




PRINTED IN JAPAN 
by 

KENKYUSHA PRINTING COMPANY 
TOKYO 



TABLE OF CONTENTS 

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

I. REPORT OF THE FIFTEENTH ANNUAL MEETING-1968 .......................... . 
1. Introduction ................... . ...................................................... . 
2. Time and place of meeting . . .. .. . .... ....... ... .. . .. . . ..... ... . . . .. . . .. . . . ... .. . . . . 1 
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 Administration 5 

8. Activities of the Commission concerning salmon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
(a) Background .................................................... . ................ 6 
(b) Interpretation and implementation of the Protocol..................... 6 
(c) Research on salmon in 1968 ................................................ 7 
(d) Research plans for 1969-salmon and oceanography.................. 7 
(e) Abstention on salmon ......................................................... 9 
(f) Salmon conservation resolution .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. 9 

9. Activities of the Commission concerning halibut .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 10 
(a) Background . . .. . . .. . . . .. .. .. .. . .. . . .. . . .. .. . .. .. . . . . . . . . .. . .. . . . .. . .. . . . . .. . . . . . 10 
(b) Abstention on halibut .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 10 
(c) The 1968 halibut fishery in the eastern Bering Sea . .................. 10 
(d) Results of research on Bering Sea groundfish in 1968 . . . . . . . . . . . . . . . . 12 
(e) Conservation measures for Bering Sea halibut in 1969 ............... 12 
(f) Halibut and groundfish in the Gulf of Alaska .. .. .. .. .. .. .. .. .. .. .. .. .. . 13 
(g) Effects of trawling on halibut in the Convention area ................ 15 

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

11. Activities of the Commission concerning herring . . . . . . . .. .. .. . . .. .. .. .. .. . .. .. 16 
12. Activities of the Commission concerning king crab ... . . ... . .................. 16 
13. Activities of the Commission concerning tanner crab. . . . . . . . . . . . . . . . . . . . . . . . . 17 
14. Publications of the Commission ................................................... 18 
15. Statistics................................................................................. 18 
16. Officers elected for 1969 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. 18 
17. Closing statements at the final plenary session . .. .. . .. . .. .. .. .. .. .. .. .. ... ..... 18 
APPENDIX 1. List of Participants.................. .................................... 21 
APPENDIX 2. Agenda . .......... ........... ............ ............... .................. 26 
APPENDIX 3. Auditors' Report . .. .. .. .. .. .. .. .. . . .. . .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. . 27 

II. ADMINISTRATIVE REPORT FOR 1968 .................................. . . . ............... 29 

III. THE RESEARCH PROGRAM ........ ... ... .. .... ...... ................ ... .................. 33 
A. Research by Canada in 1968 .. .. .. .. . .. .. .. . . . . . . .. . .. .. .. .. . . . . . .. .. .. .. .. .. . .. . . 33 
B. Research by Japan in 1968 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
C. Research by the United States in 1968 .. . . . . .. . .. . . .. . . . .. . . .. . .. . . .. .. . . . . . . .. . 67 

iii 



INTERNATIONAL NORTH PACIFIC 

FISHERIES COMMISSION 
Established by Convention between Canada, Japan 

and the United States for the Conservation of the 

Fisheries Resources of the North Pacific Ocean 

ANNUAL REPORT 1968 

OFFICES: 6640 Northwest Marine Drive 

Vancouver 8, B.C., Canada 



LETTER OF TRANSMITTAL 

This report summarizes the activities of the International North Pacific Fisheries 
Commission during the year terminating with the adjournment of its Fifteenth Annual 
Meeting, held in Seattle, Washington, from October 21 through November 8, 1968. 
It contains a summary account of the Fifteenth 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) of the International Convention for the High 
Seas Fisheries of the North Pacific Ocean and Rule 14 (f) of the Rules of Procedure, 
it is my pleasure as Chairman of the International North Pacific Fisheries Commission 
to present my compliments to the Contracting Parties and their Commissioners and 
to transmit herewith the report described above. 

11 

EDWARD w. ALLEN, 

Chairman. 
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I. REPORT OF THE FIFTEENTH ANNUAL MEETING- 1968 

l. 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 produc
tivity. The Convention established the International 
North Pacific Fisheries Commission, which promotes 
and coordinates scientific studies and recommends 
conservation 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 Fifteenth Annual Meet
ing, the only meeting held during 1968. 

2. TIME AND PLACE OF MEETING 

The Fifteenth Annual Meeting of the International 
North Pacific Fisheries Commission was held at 
Seattle, Washington, from November 4 to 8, 1968, 
under the chairmanship of Commissioner Edward W. 
Allen of the United States. During the two weeks 
immediately preceding the plenary sessions of the 
Commission, meetings of the Standing Committee on 
Biology and Research and its various sub-committees 
were held. Commissioner Clarence F. Pautzke of 
the United States was Chairman and Dr. G. B. 
Collins, also of the United States, acted as scientific 
convener. The Standing Committee on Finance and 
Administration met on November 6 and 7, with Com
missioner Donovan F. Miller of Canada as Chairman. 
The Gulf of Alaska Groundfish Committee, chaired 
by Mr. S.J. Westrheim of Canada, met from October 
28 to November 2. The Ad Hoc Committee on 
Abstention met under the chairmanship of Commis
sioner Kenjiro Nishimura of Japan on November 5; 
this committee's Scientific Sub-Committee met on 
November l. 

3. PARTICIPANTS 

Persons participating in the Fifteenth Annual Meet
ing are listed in Appendix l of this report, which also 
shows committee assignments. The single change in 
Commission membership which occurred during the 
year is 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 
advisors and experts. At the invitation of the Com
mission, the Food and Agriculture Organization of 
the United Nations, the International Pacific Halibut 
Commission, the International Pacific Salmon Fish
eries Commission, and the International Commission 
for the Northwest Atlantic Fisheries were represented 
by observers. Staff members of the International 
Pacific Halibut Commission acted as technical con
sultants on matters pertaining to halibut and other 
groundfish. The Commission wishes to record its 
appreciation of this service. The total number of 
participants was 117, including 20 from Canada, 17 
from Japan, 62 from the United States, three per
manent and five temporary members of the Secretari
at, seven consultants, and six observers (three of whom 
also attended in other capacities). 

4. AGENDA 

The agenda for the Fifteenth Annual Meeting, as 
adopted by the Commission, is Appendix 2 of this 
report. In adopting its agenda the Commission 
agreed, at the request of the United States, to include 
under " other business " consideration of: 

(a) establishment of a joint (INPFCfiPHC) 
program of observation of incidental halibut 
catches in trawl fishing in the eastern Bering 
Sea, and 

(b) initiation of a joint research program on the 
tanner crab in the eastern Bering Sea. 

The latter request was made under the provisions of 
Article III (l) (c) (i). The sections of this report 
which follow cover the Commission's actions in rela
tion to each item on the agenda. 

5. THE OPENING SESSION 

The first plenary session was held on the morning 
of November 4, 1968, in the Concord-Lexington Room 
of the Benjamin Franklin Hotel in Seattle, Washing
ton. At this session, which was open to the public, 
there was an address of welcome, statements by the 
national sections, and an address by the Chairman. 

The Honorable J. D. Braman, Mayor of Seattle, 
welcomed the delegates to the City of Seattle. 

Commissioner Kenjiro Nishimura, Chairman of 
the Japanese National Section, addressed the session 
on behalf of his delegation. He expressed gratitude 
for the welcome extended by Mayor Braman and 
pleasure at being once again at an annual meeting in 
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Seattle. The Japanese National Section was pleased 
to renew old friendships with Commissioners and 
advisors from the United States and Canada and to be 
able to exchange views on fishery problems of common 
concern. Mr. Nishimura introduced Commissioner 
Isamu Ikezaki, who had succeeded Mr. Kenkichi 
Nakabe as a member of the Japanese National Sec
tion. He wished success to Dr. Kaoru Tatara in his 
work as Assistant Director in the Commission's 
Secretariat. Commissioner Nishimura noted that 
the Commission had made invaluable contributions 
in the past 15 years to knowledge of the condition of 
fishery resources in the North Pacific Ocean. Ex
cellent results had been achieved by the Commission 
as a pioneer of fishery commissions in the world. 
These results are valued highly by people in fishery 
circles. In this regard, Mr. Nishimura expressed the 
respect of his section for the studies of the scientists of 
the three countries and stated that the Commission 
should have much confidence and pride in their 
accomplishments. That the Commission's activities 
have become stereotyped in some respects as 15 years 
have passed was undeniable. Commissioner Nishi
mura stated the belief of his section that the Com
mission should return to the spirit of its foundation 
and be reminded of its duties and responsibilities, 
since the original intention must not be given up. 
The relationship between population growth and food 
production has come to the fore as a serious problem to 
the world in recent years. Fishery resources are 
recognized as a valuable source of animal protein and 
ways of utilizing these resources are being studied. 
The North Pacific Ocean's fishing grounds have long 
been noted as some of the best in the world and fishery 
resources in this area require effective development 
and rational utilization not only for the three countries 
of the Commission but for the entire world. The 
more vital fishery production in the North Pacific 
Ocean becomes, the more imminent and actual is the 
problem of conservation and reproduction. Thor
ough scientific research on resource conditions is 
necessary to obtain knowledge with which to tackle 
the problem from an objective standpoint. Many 
tasks remain for the Commission in this field and 
much is expected from future efforts on the part of the 
scientists and experts of the three countries. Specific 
measures taken by the Commission for conservation 
of fishery resources should be fair and impartial, 
based on scientific knowledge, and in no way against 
the interests of any particular country. Only such 
conservation measures can make a contribution to 
reaching appropriate solutions to the various prob
lems facing the Commission. The Japanese National 
Section has observed faithfully the provisions of the 

North Pacific Fisheries Convention and has cooperated 
as much as possible with the countries concerned in 
the conservation of the fishery resources of the North 
Pacific Ocean. Commissioner Nishimura pledged 
his section's continued willingness to cooperate posi
tively in this respect. In closing, Commissioner 
Nishimura expressed the hope that the meeting would 
proceed in a friendly, cooperative, and constructive 
atmosphere, bringing about further successful results 
in conservation and equitable, effective utilization 
of the fishery resources of the North Pacific Ocean 
which are the common concern of the three countries. 

Commissioner S. V. Ozere, Chairman of the Cana
dian National Section, addressed the session. He 
thanked Mayor Braman for his welcome and greeted 
on behalf of his section colleagues from Japan and the 
United States. Canada always looked forward to 
meeting with old friends to review scientific data and 
reach agreement on conservation measures required 
to secure the maximum sustained productivity of 
fisheries of joint interest in the North Pacific Ocean. 
A special welcome was extended to Mr. Isamu Ike
zaki, the new Commissioner from Japan. Members 
of the delegations who were taking an active part in 
the Commission's work for the first time also were 
welcomed. Mr. Ozere was sure that these men would 
find their responsibilities interesting and rewarding 
and that the Commission would benefit from their 
competence. Commissioner Ozere welcomed Dr. 
Tatara to the Secretariat and wished success to his 
predecessor, Dr. Nagasaki. The imposing record of 
Commission service of Mr. Edward W. Allen of the 
United States and Mr. James C. Cameron of Canada 
was recognized by Commissioner Ozere. Mr. Allen 
and Mr. Cameron have served continuously as Com
missioners since the establishment of the Commission 
15 years ago. This outstanding record of individual 
dedication to the solution of international fisheries 
problems will be difficult to exceed. The Commission 
was to begin its deliberations with the full realization 
that the impressive body of knowledge gathered over 
the years is insufficient to permit explanation of 
certain phenomena observed in North Pacific fisheries. 
More information on the relationship between certain 
critical environmental factors and the size of fish 
populations of interest to the fishing fleets, and the 
influence of new fisheries and new fishing techniques 
on the established fisheries, must be obtained if 
maximum sustainable yields are to be achieved. The 
failure of the halibut stocks of the eastern Bering Sea 
area to respond rapidly to the conservation measures 
which have been applied in recent years is of concern 
to the Canadian Section and it was hoped that more 
effective measures would be developed at the meeting. 
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Canada was particularly interested in the development 
of its proposal to initiate a joint study of the important 
groundfish species in waters of the northeastern 
Pacific Ocean and looked forward to reviewing pro
gress and to assessing proposals for future work. 
Canada is prepared to cooperate in the development of 
programs which will provide essential information. 
In closing, Mr. Ozere expressed the pleasure of his 
delegation to be meeting once again in Seattle and 
gave assurance that the Canadian Section was pre
pared to do everything possible to make the Com
mission's Fifteenth Annual Meeting productive and 
successful. 

Commissioner Clarence F. Pautzke, Chairman of 
the United States National Section, addressed the 
meeting on behalf of his delegation. He welcomed 
friends from Japan and Canada and expressed the 
gratification of his section at being host to the Fifteenth 
Annual Meeting. The new Japanese Commissioner, 
Mr. Ikezaki, was welcomed, as was the Secretariat's 
new Assistant Director, Dr. Tatara. 

Commissioner Pautzke reviewed briefly his com
ments made at the closing session of the Fourteenth 
Annual Meeting, at which the Commission had made 
some progress in extending its program of research 
to groundfish stocks in the northeastern Pacific, in 
arriving at a new understanding of its role in research 
on the king crab stocks of the eastern Bering Sea, and 
in reaching agreement on recommendations for regula
tion of the 1968 halibut fishery in the eastern Bering 
Sea. The Commission had failed, on the other hand, 
to make any progress in other problems of great con
cern to the United States. One such problem is that 
of the salmon runs of Bristol Bay. Two very poor 
seasons have been experienced by the United States 
salmon fishery in Bristol Bay ; the 1968 commercial 
fishery was disastrous, as was that of 1967. The 
inshore run of sockeye in 1968 failed even to measure 
up to the meager expectations. In the interests of 
conservation, and in accordance with the objectives 
of the Convention, United States management in 1968 
required great sacrifices from fishermen in Bristol 
Bay. The Kvichak district, which normally is the 
most important in the area, was completely closed 
throughout the normal sockeye salmon fishery. Of a 
total inshore run to Bristol Bay of about 8.0 million 
fish, the commercial fishery was permitted only about 
2. 7 million. The 1969 Bristol Bay salmon forecast is 
more optimistic-about 20 million fish. At least 9.0 
million of these fish must be allowed to escape for 
conservation purposes. It is important that these ex
pectations not be blighted by the effects of the high 
seas fishery. The United States hopes that the Japa
nese Government will consider all these factors in 

planning 1969 fishing operations. The United States 
continues to maintain that a high seas fishery for 
salmon is wasteful and contrary to good management 
as well as to good conservation practices. This view 
is supported by evidence which the United States 
continues to develop, such as the dropout rate from 
gillnets of salmon caught on the high seas. 

The United States was pleased to note that no 
salmon fishing was conducted by Japan in 1968 off 
the Chukchi Sea coast of Alaska. The resumption of 
such a fishery would have damaging effects on salmon 
stocks which are the principal means of subsistence of 
inhabitants of northern Alaska. The lack of serious 
research on the origin of chum and chinook salmon 
taken by the high seas fishery in the central and 
northern Bering Sea continues to concern the United 
States Section, since the condition of these stocks 
bears directly on the livelihood of inhabitants of 
western Alaska. 

With regard to halibut in the eastern Bering Sea, 
Commissioner Pautzke noted that at the 1967 meeting 
evidence had indicated a reversal in the decline of 
halibut stocks in the area which could be attributed 
to the beneficial effects of conservation measures re
commended by the Commission. New evidence in
dicates that stocks of halibut in the Bering Sea again 
are declining. The Commission must address itself 
quickly to this problem of serious consequence. More 
important, a decline in halibut resources in the north
eastern Pacific area is apparent, the reasons for which 
are not understood fully but may be associated with 
incidental halibut catches in the large trawl fisheries 
in the northeastern Pacific and the Bering Sea. The 
Commission must determine as quickly as possible the 
cause or causes of this downward trend. The United 
States has pointed out at earlier meetings its serious 
concern over expansion of trawl fisheries to areas 
where halibut, particularly young halibut, are found. 
The incidental catches of juvenile halibut by trawl 
fisheries are especially disturbing to the United States 
and are believed to be a significant factor in the decline 
of the resource. The effect of these fisheries on the 
halibut stocks must be determined and every effort 
must be made to collect and analyze data which will 
provide an answer to the decline so that it can 
be reversed. In this connection, the United States 
will propose that the Commission undertake, in co
operation with the Halibut Commission, a joint 
monitoring program in the Bering Sea to sample the 
incidence of halibut, particularly juvenile halibut, in 
commercial trawl catches. Certain other aspects of 
the incidental catch of halibut in the trawl fishery 
the Gulf of Alaska also were noted. Although the 
incidental catch of halibut by any one vessel in any 
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one tow may be small, multiplication of these small 
quantities by the total fishing effort results in a large 
sum total. These incidentally-caught halibut must 
be discarded under the terms of the Convention. Evi
dence indicates that halibut often are not discarded 
until they are no longer viable. The United States 
wished to stress that the vessel observer program had 
provided valuable information on the effects of the 
trawl fishery on the halibut stocks and recommended 
strongly its continuation and expansion. 

With respect to king crab resources of the eastern 
Bering Sea the United States was disturbed over the 
continued deterioration of the resource. Stocks have 
shown a continuous decline since the inception of the 
fishery despite imposition of catch quotas and other 
regulatory measures. It is obvious that the present 
conservation measures are inadequate and this in
adequacy must be called to the attention of the Con
tracting Parties. The United States Section was 
confident that the governments currently party to 
the bilateral arrangements for king crab will act on 
the Commission's research findings in their discussions. 
The decline in king crab resources has increased at
tention on the tanner crab. Japan has been expend
ing considerable effort for this species in the Bering 
Sea. United States fishermen also are turning in
creasingly to the tanner crab resource as a result of 
king crab being less available. Incidental catches of 
king crab and tanner crab by the trawl fisheries may 
be having an effect on these resources. 

There are a number of problems confronting the 
Commission and various ways in which its programs 
could be improved. Commissioner Pautzke wished 
to leave no doubt of the high esteem for the Commis
sion held by the United States. The United States 
considers the Commission a valuable forum for dis
cussion and solution of problems of mutual concern. 
Over the years the Commission has built an impres
sive record of studies and consequent actions regarding 
important fishery resources of the North Pacific-a 
record which commands worldwide respect. The 
United States Section looked forward to a profitable 
week of discussions in the atmosphere of understanding 
and mutual respect which had become characteristic 
of the Commission's annual meetings. 

The Chairman of the Commission, Mr. Edward W. 
Allen of the United States, addressed the session. 
Chairman Allen stated that the session had heard 
with pleasure the representatives of the three nations 
which created the International North Pacific Fisheries 
Commission. He noted that despite huge estimates 
of the total fishery content of the oceans and enormous 
increases in world fishery production, fishery con
sumption was increasing at a rate beyond that of the 

population explosion. Total figures of fish produc
tion include large amounts of fish meal and fish flour. 
Some consumers still prefer to eat fish rather than 
fish powder, and estimates of the amount of fish life in 
the oceans, and even of the catches, can be misleading. 
Conservation management of the edible fish continues 
to be vital. 

Two general concepts involved in ocean fishery 
management are conservation and production. They 
are interrelated, can be antagonistic, but also are 
susceptible to coordination. Conservation at one time 
meant preservation ; currently it means proper utili
zation for maximum sustainable yield. Maximum 
sustainable yield is obtaining as great production at 
present as is compatible with future maintenance of 
the stock at its highest sustainable productivity. 
Fishery science has progressed to the point where it 
can be ascertained with reasonable accuracy whether 
an ocean fishery has been overfished and whether it is 
physically susceptible to restoration and maintenance. 
A reasonable degree of accuracy rather than perfec
tion is all that should be required when dealing with 
matters so inevitably subject to natural variations. 
Determining what should be done is simple compared 
with actually doing it, for at this point the problems 
become jurisdictional, diplomatic, and economic. 

The northeast Pacific halibut fishery has been pur
sued by fishermen from two nations which operate as 
one under an international commission which had full 
control until recently over the entire fishery. Fisher
men of the two nations were practically interchange
able in character and equipment. This resource, 
which had been depleted prior to cooperative scientific 
management, was brought up to maximum sustain
able yield and, with reasonable variations, maintained 
in that condition until recent outside influences re
duced complete control and now threaten the per
manency of the resource. The Fraser River salmon 
resource has been controlled successfully, in part at 
least because of protection of the Tripartite Treaty. 
It is hoped that this protection will continue. There 
are other commissions functioning at the present time 
with some degree of success. Some are having 
trouble, not because oflack of information but because 
of divergent national interests preventing adequate 
control. The conclusion seems inevitable-if there 
is to be effective fishery conservation there must be 
adequate control over the fishery. 

Three ways of achieving this control can be sug
gested. First, universal control vested in some central 
body such as FAO, which sounds attractive, but it is 
doubtful that any successful fishing nation would trust 
all its present national ocean fisheries to the business 
or political management of the United Nations. 
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Secondly, unified enforceable multilateral control by 
the nations concerned in a specific fishery, a method 
which has some advantages, but the fact that non
parties to the treaty are not bound thereby and the 
experience of the whaling treaty render reliance on 
this method improbable. The third method is ex
tended coastal fishery control. This method has the 
great advantage of operational feasibility and perma
nency. It is not a perfect answer, but it is recognized 
that perfection is unobtainable and that any method 
adopted would be a compromise. No matter how 
far offshore the protection is extended, some resource 
beyond the limit might be unprotected. There also 
is the possibility that some fishery resource within 
the limit of protection might be unutilized, particularly 
if there is no demand for its products. There might 
be a willful desire by one group, sport or commercial, 
to obstruct the prosecution of some fishery. One 
advantage of the method is that adjacent coastal 
nations could enter into conservation treaties for re
sources which span their borders with the knowledge 
that outsiders would have no right to interfere with 
the local treaty protection. The farther out the pro
tection is extended the more adequate it would be. 
There would be every incentive for coastal nations 
to practice conservation as it would be to their ad
vantage to do so. Fisheries not protected might be 
dealt with by multilateral treaties, although lack of 
control would render this less efficient. Some pre
sently unrestricted operations would be curtailed but 
the world at large would benefit by production being 
assured oflong term conservation management. Each 
coastal nation would be free to consider the economic 
aspects of its fisheries as well as the application of 
maximum sustained yield. 

Chairman Allen reiterated his statement of six years 
ago--that ocean fisheries should not be deemed to 
exist merely for the benefit of fishermen and cannery 
operators, but should be considered to be a great 
trust for the human race. Hence, even though some 
inconvenience might be experienced in initiation of a 
method of control as suggested, such a system should 
be adopted as it would most likely assure application 
of sound and permanent conservation management. 

6. PROCEDURES 

The Commission continued without change proce
dures followed at past annual meetings. The first 
plenary session was open to the press and the public. 
Other plenary sessions and meetings of the Commis
sion's standing committees were open only to 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 ; one 
in camera session was held at the Fifteenth Annual 
Meeting. Commissioners D. F. Miller of Canada, 
Y. Ohkawara of Japan, and F. P. McGinnis of the 
United States were named to work with the Secretariat 
in preparing information for the press. Minutes and 
reports of sessions of the Commission and its com
mittees were drafted by the Secretariat or by members 
of the delegations who were assigned the task. Draft 
minutes or reports were reviewed, corrected, and ap
proved 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. 
Edward W. Allen of the United States at the opening 
plenary session as the Chairman's report to the Com
mission for 1968. 

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 Committee on Finance and Administration : 

i. Auditors' report for the fiscal year ended June 30, 1968. 
ii. Budget estimate for the fiscal year beinning July 1, 1969, 

and budget forecast for the fiscal year beginning July 1, 1970. 
iii . Report of the Executive Director for 1968. 
iv. Comments on the form and nature of the reports submitted 

by Canada and the United States in 1968 under the provisions of 
Articles III (I) (c) (iii) and X (2) of the Convention. 

Final disposition of these reports by the Commis
sion 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 1. Commissioner Donovan F. 
Miller of Canada was Chairman. Recommendations 
made by the Committee and adopted by the Commis
sion 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, 1968, was 
$68,832.97 (Canadian funds). The auditors' report is Appendix 
3 of this report. 

ii. The Committee recommended that the sum of $4,500, 
representing an excess of income over expenditure in the 1967/68 
fiscal period, be deposited in the Commission's working capital 
fund. 

iii. The Committee recommended that the use or disposition 
of the working capital fund, which now totals $18,000, be reviewed 
fully at the next annual meeting. 
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iv. The Committee recommended that a budget totalling 
$72,000 (Canadian funds) be adopted for the fiscal year beginning 
July I, 1969. 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, 1969, and January I, 1970. 

v. The Committee presented to the Commission a budget 
forecast totalling $72,000 (Canadian funds) for the fiscal year 
beginning July I, 1970. The budget forecast is provided for the 
guidance of the national sections and is not to be considered for 
adoption until the Sixteenth Annual Meeting, in 1969. 

vi. The Committee recommended increases in the current 
salaries of the Executive Director and Assistant Director effective 
July I, 1968, and March I, 1968, respectively. 

vii. The Committee reviewed the Report of the Executive 
Director for 1968 and recommended its acceptance by the Com
mission. 

viii. The Committee reviewed a report entitled, " Comments 
on the form and nature of the reports submitted by Canada and 
the United States in 1968 under the provisions of Articles III (I) 
(c) (iii) and X (2) of the Convention", and recommended its 
acceptance. The report, prepared annually by the Executive 
Director, is an evaluation of reports which the Convention requires 
Canada and the United States to submit each year on measures 
taken for conservation of the stocks under abstention and enforce
ment of those measures. 

ix. The Committee recommended that the following interna
tional organizations be invited to send observers to the Commis
sion's 1969 Annual Meeting: 

International Pacific Halibut Commission 
International Pacific Salmon Fisheries Commission 
International Commission for the Northwest Atlantic Fisheries 
Inter-American Tropical Tuna Commission 
Inter-Governmental Oceanographic Commission 
Food and Agriculture Organization of the United Nations 

x. The Committee recommended that the Commission issue 
a formal request for the services of International Pacific Halibut 
Commission biologists as consultants at the 1969 Annual Meeting. 

xi. The Committee recommended that the Commission leave 
the matter of designating INPFC observers to various international 
meetings to which the Commission is invited, or declining such 
invitations, to the discretion of the Chairman, with the under
standing that the Chairman will inform the Commission as soon 
as pos~ible of any actions taken in this respect. 

xii. The Committee suggested that the Executive Director 
prepare for review at the 1969 Annual Meeting a five-year forecast 
of the Commission's budget requirements. 

xiii. The Committee recommended that the first plenary 
session of the Sixteenth Annual Meeting of the Commission be 
held on November 3, 1969, at Vancouver, Canada. The Com
mittee also recommended that the Seventeenth Annual Meeting 
be held at Tokyo, Japan, commencing on November 2, 1970. 

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 stock 
will not provide a substantial increase in yield which 
can be sustained year after year; (2) the exploitation 
of the stock is limited or otherwise regulated through 
legal measures by each Party which is substantially 
engaged in its exploitation, for the purpose of maintain
ing or increasing its maximum sustained productivity, 
such limitations and regulations being in accordance 
with conservation programs based upon scientific re
search; (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 par
ticipated 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 fish
ing 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 re
commending the confirmation or the shifting of the 
provisional line. In order to arrive at a recommenda
tion, the Commission is required to investigate the 
waters of the Convention area to determine if there 
are areas in which salmon originating in the rivers of 
Canada and of the United States of America inter
mingle with salmon originating in the rivers of Asia. 
If such areas are found, the Commission is required 
to conduct suitable studies to determine a line or lines 
which best divide salmon of Asiatic origin and salmon 
of Canadian and United States origin and to determine 
whether it can be shown beyond a reasonable doubt 
that this line or lines more equitably divide such 
salmon that the provisional line. Any recommenda
tion 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 prac-
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ticable. At its Fifteenth Annual Meeting (1968), 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 1968 

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

At the Fifteenth Annual Meeting (1968), 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 relation 
to high seas salmon studies, and a third was concerned 
with planning of future salmon research. 

1. New information on distribution and origin of salmon 

The following statements are taken verbatim from 
the report of the Sub-Committee on Salmon. They 
summarize the new information on distribution and 
origin obtained from the Commission's research pro
gram in 1968. 

Sockeye Salmon. A sockeye tagged at 50°04'N, 
179°59'W on May 8, 1967, by Japan was recovered 
in East Kamchatka on July 8, 1967. This is the 
easternmost point that a maturing sockeye salmon has 
been tagged and later recovered from Asia. 

Chum Salmon. A chum tagged in the northern Gulf 
of Alaska at 59°37'N, 14l 0 27'W on August 8, 1965, 
by the United States and classified as .0 age was 
recovered in the Strait of Juan de Fuca on September 
16, 1968. Assuming that this fish was approaching its 
stream of origin this recovery indicates a migration of 
about 1,000 miles to the northwest by August 8 of its 
first summer at sea. 

Pink Salmon. No new information on the distribu
tion and origin of pink salmon was reported. 

Coho Salmon. A coho tagged at 54°40'N, 160°l2'W 
in 1967 by the United States was recovered in Cook 
Inlet in 1968. This recovery extends the known range 
of immature Cook Inlet coho by 4° of longitude to the 
west. 

Chinook Salmon. Two chinook salmon tagged in the 

northern Gulf of Alaska at 59°22'N, l40°W by the 
United States on August 13, 1966, and classified as 
.0 age, were recovered in the Columbia River, one in 
1967 and one in 1968. These recoveries extend the 
known range of age .0 Columbia River chinook during 
their first summer at sea. A chinook salmon tagged 
in the northern Gulf of Alaska at 58°32'N, 137°43'W 
on August 6, 1965, by the United States and classified 
as age .1 was recovered in the Columbia River on 
March 1 7, 1968. This recovery extends the known 
northward range of .1 age Columbia River chinook 
salmon. 

n. Results ~~oceanographic research in 1968 

Reports on research conducted by the three coun
tries in 1968 and analyses of previously collected data 
were reviewed by the Sub-Committee on Oceano
graphy. The increasing number of documents utiliz
ing oceanographic data to aid in the interpretation of 
the distribution and abundance of salmon was en
couraging to the Sub-Committee on Oceanography. 
However, lack of uniformity in use of oceanographic 
terms sometimes leads to misinterpretation of results. 
The Sub-Committee agreed to review the terminology 
used in INPFC Bulletin No. 13 and ascertain if the 
definitions are adequate to describe the specific en
vironments considered at this time to have an effect 
upon salmon, or if modifications are required. It was 
noted that no specific action had been taken on the 
Sub-Committee's 1965 recommendation to review the 
current research on the distribution and abundance of 
salmon in relation to the oceanographic environment. 
The Sub-Committee decided to discuss past work 
dealing with such relationships in detail at the 1969 
Annual Meeting. 

8(d) Research Plans for 1969-Salmon and Ocean
ography 

Tentative plans for research in 1969 were submitted 
to the Commission by each national section and were 
reviewed by the Sub-Committee on Research Plans. 
The Sub-Committee discussed exchange of samples 
and personnel in 1969. The United States expressed 
satisfaction with the coordinated research undertaken 
with research vessels of Japan south of the Aleutian 
Islands in the spring of 1968. The United States 
wishes to continue this coordinated research, provid
ing funds, personnel, and equipment are available. 
The following summaries of research plans are based 
on the report of the Sub-Committee. 

1. Canada 

During 1969, analyses aimed at assessing the use
fulness of high seas longline catch per unit effort data 
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as indices of the abundance of specific salmon runs 
will be continued. Although no further field work 
is contemplated, limited studies will be conducted to 
fill some gaps in knowledge of the distribution of 
salmon parasites in North American sockeye stocks 
(as an aid to identifying the origin of sockeye caught 
on the high seas). Oceanographic research in 1969 
will include : the oceanographic programs at Ocean 
Station P and along Line P carried out during alternate 
six-week periods from one weathership will be con
tinued and will be phased into the second weathership 
in January 1969 ; data processing will be speeded 
up by the installation of a shipboard computer; 
physical-chemical studies of the waters off the British 
Columbia coast will be continued, with two 3-week 
cruises planned--one in spring and one in autumn ; 
in conjunction with the physical-chemical studies, 
buoys with temperature and current meter recorders 
will be moored on the continental shelf off Vancouver 
Island ; daily temperature and salinity observations 
will be continued at the light stations, and spectral 
analyses of past data are planned ; mass transports 
for the North Pacific Ocean will be published; publi
cation of weekly charts defining the structure will be 
continued (by the Maritime Forces Weather Center); 
and a trans-Pacific biological oceanographic cruise is 
planned for March-May to study the timing and levels 
of production across the Subarctic Pacific, using 
automated equipment. 

ii. Japan 

Research by Japan in 1969 will include collection 
of catch and biological data aboard the motherships 
operating on the high seas. Research vessels will 
study salmon distribution, conduct tagging experi
ments and record oceanographic conditions in the 
northwest Pacific, the Bering Sea, and the Okhotsk 
Sea. These investigations will take place (1) in winter 
and spring in the northwest Pacific, to study the winter 
distribution of salmon and forecast the abundance of 
salmon runs in the coming spring; (2) during spring 
and summer in waters where no commercial fishing 
takes place (including the Okhotsk Sea, the Bering 
Sea, and the North Pacific Ocean), to study salmon 
distribution; (3) in autumn in the Bering Sea and 
northwest Pacific, to investigate distribution of im
mature salmon and their migration patterns and to 
forecast the abundance of runs in the coming year. 
Oceanographic investigations will be made by the 
motherships and research vessels. Plankton and 
larvae will be collected by a specified research vessel. 

111. United States 

During 1969 the United States will continue in-

vestigations of salmon distribution in relation to ocean
ographic features, and sampling and tagging of im
mature salmon. Investigations will continue on 
physiological studies on salmon, the maturity schedule 
of salmon, and means of separating races of salmon. 
A winter cruise is planned during January 10 to 
February 28 along longitudes 155°W and 162°W. 
The major objective will be to relate salmon distribu
tion to environment and in particular to confirm that 
maturing Bristol Bay sockeye salmon are associated 
with the Alaskan Stream and Alaskan Gyre at this 
period. A spring cruise will be made south of the 
Aleutian Islands to study distribution of maturing 
sockeye salmon as related to oceanic currents and 
water masses, and to assess relative abundance of 
stocks from east to west. During a summer cruise 
fishing with gillnets will be conducted south of Adak 
Island during July 1 to August 15 to relate salmon 
distribution to ocean currents and water masses. 
Research efforts will be concentrated on sampling and 
tagging immature sockeye salmon in the central Aleu
tian area. Joint purse seine and gillnet operations are 
planned, as well as comparative fishing with paired 
purse seine sets. Efforts will be intensified to recover 
tags placed on .0 age juveniles in 1968 and earlier. A 
research vessel will fish longline gear in coastal waters 
off Southeastern Alaska from June 10 to July 31 for 
the third consecutive year. The objective of this 
operation is to provide data for short-range forecast
ing, timing and entry patterns of salmon runs in the 
area. Gillnetting operations on the north side of the 
Alaska Peninsula from June 10 to July 10 will be 
conducted to provide an estimate of age composition 
and abundance of Bristol Bay sockeye. Oceano
graphic conditions in the Aleutian area will be moni
tored during fishing cruises. A concerted attempt will 
be made for the first time to forecast oceanographic 
conditions in order to permit optimum selection of 
fishing locations. Data provided by systematic bio
logical sampling south of Adak Island will be ex
trapolated over the Subarctic Region to get an estimate 
of biomass. The result will be compared to an 
estimated annual food consumption of salmon in an 
attempt to ascertain how large a population can be 
supported. A new semi-automatic machine for read
ing scales will be used in an effort to speed up scale 
reading, and broaden and refine the application of 
scale studies to identification problems, with emphasis 
on identification of immature sockeye. Identification 
by differences in the chemical composition of calcified 
body parts will continue to be evaluated. Juvenile 
pink salmon obtained by purse seine in 1966, 1967, 
and 1968 will be examined by meristic and morpho
metric techniques in an attempt to identify area of 
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origin. Variations in frequencies of lactate dehydro
genase (LDH) patterns in sockeye will be studied to 
determine if the distribution of LDH variants can be 
used as a method to separate stocks of salmon in a 
single river system and/or in different systems. The 
search for other isozyme systems which may be genetic 
markers applicable to racial studies of salmon will be 
continued. Work will continue on standardizing the 
bioassay method, on purifYing and characterizing the 
active gonadotropic principles from pituitaries, and 
on methods of evaluating and using the results. 
Studies on stress physiology will continue. Initial 
investigations of the effects of various pituitary hor
mones on the physiology of salmonid fishes are 
planned. Experimental fishing at depth with gillnets 
will be carried out during winter, spring, and summer 
cruises to investigate vertical distribution of salmon. 
Physiological studies on juvenile salmon in the Puget 
Sound area will be continued to observe tagging stress 
and estimate survival of tagged fish. Laboratory 
analysis of samples collected in the area in 1968 and 
earlier will be continued to determine feeding habits. 

8 (e) Abstention on Salmon 

As noted in Section 8 (a) of this report, "Back
ground ", the Convention requires that the Commis
sion consider annually whether the salmon stocks listed 
in the Annex to the Convention continue to meet the 
qualifications for abstention by Canadian and Japa
nese fishermen. At each annual meeting since 1958 
the Commission has considered this question, and 
each year there has been no agreement as to whether 
salmon stocks under abstention continue to qualify. 
At the 1968 meeting of the Ad Hoc Committee on 
Abstention, Japan continued to maintain that the 
Commission should recommend removal from absten
tion of all stocks listed in the Annex. Canada re
affirmed 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 continued to hold 
the view that the scientific data presented in its ab
stention documents over the years demonstrate clearly 
that all requirements for abstention on salmon stocks 
have been met. The conclusion reached by the 
Commission, as entered on the record of the third 
plenary session of the Fifteenth Annual Meeting 
(1968), is as follows: 

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

Since Sections 1 (c) and 2 of the Annex refer to 
salmon, the effect of the above conclusion is that there 
will be no change in the salmon stocks under absten
tion in 1969; all salmon east of l75°W will remain 
under abstention by Japan, and Canada will continue 
to abstain from fishing salmon in the eastern Bering 
Sea. 

8 (f) Salmon Conservation Resolution 

At the Fifteenth Annual Meeting (1968), 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 United 
States 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 United States salmon 
stocks is adversely affected by the operations of the 
high seas salmon fishery west of the provisional ab
stention line. The large body of data gathered since 
the Commission first began its consideration of this 
problem has strengthened, rather than undermined, 
the United States position. The United States strong
ly urged that the operation of the high seas fishery be 
carefully planned so as to avoid the taking of salmon 
of North American origin. The United States also 
reiterated its concern over the utilization of immature 
salmon in the mothership fishery and the fishing of 
mature and immature chinook and chum salmon in 
the central and northern Bering Sea. 

The Japanese spokesman reiterated the position of 
the Japanese National Section-that Japan has the 
right to catch salmon of any origin in the area 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 repro
duction of the salmon stocks of Bristol Bay. Japan has 
a serious interest in the conservation of Bristol Bay 
sockeye salmon and is prepared to make the necessary 
efforts to this purpose, but if joint conservation meas
ures on Bristol Bay sockeye salmon are to be con
sidered by the Commission they should be on an 
equitable and rational basis irrespective of an absten
tion line. Japan did not feel that the United States 
had cause for worry about the catch of immature 
salmon since the amounts involved in the total catch 
of the Japanese mothership operations were small. 

The Canadian spokesman informed the Commis
sion that the views of the Canadian National 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 subject to well developed management and well 
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developed fisheries inshore. Canada believes that 
the salmon fisheries in North America have well de
veloped 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 trans
mittal to the governments of the member countries: 

In view of the results of scientific investigations to date as con
tained in the reports of the Committee on Biology and Research 
and in accordance with the objective of conservation of fishery 
resources of the North Pacific Ocean, as expressed in the Interna
tional Convention for the High Seas Fisheries of the North Pacific 
Ocean, the International North Pacific Fisheries Commission 
respectfully recommends to the Governments of the Contracting 
Parties that full consideration be given to the conservation needs 
of these fisheries resources in the area of common concern when 
preparing fishing regulations for future operations. Further, it 
is essential that special attention be given to implementation of 
adequate conservation regulations (patterns of fishing activities) 
with respect to the stocks of salmon. 

In concurring in the adoption of the resolution the 
United States spokesman stated that in the United 
States view the resolution did not constitute the kind 
of action which was needed, and that it was the very 
minimum action the Commission could take. The 
United States spokesman further stated, in response to 
an earlier Japanese statement on the Commission's 
interest and responsibilities regarding salmon of North 
American origin west of the provisional line, that in 
the United States view the provisions of the North 
Pacific Convention are intended to apply to salmon 
of North American origin wherever found and that 
accordingly Japan should abstain from fishing such 
salmon in any part of the Convention area. 

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 fisher
men were to abstain from fishing. In the years since 
the Convention was drawn up, Japan has developed 
fisheries for groundfish species in the eastern Bering 
Sea and in the Gulf of Alaska. The Commission has 
had to consider the possible effects of these fisheries on 
the halibut stocks, in the light of Japan's obligation 
under the Convention to abstain from fishing halibut. 
This problem has been complicated by initiation of 
groundfish operations in the same areas by the Soviet 
Union which, not being a signatory of the Conven
tion, is under no obligation to inform the Commission 
concerning its operations. 

At its 1962 Annual Meeting, the Commission de
termined that halibut of the Bering Sea off the North 

American coast did not meet the conditions for absten
tion. Upon the Commission's recommendation, the 
three member governments agreed to remove this stock 
from the Annex, so that after May 8, 1963, Japanese 
fishermen no longer were required to abstain from 
fishing for halibut in the eastern Bering Sea. This 
action placed upon the Commission for the first time 
the responsibility 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 recom
mendations have been developed at the regular annual 
meeting. The conservation measures applied in 1968 
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 Fifteenth Annual Meeting (1968) 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 from 
fishing halibut east of 175°W. 

9 (c) The 1968 Halibut Fishery in the Eastern 
Bering Sea 

In 1968 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. No halibut were re
tained by Japan. Canadian and United States 
vessels, fishing exclusively for halibut with setline 
gear, took 1,222,346 pounds (preliminary figure). 
All provisions of the regulations for the 1968 fishery 
for halibut were identical to those of 1967. 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: 
Area B: 
Area C: 
Area D: 
Area E: 

April 3-1 7 (longline gear only) 
September 1-10 (longline gear only) 
March 29-April 22 (longline gear only) 
March 29-June 20 
Closed at all times 
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As in previous years, retention of halibut 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. The Canadian and United States 
catch mentioned above was taken from Area A 
(510,950 pounds), Area C (367, 755 pounds), and 
Area D (343,641 pounds). There was no catch in 
Area B. 

9 (d) Results of Research on Bering Sea Groundfish 
in 1968 

At the Commission's Ninth Annual Meeting (1962), 
a Sub-Committee on Bering Sea Groundfish was 
established. This sub-committee met during the two 
weeks immediately preceding the 1968 Annual Meet
ing and worked under the following terms of reference: 
(1) to study results of the commercial fisheries and 
research on groundfish in the Bering Sea for the 
purpose of developing information to assist in formulat
ing conservation measures for halibut in the eastern 
Bering Sea, and (2) to consider further the needs for 
research. The Sub-Committee's findings were ex
pressed as follows in the summary of its report : 

As has been the case in the past, timing of the meeting does not 
permit complete reporting of the current year's fishing. Accord
ingly, data for 1968 are incomplete and can be treated only in 
a preliminary manner, while data for 1967 are in a form suitable 
for complete reporting. No information is available on catches 
by the Soviet fishery in 1967 or 1968. 

In 1967, 14 Japanese motherships (184 catcher boats) and two 
independent trawlers fished for groundfish, shrimp, and herring 
in the Bering Sea. The total catch (round weight) for the 
"fishing year" (November 1966-0ctober 1967) amounted to 
739,000 m.t. (1.6 billion lbs), or 59% more than in the comparable 
1966 " fishing year ", the increase being mostly from pollock. 
The principal contributors to the catch were pollock, yellowfin 
sole, herring, Pacific cod, and Pacific ocean perch. 

In 1967, landbased trawlers operated in Bering Sea, in addition 
to the mothership fleets and independent trawlers dealt with 
above. This landbased fishery took 4,409 m.t., or 9,720,037lbs, 
of halibut in 1967 in the western Bering Sea west of 175°W. 
Records for species other than halibut are not available for review 
this year. 

Preliminary information for 1968 (through August) indicates 
that 12 mothership fleets (181 catcher boats, 226 licensed), plus 
30 licensed independent trawlers, were in operation between 
January and August in the Bering Sea. The total catch (round 
weight) during this period was 746,000 m.t. (1.6 billion lbs) which 
represents an increase of 16% over the same period in 1967. 
The principal contributors to the catches were pollock (563, 
000 m.t.), Pacific ocean perch (43,000 m.t.), Pacific cod (41,000 
m.t.), and yellowfin sole (36,000 m.t.). Eighty-seven percent of 
the total catch was taken east of 175°W. The Japanese halibut 
landings to August were 1,271 m.t., nearly same as in 1967. 

In 1968 (to September 30), the North American catch of halibut 

in the Bering Sea was 555 m.t. (1.22 million lbs)---dressed weight 
-about one-third less than in 1967 (880 m.t., or 1.91 million lbs). 
All catches were made with setline gear, and only 2 m.t. (4,400 lbs) 
were taken west of 175°W (14 m.t. in 1967). The 1968 (to 
August) Japanese catch of halibut (exclusive of the landbased 
fishery) in the Bering Sea was 952 m.t. (2.09 million lbs), com
pared with 882 m.t. (1.94 million lbs) in 1967. (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 1967 and 1968Japanese 
catches were taken with setlines, trawls, and Danish seines, entirely 
from the region west of 175°W. Virtually all of the catch in 1967 
and 1968 was taken between 17 5 ow and 180°. The 1968 records 
of the Japanese landbased fishing vessels are not available yet. 
Likewise, no records of Soviet Union halibut catches are available 
at this time. 

Catches made by North American setline vessels in the con
servation areas east of 175°W in 1968 (through September 30) 
are as follows: Area A-231 m.t. (0.511 million lbs), Area G---
167 m.t. (0.368 million lbs), and Area D (e)-154 m.t. (0.340 
million lbs). There was no catch in Area B. Catches from these 
four areas in 1967 were as follows: Area A-587 m.t. (1.297 
million lbs), Area B-6 m.t. (0.014 million lbs), Area G---200 m.t. 
(0.442 million lbs), and Area D (e)-278 m.t. (0.612 million lbs). 

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

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 Com
mission in formulating conservation measures for halibut of the 
eastern Bering Sea in 1969. 

9 (e) Conservation Measures for Bering Sea Halibut 
in 1969 

The Commission adopted a set of recommendations 
for conservation measures to be applied by the member 
countries to their eastern Bering Sea halibut fisheries 
in 1969. The Commission's recommendations for the 
1969 season were similar in content to those adopted 
for the 1968 season. Recommendations for conserva
tion measures adopted for transmittal to the Contract
ing Parties were as follows : 

I. That the area within which these joint conservation meas
ures shall apply is that portion of the Bering Sea lying east of the 
meridian of 175°W. This area shall be subdivided as follows: 
AREA A : That portion of the Bering Sea bounded by a line 

connecting Cape Navarin and the northern tip of 
Cape Sarichef on Unimak Island; the meridian of 
170°W ; and a line connecting said northern tip of 
Cape Sarichefwith a point on the meridian of 170°W 
at 54°N. 

AREA B : That portion of the Bering Sea bounded by the 
Aleutian Islands; the meridian of 170°W; and a line 
connecting the northern tip of Cape Sarichef on 
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Unimak Island and a point on the meridian of 17o•w 
at 54°N. 

AREA C : That portion of the Bering Sea bounded by the 
Aleutian Islands ; the meridian of 175•w ; that 
portion of the line connecting Cape Navarin to the 
northern tip of Cape Sarichef on Unimak Island be
tween 175°W and 17o•w ; and the meridian of 
17o•w. 

AREA D : That portion of the Bering Sea east of the meridian of 
175°W and north of a line from Cape Newenham to 
the intersection of a line from Cape Navarin to the 
northern tip of Cape Sarichef on Unimak Island with 
the meridian of 17o•w, and a line from this point to 
the intersection of the meridian of 175°W with the 
line from Cape Navarin to the northern tip of Cape 
Sarichef on Unimak Island. 

AREA E : That portion of the Bering Sea bounded on the north 
by a line from Cape Newenham to a point at 57°15'N, 
J7o•w, on the west by the eastern boundary of Area 

A and on the south and east by the Aleutian Islands 
and the Alaska Peninsula. 

2. That the period within which these measures shall apply is 
from 0000 hours on March 25, 1969, to 2400 hours on March 24, 
1970. All times mentioned shall be local standard time. 

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

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

5. Within Area A the retention of halibut by vessels fishing 
with longline gear shall be permitted during a period beginning 
at 1500 hours on April 3, 1969, and terminating at 1800 hours on 
April 15, 1969. 

6. Within Area B retention of halibut by vessels fishing with 
longline gear shall be permitted during a spring period beginning 
at 1500 hours on April 3, 1969, and terminating at 1800 hours on 
April 15, 1969, and during a fall period beginning at 1500 hours 
on September I, 1969, and terminating at 1800 hours on Septem
ber 13, 1969. 

7. Within Area C the retention of halibut by vessels fishing 
with longline gear shall be permitted during a period beginning 
at 1500 hours on March 29, 1969, and terminating at 1800 hours 
on April 22, 1969. 

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

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

10. Within Area D retention of halibut by any fishing vessel 
of any of the Contracting Parties shall be permitted during a 
period beginning at 1500 hours on March 29, 1969, and terminat
ing at 1800 hours on June 20, 1969. 

II. Notwithstanding the provisions of item 10 above, Area 
D shall remain open until 1800 hours on November 15, 1969, 
for exploratory and experimental fishing by vessels fishing with 
longline gear. The name of any such vessel entering the said 
waters after 1800 hours on June 20, 1969, shall be notified to the 

Commission by the party to which such vessel belongs prior to 
such entry. 

In relation to item II above, the Commission notes the opinions 
expressed by the chairmen of its three national sections that only 
a small number of vessels is expected to fish in Area Dafter June 
20, 1969. 

The Commission records that it is continuing to develop a 
research program to provide information which will extend and 
improve the scientific basis for the conservation of the groundfish 
of the Bering Sea. 

The Commission took note of the following domestic 
measures proposed by the national sections for conser
vation of halibut throughout the Bering Sea : 

1. The Government of Japan, as a domestic measure in 1969, 
intends to prohibit trawling of all kinds in an area defined 
as follows: 

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

2. The Government of Japan, as a domestic measure in 1969, 
intends to establish for 1969 a minimum size limit of 66 
centimeters for retention of halibut throughout the Bering 
Sea. 

3. The Government of Japan will take appropriate voluntary 
measures to remove alllongline gear from the water in the 
respective closed areas for a period of 48 hours prior to the 
respective opening dates of the halibut fishing seasons, al
though it involves difficulties both practical and legal to take 
such measures. 

4. The Government of Canada and the Government of the 
United States, as a domestic measure in 1969, intend to 
prohibit the retention of halibut by vessels fishing with any 
type of net trawl gear in the Bering Sea. 

The area divisions referred to above are shown in 
a map on page 11. 

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

Since 1963, Japanese vessels have been fishing in 
the Gulf of Alaska for groundfish and shrimp, primarily 
by trawling but to some extent by gillnetting and 
Danish seining. The Commission has considered 
annually the possible effects of this fishing on the 
halibut stocks of the area, which Japan is obliged to 
abstain from exploiting under the terms of the Con
vention. At the Fifteenth Annual Meeting (1968), 
the Commission again considered this subject. As 
information to guide its consideration, the Commis
sion had the report of its Gulf of Alaska Groundfish 
Committee, a group of scientists working under terms 
of reference requiring them, " to prepare joint, factual 
summaries of information on the distribution and 
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interrelationship of halibut and other groundfish in 
the Gulf of Alaska region, with the object of defining 
areas of halibut concentration and providing an as
sessment of the possible effects on halibut of trawl 
fisheries for other species of groundfish ". At its 1968 
meeting, the Committee received 20 documents from 
the national sections, dealing with operations of 
Japanese commercial vessels, operations of research 
vessels, reports of observers, and miscellaneous other 
items of information. The Committee's report con
tained the following summary and conclusions : 

(I) The Gulf of Alaska Groundfish Committee met prior to 
the 1968 Annual Meeting of the Commission. In accordance 
with the original terms of reference, the Committee studied further 
results of the fishery conducted by Japan in the northeast Pacific 
Ocean. 

(2) The additional term of reference adopted by the Commis
sion in 1967 for the Committee was discussed. The Committee 
decided to direct its initial studies to Pacific ocean perch. Plans 
were made to continue discussions by correspondence during 
1969. 

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

(4) In 1967, 29 stern trawlers, l side trawler, and l Danish 
seiner operated in the northeast Pacific Ocean. Approximately 
30 stern trawlers operated in this region through August 1968. 

(5) Stern trawler fishing effort in 1967 totalled 19,600 hours 
(12,000 in 1966), of which 98 % was with fish nets and 2% with 
shrimp nets. Side trawlers used only fish nets in 1967, whereas 
in 1966 they used mainly shrimp nets. Side trawl and Danish 
seine fishing effort decreased sharply from that in 1966. Fish 
net trawling effort also expanded geographically-southward as 
far as California-in 1967. Approximately 51% was expended 
in the Kodiak area and west, 25 % in the Yakutat and Southeastern 
areas, and 24% in the Charlotte area and south. 

(6) Total Japanese catch in 1967 was 107,132 metric tons 
(236,182,100 lbs), a 22,478 m.t. (49,554,800 lbs) increase over that 
in 1966. Principal species in the catch were: Pacific ocean 
perch, 76,575 m.t. (168,816,500 lbs)-72% ; pollock, 8,346 m.t. 
(18,399,500 lbs)-7.8%; blackcod, 5,821 m.t. (12,832,900 lbs)-
5.4%; and turbot, 4,733 m.t. (10,434,300 lbs)---4.4%. In 1966, 
Pacific ocean perch comprised 78% (66,155 m.t.). The 1967 
shrimp catch was 254 m.t. (0.2% of total catch), and approxi
mately one-half the 1966 catch. Preliminary data for 1968 
(through August) indicate a total catch of 83,285 m.t. (183,609,-
300 lbs) of which 75% (62,054 m.t., or 136,803,600 lbs) was 
Pacific ocean perch. 

(7) The Japanese Fisheries Agency reported the incidental 
catch of halibut by fish-net vessels was 106 m.t. (21,448 fish), 
compared with 71 m.t. (12,313 fish) in 1966. Shrimp-net 
trawlers' incidental catch of halibut was 0.1 m.t. (27 fish) in 1967. 
Shrimp net vessels did not report incidental catches of hal!but in 
1966. 

(8) During 1968, as in previous years, United States observers 
were aboard Japanese stern trawlers (fish net) in the northeast 
Pacific Ocean. Observations (366 hauls) were conducted in the 

Bowers, Atka, Shumagin, Yakutat, Southeastern, Charlotte, and 
Vancouver areas during April-September. Pacific ocean perch 
was the predominant species (77% by weight) in the observed 
catches. Overall incidence of halibut in the observed catches 
was 0.2% by weight, compared to 0.4-1.3% during 1964-67. 
Highest incidence recorded was 1.7% in the Yakutat area. Zero 
incidence (for data sets involving 15 or more hauls per area per 
quarter of year) was reported in the catches from Bowers, Char
lotte, and Vancouver areas. Viability index for discarded halibut 
was 55% in 1968 (53% in 1967). Preliminary estimates of large 
(~66 em) halibut which failed to survive, by year, in the Japanese 
stern trawl (fish net) fishery were: 69 m.t. in 1964; 94 m.t. in 
1965; and 214m.t. in 1966 (through September). 

(9) In 1968, a Japanese observer also was aboard Japanese 
stern trawlers (fish net) in the northeast Pacific Ocean. Observa
tions (173 hauls) were conducted in the Bowers, Atka, Shumagin, 
Chirikof, Kodiak, Yakutat, Southeastern, and Charlotte areas 
during July-September. Pacific ocean perch was the predomi
nant species (87% by weight) in the observed catches. Overall 
incidence of halibut in the observed catch was 0.5 % , by weight. 

(10) The International Pacific Halibut Commission tagged 
12,408 halibut during 1968 in the northeast Pacific Ocean from 
Vancouver Island to Unimak Island. Some halibut were re
covered in the Gulf of Alaska which were tagged in the Bering 
Sea. No recent information on recoveries of halibut tagged by 
IPHC in the Gulf of Alaska has been reported. Halibut tagged 
by the Fisheries Agency of Japan (1963 and 1964) in the Chirikof 
and Kodiak areas have been recaptured in the tagging areas and 
those immediately adjacent, but none have been recaptured in 
the Bering Sea. 

(II) Four research vessels conducted cruises in the Gulf of 
Alaska during 1968. These vessels were the Canadian vessel 
G. B. Reed and three IPHC-chartered commercial vessels (Karen 
T., St. Michael, and Harmony). The G. B. Reed completed a 
cruise, during April-June, in the Vancouver area principally for 
studies of rockfish maturity. Halibut incidence in the G. B. 
Reed catches was 0.6% (by weight, in total catch), compared with 
0.5% for the same area during February-April 1967. 

(12) Soviet trawlers were again active throughout the north
east Pacific Ocean. Ocean perch vessels were most numerous 
(20) off Alaska (eastern Gulf of Alaska) in January-February; 
off British Columbia in November-January, March, and July
September ; and off Oregon and Washington during spring and 
summer. Shrimp vessels (2-22) were observed only in the central 
Gulf of Alaska (Portlock Bank) and their activities extended from 
mid-February to mid-May. 

(13) A new area, Eureka, was defined which lies immediately 
south of the Columbia area, and extends from Cape Blanco, 
Oregon, to Cape Mendocino, California. 

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

(15) The Committee agreed to postpone planning for pre
paration of the proposed Gulf of Alaska groundfish bulletin. 

(16) The Committee made a number of requests to the Com
mission for additional information, including records of the 
Soviet trawl fishery. 

The Commission's discussions on effects of trawling 
on halibut in the Gulf of Alaska are reported in the 
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next section, which deals with effects of trawling in 
the Convention area as a whole. 

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. 

The United States Section requested that Japan 
provide information, summary, and analysis of size 
composition of all halibut caught by Japanese trawls 
in Area E of the Bering Sea. The United States 
spokesman informed the Commission that informal 
discussions had shown agreement could not be reached 
at this time on establishment of a joint (INPFCJIPHC) 
program of observation of incidental halibut catches 
in trawl fishing in the eastern Bering Sea. This topic 
had been included in the agenda under " other busi
ness", at the request of the United States. The 
request of the United States for information on trawl 
catches of halibut in Area E was made in lieu of the 
proposal for a joint monitoring program. The United 
States continued to urge the Commission to take more 
effective measures in the future to obtain data neces
sary to resolve the halibut problems. 

The Canadian spokesman expressed the concern of 
his section about the failure of the halibut stocks in 
the Bering Sea to respond to the Commission's con
servation measures. Data gathered in recent years 
have established the seasonal occurrence of large 
numbers of small halibut in the shallow southeastern 
portion of the Bering Sea which is referred to as Area 
E. From the detailed review of these data included in 
the report of the Sub-Committee on Bering Sea Ground
fish it appears likely that at certain times of the year the 
young halibut concentrated in Area E are available 
to trawl nets operated in the area for other species. 
It is known that a high proportion of halibut caught 
incidentally in trawl fisheries are not viable when 
returned to the sea. There can be no doubt that the 
trawl fisheries operating on the Bering Sea flats have 
an effect on the recruitment of halibut to the fishery. 
Also, it should be realized that some interchange takes 
place at some ages between halibut of the Bering Sea 
and halibut of the Gulf of Alaska. Destruction of 
undersized halibut in the Bering Sea thus may have 
an effect on the stocks in the Gulf of Alaska. Also, 
the overlapping of the trawl fishery and the longline 
halibut fishery, brought about by expansion of the 
trawl fishery, possibly contributes to the decline of 
halibut catches in the Bering Sea. Canada believes 
that every effort should be made to obtain additional 

data which will permit groundfish scientists to define 
more accurately the interrelationships of the trawl 
and longline fisheries. With such data, the Commis
sion might be able to recommend to its member 
governments a regime for fishing which would provide 
for continuation and development of the important 
trawl fisheries while providing protection for young 
halibut to ensure the attainment of high levels of re
cruitment from the respective year classes. 

The Japanese National Section stated, in respect to 
the effects of trawling on halibut stocks in the Conven
tion area, that incidental catches of halibut by Japanese 
trawlers in the Gulf of Alaska were small. Also, every 
care is taken to return halibut caught incidentally in 
the most viable condition possible. The Japanese 
Section does not consider trawl fishing to have a 
damaging effect on the halibut resources. The Japa
nese spokesman said that Japan is prepared to supply 
as much information as is possible based on the re
quests contained in the reports of the groundfish com
mittees, as well as the information requested by the 
United States on trawl catches of halibut in Area E. 
In addition, Japan requested that the United States 
submit to the Commission information gathered on 
trawling operations of the Soviet Union in the area of 
concern. 

10. 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 northeast Pacific Ocean under the 
provisions of Article III(l)(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 meas
ures, provided that the stock is not covered by a 
conservation agreement between such parties. The 
Commission assigned the following term of reference 
to its Gulf of Alaska Groundfish Committee : 

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

When dealing with this topic at the Fifteenth (1968) 
Annual Meeting the Commission noted that the report 
of its Gulf of Alaska Groundfish Committee contained 
a summary of discussions under the new term of re
ference. The Committee had reviewed available 
manpower and their present commitments and con
cluded that prudence should be exercised in both 
planning joint research studies and seeking commit-
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ments for participation in projects. The Committee 
discussed the many species of groundfish deserving of 
study and selected Pacific ocean perch to receive 
initial attention because of its commercial importance 
and extensive distribution. Initially, an inventory 
is to be compiled of Pacific ocean perch research 
underway or completed which is appropriate to the 
Committee's assignment. After completion of the 
inventory discussions would be resumed concerning 
needs for further research and possible joint research 
projects. 

Commissioner Ozere of Canada expressed the pleas
ure of his section that the Gulf of Alaska Groundfish 
Committee had begun discussion on the subject. The 
Canadian Section considered that the Committee had 
chosen wisely in selecting Pacific ocean perch as the 
first species to be studied. However, the Canadian 
Section regretted that only agreement on compilation 
of an inventory of research in progress had been 
achieved. The Canadian Section had hoped for 
development of concrete plans for a joint research 
program. Commissioner Ozere suggested that at 
the 1969 meeting the Commission consider transferring 
consideration of all research on groundfish to the 
Committee on Biology and Research and abolishing 
the ad hoc committee on Gulf of Alaska groundfish. 
The Commission agreed to consider the suggestion in 
detail at the 1969 meeting. 

11. 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 
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 
unimplemented. 

There was no item specifically referring to herring 
on the Commission's agenda in 1968. The status of 
the herring stocks remaining under abstention con
tinued unchanged, since the national sections had 
not revised their positions conerning the qualification 
for abstention of any of the stocks listed in the Annex. 

12. ACTIVITIES OF THE CoMMISSION CoNCERNING 

KING CRAB 

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

l. (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 Governme'lt. 
This study is being conducted in accordance with the provi
sions of Article III(l)(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 Com
mission scientific data necessary for the said study by January 
31 of every year, and, in addition, requests that the govern
ments 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 
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America by November 30 of every year a report on the 
results of the study, as requested by the Governments of 
Japan and the United States of America and in accordance 
with the decision of the 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 report. 

2. The right of the Commission to determine necessary joint 
conservation measures in addition to those currently in effect 
based on the results of the study referred to in l (a) above 
and to make recommendations to the Contracting Parties is 
in no way prejudiced by any bilateral agreements such as 
theJapan-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 
(l)(c)(ii) of the Convention, unless and until it recognizes 
that the regulatory measures taken by those governments are 
inadequate. 

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

At the Fifteenth Annual Meeting (1968) the Com
mission agreed that the report of the Sub-Committee 
on King Crab as contained in the 1968 Report of the 
Committee on Biology and Research would be sub
mitted to the three governments, as prescribed in item 
1 (c) of the 1967 resolution. With respect to imple
mentation of Article III(l)(c)(ii) the Commission 
noted that the report of the Committee on Biology and 
Research did not contain recommendations for con
servation measures for eastern Bering Sea king crab. 

The report of the Sub-Committee on King Crab 
indicates that an adequate estimate of maximum 
sustainable yield for the king crab stock of the eastern 
Bering Sea cannot be made at the present time. 
Further, the Sub-Committee noted that the bilateral 
regulatory measures applied to the king crab resource 
by Japan and the United States and by the United 
States and the Soviet Union had been reviewed as a 
whole and that the adequacy or inadequacy of specific 
regulatory measures had not been reviewed. The 
Sub-Committee felt that the continuing unfavorable 
trends in accepted indices of stock condition showed 
that these regulatory measures are not adequate. 

13. AcTIVITIEs OF THE CoMMISSION CoNCERNING 

TANNER CRAB 

In adopting its agenda for the Fifteenth Annual 
Meeting the Commission had agreed to a United 
States request for inclusion under " other business " 
a discussion of initiation of a joint research program 

on the tanner crab in the eastern Bering Sea. 
A representative of the United States Government 

made the following statement at the fourth plenary 
session: 

The United States Government requests the International 
North Pacific Fisheries Commission, in accordance with the 
provisions of Article III(l)(c)(i) of the International Convention 
for the High Seas Fisheries of the North Pacific Ocean, to study 
the stock of tanner crab in the eastern Bering Sea for the purpose 
of determining the need for joint conservation measures. The 
stock of tanner crab in this area is under substantial explcitation 
by the fishermen of Japan and the United States. 

In making the above request the United States 
spokesman noted his government's position with regard 
to the status of tanner crab as follows: 

The United States Government wishes to make dear that it 
considers the tanner crab a creature of the continental shelf and 
under the sole jurisdiction of the United States Government as 
indicated in the Continental Shelf Convention. In furtherance 
of this view the United States Government has published in the 
Federal Register, Vol. 33, No. 215, Saturday, November 2, 
1968, on page 16114 a partial list of organisms of the continental 
shelf which the United States considers appertain to the United 
States. Among the animals listed in that list are four species of 
tanner crab found in the northeastern Pacific Ocean and three 
species of king crab ; there are other species listed that are not of 
special concern to the Contracting Parties of this Convention. 
Even though we do consider that these species and stocks of tanner 
and king crab are under the sole jurisdiction of the United States, 
we do request the Commission to initiate a study of the tanner 
crab in the same manner as it has initiated a study of the king 
crab in the same area. 

The Japanese National Section's position with 
regard to the tanner crabs was stated as follows : 

The Japanese Government takes the fundamental position 
that tanner crabs are a high seas fishery resource as in the case of 
king crabs and not a natural resource of the continental shelf 
over which the coastal state can exercise exclusive sovereign 
rights for the purpose of exploring and exploiting. 

However, so long as the United States request under 
Article III(l)(c)(i) of the Convention was based on 
the fact that two or more nations are involved in the 
area, the Japanese National Section was not basically 
opposed to the request. The Japanese spokesman 
raised the procedural point that a decision on subject 
matters pertaining to Article III, Section l(a), (b), 
and (c) of the Convention was contrary to the Com
mission's Rule of Procedure 22 if the subject matter 
had not been included in the agenda circulated 60 
days in advance of the meeting. The Japanese 
National Section requested that due consideration be 
given to the Rules of Procedure and hoped that an 
error of this type would not occur again in the future. 

The Canadian National Section agreed to the 
United States request, but reserved Canada's position 
on the matter of whether or not the tanner crab is 
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a creature of the continental shelf under the terms 
of the Continental Shelf Convention until such time 
as Canadian scientists had examined the U.S. Federal 
Register listing referred to and given study to the 
question. 

The effect of the Commission's agreement to study 
the stock of tanner crab in the eastern Bering Sea 
for the purpose of determining the need for joint 
conservation measures is that future agendas of the 
Commission will allow for consideration of implementa
tion of Article III(l)(c)(ii) with respect to tanner crab. 
The Committee on Biology and Research will be 
requested to make suitable studies and report on this 
subject. 

14. 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 
reports for inclusion in the Bulletin also receive prior 
review and approval by an editorial referee from 
each national section. The editorial referees in 1968 
were : for Canada, Mr. K. Radway Allen ; for 
Japan, Mr. K. Tanaka; for the United States, Dr. 
G. B. Collins. The Annual Report and Bulletin are 
published in separate English and Japanese versions, 
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. 

15. STATISTICS 

The Commission prepares a statistical yearbook, in 
processed form, containing data on catches of salmon, 
halibut, herring, king crab, and groundfish by fishermen 
of the member countries in certain waters. The year
book 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 con
sideration and recommendation. In 1967 the Com-

mittee 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 ". Both of these working parties 
are to meet at the 1969 Annual Meeting with a view 
to formulating recommendations for improvement in 
the content and format of the yearbook. 

16. OFFICERS ELECTED FOR 1969 
The Commission elected officers for 1969 in ac

cordance with the Rules of Procedure and established 
practice. Officers elected were : 

Chairman of the Commission-Mr. S. V. Ozere of Canada 
Vice-Chairman of the Commission-Mr. Kenjiro Nishimura of 

Japan 
Secretary of the Commission-Mr. Edward W. Allen of the 

United States 
Chairman of the Committee on Finance and Administration

Mr. Yoshio Ohkawara of Japan 
Chairman of the Committee on Biology and Research-

Mr. James C. Cameron of Canada 

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

17. CLOSING STATEMENTS AT THE FINAL PLENARY 

SESSION 

Spokesmen for each national section made conclud
ing statements at the final plenary session of the 
Fifteenth Annual Meeting, on November 8, 1968. 

CommissionerS. V. Ozere, Chairman ofthe Cana
dian National Section, observed that the record of the 
Commission's deliberations at the meeting would show 
that agreement was reached on many items but that 
there still remain areas where agreement is difficult 
and efforts must be intensified to achieve realization of 
the objectives of the Convention. The Commission 
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was established with the aim not only of reconciling 
the respective interests of the Contracting Parties in the 
fisheries of the North Pacific Ocean, but also to create 
an organization dedicated to the conservation of the 
living resources of the North Pacific. When this 
Commission was established, international agreements 
for the regulation of ocean fisheries on the large scale 
envisaged in the Convention were rare indeed. 
Although lacking precedents, the Commission has 
succeeded in making the Convention an instrument 
for acquisition of knowledge on the sea resources of 
the North Pacific and in contributing in great measure 
to good relations between the three member countries. 
One of the major fishery problems today is the de
velopment of a regime to protect coastal fisheries for 
the use of dependent fishermen of the coastal states, 
while at the same time enabling distant-ocean fisheries 
to develop. Modern technological developments are 
making the problem more acute and in seeking a 
solution not only biological aspects of conservation but 
economic and technological aspects as well must be 
taken into account. In the view of the Canadian 
Section the Convention is broad enough to enable 
the Commission to recommend to its Contracting 
Parties solutions to the old as well as to the new 
problems encountered in the regulation of North 
Pacific fisheries. The Canadian Section hopes that 
some of the differences remaining, particularly those 
relating to the meaning and intent of parts of the 
Convention, can be resolved successfully. This would 
enable the dedicated scientists of the three nations 
to cooperate more fully in objective evaluation of 
the biological data which must form the foundation 
on which successful conservation measures are built. 
There can be little doubt that there are close inter
relationships among many of the species comprising 
the resources of the marine environment. Fisheries 
in one area can affect fisheries in another area and 
fisheries using different techniques in the same area 
can affect each other. The Canadian Section believes 
it necessary for the scientists to have available data 
on the biology, catch statistics, and fishing effort for 
all species insofar as is possible if they are to be in a 
position to provide soundly based recommendations for 
effective conservation measures. 

Commissioner Isamu Ikezaki spoke on behalf of 
the Japanese National Section, expressing gratitude 
to the United States for its warm hospitality and ap
preciation of the beauty of the City of Seattle. Com
missioner Ikezaki noted that the meeting had been 
conducted in a friendly atmosphere and that it had 
proceeded smoothly as a whole, which testified to the 
cooperation of the national sections toward attaining 
mutual goals. Considerable practical achievement 

had been made at the meeting as a result of the spirit 
of mutual understanding which had been present 
consistently in the candid and fruitful discussions. 
The Japanese Section believed that the efforts ex
pended by the scientists of the three national sections 
had been responsible for the attainment of such results, 
and Commissioner Ikezaki paid high tribute to them. 
The Japanese Section believes that the disagreements 
which exist between the national sections enable the 
Commission to progress and improve. Within that 
context, it is believed that the current meeting would 
be a stepping stone for building up the Commission 
of tomorrow. The Japanese Section hopes that the 
Commission will proceed further with its scientific 
survey and research, utilizing the bank of knowledge 
and information amassed in the past, and thereby 
contribute to the adequate conservation and rational 
development and utilization of the fishery resources of 
the North Pacific on a more equitable basis. Mr. 
Ikezaki reiterated an earlier statement by Japan about 
the small incidence of halibut in Japanese trawl 
catches. The Japanese Section cannot regard these 
operations as having an adverse effect on the resource. 
The development and utilization of other fishery re
sources should not be undermined by a preoccupation 
with conservation of a certain special resource. 

The Chairman of the United States National Sec
tion, Mr. Clarence F. Pautzke, observed that his 
section was pleased that opportunities had been pro
vided at the meeting for discussion of issues of concern 
to the United States. Progress made on some of these 
issues had been less than adequate, however. The 
United States Section does not consider the adoption 
of the salmon resolution to be the kind of action 
needed. Mr. Pautzke expressed again the hope of 
his section that Japan would adopt suitable and 
prudent measures when planning 1969 salmon fish
ing operations. Great sacrifices have been required 
of Bristol Bay fishermen in the past to assure conserva
tion of the runs of salmon and further sacrifices will 
be required in 1969 in order to assure an adequate 
escapement to build up these runs. The United 
States feels that the decline in the halibut resources 
may be associated directly with incidental catches of 
halibut in the trawl fisheries. That expansion of the 
trawl fisheries in the northeastern Pacific and the 
Bering Sea may be having an effect on halibut stocks 
was a matter of deep concern to the United States. 
Increasing effort must be exerted by the three nations 
to obtain data needed to effectively measure the con
dition of the halibut resources and properly assess the 
cases of the decline in the northeastern Pacific and 
the Bering Sea. It should be obvious that halibut 
stocks in these areas are in serious condition. The 
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reasons for the decline must be found. In an effort 
to find reasons for the decline in the halibut stocks, 
the United States Section had explored informally at 
this meeting the possibility of initiating a joint observer 
program to determine the incidence of halibut in the 
commercial trawl fleet catches in the eastern Bering 
Sea. Agreement could not be reached, which was 
unfortunate since the task of determining reasons for 
the decline in the halibut stocks has been made more 
difficult. The United States will continue to press 
for more observations of the effect of the commercial 
trawl fisheries on halibut in the Bering Sea and the 
northeastern Pacific Ocean. The meeting had pro
vided an opportunity to discuss frankly problems of 
mutual concern. Differences in the views and at
titudes of the three countries continue to exist on 
certain issues, but the positive accomplishments of the 
Commission should not be overlooked. The Commis
sion is making progress in some areas. Scientists have 

amassed a tremendous body of knowledge on the 
resources of concern by applying their effort and skill 
diligently and by cooperating closely with each other. 
The scientists should be commended highly and the 
United States hoped that their motivation and mutual 
respect had been strengthened as a result of their 
discussions at the meeting. The Commission has 
agreed at this meeting to undertake a study of the 
tanner crab resources of the eastern Bering Sea. The 
United States Section had enjoyed hosting the Fif
teenth Annual Meeting and wished a safe and pleasant 
journey home to friends from Canada and Japan. 

All three spokesmen, in their closing addresses, ex
pressed admiration and appreciation to the Chairman, 
Mr. Edward W. Allen. Each also thanked the 
Secretariat and the interpreters for their dedicated 
efforts to bring about a profitable completion of the 
meeting. 
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Advisors : 
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APPENDIX 2 

AGENDA 

as adopted for the 

FIFTEENTH ANNUAL MEETING-1968 

Seattle, Washington, November 4-8, 1968 

1. Opening of first plenary session 
2. Adoption of agenda 
3. Report on delegation memberships 
4. Meeting procedures 

(a) Attendance at meetings 
(c) 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 research 
(d) Bering Sea groundfish research 
(e) Gulf of Alaska groundfish research 
(f) Research planning 
(g) Publication of research results 
(h) Statistics 

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

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

Sea in 1969 
11. Effects of trawling on halibut stocks in the Con

vention area 
12. Implementation of Article III(l)(c)(i) with 

respect to groundfish other than halibut in the 
northeastern Pacific Ocean 

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

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

15. Consideration of administrative and fiscal matters 
(a) Auditors' report 
(b) Budget estimate for fiscal year beginning 

July 1, 1969 
(c) Budget forecast for fiscal year beginning 

July 1, 1970 
(d) Report of the Executive Director for 1968 
(e) Comments on the form and nature of the 

reports submitted in 1968 by Canada and 
the United States in accordance with the 
provisions of Articles III (1) (c) (iii) and 
X (2) 

(f) Schedule of future meetings 
16. Election of officers 
1 7. Other business : 

(a) Establishment of a joint (INPFCfiPHC) 
program of observation of incidental 
halibut catches in trawl fishing in the 
eastern Bering Sea 

(b) Initiation of a joint research program on 
the tanner crab in the eastern Bering Sea 

18. 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 Fisheries Com
mission as of June 30, 1968 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 cir
cumstances. 

In our opinion, these financial statements present fairly the financial position of the commission as at 
June 30, 1968 and the results of its operations for the year then ended, in accordance with generally accepted 
accounting principles applied on a basis consistent with that of the preceding year. 

PEAT, MAR WICK, MITCHELL & CO. 
Chartered Accountants 

Vancouver, British Columbia 
August 7, 1968 

STATEMENT OF ASSETS AND LIABILITIES 
June 30, 1968 

General funds : 
Cash in bank 

Working capital fund: 
Cash in bank 

Equipment, at cost 
Less accumulated depreciation 

Assets 

Liabilities 
General funds : 

Accounts payable and accrued expenses 
Amount refundable to contracting parties 

Advances from contracting parties for working 
capital fund 

Amount equivalent to expenditure on equipment, 
less depreciation 
Deduct: 

Depreciation provided in previous years 
Depreciation in current year 

$5,311.45 
894.08 

$8,940.20 
6,205.53 

$8,940.20 

6,205.53 

$10,215.28 

13,500.00 

2,734.67 

$26,449.95 

$5,715.28 
4,500.00 

10,215.28 

13,500.00 

2,734.67 

$26,449.95 
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STATEMENT OF INCOME AND EXPENDITURE 
Year ended June 30, 1968 

Income: 
Contributions from contracting parties 
Interest earned on working capital fund bank account 
Pension plan withdrawal allowance 
Exchange received with refund of deposit with 

United Air Lines 

Expenditure : 
Personal services 
Travel 
Communications 
Contractual services 
Supplies 

Excess of income over expenditure, refundable to 
contracting parties 

STATUS OF APPROPRIATIONS 

Budget 
appropriations 

Personal services $43,951.70 
Travel 9,535.09 
Communications 2,350.00 
Contractual services 13,446.18 
Supplies 2,550.00 
Equipment 1,000.00 
Annual meeting rentals 500.00 

73,332.97 
Amount refundable to 

contracting parties 

$73,332.97 

$42,678.16 
9,793.89 
1,719.58 

11,884.61 
2,756.73 

Appropriations 
as modified by 

transfers 
42,678.16 

9,793.89 
1,719.58 

11,884.61 
2,756.73 

68,832.97 

4,500.00 

73,332.97 

$72,000.00 
946.18 
351.70 

35.09 

73,332.97 

68,832.97 

$4,500.00 

Expenditures 
42,678.16 

9,793.89 
1,719.58 

11,884.61 
2,756.73 

68,832.97 

4,500.00 

73,332.97 

Note : The budget appropriation for" personal services " has been adjusted to include $351.70 received 
as a credit from the Sun Life Assurance Company of Canada as a withdrawal allowance for an 
employee who resigned, that for " travel " has been adjusted to include $35.09 received from United 
Air Lines as exchange on a refund of a deposit made in 1954, and that for" contractual services" has 
been adjusted to include $946.18 received in interest on the working capital fund . 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended June 30, 1968 

Receipts: 
Contributions from contracting parties 
Interest earned on working capital fund bank account 
Refund of deposit with United Air Lines 

Disbursements : 
Personal services 
Travel 
Communications 
Contractual services 
Supplies 

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

Balance June 30, 1967 
Balance June 30, 1968 

$42,052.18 
10,293.89 

1,719.58 
17,300.32 
2,756.73 

24,431.71 
23,715.28 

$72,000.00 
946.18 
460.09 

73,406.27 

74,122.70 

$ 716.43 
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II. ADMINISTRATIVE REPORT FOR 1968 

1. CONTENT OF THE REPORT 

This report provides information on decisions of 
the Commission made by correspondence between 
the Fourteenth (1967) and Fifteenth (1968) Annual 
Meetings, describes actions taken with respect to 
decisions made at the Fourteenth Annual Meeting, 
and reviews Secretariat activities. The period covered 
by this report is from the adjournment of the Four
teenth Annual Meeting on November 10, 1967, to 
the opening of the Fifteenth Annual Meeting in Seattle, 
Washington, on November 4, 1968. 

2. OFFICERS AND MEMBERS 

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

3. STAFF CHANGE 

Dr. Fukuzo Nagasaki, who had served as Assistant 
Director in the Secretariat from October 1963, re
quested permission to resign effective February 29, 
1968, by letter to Chairman Edward W. Allen. Dr. 
Nagasaki's request was approved and a nominating 
committee was set up to select a new Assistant Director. 
The members of the nominating committee were : 
for Canada, Mr. Donovan F. Miller; for Japan, Mr. 
Yoshio Ohkawara; for the United States, Mr. Roger 
Kent ; and for the Secretariat, Mr. S.]. Hutchinson. 
The committee nominated Dr. Kaoru Tatara to fill 
the post of Assistant Director. This nomination was 
accepted by the Commission and Dr. Tatara assumed 
his duties in the Secretariat on February 26, 1968. 

4. INTERIM AcTIONS OF THE CoMMISSION 

From the conclusion of the Fourteenth Annual 
Meeting (1967) up to November 4, 1968, the following 
Commission business was transacted by correspond
ence: 
a. The Commission approved the draft summary 

minutes of the fourth, fifth and sixth (final) plenary 
sessions of the 1967 Annual Meeting. Approval 
was announced in Circular Letter No. 472 dated 
January 19, 1968. 

b. The Commission approved appointment of Dr. 
Kaoru Tatara as Assistant Director. Approval 
was announced in Circular Letter No. 4 78 dated 
February 13, 1968. 

c. The Commission approved the appointment of 
Dr. W. M. Sprules of Canada to act as its observer 
at F AO's Committee on Fisheries meeting in 

Rome, Italy, and also approved Mr. Donald L. 
McKernan to act as its observer at the 18th 
Annual Meeting of ICNAF in London, England. 
Approval was announced in Circular Letter No. 
488 dated April 4, 1968. 

d. The Commission approved the purchase of ad
ditional pension benefits for a member of the 
Secretariat staff. Approval was announced in 
Circular Letter No. 491 dated May 13, 1968. 

e. The Commission approved in principle participa
tion on a share cost basis in a disability benefit 
plan. Approval was announced in Circular Let
ter No. 491 dated May 13, 1968. 

f. The Commission approved for publication in the 
Bulletin a report entitled, " The salmon gillnet 
mesh selectivity curve", by Teruo Ishida. Ap
proval was announced in Circular Letter No. 498 
dated July 4, 1968. 

g. The Commission approved a tentative agenda for 
the plenary sessions of its Fifteenth Annual Meet
ing (1968). Approval was announced in Circular 
Letter No. 506 dated September 4, 1968. A 
provisional agenda with commentary, and other 
papers pertinent to the meeting, were transmitted 
to the Commission with Circular Letter No. 506. 

h. The Commission approved issuance of a request 
for International Pacific Halibut Commission 
scientists to act as consultants at the Fifteenth 
Annual Meeting. Approval was announced in 
Circular Letter No. 508 dated September 11, 
1968. 

1. The Commission approved issuance of invitations 
to various international organizations to send 
observers to the Fifteenth Annual Meeting. Ap
proval was announced in Circular Letter No. 
508 dated September 11, 1968. 

j. The Commission approved for publication a 
manuscript of its Annual Report for 1967. Ap
proval was announced in Circular Letter No. 517 
dated October 7, 1968. 

5. APPROVAL OF COMMISSION RECOMMENDATIONS FOR 

HALIBUT 

At its Fourteenth Annual Meeting (1967), the 
Commission formulated and adopted for recommenda
tion to the Contracting Parties conservation measures 
for the halibut of the eastern Bering Sea in 1968. 
The recommendations were transmitted to the Con
tracting Parties on December 4, 1967, and were 
subsequently accepted by them and incorporated into 
domestic regulations governing the 1968 fisheries. 
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Individual notification from Contracting Parties 
regarding their acceptance of the recommendations 
were contained in letters from Japan dated January 
26, 1968, from Canada dated February 12, 1968, and 
from the United States dated March 15, 1968. The 
Commission was advised in Circular Letter No. 485 
dated March 19, 1968, that all three governments 
had accepted the recommendations. 

6. RESOLUTION ON CONSERVATION OF FISHERY RE

SOURCES 

At its Fourteenth Annual Meeting (1967), the Com
mission adopted a resolution calling upon the Con
tracting 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 December 4, 1967. 

7. REQ.UEST FOR SoviET FISHING DATA 

At the Fourteenth Annual Meeting (1967), the 
Commission agreed that the Chairman should write 
a letter to the Soviet Union, similar to an earlier 
letter (March 18, 1966), in a further attempt to obtain 
data on Soviet fishing activities in the Gulf of Alaska. 
Chairman Edward W. Allen wrote to Minister Ishkov 
of the U.S.S.R. under date of December 20, 1967, 
and the Commission was advised of this action m 
Circular Letter No. 468 dated January 2, 1968. 

8. KING CRAB RESOLUTION 

The Commission adopted a resolution on king crab 
at its Fourteenth Annual Meeting (see page 15 of 
the Commission's 1967 Annual Report). The resolu
tion was forwarded to the Contracting Parties on 
December 4, 1967. This resolution contains requests 
for information to be submitted annually by Japan 
and the United States. The Government of Japan 
advised the Commission that it would provide data 
as requested in the resolution in a letter dated Decem
ber 26, 1967. Canada acknowledged receipt of there
solution in a letter dated January 25, 1968. The 
Government of the United States advised the Com
mission that it found the proposals contained in the 
resolution acceptable in a letter dated February 9, 
1968. 

9. SUBMISSION OF KING CRAB REPORT TO THE 

CONTRACTING PARTIES 

One provision of the resolution referred to in item 
8 above is that the report of the Sub-Committee on 
King Crab shall be forwarded to the three Contract
ing 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 Novem
ber 29, 1967, the Secretariat forwarded to the Govern
ments of Canada, Japan, and the United States a 
report entitled, "Report of the Sub-Committee on 
King Crab Research and Planning ". 

10. ExPLORATORY AND ExPERIMENTAL HALIBUT FisH

ING IN AREA D 

The Commission's recommendations for conserva
tion measures in 1968 for the halibut of the eastern 
Bering Sea, which were adopted by all three govern
ments, include a provision that within an area 
designated as "Area D" retention of halibut by any 
fishing vessel of any of the Contracting Parties shall 
be permitted during a period beginning at 1500 
hours on March 29, 1968, and terminating at 1800 
hours on June 20, 1968. However, the conservation 
measures also provide that notwithstanding the provi
sion just described, Area D shall remain open until 
1800 hours on November 15, 1968, for exploratory 
and experimental fishing by vessels fishing with long
line gear. The name of any such vessel entering the 
area after 1800 hours on June 20, 1969, shall be notified 
to the Commission by the party to which such vessel 
belongs prior to such entry. The Governments of 
Canada and the United States notified the Commis
sion through the offices of the International Pacific 
Halibut Commission of the intention of the following 
vessels to enter Area D after June 20 for exploratory 
and experimental fishing with longline gear : 

Vessel Country Date of Notification 

Shirley Rose Canada June 20, 1968 
Kaare Canada June 21, 1968 
Chelsea u.s. July 19, 1968 
Chief Skugaid Canada July 22, 1968 
Pacific Wave Canada July 22, 1968 
Linda Canada July 29, 1968 
Alaska Queen Canada September 9, 1968 
Ocean Star Canada September 23, 1968 

11. FISCAL MATTERS 

a. Accounts and audit 

The auditors' report to the Commission for the 
fiscal year which ended June 30, 1968, was transmitted 
to the Commission on September 4, 1968 (see Ap
pendix 3 of Part I of this annual report). 

A financial bond in favour of the Commission, in 
the amount of $25,000, was continued on permanent 
Secretariat staff members. This bond (Canadian 
Surety Company Blanket Position Bond No. 7018037) 
is in the hands of the Assistant Deputy Minister of 
Fisheries (International and Jurisdictional) of Canada 
for safekeeping. 
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b. Working capital fund 

The Commission's working capital fund, established 
in 1955, was increased by the Commission from $7,500 
to $13,500 in the 1967/68 fiscal period. The decision 
to increase the working capital fund was made at the 
Fourteenth Annual Meeting. The $6,000 was avail
able to the Commission as an excess of income over 
expenditure in the 1966/67 fiscal period. The Com
mission's working capital fund is on deposit at interest 
with the Canadian Imperial Bank of Commerce. 

c. Appropriations for 1968/69 

The Commission's budget estimate of $72,000 
(Canadian funds) for the fiscal year beginning July 
1, 1968, as adopted at the Fourteenth Annual Meet
ing (1967), was transmitted to all Contracting Parties 
on December 4, 1968. Contributions for the first half 
of the 1968/69 fiscal period were received in full from 
all three governments. 

d. Salary adjustments 

The Commission agreed at its Fourteenth Annual 
Meeting that any general increase which might be
come effective in Canadian Civil Service salary scales 
should be made available to Secretariat staff at the 
same time. The Commission was advised in Circular 
Letter No. 482 dated February 21, 1968, that a 3% 
increase had been granted to Canadian Civil Service 
employees effective October 1, 1967, and that a 
similar increase had been granted to permanent 
Secretariat members in accordance with the Com
mission's decision. 

12. REPORTS FROM THE CONTRACTING PARTIES 

For the fifteenth consecutive year, Canada and the 
United States submitted reports of their conservation 
measures for the stocks of fish under abstention and 
their enforcement of these measures. Submission of 
these reports is required by Articles III (l) (c) (iii) 
and X (2) of the Convention. The report of Canada 
was received on September 26 and transmitted to the 
Governments of Japan and the United States on 
September 30, 1968. The report of the United States, 
which had been delayed in transmission, was received 
on October 4 and transmitted to the Governments of 
Canada and Japan on the same day. One of the Ex
ecutive Director's annual assignments is to prepare 
comments on the form and nature of these reports. 

13. COMMISSION PUBLICATIONS 

The English version of the 1966 Annual Report was 
printed and distributed, as was the English version 
of Bulletin No. 23. Japanese versions of the 1965 
Annual Report and Bulletin Nos. 20, 21, and 22 also 

were printed and distributed. 
English versions of the 1967 Annual Report and 

and Bulletin Nos. 24 and 25 were in press, as were 
Japanese versions of the 1966 Annual Report and 
Bulletin No. 23. 

Five research reports are in hand for publication 
in the Bulletin. 

A complete listing of Commission publications up to 
the date of publication of this annual report appears 
on the back cover of this report. Titles of papers 
contained in the Bulletin are included in this listing. 

15. STAFF AcTIVITIEs 

A bound volume entitled, " Proceedings of the 
Fourteenth Annual Meeting-1967 ", was prepared 
and distributed. A Japanese version of these pro
ceedings was prepared with the assistance of the Japa
nese National Section. Booklets containing the pro
ceedings of the Ad Hoc Committee on Abstention and 
in camera minutes of the Commission were updated 
in each language. A document index also was 
updated. A report of the Commission's 1967 An
nual Meeting was drafted for inclusion in the 1967 
Annual Report. Four newsletters were prepared and 
distributed to Commissioners and their advisors. 
The Statistical Yearbook for 1967 was not completed 
because of late submission of some data. 

The normal office routine was continued : main
taining files, mailing lists, accounting records, and 
library records ; receiving and documenting data 
received from the national sections ; corresponding 
with the Contracting Parties and research agencies ; 
preparing manuscripts of English and Japanese ver
sions of the Annual Report and Bulletin ; reading 
proofs ; and dealing with questions about the Com
mission and requests for fishery information received 
from time to time from students and interested organi
zations. 

Arrangements were made for space, staffing, etc., 
for the 1968 Annual Meeting. Agenda and pre
paratory informational materials were prepared and 
distributed. 

A Japanese fishery study team consisting of 19 
officials from the Japanese fishing industry was as
sisted by the Secretariat in its arrangements to visit 
the Vancouver area. The team met with the Consul
General of Japan, heard a talk at the Canada Depart
ment of Fisheries, toured the B. C. Packers Imperial 
Plant at Steveston, and visited INPFC headquarters. 

The Executive Director, sometimes accompanied by 
the Assistant Director, attended annual and special 
meetings of various organizations, such as the Interna
tional Pacific Halibut Commission, the International 
Pacific Salmon Fisheries Commission, the Pacific 
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Marine Fisheries Commission, the National Fisher
men and Wives, Inc., the Fisheries Council of Canada, 
the Canned Salmon Association of B.C., the National 
Canners Association, and the Pacific Fishery Biologists. 

In May, the Executive Director attended a meeting 
of international fishery commission directors who 
had been invited by the U.S. Department of State to 
discuss budgets. This meeting was in Washington, 
D.C., and the Executive Director visited Ottawa on 
the return portion of the trip. In September, the Ex
ecutive Director visited Tokyo to discuss various Com-

mission issues with the Japanese Commissioners. 
A lecture on the Commission's work was given by 

the Executive Director as part of a fisheries short 
course at the University of British Columbia. 

The Biological Laboratory of the Bureau of Com
mercial Fisheries in Seattle was visited by the Execu
tive Director and the Assistant Director. The 
Assistant Director visited the Nanaimo Biological 
Station of the Fisheries Research Board of Canada 
on several occasions. 
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III. THE RESEARCH PROGRAM 

A. PROGRESS IN 1968 IN CANADIAN RESEARCH ON 
PROBLEMS RAISED BY THE PROTOCOL 

Fisheries Research Board of Canada 

Research in 1968 on problems raised by the Pro
tocol was limited to oceanographic studies of the 
northeastern Pacific. 

During 1968 five oceanographic programs con
tributed data essential to a study of the oceanography 
of the eastern Subarctic Pacific. 

(1) The physical-chemical study of the oceanic
coastal waters off the coast of British Columbia, 
initiated in 1967, was continued. Two surveys 
were undertaken. The first was a 2-week cruise in 
April. The second was a 3-week cruise in October. 
Continuous profiles of temperature and salinity to a 
maximum depth of 1500 m were obtained at rela
tively close intervals along lines normal to the coast. 
Some observations of oxygen, nutrients (phosphate, 
silicate and nitrate), chlorophyll a and zooplankton 
were made. 

(2) The oceanographic program at Ocean Station 
P (50°N, 145°W) and en route to and from the Station 
(Line P) during alternate 6-week periods was con
tinued. Observations were essentially the same as 
those in previous years. In addition, continuous 
profiies of temperature and salinity with depth were 
obtained. 

(3) Publication was continued of the mean 
monthly values of sea-level pressure, meridional and 
zonal components of Ekman transport, meridional 
component of total transport, integrated total and 
geostrophic transports for a grid of alternate five 
degrees of latitude and longitude for the North 
Pacific Ocean. In addition, surface transport (Ek
man transport) vectors were published for the period 
1946-67. 

(4) The Maritime Forces Weather Centre in 
Esquimalt, B.C., continued to publish weekly charts 
of the sea surface temperature and the thermocline 
structure on the basis of available temperature data. 

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

1. Geostrophic circulation, autumn 1967 

In the absence of direct-current observations, 
geostrophic currents continue to be the best means 
for defining the ocean circulation. When presented 
as contoured fields of anomalies of dynamic height 
(geopotential topography), the flow is presumed to be 

along the isobars and the speed is proportional to the 
gradient across them. Agreement between cal
culated velocities and those obtained from direct
current observations depends on the choice of a 
suitable reference surface. For this area, fairly 
realistic current velocities are obtained employing a 
reference level of 1000 decibars. 

The geostrophic circulations at the surface and at 
200 decibars (approximately 200m depth), relative to 
1000 decibars, off the British Columbia coast for 
autumn 1967 were very similar, except for the ob
vious difference in current speeds (Fig. 3 and 4 ). 
The streamlines enter from the west and curve north
ward. The dominant features are the numerous 
tongues (or intrusions) and eddies. The intrusion 
along 128°W, extending northward to about 49°N, is 
a characteristic feature. The eastward intrusion off 
the north end of Vancouver Island extended well 
onshore, restricting the northward flow from the 
region south of the intrusion. It may have been the 
cause for the formation of the numerous cells, and may 
have contributed to the southward flow adjacent to 
and over the continental slope off Vancouver Island. 
Similarly, the southward intrusion off the Queen 
Charlotte Islands may have been the cause of the 
relatively large eddy seaward of the southern tip of 
the Islands. Such a mechanism has been suggested 
by Ingraham (1967)1 to explain the presence of eddies 
off the coast of Washington. 

In general, the surface geostrophic currents were 
small, of the order of 5 cmfsec (2! milesfday) (Fig. 3). 
Near to and over the continental slope, particularly 
in association with the peripheries of the tongues and 
eddies, current speeds were approximately 15-20 emf 
sec (7-9 miles/day). At 200 decibars, the speeds were 
approximately one-half those at the surface (Fig. 4 ). 

The geostrophic currents described here are con
sistent with those reported by other researchers for 
summer and autumn periods. Apparently the cir
culation during these seasons is dominated by tongues 
and eddies. Their number, position and intensity 
may vary annually. However, they appear to be most 

1 INGRAHAM, W. jAMES, jR. 1967. The geostrophic circula
tion and distribution of water properties off the coast of 
Vancouver Island and Washington, Spring and Fall 1963. 
U.S. Fish Wild/. Serv., Fish. Bull., 66 (2) : 223-250. 
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prevalent and best developed during those summer 
periods in which sea surface temperatures are ano
malously high, as was the situation in 1967. Addi
tional surveys, with station spacing no greater than 
that presently employed (Fig. 1 and 2), are required to 
study the persistence of these features and to confirm 
these conclusions. 

2. Temperature distributions on the surface of ut=26.60, 
autumn 1967 and spring 1968 

Temperature distributions on the surface of ut= 
26.60 have been used to study the annual variability in 
the distribution and circulation of the non-seasonal 
waters off the coast of British Columbia. In such 
distributions it is assumed that the flow is in general 
parallel to the isotherms, except where sharp changes 
in direction occur, notably where the contours form 
a tongue. Here it is assumed that the net flow is 
along the axis of the tongue with maximum mixing 
occurring at the tip. 

The temperatute dist.ibutions on the su face of 
ut=26.60 for autumn 1967 and sp ing 1968 are 
presented in Figures 5 and 6, respectively. The 
marked similarity between the temperature distri
bution for autumn 1967 (Fig. 5) and the geopotential 
topography at 200 decibars (Fig. 4) is readily ap
parent. The location of the tongues and eddies in 
each figure are identical. 

In autumn 1967 and spring 1968 the temperature 
distributions were very similar as noted by the distri
bution of the 6;5°C isotherm (Fig. 5 and 6). It is 
hypothesized that any major change in the distli
bution of these waters is a result of changes in the 
ocean circulation, in particular, a shift in the division 
of the eastward flow andfor a change in the strength 
of the northward flow of the non-seasonal waters 
(California Undercurrent) off the coasts of Washing
ton and Oregon. Further, it is considered that the 
major changes should occur during the winter months. 
The similarity in these distributions (Fig. 5 and 6) 
implies that there was little change in the circulation 
of the non-seasonal waters during winter 1967-68. 

3. Surface salinities, autumn 1967 

The surface salinity distribution for autumn 1967 
(Fig. 7) shows features similar to those noted in the 
surface geopotential topography (Fig. 3), in particular 
the eastward intrusion off the north end of Van
couver Island and the southerly intrusion off the 
Queen Charlotte Islands. 

In summer, there is usually an offshore transport of 
low-salinity water, associated with the prevailing 
northwest winds. However, summer and autumn 
1967 were periods in which there was little offshore 

transport oflow-salinity water, because the winds were, 
in general, light and from the south. 

4. Surface nutrients (phosphate, silicate and nitrate), 
autumn 1967 

Surface distributions of phosphate, silicate and 
nitrate for autumn 1967 were very similar. Highest 
concentrations occurred in Dixon Entrance, Hecate 
Strait and in the eastern part of Queen Charlotte 
Sound. In Hecate Strait the isopleths lay north and 
south with concentrations increasing from east to west. 
Concentrations were relatively high in the surface 
waters overlying the Continental Shelf. Lowest 
concentrations were encountered in the offshore 
waters. 

Surface phosphate concentrations ranged from 
0.15 to 0.45 pg atfl in the oceanic region and from 
0.25 to 0. 75 in Queen Charlotte Sound, Hecate Strait 
and Dixon Entrance. 

Surface silicate values ranged from less than 1 to 
3 pg atfl in the oceanic region. In Queen Charlotte 
Sound, concentrations were between 3 and 9 pg atfl. 
In Hecate Strait and Dixon Entrance they were 
between 10 and 20 pg atfl. 

Surface nitrate concentrations were extremely low 
in the offshore waters, less than 0.1 pg atfl. In the 
coastal areas, concentrations ranged from 0.5 to 
7.5 pg atfl. 

These results suggest that nitrate was a limiting 
factor in phytoplankton production in the waters 
seaward of the Continental Shelf. None of the 
nutrients appeared to be a limiting factor in Queen 
Charlotte Sound, Hecate Strait and Dixon Entrance. 
The relatively high surface concentrations in these 
areas were probably a result of replenishment from 
the deeper waters through tidal mixing. 

5. Sea surface temperature and salinity, spring 1968 

Sea surface temperature and salinity distributions 
for spring 1968 are illustrated in Figures 8 and 9, 
respectively. The coldest waters were found offshore. 
The warmest waters occurred as a tongue off the 
coast of Vancouver Island and as a small cell adjacent 
to the coast. These sea surface temperatures are 
considered to be indicative of average conditions for 
this time of year. 

The surface salinity distribution (Fig. 9) reflects 
the winter convergent situation which still prevails at 
this time of year. Low salinity surface water is 
confined near the coast, resulting in a relatively 
marked gradient normal to the coast. The absence of 
very low salinity water adjacent to the coast indicates 
the lack of local runoff and the presence of vertical 
mixing. 
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6. Summary 

During summer and autumn, the geostrophic 
circulation is dominated by tongues and eddies. 
They appear to be most prevalent and best developed 
during those summer periods in which sea surface 
temperatures are anomalously high. 

The temperature distributions of the non-seasonal 
waters for autumn 1967 and spring 1968 were mar
kedly similar, implying that there was little change 
in the position of the eastward flow and in the strength 
of the California Undercurrent during winter 1967- 68. 

Surface phosphate, silicate and nitrate concen-

1\ 
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trations during autumn 1967 were highest in Dixon 
Entrance, Hecate Strait and in Queen Charlotte 
Sound. Lowest concentrations were encountered in 
the offshore waters. It appears that nitrate was a 
limiting factor in phytoplankton production in the 
waters seaward of the Continental Shelf. However, 
none of the nutrients appeared to be a limiting factor 
in Queen Charlotte Sound, Hecate Strait and Dixon 
Entrance. 

Sea surface temperatures were anomalously high 
during summer and early autumn 1967. By mid 
April 1968, average conditions had been reached. 

• STD STATIONS 
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FIGURE I. Station positions, 16- 27 April, 1968. 
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• STD STATIONS 
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FIGURE 2. Station positions, 30 September-16 October, 1968. 
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F IGUR E 3. Geopotential topography, OJI OOO decibars, autumn 1967. 
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FtGURE 4. Geopotential topography, 200/1000 decibars, autumn 1967. 
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FIOURE 5. Temperature (°C) on the surface of a ,= 26.60, autumn 1967. 
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FIGURE 6. Temperature (°C) on the surface of o, = 26.60 spring 1968. 
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F IGUR E 7. Surface salinity (%.), autumn 1967. 
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FIGURE 8. Surface temperature ("C), spring 1968. 
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FIGURE 9. urface salinity (%.,),spring 1968. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

DURING THE YEAR 1968 

Fisheries Agency of Japan 
May 1969 

I. SALMON 

Research by Japan for the International North 
Pacific Fisheries Commission in 1968 was principally 
the same as in 1967. A comparative salmon fishing 
experiment, using driftnets, longlines and a midwater 
trawl net, was carried out by a large research vessel in 
the northwestern Pacific Ocean in February 1968. 
Research also was carried out by 17 research vessels 
and 11 motherships from April. Research vessel 
investigations in 1968 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 1968 was con
ducted from the end of May to the middle of July by 
11 motherships with 369 catcher boats. At the end of 
May and in early June mothership operations were 
concentrated around 50°N, 1 70°E in the northwestern 
Pacific Ocean. Some fleets began to move into the 
Bering Sea in mid June, and in late June and early 
July the main fishing grounds were divided into two 
areas, Pacific Ocean and the northern Bering Sea ; 
operations were widespread from east to west in each 
main fishing ground. At mid July, the end of the 
season, the operations were distributed widely from 
east to west in the Pacific Ocean ; however, they were 
concentrated around 180° in the Bering Sea. 

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 measurements, 
sex identification, and scale sampling. Water tem
peratures were observed every day up to 200-m 
depth. A total of 49,363 salmon (12,140 sockeye, 
15,006 chum, 16,573 pink, 1,579 coho, and 4,065 
chinook) were measured on the motherships in 1968. 

The total number of salmon caught in the mother
ship fishery in 1968 was 19.6 million, comprising 6.4 
million sockeye, 8.1 million chum, 3.8 million pink, 
0.9 million coho, and 0.4 million chinook (Appendix 
Table, p. 54). The catch per tan of driftnet was 
3.3, the second lowest value since 1960, following the 
low of 1964 (Fig. I, Table 1 ). This is because of the 
low value for sockeye ; there were no particular 

differences from the results in previous years in the 
other species. The results by species are summarized 
as follows. 

a. Sockeye Salmon 

The number of sockeye caught per 1,000 tans of 
driftnet was 1,075 in 1968 ; this value is a little better 
than the value in 1964, which is the lowest since 1960. 
By ages, 1.3 (52) and 2.3 (63 ) fish showed low values 
(Table 2). 

The distribution of sockeye by ten-day periods 
(Table 3) is summarized as follows: in late May they 
were found north of 48°N and west of 175°E, con
tinuing into early June. Thereafter, their density 
appeared to be lower generally. In July, sockeye 
salmon which appeared to be immature were found in 
relatively high density again south of the Aleutian 
Islands. The proportion of immature sockeye in the 
mothership catch increased from late June and 
reached 58.5% at the end of the season, in mid July. 

b. Chum Salmon 

The number of chums caught per 1,000 tans of 
driftnet was 1,368 in 1968 ; this value is relatively high 
in the results since 1960 (Table 1 ). 

Chum salmon generally were distributed widely 
throughout the season ; density was particularly high 
in the Bering Sea in July. Chum salmon caught by 
age per 1,000 tans of driftnet in the mothership 
fishery before and in 1968 are shown in Table 4. As in 
previous years, 4-year-olds (age .3) dominated in the 
catch both in the Bering Sea and in the Pacific Ocean. 
The distribution density of 4-year-olds (age .3) and 
5-year-olds (age .4) was about the same as in a 
normal year, but that of 3-year-olds (age .2) ap
peared to be higher than usual. Forty-two percent 
of age .2, IS% of age .3, and 2.2% of age .4 chum 
salmon were judged to be immature. 

c. Pink Salmon 

Pink salmon were distributed in the southeast 
corner of the mothership fishing area south of the 
Aleutian Islands in May, but from mid June to early 
July they were concentrated in the western Bering 
Sea and were dispersed generally south of the Aleutian 
Islands. 

The number of pink salmon caught per I ,000 tans 
of driftnet in 1968 was 645 ; although features were of 
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FrouRE I. Abundance of salmon caught by the Japanese mothership fishery, 1960---68, as indicated by catch per tan values. 

TABLE I. Catch per tan of salmon in the mothership fishery from 1960 through 1968. 

Species 

Year Sockeye Chum Pink Coho Chinook Total 

1960 1.98 1.63 0.29 0.15 0.03 4.05 
1961 2.60 1.23 0.65 0.06 0.01 4.55 
1962 1.81 1.09 0.19 0.26 0.02 3.38 
1963 !.50 0.98 1.13 0.32 0.01 3.94 
1964 0.94 1.15 0.30 0.47 0.05 2.92 
1965 1.97 0.99 0.72 0.19 0.03 3.90 
1966 1.40 1.65 0.49 0.09 0.04 3.67 
1967 !.54 1.31 1.48 0.04 0.02 4.40 
1968 1.07 1.37 0.65 0.15 0.06 3.30 

TABLE 2. Catch per 1,000 tans of sockeye salmon in the mothership fishery from 1960 through 1968, by age. 

Age 

1.2 1.3 2.2 2.3 3.2 3.3 
Year (4.) (5.) (53) (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 105 168 602 576 49 30 16 1,546 
1968 199 207 317 247 64 20 21 1,075 
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TABLE 3. Numbers of maturing and immature sockeye salmon caught in the Japanese mothership fishery, by 10-day 
periods, 1968. 

Total Percent 
(l,OOO's offish) Maturing Immature immature 

Mid & late May 1,426 1,409 17 1.2% 
Early June 1,062 1,035 27 2.5 
Mid June 1,066 927 139 13.0 
Late June 562 368 194 34.5 
Early July 1,015 715 300 29.6 
Mid July 1,242 515 727 58.6 

Total 6,373 4,969 1,404 22.0 

TABLE 4. Catch per 1,000 tans of chum salmon in the mothership fishery from 1960 through 1968, 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 I 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 

TABLE 5. Salmon catches by the Kaiyo-maru in the northwestern Pacific, February 1968. 

Catch 
Date Location Time Gear 

Direc- Sock- Chi-
Set Haul Lat. Long. Set Haul tion Type Effort eye Chum Pink Coho nook Sum 

Feb.4 Feb. 4 41-00N 152- 17E 09:25 10:25 goo mid-water 43 m deep ... 30 minutes 
trawl net 25m deep ... 30 

Feb. 4 Feb. 4 41-03N 153- IBE 15:20 16:20 85° 51 m deep ... 30 
26m deep ... 30 

Feb. 6 Feb. 6 44-56N 158-04E 13:25 14:25 200° 62 m deep ... 30 
43 m deep ... 30 

Feb.6 Feb. 7 44-34N 158-00E 16: 18 10:30 175° gill net 
55mm 9 tan 33 33 
72mm 10 " 34 34 
93mm 10 " I 

121mm 10 " 2 2 
157mm 10 " 

Catch converted to " per I 00 tans " 6 141 147 
of evenly combined mesh nets. 

Feb. 7 Feb. 7 44-32N 158-00E 03:43 06:30 175° Long line Per 1000 hooks 3 5 9 
Feb. 8 Feb. 8 43-03N 154-24E 04:05 07:00 200° 4 50 54 
Feb. 9 Feb. 9 41- 56N 152-00E 04:10 07:00 100° 



RESEARCH BY JAPAN 47 

a low cycle year, this value is the highest in an even 
year since 1960 (Table 1 ). 

d. Coho Salmon 

Since mothership operations terminated in mid 
July, information on the offshore distribution of coho 
salmon is limited. In mid June, some coho salmon 
were found between 46°N-48°N and l70°E-175°E, 
and also to the east of this area in late June. In July, 
their distribution was extended to the east and to the 
north. 

e. Chinook Salmon 

Chinook salmon appeared in low density in the 
area between 48°N-52°N and 165°E-175°E at the end 
of May, and such appearance continued until mid 
July. In the Bering Sea, they were distributed in 
higher density than in a normal year in mid June, but 
were limited to the central area of the northern Bering 
Sea in mid July. 

B. Investigations by Research Vessels 

a. Northwestern Pacific Ocean (west of 175°E) 

(1) Winter (February 1968) 

In the investigations conducted in the north
western Pacific Ocean in February 1968 (Table 5), 
salmon were caught only by driftnet and by longline. 
Sockeye salmon, although their density was much 
lower than after April, were caught around 44°30'N, 
158°E and around 43°N, 154°E by driftnet or long
line. Sockeye salmon were found in February in an 
area where no sockeye were distributed in mid April 
(Fig. 2-i), indicating that they migrate farther west in 
winter. By ages, .3 fish (52, 63, 74 ) dominated in the 
catch and, though their gonads were small, they 
seemed from gonad weights or the size of eggs to be 

145B 150E 1551 
If 

spawning fish of the year. 
Many pinks were caught at stations where sockeye 

were caught. The scales of these pinks were forming 
year rings. The size composition of pinks caught by 
longline covers well the size range of those caught by 
many driftnets of different mesh sizes; therefore, 
size compositions of longline-caught pink salmon seem 
to represent the size of pinks distributed in the fishing 
stations. 

(2) April to June 

Eleven research vessels equipped with driftnet or 
longline gear covered the fishing grounds of the 
landbased salmon fisheries and their vicinity from 
mid April to early August in 1968. The main 
subjects of this research were distribution studies, 
tagging experiments, and oceanographic observations. 
Results of the distribution studies are summarized 
by species as follows (see Fig. 2). 

i. Sockeye salmon. In mid April a somewhat light 
distribution density of sockeye salmon appeared east 
of 165°E, north of 45°N, that is, they were distributed 
a little to the northeast compared with 1966 or 1967. 
Sockeye were found until mid May in this area, but 
disappeared by mid June when some sockeye were 
seen only in the area south of the Kamchatka Penin
sula. 

ii. Chum salmon. Chum salmon were distributed 
widely from mid April to June, but no particular 
concentrations were found. The area where more 
than l ,000 fish were caught per l ,000 tans of driftnet 
was around 42°N, 150°E and in a temperature zone 
less than 5°C east of 160°E in April, east of l65°E in 
mid May, and only south of the Kamchatka Penin
sula in mid June. 

1601 1651 1701 

Relative abund&Doe ia ahowr: by catoh per 100 111ianS"' 
ot 115 mm meeb. net or per 1000 hooks of longline .. 

.n.~· .. --v Figures with parentheses show oatobee by lonsline. 
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FIGURE 2-i. Surface water temperature and relative abundance of salmon by I 0 X I 0 areas of the northwestern Pacific Ocean, mid 
April 1968. 
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FIGURE 2-ii. Surface water temperature and relative abundance of salmon by I ox I 0 areas of the northwestern Pacific Ocean, mid 
May 1968. 
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FIGURE 2-iii. Surface water temperature and relative abundance of salmon by I o X I o areas of the northwestern Pacific Ocean, 
mid June 1968. 

m. Pink salmon. Somewhat good catches of pink 
salmon by longline gear were seen in the area west of 
155°E in mid April and there were good catches by 
both driftnet and longline in the area between 42°N-
430N, 150°E-155°E in mid May. There were good 
catches by driftnet in the area north of 44°N, east of 
150°E in mid June, but the catch by longline gear 
decreased sharply. 

iv. Coho salmon. Coho salmon were distributed 
lightly around 45°N, 170°E in mid May and in the 
area east of 157°E in mid June. 

v. Chinook salmon. Chinook salmon were dis-

tributed mainly east of 155°E from mid May. 

b. Central Pacific Ocean (175°E-175°W) 

Research in this area was conducted in May; 
salmon densities were low generally. Out of 27 
driftnet operations, seven (26%) took no salmon, and 
eight (30%) took less than 200 salmon per 1,000 tans 
of driftnet. Even in the area around the Aleutian 
Islands, where concentrations of salmon had been 
expected, salmon density was low, resulting in the 
lowest catches recorded for this period of the season 
since 1965 (Fig. 3). 
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l70E l70E 180 l70W 

X : no fish. 0: lese than 10 fish, e: 10 fish, • : 50 fish, e : 100 fish, 

FIGURE 3. Catches per I 00 tans of standard combined mesh nets of sockeye, chum, and pink salmon in the central Pacific Ocean, 
April and May 1967 and 1968. 
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(1) Sockeye salmon 

No sockeye salmon were seen in the area east of 
175oE, south of 45°N. Densities in other areas also 
were low, and the catch per 1,000 tans of driftnet was 
as low as less than 1 00 fish even in the area of the 
Alaskan Stream. 

Regarding the age composition, 4 ocean-age (.3) fish 
were dominant in the area north of 49°N, and 3 
ocean-age (.2) fish south of 49°N, showing a tendency 
for older sockeye in the north and younger in the 
south. 

(2) Chum salmon 

Chum salmon were distributed farthest to the 
south, as in 1967, but their density was lower than in 
1967. 

Regarding the age composition, 4-year-olds (.3) 
occupied the main body, but 5-year-olds (.4) were 
more numerous in the north and 3-year-olds (.2) were 
more numerous in the south. It was shown, as with 
sockeye salmon, that larger chums were in the north 
and smaller chums were in the south. 

(3) Pink salmon 

Pink salmon were distributed in the area from 
43°N to 53°30'N. They were distributed only south 
of 48°N in 1967, but a more northerly distribution was 
noted in 1968. 

( 4) Coho salmon 

Coho salmon were caught at five stations south of 
45°N, but their density was low. 

(5) Chinook salmon 

Chinook salmon were caught at only two stations 
north of 45°N. 

2. TAGGING 

In 1968, seven research vessels tagged 4,946 salmon 
caught by longline gear, including 274 sockeye, 959 
chums, 3,673 pinks, 25 coho, and 15 chinook. The 
numbers released and recovered by area are shown 
in Table 6. 

High seas and coastal recoveries in 1968 from salmon 
released in the North Pacific or the Bering Sea in 
the same year gave no additional information, except 
on the migrations of pink salmon. One pink salmon 
released around 42°30'N, l60°30'E in late April was 
recovered on the Okhotsk Sea coast of northeast 
Hokkaido in August. This is the first example of 
such migration (Fig. 4 ). 

Among the additional recoveries in 1967 from re
leases in 196 7 was the first instance of a sockeye salmon 
released around 180° being recovered near the mouth 
of the Kamchatka River, East Kamchatka (Fig. 5 ). 

3. OcEANOGRAPHY 

Oceanographic investigations in 1968 were carried 
out on the same scale as usual. Horizontal dis
tribution of water temperature at 100 m depth is 
summarized primarily in comparison with 1967 as 
follows: 

A. Near the Western Subarctic Boundary 

The extent of the Western Subarctic Boundary can 
be shown roughly by the contour of the 3°C isotherm 
at 100m depth. Regarding the differences between 
1967 (Fig. 6) and 1968 (Fig. 7) in the north-south 
direction of the 3°C isotherm in the area between 
150°E-l70°E, the 3°C isotherm was along about 
45°N between 160°E and 1 70°E in 1967, but was 

TABLE 6. Number of salmon tagged and recovered1 in 1968. 

Species 

Area Sockeye Chum Pink Coho Chinook Total 

Northwestern Pacific 136 585 3,610 15 I 4,347 
(west of 180°) (7) (17) (43) (0) (0) (67) 

Central Pacific 110 125 45 10 290 
(!80°-175°W) (2) (0) (I) (0) (3) 

Northeastern Pacific 27 18 18 63 
(east of 175°W) (0) (I) (0) (I) 

Western Bering Sea 50 7 57 
(west of !80°) (0) (0) (0) 

Central Bering Sea I 172 7 180 
(180°-l75°W) (0) (2) (0) (2) 

Eastern Bering Sea 9 9 
(east of !75°W) (0) (0) 

Total 274 959 3,673 25 15 4,946 
(9) (20) (44) (0) (0) (73) 

1 Figures on the upper lines show the number of fish tagged; those in parentheses show the number of fish recovered. 
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around 46°N-48°N in 1968 ; that is, this isotherm 
moved northward in comparison with 1967. Though 
the surface temperature distribution is not shown here, 
it was higher in the area south of 50°N from mid May 
to late June than in the same period of 1967. 

B. Area between 45°N-55°N, 165°E-180° 

In 196 7, cold water, related to Western Subarctic 
waters, of 1 °C-2°C at 100m depth had extruded to 
the east beyond 170°E in the area between 47°N and 
48°N (Fig. 6). In 1968, the contour of this water 
mass showed the same pattern as in 1967, but the 
water temperature was somewhat higher, 2°C-2.5°C, 
and the cold water of 1 °C-2°C had retreated to the 
west (Fig. 7). 

C. Area west of 165°E 

The water in this area is severely cooled during 
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winter. As is shown in Figures 6 and 7, there is water 
lower than 2°C in this area, and the complicated 
boundary was formed between this colder water mass 
and a little warmer water mass extending from the 
east. A particular difference between 1967 and 1968 
at 100 m depth was the extent of cold water lower 
than I oc off Urupp Island; in 1967 cold water ex
tended in a wide area (Fig. 6), but was quite limited 
in 1968 (Fig. 7). This cold water seemed to originate 
from the Okhotsk Sea, and cooling during the winter 
of 1967--68 does not seem to have been so severe as in 
the previous winter. According to a study by the 
Hakodate Meteorological Observatory!, the magni
tude of sea ice during winter 1967--68 was the lowest 
in recent three winte.-s, and it has been pointed out 
that the cooling in the Okhotsk Sea was not severe. 

1 Report No. 26 (1968). 
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FIGURE 4. Pink salmon released in April 1968 and recovered in 1968. (Month of recovery is indicated by its numeral; i.e., 
5=May, 6=June, 8=August.). 
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501 
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160E 160 160W 

FIGURE 5. Additional information on sockeye salmon released in May 1967 and recovered in 1967. (Month of recovery is indicated 
by its numeral; i.e., 6=June, 7=July, B=August.) 
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FIGuRE 6, Temperature (0 C) at 100-m depth, 1967. 
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160E 170E 

FIGURE 7. Temperature (°C) at 100-m depth, June 1968. 
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APPENDIX TABLE. Salmon catch of the Japanese mothership fishery in 1968, in thousands offish, by species, by ten-day 
period and by 2° X 5° area. 

Cumulative 
Period Species quantity of 

and gear used 
area Sockeye Chum Pink Coho Chinook Total (in tans) 

ToTAL IN MAv 1,426 1,084 214 0 10 2,733 1,086,588 

Mid May 8 9 0 0 17 8,238 

E65% 2 3 0 0 4 2,177 

E6048 2 2 0 0 3 2,101 

E6548 2 3 0 0 4 1,848 

E6050 0 0 0 0 528 

E6550 2 2 0 0 4 1,584 

Late May 1,418 1,075 214 0 10 2,716 1,078,350 

E65% 33 38 4 0 75 33,842 

E70% 2 3 2 0 7 4,025 

E75% 0 0 0 0 330 

E6048 24 38 0 0 63 22,928 

E6548 428 380 42 3 852 304,790 

E7048 300 217 80 2 600 235,103 

E7548 38 23 14 0 75 25,498 

E6050 I 0 0 2 1,254 

E6550 299 171 8 0 2 479 190,090 

E7050 237 164 54 2 457 208,686 

E7550 18 16 8 0 42 18,258 

E6552 17 II 0 0 28 13,165 

E7052 21 13 2 0 36 20,381 

ToTAL IN jUNE 2,690 2,950 2,679 94 197 8,610 2,851,404 

Ear?J!June 1,062 863 618 1 12 2,557 968,639 

E65% 124 131 138 2 396 131,572 

E70% I 2 2 0 0 5 2,956 

E6048 126 82 34 2 244 82,526 

E6548 152 113 81 0 2 347 126,915 

E7048 188 154 141 0 2 486 187,322 

E7548 60 59 29 0 148 50,856 

E6050 2 2 1 0 5 3,668 

E6550 165 120 93 0 2 380 144,355 

E7050 109 78 66 1 254 107,000 

E7550 % 56 12 0 114 %,411 

E6052 2 2 0 0 4 2,623 

E6552 72 50 15 1 138 61,141 

E7052 II 8 6 0 25 12,343 

E7552 0 0 0 316 

8048 0 0 1,093 

8050 4 5 2 0 10 7,542 

Mid]UTIJI 1,066 836 977 27 28 2,934 921,699 

E65% 1 1 0 0 3 1,516 

E70% 8 8 25 0 42 14,173 

E75% 0 0 0 0 0 0 330 

E6048 96 53 35 0 185 54,%7 

E6548 130 81 102 315 90,512 

E7048 69 54 115 1 I 240 70,922 

E7548 59 31 35 0 0 125 38,453 

E6050 3 3 2 0 9 4,480 

E6550 321 200 189 0 2 712 215,717 

E7050 141 105 134 0 2 382 127,483 

Continued . .. 
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APPENDIX TABLE. Continued. 

Cumulative 
Period Species quantity of 
and gear used 
area Sockeye Chum Pink Coho Chinook Total (in tans) 

(Mid June, cont.) 
E7550 31 43 12 0 86 34,164 
E6052 49 46 15 Ill 44,517 
E6552 113 89 78 I 280 103,092 
E7052 20 28 15 0 0 63 23,620 
E7552 0 0 0 I 990 
E7054 8 8 II 0 28 12,138 
E7554 3 13 10 2 28 10,890 
E6056 0 I 0 3 792 
E6556 5 20 69 I 94 19,794 
E7056 0 I 2 0 3 1,254 
E7556 2 18 7 3 30 9,570 
E6558 8 12 120 2 142 24,535 
E7058 I 3 6 0 10 4,145 
E7558 3 15 8 9 35 10,186 
E7560 0 0 0 0 0 330 

8054 2 0 4 1,979 
8056 0 0 2 990 
8058 0 0 0 660 

lAte June 562 1,250 1,084 66 157 3,119 961,066 
E6546 0 0 0 0 I 1,122 
E7046 0 35 20 58 I 114 37,124 
E7546 2 4 0 7 3,616 
E6048 66 46 35 1 I 149 48,224 
E6548 I 1 2 0 0 4 2,104 
E7048 0 0 0 0 0 1 990 
E7548 0 0 0 0 2 986 
E6050 7 4 3 0 0 15 6,581 
E6550 29 27 27 0 83 25,077 
E7050 56 66 35 0 158 41,899 
E7550 29 49 5 0 84 29,540 
E6052 33 21 19 0 75 19,949 
E6552 73 58 47 0 1 180 42,636 
E7052 9 17 16 0 43 10,059 
E7552 0 0 0 1 329 
E7054 0 23 16 0 39 11,529 
E7554 3 52 28 1 84 26,923 
E6056 5 102 0 109 15,671 
E6556 21 70 227 14 332 65,942 
E7056 17 135 140 25 317 103,575 
E7556 19 199 81 40 339 114,669 
E6558 8 30 60 98 21,071 
E7058 27 62 85 15 188 58,629 
E7558 19 116 56 38 231 76,072 
E7060 0 0 0 0 0 330 
E7560 3 5 I 10 4,288 

8046 0 0 0 330 
8048 0 0 0 0 0 330 
8050 51 92 8 0 3 155 49,859 
8052 0 0 0 0 1 330 
8054 22 13 8 2 44 21,570 
8056 61 78 40 9 187 87,394 

Continued ... 
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Period 
and 
area 

(Late June, cont.) 
8058 
8060 

ToTAL IN JuLY 

Early July 
E6546 
E7046 
E7546 
E6048 
E6548 
E7048 
E7548 
E6050 

E6550 
E7050 
E7550 
E6052 
E6552 
E7052 
E7552 
E7054 
E7554 
E6056 
E6556 
E7056 
E7556 
E6558 

E7058 
E7558 

E7560 
8046 
8048 
8050 
8054 

8056 

8058 

Mid July 
E7546 

E7048 
E7548 
E6050 
E6550 
E7050 
E7550 
E6052 
E6552 
E7052 
E7552 
E7554 

E7056 
E7556 

E6558 

ANNUAL REPORT 1968--00RTH PACIFIC COMMISSION 

Sockeye 

7 
0 

2,257 
1,015 

0 
56 

0 
2 

15 
0 

32 
142 
97 
0 

!52 
215 

93 
0 

0 
II 
25 
12 
10 
35 
24 

8 
0 

16 

0 
43 

22 
1,242 

0 
0 

22 
66 

2 
172 
198 
148 

210 
89 

8 
7 
0 

18 

APPENDIX TABLE. Continued. 

Chum 

43 

0 

4,073 
1,896 

0 
56 

142 
0 
2 

14 

2 
29 

105 
40 

0 
85 

168 

53 
I 
3 
6 

32 
100 
135 
90 

!59 

141 
69 

3 
13 

0 
0 
2 

289 
!58 

2,177 
2 
0 
9 

47 
3 

70 
47 
76 

117 
37 
39 
39 

0 
6 

72 

Species 

Pink Coho 

13 

930 
613 

0 
8 

50 
0 

4 
I 

24 
69 

9 
0 

45 

46 
9 
0 
0 
0 

43 
67 

6 
5 

121 
42 
7 
0 

14 

0 
0 
0 

31 

9 

318 

0 
6 

16 
I 

23 
34 
63 
29 
5 
6 
5 
0 
0 

26 

805 
404 

0 
73 

272 
0 
0 
0 
2 
I 
2 
0 

0 

0 

0 
0 
0 

0 

52 

0 
0 

401 
4 
0 

14 

I 
0 

28 
40 

0 
5 
4 

Chinook 

4 
0 

155 
81 
0 
I 
3 

0 
I 
0 
0 
0 

I 
2 
0 

0 
I 
2 
7 
4 
6 

17 
18 

0 
3 
0 

0 
II 
3 

73 
0 
0 
I 
0 
0 

4 
0 

I 
0 
0 
0 
0 

4 

Total 

67 

8,220 
4,010 

I 
138 
522 

0 

5 
33 
5 

86 
319 
148 

I 
284 
433 
!55 

I 
3 
6 

87 
194 
161 
109 
322 
223 
101 

3 
99 

0 
2 
2 

373 
192 

4,210 
7 

0 
51 

129 
6 

295 

323 
287 

361 
135 
53 
52 

7 

120 

Cumulative 
quantity of 
gear used 

(in tans) 

31,988 

330 

1,986,528 
1,030,671 

528 
46,239 

139,547 
264 

1,320 
10,230 

1,980 
16,815 
70,042 
42,993 

329 
68,211 

92,954 
37,366 

658 
1,378 

2,968 
17,041 
37,262 
54,937 
36,791 
60,039 
51,438 
35,919 

1,789 
23,100 

330 
660 
990 

114,958 

61,595 
955,857 

2,310 

330 
12,539 

26,565 
1,844 

65,499 
66,914 
52,948 
68,324 
31,931 

9,891 
11,220 

330 

2,633 
26,166 

Continued ... 
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APPENDIX TABLE. Continued. 

Cumulative 
Period Species quantity of 

and gear used 
area Sockeye Chum Pink Coho Chinook Total (in tans) 

(Mid july, cont.) 
E7058 0 2 0 0 3 1,648 
E7558 6 64 17 6 93 21,903 
E7060 0 I 0 0 2 657 
E7560 29 330 38 29 426 83,812 

8046 60 49 15 247 5 375 96,845 
8048 20 18 4 53 2 98 34,225 
8050 38 11 6 5 0 60 11,740 
8054 3 0 0 4 2,310 
8056 98 454 12 8 573 149,477 
8058 49 677 11 0 8 745 172,476 
8060 0 4 0 0 5 1,320 

GRAND TOTAL 6,373 8,107 3,823 898 362 19,563 5,924,520 

TABLE 7. Catch data of king crab by the japanese king crab fishery in the eastern Bering Sea, 1965-68. 

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

Year ships (X 1,000) (x 1,000) per tan 

1965 2 452.2 4,215.9 9.3 
1966 2 447.3 4,206.3 9.4 
19671 2 440.5 3,764.2 8.3 
19681 2 484.7 3,853.3 7.5 

1 Includes 94.7 thousand crabs caught by pots, or approximately 3,412.45 cases. 
1 Preliminary; includes 205.4 thousand crabs caught by pots. 
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FIGuRE 8. Carapace length distribution and average carapace lengths of commercial male crabs sampled by the Japanese mothership 
fleet in the Bering Sea, 1965-68. 
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II. KING CRAB INVESTIGATIONS IN 
THE EASTERN BERING SEA 

From 1953 to 1958 the Japanese king crab catch in 
the eastern Bering Sea accounted for more than three
quarters of the total catch by Japan and the United 
States. However, Soviet fleets joined in the fishery 
in 1959 and increased their fishing effort sharply in 
and after 1960. The Soviet catch exceeded the Japa
nese catch by 2% in 1960 and by 14% in 1961. Con
sequently, severe competition was evident between 
Japan and the U.S.S.R. Bilateral agreements were 
concluded between the United States and Japan and 
between the United States and the U.S.S.R., in which 
catch quotas and an increase in the commercial size 
limit were agreed. In addition to this, from 1967 
fishing grounds were set for each country (Japan and 
U.S.S.R.) to avoid unnecessary troubles arising from 
competitive gear operation. 

The results of the Japanese operation in 1968 are 
summarized as follows. The number of king crabs 
caught per tan of tanglenet was 7.5, a lower value 
than in 1965 (9.3) (Table 7). The number of crabs 
per case increased to 23.6, compared with 22.8 in 1965. 
Average carapace length of the commercial male crabs 
used by the motherships was 152.7 mm, compared 
with 154.3 mm in 1965 (Fig. 8). 

In the eastern Bering Sea, a substantial number 
of tanner crabs was caught in 1968 and it has been 
found that there are two species, Chionoecetes bairdi 
and C. opilio, in the tanner crab catches. 

III. GROUNDFISH RESEARCH IN 
THE BERING SEA 

1. STUDY OF COMMERCIAL CATCH AND RESEARCH 

ABOARD MoTHERSHIPS 

A. Outline of the Commercial Fishery 

There were 12 mothership fleets licensed m the 
groundfish fishery in the Bering Sea in 1968. All the 
motherships were equipped with freezing facilities, 
and six had fishmeal and minced meat plants. Al
though 226 catcher boats were licensed for these 
fleets, only 181 actually operated; they are divided 
by fishing gear as follows : 26 pair trawlers, 77 Danish 
seiners, 24 trawlers, and 54 longline-gillnetters. In 
addition to these fleets, 30 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. 

Regarding the landbased trawlers in northern 
waters, operations were permitted west of 170°W in 

the Bering Sea and in the area of the Aleutian Islands ; 
however, catch statistics are not available at the 
present time. 

Halibut fishing regulations formulated at the Four
teenth Annual Meeting of the International North 
Pacific Fisheries Commission (Tokyo, 1967) were 
applied. 

B. Outline of Commercial Catches 

The total catch by the end of August in 1968 by 
12 fleets and some independent trawlers engaged in 
groundfish fishing in the Bering Sea amounted to 
approximately 750,000 metric tons, a 110,000 metric 
ton increase over the same period of last year. The 
increase occurred in the catch of Pacific cod, Pacific 
pollock, Pacific ocean perch, and pink shrimp ; a 
decrease occurred in catches of yellowfin sole, turbot, 
and herring. No substantial difference in catch oc
curred in other species. Catch totals and percentages 
by major species are shown in Table 8. 

TABLE 8. Preliminary data on the Japanese catch in 
Bering Sea during January-August 1968 by mothership 
fleets and independent trawlers. 

Species Catch (in m.t.) Percentage 

Total 746,106 100.0 
Y ellowfin sole 36,117 4.8 
Turbot 14,492 1.9 
Rock sole 2,422 0.3 
Flathead sole 10,110 1.4 
Halibut 1,271 0.2 
Blackcod 4,884 0.7 
Pacific cod 41,443 5.6 
Pacific pollock 562,510 75.4 
Pacific ocean perch 43,444 5.8 
Herring 15,035 2.0 
Pink shrimp 9,968 1.3 

The catch of halibut (by the end of August) 
amounted to 1,271 metric tons, about 94 metric tons 
more than in the same period last year. The majority 
of the catch was taken between 175°W to 180° in 
the Bering Sea. 

C. Research Aboard Motherships 

Each of the motherships and independent trawlers 
operating in the Bering Sea in 1968 was entrusted with 
biological investigations for major species ; that is, 
measurements of body length, collection of materials 
for age determination, and other biological measure
ments were conducted for major species sampled 
randomly from its catch. 

2. RESEARCH BY RESEARCH VESSEL 

A. Outline of Research Activities 

The stern trawler Chosui-maru (365 gt, 1,050 hp) was 
operated as a research vessel in 1968 for 88 days 



FIGURE 9. The number of halibut less than 66 em in length caught by the Japanese research vessel Chosui-maru per 30-minute 
trawl haul on the southeastern Bering Sea fiats in 1968. Open circles show stations where halibut longer than 66 em wert" caught. 

from May to August. The emphasis of this research 
cruise was on trawl fishing at stations on the south
eastern Bering Sea flats and tagging of halibut and 
blackcod caught by longlines in the area south of Cape 
Navarin, northern Bering Sea. The results are now 
undergoing detailed analysis, but can be outlined as 
follows. 

B. Trawling Operations 

These operations were conducted for the purpose 
of obtaining information on the distribution of halibut, 
and other biological information necessary for the 
study of groundfish resources in the principal fishing 
grounds on the southeastern Bering Sea flats. Cover
ing the area where halibut might be distributed, 148 
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FIGURE 10. Average length (rnrn) of halibut less than 66 ern in length caught by the Japanese research vessel Clwsui-maru on the 
southeastern Bering Sea flats in 1968. 

stations were occupied systematically on the flats ; a 
30-minute trawl haul was made at each station. The 
locations of these stations are shown in Figures 9 and 
I 0, and a record of each operation and the catch by 
species at each station are shown in Tables 9 and I 0, 
respectively. The trawl net used in this research was 
the same net as that used from 1966, and the selec
tivity features of the gear therefore are the same as 
in previous years. 

Information on halibut obtained by this operation 
can be outlined as follows. The number of halibut 
less than 66 em in fork length caught per 30-minute 
trawl haul and the average length of the halibut 
caught are shown in Figures 9 and 10, respectively. 
The high density of young halibut in this area in June 
and July is limited to the coastal area shallower than 
50 m from Cape Newenham to Cape Romanzof; 
density of young halibut is extremely low in the vast 
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area of the continental shelf deeper than 50 m. Y el
lowfin sole, northern cod, and Pacific cod are seen 
with young halibut in concentrated areas. 

3. TAGGING 

A. Halibut Tagging in 1968 

Halibut tagging by Japanese vessels in 1968 was 
carried out mainly on fish caught by longlines of the 
Chosui-maru in the area south of Cape Navarin. A 
total of 457 halibut were tagged and released in that 
project. In another project, the fishery training 

vessel Aomori-maru released 20 halibut from her longline 
catch. These tagging locations are shown in Figure 
11. Strap tags of compound metal were used as in 
previous years, affixed to the opercle on the eye side. 

B. Recoveries of Tagged Halibut 

In 1968, Japanese vessels recovered and reported 
28 tagged halibut; 22 of those recovered had been 
released by the IPHC and six by Japan. Release 
and recovery positions for 27 of the 28 recoveries are 
illustrated in Figure 12. 

TABLE 9. Data of the grid survey on the flats in the southeastern Bering Sea by the Japanese research vessel 
Chosui-maru in 1968. 

Station 
Number 

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 

Location 
Start time 

Date Lat. (0 N) Long. (0 W) of trawling 

6-21 55- 08 164-45 0657 
55- 38 163-45 1204 
56-08 162-45 1725 
56-23 162-15 2034 

6- 22 56-36 161-45 0645 
56-58 161-15 0945 
57-08 160-45 1218 
57- 23 160-15 1455 

6- 23 56-23 161-15 1454 
56-38 162-45 1206 
56-57 162-15 0805 
57-07 161-45 0650 

6-22 57-23 161-15 2011 
57-38 160-45 1725 

6-23 56-23 164-15 1900 
6-24 56-38 163-45 0647 

6-25 

6-26 

6-25 

6-27 

6-28 

6-29 

56-58 163-15 1037 
57-08 163-15 1332 
57-23 167-15 1620 
57-38 
57-58 
55-58 
56-23 
56-38 
56-57 
57-08 
57-23 
57-38 
57-58 
58-08 
56-38 
56-58 
57-08 
57-23 
57-37 
57-58 
58-08 
56-23 

161-45 
161-15 
166-15 
165-15 
164-45 
164-15 
163-45 
163-15 
162-45 
162-15 
161-45 
165-45 
165-15 
164-45 
164-15 
163-45 
163-15 
162-45 
167-15 

1911 
0645 
1935 
1445 
1107 
0855 
0642 
1618 
1353 
1113 
0900 
0640 
0950 
1225 
1515 
1735 
0640 
0910 
1910 

Station 
Number 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

Location 
Start time 

Date Lat. (0 N) Long. (0 W) of trawling 

6-29 56-58 166-16 1401 
57-08 165-45 1146 
57-23 165-15 0904 
57-38 164-45 0641 

6-28 57-48 164-15 1635 
58-08 163-45 1417 
58-23 163-15 1150 

6-30 57-08 166-45 0540 
57-23 166-15 0910 
57-38 165-45 1146 
57-58 165-15 1503 
58-08 164-45 1745 

7-01 58-23 164-15 0640 
58-38 163-45 0910 
58-58 163-15 1158 

7-03 56-58 168-15 0641 
7-02 57-23 167-15 1653 

7-01 

7-03 

7-04 

7-06 

7-02 

57-38 166-45 1430 
57-58 166-15 1130 
58-08 
58-23 
58-38 
58-58 
59-08 
57-38 
57-58 
58-08 
58-23 
58-38 
58-58 
59-08 
59-23 
57-23 
57-58 
58-08 
58-23 
58-38 
58-58 

165-45 
165-15 
164-45 
164-15 
163-45 
167-45 
167-15 
166-45 
166-15 
165-45 
165-15 
164-45 
164-15 
169-15 
168-15 
167-45 
167-15 
166-45 
166-15 

0917 
0640 
1930 
1642 
1419 
1113 
1415 
1634 
1907 
0645 
0942 
1209 
1442 
1150 
0641 
1739 
1500 
1210 
0841 

Continued ... 
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Station 
Number 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
Ill 
112 
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TABLE 9. Continued. 

Location Location 
Start time Start time 

Date Lat. (0 N) Long. (0 W) of trawling 
Station 

Number Date Lat. (0 N) Long. CW) of trawling 

7--{)2 
7--{)4 
7--{)6 

7--{)7 

7--{)9 

7--{)8 

7-10 

7-11 

7-09 
7-10 
7-10 

7- 11 

7-12 

7- 14 

7-13 

59--{)8 
59-23 
58--{)8 
58-23 
58-38 
58-58 
59--{)8 
59-23 
59-36 
57-23 
57-58 
58-23 
58-38 
58-58 
59--{)8 
59-23 
59-38 
58-58 
59--{)8 
59--{)8 
59-38 
59-50 
57-58 
58-23 
58-58 
59-08 
59-23 
59-38 
59-57 
60-18 
60-27 
60-38 
60-58 
59-58 
60--{)8 
60-23 

165-45 
165-15 
168-45 
168-45 
167-45 
167-15 
166-45 
166-15 
165-45 
171-10 
170-15 
169-15 
168-45 
168-15 
167-45 
167-15 
166-45 
169-16 
168-45 
168-15 
167-45 
167-22 
172-15 
171-15 
170-15 
169-45 
169-15 
168-45 
168-15 
167-53 
167-15 
166-45 
166-15 
169-15 
168-45 
168-15 

0643 
!802 
1640 
1926 
0640 
0926 
1152 
1400 
1700 
1502 
1000 
0610 
1730 
1405 
1150 
0910 
0640 
1640 
1922 
1147 
1440 
1638 
2019 
0640 
1208 
1436 
0641 
0912 
0640 
0922 
1210 
1448 

1732 
0930 
0640 
1730 

113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 

7-14 

7-15 

7-17 
7-16 

7-15 

7-17 

7-18 

7-19 

7-18 
7-20 

60-38 
60-58 
61--{)8 
61-28 
60-23 
60-38 
60-58 
61--{)8 
61-23 
61-38 
60-38 
60-58 
60--{)8 
61-23 
61-37 
61-58 
62--{)8 
62-23 
61--{)8 
61-23 
61-38 
61-58 
62--{)8 
62-23 
62-38 
62-58 
61-38 
61-58 
62--{)8 
62-23 
62-38 
62-58 
62-08 
62-28 
62-38 
62-58 

167-45 
167-15 
166-46 
166-25 
169-15 
168-45 
168-15 
167-45 
167-15 
166-45 
169-45 
169-15 
168-45 
168-15 
167-45 
167-15 
166-45 
166-27 
169-45 
169-15 
168-45 
168-15 
167-45 
167-15 
166-45 
166-15 
169-45 
169-15 
168-45 
168-15 
167-45 
167-15 
169-45 
169-15 
168-45 
168-15 

1445 
1141 
0857 
0645 

1204 
1445 
1750 
0644 
0912 
1152 
0639 
1704 
1444 

1205 
0930 
0641 
1515 
1744 
0958 
1247 
1528 
1818 
0640 
0855 
1118 
1417 
1809 
1522 
1152 
0911 
0642 
1735 
0641 
0900 
1115 
1400 
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FIGuRE 11. Japanese halibut tagging areas and number of individuals tagged in 1968. 
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FIGURE 12. Tagged halibut recovered by Japanese vessels in 1968. 
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Station 
Number 

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 
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TABLE 10. Catch records of the research vessel Chosui-maru during a grid survey in 1968. 

Flat-
Total 
catch 

Yellow- Tur- Rock 
fin sole bot sole 

head Alaska Hali
sole plaice but 

6,979.9 
162.0 
518.9 
941.5 
435.4 
636.5 

4,715.0 
359.1 
881.6 
385.0 

1,422.7 
945.0 

1,903.7 
990.5 

1,560.3 
843.8 
163.6 
317.6 
190.0 
47.6 

90.0 
10.5 

171.3 
320.0 
127.0 
200.0 
96.8 

125.2 
100.0 
152.0 

190.8 
331.0 
240.0 
384.0 
80.0 
52.0 
54.0 

200.0 
38.0 
17.3 

49.0 17.0 
856.6 0 

5,453.6 320.0 
10,624.9 38.0 

695.6 121.0 
1 ,832.8 400.0 
2,323.9 640.0 
1,679.0 25.0 

315.3 80.0 
152.2 52 .0 

7,894.8 160.0 
1,585.0 526.8 
1,647.9 113.0 
1,675.5 856.0 

334.3 52.0 

20.0 0 
4.0 0 
4.0 0 

10.0 0 
6.5 71.0 
1.1 59.0 
0 11.3 
0 151.0 
4.8 50.0 
2.6 15.4 

5.5 105.0 
0.8 331.3 
0 204.0 
0 207.0 
5.4 3.8 
1.2 3.1 
0 0 
1.1 46.8 
0 13.6 
0 10.0 

0 3.8 
55.8 0 

1.2 2.0 
0 0 
0 2.8 
0 1.7 
0 81.0 
0 2.5 
0 28.5 
0 6.8 

55.0 
26.0 
9.8 
7.0 

45.0 
32.0 
0.7 

11.0 
0 

21.0 

0 
0 
6.2 

15.4 
61.0 
27.5 
2.0 
0 
6.3 
9.0 

62 .5 66.0 
34.0 134.0 
11.0 18.6 
10.0 47.0 
0 1.2 
0 0.5 

46.0 6.6 
32.0 25.0 
11.5 4.0 
4.8 2.0 

7.0 1.0 
75.0 0 
11.0 2.0 
0 2.3 

11.8 7.2 
25.0 55.0 
19.0 72.0 
10.0 8.0 
26.0 17.0 

1.3 29.0 

0 
0 
0 
0 
0 

0 0 3.8 
3.6 3.7 30.0 
4.2 20.0 7.8 

81.0 14.5 138.0 
19.0 0.7 4.7 

1,345.3 20.0 0 1.6 3.8 0.4 
94.6 

690.0 
562.2 
786.1 

43.0 0 16.0 0.7 5.7 
0 74.0 0 54.0 0 

195.0 0 55.0 23.0 4.0 
136.0 0 17.0 12.0 40.0 

1,745.1 349.0 
3,238.5 445.0 

134.8 17.8 
69.4 2.9 
42.3 25.0 

225.0 71.0 
699.4 160.0 
758.6 290.0 

79.4 2.3 
249.2 99.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15.0 
81.0 

6.0 
0 

7.6 26.0 
14.8 110.0 
2.5 1.3 
0 0 

1.0 0.7 3.8 
0 23.0 4.4 

52.0 37.0 176.0 
6.3 5.3 10.8 
0 0 0.1 

30.0 0 15.0 

0.7 
0 
0.5 
7.5 
0.7 
0 
0 
0.1 

13.0 
0.2 

0.5 
0.4 
1.0 
0.3 
0 
0 
0 
0 
0 
0.2 

0.7 
0 
0 
0 
3.7 
0 

0 
0 
6.3 
0 

0 
0.2 
0 
0.4 
0 
0.6 

10.4 
0 
0 
0 

0 
0 

19.0 
0 
1.6 
0.5 
0 
0 
0 
1.5 

Green
land 

halibut 

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 
0.5 
0 
0 
0 
0 
0 

0.8 
0 
0 
0 
0 
0 
0 
0 
0 
0.9 

0 
0 
0 
0 
0 
1.1 
0 
0 
0 
0 

Other 
floun
ders 

Black- Pacific Pacific 
cod cod pollock 

1.0 
0 
0 
0 
0 
0 
0 
1.3 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 0 
0.6 0 
0 0 
0 0 
0 0 
0 0 

0 6,798.0 
1.5 120.0 

30.0 286.0 
22.0 546.0 
12.3 105.0 

1.0 306.0 
0 4,602.0 

35.5 20.0 
7.2 691.0 
9.0 167.0 

7.3 977.0 
2.0 98.0 
0 1,420.0 

15.0 289.8 
3.8 1,452.0 

39.0 748.0 
2.8 38.0 
0.8 5.5 
2.6 114.0 
3.8 8.0 

0.7 1.2 
2.0 670.2 
1.3 5,100.0 

34.8 10,539.0 
55.0 478.0 

6.9 1,283.0 
25.0 1,431.0 
54.0 1,576.0 

6.0 100.5 
0.2 39.0 

1.0 7, 722.0 
44.0 941.3 
78.5 1,413.8 
47.0 396.0 
21.0 224.0 
10.8 1,292.0 
2.0 8.8 

23.5 518.0 
11.0 264.0 
28.0 528.0 

555.5 738.0 
45.0 2,450.0 
16.0 66.0 
2.3 57.0 
3.5 0 

42.0 53.0 
78.5 145.0 

129.5 264.0 
7.0 66.0 

65.8 21.0 

Her- Other Pink 
ring fishes shrimps 

0.4 
0 
0 
0 
0 
0 
0 
0 
0 
0.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0.2 

0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14.3 
0 

11.1 
13.6 
6.9 
9.9 
2.2 

15.0 
9.3 
8.5 

8.1 
13.5 
9.1 

37.4 
12.1 
0 

16.2 
6.4 
6.3 
1.3 

17.1 
53.6 
16.1 
10.8 
15.6 
61.2 
55.9 

3.5 
51.0 
23.9 

0 7.2 
0 35.4 
0 10.6 
0 142.6 
0 12.9 

11.0 5.1 
0 8.0 
0 20.5 
1.0 9.2 
3.2 21.0 

0.3 53.7 
0 92 .7 
0 6.2 
0.4 6.8 
0.1 6.6 
0 29.4 
1.3 49.6 
0.6 52.1 
0 4.0 
0 16.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Continued ... 



Station 
Number 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
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TABLE 10. Continued. 

Total 
catch 

Yellow- Tur- Rock 
fin sole bot sole 

456.2 58.0 
32.1 30.0 
20.8 12.8 

106.5 10.0 
170.5 43.0 
305.0 40.0 

I ,825.0 260.0 
142.4 34.5 
93.6 47.0 

629.2 320.0 

30.7 
20.3 

122.8 
83.2 

214.3 
143.1 
162.6 
208.0 
474.1 
81.8 

67.5 
128.6 

9.1 
1,454.4 

419.5 
129.8 
230.4 
173.0 
70.4 

678.3 

577.3 
555.1 
524.0 
266.9 
128.2 
163.8 
70.7 
76.3 

569.8 
1,165.5 

2.1 
10.8 
53.0 

8.7 
58.0 
49.0 
39.0 

126.5 
462.0 

26.0 

23.5 
42.0 
4.8 

363.0 
244.0 
61.5 

155.0 
132.0 

8.5 
430.0 

124.0 
202.0 
379.0 
187.0 
35.0 

3.2 
22.0 
17.0 

208.0 
100.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0.1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.5 
1.1 
0 

39.3 
66.0 

4.0 
21.0 
10.0 
9.3 

72.0 

3.3 
0 
9.6 
2.7 

10.0 
2.0 
3.9 

36.0 
0 
0 

23.0 
13.0 
0 

19.3 
25.0 

2.0 
2.5 
3.0 
4.0 

10.5 

17.8 
21.0 
21.7 

6.8 
0 
5.0 

14.8 
0.4 

23.0 
30.0 

Flat-
head Alaska 
sole plaice 

0 0.5 
0 0.2 
0 0 
0 0.7 
3.6 23.0 
1.8 156.0 
0 55.0 
0 5.8 
0 14.0 
0 27.0 

0 3.8 
0 0 
1.3 13.3 
0.8 16.0 
0 34.5 
0 8.0 
0 5.5 
0 8.5 
0 0.5 
0 0 

0 0 
0.5 25.0 
0 3.3 
0 78.0 
0 91.0 
0 7.8 
0 13.0 
0 0 
0.1 5.0 
1.0 95.0 

0 109.0 
0 39.0 
0 22.0 
0 7.0 
0 0 
5.0 0 
0.1 3.0 
0.8 6.2 
0 234.0 
0 109.0 

662.9 
221.8 
518.5 

25.0 0 8.8 0 78.0 

6,533.2 
567.0 
222.5 
197.3 
32.1 

1,023.3 
3,488.5 

80.0 0 0 0.8 3.8 
44.0 0 5.2 0 3.0 

160.0 0 0 3.5 144.0 
190.0 0 81.0 3.0 98.0 
45.0 0 4.1 1.3 27.6 
80.0 0 7.0 0 16.6 

6.5 0 1.2 0 0 
0 37.0 0 45.0 0 
5.9 0 0 0.7 0 

Green- Other 
Hali- land floun- Black- Pacific Pacific Her- Other Pink 

ring fishes shrimps but halibut ders cod cod pollock 

0 
0 
3.5 
0 
0 
0 
0 
1.3 
0 
1.9 

0 
9.4 
0.4 
0 
0 
1.5 
0.3 

20.0 
6.4 
8.1 

1.5 
0 
0 
0 

10.1 
0.7 
3.1 

28.9 
12.3 
1.8 

4.8 
24.0 
23.0 
30.0 
41.0 

0 
3.5 
2.2 
0.4 
8.0 

6.8 
27.0 
71.0 
0 
4.0 
7.7 
1.1 
0.4 
2.9 
0.7 

0 
0 
0 
0 
0.1 
1.2 
0 
0 
0 
0 

0 
0 
2.9 
0.2 
0 
0 
0 
0 
0 
0 

0 
0 
0.3 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
5.2 
1.8 
0.4 
0 
0 

0 
0 
0 
0.2 
0 
0 
0 
0 

27.0 
3.9 

0 
0 
1.3 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0.5 
0 

0 
0 
0 
0 
0 
0 

14.0 
2.2 
0 
0 

0 
0 
0 

31.8 
1.8 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
5.7 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.0 357.0 
0 0 
0 0 
0.5 23 .0 

11.0 3.8 
48.0 11 .9 
34.0 1,381.0 

9.0 54.8 
0 0 

85.7 0.8 

0 
0 

11.8 
4.2 

16.0 
69.0 
13.7 
3.0 
2.0 

41.0 

2.5 
7.8 
0 

33.0 
9.8 

18.0 
3.0 
3.6 
0 

19.0 

78.0 
156.0 
25.0 

2.0 
10.3 
17.2 
7.2 
0 

12.0 
98.5 

14.5 
0 
6.5 
1.3 

53.5 
0.3 
0 
0.6 
0 
0 

3.5 
2.6 
0.7 

824.0 
11.3 
8.4 
6.8 
0 

10.5 
15.0 

198.0 
44.0 

0 
0 
0 

110.5 
13.2 
17.0 
6.1 

792.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

34.2 
0.8 
3.2 

33.0 
20.0 
42.1 
74.0 
27.0 
23.3 

121.8 

0 7.0 
0 0.1 
0 24.0 
0 49.3 
0 42.3 
0 13.3 
0 I 00.2 

10.8 2.6 
0 2.7 
0.8 5.9 

0 13.5 
0 37.7 
0 0 
0 137.0 
0 28.3 
1.3 30.1 

28.0 4.0 
0 3.3 
0 30.0 
0 106.0 

0 45.7 
0 69.1 

10.0 43.3 
0 2.3 
0 40.1 
0 17.7 
0 5.1 
0 32.3 
0 86.3 
0 28.0 

156.0 359.0 0 29.3 
26.8 77.0 0 6.4 

338.3 0 26.0 31.0 
13.0 6,198.0 0 14.5 
48.0 42.0 0 101.0 
12.0 66.0 0 58.8 
23.2 11.2 0 58.0 
0 0 11.0 5.3 

17.0 726.0 0 159.6 
78.0 3,375.0 0 24.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1.0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0.2 
2.0 
8.8 
0 

Continued ... 
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Station 
Number 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

Ill 
112 
113 
114 
115 
116 
117 
118 
119 
120 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

141 
142 
143 
144 
145 
146 
147 
148 
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Total 
catch 

Yellow- Tur- Rock 
fin sole bot sole 

218.9 80.0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,269.9 560.0 
483.3 177.0 
382.2 240.0 

2,134.7 1,763.7 
351.8 115.0 
463.8 85.0 
212.6 40.0 
149.8 36.0 
359.7 160.0 

471.8 
406.2 
327.3 
660.4 
337.6 
172.3 
208.2 
218.8 
273.4 
341.0 

444.0 
236.1 
232.3 
214.6 
138.7 
446.2 
619.5 
26.2 

5.5 
22.4 

125.6 
70.2 

105.7 
34.1 
17.0 
9.5 

54.3 
3.8 

40.8 
16.6 

37.8 
15.4 
13.2 
7.3 

21.1 
37.1 
28.5 
52.0 

260.0 
82.0 
70.0 

320.0 
187.0 
80.0 
90.0 

123.0 
120.0 
30.0 

95.0 
24.0 
80.0 
32.0 
33.0 
80.0 
11.5 
8.5 
1.0 
0.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

80.0 0 
39.0 0 
30.0 0 

5.0 0 
1.5 0 
0 0 
0.3 0 
0.0 0 

15.0 0 
4.2 0 

1.0 0 
2.5 0 
2.9 0 
0.8 0 
1.9 0 
2.6 0 
7.8 0 
0.5 0 

0 
0 
7.5 
4.9 
0 
0 
0 
0 
0 
0 

0 
0.7 
0 
0 
0 
0 
1.1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0.8 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

TABLE 10. Continued. 

Flat-
head Alaska 
sole plaice 

0.1 0 
3.5 275.0 
0.8 96.0 
0.1 52.0 
0 234.0 
0 6.0 
0 0 
0 0 
0 0 
3.0 125.0 

0 
0 
0 
0 
0 
0 
3.8 
0 
0 
0 

0 
0 
2.8 
2.0 
0 
0 
0 
0 
0 
0 

17.8 
8.5 

4.0 
6.4 
0 
0.8 

48.0 
22.0 
25.0 

1.8 

0 
0.4 

92.8 
22.0 
13.5 
8.0 
4.8 
2.4 
0.1 
3.6 

0.1 28.0 
0.1 17.0 
0 9.6 
0 4.5 
0 0.2 
0 0.7 
0 1.5 
0 0 
0 11.0 
0 0 

0 2.5 
0 3.1 
0 2.9 
0 0 
0 2.7 
0 2.3 
0 9.5 
0 2.4 

Green- Other 
Hali- land floun- Black- Pacific Pacific Her- Other Pink 

ring fishes shrimps but halibut ders cod cod pollock 

1.4 
1.4 

12.0 
2.1 

15.1 
6.8 

10.6 
8.5 

13.0 
1.5 

2.0 
0 

5.8 
17.5 
38.0 
16.0 
0 
2.6 
0.4 
9.3 

58.0 
17.8 
0 
1.1 
3.6 
0 

14.5 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0.5 
0 
1.9 
0 
0 
0 

0 
0 
0 
0 
0.8 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

8.3 103.0 0 26.0 
6.7 396.0 0 27.3 

15.0 120.0 0 55.0 
13.6 9.0 0 60.5 
30.0 30.0 3.1 58.3 
23.0 0 2.0 199.0 
0 0 132.0 234.3 
0 0 14.1 150.0 
0 0 16.0 84.8 

27.0 

35.0 
20.0 
11.0 
7.0 
0 
0 
6.8 

19.0 
11.0 
35.0 

21.5 
0 
6.7 

99.0 
53.0 

7.0 
16.2 
0 
0 
0 

0 
0 

51.0 
8.0 
3.7 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
3.0 
0 
0 

8.8 

132.0 
17.0 
0 
0 
0 
0 
0 

23.0 
6.0 
0 

0 
0 

17.0 
17.0 
10.0 
0 
0 
0 
0 
0 

0 34.4 

0 25.0 
0 278.0 

43.0 193.5 
111.0 198.5 
70.0 41.8 
0 75.5 
0 58.5 
0 29.2 

10.0 101.0 
15.0 249.9 

20.0 249.5 
58.5 135.4 
0 33.0 
0 41.5 
0 25.6 

25.6 325.6 
0 572.5 
0 15.3 
1.6 2.8 
0.1 18.5 

0 0 17.4 
0 0 14.1 
0 0 14.3 
0 0 15.0 
0 0 10.6 
0.2 1.2 6.4 
0 0 52.5 
1.5 0 2.2 
0 0 14.8 
0 0 12.4 

1.0 0 32.3 
2.0 0 7.7 
0.8 0 4.4 
2.3 0 2.7 
0 0 16.5 
0 0 29.2 
0.7 0 9.9 
0 0 44.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
1.6 
1.0 
1.0 
0 
0.1 
0 
0 

1.0 
0.1 
2.2 

1.5 
0 
0 
0.6 
4.4 
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C. INVESTIGATIONS BY THE UNITED STATES FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION-1968 

U.S. Bureau of Commercial Fisheries Biological Laboratory, 
Seattle, Washington, March 28, 1969 
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INTRODUCTION 

Research by the United States for the International 
North Pacific Fisheries Commission (INPFC) in 1968 
included studies of king crab, salmon, and the marine 
environment of salmon. 

Major emphasis was given to investigations of the 

influence of oceanic features on the distribution of 
salmon and the relative abundance and migration 
of salmon on the high seas ; data for these investiga
tions were obtained from tagging experiments, gillnet 
catches, and oceanographic observations along the 
Aleutian Islands and in the northeastern Pacific 
Ocean. Other research included inquiries on : plank
ton of the northeastern Pacific Ocean, maturity of 
salmon, racial identification of sockeye salmon taken 
in 1964 and 1965 by the Japanese mothership fishery, 
catch-effort statistics of the Japanese mothership 
fishery, and status of king crab stocks of the south
eastern Bering Sea. 

All research, except for tagging experiments and 
king crab studies, was done by personnel of the 
Bureau of Commercial Fisheries (BCF) Biological 
Laboratory, Seattle, Washington. Tagging experi-

Somplino (purse atintl a toooino 
for forecast purposes, 111- 8/12 

2 Somplinolpurse seine) a toooino 
juvenile solmon, 8/15 -9/20 

r---1----- 1- 3 SamplinQ(purseseine) a taooino 
juvenile salmon, 7/1 - 10/10 

Physiolooical Studies, 711-8/15 

FIGURE I. Locations of sampling, tagging, and physiological studies, 1968. 
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ments were carried out by the Fisheries Research In
stitute (FRI), University of Washington, under con
tract to BCF, and king crab investigations were done 
by the BCF Biological Laboratory, Auke Bay, Alaska. 

TAGGING AND SAMPLING 

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

Tagging and sampling studies in 1968 were directed 
toward two basic objectives: (1) an extension of our 
knowledge of the migration, ecology, and dynamics 
of juvenile salmon during their first summer at sea 
and (2) an improvement of the techniques of forecast
ing the abundance and age composition of the run 
of sockeye salmon to Bristol Bay. Large, fine-meshed 
purse seines were used to obtain estimates of abun
dance and quantitative and qualitative samples of 

salmon in the areas of study. In addition, portions 
of the catches were tagged and released so that the 
origins of the fish sampled could be identified. We 
tagged many more juvenile salmon than in previous 
years ; future returns should contribute importantly 
to our understanding of salmon migration. Tag 
returns in 1968, mostly from fish tagged in previous 
years, added new information on migrations of both 
juvenile and older immature salmon. In addition, 
we expanded studies of the physiology of juvenile 
salmon with a view to improving their survival after 
tagging. We also conducted a limited longline survey 
in the central Gulf of Alaska in June to make a rough 
estimate of the run of pink salmon to central Alaska. 

The locations of the various field operations in 1968 
are illustrated in Figure 1 ; the numbers of salmon 
caught and numbers tagged at the different locations 
are listed in Table 1. 

TABLE I. Numbers of salmon and steelhead trout caught and numbers tagged in 1968 by location and type of investi
gation. 

Species of salmon or trout 

Location, dates, and number of sets Sockeye Chum Pink Coho Chinook Steelhead Total 

Adak Island area- July 7-Aug. 12: 58 purse seine sets1 

Number caught (age .I or older) 4,902 2,173 65 122 70 3 7,335 
Number tagged 1,634 486 27 15 22 2,184 

Eastern Bering Sea-Aug. 15-Sept. 14: 35 purse seine sets• 
Number caught (age .0) 6,085 954 60 2 7,101 
Number tagged (age .0) 4,454 619 39 I 5,113 
Number caught (age .I or older) 9 9 2 9 7 36 
Number tagged (age .I or older) 2 7 10 

South side of Alaska Peninsula-Aug. 30, 31 & Sept. 15-20: 16 purse seine sets2 

Number caught (age .0) 672 299 821 33 1,826 
Number tagged (age .0) 569 209 709 31 1,519 
Number caught (age .I or older) 3 I 7 II 
Number tagged (age .I or older) 3 3 

Strait of Juan de Fuca to Lituya Bay-July !-Oct. 10: I 05 purse seine sets2 

Number caught (age .0) 1,299 4,935 15,183 2,866 36 24,320 
Number tagged (age .0) 736 2,050 4,656 1,675 28 9,145 
Number caught (age .I or older) 114 69 406 541 513 1,643 
Number tagged (age .I or older) 78 57 146 343 398 1,022 

Gulf of Alaska- June 26-July I: 6 longline sets (110 skates total) 
Number caught (age .I or older) 38 34 355 20 12 459 
Number tagged 38 33 328 19 12 430 

GRAND TOTALS 
Number caught (age .0) 8,056 6,188 16,004 2,959 39 33,247 
Number tagged (age .0) 5,759 2,878 5,365 1,745 30 0 15,777 
Number caught (age .I or older) 5,063 2,288 829 699 590 15 9,484 
Number tagged (age .I or older) 1,750 581 501 378 427 12 3,649 
Number caught (all ages) 13,119 8,476 16,833 3,658 629 16 42,731 
Number tagged (all ages) 7,509 3,459 5,866 2,123 457 12 19,426 

1 Investigation : indexing for forecasts. 
2 Investigation : sampling of juveniles. 
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SrumEs OF THE MIGRATIONS, EcoLoGY, AND DY

NAMICS OF jUVENILE SALMON DURING THEIR FIRST 

SUMMER AT SEA 

We have conducted research on the juvenile phase 
of the salmon's life history since 1964 in the Gulf of 
Alaska and since 1966 in the eastern Bering Sea. As 
described in previous INPFC Annual Reports, much 
new information has been developed on many aspects 
of the biology of salmon in the open sea during the 
critical first one to three months after they leave 
protected bays and channels. The findings have done 
much to bridge the gap in our understanding of salmon 
life history for the period between the early marine 
stage in coastal waters and later stages of immature 
and maturing fish at distant points in their oceanic 
migrations. Such knowledge is essential for the de
velopment of a more rational utilization of the re
source. Because of the greater numbers of fish tagged 
in 1968, returns in future years should yield much ad
ditional information on migrations of particular 
stocks. Because the areas of study are geographically 
diverse, the research is described separately for each. 

Studies of juvenile salmon in the eastern Bering Sea and 
south of Unimak Island and the Alaska Peninsula 

Our main objective in the Bering Sea area was to 
study the abundance, size, growth, freshwater age 
composition, and stomach contents of age .0 salmon1 

(mainly sockeye) and to compare the data with those 
for 1966 and 1967. In addition, tag returns are ex
pected to yield information on : (1) the distribution 
of the fish in the high seas fishery and in Bristol Bay 
rivers, (2) the relative rates of tag returns in 1970 and 
1971, (3) the rate of tag return as compared to that 
in other areas and for other age classes, and ( 4) the 
relative efficiency of Carlin and Dennison tags on age 
.0 salmon. 

Our sampling and tagging south of Unimak Island 
and the Alaska Peninsula (the first carried out by us 
in this area) is discussed with the operation in the 
Bering Sea, since the two areas are adjacent. Our 
objectives here were similar to those in the Bering Sea, 
although undoubtedly the salmon stocks are different, 
as well as the physical and biological environment. 

The chartered purse seine vessel Commander operated 
in these two areas from August 15 through September 
20. The total numbers of fish caught and tagged are 
shown in Table 1. The seine used was similar to 
that described in previous years-about 400 fathoms 
long and 18 deep. Most of the body of the seine was 
of 2-inch mesh (stretched measure) and the bunt of 
l-inch mesh. A set consisted of a standard " tow 

1 See Koo (1962) for method of age designation. 

haul" in which the seine was held in an open arc for 
30 minutes, then closed and pursed. The opening of 
the seine was set in various directions to check direc
tion of movement of the fish, but usually it was set 
with the tide running into the opening (in past years 
this method had proved most successful in the Bering 
Sea area). After the fish were brailed into live-tanks, 
they were tagged as rapidly as possible by one to three 
persons, depending upon the numbers of fish caught. 
Samples of 25 of each species per set were preserved 
in formaldehyde for stomach analysis Lin the labora
tory. An additionallO specimens per set (fresh dead) 
were examined aboard ship for stomach contents. 
Length measurements and scale samples also were 
taken from fish preserved or examined aboard ship. 

Fishing in the Bering Sea was confined to an area 
between about 161°W and 163°20'W (Fig. 1) and 
within 50 miles of the coastline, where catches were 
highest in 1966 and 1967. Thirty-five purse seine 
sets yielded 7,101 age .0 salmon (6,085 sockeye, 954 
chum, 0 pink, 60 coho, 2 chinook). The proportion 
of chum salmon (13.4%) was considerably higher 
than in 1967 when only 1.8% of 3,214 salmon caught 
were chums. The average catch of sockeye salmon 
was 203 per seine set, and the largest individual catch 
was 1,354 ; comparable figures for 11 sets in the same 
area in 1967 were 273 and 2,039. We expected larger 
catches in 1968 because of the large outmigration from 
the Kvichak River (preliminary data from the Alaska 
Department ofFish and Game). Our sampling can
not be considered indicative of abundance, however, 
because we know so little about annual variation in 
distribution and timing. 

Substantial catches were made irrespective of the 
direction of the set of the seine, which indicated that 
fish were not moving in only one direction as they 
usually do in the Adak Island area, for example. The 
average catch was 231 in 26 sets open east or northeast 
and 112 in nine sets open southeast or southwest. 
The difference in numbers suggests that the young 
salmon shift back and forth with the tides, but that 
the dominant movement is seaward to the southwest. 

The average fork length of the samples of juvenile 
sockeye salmon varied from 13 to 18 em, which is 
similar to the average lengths in 1966 and 1967. 
Fish in the western part of the sampling area were 
larger than in the east, and a seasonal increase in size 
was obvious. 

In many catches the fish stomachs were full of 
recently ingested food. Larval fish and euphausiids 
were the chief food items in most samples examined 
at sea. 

One of the virtues of a fine-meshed purse seine is 
that it retains and concentrates many of the fish and 
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even invertebrates, both large and small, that are 
associated with the salmon. Many larval fish and in
vertebrates that could easily escape through the net 
have a tendency to school together and avoid the net 
until they are finally forced to swim through the 
meshes as the last of the net is retrieved. During net 
retrieval we are thus able to observe and collect them. 
Following is a list of the most common fishes in the 
catches in the Bering Sea. They are probably im
portant to the juvenile salmon as predators, competi
tors, or prey. 

Atka mackerel-Pleurogrammus monopterygius (3-20 
em) 

Pacific sandfish-Trichodon trichodon (3-20 em) 
Walleye pollock-Theragra chalcogramus (2-10 em) 
Pacific herring-Clupea harengus pallasi (2-30 em) 
Capelin-Mallotus villosus (2-10 em) 
Pacific sand lance-Ammodytes hexapterus (2-15 em) 
Sablefish-Anoplopomafimbria (5-20 em) 
Threespine stickleback-Gasterosteus aculeatus (l-

7cm) 
A variety of other fish (large and small) occurred 

occasionally, or frequently, but in small numbers. 
Larval stages of pollock, capelin, sand lance, and her
ring were particularly abundant in some sets and the 
last three species were frequently important items in 
the stomach contents of juvenile salmon. 

Large schools of euphausiids (Thysanoessa raschii) 
were observed in the net in a few sets near Amak 
Island (163° lO'W) but they were not as numerous 
or widespread as in 1966, when they were abundant 
in nearly every set throughout a broad area of sam
pling. No euphausiids were observed in the net in 
1967, probably because mature specimens are rela
tively scarce in odd-numbered years (the species has 
a 2-year life span). 

Several varieties of jellyfish, some with tentacles 3 
to 4 m long, were extremely abundant in the Bering 
Sea in each of the years we operated there (1966-68). 
In some seine sets I 0 tons would be a conservative 
estimate of the catch. They cause injury to the salm
on during the brailing of fish from the net and also 
delay brailing. They apparently prey heavily on 
larval fish and euphausiids. Because of their num
bers, they must be a very important component of 
the biota of the eastern Bering Sea. 

About l-2% of the juvenile sockeye salmon had 
lesions on various parts of their bodies. The lesions 
appeared as ulcerated patches with yellow necrotic 
tissues sloughing from the fringes ; in some fish the 
caudal fin was almost eroded away. Frozen speci
mens were preserved for diagnosis. If the lesions are 
a source of mortality, the 1968 outmigrants suffered 
an additional but unmeasured survival hazard that 

probably did not apply to the 1966 or 1967 year 
classes, as lesions were not seen in those years. 

Three types of tags were used to mark juvenile 
salmon in the Bering Sea : 

Type of tag 
Dennison molded flag 

tags with the legend 
inscribed in the nylon 
flag 

Dennison tags with a 
labeled plastic tube in 
place of the flag (Floy 
FD67) 

Carlin pennant--dangler 
Total 

Colors 
Red, blue 

Orange, blue, 
green 

Blue 

Number applied 
1,205 

3,458 

450 
5,113 

The Dennison tags were applied with a modified ap
plicator equipped with a needle about one-half inch 
longer than standard. The new applicator worked 
well ; after some practice, one man could measure 
and tag fish at a rate of 300 per hour. The longer 
needle permitted the tag to be positioned precisely, 
with the proper trailing angle. The reduced handling 
time should decrease mortality from handling and 
tagging. We found also that with practice it was 
possible to tag juvenile salmon with minimal anes
thesia ; the resulting rapid recovery should have im
proved survival. The Carlin tags took longer to 
apply (100 per hour), but since their rate of shedding 
is probably lower, their rate of return may be as good 
or better than that of the Dennison tag. 

The Commander operated south of Unimak Island 
on August 30 and 31 (seven sets) and on September 
15 and 16 (four sets); the vessel then made five ad
ditional sets between the Shumagin Islands (l60°W) 
and Shelikof Strait while en route to Seattle (Septem
ber 18--20). Substantial numbers of juvenile salmon 
were present during the late August sampling south 
of Unimak Island (average catch, 45); even greater 
numbers were present in mid September (average 
catch, 274). 

The catches and water conditions south of Unimak 
Island contrasted with those in the Bering Sea in 
several important respects : (I) Pink salmon, which 
were absent in the Bering Sea samples, were present 
in substantial numbers (Table 1) ; (2) sockeye and 
chum salmon were larger (mean fork length 20-22 em 
as compared to 15-18 em in the Bering Sea) ; (3) 
jellyfish, which were extremely abundant in the 
Bering Sea, were scarce; (4) stomachs of salmon 
contained much less food than did those from the 
Bering Sea, and the food consisted mainly of am
phipods, copepods, and pteropods as contrasted to 
the larval fish and euphausiids in Bering Sea samples ; 
and (5) none of the salmon taken south of Unimak 
Island had lesions or eroded caudal fins, but parasitic 
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copepods were more common and were particularly 
abundant on pink salmon. In addition to the dif
ferences in catches, the water was much clearer on 
the south side of Unimak Island; Secchi disk read
ings ranged from 27 to 66 feet as compared to 12 to 
29 feet in the Bering Sea. 

Between the Shumagin Islands and Shelikof Strait, 
catches were smaller (average, 83 per set) than off 
Unimak Island, but the species composition and length 
of fish were similar. 

In all of the operations south of U nimak Island and 
the Alaska Peninsula, the seine was held open to the 
east. The catches indicated that a substantial body 
of juvenile sockeye, chum, and pink salmon was 
migrating westward along the coast. Although no 
opposed seine sets were made, it is doubtful that salm
on would be migrating eastward in this area. West
ward migration would be consistent with the direction 
of travel observed in other parts of the Alaskan 
Stream, such as in the northern Gulf of Alaska and 
south of the Aleutian Islands. 

The origin of the fish taken south of U nimak Island 
is open to speculation but tag returns in 1969-71 
should provide at least qualitative data. Because 
juvenile salmon from as far away as the Fraser and 
Columbia Rivers have been shown by tagging to 
reach the Kodiak Island area by late August, it 
is possible that some of those tagged south of Unimak 
Island came from sources just as distant. 

The width of the band of migrating juvenile fish 
was not investigated because of lack of time. It is 
possible that the fish extended well offshore (50-75 
miles), as they do south of Kodiak Island. How far 
west these fish migrate also is unknown. Since seining 
operations near Adak. Island have yielded few juvenile 
salmon, even as late as. October 1, it seems likely that 
age .0 fish do not continue as far west as do the age 
.1 and .2 sockeye salmqn, for example. A study of 
their migrations beyond Unjmak Island would furnish 

a clue as to fall and winter migrations, which are little 
known. 

Juvenile salmon studies in the Gulf of Alaska from the 
Strait of Juan de Fuca northward to Lituya Bay 

The objectives along the coast from the Strait of 
Juan de Fuca northward to Lituya Bay in the Gulf of 
Alaska were similar to those stated for the Bering Sea 
area. In addition, we provided samples of juvenile 
salmon for tagging and for physiological studies 
aboard the Fisheries Research Institute laboratory 
barge Kumtuks moored in the Strait of Juan de Fuca 
at Neah Bay. 

The chartered purse seine vessel Storm operated 
throughout this area from July 1 through October 10. 
The total fish caught and numbers tagged are shown 
in Table 1. The itinerary of the Storm was as follows : 
July 1-2-towed Kumtuks to Neah Bay; July 3-17 
and August 11-23-fished in western Strait of Juan 
de Fuca and provided live salmon for the Kumtuks; 
and July 18-August 10 and August 24-0ctober 10-
fished a series of coastal stations between Vancouver 
Island, B. C., and Lituya Bay, Alaska. 

This year was the first in which we sampled sys
tematically in the Strait of Juan de Fuca; the catch 
data were revealing. Three stations were fished : 
station 1 within one to two miles of the south shore, 
near Sekiu Point in Washington State; station 2 in 
mid Strait ; and station 3 within one to two miles of 
the north shore near Port San Juan, Vancouver Is
land, B.C. Catches of age .0 salmon and steelhead 
trout are shown in Table 2. The relative catches in 
the two time periods give some indication of the timing 
of the outmigration through the Strait of Juan de 
Fuca. The sampling apparently was started too late 
to include the main body of juvenile sockeye salmon. 
The relatively large catches of juvenile pink and chum 
salmon at station 1 during July suggest that these 
species were migrating mainly along the south shore 

TABLE 2. Catches of age .0 salmon and steelhead trout at three stations in the western Strait of Juan de Fuca-July 
3-17 and August 11- 23, 1968. 

Station No. of 
Catch by species 

Period no. 1 seine sets Sockeye Chum Pink Coho Chinook Steel head Total 

July 3- 17 28 27 453 4,554 174 5,209 
2 3 2 21 98 9 130 
3 6 19 15 53 17 105 

Aug. 11-23 9 0 27 490 721 4 0 1,242 
2 0 
3 4 2 8 133 55 0 0 198 

Total 50 50 524 5,328 976 5 6,884 

1 See text for locations of stations. 
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of the strait. When weather was calm, schools of 
young pink salmon were frequently seen finning and 
jumping. The fish had a mean length in July of only 
11- 12 em, which is too small for efficient tagging using 
our present methods. Some of the larger fish were 
tagged, however. During August 11-23 the abun
dance of sockeye, chum, and pink salmon had declined 
greatly, but coho salmon were more abundant than 
in July. Abundance still appeared to be highest 
along the south shore of the strait. 

Frequent stormy weather reduced the Storm's 
fishing time in the northern areas off Alaska, and forced 
us at times to fish in inside waters such as Icy and 
Chatham Straits. Catch data and tag returns from 
these experiments, however, will add to our know
ledge of migrations of juvenile salmon. 

The purse seine catches showed that juvenile salm
on of all species migrated northward along the coast 
of the Gulf of Alaska in substantial numbers, as ob
served in previous years. No effort was made to 
investigate the width of the band of fish or to make 
opposed seine sets, because we were trying to maximize 
catches for tagging and sampling. 

In the more northerly areas, and later in the season, 
most age .0 fish were large enough for efficient tagging. 
The 9,145 juvenile salmon tagged is by far the largest 
number we have tagged in the Gulf of Alaska area. 
As in the Bering Sea, Dennison and Carlin tags were 
used. Recoveries of pink and coho salmon can be 
expected in 1969 and of sockeye and chum salmon in 
1970 and 1971. 

Returns in 1968 from salmon tagged in earlier 
years as juveniles in the Gulf of Alaska added signifi
cant new information to our knowledge of the early 
ocean migrations of salmon in this area. Seven 

FIGURE 2. Release and recovery points for seven sockeye salmon 
(solid lines) and one chum salmon (broken line) tagged as 
age .0 in 1965 and recovered in 1968. 

140°W. 

55°N. 

Toooed In 1967 (817-1017, 
fork lenQtha 15.2- 23.4 em.) 

Rotavertd in 196817129- 8124) 

\ 
\ 
' \ 
Port Hau;hton 

FIGURE 3. Release and recovery points for eight pink salmon 
tagged as age .0 in 1967 and recovered in 1968. 

sockeye salmon tagged in 1965 were recovered in the 
Nass-Skeena River area (Fig. 2); six had been tagged 
in the north central Gulf of Alaska and one off Baranof 
Island. In contrast to the 1968 returns, four returns 
in 1967- also from the 1965 releases-included one 
from central British Columbia, one from Johnstone 
Strait, and two from the Fraser River. Thus the 
tagging in 1965 included a mixture of sockeye salmon, 
not only as to source, but also as to ocean life history. 
The total return of juvenile sockeye salmon tagged in 
1965 was 11 of 1,855, or 0.6%. 

A chum salmon tagged in 1965 in the northern 
Gulf of Alaska and recovered in the Strait of Juan de 
Fuca in 1968 (Fig. 2) was the first return of a fish of 
this species tagged at age .0. The recovery suggests 
that chum salmon, in common with other species 
originating along the coast of the Gulf of Alaska, 
migrate northwestward during their early months at 
sea- if it is assumed that this fish originated near its 
recovery point, which is reasonable. It was recovered 
on September 16 and was therefore probably close to 
its river of origin. 

Eight pink salmon tagged as age .0 juveniles in 1967 
were recovered in 1968 (Fig. 3 ). All were tagged 
between Dixon Entrance and Lituya Bay and re
covered at points south of or inside of the release points 
-indicating a pattern of movement similar to that of 
earlier years. The rate of return (0.5%) was higher 
than that of 1966 or 1967 ; one specimen was only 
15.2 em long at release, the smallest to yield a return 
to date. The two fish recovered at Port Houghton 
(August 1, 1968) were tagged from the same seine 
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FIGuRE 4. Release and recovery points for five coho salmon 
(solid lines) tagged as age .0 in 1967, and of two chinook 
salmon tagged as age .0-<me in 1966 (broken line) and one 
in 1965 (dotted line)-and recovered in 1968. 

catch on August 27, 1967, off Cape Spencer. 
Five coho salmon tagged as age .0 juveniles in 1967 

were returned in 1968 (Fig. 4). The recovery in 
Cook Inlet of a fish tagged south of the Alaska Penin
sula west of l60°W extended the known western limit 
of migration of juvenile coho salmon originating in 
Cook Inlet. The recovery in the Strait of Juan de 
Fuca of a fish tagged in Dixon Entrance at 54°32'N, 
132°11 'W extended the known northward range of 
juvenile coho salmon originating in the Puget Sound
Fraser River area. The assumption is that this fish 
originated near the area of recovery, which seems 
reasonable as it was recovered late in the season 
(September 29). The total rate of return of age .0 
coho salmon tagged in 1967 was 3.4% (595 released; 
15 returned in 1967 and 5 in 1968), which is similar 
to that observed for previous years. 

New data were provided by the recovery in 1968 
of two chinook salmon and by correction of a recovery 
reported erroneously in 1967 as being a coho salmon. 
Details of release and recovery are given in Table 3 
and the two 1968 recoveries are illustrated in Figure 

4. These three recoveries indicate that some of the 
spring-run chinook salmon from the Columbia River 
migrate as far as Yakutat, Alaska (about 1,000 miles) 
by mid August of their first summer at sea. Although 
the two fish tagged in 1966 were caught in the same 
purse seine set (when they were nearly the same size), 
one matured and returned in 1967 and one in 1968. 

RATE OF RETURN OF AGE .0 jUVENILE SALMON 

Because 1968 was the fifth year in which we tagged 
age .0 salmon and because we tagged larger numbers 
than in previous years and used improved methods, it 
is appropriate to review the release and recovery data 
to date. Only coho salmon were returned from the 
1964 tagging (2.9%, Table 4). The lack of returns 
of sockeye, chum, and pink salmon was probably due 
to our inexperience in handling small salmon and to 
the inefficiency of the dart tags (inserted with a rela
tively large hollow needle). All species except coho 
salmon apparently were too small to survive the ap
plication of the tag, or to retain the tag if they sur
vived. 

Improved results were obtained from the 1965 
tagging. Sockeye salmon yielded a return of 0.6%, 
chum salmon 0.2 %, pink salmon 0.2 %, coho salmon 
4.5%, and chinook salmon 4.5%. Rates of return 
are not directly comparable between species for a 
variety of reasons, chiefly because of differences in 
size of fish and in number of years at liberty. It is 
apparent, however, that the Carlin and knotted tube 
tags of 1965 were superior to the dart tags of 1964. 

Returns from the 1966 releases of sockeye and chum 
salmon will not be complete until 1969. In view of 
the small number tagged and the lack of returns in 
1968, few are expected. Pink salmon yielded an 
0.2% return, as from 1965 releases, and coho salmon 
returns declined (inexplicably) to 2.3%. We used 
the same type of tags in 1966 as in 1965. 

The increased rate of return of pink salmon from 
the 1967 releases (0.5%) was encouraging. We hope 
the increase will apply also to the sockeye and chum 
salmon, which were tagged at the same time and are 

TABLE 3. Release and recovery data for three chinook salmon tagged as age .0 fish . 

Date 

Release 

Aug. 6, 1965 

Recovery Release 

Mar. 17, 1968 58°32'N 
137°43'W 

Aug. 13, 1966 May 2, 1968 59°22'N 
140°00'W 

Aug. 13, 1966 May 25, 1967 59°22'N 
l40°00'W 

Location 

Recovery 

Lower 
Columbia R. 

McNary Dam 
Columbia R . 
Hell's Canyon 
Dam, Idaho 

Fork length in em 

Release Recovery 

35.0 83.7 

29.5 61.0 

29.0 

Remarks 

Reported erroneously as 
age .I in Fisheries Research 
Institute (1968) 

Reported erroneously as a 
coho in Hartt, Dell, and 
Smith (1969) 
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TABLE 4. Number of age .0 salmon tagged and numbers recovered by species and year, 1964-681• 

Returns by year Type of tag• 
Year 

tagged 

Sockeye Salmon 

1964 
1965 
1966 
1967 
1968 

Clwm Salmon 

1964 
1965 
1966 
1967 
1968 

Pink Salmon 

1964 
1965 
1966 
1967 
1968 

Coho Salmon 

1964 
1965 
1966 
1967 
1968 

Chinook Salmon 

1964 
1965 
1966 
1967 
1968 

Number 
tagged 

521 
1,855 

604 
1,132 
5,759 

183 
493 

82 
534 

2,878 

1,019 
2,671 
1,245 
1,571 
5,365 

555 
1,062 
1,562 

595 
1,745 

25 
22 
23 
23 
30 

YearN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

8 

16 
15 
3 

0 
0 
0 
0 

N + 1 

0 
0 
0 
0 

0 
0 
0 
0 

0 
5 

2 
8 

8 
47 
20 
5 

0 
0 
I 

0 

N + 2 

0 
4 
0 

0 
0 
0 

0 
0 

0 
7 

0 
I 

0 

Total 

0 
II 

0 

0 
5 
2 
8 

16 
48 
36 
20 

0 

Percentage 

0 
0.6 

0 
0.2 

0 
0.2 
0.2 
0.5 

2.9 
4.5 
2.3 
3.4 

0 
4.5 

c 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

D 

X 

X 

X 

X 

X 

Den DK 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

KT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 In 1964 and 1965 all tagging was done in the Gulf of Alaska. Starting in 1966 tagging was done in the eastern Bering Sea also. 
• C = Carlin; D = Dart; Den=Dennison; DK=Disk ; KT=Knotted Tube. 

due to be recovered in 1969 and 1970. All of the 
pink salmon recovered were tagged with the Denni
son tag. Returns of coho salmon showed no par
ticular increase, but because this species is considerably 
larger than sockeye, chum, and pink salmon, the type 
of tag is probably not as critical. 

Not only were more fish tagged in 1968 than in 
previous years, but the probability of return should 
be better for the following reasons : 

I. Most fish were tagged with the Dennison tag, 
which is applied quickly, with a minimum of 
time out of water. 

2. Modified applicators with a longer needle were 
used which permitted precise positioning of the 
tag in fish of any size. 

3. Because fish were given a minimal amount of 
anesthesia, recovery time was shorter, and the 

general condition of the fish at release was 
probably better than in previous years. 

4. We were more selective, and tagged only fish 
judged to be in good condition (on the basis of 
degree of scaling). 

5. We plan to intensify tag recovery effort. 
Recoveries to date are still insufficient for a critical 

comparison of the several types of tags, but the 1968 
releases should provide sufficient material. Size and 
condition of fish must be taken into account in addi
tion to species, location, and time of tagging. Re
turns to date have been extremely variable from 
experiments under seemingly similar conditions. 
Therefore, comparisons must be made within ex
periments from which return rates were good and 
in which adequate numbers of two types of tags 
were used. 
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FORECASTING THE ABUNDANCE AND AGE COMPOSITION 

OF THE RuN OF SocKEYE SALMON TO BRISTOL BAY 

Since 1956 we have noted a correlation between 
the abundance and age composition of immature 
sockeye salmon sampled by our purse seines south of 
Adak Island and the abundance and age composition 
in the following year's run to Bristol Bay. Each year 
since 1960, the data have been used to forecast the 
size of the run, and results of the analyses have been 
issued before the fishing season by the Fisheries Re
search Institute or by the Alaska Department of Fish 
and Game (for the 1968 forecast, see Rogers, 1968, and 
Ossiander, 1968). In earlier years the forecasts were 
drawn from data gathered for other purposes. In 
recent years, our objectives in sampling and tagging 
south of Adak Island have included that of providing 
data for an improved forecast. In 1968, improve
ment of the forecast was our main objective. A new 
station grid was followed which gave equal coverage 
at 10-mile intervals out to 50 miles offshore. In 
addition, we coordinated our seine sampling with 
gillnet sampling by BCF personnel aboard the research 
vessel Miller Freeman. The gillnet sampling by the 
Miller Freeman was designed to study the distribution 

of salmon south of Adak Island with respect to the 
water masses. Such knowledge is essential to the 
proper design of an index sampling procedure. As 
we learn more of the influence of ocean conditions 
upon the distribution and migration of salmon, our 
ability to forecast should improve. 

The chartered purse seine vessel Commander fished 
south of Adak Island from July 7 through August 12. 
A good series of index sets was obtained throughout 
the period and at various distances offshore. Catch 
and tagging data are given in Table I. Immature 
sockeye salmon were caught at all stations fished; the 
catch (4,899 fish) consisted of 4,337 age .1 (88.5%) 
and 562 age .2 ( 11.5% ) fish. A mimeographed 
forecast report is being prepared for distribution to 
interested agencies. 

Immature chum salmon usually occur with sockeye 
salmon. Since they come from a wide range of 
sources, mainly Asian, the catch data are at present of 
relatively little value in forecasting. Chum salmon 
were not as abundant as in 1967. The average catch 
per set from July 8 through August 10 was only 41 
as compared to 134 during the same time period in 
1967, when record catches of chum salmon were made. 

FmuRE 5. Release and · recovery data for 12 sockeye salmon tagged near Adak Island and recovered in 1968. 
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Age composition in 1968 was about 89% age .1 and 
11% age .2 or older. This percentage compares 
with about 67% age .1 in 1967. 

Pink salmon were relatively scarce in the 1968 
samples, which is typical for an even-numbered year 
in this area. 

The Commander fished with the Miller Freeman at 
10 stations to compare catches by purse seine and 
gillnet. Results are reported in a later section of this 
report [p 79, " Ocean distribution, abundance, and 
migration of salmon"]. 

Each year a portion of the salmon caught during 
the indexing operations are tagged, primarily to check 
on one of the basic assumptions in our forecasting 
rationale-that the immature sockeye salmon south 
of Adak Island originate mainly in Bristol Bay. In 
1968, 1,634 sockeye salmon (Table 1) were tagged in 
the Adak Island area. Most returns are expected in 
1969 and 1970; however, eight (four age .1 and four 
age .2) were recovered at sea soon after release (Fig. 
5). Six were recaptured by the Japanese mothership 
fleet southwest of the area of release and two by the 
Miller Freeman near the point of release. (The age .1 
fish probably would have escaped recapture had it not 
been for their disk tags tangling in the gillnets.) 

Although the six returns from the mothership fleet 
indicate a westward migration from the release area, 
they probably give only a partial image of the extent 
of migration and reflect mainly the distribution of the 
fleet. The fish were tagged on July 8 and recovered 
on July 13, after migrating about 120 nautical miles 
in five days, at a rate of about 24 miles per day. This 
rate of travel is no more than the average speed of the 
westerly flowing current in this area. The actual rate 
of travel was probably higher, however, if delay due 
to tagging and deviations from straight-line migration 
are considered. A rate of 24 miles per day is similar 
to that observed in 1964 when over 100 immature 
sockeye salmon tagged near Adak Island were re
covered at sea; some had migrated as much as 600 
miles before recapture and had been at liberty for as 
long as 20 days. 

The two sockeye salmon recovered by the Miller 
Freeman were tagged on July 21 and recaptured only 
about 12- 18 hours after release within a few miles of 
the release point. These two recoveries suggest that 
some fish may remain in the area of release. In 
repeated seining and tagging operations south of 
Adak Island, we have never recovered a tagged fish 
more than 24 hours after release, which indicates that 
the fish do not linger very long in the area of release. 

We received only four returns in 1968 of sockeye 
salmon released as immature fish in earlier years 
(Fig. 5). One was from the high seas, one from 

Bristol Bay, and two from British Columbia. Al
though returns were few, the data suggest that sockeye 
salmon originating in the Gulf of Alaska may have 
been present in strength among the immature sockeye 
salmon sampled south of Adak Island in 1966 and 
1967. Since immature sockeye salmon of Bristol Bay 
origin were at a low ebb in 1966 and 1967, it is possible 
that other stocks composed a higher proportion of the 
fish in the index area in those years than in years 
when Bristol Bay fish were abundant; if so, our fore
cast would obviously have been biased. Because past 
tagging at Adak Island has yielded few returns from 
the Gulf of Alaska, it is unlikely that the two returns 
in 1968 were representative of the numbers of Gulf 
sockeye salmon in the index area in 1966 and 1967. 

The rate of return of the immature sockeye salmon 
tagged south of Adak Island in 1967 was low enough 
to suggest unusually poor survival. Only three of 
320 age .2 fish tagged were recovered (0.9% return); 
none of the 1,531 age .1 fish tagged has been re
covered. In the past 10 years the rate of return of the 
.1 age group has ranged from 0.1% to 4.8%, and that 
of the .2 age group from 1.4% to 7.6%. Iffew or no 
recoveries are made in 1969 from age .1 fish tagged 
in 1967, natural mortality will have been unusually 
high, since there is no reason to suspect a higher than 
usual tagging mortality. Large variations in mor
tality at this stage also would bias our forecast because 
a constant mortality rate is a basic assumption. 

In our purse seining south of Adak Island, we also 
tag species of salmon other than sockeye when time 
permits. The recovery information is useful for 
comparison with similar information for sockeye 
salmon and also adds to our general knowledge of 
salmon migrations. Two immature chum salmon 

FIGURE 6. Release and recovery points for three chum salmon, 
one pink salmon, and one coho salmon tagged south of Adak 
Island and recovered in 1968. 
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tagged south of Adak Island on July 8, 1968, were 
recovered by the Japanese mothership fleet on July 
13 near 180°, along with the six sockeye salmon men
tioned earlier (Fig. 6). A chum salmon tagged south 
of Adak Island in 1967 was recovered as a maturing 
fish in the central Bering Sea in 1968. One of 27 
pink salmon tagged south of Adak Island in 1968 was 
recovered at Unalaska Island and one of 15 coho 
salmon tagged was recovered in the Kuskokwim 
River (Fig. 6). These returns indicate no new 
features of migration of the respective species. 

PHYSIOLOGICAL STUDIES 

Because mortality from tagging and handling is a 
serious problem with juvenile salmon, we have given 
high priority to basic studies of the physiology of 
young salmon. This was the first year in which the 
laboratory barge Kumtuks was available for work on 
the problem. Our objectives in the physiological 
studies were: (I) to tag immature salmon under 
laboratory conditions and to subsample the tagged 
fish for analysis of stress and delayed mortality; 
(2) to develop and test remedial techniques for 
improving survival after tagging; and (3) to make 
physiological observations on some early returning 
adults if available. 

The Kumtuks was towed to Neah Bay in the Strait 
of Juan de Fuca by the Storm on July 2 and remained 
there until August 14. The Kumtuks functioned as a 
base for tagging juvenile salmon (provided by the 
Storm) under well-controlled laboratory conditions, 
and provided an opportunity to observe the survival 
of tagged fish for several weeks after tagging. Most 
important, well-equipped fish physiologists were in 
close contact with the problems of handling and tag
ging large numbers of delicate fish under field condi
tions, and were in a position to make many observa
tions on tagged and untagged fish that could not have 
been made in a shoreside laboratory. The aim of 
these observations was to contribute to the improve
ment of survival of tagged fish by learning how their 
normal functioning is upset by capture, handling, and 
tagging. 

Data analysis for these observations is not yet 
completed but preliminary reports on three areas of 
investigation seem warranted. 

First, a group of about 65 juvenile pink and chum 
salmon (about 14 em long) were tagged with the 
Dennison tag and then observed for three weeks in a 
net enclosure (15ft X 15ft, 6ft deep) floating behind the 
Kumtuks. No mortality occurred immediately after 
tagging. In the next eight days about 30% of the 
tagged fish died, whereas none of nine untagged chum 
salmon and only four (7%) of 54 untagged pink salmon 

in the same pen died. After the first week, however, 
only " accidental " mortalities-such as from fish 
jumping out of the pen-were noted. 

Careful attention was given to methods of handling, 
anesthesia, and tag insertion, because these factors 
appeared in past years to be a major source of mortality 
under field conditions. As noted above, there was no 
immediate mortality among the fish tagged under the 
carefully controlled conditions aboard the Kumtuks. 
No fish died of respiratory arrest produced by the 
anesthetic and none sustained scale loss over 5% 
(in fish this size 30% scale loss is fatal). However, 
use of anesthetic by inexperienced personnel under 
field conditions can still produce problems, so that 
development of a method of tagging which does not 
require any anesthetic could be a worthwhile goal. 

Second, the group of fish described above also was 
sampled for lipid content at the beginning and end of 
their stay in the holding pen. The muscle and liver 
lipids increased in tagged and untagged fish, partly 
because the fish were fed dried fish food in addition to 
whatever natural food was in the water. Lipid con
tent was greater in the tagged than in the untagged 
fish, which perhaps indicates either that the tags did 
not represent a significant handicap in obtaining or 
utilizing food, or that the physiological effect of the 
tag or tagging was to induce lipid mobilization. The 
analysis of possible changes in specific fatty acids is 
still underway. 

Finally, capture and tagging of juvenile salmon is 
often accompanied by loss of scales, which are fragile 
at this stage of development. Previous experiments 
have shown that loss of more than about one-third of 
the scales from fish 10-15 em long is fatal in 4 to 30 
hours. A number of physiological observations 
therefore were concentrated on descaled juvenile pink 
salmon as an initial step toward developing procedures 
for the alleviation of this stress. Fluids appeared to 
pour from the tissues into the blood stream of the 
descaled fish. Most blood constituents became di
luted; urine production and heart rate decreased but 
could be restored temporarily by injections of saline 
solution or immersion of the fish in baths of dilute sea 
water (immersion is the most effective treatment we 
have found so far). Preceding death, the fish lost 
visual acuity, then equilibrium, and finally muscular 
response. Collectively, all of these symptoms can be 
described as shock in which widespread changes in 
membrane permeability are followed by severe ion 
imbalances which eventually prevent normal trans
mission of nerve-to-muscle impulses. The treatment 
of fish severely affected with such complex symptoms 
is difficult; however, we should be able to improve the 
survival of fish having intermediate or low degree of 
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scale loss by devising salt baths which replace the most 
critical ion losses. 

MISCELLANEOUS STUDIES 

In addition to the studies bearing on the major ob
jectives, several other investigations or analyses were 
undertaken as described below. 

Longline sampling in the Gulf of Alaska 

We fished six longline stations in the Gulf of Alaska 
while the vessel Commander was en route to Adak 
Island (Fig. 1) in cooperation with, and partially 
supported by, the Alaska Department of Fish and 
Game. The sampling was designed to provide a 
minimal indication of the abundance, distribution, and 
length and weight composition of pink salmon along 
55°N at that time (June 26-July 1). The catch and 
length data were compared with similar data obtained 
in previous even-numbered years when longline 
sampling in the Gulf of Alaska was more extensive. 
The results suggested a substantial run of rather small 
pink salmon to central Alaska; this information was 
reported to biologists of the Alaska Department of 
Fish and Game and to representatives of the salmon 
industry, particularly on Kodiak Island. 

The inshore runs to Kodiak Island were large but 
the fish were small, as expected. Thus the high seas 
data were useful as a check on earlier forecasts made on 
the basis of stream and estuarine observations a year 
earlier. The numbers of salmon caught and tagged 
are shown in Table 1. 

Six sockeye and 14 pink salmon tagged in the 
long line sampling were returned (Fig. 7). These 
showed no new features of migration, but the pink 

FIGURE 7. Release and recovery locations for six sockeye salmon 
(dotted lines), 14 pink salmon (solid lines), and one coho 
salmon (broken line) tagged at longline fishing stations in the 
Gulf of Alaska from June 26 to July I, 1968. 

salmon returns confirmed that the stocks sampled at 
the stations west of l40°W were primarily from 
Kodiak, Cook Inlet, and the Alaska Peninsula. Thus 
the locations and timing of the longline stations were 
not unreasonable for assessing the abundance and 
lengths of central Alaskan pink salmon. 

Comparison of tagged troll-caught and seine-caught salmon 

As a part of the studies in the Strait of Juan de 
Fuca, we made observations on salmon caught by 
purse seine and by troll gear, tagged and transferred to 
holding tanks aboard the Kumtuks. Troll-caught 
salmon were provided by the Washington Department 
of Fisheries. Seine-caught samples were provided by 
the Storm. Samples included maturing coho and 
maturing and immature chinook salmon. Physio
logical measurements and observations on survival of 
the salmon gave evidence that the troll-caught fish 
had undergone the greater stress. 

Efficiency test of Dennison tags on age .1 sockeye salmon 

As a supplemental test of the efficiency of Dennison 
tags, we tagged 565 age .1 immature sockeye salmon 
in the Adak Island area with the Dennison tag and 
837 with the standard 3/4-inch red and white disk 
tag. Returns from these tagged fish should provide 
a basis for comparison of the tags in an area and on an 
age class for which we have previous data on rates of 
return. 

Other tag returns 

Only those tag returns pertammg to the major 
objectives have been reported herein. Details of 
release and recovery of all tag returns are exchanged 

FIGURE 8. Release and recovery locations for one sockeye salmon 
(solid line) and one chum salmon (broken line) recovered in 
1968 that show new information on the migrations of the 
species. 
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periodically among the three participating countries. 
Tag returns not reported here are from mature salmon 
tagged incidental to the juvenile salmon studies or 
from tagging in previous years, received after the 
reports were written. Tag returns in the above two 
classes would be reported, however, if they had 
indicated significant new information. Two such 
returns in 1968 are worthy of specific mention. 

A sockeye salmon tagged near the entrance to the 
Strait of Juan de Fuca in 1967 (Fig. 8) and recovered 
in Johnstone Strait in 1968 is of particular interest 
because immature age .2 sockeye salmon are not 
known to be present in the Strait. This fish was 
tagged along with 47 other presumably maturing 
sockeye salmon in set X34 on August 1, 1967. We 
received 15 returns in 1967 from the Strait of Juan de 
Fuca, the San Juan Islands, and the Fraser River. 
Thus we assumed that the one reported as a 1968 
recovery was probably recovered in 1967 and mailed 
to us in 1968. Upon examination of the color of the 
tag, however, it was obvious that the fish had been at 
liberty for a long time. The red portions of our disk 
tags darken with time in the water. The darkening 
applies only to the exposed side, and does not occur in 
the air. Tags that have been at sea for a year or 
more are easily distinguished from tags that have 
been exposed for only one to three months, for ex
ample. It appears, therefore, that the fish was indeed 
recovered in 1968, and thus that immature sockeye 
salmon may occasionally occur among the main migra 
tions of maturing Fraser River sockeye salmon even 
near the entrance of the Strait of Juan de Fuca. The 
evidence is somewhat strengthened by the fact that 
the specimen was only 52.0 em long at release, which 
is the minimum size at release of the 15 recovered in 
1967 (range 52.0-57.5 em). 

A maturing chum salmon tagged near Cape Spencer 
on July 28, 1968, was recovered in Cook Inlet on 
August 10, after migrating about 540 miles at more 
than 41 miles per day. This return extends the 
known eastern limit of distribution of Cook Inlet chum 
salmon during July. 

OcEANIC MIGRATIONS oF SALMON 

Royce, Smith, and Hartt ( 1968) provide a fuller 
background for the objectives and rationale of our 
high seas studies than given here. The report syn
thesizes, from tagging and other data, the total 
oceanic migrations of some of the major stocks of 
salmon, on the basis of data available through 1967. 
The routes and rates of travel are traced from the 
early oceanic life of juveniles to the final return of the 
maturing fish. Extrapolations are made in areas and 
time periods for which data are lacking. The report 

points out that in general, salmon at sea migrate 
downstream in the major ocean currents and make a 
large counterclockwise circuit in about one year. 
Those remaining at sea more than a year apparently 
repeat the same circuit annually. 
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OCEAN DISTRIBUTION, ABUNDANCE, 
AND MIGRATION OF SALMON 

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

The ocean distribution, abundance, and migration 
of salmon were studied from the western Gulf of 
Alaska to the central Aleutian Islands during the 
spring of 1968 (April 18 to June 15) and off the central 
Aleutian Islands during the summer (July 3 to August 
15). The spring cruise was carried out as a coopera
tive study between the Seattle BCF Biological Labora
tory and the Far Seas Fisheries Research Laboratory, 

FIGURE 9. Fishing stations of the George B. Kelez, spring 1968. 
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Fisheries Agency of Japan. The primary objective 
of the cooperative cruise was to study the distribution, 
abundance, and migration of Bristol Bay sockeye and 
other salmon in relation to the environmental features 
of the ocean. We report here only on the United 
States contribution to this cooperative research. 
Other objectives of the United States were to study 
the effects of predation on gillnet catches and to deter
mine the percentage dropout from gillnets. 

The objectives of the summer cruise were to examine 
the distribution and relative abundance of immature 
sockeye salmon in relation to environmental features, 
to compare indices of relative abundance of salmon 
from simultaneous catches by gillnets and purse 
seines, and to study the effects of predation on gillnet 
catches. 

SPRING STUDIES 

The United States research vessel George B. Kelez 
fished between 162°W and 176°W in April and pri-

marily along l64°W during May and June (Fig. 9). 
The gillnet used as sampling gear consisted of 25 
shackles (each 50 fms long) of braided nylon nets 
-five shackles each of 2 1/2-, 3 1/4-, 3 7/8-, 4 1/2-, 
and 5 1 /4-inch mesh. Two shackles of 5 1 /4-inch 
mesh monofilament net also were used in experimental 
dropout studies. In addition, a special section of 
deep nets was added to the string. The deep section 
was five shackles long (one shackle each of the five 
mesh sizes) and three nets deep, which tripled the 
regular fishing depth (23m compared with 7.3 m); 
the three vertical nets were separated by two openings, 
each about one-half meter. 

Catches consisted of sockeye, chum, and pink salm
on; no coho or chinook salmon were taken (Table 5). 

Distribution and abundance of salmon 

The relative abundance of immature and maturing 
sockeye salmon taken in gillnets during the spring 
cruise in various water masses is illustrated in Figure 

TABLE 5. Catches of salmon by the George B. Kekz, April-June 1968. 

Position Surface Species of salmon 
Set temp. No. of 
no. Date Lat. (0 N) Long. (0 W) (oC) shackles1 Sockeye Chum Pink Total 

1 4/ 18 52-40 162-00 4.0 42 20 1 0 21 
2 4/ 19 51-53 162-00 3.8 42 8 2 0 10 
3 4/21 49-43 162-22 4.2 40 18 0 0 18 
4 4/25 49-32 169-25 4.5 42 1 0 3 4 

5 4/27 49-46 176-29 3.6 42 0 0 0 0 
6 4/28 50-31 176-08 4.0 36 7 0 0 7 
7 4/29 51-00 176-25 4.1 42 0 0 0 0 
8 5{9 48-47 166-06 4.8 42 II 15 5 31 
9 5/ 11 49-18 164--11 4.9 25 7 16 3 26 

10 5/ 13 51-00 164--00 4.5 27 6 15 3 24 
11 5/14 51-45 164--00 4.5 27 5 2 0 7 
12 2/15 52-40 164--00 4.3 27 6 4 II 
13 5/16 53-31 164--02 4.5 27 0 12 0 12 
14 5/ 19 53-37 164--03 5.1 17 0 19 2 21 
15 5/20 52-45 164--00 5.4 27 15 5 2 22 
16 5/21 51-30 164--00 5.2 27 13 13 8 34 
17 5/28 50-25 168-43 6.0 27 8 26 24 58 
18 5/30 49-45 164-00 6.7 27 40 23 48 Ill 
19 5/31 50- 59 164--01 6.4 27 15 34 22 71 
20 6/3 52- 58 164--00 7.1 27 73 31 6 110 
21 6/4 52- 03 164--04 6.5 27 15 27 29 71 
22 6/5 53- 30 164-00 8.2 27 134 97 52 283 
23 6/6 53- 42 163- 59 7.2 17 0 0 
24 6/7 52- 58 166- 01 7.3 17 166 II 7 184 
25 6/ 10 53- 15 164--50 8.4 17 253 32 5 290 
26 6/ 11 52- 30 163- 58 7.1 32 24 61 52 137 
27 6/ 13 50-32 164--00 7.3 27 3 3 3 9 
28 6/14 52- 03 164--00 6.3 27 15 47 13 75 
29 6/15 53- 20 164--00 7.0 17 14 14 4 32 

Total 877 511 292 1,6CO 

1 Set numbers I to 8 and 26 include deep nets. 
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FIGURE 10. Relative abundance of sockeye salmon and areas of 
water masses south of Adak and Unalaska Islands, spring 1968. 
(Values ofCPUE are the sums of the average catch per shackle 
in each mesh size.) 

10. Sockeye salmon (age .2) taken in the spring were 
categorized as immature or mature as in past years 
according to size and age of fish, gonad weight, and 
presence or absence of SM antigen in the sera of 
females. Age .1 fish were classified as immature and 
age .3 or older as maturing. Criteria for gonad weight 
were those used by Japan to classify sockeye salmon 
taken by the mothership fishery. Their criteria 
(weight of gonads in grams) for mature sockeye salmon 
taken in May and June were: 

Male 
Female 

Late 
May 
~ 1 
~14 

Early 
June 
~1 

~14 

Mid 
June 
~ 2 
~19 

Late 
June 
~ 2 
~19 

Standards have not been established for April and 
early May. We arbitrarily classified females with 

TABLE 6. Age composition of sockeye salmon, spring 1968 (braided nets only)1• 

Immature Mature 

Set No. in No. in 
number• Date sample Age .1 Age .2 sample Age .2 Age .3 

Percent Percent Percent Percent 
1 4/ 18 0 11 0 100.0 
2 4/19 0 6 16.7 83.3 
3 4/21 0 16 81.2 18.8 
4 4;'25 0 0 
5 4.27 0 0 
6 4,23 0 5 20.0 80.0 
7 4/29 0 0 
8 5/9 0 100.0 9 88.9 11.1 
9 5/11 0 7 100.0 0 

10 5/13 0 3 33.3 66.7 
11 5/14 0 4 0 100.0 
12 5/ 15 0 6 100.0 0 
13 5/ 16 0 0 
14 5/19 0 0 
15 5/20 0 14 57.1 42.9 
16 5/21 0 13 76.9 23.1 
17 5/28 0 6 83.3 16.7 
18 5/30 39 7.7 92.3 0 
19 5/31 3 33.3 66.7 10 90.0 10.0 
20 6/3 0 63 49.2 50.8 
21 6/4 2 50.0 50.0 8 87.5 12.5 
22 6/5 0 120 56.7 43.3 
23 6/6 0 0 
24 6/7 0 114 58.8 41.2 
25 6/10 100.0 0 173 75.7 24.3 
26 6/ 11 1 0 100.0 6 100.0 0 
27 6/ 13 3 33.3 66.7 0 
28 6fl 4 12 33.3 66.7 2 100.0 0 
29 6/15 0 9 77.8 22.2 

Total 62 17.8 82.2 605 64.1 35.9 

1 Not included in the table are one immature age .3 fish, five age .1 maturing fish, and two age .4 maturing fish. 
2 Set locations are given in Table 5. 
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FIGURE II. Relative abundance of chum salmon and areas of 
water masses south of Adak and Unalaska Islands, spring 1968. 
(Values ofCPUE are the sums of the average catch per shackle 
in each mesh size.) 

gonad weights of 11 g or more as maturing fish. A 
gonad weight of 1 g or more also was used in April and 
early May to indicate maturing males because more 
precise weights could not be obtained and other 
criteria were not available. 

Immature sockeye salmon were not taken in April. 
In early May they appeared at one station in the 
Subarctic Current Area; by late May they appeared 
in increasing abundance in the Oyashio Extension 
Area and were caught in the Ridge Area. By June 
the immature sockeye salmon were found throughout 
the Ridge Area and were taken at one of four stations 
fished in the Alaskan Stream. 

Maturing sockeye salmon were not abundant in 
April and early May but were widely distributed along 
164°W. Their relative abundance increased in the 
Ridge Area in late May, and by June they were 
abundant in the northern part of the Ridge Area and 
in the Alaskan Stream. 

The age composition of sockeye salmon taken during 
the spring cruise is shown in Table 6. The relatively 
small catches of immature sockeye salmon were pre
dominantly age .2 fish; age .1 fish were not abundant. 
Age .2 fish also dominated in catches of maturing 

FmuRE 12. Relative abundance of pink salmon and areas of 
water masses south of Adak and Unalaska Islands, spring 1968. 
(Values of CPUE are the sums of the average catch per shackle 
in each mesh size.) 

fish. Fish of other age-maturity categories caught 
but not included in Table 6 were one immature age .3 
fish, five age .1 maturing fish, and two age .4 maturing 
fish. 

The distribution of chum salmon, ages .2, .3, 4., and 
.5, in relation to water masses is shown in Figure 11. 
In April they were taken only in the Ridge Area in 
the western Gulf of Alaska. In May they were 
caught in all waters fished; relative abundance was 
slightly greater in the southern than in the northern 
part of the fishing area. By June, chum salmon were 
relatively abundant in the northern part of the Ridge 
Area and in the Alaskan Stream. No age .1 chum 
salmon were caught. 

Pink salmon were relatively scarce in April and 
early May as compared to their abundance in late 
May and June (Fig. 12). In late May their greatest 
abundance was in the Oyashio Extension Area and 
southern part of the Ridge Area ; in June they were 
abundant in the Alaskan Stream Area and in the 
northern part of the Ridge Area. 

Distributions of the three species of salmon caught 
were similar. The lack of salmon in the three sets 
south of Adak Island was notable, indicating that the 

TABLE 7. Catch of salmon by depth ofgillnet during vertical distribution studies, spring 1968. 

Depth of gillnet 

0- 7m 8-15m 16- 23 m 
Total 
no. of No. of Percent- No. of Percent· No. of Percent-

Species fish fish age fish age fish age 

Sockeye 23 16 69.6 6 26.1 I 4.3 

Chum 10 8 80.0 2 20.0 0 0 

Pink 22 20 90.9 2 9.1 0 0 

Total 55 44 80.0 10 18.2 1.8 
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westward or northward migration of maturing fish 
had not started or had not yet reached the central 
Aleutian Islands area. At the northern stations 
(along 164°W) the three species were more abundant 
in June than in April and May, which indicated a 
northward and undoubtedly westward migration. 

Vertical distribution 

The section of gillnet designed to fish to a depth of 
about 23 m was used during nine sets. Operational 
problems encountered while setting and hauling nets 
prevented the use of deep nets throughout the cruise. 
Although most of the salmon were taken in the nets 
at the surface, a significant proportion was taken in 
nets fished at 8 to 15m (Table 7). Because the deep 
panels sank rapidly during setting and were pulled 
to the vessel quickly during hauling, it is unlikely 
that salmon found in the deep panels were caught 
while the nets were close to the surface. All three 
species were represented in deep-net catches. Only 
one fish, a sockeye salmon, was taken in the deepest 
nets, fished 16 to 23m below the surface. 

Predation on salmon in gillnets 

Although it is known that sea lions, fur seals, 
birds, and possibly sharks feed on salmon caught in 
gillnets, the effect of predation on catch rates has 
not been determined. Therefore we attempted to 
evaluate the effect of predation on gillnet catches 
during the spring crmse. Freshly frozen salmon 
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FIGURE 13. Loss of decoy salmon from gillnets in relation to 
distance offshore, George B. Kelez sets 19-29 (see Table 8), 
spring 1968. (Curve fitted by inspection.) 

from the previous night's catch were used as " de
coys "; they were attached to the gillnet at the time 
of setting by means of short lengths of twine and metal 
snaps. The procedure was changed during the 
season as experience and observation dictated. At 
first, the snaps were attached to the bars of the net 
webbing, but loss of fish and snaps indicated that the 
bars may have been cut by the snaps. Subsequently, 
the snaps were fastened to the cork and lead lines. 
After albatross were observed feeding on salmon 
fastened at the surface, our procedure was modified; 
fish attached to the cork line were suspended below the 
surface at the end of about 1 m of twine. Records 

TABLE 8. Percentage loss of decoy fish attached to gillnets, spring 1968. 

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

Predators observed 
Set Miles Total Cork- Lead- Cork- Lead- near gillnet• 
no.1 offshore no. line line Total line line 

10 212 8 4 4 12.5 25.0 0 None 
II 167 17 9 8 0 0 0 None 
15 107 19 12 7 31.6 33.3 28.6 I FS 
17 142 21 16 5 47.6 50.0 40.0 2A, FS 
18 287 20 10 10 40.0 80.0 0 SA 
19 213 20 10 10 0 0 0 lA 
20 94 20 10 10 25.0 30.0 20.0 I FS, 1 Sk 
21 149 18 10 8 0 0 0 I Sk 
22 62 19 9 10 47.4 66.7 30.0 Several SL, I Sk 
23 50 20 10 10 90.0 100.0 80.0 2 SL, I FS 
25 67 21 II 10 57.1 54.5 60.0 3 SL, 2 FS 
26 122 20 10 10 15.0 10.0 20.0 4A 
27 240 20 II 9 5.0 9.1 0 I A, I Sk 
29 72 32 16 16 21.9 31.2 12.5 I FS, 5 Sk 

Total 275 148 127 29.1 35.8 21.3 

1 Fish in sets I 0- 18 were attached directly to the cor kline ; in sets 19-29 they were suspended from the corkline on a line I m long. 
See Table 5 for location of sets. 

2 A=albatross; FS:: fur seal; Sk=shark; SL=sea lion. The sharks were caught in the gillnet. 
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were kept of the number of decoy fish recovered at 
haul to assess predation (Table 8). 

Total losses of the decoy salmon amounted to about 
29%; loss according to position was about 36% for 
fish on the corkline and 21% for fish on the leadline 
(about 7.3 m below the surface). Losses tended to be 
highest from sets where sea lions were observed along 
the nets. 

Losses of decoy fish increased as distance from shore 
decreased (Fig. 13). Beyond 100 miles from shore, 
the loss of decoys was less than 20%; in two of four 
sets, no decoys were lost. Within 100 miles of shore, 
loss of decoys ranged from 22% to 90%. 

Loss of salmon in gillnets to predators is beyond 
question, but the effect on catch rates of salmon is 
difficult to evaluate. The decoy fish were exposed to 
predators from the time the gear was set at 8: 00 p.m. 
until completion of the haul at about 10: 00 a.m. 
Salmon normally are not caught in gillnets on the 
high seas until dark and would therefore be subjected 
to predation for fewer hours than the decoy fish. 
Nevertheless, the loss of decoys indicates that pre-

dators could have an effect on catch rates in certain 
areas. 

Studies of dropout of salmon from gillnets 

Studies of the dropout of salmon from gillnets fished 
on the high seas were continued in 1968 in the same 
manner as in 1966 and 1967 (French, Craddock, 
Bakkala, Dunn, and Thorson, 1967; French, Crad
dock, Bakkala, and Dunn, 1969). The procedure 
was to patrol the nets at night in a small boat, to 
mark the locations of gilled salmon with the aid of a 
spotlight, and to determine their presence or absence 
at later patrols and when the gear was hauled in the 
morning. The position of gilled salmon was marked 
by fastening a colored marker to the corkline directly 
above the fish. Although the net string included 
five mesh sizes, only the large sizes (5 1/4-, 4 1/2-, 
and 3 7 /8-inch) were observed for dropouts of matur
ing salmon. Two shackles of monofilament nets 
(5 1/4-inch mesh) also were observed for comparison 
with multifilament nets. 

The percentage loss of salmon from the gillnets is 

TABLE 9. Number of high seas salmon marked and observed in gillnets over varying periods1• 

Set no. 
(sec 

Table 5) 

MuLTIFILAMENT NETS 
17 

19 

20 

22 

Total 
Percentage loss 

MoNOFILAMENT NETS 
17 
19 
20 
22 

Total 
Percentage loss 

GRAND TOTAL 
PERCENTAGE Loss 

Number of fish 
marked 

during patrols 

I 
3 
I 
3 
5 
3 
4 

15 
18 
4 

57 

5 
21 

2 
2 

32 

89 

Number of fish observed after marking 

Up to 1 hour 
later 

3 
1 
3 

3 

15 
18 

44 (44)2 

0.0 

21 
2 

25 (25)2 
0.0 

69 (69)1 

0.0 

Up to 2 hours 
later 

15 

17 (17)2 

0.0 

19 

20 (22)2 

9.1 

37 (39)1 

5.1 

Up to 10 hours 
later 

3 
1 
3 
5 
3 
3 

12 
15 
2 

48 (57)2 

15.8 

I 
3 

17 
2 

25 (32)2 

21.9 

73 (89)2 

18.0 

1 A dash(-) indicates the net was not examined at the time interval. 
• Number of possible observations for the time period ; difference from the number marked is because some observations were 

not made during some time periods. 
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given in Table 9. The total dropout rate was much 
lower than observed in 1966 or 1967. It was about 
5% for up to two hours and 18% for up to 10 hours. 
In experiments with primarily immature salmon in 
1966 and 1967, the dropout rates were about 22% 
for up to 2- 1/2 hours and from 35% to 63% for up to 
11 hours. The reduction in dropout rate in 1968 was 
attributed mainly to unusually calm seas and partly 
to the fact that the experiments were on maturing fish 

taken in large mesh nets as opposed to immature 
salmon in large and small mesh nets in 1966 and 1967. 
The dropout rate in 1968 from the monofilament 
nets (about 22% for up to 10 hours) was greater than 
from the multifilament nets (about 16%). 

Predation undoubtedly contributed to the loss of 
salmon from the gillnets, and although predation was 
studied concurrently with the dropout studies, data 
were insufficient to evaluate its effect. 

TABLE 10. Catches of salmon and steelhead trout by the Miller Freeman along 176°22'W, July-August 1968. 

Species 
Surface No. of Total Set 

no. Date Lat. (0 N) temp. ("C) shackles' Sockeye Chum Pink Coho Chinook Steelhead fish 

I 
2 
3 
4 
5 

6 
7 
8 
9 

10 

II 
12 
13 
14 
IS 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 

Total 

7/3 
7/5 
7!6 
7,7 
1tB 

7!9 
7{11 
7/12 
7f l3 

7/ 14 

7/15 
7/16 
7/17 
7/18 
7/19 

7/20 
7/21 
7/22 
7/23 
7/24 

7f25 
7/27 
7/28 
7/29 
7/30 

7/31 
8/1 
8/2 
8/4 
8/5 

8/6 
8/7 
8/8 
8/9 
8/11 

8/12 
8/13 
8/14 
8/15 

49-45 
46-28 
48-44 
50-46 
51- 34 

50- 30 
51- 30 
51-00 
51- 15 
50- 15 

49-00 
50-00 
51- 00 
51- 14 
51-30 

50-45 
51-20 
51-34 
51-27 
50-30 

51-15 
51-15 
51-00 
50-30 
50-00 

49-45 
49-15 
49-00 
49-30 
50- 15 

50-45 
51- 34 
51-00 
51- 20 
51- 30 

51-00 
50- 30 
51- 25 
50- 00 

1 Sets 6- 39 include deep nets. 

7.0 
8.6 
7.6 
7.6 
7.8 

8.2 
7.9 
8.1 
8.8 
7.9 

8.0 
8.4 
8.0 
8.0 
5.9 

8.5 
8.6 
7.0 
6.0 
9.4 

8.8 
9.6 
9.9 
9.5 
9.5 

9.2 
9.2 
9.9 
9.9 
9.4 

9.4 
6.4 
8.6 
9.6 
9.9 

9.9 
9.9 
7.7 
9.5 

24 
24 
24 
24 
24 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
24 
36 
36 
36 

36 
36 
36 
36 

2 
0 
2 
2 
I 

29 
3 

119 
0 
4 

7 
52 
23 
73 

120 

35 
2 

500 
19 
99 

66 
107 
73 
49 
40 

36 
7 
8 

16 
149 

366 
0 
0 
2 

206 

146 
30 
0 

22 

2,415 

26 
4 

10 
0 
0 

77 

10 
2 
3 

4 
6 
3 

II 
51 

0 
0 

53 
4 
4 

13 
II 
24 
12 
2 

42 
15 
33 
36 
20 

7 
2 
0 

78 

4 
2 
0 

10 

581 

0 

I 
0 
0 

2 
0 
0 
0 
0 

0 
3 
0 

I 

0 
0 
0 
0 
4 

I 

4 
I 
2 

3 
0 
2 
0 

0 
2 
0 
0 
2 

0 
0 
0 
0 

32 

3 
15 
4 
0 
0 

9 
0 
0 
0 
0 

13 
II 

I 

I 
0 
0 
0 

22 

2 
33 
58 
14 
40 

36 
18 
27 
17 
13 

3 
0 
0 
0 
2 

0 
0 
0 

345 

0 
0 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

I 
0 
I 
0 
0 

0 
I 
4 
I 

2 

2 
I 
3 
2 
2 

I 
2 

0 
0 
0 

0 
0 
0 
0 

25 

0 
0 
0 

2 

0 
0 
0 
0 

I 

2 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
3 
3 

I 
2 
6 
0 
3 

0 
0 
0 
0 
I 

0 
I 
0 
2 

30 

32 
21 
18 
2 
I 

119 
4 

129 
2 
7 

25 
74 
27 
86 

174 

37 
2 

554 
23 

130 

82 
153 
163 
80 
89 

118 
46 
77 
73 

187 

377 
6 
0 
3 

289 

!50 
33 

0 
35 

3,428 
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SUMMER STUDIES 

The Miller Freeman fished with gillnets south of 
Adak Island from July 2 to August 15, along 176°22'W 
from 51 °34'N to 46°30'N. The basic net string 
consisted of 24 shackles (each 50 fms long) of braided 
nylon nets-six each of 5 1/4-, 3 1{4-, 4 l/2-, and 
2 1/2-inch (in that sequence), stretched measure. 
For most sets, a panel of deep nets was added to the 
beginning or the end of the string and separated from 
the regular net string by a 15-fm line. The deep 
section consisted of a 4-shackle surface net, one each 
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FIGURE 14. Relative abundance of immature sockeye salmon 
along 176"22'W, July and August 19613. 

of 5 1/4-, 3 l/4-, 4 1/2-, and 2 1/2-inch mesh, with 
two identical nets attached in a series below the sur
face net. The three nets were laced together to form 
a continuous panel about 23 m deep. 

Catch data are listed in Table 10. Sampling was 
concentrated north of 49°00'N and apportioned among 
the water masses in the Subarctic Region (Alaskan 
Stream, Ridge, Oyashio Extension, and Subarctic 
Current Areas). 

Distribution and abundance of salmon and steelhead trout 

Figures 14 and 15 show the average catch per unit 
of effort (CPUE) for immature sockeye and chum 
salmon by age for each 10-day period, distance off
shore, and water mass. The CPUE is based on the 
standard 24-net string and equals the sum of the 
average catch per shackle of nets of each mesh size; 
catches in the deep-net panels are analyzed separately 
in the section on vertical distribution. 

Immature sockeye salmon were scarce in early 
July (Fig. 14). Age .2 fish dominated the catches; 
their center of abundance was near 50°30'N in the 
Ridge Area. 

In mid July, age .I sockeye salmon dominated 
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catches in the Alaskan Stream, Ridge, and Oyashio 
Extension Areas. Catches were not large but more 
fish were taken in the Alaskan Stream and Ridge 
Areas than in the Oyashio Extension Area. Age .2 
immature fish were not abundant at any station. 

Catches of age .1 immature sockeye salmon in
creased in late July in the Alaskan Stream, and were 
heavier in the Ridge Area than in the Oyashio Exten
sion Area. Age .2 fish increased in abundance over 
the previous period; they appeared to be centered in 
the Ridge Area. 

In early August, age .1 immature fish peaked in 
abundance in the Ridge Area; in contrast to late 
July, they were virtually absent from the Alaskan 
Stream Area. Catches of age .1 fish were small in 
the Oyashio Extension Area. Although age .2 im
mature fish were less abundant, their distribution was 
similar to that of the age .1 fish. 

In mid August, age .1 immature sockeye salmon 
were again comparatively more abundant in the 
Alaskan Stream and Ridge Areas. Age .2 immature 
fish were scarce; they were primarily in the southern 
Ridge Area and in the Oyashio Extension Area. 

Catches of immature chum salmon in early July 
(Fig. 15) were composed primarily of age .1 fish. 
Their center of abundance was in the southern portion 
of the Ridge Area. They also were in the Oyashio 
Extension Area but were not caught in the Alaskan 
Stream Area. Age .2 and older immature chum 
salmon were less abundant, but their distribution was 
similar to that of the younger fish. 

Immature chum salmon were not abundant in mid 
July; few age .2 and older fish were captured. The 
peak of abundance of age .1 fish was centered in the 
Alaskan Stream Area near 51 °30'N. 

In contrast to the previous period, age .2 and older 
immature chum salmon dominated catches in late 
July in all waters except in the Alaskan Stream Area. 

The older fish appeared to be centered in the Ridge 
and Oyashio Extension Areas, whereas age .1 fish 
were abundant only in the Alaskan Stream Area. 

In early August, age .1 immature fish were scarce. 
The age .2 and older immature chum salmon were 
again centered in the Oyashio Extension Area between 
49°N and 49°30'N. 

In mid August, age .1 immature chum salmon 
were only abundant in the Alaskan Stream Area, and 
a few were caught in the Ridge and Oyashio Exten
sion Areas. Age .2 fish were similarly distributed, but 
were relatively scarce. 

Dissimilarities were noted in the distribution of 
sockeye and chum salmon. Immature sockeye salm
on appeared to fluctuate in abundance primarily 
between the Alaskan Stream and the Ridge Areas, 
whereas immature chum salmon appeared to shift in 
abundance between those two areas and the Oyashio 
Extension Area. This suggests that the abundance 
of the immature fish of both species is not constant 
but appears to fluctuate in successive waves among the 
water masses. 

A few mature pink salmon, a few chinook salmon, 
and (mainly in late July and early August) considerable 
numbers of mature coho salmon were captured pri
marily in the Ridge and Oyashio Extension Areas. 
Only 13 steelhead trout were captured; they were 
generally south of 50°N in the Oyashio Extension 
Area. 

Vertical distribution 

The special panel of deep nets described previously 
was used in 34 sets. The catch by species and depth 
of gillnet is given in Table 11. 

Of 725 salmon and steelhead trout caught in the 
deep panels, about 62% were captured in the surface 
net (0- 7 m), 23% in the middle net (8-15 m), and 
15% in the bottom net (16-23 m). Sixty-five percent 

TABLE 11. Catch of salmon and steelhead trout by depth of gill net during vertical distribution studies, summer 19681• 

Depth of gillnet 

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

Total no. No. of Percent- No. of Percent- No. of Percent-
Species offish fish age fish age fish age 

Sockeye 505 328 65.0 124 24.5 53 10.5 
Chum 118 61 51.7 30 25.4 27 22.9 
Pink 7 4 57.1 14.3 2 28.6 
Coho 76 44 57.9 11 14.5 21 27.6 
Chinook 11 3 27.3 1 9.1 7 63.6 
Steelhead 8 6 75.0 12.5 12.5 

Total 725 446 61.5 168 23.2 111 15.3 

1 Includes mature and immature fish. 
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TABLE 12. Catch of immature sockeye and chum salmon by age of fish and depth of gill net during vertical distribu
tion studies, summer 1968. 

Species 

Sockeye 

Chum 

Age 

.I 

.2 

.3 

.I 

Total no. 
offish 

375 
114 

3 
56 

.2 and over 60 

0- 7m 

No. of 
fish 

259 
62 
2 

33 
27 

Percent
age 

69.1 
54.4 
66.7 
58.9 
45.0 

Depth of gillnet 

8--15 m 

No. of 
fish 

84 
34 

11 
19 

Percent
age 

22.4 
29.8 
33.0 
19.6 
31.7 

TABLE 13. Percentage loss of decoy fish attached to gillnets, summer 1968. 

Set no. 
(see 

Table 10) 

2 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
36 
37 
38 
39 

Total 

Miles 
offshore 

316 
10 
14 
44 
29 
89 

164 
104 
44 

29 
14 
59 
24 
10 
17 
29 
29 
44 
74 

104 
119 
149 
164 
134 
89 
99 
10 
44 
74 
19 

104 

No. of decoy fish attached 
to different parts of net 

Total 
no. 

19 
9 

19 
19 
11 
20 
16 
21 
22 
20 
20 
20 
17 
17 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

590 

Cork
line' 

10 
5 

10 

10 
8 

12 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

255 

Lead
line1 

9 
4 

9 

10 
8 

10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

250 

Total 

42.1 
100.0 
100.0 
89.5 
90.9 

100.0 
56.2 
57.1 
95.5 
90.0 
90.0 
80.0 

100.0 
76.5 
95.0 
60.0 
55.0 
55.0 
40.0 
30.0 
15.0 
50.0 
30.0 
40.0 
55.0 
65.0 
85.0 
80.0 

100.0 
100.0 
35.0 

67.1 

1 A dash(-) indicates that the position of the decoys was not known. 

Percentage loss of 
decoys from net 

Cork
line 

30.0 
100.0 
100.0 

100.0 
87.5 

100.0 

90.0 
90.0 
90.0 
70.0 
30.0 

0.0 
60.0 
30.0 
60.0 

100.0 
100.0 
90.0 

100.0 
100.0 
100.0 
50.0 

79.6 

Lead
line 

55.6 
100.0 
100.0 

100.0 
25.0 

90.0 

30.0 
20.0 
20.0 
10.0 
30.0 
30.0 
40.0 
30.0 
20.0 
10.0 
30.0 
80.0 
60.0 

100.0 
100.0 
20.0 

53.2 

• A= albatross; FS = fur seal; Sk=shark; SL=sea lion. The sharks were caught in the gillnets. 

16-23 m 

No. of 
fish 

32 
18 
0 

12 
14 

Percent
age 

8.5 
15.8 
0 

21.4 
23.3 

Predators observed 
near gillnetl 

1 Sk 
SL 
SL 
SL and FS 
SL 
1 SL 
FS taking decoy 
FS 
3SL 
SL 
SL 
None 
1 SL 
None 
SL 
1 FS 
1 SL 
I FS 
1 SL 
None 
I Sk 
I Sk 
None 
1 FS 
None 
Birds 
I FS 
I SL 
I SL 
None 
None 
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FIGURE 16. Loss of decoy salmon from gillnets in relation to 
distance offshore, Miller Freeman sets 2-39 (see Table 13), sum
mer 1968. (Curve fitted by inspection.) 

of the sockeye salmon and 52% of the chum salmon 
were caught in the surface net; about 25% of each 
species were from the middle net; and II% of the 
sockeye salmon and nearly 23% of the chum salmon 
were taken in the bottom net. Of the coho salmon 
(the third most abundant species) caught, 58% were 
from the surface net and 28% from the bottom net. 
Catches of chinook and pink salmon and steelhead 
trout were small; 7 of ll chinook salmon were caught 
in the bottom net, whereas 4 of 7 pink salmon and 6 of 
8 steelhead were caught in the surface net. 

Catches of immature sockeye and chum salmon by 
age and depth are shown in Table 12. Among im
mature sockeye salmon, the catch ratios of age .l and 
.2 fish in the three depth strata were generally similar 
-although more of the older fish were taken in the 
two deep nets. A greater proportion of the older 
immature chum salmon also was taken in the deep 
nets, particularly the middle net. 

Predation on salmon in gillnets 

Predation on salmon in gillnets also was studied on 
the summer cruise of the Miller Freeman, using tech
niques developed on the spring cruise. In 31 sets, 
590 decoy fish were attached in equal numbers to the 
corkline (suspended from 1-m lines) and the leadline; 
normally 20 decoys were attached during each experi
ment. 

The 67% loss of decoy fish (Table 13) was more than 
double the 29% loss in the spring. The loss from the 
corkline (80%) was again greater than that from the 
leadline (53%). As in the spring, the loss tended to 
decline as the distance offshore increased (Fig. 16), 
but the decline was not as pronounced as in the 
spring. Beyond l 00 miles from shore-even as far 
offshore as 316 miles-more than 40% of the decoys 
were lost in half of the sets. 

The higher total losses in the summer were in part 

a result of more frequent fishing near shore in the 
summer compared to the spring. In the spring 
almost two-thirds of the sets were beyond 100 miles of 
shore, whereas in the summer less than one-third 
were that far. More importantly, only one of the 
spring sets was as close as 50 miles to land, whereas in 
the summer almost one-half of the sets were less than 
50 miles offshore. 

In six of the sets the net was set at dark (9: 30 p.m.) 
and hauled at dawn (5: 30 a.m.) to reduce the number 
of daylight hours the decoy fish would be susceptible 
to predation. It is difficult to determine the effect on 
these sets (all more than 100 miles offshore), however, 
because the rate of loss differed little from that in 
other experiments in the same area. 

Before the present studies were conducted, we 
assumed that the influence of predation on catch 
rates of gillnets varied inversely with the number of 
fish available in the net-that is, that predators could 
remove from the net a much higher percentage of a 
small catch than of a large catch. A preliminary 
analysis of the data, however, did not indicate a rela
tion between the rate of loss of decoys and number of 
fish caught. The salmon catch was less than eight 
fish in five of six sets from which 100% of the decoy 
fish were lost. On the other hand, the catch exceeded 
100 fish in eight of nine sets from which an average of 
over 70% of the decoys were lost. 

The high rate of loss of decoy fish during the sum
mer cruise supports the conclusion made after the 
spring cruise that predators could have an important 
effect on catch rates in certain areas. 

Comparison of purse seine and gillnet catches 

The comparison of catches of salmon by purse 
seines and gillnets was continued on the summer 
cruise of the Miller Freeman. The purpose was to 
determine if purse seine and gillnet catches, pre
sumably from the same population of salmon, gave 
similar indications of relative abundance. Nine sets 
in the immediate vicinity of the purse seine vessel 
Commander (chartered to the Fisheries Research In
stitute, University ofWashington) allowed comparison 
of salmon catches on sets where fishing positions were 
within about five miles of each other within a 24-
hour period. 

The total purse seine catch was almost two and 
one-half times greater than the total gillnet catch 
(Table 14); the purse seine vessel made from one to 
four hauls a day, whereas the gillnets were fished the 
standard 12 hours during the night. The purse seine 
catches were averaged when more than one haul was 
made per day, but the total gillnet catch was used 
because gillnetting in most sets was constant (on two 
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TABLE 14. Numbers of salmon caught in purse seines (PS) fished by the Commander1 and in gillnets (GN) fished by the 
Miller Freeman south of Adak Island, 1968. 

Sockeye Chum 
Approximate 

.2 and .2 and distance Fishing 
Date offshore' Gear effort• .I older .I older Pink Coho Chinook Total 

July 8 8 PS 4 70 35 354 227 7 0 694 
II GN 24 0 I 0 0 0 0 0 I 

July II 17 PS 10 0 6 8 6 0 I 31 
15 GN 36 2 0 0 0 0 4 

July 13 35 PS 137 31 5 0 I 0 175 

30 GN 36 0 0 0 0 0 2 
July 18 15 PS 161 14 13 II 2 0 0 201 

19 15 GN 36 114 6 49 2 0 174 

July21 10 PS 505 14 62 16 I 0 0 598 

22 II GN 36 495 5 50 3 0 0 I 554 

July 23 14 PS 2 422 3 74 33 7 0 7 546 
18 GN 36 19 0 3 I 0 0 0 23 

July 27 30 PS 2 49 24 29 0 16 120 
30 GN 36 82 25 4 7 I 33 I !53 

July 27 45 PS 8 2 2 6 0 0 0 18 
28 45 GN 36 40 33 5 19 4 58 4 163 

Aug. 8 45 PS 2 223 9 3 0 0 2 2 239 
45 GN 24 0 0 0 0 0 0 0 0 

Total PS -15 hauls 1,585 132 516 335 23 19 12 2,622 
GN- 9 sets 752 71 112 34 6 92 7 1,074 

300 shackles 

1 Data from the Fisheries Research Institute. 
2 Distance measured from 51 °45'N along 176°22'W ; set positions for both vessels. 
3 Fishing effort is given as number of hauls of a purse seine or number of shackles of gillnet. 

sets the string was reduced from 36 to 24 shackles). 
As in past studies when purse seine and gillnet 

catches were compared, trends of abundance in
dicated by the two gears were similar for some species 
and age groups but not for others. Catches of age .I 
sockeye salmon were generally similar, but catches of 
age .2 and older sockeye salmon were not (Fig. 17). 
A similar relation held in catches of chum salmon 
(Fig. 18)- the trends of abundance were more nearly 
similar for age .I chum salmon than for fish of age .2 
and older. 

As in 1967, the great disparity between purse seine 
and gillnet catches on some days was extremely puzz
ling. In four of the nine comparative sets, the purse 
seine hauls took relatively large numbers of salmon 
whereas the gillnet catch was inconsequential; and in 
one set the gillnet catch far exceeded that of the purse 
seme. 

It is difficult to form conclusions regarding the 
relations between catches made by purse seines and 
gillnets because of the great differences in the gear and 
methods of fishing. A more valid test might be made 
if the two gears were fished at identical time periods, 
at similar depths, and in close proximity. 
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OCEANOGRAPHY 

by W. B. McAlister, W.J. Ingraham, Jr., 
D. Day, and J. Larrance 

The Oceanography Program analyzed data on the 
physical and biological environment of the North 
Pacific Ocean and related them to fishery problems. 
The ultimate goal of our research is to forecast changes 
in the marine environment and to predict its effect on 
the distribution and abundance of salmon. During 
the past year our field program was concentrated in 
two areas: (I) investigation and identification of 
water masses and oceanographic features near l70°E, 
the terminus of the Alaskan Stream, and (2) concur
rent investigations of oceanographic features and 
salmon catches. Studies were conducted aboard 
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FIGURE 17. Comparison of catch of sockeye salmon by purse 
seine (solid line) and gillnets (broken line), summer 1968. 

the research vessel George B. Kelez in the Gulf of 
Alaska and central North Pacific Ocean south of the 
Aleutian Islands (April-June), in the Alaskan Stream 
and south of Adak Island (June-August), and in the 
Gulf of Alaska (August). During the April-June 
period, oceanographic data were collected in support 
of fishing operations conducted by the Kelez and two 
cooperating Japanese research vessels, the Hokko-maru 
and the Wakashio-maru. These data were furnished 
the Japanese. 

We continued to calculate circulation from pressure 
distributions at sea level and to compare calculated 
with observed circulations. Calculations of currents 
from surface pressures were performed in the labora
tory by data processing equipment. Previous analysis 
suggested that these transports can indicate monthly, 
seasonal, and annual variations in circulation during 
periods of no direct observation (Favorite, McAlister, 
Ingraham, and Day, 1967). 

The observed general circulation in the North 
Pacific Ocean and transport in the Alaskan Stream 
were weaker in winter during 1967-68 than the long
term averages; the terminal region of the Alaskan 
Stream between 175°E and 175°W was characterized 
by large-scale eddies and diffusion. Circulation and 
transport were closer to long-term normal values 
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during spring 1968, although recirculation in the 
Alaskan Gyre was still less than usual. The general 
circulation was again much weaker during the sum
mer. Transport in the Alaskan Stream was 5 X 

106m3/sec in the summer of 1968-the lowest of our 
records for the Stream. 

The drifting telemetry buoy program, designed to 
provide synoptic oceanographic coverage in the 
Subarctic Region, was continued. One buoy was 
equipped with temperature and salinity sensors and 
has radio equipment to communicate with a Nimbus 
satellite as part of the NASA-IRLS program. The 
program was designed to be operative in late spring 
1968, but the original satellite failed to orbit; present 
plans call for a satellite to be in orbit in 1969. Other 
buoys are operational as telemetry units and are used 
primarily for testing because the numbers of platforms 
and sensors are limited. 

OcEANOGRAPHIC CoNDITIONS IN THE NoRTH PACIFIC 
OcEAN, 1967-68 

The distribution and movement of sockeye salmon, 
abundance of zooplankton, and extent of primary 
productivity within the Subarctic Water Mass are 



92 ANNUAL REPORT 1968-NORTH PACIFIC COMMISSION 

related to the major currents and zones between the 
Aleutian Islands and the Subarctic Boundary ( 40°N). 
McAlister, Ingraham, Day, and Larrance (1969) 
described five major currents and zones within this 
region. We now have designated the areas in the 
following manner. 

(1) Alaskan Stream Area: water associated with the 
high-velocity (up to 100 cmfsec) westward flowing 
Alaskan Stream, a boundary current limited on the 
north by the Aleutian Islands and on the south by the 
Ridge Area. 

(2) Ridge Area: the boundary region between 
westward and eastward flow in the Subarctic; this is a 
broad area with weak and variable surface velocities; 
it has a temperature minimum near 100m, and is 
characterized by a ridge in the salinity structure at 
depth (100-200 m). Detailed sections taken during 
the past several years have allowed us to divide the 
eastward flow south of the Ridge Area into three areas 
on the basis of environmental characteristics and the 
distribution of salmon. 

(3) Oyashio Extension Area: current flows weakly 
eastward; the Area is distinguished by a core of cold 
water (between 200 and 400 m) with temperatures 
below 3.6°C. 

(4) Subarctic Current Area: distinct band of higher 
velocity water (5-20 em/sec) that coincides with the 
downward slope of the 4.0°C isotherm from 150 to 
400 m along the axis of the Subarctic Current. 

(5) Transition Area: extends over a wide area 
generally between 47° to 41°N; temperatures are 
considerably higher (4.0° to 9.0°C at 200m) than 
farther north, and flow is weak, eastward. 

Field observations of the ocean environment, 
plankton, and productivity were carried out in areas 
of the western Gulf of Alaska, the eastern Aleutians, 
the North Pacific Ocean south of Adak, and the 
western Aleutians west of Adak Island. Observations 
and changes in water properties were compared with 
the abundance and movement of salmon. Particular 
attention was given to the closely spaced stations across 
the Alaskan Stream where the fine structure of the 
flow was studied, and to winter conditions near Adak 
and Amchitka Islands. 

Alaskan Stream 

The Alaskan Stream is the only flow returning 
westward in the northern North Pacific Ocean. It 
serves as a natural migration pathway for maturing 
sockeye salmon. The barrier posed by the Stream 
may serve as a marker for juvenile salmon. The 
extent, position, and magnitude of the Alaskan Stream 
are cumulative effects related to the entire wind-driven 
circulation in the North Pacific Ocean and depend 

more on average oceanic conditions than on local 
climate. This dependence makes the Alaskan Stream 
valuable as an index of the general circulation through
out the North Pacific Ocean. The Oceanography 
Program has collected data at closely spaced stations 
across the Stream south of Adak Island since 1965. 
Together with transports calculated from historical 
data (Favorite et al., 1967), these data have provided 
a basis for determining normal conditions and varia
bility in the Alaskan Stream. 

Distributions of temperature, salinity, and geostro
phic velocities across the Alaskan Stream south of 
Adak Island during August 1967 and February, 
April, and July 1968 are shown in Figure 19. The 
Alaskan Stream is characterized by the downward 
slope of the 4.0°C isotherm and the downward slope 
of the isohalines below 150 m near shore. The 
Ridge Area shows the typical flat halocline across the 
crest of the salinity ridge. 

Geostrophic velocities were calculated relative to a 
1,500 db surface. Highest velocities are measured 
during the summer when the axis of the Alaskan 
Stream moves onshore. In February 1968, the axis of 
flow shifted to 100 km offshore. Bands of alternating 
eastward and westward flow, 8-16 km wide, shifted 
inshore. These bands are probably parts of eddies, 
with diameters of about 30 km, and represent an 
intrusion of water from the Bering Sea into the North 
Pacific Ocean. Similar features have been observed 
in other winter data for the area immediately south of 
the eastern Aleutian Islands (McAlister et al., 1969), 
but this is the first time this effect has been observed 
as far west as Adak Island. 

Table 15 shows velocities and transports acrossthe 
Alaskan Stream since 1965. All transports for 1968 
are low. 

Velocities and transports in the Alaskan Stream, 
observed between 162°W and 179°£ during a 3-week 

TABLE 15. Summary of historical condition in the Alaskan 
Stream south of Adak Island. 

Maximum velocity Volume transport 
(em/sec) (106 m8/sec) 

Date (0/1 ,500 db) (0/1,500 db) 

Nov. 1965 53* 9* 
Mar. 1966 55 13.9 
Sept. 1966 67 9.7 
June 1967 85 9.5 
Aug. 1967 46 8.4 
Feb. 1968 43 8.2 
Apr. 1968 39 8.4 
July 1968 61 5.1 

* Scaled from 1,000 db. 
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FIGURE 19. Vertical sections of temperature, salinity, and geostrophic velocity across the Alaskan Stream south of Adak Island
August 1967 and February, April, May, and July 1968. 

TABLE 16. Maximum velocity and volume transport for 
the Alaskan Stream, April-May 1968. 

Velocity Volume transport 
(em/sec) (106 m3/sec) 

Longitude (0/1,500 db) (0/ 1,500 db) 

162°W 62 7.7 
164°W 50 6.9 
176°W 39 8.4 
179°E 41 8.7 

period in April and May 1968, are shown in Table 
16. Maximum velocities of the Alaskan Stream 
decreased from 62 em/sec at 162°W to about 40 emf 
sec south of Adak and Amchitka Islands, but the total 
westward transport was about 7 to 8 X 106m3/sec each 
time the Stream was crossed (Table 16). These 
transport values suggest strong continuity in the 
Alaskan Stream, but a chart of the surface geopotential 
topography shows a large eddy at 170°W, which 
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FIGURE 20. Gemtrophic currents (referred to 1,500 db) south 
of the Aleutian Islands, April 1968. 
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FIGURE 22. Vertical section of temperature CCC) change south 
of Adak Island along 176°22'W; July 1-4, 1968, was compared 
with June 22- 30, 1967. Shaded areas show water that was at 
least O,l °C warmer in 1968 than in 1967. 

effectively separated the circulation of the Gulf of 
Alaska Gyre from the Western Subarctic Gyre (Fig. 
20). 

The section taken in July 1968 extends from south 
of Adak Island into the Transition Area. Figure 21 
shows the location of the dominant features during 
July 1968. Annual differences between July 1968 
and June 1967 (McAlister et al., 1969) are shown 
in Figure 22. Little change was evident in the 
Alaskan Stream, but the Ridge Area was 1°-l.S°C 
warmer during 1968 immediately below the depth of 
seasonal heating (about 100m). Water in the 
western Subarctic was colder in 1967, and the east
ward flow across the section extended north of S0°N. 
The Subarctic Current system shifted slightly south
ward in 1968, near 48°N. The Oyashio Extension 
water, formed by intrusion of cool water from the 
west, was at intermediate depth (100-400 m) be
tween 48°N and S0°N. 

South of Adak Island and western Gulf of Alaska 

A fundamental problem in the Pacific Subarctic 
Region is the extent of the exchange between the 
Western Subarctic Gyre, the Gulf of Alaska Gyre, 

a, SURFACE SALINITY ('I'") 

···L---'------''------'------'------'40' 

••·r---'T-----'lP---'-T~----.!TT-""""<!'--~··~~. 

so• 

b. TEMPERATURE ON SALINITY SURFACE (34.0 "fool 

FIGURE 23. Surface salinity (upper panel) and temperature on 
salinity surface (lower panel) south of the Aleutian Islands, 
Aprill968. 
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FIGURE 24. Geostrophic currents (referred to 1,500 db) near 
Adak and Amchitka Islands, February 1968. 

FIGURE 25. Depth of density surface (u,=27.2) near Adak and 
Amchitka Islands, February 1968. 

and the Bering Sea. Adak Island is centrally located 
between these regions, and flow near Adak Island is 
an index to the circulation in the North Pacific. 

The geopotential topography has already been 
cited as indicating a separation of the two gyres in 
April and May. Surface salinities at this time (Fig. 
23) generally agreed with gyre separation. The 
tongue of relatively low salinity near 178°W and 
51 °N was a shallow (50 m), relatively stationary 
surface feature but suggested that at least some dilute 
Alaskan Stream water was moving west of 175°W. 

Recirculation of Alaskan Stream water in the 
spring was shown by the large tongue of 3.9°C water 
extending southward between 170° and 165°W and 
also by the tongues of 3.8°C water extending into the 
slightly cooler Ridge Area to the east (Fig. 23). 
The salinity = 34.0%o surface is typically near 300m 
(Fig. 19). 

Winter data were limited to the area south and west 
of Adak Island. The Alaskan Stream at this time 
was stronger, farther offshore, and showed greater 
continuity than later in the spring and summer 

FIGURE 26. Depth of density surface (u,=26.5) near Adak and 
Amchitka Islands, February 1968. 

3 .4~ 
4.0-

FIGURE 27. Temperature on density surface (u,=26.5) near 
Adak and Amchitka Islands, February 1968. 

(Fig. 24). Previous studies (Favorite et al., 1967) 
showed that when transport in the Alaskan Stream in 
winter was in the range of 10 to 20 X 106m3fsec., or 
above, the Stream was continuous and that westward 
transport was dominant, although some eddy forma
tion and recirculation were always present. The 
Alaskan Stream extended westward beyond 1 78°E, 
where there was some exchange north in the Bering 
Sea through Amchitka Pass. Surface water from the 
Bering Sea flowed through the passes immediately 
west of Adak Island into the North Pacific Ocean and 
formed an eastward flowing countercurrent inshore 
immediately south of the Aleutian Islands (Fig. 24). 
The slope of the 27.2 a, surface at depth (Fig. 25) 
was particularly indicative of the movement of the 
deeper water of the Alaskan Stream (500-1 ,000 m) 
northward through Amchitka Pass. 

The other feature of interest pertinent to the dis
tribution of salmon was the formation and movement 
of water within the Oyashio Extension Area. Tem
peratures of the core ranged between 2.2° and 3.0°C 
from 100 to 200 m, which was colder than that normal-
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FIGURE 28. Primary productivity (carbon uptake, mg Cfm2 day) 
and chlorophyll a (mg/m 2

) near Adak and Amchitka Islands, 
February 1968. 

ly formed by winter mixing south of Adak Island and 
must be advected from the western Subarctic. The 
core of cold water showed clearly in August 1967 
(Fig. 19). Winter cooling was at its maximum in 
February; water cooled at 3.2°-3.6°C had been 
mixed to depths in excess of 100m, but water colder 
than 3.0°C was observed only in a narrow band near 
178°E (Figs. 26 and 27), as an intrusion from the 
western Subarctic. The sections taken in April and 
May extended south only to SOoN and did not show 
the intrusion (Fig. 19). The Oyashio Extension Area 
was present south of sooN in July 1968, although the 
temperatures were up to 1 oc warmer than in the 
previous year (Fig. 21). The section extended from 
Adak Island south into the Transition Area. 

Primary productivity 

Oceanographic observations taken in connection 

with high seas fishing south of the Aleutian Islands 
since 1966 have included measurements of phyto
plankton and zooplankton. We are continuing to 
measure and compare seasonal productivity and stan
ding crops of macrozooplankton and micronekton 
populations in known water masses of the Subarctic 
Region to determine if the distribution and movement 
of sockeye salmon in this region could be ascribed to 
the availability of food organisms. 

Primary productivity has been measured on 11 
cruises since March 1966, as part of standard oceano
graphic stations. Results from cruises in March, 
June, and September of 1966 and January-February 
1967, were described in a previous report (McAlister 
et al., 1969). These data have since been adjusted 
with new standardization values of carbon-14 by an 
improved liquid-scintillation technique; the charts 
and data used in this report have corrected values of 
primary productivity for earlier cruises. Produc
tivity was measured in June, July, and August 1967 
south of Adak Island, and surface samples were taken 
at other stations south of the Aleutian Islands. In 
February 1968, productivity was measured near 
Amchitka Island (Fig. 28). Data also were obtained 
south of Adak Island in May 1968, analysis of which 
has not been completed. 

Productivity was measured by the carbon-14 method 
of Steeman Nielsen ( 19S2). Samples were taken at 
each station from five depths within the euphotic 
zone before dawn and at noon; experiments on 
photosynthesis were run for half of the daylight 
period. Each sample was placed in an incubator on 
deck and covered with a neutral density filter to 
simulate the light intensity at the depth from which it 

TABLE 17. Summary of primary productivity (carbon uptake) and chlorophyll a in the euphotic zone and surface solar 
radiation in the Pacific Subarctic Region, 1966-68. 

Carbon uptake Chlorophyll a Solar radiation 
mg C/m2 per day mg/m2 g-cal/cm2 per day 

Time 
period Mean Range Mean Range Mean Range 

Mar. 1966 (a) 354 150- 550 18.2 13.2-26.6 299 121- 388 
(b) 344 213-612 

June 1966 (a) 323 185-480 11.5 5.4-14.4 284 128-413 
(b) 301 128-519 

Sept. 1966 (a) 219 150-290 12.3 4.6-18.9 344 153-450 
(b) 217 154-310 

Jan.-Feb. (a) 97 62-150 11.1 8.6-14.9 116 49-193 
1967 (b) 87 62-120 

June-July (a) 205 115-340 11.9 6.2-19.9 279 144-506 
1967 (b) 200 97-336 

Aug. 1967 (a) 237 85-605 9.1 4.3-17.5 232 112-354 
(b) 240 110-598 

May 1968 17.6 

(a) Adjusted for differences in daily radiation. 
(b) Measured value. 
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FIGURE 29. Primary productivity (carbon uptake) and chloro
phyll a in the euphotic zone along 176°W, March, June, and 
September 1966. Symbols with an asterisk indicate values for 
Adak Bay. 

was taken. Samples for phytoplankton pigments and 
dissolved phosphate and silicate also were collected. 
Total incident solar radiation at the sea surface was 
measured by a pyranometer. Both instantaneous 
and cumulative integrated values were continually 
recorded. Water transparency was measured by a 
Secchi disc. Daylight intensity differed between 
experiments; therefore the measured productivity 
rates have been corrected to a reference intensity 
level (Table 17). The response of " average" 
marine phytoplankton to light energy (Ryther and 
Yentsch, 1957) and seasonal means of observed 
energies, adjusted for latitude of observation, pro
vided the corrections for the productivity measure
ments. 

The corrected data of 1966 on primary productivity 
are generally higher than the uncorrected results. 
Productivity in all seasons was higher in Adak Bay 
(51 °54'N) than in any other area (Figs. 29 and 30); 
water was more productive near the shoreline than 
farther offshore. The effect of coastal water on 
productivity can be clearly detected at most times in 
the area of the Alaskan Stream as far south as 51 °N. 
Productivity at 41 °N was high (500 mg C/m2 per 
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FIGURE 30. Primary productivity (carbon uptake) and chloro
phyll a in the euphotic zone along 162°W (February 1967) 
and 176°W (June-July and August 1967). Symbols with an 
asterisk indicate values for Adak Bay. 

day) in March 1966; farther north it was lower, 
suggesting that a spring phytoplankton bloom was 
well developed in the Transition Area but probably 
still in earlier stages in the Ridge and Oyashio Exten
sion Areas. 

The distribution of productivity between 48°N and 
51 °N was roughly similar between March and June 
1966. Values were lower in the Ridge Area between 
about 50°30'N and 49°30'N than in the Oyashio 
Extension Area to the south or in the Alaskan Stream 
to the north; the same distribution was observed 
during the summer of 1967 (Fig. 30). The Ridge 
Area is a region of vertical divergence where deep, 
nutrient-rich water can rise near the surface layers, 
and productivity could be expected to be higher than 
in adjacent waters. This feature has not been 
observed, however. A possible explanation is that a 
strong seasonal thermocline prevents an exchange of 
deep water, and inorganic nutrients in the euphotic 
zone must be supplied mainly through regeneration 
by zooplankton during the productive seasons. 

The distribution of chlorophyll a (indicative of 
standing crop) was similar to that of productivity: 
highest in Adak Bay and near shore (Figs. 29 and 30). 
In June and September 1966, chlorophyll a generally 
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FIGURE 31. Mean phosphate and silicate (March, June, and 
September 1966) and nitrate (September 1966) in the euphotic 
zone along 176°W. 

decreased from north to south, but at other times, it 
was nearly constant. 

Mean values of productivity, chlorophyll a, and solar 
radiation are given in Table 17. In June 1966, the 
mean productivity (428 mg C/m2 per day) was higher 
than in March (344 mg C/m2 per day), but the mean 
chlorophyll a concentration (13.5 mg/m2) was lower 
than in March (18.8 mg/m2). During the same 
period the zooplankton biomass increased about four
fold, which indicates that although productivity 
increased, the zooplankton cropped the phytoplank
ton-fast enough to prevent an increase in standing 
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FIGURE 32. Mean phosphate, silicate, and nitrate in the eupho
tic zone along 162°W (February 1967) and 176°W (June
July and August 1967). 

crop. 
Productivity in June-July 1967 was substantially 

less (278 mg C/m2 per day) than in June 1966, but 
chlorophyll a was about the same (12.6 mgfm2)

caused either by an earlier or smaller spring bloom in 
1967. Considerable differences occur annually in the 
timing, amount, and distribution of phytoplankton, 
which in turn affect the amount and availability of 
zooplankton for salmon. 

Nutrients 

Nutrients were adequate to support high production 

TABLE 18. Mean phosphate, nitrate, and silicate in the euphotic zone of the open ocean, Pacific Subarctic Region, 
1966- 68. 

Phosphate Nitrate Silicate 
Time 
period mg- at/m3 mg- at/m2 mg- at/m3 mg-at/m2 mg- at/m3 mg- at/m2 

Mar. 1966 1.45 91 32 2030 
June 1966 1.03 33 25 830 
Sept. 1966 0.77 31 6.0 195 16 650 
Feb. 1967 1.55 98 12.7 803 32 1960 
June-July 1967 1.43 56 10.1 432 23 930 
Aug. 1967 1.56 60 10.3 403 30 1200 
May 1968 1.29 51 21 870 
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of phytoplankton except, perhaps, south of 43°N in 
September 1966 (Figs. 31 and 32). The relatively 
low phosphate and silicate at 41°N in March 1966 
were probably the result of high production of 
phytoplankton (Fig. 29). Similar conditions were 
observed at 46°N in August 1967. 

The seasonal changes in nutrients during 1966 
relate to changes in productivity (Tables 17 and 18). 
Average concentrations of phosphate and silicate in 
the euphotic zone decreased by 29% and 22%, 
respectively, between March and June 1966. These 
values reflect the relative net loss of nutrients during 
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FIGuRE 33. Wet weight (grams) of zooplankton (per tow) 
collected south of Adak Island along 176°25'W, June-July and 
August 1967. 

the spring bloom. 
Loss ofphosphate between February and June 1967 

was slight (1.55 to 1.43 mg-at/m3), but the loss of 
silicate was 28%, or slightly greater than in spring 
1966. Between July and August 1967, phosphate 
and silicate were replenished in the euphotic zone to 
their winter levels, but nitrate remained low. 

,Zooplankton 

Comparisons of seasonal and annual fluctuations in 
the standing crop of macrozooplankton and in the 
micronekton populations of the Pacific Subarctic 
Region began in 1966 and continued during 1968. 
Field data were collected during JunC?, July, and 
August 1967 and in February, April, May, and June 
1968. Two samples per station were collected after 
dark in 30-minute oblique tows between the surface 
and 150-m depth with a modified 3-ft Isaacs-Kidd 
midwater trawl along 176°25'W, from Adak Island to 
46°N in June, July, and August 1967. During 
February 1968, the distribution of the macrozooplank
ton biomass near Amchitka Island was examined. 
Zooplankton samples for the Amchitka study were 
collected with a modified Hensen net (standard net, 
designed by the Pacific Oceanographic Group at 
Nanaimo, British Columbia). Two quantitative, 
replicate samples per station were collected mainly 
at night by vertical tows from 150 m to the surface, 
depth permitting. Where water was less than 150m 
deep, shallow tows were made by lowering the net to 
about 6 m above the bottom. The rate of cable 
retrieval for shallow and deep tows was 2 mjsec. 

The mean biomass value, at similar stations south 
of Adak Island, was only slightly higher in June-July 
(42 g of wet weight biomass) than in August 1967 
(34 g). Mean values by year--:June 1966 (42 g), 
June-July 1967 (42 g), September 1966 (39 g), and 
August 1967 (38 g)--suggest that the biomass values 
tend to be similar from year to year. It is reasonable 
to expect that average annual quantities of macrozo
oplankton and micronekton in the Subarctic Region 
south of Adak Island will show little variation when 
the physical environment does not show extensive 
change. The same distribution of biomass by water 
mass observed in the summer of 1966 (McAlister et al., 
1969) also was observed in 1967 (Fig. 33). Bio
mass was low in nearshore and Alaskan Stream waters, 
high in the Ridge Area, and low again in the Oyashio 
Extension Area. As further data are gathered, they 
will be examined for fluctuations in the zooplankton 
biomass, which could be the result of predation by 
plankton-feeding fishes and related to growth rate 
and population dynamics of salmon. 

Although averages showed only a slight seasonal 
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change, the biomass varied widely between stations, 
particularly. in the Ridge Area. The changes in 
biomass between June and August-the decrease in 
the nearshore and Alaskan Stream waters, the in
crease in the Transition Area, and the variability in 
the Ridge Area-are related primarily to the variation 
in abundance of euphausiids and secondarily to the 
variation in populations of copepods and chaetognaths. 
The Ridge Area consistently supports the densest 
population of euphausiids in the Pacific Subarctic 
Region but still regularly shows lower primary pro
ductivity than adjacent nearshore regions. 

The distribution and composition of species of 
euphausiids vary seasonally and between water 
masses (Fig. 34). In June-July, Thysanoessa longipes 
was dominant (greater than 60% by number, in 
samples) in coastal waters near Adak Island, and 
shared dominance with T. inspinata in the Alaskan 
Stream and with Euphausia pacifica in the northern 
Ridge Area; E. pacifica was dominant from the mid 
Ridge Area south into the Transition Area. 

The dominance changed somewhat between June-

FIGURE 35. Zooplankton biomass (m1/1000 m3 of water) near 
Amchitka Island, February 1968. 

i 0 -45,000 
45,000 - 70,000 

> 70,000 

... 

FIGURE 36. Total zooplankton (estimated number per 1000 ms 
of water) near Amchitka Island, February 1968. 

July and August. Thysanoessa longipes shared domi
nance in August with T. inermis in Adak Bay, but was 
dominant farther south to the mid Ridge Area. 
Euphausia pacifica was dominant only in the southern 
Ridge Area and Oyashio Extension Area, whereas 
T. inspinata was dominant in the Transition Area. 
The prominence of T. inermis in the August samples 
(Fig. 34) coincided with an extension of surface Bering 
Sea water to the south of Adak Island. 

A comparison of data from 1966 (McAlister et al., 
1969) and 1967 indicates that three species of 
euphausiids were prominent from north to south. 
Thysanoessa longipes was usually dominant or shared 
dominance from the Coastal into the Ridge Area. 
Euphausia pacifica replaced T. longipes in the Ridge 
Area and remained dominant usually through the 
northern Transition Area. Nematoscelis dijficilis was 
dominant in the Transition Zone south of 43°N. 

The maximum variation in biomass per water mass 
was recorded in the Alaskan Stream near Amchitka 
Island during February 1968 at 9.6-107 ml/1000 m3 

(mean of 40.7 ml/1000 m 3). Copepods were the 
dominant constituent of the plankton, by number, 
contributing about 85% to the total catch. Other 
major groups were chaetognaths (5.2%), amphipods 
(2.4%), cnidarians (1.8%), larvaceans (1.6%), 
euphausiids (1.5%), pteropods (1.0%), and ostracods 
(0.9%). 

The general north-south distribution of biomass is 
shown in Figure 35. The total abundance of zoo
plankton organisms (Fig. 36) followed a distribution 
similar to that of the biomass except in the nearshore 
waters south of Amchitka Island, where biomass was 
high and total abundance low. 
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USE OF PITUITARY GLANDS TO 
DETERMINE MATURITY IN SALMON 

by W. D. Gronlund and H. 0. Hodgins 

Gonad weights and a serum antigen termed the 
SM factor have been used to assess the degree of 
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sexual maturation of sockeye salmon caught on the 
high seas (French, Craddock, Bakkala, and Dunn, 
1969) . Hodgins and Utter ( 1969) concluded that 
from late February or early March to time of 
spawning the SM factor method detects most female 
sockeye salmon maturing that year. Although the 
SM method appears to be accurate, and a more 
sensitive indicator of maturity than gonad weight, its 
application is restricted to females. Moreover, it is 
desirable to have accurate predictions of maturity 
schedules several months earlier than is possible with 
the SM method. We therefore studied gonadotropic 
activity of the pituitary gland to develop a method for 
earlier prediction of maturity schedules. This pro
cedure will allow assessment of sexual maturation in 
males as well as females. 

The pituitary gland produces protein hormones 
(gonadotropins) which initiate a series of events in 
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FIGURE 38. Gonad weights of immature male coho salmon which 
received pituitary gland from salmon in different stages of 
maturity injected in five to seven equal doses given over 12 
to 15 days. 

immature salmon that eventually brings about sexual 
maturation. Schmidt, Mitchell, Smith, and Tsuyuki 
(1965) have shown that gonadotropic activity in 
pituitary glands of salmon can be detected by bioas
say. We extended this technique and evaluated it as 
a method of estimating states ofmaturity. 

BmASsA v oF GoNADOTROPIC AcTIVITY 

Bioassay was based on the ability of pituitary gland 
extracts to stimulate the growth of gonads in juvenile 
(sexually immature) coho salmon. Under controlled 
conditions oftime, temperature, and light, the increase 
in gonad weight of juvenile coho salmon is related to: 
(I) the amount of pituitary extract administered and 
(2) the state of maturity of the donor fish (Fig. 37). 
Increases in gonad weight were observed in coho 
salmon injected with pituitary extract from spawning 
chinook salmon; the increase varied with the amount. 

TABLE 19. Statistical significance of differences in gonad weight between groups of immature male coho salmon in
jected with pituitary extract of chinook salmon (tested by Snedecor's, 1956, one-way analysis ofvariance)1 • 

Stage of maturity of chinook salmon 
and amount of extract 

Immature Spawning 
Type of 
injection Uninjected Saline 4mg 30mg 4mg 30mg 

Uninjected 
Saline NS 
4 mg, Immature NS NS 
30 mg, Immature 0.05 0.05 0.05 
4 mg, Spawning 0,01 0.01 0,01 0.01 
30 mg, Spawning 0,01 0.01 0.01 0.01 0,01 

1 NS= Not significant; 0.05= significant at the 5% level; 0.01 =significant at the l% level. 
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Fish injected with saline only or with a low dosage of 
pituitary extract from immature chinook salmon did 
not respond, although a significant change in gonad 
weight was observed at a high dosage of pituitary 
extract from immature chinook salmon (Table 19). 
Differences in gonad weights also were significant 
between fish stimulated with the same dosages of 
pituitary extracts from immature and spawning salm
on. 

GONADOTROPIC ACTIVITY OF PITUITARY GLANDS FROM 

HIGH SEAS SALMON 

Pituitary glands from sockeye salmon collected in the 
North Pacific Ocean and Gulf of Alaska in May 1968 
and from chum salmon collected in the same areas in 
July-August 1967 and May 1968 were tested by 
bioassay for gonadotropic act1v1ty. The glands 
were taken only from fish that were alive at time of net 
retrieval and frozen in liquid nitrogen within one hour 
after death. Results of these tests, compared with 
tests of pituitary glands from known immature and 
spawning chinook salmon, are shown in Figure 38. 

Chum salmon taken in July and August were com
posed of two distinct groups-maturing and immature, 
based on gonad size. Their responses showed that the 
immature fish had low levels of pituitary gonadotropic 
activity, whereas the maturing fish had activity 
greater than that of spawning chinook salmon. A 
group of chum salmon taken in May which had 
developing gonads also were bioassayed. Their 
responses were similar to those of maturing sockeye 
salmon in May and were nearly as great as those from 
spawning chinook salmon but were less than those of 
maturing chum salmon captured at sea in July
August. 

We have demonstrated in these studies that a 
bioassay method can detect differences in gonadotro
pic activity in pituitary glands from salmon at sea and 
that the activity supports other indicators of maturity. 
Further investigations may show that the pituitary 
bioassay method will substantially increase the pre
spawning period during which maturity schedules of 
high seas salmon can be predicted accurately. 
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MATURITY AND CONTINENTAL ORIGIN 
OF SOCKEYE SALMON CAUGHT BY THE 

JAPANESE MOTHERSHIP FISHERY, 
1964 AND 1965 

by Richard L. Major, Sueto Murai, 
andJames E. Mason 

Using catch statistics from INPFC Statistical 
Yearbooks for 1964 and 1965 and maturity data and 
scale samples provided by the Fisheries Agency of 
Japan, we estimated the maturity and continental 
origin of sockeye salmon captured by the Japanese 
mothership fleet in 1964 and 1965. Data were 
grouped by areas (2° lat. X 5° long.) and 10-day 
fishing periods to facilitate the study of changes within 
a fishing season; they were then pooled to provide 
estimates for each year. 

This study is a preliminary analysis of samples of 
fish collected aboard the Japanese motherships in 
1964and 1965 (about 19,000and 16,000, respectively). 
Maturity was determined by the Fisheries Agency of 
Japan; fish were classified as mature if their gonad 
weights exceeded the following (in grams): 

Females Males 
Late May 15.0 1.0 
Early June 15.0 2.0 
Middle and late June 20.0 3.0 
Early July 25.0 3.0 
Middle and late July, 

early August 25.0 5.0 

Biologists of the Bureau of Commercial Fisheries 
determined continent of origin by using scale charac
ters in a disciminant function analysis. The per
centage of each sample having Bristol Bay type and 
Asian type scales was computed and then corrected 
for the average error of classification in standards of 
the two continental populations. This method was 
described in detail by Anas and Murai (1969). 
General procedures were presented by Anas (1963, 
1964) and Mason (1967a). 

Only mature fish were classified by continent of 
ongm. Immature fish were not classified because of 
the difficulty in developing suitable standards from 
which to compute the average error of classification. 
Furthermore, we lack a priori evidence to support the 
assumption that immature sockeye salmon captured by 
the Japanese mothership fishery originate in either 
Asia or Western Alaska. For mature salmon, the 
assumption is supported by studies of tag returns, 
morphological characters, parasites, and other scale 
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FIGURE 39. Percentage of mature fish in 1964 sockeye salmon 
samples from the Japanese mothership fishery. A slash indi
cates that sockeye salmon were caught but samples with 17 
or more fish were not provided ; sample sizes are listed in 
Table 24. 

characters (Margolis, Cleaver, Fukuda, and God
frey, 1966). 

In this report, data are presented in the following 
order: (I) m<~.turity by 2° X 5° area and 10-day 
period, 1964 and 1965; (2) continent of origin by 
2° X 5° area and 10-day period, 1964 and 1965; and 
(3) summary statistics, 1964 and 1965. 

MATURITY BY 2° X 5° AREA AND 10-DAY PERIOD 

The percentage of mature fish is shown by 2° X 5° 
area and 10-day period in Figures 39 and 40 for 1964 
and 1965, respectively. Only samples with 17 to 30 
fish (30 fish was the maximum number collected on a 
mothership per day) were used in these computations. 
Although samples that contained 17 or more fish were 
not provided from some areas in which sockeye salmon 
were reportedly caught, the catch in these areas was 
only 1.5% of the total catch in 1964 and 1.2% of the 
total catch in 1965. 

Maturiry in 1964 

As the season progressed, the percentage of mature 
fish decreased sharply. Through the 10-day period 
ending June 10 when the fleet was fishing in the North 
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FIGURE 40. Percentage of mature fish in 1965 sockeye salmon 
samples from the Japanese mothership fishery. A slash indi
cates that sockeye salmon were caught but samples with 17 
or more fish were not provided ; sample sizes are listed in 
Table 25. 

Pacific Ocean south of 52°N, mature fish made up 
over 90% of the samples collected in 19 of the 21 
time-areas. The percentage of mature fish decreased 
to about 75% during June 11-20 in all areas except 
one, adjacent to the Kamchatka Peninsula (97%). 
Similarly, during June 21-30, when the mothership 
fishery had penetrated far into the Bering Sea, mature 
sockeye salmon contributed about 75% of samples 
collected over most of the fishing grounds but were 
somewhat more abundant (88%) in waters adjacent 
to Kamchatka. In two of the zones between l70°E 
and 175°E (central east-west corridor of the fishing 
grounds), only about 50% of the fish were mature. 

In early July, when most of the fleet was fishing in 
the Bering Sea, mature fish dominated in five of the 
seven areas sampled. Thereafter, when the fleet was 
again widely distributed over the fishing grounds, 
mature fish decreased to less than 40% in 28 of the 
31 time-areas. One of the three exceptions occurred 
in late July near Attu Island, where 48% of the fish 
were mature. 

Maturiry in 1965 

As in 1964, the percentage of mature fish decreased 
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TABLE 20. Average error of classification of sockeye salmon weighted according to relative abundance of contributing 
stocks, Bristol Bay, 1964 (from Mason, 1967a). 

Observed 
Escapement Relative misclassifica tion Weighted 

River (millions) abundance (percentage) value 

Branch 0.249 0.0502 10.7477 0.5395 
Egegik 0.850 0.1715 1.6949 0.2907 
Kvichak 0.957 0.1932 37.3219 7.2106 
Naknek 1.350 0.2725 5.5319 1.5074 
Ugashik 0.473 0.0954 20.7756 1.9820 
Wood 1.076 0.2172 42.5466 9.2411 

Total 4.954 1.0000 20.7713 

TABLE 21. Average error of classification of sockeye salmon weighted according to relative abundance of contributing 
stocks, Bristol Bay, 1965. 

Observed 
Escapement Relative misclassification Weighted 

River (millions) abundance (percentage) value 

Branch 0.175 0.0062 5.1136 0.0317 
Egegik 1.445 0.0510 0.8928 0.0455 
Kvichak 24.325 0.8585 1.6393 1.4073 
Naknek 0.718 0.0253 1.6620 0.0420 
Ugashik 0.997 0.0352 2.2160 O.o7l!O 
Wood 0.675 0.0238 13.4328 0.3197 

Total 28.335 1.0000 1.9242 

TABLE 22. Error of classification of sockeye salmon used as standards of the Asian population, 1964 (includes all 
samples of20 or more mature sockeye salmon taken by the Japanese mothership fishery west of 165°E after June 16). 

Number offish 
Position 

Sample Total With Bristol Bay 
number Date Lat.(0 N) Long.(0 E) sample type scales 

I 6/22 48--40 162- 38 27 6 
2 48-15 164-03 24 5 
3 6/23 48-37 161- 30 25 4 
4 48- 53 163- 30 25 10 
5 52- 15 164-20 22 4 
6 6/24 48- 52 160- 57 24 4 
7 48-53 163--05 26 6 
8 52- 23 164-22 24 4 
9 6l25 48-53 161- 18 24 5 

10 52- 10 164-12 23 9 
II 6;26 48-45 161- 38 23 5 
12 48-46 163- 18 24 9 
13 53-15 163--01 21 0 
14 51-43 163-18 27 8 
15 6/27 48-49 162-25 23 5 
16 53- 34 162-23 23 3 
17 51-56 162- 20 23 6 
18 6/28 48-50 161-56 23 2 
19 51 - 27 161-26 24 8 

Total 455 103 
Observed misclassification, percentage 22.61 

105 

1 Mason(1967b) used samples of mature sockeye salmon that were taken between 164° and 167°E from June 15 to 19, and derived 
an error of classification of 27.3%. Our estimate, derived from a larger sample taken farther to the west and later in the year, 
should be the better of the two. 
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TABLE 23. Error of classification of sockeye salmon used as standards of the Asian population, 1965 (includes all 
samples of 20 or more mature sockeye salmon taken by the Japanese mothership fishery west of 165°E after June 16). 

Sample 
number Date Lat.("N) 

I 6/17 50-57 
2 51-04 
3 6/18 50-48 
4 51-28 
5 49-30 
6 6f19 49-50 
7 53-37 
8 6/20 53-37 
9 6/21 53-43 

10 7/2 52-52 
II 53-17 
12 7/3 53-00 
13 53-32 
14 52-52 
15 7/4 52-53 
16 53-18 
17 52-35 
18 7/5 52-33 
19 53---{)4 

20 7!6 52-13 
21 7!7 52-34 
22 7/9 52-00 
23 7/10 51-36 
24 7/11 51-27 
25 7/12 51-24 
26 7/15 52-07 
27 7/17 49-59 
28 7/18 50-52 
29 53-28 
30 7/19 52-01 
31 7/21 52-37 
32 7/23 52-09 
33 7/24 52-28 
34 7/25 51-21 

Total 
Observed misclassification, percentage 

sharply as the season progressed. Mature fish con
stituted over 90% of samples collected in 33 of 36 
time-areas through June 20, a period when most of 
the fleet was fishing between 48°N and 56°N. The 
percentage of mature fish remained high (98-100) 
near the eastern and western perimeters of the fishin11: 
grounds during June 21-30 but began to decrease in 
the center (less than 90% in 8 of 13 areas that were 
sampled between 165°E and 180°). The fleet, by 
this time, was widely distributed over the fishing 
grounds, particularly in the eastern and northern 
regions. This distribution prevailed for the re
mainder of the season. 

Number of fish 
Position 

Total With Bristol Bay 
Long.("E) sample type scales 

163-30 24 6 
163-53 25 
162-39 22 6 
163-31 26 9 
164-28 23 7 
163-40 28 11 
164-05 23 10 
163-52 25 9 
163-40 26 2 
164-23 25 4 
162-44 23 5 
162-26 24 8 
162-55 27 10 
164-23 21 5 
162-25 23 8 
162-45 26 II 
164-20 22 7 
162-13 25 9 
163-43 22 9 
162-45 24 12 
162-47 24 10 
162-00 22 6 
162-59 21 8 
162-55 25 12 
163-42 20 6 
163-06 25 10 
164-25 26 8 
163-33 25 9 
163-12 20 7 
163-08 24 8 
161-58 26 14 
161-14 21 12 
163-03 24 14 
161-34 26 8 

813 281 
34.6 

From July 1 to 10, immature fish dominated the 
samples taken in 8 of 12 areas between 165°E and 
180°; mature fish dominated near the eastern and 
western perimeters of the fishing grounds. Mature 
fish were predominant in samples taken off South
eastern Kamchatka throughout July, but decreased 
considerably in other time-areas. A departure from 
this general trend was apparent in late July near 
Attu Island, where 60% of the sockeye salmon sam
pled were mature. A similar occurrence was noted 
in 1964. Possibly these mature fish were bound for 
streams on Attu and adjacent islands. 
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FIGURE 41. 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 samples of 17 or more fish with usable scales 
were not provided ; sample sizes are listed in Table 24. An 
asterisk indicates that the samples were assumed to be fish of 
Asian origin. 

CoNTINENT OF ORIGIN BY 2°X5° AREA AND 10-DAY 
PERIOD 

Scale samples taken from sockeye salmon of the 
major Bristol Bay runs were used in the discriminant 
function as standards for Western Alaska; the 
average errors of classification are shown in Tables 
20 and 21 for 1964 and 1965, respectively. Because 
fish were not available from Kamchatkan streams, 
we used samples of maturing sockeye salmon taken by 
the Japanese mothership fishery west of 165°E and 
after June 16 as standards for the Asian population in 
each year. The average errors of classification for 
the samples used as Asian standards are shown in 
Tables 22 and 23 for 1964 and 1965, respectively. 
The date and location of collection minimizes the 
possibility that the samples contained maturing 
sockeye salmon from Bristol Bay. 

The percentage of Bristol Bay type fish is shown by 
2° X 5° area and 10-day period in Figures 41 and 42 
for 1964 and 1965, respectively. As with maturity, 
only samples with 1 7 to 30 fish were used. In some 
areas, the Japanese caught mature sockeye salmon, 
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FIGURE 42. 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 samples of 17 or more fish with usable scales were 
not provided ; sample sizes are listed in Table 25. An asterisk 
indicates that the samples were assumed to be fish of Asian 
origin. 

but samples either were not provided or did not in
clude 17 or more mature individuals with readable 
scales. Only 6.2% of the mature fish caught in 
1964 and 4.0% in 1965 were excluded from classifica
tion for these reasons. 

Continent cif origin in 1964 

The most striking feature in Figure 41 is the in
crease in the percentage of Bristol Bay type fish from 
west to east. This trend prevailed through July 10, 
after which samples of mature fish became scarce. 
Samples taken just south of Adak Island departed 
somewhat from the general trend; Bristol Bay type 
fish dominated the samples but not to the extent that 
they did in the area immediately to the west. 

Intermingling of the stocks from the two continents 
was greatest between 170°E and 1 75°E but by no 
means non-existent in the adjacent areas. Bristol 
Bay type fish averaged about 15%, 23%, 12%, and 
17%, respectively, of samples in areas of the North 
Pacific Ocean bounded by 165°E and 170°E in 
successive 1 0-day periods from late May through June. 



108 ANNUAL REPORT 19GB-NORTH PACIFIC COMMISSION 

Similarly, Asian type fish averaged about 25%, 18%, 
and 41%, respectively, of samples in the North Pacific 
Ocean between 175°E and 180° in successive 10-day 
periods from late May through June 20. 

Bristol Bay type sockeye salmon dominated the 
samples of mature fish taken in the northeastern 
reaches of the fishing grounds in early July. 

Continent of origin in 1965 

The increase in Bristol Bay type sockeye salmon 
from west to east was even more pronounced in 1965 
than in 1964, at least through June 30. During July 
1-10, however, samples taken in the northwestern 
Bering Sea were classified largely as Bristol Bay type 
and thereby departed from the general pattern. It 
is unlikely that samples taken at that time and loca
tion actually could contain mature sockeye salmon 
destined for Bristol Bay. Rather, it is likely that the 
samples (which were among our smallest) contained 
sockeye salmon that were classified as Bristol Bay 
type but actually originated in the Anadyr River or 
streams in northern Kamchatka, adjacent to their 
area of capture. Although fish originating in these 
streams might be relatively abundant in some samples 
taken in the northwestern Bering Sea, sockeye salmon 
runs in the Anadyr and northern Kamchatka areas 
are of minor importance (Hanamura, 1966), and it 
is unlikely that they constitute more than a small 
percentage of the larger samples taken elsewhere by 
the mothership fishery. 

As in 1964, intermingling of the two conti
nental stocks was greatest in the area bounded by 
170°E and 175°E. Intermingling also occurred in 
the adjacent areas. Bristol Bay type sockeye salmon 
averaged 6% , II % , 13% , and 11%, respectively, of 
samples taken in the North Pacific Ocean between 
165°E and 170°E in successive 10-day periods from 
late May through June. These percentages are 
comparable to those observed in 1964. Asian type 
fish averaged 27% and 14%, respectively, of samples 
taken in the North Pacific Ocean between 175°E and 
180° in late May and early June. Comparable 
percentages were 25 and 18 in 1964. 

SuMMARY STATISTics, 1964 AND 1965 

The summary statistics for the Japanese mothership 
fishery for 1964 and 1965 were obtained by applying 
the maturity and continent of origin composition of 
our samples to the catch in the corresponding area 
and time (Tables 24 and 25) and by summing (Table 
26). Sharp contrasts in the composition of the catch 
existed between the two years. In 1964, when mature 
fish were relatively scarce, the salmon mothership 
fishery took almost three million immature fish, or 

41% of the total catch. The comparable figure was 
14% in 1965. Of the mature fish taken in 1964, 77% 
were estimated to be of Asian origin, and 25% (less 
than a million fish) of Bristol Bay origin. In 1965, 
on the other hand, the Japanese took an estimated six 
million maturing Bristol Bay type sockeye salmon 
(61% of the mature fish taken) and only about four 
million maturing Asian fish (39% of the mature fish 
taken). 

LITERATURE CITED 
ANAS, RAYMOND E. 1963. Red salmon scale studies. INPFC 

Annual Report 1961 : 114-116. 
ANAS, RAYMOND E. 1964. Sockeye salmon scale studies. 

INPFC Annual Report 1963 : 158-162. 
ANAS, RAYMOND E., and SUETO MuRAl. 1969. Use of scale 

characters and a discriminant function for classifying sockeye 
salmon (Oncorhynchus nerka) by continent of origin. INPFC 
Bull. 26: 157-192. 

HANAMURA, N. 1966. Salmon of the North Pacific Ocean
Part III. A review of the life history of North Pacific salmon. 
I. Sockeye salmon in the Far East. INPFC Bull. 18: 1-27. 

INPFC Statistical Yearbooks for 1964 and 1965. 
MARGOLis, L., F. C. CLEAVER, Y. FuKUDA, and H. GoDFREY. 

1966. Salmon of the North Pacific Ocean-Part VI. Sockeye 
salmon in offshore waters. INPFC Bull. 20: 70 p. 

MAsoN, jAMES E. 1967a. Sockeye salmon scale studies. INPFC 
Annual Report 1965: 108-116. 

MASoN, jAMES E. 1967b. Scale studies of sockeye salmon. 
INPFC Annual Report 1966: 99-108. 

STATISTICS ON JAPANESE MOTHER
SHIP SALMON FISHERY 

by A. E. Peterson 

Statistics on annual catch, fishing effort, and catch 
per unit of effort (CPUE) for the Japanese salmon 
mothership salmon fishery in 1967 (INPFC Statistical 
Yearbook for 1967) are listed with corresponding data 
for 1952-66 (Fredin and Peterson, 1969) in Table 
27. Statistics for the 16-year period are shown by 
species in Figures 43 to 4 7. 

SocKEYE SALMON 

The catch of 8.1 million sockeye salmon in 1967 
was far below the 12 million of 1965 but above the 
7.25 million of 1966 (Fig. 43). Fishing effort and 
CPUE in 1967 also were less than in 1965 and greater 
than in 1966. 

About 87% of the catch of sockeye salmon was 
made west of 175°E. Best catches were made south
west of the western Aleutian Islands between 165°E 
and 175°E (from late May to mid June) and be
tween 160°E and l70°E (from late June to early 
July) . Sockeye salmon were most abundant (as 
indicated by CPUE) in the fishing areas southwest of 
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TABLE 24. Sockeye salmon catch of the Japanese mothership fishery and percentage of fish that were mature and of 
Bristol Bay scale type in samples from the fishery, 1964 (areas from which samples of 17 or more fish were not 
provided are excluded). 

I 0-day period 

May 21- 31 

June~l-10 

Matures : Percentage 
Percentage mature Bristol Bay type 

2° X 5° area1 Catch and sample size and sample size 

E 6546 299,459 83.3 (450) 13.4 
E7046 27,774 95.0 ( 60) 26.2 
E 6048 30,876 100.0 ( 57) 0.0 
E 6548 633,547 97.3 (1,079) 16.5 
E 7048 193,067 91.2 (330) 31.9 
E 7548 31,016 92.4 (210) 64.9 
E 6050 1,265 100.0 ( 30) 0.0 
E 6550 124,486 99.6 (240) 15.4 
E 7050 41,773 98.3 (120) 54.7 
E 7550 17,908 93.8 (178) 84.1 

8050 35,435 95.0 ( 60) 57.7 
Total 1,436,606 1,344,664 291,920 

E 6546 179,026 92.5 (388) 24.4 
E 6048 193,126 98.5 (539) 13.5 
E 6548 391,213 96.1 (959) 17.8 
E 7048 51,058 94.2 (120) 23.7 
E 7548 3,813 86.7 ( 60) 64.3 
E 6050 12,914 100.0 ( 60) 31.5 
E 6550 83,486 94.8 (270) 29.0 
E 7050 101,431 95.0 (359) 42.6 
E 7550 9,825 100.0 ( 30) 100.0 

8050 II ,404 93.3 ( 30) 76.9 
Total 1,037,296 992,069 232,598 

(276) 
( 42) 
( 43) 
(853) 
(213) 
(111) 
( 28) 
(214) 
( 86) 
(138) 
( 52) 

(315) 
(444) 
(777) 
( 97) 
( 42) 
( 54) 
(224) 
(291) 
( 18) 
( 26) 

109 

-- ~ - --·--- ------------ -- - ~ ---- - - --- - --- ----------- ~· -··· ·····- · · · ········ ·*"···---------· · ··· ···-·········· ······ ···· ·· ···---- ---- ------------------------------------------------------ - ------------------------ - ---

June 11- 20 E 6546 65,104 73.9 (180) 21.9 (128) 
E 6048 77,626 97.0 (270) 6.2 (225) 
E 6548 497,753 73.0 (1,078) 14.8 (486) 
E 7048 70,073 75.8 (120) 50.0 ( 48) 
E 6550 206,471 76.7 (563) 13.4 (335) 
E 7050 148,778 80.0 (509) 43.6 (298) 
E 7550 39,619 82.2 (180) 59.2 (125) 
E 6552 32,665 70.0 ( 30) 0.0 ( 18) 
E 7052 29,910 71.7 (120) 29.7 ( 74) 

Total 1,167,999 894,147 194,303 
............... ······························ ··························------------------------················ ·············-------------------------------------------------------------------------------------------

June 21- 30 E 6546 6,514 86.7 ( 30) No sample 
E 6048 122,813 91.1 (450) Assumed to be zero 
E 6548 78,897 61.7 (120) 5.1 ( 39) 
E 6050 53,194 86.7 (180) Assumed to be zero 
E 6550 75,243 82.8 (180) 22.6 (137) 
E 7050 13,040 86.7 ( 30) 54.2 ( 24) 
E 6052 62,343 85.6 (180) Assumed to be zero 
E 6552 121,877 71.1 (388) 24.4 (135) 
E 7052 28,672 48.3 (120) No sample 
E 7554 4,777 75.6 ( 90) 70.5 ( 61) 
E 6556 3,573 76.7 ( 30) 38.1 ( 21) 
E 7056 7,081 76.7 (150) 46.0 ( 87) 

8056 23,469 76.7 ( 60) 95.2 ( 21) 
E 7058 35,899 57.3 (150) 75.0 ( 20) 
E 7558 2,381 83.3 ( 30) 71.4 ( 21) 

8058 4,167 83.3 ( 30) 100.0 ( 23) 
Total 643,940 495,613 87,375 

Continued ... 



110 ANNUAL REPORT 1968-NORTH PACIFIC COMMISSION 

TABLE 24. Continued. 

Percentage mature 
10-day period 2° X 5° area1 Catch and sample size 

July 1-10 E 7556 6,136 44.2 (120) 
8056 20,965 86.1 (180) 

E 6558 82,316 34.7 (300) 
E 7058 74,113 51.2 (600) 
E 7558 46,391 61.1 (870) 

8058 45,090 64.7 (448) 
E 7560 5,685 94.2 (120) 

Total 280,696 150,146 

July ll - 20 E7048 4,422 40.2 (204) 
E 7548 5,888 23.7 (270) 

8048 7,402 22.4 (107) 
E 7550 5,880 26.7 ( 30) 
E 6558 64,491 27.3 (300) 
E 7058 5,423 40.0 ( 30) 

Total 93,506 26,176 

July 21 - 31 E7048 4,528 26.7 ( 30) 
E 7548 11,155 18.0 (150) 

8048 6,934 16.7 ( 90) 
E 7550 144,673 4.1 (269) 

8050 419,264 19.2 (629) 
E 7052 27,293 47.8 ( 90) 
E 6558 31,885 9.0 ( 89) 
E 7058 46,727 5.3 (150) 
E 7560 98,322 3.8 ( 30) 

8060 1,220 0.0 (239) 
E 7558 9,656 0.0 ( 30) 

Total 801,657 112,935 

August 1- 10 E 7048 6,494 9.8 ( 51) 
E 6050 4,742 20.0 (200) 
E 7050 20,296 3.3 ( 60) 
E 7550 21,466 20.0 ( 90) 

8050 151,396 24.5 (420) 
E 6052 474,236 9.5 (389) 
E 6552 230,364 3.0 (330) 
E 6556 32,060 0.0 ( 30) 
E 7056 37,754 3.3 ( 30) 
E 6558 10,504 6.7 ( 30) 
E 7058 145,129 8.4 (179) 
E 7558 165,683 7.4 (299) 
E 7560 171,152 3.7 (327) 

8060 54,757 3.4 (146) 
Total 1,526,033 130,199 

1 Areas are designated as follows: 165°E to 170°E and 46°N to 48°N = E6546. 

Matures: Percentage 
Bristol Bay type 
and sample size 

No sample 
68.9 (119) 

No sample 
39.8 ( 83) 
66.5 (194) 
81.0 (189) 
92.9 ( 99) 

74,994 

64.7 ( 17) 
No sample 

1,150 

No sample 

23.5 ( 17) 
No sample 

3,066 

No sample 
Assumed to be zero 

No sample 

Assumed to be zero 
No sample 

0 
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TABLE 25. Sockeye salmon catch of the Japanese mothership fishery and percentage of fish that were mature and of 
Bristol Bay scale type in samples from the fishery, 1965 (areas from which samples of 17 or more fish were not pro
vided are excluded). 

Matures : Percentage 
Percentage mature Bristol Bay type 

10-day period 2° X5° area1 Catch and sample size and sample size 

May 21-31 E 6550 15,840 100.0 ( 30) 4.2 ( 24) 
E 6548 145,259 100.0 (210) 13.0 (177) 
E 6546 12,942 100.0 ( 30) 0.0 ( 24) 
E 7050 92,273 99.3 (!50) 44.7 (123) 
E 7048 114,661 100.0 (120) 30.3 ( 99) 
E 7550 636,741 99.1 (750) 84.3 (626) 
E 7548 141,451 98.1 (210) 63.0 (184) 

8050 1,213,112 99.6 (1,079) 91.2 (844) 

8048 306,980 97.3 (150) 76.0 ( 75) 
Total 2,679,259 2,657,054 2,043,549 

June 1- 10 E 6550 49,321 97.8 ( 89) 21.8 ( 78) 
E 6548 59,695 100.0 ( 30) 0.0 ( 23) 
E 7052 66,446 100.0 (120) 85.4 (103) 
E 7050 286,764 99.7 (360) 79.3 (241) 
E7048 56,458 99.2 (120) 48.6 ( 72) 
E 7554 20,486 100.0 ( 60) 98.2 ( 57) 
E 7552 187,631 99.7 (329) 87.6 (210) 
E 7550 362,575 99.6 (449) 85.9 (412) 

8054 68,689 96.7 ( 30) 96.3 ( 27) 
8050 760,868 99.3 (749) 92.0 (591) 
8048 231,348 91.6 (238) 82.1 ( 67) 
Total 2,150,281 2,118,845 1,748,441 

111 

·-----· -··· ··--·-·· ···· ·--·-··· ··· ··--··· · ··· ······ ··--------·· ······· ··- ----- - - ·-·· ······· ·· - --- --- -- ~----- --·------· · ··· ·········-------·· ·············--- --- -----············· ·····--·---------- -- --------- - --------

June 11-20 E 6052 45,497 98.3 ( 60) Assumed to be zero 
E 6050 84,473 100.0 (120) 
E 6048 58,592 100.0 ( 90) 
E 6552 102,095 94.6 (149) 11.2 (116) 
E 6550 665,653 96.7 (719) 7.9 (592) 
E 6548 410,876 89.7 (477) 20.4 (265) 
E 7054 15,109 98.3 ( 60) 100.0 ( 29) 
E 7052 66,909 100.0 ( 90) 83.9 ( 56) 
E 7050 295,347 89.2 (268) 19.4 (201) 
E 7048 162,923 82 .7 (150) No sample 
E 7556 35,320 99.2 (119) 89.8 ( 98) 
E 7554 46,031 100.0 ( 30) 100.0 ( 22) 
E 7552 148,179 100.0 (119) 94.8 ( 97) 

8056 94,099 100.0 ( 60) 98.0 ( 50) 
8054 173,011 98.3 (120) 98.2 (109) 
8052 314,390 100.0 ( 90) 93.6 ( 78) 
Total 2,718,504 2,584,367 1,030,414 

----········- ---·-··--- -~--- ----- ··· ·-· -- --------------···········------------·····------------····· ···-·-------···---·-------············-·--------------------·····-········---------······· 
June 21 - 30 E 6052 29,003 100.0 ( 30) Assumed to be zero 

E 6558 7,208 81.7 ( 60) 0.0 ( 44) 
E 6556 22,564 72.5 (120) 34.8 ( 23) 
E 6552 216,284 77.9 (267) 17.2 (134) 
E 6550 139,867 77.9 (240) 8.5 (153) 
E 6548 117,416 90.0 (120) 2.7 ( 74) 
E 7058 7,872 81.7 ( 60) 35.9 ( 39) 
E 7056 29,475 95.0 (120) 78.1 (105) 
E 7054 77,132 73.7 (270) 84.1 (157) 
E 7052 60,689 91.3 (149) 72.9 (118) 

Continued ... 
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TABLE 25. Continued. 

Matures : Percentage 
Percentage mature Bristol Bay type 

10-day period 2° X5° area1 Catch and sample size and sample size 

June 21 - 30 E 7560 5,456 96.7 ( 30) 17.9 ( 28) 
(Cont.) E 7558 15,159 84.7 (118) 79.1 ( 86) 

E 7556 155,105 82.2 (180) 86.2 ( 94) 
E 7554 881 100.0 ( 60) 93.9 ( 49) 

8058 180,293 98.3 (420) 87.2 (226) 
8056 357,006 99.4 (360) 96.8 (281) 
8054 207,466 98.9 ( 90) 93.2 ( 74) 
Total 1,628,876 1,464,822 970,275 

July 1-10 E 6052 330,767 90.3 (360) Assumed to be zero 
E 6050 38,539 83.3 ( 30) 
E 6558 32,845 63.3 ( 90) 68.4 ( 19) 
E 6556 143,434 31.1 (270) 80.0 ( 20) 
E 6552 249,731 71.1 (450) 7.9 (203) 
E 6550 121,731 82.9 (210) 13.2 (144) 
E 7058 39,062 48.0 (150) 32.0 ( 25) 
E 7056 34,152 13.3 ( 30) No sample 
E 7054 1,843 26.7 ( 30) 
E 7052 64,685 22.5 (120) 
E 7050 7,601 16.7 ( 30) 
E 7046 345 34.8 ( 23) 
E 7560 10,144 81.1 ( 90) 43.3 ( 60) 
E 7556 6,457 24.1 ( 29) No sample 

8060 297 91.3 ( 23) 33.3 ( 18) 
8058 63,246 81.3 (299) 84.2 (101) 
Total 1,144,879 775,859 130,202 

····-----------····-···--··········-········---------------------------------------------------------------------·-···································--·-·································-·-------------------
July 11- 20 E 6056 10,154 30.0 ( 30) Assumed to be zero 

E 6052 150,656 65.9 (270) 
E 6050 92,735 70.4 (179) 
E 6048 6,183 96.7 ( 30) 
E 6558 124,132 23.6 (330) No sample 
E 6556 18,018 16.7 ( 90) 
E 6552 138,416 36.1 (180) 
E 6550 95,507 34.3 (210) 
E 6548 52,386 73.9 (119) 18.6 ( 86) 
E 7058 54,118 16.2 (420) No sample 
E 7056 9,595 43.3 ( 30) 
E 7050 10,166 16.7 ( 30) 
E 7560 23,628 44.9 (227) 
E 7558 19,654 21.1 ( 90) 

8058 22,112 25.0 (120) 
Total 827,460 362,240 7,201 

---~ ----------------- ------------ - -~-~---··········------ -- -- ------------------ - -- ---- ------ ·· ·····---------------- -- ----··············· -- ··········· ····· ·· ····· 

July 21 - 31 E 6056 9,484 3.7 ( 27) Assumed to be zero 
E 6052 235,212 62.0 (329) 
E 6050 31,241 66.3 ( 89) 
E 6048 23 46.7 ( 30) 
E 6558 86,587 4.0 (150) No sample 
E 6556 32,603 6.7 ( 90) 
E 6552 105,452 43.3 ( 90) 
E 6550 62,785 41.7 (120) 29.4 ( 17) 
E 7058 21,469 5.0 ( 60) No sample 
E 7052 752 60.0 ( 30) 

Continued ... 
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TABLE 25. Continued. 

Matures: Percentage 

10-day period 2° X5° area1 Catch 
Percentage mature Bristol Bay type 

and sample size and sample size 

July 21-31 E 7050 59,584 23.3 (150) No sample 
(Cont.) E 7048 11,398 6.7 ( 30) 

E 7558 83,045 6.7 ( 90) 
8058 9,878 13.6 ( 59) 
Total 749,513 267,473 7,697 

1 Areas are designated as follows : 165 °E to 170°E and 50°N to 52°N = E 6550. 

TABLE 26. Summary statistics of the Japanese mothership fishery's catches of sockeye salmon in 1964 and 1965. 

Catch, maturity, 
and origin 

ToTAL CATCH 
MATURITY 

Unknown 
Immature 
Mature 

ORIGIN OF MATURE FISH 
Unknown 
Assumed Asian 
(West of 165°E after June 16) 
Classified Asian 
Total Asian 
Bristol Bay 

1 Includes 916 fish caught in May 11-20. 
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FIGURE 43. Sockeye salmon catch, fishing effort, and catch per 
unit effort, Japanese mothership salmon fishery, 160°E to 
175°W, 1952-67 (entire season). 

FIGURE 44. Pink salmon catch, fishing effort, and catch per unit 
effort, Japanese mothership salmon fishery, 160°E to 175°W, 
1952-67 (June-August). Shading indicates even-year cycle. 
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TABLE 27. Japanese mothership salmon fishery-catch, fishing effort, and catch per unit effort-I60°E to 175°W-
1952-67. 

Species of salmon 

Year Sockeye1 Pinks Chum1 Coho8 Chinook1 Total1 

Catch-Tlwusands of fish 

1952 738 698 629 24 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 22,985 

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 

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 4.39 

1 May-August. • June-August. 3 July-August. 
Sources: 1952-60, Manzer, Ishida, Peterson, and Hanavan (1965); 1961 - 67, INPFC Statistical Yearbooks. 
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FIGURE 45. Churn salmon catch, fishing effort, and catch per 
unit effort, Japanese rnothership salmon fishery, 160°E to 
175°W, 1952-67 (entire season). 

the western Aleutian Islands from late May to mid 
July. Presumably these fish were mainly of Kam
chatkan origin. 

PINK SALMON 

The 1967 catch of 7.7 million pink salmon (exclud
ing a small catch in May) was considerably better 
than in the previous odd year, 1965, and the best since 
the record year, 1959 (Fig. 44). Even though fishing 
effort on pink salmon in 1967 was the lowest in many 
years, the CPUE was the highest since 1959. 

About 84% of the catch was taken west of 175°E. 
Best catches were made southwest of the western 
Aleutian Islands after June 20 and in the western 
Bering Sea after July 1. Greatest abundance (on the 
basis of CPUE) was in the western Bering Sea in July. 

CHUM SALMON 

The 1967 catch of 6.8 million chum salmon was 
lower than in 1966 and about the same as the average 
catch for the past seven years (Fig. 45). The CPUE 
in 1967 was lower than in 1966 and slightly above the 
average for the past seven years. 

Best catches of chum salmon were made: (1) be
tween 170°E and l75°E, south of 52°N, in late May; 
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FIGURE 46. Coho salmon catch, fishing effort, and catch per 
unit effort, Japanese rnothership salmon fishery, 160°E to 
175°W, 1952-67 (July-Agust). 

(2) between 160°E and 165°E, south of 54°N, in late 
June; (3) between 165°E and 175°E, north of 58°N, 
in early July; and (4) between 170°E and 175°W, 
north of 56°N, in mid July. The CPUE was greatest 
in the Bering Sea north of 56°N in mid July. 

CoHo SALMON 

The 1967 catch of 225,000 coho salmon was one of 
the smallest on record-much smaller than in 1966-
and the CPUE was low (Fig. 46). About 75% of the 
catch was taken between 170°E and 175°E, south of 
48°N, in July. 

CHINOOK SALMON 

In 1967 the catch (127,000) and the CPUE of 
chinook salmon were lower than in any of the three 
previous years, 1964-66, but greater than in 1961-
63 (Fig. 47). The area of greatest abundance was 
in the Bering Sea north of 58°N in early July. 

LITERATURE CITED 

FREDIN, R. A., and A. E. PETERSON. 1969. Population 
dynamics. INPFC Annual Report 1967: 115-121. 

INPFC Statistical Yearbooks for 1961 through 1967. 
MANZER, J. I., T. IsHIDA, A. E. PETERSON, and M.G. HANAVAN. 



116 ANNUAL REPORT 1968-NORTH PACIFIC COMMISSION 

400 

"' U>300 
;;:: 
IL 
0 

(/) 

0200 z 
< 
(/) 

=> 
0 

"' ... 100 

CHINOOK SALMON 
CATCH 

0 ............,..._._._ nn....__._._._.__n n-L...L...Ln....L..L.JnL...L...L...i..~ L...L...L.L..L.........._ 
l:l 9 
j! FISHING EFFORT 

15 6 

!!1 
Q 3 

~ 0 ~ n n 
z 
j! CATCH PER UNIT EFFORT 
a: 
~ .04 

"' (/) 

;;:: 
IL 
0 .02 
a: 

I o L-1~9 ~~5,..2 ...... _,_,. 5~4~...L.L n~.O~J....L.n.;': n5~8..J....I n.60~.L..L n~.6::'2_n.....,.t-647-'-'-;:6~6~.._ 
FIGURE 47. Chinook salmon catch, fishing effort, and catch per 

unit effort, Japanese mothership salmon fishery, 160°E to 
l75°W, 1952-67 (entire season). 

1965. Salmon of the North Pacific Ocean-Part V. Offshore 
distribution of salmon. INPFC Bull. 15: 452 p. 

KING CRAB RESEARCH 

by David T. Hoopes and Joseph W. Greenough 

Research to assess the condition of stocks of king 
crabs (Paralithodes camtschatica) in the eastern Bering 
Sea of necessity must be part of a long-range and 
continuing program. The basic goal of U.S. research 
is to estimate parameters of recruitment, growth, 
natural mortality, and fishing mortality-which 
collectively reflect the condition of the stocks, and to 
develop an appropriate population model to study the 
probable effects on king crab stocks of changes in these 
parameters. 

King crab research by the United States in 1968 
included two cruises in the southeastern Bering Sea 
and a continuation of the observer program aboard 
Japanese mothership fleets. Trawl surveys and tag
ging were conducted aboard the BCF vessel John R. 
Manning during the spring and the Miller Freeman 
during the fall. A U.S. observer was aboard the 
Japanese mothership Keiko Maru from July 11 to 
August 19; he collected from the commercial catch 
data on size composition and shell condition similar 

,,.. 

... 

... 

.. .. . , . .. 

FIGURE 48. Stations occupied by the U.S. Bureau of Commer
cial Fisheries research vessel John R. Manning on the 1968 
spring (May I to june 7) cruise in the southeastern Bering Sea. 

to that reported in 1965 (Kirkwood, 1967). Our 
report is based primarily on results obtained during 
the spring cruise. Analysis of data collected during 
the fall cruise will appear in a future report. 

The trawl surveys consisted of 1-hour drags with a 
standard, 400-mesh, eastern otter trawl (with a 1/2-
inch bar mesh liner in the cod end). Eighty-eight sta
tions at 20-mile intervals on a predetermined grid were 
occupied on the spring cruise (Fig. 48), and 75 stations 
on the fall cruise. The stations and sampling methods 
were similar to those used in 1957-61 (Simpson and 
Shippen, 1968) and in 1966 (Kirkwood and Hebard, 
1967) so that the results could be compared with the 
earlier studies. All king crabs captured were mea
sured, sexed, and classified according to shell condi
tion. The viable males were tagged and returned 
to the sea; 2,007 were tagged in the spring, and 1,510 
in the fall. In addition, the stage of egg development 
in female king crabs, and data on tanner crabs 
(Chionoecetes sp.), temperature regime, surface salinity, 
and associated fauna, were recorded for each station. 

During 1968 Japan returned 951 U.S. tags with 
recapture information and U.S. fishermen reported five 
Japanese tags; the Soviet Union returned 75 U.S. 
tags and 1 7 Soviet tags were reported from the U.S. 
fishery. The United States also exchanged data on 
commercial fishing and on research with Japan and 
the U.S.S.R. 

PHYSICAL OcEANOGRAPHY DATA 

Surface salinities were determined at 88 stations 
during the spring cruise (Fig. 49). Bathythermo
graph casts were made at each station-the general 
surface and bottom temperature patterns are shown 
in Figures 50 and 51. Analysis of oceanographic data 
collected during the fall cruise will be reported later. 
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FIGURE 49. Surface salinity in the southeastern Bering Sea, as 
determined from 88 stations occupied during the John R. 
Manning spring cruise, May I to June 7, 1968. 
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FIGuRE 50. Surface temperatures in the southeastern Bering Sea, 
as determined from bathythermograph casts made at 88 
stations during the John R. Manning spring cruise, May I to 
June 7, 1968. 
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FIGURE 51. Bottom temperatures in the southeastern Bering Sea, 
as determined from bathythermograph casts made at 88 
stations during the John R. Manning spring cruise, May I to 
June 7, 1968. 
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FIGURE 52. Distribution by depth of king crabs in the south
eastern Bering Sea, as determined from catch analyses of 88 
trawl samples collected May I to June 7, 1968. 

DISTRIBUTION OF KING CRABS 

The distribution of male king crabs in collections 
made during the spring cruise did not differ greatly 
from that of females, except that females were rela
tively more abundant as stations of mid depth-30 to 
50 fms (Fig. 52A). Less than 1% of the females were 
taken at stations shallower than 25 fms or deeper than 
50 fms. Concentrations of sublegal males were dis
tributed over a wider depth range than were con
centrations of legal males. Sublegal males were 
relatively abundant at all stations, whereas legal 
males were most abundant at the deeper stations. 
The depth distribution of sublegal males more closely 
approximated that of immature females, except that 
sublegal males were relatively more abundant than 
immature females in shallow areas (Fig. 52C). 

Plots of the geographic distributions of legal males, 
sublegal males, and females do not indicate a distinct 
separation of these three groups on the fishing grounds 
(Figs. 53, 54, 55). When bathymetry (Fig. 56) is con
sidered, however, it becomes apparent that geographic 
distribution is closely related to depth-i.e., ( 1) in 
shallow areas sublegal males appear to be more con
centrated than legal males and (2) females appear to 
be concentrated at mid depths, in waters somewhat 
shallower than those occupied by legal males. 
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FIGURE 53. Relative distribution and abundance of commercial 
(i.e., legal) male king crabs (carapace length 120 mm or more) 
in the southeastern Bering Sea, based on trawl catches, May 1 
to June 7, 1968. 
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FIGURE 54. Relative distribution and abundance of sublegal 
male king crabs (carapace length less than 120 mm) in the 
southeastern Bering Sea, based on trawl catches, May 1 to 
June 7, 1968. 

FEMALES 

D• 
lED 1-20,000 

11 20,001-200.000 

~ 1111200,001-2,000,000 

- >t_ooo,ooo 

FIGURE 55. Relative distribution and abundance of female king 
crabs in the southeastern Bering Sea, based on trawl catches, 
May 1 to June 7, 1968. 
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FIGURE 56. Bathymetry of the southeastern Bering Sea. Con
tours show depths in fathoms ; line nearest shore is at 20 
fathoms. 
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FIGURE 57. Length-frequency distribution of male king crabs 
sampled in the southeastern Bering Sea during United States 
research trawl surveys in summer 1966 and spring 1968. 

RECRUITMENT 

Recruitment of king crabs to the fishery occurs at a 
carapace length of about 120 mm; this length cor
responds to a maximum carapace width of 145 mm, 
which is the present minimum size limit. Recruit
ment for any given year depends on natural pheno
mena that determine year class strength. The great 
intensification of the fishery over the past I 0 years 
also may be affecting recruitment. We lack thorough 
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knowledge of the natural relation between the re
productive potential of the population in a given 
year and recruitment to the fishery at some later time. 
The effects of an intensified fishery also are difficult to 
assess, particularly the effects of mortality of females 
and sublegal males taken incidentally. Until further 
research provides insight into these complex relations 
we must consider probable levels of recruitment on 
the basis of evidence from our trawl sampling pro
gram. 

The length-frequency distribution of males captured 
in the 1966 summer trawl survey is compared in 
Figure 57 with the analogous distribution of males 
taken in the 1968 spring cruise. The peak labeled 
"A " in the 1966 distribution falls between 60 and 
75 mm. Assuming a growth in length of about 
15 mm per year, we would expect to find a corre
sponding peak in the 90-95 mm range two years later 
in the 1968 length-frequency sample. Such a peak 
does occur (" B " in Fig. 57). The 1968 peak sug
gests a much larger group of crabs than does the 1966 
peak. This apparent increase in abundance may be 
attributed to nonquantitative sampling of the smaller 
size classes, for if the sampling had been quantitative, 
we would expect that this group of crabs would be 
less numerous in 1968 than in 1966 because of natural 
mortality during the intervening years. 

The 1966 and 1968 peaks correspond roughly to 
similar peaks in Japanese and Soviet data (Fisheries 
Agency of Japan, 1967; Vinogradov and Rodin, 
1967). On the basis of these peaks, Soviet scientists 
reached an optimistic conclusion as to the probable 
level of recruitment in 1969 and 1970. We cannot 
accept this conclusion without some qualification. 
Length-frequency data from the Japanese and Soviet 
commercial catches indicate that crabs are not fully 
recruited to the gear until at least one year after they 
reach legal size. In 1967, crabs with carapace 
lengths under 134 mm made up less than 10% of 
11,303 crabs sampled from the Japanese commercial 
catch and of 10,205 crabs sampled from the Soviet 
commercial catch (Table 28). Hence, crabs cur
rently in the 90 to 105 mm range will not enter the 
catch in significant numbers before 1971 and 1972. 
Furthermore, although Hirschhorn's work (un
published report (1966), USBFC Seattle) suggests 
that natural mortality of recently-recruited crabs is 
probably low, no long-term study has been made of 
the relation between pre-recruit abundance and the 
ensuing contribution to the commercial stock. Until 
this relation has been studied more carefully, we can
not evaluate fully the relative importance of peaks of 
different magnitudes observed in our sampling of pre
recruits. 

TABLE 28. Percentage length-frequency distribution of 
11,303 king crabs from the 1967 Japanese commercial 
catch1 and 10,205 from the 1967 Soviet commercial 
catch2• 

Percentage of total sample 
Size class 

(mm) Japan U.S.S.R. 

120- 124 0.22 0.06 
125-129 2.59 3.35 
130-134 5.39 6.30 
135-139 8.85 9.50 
140-144 12.77 11.21 
145- 149 14.21 12.87 
150- 154 14.31 14.07 
155- 159 12.05 12.94 
160- 164 10.28 11.30 
165- 169 8.45 8.79 
170- 174 4.83 5.09 
175--179 2.99 2.50 
180- 184 1.69 1.22 
185- 189 0.80 0.47 
190- 194 0.32 0.23 
195- 199 0.17 0.08 

over 200 0.09 0.03 

1 Source: Unpublished data, Fisheries Agency of Japan. 
1 Source: Unpublished data provided to the United States by 

the Soviet Union under the terms of a joint fishing agreement. 

The virtual absence of crabs in the 60 to 75 mm 
range is another noteworthy feature of the length
frequency data for the 1968 spring collection. Crabs 
in this range were relatively abundant during the 
1966 survey and produced the strong pre-recruit peak 
observed in 1968. The absence of crabs in the 60 to 
75 mm range in the 1968 spring survey suggests that 
small crabs were not vulnerable to our sampling 
gear, possibly because they were inshore at the time 
of the survey. Another possibility, however, is that 
crabs 60 to 70 mm are, in fact, scarce, implying that 
recruitment will be poor for several years after 1970. 

GROWTH 

Growth of king crabs in terms of carapace length 
can be described by specifying the probability that a 
given crab will molt during a given molting period 
and by estimating the growth increment if molting 
does take place. The probability of molting depends 
on size and on whether or not the crab molted during 
the previous year. Data on males tagged in 1966 and 
recovered after the 1967 molting season were used to 
estimate this probability for all combinations of size 
and previous molting history (Fig. 58). This treat
ment of molting frequency is more detailed and real
istic than that in growth models developed by others 
(e.g., Weber and Miyahara, 1962). 
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FIGuRE 58. Male king crab growth model : the probability that 
a crab will molt during any given molting period expressed as 
a function of size and prior molting history. 

Incremental growth in length also was studied. 
The average growth increment was about 17 mm per 
molt, which is in close agreement with that reported 
by Weber and Miyahara (1962) for the late 1950's, 
before the rapid intensification of fishing effort. 

ABUNDANCE 

Two independent methods were used to estimate the 
abundance of king crabs in the southeastern Bering 
Sea. These are referred to as the " trawl survey 
method" and the "mark-and-recapture method". 

For the trawl survey method we assume that the 
catch in a trawl haul sweeping a known area of the 
bottom represents the abundance of crabs in the 
400-square-mile area around the station. With this 
assumption, the catch can be multiplied by an ap
propriate factor (400 square miles divided by the 
area swept by the trawl in square miles) to get an 
estimate of abundance in the area. If the trawl 
surveys in the summer of 1966 and the spring of 1968 
covered the entire area of the southeastern Bering Sea 
populated by significant numbers of king crabs, the 
total population of legal male crabs can be estimated 
by summing the estimates for individual squares. 
Trawl survey estimates of this type for 1966 and 1968 

TABLE 29. Estimated abundance of commercial male king 
crabs (120 mm carapace length or greater) in 1966 and 

1968, with 95 % confidence intervals. 

Year and season 

1966, summer 
1966, at end of 

fishing in fall 
1968, spring 

Method 

Trawl survey 
Mark and 

recapture 
Trawl survey 

Estimated abundance 
with 95% confidence 
interval (in millions) 

8.6:5::11.3:5::14.0 

12.2:5::13.2:5::14.3 
12.5:5::18.7:5::24.9 

are given with 95% confidence intervals in Table 29. 
Data from a series of 32 hauls made in 1966 within 

a single square were used to set confidence intervals 
on trawl survey estimates. First the coefficient of 
variation (mean divided by standard deviation) was 
estimated. Then, by assuming that this coefficient 
applied in all squares the variance between trawls 
made within a square was estimated for each square. 
Assuming independence, within-square variances were 
combined to estimate the variance and the standard 
deviation of the population estimate, and confidence 
intervals were established. 

A mark-and-recapture population estimate for 
1966 (with 95% confidence intervals) was made by the 
Petersen method (Ricker, 1958). This estimate was 
based on 1966 tag release data and on 1967 Japanese 
catch and tag recovery data. Because many sub
legal crabs were tagged, the number of tagged legal
sized males at the end of molting (i.e., after June 15) 
in 1967 was estimated. To make this estimate, the 
previously described growth model (Fig. 58) was 
applied to crabs measured and tagged in 1966. It was 
assumed that all new-shell crabs tagged in 1966 had 
molted that spring and that all old-shell crabs had 
not. Because of this treatment of growth, no 1967 
tag recoveries or commercial catches made before 
June 15 were considered. Recoveries of sublegal 
king crabs and commercial catches of blue king crabs 
(Paralithodes platypus) from the area around the Pribilof 
Islands also were eliminated from consideration. 
After these adjustments, a mark-and-recapture esti
mate was made of the abundance of commercial male 
king crabs as of the end of the 1966 fishing season 
(Table 29). 

The 1966 summer trawl survey point estimate is 
about 1.9 million crabs below the mark-and-recapture 
estimate made at the end of fishing four months later. 
In the intervening period (July l to November 1), 
about 1.8 million crabs were removed by fishing. 
Combining these figures gives a total discrepancy of 
3. 7 million crabs if natural mortality is assumed to be 
negligible. This discrepancy suggests that the trawl 
survey estimate is low or the mark-and-recapture 
estimate is high. It is possible that the trawl survey 
estimate is low because it is felt that the trawl gear 
employed may not have been fully effective at the 
first 20 stations sampled in 1966. Also, because one 
crab in the sample is equivalent to about 20,000 
crabs in the population estimate, sampling error could 
significantly affect any trawl estimate. Factors re
lating to the seasonal distribution of crabs of various 
sizes, to their behavior, or to the operation of the 
sampling gear also may be involved. For these rea
sons, any trawl survey estimate must be interpreted 
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with caution. 
In our mark-and-recapture studies, problems such 

as loss of tags, tagging mortality, and unreported re
coveries would result in overestimates of the popula
tion of commercial males, but one source of error 
could compensate for the others. In 1966 most tags 
were applied in a limited area after the regular station 
sampling program was completed. This mass tagging 
was carried out adjacent to an area of commercial 
fishing and involved a larger than average percentage 
of legal crabs. We know that these tagged crabs 
were distributed to some extent throughout the south
eastern Bering Sea by the time of the 1967 fishing 
season, but they were not distributed in the same 
proportion as untagged crabs. Because these crabs 
were still grouped and also because the commercial 
fishery seeks concentrations of large crabs, probably 
more tags were recovered than would be expected 
under the hypothesis of randomly distributed tags or 
randomly distributed fishing effort. The result 
would be an underestimate. The relative importance 
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FIGURE 59. Catch and effort data for the Japanese king crab 
mothership fleet in the southeastern Bering Sea, 1953-68. 
Catch data include crabs taken by trawling in 1953 and 1954 
and by pots in 1967 and 1968. (Data from Fisheries Agency of 
Japan, 1967, and other unpublished data of that agency.) 

of these compensating errors is difficult to assess at 
this time, but some clarification is expected when 
1968 recoveries become available. 

Our 1966 estimates, especially the trawl survey 
estimate, are generally in agreement with a Soviet 
estimate of 11.4 million commercial males, which was 
based on catch-and-effort data (Vinogradov and 
Rodin, 1967). The same authors estimated the 
populations of commercial males to be 15.7 million 
in 1965 and 10.5 million in 1967. 

The trawl survey estimate for the spring of 1968 is 
higher than either of the 1966 estimates (Table 29). 
In part, this difference can be attributed to the time 
of sampling, because commercial fishing reduces the 
population throughout the season. Even after ad
justing for the 1968 commercial harvest, the 1968 
estimate still exceeds the 1966 estimates. This ap
parent increase may be attributable to slightly im
proved recruitment in 1967 and 1968, or to sampling 
errors. 

Trawl survey estimates of the male king crab 
population in the southeastern Bering Sea before the 
fishery was intensified were given by anonyomus 
United States authors in INPFC Annual Reports for 
1957-59 (p. 83-86, 116-119, 113-116, respectively). 
During this period the estimates of the number of male 
crabs exceeding 132.5 mm in carapace length averaged 
about 22.2 million. To make this figure comparable 
with our figures for males exceeding 120 mm in 
carapace length, it should be increased by roughly 
20%, to about 26.6 million crabs. 

TRENDS IN THE CoMMERCIAL FISHERY 

In terms of catch and effort the Japanese com
mercial king crab fishery in the southeastern Bering 
Sea remained nearly constant from 1953 through 
1959 (Fig. 59). The catch rate reached an all time 
high of 16.5 crabs per tan in 1959 but dropped sharply 
during the intensification of fishing effort after 1959 to 
8.5 crabs per tan by 1963. From 1964 through 1966, 
this value remained nearly constant at about 9.0 crabs 
per tan, but fell to 8.3 crabs per tan in 1967 and 7.5 
in 1968 (Fig. 59). The 1967 and 1968 decline is 
especially significant because, as a result of a bilateral 
agreement between Japan and the Soviet Union, it is 
assumed that no pre-emptive effort (setting of gear 
merely to hold fishing grounds) was expended during 
these two years. The catch per tan-day also has 
declined markedly over the years (Fig. 59). The 
average carapace length of male king crabs sampled 
from the Japanese commercial catch also shows a 
definite declining trend since 1953, when the average 
length was 170.2 mm (Table 30). The data for 1966 
and 1967, however, indicate that average length may 
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TABLE 30. Average carapace lengths of king crabs taken 
commercially by the Japanese commercial fishery in the 
southeastern Bering Sea, 1953-671• 

Year Average length (mm) 

1953 170.2 
1954 166.5 
1955 162.1 
1956 160.1 
1957 157.8 
1958 156.9 
1959 159.7 
1960 158.1 
1961 158.7 
1962 158.0 
1963 154.8 
1964 156.9 
1965 154.3 
1966 152.9 
1967 153.1 

1 Data for 1953-54 from Fisheries Agency of Japan (1959), for 
1955-66 from Fisheries Agency of Japan (1967), for 1967 from 
unpublished data of the Fisheries Agency of Japan. 

be leveling off at about 153 mm. A Japanese fishery 
for blue king crabs has developed in the Pribilof 
Islands area during recent years, and since 1965 the 
Japanese have used catches of this species to fill their 
king crab quota (Table 31). 

Catch and effort statistics for each year have been 
received by the United States from the Soviet Union 
since the inception of their king crab fishery in the 
southeastern Bering Sea in 1959 (Fig. 60). The 
Soviet data also indicate a marked decline in CPUE 
-from almost 2.5 crabs per tan-day in 1960 to a low 
of just over 0.25 per tan-day in 1967, or a decrease to 
one-tenth of the initial value in nine years. The 
catch per tan also decreased sharply, despite a fairly 
steady increase in the average number of days the 
nets were fished before being lifted. In 1967 the 
Soviets stopped fishing in June after packing 68,590 
cases, only 68% of their allocated quota. In 1968 
they suspended operations on May 2 after packing 
22,442 cases, or just 22 % of their quota. 

11~--------------------------------------~ 

10 

9 

8 

7 

6 

5 

4 

3 

z 

..._ - ...... 
~~ 

.... _ --

the Soviet king crab 
mothership fleet in the southt>astern Bering Sea, 1959-67 
(unpublished data). 

The trends apparent in the Japanese and Soviet 
catch and effort data are characteristic of a rapidly 
intensifying fishery. The great increase in effort, from 
100,000 tans of Japanese effort in 1958 to 1,250,000 
tans of Japanese and Soviet effort in 1964, undoubted
ly reduced the abundance of older crabs. The de
cline in CPUE and the relative increase in numbers of 
smaller crabs in the commercial catch reflect this 
change in stock composition. The continued decline 
in CPUE from 1965 through 1967 is especially note
worthy because the effort remained stable. 

Beginning in 1959 the catch increased, though not 
so rapidly as effort; the catch reached a peak in 
1964. Since then catches have been reduced in line 
with quotas established in bilateral agreements be-

TABLE 31. Japanese commercial pack of king crabs and blue king crabs in the eastern Bering Sea, 1965- 671 • 

King crabs Blue king crabs 

Quota Pack Percentage Pack Percentage 
Year (cases) (cases) of quota (cases) of quota 

1965 185,000 168,331 91.0 16,669 9.0 
1966 185,000 172,394 93.2 12,606 6.8 
1967 163,000 148,469 91.1 14,531 8.9 

1 From unpublished data of the Fisheries Agency of Japan. 
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tween the United States and Japan and between the 
United States and the Soviet Union. Considering 
the difficulty that the Soviets and Japanese have had 
in achieving their quotas, it seems likely that the 
catch would have declined even if quotas had not been 
established. 

Interpretation of catch and effort data is compli
cated by two factors. First, variation in annual 
recruitment introduces irregularities in observed 
trends, especially when heavy fishing pressure has 
resulted in a fishery that is dependent on recently
recruited individuals. Second, interpretation of 
effort data is complicated by differences between 
Japanese and Soviet gear, improvement of gear and 
fishing methods over the years, variations in gear 
soaking time, and inclusion of pre-emptive effort in 
reported effort. 

IMPLICATIONS FOR MANAGEMENT 

In managing the southeastern Bering Sea king crab 
fishery, the two major goals have been: (1) to pro
tect the reproductive capacity of the stock and (2) to 
harvest adult male crabs so as to maximize yield. 

To protect reproductive capacity, the strategy has 
been to give full protection to all females and to males 
less than 145 mm in greatest carapace width (about 
120 mm in carapace length). These measures are 
intended to insure adequate numbers of females and 
enough mature males (i.e., males over 100 mm in 
carapace length) to service them. To further protect 
smaller crabs, the stretched diagonal mesh size of the 
tangle nets must be 50 em or greater. This gear is 
selective for large male crabs. These regulations 
encourage the fishery to avoid concentrations of fe
males and su blegal males needed for reproduction; 
soft-shell crabs also are protected. Besides protecting 
reproductive capacity, these regulations are reasona
ble from the point ofview of production because meat 
yields are poor from females, sublegal males, and 
::;oft-shell crabs. 

These regulations could be failing in their objec
tives if large numbers of incidentally-captured females 
and sublegal males die after they are returned to the 
sea. We cannot evaluate this possibility because we 
have no information on the incidental catch and 
survival of these crabs. Another possibility is that 
many females fail to find mates, despite the protec
tion of sublegal males. In this case, large numbers of 
nonovigerous females would be present after the 
spring molting and mating period. Our sampling 
in the Bering Sea has never indicated significant 
numbers of barren females, although barren females 
have recently been reported in certain heavily fished 
areas near Kodiak Island (McMullen, 1968). 

In 1965 and 1966, the pack quotas per year estab
lished in the bilateral agreements were 185,000 cases 
of 48 half-pound cans for Japan and 118,600 cases for 
the Soviet Union. In 1967 and 1968 the quotas were 
reduced to 163,000 cases for Japan and 100,000 cases 
for the Soviet Union. The objective of setting these 
quotas was to limit the total catch to a level that 
would not excessively deplete the stock of commercial 
males. 

Hirschhorn (unpublished report ( 1966), USBCF) 
presented evidence that the biomass of a unit of 
recruitment is maximum at about 160 mm carapace 
length. His work suggests that for maximum yield, 
crabs should be protected until they reach a length 
of approximately 160 mm. A sample of the 1967 
Japanese commercial catch indicates that this goal is 
not being achieved (Table 28; also see Table 30). 

To allow greater numbers of crabs to reach an 
optimum size for harvest, the survival of smaller 
crabs should be as high as possible. The minimum 
size regulation is a step in the right direction, although 
mortality of incidentally-captured sublegal crabs may 
be a serious problem. If the minimum size were 
increased, the increase would act as an additional 
incentive for the fishery to avoid concentrations of 
small males. In this regard, note that individuals in 
the 120-135 mm range apparently contributed only 
8.2% of the Japanese catch and 9. 7% of the Soviet 
catch in 1967 (Table 28). 

Survival also could be improved by reducing fishing 
effort. From 1965 through 196 7, effort remained 
nearly constant, despite the reduction in quotas. This 
lack of response suggests that past quotas have been 
unrealistically high compared with the number of 
crabs available for harvest. To increase survival, 
future quotas should be set at lower levels relative to 
the number of legal-sized crabs available. This 
policy would be a step toward more rational use of 
each recruited year class. 
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