
51--{)2 176-22 7.8 
51-25 176-22 8.0 
51-32 176-22 7.4 
50--52 176-22 7.4 
51 - 25 176-22 6.4 
51- 15 176-22 7.7 
50--52 176-22 7.8 
50-40 176-22 7.7 
51--{)0 176-22 8. 7 
50-10 176-22 8.3 
48--40 176-22 9.1 
51- 32 176-22 5. 7 
51- 25 176-22 8.8 
51--{)0 I 76-22 8.6 
50-40 176-22 8.8 
50-10 176-22 9.5 
50--52 176-22 9.3 
51- 15 176-22 9.5 
51- 32 176-22 8.6 
51 - 35 176-22 10.2 
51 - 25 176-22 9.5 
51 - 00 176-22 10.6 
51- 32 176-22 6.7 
51- 15 176-22 10.2 
50-10 176-22 10.4 
50-43 176-22 10.6 
51- 00 176-22 
49-30 176-22 11.3 
51- 35 176-22 
51- 25 176-20 11.3 
51 - 32 176-22 9.3 
51 - 15 176-22 12.2 
50-45 176-22 12.1 
51 - 20 176-22 7.4 

Total (July- August) 

40 

41 
42 
43 
44 
45 

9/6 
9/7 
9/8 
9/ 10 
9/ 11 
9/ 12 

50-20 
51- 00 
51 - 30 
52- 30 
53--{)0 
53-30 

Total (September) 

162-30 
160-00 
160--{)0 
160--{)0 
160--{)0 
160-00 

13.1 
12.7 
12.4 
11.9 
11.7 
11.5 

46 
46 
46 
46 
46 
46 
26 
26 
26 
26 
26 
46 
46 
46 
46 
46 
26 
26 
26 
46 
46 
46 
26 
26 
26 
26 
26 
26 
26 
38 
38 
37 
37 
25 
25 
25 
17 
17 
17 

36 
36 
36 
36 
36 
36 

116 
75 
4 

23 
45 
21 
II 

138 
12 
6 

148 
51 

5 
242 

78 

0 
34 
II 
38 

247 
112 
306 

0 
18 
44 

256 
0 

752 
21 

243 
230 
45 
12 

173 
516 
83 
59 

137 

4,313 

6 
7 

46 
140 

113 
12 

324 

20 
219 
69 

304 
42 

5 
5 

74 
77 
19 
40 

15 
2 

15 
6 
2 
0 
0 
0 
2 

15 

4 
0 

125 
5 

10 
2 

12 
45 
23 

5 
10 
19 
49 

427 
20 

4 

5 

1,697 

5 
17 
49 
89 
18 
20 

198 

1 The RV Miller Freeman fished sets 1-27 and the RV George B. Kelez sets 28--45. 

2 
10 
0 
9 

21 
0 
0 
3 

I 
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 

50 

0 
0 
0 
0 
0 
0 

0 

0 
4 

12 

4 
0 
0 
0 
0 
0 
0 

0 
13 
4 

52 
0 
0 
0 
0 

31 
2 

0 
8 
4 

18 
0 

65 
21 
II 

I 
7 

24 

I 
2 
0 

289 

0 
0 
0 
2 

4 

• Sets that contained more than 24 shackles included a deep net section (see text for description). 

0 
0 

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

0 
2 

0 
2 
2 

0 
0 
0 
I 
0 
0 

0 

17 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

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

0 
0 
0 
0 

0 
4 
0 
I 
4 
0 
0 

2 
0 

2 
0 
0 

22 

0 
0 
2 

4 

8 

138 
308 
86 

340 
112 
26 
16 

215 
90 
26 

188 
67 

7 
271 
90 
59 

0 
34 
II 
40 

296 
116 
311 

0 
154 
53 

287 
2 

836 
89 

279 
240 

62 
32 

249 
944 
106 
66 

142 

6,388 

II 
24 
97 

232 
136 
34 

534 
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FIGURE 19. Relative abundance of sockeye salmon (immature
unshaded bars; mature-shaded bars) and location of oceano
graphic features, winter 1969. 
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FIGURE 20. Distribution of sockeye salmon along 155°W by 
ocean age and maturity, January 1969. 
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FIGURE 21 . Relative abundance of sockeye salmon and location 
of oceanographic features along 155°W, 165°W, and 176°20'W, 
spring 1969. 
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FIGURE 22. Distribution of sockeye salmon along 165°W by 
ocean age and maturity, May 1969. 
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FIGURE 23. Distribution and relative abundance by oceano
graphic area and 10-day periods of immature sockeye salmon 
south of Adak Island (176~22'W), summer 1969. 
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FIGURE 24. Relative abundance of immature sockeye salmon 
south of Adak Island (176°22'W) by 10-day fishing periods, 
summer 1968 (dotted line; shaded) and 1969 (solid line). 
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FIGURE 25. Relative abundance of age .I and .2 immature 
sockeye salmon along 160°W in September 1969. 
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FIGURE 26. Relative abundance of chum salmon and location 
of oceanographic features along 155°W, 165°W, and 176°22'W, 
spring 1969. 
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FIGURE 27. Distribution and relative abundance, by oceano
graphic area and 10-day periods, of immature chum salmon 
south of Adak Island (176°22'W), summer 1969. 
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FIGURE 28. Relative abundance of age .I and age .2 and older 
chum salmon along 160"W in September 1969. 
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FIGURE 29. Relative abundance of pink salmon and location of 
oceanographic features along 155°W, 165°W, and 176°22'W, 
spring 1969. 

Maturing sockeye salmon were not as widely 
distributed as immatures along 155°W. They were 
not taken in the Alaskan Stream nor south of 49°N. 
Most maturing fish were between 50° and 55°N within 
the Ridge and Western Subarctic water, and greatest 
concentrations appeared to be near 50°N. The 
abrupt change in abundance from the Western 
Subarctic to the Transition Area may have some 
significance although the distribution of immatures 
appeared not to be influenced by this boundary. 
Maturing fish were taken at all stations fished along 
165 °W; areas of greatest concentration were not 
clearly defined but good catches were made from 49° 
to 51 °N. 

The north-south distribution of sockeye salmon 
along 155°W varied by ocean age and maturity 
(Fig. 20). Main concentrations of age .1 and .2 
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TABLE 18. Age composition1 (by ocean age and freshwater age groups) of sockeye salmon taken in winter, spring, and 
summer 1969. 

(a) Ocean age groups 

Maturing Immature 
No. offish No. offish 

95 

Season and 
dates •w in sample Age .I Age .2 Age .3 in sample Age .I Age .2 Age .3 Age .4 

Winter 
Jan. 13-16 
Jan.22-31 
Feb. 11-16 

Spring 
Apr. 25- 30 
May 4-26 
June 2-11 

Summer 
July 3- 10 
July 11- 20 
July 21-31 
Aug. 1- 10 
Aug. 11- 15 

t4s•-tso• 

155° 
165° 

155° 
165° 
176°20' 

176°22' 
176°22' 
176°22' 
176°22' 
176°22' 

6 
107 
32 

0 
30 

4 

366 
485 

1,006 
1,171 

953 

(b) Freshwater age groups 

Season and 
dates 

Winter 
Jan. 13-16 
Jan. 22-31 
Feb. 11-16 

Spring 
May 4-26 
June 2-11 

Summer 
July 3- 10 
July 11-20 
July 21-31 
Aug. 1-10 
Aug. 11-15 

Winter 
Jan. 13-16 
Jan. 22- 31 
Feb. 11 - 16 

Spring 
Apr. 25- 30 
May 4- 26 

June 2- 11 

14s•-1so• 
Iss• 
165° 

165° 
176°20' 

176°22' 
176°22' 
176°22' 
176°22' 
176°22' 

I4s•-tso• 
Iss· 
165° 

Iss· 
165° 
176°22' 

No. of 
fish in 
sample 

5 
63 
23 

5 
4 

294 
369 
872 
899 
886 

0 
0 
0 

0 
6 
0 

100.0 
60.7 
78.1 

16.7 
100.0 

82.4 
78.0 
87.6 
76.8 
91.8 

Freshwater 
age of .I fish 

Percent 

0 
39.3 
21.9 

83.3 
0 

16.7 
21.4 
12.2 
23.1 

8.2 

0.1 1.1 2.1 3.1 

0 
0 
0 

0 
0 

1.0 
0.6 
0.2 
0.1 

0 

No. of 
fish in 
sample 

Immature 
Percent 

0 57.9 42.1 0 
0 35.2 60.2 4.6 
0 17.4 82.6 0 

0 40.0 60.0 0 
25.0 25.0 50.0 0 

0.3 15.6 80.8 3.3 
0 17.3 81.1 1.7 

0.1 15.9 82.6 1.3 
0 18.0 80.8 1.2 

0.1 17 .0 81.8 1.1 

0 
40 
7 

25 
0 

68 
113 
132 
271 

67 
Maturing 

16.7 83.3 0 

0 
69 
79 

54 
192 

17 

1 Based on catch per unit of effort, giving equal weight to each mesh size. 

II 
107 
119 

124 
276 

26 

0 
0 
0 
0 
0 

0 
0 
0 

0 
2.2 

0 

Freshwater 
age of .2 fish 

0.2 1.2 2.2 3.2 

Percent 

0 70.0 30.0 0 
0 42.9 57.1 0 

0 48.0 48.0 4.0 

0 43.5 50.7 5.8 
0 55.6 43.2 1.2 
0 63.6 32.8 3.6 
0 60.2 39.1 0.7 
0 74.3 25.7 

0 53.6 43.5 2.9 
0 53.2 43.0 3.8 

0 25.9 74.1 0 
1.0 53.1 42.2 3.6 

0 47.0 47 .0 5.9 

Percent 

0 
64.5 
68.1 

43.5 
70.8 
65.4 

No. of 
fish in 
sample 

0 
0 
0 

0 
0 

4 
3 
2 

I 
0 

10 
37 
37 

70 
71 
9 

90.9 
35.5 
31.9 

56.5 
26.2 
34.6 

9.1 
0 
0 

0 
0.7 
0 

Freshwater 
age of .3 fish 

1.3 2.3 3.3 

Percent 

50.0 50.0 
100.0 0 
50.0 50.0 

100.0 0 

0 
0 
0 
0 

70.0 30.0 0 
64.9 35.1 0 
54.1 43.2 2.7 

61.4 38.6 0 
54.9 45.1 0 
77.8 22.2 0 
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immatures occurred together and farther south than 
other age and maturity groups. The age .2 maturing 
sockeye salmon tended to be between immatures 
and the age .3 maturing fish that occupied the most 
northern part of the distribution. Similar findings 
were made in winter 1967 in this area (French et al., 
1969). 

Spring. We had anticipated relatively large catches 
of immature age .1 sockeye salmon, the progeny of 
the large adult return of sockeye salmon to Bristol 
Bay in 1965. None of the stations fished by the Kelez 
produced large catches, however (Fig. 21). Imma
tures were most numerous along 165°W in Transition 
water (46° and 47°N). None were taken along l55°W 
and only a few at one station along 1 76°20'W. The 
number of immature sockeye taken and the brood 
years represented are shown below. 

Brood year 
Ocean age 1963 1964 1965 1966 1967 Unknou;n 

.1 0 0 4 3 1 

.2 12 13 0 0 0 
Total number 12 17 3 

Only 9 age .1 fish and 26 age .2 immatures were 
caught. Fish from the 1965 brood year accounted 
for about half the total catch of immatures. These 
results indicated that the expected large number of 
immatures from the 1965 spawning in Bristol Bay 
were not in these waters or for other reasons were not 
available to our gillnets. The Hokko Maru (Far Seas 
Fisheries Research Laboratory, Japan), also using 
gillnets, took greater numbers of age .l fish in May 
along l75°W from 44° to 46°N.2 

In the spring, maturing sockeye salmon were much 
more abundant than the immatures, and were in 
more northerly areas (Fig. 21 ). The north-south 
distribution of maturing fish appeared to differ along 
each longitude fished, perhaps because different stocks 
or different mixtures of stocks were sampled. Along 
l55°W in April, the largest catch of maturing fish 
was made in the Alaskan Stream near 55°N; south 
of this latitude to 50°N, catches were nearly uniform 
and smaller. Along l65°W in May, stations in the 
Alaskan Stream produced no fish in two sets and only 
a small catch in a third set. South of the Alaskan 
Stream, maturing fish were taken consistently in the 
Ridge Area and were most abundant in the Western 
Subarctic Area; they also extended into the Transi
tion Area in small numbers. 

Along l76°22'W in early June, abundance was 
lower than at the more easterly longitudes, which indi
cated that large numbers of maturing sockeye salmon 

2 Data on file, U.S. Fish and Wildlife Service, Bureau of Com
mercial Fisheries, Biological Laboratory, Seattle, Washington. 

did not move through the area south of the central 
Aleutian Islands in spring 1969. 

Seasonal changes in distribution of sockeye salmon 
were apparent from differences in catch between 
winter (Fig. 19) and spring (Fig. 21). lmmatures 
were taken from 55°30' to 47°N along 155°W in 
winter, where none were caught (from about 55° to 
50°N) in spring. They may have moved south of 
50°N by spring, as they did along l65°W; there the 
immature fish were taken at 49° and 50°N in winter 
but were largely south of 48°N in spring. 

The distribution of maturing fish also changed along 
l55°W between winter and spring but no apparent 
change took place along l65°W. Along 155°W, 
maturing sockeye salmon were not taken in the Alaskan 
Stream in winter but increased southward from the 
Stream and reached a peak of abundance in the 
Western Subarctic water near 50°N (Fig. 19). In 
spring maturing fish were most abundant in the 
Alaskan Stream and were less abundant to the south 
(Fig. 21 ). The seasonal variation in distribution 
along l55°W was also accompanied by a change in 
ocean age composition from 64% age .2 fish in winter 
to only 43% age .2 in spring (Table 18). These 
changes indicated that different groups of fish were 
sampled along l55°W in winter and spring and per
haps shows that different stocks predominated in this 
area each season. 

Along l65°W the distribution of maturing sockeye 
salmon was apparently much the same from winter 
to spring, although the limited sampling in winter 
makes a seasonal comparison difficult. In winter, 
large catches were made from 49° to 5l 0 N (Fig. 19) 
and in spring, from 50° to 51 °N (Fig. 21 ). Ocean age 
composition did not change substantially along l65°W 
between winter (68% age .2 fish) and spring (71% 
age .2 fish), suggesting that the same stock of sockeye 
salmon (probably Bristol Bay fish) predominated in 
these waters during both seasons (Table 18). 

The separation of immature and maturing fish was 
more pronounced in spring (Fig. 22) than in winter 
(Fig. 20), which appeared to result mainly from a 
southward movement of immatures. In addition the 
separation of maturing fish by age group was less 
apparent in spring. In winter, maturing age .2 fish 
were mostly between maturing age .3 fish to the north 
and immature fish to the south, but in spring, distribu
tions of the two maturing age groups were similar 
although age .2 fish extended farther south than age 
.3 fish. 

The spring studies in 1968-69 have led to tentative 
conclusions regarding the migrations of maturing 
sockeye salmon of Bristol Bay origin in the north
eastern Pacific Ocean. Sockeye salmon were absent 
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or scarce in the Alaskan Stream in May south of 
the eastern Aleutian Islands (Fig. 21 ). Sampling in 
1968 (French eta!., 1970) showed that by early June 
the maturing sockeye salmon were concentrated in 
the Alaskan Stream and northern Ridge Area on their 
migration to inshore waters. The 2 years of data 
suggest that the maturing fish in this area, a sub
stantial proportion of which are probably of Bristol 
Bay origin, remained south of the Alaskan Stream 
until late May or early June; about a month before 
their arrival in Bristol Bay they moved northward 
or northwestward into the Alaskan Stream on their 
shoreward migration. Fish destined for Bristol Bay 
from the area of 165°W and eastward would not be 
able to reach Bristol Bay by the usual dates if they 
were to migrate westward past the central Aleutian 
Islands and northward through western Aleutian 
passes. Therefore, Bristol Bay fish that were east
ward from 165°W in late may must have used eastern 
Aleutian passes in 1968-69 to reach Bristol Bay. 

Summer. In July and August, sampling was re
stricted to waters south of Adak Island along 
l76°22'W. Fishing was concentrated north of 50°N 
and apportioned among the oceanographic features 
in this area-Alaskan Stream, Ridge, and Western 
Subarctic Areas. 

Maturing sockeye salmon essentially have left these 
waters by July but may occur in small numbers. In 
1969 occasional catches of I to ll mature fish per set 
were made from 49°35' to 51 °25'N. 

The catches of immature sockeye salmon were 
mainly age .l fish and primarily of the 1965 brood 
year. The proportion of age . l fish ranged from 77 
to 92% of catches by 10-day period in July and August 
(see Table 18). A consistently high proportion (about 
80%) of the age .1 sockeye had migrated to sea in 
their third year (age 2.1, see Table 18). Forty-three 
to 74% of the catches of age .2 immatures (age 1.2, 
see Table 18) were fish of the 1965 brood year. 

The distribution and changes in abundance of im
matures south of Adak Island (Fig. 23) were similar 
to those observed in most previous summers. The 
immatures were distributed over the three oceanogra
phic areas sampled; the largest catches of age .l fish 
were near shore and those for age .2 immatures farther 
offshore. Abundance increased through July and was 
highest in August. 

The greatest concentrations of immatures varied by 
oceanographic area, as was noted in summer 1968 
(French et a!., 1970). In early July they were most 
abundant in the Alaskan Stream, but from mid-July 
to early August they were more abundant in the Ridge 
Area. From August II to 15, greatest concentrations 
had shifted back to the Alaskan Stream. Thus, south 

of Adak Island the movement of immature sockeye 
salmon in summer, which is primarily westward, oc
curs not only in the Alaskan Stream but also in the 
Ridge Area. 

The relative abundance of age .I and .2 immature 
sockeye salmon along l76°22'W was higher in sum
mer 1969 than in 1968 in each of the 10-day fishing 
periods (Fig. 24 ). The large catches of immature fish 
in summer 1969 along 176°22'W in contrast to the 
low catches in spring along l65°W make it apparent 
that the spring samples did not reflect the general 
abundance of immatures in the North Pacific Ocean. 

Late summer. The RV George B. Kelez made six 
sets along l60°W (one set was along l62°30'W) from 
September 6 to 12. Sockeye salmon were primarily 
in the Ridge Area; catches in the Western Subarctic 
and Alaskan Stream were much smaller, but these 
oceanographic features were not sampled as well as 
the Ridge (Fig. 25 ). The ocean age composition of 
fish along l60°W was different from that of fish 
sampled south of Adak Island in July and August. 
Along 160°W about 50% of the catches were age .1 
fish; south of Adak Island, from 76 to 92% were age 
.l. This difference in percentage may indicate that 
different mixtures of stocks were sampled in the two 
areas. 

Chum Salmon 

Winter. Only 27 chum salmon were captured 
during the winter cruise (Table 15). All were age 
. I immatures and were captured at or north of 53°N 
in three sets along 155°W and in one set at l50°44'W. 
Along 155°W the three catches of immature chum 
salmon were in the Alaskan Stream, in the Ridge, and 
in the Area of Recirculation. These locations of 
capture contrast to winter 1967, when no chum salmon 
were caught north of 50°30'N (along 155°W) and 
their greatest abundance was near 48°N in the Sub
arctic Current. As in 1967, however, chum salmon 
(with the exception of one fish) were not captured 
west of 155°W (the second sampling line was along 
162°W in 1967 and l65°W in 1969). 

Spring. In April, maturing chum salmon were 
captured in small numbers along 155°W in the Alaskan 
Stream, in the Area of Recirculation, and in Transi
tion water (Fig. 26). Along 165°W in May, maturing 
fish were captured in all water masses. The largest 
catches were made in the Western Subarctic. Along 
176°20'W in June, catches of maturing chum salmon 
were small; they were caught in the Alaskan Stream, 
Ridge, and Western Subarctic, but catches were 
greatest in the Ridge. The distribution of maturing 
chum salmon along l65°W in May was similar in 
1968 and 1969. In both years, maturing fish were 
apparently concentrated near 51 °N; however, the 
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TABLE 19. Percentage age composition1 of maturing 
chum salmon by oceanographic area, spring 1969. 

Month, longitude, Number Number Ocean age 
and of of 

water area sets fish .2 .3 .4 

Aprill55°W 
Alaskan Stream 3 100.0 
Ridge I 0 
Western Subarctic 2 100.0 
Transition 100.0 
Totals 5 5 50.0 50.0 

May 165°W 
Alaskan Stream 3 3 25.0 75.0 
Ridge 2 18 66.7 33.3 
Western Subarctic 6 124 12.6 83.5 3.9 
Western Subarctic/ 

Transition1 2 58 19.6 76.8 3.6 
Transition 4 56 39.6 58.3 2.1 

Totals 17 259 19.5 75.2 5.3 
June 176°W 

Alaskan Stream 3 2 100.0 
Ridge 4 55 24.4 73.2 2.4 
Western Subarctic 2 6 66.7 33.3 

Totals 9 63 26.7 71.1 2.2 

1 Based on catch per unit of effort, giving equal weight to each 
mesh size. 

• Catches near the boundary of the Western Subarctic and 
Transition water. 

water masses where maximum catches occurred were 
different. In 1968, the Ridge extended south to near 
50°N; whereas in 1969, it extended only to 52°l5'N 
and the Western Subarctic extended south to near 
50°N. 

Of interest in spring was the lack of immature fish. 
Only a single immature chum salmon (age .2) was 
captured during the entire cruise. This fish was 
captured in the Ridge on June 9 along 176°W. Thus 
no immatures were captured along 165° or 155°W, 
although they were taken along 155°W in winter. 

The percentage age composition of maturing chum 
salmon in spring 1969 is shown in Table 19. Age .3 
fish dominated catches at most stations and in most 
water masses. Most of the age .2 maturing chum 
salmon were in the Western Subarctic and Transition 
water along 165°W. 

Summer. Chum salmon catches in summer were 
predominantly immature fish. From July 1 to 10, 
catches of immature chum salmon were greatest near 
49°30'N in Western Subarctic water, but some were 
taken at all stations (Fig. 27); age .1 fish predomin
ated in all catches in this sampling period. In mid
July, catches decreased from the previous 10-day 
period, for all age groups in general, and age .2 and 
older fish in particular; the largest catches of age .1 

TABLE 20. Percentage age composition1 of immature chum 
salmon in gillnet catches by I 0-day periods, summer 1969. 

Number Number Ocean age 
Time of gillnet offish 
period sets caught .I .2 .3 .4 

July 3-10 8 535 77.4 21.0 1.5 0.1 
July 11-20 8 169 92.7 6.7 0 0.6 
July 21- 30 II 143 82.2 15.1 2.2 0.5 
August 1-10 7 69 10.1 82.6 7.3 0 
August 11-15 5 477 20.0 78.9 1.1 0 

Totals 39 1,393 54.3 44.0 1.5 0.2 

1 Based on catch per unit of effort, giving equal weight to each 
mesh size. 

fish were near 50°50'N in Ridge water, a northward 
shift from the previous period. Catches of immature 
chum salmon declined sharply in the Ridge and West
ern Subarctic in late July and early August, although 
the range of sampling did not extend as far south as 
in previous periods. In late July the largest catches 
were made in the Alaskan Stream, a northward shift 
in concentration over that of the previous period, 
whereas in early August catches were similar at most 
sampling stations. Age composition changed in early 
August as age .2 immatures became predominant 
(Table 20). In mid-August, catches of age .l and .2 
immatures increased in the Alaskan Stream, but not 
in other areas, and age .2 fish were predominant in 
all catches. 

The distribution of immature chum salmon in 1969 
was somewhat different from that in 1968, yet the 
changes in relative abundance with time remained 
similar. The catches in both years indicated that 
areas of greatest abundance of immature chum salmon 
fluctuate among the water masses during the season 
(French et al., 1970). Age composition by 10-day 
period was similar in early and mid-July of 1968 and 
1969. In 1968 the relative proportion of age .I im
matures in the gillnet catches declined in late July 
and early August, but this age group was dominant 
in mid-August-in contrast to 1969, when age .2 fish 
predominated in mid-August. Relative abundance 
of immature chum salmon over the entire sampling 
season, as inferred from gillnet catches, was greater 
in 1969 than in 1968. The average catch per unit 
of effort was 2.96 for age .I fish and 2.49 for age .2 
in 1969, as opposed to 1.21 and 0.52, respectively, in 
1968. 

Late summer. Chum salmon (primarily immature) 
were captured at all fishing stations in early September 
(Table 17). The largest catches were in the Ridge 
and Area of Recirculation, between 51 °N and 53°N 
(Fig. 28), although fishing in the Alaskan Stream was 
limited to one station. Catches of chum salmon 
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were primarily age .2 or older (75% age .2 or older; 
25% age .1); the predominance of age .2 and older 
fish was similar to that observed south of Adak Island 
in August. 

Other Salmon and Steelhead Trout 

Winter. Winter catches included 3 pink salmon, 
44 coho salmon, and 2 steelhead trout (Table 15 ). 
The pink salmon were captured south of 50°l5'N 
(along 155° and 165°W) in the Western Subarctic and 

TABLE 21. Percentage catch of salmon and steelhead trout 
by depth of gillnet in winter, spring, and summer 1969. 

Season, species, 
and maturity 

Winter 
Sockeye 

Immature 
Maturing 

Total 
Coho 

Maturing 
Seasonal total 

Spring 
Sockeye 

Immature 
Maturing 

Total 
Chum 

Maturing 
Pink 

Maturing 
Seasonal total 

Summer 
Sockeye 

Immature 
Maturing 

Total 
Chum 

Immature 
Maturing 

Total 
Coho 

Maturing 
Steelhead 
Seasonal total 

Late summer 
Sockeye 

Immature 
Chum 

Immature 
Maturing 

Total 
Coho 

Maturing 
Steel head 
Seasonal total 

Number 
of fish 

8 
38 
46 

I 
47 

6 
95 

101 

76 

18 
195 

146 
I 

147 

196 

2 
198 

16 
3 

364 

65 

43 
3 

46 

2 
114 

Percentage catch by depth 

0-7 m 8-15 m 16-23 m 

100.0 0 0 
86.8 !3.2 0 
89.1 10.9 0 

0 0 100.0 
87.2 10.6 2.2 

33.3 33.3 33.3 
83.2 13.7 3.2 
80.2 14.9 4.9 

43.4 18.4 38.2 

11.1 11.1 77.8 
59.5 14.9 25.6 

81.5 9.6 8.9 
100.0 0 0 
81.6 9.5 8.9 

45.9 19.4 34.7 
50.0 50.0 0 
46.0 19.7 34.3 

87.5 
100.0 
62.6 

70.8 

44.2 
66.7 
45.7 

100.0 
100.0 
61.4 

0 
0 

14.6 

20.0 

30.2 
0 

28.3 

0 
0 

22.8 

12.5 

0 
22.8 

9.2 

25.6 
33.3 
26.0 

0 
0 

15.8 

in Transition water. Coho salmon were captured 
only at four stations south of 50°15'N in these same 
water masses. Over 92% of the coho salmon were 
age 1.2. The two steelhead trout were captured along 
155°W at 50°12'N and 49°N. 

Spring. Spring catches included 86 pink salmon, 
5 chinook salmon, and 1 steelhead trout (Table 16). 
The distribution of maturing pink salmon was some
what different from that of sockeye and chum salmon 
(Fig. 29). No pink salmon were captured along 
155°W; except for a single fish captured in the Ridge, 
they were caught along 165°W, south of 52°N in the 
Western Subarctic and Transition Areas. The 1969 
catch locations contrast with the observed distribution 
in 1968. In May 1968, pink salmon along 165°W 
were in all water masses (no fishing done in Transition 
water m 1968). Chinook salmon were captured 
along 165°W from 50° to 53°30'N. The single steel
head trout was captured at 51 °N, 165°W in the 
Western Subarctic. 

Summer. Five species of salmon as well as steelhead 
trout were captured in summer (Table 17). Small 
numbers of maturing pink salmon were captured, 
primarily in early July, in all water masses (49°35'-
51 °35'N). Coho salmon were captured initially only 
in the Western Subarctic and Ridge Areas, south of 
51 °0l'N. Subsequently, m late July, they were 
captured in the Alaskan Stream, and in August this 
species was captured in all water masses sampled. 
The distribution of chinook salmon was apparently 
similar to that of coho salmon; they were first cap
tured in Western Subarctic water in early July and 
by the end of July were captured in the Ridge and 
Alaskan Stream. Steelhead trout were also captured 
in Western Subarctic water until mid-July, when they 
were captured in Ridge water; in August, they were 
caught in the Ridge and Alaskan Stream. 

Late summer. Four coho salmon and eight steel
head trout were captured in late summer (Table 17). 
The coho salmon were taken at three stations at or 
north of 52°30'N, whereas steelhead trout were cap
tured at four stations at or north of 51 °30'N. 

VERTICAL DISTRIBUTION OF SALMON AND STEELHEAD 

TROUT 

Experimental sections of gillnets designed to fish 
to depths of about 23 m were used on all three cruises. 
These deep nets were not used in every gillnet set, 
primarily because of sea conditions or (when fishing 
was near shore) because currents or strong tidal 
action would prevent the nets from lying m a 
straight line as set. Sets that include the deep nets 
are listed in Tables IS to 17. Results by season are 
given below. 
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Winter 

Forty-six sockeye and one coho salmon were cap
tured in the experimental sections during the nine 
sets in which this gear was used (Table 21 ). All 
eight of the immature sockeye salmon were captured 
in the surface (0-7 m) nets. Of the 38 maturing 
fish, 87% were in the surface panel and the remainder 
were captured in the middle (8-15 m) depth stratum. 
The coho salmon was in the bottom panel. 

Spring 

In the spring, 83% of the maturing sockeye salmon 
captured in the experimental sections were in the 
surface panel, and the proportion of the catch declined 
with depth (Table 21 ). The few immature sockeye 
salmon captured were equally divided among the 
three depth strata. Catches of chum salmon (all 
fish were maturing) suggested a vertical distribution 
different from that of sockeye salmon; 43% were 
caught in the surface panel, 29% in the middle panel, 
and 38% in the lower (16-23 m) panel. Pink 
salmon catches were primarily (78%) in the lower 
depth stratum, suggesting occupancy of deeper water 
than either sockeye or chum salmon. 

Summer 

In summer 82% of the immature sockeye salmon 
captured in the experimental sections were in the 
surface net, whereas the remainder were nearly equally 
divided between the middle and lower panels (Table 
21). Of the sockeye salmon in the surface net, 62.5% 
were age .1 and 36.7% age .2. The limited catches 
in the middle and bottom nets were about 55% age 
.1 and 45% age .2 fish. Relatively more chum 
salmon than sockeye salmon were captured in the 
16-23 m depth; 35% were at this depth (8.9% for 
sockeye salmon) and 46% in the 0-7 m depth. 
Age composition of chum salmon in the three depth 
strata were similar; the percentage of age .1 fish 
varied from 80 to 90% in the three depth strata. 
Fourteen of 16 coho salmon were captured in the 
surface net, as were the 3 steelhead trout. 

Late summer. The experimental sections were used 
in all six gillnet sets in September south of the Shu
magin Islands ( 160°W); 71% of the sockeye salmon 
were captured in the surface net, whereas 20% and 
9%, respectively, were captured in the 8-15 m and 
16-23 m depths (Table 21). Relatively more chum 
salmon were captured in the 16-23 m depth (26% 
as opposed to 9% for sockeye salmon). One coho 
salmon and two steelhead trout were captured in the 
surface nets. 

Examination of Table 21 suggests for sockeye 
salmon a relatively consistent distribution for the 
three seasons--percentage occurrence in the surface 
nets in winter through summer ranged from 80 to 
89%, and was 71% in limited sampling in late summer. 
For chum salmon, catches in each depth stratum 
were similar in the spring and summer (none caught 
in deep net experiments in winter). The limited 
catches of chum salmon in late summer suggested 
slightly greater occurrence in the 8-15 m depth than 
in spring or summer. Only five steelhead trout were 
taken; all were in the 0-7 m stratum. 

The percentage occurrence of sockeye salmon in 
the surface stratum in spring and summer 1969 was 
higher than in the same seasons of 1968. In 1968, 
70% of the catches of this species were in the surface 
net in spring and 65% in summer; 26.1 and 24.5%, 
respectively, were in the 8-15 m depths (French et 
al., 1970). The vertical distribution of chum salmon 
in the summers of 1968 and 1969 differed mainly in 
that a higher percentage (35% vs. 23%) was captured 
in the 16-23 m stratum in 1969. 

PREDATION ON SALMON IN GILLNETS 

In a continuing study, the effect of predation on 
salmon in gillnets was studied by attaching frozen 
salmon " decoys " to the cork and leadlines when 
the net was set and tallying them when the gear was 
hauled. The return of any portion of the decoy 
(i.e., the head only) was considered a recovery. 
Normally 20 decoys were attached for each experi-

TABLE 22. Percentage loss of decoy fish attached to gillnets- winter, spring, and summer 1969. 

No. of decoy fish attached Percentage loss of decoys Percentage of 
No. of to different parts of net from net decoy sets 

sets with when 
decoys Total Cork- Lead- Cork- Lead- predators 

Season attached no. line line Total line line observed1 

Winter 10 195 96 99 7.2 8.3 6.1 40.0 
Spring 21 407 199 208 38.2 48.2 29.3 85.7 
Summer 37 722 365 357 49.9 58.9 40.6 94.6 
Late summer 6 120 60 60 20.0 36.7 3.3 100 

1 Potential predators include albatross, fur seals, sea lions, and sharks. 
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FIGURE 30. Loss of decoy salmon from gillnets in relation to 
distance from shore that nets were set-(A) winter, (B) spring, 
and (C) summer 1969. 

ment-10 each on the corkline and leadline. Ex
periments were conducted on each of the three cruises 
this year. The numbers of potential predators (e.g., 
fur seals, sharks, sea lions, albatross) captured in, or 
observed near, the gillnets were recorded for each 
set. Results by season are given below. 

Winter 

In 10 sets in winter, 195 decoys were attached 
and 181 recovered, for a loss of only 7.2% (Table 22). 
Percentage loss in individual sets varied from 0 to 
20%. Few predators were observed during the winter 
cruises, in contrast to the spring and summer; one 
or more predators were observed near the net in 
only four sets. Percentage loss of decoys in relation 
to distance from shore suggested no change in rate 
of decoy loss as distance from shore increased (Fig. 
30). Comparisons of total catch of salmon in rela
tion to loss of decoys failed to suggest any relation 
(Fig. 31). 

Spring 

In spring, 407 decoys were attached during 21 
gillnet sets; 250 decoys were recovered for a loss of 
38.2%, over five times that observed :n winter (Table 
22). This loss was about 1 1/3 times that observed 
in spring 1968 (French eta!., 1970). The percentage 
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FIGURE 31. Loss of decoy salmon from gillnets in relation to total 
catch-(A) winter, (B) spring, and (C) summer 1969. 

loss in individual sets varied from 0 to 100. Pred
ators were observed near the nets in nearly 86% of 
the sets. Percentage loss of decoys was noticeably 
higher near shore and declined as distance from shore 
increased (Fig. 30), but considerable variation in 
loss rates was evident. Comparison of total catch 
against decoy loss rates suggests declining loss rates 
as catches increased (Fig. 31 ), although, again, loss 
of decoys varied considerably. 

Summer 

In 37 gillnet sets in the summer, 722 decoys were 
attached and 334 recovered for a loss of nearly 50% 
(Table 22). This loss was substantially greater than 
losses in winter and spring, but smaller than that in 
the same area and season in 1968 (67.1 %). Predators 
were observed in nearly 95% of the sets on which 
decoys were attached. As in spring, losses tended 
to be greatest near shore and declined offshore; 
however, variation in losses was large, particularly in 
sets made less than 100 miles from land (Fig. 30). 
Percentage decoy loss was high in catches of less than 
120 salmon and tro-ut; the loss remained fairly low 
in catches up to 260 fish, then increased, particularly 
for catches greater than 280 fish (Fig. 31 ). This 
increasing loss in larger catches may have been par
tially a function of distance from shore. Of the seven 
gillnet catches of about 280 or more salmon and 
trout, six were made less than 90 miles from shore. 
The single instance of a large catch (215 fish) and 
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a 100% decoy loss was at a station 6 miles from shore. 
In early September, six gillnet sets were made 

along 160°W and 162°W. Decoys were attached on 
each set (Table 22). Decoy loss ranged from 5 to 
35% and averaged 20%. The loss of decoys from 
the corkline was much greater than from the leadline 
(37% vs. 3%), which suggested that this loss was due 
principally to predation by sea-birds. 

Summary 

The loss of salmon in gillnets due to predation is 
obvious--it is more difficult, however, to evaluate 
the effect of this predation on catch rates of salmon. 
In all three seasons studied in 1969, the loss of decoy 
fish was related to the frequency of observation of 
predators. The decoy fish normally were exposed to 
predators from the time the gear was set (at about 
8: 00 PM) until completion of haul at about 
10: 00 AM. Salmon normally are not caught in 
gillnets on the high seas until dark and would there
fore be subjected to predation for fewer hours than 
the decoy fish. Consequently, our estimates of 
predation from the decoy fish may not be directly 
applicable to gillnet catches. The high loss of decoy 
fish in the spring and summer, however, indicates 
that predators probably have a significant effect on 
catch rates of gillnets during these seasons. On the 
average, the gillnets would indicate lower than actual 
abundance. 

Loss OF SALMON ENMESHED IN GILLNETS 

Studies of the loss, or dropout, of salmon (fish 
enmeshed in nets but not landed) from gillnets fished 
on the high seas were continued in 1969 following 
the method used since 1966 (French et al., 1967, 
1969, 1970). The gillnets were patrolled at night in 
a small boat, and the enmeshed salmon were found 
with the aid of a spotlight. The positions of enmeshed 
salmon were marked on the net by fastening a colored 
marker to the corkline directly above the fish. Their 
presence or absence at the marker was noted during 
later patrols and at haul. In 1969 only the 4 1/2-
and 5 1 /4-inch multifilament and the 4 1 /2-inch 
monofilament nets were patrolled and examined. 

The total percentage loss of salmon in 1969 was 
35 (Table 23}--nearly twice the percentage observed 
in spring 1968 (on maturing fish), but less than that 
on all sizes of immature salmon in summer 1967 
(57.6%). The percentage of salmon lost from the 
multifilament nets was about one-half that from 
the monofilament nets. The percentage in 1968 was 
also less in multifilament nets than in monofilament 
nets (French et al., 1970). 

Predation most likely contributed to the loss of 

TABLE 23. Number of salmon marked and observed in 
gillnets over varying periods, R V Miller Freeman, July 
1969. 

Number 
of fish Number of fish observed after markingl 

marked 
Set during Up to 1 Up to 2 Up to 10 
no. patrols hour later hours later hours laters 

4!- and 5!-inch mesh nets (multifilament ) 
17 2 2 0 
21 9 8 8 8 

6 6 6 
25 0 

Subtotal 18 16 (17) 8 (9) 14 (18) 
Percentage loss 5.9 11.1 22.2 

4!-inch mesh nets (monofilament) 
17 3 2 2 0 
21 4 2 2 2 

2 2 2 
25 13 8 

Subtotal 22 6 (9) 4 (7) 12 (22) 
Percentage loss 33.3 42.9 45.5 

Total 40 22 (26) 12 (16) 26 (40) 
Percentage loss 15.4 25.0 35.0 

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. Numbers in parentheses indicate 
the number of possible observations for the time period ; 
the numbers are larger than the numbers marked because 
some observations were omitted during rough seas. 

salmon from the gillnets; in the three sets in which 
dropout studies were conducted (sets 17, 21, and 25), 
decoy loss was 100%, 0%, and 20%, respectively. 
Results in 1969 confirm the high loss of salmon and 
the increase in losses with time in the net. 
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The Oceanography Program continued investiga
tions of Subarctic environmental conditions and their 
effects on salmon. These studies are primarily di
rected toward explaining causes of variations in salmon 
distributions. 

Research has been conducted along three related 
lines of inquiry. First, oceanographic conditions 
were monitored in conjunction with sampling of high 
seas salmon. In addition to furnishing environmental 
support for the fishing operations, this field work pro
vides a continually expanding data series against which 
to test analyses and hypotheses. Second, seasonal 
forecasts of oceanographic conditions were made and 
evaluated against subsequent observations; forecasting 
procedures were then empirically adjusted and refined. 
Third, studies were made of key oceanic processes, 
crucial to orderly progress for interpretation of ob
servational data and for development of forecasting 
capabilities; these studies involved laboratory analyses 
and actual experiments at sea. In addition, a number 
of reports based on previous investigations were com
pleted and submitted to the INPFC. 

CoLLECTION AND ANALYSIS oF OcEANOGRAPHIC DATA 

DURING SALMON FISHING 

Field Investigations 

Oceanographic data-together with catch data from 
high seas salmon fishing-were collected in the Sub
arctic Water Mass of the North Pacific Ocean during 
winter, spring, and summer 1969. Most stations were 
along 155°W, 160°W, and 165°W during winter (Fig. 
32); along 155°W, 165°W, and near 176°W during 
spring (Fig. 32); and primarily south of Adak Island 
during summer (Fig. 32). The spring cruise was a 
cooperative effort conducted jointly with the Hokko 
Maru (Fisheries Agency of Japan); data were ex
changed with the Japanese scientists after the cruise. 

Some oceanographic features of the Subarctic Water 
Mass that were studied during 1969 field investiga
tions have been compared, or related, to the distribu
tion of salmon within the water mass; the findings 
are reported by French et al. (1971 ). 

Oceanic Conditions in the North Pacific Ocean, 1969 

Currents, water areas, and zones. Some of the major 
currents, water areas, and zones of the Subarctic 
Water Mass-between the Aleutian Islands and the 
Subarctic Boundary (40°N)-that may influence dis
tribution of salmon on the high seas were described 
by McAlister et al. (1970). Particular attention was 
given to these oceanographic features in 1969. 

The Alaskan Stream is the only major westward 
flow in the northern flow Pacific Ocean. Having the 
characteristics of a western boundary current, it is 
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FIGURE 32. Location of oceanographic stations RV George B . 
Kelez, winter and spring 1969; and RV's Miller Freeman and 
George B . Kele;:, summer 1969. 

not primarily locally wind-driven, but represents a 
return flow of waters carried into the Gulf of Alaska 
area by wind-driven circulations in the North Pacific 
Ocean. Consequently, the Alaskan Stream may be 
a sensitive indicator of the circulation of the entire 
region. 

Measurements of flow in the Alaskan Stream made 
on the winter, spring, and summer cruises of the RV 
George B. Kelez are listed in Table 24. The flow is 
expressed as the volume of water transported westward 
across a given longitude in 1 second. 

Compared with measurements made in previous 
years, the transports were above average in winter 

TABLE 24. Westward geostrophic volume transports (106 m3/ 

sec) in the Alaskan Stream during winter, spring, and 
summer 1969. 

Season 

Longitude Winter Spring Summer 

Iss ow 8 8 
165°W 12 8 
176°20'W II 6 
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and spring east of 165°W, but normal during summer 
at 176°20'W. An increase in transport downstream 
in spring is indicated. This apparent entrainment of 
adjacent waters into the flow is a phenomenon often 
observed in western boundary currents. The fact that 
no increase in transport was measured between 155° 
and 165°W during spring points to some degree of 
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FIGURE 33. Major oceanographic features of the Subarctic 
Region south of the Alaska Peninsula, winter and spring of 
1969. 

FIGURE 34. Mesothermal temperature (°C) south of the Alaska 
Peninsula, winter 1969. 
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FIGURE 35. Continuous record of surface salinity (dashed line) 
and temperature (solid line) along 155°W showing a front at 
southern boundary of the Alaskan Stream (near 55°N), April 
24-26, 1969. 
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FIGURE 36. Continuous record of surface salinity (dashed line) 
and temperature (solid line) along 165°W showing abruptness 
and the fluctuations in character and location of the front at 
southern boundary of the Alaskan Stream (near 52°50'N), 
May 1969. 
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FIGuRE 37. Continuous record of surface salinity (dashed line) 
and temperature (solid line) along 176°20'W, ~howing the 
sudden appearance of an abrupt salinity front indicating the 
northern boundary of the Alaskan Stream (near 51 °30'N), 
June 1969. 
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FIGURE 38. Continuous record of surface salinity (da~hed line) 
and temperature (solid line) along I 76°20'W showing a salinity 
front at southern boundary of the Alaskan Stream (near 50°N), 

June 3-4, 1969. 

gyre separation near 165°W, indicated by the horizon
tal distribution of water properties. Because of the 
wide separation of the lines of observation (over 
650 km), it is only possible to infer continuity for gross 
oceanic features (Fig. 33), and the magnitude and 
location of recirculation cannot be well defined. 

Recirculation of Alaskan Stream water during 
winter is evident in the subsurface core of warm water 
being swept eastward between 160° and 155°W in the 
northernmost filament of the Subarctic Current (Fig. 
34 ). This warm water was also present in spring, but 
the temperature of the core was lower than in winter 
and suggests that Alaskan Stream water observed 
south of the Ridge Area during spring either under
went a greater degree of mixing with Ridge Area and 
Subarctic Current Area waters than during winter, 
or originated from a location farther removed from 
the high temperature core of the Stream. 

The Ridge Area-defined as the area of weak, 
variable flow-was unusually narrow in winter and 
spring, but the upwelling feature indicated by the 
ridging of the subsurface isohalines extended con
siderably farther south. Thus, the high productivity 
within the Ridge Area probably extended well south 
of it as defined by flow criteria. Transition water 
was found south of 50°N during the winter and spring 
cruises. 

Surface fronts. Surface waters of the Subarctic 
Region exhibit smaller spatial variations in water 
properties than the subsurface layers that have been 
used to denote specific salmon environments; sharp 
fronts which are readily detected by closely spaced 
observations of temperature and salinity however, 
exist in the surface layer. It is within the upper layer 
that salmon feed and apparently migrate. Thus sur
face fronts may offer readily sensed environmental 
features by which salmon orient themselves to favor
able feeding locations or migratior. paths. 

During the spring cruise of the Kelez;, a new device 
-a continuously recording temperature and salinity 
sensor-was effectively utilized to detect surface 
fronts. The sensor was placed in the engine intake 
system at a depth of about 3 meters. Some segments 
of the recordings are shown in Figures 35 to 38. 
Because surface temperatures are subject to short
term variations and because the location of the tem
perature sensor aboard the Kelez may at times allow 
some shipboard conditions to bias recorded tempera
tures, the absolute magnitudes of the temperatures in 
Figures 35 to 38 must be interpreted with care; dif
ferences in recorded temperature between adjacent, 
or close, stations on a given cruise track, however, are 
meaningful. 

Observations during the spring cruise were made 
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mainly along l55°W, 165°W, and 176°20'W. By far 
the most striking feature along l55°W was the front 
near 55°N (Fig. 35). This front appears to reflect 
the boundary between the high temperature-low 
salinity Alaskan Stream and the lower temperature
higher salinity Ridge Area. More than twice as 
many salmon were caught at a station at the northern 
edge of this front than at any other station along 
l55°W. An analogous front was observed along 
l65°W; although lesser in magnitude, it was more 
abrupt. Several crossings of the front were made 
during May 15-25 (Fig. 36). During this period, 
the front moved about 13 miles southward but main
tained its integrity (although eddy formation or some 
related process was indicated on the final crossing on 
May 25). 

Along 176°20'W, this front was not apparent (Fig. 
37). Small areas of steep gradients were recorded, 
which may be remnants of a front to the east. The 
disappearance of a distinct front between the surface 
waters of the Alaskan Stream Area and Ridge Area is 
probably due to the fact that flow in the Alaskan 
Stream had become unstable and highly turbulent 
off Adak Island. This front may offer a natural route 
marker for migrating sockeye salmon, and its decline 
could result in the northward migration of salmon 
near Adak. 

Two other fronts along 176°20'W are worthy of 
mention. Tidal action through the Aleutian Island 
passes can transport large masses of Bering Sea water 
south of the islands, leading to formation of a major 
salinity front at the junction and much lower salinity
higher temperature water in the Alaskan Stream Area. 
The sharpness of this front is remarkable; the area of 
mixing encompasses a mile or less. As shown in 
Figure 37, no water of Bering Sea origin was observed 
south of Adak Island on June 1, but 1 week later it 
was noticeable near 51 °30'N. Thus intrusion of 
Bering Sea water results in the rather atypical oceanic 
situation of highly saline coastal water and more dilute 
water offshore. These conditions have been reported 
previously at this location. 

Farther south at this longitude, a more gradual 
salinity front was observed between 50oOO'N and 
50°30'N (Fig. 38). This front appears to represent 
the location where dilute water from the Alaskan 
Stream Area that crossed over the Ridge Area impinges 
upon water being advected eastward in the Subarctic 
Current, which is associated with the Western Sub
arctic Intrusion at depth. 

It is obvious that these additional observations have 
increased our ability to investigate relations between 
salmon and the environment. The cruise objectives, 
however, prevented repetitive fishing across these 

fronts in 1969. 

Direct measurements of.flow velocities. A dynamic ex
periment performed in August 1969 south of Adak 
Island involved direct measurements with current 
drogues of flow velocities at the surface and at depth. 
These data will permit comparison of computed 
geostrophic flow and actual flow across one or more 
of these fronts. 

FORECASTING ENVIRONMENTAL CONDITIONS 

The capability to forecast major environmental 
changes and to predict their effect on the distribution 
and abundance of salmon is a major goal of the 
Oceanography Program. Part of the initial effort is 
being directed toward forecasting the continuity and 
strength of the Alaskan Stream. The Alaskan Stream 
may be a natural migration pathway for some stocks 
of maturing sockeye salmon; it may also influence the 
distribution and migration of juvenile salmon. 

Implicit in understanding the continuity of the 
Alaskan Stream is the phenomenon of gyre formation 
and recirculation between the Alaskan Stream and 
Subarctic Current systems. These gyres may more 
or less effectively fragment the circulation into dis
crete subsystems. Observations of the recirculation of 
the Alaskan Stream have demonstrated the drastic 
changes effected by these gyral systems on the position 
of water (of characteristic properties) and direction 
of flow. Such changes presumably have a marked 
influence on the varied waters and flows of the Sub
arctic Region as locators or migration aids for marine 
animals. Thus a forecast of position, extent, and 
effectiveness of gyral systems is integral to an effective 
forecast of the salmon environment. 

Wherever a priori knowledge of other oceanographic 
features would either aid fishery management or 
contribute toward planning economical and effective 
sampling of the population, efforts will be made to 
provide forecasts of these features. 

At present, two principal inputs are being used in 
oceanographic forecasts. These are the sea surface 
temperature distribution and wind-driven transports, 
computed from sea-level pressure distributions. Both 
have the distinct advantage that the basic data cover
age is fairly complete, synoptic, and available with 
little delay. Sea-surface temperature charts are re
ceived at intervals from a number of agencies. Sur
face flow can be inferred from wind stress and tem
perature distribution. Future distribution of pro
perties have been forecast from a combination of 
climatological forecasts, selected initial conditions, 
and assumed persistence of flow. Certain limited 
successes were attained in forecasting important 
features during 1969 under this procedure. For ex-
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ample, two phenomena were predicted before vessel 
departure in the spring and subsequently verified by 
shipboard observations: (I) the displacement of the 
northernmost branch of the Subarctic Current, several 
hundred kilometers northward of its possible southern 
position, and (2) a divergence in westward flow south 
of the Alaska Peninsula and Aleutian Islands east of 
165°W. During the spring cruise of the Kelez, the 
eastward intrusion of cold Western Subarctic water 
extended to 165°W but was absent farther east along 
155°W, which indicated that recirculation had in fact 
occurred. 

SPECIAL STUDIES 

Improvements in Transport Forecasts 

Sea-level atmospheric pressure charts are available 
at short intervals from meteorological agencies. From 
monthly averages of these pressures, wind-driven 
transports were computed by using a program de
veloped by the Fisheries Research Board of Canada, 
Pacific Oceanographic Group, Nanaimo. The com
putations involve determination of the curl of the 
wind-stress, calculation of the meridional transport 
from the Sverdrup transport equation, and sequential 
integration from the coast towards the ocean. The 
zonal transports are then computed from continuity. 

Difficulties in interpretation arise from the fact that 
Sverdrup's equation considers neither the effect of 
bottom topography nor the effect oflateral boundaries. 
Studies of the circulation of the North Pacific Ocean 
have indicated that topographical effects are signifi
cant. The effect of the boundaries represented by the 
Aleutian Islands and the shore of the partially en
closed Gulf of Alaska should also be considered. Due 
to our present inability to assess these effects precisely, 
the wind-driven transport analysis must, for the 
present, be regarded as indicative of the potentials of 
the system. Continuing efforts, however, are being 
made, including planned experiments at sea during 
1969, to evaluate boundary effects and to refine an
alytical procedures. Wind-driven transport analyses 
have predicted the high (but not abnormal) trans
ports and a strong degree of continuity in the Alaskan 
Stream during spring and summer 1969. Besides 
the efforts to refine the inputs in current use, an 
ongoing program is developing and incorporating 
additional inputs into forecasting procedures. The 
scope and accuracy of environmental forecasts are 
expected to be substantially upgraded. 

Buoy Telemetry 

W"ork has been continued on the telemetry buoy 
project. The breadth and extent of the required data 
for input to fishery forecasts cannot be obtained at 

reasonable cost from ship observations and will, 
ultimately, require fixed or drifting data buoy stations. 
Our program is investigating the problems and ad
vantages of small drifting ocean data buoys. One 
buoy has been modified to digitize data for transmis
sion via satellite; tests should be completed late m 
1970. 

Cloud Cover and Insolation 

Modern technology is rapidly providing a large 
amount of environmental data. We are keeping 
stride with developments that help define or predict 
environmental conditions in the Subarctic Region. 
In addition to sea surface temperature charts and 
computerized wind-stress transport, we now receive 
daily charts (from ESSA satellites) of cloud cover over 
the Pacific Ocean. Cloud cover data were formerly 
based on ship reports, and charts of cloud cover and 
sea surface insolation (or heat) were compiled as 
seasonal averages. From satellite data in 1968, we 

FIGURE 39. Mean insolation (gm calfcm2fday-corrected for 
cloud cover) during summer (June, July, August) based upon 
(a) Dodimead, Favorite, and Hirano (1963) ; (b) 1968 daily 
ESSA satellite data. 
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by the RV George B. Kelez. The operation involved 
the placement of identifiable dead salmon into the 
net (" gilling " them in as close to natural a manner 
as possible) at the time of set in the evening, or the 
retention in the net of naturally enmeshed fish, 
and the counting of retained carcasses when the 
net was hauled the following morning. Each fish 

was identifiable by means of numbered rubber bands 
encircling the caudal peduncle or by Dennison-type 
anchor tags (with a numbered 5-cm length of plastic 
tubing) attached just behind the dorsal fin. In 
1968, 157 carcasses were placed in nine sets and 39 
in three sets in 1969. 

It was not possible to establish whether a missing 

TABLE 25. Estimated percentage losses of marked salmon carcasses from gillnets fished on the high seas, spring and 
summer 1968. 

Loss rate of Estimated 
Number of fish predation study percentage 

Location Loss rate carcasses passive loss 
Date of set Species in net Enmeshed Recovered (a) (rl) (r,) 

May30 Chum 10 5 0.500 0.25 33.3 
Pink 4 4 0 .25 0 

May31 Chum 17 17 0 0 0 
Pink 3 .667 0 67.0 

June4 Chum 12 10 .167 0 17.0 
June 5 Chum 12 6 .500 .47 5.0 

Pink 5 2 .600 .47 24.5 
July 24 Sockeye Top II 0 1.000 .90 100.0 

Bottom 9 8 .III .30 0 
July 26 Sockeye Top 9 5 .444 .90 0 

Bottom 9 6 .333 .20 16.6 
July 27 Sockeye Top 8 5 .375 .70 0 

Bottom 8 3 .625 .10 58.9 
August 5 Sockeye Top 10 .900 1.00 0 

Bottom 10 10 0 .30 0 
August II Sockeye Top 10 0 1.000 1.00 0 

Bottom 10 8 .200 .60 0 

Mean loss 
Chum 51 38 .255 .159 11.4 
Pink 12 7 .417 .283 18.7 
Sockeye Top 48 II .771 .908 0 

Bottom 46 35 .239 .3ll 0 
Mean loss, species combined 157 91 .420 .442 0 

TABLE 26. Estimated percentage losses of marked salmon carcasses from gillnets fished on the high seas, spring 1969. 

Loss rate of Estimated 
Number offish predation study percentage 

Loss rate carcasses passive loss 
Date of set Species Enmeshed Recovered (a) (rl) (r.) 

May23 Chum 3 3 0 0.05 0 
Sockeye I 0 .05 0 

May 24 Chum 12 8 .333 .10 25.9 
Sockeye 4 2 .500 .10 44.4 

June 9 Chum 12 0 1.000 1.00 0 
Pink 2 0 1.000 1.00 0 
Sockeye 5 0 1.000 1.00 0 

Mean loss 
Chum 27 II .593 .489 20.4 
Sockeye 10 3 .700 .540 34.8 
Pink 2 0 1.000 1.000 0 

Mean loss, species combined 39 14 .641 .528 23.9 
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fish had dropped out of the net passively or had been 
extracted by a predator or scavenger. However, 
we used data from the predation rate study by French 
et al. ( 1969 ), in which the losses of " decoy " salmon 
carcasses were attributed to active predation rather 
than to a combination of predation loss and passive 
loss, since the salmon carcasses were fastened to the 
nets with stout cords. Thus, given the estimate of 
French et al. of predation rate (r1) and the total loss 
rate (a) from the dead fish drop-out experiments, 
predator-independent loss rate (r2), i.e., passive 
dead-fish losses, may be estimated as: 

(cf. Ricker, 1958, p. 25). Tables 25 and 26 contain 
the observed loss rates (a) due to r 1 and r2 acting 
jointly, estimates of French et al. of r1 alone, and the 
resultant estimates of r2 (alone). The latter, as well 
as r1, is estimated under the assumption that no other 
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FIGURE 42 . Areas of sampling in the Pacific Ocean and Puget 
Sound. 

causes of loss exist. 
The estimated passive losses of marked, dead 

salmon from the high seas gillnet are shown in Tables 
25 and 26. The loss of carcasses in 1968 could not 
be separated completely from losses due to marine 
predators or scavengers; the estimated loss for all 
three species of salmon for all experimental sets was 
zero, since the actual loss of passive dropout study 
fish (a) was slightly less than the expected losses 
due to predators (r1 ). On the few occasions when 
predator-study losses were zero, the loss of dead fish 
was 12.5%. The position of the carcass in the net 
(near the top or the bottom) was recorded for some 
sets. In four of these five sets, the loss of carcasses 
from the top exceeded the loss from the bottom. 
Almost the same relation of surface loss rate to bottom 
loss rate existed among the decoys in the predator 
study-further indication that a portion of the 
carcasses missing had been removed by predators. 
The estimated percentage of passive loss for all 
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FIGURE 43. Representative phenotypes of four polymorphic 
systems in Pacific hake demonstrated by starch gel electro
P.horesis. 
a. B esterase in vitreous fluids . Second band in region I 

represents rare phenotype in about I% of all individuals 
tested (2X magnification)1 • 

b. Serum transferrin (lX)l. 
c. LDH isozymes of the liver (IX)1• 

d. Muscle protein variants (1X)2 • 

1 Buffer systems described by Utter (1969). 
2 Buffer system consists of0.2 M tris (hydroxymethylaminome

thane) and 0.1 M boric acid, undiluted for electrode compart
ments and diluted 10 fold for gel preparation. 



112 ANNUAL REPORT 1969-NORTH PACIFIC COMMISSION 

Vitreous 
esterase 
Esllb allele 

Lactate 
Dehydrotenase 
A aNelo 

Transferrin 
Tfa allele 

Skeletal 
muscle protein 
B allele 

Gene frequency 

. 9 1.0 

Pacific Ocean 

Pugot Sound 

Pacific Ocean 

Pugot Sound 

Pacific Ocean 

Pugot Sound 

Pacific Ocean 

Pulet Sound 

FIGURE 44. A comparison between sample means, ranges, and 
standard deviations of gene frequencies of the most common 
alleles of four polymorphic systems in Pacific hake from Puget 
Sound and the Pacific Ocean. In the lactate dehydrogenase 
and muscle protein systems, only the means are presented for 
the Pacific Ocean samples because of the low frequencies of 
the alternate alleles. 

species in 1969 was 23.9% (Table 26). The estimated 
passive loss rate for 1968 and 1969 combined was 
0.9%: 

Number of fish 
Enmeshed Recovered 

196 105 

Loss 
rate (a) 
0.464 

Loss rate qf 
predation study 
carcases ( r 1 ) 

0.459 

Estimated percentage 
passive loss h) 

0.9 

These findings, confounded by the multiple causes 
and undetermined timing of dead salmon losses, 
are not definitive but indicate that somewhat less 
than 25% of dead fish in gillnets are lost over the 
entire time that the net containing the dead fish is in 
the water. Probably the best estimate of the passive 
loss rate was the 12.5% figure obtained when there 
were no concurrent predation losses. 

Because these observations were made during 
moderate sea conditions, it is possible that loss of 
dead fish would be greater when sea conditions are 
more severe and stress upon the gillnets and the 
enmeshed fish is greater; further studies are needed 
to determine the relation between sea state and loss 
of dead fish. 
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BIOCHEMICAL VARIANTS IN 
THE PACIFIC HAKE 

by Fred M. Utter and Harold 0. Hodgins 

Since 1966, scientists of the BCF Biological Labora
tory, Seattle, Washington, have studied genetic 
features of commercially important teleost species 
indigenous to the northeastern Pacific Ocean, mainly 
to detect genetic markers that identify stocks. We 
summarize here some findings on the Pacific hake, 
Merluccius productus. 

Large concentrations of Pacific hake are found in 
two regions (1) the Pacific Ocean between Baja 
California, Mexico, and Vancouver Island, Canada, 
and (2) Puget Sound, Washington. Ocean and 
Puget Sound stocks have different seasonal distribu
tions and growth patterns (Nelson, 1967). Sampling 
areas are indicated in Figure 42-ocean fish were 
taken in areas 1 and 2 and Puget Sound fish in area 
3. Four variant genetic systems were found which 
included an esterase of vitreous fluids, serum trans
ferrin, lactate dehydrogenase, and a protein of the 
skeletal muscle (Utter, 1969a, 1969b; Utter and 
Hodgins, 1969a, 1969b). Five different genes were 
detected in the esterase system-four in the transferrin 
system and two each in the muscle protein and LDH 
A systems. Typical patterns of the four systems, as 
demonstrated by starch gel electrophoresis, are 
shown in Figure 43. 

The distribution of the alleles of these systems 
provides genetic evidence of the reproductive isolation 
of these two groups of Pacific hake. Gene frequencies 
of each system differentiated samples taken from these 
two major areas. The sample means, ranges, and 
standard deviations for the gene frequencies of the 
most frequent genes (alleles) in each system are shown 
in Figure 44, in which samples from Puget Sound and 
the Pacific Ocean are compared. Significant de
viation within either sampling region from expected 
frequencies based on genetic theory (Stern, 1943) 
occurred only in the esterase system for Puget Sound 
(Utter, 1969a). This difference appeared to be an 
effect of sex rather than a reflection of heterogeneity; 
when males and females were considered separately, 
the males deviated significantly from expected ratios, 
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whereas the females fit closely. 
Parallel phenotypes between the vitreous fluid 

and the serum were in the esterase and transferrin 
systems. The vitreous fluids were unmodified for 
detection of the esterase systems but required four-fold 
concentration by dialysis for reliable identification 
of the transferrin bands. The finding of serum pro
teins in vitreous fluids of Pacific hake suggests that 
these fluids may be applied more generally in the 
study of serum proteins-a point which may be of 
practical significance because of the difficulties 
encountered in obtaining blood samples in fishes. 
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MATURITY AND CONTINENTAL ORIGIN 
OF SOCKEYE SALMON CAUGHT 
BY THE JAPANESE MOTHERSHIP 

FISHERY, 1966-67 

by Sueto Murai and Richard Major 

Results of analyses of maturity data were applied 
to the Japanese mothership catch statistics for 2 years, 
1966-67, to estimate the catch ofmature and immature 
sockeye salmon. Results of analyses of scale data 
were then applied to the mature segment of the catch 
to estimate continental origin. To conform to the 
format of the mothership catch statistics presented 
in the Statistical Yearbooks of the INPFC (1966, 
1967), the maturity and scale data were grouped by 
areas of 2° lat. X 5° long. and periods of 10 days. 
Estimates of the catch of matures and immatures 
and the continental origin of the matures were made 

"21·~·~--MA 

~~ 
'<\~ 

'.-'/ 99.2 / 
100.0 100.0 100.0 / 
100.0 97.7 100.0 / 
I 99.~ 90.~ / 

JU 

]~~-
'<\., / / 

y 100.0 96.7 / / 
100.0 94.4 98.~ 99.5 

100.0 98.1 9~-~ 89.1 99.6 
97.7 98.7 / 

NEI~~O~-/ / 
"..-(/ / / 100.0 

.... 98.9 / 100.0 

tJ "!., / / 99.6 

/ 96.9 97.8 100.0 95.6 
100.0 94.8 85.0 66.7 92.2 
98.~ 96.7 96.2 46.7 90.0 

100.0 9~-~ 9~-~ 

JU 
60"N 

• 6'N 

6 

5 

N£21·30~ 100.0 

1~90.5 85.0 96.7 
1..-1 9~.0 71.7 / 

"\.. 80.0 / 
~5 96.0 / / 
100.0 94.8 91.7 / 

86.7 90.8 85.1 / 

l9o.o / / 

LVI·IO~ ;;.--

%89.6 / 4~-~ 

.... 87.8 66.7 42.2 

'... 60.0 / 

~-· 80.8 28.~ / 
67.6 66.~ / 

/ 73.4 74.3 

/ 40.0 / 

'J~-::. 50.0 56.7 20.0 

'II, / 
y 

~0.0 

~5.6 6~-~ 

/ / 

100.0 
100.0 
100.0 

100.0 
98.9 
15.1 

60.0 

60'N 
70.6 
86.1 

/ 

,---
6 

5 

• 
4 

FIGURE 45. Percentage of mature fish in 1966 sockeye salmon 
samples from theJ apanese mothership fishery. A slash indicates 
that sockeye salmon were caught but samples with 17 or more 
fish were not provided ; sample sizes are listed in Table 31. 
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FIGuRE 46. Percentage of mature fish in 1967 sockeye salmon 
samples from the Japanese mothership fishery. A slash in
dicates that sockeye salmon were caught but samples with 17 
or more fish were not provided ; sample sizes are listed in Table 
32. 

for each area-time stratum and then summed for the 
fishing season. 

Maturity data and scale samples were provided by 
the Fisheries Agency of Japan. Determinations of 
maturity were based on gonad weights in the manner 
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of Takagi (1961). The continent of origin of mature 
fish was determined from an analysis of three scale 
characters. The estimates of the relative abundance 
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FIGURE 48. Percentage of mature fish with Bristol Bay type 
scales in 1967 sockeye samples from the Japanese mothership 
fishery . A slash indicates that sockeye salmon were caught 
but samples of 17 or more fish with usable scales were not 
provided ; sample sizes are listed in Table 32. An asterisk 
indicates that the samples were assumed to be of Asian origin. 

of Bristol Bay and Asian type fish in each sample 
were computed from: (1) observed percentages of 
fish classified into the Bristol Bay and Asian categories; 
(2) percentages of fish in samples of known Bristol 
Bay origin classified into the Bristol Bay and Asian 
categories; and (3) percentages of fish in samples of 
known Asian origin classified into the Bristol Bay and 
Asian categories. This method was described in 
detail by Anas and Murai (1969). General pro
cedures were presented by Anas (1963, 1964) and 
Mason (1967). 

The data are presented in the following order: 
(1) maturity by 2°X so area and 10-day period; (2) 
continent of origin by 2° X S0 area and 10-day period; 
and (3) summary statistics. 

MATURITY BY 2°X so AREA AND 10-DAY PERIOD 

The percentage of mature fish by 2° X so area and 
10-day period are shown for 1966 in Figure 4S and 
for 1967 in Figure 46. Only samples with 17 to 30 
fish (30 fish was the maximum number collected on a 
mothership per day) were used in these computations. 
We do not have samples from some areas where 
catches of sockeye salmon were reported, but these 
catches constituted only 0.8% of the total catch m 
1966 and 1.3% in 1967. 

In 1966-67, mature fish dominated catches of 
sockeye salmon through .June 30, with only three 
exceptions (all east of 17S0 E): one quadrangle each 
during the periods June 11-20, 1966; June 21-30, 
1966; and June 21-30, 1967. 

After June 30, catches with substantial propor
tions of immature fish were widely scattered through
out the fishing area. General patterns of occurrence 
of immature fish within and between years were not 
apparent. 

CoNTINENT OF ORIGIN BY 2°X S0 AREA AND 10-DAY 
PERIOD 

The estimated percentages of Bristol Bay fish in 
the high seas samples are summarized by 2° X S0 

area and 10-day period in Figures 47 and 48 for 
1966 and 1967, respectively. As in the maturity 
study, only samples with 1 7 to 30 fish were used. 
In some areas, the Japanese caught mature sockeye 
salmon, but samples either were not provided or 
did not include 17 or more mature individuals with 
readable scales. Only 1.3% of the mature fish 
caught in 1966 and 1. 7% in 1967 were excluded from 
classification for these reasons. 

To estimate the percentages of Asian and Bristol 
Bay fish in samples of mature sockeye salmon caught 
on the high seas, we first determined the percentages 
of fish in samples of known Bristol Bay and Asian 
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origin which classified into the Asian and Bristol 
Bay categories. Because each of the continental 
standards are made up of more than one major run, 
we computed weighted percentages of fish classified 
into the two categories for each standard. The 
weighting factors selected were proportional to the 
relative sizes of the runs composing each continental 
standard (this was done for Bristol Bay runs in all 
years and for the 1966 Asian run). 

TABLE 27. Average percentage of sockeye salmon from Bristol 
Bay runs that (on the basis of scale examination) were called 
Asian, weighted according to relative abundance of contribut
ing stocks, 1966. 

River 

Branch 
Egegik 
Kvichak 
Naknek 
Ugashik 
Wood 

Total 

Catch plus 
escapement 

310,637 
2,905,420 
7,943,759 
2,109,107 
1,149,894 
1,963,416 

16,382,233 

Relative 
abundance 

0.0190 
0.1774 
0.4849 
0.1287 
0.0702 
0.1198 

1.0000 

Observed 
in Asian 
category 

(%) 

5.1576 
0.8824 
1.0811 
2.3136 
8.9552 

17.4051 

Weighted 
value 
(%) 

0.0980 
0.1565 
0.5242 
0.2978 
0.6287 
2.0851 

3.7903 

TABLE 28. Average percentage of sockeye salmon from Bristol 
Bay runs that (on the basis of scale examination) were called 
Asian, weighted according to relative abundance of contribut
ing stocks, 1967. 

River 

Branch 
Egegik 
Kvichak 
Naknek 
Ugashik 
Wood 

Total 

Catch plus 
escapement 

269,358 
1,707,806 
5,016,860 
1,225,482 

402,574 
1,045,526 

9,667,606 

Relative 
abundance 

0.0279 
0.1767 
0.5189 
0.1268 
0.0416 
0.1081 

1.0000 

Observed 
in Asian 
category 

(%) 

8.3333 
0.9259 

11.4583 
3.4014 
7.5875 

20.7407 

Weighted 
value 
(%) 

0.2325 
0.1636 
5.9457 
0.4313 
0.3156 
2.2421 

9.3308 

TABLE 29. Average percentage of sockeye salmon of the Asian 
standard that (on the basis of scale examination) were called 
Bristol Bay fish, weighted according to relative abundance of 
contributing stocks, 1966. 

River 

Kamchatka 
Ozernaya 
Bolshaya 

Total 

Mean 
escapement1 Relative 
(in millions) abundance 

1.13 
1.34 
0.17 
2.64 

0.4280 
0.5076 
0.0644 
1.0000 

Observed in 
Bristol Bay 
category 

(%) 

40.44 
45.04 

9.26 

Weighted 
value 
(%) 

17.3083 
22 .8623 

0.5963 
40.7669 

1 Mean escapement from 1957-63, from Hanamura (1967). 

TABLE 30. Percentage and numbers of sockeye salmon 
caught west of 165"E after June 16, 1967, that (on the 
basis of scale examination) were in the Bristol Bay 
category. These catches were used as standards of the 
Asian population in 1967 (included are all samples of 17 
or more mature sockeye salmon taken by the Japanese 
mothership fishery west of 165"E after June 16). 

Sample 
number Date 

I 
2 
3 
4 
5 

6 
7 
8 
9 

10 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 

Total 

6/ 17 
18 
18 
19 
19 

19 
20 
20 
21 
21 

21 
22 
22 
22 
23 

23 
23 
24 
24 
25 

25 
26 
26 
26 
27 

27 
28 
28 
28 
28 

28 
28 
29 
29 
30 

30 
30 

7/1 
I 
2 

2 
3 
3 
4 
4 

5 
5 
5 
6 
7 

8 
10 
11 

Position 

51- 35 
52- 13 
52-51 
51-59 
52-39 

50-12 
51-30 
52-45 
50-58 
52-45 

50-02 
50-42 
52-45 
49-42 
51-24 

52-51 
52-29 
51-29 
52-45 
51-36 

52-40 
51-51 
52-54 
53-03 
52-28 

53-05 
49-31 
51-27 
52-41 
52-25 

53-11 
50-33 
52-44 
53-09 
51-29 

52-14 
53-16 
52-32 
50-20 
50-15 

53-27 
52-43 
49-35 
49-40 
53-10 

52-24 
49-20 
53-07 
49--00 
53-09 

53-II 
53-05 
53-11 

164-54 
163--02 
164-21 
163--05 
164-ll 

164-32 
163-15 
164-16 
163-18 
164-15 

164-52 
162-25 
164-15 
164-24 
163--07 

164--09 
161-49 
163-47 
163-59 
163-52 

161-20 
164--03 
163-59 
163--02 
162-15 

162-55 
164-33 
162-31 
164-29 
161-43 

162-58 
163-45 
164-52 
162-53 
161-48 

162-13 
163-ll 
163--01 
161-25 
161-39 

162-45 
164-15 
161--04 
161-52 
163-15 

164-53 
161-23 
163-10 
163-32 
162-55 

162-58 
162-52 
162-44 

Observed misclassification, percentage 

Number of fish 

In Bristol 
Total Bay 

sample category 

27 
23 
24 
24 
23 

24 
21 
28 
21 
27 

22 
20 
23 
19 
22 
26 
23 
22 
26 
27 

28 
22 
24 
22 
25 

27 
17 
20 
24 
22 
22 
22 
29 
24 
21 

23 
23 
18 
23 
23 

18 
20 
21 
20 
18 

24 
21 
18 
20 
18 

10 
13 
16 
13 
16 

12 
ll 
15 
18 
II 

12 
15 
9 
9 

15 

15 
8 

12 
18 
16 

20 
16 
16 
10 
14 

II 
8 

15 
17 
17 

10 
8 

18 
9 

12 

14 
15 
10 
15 
16 

8 
II 
15 
12 
10 

12 
12 
10 
14 
10 

25 11 
21 15 
28 20 

1,203 695 
57.7722 
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FIGURE 49. Percentage of mature fish with Bristol Bay type 
scales in 1964 sockeye salmon samples from the Japanese 
mothership fishery. A slash indicates that sockeye salmon 
were caught but that samples of 17 or more fish with usable 
scales were not provided. An asterisk indicates that the samples 
were assumed to be of Asian origin. 

For the 1966-67 Bristol Bay standards, scale samples 
taken from sockeye salmon of the major Bristol Bay 
runs were used; the observed percentage of fish 
falling into the Asian category and relative abun
dance for each run and the weighted average per
centage classified into the Asian category are shown 
in Tables 27 and 28. The comparable figures for 
the Asian standards are shown in Tables 29 and 30. 
Scale data from the major sockeye salmon runs in 
Asia were available for the first time in 1966. For 
1967 the method of previous years was adopted: 
scale samples from maturing sockeye salmon taken by 
the Japanese mothership fishery west of 165°E and 
after June 16 were used as the Asian standard. 

We recognize that this method for selecting an 
Asian standard may exclude segments of Asian sockeye 
stocks which make up the early runs in the Kam
chatka River. We are, therefore, undertaking studies 
to evaluate the method. Because of this problem, 
estimates of the continental origin of mature sockeye 
salmon presented in this report are considered pro
visional. 

Fish of the Bristol Bay type were more abundant 
than those of the Asian type in 15 of the 23 samples 
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FIGURE 50. Percentage of mature fish with Bristol Bay type 

scales in 1965 sockeye salmon samples from the Japanese 
mothership fishery. A slash indicates that sockeye salmon 
were caught but that samples of 17 or more fish with usable 
scales were not provided. An asterisk indicates that the samples 
were assumed to be of Asian origin. 

taken east of 175°E in 1966 and in 14 of the 19 sam
ples taken east of 175°E in 1967. Asian type fish 
dominated, to an even greater extent, samples taken 
west of 175°E in both years. These general results 
are similar to those observed for the 1964 fishing 
season but differ from those observed in 1965 (Major, 
Murai, and Mason, 1970). The occurrence of 
Bristol Bay type fish between 170° and 175°E was 
more pronounced in 1965 than in 1964, 1966, or 
1967. This difference undoubtedly reflects the large 
Bristol Bay run in 1965, which was more than three 
times greater than the runs of 1964, 1966, and 1967. 
Figures 49 and 50 (the percentage of Bristol Bay type 
sockeye taken in each 2° X 5° area and 10-day fishing 
period in 1964 and 1965) are presented for com
parison. 

SuMMARY STATISTICS 

As in the 1968 report, the summary statistics for 
the Japanese mothership fishery for 1966-67 were 
obtained by applying the maturity and continent 
of origin composition estimates to the catch in the 
corresponding area and time (Tables 31 and 32) and 
by summing (Table 33). 
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TABLE 31. Sockeye salmon catch of the Japanese mothership 
fishery and percentage offish that were mature and of Bristol 
Bay scale type in samples from the fishery, 1966 (areas from 
which samples of 17 or more fish were not provided are ex
cluded; sample sizes are shown in parentheses). 

Ten-day 
period and 

2° X 5° zone1 

May 21-31 
E 6552 
E 6550 
E 6548 
E 6546 
E 7050 
E 7048 
E7046 
E 7550 
E 7548 

Totals 
June 1-10 

E6048 
E 6552 
E 6550 
E6548 
E 6546 
E 7052 
E 7050 
E7048 
E 7046 
E 7550 
E7548 

8050 
8048 
Totals 

June 11- 20 
E 6050 
E 6048 
E 6556 
E 6552 
E 6550 
E 6548 
E 6546 
E 7052 
E 7050 
E7048 
E 7046 
E 7552 

E 7550 
E 7548 

8058 
8056 
8054 
8052 
8050 
8048 
Totals 

June 21- 30 
E 6052 

Catch 

168,300 
288,494 
222,531 
178,730 
128,987 
455,527 
186,438 
22,996 
37,512 

1,689,515 

14,187 
48,833 
49,757 

115,643 
179,632 
21,481 
44,616 

204,106 
78,264 
73,285 

126,273 
205,370 

75,140 
1,236,587 

11,478 
63,207 
10,860 

114,887 
141,758 
176,734 

1,686 
41,290 
75,422 

139,411 
9,491 

21,501 
18,915 
18,248 
7,128 

40,582 
67,776 
41,851 
68,973 

16,007 
1,087,205 

35,235 

Percentage 
mature 

and sample size 

99.2 (270) 
100.0 (418) 
100.0 (360) 
99.3 (300) 

100.0 (270) 
97.7 (1,080) 
90.3 (300) 

100.0 (30) 
100.0 (30) 

1,658,355 

100.0 (60) 
100.0 (60) 

100.0 (150) 
98.1 (270) 
97.7 (300) 
96.7 (30) 
94.4 (90) 
93.3 (510) 
98.7 (ISO) 
98.3 (180) 
89.1 (239) 
99.5 (570) 
99.6 (240) 

1,196,021 

100.0 (ISO) 
98.3 (120) 
98.9 (90) 
96.9 (450) 
94.8 (269) 
96.7 (360) 
93.3 (30) 
97.8 (90) 
85.0 (180) 
96.2 (210) 
93.3 (30) 

100.0 (90) 
66.7 (30) 
46.7 (30) 

100.0 (30) 
100.0 (120) 
99.6 (240) 
95.6 (90) 
92.2 (270) 

90.0 (60) 
1,025,860 

97.5 (120) 

Matures: 
Percentage 

Bristol Bay type 
and sample size 

27.3 (205) 
33.4 (317) 

5.3 (225) 
7.8 (218) 

57.1 (219) 
23.0 (825) 
13.5 (193) 
18.5 (27) 
50.0 (26) 

389,324 

0.0 (53) 
59.2 (49) 
11.1 (117) 
2.8 (177) 

8.0 (226) 
92.8 (28) 
29.0 (69) 
19.4 (370) 
9.3 (107) 

50.4 (141) 
40.7 (162) 
68.3 (401) 
65.3 (176) 

397,802 

1.6 (121) 
5.3 (94) 

23.2 (69) 
15.7 (363) 
11.3 (168) 
2.8 (288) 
0.0 (24) 

28.6 (70) 
3.2 (125) 

10.1 (178) 

0.0 (23) 
93.1 (58) 
16.7 (18) 
No sample 

100.0 (25) 
87.0 (100) 
88.4 (173) 
94.6 (74) 
62.0 (179) 
22.7 (44) 

275,344 

0.0 (95) 

Continued ... 

Ten-day 
period and 

2° X 5° zone1 

E 6050 
E 6048 
E 6558 
E 6556 
E 6552 

E 6550 
E 6548 
E 6546 
E 7058 
E 7056 
E 7054 
E 7050 
E 7048 
E 7560 
E 7558 

8060 
8058 
8056 
8054 

8052 
8048 
Totals 

July 1-10 
E 6052 
E 6558 
E 6556 
E 6552 
E 6550 
E 6548 
E 7056 
E 7054 
E 7052 
E 7050 
E 7048 
E 7046 
E 7558 
E 7556 

8058 
8056 
Totals 

July 11- 20 
E 6556 
E 6550 
E 6548 
E 7056 
E7048 
E 7558 
E 7556 

Totals 

TABLE 31. Continued. 

Percentage 
mature 

Catch and sample size 

22,281 
23,227 
16,353 
41,953 
38,173 

176,378 
233,962 

1,309 
12,201 

3,125 
3,780 

22,547 
163,320 
40,810 
4,628 

656 
21,226 
14,292 
5,396 

23,472 
2,372 

906,696 

132,959 
34,370 
35,416 

104,702 
476,625 
540,508 

4,108 
1,548 

52,512 
407,434 
172,764 

6,260 
123 

24,024 
21,044 
50,338 

2,064,735 

3,056 
92,071 
83,006 

1,611 
22,719 

686 
4,734 

207,883 

100.0 (30) 
86.7 (30) 
90.5 (210) 
93.0 (300) 
96.0 (ISO) 
94.8 (420) 
90.8 (510) 
90.0 (60) 
85.0 (60) 
71.7 (60) 
80.0 (60) 
91.7 (60) 
85.1 (390) 

100.0 (90) 
96.7 (60) 

100.0 (30) 
100.0 (90) 
100.0 (60) 
100.0 (30) 
98.9 (90) 
60.0 (30) 

834,845 

96.1 (180) 
89.6 (270) 
87.8 (270) 
80.8 (120) 
67.6 (420) 
73.4 (448) 
66.7 (30) 
60.0 (30) 
28.3 (60) 
66.3 (270) 
74.3 (210) 
40.0 (60) 
43.3 (30) 
42.2 (90) 
70.6 (180) 
86.1 (180) 

1,481,111 

50.0 (30) 
30.0 (30) 
35.6 (90) 
56.7 (30) 
63.3 (30) 
16.7 (30) 
20.0 (60) 

75,055 

Matures: 
Percentage 

Bristol Bay type 
and sample size 

11.5 (26) 
0.0 (20) 

20.8 (159) 
37.8 (222) 

0.0 (112) 
9.0 (310) 
7.6 (356) 
0.0 (42) 

26.2 (42) 
0.0 (19) 

61.9 (21) 
12.8 (39) 
7.8 (255) 

63.2 (68) 
73.5 (49) 
63.6 (22) 
94.7 (76) 
90.9 (55) 

100.0 (26) 
77.3 (66) 
No sample 

155,590 

6.2 (144) 
37.4 (187) 
23.7 (177) 
13.9 (72) 
32.4 (145) 
13.1 (222) 
23.5 (17) 
No sample 
No sample 
18.5 (119) 
32.2 (115) 

No sample 
No sample 
No sample 
54.8 (42) 
28.7 (87) 

307,464 

No sample 
No sample 
38.9 (18) 
No sample 

No sample 
No sample 
No sample 

11,495 

1 The number assigned to each 2° X 5° zone (a quadrangle with 
sides of 2° latitude and 5° longitude) refers to the lower left 
corner of the zone. For example, E 6548 refers to the zone 
having as its lower left corner latitude 165°E and longitude 
48°N. 
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TABLE 32. Sockeye salmon catch of the Japanese mothership TABLE 32. Continued. 
fishery and percentage offish that were mature and of Bristol 
Bay scale type in samples from the fishery, 1967 (areas from Matures: 

which samples of 17 or more fish were not provided are ex- Ten-day Percentage Percentage 
period, and mature Bristol Bay type 

eluded; sample sizes are shown in parentheses). 2° x 5° zone Catch and sample size and sample size 

Matures: E 7050 190,511 54.2 (120) 57.7 (26) 

Ten-day Percentage Percentage E 7550 16,656 16.7 (30) No sample 
period, and mature Bristol Bay type E 6052 264,511 96.5 (538) Assumed to be zero 
2° X 5° zone Catch and sample size and sample size 

E 6552 369,880 71.9 (388) 2.8 (109) 

May 21 - 31 E 7052 15,638 50.0 (30) No sample 

E 6546 206,481 91.1 (417) 14.8 (264) E 7054 219 100.0 (30) 65.5 (29) 

E 7046 374,623 97.4 (269) 39.5 (195) E 7056 10,725 96.9 (64) 49.1 (57) 

E 6548 206,775 99.6 (269) 19.0 (210) E 7556 7,167 100.0 (30) 100.0 (22) 

E 7048 598,444 99.2 (900) 21.2 (628) Total 1,763,887 1,357,521 190,749 

E 7548 82,286 95.6 (90) 28.0 (50) July 1-10 

E 6550 243,024 99.7 (299) 36.9 (168) E 6048 12,901 89.2 (120) Assumed to be zero 

E 7050 217,696 99.5 (419) 46.6 (363) E 6050 46,587 63.3 (120) Assumed to be zero 

E 7550 54,555 98.9 (90) 39.5 (76) E 6550 256,555 53.0 (270) 0.0 (36) 

E 6552 8,117 96.7 (30) 81.5 (27) E 6052 285,535 74.5 (470) Assumed to be zero 

Total 1,992,001 1,951,963 577,035 E 6552 190,945 63.3 (270) 21.9 (73) 

June 1-10 E 7052 18,299 71.1 (90) 52.8 (36) 

E 6546 176,027 100.0 (210) 10.0 (169) E 7054 9,320 66.7 (30) 11.1 (18) 

E 7046 14,156 95.0 (60) 0.0 (21) E 6556 5,064 38.3 (60) No sample 

E 6548 278,932 98.4 (446) 11.0 (308) E 7056 9,159 59.3 (59) No sample 

E 7048 331,218 95.3 (509) 16.2 (357) E 7556 6,961 83.3 (30) No sample 

E 7548 9,289 93.3 (30) 44.0 (25) E 6558 93,696 33.5 (179) No sample 

E6550 115,264 99.3 (150) 44.7 (132) E 7058 144,023 75.0 (360) 62.3 (61) 

E 7050 93,697 92.2 (180) 39.6 (139) E 7558 50,675 34.4 (90) 58.8 (17) 

E 7550 166,419 98.9 (449) 70.7 (300) E 7060 11,996 76.7 (30) No sample 

E 6552 23,688 100.0 (30) 57.7 (26) E 7560 7,177 82.2 (90) 32.8 (64) 

E 7052 8,189 100.0 (60) 40.4 (52) 8058 17,598 65.6 (147) 90.6 (53) 

E 7552 8,244 90.0 (30) 100.0 (22) Total 1,166,491 726,442 123,969 

8050 126,443 93.2 (236) 79.2 (168) July 11- 20 

8052 2,692 93.3 (30) 47.8 (23) E 6052 86,798 69.8 (149) Assumed to be zero 

Total 1,354,258 1,313,349 423,409 E 6556 12,814 6.9 (29) No sample 

June 11-20 
E 7056 17,803 17.3 (150) No sample 

E 6548 256,635 92.7 (330) 34.4 (192) 
E 7556 6,190 4.4 (90) No sample 

E 7048 68,468 80.7 (150) 23.1 (108) 
E 6558 60,740 14.0 (150) No sample 

E 6050 38,403 96.7 (120) Assumed to be zero 
E 7058 82,255 12.2 (180) No sample 

E 6550 224,012 93.3 (419) 4.5 (311) 
E 7558 33,259 13.3 (90) No sample 

E 7050 168,022 93.3 (268) 53.2 (173) 
E 7560 14,561 46.7 (90) 94.1 (17) 

E 7550 18,388 100.0 (60) 100.0 (23) 
8058 87,799 22.0 (268) No sample 

E 6052 97,373 100.0 (120) Assumed to be zero 
8060 7,716 28.8 (59) No sample 

E 6552 112,014 94.8 (269) 28.4 (176) 
Total 409,935 116,122 6,399 

------
E 7052 28,582 96.7 (90) 13.2 (53) 

E 7552 43,428 98.9 (90) 90.5 (63) 
E 7554 3,005 100.0 (60) 100.0 (44) 
E 7556 10,086 100.0 (60) 100.0 (53) 

8052 35,315 100.0 (30) 100.0 (26) 
8054 160,986 97.2 (359) 92.9 (281) 
8056 27,960 99.2 (118) 91.9 (99) 
Total 1,292,677 1,221,218 497,733 

June 21-30 
E 6048 51,925 72.2 (90) Assumed to be zero 

E 6548 70,138 77.3 (150) 33.3 (63) 

E 6050 272,325 83.0 (419) Assumed to be zero 

E 6550 494,192 78.3 (715) 24.1 (349) 

Continued . .• 
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Table 33. Summary statistics of Japanese mothership catch, 
sockeye salmon, 1966--67. 

Catch, maturity, 
and origin 1966 

Total catch 7,254,0881 
Maturity 

Unknown 61,4671 
Immature 921,374 (12.8%) 
Mature 6,271,247 (87.2%) 

Origin of mature fish 
Unknown 83,935 
Assumed Asian 
Classified Asian 
Total Asian 
Bristol Bay 

4,650,293 
4,650,293 (75.2%) 
1,537,019 (24.8%) 

1967 

8,087,0712 

107,8222 
1,292,634 (16.2%) 
6,686,615 (83.8%) 

113,141 
967,5873 

3,786,593 
4,754,180 (72.3%) 
1,819,294 (27.7%) 

1 Includes 2,393 fish caught before May 21. 
2 Includes 1,864 fish caught before May 21. 
3 West of 165"E after June 16. 

The percentages of immature fish taken were 
about the same in the two years--12.8% in 1966 
and 16.2% in 1967. These percentages are similar 
to that for 1965 (14.0% ) but considerably smaller 
than for 1964 (40.7 % ) (Major et al., 1970). 

The percentage of Bristol Bay type sockeye salmon 
in the catch ofmatures was 24.8% in 1966 and 27.7% 
in 1967. Comparable figures for 1964 and 1965 
were 22.8% and 60.5%, respectively. 
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STATISTICS OF JAPANESE MOTHERSHIP 
SALMON FISHERY 

by A. E. Peterson 

Three studies by the Biometrics Institute of the 
BCF Seattle Biological Laboratory on the Japanese 
mothership salmon fishery are reported: (1) salmon 
catch and effort statistics of the 1968 mothership 
fishery, (2) results of a forecast of the 1969 Bristol 
Bay sockeye salmon run from preliminary 1969 
mothership statistics, and (3) a schematic description 
of the deployment of mothership catch and effort, 
averaged for 1956 to 1968. 

1968 jAPANESE MOTHERSHIP SALMON FISHERY 

Statistics of annual catch, fishing effort, and catch 
per unit of effort (CPUE) for the 1968 Japanese 
mothership salmon fishery (INPFC, 1968) are listed 
with corresponding data for 1952-67 (Peterson, 1970) 
on sockeye, pink, chum, coho, and chinook salmon 
(Table 34 ). The statistics for the 17-year period are 
shown by species in Figures 51 to 55. 

Sockeye Salmon 

The catch of 6.4 million sockeye salmon in 1968 
was the lowest since the early years (1952-54) of the 
fishery. Fishing effort in 1968 was close to the 
average for the past 8 years. The CPUE in 1968 was 
the lowest since 1964 (Fig. 51). 

About 82% of the sockeye salmon catch in 1968 was 
made west of 175°E. Best catches were taken 
southwest of the western Aleutian Islands between 
165°E and 175°E from late May to mid-June and 
between 160°E and 180°E in July. 

Pink Salmon 

The 1968 catch of 3.8 million pink salmon (3.6 
million excluding May catches) was the highest for 
an even-numbered year since 1958, although it was 
below catches of recent odd-numbered years. The 
CPUE in 1968 was also the highest of any even year 
since 1958 (Fig. 52). 

About 82% of the catch was taken west of 175°E. 
Best catches were made southwest of the western 
Aleutian Islands in early June and mid-June and in 
the western Bering Sea from late June to early July. 

Chum Salmon 

The 1968 catch of 8.1 million chum salmon was 
greater than in 1967 but slightly less than in 1966. 
The CPUE in 1968 was somewhat higher than in 
1967 and also higher than the average for the past 8 
years (Fig. 53). 

Best catches of chum salmon were made southwest 
of the western Aleutian Islands between late May 
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TABLE 34. Japanese mothership salmon fishery--catch, fishing effort, and catch per unit of effort-160°E to 175°W, 
1952-68. 

Species of salmon 

Year Sockeye' Pink• Chum1 Coho8 Chinook' Total1 

Catch-thousands offish 

1952 738 698 629 24 I 2,091 
1953 1,534 2,892 2,678 307 3 7,414 

1954 3,382 2,698 8,254 675 57 15,071 

1955 9,456 9,108 14,012 1,467 43 34,164 

1956 8,702 6,589 15,316 3,393 117 34,170 
1957 19,403 17,204 8,877 193 25 46,042 
1958 10,708 7,859 14,048 3,106 38 35,832 
1959 9,125 18,642 12,856 1,388 63 42,326 
1960 12,879 1,826 10,517 862 180 26,324 
1961 12,998 3,226 6,128 281 31 22,704 
1962 10,590 1,011 6,372 1,531 122 19,755 

1963 8,902 6,242 5,858 1,890 88 23,475 

1964 7,097 2,198 8,640 3,533 410 21,964 
1965 12,038 4,238 6,037 1,173 185 23,864 
1966 7,254 2,457 8,562 466 208 19,046 
1967 8,087 7,698 6,848 225 127 23,060 
1968 6,373 3,609 8,107 805 362 19,563 

Fishing effort-thousands of tans 

1952 471 394 471 199 471 471 
1953 1,314 1,027 1,314 619 1,314 1,314 
1954 2,547 2,265 2,547 1,253 2,547 2,547 
1955 5,761 4,511 5,761 2,392 5,761 5,761 
1956 8,729 6,908 8,729 3,629 8,729 8,729 
1957 6,213 4,180 6,213 1,467 6,213 6,213 
1958 7,207 5,628 7,207 2,681 7,207 7,207 
1959 7,096 5,957 7,096 2,433 7,096 7,096 
1960 6,518 5,921 6,518 3,079 6,518 6,518 
1961 4,994 4,538 4,994 1,494 4,994 4,994 
1962 5,851 4,918 5,851 2,231 5,851 5,851 
1963 5,954 5,186 5,954 2,494 5,954 5,954 
1964 7,518 6,586 7,518 3,926 7,518 7,518 
1965 6,110 5,165 6,110 2,420 6,110 6,110 
1966 5,195 4,207 5,195 1,166 5,195 5,195 
1967 5,231 4,120 5,231 1,398 5,231 5,231 
1968 5,925 4,838 5,925 1,987 5,925 5,925 

Catch per unit effort-number of fish per tan 

1952 1.57 1.77 1.34 0.12 0.0021 4.44 
1953 1.17 2.82 2.04 0.50 0.0023 5.64 
1954 1.33 1.19 3.24 0.54 0.0224 5.92 
1955 1.64 2.02 2.43 0.61 0.0075 5.93 
1956 1.00 0.95 1.75 0.93 0.0134 3.91 
1957 3.12 4.12 1.43 0.13 0.0040 7.41 
1958 1.49 1.40 1.95 1.16 0.0053 4.97 
1959 1.29 3.13 1.81 0.57 0.0089 5.96 
1960 1.98 0.31 1.61 0.28 0.0276 4.04 
1961 2.60 0.71 1.23 0.19 0.0062 4.55 
1962 1.81 0.21 1.09 0.69 0.0209 3.38 
1963 1.50 1.20 0.98 0.76 0.0148 3.94 
1964 0.94 0.33 1.15 0.90 0.0545 2.92 
1965 1.97 0.82 0.99 0.48 0.0303 3.79 
1966 1.40 0.58 1.65 0.40 0.0400 3.67 
1967 1.55 1.87 1.31 0.16 0.0243 4.41 
1968 1.08 0.75 1.37 0.41 0.0610 3.30 

--- - -- ---
1 May-August • June-August 3 July-August 
Sources: INPFC Statistical Yearbook (1968) and Peterson (1970). 
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FIGURE 51. Sockeye salmon catch, fishing effort, and catch per 
unit of effort, Japanese mothership salmon fishery, 160°E to 
175°W, 1952-68 (entire season). 
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FIGURE 52. Pink salmon catch, fishing effort, and catch per unit 
of effort, .Japanese mothership salmon fishery, 160°E to 175°W, 
1952-68 (June-August). Shading indicates even-year cycle. 
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FIGURE 53. Chum salmon catch, fishing effort, and catch per 
unit of effort, Japanese mothership salmon fishery, l60°E to 
175°W, 1952-68 (entire season). 
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FIGURE 54. Coho salmon catch, fishing effort, and catch per unit 
of effort, Japanese mothership salmon fishery, 160°E to 175°W, 
1952-68 (July-August). 
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FIGURE 55. Chinook salmon catch, fishing effort, and catch per 
unit of effort, Japanese mothership salmon fishery, 160°E to 
175°W, 1952-68 (entire season). 

IOOOlS OF TANS 
PER 2• X 5• AREA 

-OVER 150 
-100-150 
li'il!iiiS0-100 
liiiliill 25- 50 
1810-25 
c:::J .5- 10 

FIGURE 56. Fishing effort of the Japanese mothership salmon 
fishery by time period, averaged for 13 years, 1956-68. 

and mid-June and in the northeastern Bering Sea 
in July. The CPUE was highest in the northeastern 
Bering Sea in mid-July. 

Coho Salmon 

The 1968 catch of 898,000 coho salmon (805,000 
excluding May and June catches) was greater than in 
1966 or 1967 but less than in 1962-65. The CPUE 
in 1968 was higher than in 1967, about the same as in 
1966, and less than in 1962-65 (Fig. 54). About 
72% of the catch was taken south of 48°N in July. 

Chinook Salmon 

The 1968 catch of 362,000 chinook salmon was 
the greatest since 1964. The CPUE in 1968 was the 
highest of any year since the start of the fishery (Fig . 
55). Areas of greatest abundance (measured by 
CPUE) were north of 56°N from mid-June to mid
July. 

FoRECAST oF 1969 BRISTOL BAY SocKEYE SALMON RuN 

Biometrics Institute scientists made a forecast of 
the 1969 Bristol Bay sockeye salmon run from pre
liminary estimates of catch and effort by the 1969 
Japanese mothership salmon fishery. The forecast 
was for a run of 16 to 22 million sockeye salmon, 
with a point estimate of 19 million. This estimate 
compared favorably with the preliminary estimate 
of the actual run, which was about 21 million sockeye 
salmon. 

FisHING EFFORT AND CATcH OF THE JAPANESE MoTHER
SHIP SALMON FISHERY BASED oN AvERAGES FOR 
1956-68 

Statistics on fishing effort and catch of the five 
species of salmon by 2° X 5° statistical fishing area 
and by 1 0-day fishing period for each year from 
1956 to 1968 (Manzer et al., 1965; INPFC, 1961-
68) were used to determine average effort and catch 
values for each area and period. 

Fishing effort (in thousands of tans of gillnet) and 
geographic distribution of this effort by the Japanese 
mothership salmon fishing fleets are shown schemati
cally by contours (Fig. 56) for May to August (10-day 
periods in June and July), based on averages for 1956-
68. In May, the fishing effort was concentrated in 
one main center southwest of the western Aleutian 
Islands. In June, this center extended eastward, 
south of the Aleutian Islands and northeastward, 
north of the islands to the abstention line at 175°W. 
In July, the major fishing areas were in the western 
North Pacific Ocean off southeastern Kamchatka 
and in the Bering Sea, mainly between 58°N and 
60°N. By August, fishing effort had diminished 
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FIGURE 57. Chum salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 13 years, 1956-68. 
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FIGURE 58. Sockeye salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 7 years: 1958, 
1959, 1962, 1963, 1964, 1967, and 1968. 

lOOO'S OF FISH 
PER z• X 5• AREA 

-OVER 400 
-300-400 
-200-300 
llii!B 100-200 
l!l!!!lil 50-100 
11m 2,- '0 

FIGURE 59. Sockeye salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 6 years: 1956, 
1957, 1960, 1961, 1965, and 1966. 
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FIGURE 60. Pink salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 7 even-numbered 
years: 1956, 1958, 1960, 1962, 1964, 1966, and 1968. 
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FIGURE 61. Pink salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 6 odd-numbered 
years: 1957, 1959, 1961, 1963, 1965, and 1967. 

FIGURE 62. Coho salmon catches of the .Japanese mothership 
salmon fishery by time period, averaged for 13 years, 1956-tiB. 

FIGURE 63. Chinook salmon catches of the Japanese mothership 
salmon fishery by time period, averaged for 13 years, 1956-tiB. 

(no fishing in August since 1964). 
Catch contours (in thousands of fish) of the five 

species of salmon by the mothership fishery are shown 
in Figures 57-63. The average catch of chum salmon 
(Fig. 57) for 1956-68 shows a marked similarity to 
that of fishing effort, starting with a concentration of 
chum salmon southwest of the western Aleutian 
Islands in May, an eastward extension in June, and a 
separation into two areas in July (one off southeastern 
Kamchatka, the other in the northern Bering Sea). 

Sockeye salmon catches for the 13-year period were 
divided into two groups: (1) the " off" years for 
Bristol Bay sockeye (1958, 1959, 1962, 1963, 1964, 
1967, 1968) and (2) the "peak" years (1956, 1960, 
1965) combined with the "sub-peak" years (1957, 
1961, 1966). This separation is warranted on the 
basis of Figures 58 and 59, because the spatial dis
tributions of the two groups are distinctly different 
(effort separated on this basis into two groups shows 
differences similar to those of sockeye catches). 

Sockeye salmon catches for the " off" years in 
Bristol Bay (Fig. 58) showed a fairly stable concen
tration southwest of the western Aleutian Islands 
in May and June with little tendency to widen to 
the east. In July, this concentration moved slightly 
to the west and lessened by late July. A much 
weaker center was also present in July in the north-
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western Bering Sea. 
In the "peak" and "sub-peak" Bristol Bay 

years, sockeye salmon catches in May (Fig. 59) were 
centered southwest of the westem Aleutian Islands 
but were spread over a much broader area eastward 
than in the "off" years. By early June this east
ward extension increased, and best catches were made 
over a wide area south of the islands from 170°E to 
175°W. In mid-June, when a strong center was 
present in the Bering Sea between 180° and 175°W 
just north of the islands, the greatest recorded average 
catches of Bristol Bay sockeye were taken by the 
mothership fishery. In late June, sockeye catches 
in the Bering Sea dwindled and only a moderate 
concentration remained, but at the same time a 
more important center formed southwest of the 
westem Aleutian Islands. By early July, only small 
catches of sockeye were taken in the Bering Sea, but 
the center to the southwest strengthened and moved 
west off southeastem Kamchatka, dwindling by late 
July and August. Average sockeye catches in 
" peak " and " sub-peak " years were about 40% 
higher than in " off" years. 

Pink salmon catches also were divided into two 
groups (catches of even-numbered and odd-numbered 
years) for study. Odd-year catches of pink salmon 
averaged 2.6 times even-year catches for the 1956-68 
period. In the even years (Fig. 60), a center of 
pink salmon catches formed southwest of the westem 
Aleutian Islands and southeast of Kamchatka in 
June, strengthening and moving westward in July. 
A small center, present in the northwestem Bering 
Sea in late June, dropped off in July. In the odd 
years (Fig. 61) a stronger, broader center than in 
the even years developed southwest of the western 
Aleutian Islands in June, extending into the Bering 
Sea in mid-June. By early July two strong centers 
of pink salmon catches were noted, the biggest off 
southeastern Kamchatka, the other in the north
westem Bering Sea off Karaginskiy Island and Cape 
Olyutorskiy. By mid-July, the main concentration 
was in the northwestem Bering Sea and by late July, 
few pink salmon were caught. 

Average catches of coho salmon (Fig. 62) for 
1956-68 were low in June, but in early July a center 
formed between 170°E and 175°E south of 48°N. 
This center expanded and strengthened and, by 
mid-July to late July, extended north to the Aleutian 
Islands and west to southeastem Kamchatka. Only 
small numbers of coho salmon were taken in the 
Bering Sea. Coho salmon catches were much 
smaller than those of sockeye, chum, and pink salmon 
but much larger than catches of chinook salmon. 

Average catches of chinook salmon (Fig. 63) were 

highest in late June and early July in the Bering 
Sea north of 56°N. In mid-July two weaker centers 
formed-one in the far south, the other in the far 
north. Chinook salmon catches dwindled after 
mid-July. 
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KING AND TANNER CRAB RESEARCH 

by David T. Hoopes, John F. Karinen, 
Joseph W. Greenough, and Mauri]. Pelto 

Research consisted of studies of the king crab 
(Paralithodes camtschatica) and the tanner crab (Chiono
ecetes bairdi and C. opilio) in the eastem Bering Sea. 
Although the king crab has been studied for a number 
of years, the tanner crab is an item of recent interest 
(the Commission agreed to undertake studies of 
tanner crab in November 1968). Presented are data 
concerning the oceanic environment of king and 
tanner crabs in the southeastem Bering Sea; abun
dance and distribution of crabs within the southeast
em Bering Sea; and catch statistics of the Japanese, 
United States, and U.S.S.R. commercial fisheries. 

Data were obtained during cruises of BCF research 
vessels, from a U.S. observer with the Japanese 
mothership fleet, from the U.S. commercial fishery, 
and from exchanges of data between Japan and the 
United States and between the Soviet Union and 
the United States. 

Trawl samples were taken during cruises of BCF 
vessels to assess the distribution and abundance of 
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FIGURE 64. Stations occupied by the RV Miller Freeman in the 
southeastern Bering Sea, September 17 to October 9, 1968. 
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FIGURE 65. Stations occupied by the RV Miller Freeman and MV 
Commander in the southeastern Bering Sea, April 13 to June I, 
1969. 

crabs. Trawl surveys were conducted aboard the 
research vessel Miller Freeman from September 1 7 
to October 9, 1968; April 1 to May 20, 1969; and 
September 2 to October 10, 1969. During the 1968 
fall cruise, 75 stations were trawled on the predeter
mined grid pattern used in previous surveys (Fig. 64). 
Seventy-seven stations on the grid pattern were 
trawled during the 1969 spring cruise plus an ad
ditional 27 random stations selected in areas of 
greatest king crab abundance (Fig. 65 ). Additional 
samples were collected aboard the charter vessel 
Commander from May 15 to June 1, 1969. Sampling 
methods and procedures followed those described by 
Hoopes and Greenough (1970). 

The U.S. observer boarded the Japanese mothership 
Koyo Maru on June 21 and departed August 27. 
He collected data on size composition and other 
aspects of the catch similar to data collected in pre
vious years. 

The exchange of scientific data between Japan and 
the United States during the past year included the 
return by Japan of 852 U.S. tags with recapture 
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FIGURE 66. Surface temperatures (°C) in the southeastern Bering 

Sea, as determined from STD casts made at 71 stations, Septem
ber 1968. 
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FIGURE 67. Surface salinity (:V,,) in the southeastern Bering Sea, 
as determined from 69 stations, September 1968. 

information; 13 Japanese tags were recaptured by 
U.S. fishermen and returned to Japan. The Soviet 
Union returned 10 U.S. tags with recapture data, 
and the United States returned 7 Soviet tags taken 
in the U.S. fishery. The United States also ex
changed data on commercial fishing operations and 
on research activities with Japan and the U.S.S.R. 

OcEANOGRAPHY 

Oceanographic data were collected at every station 
in the grid pattern during each trawling operation for 
crab. Several oceanographic studies were carried 
out independently of the trawling operations during 
1969. Summaries of oceanographic data collected 
during the 1968 fall and the 1969 spring and summer 
cruises follow. 

1968 Fall Cruise 

Physical oceanographic data were collected at 75 
stations during the trawl survey. These data in
cluded continuous recordings of salinity and tempera
ture with depth and dissolved oxygen and reactive 
phosphate concentrations throughout the water 
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FIGURE 68. Bottom temperatures (°C) in the southeastern Bering 

Sea, as determined from STD casts made at 65 stations, Septem
ber 1968. 
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FIGURE 69. Bottom salinity (Y,.) in the southeastern Bering Sea, 

as determined from 65 stations, September 1968. 

column. Bottom sediment samples were collected 
at 66 stations. Current direction and speed were 
recorded at two locations within the survey grid, 
using in situ recording current meters. 

Temperature and salinity distributions during 
fall 1968 are shown for the surface in Figures 66 and 
67 and for the bottom in Figures 68 and 69. In 
much of Bristol Bay surface and bottom conditions 
differed little, indicating that mixing, due perhaps 
to tides and winds, is generally a strong determining 
factor in the distribution of properties. The somewhat 
circular distribution of temperature and salinity, 
with water of greatest density near the center of the 
bay, suggests counterclockwise circulation or the 
presence of a gyre. 

1969 Spring Cruise 

The RV Miller Freeman occupied 120 oceanographic 
and trawl stations during April, including a 72-hour 
" synoptic " survey of 14 oceanographic stations from 
April 11 to 14 (Fig. 70). From May through August 
the MV Commander repeated the monthly oceanogra
phic surveys in addition to stations occupied during 
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FIGURE 70. Oceanographic stations of the R V Miller Freeman 

and MV Commander in the southeastern Bering Sea, spring and· ' 
summer 1969. 
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FIGURE 71. Temperatures (°C) at 30-m depth in the south
eastern Bering Sea, Apri111-14, 1969. 

trawling for crabs and purse seining for juvenile 
sockeye salmon. Data collected at each station 
included a salinity-temperature profile, dissolved 
oxygen and reactive phosphate values throughout 
the water column, and estimates of standing crop of 
phytoplankton (determined by measuring the amount 
of chlorophyll a) . The phytoplankton species com
position was determined, and ocean currents were 
again measured by in situ recording current meters 
set at two locations. 

Oceanographic data collected during April 1969 
show several features of interest. The 1969 spring 
distribution of properties is not suggestive of the 
presence of a counterclockwise gyre east of Unimak 
Pass, as were the data collected during fall 1968 
and the previous work done by Hebard (1961). 
In most of the area the temperature of the water was 
below 0°C in mid-April (Fig. 71 ). Bottom tempera
tures may be correlated more closely with temperatures 
at the surface and at the 30-m depth than with 
bathymetry (Fig. 72). 

Current meter data show that the currents are 
primarily tidal, with velocities up to 0.9 km/hr. The 
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FIGURE 72 . Bottom temperature CCC) in the southeastern Bering 

Sea, April 11-14, 1969. 
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FIGURE 73. Mid-depth velocity (km/hr) and direction of current 
at two stations in the southeastern Bering Sea from records 
beginning 1200 GMT (recorded by in situ current meters), 
April27, 1969. 
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FIGuRE 74. Bottom temperatures ("C) in the southeastern Bering 
Sea,June 1969. 
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FIGURE 75. Bottom temperatures (or temperatures at deepest 
sample) in the central part of the study area in the southeastern 
Bering Sea, April-September 1969. 
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FIGuRE 76. Bottom temperatures (or temperatures at deepest 
sample) in the northern part of the study area in the south
eastern Bering Sea, April-September 1969. 
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FIGURE 77. Temperatures at 30-m depth in the southern part 
of the study area in the southeastern Bering Sea, April-Septem
ber 1969. 

directions taken by the tidal components rotate 
clockwise. A slight net flow was recorded, as shown 
in Figure 73. The directions taken by the recorded 
net flow do not contradict earlier suggestions of 
counterclockwise circulation . 

Spring and Summer 1969 

Oceanographic data acquisition continued through
out summer 1969. The stations shown in Figure 70 
were occupied once a month or oftener. Some of 
the data obtained are summarized in Figures 74, 75, 
76, and 77. Bottom temperatures in June, shown in 
Figure 74, should be compared with Figure 72 to 
compare June with mid-April temperatures. The 
increase of temperature through the summer at the 
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FIGURE 78. Distribution of king crabs by depth in the south
eastern Bering Sea, as determined from catch analyses of 75 
trawl samples, September 1968. 
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FIGURE 79. Relative distribution and abundance of male king 
crabs of commercial size (carapace length 120 mm or more) 
in -the southeastern Bering Sea, based on 75 trawl catches, 
September 1968. The sides of the squares are about 37 km 
long. 

FIGURE 80. Relative distribution and abundance of male king 
crabs with carapace less than 120 mm long in the southeastern 
Bering Sea, based on 75 trawl catches, September 1968. 
Numbers within squares indicate estimated population to 
nearest million. 

FIGURE 81. Relative distribution and abundance of female king 
crabs with a carapace length of 100 mm or more in the south
eastern Bering Sea, based on 75 trawl catches, September 1968. 
Numbers within squares indicate estimated population to nearest 
million. 

bottom is shown in Figures 75 and 76; Figure 77 
shows the increase in temperature at several stations 
at a depth of 30 meters. 

The appearance of a cooling trend in August 
(Fig. 75) at the bottom at some stations (1-10 and 
G-8), while others continued to warm, indicates that 
upwelling occurs near the center of Bristol Bay. 
This trend was suggested by the surface temperature 
distribution shown in Figure 66. Further analysis of 
data will be required to establish definitely that 
upwelling is a consistently recurring feature of Bristol 
Bay circulation. 

DISTRIBUTION OF KING AND TANNER CRABs 

The distribution of king and tanner crabs was 
studied with respect to depth and geographical 
location during the 1968 fall and 1969 spring cruises. 

King Crabs 

Analysis of 75 trawl samples collected during 
September 1968 indicated that the depth distribution 
of male and female king crabs was bimodal; crabs 
were concentrated at 26 to 35 fathoms and 41 to 60 
fathoms (Fig. 78). Male crabs greater than 120 mm 
in carapace length were most concentrated in the 
56-60 fathom range, the deepest range sampled. 
The bimodal depth distributions observed during the 
1968 fall cruise are in sharp contrast to the unimodal 
distributions observed during the 1968 spring cruise, 
when crabs of both sexes were concentrated at 
middepths from 30 to 45 fathoms (Hoopes and 
Greenough, 1970). 

A plot of the geographical distribution and relative 
abundance of commercial-sized males, sublegal
sized males, mature females, and immature females 
does not indicate a distinct geographic separation of 
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FIGuRE 82. Relative distribution and abundance of female king 
crabs with carapace less than 100 mm long in the southeastern 
Bering Sea, based on 75 trawl catches, September 1968. 
Numbers within squares indicate estimated population to nearest 
million. 
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FIGURE 83. Distribution of tanner crabs by depth in the south
eastern Bering Sea, as determined from catch analyses of 75 
trawl samples, September 1968. 

these four groups during September 1968 (Figs. 
79, 80, 81, 82). Commercial-sized males, however, 
were more concentrated in deeper offshore waters 
(40-60 fathoms) during the fall; they were most 
abundant in the southwest part of the station pattern 
(Fig. 79). 

Tanner Crabs 

Data collected during the 1968 fall crmse were 
used to study the distribution of male and female 
tanner crabs by depth and geographical location. 
Because catches were not separated by species and 
only small samples were measured, all results should 
be considered preliminary. 

The 1968 fall distribution of tanner crabs showed 
no marked separation of crabs by sex or size, except 

TOTAL MALES (KING) 
(THOUSANDS) 

TOTAL FEMALES (KING) 
(THOUSANDS) 

14 12 10 8 6 4 2 2 4 6 8 10 12 14 

NUMBER OF CRABS CAPTURED PER SQUARE MILE TOWED 

FIGURE 84. Distribution of king and tanner crabs by depth in 
the southeastern Bering Sea, as determined from catch analyses 
of 75 trawl samples, September 1968. 
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FIGURE 85. Relative distribution and abundance of male tanner 
crabs of30 to 184 mm carapace width in the southeastern Bering 
Sea, based on 75 trawl catches, September 1968. Numbers 
within squares indicate estimated population to nearest million. 
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FIGURE 86. Relative distribution and abundance of female 
tanner crabs of 26 to 103 mm carapace width in the south
eastern Bering Sea, based on 75 trawl catches, September 
1968. Numbers within square indicates estimated population 
to nearest million. 
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that larger males were relatively more abundant 
at the deeper stations than were smaller males. Both 
male and female tanner crabs were generally most 
concentrated at the middle (30-40 fathoms) of their 
depth distribution range (15-60 fathoms; Fig. 83). 
Both male and female tanner crabs of all sizes were 
most abundant at depths where the abundance of 
male and female king crabs was low (Fig. 84). 

At the time of the 1968 fall cruise, male tanner 
crabs were generally distributed over the entire 
station pattern; the greatest concentration was 
west of 163°W (Fig. 85). Female tanner crabs were 
not as extensively distributed as the males but were 
found mostly in the western third of the station pattern 
(Fig. 86). Thus, the main body of tanner crabs was 
distributed to the west and north of the greatest 
concentrations of king crabs. The amount of 
overlapping between the king and tanner crab 
species differed with sex. The distribution of male 
tanner crabs overlapped rather extensively with that 
of king crabs of both sexes. In contrast, female 
tanner crabs were most abundant in areas where no 
female king crabs were found, and there was only 
slight overlap in the distribution of females of the two 
species. Female king crabs were concentrated in 
areas where bottom temperatures ranged from 5 to 
7.5°C, and female tanner crabs in areas where bottom 
temperatures ranged from 1 to 5°C. Both male 

king and tanner crabs were present together through
out the entire temperature range of 1 to 7°C. 

ABUNDANCE OF KING AND TANNER CRABS 

The abundance of king and tanner crabs in the 
southeastern Bering Sea has been estimated by the 
trawl survey method reported by Hoopes and Gre
enough (1970). We are currently improving our 
estimates of crab abundance on the basis of results 
obtained from acoustical measuring equipment 
installed aboard the Miller Freeman, which measures 
the width of the trawl opening at various depths 
and towing speeds. Hence, estimates of abundance 
calculated from results of the 1968 surveys are pre
liminary and will be refined when results of the 
recently completed trawl calibration tests are in
corporated. 

King Crabs 

Estimates of the sizes of the populations of male 
king crabs within the areas sampled during the 1968 
spring and fall cruises are given in Table 35 by 
carapace length. Confidence intervals of 95% are 
also given for these estimates. 

To facilitate comparison of the two 1968 surveys, 
the estimates are plotted in Figure 87. The virtual 
absence of crabs less than 70 mm long in the area 
surveyed during spring 1968 was noted by Hoopes 

TABLE 35. Trawl survey estimates of male king crab abundance (millions of crabs) by carapace length (with 95% 
confidence limits for each length class), 1968. 

Length of carapace 
(mm) 

40- 49 
50- 59 
60- 69 
70- 79 
80- 89 
90- 99 

100-109 
110-119 
120-129 
130-139 
140-149 
150-159 
160-169 
170-179 
180-189 
190- 199 

Sublegal size 
(less than 120 mm) 

Legal size 
(120 mm or more) 

Total males 

Lower limit 

0 
0 
0.96 
2.61 
3.51 
3.29 
2.73 
2.45 
1.64 
0.53 
0.19 

0 
0 

9.49 

12.52 
28.04 

Spring survey 

Estimate 

0.22 
0.75 
2.32 
6.39 
7.16 
5.41 
4.50 
3.93 
4.20 
3.56 
1.69 
0.65 
0.16 
0.04 

22.25 

18.73 
40.99 

Upper limit 

2.35 
5.72 

11.82 
11.72 
7.31 
5.71 
5.14 
5.94 
5.48 
2.85 
1.11 
0.40 

35.02 

24.95 
53.94 

Lower limit 

0 
0 
1.46 
1.56 
1.37 
1.69 
1.19 
0.92 
0.22 
0.09 
0.02 
0 

16.45 

5.06 
18.19 

Fall survey 

Estimate 

0.08 
1.78 
5.99 
3.18 
4.12 
5.92 
4.96 
2.55 
2.36 
1.51 
1.19 
0.41 
0.17 
0.09 
0.05 

28.57 

5.78 
34.35 

Upper limit 

13.44 
11.60 
10.38 
8.35 
3.73 
3.03 
1.83 
1.45 
0.60 
0.25 
0.16 
0.19 

40.68 

6.50 
50.51 
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FIGURE 87. Estimates of male king crab abundance by carapace j 
length (10-mm size classes) in the southeastern Bering Sea, 
spring and fa111968. 

and Greenough (1970). During the 1968 fall survey, 
substantial numbers of small male and female king 
crabs were taken near the Alaska Peninsula north
east of Unimak Island and also in the northeastern 
part of the sampling area, indicating that these crabs 
may have been unavailable to the gear during the 
spring survey. 

The situation was exactly reversed for the larger 
king crab males and females. These larger crabs 
were much more abundant in the samples in the 
spring than in the fall in 1968. An estimated 5. 78 
million male crabs over 120 mm in carapace length 
were within the sampling area at the time of the 
fall survey, but at the time of the spring survey, the 
estimated abundance was 18.73 million male crabs. 
Less than half of the difference can be accounted 
for by the removal of between 5 and 6 million com
mercial-sized male crabs by Japanese, Soviet, and 
U.S. fishermen. The seasonal difference in abun
dance of female king crabs over 90 mm long was 
similar. The population estimate was 53.7 million 
in the spring of 1968 but only 18.1 million in the fall. 

Detailed examination of the relation between 
spring and fall surveys is in progress to determine the 
reasons for these differences. 

Tanner Crabs 

Preliminary estimates of male tanner crab abun
dance are given by carapace width for the area 
covered by the 1969 spring cruise (Table 36 and 
Fig. 88). These estimates have been plotted to give 
the combined length-frequency distributions for 
both C. bairdi and C. opilio. Data collected on future 

TABLE 36. Estimates of male tanner crab abundance in the 
southeastern Bering Sea by carapace width, based on 102 
trawl catches, April and May 1969. 

Width of carapace 
(mm) 

15- 19 
20- 24 
25- 29 
30- 34 
35- 39 
40- 44 
45- 49 
50- 54 
55- 59 
60- 64 
65- 69 
70- 74 
75- 79 
80- 84 
85- 89 
90- 94 
95- 99 

100-104 
105-109 
110-114 
115-119 
120-124 
125-129 
130-134 
135-139 
140-144 
145-149 
150-154 
155-159 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190-194 

Estimated abundance 
(millions) 

0.39 
1.31 
1.70 
3.41 
2.84 
4.58 

10.80 
17.70 
15.42 
10.69 
10.69 
10.39 
7.91 
8.26 
7.44 
7.60 
7.32 
7.99 
8.00 

10.64 
11.50 
14.32 
14.96 
18.93 
22.89 
28.49 
28.42 
28.59 
31.23 
25.38 
21.46 
11.44 
4.84 
1.09 
0.15 
0.02 

Total crabs 418.79 

surveys will be separated and reported by species. 
Because our tanner crab research program is still 

in its early stages, it would be premature to attempt 
to interpret the estimates of abundance for tanner 
crabs in the various size classes. The number of 
tanner crabs encountered during the two cruises, 
however, makes it clear that we are dealing with a 
major resource, particularly since our sampling 
shows that we are not covering the entire tanner 
crab stock. 

CoMMERCIAL FISHERY 

Trends in the commercial fishery during 1968 
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FIGURE 88. Estimates of male tanner crab abundance in the 
southeastern Bering Sea by carapace width (5-mm groups), 
based on 102 trawl catches, April and May 1969. 

indicate an increasing emphasis by Japan and the 
U.S.S.R. on harvesting tanner crabs, a further decline 
in the harvest of king crabs by the Soviet Union, 
and an increase in king crab harvest by the United 
States. 

United States 

The U.S. harvest of king crabs in the southeastern 
Bering Sea during 1968 was 1,505,306 crabs, an in
crease in catch of almost 1 million from the 1967 
catch of 547,404. Indications are that the 1969 
harvest will exceed that of 1968. 

The U.S. commercial fishery was sampled during 
the 1969 season. The average carapace length of 
10,765 commercial male king crabs sampled from the 
southeastern Bering Sea fishery was 143.8 mm. A 
length-frequency distribution by 5-mm size classes 
based on this sample shows an abrupt peak at 135-139 
mm and a steady decline in the larger size classes 
(Table 37). Assuming an average annual growth 
increment of 17 mm (Hoopes and Greenough, 1970), 
the U.S. catch indicates that a major portion of the 
resource is being harvested within 2 to 3 years after 
the crabs attain legal size. 

Japan 

The Fisheries Agency of Japan (1970) reported 
that Japan met her quota of 163,000 cases in 1968 
with a catch of 3,853,300 king crabs. This catch 
compares with a catch of 3, 764,200 in 1967 for the 
same pack quota. The catch per tan was 8.3 in 1967 
and 7.5 in 1968. The average size of crabs in the 
catch was 153.1 mm in 1967 and 152.7 mm in 1968. 

Japan processed almost 12 million tanner crabs 

TABLE 37. Carapace length-frequency distribution of king 
crabs sampled from the U.S. commercial catch in the 
eastern Bering Sea, 1969. 

Length of carapace 
(mm) 

120-124 
125-129 
130-134 
135-139 
140-144 
145-149 
150-154 
155-159 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205- 209 

Number of crabs 

485 
1,163 
1,446 
1,543 
1,507 
1,373 
1,084 

727 
509 
309 
243 
!54 
99 
67 
41 

9 
5 
I 

Total crabs 10,765 
Average carapace length 143.8 

in 1968 and over 17 million in 1969, most of which 
were put up as frozen sections. The phenomenal 
growth of the Japanese tanner crab fishery since 1964, 
when less than a quarter of a million crabs were 
processed, shows that tanner crabs have assumed a 
place of major importance in Japan's eastern Bering 
Sea crab operations. 

U.S.S.R. 

The Soviet Union did not reach the 1968 king 
crab quota of 100,000 cases, packing only 22,442 
cases from a catch of 548,713 crabs. This catch com
pares with a 1967 pack of 68,590 cases from a catch 
of 1,592,427 crabs. The corresponding number of 
crabs per tan reported were 2.42 in 1967 and 2.26 in 
1968. 

Until recently the Soviet tanner crab catch was 
considered secondary to king crab production. Be
fore 1965, the Soviets put up only a small experimental 
pack of tanner crabs. Beginning in 1965, however, 
4,000 cases of tanner crabs were canned commercially; 
by 1968 the pack exceeded 20,000 cases. The 
Soviets do not put up a frozen pack of tanner crabs. 

LITERATURE CITED 

FISHERIES AGENCY OF jAPAN. 1970. King crab investigations in 
the eastern Bering Sea. INPFC Annu. Rep. 1968: 57-58. 

HEBARD, J. F. 1961. Currents in southeastern Bering Sea. 
INPFC Bull. 5: 9-16. 

HooPEs, DAviD T., and JosEPH W. GREENOUGH. 1970. King 
crab research. INPFC Annu. Rep. 1968: 116-124. 





1/nnv(),/ K.epo~+ /9G9 J p. 136 




