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LETTER OF TRANSMITTAL 

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 
and to transmit herewith the report described below. 

This report summarizes the activities of the International North Pacific 
Fisheries Commission during the year terminating with the adjournment of its 
Eighteenth Annual Meeting, held in Anchorage, Alaska, from October 18 through 
November 5, 1971. It contains a summary account of the Eighteenth 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 neces
sarily 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. 
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ELMER E. RASMUSON, 

Chairman. 
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Page 56: Table 4-under July in the section on sockeye 
salmon (Pacific Ocean west of 180°), 
change the number in parentheses 
from I to 0. 

Page 83: Table 11-the column headings should read as 
follows: 

Area 

Age .I 

Average 
Sample length 

size (em) 

Age .2 

Average 
Sample length 

size (em) 

Page 116: Table 29- the latitude (0 N ) for sample number 
5 under Figure 50 should be 50-52. 
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I. REPORT OF THE EIGHTEENTH ANNUAL MEETING 
OF THE COMMISSION-1971 

I. INTRODUCTION 

The International Convention for the High Seas 
Fisheries of the North Pacific Ocean was brought into 
force on June 12, 1953, with the exchange ofratifica
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 Eighteenth 
Annual Meeting, the only meeting held during 1971. 

2. TIME AND PLACE OF MEETING 

The Eighteenth Annual Meeting of the Interna
tional North Pacific Fisheries Commission was held in 
Anchorage, Alaska, from November I to 5 1971 

' ' under the chairmanship of Commissioner Elmer E. 
Rasmuson 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-com
mittees were held. Commissioner Philip M. Roedel 
of the United States was Chairman and Dr. F. M. 
Fukuhara, also of the United States, acted as scientific 
convener. The Standing Committee on Finance and 
Administration met during the period of November 2 
to 5, with Commissioner Donovan F. Miller of Canada 
as Chairman. The Ad Hoc Committee on Absten
tion met under the chairmanship of Commissioner 
Kenjiro Nishimura of Japan on November 2 and 4. 
This committee's Scientific Sub-Committee met 
during the period October 28-30; the Editorial Sub
Committee met on October 27, 28, and 29. 

3. PARTICIPANTS 

Persons participating m the Eighteenth Annual 

Meeting are listed in Appendix I of this report, which 
also shows committee assignments. Changes in 
Commission membership which occurred during the 
year are indica ted on the inside front cover of this 
annual report. As in past years the Commissioners 
of each national section were assisted by a number of 
advisers and experts. At the invitation of the Com
mission, the International Pacific Halibut Commission 
was represented by an observer who, together with 
one of his staff members, also acted as technical 
consultant on matters pertaining to halibut. The 
Commission wishes to reiterate its appreciation of this 
consultation service. The total number of partici
pants was 88 including 14 from Canada, 15 from 
Japan, 47 from the United States, three permanent 
and seven temporary members of the Secretariat, and 
~o from the International Pacific Halibut Commis
siOn. 

4. AGENDA 

The agenda for the Eighteenth Annual Meeting, as 
adopted by the Commission, is Appendix 2 of this 
report. The sections of this report which follow cover 
the Commission's actions in relation to each item on 
the agenda. 

5. THE OPENING SESSION 

The first plenary session was held on November I 
1971, in the Aleutian-Kenai Room of the Anchorag~ 
Westward Hotel at Anchorage, Alaska. At this 
session, which was open to the public, there were 
addresses of welcome, statements by the national 
sections, and an address by the Chairman. 

The Honourable George Sullivan, Mayor of An
chorage, welcomed delegates to the meeting. 

The Honourable William A. Egan, Governor of 
Alaska, addressed the session. He expressed special 
p~ea.sure~ as Governor of Alaska, in welcoming the 
d1stmgmshed guests to Alaska for the Eighteenth 
Annual Meeting of the International North Pacific 
Fisheries Commission. Special appreciation was 
extended to those visiting Alaska for the first time from 
Canada and those who had crossed the ocean from 
Japan. Governor Egan noted that Alaskans had 
long held the hope that a meeting of the Commission 
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would be held in their State, because of its great 
concern with the fisheries of the North Pacific Ocean. 
Since a great portion of the Commission's delibera
tions concerned matters closely related to fisheries 
conducted in waters adjacent to Alaska, it was right 
and fitting that the Commission should meet there. 
Many Alaskans had travelled to Seattle, Vancouver, 
and Tokyo in past years and had gained a rewarding 
perspective of the people there and their interests. 

Governor Egan noted that historically, fishing has 
been the number one industry in Alaska and com
mented that Alaskans were aware of the great im
portance to Canada and Japan of their fishing indus
tries. The three countries have this strong common 
interest and share the responsibility for proper manage
ment of the fish stocks of the North Pacific, which 
must be treated as a continuing trust for the benefit 
and enjoyment of future generations. 

The State of Alaska has been especially close to the 
activities of the International North Pacific Fisheries 
Commission and Governor Egan complimented Com
missioners, advisers, and scientists on their many con
structive accomplishments. He further noted that 
the Commission's progress should serve as an incen
tive for additional and improved results, and the fu
ture betterment of fishing endeavours. 

Governor Egan commented that research efforts by 
the United States, Canada, and Japan since 1956 have 
been instrumental in establishing the ocean dis
tribution and life history of the Pacific salmon, which 
spawn in large part in Alaska. A by-product of this 
research is better and more efficient management in
shore of Alaska's stocks of Pacific salmon. Additional 
research is needed on distribution in the Bering Sea of 
salmon originating in Northern Alaska. In the 
Alaskan view, the knowledge and facts coming from 
scientific efforts demonstrate conclusively that a 
significant number of Bristol Bay salmon still are 
being harvested on the high seas. Governor Egan 
stated that continued professional attention relating 
to salmon abundance in the central and northern 
Bering Sea will demonstrate that salmon of Northern 
Alaskan origin also are being harvested on the high 
seas of the Bering Sea. Governor Egan pointed out 
that in order to qualify for abstention under the terms 
of the Convention, salmon stocks must be managed 
in such a manner as to raise the supply to the highest 
possible sustainable limits and that to achieve the 
conservation cornerstone of the Convention it was not 
possible to be satisfied with simply preserving the 
existing stock levels. He therefore urged the Com
mission to implement measures necessary to provide 
total protection for Bristol Bay sockeye salmon, and to 
insure that good management and protection practices 

can be accomplished in perpetuating salmon stocks 
of Alaskan origin in the Bering and Chukchi Seas. 
Governor Egan stated that citizens of Alaska and 
other states whose livelihood is derived from the in
shore fishery in Bristol Bay have suffered continual 
heavy losses in their catches in those inshore areas. 
He entreated the Commission to fulfill its obligation to 
achieve for Bristol Bay stocks total abstention from 
high seas fishing. 

Governor Egan noted that Alaska feels it would be 
mutually advantageous if the Commission would 
study the origin of chinook and chum salmon caught 
by foreign mothership fisheries in high seas areas of the 
central and northern Bering Sea. He encouraged the 
Commission to program studies in this area since 
results could have a major impact on the developing 
inshore fisheries in the Kuskokwim, Norton Sound, 
Yukon River, and Kotzebue Sound areas of Alaska. 
Alaska has the responsibility of regulation of fishing 
activities in coastal waters and follows both hatchery 
and stream management programs to increase the 
salmon runs. Alaska's fishermen are prohibited 
from fishing salmon on the high seas. In addition, at 
great sacrifice to both fishermen and industry, escape
ment controls have been used to build up the runs. 
Alaska intends to utilize the best research conclusions 
of its Department of Fish and Game and the Uni
versity of Alaska, in cooperation with the National 
Marine Fisheries Service, to achieve the desired goals. 
Governor Egan felt that it was obvious these objectives 
could be achieved only through total understanding 
and cooperation with Alaska's neighbouring nations. 
He stated that if salmon conservation programs are to 
result in long-range perpetuation of the resources, it is 
incumbent on all nations involved to utilize identical 
conservation concepts. 

In this connection all nations would have an obliga
tion to assume responsibility for increasing the supply 
of fish, to conduct continuous research programs, 
exchange information, and act to implement the 
findings. Cooperation is complicated by fishing 
activities of nations not signatory to the Convention 
and it is essential that unified efforts be made to dis
courage any new fishing on stocks already being 
harvested fully in accordance with sensible manage
ment practices. 

Governor Egan made reference to the forthcoming 
Law of the Sea Conference and expressed the hope of 
Alaska that great worldwide understanding and 
cooperation, assuring that sound principles of con
servation would prevail on the oceans of the world, 
will result from the Conference. The long-term self 
interest of each nation lies in successful joint research 
endeavours and in the realization that we must work 
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together if we are to reap the bountiful harvest of our 
oceans while insuring at the same time that we pre
serve similar bounty for future generations. It is 
becoming more and more evident that economic in
terests in fishery and other ocean resources are 
becoming increasingly tied together by joint ventures 
and product sales which involve industries of many 
nations. Fishery endeavour is more than just an 
industry-it is a way oflife to many people and makes 
a vital contribution to world nutrition. 

Governor Egan mentioned Alaska's determination 
to do everything possible to insure continuation of the 
long-standing base-line concept in regulation of 
Alaska's waters. 

In closing, Governor Egan expressed again the 
pride Alaskans felt in having the Commission meet in 
their State. He felt that the Alaskan people would 
live up to their reputation for hospitality and hoped 
that some visitors would extend their stay in order to 
see some of the magnificent scenic areas of Alaska. 
On behalf of the State of Alaska, Governor Egan 
wished the Commission success in its discussions and 
extended to all a warm hand of friendship for better 
understanding. 

Commissioner Kenjiro Nishimura, Chairman of the 
Japanese National Section, expressed pleasure in 
having the opportunity to make a few remarks on 
behalf of his section at the opening of the Eighteenth 
Annual Meeting of the International North Pacific 
Fisheries Commission. He first expressed sincere 
appreciation to Chairman Rasmuson, Mayor Sullivan, 
and Governor Egan for their hearty welcome. 

Mr. Nishimura stated he had mixed feelings of 
surprise and pleasure in realizing the Commission was 
eighteen years old, and felt it was a matter for con
gratulations that the annual meeting was being held 
in Anchorage for the first time, after being held in 
either Seattle, Vancouver, or Tokyo in the past. The 
Japanese Section was deeply impressed by a first
hand sight of the City of Anchorage, which is blessed 
with magnificent scenery and clear, fresh air. Mr. 
Nishimura noted that the City of Anchorage was close 
to the heart of the Japanese people at the time because 
of the recent visit of the Emperor and Empress of 
Japan. The State of Alaska always has had a close 
relationship with Japan, particularly in such economic 
fields as forestry and mining, to say nothing of fisheries. 
This relationship will be strengthened further by the 
tremendous development and progress which will 
occur in the State of Alaska because of enormous 
natural resources and a favorable intermediate loca
tion for air traffic. 

Mr. Nishimura noted that since he had been per
sonally associated with the Commission for fourteen 

years, he took special satisfaction in being able to 
renew at this meeting his acquaintance with familiar 
Commissioners and experts, and also to become 
acquainted with new faces. Mr. Nishimura re
marked on a familiar face missing at this meeting, 
that is, Mr. Hutchinson, who had retired from the 
position of Executive Director after making a great 
contribution over a long period. Mr. McLaren, the 
newly-appointed Executive Director, was welcomed 
and Mr. Nishimura expressed his confidence that 
having him with the Commission would be an asset. 

Mr. Nishimura regretted the resignation of Dr. 
Needler, who had made a distinguished and invalu
able contribution as a Canadian Commissioner, and 
of Mr. Meacham, who had been an active United 
States Commissioner. Mr. Miyoshi and Mr. Oh
kawara of Japan also had resigned as Commissioners 
during the year. Mr. Nishimura, on the other hand, 
took pleasure in welcoming the new Commissioners, 
Mr. Levelton, Mr. Roedel, Mr. Ohba, and Mr. 
Tachibana. He took the opportunity to state his 
earnest hope that no less close ties would be main
tained with the new Commissioners and that there 
would be continued close cooperation in working 
together toward promoting the objectives of the Con
vention. 

Mr. Nishimura noted with sorrow the recent death 
of Mr. Pautzke, who at one time had been Chairman 
of the U.S. Section, and expressed deep condolences 
on behalf of the Japanese National Section. 

Mr. Nishimura pointed out that the people con
cerned generally recognized the Commission's success 
in fulfilling its two missions which would ensure the 
maximum sustainable yield of marine resources in the 
North Pacific Ocean, namely research and study of 
conditions of the resources and recommendations of 
measures to be taken by member nations. This 
success owes much to the devoted efforts of the scien
tists and experts of the three countries and Mr. 
Nishimura expressed sincere gratitude. At this point, 
special mention was made of the meetings of the Com
mittee on Biology and Research and its sub-committees 
which had taken place in the two weeks preceding the 
opening plenary session. Mr. Nishimura firmly 
believed that the discussions and deliberations would 
make a further valuable contribution to clarification of 
the status of marine resources. The fishery resources 
of the North Pacific Ocean represent important 
sources of supply of marine products which are vital 
to the way of life of the Japanese people. Japan, 
therefore, has always actively promoted the conserva
tion efforts of the Commission and will continue to do 
so. 

Mr. Nishimura reiterated the Japanese view which 
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had been stated often in the past-that the problems of 
conservation must be dealt with on a free and equal 
footing, and in a spirit of mutual understanding and 
cooperation, based on scientific findings. It was Mr. 
Nishimura's sincere hope that, through frank and 
thorough discussions, the Commission would achieve 
successful and fruitful results in dealing with the many 
important matters before it at this meeting. 

Mr. C. R. Levelton, Chairman of the Canadian 
National Section, expressed pleasure at having the 
opportunity to express on behalf of his section ap
preciation to Governor Egan and Mayor Sullivan for 
their warm words of welcome. He mentioned that 
this was the first time the Commission had met in this 
most northerly state of the United States and for 
many members of the Canadian delegation it provided 
a first opportunity to visit a fascinating and rugged 
natural area reminiscent of the Canadian Northwest. 
He welcomed Mr. Tachibana and Mr. Ohba of the 
Japanese National Section and Mr. Roedel of the 
United States Section, who, like himself, had re
ceived appointments as Commissioners since the 
meeting in Tokyo. He remarked that their pre
decessors had made important contributions to the 
work of the Commission and extended best wishes to 
Mr. Ohkawara, Mr. Miyoshi, Mr. Meacham, and 
Dr. Needler for success in their new endeavours. 

Mr. Levelton mentioned the sadness felt by all 
members of the Canadian delegation on learning of 
the death of former U.S. Commissioner Clarence 
Pautzke. Mr. Pautzke's many friends in Canadian 
fisheries circles will long remember him for his very 
special and unique qualities and he will be missed by 
all who had the good fortune to know him. 

Mr. Levelton noted that in the next few days the 
Commission would have the opportunity to consider 
again problems related to the Protocol and the Annex 
of the Convention. In addition, new information 
related to the condition of stocks of special interest 
would be reviewed and consideration would be given 
to the need to recommend joint conservation mea
sures designed to ensure maximum sustainable pro
ductivity of specific fishery resources. Mr. Levelton 
stated it was known by all from experiences in the 
three countries and in other nations throughout the 
world that the reproductive capacity of most marine 
resources is insufficient to support continued increases 
in fishing effort and efficiency. It is obvious that 
while these resources are limited, they are capable of 
producing economic yields indefinitely if man is wise 
enough to maintain optimum environmental condi
tions in which they will thrive and provides an effec
tive management regime for their utilization. Mr. 
Levelton remarked that on looking around today one 

might wonder if man was wise enough to assume this 
serious responsibility. If he is not, his own survival is 
at stake because his own environmental requirements 
are similar to those of the renewable resources he ex
ploits. He said a more specific question should be 
posed-" How wise are we in this Commission? " 
In the short time the Commission has been in opera
tion some stocks of primary concern had been over
exploited and driven down to levels of low economic 
return to fishermen. Fortunately, up to the present 
time, there had been accumulations of other stocks of 
secondary interest to which fishermen could tum. 
However, there is a limit to the number of such under
exploited stocks and if the Commission is sincere in 
accepting the responsibilities set out in the Preamble 
to the Convention and does believe it will best serve 
the common interest of mankind as well as the interests 
of the Contracting Parties to ensure the maximum 
sustained productivity of the fishery resources of the 
North Pacific Ocean, then, Mr. Levelton continued, 
the Commission must be prepared to develop the 
various fisheries in an orderly and rational way based 
on the best supporting evidence available. Mr. 
Level ton said, " If we are not sincere in our belief we 
can wait indefinitely for the development of absolute 
scientific evidence on which to base our recommenda
tions and permit our very efficient fishing fleets to 
operate without effective controls and thus realize 
short-term economic returns at the expense of the 
future." The Commission was fortunate to have at 
its side the most proficient group of scientists available 
anywhere in the world. The scientists would provide 
the Commission with the best estimates of stock condi
tions, as in the past. Mr. Levelton felt sure that the 
Commission would give serious consideration to the 
proposals and recommendations of the scientists and 
would be prepared to adopt conservation measures 
before stocks were driven to low levels of productivity 
pending accumulation of further scientific evidence. 

Mr. Level ton noted the widespread world interest in 
developing international regimes related to the sea 
and its resources and to the human environment 
which would better serve the current needs of the 
world. The Stockholm Environmental Conference 
planned for 1972 and the Third Law of the Sea Con
ference planned for 1973 were cited as examples of 
this interest. Mr. Levelton stated that now as never 
before regional fisheries commissions will have to 
prove their worth to the world community if they are 
to stay in existence. If the Commission cannot prove 
through its accomplishments that it is capable of 
providing effective management of the resources 
falling within its responsibilities, then development of 
some new central international body to do the job 
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could be expected . The Canadian Section felt that 
surely nations interested in and capable of utilizing the 
fishery resources in a specific geographical area should 
be competent to develop an effective management 
regime for the area. 

Mr. Levelton referred to the phrase which has often 
been used by critics in describing the accomplishments 
of international fisheries commissions-" too little, too 
late ". If the criticism was valid the Canadian Sec
tion felt it might well be one of the reasons many 
coastal states, having the greatest socio-economic in
terest in the resources found off their coasts, are ex
tending jurisdiction in one way or another to ensure 
effective management of marine resources and preser
vation of the marine environment for the long term. 

Mr. Levelton closed by saying that the Canadian 
National Section was looking forward to meeting once 
again with colleagues from Japan and the United 
States and hoped that frank discussions would lead to 
decisions concerning the valuable fishery resources of 
the North Pacific Ocean of importance to the world 
community, to the Contracting Parties, and to their 
fishermen. 

Commissioner Milton E. Brooding, Chairman of the 
United States National Section, expressed great plea
sure on behalf of the United States Section in wel
coming friends from Canada and Japan to Anchorage 
for the Eighteenth Annual Meeting of the Interna
tional North Pacific Fisheries Commission. He 
mentioned that this marked the first time over many 
years that the Commission had met in Alaska, whose 
people have such a vital interest in the conservation of 
North Pacific fishery resources and, consequently, in 
the fulfillment by the Commission of its responsibilities. 
He stated that the United States Section was pleased to 
host this year's meeting, and was looking forward to a 
week of stimulating and profitable discussions. 

Mr. Brooding welcomed Mr. Tachibana and Mr. 
Ohba of Japan and Mr. Levelton of Canada and 
noted that the U.S. Section looked forward to working 
with them in the same cooperative and friendly 
spirit as characterized relationships with their pre
decessors, Mr. Ohkawara, Mr. Miyoshi, and Dr. 
Needler, each of whom was extended best wishes. 

Mr. Brooding noted that Mr. Meacham, who was 
present at the meeting, had been replaced on the 
U.S. Section by Mr. Roedel. He also pointed out 
with regret that U.S. Commissioner Allen had not been 
able to attend the meeting and remarked that this was 
Commissioner Allen's first absence since the Commis
sion was established. Mr. Brooding also commented 
briefly and sadly on the untimely death of Mr. 
Clarence Pautzke, who had served as Chairman of the 
U.S. Section for a number ofyears. Most of the peo-

ple present had known Mr. Pautzke personally and 
Mr. Brooding was sure they shared a sense of loss. 
The new Executive Director, Mr. McLaren, was 
welcomed and his predecessor, Mr. Hutchinson, was 
extended best wishes in his retirement. 

Mr. Brooding stated that his section, in looking 
back on the past 18 years, felt the Commission was now 
coming into its maturity, into a period in which, 
against the background of history, its achievements 
and failures could be assessed. While there was 
certainly no cause for complacency, and problems and 
disagreements remained, the Commission could take 
justifiable pride in its accomplishments in creating and 
maintaining an important degree of stability in some of 
the major fisheries of the Treaty area. Mr. Brooding 
said that it was not enough, however, for the Com
mission to pride itself on its work in the fisheries for 
salmon, halibut, and crab-important as they are
but that in a period of dynamic expansion of fisheries 
for other species in the North Pacific, the U.S. Section 
would be interested to examine the results of scientific 
studies on ocean perch in the northeastern Pacific, as 
well as initial conclusions regarding blackcod . He 
noted the U.S. Section was impressed, and disturbed, 
by the tremendous quantities of Alaska pollock and 
large amounts of herring being taken from the eastern 
Bering Sea. The Commission must, in the spirit of the 
Preamble to the Convention, find means of coping with 
the potential problems posed by such explosion of 
fishing effort. The Commission must acquire the 
knowledge necessary for the conservation of these 
stocks of fish and their preservation for the future. 

The U.S. Section had been pleased to note that 
fishermen of the Republic of Korea apparently did 
not continue in 1971 the salmon fishing operations in 
the eastern Bering Sea which they had undertaken in 
the previous two years. Mr. Brooding felt sure that 
all three national sections would continue to empha
size to their respective governments the importance 
of the continuing cooperation of the Korean Govern
ment in withholding this threat to the existing conser
vation arrangements for salmon. 

With reference to salmon, Mr. Brooding pointed out 
that a period of low cyclical runs to Bristol Bay was 
being entered and that the U.S. Section would have 
more to say during the week ahead about the problems 
which these low cycle years present to the Alaska 
management authorities in their efforts to ensure the 
proper conservation of these important resources . . 

Mr. Brooding noted his section's pleasure that, 
since the Commission's last meeting, new bilateral 
agreements had gone into effect which impose new 
and more restrictive regulatory measures on the 
fisheries for king and tanner crab in the eastern Bering 
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Sea. Although it might be too early to assess the 
effect of these new measures on the decline in the 
Bering Sea king crab stocks, which is a matter of much 
concern to the U.S. Section, Mr. Brooding looked 
forward with interest to any indications along this 
line which might be in the report of the scientists. 

Mr. Brooding stated that developments over the 
past year had done nothing to lessen the concern ex
pressed repeatedly by the U.S. Section over the condi
tion of the halibut stocks in the eastern Bering Sea, as 
well as in other areas of the North American halibut 
fishery. The U.S. Section continued to urge that 
more data be acquired on the mortality of halibut 
caused by trawlers and that the Commission give 
serious consideration to measures for alleviating the 
effects onjuvenile halibut of the large trawl fisheries on 
the Bering Sea flats. 

The U.S. Section, as had been indicated earlier, 
believes the Commission must expand its activities to 
meet emerging new problems in the North Pacific 
fisheries. While it was obvious that the Commission 
must continue to meet traditional responsibilities, it 
was faced with new challenges and the way in which 
the Commission responded to these challenges would 
determine the judgment of history on its stewardship. 

Mr. Brooding told the meeting that the U.S. Section 
looked forward to a week of free and frank discussions 
conducted in the customary atmosphere of mutual 
respect and understanding. 

The Chairman of the Commission, Elmer E. 
Rasmuson of the United States, addressed the meeting. 
He expressed appreciation on behalf of the Corr.mis
sion for the pertinent remarks of the Governor of 
Alaska regarding the activities of the Commission and 
to the Mayor of Anchorage for his welcome. Mr. 
Rasmuson noted that while this was the sixth meeting 
of the Commission to take place in the United States, it 
was the first meeting to be held in Alaska. Mr. 
Rasmuson felt it appropriate for an international 
meeting to be convened in a city known as the " Cross
roads of the Air World", and in this connection men
tioned the singular privilege the people of Anchorage 
had felt recently in welcoming Their Imperial 
Majesties, the Emperor and Empress of Japan, to 
Anchorage. The Chairman welcomed to the opening 
session the many distinguished guests, among whom 
were the Consul of Japan at Anchorage, members of 
the Alaska Legislature, and two former U.S. Com
missioners. 

Mr. Rasmuson welcomed his fellow Commissioners 
and their advisers to the Eighteenth Annual Meeting. 
He noted the changes in the ranks of the three national 
sections, congratulating and welcoming Mr. Tachi
bana, Mr. Ohba, Mr. Levelton, and Mr. Roedel, and 

extending the Commission's appreciation for the con• 
tributions made by Mr. Ohkawara, Mr. Miyoshi, 
Dr. Needler, and Mr. Meacham. Mr. Rasmuson 
commented with sadness on the death of Clarence 
Pautzke, saying that his service and dedication to the 
aims and purposes of the Commission were well known 
and that he would be missed by all who knew him. 

Chairman Rasmuson noted that the speakers 
representing the national sections had mentioned the 
importance of the work of the Commission and had 
referred to specific areas of concern. The Chairman 
stated he would confine his remarks to a brief review of 
the activities of the Commission since the last annual 
meeting, and a few comments on its future. 

He noted the resignation at May 31, 1971, of Samuel 
J. Hutchinson, and the appointment of Robert E. 
McLaren to the post. Best wishes were extended to 
Mr. Hutchinson on his retirement after four years as 
Executive Director. The Chairman commended the 
Assistant Director and Secretary for their performance 
during the year and credited them for the smooth and 
efficient transition in the administration of the Secre
tariat. Mr. Rasmuson reviewed progress in the Com
mission's publication of annual reports, bulletins, and 
statistical yearbooks, noting that the contents of the 
annual reports were a record of the Commission's 
activities and that the bulletins and statistical year
books contained results of research conducted under 
the Commission's programs and excellent scientific 
reference material. 

The continued exchange of scientific and statistical 
data between the national sections through the Secre
tariat included data on salmon, groundfish, and king 
and tanner crab resources in the North Pacific and 
Bering Sea. Recommendations of the Commission 
for conservation measures for halibut fishing in the 
eastern Bering Sea in 1971 had been accepted by the 
Contracting Parties and embodied in domestic regula
tions of Canada, Japan, and the United States. 
Chairman Rasmuson noted the indebtedness of the 
Commission to the International Pacific Halibut 
Commission and the Fishery Agency of Japan for the 
studies of abundance and distribution of halibut in the 
eastern Bering Sea which provided data essential to 
establishment of appropriate regulations to preserve 
the halibut stocks. 

Chairman Rasmuson reviewed the terms of the 
Convention and the history of the Commission. The 
following paragraphs are taken verbatim from his 
address, which at a later plenary session was adopted 
by the Commission as the Report of the Chairman for 
1971. 

Going back in time, the three nations represented here brought 
into effect in 1953 the International Convention for the High Seas 
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Fisheries of the North Pacific Ocean, the major goal of which was 
to ensure the maximum sustained productivity of the fishery 
resources of the North Pacific Ocean. Each of the Contracting 
Parties assumed an obligation, on a free and equal footing, to 
encourage the conservation of such resources. The treaty 
established the International North Pacific Fisheries Commission 
to promote and coordinate the scientific studies necessary to 
ascertain the conservation measures required to secure maximum 
sustained productivity of fisheries of joint interest and to recom
mend such measures to the Contracting Parties. The Contracting 
Parties carry out such conservation measures and provide for 
necessary restraint on their own nationals and fishing vessels. 

A major feature of the Convention is the principle of abstention. 
This principle, as set out in the Convention, requires that the ap
propriate Parties abstain from fishing stocks of fish which meet 
specified criteria. To qualify for abstention a stock must be fully 
utilized, its exploitation must be limited or otherwise regulated 
through conservation measures based on scientific research, and it 
must be the subject of extensive scientific study designed to 
discover whether it is being fully utilized and what conditions are 
necessary to maintain its maximum sustained productivity. The 
stocks now under abstention include salmon of North American 
origin, halibut along the North American coast south of the Bering 
Sea and herring along part of the coast of Canada. Japan 
abstains from fishing all these stocks and Canada abstains from 
fishing salmon of United States origin in the Bering Sea. 

By far the largest part of the work of the Commission over the 
years has had to do with questions relating to the application of 
the abstention principle, particularly with regard to salmon and 
halibut. This has been so because of the importance of the stocks 
of fish which are involved and because the treaty requires the 
Commission to review each year the qualification of the various 
stocks for abstention. The scientists of the three Governments, 
beginning with very little knowledge of the distribution and 
abundance of salmon in the Convention area, have collected and 
analyzed an amazing quantity of scientific knowledge about the 
stocks of salmon and about other fishery resources of mutual con
cern. The carrying out of the necessary studies has brought about 
a very strong spirit of cooperation in these important endeavors. 
While abstention is not without its critics, it has, in my view, 
produced a very substantial degree of harmony in the fishery 
relations of the three countries and consequently a very beneficial 
situation of relative stability. 

Beyond the fulfillment of the abstention provisions, however, 
the Commission has a broader responsibility for the conservation of 
other fishery resources of mutual interest. Beginning in the early 
years of its life the Commission has given attention to the condi
tion of the king crab and, later, the tanner crab stocks of the 
eastern Bering Sea. In 1967 it was decided to initiate studies of 
the groundfish stocks of the northeastern Pacific for the purpose 
of determining the need for joint conservation measures. As 
everyone knows, the groundfish and other fishery resources of the 
treaty area have been the object of an enormously increased, and 
still increasing, fishing effort both by the Contracting Parties and 
by parties which are not signatories to the Convention. It is 
cause for concern that there is a lag in our knowledge concerning 
the biological response of these stocks to this increased fishing. It 
is important, indeed essential, that the Commission expand and 
intensify its efforts to gain knowledge of these fishery resources not 
affected by the abstention provisions. We have obligations which 

were assumed by our Governments in 1953, to say nothing of the 
larger obligations which we have to future generations, to preserve 
and maintain these resources. To discharge these obligations, the 
Commission must follow closely the future development of these 
fisheries and be prepared to recommend conservation measures 
when necessary. 

The activities of countries not represented in this organization 
do, of course, present problems in this respect. The Soviet Union 
is a major factor in the North Pacific fisheries and its large-scale 
operations must be taken into account in the development of 
knowledge and in the determination of any conservation mea
sures required. The Commission has sought in the past to obtain 
statistical data on these Soviet operations and we must give 
further consideration to means of attacking this problem. In 
this general connection, it is gratifying to be able to report that 
there have been no observations in 1971 of fishing for salmon by 
vessels by the Republic of Korea in the eastern Bering Sea. We 
hope that this situation will continue and we trust that our three 
Governments will continue to keep in mind the potential for dis
ruption of the present stability of salmon fishing operations by the 
activities of one or another country not bound by our treaty. 

The serious ecological problems which are presenting themselves 
in increasing numbers around the globe have given rise to an 
upsurge of public concern about the future of man's environment. 
We do not yet have sufficient knowledge of the inter-relationships 
of various species of marine animals which will be required to 
make intelligent decisions as to the preservation of the environ
ment. These considerations must play an increasingly important 
part in the Commission's deliberations. 

We are all aware that the nations of the world are now engaged 
in discussions looking to a conference in 1973 or thereabouts to 
review the present regime of the law of the sea. Those aspects of 
international law which govern the conduct of fishing on the 
high seas will certainly be the subject of an important part of the 
proceedings of that conference. It would be futile at this point to 
speculate on the ways in which international law may be changed 
in these respects, but I think it can be said that such changes will 
not reduce the need for closer international cooperation and 
collaboration in fisheries research but will rather be likely to in

crease it. 
In conclusion, I believe that the International North Pacific 

Fisheries Commission has a vital role to play in ensuring the pro
tection, development and rational utilization of the fishery re
sources of the North Pacific area. I am sure that all members of 
this Commission will, as in the past, lend their enthusiastic support 
to efforts to ensure that this organization fulfills that role suc
cessfully. 

6. PROCEDURES 

The Commission continued without change pro
cedures followed at past annual meetings. The 
opening and closing sessions were open to the press and 
the public. Other plenary sessions and meetings of 
the Commission's standing committees were open only 
to national section delegates and to guests and ob
servers invited by the Commission. Sessions of the 
Commission and its committees which are held in 
camera are attended only by Commissioners and mem-
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hers of the delegations specifically designated by the 
national sections; no in camera sessions were held at 
the Eighteenth Annual Meeting. Commissioners 
D. F. Miller of Canada, M. Tachibana of Japan, and 
E. E. Rasmuson of the United States were named to 
work with the Secretariat in preparing information 
for the press. Minutes and reports of sessions of the 
Commission and its committees were drafted by the 
Secretariat or by members of the delegations who were 
assigned the task. Draft minutes or reports were 
reviewed, corrected, and approved by the group for 
which they were prepared. 

7. CoNSIDERATION OF ADMINISTRATIVE MATTERS 

7 (a) Report of the Chairman 

The Commission adopted the address given by 
Mr. Elmer E. Rasmuson of the United States at the 
opening plenary session as the Chairman's report to the 
Commission for 1971. 

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: 

1. Auditors' report for the fiscal year ended June 
30, 1971. 

u. Budget estimate for the fiscal year beginning 
July l, 1972, and budget forecast for the fiscal 
year beginning July l, 1973. 

m. Administrative report for 1971. 
IV. Comments on the form and nature of the 

reports submitted by Canada and the United 
States in 1971 under the provisions of Articles 
III (l) (c) (iii) and X (2) of the Convention. 

v. Status of receipt of information pertinent to 
Articles III (1) (d) and IX (2). 

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

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

The Commission refers matters concerning finance 
and administration to this committee for study and 
recommendation. Membership of the Committee is 
listed in Appendix l. Recommendations made by the 
Committee and adopted by the Commission at its 
fifth plenary session are summarized below: 

i. Approval of the report of the Commission's 
auditors, Peat, Marwick, Mitchell and Company, was 
recommended. The auditors' report is Appendix 3 
of this report. 

ii. The Committee recommended that the amount 
of $11,000 refundable to the Contracting Parties at 
June 30, 1971, be retained in the Working Capital 
Fund, bringing the total of that fund to $25,750. 

iii. The Committee recommended that a budget 
totalling $84,000 (Canadian funds) be adopted for 
the fiscal year beginning July l, 1972. Each Con
tracting Party is to contribute one-third of the total 
budget and payments are to be made in equal install
ments on July l, 1972, and January l, 1973. 

iv. In connection with the budget estimate for the 
fiscal year beginning July l, 1972, the Committee 
recommended that an amount up to $1,300 be ex
pended from the Working Capital Fund, with prior 
approval of the Chairman, to finance attendance of the 
Executive Director at an international meeting. 

v. Also in connection with the budget estimate for 
the fiscal year beginning July 1, 1972, and with regard 
to the Commission's referral of a Biology and Research 
Committee recommendation for financial assistance 
for a symposium in the Sub-Committee on Salmon at 
the 1972 Annual Meeting, the Committee recom
mended that an amount up to $6,500 be provided from 
the Working Capital Fund for this purpose. In 
arriving at this recommendation, the Committee 
heard a statement of the United States Section which 
expressed some qualifications regarding approval. In 
the U.S. Section's view, scientific progress in any sub
committee requires improved interchange of ideas 
and information between scientists of the three member 
nations. The U.S. Section feels that subjects for 
scientific discussion should be confined to questions 
directly relevant to the Commission's problems. On 
this basis, the U.S. Section feels it is the responsibility 
of each national section to finance the attendance of the 
necessary number and kind of scientists required to 
conduct meaningful dialogue on technical problems 
at the sub-committee level. If the discussions are to be 
problem-solving in nature, then the U.S. Section 
regards these sessions more as workshops than sym
posia. Although symposia may have broader 
academic connotations and content, the need for 
which is recognized, the U.S. Section questions the 
propriety of academic symposia within the framework 
of the Commission and is inclined to feel that they 
should be sponsored by academic institutions. The 
U.S. Section stated that the recommendation of the 
Committee on Biology and Research should be 
amended to clearly specify that Commission financial 
support would be limited to scientists from the member 
countries actively engaged in salmon research who 
would not otherwise be attending the 1972 Annual 
Meeting. Further, the U.S. Section stipulated that 
its approval of the recommendation should not be 
construed as a precedent for Commission subsidization 
of future scientific discussions of this type. The 
Japanese National Section indicated its full support of 
the views contained in the U.S. statement, including 
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the fact that assistance is provided on an ad hoc basis. 
The Committee recommended that the Executive 
Director provide a detailed accounting of the ex
penditures in this connection. 

vi. The Committee presented to the Commission a 
budget forecast totalling $84,000 (Canadian funds) for 
the fiscal year beginning July 1, 1973. The budget 
forecast is provided for the guidance of the national 
sections and is not to be considered for adoption until 
the Nineteenth Annual Meeting, in 1972. 

vn. As a result of discussions in relation to the 
budget estimate and forecast, the Committee recom
mended that all previous decisions regarding salaries 
be rescinded. In future, the Committee will review 
salaries of permanent staff members in the light of 
performance and changes in cost of living and will 
recommend annually any adjustments deemed suit
able. 

vm. The Committee recommended annual up
dating of pension credits for employees covered under 
the Sun Life Group Pension Plan. 

ix. The Committee reviewed the situation with 
regard to the Government of Canada having pre
scribed the Commission under provisions of the 
Privileges and Immunities (International Organiza
tions) Act, one result of which is that the Commission 
places a levy on all salaries in amounts equal to 
Canadian income taxes. The Committee recom
mended that amounts accruing as a result of levies 
on salaries be held in the Working Capital Fund. 

x. The Committee, recognizing that some addition 
to the Financial Regulations was required to cover 
application of levies on salaries and disposition of 
monies which accrued, recommended that the 
Secretariat review comprehensively the Financial 
Regulations as adopted in 1954 and all supplementary 
decisions and prepare a draft of new regulations for the 
Committee's consideration. At the same time, the 
Committee recommended that a similar comprehen
sive review be made of the Rules of Procedure adopted 
in 1954 and supplementary decisions and a draft of 
new, updated Rules of Procedure be prepared. 

xi. The Committee recommended payment of an 
account rendered by the new Executive Director in 
connection with expenses incurred in relocating his 
home and family in Vancouver. 

xii. In connection with discussions regarding the 
removal expenses of the newly-appointed Executive 
Director, the Committee recommended that the 
Secretariat should prepare a report on past practice 
concerning payment of removal expenses for Secre
tariat staff, including a review of the criteria in
volved, and develop a formula to ensure equitable 
payment of removal expenses without regard to 

nationality. At the same time, the Committee 
recommended that the Secretariat prepare for review 
at the 1972 Annual Meeting information concerning 
the present criteria for payment of travel expenses for 
Secretariat staff and, if necessary, develop a draft of 
new criteria for consideration. 

xm. The Committee reaffirmed that the Secre
tariat shall have general authority to attend such 
meetings of other organizations and scientific bodies as, 
in the Secretariat's discretion, are of interest to the 
Commission in subject matter, with due regard to 
appropriations for travel expense. Attendance at 
meetings involving extensive travel and expenses must 
first be approved by the Chairman of the Commission. 

xiv. The Committee reviewed the Administrative 
Report for 1971 as submitted by the Secretariat and 
recommended its acceptance by the Commission, sub
ject to minor editorial changes. 

xv. The Committee reviewed a report entitled, 
" Comments on the form and nature of the reports 
submitted by Canada and the United States in 1971 
under the provisions of Articles III (1) (c) (iii) and 
X (2) of the Convention ", and recommended its 
acceptance. 

xv1. In connection with item 16 of the Commis
sion's agenda, Consideration of status of implementation of 
Articles III (1) (d) and IX (2), which was referred to the 
Committee for consideration and report, the Com
mittee reviewed a report prepared by the Secretariat 
which contained information obtained from the 
three national sections pertinent to Articles III (1) (d) 
and IX (2). Following a discussion of this topic, the 
Committee recommended that the Secretariat prepare 
a similar report for the consideration of the committee 
at the 1972 Annual Meeting. 

xvn. The Committee recommended that the 
following international organizations be invited to 
send observers to the Commission's 1972 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 
International Commission for the Conservation of 

Atlantic Tunas. 
xvm. The Committee recommended that the 

Commission issue a formal request for the services 
of International Pacific Halibut Commission biologists 
as consultants at the 1972 Annual Meeting. 

x1x. The Committee discussed the Commission's 
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pos1t1on with regard to Canadian Unemployment 
Insurance in the light of new legislation effective 
January 1, 1972, which would exclude the Commis
sion from providing coverage for its employees unless 
an agreement was reached with the Unemploy
ment Insurance Commission. The Committee recom
mended that the Secretariat should investigate all 
aspects of the new legislation as it affected Secretariat 
personnel, provide the national sections with pertinent 
information, and arrange for an agreement with the 
Unemployment Insurance Commission which would 
be subject to ratification at the 1972 Annual Meeting. 

xx. The Committee recommended that the first 
plenary session of the Nineteenth Annual Meeting of 
the Commission be held on October 30, 1972, at 
Vancouver, Canada. The Committee also recom
mended that the 20th Annual Meeting be held in 
Tokyo, Japan, with the first plenary session on Novem
ber 5, 1973. 

8. CoNsiDERATION oF MATTERS oF REsEARCH 

The Commission requires its Committee on Biology 
and Research to arrange for research on various prob
lems and to report on the results of that research. 
Membership of the Committee on Biology and Re
search is shown in Appendix 1. The Committee 
functions for the most part through sub-committees 
established to deal with specific aspects of the research. 
At the 1971 Annual Meeting the Committee es
tablished four sub-committees to deal with specific 
assignments. The Report of the Committee on Biolo
gy and Research, including six appendices, was 
received by the Commission at the second plenary 
session and adopted at the third. In receiving the 
report the Commission noted a recommendation in 
the Report of the Sub-Committee on Salmon regard
ing a proposal to hold a symposium at the 1972 
Annual Meeting and an attendant request for financial 
assistance. This recommendation was referred to 
the Committee on Finance and Administration for 
comment (see Section 7, item v, of this report). 

In recommending adoption of the Report of the 
Committee on Biology and Research at the third 
plenary session the Canadian Section spokesman indi
cated that his section was gratified that Canadian 
proposals for streamlining the work of the Committee 
had been adopted and implemented at the 1971 
meeting. The Canadian Section was particularly 
pleased that efficiencies in procedures of the Sub
Committee on Salmon will provide time at the 1972 
Annual Meeting for a symposium. The Canadian 
Section felt that such scientific discussions would 
facilitate greatly the application of the results of 
research to the Commission's problems. Success of 

such discussions would depend on full participation by 
working scientists of all three national sections and the 
Canadian Section, noting that the Committee on 
Biology and Research recommended financial assis
tance to assure such full participation, endorsed this 
recommendation fully. With regard to other aspects 
of the Committee's report, the Canadian Section 
viewed with genuine admiration the dedication which 
Japan applies to the documentation of her diversified 
and far-reaching fisheries in the North Pacific. The 
Canadian spokesman expressed the wish that other 
nations fishing in the Convention area would endeav
our to emulate this outstanding record. He believed 
that although detailed catch statistics make rather 
dull reading for the layman, they constitute the vital 
building blocks upon which scientists depend for ac
curate assessment of stock conditions. The Canadian 
Section believed that continued and still further im
proved exchange of information among the three 
nations would hasten the day when well-founded con
servation measures could be applied to all stocks of 
mutual interest. 

The United States spokesman stated that his section 
had great admiration for the work of the Committee 
on Biology and Research in putting together a fine 
report. The U.S. Section recognized the contribu
tion of the three countries in supplying data to the 
scientists, noted that the Commission was unique in 
having scientists so dedicated to their work, and ex
pressed gratitude and appreciation for their well
donejob. 

The Japanese spokesman expressed appreciation 
and gratitude to the scientists of the three sections for 
the excellent work represented in the completion of the 
Committee's report. 

Chairman Rasmuson stated that he was impressed 
with the contribution of the scientists and thanked 
them. 

The Report of the Committee on Biology and 
Research was adopted with the understanding that a 
decision on financial assistance for a symposium at the 
1972 Annual Meeting would be deferred pending 
receipt of the report of the Committee on Finance and 
Administration. When that report was received and 
adopted at the fifth plenary session, the requested 
financial assistance was approved, with certain 
reservations. 

Reference is made in the following sections to the 
report of the Committee on Biology and Research 
and certain of its appendices. 

9. AcTIVITIES oF THE CoMMISSION CoNCERNING 

SALMON 

9 (a) Background 
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The Convention assigns to the Commission two 
major responsibilities with respect to the Pacific salmon 
(genus Oncorhynchus). The Commission must con
sider 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: (l) 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 main
taining or increasing its maximum sustained pro
ductivity, such limitations and regulations being in 
accordance with conservation programs based upon 
scientific research; (3) the stock is the subject of 
extensive scientific study designed to discover whether 
the stock is being fully utilized and the conditions 
necessary for maintaining its maximum sustained 
productivity. Unless it is unanimously agreed that a 
stock no longer satisfies these conditions, a Party which 
has not participated in the exploitation of that stock in 
the past is required to continue to abstain from doing 
so. Under these provisions Japan abstains from 
fishing for salmon east of 175°W and Canada abstains 
from fishing for salmon east of 17 5 ow and north of the 
Alaska Peninsula and Aleutian Islands. 

The line of 175°W which defines abstention from 
fishing for salmon was established by a Protocol to the 
Convention as a provisional line. The second major 
responsibility which the Convention lays upon the 
Commission with respect to salmon is that of recom
mending the confirmation or the shifting of the provi
sional line. In order to arrive at a recommendation, 
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 intermingle 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 divide such salmon more equi
tably than the provisional line. Any recommenda
tion by the Commission must be unanimous. 

9 (b) Interpretation and Implementation of the 
Protocol 

At the Sixth Annual Meeting (1959), members of 
the Commission agreed to inform the Contracting 
Parties that they had been unable to arrive at an 

agreed interpretation of the intent of the Protocol. 
They requested the Contracting Parties to provide 
them with a single agreed interpretation as soon as 
practicable. At the Eighteenth Annual Meeting 
(1971), the Secretary of the Commission reported 
that the Commission had not received an agreed 
interpretation from the Contracting Parties. The 
members agreed that they therefore were unable to 
make any recommendation for confirmation or 
modification of the line. As a result, 175°W continues 
to mark the western limit of 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. 

9 (c) Salmon Research 

The Committee on Biology and Research is respon
sible 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 Eighteenth Annual Meeting (1971 ), the 
Committee established a Sub-Committee on Salmon 
which had terms of reference essentially as follows: 

l. To review and report on results of research on 
problems raised by the Protocol, including making 
overall reviews of knowledge on distribution and 
origin of salmon and on oceanography. 

2. To continue the fullest possible exchange of 
basic tagging, catch, and effort data on research 
vessel operations. 

3. To continue the fullest possible exchange of 
catch and effort data, descriptions of species com
position, and time and areas of operation of the 
mothership salmon fishery. 

4. To review the exchange of statistical material on 
salmon among the three countries and presenta
tion of such material in documents, in the Statis
tical Yearbook, and in the Commission's Bulletin. 

5. To review plans of the three national sections 
for research on problems raised by the Protocol 
and on oceanography to effect the best possible 
coordination and to arrange for exchanges of 
samples and personnel. 

In connection with the first term of reference, the 
Sub-Committee has two means of making the 
requested overall reviews. One is by arranging for 
preparation of syntheses (in the form of comprehensive 
reports) on distribution and origin of salmon in off
shore waters for all six species and on oceanographic 
conditions affecting salmon distribution. The second 
is by holding special scientific discussions on specific 
aspects of salmon or oceanographic research, with 
reports by scientists of the three countries being pre-
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sen ted. 
The Sub-Committee on Salmon at the 1971 Annual 

Meeting reviewed the results of salmon and oceano
graphic research by the three member countries and 
the following is a summary of new information taken 
verbatim from the Sub-Committee's report: 

Distribution 
(a) New and extensive sampling with gillnets from late July 

to late Augustin 1970 and 1971 over a broad east-west range in the 
North Pacific between 153°W and 170°E and between 53°N and 
50°30'N showed that in both years immature age .2 sockeye 
generally predominated in the eastern and western portions of the 
sampling area, and age .I fish in the central portion. 

(b) A new analysis of the ocean age composition of immature 
sockeye salmon caught by purse seine south of Adak Island in the 
years 1956-1971 showed that on the basis of the combined data 
there is a general seasonal increase in the average proportion of 
age .I fish in the catches between mid-June and mid-August. 

(c) A new analysis of data resulting from purse seining at 5 
stations between 10 and 50 miles south of Adak Island during the 
period July !-August 10 in the years 1968 through 1971, has 
indicated: (I) that sockeye salmon of age .I were variable in 
their offshore distribution: in 1969, catches were largest inshore, 
in 1970 catches were largest offshore, and in 1968 and 1971 in
shore-offshore catches were comparable; (2) that catches of age 
. 2 immature sockeye were larger at offshore stations than at in
shore stations in all years ; and (3) that, in contrast to sockeye 
salmon, catches of chum salmon were much larger at inshore 
stations in all 4 years. 

Tagging 
A sockeye salmon tagged in the eastern Bering Sea just north of 

the Alaska Peninsula (55°5l'N, 162°30'W) on August 26, 1968, 
when age .0 and 14.7 em long, was recovered in the mothership 
fishery at 49°0l'N, 173°26'E on May 26, 1971, as a maturing fish 
56.7 em long. This is the first evidence from tagging that the 
southwestern range of the migration of western Alaska sockeye 
extends into INPFC Area E7048. Also, this is the first instance in 
which a salmon of any species tagged during seaward migration 
was recovered on the high seas. 

Racial Studies 
The element Europium (Eu) when added to the food oflarval 

salmon and adult trout was identifiable in the body tissues for up to 
3 months after feeding of Eu ceased. Eu shows promise as a 
chemical ' tag ' that can be readily applied to large numbers of 
feeding fish and which will persist long enough to be used to 
identify stocks of juvenile salmon. 

OcParwgraphy 
Intensive observations made in September, 1970, to examine in 

detail oceanographic conditions in areas of the North Pacific 
Ocean and Bering Sea through which major salmon migrations 
occur, revealed the presence of a northward flow (presumably an 
extension of the Alaska stream) through Amchitka Pass and ex
tending over 200 km northward into the central Bering Sea. 

In connection with preparation of joint comprehen
sive reports on the six species of salmon and on oceano-

graphy, the Sub-Committee reported in some detail 
the progress being made. Authors have been 
assigned by each national section and have had op
portunities to make initial preparations for their 
various reports, either by personal meetings or by cor
respondence. The voluminous relevant data are 
being reviewed. A special working group of oceano
graphers is to report at the 1972 meeting regarding 
clarification and standardization of terminology 
used in describing the environment of the Subarctic 
Pacific Region. 

In connection with holding a special discussion on a 
specific aspect of salmon or oceanographic research, 
the Sub-Committee recommended that a symposium 
on evaluation of methods of estimating the abundance 
and biological attributes of salmon on the high seas be 
held at the 1972 Annual Meeting. A working party 
consisting of one member from each national section 
and the Executive Director was established to work out 
detailed arrangements and forward proposals to the 
national sections. The Sub-Committee's recom
mendation noted that the success of the symposium 
would be dependent on full participation of all three 
national sections and that budgetary limitations within 
the national sections might prevent full participation . 
The Sub-Committee therefore requested the Commis
sion to provide financial assistance. The recom
mendation was accepted by the Commission, with 
certain reservations as described in section 7, item v, of 
this report. 

The Sub-Committee on Salmon reported that ex
change of basic tagging, catch, effort, and oceano
graphic data from research operations had proceeded 
satisfactorily and that this exchange should be con
tinued on at least the present level. It was further 
noted that the exchange of data on catch, effort, and 
times and areas of operation of the Japanese mother
ship fishery also had proceeded satisfactorily and 
requested that such data continue to be exchanged at 
the same level of detail as for the 1970 mothership 
fishery. 

With respect to statistics, the Sub-Committee on 
Salmon reviewed progress in preparation of the 1970 
Statistical Yearbook and a bulletin of historical 
salmon statistics. It was agreed that further review of 
the format and content of the Statistical Yearbook 
must be postponed until the 1970 volume is com
pleted. General agreement was reached regarding 
content and format of the historical statistics bulletin, 
and completion of a draft manuscript was anticipated 
during 1972. 

Research plans in 1972 for salmon and oceano
graphy by each national section, which previously 
have been received by the Committee on Biology and 
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Research and appended to its report, were referred to 
the Sub-Committee on Salmon for review. The plans 
were summarized in the Sub-Committee's report, to 
which lists of sample requests were appended. It was 
agreed that insofar as possible the requests for samples 
with accompanying data would be met. It was also 
agreed that special effort in the collection of samples 
would be considered in instances where the importance 
offulffiling the request was stressed by correspondence. 

9 (d) Abstention on Salmon 

As noted in Section 9 (a) of this report, Background, 
the Convention requires that the Commission con
sider 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 1971 meeting of the Ad Hoc Committee on 
Abstention, the United States spokesman stated that 
since 1956 a large number of reports had been sub
mitted to the Commission regarding the abstention 
qualifications of United States salmon stocks. In the 
United States view, scientific evidence contained in 
the abstention documents clearly demonstrates that 
the stocks concerned meet all requirements for 
abstention as set forth in Article IV (1) (b) of the 
Convention. 

The Canadian Section noted that 1971 marked the 
sixteenth year in which Canada had conscientiously 
supplied information and argument to the Commission 
to demonstrate that certain stocks of salmon listed in 
the Annex qualify for abstention. For example, 
Canada had submitted five documents to the Com
mittee in 1971, two of which contained substantial new 
arguments, the others updating earlier submissions. 
The Canadian Section felt that the information 
assembled over the years provided overwhelming 
proof of full utilization under Article IV (1) (b) of 
stocks fished by Canadian fishermen and therefore was 
deeply concerned that in its years of deliberation the 
Committee has never come to unanimous agreement 
that any stock of salmon listed in the Annex meets the 
criteria for abstention. Particularly, the Canadian 
Section was concerned because the governments of the 
United States and Canada had carried out extensive 
research and management programs and in many 
cases, such as Fraser and Skeena River sockeye stocks, 
virtually complete censuses exist of the numbers of 
salmon caught and the number of salmon escaping to 
spawn. The Canadian Section realized that there 
may be some differences in opinion between the J apa
nese Section and itself regarding the words "reason-

ably satisfies" in Article IV (1) (b) of the Convention. 
But by any standard the arguments presented by 
Canada in cases such as the Fraser and Skeena sockeye 
are incontrovertible. Regarding other stocks ex
ploited by Canada, the Canadian Section believes the 
level of proof, though less than perfect, is completely 
adequate to assure continued qualification of these 
stocks for abstention. Canada believes that the 
evidence it has presented in favour of continued 
abstention on these stocks is at least as convincing as 
the evidence it presented in the other direction when 
halibut in the eastern Bering Sea and herring off the 
west coast of the Queen Charlotte Islands were re
moved from the Annex-an action to which Japan 
agreed readily. Canada therefore urged Japan to 
reconsider carefully the voluminous data and argu
ment presented in the past decade and a half. It was 
felt that such reconsideration, in the true spirit of the 
Convention, would lead to unanimous agreement that 
at least some of the salmon stocks listed in the Annex 
would qualify for abstention. The Canadian Section 
believed that such a step would be convincing proof of 
the ability of the three countries to reach positive 
solutions to the problems facing them. 

The Japanese spokesman expressed the apprecia
tion of his section for the effort made by the scientists 
of Canada and the United States who had prepared 
the large amount of data which had been submitted in 
relation to the deliberations of the Committee. 
However, the Japanese Section considered that ex
planations and information submitted to the present 
time were not sufficient to provide full and reasonable 
evidence that stocks under abstention meet the three 
conditions set forth in Article IV (1) (b). Japan 
therefore felt that all stocks presently listed in the 
Annex should be removed from abstention. 

The conclusion reached by the Commission, as 
entered on the record of the fourth plenary session of 
the Eighteenth Annual Meeting (1971 ), is as follows: 

With respect to all stocks listed in Sections I (a), I (b), I (c), and 
2 of the Annex to the Convention, no agreement was reached at 
this time as to whether such stocks continued to qualify for absten
tion. Therefore, the Commission makes no recommendation 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 1972; all salmon east of 175°W will remain 
under abstention by Japan, and Canada will continue 
to abstain from fishing salmon in the eastern Bering 
Sea. 

9 (e) Salmon Conservation Resolution 
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At the Eighteenth Annual Meeting (1971), 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 stated that the view of 
his section with regard to the salmon problems in high 
seas areas of intermingling continues to be that the 
conservation ofUnited States salmon stocks is affected 
adversely by the operation of the high seas salmon 
fishery west of the provisional abstention line. Pre
liminary forecasts for western Alaska in 1972 are for 
critically low cycle returns. In order to assure a 
minimum escapement to the various river systems in 
Bristol Bay, the allowable harvest will be less than 
half of that in 1971. Further, to assure minimum 
seeding of some spawning grounds, it may be necessary 
to close some districts to commercial fishing, and 
severe sacrifices by United States fishermen will be 
necessary. He stated that thus even without a high 
seas catch in 1972 extremely restrictive measures are 
foreseen on the United States fishery in order to con
serve the resource. 

The United States Section urged that Japan mini
mize her mothership effort in 1972 in those areas 
where immature sockeye of Bristol Bay origin are 
known to concentrate, because 1973 also was expected 
to be a year of low abundance of sockeye in western 
Alaska. The United States Section has noted that in 
some recent years considerable mothership fishing 
effort has been deployed in the central North Pacific 
area in July. The United States believes that a 
fishing fleet deployed in this manner in 1972 will 
hamper seriously effective conservation and manage
ment of the run in 1973. The United States Section 
reiterated its conviction that the taking of North 
American salmon as immatures on the high seas is 
particularly wasteful and urged special consideration 
by Japan to implementation of adequate conservation 
regulations (patterns of fishing activities) with respect 
to these stocks of salmon. 

The United States spokesman stated that the 
United States had expressed at previous annual 
meetings its concern over the loss of salmon which drop 
out of high seas gillnets. Although the Japanese Sec
tion had indicated a need for further research and has 
said it would intensify its research on the problem, the 
United States was disappointed that results of such 
research had not been presented at the 1971 meeting. 
The United States therefore urged again that Japan 
provide an evaluation of losses from drop-outs of 
salmon from high seas gillnets. 

The United States Section was pleased to note that 
Japan had increased tagging effort in the central and 
northern Bering Sea. It was hoped that this ex-

panded research effort would continue, and provide a 
better understanding of the origin of stocks in this 
area of an intensive mothership fishery. 

The United States expressed concern over another 
related problem. In recent years a fairly intensive 
high seas fishery had been conducted for coho salmon 
in the central North Pacific. Additional research is 
required to determine areas of intermingling of stocks 
of coho salmon of Asian and North American origin 
found in this area so that a quantitative estimate ofthe 
effect of this fishery on specific inshore fisheries can be 
made. 

The Canadian spokesman advised the Commission 
that Canada continues to oppose high seas fishing for 
salmon when runs fished on the high seas are subject to 
well-developed management and well-developed 
fisheries inshore. Canada continued to believe that 
Canadian salmon runs are subject to such well
developed management and efficient inshore fisheries 
which crop the runs to the full. 

The Japanese spokesman stated that his section's 
position with regard to salmon fisheries in the areas of 
intermingling was the same as expressed previously 
and Japan could see no need to change that position at 
the present time. Japan pointed out that it is clear 
there are no legal grounds under the conditions of the 
Convention for Japan to refrain from fishing salmon in 
the area west of the abstention line. Naturally, Japan 
is concerned with conservation of the North American 
sockeye salmon resources in Bristol Bay and is willing to 
make appropriate efforts to that end. However, 
Japan felt that the solution to the problem should be 
considered through establishment of joint conservation 
measures, based on equality among all three nations. 

The United States and Canadian Sections had com
mented on the distribution of salmon on the high seas 
and also on the problems of the salmon in the high 
seas, and Japan felt that with regard to all these 
problems still further scientific research would be 
required. Also, the Japanese Section felt that it was 
necessary to be careful in attempting to expound the 
results of particular research with a view to assessing 
the effects of commercial fisheries on the salmon stocks. 
In efforts to estimate the comprehensive effect of com
mercial fishing in the high seas area, Japan felt that 
one fact could not be overlooked-since the inception 
of Japanese operations sockeye salmon stock conditions 
in Bristol Bay have increased as a whole to the present 
high level. 

The Japanese spokesman also commented on certain 
points raised by the United States, firstly with respect 
to immatures. He said that in some years when the 
abundance of immature salmon is high offshore, then 
catches tended to be high, but past experience had 
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shown that the total salmon run was never affected 
adversely by the taking of immatures. Secondly, he 
mentioned the problem of dropouts of salmon from 
gillnets, noting that results of research conducted by 
Japan and the United States vary widely and it was 
difficult to arrive at any reliable conclusions on the 
question. The Japanese Section continued to hold 
the view that still further research is needed with 
regard to the problem. The last question commented 
on by the Japanese spokesman was the need for 
strengthening research on the distribution of salmon 
stocks on the high seas and Japan will expand efforts 
to this end through such studies as tagging. 

As the conclusion to its discussion of this topic, the 
Commission adopted the following resolution for 
transmittal 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 Inter
national Convention for the High Seas Fisheries of the North 
Pacific Ocean, the International North Pacific Fisheries Com
mission respectfully recommends to the Governments of the Con
tracting Parties that full consideration be given to the conservation 
needs of these fisheries resources in the area of common concern 
when preparing fishing regulations for future operations. Fur
ther, it is essential that special attention be given to implementa
tion of adequate conservation regulations (patterns of fishing 
activities) with respect to the stocks of salmon. 

10. AcTIVITIES oF THE CoMMISSION CoNCERNING 

HALIBUT AND OTHER GROUNDFISH 

I 0 (a) Background 

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

At its 1962 Annual Meeting, the Commission de
termined that halibut of the eastern Bering Sea did 
not meet the conditions for abstention. Upon the 
Commission's recommendation, the three member 
governments agreed to remove this stock from the 

Annex, so that after May 8, 1963, Japanese fishermen 
no longer were required to abstain from fishing for 
halibut in the eastern Bering Sea. This action placed 
upon the Commission for the first time the responsi
bility for recommending joint conservation measures 
for a stock which all three countries would fish. Such 
recommendations for the 1963 fishing season were 
developed at an interim meeting in Tokyo in February 
1963. For subsequent seasons the recommendations 
have been developed at the regular annual meeting. 
The conservation measures applied in 1971 and the 
results of the fishing done in accordance with them 
will be discussed in later sections of this report. 

10 (b) Abstention on Halibut 

At its Eighteenth Annual Meeting (1971) 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 Commission 
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 l75°W. 

10 (c) The 1971 Halibut Fishery m the Eastern 
Bering Sea 

In 1971 fishermen of Canada, Japan, and the 
United States fished in the eastern Bering Sea under 
regulations based on conservation measures recom
mended by the Commission. Japan took 4 m . t. 
(dressed weight) of halibut through July. Canadian 
and United States vessels, fishing exclusively for 
halibut with setline gear, took 292 m.t. (preliminary 
figure). Regulations for the 1971 fishery for halibut 
were similar to those of 1970, except that there was a 
fall season of longline fishing in Area C and the spring 
season in that area was curtailed by seven days. 
Waters of the eastern Bering Sea again were sectioned 
into five areas (Figure 1) and fishing for halibut in 
each of these five areas was limited to the following 
periods: 

Area A: 
Area B: 

Area C: 

March 22-April 4 (longline gear only) 
March 22-April 4 (long line gear only) 
September 1-14 (longline gear only) 
March 17-April 4 (longline gear only) 
October 1-0ctober 17 (longline gear 

only) 
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Area D: March 17-June 20 (all gear); 
June 20-November 15 (exploratory and 

experimental fishing by longline gear) 
Area E: Closed at all times 

As in previous years, retention of halibut taken by net 
trawl gear in Areas A, B, C, and E was prohibited. 
Japan continued, as a domestic measure, to prohibit 
trawling by Japanese vessels in an extensive area of the 
southeastern Bering Sea where juvenile halibut are 
abundant. Canada and the United States continued, 
as a domestic measure, to prohibit retention of halibut 
by vessels fishing with any type of net trawl gear in the 
Bering Sea. 

10 (d) Results of Research on Bering Sea Ground
fish in 1971 

A Sub-Committee on Bering Sea Groundfish met 
during the two weeks immediately preceding the 1971 
Annual Meeting, working under terms of reference as 
follows: (1) to study results of the commercial 
fisheries and research on groundfish in the Bering Sea 
for the purpose of developing information to assist in 
formulating conservation measures for halibut in the 
eastern Bering Sea, (2) to consider further the needs for 
research, (3) to review the exchange of statistical 
material between the three countries and the presenta
tion of such material in documents, in the Statistical 
Yearbook, and in the Commission's Bulletin, and (4) 
to continue the fullest possible exchange of basic data 
on catch, effort, and tagging with respect to research 
and commercial vessel operations. The Sub-Com
mittee's findings were expressed as follows in the 
summary of its report: 

(I) The Bering Sea Groundfish Sub-Committee met during 
the period October 18-25, 1971. In accordance with its terms of 
reference, it studied the results of commercial fisheries and research 
on groundfish in the Bering Sea to assist in formulating conserva
tion measures for halibut in the eastern Bering Sea, and also con
sidered further needs for research. It reviewed the exchange of 
statistical material between the three countries and agreed to con
tinue the fullest possible exchange of basic data on catch, effort, 
and tagging with respect to research and commercial vessel 
operations. 

(2) As in the past, timing of the meeting does not permit 
complete reporting of the current year's fishing. Accordingly, 
data for 1971 are incomplete and can be treated only in a pre
liminary manner, while data for 1970 are in a form suitable for 
complete reporting. 

(3) In 1970, eleven Japanese mothership fleets (226 catcher 
boats), 42 independent (North Pacific) trawlers, and 22 inde
pendent longline-gillnetters fished for groundfish, shrimp, and 
herring in the Bering Sea. The total catch (round weight) for 
the" fishing year" (November 1969-0ctober 1970) amounted to 
1,427,000 m.t. (3,146 million lb), approximately 349,000 m.t. 
(769 million !b) more than in the comparable 1969 fishing year, 
the increase being mostly from pollock. The principal con-

tributors to the catch were pollock (84.2%), yellowfin sole (4.4%), 
Pacific cod (4.3%), herring (1.8%), and Pacific ocean perch 
(1.2%). The total halibut catch by the mothership, North 
Pacific trawl, and North Pacific longline-gillnet fisheries was 
297 m.t. (0.66 million !b), a decrease of642 m.t. (1.4 million !b) 
from 1969 and all of the catch was made in areas west of 175°W, 
chiefly Bowers Bank. 

In 1970, 182 landbased dragnet vessels (Danish seines and 
trawls) were licensed in the Bering Sea in addition to the above
mentioned vessels. The total catch (based on preliminary data) 
of the landbased dragnet fleet was 56,000 m.t. (123 million !b), 
about a 12% increase above the catch in 1969. Total halibut 
catch by this fleet was 5,700 m.t. (12.6 million !b), an increase of 
1,400 m.t. (3.1 million !b) over 1969 and virtually all the halibut 
were taken on the edge grounds in the northern Bering Sea be
tween 170°E and 175°W as in 1969. 

(4) Preliminary information for 1971 (January-July) indicates 
that ten mothership fleets (173 catcher boats), 42 independent 
North Pacific trawlers, and 22 independent North Pacific long
line-gillnetters were licensed to operate in the Bering Sea during 
the January-July period. The total catch during this period 
was 1,178,000 m.t. (2,597 million !b), an increase of 190,000 m.t. 
(419 million !b) over the same period in 1970. Pollock accounted 
for 85.7% of the total catch and was mostly taken in Areas A and 
C on the flats and edge east of 175°W. The catch of halibut 
during January-July was 1,617 m.t. (3.6 million !b) round weight, 
an increase of 1,426 m.t. (3.1 million !b) over the catch made in a 
similar period in 1970. Most of the halibut catch was taken in 
AreaD (w). 

Records of the 1971 landbased dragnet fishery are not yet 
available. 

(5) In 1971 (March-July), the North American setline catch 
of halibut in the Bering Sea was 370 m.t. (0.82 million !b) dressed 
weight, slightly less than in 1970 (513 m.t.; 1.13 million !b). 
Seventy-seven m.t. (0.17 million lb) were taken west of l75°W. 
No records of Soviet halibut catches in the Bering Sea were avail
able to the Sub-Committee. 

(6) Additional information on halibut tagging experiments 
and trawl surveys of juvenile halibut distribution and relative 
abundance was reviewed by the Sub-Committee. Current sum
mary of the results of 20 IPHC tagging experiments initiated 
during 1963-67 reaffirmed earlier conclusions that, qualitatively, 
Bering Sea halibut disperse widely within and outside Bering Sea. 
However, a quantitative estimate of this dispersion cannot be 
made without considering the fishing effort in all areas. Addi
tional information was reported on the seasonal distribution of 
juvenile halibut inhabiting the eastern Bering Sea. Abundance 
of juvenile halibut on the Bering Sea Flats has been assessed for 
1966-71 from trawl survey data of IPHC and the Fisheries Agency 
of Japan. Although the survey area and mathematical indices 
differed, both methods indicated that the relative abundance of 
juvenile halibut was substantially lower during 1968-71 than in 
1966. 

(7) New information on halibut incidence in trawl catches 
was reviewed by the Sub-Committee. Examination of catch for 
20 hauls of an IPHC chartered trawler fishing in the eastern 
Bering Sea when the principal species caught was tanner crab 
showed halibut incidence to be 0.6% of the total catch. These 
hauls were made between 56°N and 59°N and 168°W to 174"W 
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during July-August. Scientists of the Fisheries Agency of Japan 
examined random pair trawler catches on a fishrneal mothership 
and on a frozen fish mothership during the winter of 1970-71. 
Fishrneal catches were entirely pollock. Frozen fish catches were 
principally yellowfin sole and halibut incidence was 1.6% in 
yellowfin sole catches observed and 1.2% of the total catch ob
served. The fishrneal mothership operated from the southeast 
comer of Area A to the North Corridor Ground in Area C. The 
frozen fish mothership operated within a rather small radius in 
Area E on the Bering Sea Flats. 

(8) The Sub-Committee examined the available scientific 
evidence for the purpose of assessing the condition of the halibut 
stock(s) in the various areas of the Bering Sea and assisting the 
Commission in formulating conservation measures for halibut of 
the eastern Bering Sea in 1972. Its assessments of stock condi
tions and recommendations for individual regulatory areas are 
given in Section 9 of this report. 

10 (e) Conservation Measures for Bering Sea 
Halibut in 1972 

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 
1972. The recommendations, which are identical to 
those for 1971, were as follows: 

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

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

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

AREA C : That portion of the Bering Sea bounded by the 
Aleutian Islands; the meridian of 175"W; that por
tion of the line connecting Cape Navarin to the 
northern tip of Cape Sarichef on Unimak Island be
tween 175"W and 170"W; and the meridian of 
170"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 170"W, and a line from this point to 
the intersection of the meridian of 17 5"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, 
170"W, on the west by the eastern boundary of Area A 
and on the south and east by the Aleutian Islands and 
the Alaska Peninsula. 

2. That the period within which these measures shall apply is 

from 0000 hours on March 17, 1972, to 2400 hours on March 16, 
1973. 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 March 17, 1972, and terminating at 0300 hours on 
April4, 1972. 

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 March 17, 1972, and terminating at 0300 hours 
on April4, 1972, and during a fall period beginning at 1500 hours 
on September I, 1972, and terminating at 0300 hours on Septem
ber 14, 1972. 

7. Within Area C the retention of halibut by vessels fishing 
with longline gear shall be permitted during a spring period be
ginning at 1500 hours on March 17, 1972, and terminating at 
0300 hours on Apri14, 1972, and during a fall period beginning at 
1500 hours on October I, 1972, and terminating at 0300 hours on 
October 17, 1972. 

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 17, 1972, and terminating at 
0300 hours on June 20, 1972. 

II. Notwithstanding the provisions of item I 0 above, Area D 
shall remain open until 0300 hours on November 15, 1972, for 
exploratory and experimental fishing by vessels fishing with 
longline gear. The name of any such vessel entering the said 
waters after 0300 hours on June 20, 1972, shall be notified to the 
Commission by the party to which such vessel belongs prior to 
such entry. 

In adopting these recommendations the Commission 
noted in relation to item 11 the opinions expressed by 
the chairmen of its three national sections that only a 
small number of vessels is expected to fish in Area D 
after June 20, 1972. 

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

I. The Government of Japan, as a domestic measure in 1972, 
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 of58"10'N, 160"W, and the point of57"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 



18 ANNUAL REPORT 1971-NORTH PACIFIC COMMISSION 

northern tip of Cape Sarichef, Unimak Island; a line con
necting 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 1972, 

intends to establish for 1972 a minimum size limit of 66 centi
meters 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 respec
tive closed areas for a period of 48 hours prior to the respective 
opening dates of the halibut fishing seasons, although it involves 
difficulties both practical and legal to take such measures. 

4. The Government of Canada and the Government of the 
United States, as a domestic measure in 1972, intend to prohibit 

U. S.S. R. 

-~~~!! .. 

······· ..• 

BERING S E A 
· ...... ···· ..... l 

·. 
' .. / c ....... -~~~~ 

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 m 
Figure I. 

The United States spokesman, in remarks regarding 
conservation measures for halibut in the eastern 
Bering Sea in 1972, noted that his section had reviewed 
the domestic measures proposed by the three national 
sections for conservation of halibut throughout the 
Bering Sea in 1972 and urged Japan to enlarge the 
area in which Japanese vessels are prohibited from 
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FIGURE I. Areas designated in 1972 conservation measures for eastern Bering Sea halibut. International 
Pacific Halibut Commission fishing grounds within Areas A and B are shown for reference. Shading in 
Area E indicates the area within which Japan, as a domestic measure, prohibits trawling of all kinds. 
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trawling. Concentrations of juvenile halibut are 
known to occur throughout Area E and over a broad 
area in the southern portion of Area D east of l75°W, 
the U.S. spokesman said, and additional protection for 
the young halibut in this large and important nursery 
area would constitute a major step forward in the con
servation of the halibut resource of the eastern Bering 
Sea. 

The United States spokesman stated that the Report 
of the Sub-Committee on Bering Sea Groundfish 
also had been reviewed in his section. It was noted 
that the abundance of halibut in Area A remains at a 
much lower level than it was prior to 1963 and the 
U.S. Section was dismayed that the halibut stock on 
the Polaris Ground had not only failed to respond to 
conservation measures applied since 1963 but con
tinues to deteriorate. The Polaris Ground was at one 
time the most important halibut fishing ground in the 
eastern Bering Sea, producing setline catches of 
millions of pounds. In sharp contrast, only 2,000 
pounds of halibut were taken from the Polaris Ground 
by the setline fishery in 1971. Such a record was 
hardly one that the Commission could be proud of. 
The very least the Commission could do to improve 
the record is to gain an understanding of the reason 
for the present condition of the halibut stock on the 
Polaris Ground and use the knowledge to prevent 
occurrence of a similar situation in halibut stocks 
elsewhere in the Bering Sea. The U.S. spokesman 
noted that his section was encouraged by the fact that 
in the past two years Japan has taken steps toward 
acquiring key information which will lead to an 
understanding of why the Polaris Ground halibut have 
failed to respond to the Commission's conservation 
measures. This key information is data on incidence 
of halibut in catches of groundfish by trawlers. The 
U.S. Section believes that these studies should be 
greatly expanded so as to provide information on the 
incidence of halibut in catches by all types of net trawl 
gear on a year-round basis and over a broader area of 
the Bering Sea. In recognition of the importance of 
these studies, the United States stood ready to provide 
trained technicians to collect data aboard Japanese 
commercial vessels. 

In closing, the U.S. spokesman noted the items of 
information required by the Sub-Committee on 
Bering Sea Ground fish as listed in its report and 
urged that this necessary information be provided as 
quickly and completely as possible. 

The Canadian spokesman noted that his section was 
reassured by the close accord shown in the Working 
Group to Draft Recommendations for Conservation 
Measures for Halibut of the Eastern Bering Sea in 
reaching agreement for measures to be taken in 1972. 

However, as Canada had noted in 1970, there was con
tinued concern and puzzlement by the obvious failure 
of the halibut stock in the formerly productive Polaris 
and Clipper Grounds to respond to the conservation 
measures imposed during the past seven or eight years. 
Obviously, important information was lacking on 
events which had contributed to the failure. The 
Canadian Section suspects that halibut are meeting 
with disaster before they reach the agreed minimum 
marketable size and that the source of this loss lies in 
the massive drag-net fisheries on the Bering Sea flats. 

The Canadian Section appreciates the past efforts of 
the Fishery Agency of Japan to obtain information on 
incidental catches of halibut in otter trawls and pair 
trawls. That this information is not easy to obtain 
also is appreciated. However, as was noted in 1970, 
there is no information whatsoever on the incidental 
capture of halibut by Danish seines-a gear which 
accounts for a substantial share of Japan's enormous 
catch of groundfish. 

The Canadian spokesman referred to previous 
remarks made in his section which expressed apprecia
tion of the detailed documentation of the Japanese 
fishing operations. In the face of this remarkable 
performance, the Canadian Section found it incon
gruous that Japan's scientific observation and moni
toring of the Danish seine fishery was not sufficient to 
provide the Bering Sea Groundfish Sub-Committee 
with what Canada regards as crucial information on 
the fate of halibut in waters east of l75°W. Canada 
urged once again that Japan make every effort to 
provide reliable estimates of the incidence of halibut in 
Danish seine fisheries. 

Noting it was not necessary to be reminded that 
halibut of the eastern Bering Sea constituted only a 
very small fraction of the gigantic fishery production 
in the region, the Canadian Section reiterated its view 
that Japan, by entering into joint exploitation of the 
halibut resource in 1963, undertook an implicit obliga
tion to assist Canada and the United States in de
veloping measures for conservation of the resource. 

The Japanese spokesman, commenting on the con
servation measures for halibut in the eastern Bering 
Sea in 1972, noted that the Report of the Sub-Com
mittee on Bering Sea Groundfish states that an im
proving trend is recognized in the conditions of halibut 
stocks in the eastern Bering Sea, except in one certain 
part of the area. With respect to this area the Sub
Committee also had pointed out that data are in
sufficient to explain the reasons for the failure or to 
provide an understanding of the condition of the 
resource itself. In order to meet this shortcoming, 
the Japanese Section would endorse the conservation 
measures proposed by the Working Party and would 
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continue efforts to provide the scientific data required. 
The Japanese spokesman noted that both the U.S. 
and Canadian Sections had expressed views regarding 
the effect of trawl fishing on the halibut stocks and 
deferred Japanese comment on this topic until agenda 
item 11 was under discussion. 

The United States Section requested the Japanese 
spokesman to comment on the U.S. readiness to place 
trained technicians aboard Japanese commercial 
fishing vessels in the eastern Bering Sea and the J apa
nese spokesman stated that Japan would be prepared 
to accept scientific observers aboard the commercial 
vessels, provided there was no interference with fishing 
operations. 

10 (f) Halibut and Groundfish in the Northeastern 
Pacific Ocean 

Since 1963, Japanese vessels have been fishing in 
the northeastern Pacific Ocean 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 Convention. In addition, the Commission agreed 
in 1967 to study groundfish other than halibut in the 
northeastern Pacific for the purpose of determining the 
need for joint conservation measures. 

At the 1971 meeting, a Sub-Committee on North
east Pacific Groundfish met under the following terms 
of reference : 

1. To prepare joint factual summaries of informa
tion on the distribution and interrelationship of 
halibut and other groundfish in the Northeast 
Pacific Region, with the object of defining areas of 
halibut concentration and providing an assess
ment of the possible effects on halibut of trawl 
fisheries for other species of groundfish; 

2. To study groundfish other than halibut in 
the northeastern Pacific and plan coordinated 
research for the purpose of determining the need 
for joint conservation measures; 

3. To review the exchange of statistical material 
between the three countries and the presentation 
of such material in documents, in the Statistical 
Yearbook, and in the Commission's Bulletin; and 

4. To continue the fullest possible exchange of 
basic data on catch, effort, and tagging with 
respect to research and commercial vessel 
operations. 

The following is the summary from the Report of the 
Sub-Committee on Northeast Pacific Groundfish: 

(I) The Sub-Committee on Northeast Pacific Groundfish met 
prior to the annual meeting of the Commission. In accordance 
with its terms of reference the Sub-Committee studied the avail-

able information on: (I) the Canadian, Japanese, and United 
States groundfish fisheries, (2) the possible effects of trawl fish
eries on halibut stocks, and, (3) the biology and assessment of 
Pacific ocean perch and blackcod. In accordance with new 
terms of reference assigned in 1971 the Sub-Committee also re
viewed the exchange of statistical material between the three 
countries and agreed to continue the fullest possible exchange 
of basic data on catch, effort, and tagging with respect to research 
and commercial vessel operations. 

(2) As in the past, timing of the meeting does not permit com
plete reporting of the current year's fishing. Accordingly, data 
for 1971 are incomplete and can be treated only in a preliminary 
manner, while most data for 1970 are in a form suitable for com
plete reporting. 

(3) The Sub-Committee received an oral presentation from the 
United States Section on stock assessment of blackcod and ex
pressed its hope to have more information on the species pre
sented in documents prior to the 1972 meeting. 

( 4) During 1970 (November 1969-0ctober 1970), the Fisheries 
Agency of Japan licensed 42 independent trawlers and 22 in
dependent long1iners to fish in the northeast Pacific Ocean. The 
same number were licensed to operate in this region through July 
1971 and was the same number licensed for 1969. 

(5) Japanese stern trawl fishing effort in 1970 totalled 18,653 
hours, a decrease of 31% from 1969. More than 20% was ex
pended in both the Yakutat and Southeastern Areas, and 18% 
in the Kodiak Area.1 Effort in the Vancouver Area and south 
amounted to 8% of the total. The overall distribution of effort 
was similar to that of the previous season, but effort in each area 
was more widespread. Pacific ocean perch was the principal 
target species and accounted for 65% of the total catch. 

(6) Japanese longline effort in 1970 totalled 1,041,030 hachi, 
an increase of245,290 hachi (31%) over 1969. Longline effort 
distribution was unchanged from last year; more than 20% was 
expended in both the Southeastern and Yakutat Areas, 18% in 
the Charlotte Area and 14% in the Kodiak Area. Effort ex
pended in the Vancouver Area and south was 13%. Blackcod 
was the principal target species of the longline vessels and con
stituted 98% of the catch. 

(7) Total Japanese catch in 1970 was 103,809 m.t. (229 
million !b), a decrease of 11,628 m.t. (26 million !b) from last 
year. Principal species were Pacific ocean perch (51,752 m.t.; 
114 million !b), blackcod (28,841 m.t.; 64 million !b), pollock 
(11,843 m.t.; 26 million !b), turbot (2,868 m.t.; 6 million !b), 
and Pacific cod (1,779 m.t.; 4 million !b). Catches of Pacific 
ocean perch declined 16,950 m.t. (37 million !b) from 1969 and 
pollock catches declined 2,307 m.t. (5 million !b). Increases 
occurred in catches of blackcod, 5,800 m.t. (13 million !b); 
Pacific cod, 552 m.t. (I million !b); and turbot, 212 m.t. (0.43 
million !b). Of the total blackcod catch, more than 20% was 
from both the Yakutat and Southeastern Areas and more than 
10% was from both the Kodiak and Charlotte Areas. Of the 
total Pacific ocean perch catch, more than 30% was from the 
Southeastern Area, more than 20% from both the Kodiak and 
Yakutat Areas, and 10% from the Charlotte and Chirikof Areas. 

(8) Preliminary Japanese data for 1971 (January-July) in-

1 Figure 2 illustrates the areas referred to in this and later 
sections--Ed. 
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FIGURE 2. Areal divisions of the northeastern Pacific Ocean referred to in discussions of halibut 
and groundfish other than halibut. 

dicate a total catch of 59,342 m.t. (131 million I b), an increase of 
5,905 m.t. (13 million Ib) from the catch made in the same period 
of 1970. Of the total catch, Pacific ocean perch amounted to 
25,992 m .t. (57 million lb). Blackcod catch was 14,989 m.t. 
(33 million lb) and pollock catch, 13,697 m.t. (30 million I b). 
Catches of Pacific ocean perch and pollock were slightly higher 
than in 1970 while blackcod catches were lower. Of the total 
catch, 50% was taken from the Shumagin and Kodiak Areas, 
20% from the Yakutat Area, 15% from the Southeastern Area, 
and 15% from other areas. 

(9) The setline catch of halibut by Canadian and United 
States fishermen in 1970 equalled 24,408 m.t. (54 million lb, 
dressed weight), with total effort of 513,500 skates. 

(10) During January-December 1970, North American 
vessels landed 65,341 m.t. (144 million lb) of groundfish other 
than halibut and 42,901 m.t. (95 million lb) of shrimp. North 
American trawl fleets landed 63,285 m.t. (140 million lb) of 
groundfish other than halibut in 1970, from 154,339 hours of 
effort. Principal species in North American trawl catches in 
1970 were Dover, English, and petrale sole, Pacific ocean perch, 
other rockfishes, Pacific cod, lingcod, and blackcod. The North 
American trawl fleet in 1970 consisted of289 vessels (64 Canadian 
and 225 U.S.). The United States reported 218 vessels operated 
in 1969. Size of vessels in 1970 for the Canadian fleet ranged 
from 3 to 265 g.t. The United States vessels ranged from less 
than 24 g.t. to 195 g.t. with one additional stern ramp trawler of 
3,000 g.t. Descriptions of nets and otter boards were presented. 

(11) Canadian trawlers landed 13,925 m.t. (31 million lb) of 
groundfish other than halibut in 1970, taken with 28,818 hours of 

effort. Principal areas of catch were Charlotte and Vancouver. 
United States trawlers landed 49,360 m.t. (109 million lb) of 
groundfish other than halibut in 1970, taken with 125,521 hours 
of effort. Most important areas of production were in the Char
lotte-Monterey region. 

(12) Canadian vessels landed 698 m.t. (1.5 million lb) of 
shrimp in 1970. The catch came primarily from the Vancouver 
Area and was chiefly Pandalus jordani. United States vessels landed 
42,203 m.t. (93 million lb) of shrimp in 1970. The catch was 
taken mainly in the Shumagin-Kodiak region and principal 
species was P. borealis. Statistics for the United States shrimp 
fishery in 1969 were also reported. Total catch was 28,438 m.t. 
(63 million lb), principally from the Shumagin-Kodiak region. 
Principal species was P. borealis. 

(13) Soviet trawlers were again active throughout the north
eastern Pacific Ocean. Unofficial U.S.S.R. statistics for the North 
Pacific Ocean for the years 1964 to 1970 were received by a 
Canadian scientist and presented to the Sub-Committee (see 
Appendices 3 (A) and 3 (B)). 

(14) During 1970, research vessels of Canada, the IPHC, 
Japan, and the United States were active in the northeastern 
Pacific region. Field studies were conducted on such diverse 
subjects as halibut incidence in trawl catches; juvenile halibut 
abundance ; halibut migration ; Pacific ocean perch biology and 
stock assessment; and blackcod biology, migration, and avail
ability to pot gear. 

(15) Halibut incidence, by weight, in research vessel catches 
was reported by Canada (0.1-l.O% ) and Japan (0.1-4.2 %). 
The incidence, by weight, in commercial trawl catches was re-
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ported by the IPHC for North American trawlers as 1.8% of 
marketable catch during the study period 1962--69. The inci
dence, by weight, of halibut in Japanese stern-trawl fish-net 
catches was reported to be 0.06% in 1970 and 0.2% in 1969. 

(16) Recruitment studies conducted by the IPHC in the 
Shumagin-Southeastern region of the Gulf of Alaska during 1967-
70 showed that catches at inshore stations contained younger 
halibut than catches at corresponding offshore stations. Juvenile 
fish best represented in samples were older progressing eastward. 

(17) The IPHC released 6,717 tagged halibut during 1971 on 
grounds from Oregon to Unimak Island. Additional recoveries 
of tagged halibut were reported by the IPHC and Japan. 

(18) Aspects of Pacific ocean perch biology were reviewed and 
discussed by the Sub-Committee. Problems were recognized in 
determination of age, growth, and natural and fishing mortality. 
Recommendations were made for additional information con

cerning these subjects. 

(19) Aspects ofblackcod biology were reviewed and discussed 
by the Sub-Committee. Results of tagging experiments suggested 
a substantial exchange between blackcod of Bering Sea and those 
of the northeastern Pacific as far south as Washington State. 

(20) Recommendations were made to the Committee on 
Biology and Research on items of particular and urgent nature 
and these may be found in Section 14. 

The recommendations referred to in item 20 quoted 
above, all of which were endorsed by the Committee on 
Biology and Research and accepted by the Commis
sion, had reference to groundfish other than halibut 
and are quoted in section 11 of this report. 

10 (g) Effects of Trawling on Halibut m the 
Convention 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 Sub-Committee on 
Northeast Pacific Groundfish. 

The United States spokesman noted that his section's 
views with respect to the effects of trawling on halibut 
stocks in the Bering Sea had been expressed in a state
ment relating to conservation measures for halibut in 
the eastern Bering Sea in 1972. The United States 
wished to emphasize at this point, in connection with 
the intent of the Convention and Japan's entry into the 
setline fishery in the eastern Bering Sea in 1963, that 
Japan has an obligation to minimize the incidental 
catches of halibut in her trawl fisheries to ensure the 
maximum sustained productivity of the halibut 
resources of the Bering Sea. 

With respect to the northeastern Pacific Ocean, the 
United States Section was concerned about the effects 
of both trawling and Japanese longline fishing on 
halibut stocks. Particular attention was called to 
these fisheries because halibut stocks in the area had 
not responded to catch quota reductions imposed in 
recent years by the International Pacific Halibut 

Commission. 
In reviewing the reports of the two sub-committees 

on groundfish and other Commission documents, the 
United States Section was puzzled by the small per
centages of incidentally caught halibut reported for 
Japanese commercial trawl catches as compared with 
the percentages observed in research vessel operations 
or by technicians aboard commercial vessels. The 
U.S. Section questioned the accuracy of the data on 
incidental catches of halibut reported for Japanese 
commercial trawlers. 

With regard to Japanese longline fishing, the U.S. 
Section had received reports from North American 
setline fishermen of numerous halibut with detached or 
broken hooks of the type used in the Japanese longline 
fishery. Hence, a disturbing question arises as to the 
extent of the "hooking" mortality caused by Japa
nese longline fishing, particularly in view of the 
tremendous increase in such fishing between 1968 and 
1970. 

To summarize, the United States spokesman stated 
that serious problems regarding the effects of trawling 
on halibut stocks remained with the Commission and 
that in the U.S. view these problems were being com
pounded in the northeastern Pacific Ocean by the 
expansion of Japanese longline fishing activities. The 
United States urged Japan to examine closely the ac
curacy and completeness of data on incidental catches 
of halibut by Japanese trawlers, to conduct trawling 
operations in such a manner as to minimize the in
cidental catch of halibut in both the eastern Bering 
Sea and northeastern Pacific Ocean, and to take 
measures to ensure the return to the sea in viable con
dition those halibut caught incidentally by trawlers in 
both areas or hooked by longliners in the latter area. 

The Canadian spokesman stated that his section 
continued to view with concern the apparent reduced 
productivity of halibut resources in waters to the 
south and east of the Bering Sea. Canada urged that 
the appropriate authorities remind trawler captains of 
Japan's agreement to abstain from fishing halibut in 
that region, and wherever possible to avoid fishing on 
grounds where halibut are known to concentrate. 
Canada also expressed concern about the rapidly 
developing Japanese line fishery for blackcod in the 
northeast Pacific and urged that every effort be made 
to avoid areas and depths where halibut might be 
vulnerable to incidental capture by this new and 
important fishery. 

The Japanese spokesman, speaking with regard to 
the effects of trawling on halibut stocks in the Conven
tion area, stated that many studies had been conducted 
in the Gulf of Alaska by scientists of Japan and other 
countries and it is considered that the results of these 
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studies show the effect of trawl fishing on the halibut 
stocks is very slight. With reference to the U.S. 
statement doubting the accuracy of data on incidental 
catches of halibut by Japanese commercial vessels, the 
Japanese spokesman pointed out that the United 
States must be well aware that the incidental catch 
was by no means substantial since U.S. observers had 
been aboard these vessels. On the other hand, com
parison of data from research vessels was difficult 
because research vessels operate under different con
ditions from those of commercial vessels, and with 
particular purposes. 

With regard to the Japanese blackcod longline 
fishery, the Japanese spokesman noted the concern 
expressed by the United States and Canada about the 
incidence of halibut. He pointed out that the Japa
nese Government was prohibiting retention of halibut 
by these vessels in the area, and, in addition, the long
line vessels were obligated to fish in deep sea areas 
where no halibut are available. 

The Japanese Section recognized that further efforts 
were needed in both collection and analysis of basic 
data with regard to effects on the halibut stocks of 
trawl fisheries in the eastern Bering Sea, and Japan 
would not spare further endeavours in these respects. 

The Japanese spokesman noted that the U.S. and 
Canadian spokesmen had remarked on Japan's 
exploitation of Alaska pollock in the eastern Bering 
Sea and commented that this stock was not exploited 
by other countries. Japan was exerting every possible 
effort, such as encouraging off-bottom trawling, in the 
conduct of this fishery so that the effect on halibut 
stocks would be minimized. 

The Japanese spokesman referred to the United 
States statement on conservation measures for eastern 
Bering Sea halibut in 1972, in which the United States 
had expressed the opinion that Japan should expand 
its voluntary no-trawling area in the eastern Bering 
Sea. He pointed out that it was well known to the 
United States and Canadian Sections that Japan had 
established voluntarily a wide no-trawling area for 
conservation of halibut stocks. Due to the increase in 
the domestic demand for pollock and free operations 
in the area by vessels on non-member countries, a 
strong domestic resistance exists regarding attempts 
even to restrict trawl fishing for groundfish other than 
halibut. In spite of these difficulties, however, Japan 
will continue to establish the previous no-trawling 
area. In view of the present stage where there was 
neither a clear understanding of the mechanism of 
distribution or knowledge of the halibut recruitment, 
the Japanese Section felt it was not possible to con
vince Japanese fishermen of the need for expansion of a 
no-trawling area. 

The Japanese Section pointed out that trawl 
fisheries were in operation widely throughout the 
Bering Sea and the Gulf of Alaska by nations other 
than the Contracting Parties. Japan believed it 
imperative to obtain detailed information on the 
large-scale Soviet trawl fisheries being conducted in 
the Convention area in order to enable the Commis
sion to clarify the problems caused by non-member 
nations. From this standpoint, the Japanese Section 
urged the Commission to make requests to the 
U.S.S.R. for provision of catch data including their 
incidental catches of halibut by trawl fisheries in the 
Convention area. 

In closing, the Japanese spokesman said that Japan 
was prepared to receive United States and Canadian 
scientists as observers aboard Japanese trawlers 
operating in the Bering Sea, as in the case of the Gulf 
of Alaska, as had been said previously in response to the 
request made by the United States. 

The Commission agreed to the Japanese request 
that the U.S.S.R. be asked to provide catch data con
cerning its trawling operations, including data on 
incidental catches of halibut. 

11. 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 
groundfish resources of the northeastern Pacific Ocean 
under the provisions of Article III (1) (c) (i). This 
article of the Convention provides that the Commis
sion 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 con
servation measures, provided that the stock is not 
covered by a conservation agreement between such 
parties. 

When dealing with this topic at the Eighteenth 
Annual Meeting (1971), the Commission had for 
its reference the report of the Sub-Committee on 
Northeast Pacific Groundfish. The Sub-Committee's 
summary and conclusions appear in section 10 (f) of 
this report. The following recommendations of the 
Sub-Committee were endorsed by the Committee on 
Biology and Research and accepted by the Commis
sion: 

(I) The Sub-Committee reiterated the view it expressed at 
the 1970 Annual Meeting that the status of the Pacific ocean perch 
stocks should be watched closely by the three national sections. 
In this connection the Sub-Committee was pleased to note that 
combined catches by all nations, including the U.S.S.R., which 
harvest Pacific ocean perch in the northeastern Pacific have 
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recently tended to stabilize at a point which may permit restora
tion of some stocks to more desirable levels. The status of stocks 
in the Shumagin, Vancouver, and Columbia Areas is viewed as 
a warning of what may happen with uncontrolled fishing in 
other areas. In all areas it is too early to see the full effects on 
recruitment of the very large catches, primarily by the U.S.S.R., 
from the Gulf of Alaska in the mid-1960's; however they could 
contribute towards a worsening of stock conditions. 

In view of the foregoing, the Sub-Committee recommends that 
all nations be prudent in harvesting Pacific ocean perch until 
additional information can be obtained on the status of individual 
stocks. Studies particularly needed, and which the Sub-Com
mittee recommends be initiated or intensified, are those providing 
information on recruitment, growth and mortality, and inter
relationships of Pacific ocean perch in the northeastern Pacific. 

(2) New information was presented to the Sub-Committee 
which indicates a substantial exchange ofblackcod occurs between 
the northeastern Pacific and the Bering Sea. The Sub-Com
mittee also noted the combined harvest of blackcod by all nations 
in the northeastern Pacific has reached a level considerably ex
ceeding that of a few years ago. In view of this increased harvest 
and the general lack of biological information on the blackcod 
resource the Sub-Committee recommends that : 
(a) The reaction of this resource to current and future levels of 

exploitation should be closely watched, and 
(b) Studies should be initiated or intensified to obtain additional 

information that will facilitate an analysis of conditions of 
stocks. Information particularly needed is that on size 
and age composition, growth and mortality rates, recruit
ment, and interrelationships of blackcod in the northeastern 
Pacific. 

(3) The Sub-Committee acknowledges that a substantial pro
portion of the early and present exploitation of Pacific ocean perch 
stocks has been carried out by the fishing fleets of the U.S.S.R., 
and that detailed U.S.S.R. catch statistics are not available to the 
Sub-Committee. Thus, the deliberations of the Sub-Committee 
on stock assessments of Pacific ocean perch are greatly hindered. 
The Sub-Committee recommends that continued efforts be made 
to obtain these important records. 

In discussing implementation of Article III (1) (c) 
(ii) with respect to groundfish other than halibut in the 
northeastern Pacific Ocean, the United States spokes
man stated that his section views with concern the 
condition of the Pacific ocean perch resource, which 
had been subjected to heavy fishing since the early 
1960's. Large catches of Pacific ocean perch by 
foreign fleets in the Vancouver and Columbia Areas 
have been followed by greatly reduced harvests by 
North American fishermen who traditionally have 
depended upon these areas for a substantial part of 
their catches. As noted by the Sub-Committee on 
Northeast Pacific Groundfish this year, the depleted 
condition of stocks in the Vancouver and Columbia 
Areas, as well as in the Shumagin Area, should be 
viewed as a warning of what may happen in other 
areas with uncontrolled fishing. As also noted by the 
Sub-Committee, it is too early to see the full effects on 

recruitment of the very large catches, primarily by the 
U.S.S.R., from the Gulf of Alaska in the mid 1960's; 
however, this possible delayed effect could contribute 
to the worsening of stock conditions. The United 
States Section therefore agrees with the Sub-Com
mittee's recommendation that all nations should be 
prudent in their harvesting of Pacific ocean perch 
until further information can be obtained on the 
status of individual stocks. In this connection, the 
United States was pleased to note that combined 
catches of Pacific ocean perch by all nations, in
cluding the U.S.S.R., have tended to stabilize recently 
at a point which may permit restoration of some 
stocks to more desirable levels of yield. The United 
States Section also was pleased that all member nations 
have increased their research on Pacific ocean perch 
since last year's meeting. 

The rapid development of a large Japanese fishery 
for blackcod in the northeastern Pacific also was 
viewed with concern by the United States Section. 
Harvests by this fishery now greatly exceed those by all 
nations only a few years ago. The United States 
called on all nations to exercise prudence in harvesting 
blackcod until additional information can be obtained 
to evaluate the effects on the stocks of current levels 
of fishing. In this connection, the United States 
Section was pleased to note the increased level of 
research on blackcod by Japan since last year's 
meeting. 

The United States spokesman, in a later statement, 
noted there had been a rapid increase in the harvest of 
blackcod in the northeastern Pacific, particularly 
since 1967, and the current level of harvest con
siderably exceeds that of a few years ago. In view of 
this increased harvest and the general lack of biological 
information on the blackcod resources, the Sub
Committee on Northeast Pacific Groundfish had 
recommended that the reaction of these resources to 
current and future levels of exploitation should be 
watched closely. The Sub-Committee had recom
mended further that studies should be initiated or 
intensified to obtain additional information that would 
facilitate analysis of the condition of stocks. The 
United States spokesman stated that new and in
teresting information had been presented by Japan 
in one of its reports at this meeting, information which 
indicated that a substantial exchange of blackcod 
occurs between the northeastern Pacific Ocean and the 
Bering Sea. This had been noted in the Sub-Com
mittee's report. In the United States view, it seemed 
that in considering recommendations for conservation 
measures for blackcod in the northeastern Pacific 
Ocean under the terms of Article III ( 1) (c) (ii ), the 
effects of blackcod exploitation in the Bering Sea as 
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well as in the northeastern Pacific must be studied. 
The recommendation to initiate or intensifY studies to 
obtain additional information to facilitate analysis of 
the condition of stocks therefore seemed equally appro
priate to blackcod in the Bering Sea. To accom
modate and encourage such studies, the United 
States Section recommended that the terms of ref
erence of the Sub-Committee on Bering Sea Ground
fish be expanded in 1972 to include blackcod. 

Speaking with regard to implementation of Article 
III (1) (c) (ii) with respect to groundfish other than 
halibut in the northeastern Pacific Ocean, the Japa
nese spokesman stated that his section had read the 
report of the Sub-Committee on Northeast Pacific 
Groundfish with great interest. In regard to Pacific 
ocean perch, the total fishing effort had decreased, and 
except for certain areas, most stocks were showing 
either a level-off trend or signs of recovery. In view of 
the ecological characteristics of this species, however, 
the Japanese Section was in agreement with the 
opinion of the Sub-Committee that prudence should 
be exercised in fishing Pacific ocean perch and ex
pected each nation to conduct prudent fishing for this 
species, as in the past. The Japanese spokesman 
noted that blackcod had been discussed in the Sub
Committee for the first time, based primarily on data 
collected by Japanese scientists. According to these 
data, the stock seemed to be in a very stable condition, 
but the Japanese Section considered that further study 
was necessary because the fishery had just begun to 
develop in recent years. 

The Canadian spokesman stated that his section had 
examined the report of the Northeast Pacific Ground
fish Sub-Committee with keen interest and was 
pleased to note commendable progress towards 
short-cut methods for assessment of Pacific ocean 
perch stocks. The Canadian Section also noted that 
there are now two examples (off western Alaska and 
off Vancouver Island to Oregon) which give clear 
warning of the effects of uncontrolled fishing for 
Pacific ocean perch. The Canadian spokesman 
recognized that adoption of effective conservation 
measures by the three countries was complicated by 
the activities of another country not party to the 
Convention and viewed this situation with concern. 
However, the Canadian Section believed it possible 
that, through the medium of the several bilateral 
agreements which exist in the North Pacific, something 
more than a vague recommendation for prudent 
exploitation of Pacific ocean perch stocks would be 
achieved in one way or another. Nevertheless, in 
view of the nature of such agreements, the Canadian 
Section would be remiss in not pointing out its concern 
that agreements made outside the Convention bring 

the risk of impeding the flow of information among the 
three member nations. 

In other areas of the Sub-Committee's work, the 
Canadian Section was encouraged to see the rapid 
action taken by the Fishery Agency in 1971 to adjust 
its research program to include monitoring and sampl
ing of the suddenly developed fishery for blackcod in 
the northeast Pacific. The remarkably long migra
tions of this species both eastward and westward 
around the Pacific rim point to the need for closely 
coordinated studies among the three countries. 

The Commission agreed that studies were not 
advanced sufficiently at the present time to allow 
recommendation of joint conservation measures for 
groundfish other than halibut in the northeastern 
Pacific Ocean. 

With regard to the United States recommendation 
with respect to inclusion of blackcod in the terms of 
reference of the Bering Sea Sub-Committee, the Japa
nese spokesman stated that Japan had different views 
on some points in the U.S. statement and felt it would 
be preferable to discuss the proposal at the next 
meeting. The U.S. spokesman clarified that his 
recommendation was meant to be for inclusion on the 
agenda at the 1972 meeting. The Canadian spokes
man supported the proposal, with the result that the 
Commission will consider at the 1972 Annual Meeting 
a recommendation of the United States Section to 
include blackcod in the terms of reference of the Sub
Committee on Bering Sea Groundfish. 

12. ACTIVITIES OF THE COMMISSION CONCERNING 

HERRING 

The Annex to the North Pacific Fisheries Conven
tion originally provided that Japan would abstain 
from fishing for herring (Clupea pallasii) in the Conven
tion area off the coasts of Canada and the United 
States, exclusive of the Bering Sea and the waters of the 
North Pacific Ocean west of the meridian passing 
through the extremity of the Alaska Peninsula. The 
Convention required that the Commission study these 
stocks annually, commencing in 1958, to determine 
whether they continued to qualifY for abstention. At 
subsequent annual meetings the Commission has 
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 
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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 Eighteenth Annual Meeting, and 
consequently the joint research plan remains un
implemented. 

There was no item specifically referring to herring on 
the Commission's agenda in 1971. The status of the 
herring stocks remaining under abstention continued 
unchanged, since the national sections had not 
revised their positions concerning the qualification for 
abstention of any of the stocks listed in the Annex. 

13. AcTIVITIES oF THE CoMMISSION CoNCERNING 

KING CRAB 

At the Fourteenth Annual Meeting (1967), the 
Commission adopted the following resolution on 
king crab: 
I. (a) The Commission has been conducting a study of the king 

crab resources of the eastern Bering Sea since its first meeting 
at the request of the United States Government. This study 
is being conducted in accordance with the provisions of 
Article III (I) (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 inforrr.aticn as is 
possible at the time. 
(c) The Commission reconfirms that it will subr.it to the 
Governments of Canada, Japan, and the United States of 
America by November 30 of every year a report on the results 
of the study, as requested by the Governments of Japan and 
the United States of America and in accordance with the 
decision of the 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 I (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 (1) 
(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 Eighteenth Annual Meeting (1971) the Com
mission noted that the Sub-Committee on King Crab 
and Tanner Crab, after reviewing the current status of 
the king crab stock, was not yet in a position to estimate 
the maximum sustainable yield, and in addition had 
deferred commenting on the adequacy or inadequacy 
of the current regulatory measures since these mea
sures had been in effect for only one fishing season. 

The United States spokesman noted the Sub
Committee on King Crab and Tanner Crab had 
determined that it was too soon to judge the effects on 
king crab stocks of the new bilateral regulatory mea
sures in effect this year. Therefore, the United 
States Section made no recommendation with regard 
to conservation measures, but remained concerned, 
however, that the stocks and average size of crabs are 
at a low level. The United States Section called the 
Commission's attention to the data request by the 
United States appended to the Sub-Committee's 
report. In this regard, the United States was still 
particularly concerned about the effects of trawling on 
the eastern Bering Sea king crab stocks. A United 
States request in 1968 for data on the incidental 
catch of king crabs by Japanese dragnet fleets had yet 
to be fulfilled. The United States spokesman said 
that if such data still are not available it is imperative 
that they be collected by Japan in 1972. The United 
States Section was pleased that Japan would respond 
to the new data request by March 1, 1972, and looked 
forward to receiving the requested data at an early 
date. Every effort must be made to accelerate the 
collection, exchange, and analysis of data leading to 
estimation of recruitment, growth, and natural and 
fishing mortalities of the eastern Bering Sea king crab 
stocks. 

Speaking of implementation of Article III (1) (c) 
(ii) with respect to king crab, the Japanese spokesman 
noted that, as was stated in the Report of the Sub
Committee on King Crab and Tanner Crab, it was 
too early to judge the adequacy of the present regula
tory measures in the light of the current stock condi
tion. It would be appropriate, therefore, to wait to 
next year before making any recommendation. With 
regard to the incidental catch of crabs by trawl fisheries 
referred to by the United States Section, the japanese 
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Section was trying, as in the case of halibut, to prevent 
such incidental catch by encouraging the use of off
bottom trawls. On the other hand, it is an actual 
situation that fishermen try to avoid such incidental 
catches, since incidence of crabs degrades the quality 
of products. Furthermore, it was needless to say that 
Japanese domestic law prohibits the retention of 
crabs by trawlers and, thus, incidence, if any, should 
be very slight and any catches would be discarded. 
The Japanese spokesman said that if the observation by 
scientists was realized in respect to the incidental 
catches of halibut, the actual situation of incidence of 
crabs would be clarified from the scientific standpoint. 
With regard to the data on king crab fishery opera
tions requested by the United States Section, Japan 
wished to study the feasibility of meeting the request 
and would present whatever data possible as soon as 
practicable. The Japanese spokesman noted that the 
United States had expressed concern over the stock 
condition of the king crabs. In recent years the 
catches of Japan had decreased substantially as a 
result of the strict regulations and, especially, catches 
in 1971 had been less than one-half those in 1970. 
The Japanese Section wished to point out the fact 
that quite on the contrary the catches by the United 
States since 1968 have been increasing rapidly and, 
especially, 1971's catches were almost 20% higher 
than in 1969. 

The Commission agreed to submit the report of the 
Sub-Committee on King Crab and Tanner Crab to the 
Contracting Parties as the Commission's report on the 
study being conducted on the king crab resources of 
the eastern Bering Sea. 

14. ACTIVITIES OF THE CoMMISSION CoNCERNING 
TANNER CRAB 

At the Fifteenth Annual Meeting (1968) the Com
mission agreed to study the stock of tanner crab in the 
eastern Bering Sea for the purpose of determining the 
need for joint conservation measures. During the 
interim between the 1968 and 1969 Annual Meetings 
the Commission agreed to report annually to the three 
Contracting Parties regarding results of this study. 

In relation to the agenda item Implementation of 
Article III (1) (c) (ii) with respect to tanner crab, the 
United States spokesman noted that regulatory mea
sures for tanner crab had been in force only one year 
and it was too early to assess their effect. Therefore, 
the Commission need not take action with regard to 
the agenda item. He noted that although the rapid 
increase in harvest rate of tanner crabs had been 
arrested through bilateral arrangements, the catch in 
the eastern Bering Sea fishery for tanner crabs re
mained high at over 20 million crabs. Research on 

the stocks was initiated only in recent years and 
lagged behind exploitation. The United States 
Section therefore urged in particular that every 
effort be made to accelerate collection, exchange and 
analysis of life history, distribution, and catch-effort 
data in order to provide adequate assessments of 
stock condition. The United States Section noted 
that in 1970 there had been substantial pair trawl, 
Danish seine, side trawl, and stern trawl effort ex
pended by the Japanese fishery in areas where tanner 
crabs were known to occur. Because the trawl 
fisheries landed about I 06,000 m. t. of flatfish in the 
eastern Bering Sea, it is reasonable to assume that a 
substantial number of tanner crabs were taken by 
these fisheries. Evidence of this is seen in the 1971 
trawling experiments of the International Pacific 
Halibut Commission charter vessel Don Edwards, 
in which 34% of the catch in weight was tanner crabs 
whereas only 21% was miscellaneous flatfish. In the 
light of this circumstantial evidence the United States 
Section deemed it imperative that estimates of the 
incidental catch of tanner crabs in the trawl fisheries 
be obtained and made available to the Commission. 

The Japanese spokesman noted that research on the 
stock condition of tanner crab had just been initiated 
and no firm information was available on stock condi
tion. Also, judging from available data, the Japanese 
Section saw no particular changes in the stock condi
tion. Therefore, Japan felt there was no need to 
make any recommendations for conservation measures 
at this time. With respect to the problem of in
cidental catches of tanner crabs by trawlers, as men
tioned by the United States spokesman, the Japanese 
Section did not feel it necessary to reiterate views 
expressed earlier. Concerning data of the Interna
tional Pacific Halibut Commission research vessel, 
also mentioned by the United States Section, Japan 
felt that it was evident their fishing pattern differed 
from that of the Japanese trawl fishery, judging from 
the composition of the catch, in which crabs accounted 
for several tens of percent. 

The Commission agreed, after hearing these state
ments, that information was not yet sufficient for the 
purpose of recommending joint conservation mea
sures for tanner crab. The report of the Sub
Committee on King Crab and Tanner Crab was to be 
transmitted to the Contracting Parties as the Commis
sion's report on the study being conducted on the 
tanner crab resources of the eastern Bering Sea. 

15. DiscussiON oF NoN-MEMBER FISHING IN CoNVEN
TION AREA 

The Commission agreed at the second plenary 
session in accordance with a request by Canada to 
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discuss fisheries by non-member countries in the 
Convention area. 

The Canadian spokesman indicated that the ques
tion had been raised for two reasons. One was that 
the Canadian Section continued to be concerned over 
any possible expansion of fishing for other species on 
the high seas, and the other was that the Canadian 
Section sought information on what might have 
transpired in the North Pacific in the fishing opera
tions of other nations in the current year. The 
matter of the Soviet and Korean fisheries had been 
discussed at some length informally and had been 
settled to the Canadian Section's satisfaction. Cana
da noted that the Commission would be asking the 
U.S.S.R. for information on its fisheries and especially 
the halibut fisheries and was pleased with this develop
ment. The Canadian Section did not intend to ask 
the Commission to press the matter of the Korean 
fisheries with a formal resolution, but hoped that the 
Governments of the Contracting Parties would main
tain a close watch on developments in the North 
Pacific. 

The United States spokesman stated that his section 
was pleased to note that fishermen of the Republic of 
Korea apparently did not continue in 1971 the salmon 
fishing operations in the eastern Bering Sea which 
they had undertaken in the previous two years. The 
United States Section hoped that all three sections 
would continue to emphasize to their respective 
governments the importance of the continuing co
operation of the Korean Government in withholding 
this threat to the existing conservation arrangements 
for salmon. The United States Section also did not 
wish to suggest a resolution on this subject at the 
present time. 

The Japanese spokesman stated that Japan also had 
a strong concern over operations of non-member 
countries in the Convention area, and Japan's attitude 
in the future would not change. Japan felt it was 
necessary for the Commission to collect as much data 
and information as possible with regard to the opera
tions of non-member countries and also felt that the 
problem should be handled with concern, care, and 
wisdom. 

16. PUBLICATIONS OF THE COMMISSION 

The Commission publishes an Annual Report and a 
Bulletin. All manuscripts must receive approval of 
the Commission prior to publication. Scientific 
reports for inclusion in the Bulletin also receive prior 
review and approval by an editorial referee from each 
national section. The Annual Report and Bulletin 
are published in separate English and Japanese ver
sions, of identical content. The Annual Report con-

tains 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. In addition, the Commission has 
prepared annually beginning with 1952 a Statistical 
Yearbook, in processed form, containing data on 
catches of species of interest to the work of the Com
mission. In 1970 the Commission raised the status of 
the Statistical Yearbook to that of an official publica
tion. Information on the current status of these 
three publications is given on the back cover of this 
annual report, including titles of papeh contained in 
the Bulletin. 

Also in connection with publications, the Commis
sion has undertaken preparation of new joint com
prehensive reports containing broad syntheses of in
formation on the distribution and origin of the six 
species of salmon on the high seas of the North Pacific 
Ocean. Historical salmon statistics contained in 
Bulletin No. 12 are being updated and revised. Pro
gress in these undertakings was reviewed in the Sub
Committee on Salmon at the 1971 Annual Meeting. 

Recommendations for a Bulletin containing his
torical groundfish statistics were accepted by the Com
mission at the 1971 meeting. 

Progress in publication of abstention materials was 
reviewed in a sub-committee of the Ad Hoc Com
mittee on Abstention. Part of the materials recom
mended for publication by this sub-committee in 1970 
have been published in Bulletin No. 28 (see back 
cover). 

17. OFFICERS ELECTED FOR 1972 

The Commission elected officers for 19 72 in ac
cordance with the Rules of Procedure and established 
practice. Officers elected were: 

Chairman of the Commission-C. R. Levelton of 
Canada 

Vice-Chairman of the Commission-Kenjiro 
Nishimura of Japan 

Secretary of the Commission-Elmer E. Rasmuson 
of the United States 

Chairman of the Committee on 
Biology and Research-James C. Cameron of 
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Canada 
Chairman of the Committee on 

Finance and Administration-Masatada Tachi
bana of Japan 

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

18. CLOSING STATEMENTS AT THE FINAL PLENARY 

SESSION 

Spokesmen for each national section made con
cluding statements at the final plenary session of the 
Eighteenth Annual Meeting, on November 5, 1971. 

Commissioner C. R. Levelton, Chairman of the 
Canadian National Section, stated that, after com
pleting a week of deliberations in Anchorage, many of 
his section felt it had been a new and exciting ex
perience to sojourn in a city so far north and set against 
a background of such natural beauty. The Canadian 
Section had been impressed with the warmth of the 
hospitality of the people of Anchorage and expressed 
thanks to Chairman Rasmuson and his fellow Alaskans 
for their thoughtfulness during the period. 

Mr. Levelton felt that the deliberations of the 
scientists this year in the weeks preceding the meeting 
had been among the most productive in many years. 
The Canadian Section wished to compliment the 
scientists of all three countries for their diligence. 
Particularly, compliments were extended to Japan for 
thorough documentation of diversified and far
reaching fisheries in the North Pacific. In the 
Canadian Section's view, provision of such informa
tion reflects Japan's desire to form a sound basis for 
conservation of the resources. 

Commissioner Levelton said the Commission had a 
proud record of achievement in the scientific field. 
Earlier successes in uncovering the main features of the 
ocean movements of salmon had been followed by 
pioneering explorations of the northeastern Pacific 
which had contributed much to understanding of the 
life history of important commercial species and, in the 
Canadian view, provided a reasonable basis for their 
sound management. 

The vast body of scientific fact and argument ex
changed regarding the qualification for abstention of 
North American fish stocks listed in the Annex pre
sented as thorough a documentation of the status of 
living marine resources as exists for stocks of fish in any 
other part of the world. In the light of these accom
plishments, Canada was disappointed at the rate at 
which the scientific information was being applied to 
solution of the problems facing the Commission. 
Despite the mass of information available, the Com-

mission has been unable to make any additional 
determinations regarding the qualification for absten
tion of one single stock of North American salmon, 
halibut, or herring. 

Mr. Levelton stated that the few conservation mea
sures agreed upon by the Commission had been, for 
the most part, too little and too late. In this light, 
the Canadian Section could only reiterate its concern 
expressed in a statement at the beginning of the 
meeting that it is becoming increasingly urgent for the 
Commission to demonstrate capability to meet its 
responsibilities. Success in this field would have an 
important effect on the deliberations of the nations of 
the world regarding new regimes for the use of the 
resources of the sea. The Canadian Section therefore 
urged that in preparation for the 1972 Annual Meeting 
all three countries consider carefully their approaches 
to determine if there are ways to increase the re
sponsiveness of the Commission to the urgent con
servation problems before it. The Canadian Section 
believed that substantial progress could still be made. 

Mr. Lev elton thanked the Chairman of the Commis
sion, Elmer E. Rasmuson, for his efficient conduct of 
the meeting. The Secretariat's efficiency and that of 
the interpreters had contributed greatly to the speedy 
completion of the Commission's work. The Canadian 
Section particularly thanked Mr. McLaren who at his 
first annual meeting had done an excellent job. The 
Canadian Section looked forward to seeing everyone 
in Vancouver in 1972. 

Commissioner Haruo Nakai, speaking on behalf of 
the Japanese National Section, expressed his pleasure 
at having the opportunity to make a few remarks at the 
closing session of the Eighteenth Annual Meeting of the 
Commission. Mr. Nakai found it significant that the 
meeting had been held in Anchorage. He cited the 
proverb, " Seeing is believing ", and said that his 
delegation had felt the vivid local energy of the State 
of Alaska, which affects and controls U.S. fishery 
circles to a great extent. This first-hand impression 
added vigour to the Commission's discussions. More
over, the splendid view of the City of Anchorage 
surrounded by snow-covered mountains, which was to 
be seen from the windows of the Anchorage Westward 
Hotel, was like watching a painting by one of the great 
masters. Whenever members of the Japanese delega
tion had looked at this landscape, minds fatigued by 
the sessions became refreshed and relieved. The 
Japanese Section wished to express heartfelt gratitude 
for the warm hospitality extended by the people of 
Anchorage, led by Chairman Rasmuson. 

The Japanese Section was gratified that the sessions 
were carried out in a smooth and successful way, in 
spite of the replacement of some of the most ex-
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perienced Commissioners and experts. This, Mr. 
Nakai believed, revealed that the Commission has a 
solid foundation, based on a spirit of mutual under
standing and cooperation. Mr. Nakai also said 
that the successful results of the plenary sessions owed 
much to the intensive preliminary discussions of the 
scientists, and offered sincere appreciation and 
admiration for their untiring efforts. 

Mr. Nakai remarked that during the course of the 
meeting substantial discussion and exchange of views 
had taken place with respect to resources of mutual 
concern, such as salmon, halibut, herring, groundfish, 
and king and tanner crabs, all of which have been 
under continuing consideration over the years, and 
also with respect to blackcod stocks. Certain dis
crepancies between the views of the three countries 
had been seen often with regard to certain matters. 
However, this phenomenon should be considered as 
a positive attitude toward conservation measures, 
rather than a lack of effort, since conservation mea
sures have to be reasonable and equitable so that no 
particular nation is asked to make undue sacrifices. 

Japan still has a strong concern over the problem of 
fishing operations in the North Pacific Ocean by na
tionals and vessels of non-member countries. The 
Japanese Section takes the view that the Commission 
should collect as much information on these operations 
as is possible and handle the matter with care and 
wisdom. 

In conclusion, Mr. Nakai extended appreciation on 
behalf of the Japanese delegation to all members of the 
Secretariat, and to the interpreters, for their pain
staking work. The Japanese Section looked forward 
to seeing everyone again on the occasion of the 
Nineteenth Annual Meeting in Vancouver. 

Mr. Milton E. Brooding, Chairman of the United 
States National Section, remarked that the people of 
Anchorage had been most gracious hosts to the 
Eighteenth Annual Meeting and trusted that the other 
two sections would also have pleasant memories of the 
sessions held in that city. 

Mr. Brooding believed everyone agreed that the 
discussions of the past week had been stimulating and 
fruitful. He complimented Mr. Rasmuson on his 
skillful conduct of the meeting, enabling the Com
mission to proceed rapidly ahead with its tasks. The 
United States Section's deep appreciation was ex
tended to the Secretariat staff and the interpreters 
from Japan for their assistance. Above all, the 
United States Section wished to express gratitude to 
the scientists of all three countries for their continued 
dedication to their work in searching out and ana
lyzing essential information on the condition of fish 
stocks of mutual concern. 

Mr. Brooding noted that the views of the United 
States Section with respect to the various items on the 
agenda for the 1971 meeting had been expressed at 
length and in detail, and it was not his intention to 
reiterate them at this time. However, he did wish to 
make a few comments. The United States is ap
prehensive over the small size of the expected runs of 
sockeye salmon to Bristol Bay in 1972 and urges that 
Japan take special cognizance of this situation. The 
large foreign trawling effort in the eastern Bering Sea 
is detrimental to resources of particular interest to the 
United States, namely halibut, king crab, and tanner 
crab. These issues had been discussed in the past 
and in some detail on this occasion, but without 
satisfactory resolution due mainly to a lack of adequate 
data. For this reason, the United States Section had 
been particularly pleased to note that Japan plans to 
intensify studies related to these problems and is pre
pared to accept United States scientific observers on 
commercial vessels. With regard to stocks in the 
Gulf of Alaska, Mr. Brooding said that scientists have 
added vastly to knowledge regarding the distribution 
and condition of the resources in this region. Findings 
indicate that prudence should be exercised in har
vesting certain species, particularly Pacific ocean 
perch. New information has been developed on 
blackcod, a species which has come under increasing 
exploitation. The distribution of this species is such 
that the studies should be expanded to cover a much 
wider area than now under investigation. 

Mr. Brooding noted that in his opening statement he 
had expressed the grave concern held by the United 
States over the large expansion of foreign fishing effort 
in the eastern Bering Sea, particularly for pollock and 
herring. The United States Section again urged all 
nations engaged in these fisheries to move forward 
rapidly in acquiring the knowledge necessary for con
servation. While this knowledge is being acquired, 
the nations fishing these stocks have a clear responsi
bility to conduct their fisheries in a rational manner. 
Mistakes which have contributed to the decline of 
other fisheries, of proper management actions being 
taken " to little and too late ", must not be repeated. 

In closing, Mr. Brooding noted the increased co
operation in exchange of data between the scientists of 
the three countries and particularly the harmonious 
atmosphere which had characterized the discussions 
this year in the Biology and Research Committee. 
The United States Section was encouraged by this, 
and was particularly pleased over the Commission's 
decision to convene a symposium in 1972. These 
developments were looked upon as a sign of increased 
progress m the future in dealing with common 
problems. 
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Mr. Brooding wished a safe and pleasant journey 
home to all visitors and stated that his section looked 
forward to seeing everyone again next year in Van
couver. 

The Chairman, Elmer E. Rasmuson, before ad
journment of the annual meeting, complimented the 

Secretariat and interpreters for their assistance in 
carrying out arrangements for the meeting. The 
Chairman expressed deep appreciation for the 
honour of being chairman during the year and ex
pressed gratitude to all the Commissioners for their 
support in the handling of the session proceedings. 
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APPENDIX 2 

AGENDA 

as adopted for the 

EIGHTEENTH ANNUAL MEETING-1971 

Anchorage, Alaska, November 1-5, 1971 

1. Opening addresses and introductions 
2. Adoption of agenda 
3. Report on delegation memberships 
4. Meeting procedures 

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

5. Report of the Chairman 
6. Submission of reports by the Secretariat 
7. Consideration of research and research planning 

(a) Salmon and oceanography 
(b) Bering Sea groundfish 
(c) Northeastern Pacific groundfish 
(d) Eastern Bering Sea king and tanner 

crabs 
(e) Publication of research results 
(f) Statistics 

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

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

Bering Sea in 1972 
11. Effects of trawling on halibut stocks in the 

Convention area 
12. Implementation of Article III (1) (a) with 

respect to the stocks listed in the Annex 
13. Implementation of Article III (1) (c) (ii) with 

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

respect to tanner crab 
15. Implementation of Article III (1) (c) (ii) with 

respect to groundfish other than halibut in the 
northeastern Pacific Ocean 

16. Consideration of status of implementation of 
Articles III (1) (d) and IX (2) 

17. Consideration of administrative and fiscal matters 
(a) Accounts and audit 
(b) Budget estimate for fiscal year begin

ning July 1, 1972 
(c) Budget forecast for fiscal year begin

ning July 1, 1973 
(d) Administrative report for 1971 
(e) Comments on the form and nature of 

the reports submitted in 1971 by Canada 
and the United States in accordance 
with the provisions of Articles III (1) 
(c) (iii) and X (2) 

(f) Schedule offuture meetings 
(g) Other matters 

18. Election of officers 
19. Other business-(a) Discussion of fisheries by 

non-member countries 
in the Convention area 

20. 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 
Commission as of June 30, 1971 and the statements of income and expenditure and receipts and dis
bursements 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 neces
sary in the circumstances. 

In our opinion, these financial statements present fairly the financial position of the commission.as at 
June 30, 1971 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, MARWICK, MITCHELL & CO. 

Vancouver, British Columbia 
July9, 1971 

Chartered Accountants 

STATEMENT OF ASSETS AND LIABILITIES 
June 30, 1971 

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, per contra : 

Amount at June 30, 1970 
Additions during the year 

Less adjustments for equipment 
disposals (Note) 

Deduct: 
Depreciation provided in previous years 
Depreciation in current year 

s 3,333.26 
562.34 

3,895.60 
Less adjustments for equipment disposals (Note) 700.32 

s 5,623.36 
3,195.28 

s 6,114.44 
348.13 

6,462.57 

839.21 

5,623.36 

3,195.28 

s 15,939.11 

14,750.00 

2,428.08 

s 33,117.19 

s 4,939.11 
11,000.00 

15,939.11 

14,750.00 

2,428.08 

s 33,117.19 

Note : Assets having an original cost of $492.00, which had been fully depreciated, were written 
off at June 30, 1971. Assets having an original costof$347.21 and accumulated deprecia
tion of S208.32 were sold during the year. 
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STATEMENT OF INCOME AND EXPENDITURE 
Year ended june 30, 1971 

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

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

Excess of income over expenditure, refundable 
to Contracting Parties 

Status of Appropriations 

Personal services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 
Annual meeting rentals 

Amount refundable to Contracting Parties 

Budget 
appropriations 
$47,700.00 

7,500.00 
2,300.00 

13,561.02 
2,500.00 

800.00 
700.00 

s 75,061.02 

s-

s 48,602.75 
5,630.09 
1,319.70 
5,971.24 
2,189.11 

348.13 

Appropriations 
as modified by 

transfers 
48,602.75 

5,630.09 
1,319.70 
5,971.24 
2,189.11 

348.13 

64,061.02 

11,000.00 

s 72,000.00 
1,500.00 
1,561.02 

75,061.02 

64,061.02 

s 11,000.00 

Expenditures 
48,602.75 

5,630.09 
1,319.70 
5,971.24 
2,189.11 

348.13 

64,061.02 

11,000.00 

Note : The budget appropriation for " contractual services" has been adjusted to include 
$1,561.02 received in interest on the working capital fund and expenditure for" equip
ment" has been adjusted for $150 received on the sale of equipment. 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended .June 30, 1971 

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

Disbursements : 
Personal services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 

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

:J,Jalancejune 30, 1971 
Balance .June 30, 1970 

s 48,602.75 
5,630.09 
1,319.70 
5,960.62 
2,189.11 

348.13 

s 30,689.11 
21,178.49 

s 72,000.00 
1,561.02 

s 73,561.02 

64,050.40 

s 9,510.62 
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II. ADMINISTRATIVE REPORT FOR 1971 

I. CONTENT OF THE REPORT 

This report provides information on decisions of the 
Commission made by correspondence between the 
Seventeenth (1970) and Eighteenth (1971) Annual 
Meetings, describes actions taken with respect to 
decisions made at the Seventeenth Annual Meeting, 
and summarizes activities of the Secretariat. The 
period covered by this report is from the adjournment 
of the Seventeenth Annual Meeting on November 6, 
1970, to November I, 1971. The report was sub
mitted to the Commission at the Eighteenth Annual 
Meeting, under date of October I, 1971. The Com
mittee on Finance and Administration requested 
certain editorial changes and the report has been 
brought up to date as of November I for publication in 
this annual report. 

2. MEMBERS 

Membership of the Commission during the period 
covered by this report is listed on the inside front 
cover of this annual report. 

3. OFFICERS 

Officers of the Commission during the period were 
as follows: 

Chairman: Elmer E. Rasmuson 
Vice-Chairman: A. W. H. Needler (to September 

16, 1971) 
C. R. Levelton (from September 

16, 1971) 
Secretary: Kenjiro Nishimura 
Chairman, Committee on Finance and Administra

tion: Donovan F. Miller 
Chairman, Committee on Biology and Research: 

Charles H. Meacham (to November 16, 1970) 
Philip M. Roedel (from February 12, 1971) 

4. STAFF 

Mr. Samuel J. Hutchinson, Executive Director 
since August 1967, resigned effective May 31, 1971. 
Mr. Robert E. McLaren was appointed Executive 
Director effective September I, 1971. Dr. Kaoru 
Tatara continued as Assistant Director, serving as 
Acting Director from June I through August 30, 1971. 
Miss Lorraine M. Kissack continued as Secretary. 
Part-time office assistance was engaged as required. 

5. INTERIM AcTIONs oF THE CoMMISSION 

From the conclusion of the Seventeenth Annual 
Meeting (1970) up to November I, 1971, the following 
Commission actions were taken by correspondence: 
a. The Commission approved for publication a 

manuscript of its annual report for 1969. Ap
proval was announced in Circular Letter No. 638 
dated December 16, 1970. 

b. The Commission approved summary minutes of 
the third, fourth, and fifth plenary sessions of the 
Seventeenth Annual Meeting. Approval was 
announced in Circular Letter No. 644 dated 
March 4, 1971. 

c. The Commission approved updating of pension 
credits to the October I, 1966, level for one 
employee. Approval was announced in Circular 
Letter No. 656 dated May 25, 1971. 

d. The Commission approved publication in its 
Bulletin of a report entitled, "Distribution and 
migration of immature sockeye salmon taken by 
U.S. research vessels with gillnets in offshore 
waters, 1956-67" (INPFC Doc. 1293) and a 
report entitled, " Marine growth of chum 
salmon" (INPFC Doc. 1294). Approval was 
announced in Circular Letter No. 664 dated 
July 19, 1971. 

e. The Commission approved for publication as a 
Bulletin certain reports and information sub
mitted by the national sections in relation to the 
abstention provisions. Approval was announced 
in Circular Letter No. 671 dated August 4, 1971. 

f. All national sections accepted a tentative agenda 
for the Eighteenth Annual Meeting. Acceptance 
was announced in Circular Letter No. 682 dated 
September 3, 1971. 

g. The Commission approved payment of advances 
in respect of removal expenses for Mr. Robert E. 
McLaren. Approval was announced in Circular 
Letter No. 675 dated August 9, 1971. 

h. The Commission approved for publication a 
manuscript of its annual report for 1970. Ap
proval was announced in Circular Letter No. 685 
dated September 14, 1971. 

6. KING AND TANNER CRAB REPORT 

The Report of the Sub-Committee on King Crab 
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and Tanner Crab at the 1970 meeting was sent to the 
Contracting Parties on November 26, 1970. Acknow
ledgments were received from the United States 
(December 10, 1970) and Canada (February 15, 
1971). No acknowledgment has been received from 
Japan. 

7. STATUS OF RECEIPT OF INFORMATION REQ.UESTED 

RE KING CRAB 

A resolution on king crab adopted by the Com
mission at its 1967 Annual Meeting requested the 
Governments of Japan and the United States to submit 
king crab data to the Commission for use in its scientific 
study of the eastern Bering Sea king crab resource. 

Japan submitted four reports containing catch 
statistics and size distribution of king crabs and tanner 
crabs. Also, 338 U.S. king crab tags, together with 
related recovery data, were forwarded. 

The United States provided information on regu
latory measures for 1971 and 1972 agreed upon 
bilaterally by the United States and Japan and the 
United States and the U .S.S.R. The United States 
has not provided scientific data to the Commission, but 
16 items were sent to the Secretariat by the Juneau 
Office of the National Marine Fisheries Service with a 
request that they be transmitted to Japan in ac
cordance with the bilateral agreement between the 
United States and Japan. 

8. REsOLUTION RE SouTH KoREAN SALMON FISHING 

The resolution on South Korean salmon fishing 
adopted by the Commission at its final plenary ses
sion at the 1970 meeting was transmitted to the Con
tracting Parties on December 1, 1970. The United 
States advised as follows in a letter dated December 
14, 1970 : "The Commission may be assured that the 
United States Government has been giving and con
tinues to give its active attention to this matter." 
Canada advised in a letter dated February 15, 1971, 
that, " The Government of Canada views the de
velopment of the Korean fishing operations in the 
northeastern Pacific area with deep concern and will 
give very serious consideration to the resolution with a 
view to finding an effective way of deterring such 
fishing operations during the coming season." No 
communication on this subject has been received from 
Japan. 

9. SALMON RESOLUTION 

The resolution on salmon fishing in high seas areas 
of intermingling adopted at the 1970 meeting was 
sent to the Contracting Parties on December 1, 1970. 

The United States advised by letter of December 10, 
1970, that the resolution was again being drawn to the 
attention of appropriate United States officials and 
agencies for implementation and, further, that "The 
Commission may be assured that salmon fishing 
regulations governing United States nationals and 
vessels are prepared with full consideration of the 
conservation needs of the fishery resources." Canada 
advised in a letter dated February 15, 1971, that the 
resolution had been brought to the attention of ap
propriate officials in the Department of Fisheries and 
Forestry. No communication has been received from 
Japan in this respect. 

10. STATUS OF RECEIPT OF AGREED INTERPRETATION 

OF THE PROTOCOL 

In 1959 the Commission agreed to request its Con
tracting Parties to provide an agreed interpretation of 
the Protocol. No Contracting Party has responded to 
this request with the result that the Commission has 
agreed annually since 1960 that no action can be taken 
with respect to implementation of the Protocol. 
Again in 1971 no communication was received from 
any Contracting Party with respect to an agreed inter
pretation of the Protocol. 

11. HALIBUT MEASURES FOR THE EASTERN BERING 

SEA 

The Commission's recommendations for conserva
tion measures for 1971 halibut fishing in the eastern 
Bering Sea and notes on proposed domestic measures 
were transmitted to the Contracting Parties on 
December 2, 1970. In a letter dated February 10, 
1971, Japan notified the Commission of her intention 
to carry out these measures. Canada acknowledged 
receipt of the recommendations by letter of February 
15, 1971; information that they had been incorporated 
in domestic fishing regulations was received in a 
March 25 letter from the Department of Fisheries and 
Forestry. The United States advised by telegram on 
March 15, 1971, that the recommendations had been 
accepted. 

12. ExPLORATORY AND ExPERIMENTAL HALIBUT 

FISHING IN AREA D 

The Commission's recommendations for conserva
tion measures for 1971 halibut fishing in the eastern 
Bering Sea, which were adopted by all three govern
ments, include a provision that within an area 
designated as "Area D ", " . . . retention ofhalibut by 
any fishing vessel of any of the Contracting Parties 
shall be permitted during a period beginning at 1500 
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hours on March 17, 1971, and terminating at 0300 
hours on June 20, 1971 ". However, the conservation 
measures also provided that notwithstanding the 
provision just described, Area D would remain open 
until 0300 hours on November 15, 1971, for ex
ploratory and experimental fishing by vessels fishing 
with longline gear. The name of any such vessel 
entering the area after 0300 hours on June 20, 1971, 
was to be notified to the Commission prior to such 
entry by the party to which such vessel belonged. 
Notices of entry into Area D for experimental and 
longline fishing for halibut after June 20, 1971, as 
follows were received by the Commission during the 
period covered by this report: 

MV Alaska Queen II, registry number 174105 
MV Kaare, registry number 194667 
MV Chelsea, registry number 224464 

13. U.S.S.R. CATCH DATA 

In compliance with the Commission's instruction to 
obtain data on incidental catches of halibut in the 
Soviet trawl fisheries in the Convention area, the 
Secretariat addressed a request to the U.S.S.R. on 
August 9, 1971. 

With respect to the request of the Sub-Committee on 
King Crab and Tanner Crab that the Commission 
take appropriate steps to obtain past catch and effort 
statistics and biological data from U.S.S.R. king and 
tanner crab operations in the eastern Bering Sea, the 
Secretariat addressed a request to the U.S.S.R. on 
August 9, 1971. 

14. INPFC OBSERVERS AT COFI AND ICNAF 

The Commission was invited to be represented by 
observers at the Sixth Session ofF AO's Committee on 
Fisheries (Rome, April 15-21, 1971) and the 21st 
Annual Meeting of the International Commission for 
the Northwest Atlantic Fisheries (Halifax/Dartmouth, 
N.S., May 18-June 5, 1971). Chairman Elmer E. 
Rasmuson, in accordance with established practice, 
designated Dr. A.W.H. Needler of Canada and 
Dr. Osamu Kibezaki of Japan as INPFC observers at 
the COFI and ICNAF meetings, respectively. 

15. FISCAL MATTERS 

a. Accounts and audit 

The report of the Commission's auditors, Peat, 
Marwick, Mitchell & Co., for the fiscal period which 
ended June 30, 1971, was transmitted to the Commis
sion on July 28, 1971. 

A financial bond in favour of the Commission, in the 
amount of $25,000, was continued on permanent 

Secretariat staff members. This bond (Commercial 
Union Northern and Employers Group, Policy 
117C583) is on file at the Secretariat. 

b. Working capital fund 

The Commission's working capital fund, established 
in 1955, was reduced by the Commission from 
$16,250 to $14,750 atJuly I, 1970, in accordance with 
decisions made at the Sixteenth Annual Meeting (see 
item 10 (ii), p. 73, 1969 Proc.). 

c. Appropriations for 1971/72 

The Commission's budget estimate of $84,000 
(Canadian funds) for the fiscal year beginning July I, 
1971, as adopted at the Seventeenth Annual Meeting 
(1970,), was transmitted to all Contracting Parties on 
December I, 1970. The Government of Japan 
advised the Commission of its approval of the estimate 
by letter dated February 10, 1971. The Government 
of Canada advised in a letter dated February 15, 1971, 
that the budget as submitted was acceptable. No 
official communication was received from the United 
States. Contributions for the first half of the 1971 j72 
fiscal period were received from Canada on July 30, 
1971, from japan on August 19, and from the United 
States on September 27. 

d. Budget estimates 

In accordance with Financial Regulation 3.4, the 
Secretariat transmitted to all Commissioners 60 days 
in advance of the Eighteenth Annual Meeting budget 
estimates for the next two fiscal periods, 1972/73 and 
1973/74 (Circular Letter No. 669, dated july 28, 1971 ). 

16. STAFF AssESSMENT 

On December 15, 1970, the Canadian Government 
by Order in Council (P.C. 1970-2148) prescribed the 
Commission under the provisions of section 3 of the 
Privileges and Immunities (International Organiza
tions) Act. Under the provisions of this Act the 
Commission, representatives of its member govern
ments, its officials, and experts performing missions 
for it are afforded privileges and immunities set forth 
in Articles II through VI of the Convention on 
Privileges and Immunities of the United Nations. 

In anticipation of this action the Committee on 
Finance and Administration had arranged for assess
ment of salaries in amounts equivalent to relief from 
Canadian taxes, exemption from which is a privilege 
and immunity set forth for officials who are not Cana
dian citizens or normally resident in Canada. 

The staff assessment program was initiated at july I, 
1971, as was announced in Circular Letter No. 668 
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dated July 28, 1971. Copies of the Act, with the U.N. 
Convention included as a schedule, were transmitted 
with Circular Letter No. 658 dated June l, 1971. 

l 7. REPORTS FROM THE CONTRACTING PARTIES 

For the eighteenth consecutive year, Canada and the 
United States submitted reports of their conservation 
measures for stocks of fish under abstention and their 
enforcement of these measures, as required by Articles 
III (I) (c) (iii) and X (2) of the Convention. The 
report of the United States was received on August 9, 
1971, and transmitted to the Governments of Canada 
and Japan the same day. The report of Canada was 
received on August 31, 1971, and transmitted to the 
Governments of Japan and the United States the same 
day. The Secretariat prepares comments annually on 
the form and nature of these reports. · 

In addition, in connection with the Commission's 
discussion of implementation of Articles III (1) (d) 
and IX (2), the Secretariat obtained from the national 
sections information similar to that submitted in 1970. 

18. CoMMISSION PuBLICATIONs 

The English version of the 1969 Annual Report was 
printed and distributed. English versions of the 
1970 Annual Report and Bulletin No. 27 were in 
press, as were Japanese versions of the 1968 Annual 
Report and Bulletin No. 26. The Statistical Yearbook 
for 1969 was completed; that for 1970 was not owing 
to late submission of certain data and increased com
plexity in preparation. 

19. STAFF ACTIVITIES 

A bound volume entitled, " Proceedings of the 

Seventeenth Annual Meeting-1970 ", was prepared 
and distributed. A Japanese version of these pro
ceedings is being prepared with the assistance of the 
J~panese National Section. Booklets containing the 
proceedings of the Ad Hoc Committee on Abstention 
and in camera minutes of the Commission were up
dated in each language. A document index also was 
updated. A report of the Commission's 1970 Annual 
Meeting was drafted for inclusion in the 1970 Annual 
Report. Newsletters were prepared and distri Juted 
to Commissioners and their advisers. 

The normal office routine was continued: main
taining files, mailing lists, accounting records, and 
library records; receiving and documenting data sub
mitted by 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 
organizations. 

Mr. Hutchinson resigned effective May 31, 1971, 
and Mr. McLaren assumed Executive Director duties 
on September 1. Mr. McLaren visited Anchorage, 
Seattle, and Tokyo to familiarize himself with the 
people and problems of the Commission. The 
Executive Director or Assistant Director attended 
annual and special meetings of the International 
Pacific Halibut Commission, the International Pacific 
Salmon Fisheries Commission, and the Pacific Fishery 
Biologists. 

The Biological Laboratory of the National Marine 
Fisheries Service in Seattle was visited, as was the 
Biological Station of the Fisheries Research Board of 
Canada at Nanaimo. 
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III. THE RESEARCH PROGRAM 

A. REPORT ON RESEARCH BY CANADA FOR THE INTERNATIONAL 
NORTH PACIFIC FISHERIES COMMISSION DURING 1971 

Fisheries Research Board of Canada 

I. OCEANOGRAPHY 

A. PROGRAMS 

Field programs in 1971 contributing data essential 
to studies of the oceanography of the eastern Sub
arctic Pacific Region included: 

(a) A SUrVeY. or- the continental shelf and the 
adjacent oceanic waters extending to about 50 miles 
off the British Coluffibia coast by personnel of the 
Pacific Environment institute, West Vancouver, B. C., 
aboard CNA V Endeavour during the period March 
5-21. Station positions are shown on Figure 1. 

(b) Physical and chemical observations at six-week 
intervals, at and en route to Ocean Station P (lat. 
50°N, long. 145°W), aboard COGS Q.uadra and 
Vancouver. 

FIGURE l. Station positions, March 5-21, 1971. 

(c) Bathythermograph and surface salinity ob
servations in the Gulf of Alaska during the period 
September 6--0ctober 3. Observations were made 
by personnel of the Defence Research Establishment, 
Pacific, Victoria, B. C., aboard CNAV Endeavour. 

(d) Daily observations of temperature and salinity 
(density) at 16 coastal lightstations along the British 
Columbia coast. The program is administered by 
Marine Sciences Branch personnel of the Pacific 
Environment Institute. 

B. PHYSICAL OCEANOGRAPHY 

1. Continental Shelf-Oceanic Waters off the British 
Columbia Coast 

(a) Surface salinities-March 1971 

The surface salinity distribution for March 1971 
(Fig. 2) shows a relatively marked salinity decrease 
(about l.O%o) paralleling the Vancouver Island 
coast- a typical March feature. It occurs as a result 
of the convergence (onshore movement) of water along 
the coast associated with southeast winds that pre
dominate during this period. ft appears that off the 
northern half of the Vancouver Island coast, the con
vergent mechanism (and the gradient) was more 
fully developed in March 1971 than, in March 1970, 
resulting in greater salinity water near the continental 
shelf during the former period (if Fig. 2 and 3). In 
general, surface salinities of the continental shelf 
waters, including those of Queen Charlotte Sound, 
were greater in March 1971 than in March 1970. -

(b) Surface temperatures-March 1971 

Sea-surface temperatures in March 1971 increased 
shoreward, to the maximum near the continental shelf 
and then decreased (Fig. 4 ). Surface temperatures 
were significantly lower (by 1.5°C-2.0°C) in March 
1971 than in March 1970 (ifFig. 4 and 5). 

Charts of sea-surface temperature and anomalies 
issued by the National Marine Fisheries Service, La 
Jolla, California, and also the calculated monthly
mean temperatures at the coastal lightstations (Am-
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Surface Salinity (%.) 
March 5-21, 1971 M" 
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FIGURE 2. Surface salinity <roo), March 5-21, 1971. 

FIGURE 3. Surface salinity (roo), March 5-19, 1970. 

FIGURE 4. Surface temperature (°C), March 5-21, 1971. 
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FIGURE 5. Surface temperature (°C), March 5-19, 1970. 
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FIGuRE 10. Vertical temperature distribution off the coast of Vancouver Island, March 8, 1971. 

phitrite Point, Kains Island and Cape St. James, 
Fig. I) show that in March 1971, anomalously cold 
conditions prevailed-temperatures were about 1.0°C 
lower than the long-term mean. Below-normal con
ditions prevailed until August, when surface local 
heating and/or advection of warm water were sufficient 
to raise surface temperatures to near-normal condi
tions. 

(c) Vertical temperature distributions 

In Figures 6-10 are shown the vertical temperature 
distributions for a section off Wickaninnish Bay, 
Vancouver Island (Fig. 1) for the periods March 8-9, 
1969, April 18, 1969, October 2-3, 1969, March 7, 
1970, and March 8, 1971, respectively. In the March
April periods, waters were warmest at intermediate 
depths, between generally 50 and 100m. In this 
temperature-maximum layer, temperatures in March 
1971 were about 1.0°C lower than those observed in 
March and April 1969 and March 1970. 

From a depth of 200 m shoreward, the temperature 
ranges of the bottom or near-bottom waters for the 
periods shown were: March 1969, 7.5°-8.5°C; 
April 1969, 7.S0-8.SOC ; October 1969, 6.8°-9.8°C ; 
March 1970, 7.S0-9.0°C; March 1971, 6.S0-7.SOC. 
In these waters, lowest temperatures for the March
April periods occurred in 1971-about 1.0°-1.5°C 
lower than those observed in the other late winter 
periods. Although the anomalies are less than those 

(, ..... Q 
\ I. 

·· .... 0 ~:::::··. · .. ~ 
·. · .. adu~: n ·· ...... ··p.;~~ 

TRIANGLE I:~. .. __,.,.., - .......... 

FIGURE II. Chart of the operational area for the G. B. Reed 
groundfish cruises during 1971. 
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noted in the sea-surface temperature distributions and 
at the coastal stations, these data do reflect conditions 
generally occurring in the bottom waters during the 
late winter periods. 

2. Gulf of Alaska 

In the Gulf of Alaska, lower than normal sea
surface temperatures occurred during the months of 
May, June, and July 1971. Temperatures in May 
were approximately 1.0°C below the long-term mean, 

and, in June and July, about 2.0°C lower than the 
long-term mean. 

II. GROUNDFISH 

A. FIELD STUDIES 

During 1971, three G. B. Reed cruises were completed 
off British Columbia and Alaska. The purposes for 
the individual cruises were not identical, but all were 

FIGURE 12. Bathymetric chart of Queen Charlotte Sound and Hecate Strait. 
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concerned with rockfish and their environment. 
GBR 71-1. During June 9-29, a cruise was com

pleted to Queen Charlotte Sound (Fig. II) to : (1) 
conduct an echo-sounder survey for bottom-type in the 
gully south of Goose Island Bank (Fig. 12); and (2) 
calibrate the BCF Mark II Universal Trawl (as an off
bottom trawl1 ) with the standard on-bottom trawl 
used on the G. B. Reed (Davenport et al., MS 1971). 

Analysis of the echograms has not been completed. 
Gross results of the calibration studies indicated that 
the on-bottom trawl catches contained more species 
and more fish (Table 1 ). For Pacific ocean perch, 
the on-bottom trawl caught more fish (Table 2), and a 
greater size range of fish (Fig. 13). The off-bottom 
trawl was selective against smaller fish-a phenomenon 
previously noted for Pacific ocean perch in the Bering 
Sea (Skalkin, 1964 ). 

TABLE l. Catch rate for, and number of species within 
(N), species groups in on-bottom and off-bottom trawl 
catches, Queen Charlotte Sound, June 1971. 

On-Bottom Off-Bottom 

Catch rate Catch rate 
Species group N (lb/hr) N (1 b/hr) 

Flatfish 9 322 6 49 
Rockfish 15 2,585 13 1,011 
Other roundfish 7 142 3 19 
Selachii 3 38 3 8 

Total 34 3,087 25 1,087 

GBR 71 - 2. During August 5-September 2, a 
cruise was completed to : (1) collect length-weight and 
length-girth data on Pacific ocean perch off Cape 
Ommaney, southeastern Alaska (Fig. 11); and (2) 
conduct an echo-sounder and trawl survey of an un
charted bank off northwest Graham Island and a 
little-known gully between Goose Island Bank and 

1 The trawl doors are on the bottom, but the net is not. Usu
ally the footrope is 2- 3 ft off the bottom. 

Middle Bank (Fig. 12) in Queen Charlotte Sound 
(Westrheim et al., MS 1971). 

Results of the length-weight and length-girth studies 
are discussed below. The uncharted bank off Dixon 
Entrance has an area of about 473 sq miles, within the 
depth range of 100-179 fms. Few fish schools were 
detected during the survey. The little-known gully in 
Queen Charlotte Sound has an area of about 365 sq 

FIGURE 13. Size composition (nos/hr) of Pacific ocean perch 
caught by on-bottom and off-bottom trawls in Queen Charlotte 
Sound, by 20-fm depth intervals, June 1971. 

TABLE 2. Mean catch rate and sex ratio, by depth intervals, for Pacific ocean perch caught by on-bottom and off
bottom trawls in Queen Charlotte Sound, June 1971. 

Mean catch Sex ratio 
No. of hauls 

Depth 
rate (I b/hr) (% Males) 

interval On- Off- On- off- On- Off-
(fms) bottom bottom bottom bottom bottom bottom 

80- 99 4 4 1,428 407 50 53 
100-119 5 6 2,137 1,073 53 43 
i2Q-139 ·'· 4 4 1,860 1,948 52 41 
140-159 l 3 3 3,647 1,351 49 53 

Total 16 17 
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TABLE 3. Calculated mean weight (!b) of Pacific ocean perch for selected lengths (sexes combined), using Oregon, 
British Columbia, and Alaska formulae. 

Fork 
length Oregonll 

!Ocm 0.03 
20cm 0.22 
30cm 0.81 
40cm 2.03 
50cm 4.15 

t> Westrheim (1967). 
1> Westrheim and Thomson (MS 1971). 
a> Westrheim (MS 1971). 
•> Chikuni (1971). 

British 
Columbia1> 

0.03 
0.23 
0.83 
2.05 
4.13 

TABLE 4. Calculated mean girth (inches) of Pacific ocean 
perch for selected lengths (sexes combined), using British 

Columbia and Alaska formulae. 

Fork British Southeastern 
length Columbia•> Alaska1> 

!Ocm 2.19 2.44 
20cm 4.99 5.01 
30cm 7.80 7.59 
40cm 10.60 10.17 
50cm 13.41 12.74 

1> Westrheim and Nash (MS 1971). 
1> Westrheim (MS 1971). 

miles within the depth range of 120-199 fms. Nu
merous fish schools were noted during the survey. 
Analysis of the results of these two series are nearing 
completion, and will be reported in the FRB Technical 
Report Series. 

GBR 71-3. During October 1-29, a cruise was 
completed to Queen Charlotte Sound to : (1) in
vestigate the storage life of rockfish fillets-a coopera
tive venture with the Vancouver Laboratory per
sonnel; and (2) assess the status of the Pacific ocean 
perch stock in the gully south of Goose Island Bank 
(Harling et al., MS 1971 ). Analyses are incomplete 
at this time. 

B. LABORATORY STUDIES 

Analyses or reports on a variety of subjects were 
completed during 1971. Each is discussed in
dividually below. 

(1) Pacific Ocean Perch Length-Weight and 
Length-Girth Relationships 

Results of the 1969 studies off British Columbia 
(Westrheim and Thomson, MS 1971 ; Westrheim and 
Nash, MS 1971) and 1971 studies off southeastern 
Alaska (Westrheim, MS 1971) are summarized in 
Tables 3 and 4. For the length-weight relationship, 

Southeastern Kodiak Shumagin 
Alaska1> Island•> Islands1> 

0.03 0.03 0.04 
0.24 0.23 0.26 
0.80 0.77 0.78 
1.90 1.80 1.72 
3.70 3.48 3.16 

calculated weights of small ocean perch increased 
northward, and calculated weights for intermediate 
and large ocean perch decreased northward. Similar
ly for the length-girth relationship, girths of small fish 
were larger off southeastern Alaska than off British 
Columbia, and girths for large fish were smaller off 
southeastern Alaska than off British Columbia. 

(2) Rockfish Reproduction 

During 1967-70, a study was undertaken con
cerning the maturity, spawning season, and larvae 
identification of rockfishes. During 1967-69, studies 
were conducted exclusively off British Columbia, and 
during 1970, primarily off southeastern Alaska. 
During March-May 1970, 9,348 specimens, com
prising 16 species, were collected off southeastern 
Alaska (Harling et al., MS 1971 ). The Pacific 
ocean perch collection totalled 6,005 specimens. For 
this species, the size interval in which 50% were 
mature was 33-34 em for males and females. Prin
cipal spawning month was April. Size at maturity 
was smaller and spawning season later than for ocean 
perch off British Columbia. Larvae pigment patterns 
proved to be inconsistent criteria for taxonomic 
purposes. Different patterns have been noted for the 
same species both within and among areas. 

( 3) Rockfish key 

A rockfish key for adult specimens was prepared for 
inclusion in the revised edition of Clemens and Wilby's 
" Fishes of the British Columbia Coast." 

(4) Synonymy of Sebastes caenaematicus 

A synonymy of S. caenaematicus Tsuyuki and Westr
heim (1970) with S. borealis Barsukov (1970) was 
completed and accepted for publication in the journal 
of the Fisheries Research Board of Canada. 

( 5) Biology of S. polyspinis 

A summary of the information available on tax-
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onomy, distribution, and biology of the northern 
rockfish (S. polyspinis) was prepared and published in 
the Journal of the Fisheries Research Board of Canada 
(Westrheim and Tsuyuki, 1971). This little-known 
rockfish species appears to be centered in the shallow
er waters of the Gulf of Alaska, cohabiting with juve
nile Pacific ocean perch. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION 

DURING THE YEAR 1971 

Fishery Agency of Japan 
April 1972 

I. SALMON 

Research in offshore waters by Japan for the INPFC 
in 1971 was conducted by research vessels on the same 
scale and on the same 11 motherships as in the past. 
The results of research are summarized in the following 
sections. 

1. SUMMARY OF SALMON RESEARCH ON THE HIGH SEAS 

(1) Research on the Motherships 

In 1971 the mothership salmon fishery operated 
from late May to mid July on the same scale as in the 
past (11 motherships and 369 catcher boats). Thirty 
fish of each species were sampled on each mothership 
from the catch of each fishing day for body length, 
body weight, gonad weight, and sex identification, and 
scale samples were taken. Oceanographic observa
tions (water temperature measurement) were con
ducted up to 200 m depth. The following are the ap
proximate numbers of fish for which age and maturity 
determinations were made : 15,700 sockeye, 1 7,500 
chum, 14,500 pink, 1,000 coho, and 2,700 chinook. 
Mothership fishing areas (where the sampling and 
oceanographic observations were conducted) are 
shown in Figure 1 by 10-day period. 

(2) Research Vessel Operations 

In 1971, salmon research by research vessels began 
in the northwest Pacific in March and continued 
through September in the northwest Pacific, Bering 
Sea, and Okhotsk Sea. In March, two research 
vessels (Hokushin-maru and Oyashio-maru) fished in the 
area from 147°E to 170°E around 44°N (Figure 2) with 
gillnets and with longlines to study salmon distribu
tion. After April, eight research vessels fished with 
gillnets along the same fixed station line as in 1970 in a 
simultaneous distribution study of salmon. This 
research was in the northwestern Pacific Ocean and 
the Okhotsk Sea in addition to the usual distribution 
cruises. The eight research vessels fished at stations 
located at the same intervals of distance along the 
station line in three time-periods, namely, mid April to 
early May, mid June to late June, and late July to early 
August. The purpose of these cruises was to clarify 

the wide range features of salmon distribution. Areas 
covered by the stations in each period are shown in 
Figures 3, 4, and 5. In other periods of the fishing 
season, distribution research was conducted in the 
same manner as in previous years. 

In addition to the research cruises mentioned above, 
the Hokko-maru and the Wakashio-maru fished coopera
tively in May and June in the central North Pacific 
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FIGuRE 1-l. Fishing areas occupied by Japanese motherships in 
late May, 1971. 
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FIGURE 1- 2. Fishing areas occupied by Japanese motherships in 
early June, 1971. 
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FIGURE 1-3. Fishing areas occupied by Japanese motherships in 
midJune, 1971. 

FIGURE 1-4. Fishing areas occupied by Japanese motherships in 
lateJune, 1971. 
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FIGURE 1-5. Fishing areas occupied by Japanese motherships in 
early July, 1971. 
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FIGURE 1--B. Fishing areas occupied by Japanese motherships in 
midJuly, 1971. 

FIGURE 2. Operating stations of the Hokushin-TTUJ.ru and the 
Oyashio-maru in March, 1971. 

FIGURE 3. Operating stations of the gillnet research vessels, mid 
April-early May, 1971. 
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FIGuRE 4. Operating stations of the gillnet research vessels, mid 
June-lateJune, 1971. 

[L 
FIGURE 5. Operating stations of the gillnet research vessels, late 

July-early August, 1971. 

FIGURE 6. Operating stations of the Hokko-maru and the Waka
shio-maru in May and June, 1971. 

with the U.S. research vessel George B. Kelez, con
ducting distribution and tagging studies mainly on 
sockeye salmon. The research stations for these 
cruises are shown in Figure 6. (The tagging experi
ment will be described later.) 

The Wakashio-maru and the Riasu-maru conducted 
distribution and migration studies, principally on 
chum and sockeye salmon, and tagging in June and 
July in the central part of the Bering Sea. This study 
area is shown in Figure 7. 

Further, the Wakashio-maru and the Hokko-maru 
conducted distribution and tagging studies similar to 

SSN 

FIGURE 7. Operating stations of the Wakashio-maru and the 
Riasu-maru in the central Bering Sea in June and July, 1971. 

FIGURE 8. Fishing stations of the Hokko-maru and the Wakashio
maru in August and September, 1971 (written by the wireless 
report). 
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those of previous years mainly on immature salmon in 
the period of August and September principally in the 
Bering Sea. The areas covered are shown in Figure 
8. 

In addition to these cruises, the Oshoro-maru fished 
with gillnets (using a fine-meshed gillnet of21-42 mm) 

FIGURE 9. Fishing stations of the Oslwro-maru and the Oyashio
maru in June-September, 1971 (Okhotsk Sea and Bering Sea). 

FIGURE 10. Operating stations of the longline research vessels, 
mid April-late April, 1971. 

to study distribution in mid June to early July in the 
Bering Sea (Figure 9). 

In the Okhotsk Sea, four research cruises were made 
for distribution studies from June to September. The 
areas of these studies are shown in Figures 4, 5, and 9. 

In addition to the above studies, which were 
operated mainly with gillnets, three research vessels 
conducted a study with longlines along a fixed line 
(same as in 1970) in mid April to late April in the 
northwest Pacific Ocean (Figure 10). 

2. SUMMARY OF RESULTS OBTAINED 

Results obtained through research or analysis of 
data in 1971 are summarized as follows : 

(I) Information Obtained from the Mothership 
Salmon Fishery 

Catch per tan of gillnet in the mothership fishery 
was 3.84 fish; chum salmon had the highest rate, 
I. 71 fish. This value was one of the highest since 
1962. The sockeye value, 0.61 fish, was the lowest 
on record. Reflecting the odd-year cycle, the pink 

TABLE I. Catch-per-tan of salmon in the mothership 
fishery from 1962 through 1971. 

Species 

Year Sockeye Chum Pink Coho Chinook Total 

1962 1.81 1.09 0.19 0.26 0.02 3.37 
1963 1.50 0.98 1.13 0.32 0.01 3.94 
1964 0.94 1.15 0.30 0.47 0.05 2.91 
1965 1.97 0.99 0.72 0.19 0.03 3.90 
1966 1.40 1.65 0.49 0.09 0.04 3.67 
1967 1.54 1.31 1.48 0.04 0.02 4.39 
1968 1.07 1.37 0.65 0.15 0.06 3.30 
1969 0.96 1.24 1.12 0.21 0.09 3.62 
1970 1.15 1.60 0.29 0.03 0,07 3.14 
1971 0.61 1.71 1.40 0.08 0.04 3.84 

TABLE 2. Catch-per-1,000 tans of sockeye salmon in the mothership fishery from 1962 through 1971, by age. 

Age 

Year 1.2(42) 1.3(52) 2.2(58) 2.3(68) 3.2(6,) 3.3(7 ,) Misc. Total 

1962 86 270 540 611 240 23 40 1,810 
1963 234 307 347 428 38 115 26 1,495 
1964 193 287 278 132 25 9 20 944 
1965 112 250 1,255 217 88 20 26 1,968 
1966 47 366 368 498 22 58 36 1,395 
1967 175 168 602 576 49 30 16 1,546 
1968 199 207 317 247 64 20 21 1,075 
1969 218 211 199 232 29 18 48 955 
1970 154 93 741 52 79 9 24 1,152 
1971 86 91 271 112 30 10 8 608 
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TABLE 3. Catch-per-1,000 tans of chum salmon in the mothership fishery from 1962 through 1971, 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 

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 
1969 Ill 623 92 826 952 1,031 38 2,031 
1970 274 942 55 1,271 501 1,480 33 2,014 
1971 2 90 962 165 1,219 299 1,999 139 2,437 

TABLE 4. Numbers of salmon released by Japan from April to September 1971 and recovered1l in 1971. 

Month 
-----·· ---··-- Grand 

Species and area Apr. May June July Aug. Sept. Total Total 

SoCKEYE (c> 
Pacific Ocean west of 180" 67 (0) 60 (2) 36 (I) 89 ·(.t-)• 46 (0) 58 (0) 356 (3) 
Pacific Ocean east of 180" 149 (5) 149 (5) 
Bering Sea west of 180" 2 (0) 100 (0) 102 (0) 
Bering Sea east of 180" 85 (12) 13 (0) 98 (12) - 705 (20) 

CHUM 
Pacific Ocean west of 180" 160 (2) 93 (2) 90 (2) 210 (0) 83 (2) 28 (0) 664 (8) 
Pacific Ocean east of 180" 103 (4) 103 (4) 
Bering Sea west of 180" 162 (I) 105 (0) 267 (I) 
Bering Sea east of 180" 60 (8) 474 (12) 534 (20) 1,568 (33) 

PINK 
Pacific Ocean west of 180° 360 (I) 113 (I) 71 (2) 549 (2) I (0) 1,094 (6) 
Pacific Ocean east of 180" 100 (I) 100 (I) 
Bering Sea west of 180° 2 (0) I (0) 3 (0) 
Bering Sea east of 180° 27 (3) 15 (0) 42 (3) 1,239 (10) 

CoHo 
Pacific Ocean weat of 180° 118 (0) 2 (0) 5 (0) 125 (0) 
Pacific Ocean east of 180° 
Bering Sea west of 180" 
Bering Sea east of 180" 125 (0) 

CmNooK 
Pacific Ocean west of 180" 7 (0) 2 (0) 9( 0) 
Pacific Ocean east of 180° 
Bering Sea west of 180° 2 (0) 3 (0) 5 (0) 
Bering Sea east of 180° 3 (0) 18 (0) 21 (0) 35 (0) 

TOTAL 
Pacific Ocean west of 180" 587 (3) 266 (5) 197 (5) 973 (2) 131 (2) 94 (0) 2,248 (17) 
Pacific Ocean east of 180° 352 (10) 352 (10) 
Bering Sea west of 180° 168 (I) 209 (0) 377 (I) 
Bering Sea east of 180° 175 (23) 520 (12) 695 (35) 3,672 (63) 

GRAND ToTAL 587 (3) 618 (15) 372 (28) 1,661 (15) 340 (2) 94 (0) 3,672 (63) 

•> Numbers recovered are shown in parentheses. 
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salmon rate was rather high, 1.40 fish (Table l ). 
The number of sockeye per 1,000 tans of gillnet in 

the mothership fishery are shown by age in Table 2 ; 
age 2.2 (58 ) fish occupy the largest part. The 
numbers of chum salmon per l ,000 tans of gillnet in the 
mothership fishery are shown by age in Table 3 ; 
age 4 (0.3) fish are found in an overwhelming majority 
both in the Pacific and Bering Sea. 

(2) Summary of Results Concerning Tagging 
Releases, 1971 

In the period of April to September in 1971, a total 
of 3,672 tagged salmon were released from the various 
positions shown in Figure 11. Sixty-three fish had 
been recovered from these releases by the end of 1971. 
Twelve fish from 1970 releases and one fish from 
1969 releases also were recovered in this year. The 
number of releases and the number of recoveries are 
shown in Table 4 by species, by area, and by month. 
These returns have not changed appreciably the pre
sent information on salmon movement. However, 
one chum salmon tagged at 63°04'N, l77°50'W on 
July 22, 1971, was recovered at Rausu, Hokkaido, on 
November 6, 1971. This recovery expanded to the 
northeast the migration range of chum salmon 
originating in Hokkaido. 

(3) Studies on Activable Tracers for Salmon 

The use of rare elements is being studied as a means 
of chemically tagging salmon fry moving downstream. 
Considering the purpose of this study, it was necessary 
to select an element which is very rare naturally and 
is detectable even in minute quantities. Europium 
(Eu) is very rare naturally, and it can be radio
activated easily by neutron radiation in Atomic Pile. 
Radio-activated Europium has very high detection 
sensitivity, and its chemical poisonous characteristics 
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FIGURE 11. Release stations of japanese salmon tagging in 1971. 

are very low. 
Europium was given with food to larval chum and 

masu salmon (3-4 em in total length) being reared in a 
water tank, and the attitude of Europium in fish body 
has been analyzed. 

Results show that Eu was detected for two to three 
months in the bodies of salmon fry which had been 
given food with 100 ppm Eu for about 20 days. 
From these results, it appears that this chemical tag 
could be used for salmon at least in the period of their 
coastal life. 

II. OCEANOGRAPHY 

Oceanographic conditions in su~mer 1971 were 
examined using water temperature data observed by 
salmon research vessels and motherships (Figures 
12-15 ). The following summarizes results by water 
masses. 

(l) Western Subarctic Water 

Western Subarctic Water in the northwest Pacific 
between the Kamchatka Peninsula and the Kuril 
Islands is characterized by a zone of water with tem
peratures less than 3°C at 100 m depth. 

April. Western Subarctic WatFr extended north
eastward from south of Hokkaido, around 40°N, 
142°E, and the eastern tip seemed to reach southwest 
of Attu Island, around 172°E. 

May. The general pattern of 3°C isotherm was 
similar to that in April, and the location of the eastern 
tip of Western Subarctic Water also was identical to 
that recorded in April. The eastern tip of Western 
Subarctic Water in 1971 was located a little more 
westerly than in 1970 (175°E). 

June. The general pattern of Western Subarctic 

FIGURE 12. Temperature (°C) at 100-m depth in April, 1971. 
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Figure 13, Temperature (°C) at 100-m depth in May, 1971. 

FIGURE 14. Temperature (°C) at 100-m depth inJune, 1971. 

FIGURE. 15. Temperature ("C) at 100-m depth in July, 1971. 

Water in the area west of 16S 0 E was similar to that 
recorded in April and May, but a little different to 
that recorded in the area east of 16S0 E, The eastern 
tip of Western Subarctic Water along the lineof47°N 
was shifted a little to the east from 168°E in May to 
l73°E. Reviewing the eastward intrusion of Western 
Subarctic Water in June for the period 1967-71, it 
was considered to have been weak in 1971, as in 1970. 

July. Compared with the period April to June, 
Western Subarctic Water in July was characterized 
by distinctive meandering aspects in the area of 
ISS0 E- 162°E, The distinctive intrusion to the south
east direction formed in the area north of sooN in 
June disappeared in July, and the eastern tip of 
Western Subarctic Water north of S0°N was located 
more easterly (17l 0 E) in 1971 compared with 1970 
(164°30'E). 

(2) Alaskan Stream 

The Alaskan Stream flowing westward south of the 
Aleutian Islands around S0°N has been clarified in 
previous reports as the water mass characterized by 
water temperature above 4°0 at 100 m depth. 

April. It is considered that the western boundary of 
the Alaskan Stream along S0°N was around 180°. 

May. The western boundary of the Alaskan Stream 
determined by the 4°0 isotherm was around 176°E. 

June. The western boundary of the Alaskan 
Stream was located around I 70°E, about the same 
location as that recorded in May. The distribution of 
the Alaskan Stream in 1971 was similar to that in 
1968, and it was concluded that the western intrusion 
of the Alaskan Stream was stronger this year in com
parison to 1970. 

July. Since the appearance of the 4°0 isotherm 
around sooN was complicated, it was rather difficult 
to determine the precise location of the western 
boundary of the Alaskan Stream, but it was estimated 
to be around 176°-l77°E. 

A feature of the Alaskan Stream in the summer of 
1971 was the observation that its western tip occupied 
almost the same position from May to July. 

(3) Subarctic Boundary 

The Subarctic Boundary is characterized by a water 
mass in which the north-south temperature gradient is 
high (in the area of 6°0 or over) at 100m depth. 

April. East of Honshu Island, the Subarctic 
Boundary was located around 14S 0 E and 40°N, and in 
the area east of IS0°E the Subarctic Boundary mean
dered eastward between 41 °N and 42°N. The 
temperature gradient was steepest around 14S0 E and 
168°E, and was gentle in the area east of I 70°E. 

May. The Subarctic Boundary definition was 
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obscure because of the lack of water temperature data 
in the area of 6°C or above. 

June. The gradient of north-south water tempera
ture in the area of 6°C or above was steepest around 
41 °N, 150°E. The gradient also was steep around 
171 °E in the area east of 150°E, and located between 
45°N and 46°N. 

The Subarctic Boundary seemed to be located in the 
area of 41 °N-42°N in the area west of 1 70°E, and 
around 45°N in the area east of 170°E. The latitudin
al distribution of the Subarctic Boundary was similar 
to 1970 in the area west of 170°E, but was located 
higher in latitude in the area east of 1 70°E in com
parison with 1970. 

July. The north-south gradient of water tempera
ture was steepest around 160°E, and the Subarctic 
Boundary in that area was characterized by distinctive 
meandering. In the area 160°-lS4°E, the Subarctic 
Boundary was formed around 42°-43°N, which was 
1°-2° more northerly in latitude compared with the 
observations made in June. 

(4) Oceanographic Conditions in the Vicinity of 
the Southern Kuril Islands 

Cold water below 1 oc was observed again during 
June 1971 in the vicinity of the southern Kuril Islands 
(no data were available in April and May). The extent 
of this area was the smallest since 1967, and it is con
sidered therefore that the extrusion of the water mass 
from the Okhotsk Sea to the Pacific side in the southern 
Kuril Islands area was rather weak in 1971. 

Reviewing the conditions for each area mentioned 
above, the important features of the oceanographic 
conditions in the northwestern Pacific in the summer 
of 1971 are summarized as follows : 

(1) Western Subarctic Water: Slower intrusion to 
the east. 

(2) Subarctic Boundary: No particular changes 
have occurred. 

(3) Water mass from the Okhotsk Sea in southern 
Kuril Islands area : Small extent of extrusion 
toward the Pacific side. 

The oceanographic conditions in the area west of 
1 70°W in May 1971, compared with those recorded in 
previous years, demonstrated that the water tempera
ture in areas from the central Bering Sea to around the 
Komandorski Islands, and further to the Kamchatka 
Peninsula and north of these areas, was lower than 
usual. It was considered to be a normal year to the 
south of the above-mentioned areas (excluding the 
Okhotsk Sea). 

Generally, the water temperature was lower than 
the previous year in the area north of sooN through 
the fishing season this year, and it was in the last half 

of mid July that the water temperature of the whole 
fishing area rose above S°C. Such late rising of water 
temperature has never been experienced in the last 
ten years. 

III. GROUNDFISH RESEARCH IN 
THE BERING SEA 

1. STUDY OF CoMMERCIAL FISHERIES AND RESEARCH 

ABoARD CoMMERCIAL VESSELS 

A. Outline of the Commercial Fisheries 

Japanese groundfish fisheries in the Bering Sea in 
1971 consisted of four fisheries: Mothership-type 
Groundfish Fishery, North Pacific Trawl Fishery, 
North Pacific Longline-Gillnet Fishery, and Land
based Dragnet Fishery. In the mothership-type 
fishery, there were 12 mothership fleets with 206 
licensed catcher boats. All the motherships were 
equipped with freezing facilities and six had fishmeal 
and minced-meat plants. The numbers of catcher 
boats by type of fishing were : 62 pair trawlers, 39 
Danish seiners, 23 trawlers, 3 longline-gillnetters, and 
79 Danish seine-longline-gillnetters. Forty-two trawl
ers were licensed for the North Pacific Trawl Fishery 
and 22 vessels were licensed for the North Pacific 
Longline-Gillnet Fishery; these vessels operated in 
the North Pacific including the Bering Sea. There 
were 182 landbased trawlers licensed and these were 
operated in the Bering Sea west of 1 70°W and in the 
Okhotsk Sea. 

Halibut fishing regulations formulated in November 
1970 by the INPFC were applied to all these fisheries. 

B. Outline of Commercial Catch 

The preliminary catch in 1971 (up to the end of 
July) by the Mothership-type, North Pacific Trawl, 
and North Pacific Longline-Gillnet Fisheries in the 
Bering Sea is shown by species in Table S. The total 
catch by these fisheries amounted to approximately 
1,178,000 m.t., an increase of about 190,000 m.t. over 
the same period in 1970. Pollock occupied about 
86% of the total, or 1,010,000 m.t., and dominated 
the catch. Yellowfin sole (54,000 m.t.), Pacific cod 
(22,000 m.t.), and herring (13,000 m.t.) followed 
pollock. Pacific ocean perch (7,000 m.t.), blackcod 
(4,000 m.t.), and shrimps (mainly Pandalus goniurus, 
3,000 m.t.) were major species in that order. Large 
increments occurred in catches of pollock (117,000 
m.t. more), yellowfin sole (9,000 m.t. more) and rock 
sole (8,000 m.t. more), etc., and large decreases were 
seen in catches of Pacific cod (24,000 m.t.less), shrimps 
(3,000 m.t.less), and Pacific ocean perch and blackcod 
(2,000 m.t. less each), etc. The catch of halibut 
( 1,617 m. t.) was about 8.S times that in the same 
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period in 1970. 
Catch statistics for the landbased dragnet fishery in 

the Bering Sea in 1971 are not available at the present 
time. 

TABLE 5. Preliminary data on the Japanese catch in the 
Bering Sea during january-July 1971 by the Mothership 
Fishery, North Pacific Trawl Fishery, and North Pacific 
Longline-Gillnet Fishery (not including the Landbased 
Dragnet Fishery). 

Catch Composition 
Species (m.t.) (%) 

Y ellowfin sole 54,253 4.6 
Rock sole 16,086 1.4 
Halibut 1,617 0.1 
Pacific cod 22,249 1.9 
Pollock 1,009,733 85.7 
Blackcod 3,828 0.3 
Pacific ocean perch 6,897 0.6 
Herring 13,377 1.1 
Other fishes 47,866 4.1 
Shrimps 2,576 0.2 
Squids and Octopus 3 0.0 

Total 1,178,485 100.0 

6111 
• • 

C. Research Aboard Commercial Vessels 

Biological studies of the catch were conducted 
aboard all the motherships of the Mothership-type 
Groundfish Fishery and almost all the trawlers of the 
North Pacific Trawl Fishery operated in the Bering 
Sea in 1971. Measurements of body length by sex of 
samples from the catch, and collection of materials for 
age determination and frozen samples for major 
species were included in the studies. 

2. RESEARCH BY RESEARCH VESSEL 

A. Outline of Research Activities 

Groundfish research by research vessel in the 
Bering Sea in 1971 was conducted by the chartered 
trawler Tanshu-maru (292 g.t., 800 h.p.). The prin
cipal research area was the eastern part of the 
Bering Sea and the period was from May 31 to June 30. 
The following were the major investigations : (1) 
trawling at fixed stations on the eastern Bering Sea 
flats, (2) tagging, and (3) other investigations. 
Results are summarized as follows by investigation. 

B. Trawling Investigation at Fixed Stations on the 
Eastern Bering Sea Flats 

6011 
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FIGURE 16. Stations of the grid-fishing survey conducted in 1971 on the eastern Bering Sea flats by a japanese research 

vessel. (Trawl operations were not carried out at three stations marked by 'x' in the figure.) 
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TABLE 6. Catch record of the grid-fishing survey con-
ducted by a Japanese research vessel on the eastern 
Bering Sea flats in 1971. 

Catch Composition 
Species (kg) (%) 

Y ellowfin sole 11,052.5 13.96 
Arrowtooth flounder 283.0 0.36 
Rock sole 4,527.1 5.72 
Flathead sole 1,509.2 1.91 
Alaska plaice 2,086.9 2.64 
Pacific halibut 751.7 0.95 
Greenland halibut 144.6 0.18 
Other flounders 14.7 O.Q2 
Pacific cod 2,515.9 3.18 
Pollock 45,083.1 56.94 
Arctic cod 85.0 0.11 
Blackcod 5,234.8 6.61 
Pacific ocean perch 12.2 0.02 
Herring 1,738.5 2.20 
Smelts 192.5 0.24 
Sculpins 2,532 .5 3.20 
Poachers 96.4 0.12 
Eel pouts 767.6 0.97 
Snailfi.shes 37.7 0.05 
Skates 217.0 0.27 
Other fishes 38.8 0.05 
(Total catch of fish) (78,921.7) (99.67) 
Octopus and Squids 22.1 0.03 
Shrimps 237.3 0.30 

Total weight of catch 79,18I.I 100.00 

TABLE 7. Length frequency distribution (sexes combined) 
of halibut caught in the grid-fishing survey conducted 
by a Japanese research vessel on the eastern Bering Sea 
flats in 1971. 

---
Fork-length Fork-length 

(em) Number (em) Number 

16- 20 2 86- 90 
- 25 32 - 95 2 
- 30 24 -100 
- 35 96 -105 2 
- 40 152 -110 
- 45 205 -115 
-50 101 -120 
-55 25 -125 
- 60 14 -130 
- 65 9 -135 
- 70 10 -140 
- 75 7 -145 
- 80 4 

Total 691 
- 85 

This investigation was conducted as the continuation 
of a study which has been done since 1966 by the 
Japanese groundfish research vessel. A total of 155 
fixed stations were selected for this trawl investigation 
in 1971. The fixed stations are shown in Figure 16. 
The gear employed was identical to that which has 
been used since 1966, the details and characteristics of 
which have been described in a previous report. A 
30-minute linear trawl haul was made at each station. 

The species composition of the catch was examined 
at each trawl, then body length compositions of major 
species such as yellowfin sole, rock sole, flathead sole, 
Alaska plaice, longhead dab (Limanda proboscidea), 
halibut, pollock, and Pacific cod were measured. All 
the halibut caught were frozen as samples and taken 
back to the laboratory for examination of stomach 
contents and collection of age characteristics. A 
20 kg frozen sample of flatfishes other than halibut and 
pollock was prepared at approximately every other 
station for detailed study in the laboratory. 

Vertical distribution of water temperature was 
observed at each station by BT casting. Also, a 
vertical larval net was used on each day during this 
investigation to sample fish eggs and larvae from a 
depth of 50 m to the surface. Beam trawling was 
conducted at the four fixed stations and three other 
stations shown in Figure 16 and benthos samples were 
collected experimentally. 

Catch by species and the percentage composition in 
this fixed station investigation are shown in Table 6. 
Pollock was the most abundant species, being about 
57% of the total catch. Y ellowfin sole followed at 
14%. The catch of halibut was 752 kg, or about I % · 
The total number of halibut caught was 691 ; catch by 
station is shown in Figure I 7. As can be seen, halibut 
were concentrated southeast of the Pribilof Islands. 

The size composition of all halibut caught is shown 
in Table 7 and Figure 18. Of the halibut caught, 
96% were less than 65 em in fork length, and it has 
been shown that the concentration in this area in this 
season were almost all juvenile fish. 

C. Tagging 

a. Pollock. Two hundred and fifty pollock caught 
by handline and about 3, 700 caught by trawl net 
were tagged with Peterson-type disc tags and released 
at the two locations shown in Figure 16. No species 
composition or size composition were taken in these 
investigations. 

b. Yellowfin sole. Yellowfine sole were tagged at 
4 7 stations in the course of the fixed-station trawling 
on the r:astern Bering Sea flats. About 3,800 large 
(greater than 30 em in fork length) yellowfin sole were 
selected for tagging and release with Peterson-type disc 
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tags. Weights of released yellowfin sole were esti
mated from length class-body weight tables, and were 
added to the catch weight by species. 

3. REcovERIES OF TAGGED HALmUT 

Thirty-four tagged halibut were recovered by 
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Japanese fishing vessels in 1971. Thirty-two of these 
recoveries were from IPHC releases and two were from 
Japanese releases. Release and recovery positions are 
available for 26 of the recovered halibut, and are 
shown in Figure 19. 
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FIGURE 17. Number of halibut caught in the grid-fishing survey conducted in 1971 on the eastern Bering Sea flats by a 
Japanese research vessel. (Trawl operations were not carried out at three stations marked by' x' in the figure.) 
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FIGuRE 18. Length frequency distribution (sexes combined) of 
the halibut caught in the grid-fishing survey conducted in 1971 
on the eastern Bering Sea flats by a Japanese research vessel. 

FIGURE 19. Location of recovery of tagged halibut recaptured in 
1971 by the Japanese commercial fisheries, and release positions 
of those fishes. 
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IV. GROUNDFISH RESEARCH IN THE 
NORTH PACIFIC OCEAN 

1. STUDY OF CoMMERCIAL FisHERIES AND RESEARCH 
ABOARD COMMERCIAL VESSELS 

A. Outline of the Commercial Fisheries 

Japanese groundfish fisheries in the northeastem 
Pacific in 1971 consisted of two fisheries, the North 
Pacific Trawl Fishery and the North Pacific Longline
Gillnet Fishery. Forty-two trawlers were licensed for 
the North Pacific Trawl Fishery and 22 vessels for the 
North Pacific Longline-Gillnet Fishery. Some uf 
these vessels also operated in the Bering Sea. All 
Japanese vessels were prohibited from catching 
halibut in the northeastem Pacific Ocean east of 
175°W by the provision of the International Conven
tion for the High Seas Fisheries of the North Pacific 
Ocean. 

B. Outline of Commercial Catch 

The preliminary catch in 1971 up to the end of July 
by the Japanese groundfish fisheries in the north
eastem Pacific Ocean is shown in Table 8. The total 
catch amounted to 59,000 m.t., or about 6,000 m.t. 
more than in the same period in 1970. By species, 
Pacific ocean perch were predominant (26,000 m.t. or 
about 44% of the total), followed by blackcod (15,000 
m.t. or 25%) and pollock (14,000 m.t. or 23%). 
These three species occupied about 92% of the total, 
and the other species were not abundant. Compared 
with values for the same period in 1970, an 8,000 m.t. 
increase in pollock, a 2,000 m.t. increase in Pacific 
ocean perch, and a I ,500 m. t. decrease in blackcod are 
noted. 

C. Research Aboard Commercial Vessels 

In the groundfish fisheries operating in the north
eastem Pacific Ocean in 1971, the size composition of 
catches was measured and frozen samples and age 
characteristics collected for major species aboard most 
of the trawlers in the North Pacific Trawl Fishery; 
size composition and frozen samples of blackcod were 
taken in the North Pacific Longline-Gillnet Fishery. 

2. RESEARCH BY RESEARCH VESSEL 

A. Outline of Research Activities 

Groundfish research in 1971 by a research vessel was 
conducted in the northeastem Pacific by the same 
chartered vessel (Tanshu-maru, 292 g.t., 800 h.p.) as 
used in the Bering Sea. The principal research area 
was the westem part of the Gulf of Alask~, and the 
following investigations were completed in the period 
from May 12 to May 29: (1) school structure in-

TABLE 8. Preliminary data on the Japanese catch in the 
northeastern Pacific during January-July 1971 by the 
North Pacific Trawl Fishery and the North Pacific 
Longline-Gillnet Fishery. 

Catch Composition 
Species (m.t.) (%) 

Y ellowfin sole 275 0.5 
Rock sole 3 0.0 
Other flounders 1,611 2.7 
Pacific cod 849 1.4 
Pollock 13,697 23.1 
Blackcod 14,989 25.3 
Pacific ocean perch 25,992 43.8 
Other rockfishes 500 0.8 
Other fishes 1,426 2.4 

Total 59,342 100.0 

TABLE 9. Catch record of trawl operations during a Pa
cific ocean perch survey in the northeastern Pacific by 
a Japanese research vessel in 1971. 

Catch Composition 
Species (kg) (%) 

Arrowtooth flounder 220.6 0.36 
Rock sole 6.5 0.01 
Flathead sole 11.7 0.02 
Pacific halibut 566.2 0.92 
Other flounders 495.5 0.81 
Pacific cod 1,153.1 1.88 
Pollock 12,268.9 19.96 
Blackcod 274.3 0.45 
Pacific ocean perch 42,019.0 68.37 
Rockfishes 3,896.1 6.34 
Spinycheek rockfish 65.3 0.11 
Sculpins 195.7 0.32 
Eelpouts 0.1 0.00 
Other fishes 270.7 0.44 
(Total catch of fish) (61,443.7) (99.98) 
Octopus and squids 14.0 0.02 

Total weight of catch 61,457.7 100.00 

vestigation for Pacific ocean perch (trawl), (2) tagging 
of blackcod, and (3) other investigations. The results 
of these investigations are summarized in the following 
sections. 

B. School Structure Investigation for Pacific 
Ocean Perch 

In the period from May 12 to May 29 trawl fishing 
for school structure investigation of Pacific ocean 
perch using a four-seam trawl net was conducted in 
the area from off Shumagin Islands to off Montague 
Island (mainly off Montague Island) for ten days. 
Trawling positions are shown in Figure 20. 

Using fish finding equipment, uni-modal reflections 
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FIGURE 20. Stations of the trawl operations for a Pacific ocean perch survey and a blackcod 
survey conducted in 1971 in the northeastern Pacific by a Japanese research vessd. 

were detected and fished by the trawl net in a short 
duration of time in order to catch a single school of 
fish, and various characteristics of the fish school were 
studied. Species composition of the catch was ex
amined at each trawl, and is shown in Table 9. For 
Pacific ocean perch the size composition of 300 
specimens were measured by sex, and size data and 
scales were sampled from 150 specimens for each sex. 
Then two to three cases (40-60 kg) of frozen sample 
were taken from each trawling. 

Size composition of pollock and blackcod were 
examined and a part of the sample was frozen for 
laboratory tests. 

The incidental catch of halibut by the 58 trawls 
(total catch 61,457.7 kg) was 168 fish (566.2 kg). 
The incidence rate in weight was 0.92%. The in
cidence of halibut in the 12 trawls in which the main 
catch was pollock (total catch 12,677.5 kg) was 159 
fish (531.7 kg) or 4.19%, and in the 26 trawls in which 
the main catch was Pacific ocean perch (total catch 
48,780.2 kg) was nine fish (34.5 kg) or 0.07%. 

C. Blackcod Tagging 

In the period from May 16 to May 18 tagging ex
periments were conducted in the areas off Kodiak 
Island and off Montague Island for three days. 
Trawling gear used was the same four-seam trawl net 
as used for Pacific ocean perch. Trawling positions 
are shown in Figure 20. 

The catch weight composition was recorded in each 
trawling and is shown in Table 10. About 1,100 
blackcod which had no outside injuries and were in 

TABLE 10. Catch record of trawl operations during a 
blackcod survey in the northeastern Pacific by a Japa
nese research vessel in 1971. 

Catch Composition 
Species (kg) (% ) 

Arrowtooth flounder 160.8 0.82 
Greenland halibut 4.5 0.02 
Dover sole 1,267.5 6.47 
Pollock 1.6 0.01 
Blackcod 10,366.6 52.92 
Rockfishes 2.5 0.01 
Spinycheek rockfish 304.7 1.56 
Snailfishes 1.2 0.01 
Skates 20.8 0.11 
Rattails 7,453.6 38.05 
(Total catch offish) (19,583.8) (99.98) 
Octopus and squids 3.7 0.02 

Total weight of catch 19,587.5 100.00 

good condition were tagged with Peterson-type disc 
tags and released. Body weights of the released 
blackcod were estimated from size class-body weight 
tables. Other blackcod caught were measured for 
length by sex and age characteristics were collected. 
Part of the catch was sampled for frozen sample. No 
halibut incidence occurred in this operation. 

D . Other Operations 

In the period from May 12 to May 29 a high speed 
larvae collecting device was employed for the purpose 
of sampling larval fish of genus Sebastes for two days in 
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the area of the Alaskan Stream. The sampling 
device was towed transversely across the axis of the 
Alaskan Stream in the right angle four times at each 
20 m and 50 m below the surface, and in parallel 

along the axis two times at 10 m below the surface. 
However, no larval fish which were concluded to be 
genus Sebastes were found. The towing period in this 
operation was three hours. 



66 

C. INVESTIGATIONS BY THE UNITED STATES FOR THE 
INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION-1971 

U.S. National Marine Fisheries Service 
Northwest Fisheries Center 
Seattle, Washington 98112 

June 1972 

CONTENTS 

Page 
Tagging and sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Ocean distribution, abundance, and migration of salmon ... 76 
Oceanography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Inheritance of biochemical variants in three species of Pacific 

salmon and rainbow trout .. . .. .. .. .. . . .. . . . . . .. . .. .. .. . . .. . .. .. .. 97 
Pituitary gonadotropic activity and ovarian antigens for 

predicting age at maturity of high seas sockeye salmon .. . 101 
Viability of adult sockeye salmon that disentangle from gill-

nets ....... ........... ... .......... . .... .............. .. ........ .... ..... 107 
Scale studies to determine area of origin of immature sockeye 

salmon .. .. ........... .. ...... .. .. ..... .......... .. .. . ...... .. .. .. ..... 109 
Statistics of japanese mothership fishery ..... .. .................. 120 
United States king and tanner crab fishery in the eastern 

Bering Sea ................. .. ... .. .... .. . .. ............ .... .. .. ...... .. 122 

INTRODUCTION 

Research by the United States for the INPFC 
(International North Pacific Fisheries Commission) 
in 1971 centered on studies of salmon in the eastern 
Bering Sea and North Pacific Ocean, study of oceano
graphy of the Bering Sea and the central and eastern 
North Pacific Ocean, and review of catch-effort 
statistics of the U .S. fishery for king and tanner crabs 
in the eastern Bering Sea. Major emphasis with 
regard to salmon was on investigation of the dis
tribution, relative abundance, and migration of salmon 
on the high seas. Salmon research also included in
quiries on: inheritance of biochemical variants in 
salmon (and trout), biochemical studies to determine 
age at maturity of high seas sockeye salmon, viability 
of adult sockeye salmon that became disentangled 
from gillnets, scale studies to determine area of origin 
of immature sockeye salmon taken on the high seas, 
and catch-effort statistics of the Japanese mothership 
fishery. 

TAGGING AND SAMPLING 

by Allan C. Hartt and Michael B. Dell* 

Tagging and sampling studies were conducted by 
the Fisheries Research Institute (FRI), University of 

Washington, Seattle. Our main objective this year 
was to improve our methods of estimating the abun
dance of salmon in the open sea. Purse seine gear was 
used to determine the abundance of immature sockeye 
salmon in the area of the central Aleutian Islands as in 
past years for forecasting the run to western Alaska in 
1972. An experimental sonar device, designed for 
counting salmon 24 hours a day, was built and tested 
in the laboratory and in the field. Secondary 
objectives were to : (1) gain additional information on 
migration and distribution of all species of salmon in 
the central Aleutian area and (2) study the oceanic 
migrations of juvenile salmon in the eastern Bering 
Sea and in the Gulf of Alaska by recovering tags 
placed on juvenile salmon in 1968 and earlier. Work 
was also continued on a systems study of the salmon 
fisheries of the North Pacific Ocean. 

ABuNDANCE EsTIMATES 

Each year since 1959, FRI has studied the abun
dance, timing, and age composition of all species of 
salmon in the central Aleutian Island area and has 
forecast the sockeye salmon run to western Alaska, 
based upon the apparent abundance and age com
position of immature sockeye salmon in purse seine 
catches south of Adak Island. Our activities with 
respect to abundance estimates and forecasting in 1971 
involved : (1) issuing our published forecast of the 
1971 Bristol Bay sockeye run based upon our sampling 
in 1970, (2) forecasting the 1972 run based upon our 
1971 sampling at Adak, (3) studying the abundance 
and distribution of species other than sockeye south 
of Adak Island, and ( 4) developing improved methods 
of estimating abundance. 

Forecast of 1971 Bristol Bay Sockeye Salmon Run 

We forecast an inshore run to Bristol Bay in 1971 of 
18.1 million sockeye salmon with an approximate 80% 
confidence interval of 14.6 to 21.6 million salmon 
(Rogers, 1971). The published forecast was dis-

* Fisheries Research Institute, University of Washington, 
Seattle. 
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tributed on March 12, 1971. The actual inshore run 
was about 15.2 million sockeye salmon, a figure which 
is within the confidence limits of the forecast. The 
ocean composition of the 1971 run should also be men
tioned since our error in forecasting age composition in 
1971 was far greater than in any previous year. We 
forecast 58% age .2, whereas the inshore run con
sisted of about 40% age .2 (data from Alaska Dept. of 
Fish and Game [ ADF &G] ). Further analysis of 
ocean and freshwater age composition in the 1971 run 
will be made in our published forecast for 1972. 

Forecast of 1972 Bristol Bay Sockeye Salmon Run 

From July 3 through August 9, 1971, the purse 

seine vessel Commander fished a replicated series of 
five stations, spaced at 1 0-mile intervals between 5 and 
SO miles south of Adak Island following the same 
station pattern as in recent years. Sockeye catches 
by ocean age are shown in Table 1. The average 
catch of age .1 fish was 14.2 fish/set ; the average catch 
of immature age .2 fish was 4. 7 fish/set. The age .2 
fish were apparently more abundant at the offshore 
stations, but the age .1 fish showed a more uniform 
distribution. 

The relatively low catches of both age groups con
firm that an off-cycle year may be expected in 1972. 
A detailed forecast is being prepared for issuance in 
March 1972. 

TABLE l. Total and (in parentheses) average catch per purse seine set of sockeye salmon at five stations south of Adak 
Island in 1971 (July 3-Aug. 9). 

Catch of sockeye by ocean age 

Distance Number Immature Mature 
Station offshore of Total 
number (naut. miles) sets .I .2 and .3 .2 and .3 catch 

5 7 72 9 81 
(10.3) (1.3) ( 11.6) 

2 15 II 224 32 II 2671 

(20.4) (2.9) (1.0) (24.3) 
3 25 13 94 66 10 170 

(7.2) (5.1) (0.8) (13.1) 
4 35 10 176 69 3 248 

(17.6) (6.9) (0.3) (24.8) 
5 45 10 !57 73 7 237 

(15.7) (7.3) (0.7) (23. 7) 

Total 51 723 249 31 1,003 
Average• 14.2 4.7 0.6 19.5 

1 All sets except one had the seine opening to the ea~t (one set at station 2 was open to the west). 
2 Average of the five station averages. 

TABLE 2. Total and (in parentheses) average catch per purse seine set of salmon at five stations south of Adak Island 
in 1971 (July 3-Aug. 9). 

Distance Number Catch by species 
Station offshore of Total 

no. (naut. miles) sets Sockeye Chum Pink Coho Chinook catch 

5 7 81 1,677 18 0 I 1,777 
(11.6) (239.6) (2.6) 0 (0.1) (253.9) 

2 15 !Jl 267 646 8 4 I 9261 

(24.3) (58.7) (0.7) (0.4) (0.1) (84.2) 
3 25 13 170 499 4 15 12 700 

(13.1) (38.4) (0.3) (1.2) (0.9) (53.8) 
4 35 10 248 353 3 13 5 622 

(24.8) (35.3) (0.3) (1.3) (0.5) (62.2) 
5 45 10 237 147 2 27 I 414 

(23.7) (14.7) (0.2) (2.7) (0.1) (41.4) 

Total 51 1,003 3,322 35 59 20 4,439 
Mean• 19.5 77.3 0.8 1.1 0.3 99.1 

1 All sets except one had the seine opening to the east (one set at station 2 was open to the west) . 
2 Average of the five station averages. 
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Catches of Species Other Than Sockeye Salmon 
in 1971 

Table 2 lists the total catch of salmon of all species by 
station. Chum salmon (mainly immature) were 
predominant and were clearly more abundant at the 
inshore stations, which is typical for this species. 
Studies are continuing on the abundance, age com
position, length, offshore stratification, and seasonal 
timing of the chum salmon stocks migrating south of 
the central Aleutian Islands. 

Although few pink salmon were caught, they ap
peared to be more abundant at inshore stations. In 
contrast, coho salmon were apparently more abundant 
at offshore stations. 

Improving the Estimates of Salmon Abundance 

We continued our efforts, begun in 1970, to increase 
the accuracy of our estimates of the abundance and 
distribution of salmon at sea without increasing the 
costs. Tests to date of a free-floating sonar unit with 
data being transmitted to the vessel by radio appear 
promising (Fig. l ). The sonar instruments are 
expected to have application in a number of fish 
enumeration problems. We intend to apply them 
first as a supplement to our purse seine sampling 
south of Adak Island where the data should improve 
our forecast of the Bristol Bay sockeye run. 

Progress on sonar enumeration work since our last 
report may be summarized as follows : (1) Further 
studies were made of the theory and feasibility of 
acoustic enumeration of salmon. Reports on the 
subject were written by G. E. Lord (1971, in press). 
(2) During the summer of 1971 when weather was 
unsuitable for purse seining at Adak Island, we tested 
drift rate, recoverability, and radio range of suspended 
free-floating devices designed to simulate the sonar 
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FIGURE I. Diagram offree-floating sonar unit for counting fish at 
sea. 

units to be deployed in 1972. Neither drift rate nor 
recoverability appeared to present problems and the 
range of the radio beacons was at least 25 miles. 
(3) The APL (Applied Physics Laboratory, Uni
versity of Washington) built and tested in the Seattle 
area a complete prototype acoustic unit including 
transducer, buoy, transmitting and receiving units, 
and associated tape recorder. (4) Field tests under 
open sea conditions were conducted by APL and FRI 
in early January 1972 in the Strait of Juan de Fuca 
near Neah Bay. A salmon was towed through the 
area of count as a means of calibration. (5) The 
tests showed some inconsistencies in the transmission of 
count data, but the problem has been corrected and 
further tests are planned for the spring of 1972. 
(6) The APL is constructing three additional units so 
that tests with multiple input can be performed at 
Adak in the summer of 1972. The purse seine 
catches will be used for calibration. (7) In addition 
to enumerating salmon, the sonar instruments are 
expected to provide valuable data on the depth dis
tribution, dispersion, schooling, and diurnal changes 
in behavior of salmon which should aid in evaluating 
catches by conventional types of fishing gear. 

Review of Data on Abundance and Distribution of 
Sockeye and Chum Salmon South of Adak Island 

From 1968 through 1971 the studies of distribution 
and abundance south of Adak Island for forecast 
purposes were conducted at five stations spaced at 
10-mile intervals between 5 and 50 miles offshore 
during July 1-August l 0. With a view toward 
optimizing the deployment of acoustic instruments 
for monitoring salmon abundance, we have examined 

175"W 170"W 165"W 160"W 155 

FIGURE :l. Average catch per purse seine set of sockeye and chum 
salmon at five stations south of Adak Island, July 3-August 9, 
1971. 
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TABLE 3. A comparison of sockeye salmon catches at" inshore" and" offshore" stations south of Adak Island, 1968--
71. 

Average catch per seine set by ocean age group 

1968 1969 1970 1971 
Distance 

Stations offshore .1 .2 .1 .2 .I .2 .1 .2 

1+2 5-20mi. 85 7 219 10 16 6 16 2 

4+5 35-50 mi. 81 12 90 12 49 31 17 7 

TABLE 4. Comparison of sockeye and chum salmon catches at "inshore" and "offshore" stations south of Adak 
Island, 1968--71. 

Average catch per seine set by species 

1968 1969 1970 1971 
Distance 

Stations offshore Sockeye Chum Sockeye Chum Sockeye Chum Sockeye Chum 

1+2 5-20mi. 92 60 

4+ 5 35-50 mi. 93 9 

the purse seine catches at the five stations with respect 
to the seasonal and annual variation in distribution 
and abundance of salmon by species and age groups. 

The average catch per seine set of immature sockeye 
salmon during 1971 (Fig. 2) indicated a rather uniform 
distribution of the age .I group, but the age .2 group 
was more abundant at the offshore stations. Age .1 
chum salmon, on the other hand, were much more 
abundant at station I than farther offshore, and the 
age .2 and older fish were rather evenly distributed at 
stations I-4. Both age groups were relatively scarce 
at station 5. 

The annual inshore-offshore distribution of imma
ture sockeye by age group (Table 3) shows that the 
abundance stratification varies from year to year and 
that the two age groups vary independently. Thus 
acoustic monitoring instruments will have to be 
deployed both inshore and offshore to obtain an 
adequate index of abundance. 

The inshore-offshore distribution of sockeye versus 
chum salmon (Table 4) shows that sockeye salmon 
are irregular in their offshore stratification, whereas 
chum salmon are typically more abundant inshore. 
Therefore, at inshore stations the chum salmon can be 
expected to outnumber the sockeye in most years. 
Thus purse seine samples will be required to determine 
the age and species composition of the salmon being 
monitored by the acoustic instruments. It is con
ceivable that we will be able to identify the species or 
even the age groups of the fish monitored by acoustics 
on the basis of depth-of-swimming or of some other 
feature. This possibility will be investigated when we 
perform calibration tests to correlate the abundance 
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FIGURE 3. Proportion of age .1 sockeye in purse seine catches in 
INPFC area 8050, 1956-1971. 

and composition of the purse seine catches with the 
data from the acoustic monitors. 

A study of the ocean age composition of the im
mature sockeye salmon passing through INPFC area 
8050 (180° to 175°W and 50° to 52°N) indicates that 
the age composition changes substantially with time 
(Fig. 3). For the years I956-71, the average propor
tion of age .1 fish increased steadily between June 11 
and August 20 from 54% to 85%. In examining the 
catch figures upon which Figure 3 is based, it is 
evident that the trend is due primarily to a seasonal in
crease in the volume of age .I fish and that the volume 
of age .2 fish remains relatively constant throughout 
the season in most years. Thus the mass of immature 
sockeye migrating past the central Aleutian area may 
be described as a continuous stream in which the 
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vanguard of the age .2 group generally precedes the 
main body of the age .l group. Although the July l
August 10 time period (Fig. 3) upon which our 
sampling for forecast purposes has been based does not 
include the whole period of migration, it apparently 
covers the period in which a major portion of the fish 
pass, since our forecast of ocean age has been relatively 
accurate over the years (Rogers, 1971 ). We have 
recently made estimates of the numbers of immature 
sockeye salmon passing during the index period by ex
trapolating the time-space coverage of our purse 
seine catches and have found that in some years the 
numbers passing are half or more of the following 
year's run to western Alaska. 

TAGGING IN 1971 

All of our tagging in 1971 was conducted in INPFC 
area 8050 south of Adak Island. The totals tagged by 
species are shown in Table 5. Tagging was conducted 
primarily for estimating the proportions of non-Bristol 
Bay sockeye salmon among the stocks passing south of 
Adak in 1971 and to supplement our knowledge of 
migration and distribution of all species. As most 
of the salmon tagged in 1971 were immature, coastal 
tag returns are not expected until 1972 and later. 

TABLE 5. Numbers of salmon tagged south of Adak Is
land in 1971 (July 3-Aug. 9). 

Species of salmon 
Number -----------------------------
of sets Sockeye Chum Pink Coho Chinook 

51 702 971 17 50 15 

SYSTEMS STUDY 

Total 
tagged 

1,755 

Our work on a systems study of the North Pacific 
salmon fisheries was continued; it is summarized in 
recent publications by Rothschild and Balsiger ( 1971) 
and by Booth (1972). 

TAG RETURNS 

Most tag returns received in 1971 were from 
salmon that had been tagged as immature fish in 1968, 
1969, or 1970. The results yielded significant new 
information. 

Sockeye Salmon Tagged and Recovered in 1971 

Six sockeye salmon that were tagged as immature 
fish south of Adak Island in 1971 (July 4-9) were 
recovered in the mothership fishery (July 12-16) as 
shown in Figure 4. The precise date and location of 
recovery of the fish recovered in the land based fishery 
area are unknown, but the return does indicate an 

extensive and rapid migration to the southwest. The 
distribution of returns is chiefly a reflection of the 
temporal-spatial distribution of the high seas fleet, but 
the absence of returns from areas to the east of the 
tagging location is probably significant, since a 
number of catcher boats were observed just to the 
east of the tagging stations throughout the first two 
weeks of July. The rates of return (age .1 = 1.7%; 
age .2=5.5%) are based on the numbers of sockeye 
tagged through July 9. 

Sockeye Salmon Tagged in 1970 

The immature sockeye salmon tagged south of Adak 
Island in 1970 yielded 15 returns in 1971--eight from 
the high seas and seven from coastal areas (Fig. 5 ). 

FIGURE 4. Release and recovery locations for seven sockeye 
salmon that were tagged as immature fish south of Adak in 1971 
and recovered at sea in 1971. 

FIGURE 5. Release and recovery locations for 15 sockeye salmon 
tagged in 1970 and recovered in 1971. 
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As indicated by asterisks in Figure 5, three were still 
immature at recovery based upon gonad weights. 
The one return from Kodiak Island indicated the 
presence of some non-Bristol Bay stocks among the 
sockeye salmon in the index area in 1970. The rates 
of return (age .1 =1.3%; age .2=3.5%) were within 
the normal range for immature sockeye tagged in the 
index area. Additional returns from the age .1 
releases may be received in 1972. The data for the 
specimen recovered in the landbased fleet area are 
questioned because of inconsistencies between release 
and recovery information. The fish was identified as 
a sockeye 37.5 em long (age 2.1) at release and as a 
chum 40 em long (but no scale sample) at recovery. 
Growth was insufficient for a fish at liberty a year. 

One sockeye salmon tagged from longline catches 
in the north-central Gulf of Alaska in 1970 was 
recovered in the Copper River, Alaska, in 1971 (not 
illustrated). 

Sockeye Salmon Tagged in 1969 

The immature sockeye tagged south of Adak Island 
in 1969 yielded 10 returns in 1971 (Fig. 6), all from 
among those tagged at age .1. Four were from the 
high seas and six from Bristol Bay. This essentially 
completes the return from 1969 releases, and the 
summary of returns by year is shown also in Figure 6. 
It is important to note that all 44 returns were either 
from the high seas (23) or from Bristol Bay (21) thus 
indicating that non-Bristol Bay sockeye were scarce 
among those sampled south of Adak in 1969, which 
was a cycle year for age .1 sockeye of Bristol Bay 
ongm. The specimen recovered near 161 °E was 
identified as a chum salmon at recovery, but release 
data, including the scale, indicate that it was a 

FIGURE 6. Release and recovery locations for 10 sockeye salmon 
tagged in 1969 as age .1 immatures and recovered in 1971 as age 
. 3 matures. 

sockeye. No scale was taken at recovery, but length 
at recovery in 1971 (56.5 em) was not inconsistent 
with length at release in 1969 (36.5 em). 

Based upon previous years' data, it is reasonable to 
assume that most, if not all, of the four high seas returns 
in Figure 6 were fish destined for Bristol Bay. Their 
distribution confirms the extensive dispersion of 
maturing Bristol Bay sockeye in the western North 
Pacific Ocean during May and early June that has 
been observed in previous tagging experiments (Kondo 
et al., 1965, Figs. 35 and 37; Hartt, 1962, Fig. 31). 
The 1971 data suggest that dispersion to the southwest 
was more extensive than usual. 

Chum Salmon Tag Returns-1970, 1971 

Chum salmon tag returns in 1970 will be discussed 
because several were received too late to be included in 
our 1970 report and because the recovery data are 
most unusual. As illustrated in Figure 7, 14 of the 
chum salmon tagged south of Adak in 1970 were 
recovered in 1970-eight in the mothership fishery 
near the area of release and six in the Hokkaido Island 
coastal fishery. 

The first unusual feature of these returns is that all 
six of the fish reported as Hokkaido recoveries were 
classified as immature at release using our standard 
maturity criteria for age .2 chum salmon (::;;50 em 
fork length), which of course is not a precise measure of 
maturity but has served to properly classify the great 
majority of our samples, based on tag return in the 
year of tagging or in following years. The lengths at 
release of the Hokkaido recoveries ranged from 45 to 
50 em. Gonad weight or scale samples at recovery 
were not available, but lengths at recovery ranged 
from 52 to 78 em which would suggest maturity. 

FIGURE 7. Release and recovery data for 14 chum salmon tagged 
and recovered in 1970 . 
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These results suggest that a larger than usual propor
tion of the chum salmon under 51 em tagged south of 
Adak in 1970 were mature. Despite the apparent 
high proportion of mature chum salmon, all of the 
eight recovered at sea were apparently immature. 
Immaturity was certain for six of the eight, based 
upon gonad weight data taken at recovery, and since 
the fork lengths of these six ranged from 45.0 to 52.5 
em, the two remaining specimens, 44 and 45 em 
long, respectively, were probably immature also. 

The second unusual feature was that five of the six 
Hokkaido Island returns were from a single purse 
seine set (set X-9) made onJune 30, 1970, in which 118 
chum salmon, 41-56 em long, were tagged. It seems 
that such a phenomenon could only occur if the chum 
salmon caught in set X-9 included a school of small, 
maturing chum salmon, almost all of which were 
destined for Hokkaido. This would suggest that 
chum salmon destined for a single production area 
were schooled while still I ,500 miles at sea. They 
apparently did not arrive in coastal waters as a school, 
however, because they were reported recovered be
tween October 6 and November 19 at several locations 
on Hokkaido (Fig. 7). The rate of return was also 
extremely high. If we considered all of those over 
46 em long as mature, the return rate would have been 
5/52 or 9.6%. In addition to the five Hokkaido re
turns from this single seine set, one was recovered at 
sea in 1970 (Fig. 7) and two in 1971 (Fig. 8). Each 
of the three high seas returns was 46 em long and 
immature at release. The two recovered in 1971 
were maturing at recovery as determined by gonadal 
weights. 

Finally, the rate of return of chum salmon from the 
mothership fleet in 1970 was much less than that of 

FIGURE 8. Release and recovery data for 22 chum salmon and 2 
coho salmon recovered in 1971. 

sockeye salmon, which suggests that chums are less 
vulnerable to gillnets at sea than are sockeye. From 
our tagging experiments of June 30-July 15, 1970 
(the tagging dates which yielded returns from the 
mothership fishery), the high seas return of sockeye 
salmon was 31/691 or 4.5%, whereas chum salmon 
yielded only 8/876 or 0.9%. Since both species occur 
mixed in our seine catches, are of similar size, and 
tend to migrate westward in this area, they should be 
similarly distributed in the area of the mothership 
fishery. The distribution of high seas returns of the 
two species was essentially the same (Hartt et al., 1972, 
Fig. 4 ), so that the difference in vulnerability was 
probably not due to a different migratory pattern. 

Chum salmon tag returns in 1971 also showed some 
of the unusual features noted in 1970. From releases 
south of Adak Island in 1971, we received 15 returns in 
1971-13 from the Hokkaido Island coastal fishery, 
one from the mothership fishery near the point of 
release, and one from the Yukon River (Fig. 8). 
Six of the 13 Hokkaido returns were 48 or 49 em long 
at release and thus would otherwise have been con
sidered as probably immature. In addition, three of 
the Hokkaido returns were from one purse seine catch 
(set C-15,July 12) in which only 18 chum salmon were 
tagged (16. 7% return). This would again suggest 
that Hokkaido chum salmon were schooled at a 
point 1 ,500 miles from home. 

Also in 1971 the sockeye salmon were far more 
vulnerable to the mothership fleet than were chum 
salmon. Sockeye tagged between July 3 and 9 
yielded 7/287 returns (2.4%) from the high seas 
fleet, whereas chums yielded 1/227 (0.4%). The 
distribution of returns is illustrated in Figures 4 and 8. 

Seven chum salmon tagged in 1970 were recovered 
in 1971-one from Hokkaido Island and six from high 
seas areas (Fig. 8). All of the high seas returns were 
maturing at recovery. In late May and early June 
they were widely distributed throughout the area of the 
mothership fishery. 

Coho Salmon Tag Returns, 1971 

Two coho salmon, tagged south of Adak Island on 
July 31, were recovered in the Kamchatka River-one 
on August 29 and one in early September (Fig. 8). 
The specimen recovered August 29 had traveled 780 
nautical miles in 28 days (allowing for traversing the 
international date line) or at a minimum rate of 27.9 
nautical miles per day. 

JUVENILE SALMON STUDIES 

As reported in previous years, we studied the dis
tribution and migrations of age .0 salmon during 
1964-68 by means of sampling with purse seine gear 
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and tagging with various types of small tags. Since in 
1971 we anticipated the return of the final increment 
of tags from our 1968 releases, we again made an in
tensive effort to recover tags. As in 1970, we hired 
several temporary personnel of the Alaska Department 
of Fish and Game to observe the tagged salmon during 
hours when they were free of their catch-sampling 
duties at Bristol Bay canneries. The observers found 
no tags of the type used on juvenile salmon among 
519,120 salmon observed, but they found three disk 
type tags, including one Japanese tag. FRI personnel 
also visited the Bristol Bay and Cook Inlet canneries. 

A graduate student, Gary Sakagawa, who has been 
studying juvenile pink salmon in the Gulf of Alaska, 
has completed his Ph.D. thesis entitled "Dynamics of 
juvenile pink salmon during their early oceanic 
feeding period." 

Returns of Sockeye Salmon Tagged as Juveniles 
in 1968 

Releases in eastern Bering Sea. A total of 4,452 age .0 
sockeye, 12 to 20 em long, were tagged between 
August 18 and September 14, 1968, in the eastern 
Bering Sea as shown in Figure 9. Five were recovered 
in the Bristol Bay fishery in 1970 and an additional 
five-one from the high seas, one from the south side 
of Unimak Island, and one each from the Nushagak, 
Kvichak, and Egegik Rivers-were recovered in 1971. 
The migration is depicted in Figure 9 by means of an 
arrow leading southwestward from the release area 
to the area at sea, within which Bristol Bay sockeye 
typically feed and grow, plus an arrow indicating a 
typical homing migration after three years at sea. 
The precise migrations of individuals during their 
three years at sea are unknown, but the stock as a 

FIGuRE 9. Release and recovery locations for eight sockeye 
salmon tagged as juvenile age . 0 fish in 1968 and recovered in 
1971. 

whole is known to make sweeping migrations both 
eastward and westward in addition to lesser seasonal 
shifts northward and southward. 

The position of the high seas recovery near 49°N, 
l73°E (Fig. 9) gives some idea of the extent of migra
tion to the southwest and lends credence to the con
clusion stated earlier that the recovery locations in 
Figure 6 depict the dispersion of Bristol Bay sockeye in 
May and early June in the area of the mothership 
fishery. The specimen recovered on the south side 
of Unimak Island near the Alaska Peninsula (Fig. 9) 
was recovered on June 15 and must have been among 
that component of the Bristol Bay run that typically 
enters the Bering Sea through passes of the eastern 
Aleutian Islands after leaving the feeding grounds in 
the Gulf of Alaska. 

The rate of return was relatively low (10/4452 = 
0.2%) compared to rates from age .0 sockeye tagged in 
the eastern Gulf of Alaska, which have usually ex
ceeded 1%- The low rate from Bering Sea releases 
is at least partially due to the smaller size of the fish 
at release (x=l5.5cm compared to 18-19cm in 
experiments in the eastern Gulf of Alaska). 

The lengths at release according to year of recovery 
are shown in Figure 10. The four that returned in 
1970 ranged from 16.1 to 18.6 em long, and the five 
that returned in 1971 ranged from 13.2 to 15.1 em 
long, which suggests a relation between size during 
early sea life and ocean-age at maturity. This rela
tion may be a function of freshwater age, but age data 
were available from only four of those returned, which 
is too few to test the relation. A larger size of those 
that are destined to mature after only two years at 
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FIGURE I 0. Lengths at release of age .0 sockeye salmon tagged in 
the eastern Bering Sea in 1968, for which freshwater age data 
were available, plus lengths at release of those recovered in 
1970 and 1971 with freshwater ages indicated where available 
(only one age 3.0 fish was tagged-length 17.0 em). *Length 
at release not available for one recovery in 1970. 
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sea is in keeping with observations by Lander and 
Tanonaka (1964) that maturing age .2 sockeye are 
3-5 em larger than immature age .2 sockeye that 
will remain another year at sea. 

Releases in the western Gulf of Alaska. A total of 564 
age .0 sockeye were tagged in the western Gulf of 
Alaska, mainly south of Unimak Island between 
August 30 and September 20, 1968, of which one was 
recovered in Cook Inlet in 1970 and two were re
covered in 1971-one in Cook Inlet and one at Chig
nik, Alaska (Fig. 9). The rationale for depicting the 
migration of these stocks is the same as that described 
for the Bristol Bay stocks. The dotted arrow shows 
migration from the tagging location to the area at 
sea within which Gulf stocks typically are found, and 
dotted arrows are shown leading to the respective 
recovery areas. 

The age .0 sockeye salmon tagged south of Unimak 
Island were vastly different from those tagged in the 
Bering Sea with respect to age composition and length 
within age groups (Fig. 11 vs. Fig. 1 0). Among those 
tagged south of Unimak Island, age 2.0 fish were 
dominant and age 1.0 and 3.0 were about equally 
represented (Fig. 11) whereas in the Bering Sea, age 
1.0 fish were dominant and age 3.0 fish were prac
tically absent (Fig. 10). Fish of all age groups in the 
North Pacific were longer by 5 or more em than their 
Bering Sea counterparts. The fish south of Unimak 
Island were apparently a mixture from a number of 
production areas with different freshwater life his-
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FIGURE I I. Lengths at release of age .0 sockeye salmon tagged 
south of U nimak Island in 1968 for which freshwater age data 
were available plus lengths at release of those recovered in 1970 
and 1971 (freshwater age for one recovery is also shown). 

tories, perhaps including areas other than the two 
(Chignik and Cook Inlet) in which tags were re
covered. The juvenile pink salmon that were tagged 
along with the sockeye in this area in 1968 yielded 
four returns from Kodiak Island in 1969, so that 
Kodiak Island sockeye may have been present also. 

The reason that the juvenile salmon south of Uni
mak Island were larger than those in the Bering Sea 
is not known, but the following possibilities are sug
gested : (1) The North Pacific stocks may be in
herently faster-growing. (2) Feeding conditions may 
be better in the North Pacific. (3) Since we do not 
know the full dynamics of the time-space growth 
phenomena for seaward migrating salmon, it is pos
sible that our sampling areas were such that we in
tercepted the vanguard of the run in the North Pacific 
and the middle or rear portion of the run in the 
Bering Sea and that the larger elements of the Bering 
Sea stocks had progressed beyond our sampling area. 
In our extensive sampling of juvenile salmon in the 
eastern Gulf of Alaska, we have observed that the band 
of migrating fish extends for seven or eight hundred 
miles along the coast, and that size of fish and dis
tance traveled are correlated (Royce, Smith, and 
Hartt, 1968). 

Sampling of juvenile salmon over wider areas of 
the Bering Sea and western Gulf are needed to de
termine the full extent of migration and the corre
sponding size range of fish. 

The higher rate of the juvenile sockeye salmon 
tagged south of Unimak Island (3/513 or 0.6 % as 
compared to 0.2% from Bering Sea releases) was 
probably due mainly to their larger size. It is note
worthy that the specimen recovered in 1970 was 
larger at release than were the two recovered in 1971 
(Fig. 11 ), which is in agreement with the relation of 
size and year of return observed among B~ring Sea 
specimens (Fig. 1 0). ·. 

Releases in the eastern Gulf of Alaska. A total of 7 53 
age .0 sockeye salmon were tagged in the eastern 
Gulf of Alaska between Vancouver Island and Yakutat 
in 1968, of which eight were recovered in_ . .l970 be
tween northern British Columbia and the Fraser 
River and one in 1971 in the Fraser River (Fig. 9). 
The rationale for depicting migration is the same as 
that described previously for other stocks. Mean 
lengths at release varied from 1 7 to 21 em depending 
upon date and location. Rate of return was 1.2% 
which compares favorably with the 1.4% return from 
releases in 1967. 

Return of a Chum Salmon Tagged as a Juvenile in 
1968 

One chum salmon tagged as an age .0 juvenile in 
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1968 off southeastern Alaska was recovered in northern 
British Columbia in 1971. Its ocean migration might 
have been similar to that shown for sockeye salmon 
in Figure 9. This was the only return from among 
2,857 juvenile chum salmon tagged in 1968. Typi
cally, this species yields low rates of return even among 
older age groups. The only other tagged juvenile 
chum salmon to be returned was released in the north
em Gulf of Alaska in 1965 and recovered in the Strait 
of Juan de Fuca in 1968 (1/493=0.2%). 

Summary of Juvenile Salmon Studies 

The returns in 1971 essentially complete the re
turns from our juvenile salmon sampling and tagging 
experiments that were conducted from 1964 through 
1968. The results of both the purse seine sampling 
and the tagging have provided valuable new insights 
into the early ocean life history of all species of Pacific 
salmon, some of which are outlined below : 

1. Time of ocean embarkation and body length 
at this stage. Juvenile Pacific salmon of all species 
embark on their oceanic migrations (as distinct from 
entry into estuaries and bays) only after attaining a 
minimum length of 10-11 em. The time of embarka
tion occurs mainly between June and September. 

2. Directions and rates of travel in key areas of 
migration. In the eastern Gulf of Alaska, juvenile 
salmon of all species migrate northward along the 
coasts of Washington, British Columbia, and south
east Alaska, and westward along the south side of the 
Alaska Peninsula from Shelikof Strait to Unalaska 
Island. In the eastern Bering Sea, direction of migra
tion is variable and apparently determined by the 
tidal flows. Rates of travel range from about 10 
miles per day to at least 20 miles per day in the Gulf 
of Alaska. Seaward movement in the Bering Sea is 
apparently considerably slower. 

3. Abundance and dynamics of distribution. In 
the eastern Gulf of Alaska, the juvenile fish migrate in 
a narrow band less than 25 miles wide, but as they 
reach the wider continental shelf in the northern Gulf, 
they disperse farther offshore. Along the south side 
of the Alaska Peninsula they are abundant close to 
shore, but no studies have been made of the offshore 
distribution. In the eastern Bering Sea, over the 
shallow continental shelf, they are dispersed widely, 
extending at least 75 miles northward from the north 
side of the Alaska Peninsula and westward to at least 
164°W. The extent of migration is not as well known 
in the Bering Sea and in the western Gulf of Alaska 
as in the eastern Gulf of Alaska. 

Calculations based on average catch per seine set 
indicate that nearly a million juvenile salmon per day 
pass northward off the coast of southeastern Alaska 

during the peak migration period. The maximum 
catches per purse seine set of age .0 salmon are similar 
to the maximum catches of the older immature age 
groups and of mature salmon (1,000-2,000 per 30-
minute seine set), which suggests that the mechanism 
that controls density or dispersion of salmon in their 
oceanic environment becomes operative early in their 
sea life. 

4. Relative numbers of the five species. The 
catches indicate that juveniles of all five species of 
salmon occur mixed in the open sea and steelhead 
trout are also included in some areas. The relative 
abundance of sockeye, chum, and pink salmon is 
generally similar to the abundance that would be 
expected on the basis of production in coastal areas 
which contribute to the stocks involved. Coho and 
chinook salmon tend to be more abundant near the 
coast and in outer bays and channels, which suggests 
that the distribution of these species does not neces
sarily parallel that of sockeye, chum, and pink salmon. 

5. Feeding habits. Juvenile salmon of all species 
appear to be opportunistic feeders. Diets include 
larval fish plus a wide variety of planktonic crustaceans 
and molluscs. The amount and type of food organ
isms observed in the seine during fishing operations 
was often reflected in the quantitative and qualitative 
stomach contents of the juvenile salmon caught. 

6. Predators and parasites. As in the case of the 
older age groups, 2% or more of the juvenile salmon 
have toothed predator il'\iuries of one sort or another, 
showing that predation begins early during ocean 
residence and apparently continues throughout their 
life history. Parasitic copepods, as seen on older 
salmon, commonly occur on juvenile salmon, particu
larly on pink salmon. Fresh lamprey wounds have 
been seen in a few instances. 

7. Growth. Juvenile sockeye, chum, and pink 
salmon are generally similar in size when sampled on 
the open sea in August and September, showing that 
chum and pink salmon grow rapidly during early 
marine life and soon compensate for their initial size 
disadvantage with respect to sockeye salmon. By 
September, these species generally average 17 to 22 em 
long depending on location of sampling. Coho and 
chinook salmon are typically larger than the other 
three species. Mean lengths range from 18 to 30 em 
between July and September. Juvenile steelhead 
trout are similar in size to coho salmon. 

8. Spatial relations. In the three major areas of 
study, the juvenile salmon overlap but little with the 
age .1 and age .2 immature salmon. However, they 
do occupy the same waters as the incoming maturing 
salmon, the chief difference being that the juvenile 
fish are generally migrating in a direction opposite to 
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that of the mature fish. The juvenile salmon have not 
been pursued late enough in the year to disclose the 
times and places of merging with the older immature 
fish. 

9. Tagging results. 
a. Tagging tests have shown that the Dennison

type tag (Dell, 1968) is very satisfactory for tagging 
juvenile salmon in the 13 to 25 em length range, and 
the rates of return under ideal conditions are similar to 
those frequently experienced in tagging age .1 juvenile 
salmon with disk tags. Although Carlin tags yield 
a slightly higher rate of return than Dennison tags, the 
Dennison tag is still preferred because it can be ap
plied three or four times faster than the Carlin tag so 
that numbers of returns per hour of tagging are much 
greater. Speed of tag application is important in 
tagging at sea because : (1) the salmon caught must 
be tagged and released before the seine can be reset 
and (2) the condition of the fish deteriorates while 
being held in the live tank. Careful handling and 
control of stress factors have proved to be important. 
Rates of tag return vary greatly among species as well 
as within species according to location and date of 
tagging, size, and condition at release. Peak rates 
of return from a given year's releases in a major release 
area have been: sockeye, 1.4%; chum, 0.2%; pink, 
0.7%; coho, 5.8%; chinook, 9.4%. The relatively 
low rate of return of chum salmon has been observed 
also in comparative tagging of older age groups of the 
several species. The difference must be at least 
partially due to a higher natural mortality. 

b. Tag returns have yielded qualitative informa
tion on the early sea migrations of major stocks of 
juvenile salmon, which in tum has greatly aided in 
modeling the oceanic migratory patterns throughout 
their whole life history. For example, during the 
first three months at sea, salmon from the eastern Gulf 
of Alaska frequently migrate 600 to 1,200 nautical 
miles northward. This fact has greatly changed our 
concepts offall-winter migrations which were formerly 
based only upon distribution studies in early spring 
when age .1 salmon are typically found at the southern 
extreme of their range. 

LITERATURE CITED 

BooTH, DouGLAS E. 1972. A model for optimal salmon man
agement. Nat!. Mar. Fish. Serv., Fish. Bull. 70: 497-506. 

DELL, MICHAEL B. 1968. A new fish tag and rapid, cartridge
fed applicator. Trans. Am. Fish. Soc. 97(1): 57-59. 

HARTT, ALLAN C. 1962. Movement of salmon in the North 
Pacific Ocean and Bering Sea as determined by tagging, 
1956-1958. Int. N. Pac. Fish. Comm. (INPFC) Bull. 6. 
157pp. 

HARTT, ALLAN C., BRIAN J. RoTHSCHILD, MICHAEL B. DELL, and 
DoNALD E. RoGERS. 1972. Tagging and sampling. 

INPFC Annu. Rep. 1970: 65-76. 
KoNDo, HEIHAcm, YosmMI HIRANo, NoBUYUKI NAKAYAMA, and 

MAKoro MIYAKE. 1965. Offshore distribution and migra
tion of Pacific salmon (genus Oncorhynchus) based on tagging 
studies (1958-1961). INPFC Bull. 17. 213 pp. 

LANDER, ROBERT H., and GEORGE K. TANONAKA. 1964. Ma
rine growth of western Alaskan sockeye salmon (Oncorhynchus 
nerka Walbaum). INPFC Bull. 14: 1-31. 

LoRD, G. E. 1971. Proposed scheme of data acquisition and 
reduction for the acoustic measurement of the mean velocity 
of migrating fish. Univ. Wash., Seattle, Fish. Res. Inst. 
Circ. 71-3. 21 p. (Processed.) 

--. In press. Population and parameter estimation in the 
acoustic enumeration of a migrating fish population. Bio
metrics. 

RoGERS, DoNALD E. 1971. Forecast of the sockeye salmon run 
to Bristol Bay in 1971, based on purse seine catches of imma
ture sockeye salmon south of Adak. Univ. Wash., Seattle, 
Fish. Res. Inst. Circ. 71-1. 27 p. (Processed.) 

RoTHSCHILD, BRIAN J., and jAMES W. BALSIGER. 1971. A 
linear-programming solution to salmon management. Nat!. 
Mar. Fish. Serv., Fish. Bull. 69: 117-140. 

RoYcE, WILLIAM F., LYNWOOD S. SMITH, and ALLAN C. HARTT. 
1968. Models of oceanic migrations of Pacific salmon and 
comments on guidance mechanisms. U.S. Fish. Wildl. 
Serv., Fish. Bull. 66(3): 441-462. 

OCEAN DISTRIBUTION, ABUNDANCE, 
AND MIGRATION OF SALMON 

by R. French, R. Bakkala, D. Sutherland, 
and P. Washington* 

Investigation of the ocean distribution, abundance, 
and migration of salmon in 1971 followed the pattern 
of study of the 1970 research vessel cruises. It in
cluded a winter fishing cruise in the northeastern 
Pacific Ocean and spring and summer cruises in which 
the vessel followed an east-west fishing pattern across 
the North Pacific Ocean-from about 153°W to near 
176°W in the spring and from about 153°W to near 
170°E in the summer. The spring cruise was the 
fourth in a series of cooperative studies between the 
United States (Northwest Fisheries Center of the 
National Marine Fisheries Service) and Japan (Far 
Seas Fisheries Research Laboratory, Fisheries Agency 
of Japan): we report here only on the U.S. contribu
tion to the cooperative research. The purposes of 
the cruises were to investigate the distribution and 
migration of sockeye salmon in a continuing program : 
(1) to increase our understanding of the distribution 
and movements of Bristol Bay sockeye salmon during 
their life at sea, (2) to determine the feasibility of 
improving forecasts of the size of the Bristol Bay run, 

* National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 
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and (3) to determine the feasibility of predicting the 
vulnerability of Bristol Bay sockeye to the Japanese 
mothership fishery. Accurate forecasts of size of runs 
are dependent upon obtaining reliable indices of 
abundance of the various age groups. Obtaining 
reliable indices is hampered by lack of knowledge of 
the basic distribution and migration of the stocks and 
of variations in distribution that occur from year to 
year. 

Studies this year were also made of the relative 
efficiency of monofilament and multifilament gillnets 
for catching salmon. The apparent relative abun
dance of sockeye salmon in the 1971 high seas catches 
was again compared with past catches. 

FISHING GEAR AND MATURITY CRITERIA 

Sampling gear for the cruises was a string of gillnets 
of several mesh sizes for sampling the sizes of salmon 
available each season. Numbers of shackles (a 
shackle is about 91.5 m long) of each mesh size of 
multifilament and monofilament gillnets for the winter, 
spring, and summer cruises were as follows (variation 
occurred for some sets in the winter cruise) : 

Type of material arul mesh size (mm) 

Multifilament Monofilament 
Season 133 114 98 83 64 51 133 114 98 83 

Winter cruise 5 5 5 5 5 5 3 3 
Spring cruise 5 5 5 5 11 3 3 
Summer cruise 6 6 6 9 3 3 3 3 

The maturity of sockeye salmon caught in the win
ter was determined by the age, length, gonad weight, 
and SM (serum maturity) antigen factor of the females 
(Hodgins and Utter, 1969). Because lengths of 
sockeye salmon vary between years, different criteria 

may be necessary each year to classify maturity of 
females for which SM data are not available and for 
males for which SM data are not applicable. The 
fish lengths in winter 1971 were similar to those in 
1967; therefore maturity criteria used in 1967 (French 
et al., 1969) were also applied to this year's catches. 
Maturity criteria have not been established for other 
species of salmon caught in the winter. Maturity of 
sockeye and chum salmon caught in the spring was 
determined by gonad weight (Takagi, 1961). 

Generally, maturity of salmon in the summer is 
easily determined by visual observation of the gonads. 
For any sockeye or chum salmon of doubtful status, 
maturity was determined by gonad weight in the 
manner of Takagi (1961). 

Relative abundance of salmon caught in gillnets, 
as shown in the figures that follow, is the catch per 
unit of effort (CPUE) in which the values are the 
sums of the average catch per shackle in each mesh 
s1ze. The CPUE for only the multifilament nets is 
shown. 

TOTAL CATCH 

Salmon catches for the winter, spring, and summer 
cruises are given in Tables 6, 7, and 8. Sockeye 
salmon predominated the catches in each season. In 
winter, few salmon other than sockeye were taken due 
to the cruise pattern which was designed to fish in the 
more northern waters occupied by maturing sockeye 
and north of areas mainly inhabited by other species 
of salmon. In spring, maturing sockeye salmon again 
predominated catches (73%) when the fishing pat
tern was from east to west across the North Pacific 
Ocean and north of main concentrations of other 

TABLE 6. Catches of salmon by the U.S. research vessel George B. Kelez, January-February 1971. 

Position Sea surface No. of Catch by species 
temp. shackles 

Set Date Lat. (0 N) Long. ("W) (oC) of gillnets Sockeye Chum Pink Chinook Coho Total 

I 1/24 53-01 IS9-S9 3.9 36 236 236 
2 1/28 S0-10 160-00 4.0 36 341 s 347 
3 1/29 49-30 160-00 4.3 36 140 s 146 
4 1/30 49-00 161-30 4.8 24 47 2 49 
s 2fl 50-10 165-00 4.4 24 60 60 
6 2/2 50-50 165-00 3.9 24 30 31 
7 2/6 S3-15 165-00 3.9 24 19 20 
8 2/11 S2-IS 165-00 3.6 30 7S 7S 
9 2/12 51-30 165-00 3.7 30 36 36 

10 2/15 S2-IS 160-00 3.4 30 47 47 
II 2/16 Sl-30 160-00 3.5 30 48 48 
12 2/17 SO-SO 160-00 3.7 30 138 138 
13 2/18 S0-3S ISB-00 3.S 30 101 102 

Totals 1,318 3 12 1,33S 
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Set 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 

Date 

4/25 
4/26 
4/27 
4/28 
4/29 
4/30 
5/2 
5/7 
5/9 
5/ 10 
5/ 11 
5/ 14 
5/ 15 
5/ 16 
5/ 17 

TABLE 7. Catches of salmon by the U.S. research ve-;sel George B. Kekz, April-May 1971. 

Position 

Lat. (0 N) 

51-45 
52-00 
51-31 
52-00 
51-00 
51-15 
51-00 
51-00 
50-22 
50-55 
50-15 
50-45 
50-00 
49-40 
50-31 

Long. (0 W) 

152-45 
155-00 
156--29 
158-00 
159-00 
161-00 
162-30 
164-45 
167-06 
168--30 
169-30 
171-15 
172-30 
174-20 
175-46 

Sea surface 
temp. 
CCC) 

3.2 
3.0 
3.3 
3.0 
3.2 
3.3 
3.6 
3.3 
4.0 
3.6 
4.2 
4.1 
4.7 
4.9 
4.2 

No. of 
shackles 

of gillnets 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

Totals 

Sockeye 

88 
114 
108 
46 

148 
149 
90 
85 
53 

107 
134 
83 

1,205 

Catch by species 

Chum Pink Chinook 

21 
38 
29 

3 
84 
21 
18 
44 
50 
50 
46 
33 

437 

I 
2 

5 

TABLE 8. Catches of salmon and steelhead trout by the U.S. research vessel George B. Kekz, July-August 1971. 

Position 
Sea 

surface 
temp. 

No. of 
shackles 

Catch by species 

Total 

109 
153 
138 
49 

232 
170 
108 

129 
104 
158 
182 
116 

1,648 

Set Date Lat. (0 N) Long. (oC) of gillnets Sockeye Chum Pink Coho Chinook Steelhead Total 

I 
2 
3 
4 
5 
6 
7 
8 
9 

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

7/29 
7/30 
8/3 
8/4 
8/5 
8/6 
8/7 
8/10 
8/11 
8/12 
8/13 
8fl5 
8/20 
8/22 
8/23 
8/24 
8/25 
8/26 
8/27 
8/28 
8/29 

52-45 
52-45 
52-00 
51-45 
52-10 
52-00 
51-30 
51-25 
51-50 
51-40 
51-00 
51-00 
51-30 
50-50 
50-30 
50-45 
51-00 
51-30 
51-30 
52-00 
52- 14 

153-15W 
155-00W 
156--20W 
157-45W 
159-00W 
160-SOW 
162-15W 
166-45W 
168--20W 
170-00W 
171-20W 
174-20W 
176--30W 
179-05W 
179-IOE 
177-29E 
176--IOE 
174-45E 
173-29E 
171-50E 
170-30E 

10.1 
10.2 
11.2 
11.2 
11.2 
11.2 
11.0 
10.6 
10.9 
11.4 
11.3 
9.9 

10.1 
9.7 
8.6 

10.0 
9.8 
7.0 
8.9 

10.0 
9.7 

39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 

210 
122 
208 
152 
317 
284 
348 
192 
147 
441 
237 
136 
57 
2 

214 
159 
187 
61 

157 
186 
67 

148 
106 
294 
133 
45 

105 
107 
98 

308 
32 
39 
23 

4 

14 
II 
II 
16 
34 
49 
48 

4 8 
7 

I 
6 
6 
4 

17 
3 
2 
6 
2 
4 

15 
19 
7 
6 

12 
13 
6 

2 

2 

3 

2 
6 

3 

4 
12 
5 
8 

17 
34 
8 

13 
2 

2 
2 

2 

373 
236 
509 
300 
374 
404 
477 
341 
468 
475 
297 
163 
67 

2 
248 
192 
205 
83 

205 
256 
122 

Totals 3,884 1,625 7 145 22 114 5,797 

salmon species. Chum salmon constituted about one
fourth of the total catch in the spring. Sockeye 
salmon (mainly immature fish) accounted for 67% of 
the catch in summer, chum salmon made up 28%, 
and coho salmon and steelhead trout accounted for 
most of the remainder. 

SocKEYE SALMON 

Distribution and Abundance 

Winter. Past cruises have shown that in January 
and February sockeye salmon in the northeastern Pa
cific Ocean are segregated by state of maturity with 
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maturing sockeye distributed north of the immatures. 
The maturing sockeye in winter are also segregated 
by ocean age although considerable overlap of age 
groups occurs ; age .3 maturing fish usually dominate 
catches at northern stations and age .2 maturing fish 
become the predominant age group farther south. Be
cause age .2 fish have been the most abundant age 
group in the northeastern Pacific, the main concen
trations of maturing fish in past years have been lo
cated to the south near 51 °N or 50°N (see Fig. 21 of 
French et al., 1972). 

In winter 1971, partial separation of ages was again 
apparent, but due to the predominance of age .3 fish 
in the sampling area, the main concentrations of 
maturing fish were shifted farther north than in 
earlier years (Fig. 12). This was most evident at 
fishing stations along 165°W where the largest catch 
was made near 52°N. During fishing along 160°W, 
a large catch of maturing sockeye salmon was made 
near 53°N, although the single largest catch was made 
near 50°N. The relative abundance of maturing age 
.2 and .3 fish was highest at fishing stations along 
160°W (total CPUE values ranging from 6 to 44 on 
l60°W and 6 to 13 on l65°W). 

The distribution and abundance of maturing 
sockeye salmon as shown by sampling in winter 1971 
may have been influenced by the timing and se
quence of gillnet sets which were dependent on suitable 
fishing weather. The sequence of sets is shown in 
Figure 12 and it can be noted that the two largest 
catches were from sets 1 and 2, made on January 
24 and 28. After completing the southernmost stations 

-Age .2 
c::::::J Age . 3 

• No Catch 

150° 

10 20 30 
CPUE 

FIGURE 12. Distribution and relative abundance of maturing 
sockeye salmon, winter 1971. 

along l60°W (sets 3 and 4) and the stations along 
l65°W, the Kelez completed stations along 160°W from 
February 14 to 18. In contrast to the large catches 
of late January in sets 1 and 2 along 160°W, the 
sampling in mid-February indicated much lower 
abundance. 

Only 43 immature sockeye salmon were taken 
during the winter cruise. With the exception of one 
immature taken at 52°l5'N on 160°W, all were caught 
at stations from 50°10'N to 49°00'N. Of the im
matures, 63 % were age .l fish and 37% age .2. 

Spring. The 1971 spring cruise, as in spring 1970, 
was designed to fish from east to west through main 
concentrations of maturing sockeye salmon just prior 
to their inshore migration. Based on analysis of past 
tagging and other studies (Margolis et al., 1966), 
catches in the area fished are assumed to be primarily 
Bristol Bay sockeye salmon. Abundance along this 
cruise track in 1971 was rather uniformly high (total 
CPUE for ages .2 and .3 ranging from 4 to 15) from 
about 152°W to 171 ow (Fig. 13). No sockeye were 
caught in the three sets west of 171 ow which may 
have been due in part to predators. Two or three 
sea lions were observed at haul· and they may have 
taken some fish, but the appearance of the nets (lack 
of fish remnants and lack of holes in the net), and 
lack of observed feeding activity by the sea lions, 
would indicate that relatively few salmon were caught 
in the net. The relatively good catches east of I 72°W 
and the lack of catches from l72°30'W to l75°46'W 
indicated that most of the Bristol Bay sockeye salmon 
were located east of 175°W prior to their inshore 
migration. 

Individual catches in the 1971 spring cruise were 
usually made up predominantly of age .3 fish, although 
age .2 sockeye salmon contributed substantially to 
some sets and predominated in two sets. The age 
composition of catches appeared to vary with latitude. 
In the southernmost sets of the cruise track, for ex
ample, sets 5, 9, and II (Fig. 13), the age .2 fish made 

StotiOft 0 
.... .2.3 

HoCOitll e 0 

CPU[ I D 

FIGURE 13. Distribution and relative abundance (shown below 
stations) of age .2 and .3 maturing sockeye salmon, spring 1971. 
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up a much higher proportion of the catches than in 
other sets. 

These changes in age composition with latitude 
were probably due to the partial separation of age 
groups within the maturing population of sockeye 
salmon. The age .3 fish were distributed more to 
the north and the age .2 fish farther south. Greater 
north-south coverage may be required in the spring 
to assure that both age groups are sampled in their 
true proportions. 

Only five immature sockeye salmon were taken in 
the spring. From investigations in past years it is 
known that most immatures are located well south 
of the area sampled. 

Summ£r. The cruise track fished in summer was 
designed to sample immature sockeye salmon in areas 
of main concentrations along their east-west distribu
tion south of the Alaska Peninsula and Aleutian 
Islands. The stations were located on the basis of 
past years' data which have shown the location of 
main concentrations of immatures and have indicated 
that these concentrations remain at much the same 
latitudes from year to year. Lack of fishing time 
prevented coverage of a greater north-south range of 
fishing stations which would be desirable to insure 
that main concentrations of sockeye salmon were 
sampled along the entire cruise track. Results from 
the summer cruises, when examined in relation to 
catch data from subsequent winter and spring cruises 
and to the following years' inshore returns to Bristol 
Bay, are anticipated to lead to an understanding of 
the distribution and movements of Bristol Bay sockeye 
salmon during their last year at sea. Summer cruises 
may also be of value in testing assumptions on which 
forecasts are based from the index site off Adak Island 
and in revealing other possible index sites. 

Fishing stations in the summer of 1971 followed 
very closely those of summer 1970, both in timing 
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FIGURE 14. Distribution and relative abundance (shown below 
stations) of immature age .1 and age .2 sockeye salmon, summer 
1971. 

and area covered, and the distribution of immatures 
was very similar in the two years. In 1971, imma
tures were taken at all but one station (51 °N, 179°W) 
by the multifilament gillnets (Fig. 14). CPUE was 
relatively high from about 153°W to 175°W, low 
between 175°W and 180°, and intermediate from 
180° to 1 70°E in relation to the other two areas. An 
exceptionally large CPUE was made at 1 70°W. 

An outstanding feature of the distribution of im
matures was the abrupt changes in age composition 
encountered from east to west. Age .2 fish were the 
principal age group in catches from about 153°W to 
162°W, whereas age .1 sockeye salmon predominated 
from about 166°W to l77°W (Fig. 14). Farther west, 
from 180° to 170°E, age .2 fish again became the 
principal age group. A differential distribution of 
age groups across the North Pacific may be a rather 
consistent feature of the distribution of immature 
sockeye salmon in summer, since it was also observed 
in the summers of 1966 (Bakkala, 1971) and 1970 
(French et al., 1972). These have been the only 
other years when east-west fishing was sufficiently 
extensive to observe this phenomenon. 

Age and Size 

Age. Freshwater and ocean age composition of 
sockeye salmon taken in summer 1970 and winter and 
spring 1971 are shown in Table 9. The summer 1970 
age composition was included to examine distribution 
of age groups through the last year at sea for sockeye 
salmon that made up the 1971 inshore returns to 
Bristol Bay. The summer age data were separated 
by area because major changes in age composition 
were observed in each area shown. Age composi
tion was relatively uniform from east to west through
out the waters sampled in winter and spring. 

Results of the summer 1970 sampling showed that 
age .2 sockeye salmon made up about 62% of the 
catches south of the Alaska Peninsula but that south 
of the eastern and central Aleutian Islands, they con
tributed only about 18%. Rogers (1971) reported 
that age .2 fish made up about 31% of purse seine 
catches south of the central Aleutians in summer 1970 
(July 1-August 10). The smaller proportion of age 
.1 fish in gillnet samples as contrasted to purse seine 
catches may have been due to the late period of 
sampling (August 6-23); Hartt and Dell (MS 1971) 
have shown that the proportions of age .2 fish typically 
diminish south of the central Aleutian Islands as the 
summer progresses. The summer gillnet samples in
dicated another major change in age composition in 
waters south of the western Aleutian Islands where 
age .2 sockeye again predominated in samples (66%). 
Based on findings of the age composition of immatures 
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TABLE9. Age composition of immature sockeye salmon in summer 1970 and maturing sockeye salmon in winter and 
spring 1971. 

Season 
and Time Sample 
year Area period size 

Summer South of Alaska 7/30-8/5 632 
1970 Peninsula 

155°W-162°34'W 
South of eastern 8/6--23 1,339 
and central 
Aleutian Islands 
163°47'W-l77°28'E 
South of western 8/24-26 424 
Aleutian Islands 
175°39'E-17! 0 30'E 
Total all areas 2,395 

Winter South of Alaska 1/23-2/18 759 
1971 Peninsula 

160°W-165°W 

Spring From south of 4/25-5/17 590 
1971 Alaska Peninsula 

to central 
Aleutian Islands 
152°45'W-175°46'W 

in the central Aleutian area in summer 1970 where 
Bristol Bay sockeye would be expected to show the 
greatest predominance in samples, the returns to 
Bristol Bay in 1971 would be anticipated to be largely 
age .2 fish. 

The winter and spring gillnet sampling of maturing 
sockeye salmon indicated that age composition of the 
1971 Bristol Bay run might be considerably different 
than shown by the total catch of immatures in the 
summer of 1970 (Table 9). Winter fishing showed 
that maturing sockeye south of the Alaska Peninsula 
were largely age .3 fish (64%). The spring sampling 
which extended from south of Kodiak Island to the 
central Aleutians also indicated a majority of age 
.3 fish (68%) among the maturing sockeye. This 
change in age composition from summer 1970 to 
winter and spring 1971 was due mainly to the absence 
of age 1.2 fish in the areas fished during the latter 
two sampling periods, whereas they made up 27% 
of the catches in summer 1970 as age 1.1 fish. Pre
liminary age data on the 1971 Bristol Bay run indicated 
that returns were about 61% age 3 fish, which was 
similar to the age composition shown by the winter 
and spring offshore fishing. 

Assuming that gillnet samples have provided rea
sonably accurate estimates of the age composition of 
sockeye salmon distributed across the North Pacific 
Ocean in summer and spring, the age data suggest 
some significant changes in populations of sockeye 
salmon occupying areas south of the Aleutian Islands 

Freshwater and ocean ages (%) 

1.1 

1.2 

17.3 

37.0 

6.6 

27.0 

6.9 

4.1 

(In 1970) 
2.1 1.2 2.2 

(In 1971) 
2.2 1.3 2.3 

17.4 42.6 20.5 

43.1 8.9 8.5 

26.7 31.6 32.8 

33.8 21.4 15.3 

27.9 30.3 33.4 

27.5 37.1 30.1 

c::::=> Summit I 70 
-SPI'iiiO 19 1 

Other 

Other 

2.1 

2.5 

2.2 

2.4 

1.6 

1.2 

Ocean ages (%) 

(In 1970) 
.I .2 Other 

.2 
(In 1971) 

.3 Other 

38.3 61.6 0.1 

82.1 17.8 0.1 

34.2 65.6 0.2 

62.4 37.5 0.1 

35.1 64.4 0.5 

32.0 68.0 
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FIGURE 15. Percentage contribution of age .2 sockeye salmon to 
summer 1970 samples and age .3 sockeye to spring 1971 samples. 

between summer 1970 and spring 1971. As il
lustrated in Figure 15, the age .2 immature sockeye 
salmon formed a relatively small proportion of the 
samples south of the eastern and central Aleutians in 
summer 1970, but as age .3 fish they formed the 
predominant age group in this area in spring 1971. 
The age compositions of the spring catches were more 
like those in the eastern and western areas of the sum
mer cruise track, particularly that to the west. This 
change in age composition (occurring primarily 
between 165°W and 171 °W) suggests that the age .3 
sockeye moved into this area of the spring cruise 
between summer and spring and formed the pre
dominant age group ; some of the age .2 sockeye 
(sampled in summer 1970 as age .I fish) may have 
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remained immature through 1971 and moved south 
of the area sampled in the spring. 

The post-dominant runs to Bristol Bay since 195 7 
have consisted mainly of fish originating from the 
brood year that produced the dominant run but which 
remained at sea an additional year before maturing. 
Offshore sampling in 1970 and 1971, however, in
dicated that the 1971 post-dominant run would be 
made up largely of sockeye salmon from the 1966 
brood year-not the 1965 brood year as shown below : 

Season and year 
of o.ffslwre 
sampling 

Summer 1970 

Winter 1971 

Spring 1971 

Age group in 
1970 and 
(in paren-
theses) in 

1971 

2.2(2.3) 
1.2(1.3) 
2.1 (2.2) 
1.1(1.2) 
2.2(2 .3) 
1.2(1.3) 
2. 1 (2. 2) 
1.1(1.2) 
2.2(2.3) 
1.2(1.3) 
2.1(2.2) 
1.1(1.2) 

Percentage composition if samples 
(by brood year) 

1965 1966 1967 

15.3 
21.4 
33.8 

27.0 
33.4 

30.3 
27.9 

6.9 
30.1 

37.1 
27.5 

4.1 

Although the 1966 brood year contributed the 
greatest proportion of fish to the winter and spring 
samples, the combination of the age 1.3 fish from the 
1966 brood year and the 2.3 fish from the 1965 brood 
year resulted in a predominance of age .3 sockeye in 
the samples. 

The conflicting and rather complicated results of 
age composition studies in offshore waters and the 
subsequent unusual age composition of the 1971 
Bristol Bay run may be summarized as follows : Based 
on the age composition of post-dominant runs since 
1957 and on the escapement-return relation, the 1971 
Bristol Bay run was anticipated to be predominated 
by age .3 fish from the 1965 brood year (age 2.3 
fish). 

Offshore sampling south of the central Aleutian 
Islands by research vessels in summer 1970 (an area 
where the 1971 run would be expected to predom
inate as immatures) indicated that the 1971 run would 
consist largely of age .2 fish from 1966 and 1967 
brood years (ages 2.2 and 1.2). Later offshore sam
pling of the maturing sockeye salmon in winter and 
spring 1971, however, differed from the summer data 
and indicated that the 1971 Bristol Bay run would be 
mostly age .3 fish. The change in dominant age 
groups of sockeye salmon from summer 1970 to spring 
1971 apparently resulted from a major shift in popula
tions of sockeye salmon occupying waters south of the 
Aleutian Islands between summer and spring. The 
winter and spring samples (64% and 68% age .3 fish, 
respectively) proved to be reasonably accurate in 
reflecting the ocean age composition of the 1971 run 
to Bristol Bay (61% age .3 fish). 
The unusual age composition of the 1971 Bristol 

Bay run was due to changes in brood year strength 
from that observed in recent post-dominant runs. 
The contribution of the 1965 brood year fish was less 
than expected ; the number of fish from the 1966 
brood year in the 1971 run (about 11.4 million fish 
based on preliminary data) was highly significant, 
since their abundance prevented a partial failure of 
the 1971 run from lack of fish from the 1965 brood 
year. 

In summer 1971, the predominance of ocean age 
groups changed by area of fishing (as previously 
discussed) and catches were grouped by these areas 
in presenting age composition (Table 10). The 
changes in ocean age composition were extreme, with 
age .2 fish clearly predominating in the eastern and 
western areas of fishing (68% and 65%) and with the 
age .I fish clearly dominant in the central area (69%). 
The ocean age composition in the central area cor
responded closely to that obtained by the Fisheries 
Research Institute (71% were age .1 fish) in their 
purse seine fishing south of Adak Island in July and 
early August (Hartt and Dell, MS 1971 ). Combined 

TABLE 10. Age composition of immature sockeye salmon taken in the North Pacific Ocean, summer 1971. 

Freshwater and ocean ages (%) Ocean ages(%) 
Sample 

Area size 1.1 2.1 1.2 2.2 Other .1 .2 

South of Alaska Peninsula 611 14.0 16.2 36.2 30.6 2.9 32.0 68.0 
153°W-162•w 
South of eastern and central 560 32.4 32.4 14.4 16.4 4.5 68.6 31.4 
Aleutian Islands 
166•W-1770W 
South of western 333 5.6 28.1 22.2 38.9 5.1 35.0 65.0 
Aleutian Islands 
180°-l?O•E 

Total 1,504 18.6 24.6 25.3 27.4 4.0 45.7 54.3 
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data from all areas sampled indicated that the age 
.2 fish contributed the greatest proportion to the 
gillnet catches (54%). 

The usually important total age groups (freshwater 
and ocean) each contributed substantially to the 
combined catches (Table 10). Ages 2.1, 1.2, and 
2.2 were taken in approximately equal proportions 
whereas the contribution of age 1.1 fish was smaller 
due to their lower relative abundance in the area 
south of the western Aleutian Islands. 

The principal brood years represented in the catches 
were: 1966 (29%), 1967 (50%), and 1968 (19%). 

Size. Mean lengths of sockeye salmon are now 
available from summer, winter, and spring for a 
series of years from which it is possible to examine 
the size of sockeye salmon at various stages through 
their last year at sea. Because different areas were 
fished within and between seasons, the samples un
doubtedly were made up of varying proportions of 
Bristol Bay fish. We believe, however, that areas 
sampled were occupied predominantly by Bristol Bay 
sockeye salmon, and conclusions from these data 
are thought to apply to that stock. 

The mean lengths of immature age .1 fish sampled 
in summer (August) and maturing age .2 fish sampled 
in winter Qanuary and February) indicate that this 
age group increased in length by about 12 em during 
a 5- to 6-month period (Fig. 16). The increase was 
about 5 em for the age .2 immatures that became age 
.3 maturing sockeye in winter. The increase during 
the 3- to 4-month interval between winter and spring 
(April and May) was smaller-about 6 em for age .2 
maturing fish and about 3 em for age .3 maturing 
fish. 

The sizes of sockeye salmon were similar by season 
in each of the years 1967-68, 1968-69, and 1970-71. 
The growth between seasons differed most noticeably 
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FIGURE 16. Average lengths and ranges in length for immature 
(summer) and maturing (winter and spring) sockeye salmon in 
the North Pacific Ocean. Summer samples are from August, 
winterfromJanuary and February, and spring from April and 
May. 

between summer 1969 and spring 1970 when the large 
numbers of sockeye salmon making up the 1970 Bristol 
Bay run were at sea (in excess of 40 million fish). 
These sockeye, as immature age .1 fish in summer 1969, 
were about 1 em larger than immatures in other years. 
Rogers (1970) also noted the relatively large size of 
immatures in summer 1969, based on purse seine 
samples south of the central Aleutian Islands. By 
winter and spring of 1970, however, these fish were 
smaller than fish in other years. Two conclusions 
are suggested by these findings : (1) the size of the 
Bristol Bay run in 1970 was large enough to tax the 
available sources offood in the ocean and limit growth 
and (2) the last year at sea is the most critical for 
determining the ultimate size of maturing sockeye 
salmon. The latter conclusion is supported by evi
dence from the size of age .3 fish in spring 1971 which 
were not as small as age .3 fish in spring 1970, although 
the 1971 age .3 fish shared the first two years at sea 
with the large numbers of age .2 fish that returned 
to spawn in 1970. 

TABLE 11. Average lengths of ag7 .1 and .2 immature 
sockeye salmon by area, summer 1971, and for total 
catches in summer 1970. 

Age.l Age .2 

Average Average 
Sample length Sample length 

Area size (em) size (em) 

South of Alaska 
Peninsula 
153°W- 162°W 181 38.0 377 50.6 
South of eastern 
and central 
Aleutian Islands 
166°W- l77°W 378 35.8 147 51.2 
South of western 
Aleutian Islands 
180°- l70°E 107 39.6 208 51.6 

Total 1971 666 37.0 732 51.0 
Totall970 1,406 35.3 848 49.6 

For summer 1971 samples, the average lengths of 
immature sockeye salmon taken in different areas are 
given in Table 11. Differences were apparent in the 
average size of the age .1 immatures between these 
areas. The larger fish were taken in the eastern and 
western areas fished, and the smaller fish were found in 
the central area. In contrast, the age .2 fish increased 
in size from east to west. Differences in size of im
mature sockeye salmon may be due to the presence 
of different stocks or mixtures of stocks in each area 
or, in the case of age .2 fish, due to growth since 
fish to the west were sampled in later time intervals. 

The immature sockeye salmon were relatively large 
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TABLE 12. Geometric mean catch of maturing sockeye 
salmon from winter fishing in the northeastern Pacific 
Ocean, size of run to Bristol Bay, and run per index 
point. 

Year of run 
Age 

Type of value offish 1962 1967 1969 1970 1971 

Abundance index .2 1.40 1.19 3.08 10.14 4.24 
(geometric mean) .3 1.79 1.10 1.85 2.44 6.46 

Bristol Bay .2 7.3 6.7 15.9 35.7 5.9 
inshore run .3 3.1 3.4 2.5 3.9 9.2 
(millions of fish) 

Size of run .2 5.21 5.63 5.16 3.52 1.39 
per index point .3 1.73 3.09 1.35 1.60 1.42 

in 1971 when compared to the size of fish sampled 
from a similar area in summer 1970 (Table 11 ). 
Both age groups averaged about 1.5 em larger in 1971 
than immatures from summer 1970. The 1971 im
matures were also larger than those taken in summer 
1967, 1968, and 1969 (Fig. 16); in these earlier 
years, however, samples were restricted to waters 
south of Adak Island. 

Comparison of Sockeye Salmon Catches Between 
Years 

Winter. The 1971 winter cruise was our fifth since 
1962, of sampling maturing sockeye salmon in the 
northeastern Pacific. Sampling locations varied 
somewhat between years but were generally from 
165°W to 155°W and north of48°N. The catch data 
have been examined to determine if reasonably ac
curate forecasts of the size of the sockeye salmon run 
to Bristol Bay could be made from the relation between 
the apparent abundance of salmon in high seas gillnet 
catches and the inshore run. The size of run per 
index point (Table 12) was in fairly dose agreement 
for the age .2 sockeye salmon for the first three years 
of sampling but differed substantially in 1970 and 
1971 ; the relation was somethwat similar for the age 
.3 fish with the exception of 1967. Using these data, 
we derived a forecast for the 1970 inshore run much 
larger than actually materialized. Preliminary esti
mates of the size of the 1971 run (about 15.2 million 
fish) were also substantially less than the number 
predicted on the basis of winter sampling in 1971. 
It would appear, therefore, that accurate forecasts of 
the size of the Bristol Bay run are not yet possible 
from the pattern of winter fishing carried out to date. 

Spring. The 1971 spring cruise marked the second 
successive east-west cruise through areas where matur
ing Bristol Bay sockeye salmon were expected to be 
located prior to their inshore migration. The com
parison of catches for the two years is shown in Figure 
1 7. In both years largest catches of salmon (CPUE 
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FIGURE 17. Distribution and apparent abundance (shown below 

stations) of maturing sockeye in April and May 1970 and 1971. 

of from 10 to 32) were made between l74°W and 
155°W with decreased. catches west of 175°W. 

The catch data for the two years were compared to 
provide an estimate of the inshore run to Bristol Bay 
in 1971. The average CPUE in 1971 was about 60% 
of that obtained in 1970. Abundance of age .2 fish 
was about one-fourth of that in 1970, and abundance 
of age .3 fish was 3-1/2 times that of 1970. In apply
ing these ratios, we estimated the 1971 inshore run 
would be about 8 million age .2 fish and about 14 
million age .3 fish (total of 22 million fish). The 
actual inshore returns (preliminary figures) of ap
proximately 6 million age .2 fish and 9 million age .3 
fish were far short of predicted figures. Thus, the 
forecast of the 1971 run, based on the relation between 
the size of the run and the apparent abundance in 
high seas catches during 1970 and 1971, was inac
curate. The offshore catch data in spring 1971 did, 
however, detect the unusual age makeup of the 1971 
run as discussed earlier. 

Summer. The 1971 summer cruise track from east 
to west across the North Pacific Ocean was planned 
to coincide as much as possible with the cruise track 
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FIGURE 18. Fishing stations and relative abundance (shown 
below stations) of immature age .1 and age . 2 sockeye salmon, 
summer 1970 and 1971. 
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TABLE 13. Age composition of immature sockeye salmon in the North Pacific Ocean, summer 1970 and 1971. 

Area 1.1 

South of Alaska Peninsula 
1970 (155"W-163°W) 17 
1971 (153"W-162°W) 14 

South of eastern and central Aleutian Islands 
1970 (163°W-l77°E) 37 
1971 (166°W-177"W) 32 

South of western Aleutian Islands 
1970 (176•E -17l"E) 7 
1971 (180°-l70°E) 6 

of 1970, to compare 1970 catches of sockeye salmon 
with 1971 catches, and to relate distribution in summer 
to distribution in subsequent winter and spring 
cruises. 

The distribution of sockeye salmon by age group 
was similar for the two years. The change in pre
dominance of ocean ages by area shown for 1971 
was also a major feature of catches in summer 1970 
(Fig. 18). In the eastern part of the sampling area, 
near 155°W to about 163°W, immature age .2 sockeye 
salmon predominated in the catches. In the central 
part of the sampling area from about l64°W to 180°, 
immature age .I fish predominated, although at one 
station in 1971 (at 171 °W) age .2 fish predominated. 
West of 180°, age .2 fish again comprised the majority 
of the catches, although in 1971 west of l77°E the 
two age groups were of nearly equal proportions in 
the catch. 

The similarities between years in the general loca
tion of these changes and the parallel manner in which 
the various age groups changed are rather remarkable 
(Table 13). Although the magnitude of the changes 
in contribution of the age groups differed between 
years, the direction of changes was similar between 
years and from area to area. This was true for both 
freshwater and ocean age groups. These similarities 
in age composition by area between summer 1970 and 
1971 are difficult to explain. Its significance may 
become apparent after more observations on the rela
tion between summer distribution and the subsequent 
winter and spring distribution. 

CHuM, PINK, CoHo, AND CHINOOK SALMON AND 

STEELHEAD TROUT 

Distribution and Abundance 

Winter. Salmon other than sockeye constituted a 
small portion (1.3%) of the total salmon caught 
during the winter cruise. The comparatively small 
catches of chum (3), pink (12), coho (1), and chinook 

Freshwater and ocean ages(%) Ocean ages (%) 

2.1 1.2 2.2 Other .1 .2 

17 43 20 2 38 62 
16 36 30 3 32 68 

43 9 8 2 82 18 
32 14 16 4 69 31 

27 32 33 2 34 66 
28 22 39 5 35 65 

(I) salmon resulted primarily from limited fishing 
effort south of about 50°N where they are more 
abundant in the winter. All except the one chinook 
were caught south of 51 °N (Table 6). 

Spring. Most of the fishing effort in the spring, as 
in the winter, was in an area usually inhabited mainly 
by sockeye salmon (51 o to 52°N south of the Alaska 
Peninsula and 50° to 51 °N south of the eastern Aleutian 
Islands). The combined catch of other salmon (443) 
was much less than the catch of sockeye salmon alone 
(1,205). Past fishing has demonstrated that chum 
and pink salmon are usually in relatively low abun
dance in these waters in early spring ; they are found 
in these more northern waters in greater abundance in 
late spring. The catches during this cruise, therefore, 
may only represent the apparent relative abundance 
of these species in the northern part of their distribu
tion. 

Chum salmon were caught at all stations along the 
cruise line between 152°45'W and 171 °}5'W (Table 
7). The CPUE (multifilament nets only) ranged 
from zero (52°00'N, 158°00'W) to a high of 14 
(51 °00'N, 159°00'W) and averaged about four for all 
locations east of 171°15'W (Fig. 19). Sets west of 
171 °l5'W failed to take chum or other species of 
salmon. The chum salmon were all maturing ; most 
were age .3 (81 %) and the remainder age .4 (19%). 

FIGURE 19. Gillnet fishing stations and relative abundance 
(shown below stations) of maturing chum salmon, spring 1971. 
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Chum salmon sampled in the spring of 1971 were 
somewhat smaller than those taken from the same 
general area in 1970, as shown below : 

rear 

1970 
1971 

Mean length (em) 
Age .3 Age .4 

57.4 63.4 
54.9 58.4 

Mean weight (kg) 
Age .3 Age .4 

2.32 2.70 
1.93 2.34 

Only five maturing pink salmon were taken in
termittently in four sets between 156°W and 170°W 
(Table 7). 

No coho salmon were caught in the spring and only 
one chinook salmon was taken in the 15 locations 
fished. The chinook salmon was an age .2 immature 
and was taken in late April at 52°00'N, 155°00'W .. 

Summer. The summer cruise, as stated earlier, was 
designed to fish through main concentrations of im
mature sockeye salmon. Due to interspecific dif
ferences in distribution, this cruise may not have been 
in areas of concentration of other species of salmon. 

Immature chum salmon were caught along the 
entire cruise track with the exception of one station 
near 1 79°W ; the largest catches were made east of 
1 70°W, where CPUE ranged from 1.6 to 19.5 and 
averaged 7.6 (Fig. 20). West of about 168°W the 
average CPUE value declined to 0.6 (range 0.0 to 
·2.0). Immature chum salmon apparently occurred 
in the area west of 175°W in greater abundance in 
early sumJUer than indicated by gillnet catches in 
August. Personnel of the Fisheries Research In
stitute, while fishing south of Adak Island, caught 
relatively large numbers of immature chum salmon in 
early July (Hartt and Dell, MS 1971). These fish 
either were not available to gillnets or had moved 
out of the area sampled in late August. 
· The immature chum salmon were predominantly 
age. .2 fish as shown below : 

Age Percentage 

.1 11.9 
.2 51.0 
.3 35.5 
.4 1.6 

Some maturing chum salmon were in the area 
covered by the cruise track in late July and August. 
Maturing fish comprised about 14% of the total catch 
of chum salmon. 

Coho salmon were taken consistently along the 
summer cruise track, although in much smaller 
numbers than chum or sockeye salmon (Table 8) ; 
main concentrations of coho salmon were probably 
south of the area sampled. Including catches in both 
monofilament and multifilament nets, the numbers 
taken ranged from 1 to 1 7 and averaged about five 
fish per set from near 153°W to 180°, with the excep-
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FIGuRE 20. Fishing stations and relative abundance (shown 
below stations) of immature chum salmon, summer 1970 and 
1971. 

tion of a single zero catch near 179°W. Larger 
catches, ranging from 6 to 19 coho salmon and averag
ing 11 fish per set, were made from 180° to 170°E. 
Of 121 coho salmon with readable scales, 21% were 
age 1.1, 68% age 2.1, and 11% age 3.1. 

Only 22 chinook salmon were caught in the summer, 
compared to the 145 coho salmon taken. The chinook 
salmon appeared intermittently in catches throughout 
the area fished (Table 8) ; usually one or two chinook 
salmon were taken but near l72°E six fish were caught 
in a single set. Ocean ages represented in the sample 
of 20 chinook with readable scales were age .1 (3 
fish), age .2 (15 fish), and age .3 (2 fish). 

Seven maturing pink salmon were caught during 
the summer cruise. Six of these were taken in the 
first three sets (153°15'W to 156°20'W) during July 
29 to August 3 and the other on August 11 in a set 
at 168°20'W. 

A total of 114 steelhead trout were caught during 
the summer cruise; 104 (91 %) were taken east of 
174°W, and the remaining 10 fish were caught from 
174°W to the western end of the sampling area at 
170°30'E (Table 8). Age composition of the steelhead 
trout was 78% age .1 fish and 22% age .2 fish. Major 
freshwater and ocean age components were age 2.1 
(38%), age 3.1 (33%), and age 2.2 (13%). Maturity 
status was not determined. 

Comparison of Chum Salmon Catches Between 
Years 

Comparison of catches of immature chum salmon 
(age .1 and age .2 and older) for the similar fishing 
stations in 1971 and 1970 is illustrated in Figure 20. 
The CPUE for the east-west cruise tracks revealed 
that largest catches in both years were made east of 
175°W. The area of largest catches in 1971 was 
east of the area of largest catches in 1970. Catches 
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were somewhat larger at the westernmost stations 
in 1970 compared to the catches in this area in 1971. 

CoMPARisoN OF SALMoN CATCHEs IN MoNOFILAMENT 

AND MuLTIFILAMENT GILLNETS 

During the 19 71 research cruises, monofilament 
gillnets were fished along with our regular multifila
ment nets to compare the relative efficiency of the 
two kinds of gear. In similar experiments in 1962 
and 1963 (Larkins, 1963, 1964 ), the monofilament 
nets used were of German-manufactured Perlon and 
of a similar type of Japanese-manufactured material. 
These nets were relatively stiff, bulky, and difficult to 
handle aboard our research vessels and their use was 
not continued. In the present experiments, we used 
Japanese-manufactured netting which was more 

pliable and easier to handle and stow in the net box 
than were the nets used in 1962 and 1963. 

The experimental monofilament nets of mesh sizes 
114 mm and 98 mm were alternated with small-mesh 
multifilament nets (51 mm and 64 mm) during winter 
and spring cruises and comprised a section of the net 
string located at the downwind end of the regular 
string when set. In the net string used in the summer, 
the four mesh sizes of monofilament gillnets were 
arranged by units in the order-133-, 83-, 114-, and 
98-mm, with a multifilament gillnet of mesh size 
64-mm inserted between the 114- and 98-mm mesh 
size. Three of these units comprised an experimental 
section of 15 shackles of gillnets attached to the main 
string of multifilament gillnets. 

Winter. Comparison of sockeye salmon catches in 
monofilament and multifilament nets (98- and 114-

TABLE 14. Catches of salmon in monofilament and multifilament gillnets-winter, spring, and summer 1971. 

Net fished Ratio of catch 
Fishing season Total no. Catch (mono- to 

and species Mesh size of shackles Total per multifilament 
of salmon (mm) Material fished catch shackle nets) 

WINTER 

Sockeye 98 monofilament 39 258 6.6 1.43 
multifilament 47 218 4.6 

114 monofilament 39 218 5.6 0.89 
multifilament 47 298 6.3 

SPRING 
Sockeye 114 monofilament 45 496 11.0 3.88 

multifilament 75 213 2.8 
133 monofilament 45 Ill 2.5 0.78 

multifilament 75 241 3.2 
Chum 114 monofilament 45 156 3.5 2.69 

multifilament 75 98 1.3 
133 monofilament 45 27 0.6 0.55 

multifilament 75 81 1.1 
SUMMER 

Sockeye 83 monofilament 63 1,068 17.0 3.70 
multifilament 126 583 4.6 

114 monofilament 63 417 6.6 1.47 
multifilament 126 572 4.5 

133 monofilament 63 73 1.2 0.86 
multifilament 126 175 1.4 

Chum 83 monofilament 63 280 4.4 4.89 
multifilament 126 144 0.9 

114 monofilament 63 285 4.5 1.67 
multifilament 126 346 2.7 

133 monofilament 63 82 1.3 1.18 
multifilament 126 144 1.1 

Coho 114 monofilament 63 17 0.3 3.00 
multifilament 126 17 0.1 

133 monofilament 63 19 0.3 0.60 
multifilament 126 59 0.5 

TOTAL monofilament 762 3,507 4.6 2.00 
multifilament 1,402 3,159 2.3 
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mm mesh size) for the winter cruise is given in Table 
14. In the 98-mm mesh, the monofilament averaged 
more fish per unit of gear than the multifilament nets. 
The ratio of total catches of mono- to multifilament 
nets was about 1.4 to 1. In contrast, the monofila
ment 114-mm mesh size took slightly fewer fish com
pared to the multifilament gear, and the ratio of total 
catches in mono- to multifilament nets was about 0.9. 
The average lengths and weights of sockeye taken by 
the two types of gear were similar (Table 15). 

Spring. During the spring cruise, monofilament 
nets fished were the 114- and 133-mm mesh sizes, 
as these were the most efficient mesh sizes available 
for the size of fish usually caught. The 114-mm 
mesh monofilament nets took substantially more 
sockeye salmon per unit of gear than the multifila-

ment gear (Table 14 ). The ratio of catches of the 
two kinds of gear was 3.9 to 1. For the 133-mm mesh, 
the multifilament nets caught the most sockeye 
salmon per unit of gear. The ratio of catches of 
mono- to multifilament nets for this mesh size was 
about 0.8 to 1. 

The relative efficiency of the two kinds of gear on 
chum salmon was similar to their efficiency on sockeye 
salmon. The 114-mm mesh of the monofilament nets 
took substantially more fish per unit of gear than the 
multifilament nets (ratio of 2. 7 to 1) ; the 133-mm 
monofilament nets took less fish per unit of gear than 
the multifilament nets (ratio of 0.6 to 1 ). 

Larkins' (1963) experiments in the spring with the 
114-mm mesh size showed the ratio of catches in 
monofilament nets to multifilament nets to be 6.9 to 

TABLE 15. Average lengths and weights of salmon caught in monofilament and multifilament gillnets-winter, spring, 
and summer 1971. 

Size offish 

Net fished Length1 Weight 
Fishing season 

No. in Average No. in Average and species Mesh size 
of salmon (mm) Material sample (em) sample (kg) 

WINTER 
Sockeye 98 monofilament 264 50.2 81 1.54 

multifilament 220 50.1 72 1.50 
114 monofilament 219 53.2 92 1.85 

multifilament 300 53.2 187 1.91 

SPRING 
Sockeye 114 monofilament 497 56.2 497 2.29 

multifilament 213 55.9 210 2.23 
133 monofilament Ill 57.7 110 2.45 

multifilament 241 57.4 240 2.43 

Chum 114 monofilament 156 55.4 !56 2.00 
multifilament 98 55.0 96 1.94 

133 monofilament 27 56.6 27 2.19 
multifilament 82 56.8 81 2.19 

SUMMER 
Sockeye 83 monofilament 1,041 42.8 984 0.97 

multifilament 557 39.8 411 0.79 
114 monofilament 402 51.2 394 1.72 

multifilament 552 50.6 479 1.64 
133 monofilament 79 53.0 72 1.95 

multifilament 174 52.6 160 1.92 

Chum 83 monofilament 279 46.8 277 1.30 
multifilament 113 42.1 95 0.93 

114 monofilament 281 53.7 277 2.01 
multifilament 339 52.9 315 1.93 

133 monofilament 79 57.7 74 2.57 
multifilament 145 58.1 142 2.61 

Coho 114 monofilament 17 58.8 17 2.97 
multifilament 18 59.4 17 3.05 

133 monofilament 19 60.6 19 3.33 
multifilament 58 60.8 58 3.30 

1 Measured from tip of snout to fork of tail. 
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1 for sockeye salmon and 7.4 to 1 for chum salmon. 
These ratios were substantially greater than those of 
the present experiments. The average lengths and 
weights of sockeye and chum salmon taken in the 
two kinds of gear were similar (Table 15). 

Summer. Salmon catches in monofilament and 
multifilament gillnets in the summer are given in 
Table 14. Where catches were sufficient for com
parative purposes, the relative efficiency of mono
to multifilament nets varied with species and mesh 
size. The relative efficiency (mono- to multifila
ment) was greatest in the 83-mm mesh size for sockeye 
and chum salmon, with ratios of about 3. 7 to 1 and 
4.9 to 1, respectively. The relative efficiency for these 
species was lowest in the 133-mm mesh size, and for 
sockeye salmon the multifilament was more efficient 
than the monofilament nets. Of the relatively few 
coho salmon caught, the CPUE of the monofilament 
nets was greater than for the multifilament nets for 
the 114-mm mesh size (ratio of 3 to 1 ), whereas for 
the 133-mm mesh size the multifilament nets were 
relatively more efficient (mono- to multifilament ratio 
of 0.6 to 1 ). For each species of salmon the relative 
efficiency of mono- to multifilament nets was much 
lower for the 133-mm mesh size, compared to other 
mesh sizes. 

Larkins (1963), in comparing catches in monofila
ment (of German-manufacture Perlon) and multifila
ment gillnets fished during the summer, found the 
salmon catch ratios for the 83-mm mesh size to be 3.2 
to 1 and for 114-mm mesh size, 2.3 to 1. In another 
experiment Larkins (1964), in using webbing of 
Japanese manufacture, found the ratio of catches of 
monofilament to multifilament nets to be 1.5 to 1 
for the 83-mm mesh size and 1.3 to 1 for the 114-mm 
mesh. Results of these earlier experiments with 
monofilament gillnets were generally similar to those 
of the present test fishing, with both showing a greater 
catch efficiency of the monofilament nets over multifil
ament gillnets of the 83-mm and 114-mm mesh size. 

The average lengths and weights of sockeye salmon 
caught in monofilament nets of 83-mm mesh size 
were somewhat greater than in the multifilament nets 
(Table 15 ). These were mainly age .1 fish. There 
was a slight difference in average lengths and weights 
of age .2 immature sockeye caught in monofilament 
and multifilament nets of 114-mm and 133-mm mesh 
size. Average lengths and weights were generally 
similar for chum and coho salmon taken in the two 
kinds of gillnets, with the exception that in the 83-
mm mesh nets, chum salmon taken in the monofila
ment nets were larger than those in the multifila
ment nets. 
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OCEANOGRAPHY 

by F. Favorite and W. J. Ingraham, Jr.* 

Three types of oceanographic field studies are 
conducted aboard the RV George B. Kelez. The first 
involves routine expendable bathythermograph (XBT) 
observations which provide knowledge of the tem
perature structure in the upper 500 m of the water 
column. These data are collected by shipboard 
personnel ; the studies are conducted in cooperation 
with the National Marine Fisheries Service (NMFS) 
Fishery Oceanography Center, La Jolla, Calif., which 
utilizes these and other data to compile monthly 
charts of sea surface temperature across the North 
Pacific Ocean, and with the NMFS Environmental 

------------
* National Marine Fisheries Service, Northwest Fisheries 

Center, Seattle. 
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FIGURE 21. Locations of XBT releases from RV George B. Kelez, July 25, 1970, to August 14, 1971. 

Center, Monterey, Calif., which provides the XBT 
probes. Locations of observations from July 25, 1970, 
to August 25, 1971, show the intensity of these observa
tions (Fig. 21 ). The second type of field study 
consists of routine observations during salmon fishing 
cruises. These are obtained at and between fishing 
locations by one or more scientific personnel using a 
constantly recording surface thermosalinograph and a 
1,500 m salinity-temperature-depth (STD) device, as 
well as additional XBT probes. These data provide 
knowledge of environmental conditions at the time 
salmon are caught (Fig. 22). The third type consists 
of intense oceanographic sampling for a limited 
period in a limited area, either prior to or after the 
salmon fishing operations. These cruises provide a 
rather thorough picture of basic environmental condi
tions surrounding the fishing area and continuity of 
fronts and other small-scale features that cannot be 
ascertained when the distances between fishing loca
tions are great. Primary emphasis was placed on this 
type of field study during the past year, and two cruises 
of this nature were conducted in the Bering Sea 
(Fig. 22). 

In addition to these field studies, considerable effort 

was devoted to the planning and preliminary activities 
of the cooperative, large-scale, long-term, synoptic 
NMFS MARMAP (Marine Resources Monitoring 
Assessment and Prediction) Program, which has the 
potential of obtaining from ships, buoys, and remote 
sensing devices the environmental data base for the 
Subarctic Region that the presently limited number of 
independent research ships is unable to provide. 

GENERAL OcEANOGRAPHIC CoNDITIONs 

Although surface salinities less than 33.0%o (parts per 
thousand) encountered in the central Bering Sea in 
September 1970 (which is discussed in the following 
section) suggested an anomalous surface dilution over a 
large area, the most striking anomalous condition in 
the Subarctic Region during the past year was the cold 
ocean temperatures at the surface and at depth 
around the Gulf of Alaska and out along the Aleutian 
Islands. Comparison of monthly surface temperature 
distribution for 1969-70 and 1970-71 indicates a 
progressive intrusion of cold water (Fig. 23). Pre
liminary analysis of wind-stress transports does not 
indicate an explanation for this phenomenon ; how-
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FIGURE 22. Locations of oceanographic stations (STD casts) 
from RV George B. Kelez, July-September 1970 and May-June 
1971. 

FIGURE 23. Temperature change (°F) of sea surface water in the 
northeastern Pacific Ocean: December 1970 was compared 
with December 1969; March 1971 was compared with March 
1970; andJune 1971 was compared with June 1970. Hatched 
areas indicate those surface waters that were colder than the 
previous year (Source: Natl. Mar. Fish. Serv., 1970-71). 

FIGURE 24. Temperature change (°F) of sea surface water in the 
northeastern Pacific Ocean: December 1970 was compared 
with the long-term mean temperature in December ; March 
1971 was compared with the long-term mean temperature in 
March; and June 1971 was compared with the long-term mean 
temperature in June. Hatched areas indicate those surface 
waters that were colder than the long-term mean temperature 
(Source: Nat!. Mar. Fish. Serv., 1970-71). 

ever, comparison of monthly conditions in 1970-71 
with long-term monthly means suggests that only in 
late spring were surface temperatures unusually lower 
than normal (Fig. 24 ). 

These temperature comparisons are available only 
for surface conditions. Because of the variability in 
annual fishing patterns in the Aleutian Island area, we 
have not established environmental monitoring lines 
that permit comparison of subsurface conditions at a 
given time or place in the central Subarctic Region. 
But comparison of subsurface temperatures south of 
Unimak Pass in May 1971 with those of May 1969 
(during which normal surface sea temperature 
existed) indicates that temperatures in the surface 
layer were over 2.5°C (4.5°F) lower in 1971 and that 
the lower temperatures were present along the 
southern side of the Aleutian Islands to a depth in 
excess of 500 m (Fig. 25 ). 

DETAILED OcEANOGRAPHIC CoNDITIONS-CENTRAL 
BERING SEA, SEPTEMBER 1970 

It is increasingly obvious that significant changes in 
environmental conditions occur within relatively 
short distances (a few km) which explains why data 
from widely spaced stations in the Subarctic Region 
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FIGURE 25. Vertical section of temperature (°C) change south of 
Unimak Pass: May 1971 was compared with May 1969. 
Shaded areas show water that was colder in 1971 than in 1969. 

have not shown many small-scale features that may 
affect the movements of salmon. The very dilute sur
face water encountered last spring (Favorite, In
graham, and Fisk, 1972) in the Alaskan Stream at 
175°W, where relatively high gillnet catches of 
sockeye salmon were made compared to catches in 
the adjacent more saline water, prompted us to in
vestigate whether this dilute water could be traced into 
the Bering Sea. The investigation was made in late 
summer. The area north of Amchitka Pass was 
sampled intensively with 101 STD lowerings at various 
depths to 1,500 m during six transects of the Bowers 
Ridge in a 2-week period, August 29 to September 11, 
1970 (Fig. 22). Objectives were: to ascertain the 
nature of northward flow of the Alaskan Stream 
through Amchitka Pass ; to determine if the presence 
of Bowers Ridge, a submarine bathymetric feature, 
could be detected at the surface by changes in water 
properties ; and to assess the effect of the ridge on 

circulation in the Bering Sea. 
The major features of the circulation may be 

deduced by indicators of flow such as surface salinity 
and the vertical and horizontal distributions of tem
perature. 

Surface salinity in the central Bering Sea is normally 
characterized by values greater than 33.0roo; this 
criterion has been used for a number of years as a 
means of identifying Bering Sea surface water south of 
the central Aleutian Islands. The distribution of 
surface salinity in September 1970 (Fig. 26) indicated 
considerable dilution compared to previous data. 
There are two possible explanations : a recent, 
gradual dilution of surface waters in the Bering Sea or a 
late summer penetration of the dilute Alaskan Stream 
water into the Bering Sea which has not been docu
mented because existing data are primarily from late 
spring and early summer. With the information at 
hand one can only speculate that both factors have 
contributed to the observed condition. 

The most distinctive feature of the surface salinity 
data in the vicinity of the Aleutian Islands is the band 
of low salinity water (less than 32.9%o) about 20 km 
wide, extending from its source (the warm, dilute, 
westward flowing Alaskan Stream south of the 
Aleutian Islands) northeastward from Amchitka Pass 
into the higher salinity Bering Sea water. The high 
salinity values (33.0-33.3roo) appeared to be a 
result of extensive vertical mixing on both the east 
and west sides of the pass, but the dilute water in the 
center of the pass was also 3°C higher than the adjacent 
water indicating less extensive vertical mixing of the 
surface layer in the narrow tongue as it moved north
ward through the pass. This dilute tongue marks 
the presence of the Amchitka Branch of the Alaskan 
Stream which is also characterized by warm water at 
depth. 

A schematic of the temperature distribution 
(Fig. 27) in the temperature-minimum stratum in
dicates the extent of water greater than 4.0°C and 
water less than 2°C. These distributions, separated 
by areas of horizontal mixing where the temperature
minimum had intermediate values between 2.0° and 
4.0°C, gave a better approximation of the nature of 
the basic circulation than the distribution of surface 
salinity. In general, a southward flow of cold inter
mediate water was present east of Bowers Ridge, and a 
northeastward flow of warm water was evident in two 
tongues, one west of Petrel Bank and the other on the 
east side of Amchitka Pass. 

The complex nature of the surface water circulation 
in the vicinity of Bowers Ridge is evident in the dis
tribution of surface geostrophic currents (Fig. 28) 
computed from density distributions in the water 
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FIGURE 28. Geostrophic currents (relative to 1,000 db) showing Amchitka Branch of the 
Alaskan Stream (hatched area) flowing northward, eastward of Bowers Ridge, and 
complex flow in vicinity of ridge, September 1970. 

column relative to 1,000 db (the best method available 
to assess flow in ocean areas in the absence of direct 
current measurements). Conclusions concerning 
circulation indicated by the distributions of surface 
salinity and of temperature at intermediate depths are 
basically supported. The southward flow on the 
northeast side of the ridge was about 5 to 15 cmfsec 
as was the flow in the cyclonic gyre west of the ridge. 
A relatively high northeasterly velocity (about 
30 emf sec) was found in the narrow canyon through 
the southern part of the ridge, where stations were 
spaced only a few km apart ; this flow turned south 
just east of the ridge. The major flow, which is 
considered the Amchitka Branch of the Alaskan 
Stream, was clearly evident, extending northeastward 
from Amchitka Pass with a velocity of about 25 em/sec. 
Time was not available to trace this current system 
eastward, but the nature of flow through adjacent 
Aleutian Island passes to the east during spring 1971 is 
reported in a following section. 

Drift bottles were released at a number of locations 
(Fig. 29). Several interesting returns have been 
made, but it is unlikely in this remote area that 
bottles are recovered as soon as they are washed 
ashore ; thus, one can estimate trajectories or speeds 
from only those with short recovery times. Of course, 
the effect of winds cannot be deduced. The two 
bottles recovered on the Pribilof Islands 76 and 129 
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FIGURE 29. Drift bottle release locations, September 1970, 
near Bowers Ridge showing recovery location and the number of 
days adrift. 

days after release east of Bowers Ridge support the 
conclusion of a northeast flow in this area and indicate 
an advance of about 10 em/sec (.2 knot). However, 
one recovery from the same release location and 
recoveries from each of two other release locations 
indicate an anomalous southwesterly drift. 

If one assumes that the recovery of a drift bottle 
from the release location at 54°30'N, 179°30'W 
reflects the southward flow along the east side of 
Bowers Ridge, that the recoveries on the Aleutian 
Islands east of 180° reflect an eastward flow along the 
north side of the Aleutian Islands, and that those 
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recoveries west of 180° were swept southward through 
eastern island passes and carried westward south of the 
Aleutian Islands in the Alaskan Stream, the pattern 
does not seem as complex as it initially appears to be. 
This anomalous southeasterly flow, which may be 
part of an anticyclonic flow around the eastern 
Aleutian Islands, was clearly evident in the subsequent 
spring cruise. 

Since there are no basic changes in circulation 
patterns in this area between late spring and early 
fall, it is assumed that the Amchitka Branch of the 
Alaskan Stream is present during the June migration 
of sockeye salmon from south of the Aleutian Islands to 
Bristol Bay and provides a recognizable pathway 
through the eastern Bering Sea (Favorite and In
graham, MS 1971). 

DETAILED OcEANOGRAPHIC CoNDITIONS-EASTERN 

BERING SEA, MAY-jUNE 1971 

The 114 STD stations taken aboard the R V 
George B. Kelez between May 21 and June 10 provided 
the most intense sampling ever taken between 173° 
and 165°W from the Aleutian Islands to the Bering 
Sea shelf. Objectives were to ascertain the nature of 
northward flow through island passes and of current 
patterns in the eastern Bering Sea before and during 
the onshore movement of salmon into the Bristol Bay 
area. In addition, we were to fish for salmon with a 

FIGURE 30. Surface salinity (:Voo) distribution showing large area 
of typical Bering Sea water ( > 33.0%o) and unusual tongue of 
dilute water ( <32.6:Voo) extending offshore south of the Pribilof 
Islands, May-June 1971. 

short string of gillnets in the vicinity of ocean fronts. 
The distribution of surface salinity for May-June 

(Fig. 30) shows the relatively high salinity (greater 
than 33.0%o) water characteristic of most of the 
Bering Sea. Although the water was unusually dilute 
during September 1970 in the central Bering Sea, the 
process of winter overturn and vertical mixing with 
deep, saline water had reestablished normal values. 
As expected considerable dilution did occur near the 
Bering Sea shelf, but the extensive tongue of dilute 
water (less than 32.6roo) which projected over 100 
miles into the eastern Bering Sea south of the Pribilof 
Islands appears quite anomalous. The high salinity 
(greater than 33.0%o) surface water north of the 
Aleutian Island passes west of U nimak Pass implied a 
net southerly flow through the passes into the North 
Pacific Ocean. This provides an explanation of how 
some Bering Sea water could arrive periodically 
south of Adak Island (1 76°W) where a known west
ward flow exists. But this contrasts considerably with 
the September 1970 data which indicated we could 
have expected tongues of the warm, dilute water of the 
Alaskan Stream to flow northward through the 
island passes similar to the Amchitka Branch. 

The rather uniform but unseasonally cold surface 
temperatures (Fig. 31) provide little indication of the 
tongue of dilute water extending off the shelf that 
could provide subtle chemical indicators of coastal 
water or even river systems that mature, homing 
salmon may be seeking. Temperatures m the 
temperature-minimum stratum were rather uniform 

FIGURE 31. Surface temperature ("C ) distribution near Unalaska 
Island, May-June 197 I. 
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(2.4-2.8°0) and showed no evidence of the tongues of 
water less than 2°0 and greater than 4°0 encountered 
in the central Bering Sea in September 1970. 

Geostrophic currents indicated the presence of two 
large cyclonic gyres separated by an anticyclonic gyre, 
which was clearly associated with the seaward intru
sion of dilute water south of the Pribilof Islands 
suggested by the surface salinity distribution (Fig. 32). 
The northeastward flow between 54° and 55°N at 
173°W is believed to be an extension of flow in the 
Amchitka Branch of the Alaskan Stream. The 
divergence of this flow at 54°N (resulting in a strong 
southeast component) was verified by tracking for 
several days a transponding buoy, which drifted 
southeastward at velocities of 15-20 em/sec (.3-.4 
knot). This clearly explains why there were no 
tongues of dilute water from the Alaskan Stream 
protruding northward through the island passes in 
this area. Two other buoys were released at other 
locations to ascertain the validity of geostrophic 
currents and good correspondence was obtained. 

One hypothesis that we wished to test was the 
possibility that salmon move in greater numbers 
through Aleutian passes in which a strong northward 
component of flow exists. This is not necessarily 
because they are passively carried by the flow but in 
this manner they do not have to adjust rapidly to the 
more saline and perhaps chemically different surface 
water of the Bering Sea. In a special gillnet set in the 
high salinity water at the southern extremity of the 

FIGURE 32. Geostrophic currents (relative to 1,000 db) showing 
general cyclonic circulation of the eastern Bering Sea with a 
large anticyclonic meander south of the Pribilof Islands. 

southward dilute water intrusion, only four sockeye 
salmon were caught. Failure of a propeller shaft 
bearing prevented fishing in the dilute water where 
large catches were anticipated, but it is hoped that 
this experiment will be attempted again next year. 

It is well documented that this year the sockeye 
salmon returning to Bristol Bay streams arrived in the 
bay one to three weeks late, raising some concern that 
the run would be small. With the limited informa
tion at hand there are several possible causes. First, 
the unseasonably cold ocean temperatures may have 
retarded the commencement of migration or sub
sequent movements. Second, the southward move
ment of Bering Sea water through eastern Aleutian 
passes may have retarded the normal northward 
migration in this area. Third, the combination of 
cold water in the Bering Sea and southward flow 
through the passes may have resulted in a migration 
farther westward and later than normal along the 
south side of the Aleutian Islands and which would 
not have been detected by research or mothership 
catcher boats. 

MAR MAP 

The National Marine Fisheries Service (NMFS) 
has initiated a Marine Resources Monitoring Assess
ment and Prediction (MARMAP) Program designed 
to obtain knowledge of the long-term status of living 
marine resources. It is a long-term, large-scale, 
multi-species approach to understanding interrela
tions between organisms and those between organisms 
and their environment. National and international 
cooperation is being sought so that standard observa
tions can be made over large areas with the required 
intensity, frequency, and synopticity. This program 
reflects the purpose and intent of our limited oceano
graphic studies over the years for the INPFO. Physi
cal, chemical, and biological oceanographic studies 
have been initiated and carried out in critical areas 
and critical times in relation to salmon, but eventually 
we will need to know more about larger segments of 
the salmon environment to understand the fluctuations 
in ocean distributions. The Subarctic Region is 
only one of several that will be under intense investiga
tion by the MARMAP Program. Present efforts are 
being devoted to developing shipboard techniques 
that will consist of rapid, automatic assessments of fish 
by acoustic devices as well as acquisition of physical, 
chemical, and biological oceanographic data. 

Ichthyoplankton studies will form an integral part 
of the Program. Plankton samples will be collected 
systematically in a BONGO type net array over a 
large portion of the Subarctic Region, and pelagic 
fish eggs and larvae will be identified to the lowest 
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possible taxonomic group. Analysis of such samples 
at the plankton sorting center established at the 
NMFS Northwest Fisheries Center will provide an 
additional parameter to assess the distribution and 
relative abundance of important fishes as well as of 
forage fishes and plankton which constitute the food 
chain. 

Endorsement of and participation in the ichthyo
plankton phase of the MARMAP Program by na
tional sections of the INPFC through the aegis of the 
Oceanography Subcommittee of the Committee on 
Biology and Research would greatly accelerate the 
acquisition of our knowledge not only of the salmon 
environment but that of other species as well. 
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INHERITANCE OF BIOCHEMICAL VARI
ANTS IN THREE SPECIES OF PACIFIC 

SALMON AND RAINBOW TROUT 

by Fred M. Utter, James L. Mighell, and 
Harold 0. Hodgins* 

In previous INPFC Annual Reports we have 
described several biochemical variants in fishes that, 
based on several lines of indirect evidence, we have 
assumed to be genetic (Utter and Hodgins, 1971 ; 
Utter, Hodgins, and Johnson, 1972). If biochemical 
variants are truly genetic in nature, they can be useful 
in identifying species and races of fish and in deter
mining relative influences of genetic and/or environ
mental factors on ocean distribution, areas of origin, 
and on stock capabilities and characteristics. 

The strongest tests for determining genetic or non
genetic mechanisms that control biochemical variants 
are tests with data from breeding experiments. In 
interpreting the results of breeding experiments we 
look for evidence of multiple loci or a single gene 
locus, for evidence of different genes (alleles) at a 

* National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 

locus, and for numerical ratios of progeny that permit 
interpretation of dominant, codominant, or recessive 
patterns of expression of genes. If numbers of progeny 
of various biochemical types fit closely enough a 
pattern consistent with that predicted from parental 
types, strong evidence will then have been obtained 
that the biochemical variants directly reflect genes 
and that the inheritance is Mendelian. 

Allelism (genes at a single locus) of numerous 
biochemical variants described by this laboratory has 
been inferred by lines of evidence including: (1) 
starch gel electrophoretic patterns for particular 
proteins that are consistent with allelic variants of the 
same proteins in other species, (2) repeatability of 
expression from duplicate samplings of a given 
individual, (3) stability of expression over long 
developmental periods, and ( 4) conformance of 
frequencies of phenotypes to a Hardy-Weinberg 
statistical distribution. (See Utter et al., 1972, for a 
review of the biochemical systems through June 1970 
and Hodgins, 1972, for a more detailed statement of 
our criteria for allelism.) Although, as stated above, 
we have assumed that biochemical variants that meet 
these criteria are indeed allelic, we have not previously 
demonstrated such a relation through data from 
breeding experiments. 

This paper presents biochemical genetic data for 
progeny of parents of known phenotypes for the 
following species and biochemical systems : sockeye 
salmon-phosphoglucomutase (PGM) ; chinook 
salmon-tetrazolium oxidase (TO) ; coho salmon
transferrin (Tfn); rainbow trout-alpha glycero
phosphate dehydrogenase (AGPD), lactate dehydro
genase (LDH), malate dehydrogenase (MDH), TO, 
and Tfn. These data substantiate hypotheses of 
Mendelian inheritance for the systems investigated 
and support such hypotheses for the same systems in 
other salmonid species where family data are not, as 
yet, available. 

ExPERIMENTAL PROCEDURES 

Parents of progeny used in this study were obtained 
as follows : coho salmon-Skykomish Hatchery 
(Washington State Department of Fisheries); chinook 
and sockeye salmon-adult fish returning to this 
facility (the National Marine Fisheries Service 
laboratory in Seattle); rainbow trout-adult fish 
reared at this facility; and male anadromous rainbow 
trout (steelhead) from the Chambers Creek Hatchery 
of the Washington State Department of Game. All 
progeny were hatched and reared under similar condi
tions at this facility. Chinook and sockeye salmon 
progeny were tested between 2 and 4 months after 
hatching. Coho salmon and rainbow trout were 
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tested between 6 and 9 months after hatching ; some
what larger fish were required from these species 
because a blood sample-difficult to obtain from small 
fish-was needed to test for Tfn. 

All biochemical systems but Tfn were found in 
skeletal muscle extracted as described by Utter and 
Hodgins (1970). Blood plasma for Tfn typing was 
obtained by withdrawing blood from the pericardia! 
cavity of freshly killed fish with a capillary pipette. 
Approximately one drop of whole blood was ex
pressed into two drops of Alsever's solution (a citrate
dextrose-saline anticoagulant) in lOx 75 mm culture 
tubes. Each sample was centrifuged at 1000 x g for 
3 minutes before testing. 

Details of electrophoresis were described by Utter 
and Hodgins (1969). Buffer systems for the respec
tive biochemical variants were as described by Utter 
and Hodgins (1972). Specific staining methods for 
enzymes followed those described by Shaw and 
Prasad (1970). Tfn was detected by a nonspecific 
protein staining method using a 0.1 % nigrosin
buffalo black solution dissolved in a 5 : 4 : 1 water
methanol-acetic acid mixture. Destaining was 
carried out with the water-methanol-acetic acid 
solution. 

Descriptions of each of the biochemical systems 
studied in this report have been given elsewhere 
(Utter and Hodgins, 1970; Utter, Ames, and 
Hodgins, 1970; Utter, 1971; Utter and Hodgins, 

TABLE 16. Ob~erved and (in parenthe~es) expected PGM 
phenotypes of parents and progeny in sockeye salmon 
matings assuming Mendelian inheritance. 

Phenotypes of 
Progeny phenotypes parents 

Lot AA AB BB Male Female 

I 0 (0) 90 (99.5) 109 (99.5) AB BB 
2 0 (0) 90 (98.5) 107 (98.5) BB AB 
3 0 (0) 78 (84) 90 (84) BB AB 

Control 0 0 100 BB BB 

TABLE 17. Observed and (in parentheses) expected TO 
phenotypes of parents and progeny in chinook salmon 
matings assuming Mendelian inheritance. 

Progeny phenotypes 
Phenotypes of 

parents 

Lot AA AB BB Male Female 

2-10 12 (10.5) 9 (10.5) 0 (0) AB AA 
2-11 12 (10) 21 (20) 7 (10) AB AB 
2-13 10 (10) 20 (20) 10 (10) AB AB 
4-14 8 (II) 14 (11) 0 (0) AA AB 
5-10 0 (0) 29 (30) 1 (0) AA BB 
5-12 0 (0) 40 (40) 0 (0) BB AA 
7-13 0 (0) 14 (14.5) 15 (14.5) BB AB 

Control 100 0 0 AA AA 

TABLE 18. Observed and (in parentheses) expected Tfn phenotypes of parents and progeny in coho salmon matings 
assuming Mendelian inheritance. 

Progeny phenotypes Phenotypes of parents 

Lot AA AC cc AB BB BC Male Female 
-- -

23 0 17 18 18 0 17 BC BC 
(0) (17.5) (17.5) (17.5) (0) (17.5) 

51 0 0 27 0 0 33 BC cc 
(0) (0) (30) (0) (0) (30) 

53 0 31 19 0 0 0 AC cc 
(0) (25) (25) (0) (0) (0) 

Control 0 0 20 0 0 0 cc cc 

TABLE 19. Observed and (in parentheses) expected TO phenotypes of parents and progeny in rainbow trout matings 
assuming Mendelian inheritance. 

Progeny phenotypes Phenotypes of parents 

Lot AA AB BB AC BC cc Male Female 

1313x 1301 0 19 21 0 0 0 BB AB 
(0) (20) (20) (0) (0) (0) 

I343x 1347 0 0 18 0 26 16 BC BC 
(0) (0) (15) (0) (30) (15) 

SH2 0 20 22 0 0 0 AB BB 
(0) (21) (21) (0) (0) (0) 

Control 0 0 45 0 0 0 BB BB 
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TABLE 20. Observed and (in parentheses) expected Tfn 
phenotypes of parents and progeny in rainbow trout 
matings assuming Mendelian inheritance. 

Phenotypes 
Progeny phenotypes of parents 

Lot AA AB BB Male Female 

1313x 1301 7 (8.3) 22 (16.4) 4 (8.3) AB AB 
1356x 1341 32 (30) 28 (30) 0 (0) AB AA 
Control 50 0 0 AA AA 

TABLE 21. Observed and (in parentheses) expectedAGPD 
phenotypes of parents and progeny in rainbow trout mat
ings assuming Mendelian inheritance. 

Phenotypes 
Progeny phenotypes of parents 

Lot AA AB BB Male Female 

SH2 0 (0) 2" ~ll) 20 (21) AB BB 
Control 0 0 140 BB BB 

TABLE 22 . Observed and (in parentheses) expected LDH 
phenotypes of parents and progeny in rainbow trout mat
ings assuming Mendelian inheritance. 

Phenotypes 
Progeny phenotypes of parents 

Lot Bt'Ba' B1'B2" B2"Ba" Male Female 

SH8 0 (0) 45 (45) 0 (0) Bt"Ba" B2'BI' 

SH14 0 (0) 11 (11) 0 (0) B2"B•" B•'B2' 

Control 200 0 0 B2'B•' B•'B1' 

1972). Phenotypic designations given in these papers 
are retained here. 

The phenotypes of most of the systems studied here 
are codominantly expressed by starch gel electro
phoresis (i.e., all alleles of a genetic system are fully 
expressed in heterozygous individuals). Thus the 
presumed genotype can be interpreted directly from a 
given phenotype. The data for the fully codominant 
systems are given in Tables 16 through 22. In these 
systems, the observed phenotypes of the parents and 
progeny are presented and the expected numbers of 
progeny-assuming simple Mendelian inheritance
are shown in parentheses. In systems involving two 
alleles, all three possible phenotypes (the two homo
zygous phenotypes and the heterozygote) are listed, 
although some of these phenotypes may not be ex
pected to occur from these matings. Similarly, all six 
possible phenotypes are listed in systems involving 
three alleles. Controls are data from one or more 
matings where both parents have the same homozy
gous phenotype. 

VARIANTS IN PROGENY AND THEIR pARENTS 

Pacific Salmon 

Each of the sockeye salmon PGM crosses (Table 16) 
involved a heterozygous individual with a common 
(BB) homozygote. Although none of the crosses 
deviated significantly from expected ratios, an excess 
of homozygous progeny was found in all three matings. 
These deviations become significant when the data are 
pooled (Chi-square=4.04, degrees of freedom = 
1, .05>P for chi-square test >.01), suggesting that 
some selective factor favored the BB phenotype. 

The ratios of TO phenotypes in chinook salmon 
progeny (Table 1 7) approximate expected values 
based on parental phenotypes. The only qualitative 
exception to Mendelian inheritance in all of these 
matings is seen in lot 5-10. In the AAxBB cross, 
only heterozygous progeny are expected; however, 
one BB individual was found in this lot. It seems 
most likely that this individual is from another lot and 
had been placed in the wrong holding tank because 
the remaining individuals are all of the expected 
phenotype. 

With the possible exception of lot 53, all of the ratios 
ofTfn phenotypes of coho salmon progeny (Table 18) 
conform closely to expected values. This support of 
the assumption of Mendelian inheritance of coho 
salmon transferrins clears the way for more extensive 
use of this system as a population marker in this species. 
The marked differences in distribution of transferrins 
between Puget Sound and Columbia River coho 
(Utter et al., 1970) indicate that this system should be 
useful for comparisons of populations separated by 
relatively small distances. 

Rainbow Trout (Steelhead) 

The numbers of progeny of the different TO 
phenotypes (Table 19) all approach expected values 
based on the phenotypes of the parents. We were 
fortunate in finding two BC phenotypes (a reasonably 
rare phenotype in our stocks) among our parent fish. 

Although numbers of progeny of both Tfn crosses 
(Table 20) fell within acceptable limits, the double 
heterozygous cross (l3l3x 1301) approached signi
ficance (i.e., chance might not account for differences 
between observed and expected-.2>P for chi-square 
test > .05 ). Should this trend persist upon further 
sampling, Tfn may prove useful in demonstrating 
effects of environmental variables as it has in voles 
(Tamarin and Krebs, 1969) and as has been suggested 
for skipjack tuna (Fujino and Kang, 1968). 

Only one of our spawning rainbow trout had a 
heterozygous AGPD phenotype. The ratio of 
phenotypes among its progeny (Table 21) clearly in-
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dicates Mendelian inheritance. 
Both matings involving LDH variants (Table 22) 

were between homozygous B2"B2" males and B2'B2" 

females. All progeny tested, as expected, had 
heterozygous (B2'B2") phenotypes. 

A possible exception to the rule of codominance 
occurs in MDH variants of rainbow trout. Bailey 
et al. (1970) observed that two loci of rainbow trout 
appear to code for MDH subunits (B') giving rise to 
active enzymes having the same electrophoretic 
mobility. One of these loci also coded for an allelic 
subunit (B). Because the B' subunit was synthesized 
in all individuals, it was impossible to qualitatively 
differentiate between BB' heterozygotes and BB 
homozygotes. (Using densitrometric methods, 
Bailey et al., 1970, were able to quantitatively dif
ferentiate these two genotypes on the basis of different 
intensities of staining of bands having the same 
mobilities ; our MDH phenotypes do not appear to 
reflect these differences as clearly.) In spite of this 
limitation, our MDH data (Table 23) support the 
hypothesis of Mendelian inheritance. The hetero
zygous parent was taken from a population where the 
frequency of the MDH variant was reasonably low 
(proportion of variant MDH phenotypes=0.17); it 
is, therefore, most likely that its genotype was BB' 
(rather than BB). The progeny data indicating 
approximately equal numbers of homozygous and 
heterozygous individuals are consistent with this 
assumption. 

TABLE 23. Observed and (in parentheses) expected MDH 
phenotypes of parents and progeny in rainbow trout mat
assuming Mendelian inheritance. 

Phenotypes 
Progeny phenotypes of parents 

Lot B'B' BB' Male Female 

SH8 20 (22.5) 25 (22.5) BB' B'B' 
Control 68 0 B'B' B'B' 

---

INFERENCES FROM VARIANT DATA 

Data from each of the crosses described above are 
consistent with an assumption of Mendelian in
heritance for the genes controlling the observed bio
chemical variants. This finding was expected and 
virtually eliminated the possibility that these variants 
could be artifacts reflecting different environmental 
stresses (although they may indirectly reflect environ
mental differences through processes of natural 
selection). The data also suggest that these variants 
do not vary in chinook salmon, coho salmon, sockeye 
salmon, nor in rainbow trout between the juvenile life 

history stage and time of spawning. 
The data give strong support for hypotheses of 

Mendelian inheritance for similar (probably homo
logous) variants of other salmonid species where 
family data have not yet been obtained. Such 
variants we have studied include : LDH of sockeye 
salmon (Hodgins, Ames, and Utter, 1969), PGM of 
rainbow trout (Roberts, Wohnus, and Ohno, 1969; 
Utter and Hodgins, 1972), LDH variants of the B2 

locus in chum salmon and coho salmon (Utter et al., 
1972), and MDH variants in pink salmon (Utter et al., 
1972). 

It is now possible to extend use of these variants 
with increased confidence in their genetic nature. 
Their use in racial studies has been well documented 
(Utter et al., 1972) and will continue. Studies of 
possible genetic linkages in rainbow trout are in 
progress within our stocks. The variants also are 
potentially important in studying possible selective 
factors that influence their presence in different 
environments. An understanding of these factors may 
lead to a much clearer understanding of the signi
ficance of these biochemical genetic variants in 
populations. 
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PITUITARY GONADOTROPIC ACTIVITY 
AND OVARIAN ANTIGENS FOR PRE

DICTING AGE AT MATURITY OF 
HIGH SEAS SOCKEYE SALMON 

by William D. Gronlund, Harold 0. Hodgins, 
and Ethel A. Blood* 

Previous studies at the National Marine Fisheries 
Service (NMFS) laboratory in Seattle of a maturity
related lipoprotein (SM antigen) in female sockeye 
salmon blood (Ridgway, 1961 ; Hodgins and Utter, 
1969) and of gonadotropic hormone (GH) activity in 
pituitary glands of sockeye and chum salmon (Gron
lund, 1969; Gronlund and Hodgins, 1970) have 
demonstrated that both provide valid criteria for the 
identification of maturing fish taken at sea several 
months before spawning. For accurate forecasting 
of inshore runs from high seas sampling, data on age at 
maturity of sockeye salmon taken at sea are essential. 
The possibility of detecting the onset of sexual maturity 
in sockeye during the year before spawning led us to 
investigate pituitary GH further and to investigate 
the relations between antigens in ovaries and the 
maturation process. 

Blood SM antigen can be induced with estrogens 
(Ames, 1967) in immature male and female sockeye 
salmon ; blood SM antigen can also be induced in 
immature female rainbow trout but not in immature 
female coho salmon with pituitary extracts (Gronlund, 
1969). The antigen is detected in both the blood and 
ovaries of maturing female salmon, and its presence 
in blood of high seas sockeye salmon is consistent with 
known age-maturity data (Hodgins and Utter, 1969). 
The GH is detected in extracts of maturing sockeye 
salmon pituitary glands, and levels of activity-using 
gonad weight augmentation bioassays-are consistent 
with other maturity criteria (Gronlund and Hodgins, 
1970). 

Because of lack of sensitivity, the bioassay by gonad 
weight augmentation used for GH was not applicable 
to individual pituitary glands from high seas sockeye, 
and a more sensitive test was needed if earlier maturity 

• National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 

predictions were to be possible usmg GH as an m
dicator. 

Whereas SM antigen is detectable in the ovaries of 
all high seas sockeye salmon with SM antigen in blood 
(SM+ ), some fish without detectable SM antigen in 
blood (SM-) did have detectable SM antigen in 
ovaries. To assess ovarian SM antigen as a maturity 
factor, we examined the relation between blood and 
gonad SM antigen. 

The purposes of the present studies were to : (1) 
examine ovarian and serum proteins from maturing 
sockeye salmon to determine how many ovarian con
stituents were detected by anti-SM sera and to make 
preliminary investigations of their physico-chemical 
properties for use in identification of their roles in the 
maturation process and (2) investigate a new GH 
assay procedure based on radioactive phosphorous 
( 32P) uptake by immature salmonid testes. Using this 
method, we examined the GH activity of individual 
pituitary glands ofhigh seas sockeye salmon. We also 
partially characterized the hormone as a first step in 
the development of immunochemical assay procedures, 
which are extremely sensitive and can be used to 
quantitate GH activity in blood as well as in pitui
taries. 

ExPERIMENTAL PRoCEDURES 

Ovarian SM Antigen Tests 

Salmon captured at sea on 1967-71 cruises of the RV 
George B. Kelez were frozen whole and transported to 
the NMFS laboratory in Seattle. The fish were 
partially thawed and ovaries removed. Ovaries 
were either homogenized with phosphate buffered 
physiological saline in a glass hand homogenizer, in a 
mechanical homogenizer, or were cut in small pieces 
and crushed. All methods gave essentially the same 
results. The saline extracts were then tested for SM 
antigen using the immunodiffusion test that was used 
with blood (Ridgway, Klontz, and Matsumoto, 1962). 

Ovarian SM Antigen Purification 

Ovaries pooled from female sockeye salmon cap
tured on the high seas and kept in frozen storage were 
processed by a modification of the method described by 
Wallace, Jared, and Eisen (1966) for separation and 
purification of phosvitin-a protein containing a high 
percentage of phosphorous-from eggs of several 
vertebrate species including teleosts. As part of this 
process, a water-insoluble material which they called 
the " phosvitin-lipovitellin complex " is separated. 
We previously found that protein material from ma
ture salmon ovaries, serologically cross-reactive with 
serum SM antigen, is water insoluble. This in-
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soluble egg material from salmon was, in some in
stances, used in our laboratory as the antigen for 
preparing high-titered anti-SM sera in rabbits and 
goats for use in salmon maturity prediction. Because 
of the claim by Wallace et al. (1966) that their method 
separated phosvitin-lipovitellin from other egg proteins 
and, subsequently, phosvitin from lipovitellin, it 
appeared to be a desirable method for separating egg 
proteins for further study. 

The initial separating procedure included homo
genizing of the maturing salmon ovaries, filtering, 
centrifuging, and ultracentrifuging in addition to 
precipitation by dilution and by use of neutral salts. 
Subsequent to this treatment, the separated fractions 
were further fractionated by column chromatography 
and acrylamide gel electrophoresis. A saline extract 
of sockeye salmon ovaries was also fractionated by 
column chromatography and used as a control. 
Molecular weight and molecular radius estimates 
were made with a standardized G200 Sephadex 
column (Andrews, 1965; Ryan, 1969). Quantitative 
estimates of SM antigen and related components were 
by radial single immunodiffusion tests (Fahey and 
McKelvey, 1965), and qualitative studies of antigens 
were by a micro, double immunodiffusion assay 
(Ridgway et al., 1962). Immunoelectrophoresis (a 
combination of acrylamide disc electrophoresis and 
immunodiffusion) was used to further characterize 
egg and serum proteins. 

Pituitary Gonadotropic Hormone (GH) Bioassays 

Two tests have been used to measure the gonado
tropic activity of pituitary glands of salmon. The 
bioassay by gonad weight augmentation in male 
rainbow trout (Schmidt et a!., 1965) was modified 
and used with coho salmon. An earlier report out
lined the method and presented preliminary results 
(Gronlund and Hodgins, 1970). Because further 
testing showed this method was not suitable for use 
with individual pituitary glands, we tried an assay 
using 32P uptake by salmon gonads. 

The method used is a modification of that developed 
by Breneman, Zeller, and Creek (1962) for bird 
gonadotropins, and a similar method was used by 
Burzawa-Gerard and Fontaine (1965) for testing 
carp gonadotropins in eels. 

Pituitary glands were collected from sockeye 
salmon in August and September of 1969 and 1970 on 
the R V George B. Kelez south of Adak Island. Collec
tions were made within one hour of death of the fish 
and the glands were stored in liquid nitrogen until 
used. The following procedure was followed in 
assaying individual pituitary glands. Coho salmon 
(12-15 em) were held at l5°C for 3 days before testing 

and were not fed. Fish were injected with micro
curie of 32P subcutaneously at the posterior insertion 
of the dorsal fin. After 24 hours the saline extract of 
1 mg of pituitary was injected intraperitoneally. 
The fish were killed 24 hours after the pituitary 
InJection ; the gonadJ> were removed, weighed, 
dried, and counted for radioactivity. The net 
gonadal uptake of 32P in counts per minute (CPM/mg 
wet weight of gonad) was compared to uptake in the 
saline injected control fish. A standard preparation 
of pituitary glands of spawning coho salmon was 
tested to determine dose-response relations. 

The dose-response relation between log dose of 
pituitary from spawning coho salmon and response in 
radioactive phosphorous (32P) uptake by immature 
trout testes had a strong positive correlation (Figure 
33). At doses ofO.l, 1.0, and 10.0 mg, the responses, 
respectively, were 43, 62, and 83% higher than con
trols. The 1.0-mg dose was selected to test pituitary 
glands from high seas sockeye salmon as this dose 
allowed us to test each gland using 5-15 immature 
fish. 
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FIGURE 33. 32P uptake by testes of immature rainbow trout 
injected with pituitary extracts from spawning coho salmon. 

Pituitary GH Characterization 

Using the bioassay by gonad weight augmentation 
and the production of SM antigen in rainbow trout as 
activity tests, attempts were made to partially purify 
and characterize the gonadotropins to determine the 
number of factors involved and their relation to GH of 
other species. 

Male chinook salmon pituitaries from spawning 
fish were extracted with an equal volume of phosphate 
buffered physiological saline and clarified in a Beck
man Model L preparative ultracentrifuge for I hour at 
40,000 rpm at 4°C. A 2-ml sample of the supernatant 
fluid was chromatographed on a G-75 Sephadex 
column, and 5-ml fractions of the eluate were assayed 
in immature rainbow trout. The gonad weight in
crease produced in males and the SM antigen pro-
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duction in females were used to identify the most 
active fractions. Using the method of Andrews 
(1965 ), the molecular weight of the active factor was 
estimated. 

ANTIGENS IN OvARIES AND THE MATURATION PRocEss 

Two different antigens were detected by anti-SM 
sera in sockeye salmon ovaries. One antigen was 
serologically identical with serum SM antigen (Fig. 
34); the other antigen (Antigen X) detected in 
gonads (Fig. 35) was serologically distinct from SM 
antigen-it was not detected in serum. 

Immunoelectrophoresis with anti-SM sera tested 
against water insoluble, (NH4) 2S04 precipitable 

4 
FIGURE 34. Immunodiffusion comparison of semi-purified SM 

antigen from sockeye salmon eggs with serum SM antigen. 
Positians 2 and 5: Egg antigen purified by procedure for 
lipovitellin which included ultracentrifugation, dilution, 
precipitation with (NH4 ) 2S04 , and gel filtration . 
Positians 3 and 6: Egg antigen purified as above except using 
preparative disc electrophoresis instead of gel filtration . 
Positians I and 4: Pool of sera from maturing high seas sockeye 
salmon females. 
Center: Anti-SM antigen sera. 
(All of the positions referred to above are wells cut in agar and 
the test is immunodiffusion or the Ouchterlony test.) 

material from sockeye ovaries also demonstrated two 
antigens (Fig. 36). One of these antigens for the 
most part migrated rapidly toward the positive pole 
of the electric field although traces of it were detectable 
throughout the gel. The other antigen, which was 
serologically identical with SM antigen, may be of: 
(1) two different net molecular charges and/or (2) two 
different sizes as indicated by one set of molecules 
remaining in the sample gel at the negative electrode 
while another set migrated slowly in the separating gel 
column toward the positive electrode. 

Molecular weight estimates demonstrated that 
serum SM antigen and ovarian SM antigen were not 
identical molecules (Fig. 37 and Table 24). Ovarian 
SM antigen appears to be about one-half the weight of 

4 
FIGURE 35. Immunodiffusion comparison of antigen X from 

sockeye salmon eggs with serum SM antigen. 
Position 2: Egg antigen purified by procedure for phosvitin 
which included ultracentrifugation, dilution, treatment with 
(NH4) 2SO., and gel filtration. 
Positions 3 and 6: Egg antigen purified as above except using 
preparative disc electrophoresis instead of gel filtration. 
Positian 5: Same as in Position 2 except another gel filtration 
run. 
Positians I and 4 : Pool of sera from maturing high seas sockeye 

females. 
Center: Anti-SM antigen sera. 
(Test and conditions are same as described for Figure 34.) 
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FIGURE 36. Immunoelectrophoretic comparison of gonad SM antigen and antigen X (slide stained for protein with 
amidoschwarz). 
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FIGURE 37. Plot of elution volume against log of the molecular 
weight for proteins on a Sephadex G200 column, comparing 
oroteins of known molecular weights with sockeye antigens. 

serum SM antigen. The other ovarian antigen 
(Antigen X) detected by anti-SM sera is much smaller 
and its relation to maturation is not known. It is not 
clear that it is phosvitin because it was not detected in 
serum, and SM antigen in serum is presumed to repre-

TABLE 24. Molecular weight and Stokes radius estimates 
of antigens detected by anti-SM antigen sera. 

Antigen 

SerumSM 
Ovarian SM 
Antigen X (Ovary) 

Estimated 
molecular weight 

620,000 
330,000 

39,000 

Estimated Stokes 
(molecular) 
radius (A) 

70.9 
51.2 
29.5 

sent a complex of phosvitin and lipovitellin (Wallace 
and Dumont, 1968). An alternative explanation is 
that the antigenic sites on the phosvitin molecule are 
blocked or inhibited in the serum phosvitin-lipovitellin 
complex. In that case, ovarian Antigen X could be 
phosvitin or more likely a dimeric form, as we found 
Antigen X to have a molecular weight of about 39,000 
whereas phosvitin from chum salmon roe has been 
reported to have a molecular weight of 19,000 (Mano 
and Yoshida, 1969). 

Data were analyzed for correlations between gross 
maturity characters (ocean age, body length, body 
weight, gonad weight) of high seas female sockeye 
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FIGURE 38. Comparison between gonad weight/fork length 
ratio and presence or absence of blood and ovarian SM antigen 
in female high seas sockeye salmon. 

salmon and : (1) SM antigen in both blood and 
gonads; or (2) SM antigen not in blood but present 
in gonads; or (3) no SM antigen in either blood or 
gonads. We found that, without exception, in a total 
of215 high seas sockeye (129 age .2 and 86 age .3) that 
if SM antigen was present in blood, it was detected in 
ovaries. Conversely, fish without SM antigen in 
ovaries were never found with SM antigen in blood. 
Some fish without SM antigen in blood did have SM 
antigen in ovaries, however. Comparisons between 
the different SM antigen groups and gross maturity 

characters showed that the group with SM- blood (no 
SM antigen) and SM+ ovaries (detectable SM 
antigen) were intermediate in other maturity-related 
characteristics between the other SM groups. This is 
illustrated in Figure 38 which presents a comparison of 
gonad weight/body length ratios for the three SM
antigen groups. 

GoNADOTROPIC AcTIVITY oF PITUITARY GLANns 

Activity of Individual Glands from High Seas Sockeye 
Salmon 

Of the 16 pituitary glands tested from sockeye 
salmon collected in late summer, two definitely lacked 
biologically significant gonadotropic activity (Table 
25 ). Both fish were of ocean age .1, some of which 
would not mature the following year. Of the age .2 
fish, 7 of 10 had substantial gonadotropic activity and 
the remaining three had moderate activity. As to the 
4-year-old fish, the higher activities were found in 
pituitaries from females, which suggests an earlier 
initiation of maturation than in males. On the basis 
of these tests, 90 to 100% of age .2 fish were maturing 
and 67% of the age .1 fish were maturing. 

Characterization of Gonadotropic Factor of Spawning 
Chinook Salmon 

The optical density profile of the pituitary extract of 
spawning chinook salmon after column chromato-

TABLE 25. Catch and biological data and results of 32P bioa~say for gonadotropic activity of individual pituitary glands 
from high seas sockeye salmon. 

Gonad Pituitary 
Date Fork weight Blood gonadotropic 

caught Age length Weight Sex (g) SM1 activity• 

8/25/70 2.2 535 2.10 M 0.8 129 
8/25/70 2.2 463 1.24 F 7.1 128 
8/25/70 2.2 515 1.83 M 0.9 73 
8/25/70 2.2 531 1.84 F 12.0 72 
9/1 1/69 1.2 520 1.53 F 12.9 + 108 
8/25/70 1.2 518 1.87 F 14.4 93 
8/25/70 1.2 491 1.61 M :o;O. I 77 
9/ 11 /69 1.2 509 ND3 M ND' 37 
9/11 /69 1.2 508 1.57 M :o;O. I 33 
8/25/70 1.2 467 1.43 M :o;O.I 27 
8/21 /70 2.1 354 .50 F 1.3 65 
8/21 /70 2.1 371 .57 F 2.9 53 
8/2 lf70 2.1 342 .47 M :o;O.I 30 
8/21 /70 2.1 381 .56 M :o;:O. I 0 
9/ 11 /69 1.1 387 .67 M :o;O. I 32 
8/21 /70 1.1 279 .28 M :o;:O. I 3 

t +=SM antigen detected; - = no SM antigen detected . 
2 Expressed as percentage of activity above saline-injected controls. 
3 ND = Not determined. 
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FIGURE 39. Optical density profile of pituitary gland extracts of 
chinook salmon chromatographed on a G-75 Sephadex column 
and results of bioassay of the fractionated extract from male 
chinook salmon pituitary glands. 

graphy on G-75 Sephadex and the results of the 
bioassays for gonadotropic activities are shown in 
Figure 39. The most active gonadotropic fraction is 
not coincident with any of the three major protein 
peaks (at about 100, 125, and 160 ml) and thus can be 
assumed to be a minority component of the pituitary 
gland proteins. The same fraction induced the high
est frequency of SM antigen in blood of female trout 
and the greatest testis weight increase in male trout. 
Proteins eluted on this column at this position have an 
estimated molecular weight of 42,000. 

PoTENTIAL UsEFULNEss FoR PREDICTING AGE AT 
MATURITY 

Several of the new findings presented in this report 
are potentially useful for predicting age at maturity of 
high seas sockeye salmon. Among these is the 
discovery that blood and ovarian SM antigens were 
serologically identical but physico-chemically different 
molecules. Elucidation of the nature and the control 
of conversion of serum SM antigen to ovarian SM 
antigen could greatly aid prediction of maturation of 
high seas fish, particularly if definitive information 
were provided on the maturity status of fish without 
detectable serum SM antigen but with ovarian SM 
antigen. 

The much smaller antigen, termed Antigen X, was 
detected only in gonads. The relation of this antigen 
to the process of maturation has not been determined, 
but it may also be useful in maturity schedule predic-

tion . 
The results from high seas samples of sockeye 

salmon pituitary glands are still preliminary, partly 
because of the limited number of samples tested thus 
far. Although provisional, these results do suggest 
that the onset of maturity may be detected in late 
summer of the year before spawning by measuring 
pituitary gonadotropic activity. In tests of pituitaries 
run two months after those above and using the same 
stock of immature coho salmon and the 32P method, 
however, phosphate uptake increased in testes of saline
injected control fish. The fish were older and larger 
than when the first tests were run and apparently 
this indicated a seasonal or size related change in their 
physiology, which resulted in the production of 
endogenous gonadotropin (GH) and made further 
testing with this stock useless. The nature of this 
method (32P) requires either a group of completely 
immature fish that do not produce pituitary gonado
tropic hormones or fish with the pituitary gland 
removed (surgically hypophysectomized). To insure 
reliability of the bioassay, the most desirable approach 
is apparently the second. At present, tests of pituitary 
glands of high seas salmon have been suspended while 
surgical methods of removing pituitaries from small 
coho salmon are being investigated. Although there 
are no published reports in the literature on hypophy
sectomy of salmon, other fish species have been suc
cessfully so treated, and it appears that these methods 
can be adapted to salmon. 

The 32P testing before the apparent physiological 
change in the test fish indicates that this method has 
promise as a useful bioassay for salmon gonadotropins. 
Compared to the gonad weight augmentation method, 
this approach is: (I) much more sensitive; (2) more 
rapid (2 to 3 days vs. 2 weeks); and (3) does not 
require multiple hormone injections. 

The characterization via column chromatography of 
salmon GH is an important first step in the purifica
tion and isolation of the gonadotropic hormone (or 
hormones). Purified hormone is necessary for 
developing immunochemical methods capable of 
measuring circulating hormone levels. This type of 
measurement is needed for understanding the kinetics 
ofGH production in the pituitary and its release to the 
blood and understanding the nature and timing of 
subsequent maturation processes. 
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VIABILITY OF ADULT SOCKEYE SALMON 
THAT DISENTANGLE FROM GILLNETS 

by Richard B. Thompson and 
Charles J. Hunter* 

Research on the survival of adult, maturing sockeye 
salmon exposed to and enmeshed in gillnets was con
tinued in 1970 in Puget Sound, Wash. Emphasis was 
on determination of mortality among those fish that 
had been enmeshed in gillnets and, by means of 
their own escape efforts, had become disentangled 
(dropouts). A significant difference was found be
tween mortalities in 1968 and 1969 in the control 
groups offish (Thompson, Hunter, and Patten, 1971 ; 
Hunter, Patten, and Thompson, 1972)-assumed to 
have been caused by infection of experimental fish 
with Vibrio in 1969. This led to continuation of the 
study through 1970. 

The sources of adult sockeye salmon, the experi
mental design, and the procedures were the same as in 
previous years (Thompson et al., 1971). The major 
experimental groups of fish, test and control, were 
treated essentially the same ; the only exception was 
the exposure of the test fish to gillnets of monofilament 
and multifilament nylon. Following each test, fish in 
the control group and the test fish surviving their 
entanglement in the gillnets were held for observation 
and determination of survival in a floating enclosure, 
described by Hunter and Farr (1970). 

* National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 

TABLE 26. Numbers of fish in the control groups, types of gillnets fished, numbers of fish in the test groups exposed to 
the gillnets, and numbers and percentages of fish that became enmeshed in the nets, and that became disentangled 
from the nets . 

=-=-.=..:.=. 
Test fish 

Type of gillnet -----------------·-------------
Exposed fioh that Enmeshed fish that 

Control Mesh Number became enmeshed became disentangled 
fish size Material exposed 

Year (number) (inches) (nylon) to gillnet Number Percentage Number Percentage 
-------·--- --

1968 68 5-1 /4 Multifilament 171 164 85.4 70 47.9 
1969 128 5 Multifilament 137 123 89 .8 53 43.1 

5 Monofilament 131 125 95.4 62 49.6 
1970 171 5 Multifilament 225 144 64.0 61 42.4 

5 Monofilament 215 155 72 .1 89 57.4 

Total-Multifilament 533 413 77.5 184 44.6 
Total-Monofilament 346 280 80.9 151 53.9 

TOTAL 879 693 78.8 335 48.3 
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The numbers of fish and type of gillnet in each 
treatment category are shown in Table 26. Ap
proximately 30% of the fish were controls. Test fish 
were exposed to a 5-1/4-inch multifilament gillnet in 
1968 and to 5-inch multifilament and monofilament 
gillnets in 1969 and 1970. 

ENMESHED TEST FISH 

The numbers and percentage of test fish that were 
enmeshed are shown in Table 26. There were no 
significant differences in percentages of exposed fish 
that became enmeshed in 1968 and 1969, but the 
percentages of exposed fish caught in the multifilament 
nets were smaller in 1970 than in 1968 and 1969. 
Examination of the length-frequency curves of the 
fishes indicated that on the average experimental 
fish were larger in 1970 than in 1968 and 1969, and the 
larger fish were caught less efficiently than the smaller 
fish . 

The average percentage of test fish that became 
enmeshed during the 3-year study was similar between 
multifilament and monofilament gillnets-78% for the 
multifilament gillnet and 81 % for the monofilament. 

ENMESHED FISH THAT BECAME DISENTANGLED 

About half of the enmeshed fish escaped from 
entanglement, that is, dropped out. The percentages 
that became disentangled from the monofilament 
gillnet were larger than the percentages that became 
disentangled from the multifilament gillnets (Table 
26). The percentage of salmon that escaped from the 
monofilament net was about 7% higher than from the 
multifilament net in 1969 and was 15% higher in 1970. 
French et al. (1971 ), in a study of the dropout of 
sockeye salmon from gillnets on the high seas, found 
that the percentage of salmon lost from monofilament 
nets was about twice that from multifilament nets in 
both 1968 and 1969. Thus, results from their studies 
are in general agreement with our findings, but the 
difference in percentages of fish becoming unmeshed 
from monofilament and multifilament nets was greater 
in the high seas study. 

MoRTALITY AMONG ExPERIMENTAL GRouPs OF FisH 

Mortalities of the different groups of fish are shown 
in Figures 40, 41, and 42 for 1968, 1969, and 1970, 
respectively. Included in Figure 40 is a mortality 
curve for fish from which all scales anterior to the 
dorsal fin were removed ; even these fish, on the 
average, lived longer than those that escaped from the 
gillnets. 

In all years, the mortality of fish that escaped the 

nets was greater than the mortality of other groups of 
fish. In 1969 and 1970, when multi- and monofila
ment nets were fished, the mortality offish that escaped 
from the multifilament nets was slightly greater than 
the mortality of fish that escaped from the monofila
ment nets. 

Figure 43 shows the mortality of the control groups 
for the three years ; the fish in 1969 had a much 
higher mortality than in 1968 or 1970. Examination 
of some carcasses in 1969 disclosed that infection by 
the marine bacterium Vibrio anguillarum probably 
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FIGURE 40. Cumulative mortalities of sockeye salmon that 
disentangled from multifilament gillnets, of scaled fish, and of 
control fish, 1968. 
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FIGURE 41. Cumulative mortalities of sockeye salmon that 
disentangled from multifilament and monofilament gillnets and 
of control fish, 1969. 
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FIGuRE 44. Cumulative mortalities of groups of sockeye salmon 
that became disentangled from multifilament gillnets (average 
of 1968 and 1970), from monofilament gillnets (1970), and of 
control groups (average of 1968 and 1970). 

caused this unusual mortality (not one of the more 
than 100 sockeye examined in 1970 was infected with 
Vibrio). The 1969 data on mortality were deleted 
from the overall averaging of data among years be
cause of the low survival rate of the Vibrio-infected 
experimental fish. 

Average cumulative mortalities of the 1968 and 
1970 test and control fish are shown in Figure 44. 
The mortality curve for fish taken by monofilament 
net is from the 1970 data only because the data from 
1969--the only other year that the monofilament 
material was used--were deleted. The mortality 
depicted in Figure 44 shows that under our experi
mental conditions (collecting the fish near the floating 
enclosure, exposing them to gillnets during an over
night fishing period, and holding the test and control 
fish in the enclosure until death) the unmeshed group 
of fish had approximately a four-times greater mor
tality than the control group--fish that were col
lected and treated identically except that they were 
not exposed to the gillnets. 

It should be noted that the mortality curves for the 
surviving test fish rise rapidly to about the sixth day 
and then slope very gradually upward ; this continues 
through and beyond the 20-day period shown in 

Figures 40 through 44. This gradual mortality 
following the initial rapid rise held steady to the end 
of the observation period, when most of the surviving 
fish were probably dying from the effects of sexual 
maturation and retention in salt water. This sug
gests that the majority of the fish in the unmeshed 
group that died from the effects of the gillnets died 
within the first six days of the study. In some high 
seas and inshore fisheries, however, predation by 
large fishes or marine mammals could increase the 
mortality of fish that escape from gillnets--as well as 
upon fish in the nets. The fish in our study were con
tained in the net enclosure and were thus protected 
from any possible predation. 

The results of the descaling study in 1968 suggest 
that the physical injuries that were visible were not 
the only damage sustained by the fish in the nets. 
Physiological stress caused by their efforts to escape 
was a likely contributor to mortality. This type of 
stress was not identified nor measured in this study but 
should be a subject for future research. It seems 
likely that there could be a " panic " factor involved. 
Since emergence from the gravel some three or four 
years previously, these fish had been surrounded by a 
supporting medium, had little contact with anything 
but this medium, and had not in any way been 
forcefully held or constrained. It may well be that 
the neurophysiological shock resulting from such con
straint was the primary element causing the high 
mortality of test fish in our studies in Puget Sound. 
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SCALE STUDIES TO DETERMINE AREA OF 
ORIGIN OF IMMATURE SOCKEYE SALMON 

by John LaLanne * 

Since 1969 the primary objective of studies with 
scales of sockeye salmon has been to provide informa-

* National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 
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FIGURE 45. Tagging locations of immature sockeye salmon recovered in coastal areas of Asia and North America, 1956 
-69 (each point represents one recovery except as indicated) and locations of high seas capture of TriaenopJwrus
infected and Dacnitis-infected immature sockeye, 1956-59 (each point represents one or more parasitized fish). 

tion on the origin of immature fish in offshore waters. 
This information is essential for fishery scientists 
attempting to assess the effects of high seas fishing on 
stocks, generate forecasts of runs in subsequent years, 
develop direct estimates of ocean growth and mor
tality, or relate oceanic environmental conditions to 
the ocean life history of the stocks. 

Direct and indirect evidence on the natal origin of 
immature sockeye taken in the Bering Sea and in 
many regions of the North Pacific Ocean is limited. 
Some direct evidence based on high seas sampling 
in spring and summer is available from tagging 
(Canadian Section, International North Pacific 
Fisheries Commission, 1971) and parasitological 
studies (Margolis, 1963). The results are sum
marized in Figure 45. Only immatures from Asia 
and western Alaska have been found in the Bering Sea 
and west of 170°E in the North Pacific Ocean. In
dividuals from most of the major stocks of Asia and 
North America have been detected in the North 
Pacific Ocean between 175°E and 170°W, and only 
immatures from North America have been found east 
of 170°W. 

Indirect evidence is available from scale studies by 
Mason (1967). He used scale characters in a dis
criminant function analysis to determine the propor
tion of immature sockeye of Bristol Bay origin in high 
seas samples. 

Mason's samples were taken from June to September 

in the North Pacific Ocean between 163°E and 154°W 
in 1962 and south of the Aleutian Islands to about 
50°N and near 162°W and 176°W in 1963. The 
results for 1962 showed high relative abundance of 
immature sockeye of the Bristol Bay type between 
175°E and 165°W with a decline east of 165°W and 
west of 175°E. In 1963 the relative abundance was 
higher at 176°W than at 162°W and the proportions 
of Bristol Bay fish reached a peak in July at both 
longitudes. 

This report summarizes the results of classifying by 
area of origin, the samples of immature sockeye of age 
.1 (1 winter at sea) collected in 1964 from the North 
Pacific Ocean and age .2 (2 winters at sea) collected 
in 1965 from the North Pacific Ocean and Bering Sea. 
The method of determining origin employs three scale 
characters in a multivariate analysis. Differences 
among inshore reference samples are first depicted 
on two-dimensional graphs ; samples of immatures 
taken at sea are then plotted on the graphs and 
classified by area of origin based on their proximity to 
reference areas. 

ExPERIMENTAL PROCEDURES 

Sampling 

Nearly all of the surviving immature fish of age .1 
of 1964 and age .2 of 1965 returned inshore as maturing 
fish of age .2 in 1965 and age .3 in 1966. Samples of 
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TABLE 27. Sampling information and generalized variance of reference samples of sockeye salmon of age .2 collected 
in 1965 and of age .3 collected in 1966, North America and Asia. 

Year and Sampling 
sample Generalized 
number Area Date No. offish variance/! 001 

1965 (age .2) 
Bristol Bay 

1 NaknekR. 7/6 188 28 
2 BranchR. 7/8 31 56 
3 Branch R. 7/9 67 22 
4 WoodR. 7/8 100 45 
5 KvichakR. 7/ 10 361 28 
6 Egegik R. 7/ 10 306 21 
7 Ugashik R. 7/15 343 30 

Central Alaska 

8 KarlukR. 7/31 226 35 
9 Karluk R. BfJ 41 30 

10 Cook Inlet 7/19 107 20 
11 Copper R. 5f30, 6/3 61 23 

Southeast Alaska 
12 Stikine R. 7/4 21 17 

British Columbia 
13 NassR. 8/2 52 56 
14 Skeena R. 7/27 60 65 
15 Rivers Inlet 7/28 109 163 

16 Fraser R. 8/2 107 39 
Off Kamchatka 

17 SON, 17JE 6/15-fl/21 66 166 
18 SON, 170E 7/17-7/26 145 151 
19 52N, 170E 6/ 15-fl/20 43 119 
20 52N, 170E 7/ 1- 7/ 15 102 55 
21 SON, 170E 6/ 15-fl/21 63 188 
22 SON, J69E 6/ 15-fl/ 19 42 46 
23 52N, 169E 6/ 15-fl/ 18 40 62 
24 52N, 170E 6/ 15-fl/ 18 21 139 
25 SIN, J70E 6/ 15-fl/ 17 37 108 
26 SIN, J69E 6/24-6/30 96 87 
27 52N, 170E 7/4--7/ 12 104 177 
28 52N, 169E 7/ 1- 7/5 52 71 

1966 (age .3) 
Bristol Bay 

29 Branch R. 7/9 44 75 
30 Branch R. 7110 138 57 
31 Naknek R. 717 175 64 
32 Naknek R. 7/8 153 21 
33 Egegik R. 7{10 28 25 
34 Egegik R. 7fl l 17 17 
35 Wood R. 716 20 40 
36 WoodR. 7/6 179 78 
37 Ugashik R. 7/ 14 126 51 
38 Ugashik R. 7{ 15 137 46 
39 Kvichak R. 7{7 265 19 

Central Alaska 
40 Chignik Lagoon 6/ 12 28 48 
41 Chignik Lagoon 6/22 35 32 
42 Chignik Lagoon 6/30 64 58 
43 Chignik Lagoon 7/2 59 26 

Continued ... 
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TABLE 27. Continued. 

Year and Sampling 
sample Generalized 
number Area Date No. offish variance/1001 

44 Chignik Lagoon 7f20 72 56 
45 Chignik Lagoon 8/8 90 151 
46 KarlukR. 6/ 15 28 66 
47 Karluk R. 6/23 23 11 
48 Karluk R. 6 27 29 21 
49 KenaiR. 7/21 87 38 
50 Kenai R. 7/23 100 36 
51 KasilofR. 7/ 16 31 18 
52 Copper R. 8/- 86 57 

Southeast Alaska 
53 Yakutat 7/13 71 45 
54 Stikine R. 6f20 53 27 
55 Stikine R. 6/22 44 42 

British Columbia 
56 NassR. 8/13 32 83 
57 Skeena R. 7/25 34 38 
58 Rivers Inlet 7/17 36 59 
59 Fraser R. 7/26 16 32 

K amchaJka Peninsula 
60 Kamchatka R. 6/14 88 98 
61 Kamchatka R. 6/19 80 69 
62 Kamchatka R. 6/24 88 150 
63 Kamchatka R. 6/30 60 80 
64 Kamchatka R. 7/12 84 83 
65 Kamchatka R. 7/23 51 199 
66 OzemayaR. 7/22 27 112 
67 OzemayaR. 9/6 38 85 
68 OzemayaR. 9/23 52 124 
69 BolshayaR. 7/19 83 89 
70 BolshayaR. 7!27 84 88 
71 Bolshaya R. 8/4 84 102 

Off K mchatka 
72 49N, 167E 6/23 16 114 
73 49N, 168E 6/24 14 28 
74 49N, 167E 6/25 18 31 
75 49N, 168E 6f26 14 48 
76 52N, 166E 6/28 15 20 
77 52N, 164E 6/30 19 129 
78 SIN, 168E 6/21 16 120 
79 SON, 169E 6/23 22 211 
80 52N, 168E 6/27 15 275 
81 53N, 167E 6/28 15 398 
82 49N, 163E 6f20 16 50 
83 49N, 166E 6/23 16 55 
84 SON, 167E 6f24 22 165 
85 SIN, 167E 6/25 16 165 
86 52N, 166E 6/26 17 135 
87 53N, 166E 6/27 15 34 
88 52N, 166E 6/28 15 88 
89 52N, 167E 6f29 18 215 
90 SON, 169E 6/ 16 21 66 
91 SON, 169E 6/ 17 17 212 
92 49N, 169E 6/ 18 19 21 
93 48N, 169E 6/ 19 17 122 
94 49N, 170E 6/24 19 70 
95 SON, 167E 6/25 15 64 
96 52N, 166E 6/27 19 106 
97 52N, 164E 6/28 20 119 
98 53N, 163E 6/29 25 117 

1 See section on statistical methods. 
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these maturing fish (Table 27) were collected from the 
major sockeye producing areas of Asia and North 
America. Samples from the Ozernaya and Kam
chatka Rivers, the major sockeye producers in Asia, 
and from the Bolshaya River, a minor contributor, 
were available and used as standards in 1966. The 
Asian standards of 1965 are samples from Japanese 
mothership catches from off the east coast of the 
Kamchatka Peninsula. Similar samples collected in 
1966 are used for reference samples and for com
parisons with Asian stream samples to determine the 
adequacy of high seas samples for use as Asian stand
ards. To lessen the chance that North American 
fish are in the samples, only maturing sockeye col
lected after June 14 and west of near 170°E are used as 
Asian standards. These restrictions are based on the 
distribution, rates of migration, and timing of the 
runs of maturing sockeye of North American origin as 
described in INPFC Annual Reports for 1956-67. 

The high seas samples of immature sockeye are 
from catches of Japanese motherships and of United 
States and Canadian research vessels. Gillnets, 
longlines, and purse seines were used in the fishing. 
Usually all individuals in a sample were used, but 
occasionally, subsamples were taken of the larger 
catches. 

Collection of Scale Data 

The following three scale characters of the first 
ocean zone, first used by Anas ( 1962 ), were used : 
(1) The circulus count within the first half of the first 
ocean zone multiplied by 10, (2) The distance between 
circuli 1 and 6 of the first ocean zone, and (3) The 
distance between circuli 13 and 18 of the first ocean 
zone. 

The description of the techniques of scale collection 
and scale reading are given in detail by Anas and 
Murai (1969). They found that differences in year 
class, age, and body location of the scale contributed 
significant variability to the three scale characters. 

In the present study, all scales except those from 
fish in the 1966 samples from the Asian rivers were 
from the preferred body location, which is two rows 
above the lateral line on the diagonal scale column 
that extends downward from the posterior insertion of 
the dorsal fin. The body location of the scales 
collected from the fish of the Asian rivers is not known. 
Year classes and age groups are pooled so the effect of 
these sources are included in the total variation in the 
analysis presented. 

Age and Maturity Methods 
Readers thoroughly trained in the interpretation of 

scales of sockeye salmon made the age determinations. 

Average agreement on ocean age among readers of 
scales is about 95 o/o. All fish of age .1 are assumed to 
be immature because few sockeye spawn after only one 
year at sea. Most age .3 sockeye mature in the 
year of capture. The maturity of age .2 fish was 
usually determined by scientists of the agencies that 
supplied the samples. These methods are based on 
the seasonal changes in gonad weight, and the con
clusions among the methods are similar. When 
gonad weights were not available, the chief factors for 
the determination of maturity were the fish length and 
the date and location of capture. For all of the 
methods, the error is greatest for samples taken early 
in the season when late-maturing fish tend to be 
classified as immature. 

Statistical Methods 

A canonical analysis (Rao, 1952, p. 364-370) is 
used in which the values of the three scale characters of 
individuals in the reference samples are used to con
struct a set of three linear functions of the characters. 
The first function absorbs most of the variation among 
the samples, the second absorbs most of the remaining 
variation, and the third accounts for the remainder. 
One advantage of the method is that it often leads to a 
reduction in the number of dimensions needed to 
depict differences among samples. Before the func
tions are calculated, the standard procedure is to test 
the significance of the overall separation among 
samples (Rao, 1952, p. 262). 

The procedure for classifying samples of immature 
sockeye is as follows : 

1. The differences among reference samples is 
shown in multidimensional charts with the mean 
values of the functions (Y values) as coordinate axes. 

2. The Yvalues calculated for samples of immature 
sockeye are plotted on the charts. The most likely 
area of origin is determined by the position of the 
sample points with respect to those of inshore reference 
areas. The generalized variance (GV), which is the 
determinant of the sample variance-covariance matrix, 
is used to distinguish among high seas samples com
posed of fish of a single stock or mixed stocks. Ninety 
percent of the 48 stream samples taken in 1965 and 
1966 have a GV/100 of less than 90 with a range of 
from 11 to 199 (Table 27). 

As a rough guideline, high seas samples with 
variances of 90 or less are considered to be composed of 
fish with similar scale counts and measurements and 
are most likely from a single stock but could contain 
mixtures of stocks with similar scale counts and 
measurements. Those with values greater than 90 
contain fish with dissimilar scale counts and measure
ments ; they are considered to be mixed stocks. 
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CLASSIFICATION oF IMMATURE SocKEYE OF AGE .1, 1964 

Relations Among Reference Samples 

The age .I immature sockeye collected in 1964 are 
compared to inshore reference samples (Table 27) ?f 
age .2 fish collected in 1965 and age .3 fish collected m 
1966. The test of the overall differences among 
reference samples with respect to the three scale 
characters was significant (x2 = 11426, P < 0.001 ). 
Three linear functions were calculated. The sum of 
the latent roots associated with the three functions is 
a measure of the total variation among samples, and 
the relative sizes of the individual roots illustrate the 
degree to which the associated functions distinguish 
among samples. The values of the three roots are 
140.3, 74.5, and 14.9. The first two functions account 
for 93% of the total variation and are judged to ade
quately depict group differences. The Y 1 and Y 2 

values of the reference samples as derived from the two 
functions are plotted in Figure 46. The Y 1 and Y 2 

values are not given here for they can be deduced 
from Figure 46. The approximate 90% confidence 
limits in the (Y 1, Y 2) plane for points derived from the 
means of samples of size N is a circle of radius 1.645/ 
v'N. In the calculation of the functions and Y 
values, the samples are given equal weight regardless of 
sample size. As an aid to interpret differences among 
sample points, the 90 % confidence interval for a 
sample of size 30 is a circle with a radius of 0.3 unit. 

Four major clusters are outlined in Figure 46. The 
boundary between the Ozernaya-Bolshaya River 
cluster and the central Alaska-Kamchatka River 
cluster is for convenience and does not imply that 
there are significant differences among the samples 
near the boundary. In the first dimension (Y1), the 
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FIGURE 46. Plot of Y 1 and Y 2 values of reference samples of age 
.2 sockeye of 1965 (sample numbers in parentheses) and age .3 
sockeye of 1966 with outlines of four major clusters (sample 58: 
Y1 =3.3, Y2 =-2.0). 

samples from North American stocks are ordered i.n a 
north-south gradient with respect to the geographical 
source of the samples. The samples from Bristol Bay 
streams, the most northerly stocks sampled, are posi-
tioned at the left area of the chart ; the samples from 
central Alaska are located at the lower center ; and 
the samples from southeastern Alaska and British 
Columbia are at the right. Samples from central 
Alaska have characteristics similar to those from the 
Kamchatka River. The Ozernaya-Bolshaya River 
and Kamchatka River stocks differ mainly in the Y 2 

dimension. Sample 68 taken from the Ozernaya 
River on September 23, 1966, is different from sam-
pies 66 and 67 collected on July 22 and September 6. 
Some of the samples taken off Kamchatka are similar 
to sample 68 and others are clustered about samp!es 
66 and 67. This suggests that at least two groups wtth 

TABLE 28. Sampling information (date and location of 
capture) and generalized variance of inunature sockeye 
salmon of age .I from U.S. research vessel catches of 1964 
in the North Pacific Ocean. Samples are plotted in 
Figures 47 and 48. 

Sampling area Gener-
Figure and alized 

sample Latitude No. of variance 
number Date (•N) Longitude fish f lOO 

Figure 47 
I 9/27 51-10 173-00E 24 113 
2 9/29 50-10 173-00E 63 58 
3 9/29 50-12 173-04-E 37 59 
4 9/30 50-10 173-00E 97 39 
5 10/2 50-10 173-00E 147 96 
6 10/11 50-10 173-00E 49 27 

Figure 48 
I 6/27 51-35 176-26W 47 173 
2 6/29 51-22 176-23W 41 121 
3 6/29 51-25 176-14W 31 149 
4 7f5 51-32 176-22W 74 22 
5 7/9 51-36 176-37W 86 17 
6 7/9 51-33 176-17W 16 19 
7 7/14 51-34 176-20W 21 25 
8 7fl4 51-28 176-26W 61 49 
9 7/17 51-38 176-22W 44 10 

10 7/17 51-34 176-27W 45 35 
II 7/17 51-35 176-30W 35 28 
12 7/19 51-38 176-22W 38 19 
13 7/20 51-34 176-20W 85 34 
14 7f24 51-25 176-23W 81 63 
15 7/30 51-31 176-18W 81 96 
16 8/3 51-35 176-24W 37 36 
17 8/4 51-34 176-20W 20 31 
18 8/11 51-25 176-23W 86 74 
19 8/12 51-30 176-19W 34 lll 
20 8/12 51-17 176-23W 86 62 
21 9/2 51-33 176-18W 31 54 

22 9/5 51-33 176-18W 44 52 
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different scale characteristics occur in the Ozernaya 
system. Most of the samples taken off Kamchatka 
(which were collected after mid-June) do not resemble 
the Kamchatka River samples (60-65 ). This is to be 
expected because most maturing sockeye from the 
Kamchatka River would have left the high seas by 
mid-June. The upstream migration peaks from mid
June to early July, about two months earlier than the 
Ozernaya River run (Krogius and Krokhin, 1956). 

Classification of High Seas Samples-North Pacific 
Ocean 

The samples of age .l sockeye collected near 

o, 
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FIGURE 47. Outlines of clusters of 1965 and 1966 reference 

samples (see Fig. 46) and plots of Y1 and Y2 values of 1964 
samples (see Table 28) of immature sockeye of age .1. Samples 
composed offish of a single stock (open circle) and mixed stocks 
(solid circle) taken between 50°N and 5l 0 N at l73°E in late 
September and early October. 

FIGURE 48. Outlines of clusters of 1965 and 1966 reference 
samples (see Fig. 46) and plots of Y1 and Y2 values of 1964 
samples (see Table 28) of immature sockeye of age .1. Samples 
composed of fish of a single stock (open circle) and mixed 
stocks (solid circle) taken near 5l 0 N, 176°W from late june to 
early September. 

50°N-5l 0 N and 173°E in late September and early 
October (Table 28) are plotted on a chart (Fig. 47) 
upon which the four clusters of reference samples 
shown in Figure 46 are outlined. The six samples are 
of the Bristol Bay type. The 22 samples taken in late 
June, July, early August, and early September near 
51 °N, 176°W (Table 28, Fig. 48) are nearly all of the 
Bristol Bay type. Samples l and 3 taken in late June, 
samples 19 and 20 taken on August 12, and samples 21 
and 22 collected in early September are less similar to 
the Bristol Bay type than the others. Sample 21, a 
single stock sample, is located relatively far from the 
reference sample clusters. Sample 21 may contain 
fish from an area not represented in the inshore ref
erence sampling. Most of the 22 samples are from 
purse seine catches made by the Fisheries Research 
Institute of the University of Washington. Immature 
sockeye from the June-August catches were tagged and 
released, and 95% of the inshore recoveries were from 
Bristol Bay streams (Canadian Section, INPFC, 1971 ). 
The tagging results and the results in Figure 48 suggest 
that in 1964, a year preceding very large runs to the 
Bay (49 million age .2 in 1965; 13 million age .3 in 
1966), the age .1 sockeye near 51°N, 176°W from 
late June to early September were mostly of the Bristol 
Bay type. 

CLASSIFICATION oF IMMATURE SocKEYE OF AGE .2, 1965 

Relation Among Reference Samples 

For the classification of age .2 immature sockeye of 
1965, the inshore reference samples of age .3 fish of 
1966 (Table 27) were used in the canonical analysis. 
There is a significant difference among the group 
means (x2 = 6208, P<O.OOl). The roots associated 
with the three functions are 82.2, 55.2, and 11.6. The 
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FIGURE 49. Plot ofY1 and Y2 values of reference samples of age 
.3 sockeye of 1966 with outlines of four major clusters (sample 
58: Y1 =3.0,Y1 =-2.2). 
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TABLE 29. Sampling information (date and location of 
capture) and generalized variance of immature sockeye 
salmon of age .2 fromJapanese mothership and U.S. and 
Canadian research vessel catches of 1965 in the North 
Pacific Ocean. Samples are plotted in Figures 50-53. 

Figure and 
sample 
number 

Figure 50 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 

Figure 51 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 

Figure 52 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 

Sampling area Gener-
alized 

Latitude No. of variance 
Date (0 N) Longitude fish I 100 

6/28 53-01 
6/30 52-02 
7/1 52-20 
7/16 50-28 
7!17 50-57 
7/17 52-57 
7fl8 53-11 
7/18 50-28 
7f19 50-47 
7/19 51-56 
7/19 53-31 
7f20 52-24 
7/21 52-26 
7/22 51-59 
7/24 51-48 
7/24 53-25 
7/25 53-28 
7/25 50-37 

7/2 
7/3 
7/5 
7/20 
7f21 
7/22 
7/23 
7/24 
7/25 
7/26 

10/4 
I0/5 
10/6 
10/28 
I0/29 

7/3 
7/17 
7fl8 
7/20 
7/28 
7/29 
7/30 
7f30 
8/1 
8fl 
8/3 
8/3 
8/7 

52-29 
52-II 
51-36 
50-13 
50-48 
50-53 
51-02 
50-50 
50-18 
49-42 
51-16 
50-19 
49-15 
50-00 
50-01 

51-29 
51-21 
51-28 
51-26 
51-02 
50-40 
51-19 
51-25 
51-37 
51-33 
51-36 
51-32 
51-32 

168-49E 
169-37E 
170-00E 
167-41E 
168-24E 
165-50E 
165-52E 
169-22E 
169-32E 
164-22E 
163-02E 
164-36E 
164-23E 
164-40E 
165-37E 
165-14E 
164-57E 
165-38E 

170-51E 
171-16E 
172-09E 
170-33E 
170-58E 
171-48E 
171-32E 
172-05E 
172-17E 
171-52E 
172-58E 
173-00E 
172-58E 
172-17E 
170-38E 

176-48W 
176-30W 
176-25W 
176-28W 
176-33W 
176-20W 
176-23W 
176-35W 
176-26W 
176-26W 
176-23W 
176-24W 
176-24W 

14 
15 
15 
19 
20 
21 
18 
22 
18 
17 
15 
14 
15 
14 
15 
14 
23 
23 

47 
162 
321 
119 
82 
79 

176 
53 
77 

286 
167 
76 

119 
81 
74 

108 
65 

142 

19 82 
16 91 
16 74 
22 123 
23 70 
21 463 
19 150 
19 136 
19 145 
24 120 
43 175 
37 164 
95 190 
49 465 
18 262 

19 29 
112 80 
60 54 
80 65 
29 72 
21 325 
27 43 
28 26 
61 112 
43 37 
62 34 
84 49 
22 138 

Continued ... 

Figure and 
sample 
number 

14 
15 
16 
17 

Figure 53 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 

TABLE 29. Continued. 

Sampling area Gener-
alized 

Latitude No. of variance 
Date (0 N) Longitude fish /100 

8/9 51-10 176-22W 28 
8/9 51-10 176-13W 91 
8fl6 51-02 176-33W 41 

10f24 50-02 178-32E 42 

4/4 48-09 134-55W 26 
4/5 51-00 137-30W 37 
4/6 50-00 140-DOW 52 
4/6 5~0 140-DOW 29 
4/6 so-4il=o~- I39-56W 21 
4/9 48-49 146-05W 56 
4/9 51-00 147-20W 30 
4/10 48-00 150-00W 93 
4fll 49-00 152-30W 69 
4/12 50-00 155-00W 30 
4/12 48-00 155-00W 20 
4fl3 49-00 157-30W 21 
5/5 52-00 138-45W 21 
5f20 50-04 140-DBW 22 
5/21 49-03 142-22W 26 
5/22 51-03 142-40W 22 
5f27 48-00 140-DOW 26 
5/30 48-00 145-00W 34 

115 
69 

103 
144 

225 
763 
758 
193 
726 
173 
156 
148 
123 
68 

261 
27 

110 
118 
163 
71 

276 
90 

first two functions account for 92% of the total varia
tion among the groups. The group mean values for 
the first two functions are plotted in Figure 49. The 
results are similar to those of Figure 46-four main 
clusters are outlined. 

Classification of High Seas Samples-North Pacific 
Ocean 

Samples of age .2 immature sockeye collected in 
late June and in July between 50°N-54°N and 163°E-
1700E (Table 29) are plotted in Figure 50. Most of 
the 18 samples are of the Ozernaya River type. 
Samples 1-3 collected near 169°E-l 70°E are nearer to 
the Bristol Bay cluster than the others. Samples 
collected between 170°E-173°E and 49°N-53°N in 
July and October (Table 29, Fig. 51) are of the 
Bristol Bay type (sample 1), West Kamchatka type 
(sample 5 ), and mixtures of these types. Samples 
taken early in July and in October tend to be most 
similar to the Bristol Bay type. 

The 16 samples collected from July 3 through 
August 16 near 51 °N, 176°W are of the Bristol Bay 
type (Table 29, Fig. 52). As with the age .1 fish 
collected near 50°N-51°N and 176°W in July and 
August of 1964 (Table 28, Fig. 48), most samples of 
age .2 fish collected in 1965 in the same area and time 
period are of the Bristol Bay type. Sample 1 7 
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FIGURE 50. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y1 values of 1965 samples (see 
Table 29) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 50°N and 54°N and between 163°E and 
I70°E in late June and July. 

.. 

... 
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FIGURE 5 I. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y1 values of 1965 samples (see 
Table 29) ofimmature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 49°N and 53°N and between 170°E and 
J73•E in July and October. 

(collected on October 24 near 50°N, 178°E) may be a 
mixture of Bristol Bay and Ozernaya River types. 

Of the samples collected in the Gulf of Alaska be
tween 48°N-50°N and 158°W-134°W in April and 
May (Table 29, Fig. 53), samples 8, 9, 10, and 12 are 
of the Bristol Bay type. Samples 6-12, taken farthest 
to the west (157°W-146°W), are positioned closer to 
the Bristol Bay cluster than the samples taken to the 
eastward (145°W-134°W). Sample 16 most likely 
contains fish of the central Alaska type rather than the 
Kamchatka River type. Although similarities in 
central Alaska and Kamchatka River scale charac
teristics occur in this analysis, there is no evidence 

FIGURE 52. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y1 values of 1965 samples (see 
Table 29) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken near 5I •N, 176•W in July, August, and late 
October . 

·t.s -z.o -u 

FIGURE 53. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y1 values of 1965 samples (see 
Table 29) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 48°N and 50°N and between 158°W and 
134•w in April and May. 

from tagging and parasite studies (Fig. 45) that 
Kamchatka River fish occur in the Gulf of Alaska. 
Most of these samples are probably mixtures of North 
American stocks. 

Classification of High Seas Samples-Bering Sea 

In the Bering Sea, many of the samples from be
tween 164°E-l70°E and 56°N-59°N in july appear to 
be composed of mixtures of Bristol Bay and Ozernaya 
River type sockeye (Table 30, Fig. 54). Several 
samples from between 167°E and 170°E (samples 4, 6, 
14, 17, and 20) are positioned very near the Bristol 
Bay cluster. The samples collected between 164°E 
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TABLE 30. Sampling information (date and location of 
capture) and generalized variance of immature sockeye 
salmon of age .2 from Japanese mothership catches of 
1965 in the Bering Sea. Samples are plotted in Figures 
54-56. 

Figure and 
sample 
number 

Figure 54 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Figure 55 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Date 

7/ 1 
7/3 
7j5 
7!7 
7/8 
7fi0 
7/11 
7/12 
7fl4 
7/15 
7fi6 
7fi6 
7/17 
7fi7 
7fl8 
7f20 
7f21 
7f21 
7/22 
7/22 
7/23 
7/24 
7/24 
7/25 

6/27 
7!7 
7/8 
7f9 
7/10 
7Jll 
7/11 
7/12 
7/14 
7/16 
7/17 
7/18 
7/19 
7f20 
7/20 
7/21 
7/22 
7f26 
7/13 
7f20 
7/22 
7/24 

Sampling area 

Latitude 
(oN) 

56-52 
56-37 
56-32 
57-00 
57-26 
58-28 
58-36 
58-39 
58-21 
58-07 
57-43 
58-49 
57-30 
59-03 
58-58 
56-46 
58-59 
57-12 
57-09 
58-57 
57-13 
57-57 
58-45 
58-04 

54-03 
55-58 
57-03 
58-02 
58-42 
59-02 
59-36 
58-53 
58-31 
59-11 
59-03 
58-46 
58-42 
58-55 
59-03 
58-59 
58-42 
54-24 
59-51 
59-00 
59-04 
58-34 

Longitude 

168-0IE 
168-39E 
169-21E 
169-50E 
169-59E 
167-30E 
167-16E 
166-53E 
167-17E 
167-17E 
166-37E 
169-03E 
165-18E 
169-02E 
169-19E 
165-42E 
168-36E 
165-06E 
164-55E 
168-36E 
165-20E 
166-00E 
168-39E 
166-15E 

170-20E 
170-22E 
170-20E 
171-37E 
172-20E 
173-00E 
170-55E 
174-15E 
170-31E 
171-06E 
171-32E 
171-52E 
17l-52E 
171-IOE 
170-31E 
172-07E 
172-46E 
172-15E 
177-16E 
179-49E 
177-52E 
178-19E 

Gener
alized 

No. of variance 
fish flOO 

16 171 
23 63 
19 158 
16 5 
25 118 
16 68 
15 7 
19 320 
16 315 
16 290 
14 201 
15 120 
14 691 
15 209 
21 165 
17 240 
20 67 
21 576 
20 427 
19 133 
22 33 
20 311 
21 244 
22 258 

17 71 
15 69 
21 102 
18 92 
20 78 
22 18 
15 29 
20 123 
22 136 
20 19 
16 70 
14 145 
21 54 
23 327 
17 17 
18 34 
22 49 
21 38 
16 99 
27 50 
19 34 
23 99 

Continued ... 

TABLE 30. Continued. 

Sampling area Gener
alized Figure and 

sample 
number 

Latitude No. of variance 
Date (0 N) Longitude fish flOO 

------- ---~----------~--
Figure 56 

1 
2 
3 
4 
5 
6 
7 
8 

7/5 
7/17 
7fl8 
7/19 
7fi9 
7/20 
7/22 
7f23 

58-08 
59-46 
58-54 
59-03 
58-31 
58-41 
58-33 
57-27 
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179-05W 
178-42W 
178-47W 
178-55W 
178-11W 
177-54W 
178-42W 
179-51W 

yl 0.5 1.0 

18 
15 
16 
18 
20 
17 
14 
18 

7 
59 

117 
268 

21 
51 
42 
24 

1.0 

0.5 
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FIGURE 54. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y. values of 1965 samples (see 
Table 30) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 56°N and 59°N and between 164°E and 
170°E in July. 
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FIGURE 55. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y 1 values of 1965 samples (see 
Table 30) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 54°N and 60°N and between 170°E and 
180° in late June and in July. 



RESEARCH BY THE UNITED STATES 119 

FIGURE 56. Outlines of clusters of 1966 reference samples (see 
Fig. 49) and plots of Y1 and Y2 values of 1965 samples (see 
Table 30) of immature sockeye of age .2. Samples composed 
of fish of a single stock (open circle) and mixed stocks (solid 
circle) taken between 57°N and 6Q•N and between 180• and 
l77°W in july. 

and 167°E (samples 11, 13, 16, 18, 19, 21, 22, and 24) 
are those most similar to the Ozernaya River type. 

Most of the samples from between 170°£-180° and 
54°N-60°N in late June and in July appear to be of 
the Bristol Bay type ; a few are mixtures of Bristol Bay 
and Ozernaya River type sockeye and one (sample 2) 
is of the Ozernaya River type (Table 30, Fig. 55). 

Samples 1 and 5, however, have Y1 values similar 
to the Bristol Bay type but their Y2 values position 
them about 0.5 unit above the Bristol Bay cluster. 
They may be composed of fish from a minor area not 
represented among the inshore reference samples. 

Most of the samples from between 180°-1 now and 
57°N-60°N in July are positioned near the Bristol Bay 
cluster (Table 30, Fig. 56). Sample 2 may be from a 
minor stock not represented in the reference sampling. 

SuMMARY AND CoNCLUSIONS 

Samples of immature sockeye salmon of age .1 
collected from the North Pacific Ocean in 1964 and 
age .2 immatures collected from the North Pacific 
Ocean and Bering Sea in 1965 were classified by area 
of origin. Three scale characters were used in a 
canonical analysis in which two linear functions were 
used to compare samples of immature sockeye to 
inshore reference samples. Sample variances from 
the scale characters were used to distinguish samples 
composed of fish of one stock or mixed stocks. 

Samples of age .1 sockeye collected in the North 
Pacific Ocean near 51 °N, l73°E in late September and 
early October and near 51 °N, 176°W from late June to 
early September were of the Bristol Bay type. 

Most samples of age .2 immature sockeye from the 

North Pacific Ocean were collected between 49°N 
and 54°N from late June through August. Between 
163°E and 170°E, most were of the Ozernaya River 
type with some intermingling of this type and the 
Bristol Bay type near 1 70°E. Samples from between 
170•E and l73°E contained fish of the Ozernaya 
River type, the Bristol Bay type, and mixtures of these 
types. At 176°W the samples were composed of the 
Bristol Bay type fish. Between 158°W and 134°W in 
April and May, most samples were mixtures of North 
American types. Samples from between 158°W 
and 150°W were more similar to the Bristol Bay type 
than those collected to the eastward. 

The samples of age .2 immature sockeye from the 
Bering Sea were collected mainly between 54°N and 
60°N in July. Fro.m 164°E to 167°E the samples were 
the Ozernaya River type. Several of the samples 
from between 167°E and 1 70°E were of the Bristol 
Bay type, but most were mixtures of this type and the 
Ozernaya River type. From 170°E to 180°, the 
majority of the samples contained fish of the Bristol 
Bay type, one was of the Ozernaya River type, and 
others were composed of a mixture of the Ozernaya 
River type and the Bristol Bay type. Two samples 
were apparently composed of fish from a stock not 
included in the reference sampling and one also 
occurred in the area between 180° and 177°W. Be
tween 180° and l77°W, however, the remaining 
samples were of the Bristol Bay type. 

Studies are continuing to determine if the inter
region differences hold true from year to year and if 
the method described in this paper can be developed 
into a general method for classifying high seas samples 
by area of origin. 
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STATISTICS OF JAPANESE MOTHERSHIP 
SALMON FISHERY 

by A. E. Peterson* 

Statistics of annual catch, fishing effort, and catch 
per unit of effort (CPUE) for the japanese mothership 
salmon fishery in 1970 (INPFC, 1972) are listed with 
corresponding data for 1952-69 (Peterson, 1972) in 
Table 31. These statistics for the 19-year period are 
shown in Figures 57 to 61 by species. 

SocKEYE SALMON 

The catch of6.9 million sockeye salmon in 1970 was 
about the same as the average catch for 1966-69 but 
was much lower than in 1965 (Fig. 57). Fishing 
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FIGURE 57. Sockeye salmon catch, fishing effort, and catch per 
unit of effort, japanese mothership salmon fishery, 160°E to 
175°W, 1952-70 (entire season). 

* National Marine Fisheries Service, Northwest Fisheries 
Center, Seattle. 

TABLE 31. Japanese mothership salmon fishery-catch, 
fishing effort, and catch per unit of effort-160°E to 
175°W, 1952-70. 

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

Species of salmon 

Sockeye1 Pink1 Chum1 Coho" Chinook1 Totalt 

738 
1,534 
3,382 
9,456 
8,702 

19,403 
10,708 
9,125 

12,879 
12,998 
10,590 
8,902 
7,097 

12,038 
7,254 
8,087 
6,373 
5,935 
6,944 

Catch-Thousands qf fish 

698 629 24 
2,892 
2,698 
9,108 
6,589 

17,204 
7,859 

18,642 
1,826 
3,226 
1,011 
6,242 
2,198 
4,238 
2,457 
7,698 
3,609 
6,862 
1,573 

2,678 
8,254 

14,012 
15,316 
8,877 

14,048 
12,856 
10,517 
6,128 
6,372 
5,858 
8,640 
6,037 
8,562 
6,848 
8,107 
7,721 
9,639 

307 
675 

1,467 
3,393 

193 
3,106 
1,359 

862 
281 

1,531 
1,889 
3,529 
1,172 

466 
225 
805 

1,144 
180 

Fishing effort-Thousands q.f tans 

2,091 
3 7,414 

57 15,071 
43 34,164 

117 34,170 
25 46,042 
38 35,832 
63 42,326 

180 26,324 
31 22,704 

122 19,755 
88 23,475 

410 21,964 
185 23,864 
208 19,046 
127 23,060 
362 19,563 
554 22,488 
437 18,925 

471 394 471 199 471 471 
1,314 
2,547 
5,761 
8,729 
6,213 
7,207 
7,096 
6,518 
4,994 
5,851 
5,954 
7,518 
6,110 
5,195 
5,231 
5,925 
6,217 
6,028 

1,314 
2,547 
5,761 
8,729 
6,213 
7,207 
7,096 
6,518 
4,994 
5,851 
5,954 
7,518 
6,110 
5,195 
5,231 
5,925 
6,217 
6,028 

1,027 
2,265 
4,511 
6,908 
4,180 
5,628 
5,957 
5,921 
4,538 
4,918 
5,186 
6,586 
5,165 
4,207 
4,120 
4,838 
5,160 
5,120 

1,314 
2,547 
5,761 
8,729 
6,213 
7,207 
7,096 
6,518 
4,994 
5,851 
5,954 
7,518 
6,110 
5,195 
5,231 
5,925 
6,217 
6,028 

619 
1,253 
2,392 
3,127 
1,262 
2,681 
1,226 
2,848 
1,459 
2,231 
1,399 
2,307 
1,488 

693 
525 

1,025 
928 

1,002 

1,314 
2,547 
5,761 
8,729 
6,213 
7,207 
7,096 
6,518 
4,994 
5,851 
5,954 
7,518 
6,110 
5,195 
5,231 
5,925 
6,217 
6,028 

Catch per unit effort-Number qf fish ptr tan 

1.5 7 I. 77 1.34 0.12 0.0021 4.44 
5.64 
5.92 
5.93 
3.91 
7.41 
4.97 
5.96 

1.17 2.82 2.04 0.50 0.0023 
1.33 
1.64 
1.00 
3.12 
1.49 
1.29 
1.98 
2.60 

1.19 
2.02 
0.95 
4.12 
1.40 
3.13 
0.31 
0.71 

3.24 
2.43 
1.75 
1.43 
1.95 
1.81 
1.61 
1.23 

0.54 
0.61 
1.08 
0.15 
1.16 
1.11 
0.30 
0.19 

0.0224 
0.0075 
0.0134 
0.0040 
0.0053 
0.0089 
0.0276 4.04 
0.0062 4.55 

Continued . .. 
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TABLE 31. Continued. 

Species of salmon 

Year Sockeye! Pink1 Chum1 Coho8 Chinook1 TotaJl 

1962 1.81 0.21 1.09 0.69 0.0209 3.38 
1963 1.50 1.20 0.98 1.35 0.0148 3.94 
1964 0.94 0.33 1.15 1.53 0.0545 2.92 
1965 1.97 0.82 0.99 0.79 0.0303 3.79 
1966 1.40 0.58 1.65 0.67 0.0400 3.67 
1967 1.55 1.87 1.31 0.43 0.0243 4.41 
1968 1.08 0.75 1.37 0.79 0.0610 3.30 
1969 0.95 1.33 1.24 1.24 0.0891 3.62 
1970 1.15 0.31 1.60 0.18 0.0725 3.14 

1 May-August s June-August 1 July-August, and excluding 
Bering Sea. Sources: 1952-69 from Peterson (1972) ; 1970 
from INPFC (1972). 

effort in 1970 was a little less than in 1969 and slightly 
greater than in 1968. Sockeye CPUE in 1970 was 
lower than in 1965-67 but greater than in 1968-69. 

More than 60% of the 1970 sockeye catch was 
taken east of 175°E. Best catches were taken in late 
May to mid-June east of 180°. 

PINK SALMON 

The 1970 catch of 1. 7 million pink salmon (1.6 
million excluding May catches) and the 1970 pink 
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FIGURE 58. Pink salmon catch, fishing effort, and catch per unit 
of effort, Japanese mothership salmon fishery, 160°E to 175°W, 
1952-70 (June-August). Shading indicates even-year cycle. 
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FIGURE 59. Chum salmon catch, fishing effort, and catch per 
unit of effort, Japanese mothership salmon fishery, 160°E to 
175°W, 1952-70 (entire season). 
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salmon CPUE were the lowest since 1962 (Fig. 58). 
Best catches were taken in early July off eastern 
Kamchatka. 

CHUM SALMON 

The 1970 catch of9.6 million chum salmon was the 
highest since 1960. Chum salmon CPUE in 1970 was 
the highest since 1966 (Fig. 59). 

Best chum salmon catches were taken in the 
northern Bering Sea east of 175°E in mid-July. 
Highest chum salmon CPUE was in the northern 
Bering Sea in mid- and late July. 

CoHo SALMON 

The 1970 catch of 180,000 coho salmon was the 
lowest since the first year (1952) of the fishery. Coho 
CPUE (North Pacific Ocean only, excluding Bering 
Sea) was the lowest since 1961 (Fig. 60). Best 
catches were taken east of 175°E in the North Pacific 
in late July. 

CHINOOK SALMON 

The 1970 catch of 43 7, 000 chinook salmon (Fig. 61) 
ranked second highest in history (1969 was first). 
Best catches of chinook salmon in 1970 were made in 
the northern Bering Sea east of 1 70°E from late June 
to late July. 
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FIGURE 61. Chinook salmon catch, fishing effort, and catch per 
unit of effort, Japanese mothership salmon fishery, 160°E to 

l75°W, 1952-70 (entire season). 
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UNITED STATES KING AND TANNER CRAB 
FISHERY IN THE EASTERN BERING SEA 

by Peter B. Jackson* 

INTRODUCTION 

The United States fishing area for king crabs 
(Paralithodes camtschatica) and tanner crabs (Chionoecetes 
bairdi) in the eastern Bering Sea is defined by the State 
of Alaska to be those waters of the Bering Sea between 
54°36' and 60°00'N easterly of the United States
Russia Convention Line of 1867. The grounds 
currently utilized by the U.S. crab fleet extend south 
and east of the Pribilof Islands and include that portion 
of the Alaska Peninsula north of 54°36'N excluding 
some waters (Beehevin Bay and Isanotski Strait) near 
False Pass (Fig. 62). As in the remainder of the 
State of Alaska, U.S. crab fishermen in the eastern 
Bering Sea may fish only with pots and only male 
crabs may be taken. 

The U.S. king crab fishery in the eastern Bering Sea 
is regulated differently than are king crab fisheries 
elsewhere in Alaska. Minimum size restrictions are 
lower during spring and summer of each year when 
foreign crab fleets are present and increase during 
the fall and winter when these fleets are absent. 
Minimum sizes of king crabs permitted to be retained 
during 1971 were as follows: 7 inches (178 mm) 

I'RlB ILOF IS. 
5670 5669 sua 5667 5666 sus ..,. 

suo 

566l 5U2 5660 

FIGURE 62. Locations of king and tanner crab fishing areas in 
that portion of the eastern Bering Sea utilized by the United 
States crab fleet during 1971, Fishing areas are delineated by 
heavy lines and are identified by bold four digit numbers. 

* Alaska Department ofFish and Game. 
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TABLE 32. Minimum legal size for king crabs harvested 
during each month in the eastern Bering Sea by the U.S. 
crab fleet, 1966--71.1,2 

Year 

Month 1966 1967 1968 1969 1970 1971 

Carapace length (inch) 
January 5.75 5.75 5.75 7.00 7.00 7.00 
February 5.75 5.75 5.75 7.00 7.00 7.00 
March 5.75 5.75 5.75 5.75 5.75 6.25 
April 5.75 5.75 5.75 5.75 5.75 6.25 
May 5.75 5.75 5.75 5.75 5.75 6.25 
June 5.75 5.75 5.75 5.75 5.75 6.25 
July 5.75 5.75 5.75 5.75 5.75 6.25 
August 5.75 5.75 5.75 7.00 5.75 6.25 
September 5.75 5.75 7.003 7.00 7.00 6.25 
October 5.75 5.75 7.00 7.00 7.00 6.25 
November 5.75 5.75 7.00 7.00 7.00 6.50 
December 5.75 5.75 7.00 7.00 7.00 6.50 

1 Change in minimum size limit effective on first day of 
month indicated unless otherwise noted. 

1 Fishery will be closed to the taking of king crab from 
April! through May 31, 1972. 

3 Minimum size limit effective September 20, 1968. 

carapace width from January 1 to February 28; 
6- 1/4 inches (159 mm) carapace width from May 1 to 
October 31 ; and 6- 1/2 inches (165 mm) carapace 
width from November 1 to December 31. A history 
of seasonal restrictions and minimum size limits im
posed on the U.S. king crab fishery in the eastern 
Bering Sea is summarized in Table 32. 

The U.S. tanner crab fishery in the eastern Bering 
Sea has developed since 1968 and is presently subject 
to no minimum size or seasonal restrictions. Although 
no minimum size limit is in effect for this species, 
processors will accept only larger crabs. Seasonal 
and size limit regulations in this fishery can be made 
only after valid assessments of growth rate and size at 
maturity. 

The size and number of vessels engaged in the U.S. 
eastern Bering Sea crab fishery steadily increased be
tween 1966 and 1969, although some evidence of 
reduction has been indicated during the last two years. 
Vessels engaged in this fishery are constantly ex
ploring new grounds. 

This report documents the 1966-71 catch and 
fishing effort of the U.S. king and tanner crab fleet in 
the eastern Bering Sea. 

METHODS OF FISHING AND DATA CoLLECTION 

Shipboard fishing operations among U.S. crab 
vessels in the eastern Bering Sea are quite uniform, 
the major difference being performance which varies 

directly with vessel size. Larger vessels have a 
greater catch carrying capacity, are capable of 
carrying and handling more units of fishing gear, and 
are able to fish in rougher seas than are smaller vessels. 
A large efficient vessel is capable of handling up to 
100 units of gear (pots) per day. 

Basically, the same style pots are used by most U.S. 
crab vessels fishing the eastern Bering Sea, the primary 
difference between pots being size. Most pots are 6 to 
7 feet (1.8 to 2.1 m) square and 3 feet (0.9 m) deep. 
Pots are constructed of an iron bar frame covered with 
nylon webbing which is 3-1/2 to 5-1/2 inches (8.9 to 
14 em) between knots and are usually weighted on the 
bottom surface to insure that they come to rest on the 
ocean floor in an upright fishing position. Individual 
pots weight between 500 and 700 pounds (227 to 
317 kg). Crabs enter these pots through open end 
tunnels which are located on opposite sides and incline 
upward and inward from the base. Each pot has two 
tunnels which occupy entire opposite sides. Crabs 
fall into the pot center upon passing the open inside 
ends of these tunnels (Fig. 63 ). Crabs are attracted 
to the pots by bait-chopped herring which is usually 
frozen and enclosed in one or more perforated plastic 
containers suspended in the center of the pot. 

Pots are attached by a bridle to a line which extends 
to the surface of the water where it is suspended by 
two to three large rubber or plastic buoys approximate
ly 60 em in diameter. King and tanner crab pots are 
normally fished in groups or " strings " of 20 to 30 
individual pots, which are usually spaced 400-500 
yards (366-457 m) apart on a fairly common depth 

FIGURE 63. Bering Sea crab pot. SPECIFICATIONS: Length: 
2.13 m; Width: 2.13 m; Height: 0.91 m; Web (#72 
twine) , stretch mesh: 22.9 em (covering) and 11.4-12.7 em 
(tunnel); Frame (iron bar) diameter: 3.8-4.4 em (top), 
4.4-5.1 em (bottom and posts), 3.8 em (hanging frame). 
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contour. Crab fishing is usually conducted at 
depths of 40 to 60 fathoms (73 to 110m). Pots are 
normally lifted after a " soak time " of one to several 
days, the most common being two days. Pots are 
brought to the surface by a hydraulically operated 
hoist, or power block. All females and sublegal male 
king crabs are returned alive to the sea and legal male 
crabs retained in the vessel live tank.1 Crabs are 
unloaded shortly after the vessel's arrival at the pro
cessing facility. At the time of delivery, crabs are 
inspected for legal size by authorities of the State of 
Alaska, and the Master of each vessel is required to 
supply the State with information as to poundage and 
number (king crabs only) of each species of crab 
landed, areas fished, pots lifted, and dates of delivery. 
Each processing facility is responsible for submitting 
this information on a regular basis on a standardized 
form referred to as a fish ticket. 

Most vessels fish king and tanner crabs simultane
ously, with king crabs being the target species. Little 
fishing was conducted specifically for tanner crabs in 
the eastern Bering Sea during 1971. 

Data concerning catch and effort as well as those on 
times and locations fished were obtained primarily 
from individual landing records (fish tickets). Com
parison data for years previous to 1971 used in this 
report were taken from McMullen and Y oshihara 
(1972). In rare cases where the number of pot lifts 
for individual landings were not listed, estimates were 
derived from catch-per-unit-effort data from other 
vessels fishing at the same time and in the same area. 

Data concerning size-frequency distribution and 
size-weight relation of king and tanner crabs were 
obtained by biologists directly from vessels contacted 
during the unloading process. Size-frequency 
samples of king and tanner crabs consisted of 50 crabs 
selected randomly from vessel live tanks and mea
sured prior to processing. All crabs were measured 
to the nearest millimeter with vernier calipers and all 
measurements were recorded and analyzed in milli
meter increments. King crabs sampled for size com
position are further segregated into two exoskeletal 
age groups- those crabs that molted during the 
molting period preceding capture and those which 
did not. 

The lateral carapace margins of king crabs are 
flexible ; therefore exact measurement between these 
extremities tends to vary with repeated measurements. 
For this reason, size-frequency analyses of king crabs 
are based on measurements of length rather than 
width of the carapace. Carapace length measure-

1 In this report the term " catch " indicates all legal size male 
crabs that were retained aboard the vessels and excludes all female 
and male crabs returned to the sea. 

ment is the distance between the right eye socket 
and the posterior medial carapace margin. This 
measurement across the most rigid portion of the 
carapace provides the most reliable and reproducible 
data. Unlike king crabs, the lateral carapace 
margins of tanner crabs are rigid, permitting rapid 
and reliable measurement of carapace width. For 
this reason, size-frequency data of tanner crabs are 
based on carapace width rather than carapace length. 
Methods described here for obtaining king and tanner 
crab size-frequency data follow internationally 
accepted procedures. 

Data on size of king crabs comprise measurements 
from samples taken between the termination of one 
molting period and the onset of the next (intermolt 
period), and only those data obtained during a given 
intermolt period are grouped for analysis. This 
procedure has resulted in excluding from analysis 
those king crab size-frequency data obtained during 
May and June 1971. Only in this way can fluctua
tions in size or age class abundance be accurately 
delineated. 

Data on size-weight relation of eastern Bering Sea 
king crabs are obtained in conjunction with those on 
size-frequency. Each month five crabs in millimeter 
increments from 135 mm through 165 mm carapace 
length are weighed. A triple beam balance is used 
and weights are recorded to the nearest gram. Size
weight data were analyzed without respect to exo
skeletal age, and the degree of relation between these 
factors is expressed through calculation of linear 
regression. 

KING CRAB FISHERY 

Fishing Effort 

The size of the U.S. crab fleet in the eastern Bering 
Sea increased from nine vessels which made 15 land
ings in 1966 to 65 which made 377 landings in 1969. 
Effort was reduced slightly in 1970 when 51 vessels 
made 309 king crab landings (Tables 33 and 35 ). 
Table 34 gives the number and average size of vessels 
fishing during each month of 1971. Analysis of in
dividual fishery landings made during 1971 indicate 
that 52 U.S. crab vessels fishing the eastern Bering Sea 
during 1971 made 394 king crab landings; this 
represents a 27.5% increase from the 309 landings 
made during 1970 (Tables 35 and 36). 

Trends in numbers of king crab pots lifted in the 
eastern Bering Sea are similar to those indicated for 
numbers of vessels and landings. The number of 
king crab pots lifted by year in this area increased from 
2,720 in 1966 to 98,426 in 1969 and to 96,658 in 1970. 
The 118,522 pot lifts made during 1971 represent an 
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TABLE 33. Number and size of U.S. vessels that fished for 
crabs in the eastern Bering Sea, 1966-71. 

increase of22.6% from the 96,658 pot lifts made during 
1970 (Table 35). 

Size 

Average Average 
Total keel length net weight 

Year number (ft) (ton) 

1966 9 85.9 75.0 
1967 20 95.8 114.1 
1968 59 91.9 112.5 
1969 65 93.0 116.3 
1970 51 86.0 116.0 
1971 52 85.0 117.1 

TABLE 34. Number and size of U.S. vessels engaged in the 

The decline in effort for king crabs by the U.S. 
crab fleet during the first six months of 1971 in com
parison with that in 1970 can be attributed at least 
in part to the minimum size limit for this species 
being increased to 6-1/4 inches carapace width be
tween March I and October 31, 1971. The size 
limit from March I to September I, 1970, was 5-3/4 
inches carapace width (Table 32). Crews of many 
of the vessels normally engaged in the fishery during 
the spring chose this time to make vessel repairs and 
did not resume fishing until July when catches are 
normally higher. The number of king crab landings 
made during July 1971 exceeds that made during the 
preceding six months of this year by 15.4% and of 
July 1970 by 53.1%- The proportion of total annual 
ehort (pot lifts) made from August through December 
increased frop1 29.5% in 1970 to 68.1% in 1971 
(Table 35). 

eastern Bering Sea crab fishery, Jan.-Dec. 1971. 

Size 

Average 
Total keel length 

Month number (ft) 

January 4 75.7 
February 5 78.1 
March 9 85.2 
April 10 83.2 
May 6 82.8 
June 7 83.8 
July 31 86.7 
August 37 85.9 
September 37 89.2 
October 26 90.5 
November 10 81.6 
December 8 77.3 

Average 
net weight 

(ton) 

77.5 
101.4 
122.0 
115.4 
105.2 
126.0 
117.6 
117.9 
123.2 
126.1 
102.6 
86.0 

Total Catch 

Annual king crab catches by the U.S. crab fleet in 
the eastern Bering Sea since 1966 have fluctuated 
directly with varying effort and have been affected to 
some degree by changes in minimum legal size. 
Annual catches increased from 997,321 pounds (452,-
299.8 kg- 140,554 crabs) in 1966 to 10,403,283 pounds 
(4,718,042 kg-1,749,022 crabs) in 1969. The king 
crab catch during 1970 was 8,559,178 pounds (3,881,-
713 kg-1,682,591 crabs). The 1971 king crab catch 
was 12,945,776 pounds (5,871,100 kg-2,404,681 

TABLE 35. Fishing effort (number of vessel landings and pot lifts) on king crabs by the U.S. fishery in the eastern Bering 
Sea, 1966-71. 

Year 

1966 1967 1968 1969 1970 1971 

Land- Pot Land- Pot Land- Pot Land- Pot Land- Pot Land- Pot 
Month ings lifts ings lifts ings lifts ings lifts ings lifts ings lifts 

------

Jan. 150 18 3,247* 4 2,197 4 627 
Feb. 25 3,663* 33 3,618* 20 4,311 7 1,091 
Mar. 4 470 2 185 64 11,495 39 7,204* 56 15,747 15 2,345 
Apr. 4 515 25 3,956* 26 4,542 25 4,122* 43 13,040 18 4,387 
May 3 865 18 2,323 15 3,888* 13 2,812* 20 3,811 8 1,291 
June 2 576 4 1,395 19 5,491 44 13,997* 30 10,832 14 3,110 
July 153 3 900 50 7,956* 103 36,839* 49 18,207 75 24,979 
Aug. 141 18 2,721* 78 23,654 67 23,475 89 36,636 
Sept. 21 4,235 20 2,627* 18 4,748 84 28,409 
Oct. 280 3 995 I 138 2 290 62 12,213 
Nov. 5 886 7 970 3 168 10 2,314 
Dec. 3 696 12 1,390* 8 1,120 

TOTAL 15 2,720 61 10,621 261 47,496 377 98,426 309 96,658 394 118,522 

* Data adjusted to include pot lifts not listed on crab landing records. 
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TABLE 36. U.S. king crab fishery in the eastern Bering 
Sea, 1971. 

No. of Average 
No. of No. of No. of pots catch 

Month boats landings crabs lifted per pot 

January 4 4 12,034 627 19.2 
February 5 7 12,149 1,091 11.1 
March 9 15 41,444 2,345 17.7 
April 10 18 77,962 4,387 17.8 
May 6 8 15,400 1,291 11.9 
June 7 14 82,427 3,110 26.4 
July 31 75 619,971 24,979 24.8 
August 37 89 716,907 36,636 19.6 
September 37 84 486,160 28,409 17.1 
October 26 62 263,942 12,213 21.6 
November 10 10 43,446 2,314 18.8 
December 8 8 32,839 1,120 29.3 

TOTAL 521 394 2,404,681 I 18,522 20.3 

1 Represents actual number of vessels fishing. 

crabs), an increase of 4,386,598 pounds (1,989,387 kg) 
or 51.3% from that made during the corresponding 
period in 1970 (Table 37). 

As opposed to previous years, the majority of the 
1971 catch as well as effort occurred after July. The 
relative increases in successive monthly catches begin
ning in March are attributable to the minimum legal 
size limit being lowered from 7 inches to 6-1/4 inches 
at the end of February (Table 32). The reduced 
catch and effort during May are attributable to the 
poor condition of molting king crabs. Vessel crews 
and processors prefer not to handle crabs during this 
time because of their soft shell condition and low meat 
yield. Effort, and consequently catches, increased 
after May as the shell condition of postmolt crabs 
improved. 

Catch-Per-Unit-Effort (CPUE) 

Although catch and effort for king crabs by the 
U.S. crab fleet in the eastern Bering Sea steadily in
creased from 1966 through 1969, data on CPUE 
suggest a progressive decline in crab abundance 
through 1970. The average catch per pot of legal 
crabs by the U.S. crab fleet in this area declined pro
gressively from 51.7 in 1966 to 17.4 in 1970 (Table 
38). 

Analysis of 1971 catch and effort data show that 
the mean catch per pot of legal size crabs (20.3) 
exceeds that in 1970 of 17.4 by 16.7% (Table 39). 
Since the minimum size limit for king crabs during 
1971 was larger than that during 1970, the number of 
size classes available to the fishery during 1971 was 
reduced. The 16.7% increase in CPUE, therefore, 
suggests an increased abundance of crabs that attained 

legal size during the preceding molting period 
(recruits). 

Geographical Distribution of Fishing Effort 

King crab catches by the U.S. crab fleet in the 
eastern Bering Sea during January and February 
1971 were taken primarily from nearshore areas im
mediately north and west of Unimak Island. Begin
ning in March, the area encompassed by this fleet 
expanded northerly to 58°N. The portion of the 
eastern Bering Sea fished from July through October 
extended north from the U.S. Fishery Line at 54°36' 
northward to 58°N and from 160° westward to 167°W. 
Fishing effort during November and December was 
again confined to inshore areas. Most fishing was 
conducted at depths between 40 and 60 fathoms 
(73.2 and 109.7 m). The most productive catch 
area during 1971 was INPFC Area 5565, with im
mediate surrounding Areas 5464 and 5564 contribut
ing the second and third largest catches, respectively. 
These three areas, which lie immediately north and 
west of Unimak Island, produced 41.1% of the total 
1971 catch. The least productive catch area was 
Area 5668, which probably represents the western 
boundary for commercial quantities of king crabs at 
this latitude (Fig. 62, Tables 40 and 41 ). 

Size Composition of 1971 Catch 

As mentioned earlier, only size compositiOn data 
from commercial catches made during the intermolt 
period are included in this report. Only those size 
composition data obtained during a given intermolt 
period are grouped for analysis. As size composition 
data from the U.S. king crab fishery during May and 
June 1971 indicate that 24.5 and 47.4% of the crabs 
were newly molted, they are not included in this 
report. Size composition data obtained during 
November and December 1971 are also excluded from 
this report as the 6-1/2 inch size limit in effect during 
these months precludes their compatability with those 
taken during months when the 6-l/4-inch size limit 
was in effect. Size composition data are presented in 
two groupings-those obtained during April and 
those obtained from July through October. Data 
from each of these periods represent size composition 
of commercial catches prior to (April) and following 
(July through October) the spring 1971 molting 
period (Tables 42 and 43). Size composition data 
were not obtained from king crab catches in the 
eastern Bering Sea during January, February, and 
March 1971. 

A total of 389 and 9,952 king crabs were sampled 
from U.S. catches in the eastern Bering Sea for size 
composition analyses during the April and the July 
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TABLE 37. King crab catch (number and weight of crabs) of the U.S. fishery in the eastern Bering Sea, 1966-71. 

Year 

1966 1967 19681 

Month Number Weight (lbs) Number Weight (lbs) Number Weight (lbs) 

Jan. 3,390 27,060 
Feb. 129,986 958,155 
Mar. 25,162 190,403 4,650 42,785 342,119 2,438,435 
Apr. 35,895 259,559 170,429 1,292,087 77,502 623,917 
May 35,744 239,643 89,404 669,239 137,869 902,515 
June 28,255 178,050 51,480 431,063 147,699 1,039,980 
July 7,374 59,800 21,590 203,949 232,538 1,334,885 
Aug. 8,124 69,866 89,527 521,027 
Sept. 72,028 468,432 
Oct. 16,500 130,875 11,574 83,525 
Nov. 27,862 212,555 9,972 83,365 
Dec. 15,392 119,890 24,388 205,250 

ToTAL 140,554 997,321 397,307 3,102,443 1,278,592 8,686,546 

TABLE 37. Continued. 

Year 

1969 1970 1971 

Month Number Weight (lbs) Number Weight (lbs) Number Weight (lbs) 
-----------· 

Jan. 62,767 523,133 22,688 201,920 12,034 94,655 
Feb. 40,393 352,695 23,051 168,271 12,149 85,061 
Mar. 141,008 1,043,011 173,658 1,041,950 41,444 246,179 
Apr. 113,008 667,031 134,644 700,153 77,962 441,565 
May 66,098 389,478 26,019 174,331 15,400 83,375 
June 306,966 1,804,262 212,298 1,082,719 82,427 433,896 
July 647,187 3,532,781 356,271 1,710,103 619,971 3,305,003 
Aug. 341,424 1,880,821 622,714 2,926,757 716,907 3,768,515 
Sept. 23,945 169,301 108,628 532,279 486,160 2,563,089 
Oct. 3,122 19,425 2,620 20,695 263,942 1,414,873 
Nov. 3,104 21,345 43,446 288,318 
Dec. 32,839 221,247 

TOTAL 1,749,022 10,403,283 1,682,591 8,559,178 2,404,681 12,945,776 

1 Data for 1968 are subject to catch reporting errors because concurrent U.S. king crab fisheries were centered at the inter
section of eastern Bering Sea, Gulf of Alaska, and Aleutian Island fishing areas. 

TABLE 38. Average weight of king crabs taken by the U.S. 
fishery in the eastern Bering Sea and average catch per 
pot and number of pot lifts per vessel landing, 1966-71. 

Catch per pot 
Number of --- Average 

pot lifts Total weight (lbs) 
per vessel Number weight (lbs) of each 

Year landing of crabs of crabs crab 

1966 181.3 51.7 366.7 7.1 
1967 174.1 37.4 292.1 7.8 
1968 181.3 26.9 182.9 6.8 
1969 261.1 17.8 105.7 6.0 
1970 312.8 17.4 88.6 5.1 
1971 300.8 20.3 109.2 5.4 

through October periods, respectively (207 individual 
landings). Measurements obtained during April, 
prior to the molting period, indicate a carapace 
length range for commercially caught crabs from 
129 mm (approximate minimum legal size) through 
186 mm and a mean carapace length of 147.4 mm 
(Table 41 ). The mean carapace length corresponds 
closely with that of 146.8 mm as determined prior to 
the 1970 molting period by McMullen and Yoshihara 
(1972). Data on size composition from July through 
October, following the molting period, indicate a 
similar size range and a 2.5 mm decrease in mean 
carapace length from that found prior to this molt. 
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TABLE 39. Average catch per pot, number of pot lifts per landing, and weight of king crabs taken during each month by 
the U.S. crab fleet in the eastern Bering Sea, 1971. 

Catch per pot 
Number of Average weight (lbs) 

pot lifts Number of crabs Total of each crab 
per vessel 

Month landing 

January 156.8 
February 155.9 
March 156.3 
April 243.7 
May 119.6 
June 222.1 
July 333.0 
August 411.6 
September 338.2 
October 197.0 
November 231.4 
December 140.0 
Averages• 300.8 

1 1970 data presented for comparative purposes. 
• Independently derived from annual totals. 

19701 

10.4 
5.4 

11.1 
10.3 
6.8 

19.4 
19.8 
26.4 
22.9 

9.0 

17.4 

The decline in mean carapace length of commercially 
caught crabs following the molting period, also found 
during 1970 by McMullen and Yoshihara (1972), 
probably reflects a new size class of recruits entering 
the fishery and/or a shift of fishing effort into an area 
of smaller crabs. A comparison between 1970 and 
1971 of the size composition of commercial catches 
prior to and following the molt periods is shown in 
Table 44 and Figure 64. The slight increase in 
mean size of landed crabs in 1971 over 1970 resulted 
primarily because of the increase in minimum size 
limit from 5-3/4 (146 mm) to 6-1/4 inches (159 mm). 

Linear regression coefficients relating length and 
body weight were calculated for the periods prior to 
Qune) and following Quly and September) the spring 
1971 molting period (Table 45). These coefficients 
were applied to the carapace length frequency dis
tributions measured from commercial catches made 
during each of these periods (Tables 42 and 43). 
These analyses indicate that the mean body weight of 
crabs in commercial catches made prior to and 
following the molting period of 1971 were 2.53 kg 
(5.6 pounds) and 2.47 kg (5.5 pounds), respectively. 
These mean body weights correspond closely to mean 
weights derived from fish ticket data during April, and 
July through October 1971 (5.7 and 5.3 pounds per 
crab, respectively). 

1971 
weight (lbs) 

of crabs 

19.2 151.0 
11.1 78.0 
17.7 105.0 
17.8 100.7 
11.9 64.6 
26.4 139.5 
24.8 132.3 
19.6 102.9 
17.1 90.2 
21.6 115.8 
18.8 124.6 
29.3 197.5 
20.3 109.2 

TANNER CRAB FISHERY 

Fishing Effort and Catch 

19701 1971 

8.9 7.9 
7.3 7.0 
6.0 5.9 
5.2 5.7 
6.7 5.4 
5.1 5.3 
4.8 5.3 
4.7 5.3 
4.9 5.3 
7.9 5.4 

6.6 
6.7 

5.1 5.4 

Annual catches of tanner crabs by the U.S. fleet in 
the eastern Bering Sea increased steadily from 1968 
(the year that the fishery began) through 1970. 
Records of landings during 1971, however, show 
sharp reductions in catch and fishing effort in com
parison with 1970 landings (Tables 46, 47, and 48). 

Catch-Per-Unit-Effort 

Catch-per-unit-effort for tanner crabs (average 
number of marketable crabs per pot) increased from 
4.5 in 1968 to 29.5 in 1970. The CPUE was 8.4 in 
1971 (Table 49). The variation in CPUE between 
years, however, may be due to changes in fishing 
operations rather than to changes in the relative 
abundance of eastern Bering Sea tanner crabs. The 
CPUE in 1971, for example, is probably not com
parable to that of 1970-when it was reported by Mc
Mullen and Yoshihara (1972) that some U.S. fisher
men evidently did not move away from concentra
tions of tanner crabs (to fish for king crabs) as they 
had in past years. 
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TABLE 40. U.S. king crab catch in the eastern Bering Sea during 1971 by month and fishing area.1••,a 

Fishing Area 

5464 5465 5562 5563 5564 

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 9,651 2 2,383 2 
(467) (160) 

Feb. 6,750 5 3,379 1 
(641) (150) 

Mar. 14,533 6 8,511 3 16,247 4 2,153 2 
(1020) (575) (675) (75) 

Apr. 33,770 9 8,870 1 6,926 1 3,648 3 24,748 4 
( 1956) (417) (224) (750) (1040) 

May 4,944 5 9,031 2 1,425 1 
(791) (440) (60) 

June 49,611 8 3,682 1 17,161 4 
(1840) (60) (1110) 

July 149,009 19 7,119 1 5,234 1 93,440 11 104,278 17 
(5471) (400) (310) (3413) (5014) 

Aug. 9,399 3 3,500 1 24,647 4 39,709 7 70,684 12 
(768) (180) (1356) (2917) (4084) 

Sept. 1,887 2 7,160 1 9,484 2 12,502 2 18,058 5 
(97) (350) (509) (670) (1512) 

Oct. 8,354 4 3,275 1 2,158 1 
(370) (52) (50) 

Nov. 23,074 7 15,248 2 
(1446) (742) 

Dec. 13,655 4 16,034 3 
(565) (490) 

ToTAL 324,637 74 72,204 15 46,291 8 181,534 31 240,665 46 
(15432) (3464) (2399) (8977) (12945) 

Fishing Area 

5565 5566 5660 5661 5662 

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 

Feb. 2,020 1 
(300) 

Mar. 

Apr. 

May 

June 

July 111,457 10 14,720 1 13,981 2 12,690 1 
(4619) (800) (245) (750) 

Aug. 163,423 17 17,240 2 2,475 I 35,630 4 26,973 5 
(7755) (840) (70) (2050) ( 1721) 

Sept. 99,758 22!- 10,460 3!- 13,9~5 1 18,440 4 61,076 8 
(7066) (555) (516) (666) (2917) 

Oct. 43,900 12 6,575 1 34,760 5 59,146 10!- 35,119 7!-
(2868) (400) (1501 ) (2226) (1284) 

Nov. 5,124 1 
(126) 

Dec. 3,150 1 
(65) 

ToTAL 423,708 63!- 48,995 7!- 65,151 9 125,906 19!- 128,292 21!-
(22673) (2595) (2332) (5692) (6048) 
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TABLE 40. Continued. 

Fishing Area 

5663 5664 5665 5666 5667 

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 11,973 I 
(100) 

July 31,193 3 24,326 4 51,539 4 985 I 
(I 105) (1102) (1650) (100) 

Aug. 95,248 II 28,267 3 48,143 5 92,449 10 27,970 2 
(4997) (1627) (2172) (3848) (1150) 

Sept. 25,210 3 10,400 2! 71,819 13 60,910 7! 
(1750) (827) (4879) (2906) 

Oct. 7,080 3 2,220 2 19,078 6 11,278 4! 
(263) (81) (1442) (692) 

Nov. 

Dec. 

TOTAL 158,731 20 65,213 Ill 202,552 29 165,622 23 27,970 2 
(8115) (3637) (10243) (7546) ( 1150) 

Fishing Area 

5668 5760 5763 Total 

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 12,034 4 
(627) 

Feb. 12,149 7 
(1091) 

Mar. 41,444 15 
(2345) 

Apr. 77,962 18 
(4387) 

May 15,400 8 
(1291) 

June 82,427 14 
(3110) 

July 619,971 75 
(24979) 

Aug. 16,022 I 15,128 I 716,907 89 
(400) (701) (36636) 

Sept. 65,061 7 486,160 84 
(3189) (28409) 

Oct. 29,017 2 1,982 2! 263,942 62 
(784) (200) (12213) 

Nov. 43,446 10 
(2314) 

Dec. 32,839 8 
(1220) 

TOTAL 16,022 I 29,017 2 82,171 10! 2,404,681 394 
(400) (784) (4090) (118,522) 

1 Catches shown in number of crabs. 2 Fishing areas delineated in Figure I. 3 Number in parentheses designates total pot lifts. 
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TABLE 41. Number, pounds, and average weight of king crabs caught in the eastern Bering Sea by the U.S. crab fleet 
during 1971. Catch and average weight shown by month and catch area. 1 

Catch Area 

5464 5465 5562 5563 

Month No. Lbs. No. Lbs. No. Lbs. No. Lbs. 

Jan. 9,651 77,735 2,383 16,920 
(8.1) (7.1) 

Feb. 6,750 46,991 3,379 23,840 
(7.0) (7.1) 

March 14,533 82,230 8,511 49,856 16,247 101,873 
(5.7) (5.9) (6.3) 

April 33,770 192,547 8,870 51,186 6,926 39,155 3,648 21,337 
(5.7) (5.8) (5.7) (5.8) 

May 4,944 26,575 9,031 49,160 
(3.3) (5.4) 

June 49,611 262,139 3,682 18,040 
(5.3) (4.9) 

July 149,009 838,628 7,119 39,792 5,234 27,350 93,440 451,614 
(5.6) (5.6) (5.2) (4.8) 

Aug. 9,399 53,377 3,500 19,127 24,647 133,865 39,709 206,324 
(5.7) (5.5) (5.4) (5.2) 

Sep. 1,887 10,730 7,160 40,850 9,484 48,690 12,502 67,638 
(5.7) (5.7) (5.1) (5.4) 

Oct. 8,354 46,030 3,275 17,290 
(5.5) (5.3) 

Nov. 23,074 151,641 15,248 107,842 
(6.6) (7.1) 

Dec. 13,655 89,995 16,034 110,567 
(6.6) (6.9) 

TOTAL 324,637 1,878,618 72,204 459,980 46,291 249,060 181,534 933,276 
(5.8) (6.4) (5.4) (5.1) 

Catch Area 

5564 5565 5566 5660 

Month No. Lbs. No. Lbs. No. Lbs. No. Lbs. 

Jan. 

Feb. 2,020 14,230 
(7.0) 

March 2,153 12,220 
(5.7) 

April 24,748 137,340 
(5.5) 

May 1,425 7,640 
(5.4) 

June 17,161 91,530 
(5.3) 

July 104,278 574,249 I 11,457 578,828 14,720 76,630 13,981 77,535 
(5.5) (5.2) (5.2) (5.5) 

Aug. 70,684 372,153 163,423 848,685 17,240 84,461 2,475 13,285 
(5.3) (5.2) (4.9) (5.4) 

Sep. 18,058 91,724 99,758 527,551 10,460 55,395 13,935 75,353 
(5.1) (5.3) (5.3) (5.4) 

Oct. 2,158 11,525 43,900 232,674 6,575 36,740 34,760 183,940 
(5.3) (5.3) (5.6) (5.3) 

Nov. 

Dec. 3,150 20,685 
(6.6) 

Total 240,665 1,298,381 423,708 2,222,653 48,995 253,226 65,151 350,113 
(5.4) (5.2) (5.2) (5.4) 
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TABLE 41. Continued. 

Catch Area 

5661 5662 5663 5664 

Month No. Lbs. No. Lbs. No. Lbs. No. Lbs. 

Jan. 

Feb. 

March 

April 

May 

June 

July 12,690 67,585 31,193 163,326 24,326 131,285 
(5.3) (5.2) (5.4) 

Aug. 35,630 190,575 26,973 149,848 95,248 493,595 28,267 150,036 
(5.3) (5.6) (5.2) (5.3) 

Sep. 18,440 100,750 61,076 316,335 25,210 132,466 10,400 53,677 
(5.5) (5.2) (5.3) (5.2) 

Oct. 59,146 312,184 35,119 187,601 7,080 40,075 2,220 13,955 
(5.3) (5.3) (5.7) (6.3) 

Nov. 5,124 28,835 
(5.6) 

Dec. 

TOTAL 125,906 671,094 128,292 682,619 158,731 829,462 65,213 348,953 
(5.3) (5.3) (5.2) (5.4) 

Catch Area 

5665 5666 5667 5668 

Month No. Lbs. No. Lbs. No. Lb,. No. Lbs. 

Jan. 

Feb. 

March 

April 

May 

June 11,973 62,187 
(5.2) 

July 51,539 272,895 985 5,286 
(5.3) (5.4) 

August 48,143 252,372 92,449 495,952 27,970 144,205 16,022 82,960 
(5.2) (5.4) (5.2) (5.2) 

Sep. 71,819 383,792 60,910 309,710 
(5.3) (5.1) 

Oct. 19,078 105,430 11,278 60,317 
(5.5) (5.3) 

Nov. 

Dec. 

TOTAL 202,552 1,076,676 165,622 871,265 27,970 144,205 16,022 82,960 
(5.3) (5.3) (5.2) (5.2) 
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TABLE 41. Continued. 

Catch Area 

5760 5763 TOTAL 

Month No. Lbs. No. Lbs. No. Lbs. 

Jan. 12,034 94,655 
(7.9) 

Feb. 12,149 85,061 
(7.0) 

March 41,444 246,179 
(5.9) 

April 77,962 441,565 
(5.7) 

May 15,400 83,375 
(4.5) 

June 82,427 433,896 
(5.3) 

July 619,971 3,305,003 
(5.3) 

Aug. 15,128 77,695 716,907 3,768,515 
(5.1) (5.3) 

Sep. 65,061 348,428 486,160 2,563,089 
(5.4) (5.3) 

Oct. 29,017 156,000 1,982 11,112 263,942 1,414,873 
(5.4) (5.6) (5.4) 

Nov. 43,446 288,318 
(6.6) 

Dec. 32,839 221,247 
(6.7) 

TOTAL 29,017 156,000 82,171 437,235 2,404,681 12,945,776 
(5.4) (5.3) (5.4) 

1 Average weights indicated by parentheses and represent average pounds per crab. 

TABLE 4 2. Carapace length frequency distribution of eastern Bering Sea king crabs landed by the U .S. fishery during 
Aprill971. 

Carapace Mean Mean body weightt 
length No. of Percentage of carapace 

range (mm) crabs total sample length (mm)1 (kg) (!b) 

125-129 0.3 129.0 1.644 3.6 
130-134 26 6.7 132.8 1.828 4.0 
135-139 76 19.5 137.0 2.031 4.5 
140-144 87 22 .4 142.0 2.273 5.0 
145-149 63 16.2 146.8 2.506 5.5 
150-154 40 10.3 151.7 2.743 6.0 
155-159 39 10.0 157.5 3.024 6.7 
160-164 25 6.4 161.6 3.223 7.1 
165-169 15 3.8 166.9 3.480 7.7 
170-174 8 2.0 171.6 3.708 8.2 
175-179 5 1.3 176.0 3.921 8.6 
180-184 3 0.8 180.7 4.148 9.1 
185-189 0.3 186.0 4.405 9.7 

TOTAL 389 100.0 
Mean 147.4 2.535 5.6 

1 Independently derived from size frequencies within each 5-mm size range. 
• Calculated for corresponding mean carapace lengths from the June linear regression presented in Table 45. 
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TABLE 43. Carapace length frequency distribution of eastern Bering Sea king crabs landed by the U.S. fishery from 
July through October 1971. 

Carapace Mean Mean body weight1 

length No. of Percentage of carapace 
range (mm) crabs total sample length (mm)1 (kg) (!b) 

,125-129 54 0.5 128.4 1.665 3.7 
130-134 967 9.7 132.7 1.875 4.1 
135-139 2147 21.6 137.1 2.091 4.6 
140-1,44 2267 22.9 142.0 2.331 5.1 
145--149 1833 18.4 146.9 2.570 5.7 
150-154 1257 12.6 151.7 2.805 6.2 
155--159 716 7.2 156.7 3.050 6.7 
160-164 375 3.8 161.6 3.290 7.3 
165--169 180 1.8 166.8 3.545 7.8 
170-174 84 0.8 171.7 3.784 8.3 
175--179 45 0.4 177.0 4.040 8.9 
180-184 22 0.2 181.6 4.269 9.4 
185-189 5 0.1 187.2 4.543 10.0 

ToTAL 9952 100.0 
Mean 144.9 2.473 5.5 

1 Independently derived from size frequencies within each 5-mm size range. 
2 Calculated for corresponding mean carapace lengths from combined July and September linear regression presented in Table 

45. 

TABLE 44. Carapace length frequency distribution of eastern Bering Sea commercial king crab catches made prior to 
and following the spring molting periods of 1970 and 1971.' 

Premo It Postmolt 

1970 1971 1970 1971 
Carapace length 

range (mm) No. % No. % No. % No. % 

116-117 I 
118-119 2 0.1 9 0.6 
120-121 9 0.5 17 1.1 
122-123 18 0.9 36 2.4 
124-125 41 2.2 41 2.7 I 0.01 
126-127 50 2.6 64 4.3 6 0.1 
128-129 43 2.3 I 0.3 85 5.7 47 0.5 
130-131 61 3.2 4 1.0 101 6.7 192 1.9 
132-133 87 4.6 14 3.6 107 7.1 431 4.3 
134-135 96 5.1 22 5.7 106 7.1 706 7.1 
136-137 67 3.5 31 8.0 115 7.7 849 8.4 
138-139 130 6.9 31 8.0 103 6.9 936 9.3 
140-141 131 6.9 36 9.2 82 5.5 883 8.9 
142-143 133 6.9 34 8.6 88 5.9 992 9.9 
144-145 U7 6.7 31 7.9 66 4.4 838 8.3 
146-147 90 4.7 31 8.0 81 5.4 734 7.4 
148-149 109 5.7 18 4.6 57 3.8 653 6.6 
150-151 90 4.7 17 4.4 51 3.4 614 6.2 
152-153 92 4.8 16 4.1 45 3.0 464 4.7 
154-155 68 3.6 9 2.3 36 2.4 355 3.6 
156-157 52 2.7 16 4.1 29 1.9 304 3.1 
158-159 61 3.2 21 5.4 23 1.5 236 2.4 
160-161 41 2.2 12 3.1 22 1.5 184 1.9 
162-163 57 3.0 10 2.6 22 1.5 145 1.5 
164-165 40 2.1 7 1.8 16 1.1 89 0.9 
166-167 33 1.7 4 1.0 4 0.3 74 0.7 
168-169 27 1.4 7 1.8 20 1.3 63 0.6 
170-171 26 1.4 4 1.0 12 0.8 40 0.4 

Contmued •.. 
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TABLE 44. Continued. 

Premolt Postmolt 

1970 1971 1970 1971 
Carapace length 

range (mm) No. cy~ No. % No. % No. % 
172-173 21 1.1 3 0.8 7 0.5 37 0.4 
174-175 25 1.3 3 0.8 10 0.7 15 0.2 
176-177 10 0.5 3 0.8 2 0.1 16 0.2 
178-179 8 0.4 9 0.6 21 0.2 
180--181 11 0.6 2 0.5 3 0.2 12 0.1 
182-183 9 0.5 1 0.3 4 0.3 7 0.1 
184-185 6 0.3 5 0.3 4 0.05 
186-187 5 0.3 0.3 9 0.6 2 0.02 
188-189 5 0.3 2 0.1 2 0.02 
190--191 7 0.4 3 0.2 
192-193 3 0.2 I 0.1 
194-195 2 0.1 2 0.1 
196-197 1 0.1 I 0.1 
198-199 I 0.1 
200--201 
202-203 0.1 
204-205 
206-207 
208-209 0.1 

TOTAL 1897 100.0 389 100.0 1497 100.0 9952 100.0 

1 Minimum size limits of 5-3/4-inch and 6-1/4-inch carapace width in effect during sampling periods in 1970 and 1971, respec-
tively. 

TABLE45. Relationship between carapace length and TABLE 45. Continued. · 
body weight of eastern Bering Sea king crabs landed by 
the U.S. fishery for June and for July and September No. crabs Mean body 

1971. sampled weight (kg) 

Carapace July& July& 
No. crabs Mean body length (mm) June Sept. June1 Sept.• 
sampled weight (kg) 

July & July & 
150 6 II 2.661 2.722 Carapace 
!51 5 12 2.709 2.771 length (mm) June Sept. June1 Sept.• 
152 5 II 2.758 2.820 

130 5 5 1.691 1.743 !53 6 10 2.806 2.869 
131 5 5 1.740 1.792 !54 5 11 2.855 2.918 
132 5 5 1.789 1.841 !55 6 10 2.903 2.967 
133 5 5 1.837 1.890 !56 4 10 2.952 3.016 
134 5 5 1.886 1.939 !57 5 10 3.000 3.065 
135 5 12 1.934 1.988 !58 5 10 3.049 3.114 
136 7 10 1.983 2.037 159 5 10 3.097 3.163 
137 5 11 2.031 2.086 160 4 10 3.145 3.212 
138 5 12 2.080 2.135 161 6 10 3.194 3.261 
139 6 10 2.128 2.184 162 6 9 3.242 3.310 
140 8 10 2.176 2.233 163 5 10 3.291 3.359 
141 6 13 2.225 2.282 164 5 8 3.339 3.407 
142 7 11 2.273 2.331 165 5 9 3.388 3.456 
143 5 II 2.322 2.380 
144 5 13 2.370 2.429 1 As determined by linear regression from June data 

145 6 II 2.419 2.477 Y= -4606.4124+48.4492 X (X =mm, Y=gm) 
146 5 10 2.467 2.526 N=l94 r=.9100 
147 6 10 2.516 2.575 2 As determined by linear regression from July and Sep-
148 5 11 2.564 2.624 tember data 
149 5 10 2.612 2.673 

Y= -4619.7085+48.9461 X (X =mm, Y=gm) 
Continued ... N=351 r=.9342 
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FIGURE 64. Comparison of size frequency distribution of eastern 
Bering Sea commercial king crab catches made prior to and 
following the spring molting periods of 1970 and 1971 . Mini
mum size limits of Sf-inch and 61-inch carapace width in effect 
during sampling periods in 1970 and 1971, respectivdy. 
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FIGuRE 65. Rdation between carapace length and body weight 
of commercially caught king crabs taken in the eastern Bering 
Sea by the U.S. crab fleet during June, July, and September 
1971. 

TABLE 46. Fishing effort (number of vessel landing and pot lifts) on tanner crabs by the U.S. fishery in the eastern 
Bering Sea, 1968-71. 

Year 

1968 1969 19701 1971 

Month Landings Pot lifts Landings Pot lifts Landings1 Pot lifts Landings Pot lifts 

January 7 751 I 752 
February 9 695 4 200 100 
March 883 24 4,1903 12 2,988 4 1,065 
April I 5983 17 2,579' 4 9543 3 867 
May 3 350 10 1,521' II 2,5373 I 160 
June 14 4,493 21 5,800 2 350 
July 34 11,3888 13 3,141 800 
August 15 4,134 5 2,369 
September 100 2 1,225 
October 
November 230 2 352 
December 160 55 

TOTAL 7 1,426 131 29,851 66 16,372 22 7,343 

1 Data for 1968 are subject to catch reporting errors because concurrent U .S. king crab fisheries were centered at the intersection 
of the Bering Sea, Gulf of Alaska, and Aleutian Islands. 

2 Tanner crabs are landed in combination with king crabs. 
3 Adjusted for pot lifts not listed on crab landing records. 
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TABLE 47. Tanner crab catch (number and weight of crabs) of the U.S. fishery in the eastern Bering Sea, 1968-71. 

Year 

1968 1969 1970 1971 

Month Number Weight (lb) Number Weight (lb) Number Weight (lb) Number Weight (lb) 

January 3,851 12,363 2,500 7,555 
February 4,971 15,254 11,805 30,162 150 344 
March 388 1,105 48,957 146,752 71,382 191,329 7,419 22,399 
April 2,750 7,480 29,494 88,173 39,468 116,853 12,450 36,377 
May 1,785 5,033 9,198 27,400 132,742 402,815 2,208 6,820 
June 37,766 101,264 166,621 485,741 20,925 55,946 
July 160,178 440,947 57,789 176,266 1,200 2,172 
August 56,210 168,007 12,802 31,890 
September 2,648 8,738 3,357 7,830 
October 
November 1,345 3,840 735 2,050 
December 140 400 101 230 

TOTAL 6,408 17,858 353,273 1,008,898 482,307 1,410,721 61,347 166,058 

TABLE 48. U.S. tanner crab catch in the eastern Bering Sea during !971 by month and fishing area.1•"•3 

Catch Area 

5464 5465 5564 5565 5663 
-------

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 

Feb. !50 I 
(100) 

Mar. 3,875 2 3,544 2 
(500) (565) 

Apr. 5,800 I 5,222 1 1,428 I 
(250) (417) (200) 

May 2,208 I 
(160) 

.June 15,925 I 
(250) 

July 

Aug. 999 I 8,996 2 
(416) (953) 

Sept. 

Oct. 

Nov. 125 I 610 I 
(148) (204) 

Dec. 101 I 
(55) 

TOTAL 28,184 8 8,766 3 2,038 2 999 I 8,996 2 
(1463) (982) (404) (416) (953) 
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Table 48. Continued. 

Catch Area 

5664 5665 5666 5763 Total 

Month Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs Catch Lndgs 

Jan. 

Feb. 150 I 
(100) 

Mar. 7,419 4 
(1065) 

Apr. 12,450 3 
(867) 

May 2,208 1 
(160) 

June 5,000 I 20,925 2 
(100) (350) 

July 1,200 I 1,200 I 
(800) (800) 

Aug. 709 I 2,098 I 12,802 5 
(279) (721) (2369) 

Sept. 2,218 I 1,139 I 3,357 2 
(697) (528) (1225) 

Oct. 

Nov. 735 2 
(352) 

Dec. 101 I 
(55) 

TOTAL 709 I 8,418 3 2,098 I 1,139 1 61,347 22 
(279) (1597) (721) (528) (7343) 

1 Catches shown in number of crabs. 
• Fishing areas delineated in Figure I. 
3 Numbers in parentheses designate total pot lifts. 

TABLE 49. Average weight of tanner crabs taken by the 
U.S. fishery in the ea,tern Bering Sea and average catch 
per pot and number of pot lifts per vessel landing, 1968-
71. 

Catch per pot 
Number of Average 

pot lifts Total weight 
per vessel Number weight (lbs) (lbs) of 

Year landing of crabs of crabs each crab 
----

1968 203.7 4.5 12.5 2.8 
1969 227.9 11.8 33.8 2.9 
1970 248.1 29 .5 86.2 2.9 
1971 333.8 8.4 22.6 2.7 
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