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LETTER OF TRANSMITTAL 

In compliance with Article III(l) (g) of the International Convention for the High Seas Fisheries of the North 
Pacific Ocean and Rule 17 of the Rules of Procedure, it is my pleasure as Chairman of the International North 
Pacific Fisheries Commission to present my compliments to the Contracting Parties and their Commissioners 
and to transmit herewith the report described below. 

This report summarizes the activities of the International North Pacific Fisheries Commission during 
the year from the adjournment of the 25th Annual Meeting on November 2, 1978 through to the adjourn
ment of its 26th Annual Meeting, held in Tokyo, Japan, from October 29 Jhrough November 1, 1979. It con
tains a summary account of the 26th Annual Meeting, a brief resume of activities during the interim period 
between annual meetings, and summaries of investigations which the three national fishery research agencies 
carry out under the planning and coordination of the Commission. The views expressed in these research 
summaries are those of the authors and not necessarily those of the Commission. Annual reports of the Com
mission are printed separately in the English and Japanese languages. The accuracy of translation is the 
responsibility of the Secretariat. 

Kenjiro Nishimura 
Chairman 
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I. REPORT OF THE 26TH ANNUAL MEETING - 1979 

1. INTRODUCTION 

The International Convention for the High Seas 
Fisheries of the North Pacific Ocean was brought 
into force on June 12, 1953, with the exchange of 
ratifications among Canada, Japan and the United 
States. The purpose of the original Convention was 
to ensure that the fishery resources of the Conven
tion area were maintained at the level of maximum 
sustained productivity. The Convention established 
the International North Pacific Fisheries Commis
sion, which is composed of three national sections, 
each consisting of not more than four members 
appointed by the governments of the respective 
Contracting Parties. The Commission meets at least 
once annually, and oftener when necessary, and 
conducts its business between meetings through its 
permanent Secretariat in Vancouver, Canada. 

In April 1978 the Convention was amended by 
a Protocol signed by representatives of the three 
governments at Tokyo. That Protocol provided for 
the maintenance of the International North Pacific 
Fisheries Commission which in turn would: 

(a) provide for scientific studies and for coor
dinating the collection, exchange and analysis 
of scientific data regarding anadromous 
species, including data regarding the conti
nent of origin of these species, and provide a 
forum for cooperation among the Contracting 
Parties with respect to these species; and 

(b) pending the establishment of an international 
organization with broader membership deal
ing with species other than anadromous 
species, provide a forum for cooperation 
among the Contracting Parties with respect to 
the study, analysis and exchange of scientific 
information and views relating to the stocks 
of non-anadromous species of the Conven
tion area, including information and views 
relating to all relevant factors affecting these 
stocks, the promotion of scientific research 
designed to fill gaps in knowledge and the 
compilation and dissemination of statistics 
and records. 

Instruments of ratification were formally 
exchanged between Canada, Japan and the United 
States at Tokyo on February 15, 1979 and the 

amended Convention came into force on that day. 
The following is a report of the Commission's 1979 
(26th) Annual Meeting, the first conducted after 
formal amendment of the Convention. 

2. nME AND PLACE OF MEETING 

The 26th Annual Meeting of the International 
North Pacific Fisheries Commission was held in 
Tokyo, Japan, from October 29 to November 1, 
1979 under the chairmanship of Commissioner 
Kenjiro Nishimura. During the week immediately 
preceding the plenary sessions of the Commission, 
meetings of the Standing Committee on Biology and 
Research and its various sub-committees were held. 
Commissioner Tojiro Nakabe of Japan chaired those 
meetings and Dr. Satoshi Mito of Japan acted as 
scientific convenor. The Standing Committee on 
Finance and Administration met during the period 
October 30 to November 1 with Commissioner 
Takakazu Kuriyama of Japan as Chairman. 

3. PARTICIPANTS 

Persons participating in the 26th Annual Meeting 
are listed in Appendix 1 of this report, which also 
shows committee assignments. Changes in Com
mission membership which occurred during the 
year are indicated in the Administrative Report for 
1979 (Part II 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 Commission, the Interna
tional Pacific Halibut Commission was represented 
by an observer who also acted as technical consul
tant on matters pertaining to halibut. The Commis
sion values highly the cooperation and assistance 
shown in this consultation service. The total num
ber of participants was 135, including 17 from 
Canada, 68 from Japan, 40 from the United States, 4 
permanent and 5 temporary members of the 
Secretariat and 1 consultant-observer. 

4. AGENDA 

The agenda for the 26th 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. 
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5. THE FIRST PLENARY SESSION 

The first plenary session of the 26th Annual Meet
ing, chaired by Commissioner Kenjiro Nishimura of 
Japan, was held on October 29, 1979 in the Ministry 
of Foreign Affairs (Gaimusho) in Tokyo, Japan. At 
this session, which was open to the public, there 
were addresses of welcome, statements by the 
national sections, introduction of delegations, and 
an address by the Chairman. 

Mr. Nobuo Imamura, Director-General of the 
Fishery Agency of Japan, addressed the meeting and 
welcomed delegates to Japan. The main body of his 
text was as follows: 

Since 1977, 200-mile fishery zones have been set up 
by one country after another, and they seem to have been 
established as a new regime for the oceans. Under this 
new regime the coastal country has the preferential right 
over the fishery resources within the 200-mile zone. Inter
national acceptance of such regime was possible, I believe, 
because it was based on the common understanding that 
the essential purpose of optimum utilization of fishery 
resources would be achieved under the new system. 

We know that Canada and the United States are 
increasingly concerned with development of fishery 
resources and we fully respect the intentions of the two 
countries. 

On the other hand, Japanese fishermen have tradi
tionally been most dependent on the fishery resources in 
the North Pacific Ocean, and fishery products from that 
area have vital significance for the food supply in Japan. 
Therefore, we have every reason to have great concern 
for the optimum utilization of resources in this area. I 
believe that adequate management of the fishery 
resources should be taken on the basis of scientific infor
mation obtained through sufficient research on fishery 
resources which are covered by the International Conven
tion for the High Seas Fisheries of the North Pacific 
Ocean, and in the case where resources are not practically 
utilized by the coastal country, traditional fishing activities 
should be fully respected. 

Many Japanese scientists have been engaged in 
research on fishery resources and other related problems 
in close cooperation with their counterparts of the other 
countries concerned. It is the intention of the Japanese 
Government to further strengthen such cooperation. 
From this viewpoint I sincerely hope that fruitful results 
will come out of this annual meeting through firmer 
mutual understanding and cooperation among Commis
sioners and those who are concerned. 

Commissioner H. Douglas Johnston, Chairman 
of the Canadian National Section, addressed theses
sion. In his opening remarks Mr. Johnston paid tri
bute to retired Canadian Commissioners Mr. Cliff 
Levelton and Mr. Jim Cameron and introduced the 
new Canadian Commissioner Mr. Joseph Garcia. He 
noted with regret the deaths of former J~panese 
Commissioners Mr. I. Fujita and Mr. S. Miyoshi and 

former Commission colleagues Professor Don 
McKernan and Mr. Tak Miyahara. He also 
welcomed the new Japanese Commissioner Mr. 
Takakazu Kuriyama and Mr. Harold Lokken as 
Alternate Commissioner for the United States. He 
continued as follows: 

The International North Pacific Fisheries Commis
sion is an institution of great importance to Canada, and 
we are extremely pleased with the speedy transition that 
has been accomplished from the old regime to the new, as 
contained in the Protocol amending the Convention 
signed by our governments in April of last year. 

Over the last year, our respective scientists have been 
working actively on two questions of particular impor
tance to the Commission, namely the questions of conti
nent of origin of salmon in the landbased fishery, and 
marine mammals. As we address these and other issues 
during the next few days, you may be assured that the 
Canadian National Section will work diligently to achieve 
a successful conclusion to the first meeting of our second 
quarter century. 

Commissioner Elmer E. Rasmuson, Chairman 
of the United States National Section, addressed the 
session. 

In opening remarks, Mr. Rasmuson welcomed 
new Commissioners from Japan and Canada and 
extended best wishes to retiring Commissioners. He 
noted with regret the passing of former Japanese 
Commissioners and the loss of former United States 
Commission colleagues. He continued as follows: 

As we noted at the last annual meeting, the imple
mentation of extended fisheries jurisdiction and the suc
cessful renegotiation of the INPFC began a new era of 
cooperation in fisheries between our three countries. This 
has provided opportunities for the Parties to demonstrate 
their continuing commitment to the conservation of 
oceanic resources while recognizing legitimate national 
interests. At the same time, the new international system 
has brought to the fore some problems which require 
resolution. This is not to say that the basic structure of the 
new INPFC Protocol needs changing at this time. We 
must all recognize that reopening issues which have 
already been largely resolved could unravel much of the 
progress and compromise made to date. Within this con
text, the United States Section would like to take this 
opportunity to bring into focus some of the issues which 
we believe this annual meeting should address. 

Of considerable concern to the United States Section 
is the proper implementation of the monitoring pro
cedures relating to salmon and marine mammals as 
spelled out in the 1978 Protocol and the Memorandum of 
Understanding. Due to a combination of logistical and 
communications problems, Japanese salmon vessels oper
ated in the United States fishery conservation zone for 16 
fleet days during 1979 without U.S. salmon observers and 
Dall's porpoise scientists on board. This was not consis
tent with U.S.-Japan understandings reached prior to the 
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1979 salmon fishing season. Nor, in our view, was it con
sistent with the spirit and intent of the new Protocol. It is 
the strongly held view of the United States that the prob
lems which developed in 1979 must not be repeated. We 
look forward to frank and productive discussions on this 
matter in the coming days. 

In the process of those discussions we believe it 
would be useful to also explore ways to ensure that U.S. 
observers and marine mammal scientists aboard Japanese 
salmon vessels are provided every opportunity to fulfill 
their responsibilities. Regarding the general issue of 
research, the 1978 Protocol refers to the coordination of 
scientific studies to determine the continent of origin of 
anadromous species migrating in waters south of 46" 
north latitude. As evidence of the importance the United 
States attaches to this effort, the United States Congress 
recently appropriated approximately one million dollars 
for such research during fiScal year 1980. This will supple
ment funds allocated for this research during 1979. We 
look forward to a review of the research programs of the 
Parties in this area. 

At the 1978 Annual Meeting the three Parties agreed 
ta establish an Ad Hoc Committee on Marine Mammals 
and a scientific sub-committee as a forum for the discus
sion of marine mammal issues of mutual concern. The 
attention devoted to marine mammal issues during the 
renegotiation of the Convention reflected the considera
ble interest in this subject in the United States and the 
desire of the Parties that the new Protocol establish 
arrangements appropriate under the circumstances and on 
terms satisfactory to all the Parties. With the broad frame
work for marine mammal cooperation in the Convention 
area now established, there remains the task of effectively 
implementing the marine mammal mandate of the agree
ment. 

We have now been operating under the terms of the 
new INPFC Protocol for two salmon fishing seasons. The 
Protocol, in combination with other arrangements, has 
required significant adjustments in salmon fiShing opera
tions. At the 1978 Annual Meeting we began the process 
of adjusting the procedures of the Commission to comple
ment those adjustments and the new responsibilities of 
the Commission. This was reflected in agreement on 
restructured committees and revised Rules of Procedure. 
The United States Section believes that the Parties must 
continue their efforts to make the Commission an effec
tive and efficient model for international fisheries 
cooperation. A commitment to the free exchange of scien
tific information must be accompanied by a commitment 
to making available to the scientific community at large 
the information developed through the efforts of the 
scientists of all three countries in the Commission. 

Commissioner Tojiro Nakabe, spokesman for 
the Japanese National Section, in his address to the 
session also welcomed new Commissioners, paid 
tribute to retiring Commissioners, and expressed 
deep regret at the passing of former Commission 
colleagues. He said that over the past quarter of a 
century the Commission had played an important 
role in the scientific research, conservation, and 
management of fishery resources. He believed that 

the Commission would further strengthen its role 
with close cooperation among the three countries 
under the amended Convention to promote the 
optimum utilization of the resources which is the 
ultimate objective of this Commission. 

Mr. Nakabe said he was sure that through a 
frank exchange of opinions we would obtain fruitful 
results at this annual meeting. 

The Chairman of the Commission, Mr. Kenjiro 
Nishimura, addressed the session as follows: 

As Chairman of the Commission, it is my great 
pleasure to welcome our friends today to Tokyo for the 
26th Annual Meeting of the International North Pacific 
Fisheries Commission. 

I feel particularly happy to meet my colleagues oflong 
association, and hope that our friendship will make my 
chairmanship an enjoyable task rather than a difficult 
obligation. 

I would like to extend my heartiest welcome to new 
Commissioners and other new participants and hope that 
you will extend to this Commission the same unfaltering 
support as did your predecessors. 

On this occasion, I would like to say a few words 
about several old friends of mine. One of them is Mr. 
Cameron, who made invaluable contributions to this 
Commission during his long tenure as a Commissioner of 
the Canadian National Section since the very day when 
the Commission was established until January this year. It 
is indeed a great pity that a man of such knowledge and 
experience left the Commission. I wish him happiness and 
good health in the years to come. 

I would also like to pay tribute to the late Messrs. 
McKernan, Miyahara, Fujita and Miyoshi. Professor 
McKernan passed away suddenly during his trip to China. 
There is no need to mention the great contribution he 
made to the Commission over a long period, nor the late 
Mr. Fujita's distinguished service as Chairman of the 
Commission and Commissioner of the Japanese National 
Section. The late Mr. Miyoshi retired as Secretary of the 
Ministry of Agriculture, Forestry and Fisheries, and was a 
member of the House of Councillors in the Japanese Diet 
on his death this year. We would like to pay tribute to 
these four honorable men. 

The Commission is now operating under new cir
cumstances since exchanging ratifications of the Protocol 
amending the Convention last February. It is indeed gra
tifying to observe that Canada, the United States, and 
Japan are cooperating steadfastly with a view to achieving 
common objectives under the new Convention. 

There are some difficult problems involved in the 
conservation and management of fishery resources 
because of different viewpoints of each country, but I 
believe we must use our wisdom to overcome these 
differences. 

It is expected that in dealing with fiShery problems in 
the North Pacific, each participating country take into 
account the results of scientific studies by this Commis-
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sion on the fishery resources in the North Pacific Ocean. 
With this view in mind, I hope this Commission will con
tinue its effective cooperation among the three countries. 

Let me conclude my remarks by wishing all success 
and fruitful results of the meeting. 

The Chairman then introduced certain persons 
attending the session as follows: The Honorable 
Rafe Mair, Minister of the Environment, Province 
of British Columbia, Canada, and Mr. Richard 
Myhre, Assistant Director of Investigations, Inter
national Pacific Halibut Commission. 

6. PROCEDURES 

The Commission continued without change pro
cedures followed at past annual meetings. 

7. CONSIDERATION OF ADMINISTRATIVE 
MATTERS 

7 (a) Report of the Chairman 
The Commission adopted the address given by 
Mr. Kenjiro Nishimura of Japan at the opening 
plenary session as the Chairman's report to the 
Commission for 1979. 

7 (b) Action on reports submitted by the 
Secretariat 

The following actions were taken on reports sub
mitted by the Secretariat, all of which had been 
referred to the Standing Committee on Finance 
and Administration: 

i. Auditors' report for the fiscal year ended June 30, 
1979 

ii. Details of items in the auditors' report for the 1978/79 
fiscal period 

The auditors' report (Appendix 3 of this report) was 
approved as was retention of Peat, Marwick, Mitchell 
and Company as auditors. 

iii. Budget estimate for the fiscal year beginning July 1, 
1980 and budget forecast for the f1SC8l year beginning 
July 1, 1981 

The Commission recommended that a budget totalling 
$270,960 (Canadian funds) be adopted for the fiscal 
year beginning July 1, 1980. Each Contracting Party is 
to contribute a one-third share ($90,320). The com
mittee presented to the Commission for future discus
sion a budget forecast totalling $297,000 (Canadian 
funds) for the fiscal year beginning July 1, 1981. 

iv. Report on financial situation in current fiscal year 
(1979/1980) 

During consideration of the financial situation in the 
current fiscal year, the committee endorsed and the 
Commission subsequently adopted the principle of 
establishing a system of severance pay for permanent 
Secretariat personnel, endorsed the acquisition of a 

Wang Word Processor for Secretariat use, and 
approved a Secretariat recommendation for some 
updating of the Commission's library. 

v. Administrative report for 1979 

The committee reviewed this report submitted by the 
Secretariat (p. 20 of this report) and recommended its 
acceptance by the Commission. 

vi. Status of receipt of information pertinent to Articles 
III(l)(e) and IX(2) with Addendum 

In discussion of this report the committee agreed that 
national sections should submit pursuant to Article 
IX(2) of the amended Convention the following: 

(a) Copies of changes in previously submitted 
federal, state, provincial, and regional board 
regulations governing domestic and foreign fish
eries for anadromous species in the Convention 
area, supported by appropriate management 
information 

(b) Copies of changes in previously submitted 
domestic laws and regulations intended to render 
effective the provisions of the Convention, and 
annual reports of violations thereof, including 
prosecutions, convictions, and penalties. 

All national sections reaffirmed their commitment to 
table with the Secretariat all treaties and agreements 
between the Contracting Parties and between Con
tracting Parties and other nations respecting fisheries 
in the Convention area within 90 days after such 
treaty or agreement has been released. The 
Secretariat will advise on tabled treaties and agree
ments by circular letter and submit an annual list of 
treaties and agreements tabled. 

vii . Report on the status of publications 

viii. Summary of INPFC policies and· procedures with 
respect to publications, proceedings and documents. 

The committee reviewed the two documents pertain
ing to publications submitted by the Secretariat and 
endorsed the recommendations contained in the 
Report of the Standing Committee on Biology and 
Research concerning scientific documents (see page 
8). 

The committee also recommended that the Secretariat 
review the Commission publication and document 
policy and procedure and report through circular let
ters on this review. Individuals were named by each 
national section to contribute to this review. 

7 (c) Other administrative actions 

The Commission also endorsed the committee 
recommendations that the first plenary session 
of the 27th Annual Meeting of the Commission 
be held on Tuesday, November 4, 1980, in 
Anchorage, Alaska, and that the 28th Annual 
Meeting be held in Vancouver, Canada, with the 
first plenary session on Tuesday, November 3, 
1981. The recommended change of the first 
plenary session from a Monday to a Tuesday was 
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designed to accommodate the revised schedule 
for the Standing Committee on Biology and 
Research. 

8. CONSIDERATIONOFMATIERSOF 
RESEARCH 

The Commission requires its Standing Committee 
on Biology and Research to arrange for research on 
various problems and to report on the results of that 
research. At the 1979 Annual Meeting the commit
tee operated under new terms of reference and a 
reorganized format adopted by the Commission at 
the 1978 Annual Meeting. In this format the com
mittee established three sub-committees to assist in 
the conduct of its work. These were: the Sub-Com
mittee on Salmon; the Sub-Committee on Non
Anadromous Species which included two panels to 
consider matters related to the Bering Sea and the 
northeast Pacific; and the Sub-Committee on King 
and Tanner Crab. The 1979 Report of the Standing 
Committee on Biology and Research contained 
appendices prepared by these particular sub-com
mittees and reference is made in the following sec
tions to the report and certain of its appendices. 

Progress in publication of research and other 
material by the Commission was reviewed by the 
committee. A composite list of research reports 
related to the Commission work which had been 
published by nationals of the three countries in jour
nals, etc., other than Commission publications was 
reviewed and appended to the committee's report. 

The Standing Committee on Biology and 
Research also reviewed Commission policy and 
practice concerning citation of scientific documents 
originating with national sections and recommended 
(with subsequent Commission approval) rescind
ment of past policy and establishment of the follow
ing procedures for documents submitted after the 
conclusion of the 1979 Annual Meeting. 

(a) All documents submitted by national sections 
for consideration by the Standing Committee 
on Biology and Research shall be considered 
citable unless indicated otherwise. 

(b) All citable documents shall be stamped by the 
Secretariat "NOT TO BE CITED BY INPFC DOCU
MENT NUMBER". 

(c) National sections shall incorporate into the 
cover page of citable documents the state
ment "THIS PAPER MAY BE CITED IN THE 
FOLLOWING MANNER". This statement should 
be followed by a reasonably standardized form 
of citation. 

(d) National sections submitting non-citable 
documents shall clearly mark such docu
ments on the cover page with the legend 
"NOT TO BE CITED WITHOUT WRITTEN PERMIS
SION OF ISSUING AGENCY - NOT TO BE CITED 
BY INPFC DOCUMENT NUMBER". 

The Commission endorsed the committee's 
recommendation that prior to the 1980 Annual 
Meeting each national section should: 

(a) review the format, content, and organization 
of the Report of the Standing Committee on 
Biology and Research and all its appendices to 
ensure that the report fulfills the require
ments of the Commission 

(b) reexamine the question of making the Report 
of the Standing Committee on Biology and 
Research a citable document. 

Pending the outcome of such studies it was 
agreed to continue present policy regarding citation 
of the report. That policy states that under no cir
cumstances should that portion of the Proceedings 
containing the Report of the Standing Committee 
on Biology and Research be cited in outside publica
tions. 

The Commission also endor~ed the recommen
dations of the Standing Committee on Biology and 
Research that the committee's time period for work 
be increased to include the Monday of the week of 
the Commission meetings and that the general form 
of organization of the work of the committee in 1979 
be retained in 1980. 

9. ACTIVITIES OF THE COMMISSION 
CONCERNING SALMON 

9 (a) Background 

New responsibilities with respect to salmon had 
been assigned to the Commission through the Pro
tocol amending the Convention which had been 
signed at Tokyo, April25, 1978, and with the formal 
exchange of instruments of ratification at Tokyo, 
February 15, 1979. Specifically, the Commission 
was to (1) provide for scientific studies and for coor
dinating the collection, exchange and analysis of 
scientific data regarding anadromous species, 
including data regarding the continent of origin of 
these species, and provide a forum for cooperation 
among the Contracting Parties with respect to these 
species; and (2) coordinate scientific studies to 
determine the continent of origin of anadromous 
species migrating in the waters south of 46° north 
latitude, and following three years of such studies 
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make recommendations if appropriate relating to 
the conservation of salmon of North American 
origin. To aid in these responsibilities the Contract
ing Parties agreed to establish a scientific program to 
coordinate their scientific research activities in the 
Convention area. 

9(b) Salmon Research 

The Standing Committee on Biology and Research 
is .responsible for planning and coordinating the 
research on salmon required by the Convention and 
the analysis and reporting of that research. Research 
activities of Japan and the United States concerned 
with salmon are summarized in Part III of this 
annual report. 

At the 26th Annual Meeting, the committee 
established a Sub-Committee on Salmon with terms 
of reference as adopted by the Commission at the 
1978 Annual Meeting. 

In connection with its terms of reference, the 
sub-committee reviewed progress on preparation of 
joint comprehensive reports on the six species of 
salmon and oceanography. The sub-committee also 
noted that exchange of basic tagging, catch, effort, 
biological and oceanographic data from research 
operations was up to date generally and that it 
should be continued at least at the same level as in 
the past. Tentative research plans of each national 
section for 1980 were exchanged including requests 
for samples. 

The sub-committee's summary of new infor
mation from salmon research by the three member 
countries as found in its deliberations and contained 
in its report to the Standing Committee on Biology 
and Research was as follows: 

A sockeye salmon tagged by Japan at 49.35'N and 
172°03'W on August 11, 1978, was recovered on the 
Fraser River in Canada on July 10, 1979. The previously 
known western limit of sockeye salmon from southern 
British Columbia and Washington State was 163.18'W for 
matures and 168.28'W for immatures. The 1979 recovery 
extends to 172.03'W, the known western limit of 
immature Fraser River sockeye salmon; 

A sockeye salmon tagged by Japan at 46°27'N and 
171.38'E "on May 23, 1979, was recovered in the Egegik 
area of Bristol Bay on July 11, 1979, thus extending the 
known southwestern range of maturing Bristol Bay 
sockeye from 49•N to 46°N; 

A masu salmon (identified from scale characteristics 
and electrophoretic isozyme pattern) was found at 
44°47'N and 161.28'E, 1,000 km east from lturup Island, 
one of the Kuril Islands, on July 7, 1977. This is the frrst 
masu salmon to be identified positively in the offshore 
waters of the northwestern North Pacific Ocean; 

A coho salmon tagged by the United States at 
so•ss'N and 176.28'W on July 31, 1974 was recovered in 
West Kamchatka on September 21, 1974, thus extending 
the known limit of ocean distribution of West Kamchatka 
coho to the central Aleutian Island area; 

Scale pattern analysis of age 1.2 and 2.2 immature 
sockeye sampled in the Japanese landbased driftnet area 
in May and June 1974 and 1975 indicated the occurrence 
of age 2.2 North American sockeye south of 46°N 
latitude, although Asian fish were shown to predominate 
in the area; 

An analysis of the effects of ocean temperature condi
tions on the timing of the Bristol Bay inshore sockeye 
salmon run showed a significant negative correlation bet
ween various indices of sea surface and air temperatures 
in the eastern Aleutian area in May and the median coded 
date of the inshore run. Since the mean air temperature 
data for May can be provided before the run, the relation
ship can be used as a predictor which is expected to aug
ment short-term forecasting. 

The sub-committee reviewed progress made 
through the Ad Hoc Salmon Research Coordinating 
Group which had been formed in 1977 to facilitate a 
greater level of cooperation in continent of origin 
studies. The group reported on the increased tagging 
effort by Japanese research vessels in 1979 and plans 
by the United States to initiate a tagging program in 
1980. However, the group and the sub-committee 
remained of the view that greatly increased tagging 
effort (well beyond that proposed for 1980) is 
needed to determine the continent of origin of 
salmon south of 46°N in a reasonable number of 
years. The sub-committee recommended that the 
group continue its work through correspondence 
and at a subsequent meeting should finalize plans 
for research coordination prior to the 1980 field 
season. 

The Standing Committee on Biology and 
Research noted the sub-committee's concern about 
the inadequate level of research on continent of 
origin studies and transmitted this concern to the 
Commission when submitting the committee 
report. At the third plenary session of the Commis
sion a spokesman for each national section made a 
statement concerning the studies of determination 
of continent of origin of anadromous species migrat
ing in waters south of 46°N as they are required in 
Article III(l) (d) of the Convention. 

The Canadian spokesman said that Canada 
noted the committee's concern about the level of 
research effort in this respect. He said all three 
countries were operating under significant restraints 
in their research operations and that Canada sup
ports the research program and will participate in the 
work of the research coordinating group in 1980. 
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The United States statement on implementa
tion of Article III (1) (d) with respect to salmon was 
as follows: 

We acknowledge the concern expressed by the 
Biology and Research Committee that research efforts on 
continent of origin of salmon in the area south of 46°N 
latitude are still at too low a level to provide sufficient 
answers in the time frame required for determinations 
under Article III(l)(d). As we indicated in the opening 
plenary session, the United States Congress has appropri
ated increased funds for research on this problem during 
fiscal year 1980, to be used primarily for tagging by United 
States vessels. This research is to be coordinated closely 
with that of Japan through the Salmon Sub-Committee's 
Ad Hoc Salmon Research Coordinating Group. 

We are-pleased to note that tagging effort by Japanese 
research vessels was increased in 1979, and encourage still 
further effort by Japan in 1980 because of the need 
expressed by the scientists for greatly increased tagging 
effort. We will seek continued U.S. funding for tagging at 
an expanded level after 1980. We support the recommen
dation of the Biology and Research Committee for imple
menting continuing research coordination through mem
ber scientists. 

The Japanese statement was as follows: 

As pointed out by the U.S. delegate, in 1979 we 
· increased the tagging research activities but have yet to 
obtain sufficient information from results of this activity. 
We hope that reports of recovery of tagged and released 
fish will increase in the future and we can obtain addi
tional useful information for determining the continent of 
origin. 

However, the Report of the Standing Committee on 
Biology and Research tells us that in spite of the great 
effort by the scientists, there is little possibility of obtain
ing a clear conclusion on this issue within the deadline set 
by the Convention. The Japanese National Section 
appreciates the efforts expended by each scientist so far, 
but at the same time strongly hopes that a conclusion can 
be reached at an early stage on this issue. In any event we 
strongly urge that maximum possible progress be made 
on this issue at next year's meeting, which is the deadline 
specified in the Convention. 

The Commission, in consideration of salmon 
problems, is also required to recommend, when 
necessary, amendment of the Annex to the Con
vention which lays down measures for Japanese 
salmon fishery operations in the Convention area. 
When this agenda item was raised at the second 
plenary session, the spokesman for Japan made the 
following statement: 

Japanese salmon vessels in 1978 and 1979 were com
pelled to conduct their operations under very severe con
ditions in the fishing areas and seasons prescribed in the 
Annex to the Convention. However, the anticipated 
difficulties in operations did not occur because this was a 
peak year for pink salmon and oceanographic conditions 
in 1979 were similar to those in 1978. As a result, the fish
ing grounds were located more to the south than in nor-

mal years. If ocean conditions had been as they were in 
normal years we believe that our fishing boats would have 
been subjected to extremely difficult conditions. 

Therefore, we desire some amelioration of the 
restrictive measures that are currently in force. However, 
since this is the second year that these restrictive 
measures have been implemented and since we have not 
yet obtained detailed, specific, and concrete information 
that would warrant immediate changes in these restrictive 
measures, we agree not to change the regulations con
tained in the Annex to the Convention at this annual 
meeting. 

10. ACTNITIES OF THE COMMISSION 
CONCERNING NON-ANADROMOUS 
SPECIES 

Articles of the amended Convention provide 'that 
the Contracting Parties shall work towards the 
establishment of an international organization with 
broader membership (than the three Contracting 
Parties) dealing with species of the Convention area 
other than anadromous species. The Convention 
also provides that pending the establishment of such 
an international organization, the Commission 
would provide a forum for cooperation among the 
Contracting Parties with respect to the study, 
analysis and exchange of scientific information and 
views relating to the stocks of non-anadromous 
species of the Convention area, including informa
tion and views relating to all relevant factors affect
ing these stocks, the promotion of scientific 
research · designed to fill gaps in knowledge and the 
compilation and dissemination of statistics and 
records. 

At the 1978 Annual Meeting the Commission 
established a Sub-Committee on Non-Anadromous 
Species to assume in 1979 the responsibilities of the 
former Sub-Committees on Bering Sea and North
east Pacific Groundfish. Within this sub-committee 
two panels were created to deal with matters con
cerning the Bering Sea and the northeast Pacific. In 
1979 the sub-committee received, amended, and 
adopted reports which had been prepared in advance 
by pre-designated rapporteurs for these panels. The 
advance preparation of the panel reports was 
designed to accelerate sub-committee consideration 
of routine matters and give the sub-committee 
specific time for discussion of important topics 
which had also been agreed upon earlier. The 
following is a summary of the various proceedings of 
the panels and the sub-committee. 

1. Bering Sea Groundfish Research 

The Bering Sea Panel of the Sub-Committee on 
Non-Anadromous Species met during the latter part 
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of the week immediately preceding the meeting of 
the Standing Committee on Biology and Research. 
The panel reviewed results of commercial fisheries 
and research on groundfish in the Bering Sea and 
emphasized the following points in its report to the 
sub-committee: 

Fisheries in the Bering Sea operated under a number 
of area-time restrictions and catch allocations since 1977 
in accordance with terms of United States extended 
jurisdiction. In 1979, for the first time, Canadian setline 
vessels were not allowed to ftsh for halibut in the Bering 
Sea. 

Data available for stock assessment of halibut were 
limited by the low level of the commercial fishery in 
recent years. However, the low level of the fishery by 
itself suggests that stock abundance is lower than it was in 
the early 1960s. Juvenile halibut abundance appears to 
have declined since 1977, although the level is still higher 
than it was in the early 1970s. 

The equilibrium yield of pollock in 1979 was con
sidered by U.S. scientists to be 1.2 million m.t., the same 
equilibrium yield estimated by Japanese scientists. Results 
of studies to describe the biological characteristics and 
abundance of pelagic pollock in the Aleutian Basin were 
reported by Japanese scientists. 

Stock conditions for yellowfin sole and Pacific cod 
appeared to be satisfactory. 

Agreement was not reached on equilibrium yield for 
Greenland turbot and arrowtooth flounder combined, 
Pacific ocean perch, and blackcod. 

Japan completed four research surveys in the Bering 
Sea in 1979. Purposes of this research were: 

i. to study the distribution and abundance of young 
pollock; 

ii. to survey demersal fishery resources on the continen
tal shelf and slope to depths of about 1,000 m; 

iii. to survey the Aleutian Basin to determine the biomass 
and biological characteristics of pelagic pollock; and to 
estimate blackcod and Pacific cod abundance, collect 
biological information on these stocks, and tag 
blackcod for stock identification. 

Japan and the United States will continue to conduct 
substantial field research activities in the Bering Sea in 
1980. Japan will survey pollock and other demersal fish 
and snail resources on the eastern Bering Sea continental 
shelf and slope using Danish seiners and research vessels. 
The pelagic pollock stocks in the Aleutian Basin will be 
surveyed using hydroacoustic and mid-water trawl 
methods. The United States will again survey demersal 
fish and crab resources on the continep.tal shelf and slope 
of the eastern Bering Sea and Aleutian Islands Area, 
including Bowers Ridge. The survey of demersal fish in 
the eastern Bering Sea will be a joint effort between Japan 
and United States. The International Pacific Halibut Com
mission will probably survey juvenile halibut in the 
southeastern Bering Sea. 

2. Northeast Pacific Groum;iftsh Research 

The Northeast Pacific Panel of the Sub-Committee 
on Non-Anadromous Species reviewed results of 
commercial fisheries and research on groundfish in 
the northeast Pacific and emphasized the following 
points in its report to the sub-committee: 

Trawl surveys to measure relative abundance of 
juvenile halibut continued in 1978 at standard inshore and 
offshore stations in the Gulf of Alaska. On inshore sta
tions, the 1976 year class was the most abundant year class 
in 1977, and the 1977 year class in 1978. At offshore sta
tions, the most abundant year class was 1973 in 1977, and 
1976 in 1978. 

Views· on stock structure ofblackcod in the northeast 
Pacific are closer than in the past. Although stocks from 
different areas may be interrelated, it is recognized that 
there is a need to manage stocks by geographical regions. 
Japanese scientists estimated maximum sustainable yield 
(MSY) for all regions combined as 69,600 m.t. and 
believe that the allowable biological catch (ABC) is equal 
to MSY. They further suggested that ABC should be 
apportioned by sub-areas according to a two-tier quota 
system while taking into account the biomass of stocks, 
incidental catch of halibut, efficiency ofblackcod fisheries, 
and the need for stock assessment information. United 
States scientists estimated that the equilibrium yield (EY) 
for blackcod in the Shumagin-Southeastern Region is 
down to about 14,000 m.t., but all participants concluded 
that stock condition should improve in the near future as 
juveniles have been noted to be relatively abundant 
throughout the northeast Pacific. 

The panel considered the present stock conditions of 
pollock and Pacific cod to be good. 

During 1979, Canadian scientists expanded their field 
research activities to study the distribution, abundance 
and biology of blackcod and rockfish stocks in Canadian 
waters and to determine the biomass ofrockftsh in Queen 
Charlotte Sound and off the west coast of Queen Char
lotte Islands. 

A Japanese survey was conducted jointly with the 
United States in the Gulf of Alaska to determine the dis
tribution and abundance of blackcod and Pacific cod and 
to tag blackcod. 

The United States will conduct three trawl surveys in 
1980: 

i. in the Gulf of Alaska in March and April to continue 
the assessment of distribution and abundance of 
pollock, Pacific cod, Atka mackerel, and other species; 

ii. off Washington-California to continue the assessment 
of rockfish and hake; and 

iii. in the Gulf of Alaska to develop a blackcod index area 
for the third year using pots to monitor the abundance 
and condition of the blackcod resource. 

3. Review of topics in the Sub-Committee on 
Non-Anadromous Species 

Two topics, one on survey methodology and the 
other on pelagic pollock, were selected as subjects 
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for discussion at the 1979 meetings of the sub-com
mittee. Several aspects of each topic were discussed 
intensively. 

One session was held as a joint meeting with the 
Sub-Committee on King and Tanner Crab. Particu
lar attention was paid to the innovative Alternate 
Tail Attack (ATA) method for estimating biomass 
which was tested using trawl netS in the joint Japan
United States survey in the Bering Sea in 1979. 

Certain recommendations pertaining to the 
work of the Sub-Committee on Non-Anadromous 
Species were approved by the Commission during 
the plenary session at which the report of the Stand
ing Committee on Biology and Research was dis
cussed and adopted. 

11. ACTIVITIES OF THE COMMISSION 
CONCERNING KING AND TANNER 
CRAB 

A Sub-Committee on King and Tanner Crab estab
lished by the Standing Committee on Biology and 
Research also met during the period prior to the 
plenary sessions. In its report to the Commission the 
committee made the following observations with 
respect to work of the Sub-Committee on King and 
Tanner Crab: 

The Sub-Committee on King and Tanner Crab 
reviewed the status of the resources of these species in the 
eastern Bering Sea as presented in documents submitted 
by Japan and the United States. 

The sub-committee noted that the United States was 
the only nation that conducted a king crab fishery in the 
eastern Bering Sea during 1978. As has been the case in 
recent years, removals of king crab by other nations have 
been limited to incidental catches associated, for the most 
part, with trawl fisheries. According to estimates derived 
by U.S. scientists from data collected by on-board obser
vers, the incidental catch was about 600,000 crab in 1977 
and 1,278,000 in 1978. Although this represents a sharp 
increase, there was some disagreement on species com
position in various areas and the effects of incidental catch 
are unknown. 

The United States fishery recently expanded to the 
north and now involves exploitation of four stocks. In 
order of their importance these are: (1) southeast Bering 
Sea red king crab, (2) Pribilof Islands blue king crab, (3) 
Norton Sound red king crab, and (4) St. Matthew Island 
blue king crab. 

With reference to southeast Bering Sea red king crab, 
the committee notes that the sub-committee has found 
that this stock has remained at a high level since 1973 as 
indicated by analysis of fishery data and U.S. trawl survey 
results. United States catch reached 39,750 m.t. in 1978 
and is expected to exceed 52,150 m.t. in 1979. The sub
committee noted that decreasing recruitment is expected 
over the next two or three years. United States scientists 
consider the stock of blue king crab around the Pribilof 

Islands to be relatively stable. Too little information was 
available to judge the status of the remaining two stocks. 

With respect to tanner crab, the committee notes that 
U.S. trawl survey estimates of C. bairdi abundance dec
lined sharply from 1977 to 1978 and that they remain low 
in 1979. Catch rates in the fishery have been decreasing 
and size composition data indicate that recruitment will 
remain low for two to three years. The C. bairdi stock is 
considered to be in poor condition. United States trawl 
survey estimates of C. opilio indicate that the stock of crab 
greater than 110 mm carapace width is stable. Catch per 
vessel day by the Japanese mothership fishery declined, 
although the catch of crab per pot was the same in 1978 
and 1979. Tli.e average size of crab taken in the mother
ship fishery has declined from 1978 to 1979 and was simi
lar to that in the 1979 U.S. fishery. Although there may 
have been some localized changes in the abundance of C. 
opilio the overall condition of the stock is considered sta
ble. 

The sub-committee held a brief discussion of inciden
tal catches of tanner crab by trawl fisheries in the eastern 
Bering Sea. According to estimates derived by U.S. scien
tists from data collected by on-board observers, the inci
dental catch was about 17 million crabs in both 1977 and 
1978. The effect of incidental catch on tanner crab stocks 
has not been analyzed. 

Discussions between members of the sub-committee 
have led to agreement, in principle, as to the type of joint 
research that might be carried out in 1980. It was agreed 
that it would be desirable to focus on joint trawl surveys in 
the area north and west of the Pribilof Islands, and on 
research designed for calibration of the fiShing power of 
Japanese and United States research vessels. 

The committee also notes that both Japan and the 
United States plan to continue research on a variety of 
topics related to king and tanner crab biology. 

12. ACTIVITIES OF THE COMMISSION 
CONCERNING MARINE MAMMALS 

At the 1978 Annual Meeting the Commission estab
lished an Ad Hoc Committee on Marine Mammals 
and in correspondence subsequent to the meeting 
agreed upon the following terms of reference for the 
committee: 

1. To ensure the planning, coordination, and con
duct of studies with respect to marine mam
mals incidentally caught in the Convention 
area when fishing for anadromous species, as 
per Article X of the Convention, paragraph 
1 (c) of the Annex to the Convention, and the 
Memorandum of Understanding regarding 
Dall porpoise signed by representatives of the 
Governments of Japan and the United States in 
Tokyo on April 25, 1978 

2. To review results of such studies and proposed 
plans for future research 
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3. To prepare a report annually for consideration 
by the Commission on the above matters. 

To aid in conduct of the committee's work the 
Commission also established through correspon
dence a Scientific Sub-Committee of the Ad Hoc 
Committee on Marine Mammals. 

At the 1979 Annual Meeting the Commission 
received a report from the Ad Hoc Committee on 
Marine Mammals to which it had referred the agen
da item "Consideration of status of Article X and 
Annex 1 (c) with respect to anadromous species in 
the Convention area and species of marine mam
mals caught in fishing for anadromous species". 
The chairman of the committee, Mr. Hiroya Sano of 
Japan, when submitting his report at the third plen
ary session, noted that the scientific sub-committee, 
chaired by Mr. Koji Imamura of Japan, had met in 
Tokyo, March 5-9, 1979. At that time the sub-com
mittee had reviewed research activities in 1978 and 
planned improvements in procedures and research 
activities in 1979. Biological studies and observer 
programs had also been discussed. The sub-commit
tee also noted that in abundance studies an extrapo
lated preliminary estimate of the population of 
Dall's porpoise was 5 million for the North Pacific. 
This estimate was based on a Japanese sighting 
survey which covered a total of 36,505 nautical 
miles. The committee report noted the improve
ment in biological sampling in the 1979 season and 
the fact that complete 1979 survey results and 1980 
plans would be discussed at a scientific sub-commit
tee meeting to be held in Tokyo in February or 
March 1980. 

The Commission adopted the Report of the Ad 
Hoc Committee on Marine Mammals at the third 
plenary session on October 31, 1979. 

13. PuBLICATIONS OF THE COMMISSION 

The Commission publishes an Annual Report,. a 
Bulletin, and a Statistical Year book. 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 review from each national section. The 
Annual Report and Bulletin are published in separ
ate English and Japanese versions of identical con
tent. The Annual Report contains a report of the 
Commission's Annual Meeting, reports of any 
interim meeting which may have been held during 
the year, an administration 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. It con
tains reports from national sources dealing with par
ticular investigations carried out under INPFC 
programs by one or more scientists in a particular 
laboratory, or reports prepared by scientists from all 
three member countries working jointly on the 
analyses of research conducted under INPFC 
programs. The Statistical Yearbook contains data on 
catches of species of interest to the work of the 
Commission. The Commission raised the status of 
the Statistical Year book to that of an official publica
tion in 1970, it having been considered a working 
paper previously. Information on the current status 
of these three publications is given at the end of this 
Annual Report. 

During review of progress of the various under
takings, it was reported at the annual meeting that: 
Of the seven new joint comprehensive reports on 
salmon and oceanography, five had been published 
(coho, sockeye, chum, chinook, and oceanography) 
and one (pink) was in the hands of the editorial 
referees. The compilation of historical salmon 
statistics had been published as Bulletin Number 39. 
The Commission at the 1979 Annual Meeting 
agreed that the Secretariat should review and report 
on Commission policy and procedures for publica
tions. 

14. OFFICERS ELECTED FOR 1980 

The Commission elected the following officers for 
1980 in accordance with its Rules of Procedure: 

Chairman of the Commission: 
Mr. Elmer E. Rasmuson, of the United States 

Vice-Chairman of the Commission: 
Mr. H. Douglas Johnston, of Canada 

Secretary of the Commission: 
Mr. Kenjiro Nishimura, of Japan 

Chairman of the Committee on Biology and 
Research: 

Mr. Harry L. Rietze, of the United States 

Chairman of the Committee on Finance and 
Administration: 

Mr. Harold E. Lokken, of the United States 

Chairman of the Ad Hoc Committee on Marine 
Mammals: 

Mr. Robert M. Thorstenson, of the United States 

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. 



15. CLOSINGREMARKSATTHEFINAL 
PLENARY SESSION 

REPORT OF ANNUAL MEETING 

Prior to calling for closing remarks the Commission 
Chairman introduced Mr. Roy Jackson, former 
Executive Director of the Commission, who briefly 
addressed the session. Concluding statements on 
behalf of their national sections were made by Com
missioners H.D. Johnston of Canada, Elmer E. 
Rasmuson of the United States and Takakazu 
Kuriyama of Japan. 

The Chairman, Mr. Kenjiro Nishimura, in clos
ing the meeting, expressed his gratitude to the 
members and in particular the scientists of each 
national section and the Secretariat staff including 
interpreters for their great efforts which contributed 
to the success of the 26th Annual Meeting. 

The 26th Annual Meeting of the International 
North Pacific Fisheries Commission adjourned at 
11:15 a.m. on November 1, 1979. 

11 
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C.K. Harris 
G. Jensen 
R.B. Lauber 
C.H. Meacham 
R.H. Moss 
M.F. Tillman 

SECRETARIAT Ex officio: Kazuo Shima 
C.R. Forrester 
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3. Ad Hoc Committee on Marine Mammals 

CANADA Commissioner-member: 

Scientist-members: 

Advisers: 

JAPAN Commissioner-member: 

Scientist-members: 

Advisers: 

UNITED STATES Commissioner-member: 

Commissioner-adviser: 

Scientist-members: 

Advisers: 

SECRETARIAT Ex officio: 

J. Garcia 

J. McDonald 
L. Margolis 

D. Goodman 
G. Halsey 
W.R. Hourston 
M. Hunter 
A. Murray 
J. Rivard 

H. Sano 

0. Sano 
K. Imamura 

T. Saito 
T. Isogai 
G. Asakawa 
M. Tachibana 
T. Kikuchi 
J. Okamoto 
S. Mito 
K. Takagi 
T. Okazaki 
S. Y amagishi 

Robert M. Thorstenson 

E.E. Rasmuson 

M.L. Dahlberg 
M.P. Tillman 

R.L. Burgner 
W .H. MacKenzie 
C.H. Meacham 
R.H. Moss 
J.C. Price 
C. Tillion 

Kazuo Shima 
C.R. Forrester 
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APPENDIX 2 

AGENDA AS ADOPTED 

TWENTY-SIXTH ANNUAL MEETING - 1979 

Tokyo, Japan, October 18-November 1, 1979 

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 results, research planning, and publications 

(a) Salmon and oceanography 

(b) Non-anadromous species (Bering Sea and northeast Pacific groundfish) 

(c) Eastern Bering Sea king and tanner crab 

(d) Publication of research results and statistics 

8. Actions required for implementation of Article III(l)(d) with respect to salmon 

9. Consideration of status of Article X and Annex 1 (c) with respect to anadromous species in the Conven-
tion area and species of marine mammals caught in fishing for anadromous species 

10. Review of the Annex under Article III(l)(c) 

11. Consideration of status of implementation of Articles III ( 1) (e) and IX (2) 

12. Consideration of administrative and fiscal matters 

(a) Accounts and audit 

(b) Financial situation in current fiscal year 

(c) Budget estimate for fiscal year beginning July 1, 1980 

(d) Budget forecast for fiscal year beginning July 1, 1981 

(e) Administrative report for 1979 

(f) Schedule of future meetings 

(g) Other matters 

13. Election of officers 

14. Other business 

15. Closing remarks 

17 
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APPENDIX 3 

AUDITORS' REPORT TO THE COMMISSION 

PEAT, MARWICK, MITCHELL & CO. 
Chartered Accountants 

Suite 2100, One Bentall Centre 
505 Burrard Street 

Vancouver, British Columbia 
V7X 1M1 

We have examined the statement of assets and liabilities of the International North Pacific Fisheries Commission as at June 30, 
1979 and the statements of income and expenditure and receipts and disbursements for the year then ended. Our examination was 
made in accordance with generally accepted auditing standards, and accordingly included such tests and other procedures as we 
considered necessary in the circumstances. 
In our opinion, these fmancial statements present fairly the financial position of the Commission as at June 30, 1979 and the 
results of its operations for the year then ended in accordance with generally accepted accounting principles applied on a basis con
sistent with that of the preceding year. 

Vancouver, British Columbia, Canada 
August, 3, 1979 

PEAT, MARWICK, MITCHELL & CO. 

STATEMENT OF ASSETS AND LIABILITIES 
June 30, 1979 

Assets 

Chartered Accountants 

General funds: 
Cash in bank 

Working capital fund: 
Cash in bank 
Salary advance 

Equipment, at cost 
Less accumulated depreciation 

General funds: 
Accounts payable and accrued 
expenses 

Advances from Contracting Parties for working capital 
fund 

Liabilities 

Amount equivalent to expenditure on equipment, less depreciation, per contra: 
Amount at June 30, 1978 
Additions during year 

Deduct: 
Depreciation provided in 

previous years 
Depreciation in current 

year 

$4,013.44 

1,401.49 

$ 29,631.94 
7,220.00 

14,014.57 
5,414.93 

$ 8,654.99 
5,359.58 

14,014.57 

5,414.93 

$ 68,383.95 

36,851.94 

8,599.64 

$113,835.53 

$.68,383.95 

36,851.94 

8,599.64 

$113,835.53 



Income: 

AUDITOR'S REPORT - JUNE 30, 1979 

STATEMENT OF INCOME AND EXPENDITURE 
Year ended June 30, 1979 

Contributions from Contracting Parties 
Interest earned on Commission funds 
Transfer from working capital fund (Note 1) 

Expenditure: 
Personnel services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 
Annual meeting rentals 
Removal expenses 

Personnel services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 
Annual meeting rentals 
Removal expenses 

Note 1: 

Status of Appropriations 

Budget 
appropriations 
Note 2 

$ 126,392.00 
16,620.00 
4,600.00 

48,712.24 
5,300.00 
3,000.00 
6,000.00 
4,000.00 

$214,624.24 

$116,441.05 
10,546.91 
5,638.43 

49,906.00 
3,545.40 
2,659.58 

10,639.67 
15,247.20 

Appropriations 
as modified by 
transfers 

116,441.05 
10,546.91 
5,638.43 

49,906.00 
3,545.40 
2,659.58 

10,639.67 
15,247.20 

214,624.24 

$ 
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$201,000.00 
9,580.75 
4,043.49 

214,624.24 

214,624.24 

Expenditure 

116,441.05 
10,546.91 
5,638.43 

49,906.00 
3,545.40 
2,659.58 

10,639.67 
15,247.20 

214,624.24 

The working capital fund was increased by levies deducted and retained in lieu of income taxes for the year in the amount of$20,417.43. 
After a transfer of $4,043.49 from the working capital fund to the general fund there remains a balance of $36,851.94 in the working 
capital fund. 

Note 2: 
The budget appropriation for "contractual services" has been adjusted to include $4,043.49 transferred from the working capital fund 
and $9,580.75 received in interest on Commission funds. 

Receipts: 

STATEMENT OF RECEIPTS AND DISBURSEMENTS 
Year ended June 30, 1979 

Contributions from Contracting Parties 
Interest earned on Commission funds 

Disbursements: 
Personnel services 
Travel 
Communications 
Contractual services 
Supplies 
Equipment 
Annual meeting rentals 
Removal expenses 
Salary advance -removal 

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

Balance at June 30, 1978 
Balance at June 30, 1979 

$ 96,023.62 
10,546.91 
5,638.43 

50,227.86 
3,545.40 
5,359.58 

10,639.67 
25,128.27 

7,220.00 

$ 135,264.88 
98,015.89 

$ 167,500.00 
9,580.75 

177,080.75 

214,329.74 

$ 37,248.99 

$ 37,248.99 
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II. ADMINISTRATIVE REPORT FOR 1979 

Kazuo Shima 
Executive Director 

1. CONTENT OF THE REPORT 

This report provides information on actions of the 
Commission between the 25th (1978) and 26th 
(1979) Annual Meetings, describes actions taken 
with respect to decisions made at the 25th Annual 
Meeting and summarizes activities of the 
Secretariat. The period covered by this report is 
from the adjournment of the 25th Annual Meet
ing on November 2, 1978 to October 29, 1979, 
when the 26th Annual Meeting was convened. 

This report, originally dated October 1, 1979, 
was submitted to the Commission at the 26th 
Annual Meeting, was reviewed by the Standing 
Committee on Finance and Administration and 
brought up to date as of October 29, 1979 for pub
lication in the Annual Report for 1979. 

2. MEMBERS 

Membership of the Commission during the period 
covered by this report was as follows -

CANADA 

JAPAN 

Clifford R. Levelton (to Sept. 6, 1979) 
H. Douglas Johnston (from Sept. 6, 1979) 
James C. Cameron (to Jan. 15, 1979) 
Donovan F. Miller 
Michael Z. Florian 
Joseph A. Garcia (from Jan. 15, 1979) 

Kenjiro Nishimura 
Hiroshi Kitamura (to Sept. 11, 1979) 
Takakazu Kuriyama (from Sept. 11, 1979) 
Hiroya Sano 
Tojiro Nakabe 

UNITED STATES 
Elmer E. Rasmuson 
Robert M. Thorstenson 
Harry L. Rietze 
William G. Saletic (to Oct. 19, 1979) 
Harold E. Lokken (from Oct. 19, 1979) 

3. OFFICERS 

Officers of the Commission for the ·period were as 
follows -

Chairman of the Commission 
Mr. Kenjiro Nishimura 
of Japan 

Vice-Chairman of the Commission 
Mr. Elmer E. Rasmuson 
of the United States 

Secretary of the Commission 
Mr. Clifford·R. Levelton 
of Canada (to Sept. 6, 1979) 
Mr. H. Douglas Johnston 
of Canada (from Sept. 6, 1979) 

Chairman of the Standing Committee on Biology 
and Research 

Mr. Tojiro Nakabe 
of Japan 

Chairman of the Standing Committee on Finance 
and Administration 

Mr. Hiroshi Kitamura 
of Japan (to Sept. 11, 1979) 
Mr. Takakazu Kuriyama 
of Japan (from Sept. 11, 1979) 

4. STAFF 

Toshio Isogai, Executive Director, resigned 
August 31, 1978. Kazuo Shima was appointed as 
Executive Director by Chairman C.R. Level ton at 
the 25th Annual Meeting on the advice of the 
Nominating Committee. Mr. Shima assumed his 
duties on January 12, 1979. C.R. Forrester, Assis
tant Director, served as Acting Executive Djr_ec
tor during the interval between Directors. Evelyn 
Funk continued as Administrative Assistant and 
Annette Hansen as Secretary. Jonathan 
Yokoyama who has been working in the 
Secretariat, as a part-time Clerk-Translator, for 12 
years from April 1, 1967, was reclassified to per
manent Clerk-Translator on April 1, 1979. 

5. CONVENTION AMENDMENT 

The instruments of ratification amending the 
International Convention for the High Seas Fish
eries of the North Pacific Ocean were formally 
exchanged by representatives of the three Con
tracting Governments at Tokyo on February 15, 
1979. As a result, the amended Convention 
entered into force February 15, 1979 (see Circular 
Letter No. 1201). The chronology of steps leading 
to amendment of the Convention is summarized 
as follows -

February 10, 1977 
United States served notice of intent toter
minate the Convention 

August 9-10, 1977 
Lake Wilderness, Washington, U.S.A. -
informal trilateral talks on future of the 

Commission 
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October 24-26, 1977 
Anchorage, Alaska - first formal 
negotiating session on amendments to Con
vention 

January 17-18, 1978 
Tokyo, Japan - second formal negotiating 
session 

February 7-9, 1978 
Vancouver, Canada - third formal 
negotiating session 

February 8, 1978 
U.S. withdrew notice of intent to terminate 
Convention 

March 21-23, 1978 
Washington, D.C. - fourth formal 
negotiating session 

April 25, 1978 
Tokyo, Japan - Protocol signed by repre
sentatives of the three Contracting Govern
ments 

June 8, 1978 
Ratification by Canada 

November 2, 1978 
Ratification by the United States 

February 13, 1979 
Ratification by Japan 

February 15, 1979 
Ratifications exchanged at Tokyo 

February 15, 1979 
Entered into force 

6. INTERIM APPROVALS OF THE COMMISSION 

From the adjournment of the 25th Annual Meet
ing (1978) through October 28, 1979, the follow
ing Commission approvals were obtained by cor
respondence -

(a) Publication 
i. The 1976 Annual Report (Circular Letter 

No. 1190, 1978 December 19) 
ii. Historical Catch Statistics for Salmon of 

the North Pacific Ocean (Bulletin No. 
39), (Circular Letter No. 1204, 1979 
March 27) 

iii. The 1977 Annual Report (Circular Letter 
No. 1217, 1979 July 20) 

iv. The 1976 Statistical Yearbook (Circular 
Letter No. 1225, 1979 August 10) 

(b) Proceedings of the 25th Annual Meeting 

1. Summary minutes of the 3rd and 4th 
(final) plenary sessions (Circular Letter 
No. 1198, 1979 February 12) 

ii. Distribution list (Circular Letter No. 
1198, 1979 February 12) 

(c) Matters concerning Ad Hoc Committee on 
Marine Mammals 

Terms of reference of the Ad Hoc Committee 
were approved on 1979 March 23 when the final 
letter of approval reached the Secretariat. ., 
(d) Matters concerning the 26th Annual Meeting 

i. Tentative agenda (Circular Letters No. 
1219, 1979 July 30 and No. 1228, 1979 
August 29) 

ii. Invitation for observers from other 
interested countries. The Secretariat 
asked for submission of requests on this 
matter for approval b~ the Commission 
(Circular Letter No. 1223, 1979 August 
2). There were no requests from any 
national section. Accordingly, no action 
was taken on this matter. 

(e) Financial matters 

Transfer of funds from the Working Capital Fund 
(Circular Letters No. 1212, 1979 June 5; No. 
1218, 1979 July 30). 

7. INTERIM MEETINGS 

No Commission meetings were held in the period 
between the 25th and 26th Annual Meetings. 

(a) The Scientific Sub-Committee of the Ad Hoc 
Committee on Marine Mammals 

The first meeting of the Scientific Sub-Committee 
of the Ad Hoc Committee was held 1979 March 5-
8 in Tokyo with participants from all three coun
tries and the Secretariat. Koji Imamura of Japan 
chaired the meeting, the report of which will be 
submitted to the Ad Hoc Committee on Marine 
Mammals. 

(b) The Research Co-ordinating Group of the 
Sub-Committee on Salmon of the Standing Com
mittee on Biology and Research 

The third meeting of the group was held in Tokyo, 
1979 March 1-3 with participants from each coun
try and the Secretariat. 
Kenji Takagi of Japan chaired the meeting, the 
report of which will be submitted to the Sub
Committee on Salmon. 
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8. ACTIONS TAKEN BY THE SECRETARIAT ACCORD
ING TO THE DECISION OF THE 25TH ANNUAL MEET-

lNG OF THE COMMISSION 

(a) Terms of reference of the Ad Hoc Committee 
on Marine Mammals 

According to the decision of the 25th Annual 
Meeting of the Commission the Secretariat 
developed and distributed draft terms of 
reference for consideration by the national sec
tions (Circular Letter No. 1187, 1978 November 
21). 

Mter some exchange of letters between each 
national section and the Secretariat, (Circular 
Letters No. 1191, 1979 January 11; No. 1208, 
1979 April30) terms of reference for the Ad Hoc 
Committee on Marine Mammals were finalized 
and approved by the Commission. 

(b) Information from non-member countries 

The Secretariat was instructed by the Commis
sion at the 25th Annual Meeting to request infor
mation from non-member countries on their 
fishing activities in the Convention area . The 
Secretariat sent letters on June 18, 1979 request
ing information from the U.S.S.R., Republic of 
Korea, and the Polish People's Republic. We 
received information from the Republic of Korea 
and the Polish People's Republic. 

(c) Job descriptions 

According to the decision by the Commission at 
the 25th Annual Meeting, the Executive Director 
prepared job descriptions for the Administrative 
Assistant and Secretary positions which were 
reviewed with the cooperation of a job classifica
tion officer of the Canadian Department of Fish
eries and Oceans in Vancouver. 

The Executive Director determined the sal
aries for the Administrative Assistant and Secre
tary within the ranges decided by the Commis
sion at the 25th Annual Meeting after taking into 
account the advice of the classification officer of 
Fisheries and Oceans, the guidelines for those 
positions established at the 22nd Annual Meet
ing, and Canadian Public Service practice. 

9. RECEIPT OF INFORMATION REGARDING ARTI-
CLES III (1) (e) AND IX (2) 

In connection with the Commission's considera
tion of the status of implementation of Articles 
m(i) (e) and IX(2) of the revised Convention, 
the Secretariat obtained from the national sec-

tions information pertaining to 1978, similar to 
that submitted annually since 1970 and prepared a 
report summarizing the data. 

10. COMMISSION PUBLICATIONS 

The Secretariat's activities for publications during 
the period are summarized below. Details of these 
activities have been submitted to the Commis
sion. 

(a) Annual Report 

The 1975 Annual Report in Japanese (88 pages) 
was published and distributed. The 1976 Annual 
Report in English (115 pages) was printed and 
distribution should be completed prior to the 
annual meeting. The Japanese version of the 
1976 Annual Report is in translation. The 1977 
Annual Report in English is in press. A partial 
manuscript of the 1978 Annual Report (English) 
has been submitted for Commission approval. 
Research summaries for the 1978 report were 
received from Canada in May 1979 and from 
Japan and the U.S. in September 1979. 

After translating and editing the Japanese 
summary the complete report will be submitted 
for Commission approval for publication. 

(b) Bulletin 

The Japanese versions of Bulletins 32 (salmon 
symposium), 36 (U.S. abstention) and 37 
(historical groundfish) are in press. Bulletin 35 
(chum salmon) in Japanese is in the process of 
translation. Bulletin 38 (joint comprehensive 
report on chinook salmon, 54 pages) was pub
lished and the Japanese version is in translation. 
Bulletin 39 (historical salmon statistics, 166 
pages) in English has just been printed and yet to 
be distributed. 

A manuscript of the joint comprehensive 
report on pink salmon (presumably to be pub
lished as Bulletin 40) is being reviewed by the 
Commission's editorial referees. 

(c) Statistical Yearbook 

The 1976 Statistical Yearbook (100 pages) was 
published and distribution should be completed 
before the annual meeting. Completion of the 
1977 Statistical Year book manuscript is depen
dent on receipt of outstanding U.S. data. Data for 
the 1978 Statistical Yearbook have been 
requested from the various agencies providing 
the data and some material has been received. 
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(d) Proceedings of the 25th Annual Meeting 

A bound volume entitled "Proceedings of the 
25th Annual Meeting - 1978" (275 pages), in 
English, was prepared and distributed in a limited 
edition. A Japanese version of these proceedings 
was also prepared and distributed. 

(e) Other material 

The Secretariat, with the assistance of groundfish 
scientists from the Far Seas Fisheries Research 
Laboratory in Japan, and input from Canadian 
and United States scientists, compiled a revised 
''List of scientific and common names of fish and 
other species of specific interest to INPFC 
research". The list which is in English and 
Japanese was distributed as an internal working 
paper to persons concerned with INPFC (Circular 
Letter No. 1200, dated 1979 February 16). 

11. FISCAL MA TIERS 

(a) Accounts and Audit 

The report of the Commission's auditors, Peat, 
Marwick, Mitchell and Co., for the fiscal year 
ending June 30, 1979, was transmitted to the 
Commission with Circular Letter No. 1229 on 
1979 August 29, together with a report prepared 
by the Secretariat outlining details of items in the 
auditors' report. 

A financial bond in favor of the Commission 
in the amount of $25,000 was continued on 
Secretariat staff members. This bond (Commer
cial Union, Policy 117C583) is on file at the 
Secretariat. 

(b) Working Capital Fund 

The Commission's Working Capital Fund at 1978 
June 30 totalled $20,478.00. This amount was 
increased to $40,895.43 during the fiscal year by 
the addition of $20,417.43, the amount which 
accrued from levies on staff salaries. A transfer of 
$4,043.49 from the Working Capital Fund on 
June 30, 1979 reduced the Working Capital Fund 
to $36,851.94 at June 30, 1979. 

(c) 1979/80 Budget 

The budget estimate for the 1979/80 fiscal year 
adopted and approved by the Commission at the 
1978 Annual Meeting was sent to the Contracting 
Parties on November 23, 1978, with the request 
that $270,867 be provided in three equal shares 
(written approval was received from Canada). 
First-half contributions have been received from 
Canada and Japan. The United States submits its 

contribution in one lump sum after October 1 
each year. However, for the 1979/80 fiscal year, 
the U.S. has contributed $11,222.50 as a partial 
payment. 

(d) Budget Estimate (1980/81) and Forecast 
(1981/82) 

In accordance with Financial Regulation 7, the 
Secretariat sent to all Commissioners 60 days in 
advance of the 26th Annual Meeting a Budget 
Estimate for 1980/81 and a Budget Forecast for 
1981/82 (Circular Letter No. 1229, dated 1979 
August 29). 

12. AGENDA FOR THE26THANNUALMEETING 

A tentative agenda for the 26th Annual Meeting, 
prepared by the Executive Director, in consulta
tion with the Chairman, was sent to the three 
national sections on 1979 July 30, with a request 
for approval and comments. 

Canada, Japan, and the United States 
approved the tentative agenda. The United 
States in their letter of approval expressed the 
opinion that -

"The U.S. Section notes that it looks for
ward to the discussions to take place 
regarding salmon and marine mammal 
research and observations of fishing 
operations. 

The U.S. Section is also interested in 
reviewing the Commission's procedures 
Jegarding the publication of research 
results and statistics including the citation 
of INPFC documents." 

For discussion of the latter the Secretariat 
has prepared two documents -

"Report on the status of publications" 
which is a more detailed account of pub
lication progress 

"Summary of INPFC policies and pro
cedures with respect to publications, pro
ceedings, and documents" 

The provisional agenda was sent to the three 
national sections with Circular Letter No. 1228, 
dated 1979 August 29. 

13. OFFICES OF THE SECRETARIAT 

In 1979 May, we received oral advice from the 
Fire Department that the files and cupboards 
located in the corridor of the office should be 
removed to conform to safety standards. 
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The Executive Director, in a letter to Dr. 
W.E. Johnson, Director General, Fisheries 
Management-Pacific, Canadian Department of 
Fisheries and Oceans, requested an expansion of 
space for the Secretariat. In response to our 
request, Dr. Johnson offered to provide us with 
an additional 200 square feet of space in a trailer 
adjoining the Vancouver Technological Research 
Laboratory (the main Secretariat offices are 
located in a semi-detached wing of the laborato
ry). We have accepted the offer made by Dr. 
Johnson as a tentative measure. 

14. STAFF ACTIVITIES 

Secretariat staff members worked throughout the 
year on the usual activities: accounting, corres
pondence, preparing, processing, and indexing 
documents, drafting, compiling, editing, typing, 
translating, proofing material for publication or 
reproduction, and other office routines in accor
dance with the duties of each individual. 

The new Executive Director, for familiariza
tion and business purposes, visited the Pacific 
Biological Station in Nanaimo, and in Seattle, the 
Northwest and Alaska Fisheries Center, the 
Northwest Regional Office of National Marine 
Fisheries Service, and the International Pacific 
Halibut Commission. A courtesy call was also 
made on the Director General, Fisheries 
Management-Pacific, Canadian Department of 
Fisheries and Oceans in Vancouver. The Assis
tant Director participated in the visits to these 
establishments. 

The Executive Director and Administrative 
Assistant visited offices of the International 
Commission for the Northwest Atlantic Fisheries 
(ICNAF) in Dartmouth to study administrative 
practices in another international commission. 
Consultations were held in Ottawa during the 
same trip with various individuals and depart
ments concerned with INPFC: International 
Directorate, Department of Fisheries and 
Oceans, offices of the Department of External 
Affairs, officials in Treasury Board, etc. 

The Executive Director and Assistant Direc
tor attended a meeting of the International Pacific 
Halibut Commission in Vancouver in February. 
The Assistant Director attended a ~eeting of the 
International Pacific Salmon Fisheries Commis
sion in Bellingham, Washington in December, 
the meeting of the Scientific Sub-Committee of 
the Ad Hoc Committee on Marine Mammals, 
and the meeting of the Research Coordinating 

Group of the Sub-Committee on Salmon held in 
Tokyo in March. 

The Commission was invited to be repre
sented by observers at (a) the 76th Session of the 
F AO Council in Rome, (b) the 37th meeting of 
the Inter-American Tropical Tuna Commission 
in Panama City, (c) the 29th Annual Meeting of 
the International Commission for Northwest 
Atlantic Fisheries (now NAFO) in Halifax, and 
(d) the 6th Regular Meeting of the International 
Commission for the Conservation of Atlantic 
Tunas in Madrid. No INPFC observers were 
designated to represent the Commission at these 
meetings. 

The Administrative Assistant took a short 
training course in the operation of word process
ing equipment. 

The Secretariat was visited by Commissioner 
D.F. Miller of Canada, by members of the Inter
national Fisheries Commission Pension Society, 
scientists from Shimizu, Seattle, and Nanaimo, as 
well as by various administrators and representa
tives of industry and the press. 
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III. THE RESEARCH PROGRAM 

A. REPORT ON RESEARCH BY CANADA FOR THE 

INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION IN 1979 

Department of Fisheries and Oceans 

Pacific Biological Station 

March 1980 

GROUND FISH 

Research by the Groundfish Program at the Pacific 
Biological Station has increased considerably since 
extended fisheries jurisdiction was implemented in 
1977. There are presently 7 Subprograms con
centrating on the following major species or 
research problems: (i) sablefish (blackcod), hake, 
lingcod and dogfish; (ii) flatfishes; (iii) rockfishes; 
(iv) Pacific cod; (v) hydroacoustics and walleye 
pollock; (vi) ichthyoplankton; and (vii) analytical 
techniques. 

(i) The major study of sablefish biology initi
ated in 1977 was continued in 1979 through 
the tagging of both adults (15,000) and 
juveniles (26,000). The 2,400 recoveries to 
date indicate very little movement of adult 
sablefish; 80% of the recoveries were within 
50 km of the release area. Too few juveniles 
have been recovered to form any conclu
sions about their movement. Preliminary 
stomach analyses indicate that juvenile sab
lefish may have an important predatory 
relationship on herring and shrimp stocks. 

A new method of ageing sablefish was 
developed and validation of the technique is 
underway. 

Little research activity is presently 
directed at Pacific hake although a new fish
ery in the Strait of Georgia is being closely 
monitored. Observer and survey data indi
cate that offshore hake stocks may occur in 
the Canadian zone for up to six months, and 
that the movement of hake into the Cana
dian zone may involve primarily older fish. 

Dogfish research was limited to the 
development of a population model and 

continuation of a tagging program to gain 
long-term information on movements and 
growth. Research on lingcod concerned a 
tagging program on the west coast of Van
couver Island; studies on spawning 
behaviour and the factors controlling 
recruitment were continued. 

(ii) Flatfish research concentrated on the 
application of surplus production models to 
the time series of catch and effort informa
tion for rock sole in northern and middle 
Hecate Strait as well as for English sole in 
the former area. In addition, a tagging 
experiment on Dover sole in the northern 
Hecate Strait-Dixon Entrance area was con
ducted to examine the seasonal spawning 
movements of the species in this area. 

(iii) Rockfish research in 1979 concentrated on 
biomass surveys; the development of 
growth, mortality and recruitment esti
mates for species with relatively short 
exploitation histories; and the reconstruc
tion of stock histories for heavily exploited 
stocks of Pacific ocean perch in order to 
simulate their dynamics using sequential 
population analysis. 

Surveys were conducted in the Langara 
Island Spit area, the west coast of the Queen 
Charlotte Islands, Queen Charlotte Sound, 
and the southwest coast of Vancouver 
Island. The first and last surveys concentr
ated on Pacific ocean perch while the 
remaining two encompassed all rockfishes. 

(iv) The principal objective of Pacific cod 
research is to determine the factors con
trolling the large fluctuations in abundance 
of Pacific cod in British Columbia waters. 
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Field research involved the continuation of 
the tagging of juveniles to estimate pre
recruit mortality and growth; and the 
investigation of seasonal distribution and 
abundance of fish in Hecate Strait. 
Laboratory studies concentrated on the 
validation of an ageing technique, a study of 
migration as evidenced by previous tagging 
studies and the resolution of fishing effort 
applied to Pacific cod in a multi-species fish
ery. 

(v) The hydroacoustic and pollock investigation 
completed three biomass assessment 
cruises during 1979. Two surveys of pollock 
in the Dixon Entrance area to determine 
seasonal patterns of abundance and one 
cruise to assess pollock potential off the 
southwest coast of Vancouver Island were 
conducted. A new dual-beam, integrator 
system was acquired in 1979 and, when 
fully calibrated, will permit estimation of in 
situ target strengths. 

A method for ageing walleye pollock 
using fin rays was developed and applied to 
samples from all areas. At least four stocks 
could be differentiated on the basis of 
growth; spawning characteristics indicate 
stock structure may be even more complex. 

(vi) The feasibility of using ichthyoplankton 
surveys to assess the spawning biomass of 
pollock and hake in the Strait of Georgia 
was examined during 1979. The main objec
tives were to determine the timing, dura
tion and intensity of spawning, the distribu
tion of eggs and larvae and the general 
aspects of spawning behaviour. Fecundity 
and survival estimates were employed to 
prorate egg and larval abundance to spawn
ing biomass. Broader application of this 
program will be determined by the results of 
the 1979 trial surveys. 

(vii) Research into analytical methods during 
1979 were primarily directed at two projects: 
the development of a technique to minim
ize the amount of information needed to 
accurately estimate the age composition of a 
stock, and the development of a more 
generalized and mathematically rigorous 
sequential population analysis. The former 
project resulted in an automated procedure 
for predicting age composition using a com
bination of aged and unaged fish, thereby 
reducing the number of fish needing to be 

aged. This procedure is only appropriate for 
fish with relatively rapid growth. The latter 
project is still underway with major effort 
being directed to the critical estimation of 
the relative and absolute magnitudes of 
errors in the data and the assumptions of 
the model. 

In addition to the foregoing projects, 
considerable effort was directed to making 
annual assessments of stock conditions and 
identifying total allowable catches. 

The following is a list of publications on rele
vant groundfish research that were issued in 1979: 

Barner, L.W., F.H.C. Taylor, D.M.A. Bennett, and 
J.M. Thompson. 1979. Midwater and bottom 
trawl tows and catches made by M/V Nemesis 
No. 78-1, July 5-23, 1978 in Dixon Entrance. 
Fish. Mar. Serv. Data Rep. 135: 105 p. 

Barner, L.W., F.H.C. Taylor, D.M.A. Bennett, and 
S. Farlinger. 1979. Midwater and bottom trawl 
tows and catches made by M/V Blue Waters BW 
78-3, Queen Charlotte Sound, October 3-23, 
1978. Fish. Mar. Serv. Data Rep. 138: 73 p. 

Beamish, R.J. 1979. Differences in the age of 
Pacific hake (Merluccius productus) using whole 
otoliths and sections of otoliths. J. Fish. Res. 
Board Can. 36: 141-151. 

Beamish, R.J. 1979. New information on the 
longevity of Pacific ocean perch (Sebastes 
a/utus). J. Fish. Res. Board Can. 36: 1,395-
1,400. 

Beamish, R.J., C. Houle, C. Wood, and 
R. Scarsbrook. 1979. A summary of sablefish 
tagging and exploratory trapping studies con
ducted during 1978 by the Pacific Biological 
Station. Can. Data Rep. Fish. Aquat. Sci. 162: 
113 p. 

Brown, D.R., L.G. (Van) Egan, M.S. Smith, and 
R.J. Beamish. 1979. Results of spiny dogfish 
(Squalus acanthias) tagging in the Strait of 
Georgia in 1978. Fish. Mar. Serv. Data Rep. 
141: 32 p. 

Chilton, D.E., M. Stocker, and J. Fargo. 1979. 
Length and age composition of rock sole 
(Lepidopsetta bilineata) from commercial land
ings from the Butterworth-Warrior area of 
Hecate Strait, 1973-78. Can. Data Rep. Fish. 
Aquat. Sci. 177: 17 p. 

Foucher, R.P., W.R. Harling, R.M. Wallis, 
W. Shaw, and K.R. James. 1979. Pacific cod 
tagging, Georgia Strait, January 15-19, 1979. 
Fish. Mar. Serv. Data Rep. 150: 34 p. 
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Foucher, R.P., W.R. Harling, R.M. Wallis, 
W. Shaw, and K.R. James. 1979. Pacific cod 
tagging and stock monitoring off southwest 
Vancouver Island, February-March 1979 
(Pacific Eagle Groundfish Cruise 79-1 and 79-
2). Can. Data Rep. Fish. Aquat. Sci. 180: 79 p. 

Harling, W.R., W. Shaw, R.M. Wallis, 
and F.W. Mottl. 1979. G.B. Reed Groundfish 
Cruise No. 78-7, August 29-September 19, 
1978. Fish. Mar. Serv. Data Rep. 120: 64 p. 

Ketchen, K.S. 1979. An overview of 
the Strait of Georgia winter trawl fishery, 1951-
52 to 1977-78. Fish. Mar. Serv. MS 1,511:63 p. 

Leaman, B.M., D.A. Nagtegaal, and J.E. Smith. 
1979. A pilot tagging study of Pacific cod in the 
Strait of Georgia, January 17-February 2, 1978. 
Fish. Mar. Serv. MS 1,516: 57 p. 

Sigmund, N., R.J. Beamish, J. Fargo, G. Kingston, 
and M. Stocker. 1979. Exploratory bottom 
trawling for sablefish southwest of Vancouver 
Island, 1978. Fish. Mar. Serv. MS Rep. 1,517: 
45 p. 

Thompson, J.M. and R.J. Beamish. 1979. 
An examination of the biology and distribution 
of walleye pollock in Dixon Entrance, Hecate 
Strait, the mainland inlets off Queen Charlotte 
Sound, and in the Strait of Georgia during 
March 14-April21, 1978. Can. Data Rep. Fish. 
Aquat. Sci. 173: 188 p. 

Venables, N.L. 1979. An inventory of biological 
samples taken in the British Columbia 
groundfish fishery during 1978. Fish. Mar. 
Serv. Data Rep. 154: 33 p. 

Westrheim, S.J., R.P. Foucher, W.R. Harling, 
and W. Shaw. 1979. G.B. Reed Groundfish 
Report No. 79-4, June 26-July 13, 1979. Can. 
Data Rep. Fish. Aquat. Sci. 179: 73 p, 

Wood, C.C., K.S. Ketchen, and R.J. Beamish. 1979. 
Population dynamics of spiny dogfish (Squa/us 
acanthias) in British Columbia waters. J. Fish. 
Res. Board Can. 36: 647-656. 
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B. REPORT ON RESEARCH BY JAPAN FOR THE 

INTERNATIONAL NORTH PACIFIC FISHERIES COMMISSION IN 1979 

Fishery Agency of Japan 

May 1980 

I. SALMON RESEARCH 

In 1979, the second year of research under the Pro
tocol amending the International Convention for 
the High Seas Fisheries of the North Pacific Ocean, 
Japanese research on salmon was conducted on 4 
Japanese motherships and 9 research vessels. The 
content of the research program and findings 
obtained were as follows: 

1. REVIEW OF THE RESEARCH PROGRAM 

The research program by Japanese motherships and 
research vessels in 1979 was reviewed at the meet
ing of the Research Coodinating Group of the Sub
Committee on Salmon of the Standing Committee 
on Biology and Research and at the meeting of the 
Scientific Sub-Committee of the Ad Hoc Commit
tee on Marine Mammals which were held in Tokyo 
in March 1979. Particular emphasis was placed on 
matters related to the Convention and to the 
Memorandum of Understanding between the three 
governments. Discussions concerning the Japanese 
mothership fishery included the following topics: 
data on salmon catch, statistics of incidental catch of 
marine mammals, sampling programs, acceptance 
of U.S. salmon and marine mammal scientific obser
vers on board Japanese motherships, and research 
activities on board motherships, etc. 

For the Japanese research vessel operations, 
discussion took place on the schedule of cruises to 
determine the continent of origin of anadromous 
species migrating in the waters south of 46°N as 
specified in Article III 1 (d), collection of biological 
data on salmon for that purpose, the schedule of 
cruises emphasizing research on marine mammals, 
particularly Dall's porpoise, incidentally taken by 
the salmon gillnets as specified in. Article X and 
Annex 1 (c), the format of data sheets for sighting 
surveys of marine mammals, etc. Discussion also 
took place on the placement of U.S. scientists on 
Japanese research vessels to participate in the 
research. Japanese research programs in 1979 were 

planned taking into consideration, as much as possi
ble, the discussions at these meetings. 

2. CONDUCT OF RESEARCH 

(a) Activity by motherships and research 
vessels 

The numbers of catcher boats attached to salmon 
motherships and their periods of operation in 1979 
are shown in Table 1. Four salmon motherships and 
172 catcher boats sailed from Hakodate on May 26 
and arrived at the fishing grounds from May 31 to 
June 1. Motherships left the fishing grounds from 
July 21 to July 24 after completing 49 to 52 opera
tions at locations shown in Fig. 1. On board the 
motherships, measurements were made of body 
length, weight, and gonad weight of salmon. 
Oceanographic observations were made in the same 
manner as in previous years. 

The periods of operation and purposes of 
research of the 9 research vessels in 1979 are shown 
in Table 2. Seven of the nine research vessels con
ducted two cruises and the period of operation of all 
vessels extended from May to close to the end of 
July or to August. Research stations where salmon 
gillnets were operated and longline stations where 
tagging was conducted are shown in Figs. 2 and 8, 
respectively. The research objectives of these nine 
research vessels included the following. 

(i) Three vessels (}{okko maru, Riasu maru No. 
2, and Hokuho maru) collected biological 
materials and conducted tagging to deter
mine the continent of origin of anadromous 
species migrating in waters south of 46°N as 
specified in Article III 1 (d) of the Conven
tion. 

(ii) Three vessels (Hokushin maru, lwaki maru, 
and Kumamoto maru) collected biological 
materials to clarify the continent of origin 
and to investigate the distribution and 
abundance of runs of salmon in the north
western Pacific Ocean. 
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Figure 1. Fishing locations of Japanese salmon mothership fishery in 1979. 

Gross Number of 
tonnage catcher boats 

8,852.49 43 

9,040.57 43 

7,975.18 43 

9,024.25 43 

172 

Gross 
tonnage Gear 

219.51 Gill net 

1,119.66 Gillnet & 
longline 

892.92 Gill net 

466.49 Longline 

220.42 Gillnet 

424.95 Gillnet & 
longline 

295.45 Gill net 

436.34 Gillnet & 
longline 

314.77 Gillnet 

TABLE l. Salmon mothership activities in 1979. 

Arrive Leave 
Leave fishing fishing 
Hakodate grounds grounds 

May 26 June 1 July 24 

May 26 June 1 July 23 

May 26 June 1 July 21 

May 26 May 31 July 24 

TABLE2. Salmon research vessel activities in 1979. 

1st cruise 

May 10 (Kushiro) 
to June 20 (Kushiro) 

June 5 (Hakodate) 
to Aug. 12 (Hakodate) 

July 14 (Hakodate) 
to Aug. 11 (Hakodate) 

June 11 (Kushiro) 
to July 8 (Kushiro) 

May 10 (Kushiro) 
to June 20 (Kushiro) 

May 10 (Kushiro) 
to June 24 (Kushiro) 

May 10 (Kushiro) 
to June 18 (Kushiro) 

May 10 (Kushiro) 
to June 20 (Kushiro) 

May 16 (Kushiro) 
to June 23 (Kushiro) 

2nd cruise 

July 3 (Kushiro) 
to July 31 (Kushiro) 

July 15 (Kushiro) 
to Aug. 8 (Kushiro) 

June 25 (Kushiro) 
to July 29 (Kushiro) 

July 5 (Miyako) 
to Aug. 10 (Kushiro) 

June 23 (Kushiro) 
to Aug. 2 (Kushiro) 

July 8 (Kushiro) 
to Aug. 11 (Kushiro) 

June 29 (Kushiro) 
to Aug. 10 (Kushiro) 

Return 
Hakodate 

July 30 

July 29 

July 28 

July 30 

Days on 
fishing Days 
grounds operated 

54 51 

53 51 

51 49 

55 52 

213 203 

Main study 

Salmon distribution and abundance 

Biological community including salmon 

Biological community including salmon 

Salmon tagging 

Salmon distribution and abundance 

Salmon tagging 

Salmon distribution and abundance 

Salmon tagging 

Marine mammals and salmon distribution 
and abundance 
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(iii) Two vessels (Oshoro maru and Hokusei 
maru) belonging to the Faculty of Fisheries, 
Hokkaido University, conducted research 
on the biological community in subarctic 
waters including salmon. 

(iv) One vessel (Jloyo maru No. 67) emphasized 
research on marine mammals (particularly 
Dall's porpoise) taken incidentally by the 
salmon gillnets as specified in Article X and 
Annex 1 (c) of the Convention. 

Two research vessels (Riasu maru No. 2 and 
Hokuho maru) were engaged in salmon tagging in 
1978. In 1979, in addition to these two vessels, the 
research vessel Hokko maru was dedicated to salmon 
tagging. The Hokko maru filled gaps in the opera
tions caused by the temporary absence of the other 
two research vessels. This increased the tagging 
effort in mid to late June which had been lacking in 
the past. 

The Hoyo maru No. 67 conducted research on 
marine mammals caught incidentally by salmon 
gillnets in the first cruise as the vessel dedicated to 
such research. In the second cruise, this vessel con-

tinued research on Dall's porpoise while engaged 
mainly in studies on distribution and abundance of 
salmon runs in the Bering Sea. Studies which 
included recording of body length and weight of 
salmon, oceanographic observations, incidentally 
caught animals, and sighting surveys of marine 
mammals, were also made on board these research 
vessels as in the previous year. 

(b) U.S. observers on board motherships and 
research vessels 

In 1979, as in the previous year, two U.S. scientific 
observers on salmon and marine mammals were on 
board each mothership (in total, eight observers on 
the 4 motherships) conducting observations on the 
salmon fishery, research on sampling of salmon, and 
collecting partial samples of Dall's porpoise. In all, 
thirteen U.S. observers were on board research 
vessels and engaged in research activities on salmon 
and marine mammals. The names, periods of 
activity, and objectives of the observers on the 
motherships and research vessels are shown in 
Tables 3 and 4. 

·f-;-i-, ,.-: . • ~50N 
I I ' • '• 

• · ; t • • ~ - .l ·:• ' • I 

' ' ' 

- ; -' • • · · ·- ··~- • -+--<-.:...-+--,---~~..___,1-· ;......--J.-+-''--o--4 40N 
4 : I I !- ~ : :. • ~ ' + • ' • • 

150E 160E 170 E 170W 

Figure 2. Location of gillnet research by Japanese salmon research vessels in 1979. 
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Figure 3. Catch of sockeye salmon per 100 tans of standard gillnet (mesh size, 111-124 mm) by Japanese 
research vessels in 1979. 

31 



32 ANNUAL REPORT 1979- NORTH PACIFIC COMMISSION 

60N 

58N 

~ ct.J v~ 
v .......... 

v~ .... / ;v 
.s-' ~ 

56N 

54N 

( -~ 
IJ C' ~ 
1\ .) ~'b ~· 

~ ~~ ~-

52N l r I I c.o _ ... 
1/ l l ~ : Wf.j19 

50N 
1:,0. 295 166 457 529 445 

0 84 172 25 168 158 573 

158 62 333 89 103 344 
48N : 57 109 55 56 96 274 ,. 38 158 124 38 113 136 254 
46N 

10 208 243 137 64 381 27 180 18 

44N 
37 67 72 65 94 172 250 30 16 
40 897 53 296 863 12 294 32 13 13 

87 306 493 295 47 51 6 8 19 
42N 33 80 9 0 0 

40N 
0 
0 

150E 160E 170r. 180 1701' 160W 

60N 

~~t;! Jv fP r .......... 
v~ ..... 

133 139 

r ~ 142 202 
58N 

f -~ 88 181 33 

(" 78 122 ~ 
J ~'b -;:.r:· 

~ Ju}]J <§) .n.n· 

56N 

54N 

t r I I c.o ... -
1/ l 1 135 219 ~ 175 10v 

52N 

:L 81 300 59 71 121 
50N 

0 147 78 89 284 45 
72 77 140 206 98 78 48 . 47 47 155 294 81 124 77 

48N 

,. 
96 43 172 65 114 155 55 

30 68 103 128 93 
46N 

60 28 126 171 20 3 
25 35 59 28 0 0 0 

44N 

42N 
3 4 0 

0 

0 0 
0 0 

l50E 160E 170E 180 l70w l60W 

Figure 4. Catch of chum salmon per 100 tans of standard gillnet (mesh size, 111-124 mm) by Japanese 
research vessels in 1979. 
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Figure 5. Catch of pink salmon per 100 tans of standard gillnet (mesh size, 111-124 mm) by Japanese 
research vessels in 1979. 
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Figure 6. Catch of coho salmon per 100 tans of standard gillnet (mesh size, 111-124 mm) by Japanese 
research vessels in 1979. 
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Figure 7. Catch of chinook salmon per 100 tans of standard gillnet (mesh size, 111-124 mm) by Japanese 
research vessels in 1979. 
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Figure 8. Release positions, by month, for Japanese salmon tagging in 1979. 

TABLE 3. U.S. scientific observers on board the Japanese salmon motherships in 1979. 

Salmon observer Marine mammal observer Period on board 

M. Flesher G. Conlogue June II - July 12 

P. Frajier T. Newby June II • July 3 
July II -July 20 

M. King T. Crawford June 9 ·July 12 

A. Rudd S. Treacy June II - July 4 
July 12 -July 19 

TABLE 4. U.S. scientists and their objectives while on board the Japanese salmon research vessels in 1979. 

Scientist 

Gerald G. Joyce 

Allen Shimada 

Linda Jones 
Christopher Boucher• 
William A. Walker• 
James M. Coe• 

David Ainleyb 
Richard Beach 

Thomas Mcintyre 
Lawrence Tsunoda 

Anthony Degange 
Lewis Consiglieri0 

Elizabeth Hackerd 

Period on board 

June 11 -July 8 
July 15-Aug. 8 

May 10-June 25 
July 5-Aug. 10 

May 16-J une 23 
May 16-June 8 
May 16-June 14 
May 16-June 14 

June 29-July 25 
June 29-Aug. 10 

July 14-Aug. II 
July 14-Aug. II 

June5-Aug. 12 
June 5-July 3 
July 3-Aug. 12 

Objectives while on board 

Collection of scale samples of 
sockeye and coho salmon 

Observation of longline operations 
and tagging activities 

Study of marine mammals 

Study of marine mammals and sea birds 

Study of marine mammals 

Study of marine mammals and sea birds 

8 Disembarked at Adak. 
bfransferred to the Oshoro maru and disembarked at Adak. 
t.?isembarked at Seward. 
Embarked at Seward. 
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3. OUTLINE OF INFORMATION OBTAINED 

(a) Distribution and abundance of salmon 

Eight of the nine research vessels in 1979 conducted 
studies on distribution and abundance of salmon 
using salmon gillnets. The research vessel Hokko 
maru possessed longline gear but no gillnets. The 
numbers of salmon caught per 100 tans of standard 
gillnet (mesh sizes 111-124 mm) by the research 
vessels are shown by species in Figs. 3-7. A summ
ary of information by species follows: 

Sockeye (Fig. 3): In May and June, sockeye were 
found in relatively high abundance in western areas 
centering around 43° to 47°N and 160° to 170°E in 
the Pacific Ocean, and south of the Aleutian Islands 
around 50° to 53°N and 175°E to 175°W. While the 
southern limit of distribution in the western area 
was in the vicinity of 4rN, it was in the vicinity of 
45°N in west longitudinal areas to the east. In July, 
the area of high abundance of immature sockeye was 
centered in waters south of the Aleutian Islands; in 
waters south of Adak Island around 1,000 fish per 
100 tans of gillnet were observed. 

Chum (Fig. 4): In May and June, chum salmon were 
found throughout the research areas. High abun
dance was observed in southern areas to the western 
side of 4r to 44°N, and 155° to 170°E, and in north
ern areas on the eastern side of 48° to 52°N, and 
175°E to 175°W. Chum salmon were also dis
tributed throughout the research areas in July but 
not in high abundance. 

Pink (Fig. 5): Abundance of pink salmon in May and 
June was high in waters west of 170°E but was still 
relatively low for a peak odd year. However, abun
dance increased quickly to the west after the begin
ning of July and reached peak year levels. 

Coho (Fig. 6): In May and June, coho salmon were 
distributed on the south side of the research areas as 
in other years and appeared in almost all areas in the 
Pacific Ocean in July. 

Chinook (Fig. 7): In May and June, in general, 
chinook salmon were widely distributed but with 
low abundance. The density of chinook in the Ber
ing Sea in July was slightly higher than in previous 
years. 

The numbers of salmon caught per 100 tans of 
gillnet and the average catch in 1969 to 1978 by 
motherships in their areas of operation are shown by 
year by species in Tables 5 and 6. The fishing 
grounds of the Japanese mothership type salmon 
fishery have been extensively curtailed since 1978. 
However, data in Tables 5 and 6 are for the fishi~ 
grounds common to 1978 and 1979 and previous 
years. The abundance of each salmon species in 
June was similar to the average values for the Bering 
Sea and the North Pacific. Although 1979 was the 
peak odd year for pink salmon, no such indication 
was apparent on these fishing grounds. 

The total number per 100 tans of all species in 
the Bering Sea in July of 456 was not appreciably 
different from the average value of 435 but the den-

TABLE 5. Relative abundance• of salmon on the mothers hip fishing grounds in June, 1969-79. 

BeringSeac North Pacified Total 

Year Effortb Sockeye Chum Pink Coho Chinook Total Effort Sockeye Chum Pink Coho Chinook Total Effort Sockeye Chum Pink Coho Chinook Total 

1969 165 132 101 0 38 654 80 103 85 

1970 429 

II 

93 

27 

18 

14 

8 

II 

14 

35 

29 

20 

99 25 0 16 

282 

233 

326 

251 

295 108 10 31 0 

1971 186 159 132 + 

1972 312 180 44 0 

1973 43 86 0 

1974 256 116 136 0 

1975 63 56 190 0 

1976 59 117 122 0 

1977 87 55 254 0 

+ 143 

9 269 

+ 257 

258 

351 

874 

511 

961 

483 

661 

465 

841 

1978 109 89 202 0 325 1,305 

1979 80 180 0 + 280 1,572 

Average 
'69-'78 167 26 105 129 0 10 

8Catch per l 00 tans of gillnet. 

270 

bcumulative quantity of gillnet used, in thousands of tans. 
c2"x5• statistical areas ofE7556 and 8056. 

705 

d2•x5• statistical areas of E7054, E7052, E7050, E7048, and E7046. 

49 84 238 + 

74 116 58 4 

36 72 245 

36 101 219 + 

34 84 ISS 4 

46 91 125 + 

61 102 147 0 

57 107 83 0 

62 103 116 

58 96 142 

271 

243 

819 66 

724 99 

373 1,060 45 

253 

360 

357 

308 

263 

311 

823 52 

968 36 

739 26 

724 32 

524 43 

928 59 

248 1,414 55 

283 1,577 62 

299 872 51 

109 88 

101 27 0 

97 219 + 

140 52 

72 244 

106 190 + 

82 185 

94 125 + 

98 157 0 

105 92 0 

103 116 

100 138 

JO 

4 

4 

4 

272 

237 

364 

250 

359 

326 

303 

263 

316 

254 

283 

294 
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TABLE 6. Relative abundance" of salmon on the mothership fishing grounds in July, 1969-79. 

North Pacified Total 

Year EITonb Sockeye Chum Pink Coho Chinook Total ElTon Sockeye Chum Pink Coho Chinook Total Effort . Sockeye Chum Pink Coho Chinook Total 

1969 325 

1970 484 

1971 523 

1972 471 

1973 267 

1974 230 

1975 140 

59 

53 

13 

19 

6 

14 

15 

264 139 + 14 

307 11 + 12 

341 71 0 

343 0 10 

327 63 0 4 

335 13 + 35 

269 344 0 9 

122 56 61 186 

99 101 243 15 

43 43 267 

98 

7 

+ + 

133 152 144 

38 162 195 

88 165 129 

17 151 220 

72 

71 

94 

58 209 152 27 

61 296 12 

14 329 78 + 

15 288 42 38 

23 238 134 39 

53 246 74 37 

16 210 282 47 

12 

10 

7 

20 

1976 386 341 35 + 6 

476 

383 

430 

375 

400 

397 

637 

390 

543 

21 

167 

312 

253 

143 

113 

482 

23 189 80 104 4 

408 

368 

353 

435 

468 

460 

483 

400 

585 

447 

583 

544 

638 

579 

483 

283 

499 

967 

12 307 45 24 

458 

380 

426 

390 

437 

430 

560 

394 

565 

365 

400 

1977 485 12 

27 

42 

259 268 + 4 25 158 398 

1978 33 133 145 0 9 314 1,136 89 188 30 

1979 304 266 127 0 21 456 821 126 86 130 

Average 
'69-'78 334 23 292 109 + 11 435 285 49 149 197 

8Catch per 100 tans ofgillnet. 

bcumulative quantity of gillnet used, in thousands of tans. 

"2s+x5" statistical areas ofE7556 and 8056. 

d2"x5" statistical areas ofE7054, E7052, E7050, E7048, and E7046. 

sities of sockeye and chinook were approximately 
twice the average values (sockeye was 42 compared 
with the average value of 23; chinook was 21 com
pared with the average value of 11). In July, density 
of sockeye was high in the North Pacific and at 126 
was the highest in the past decade (the average 
value for the past ten years was 49). In contrast, 
densities of chum and coho were lower than average 
and density of chinook was average. The density of 
pink salmon was at a low level for a peak odd year. 

Considering the Bering Sea and the North 
Pacific in July collectively, density of sockeye 
salmon was higher than average (103 compared with 
the 36 average value) and density of chum salmon 
was low (135 compared with the 252 average value). 
Since almost all sockeye and chum salmon dis
tributed in these areas in July are immature, useful 
information on abundance of the salmon which will 
migrate as mature fish the following year was 
available. The information gained was similar to the 
findings of the research vessels mentioned above, 
but the research vessel area was far broader (see 
Figs. 1 and 2). All information indicated that den
sity of immature sockeye was quite high in 1979. On 
the basis of the research vessel data, as mentioned 
before, their density was high in waters of 175°E to 
175°W along the Aleutian Islands. Comparison with 

19 209 333 

53 367 1,169 87 186 33 52 

33 4 379 1,125 103 135 129 24 9 

65 433 619 36 252 118 27 441 

mothership data is difficult because the mothership 
operations were in waters of 170°E to 17 5°E (Fig. 
1). 

(b) Information obtained from tagging 

Locations of salmon tagging in 1979 are shown in 
Fig. 8 by month. Tagging was conducted between 
May and August, and the number released is shown 
in Table 7 by month and by species. A total of 4,304 
salmon (1,696 in the previous year), comprised of 
716 sockeye (346), 1,912 chum (972), 1,312 pink 
(319), 281 coho (52), 10 chinook (2), and 73 (5) 
steelhead were tagged and released. The numbers 
tagged for all species were substantially increased. 

A total of 15 salmon (4 sockeye, 8 chum, and 3 
pink) were recovered from the 1979 releases by the 
end of December 1979. Of these, 1 sockeye and 1 
chum were coastal recoveries while the others were 
high seas recoveries. No new information was 
gained from the high seas recoveries. Information 
on the coastal recovery of two additional sockeye 
which had been released in 1978 was also obtained. 
Information on four coastal recoveries (3 sockeye 
and 1 chum) from the 1979 and 1978 releases is 
shown in Tables 8 and 9 and Fig. 9. The following 
were significant results: 



Month 

May 
June 
July 
Aug. 

Total 

Tag No. 

N0263 

N 3470 

Tag No. 

K 2980 

K 2967 

Number of Longline 
operations (hachi) 

24 990 
42 1,570 
52 2,010 

9 350 

127 4,920 

at release 

at recovery 

at release 

at recovery 

at release 

at recovery 

at release 

at recovery 
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TABLE7. Catch and tagging data by month for Japanese salmon tagging in 1979. 

Catch TaS&ed and released 

Sockeye Chum Pink Coho Chinook Steelhead Total Sockeye Chum Pink Coho 

376 1,085 1,693 36 2 0 3,192 228 574 537 18 
300 1,525 2,352 247 4 35 4,463 175 880 746 108 
485 818 30 301 23 91 1,748 312 416 15 139 

1 88 50 27 1 3 170 1 42 14 16 

1,162 3,516 4,125 611 30 129 9,573 716 1,912 1,312 281 

TABLES. Coastal recoveries of salmon tagged in 1979. 

Fork 
length 

Species Sex Date Location Gear (em) 

Sockeye 79.05.23 46-27N, 111-38E Longline 54 

Sockeye 79.07.11 Egegik, Bristol Bay Drift gillnet 

Chum 79.06.16 44-29N, 161-JIE Longline 47 

Chum 79.10.02 45-05N, 142-00E Trap 51 
(Wakkanai, Hokkaido) 

TABLE9. Additional coastal recoveries of salmon tagged in 1978. 

Fork 
length 

Species Sex Date Location Gear (em) 

Sockeye 78.08.11 46-35N, 172-0JE Longline 44 

Sockeye 79.07.10 50-42N,l21-56W Dipnet 
(Lillooet, Fraser 
River) 

Sockeye 78.07.24 50-JIN, 177-34E Longline 53 

Sockeye 79.07.11 58-42N, 157-27W Drift gillnet 
(K vichak-Naknek, 
Bristol Bay) 

r-'1 
------ RECOVERIES IN YEAR SUBSEQUENT TO TAGGING 

--- RECOVERIES IN YEA.R TAG_G_E!?'"""Y 
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Figure 9. 1979 coastal recoveries of 3 sockeye and 1 chum salmon tagged in 1978-1979. 

39 

Total 

1,358 
1,933 

939 
74 

4,304 

Age 
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One sockeye salmon (N-0263) released at 
46°27'N, 171°38'E on May 23, 1979 was recovered 
in the Egegik Area of Bristol Bay on July 11, 1979. 
The fork length of this fish was 54 em at release; age 
of this fish was not determined because scales col
lected were regenerated. The southern limit of 
Bristol Bay mature sockeye salmon in east 
longitudinal areas in the North Pacific Ocean was 
49°N according to past tagging results but this recov
ery indicates that there are instances where Bristol 
Bay mature sockeye salmon are distributed to 46°N. 

One chum salmon (N-3470) released at 
44°29'N, 161°31'E on June 16, 1979 was recovered 
by the fixed shore trap at Wakkanai, Hokkaido on 
October 2, 1979. The fork length at release was 47 
em and it was an age 0.2 fish. The fork length at 
recovery was 57 em. The fixed shore trap extended 
1, 700 m in an offshore direction and it was difficult 
to determine whether this chum salmon had actually 
migrated to the W akkanai district or was recovered 
while passing on its way to some other district. It 
appears definite that this chum salmon originated in 
Japan. According to past tagging results, tagging sta
tions in June for chum salmon migrating to the 
Japanese coasts have been mainly at the Aleutian 
Islands and the Bering Sea. However, some salmon 
released in the vicinity of the Japanese Islands in 
June also migrated to Japan. 

One sockeye salmon (K-2980) released at 
49°35'N, 17r03'W on August 11, 1978 was 
recovered on July 10, 1979 with a subsistence fish
ery dip net at Lillooet, half-way up the Fraser River. 
The fork length of this fish was 44 em and age 1.1. It 
was previously known that sockeye salmon, both 
mature and immature, from southern British Col
umbia, including the Fraser River and the State of 
Washington, are distributed in the Gulf of Alaska 
with a western limit of 163°18'W for mature fish and 
168°28'W for immature fish. The known distribu
tion of sockeye salmon originating in the Fraser 
River has thus been extended westward according to 
this recovery. 

(c) Research on marine mammals taken inciden
tally by salmon gillnets 

(i) Numbers of Dall's porpoise taken inciden-
tally by the commercial fishery 

The numbers of Dall's porpoise caught incidentally 
by the mothership-type salmon fishery and the land
based salmon fishery are shown in Table 10. A total 
of 682 Dall's porpoise were caught in the mother
ship-type salmon fishery and 127 in the landbased 
salmon fishery. In addition, 3 fur seals caught in the 
mothership-type salmon fishery were returned to 
the sea alive. Three common dolphins were also 
incidentally caught. Information on the above cap
tures was reported to the International North Pacific 
Fisheries Commission in accordance with the for
mat specified in the Memorandum of Understand
ing. 

(ii) Species and numbers of marine mammals 
taken incidentally by salmon gillnets of the 
salmon research vessels 

Records of marine mammals incidentally caught by 
salmon gillnets of the research vessels in 1977 to 
1979 are shown in Table 11. The number of tans of 
gillnet used, as indicated in the table, includes the 
research gillnets (mesh size 48 to 157 mm) and the 
standard gillnets. The number of incidentally caught 
porpoise in 1979 was 21, of which 20 were Dall's 
porpoise and one was a Pacific white-sided dolphin. 
The incidental catch of 17 fur seals was also 
recorded. 

(iii) Sighting survey for marine mammals on 
board the salmon research vessels 

The sighting survey for marine mammals was con
ducted on board nine research vessels engaged in 
salmon research in the northwest Pacific Ocean and 
the Bering Sea from May 10 to August 12, 1979. 
Although the starting date of the research was the 
same as in 1978, the termination date was about one 
month earlier (to September 14, 1978). The format 
of the data sheet used for this research was 

TABLEIO. Incidental catch ofDall's porpoise by the mothership and landbased salmon fisheries in 1979. 

Number of 
catcher boats May June July Total 

Mothership 172 within U.S. 200 mile zone 396 200 596 
salmon fishery outside U.S. 200 mile zone 49 37 86 

Total 445 237 682 

Land based 209 outside U.S. 200 mile zone 41 62 24 127 
salmon fishery 

Total 381 41 507 261 809 
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TABLE 11. Incidental catch of marine mammals with gillnets by Japanese salmon research vessels in 1977, 1978, and 1979. 

Cumulative EntaQ&Ied marine mammals 
Number of Number quantity of 

research of Fur seal Seal Whale gear used Por~ise 
Year vessels Month operations (tans) Occur.• No~ CPUEc Occur. No. CPUE Occur. No. CPUE Occur. No. CPUE 

1977 14 

1978 9 

1979 8 

a tP_ccurrence. 
-Number. 

May 
June 
July 
Aug. 
Sept. 

Total 

May 
June 
July 
Aug. 
Sept. 

Total 

May 
June 
July 
Aug. 

Total 

3 396 
248 31 ,298 
219 27,970 
57 5,471 

6 540 

533 65 675 

86 10,895 
104 13,352 
146 17,961 
16 2,024 
3 390 

355 44 622 

56 7,444 
76 9,693 

122 15,854 
14 1,624 

268 34,615 

:lncidental catch per 1,000 tans of gillnet. 
16 for Dall's porpoise and 1 for Pacific white-sided dolphin. 

020 Dall's porpoise and 1 white-sided dolphin. 

8 
10 
3 

21 

3 
5 

11 
2 
1 

22 

4 
2 

11 

17 

improved from that in 1978 so as to meet the conve
nience of machine processing. Total distance 
covered in the sighting survey was 42,969 nautical 
miles; 6,494 nautical miles longer than in 1978. The 
number of mammals sighted was 2,307 Dall's por
poise, 1,385 other whales, 88 fur seals, and 95 other 
pinnipeds. The number of marine mammals sighted 
by month and by nautical mile are shown in Table 
12. The species of whales and pinnipeds sighted are 
shown in Table 13. In all, 13 species of whales and 2 
species of pinnipeds were recorded. A small whale 
which was recorded as an unknown species was pro
bably a Dall's porpoise; a pinniped which was 
recorded as an unknown species was probably a fur 
seal. 

9 0.288 
10 0.358 
3 0.548 

22 0.335 

3 0.275 
8 0.599 

13 0.724 
2 0.988 
1 2.564 

27 0.605 

4 0.537 
2 0.206 

15 0.946 

21° 0.607 

8 8 0.256 0.032 
2 2 0.072 0.036 

10 10 0.152 0.015 0.015 

0.075 
2 2 O.lll 

0.022 2 2 0.045 

1 1 0.134 
6 7 0.722 
4 8 0.505 
1 1 0.616 

12 17 0.347 

The population of Dall's porpoise distributed 
throughout the research areas was estimated on the 
basis of the data obtained during the sighting survey 
as 1,850,000 animals. The population of Dall's por
poise by rx5o statistical areas is shown in Fig. 10. 

Using the area of distribution of water tem
perature less . than 16.8°C (water temperature of 
areas in which Dall's porpoise appeared) and by 
extrapolating the 1,850,000 animals found in the 
research areas, it was estimated that the total 
population of Dall's porpoise in the North Pacific 
was 5,000,000 to 10,000,000 individuals. 

TABLE12. Distance navigated and numbers of marine mammals sighted by Japanese research vessels in 1979. 

Number of marine mammals Number per mile 

Distance Cetaceans Pinni!!!:!dS Cetaceans Pinnipeds 

Month (miles) PX Others cu Others PX Others cu Others 

May 6,860 305 37 16 13 0.0444 0.0054 0.0023 0.0019 

June 13,837 610 35 34 28 0.0441 0.0025 0.0025 0.0020 

July 16,759 1,080 547 35 35 0.0644 0.0326 0.0021 0.0021 

Aug. 5,513 312 766 3 19 0.0566 0.1389 0.0005 0.0034 

TOTAL 42,969 2,30i 1,385 88 95 0.0537 0.0322 0.0020 0.0022 

Remarks: PX - Dall's porpoise; CU - Northern fur seal. 
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TABLE 13. Marine mammal species sighted by Japanese salmon research vessels in 1979. 

Species name Schools Individuals 

CETACEANS 

Phocoenoides dalli 532 2,307 
dalli-type (PD) 403 1,805 
truei-type (PT) 50 212 
PD+PT 4 19 
type-unidentified (PX) 75 271 

Phocoena phocoena (PP) 2 10 

Lagenorhynchus ob/iquidens (LO) 8 64 

Lissodelphis borealis (LB) 1 20 

LO+LB 2 368 

Delphinus de/phis (D D) 12 220 

Grampus griseus ( GG) 3 23 

G/obicepha/a macrorhynca (GM) 3 9 

Orcinus orca ( 00) 9 47 

Ziphius cavirostris (ZX) 1 5 

Berardius bairdi (BE) 5 14 

Physeter macrocephara (PM) 3 7 

Ba/aenoptera acutorostrata (BA) 4 11 

Ba/aenoptera borealis (BB) 1 1 

Unidentified smaller cetaceans (UD) 37 128 

Unidentified middle cetaceans (UX) 5 13 

Unidentified larger cetaceans (UZ) 1 2 

Unidentified cetaceans (UW) 3 4 

PINNIPEDS 

Ca/lorhinus ursinus (CU) 74 88 

Eumetopiasjubata (EJ) 2 2 

Unidentified pinnipeds (UO) 21 93 
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Figure 10. Estimated population sizes (1,000 unit) of Dall's porpoise by means of sightings in 1979. 

II. OCEANOGRAPHY 

Oceanographic conditions in the northwest Pacific 
Ocean in 1979 were examined using horizontal dis
tribution of water temperature as in previous years. 
Results obtained were as follows: 

1. The location of Western Subarctic Water (the 
cold water mass centered in areas east of the 
Kamchatka Peninsula and Kuril Islands with 
temperature less than 3°C at 100 m depth) in 

100m, 

3"C 

May, 

Isotherm 

1975 

1976 
1978 
1979 • 

/ 

15o"E 160'E 

May 1979 was almost the same as in 197 5 to 1978 
in waters west of 165°E (Fig. 11). However, 
there was a remarkable southward tendency 
shown in waters of 165°E to 169°E as was the 
case in 1978. 

2. Water temperature higher than 4°C at 100 m 
depths around the Aleutian Islands in east 
longitudinal areas is the index for extension 
westward of the Alaskan Stream. Annual 
changes in the position of the western tip of the 
Alaskan Stream in June 1963 to 1979 are shown 

17o"E" 

Figure 11. Location of3°C isotherm at 100m depth in May 1975, 1976, 1978, and 1979. 
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in Fig. 12. As sho~n, the extension westward of 
the Alaskan Stream in 1979 was the most pro
nounced since 1963. 

3. Considering the 6°C isotherm at 100m depth, it 
was concluded that the Subarctic Boundary in 
1979 was distributed further south compared 
with previous years. This phenomenon appeared 
to result from a remarkable southward trend in 
the Komandorskie Cold Water Tongue. 

1965 

,.1970 
<( ... ,.. 

1975 

LONGITUDE 
170°E 175• 1 so· 

Figure 12. Annual fluctuation of the extension of 
the Alaskan Stream in June indicated by 
4.0°C at 100m depth (1963-1979). 

III. GROUNDFISH RESEARCH 
IN THE BERING SEA 

1. STUDY OF COMMERCIAL FISHERIES AND 

RESEARCH ON BOARD COMMERCIAL VESSELS 

(a) Outline of the commercial fisheries 

Japanese groundfish fisheries which operated in the 
Bering Sea in 1979 are classified as follows: mother
ship-type, North Pacific trawl, North Pacific 
Iongline-gillnet, and landbased dragnet fisheries. In 
the mothership-type fishery, 6 refrigerator-equip
ped motherships operated of which 5 were equipped 
with processing plants for fish meal and minced 
meat. There were 90 associated catcher boats: 60 
pair trawlers, 17 Danish seiners, and 13 stern 
trawlers. There were no longline gillnetters. There 
were 53 trawlers in the North Pacific trawl fishery 
and 22 vessels in the North Pacific longline-gillnet 
fishery. In the landbased dragnet fishery, 70 trawl 
vessels were licensed to operate in the Bering Sea 
west of 170°W. 

(b) Outline of commercial catch 

Japanese trawl fisheries operating in the area in 1979 
were conducted in the same manner as in 1978, i.e., 
under the Foreign Fishing Regulations of the 
United States and under various domestic regula
tions. In 1979, the initial annual catch quotas on the 
main species were as follows: pollock, 774,630 m.t.; 
yellowfin sole, 61,910 m.t.; other flatfish, 81,842 
m.t.; Pacific cod, 35,690 m.t.; Atka mackerel, 2,000 
m.t.; squid, 5,900 m.t.; blackcod, 2,400 m.t.; Pacific 
ocean perch, 9,280 m.t., and other fish 68,270 m.t. 

The catch by species in 1979 (January through 
July), by the mothership-type, North Pacific trawl, 
North Pacific longline-gillnet, and landbased 
dragnet fisheries in the Bering Sea is shown in Table 
14. The total catch by these fisheries amounted to 
473,893 m.t., an increase by about 95% from the 
243,502 m.t. of the previous year. Pollock domi
nated the catch (347,774 m.t. or 73% of the total), 
followed by other flatfish (43,974 m. t.), other fish 
(31,493 m.t.), yellowfin sole (22,639 m.t.), Pacific 
cod (18,722 m.t.), Pacific ocean perch (4,265 m.t.), 
squid (3,164 m.t.), and blackcod (1,155 m.t.). 

In comparison with catches in the previous 
year, increases occurred in catches of pollock 
(195,757 m.t. increase), yellowfin sole (14,137 m.t. 
increase), other flatfish (10,401 m.t. increase), 
Pacific cod (7, 140 m. t. increase), other fish ( 4, 17 5 
m.t. increase), herring (383 m.t.), blackcod (89 m.t. 
increase) and Pacific ocean perch (9 m. t. increase) . 
A decrease was observed in catches of squid (1, 115 
m.t. decrease). 

TABLE 14. Japanese catch (preliminary data) in the Bering Sea during 
January-July 1979 by the mothership, North Pacific trawl, 
North Pacific longline-gillnet, and landbased dragnet fish
eries. 

Catch 
S~ies (m.t.) % 

Y ellowfin sole 22,639 4.8 
Pacific cod 18,722 4.0 
Pollock 347,774 73.4 
Blackcod I, 155 0.2 
Pacific ocean perch 4,265 0.9 
Herring 707 <0.1 
Other flatfish 43,974 9.3 
Other fish 31,493 6.6 
Squids 3,164 0.7 

Total 473,893 100.0 

(c) Research on board commercial vessels 

On board all the motherships, the North Pacific 
trawl, and most of the North Pacific longline-gillnet 
vessels which operated in the Bering Sea in 1979, 
major species in the catch were sampled for size 
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composition. In addition, scales or otoliths were 
taken for age determination. 

In 1979, as in 1978, Danish seine catcher boats, 
attached to motherships equipped with fish meal 
and minced meat processing plants, operated in the 
Bering Sea and conducted two research activities at 
stations in the spring (June 7-16) and in autumn 
(August 25-September 6). The main objective of 
the research was to assess the abundance of stocks of 
young pollock. 

The spring research operations, which were 
conducted at 125 fixed stations on the continental 
shelf from the north side ofUnimak Pass to south of 
60°N, were designed to assess the abundance of 
young pollock in pre-season and for comparison 
with results of the fall research operations in the pre
vious year. The fall research operations were con
ducted at 152 fixed stations on the continental shelf 
from the north side ofUnimak Pass to the boundary 
line southeast of Cape Navarin established by the 
U.S.-U.S.S.R. Convention in 1867. 
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2. RESEARCH BY RESEARCH VESSELS 

(a) Groundfish trawl research operations on the 
continental shelf and slope in the eastern 
Bering Sea 

The Bering Sea groundfish research operations 
were conducted by Japanese and U.S. scientists 
using the landbased (Hokutensen) trawlers Yakushi 
maru No. 21 and Shotoku maru No. 35 from June to 
August. The following are the procedures used in 
the operation and an outline of results obtained. 

(1) Research on the estimation of biomass 
of groundfish stocks in the Bering Sea 

The main objective of the research was to assess the 
abundance of stocks of groundfish inhabiting 
waters to a depth of 1,000 m on the continental 
shelf and slope in the eastern Bering Sea. Research 
was conducted by on-bottom trawling at 384 sta
tions by the Yakushi maru No. 21 (June 11 to July 
28) and the Shotoku maru No. 35 (June 29 to 
August 2) (Fig. 13). The research area was divided 
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Figure 13. Stations of the grid trawl survey in the eastern Bering Sea by Japanese research vessels in 1979. 
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into 16 sub-areas by area and depth. At research sta
tions trawls were towed for 60 minutes where 
waters were deeper than 100 fathoms and for 30 
minutes in depths shallower than 100 fathoms. At 
every other station records of vertical water tem
perature were taken using an expendable bathyther
mograph. The catch was sorted and weighed by 
species and the size composition recorded for fish, 
squid, octopus, and shrimp. All crabs were sorted 
and counted by species, sex, and size group (large, 
medium, and small). Sea snails were sorted into 
Neptunia and others, and the total biomass was esti
mated. 

The size composition was recorded by sex for 
ten major species: yellowfin sole, rock sole, flathead 
sole, Alaska plaice, arrowtooth flounder (including 
turbot), Greenland turbot, pollock, blackcod, 
Pacific ocean perch, and tanner crab. The size com
position was recorded by sex combined for halibut 
and herring. Samples for age determination (scales 
or otoliths) were collected for yellowfin sole, rock 
sole, flathead sole, Alaska plaice, arrowtooth 
flounder, Greenland turbot, pollock, and blackcod. 

TABLE 15. Nominal catch record of trawl operations during the grid
fishing survey in the eastern Bering Sea by Japanese 
research vessels in 1979. 

Catch 

S~ies (g) % 

Arrowtooth flounder 19,693.1 3.5 
Flathead sole 6,504.6 1.1 
Halibut 2,546.2 0.4 
Rock sole 2,829.5 0.5 
Yellowfin sole 64,472.4 11.4 
Alaska plaice 6,635.6 1.2 
Greenland turbot 53,392.4 9.4 
Other flounders 477.2 0.1 
Pacific cod 27,645.5 4.9 
Pollock 303,127.7 53.6 
Other Gadidae 477.4 0.1 
Longtin cod 47.1 0.0 
Rattails 31,274.9 5.5 
Eel pouts 9,007.6 1.6 
Pacific ocean perch 2,375.9 0.4 
Other rockfish 1,120.6 0.2 
Thorny heads 1,266.8 0.2 
Atka mackerel 11 .3 0.0 
Greenlings 60.3 0.0 
Blackcod 6,834.0 1.2 
Sculpins 8,794.9 1.6 
Tadpole sculpins 1.9 0.0 
Poachers 252.4 0.0 
Cyclopteridae 676.1 0.1 
Sandfishes 142.6 0.0 
Bathymasteridae 36.3 0.0 
Stichaeidae 6.0 0.0 
Pacific sandlance 1.0 0.0 
Dogfish 64.1 0.0 
Skates 3,132.0 0.6 
Herring 1,858.7 0.3 
Smelts 228.6 0.0 
Other fish 635.7 0.1 
(Total catch of fishes) 555,630.4 98.2 
Octopus 998.4 0.2 
Squids 8,738.5 1.5 
Shrimps 505.0 0.1 

Total catch 565,872.3 100.0 

The nominal catch record and percentage catch 
composition obtained during the research is shown 
by species in Table 15. The most dominant species 
was pollock, accounting for 54% (303,127.7 kg) of 
the total catch, followed by yellowfin sole at 11% 
(64,472.4 kg). 

The number of halibut caught per hour of trawl
ing is shown in Fig. 14. The main area of concentra
tion of halibut was on the continental shelf north
west of Unimak Pass through Bristol Bay. The size 
composition of halibut taken shows that 90% of 
those caught were less than 80 em in fork length 
(Table 16). Although the research was conducted by 
two research vessels, using three types of trawl net, 
the preliminary results shown here do not take into 
account any differences in fishing efficiencies of 
vessels and gear. 

TABLE 16. Length frequency distribution of halibut", sexes combined, 
caught by trawl gear during the grid-trawl survey in the 
eastern Bering Sea by Japanese research vessels in 1979. 

Fork length 
(em) Numbers % 
15 - 20 4 0.4 

- 25 10 1.0 
- 30 22 2.2 
- 35 64 6.4 
-40 98 9.8 
- 45 56 5.6 
-50 92 9.2 
-55 138 13.7 
- 60 102 10.1 
- 65 109 10.8 
- 70 87 8.7 
- 15 68 6.8 
- 80 53 5.3 
- 85 28 2.8 
-90 II 1.1 
- 95 10 1.0 
-100 3 0.3 
-105 5 0.5 
-110 2 0.2 
-115 6 0.6 
-120 12 1.2 
-125 4 0.4 
-130 2 0.2 
-135 I 0.1 
-140 5 0.5 
-145 
-150 4 0.4 
-155 2 0.2 
-160 2 0.2 

160-165 2 0.2 

175-180 
185 2 0.2 

Total 1,004 100.1 

• Adjusted to 60 minutes towing duration at each station with differences in 
fishing efficiency between vessels and among nets ignored. 

(2) Examination of fishing efficiency 
between Japanese research vessels 

A comparison of fishing efficiency between the 
deep-sea trawl net used by the Yakushi maru No. 21 
and the trawl net used by the Shotoku maru No. 35 
was conducted through side by side operations at 25 
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of the stations shown in Area B (Fig. 13). This 
operation was carried out from July 1 to July 5 in 
depths of 70 to 720 m. 

A comparison was also conducted on July 10 
and 11 of the fishing efficiency of the shallow-water 
net of the Yakushi maru No. 21 and the trawl net of 

63 

61 

59 

57 

X 

X 

X o 

)( 0 0 0 X 

xx.z: . . . 
•• z.i • 
·-~ ., 

00 
X 0 X 

X 

."' 16 • • • • • )( 

' . )( . . . 
•• 2. . . . "' . . . . . .1.: 

-~ 
. . 
2 

. 
X . . . . )( . . )( . r. Jl. • • • • • • • • . . . 

: r ~ • • • • ; ·1 • • • . . . 
32 •••• , •• ,)( •• ... . • s • • . . . . . •. . . 

X 10 . . 
~ . .. 

.; . 

. . 
2 . 
2 

X 

X o 

' . 
~ 

. . 
. X . . . 
114 

the Shotoku maru No. 35 by side by side trawling at 
12 stations in Area A (Fig. 13). 

At each research station, the catch and size 
composition was recorded for the major species and 
the relative fishing efficiencies were compared. 
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Figure 14. Number of halibut caught per 60 minutes trawled during the grid trawl survey in the eastern Ber
ing Sea by Japanese research vessels in 1979 (differences in the fishing efficiency between vessels 
and among nets ignored). 

(3) Estimation of vulnerability and fishing 
efficiencies of trawl nets used by 
Japanese and United States research 
vessels 

Comparative fishing was conducted by the 
Japanese research vessel Yakushi maru No. 21 and 
U.S. research vessels Oregon and Discovery Bay at 
stations shown in Fig. 13 from July 29 to August 5. 
The methods used were the Alternate Tail Attack 
(AT A) method and side by side trawling. In 14 AT A 
operations with the Yakushi maru No. 21 and Oregon 
each of the vessels was the preceding one in 7 opera
tions. In 9 other ATA operations the Yakushi maru 

No. 21 was the preceding vessel in 4 cases and the 
Discovery Bay in 5 cases. Eighteen side by side trawl
ing operations were conducted by the Yakushi maru 
No. 21 and the Discovery Bay and 8 operations by the 
Oregon and the Discovery Bay. At each station, the 
catch and size composition was recorded for major 
species. 

According to a preliminary review, results from 
the alternative relationship in trawling areas by the 
pairs of vessels during the Alternate Tail Attack 
method were not satisfactory and thus there is need 
for further study. 
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(b) Research on pollock stocks in the Aleutian 
Basin by echo sounding and mid-water trawl
ing 

The main objective of the research was to con
firm the existence of pollock stocks inhabiting areas 
off the continental shelf in the Bering Sea in sum
mer as found by research conducted in the past two 
years. 

The operation was conducted by the landbased 
(Hokutensen) stern trawler Shotoku maru No. 35 in 
the Aleutian Basin (Fig. 15) for a period of 23 days 
(June 6-28). Echograms were collected while cruis
ing at an average speed of9.9 knots for 4,466 miles. 
The echo sounder, which was similar in efficiency to 
the machine used in 1978, operated on a frequency 
of 28 KHz, had a 0-200 m range of detection, and 
was operated with fixed sensitivity and a constant 
paper speed. 

Sixty-five one-hour trawl operations were con
ducted at towing speeds of 3.0 to 3.8 knots to con-
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firm the responses (particularly the identity of spot
ted echoes) and to estimate the density of fish. The 
trawl gear was the off-bottom type used by the 
Hokutensen trawlers and the cod-end was made in 
three layers to prevent the escape of small-sized 
fish. 

Records were also kept from a net recording 
transmitter which was attached at the center of the 
head rope to confirm the height of net-opening and 
hauling depth. In addition, 8 handlining operations 
were conducted to supplement results of the mid
water trawling. 

The catch was counted by species and fork 
lengths recorded for all pollock, most of which were 
frozen for laboratory study. The echo patterns 
recorded during the research were of the same type 
as obtained in 1978. 

The catch by mid-water trawling consisted of 15 
species: 10 species of fish, 4 species of squid, and 
one porpoise (Table 17). Pollock were caught at all 
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Figure 15. Track ofR/V Shotoku maru No. 35 used for pelagic pollock survey in the Aleutian Basin and adja
cent waters in 1979. 

Dots - noon positions; squares - handline operations; open circles - midwater trawl opera
tions. 

Numerals: Italic - date in Japan standard time plus 3 hours; 
Roman - operation numbers for midwater trawl and (in parenthesis) handline. 
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65 trawling stations, and the 4,996 pollock taken 
constituted 93% of the total catch. Smooth 
lumpsuckers (242) were caught at 32 stations from 
almost all areas and eight-armed squid (105) were 
taken at 17 stations. These three species constituted 
99% of the total catch. In addition, several pink, 
chum, sockeye, and chinook salmon, squid (Tekagi 
ika), northern smoothtongue, and ragfish were 
caught. In the handlining operations, 481 pollock 
were caught. 

The size composition of pollock in 1979 was 
almost the same as in 1977 and 1978, i.e., all were 
large fish with a unimodal fork length between 46 
and 48 em. 

3. TAGGING EXPERIMENTS 

As part of the research on blackcod and Pacific 
cod stocks, 1,241 blackcod caught by longlines were 
tagged and released from the longline research 
vessel Ryusho maru No. 15 in the Aleutian Area 
from May 24 to June 6 and from June 9 to June 11. 
The anchor-type tag was affixed at the base of the 
first dorsal fin. 

TABLE 17. Catch by mid-water trawl during the pelagic pollock survey 
in the Aleutian Basin and adjacent waters in 1979. 

Catch 

S~ies Numbers 

Pollock 4,996 
Smooth lumpsucker 242 
Spiny lumpsucker I 
Pink salmon 9 
Chinook salmon 3 
Chum salmon 7 
Sockeye salmon 4 
Northern smoothtongue 4 
Ragfish 3 
Pacific lamprey I 
Eight-armed squid 105 
Squids 7 
Giant squid I 
Dall's porpoise I 

Total 5,384 

IV. GROUNDFISH RESEARCH IN 
THE NORTHEASTERN PACIFIC 

% 

92.8 
4.5 

0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

2.0 
0.1 

100.1 

1. STUDY OF COMMERICAL FISHERIES AND 
RESEARCH ON BOARD COMMERCIAL VESSELS 

(a) Outline of the commercial fisheries 

Japanese groundfish fisheries in the northeastern 
Pacific in 1979 consisted of the North Pacific trawl 
and the North Pacific longline-gillnet fisheries. For
ty trawlers were engaged in the North Pacific trawl 

fishery and 22 vessels in the North Pacific longline
gillnet fishery. As in 1978, some time-area closures 
were in effect for these fisheries in 1979. 

In United States waters in 1979, initial annual 
catch quotas were: pollock 232 m.t., Pacific cod 
3,200 m.t., flatfish 14,898 m.t., Pacific ocean perch 
4,030 m.t., other rockfish 529 m.t., blackcod 4,185 
m.t., Atka mackerel 1,528 m.t., squid 50 m.t., and 
other groundfish 2, 772 m. t. In Canadian waters in 
1979, initial annual catch quotas were: blackcod 
1,000 m.t. and Pacific hake 6,000 m.t. 

In United States waters south of the Vancouver 
Area, there was no quota allowed for Japan in 1979. 
Japanese vessels were forbidden to take halibut in 
the northeastern Pacific in 1979. 

(b) Outline of commercial catch 

The catch in 1979 (January through July) by the 
Japanese groundfish fisheries in the northeastern 
Pacific is shown in Table 18. The total catch 
amounted to 24,381 m.t., a decrease of 9,483 m.t. 
(28%) from the 33,864 m.t. of 1978. Pollock catch 
was dominant amounting to 8,413 m.t. or 34.5% of 
the total catch. This was followed by other flounders 
(5,407 m.t. or 22.2%), blackcod (3,253 m.t. or 
13.3%), and Pacific cod (2,862 m.t. or 11. 7%). 
These four species comprised approximately 82% of 
the total. Compared with catches in 1978, increases 
were noted for Pacific cod (880 m. t. increase), other 
rockfish (16 m. t. increase), and squid (11 m. t. 
increase). Decreases were observed for pollock 
(4,875 m .t. decrease), flatfish (3,193 m.t. 
decrease), blackcod (1, 112 m. t. decrease), Atka 
mackerel (50 1 m. t. decrease), Pacific ocean perch 
( 468 m. t. decrease), and other fish (248 m. t. 
decrease). 

(c) Research on board commercial vessels 

On board most of the North Pacific trawl vessels in 
1979, major species were sampled for size composi
tion. Scales for age determination were also col
lected. On the North Pacific longline-gillnet vessels 
size composition was recorded for blackcod caught 
and scales were taken for age determination. 

2. RESEARCH BY RESEARCH VESSEL 

(a) Research on blackcod and Pacific cod stocks 

As a continuation of work in 1978, a Japan-U.S . 
joint research operation was conducted using the 
Ryusho maru No. 15 (495.38 gt 630 hp) with the 
object of obtaining data required for estimating the 
current status and future outlook for blackcod and 
Pacific cod stocks. The research area in 1979 
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extended from the Aleutian Region northeastward 
and eastward into the Gulf of Alaska (Fig. 16). The 
period of research was from May 24 to July 3 and 
July 8 to August 8; a total of 73 days. An outline of 
the results follows: 

Seventy-six longline research operations and 
four pot research operations were conducted at the 
stations shown in Fig. 16. 

Research on the density of distribution by 
depth was conducted at 57 stations (ST -1 to ST -57) 
and experimental research was conducted on effects 
on longline CPUE of the number of hooks per hachi 
(HSE), soaking time (STE), and type of bait. 

60 N 

0 

BERING SEA 

55 N 

160 " 

TABLE 18. Japanese catch (preliminary data) in the northeastern Pacific 
during January-July 1979 by the North Pacific trawl and 
North Pacific longline-gillnet fisheries. 

Species (m.t. ) 

Other flounders 5,407 
Pacific cod 2,862 
Pollock 8,413 
Blackcod 3,253 
Pacific ocean perch 2,369 
Other rockfish 519 
Atka mackerel 192 
Other fish 1,351 
Squids 15 

Total 24,381 

GULF OF ALASKA 

ST : Bathaetric aboundance survey 
P : Pot survey 

HSE : Hook space experiment 
STE : Soakinq ti- experi.ent 
BTE : Bait experiJHnt 
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Catch 
% 

22.2 
11.7 
34.5 
13.3 
9.7 
2.1 
0.8 
5.5 
0.1 

99.9 

Figure 16. Locations of longline and pot surveys by the Ryusho maru No. 15 in the Aleutian Region and the 
Gulf of Alaska in 1979. 

The longline research gear was identical in 
structure to that used in 1978: one hachi consisted 
of a 100m line with an average of 45.5 hooks. 

As in 1978, the density of blackcod was found 
to be highest in the Southeastern Area in waters 
deeper than 400 m. Density gradually declined west
ward and was lowest in the Aleutian Region. In 
waters shallower than 400 m, the pattern was the 
same as in 1978 with the Chirikof Area showing the 
highest density. By1 area, the highest density was in 
the Shumagin, Chirikof, and Kodiak Areas in waters 
of 200 to 600 m, the Aleutian, Yakutat, and 
Southeastern Areas in waters of 400 to 800 m, and 
in Area 1 of the Bering Sea in waters of600 to 1,000 
m (Table 19). 

In waters east of the Shumagin Area, the den
sity of blackcod was higher than found in 1978 in 

almost all areas and depths. This was believed to be 
caused by an increase in recruitment offish less than 
60 em in length. 

The number of hooks per hachi and the number 
of blackcod caught was almost comparable, but 
occasionally the catch rate per ten hooks was higher 
with less number of hooks. While there was no 
apparent difference in CPUE with different soaking 
time, this conclusion is uncertain because there 
were few such experimental operations. 

In the bait comparison using squid, saury, 
sandfish, and pollock, the squid was best, followed 
by saury, sandfish, and pollock. CPUE with squid 
was approximately 2.5 times higher than with 
pollock. Bait drop off was highest for saury and at 
low and similar levels for squid, sandfish, and 
pollock. 
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TABLE 19. Catch rates by INPFC Areas and depth zones of blackcod and Pacific cod caught by longline gear in bathymetric abundance surveys by the Ryusho maru 
No. /5 in the Aleutian Region and the Gulf of Alaska in 1979. 

Depth S. Aleutian N. Aleutian Bering Area I Shuma1in 
(m) (A) (B) (B/A) (A) (B) (B/A) (A) (B) (B/A) (A) 

Blllckcod 

100- 200 121 8 0.1 138 4 0.0 80 7 0.1 162 
200- 400 218 170 0.8 153 115 0.8 70 54 0.8 418 
400- 600 189 365 1.9 189 484 2.6 84 61 0.7 357 
600- 800 264 483 1.8 142 401 2.8 81 239 3.0 202 
800-1,000 201 !50 0.7 97 141 1.5 89 214 2.4 108 

1,000-1,200 28 51 1.8 5 

Pacific cod 

100- 200 121 1,182 9.8 138 1,949 14.1 80 1,265 15.8 162 
200- 300 136 1,096 8.1 92 715 7.8 70 865 12.4 232 
300- 400 82 120 1.5 61 114 1.9 186 
400- 500 81 0 0.0 43 7 0.2 34 4 0.1 134 
500- 600 108 0 0.0 146 0 0.0 50 0 0.0 223 
600- 800 264 0 0.0 142 0 0.0 81 0 0.0 202 

Abbreviations 

(A) - Number of hachi 
(B) - Number of fish caught 
(B/ A) - Number of fish per hachi 

Although the average length of longline caught 
blackcod increased somewhat from that in 1978, it 
was lower in all depths in the Chirikof, Yakutat, and 
Southeastern Areas because of increased recruit
ment of small fish. Female blackcod were larger 
than males, as in 1978. 

The density of Pacific cod was highest in Area 1 
of the Bering Sea and north of the Aleutian Islands 
and was lowest in the Southeastern Area. By depth, 
the density of Pacific cod was highest in 100-200 m 
in all areas except Southeastern, as in 1978. In the 
Gulf of Alaska east of the Shumagin Area, the den
sity of Pacific cod declined rapidly in depths greater 
than 200 m, but this trend was not apparent in the 

(B) (B/A) 

223 1.4 
1,595 3.8 
1,773 5.0 

515 2.5 
176 1.6 

3 0.6 

1,954 12.1 
560 2.4 

0 0.0 
0 0.0 
0 0.0 
0 0.0 

Chirikof Kodiak Yakutat Southeastern 
(A) (B) (B/A) (A) (B) (B/A) (A) (B) (B/A) (A) (B) (B/A) 

82 424 5.2 74 122 1.6 70 91 1.3 75 263 3.5 
368 3,108 8.4 320 2,128 6.7 461 2,325 5.0 201 1,145 5.7 
148 1,076 7.3 404 2,433 6.0 478 2,742 5.3 290 2,535 8.7 
162 720 4.4 342 1,543 4.5 429 2,427 5.7 326 3.314 10.2 
30 49 1.6 98 518 5.3 191 791 4.1 43 292 6.8 

5 38 7.6 

82 872 10.6 74 989 13.4 70 694 9.9 75 73 1.0 
178 433 2.4 134 420 3.1 220 838 3.8 130 204 1.6 
190 0 0.0 186 I 00 241 3 0.0 71 0 0.0 
86 0 0.0 240 0 0.0 278 0 0.0 89 0 0.0 
62 0 0.0 164 0 0.0 200 0 0.0 201 0 0.0 

162 0 0.0 342 0 0.0 429 0 0.0 326 0 0.0 

Aleutian Region and Area 1 of the Bering Sea. In 
waters east of the Shumagin Area the density was 
generally lower than in 1978 and some differences 
by area were observed. 

The average length of Pacific cod caught by 
longlining in all areas in 1979 was 63.1 em which was 
approximately 4 em larger than in 1978. The average 
length of female Pacific cod was 64.3 em and of 
males was 61.4 em. Females were larger as was the 
case for blackcod. 

The density of halibut caught with longlines 
was high south of the Aleutian Region and in the 
Yakutat Area and was low in the Chirikof Area. By 
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Figure 17. Release (open circles) and recovery (dots) locations ofblackcod tagged by Japan and recovered by 
Japanese commercial vessels up to September 1979. 
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depth, density was highest in 100-200 min all areas 
except Area 1 of the Bering Sea. Halibut were rarely 
caught in waters deeper than 400 m in 1979, unlike 
the situation in 1978. The greatest depth observed 
for halibut in 1979 was 620 m. 

Seventy-seven percent of the 1,108 halibut 
which were caught incidentally were brought on 
board in good condition and would have a high pro
bability of survival when returned to sea. Those 
which appeared dead were about 12% of the total. 
3. TAGGING EXPERIMENTS 

A total of 14,887 blackcod (14,856 caught by 
longline and 31 by pots) were tagged and released 
from the Ryusho maru No. 15 on June 7 and 8 and 
June 12 to August 8 in the Shumagin-Southeastern 
Region. The major areas of release were Yakutat 
and Southeastern. The anchor-type tags were 
attached at the base of the first dorsal fin. 

4. RECOVERYOFTAGGEDFISH 

Since the recoveries reported in the 1978 
INPFC Annual Report, a further 104 blackcod have 
been recovered up to Septmber 1979. Of these, 36 
were blackcod tagged and recovered by Japan with 
longline gear. Release and recovery locations are 
shown in Fig. 17. 

V. TANNER CRAB RESEARCH IN 
THE EASTERN BERING SEA, 1979 

Tanner crab research by Japan in 1979 was con
ducted in the same manner as in 1978, using the 
research vessel Wakatake maru (495 gt) on the tan
ner crab fishing grounds and adjacent waters, north 
of 58oN in the Bering Sea. Two cruises were made· 
the first from May through June, and the second 
from July through August. 

The first cruise was to the outer shelf, close to 
the 200 m isobath, and the inner shelf, east of the 
research area on the outer shelf (Fig. 18). The 
survey on the outer shelf was conducted using crab 
pots and trawl gear at grid stations and on the inner 
shelf using trawl gear at 17 stations. The second 
cruise was part of the U.S.-Japanjoint survey which 
had been planned by the Sub-Committee on King 
and Tanner Crab at the 1978 Annual Meeting and in 
which the U.S. research vessel Oregon (219 gt) also 
participated. Joint research by these vessels 
included (1) experimental pair trawling using the 
ATA (alternate tail attack) method to estimate sam
pling efficiencies of the respective survey gears, and 
(2) a trawl survey by both U.S. and Japanese 
research vessels in the common survey area shown 

33 32 31 30 29 28 27 26 25 24 23 22 21 20 

\ \ \ I I I I 
\_ l J. ':\ I I (~-. 

\ \ • 0 ~ 0 

\ \ • 
\ ~ .1. 

,u 

\ I •\ \o \ o l • 

I ~ . ·\·~·\· \ 
I T \. ~ i ·x . 
\_ \ \ \ \ • • . 
\ \ \ \ . . . 
\_ I .. 
\_\\\\ \ 
\ \ \ \ \ \ \ .. 
\ \ \ \ \ \ I I ·---1• 

180 175W 

0 

v ..., 

s 
R 

Q 

p 

0 

N 

M 

""' 

L 

K 

J 

I 

H 

G 

F 

170W 

SON 

58N 

Figure 18. Survey stations occupied by the Japanese crab research vessel Wakatake maru, May to June 1979. 
• Outer shelf stations for trawl and pot survey 
0 Inner shelf stations for trawl and pot survey 
[] Areas common to 1978 and 1979 survey 
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in Fig. 19. Oceanographic observations (e.g. water 
temperature, salinity, and current direction and 
speed) were made during both cruises. 

Preliminary analysis of the stock conditions of 
tanner crab in the region was made from data col
lected on the first cruise. The analysis revealed that 
the pattern of distribution of tanner crab in the 
survey area in 1979 was almost the same as in 1978. 
Small-sized male and female crabs were distributed 
on the shelf north of 58°N but large-sized male crabs 
over 100 mm in carapace width (about 90% ofwhich 
were C. opilio) were distributed mainly on the outer 
shelf. The average sizes of large-sized males and 
their percentage occurence in the total catch of 
males taken at the trawl grid stations in 1979 were 
similar to values found in 1978 (Table 20). 

Population densities of large-sized male crabs 

were estimated from the trawl survey data collected 
from unit areas of 400 square miles. The population 
densities in unit areas common to both the 1978 and 
1979 surveys are shown for both years in terms of 
crabs caught per square mile in Table 21. The 
average density values for May to June 1979 were 
very similar to values found in May to June 1978 
after adjustments were made to account for the fact 
that the sampling efficiency of the trawl gear used in 
the 1978 survey was about three times that of the 
survey gear used in May to June 1979. It was con
cluded, therefore, that no appreciable change in 
stock conditions of tanner crab occurred in the 
survey area between 1978 and 1979. 

The data obtained from the experimental pair 
trawling and from the second cruise are still being 
processed. 
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Figure 19. Trawl survey stations occupied by the Japanese crab research vessel Wakatake maru, July to 
August 1979. 

TABLE 20. Average carapace width and occurrence of large male tanner crab (~I 00 mm width), based on the grid trawl survey, May to June 1978 
and 1979. 

C. opilio C. bairdi 

Average Large male Average Large male 
Area Year width (mm) % width (mm) % 

North 1978 112.4 26.2 113.7 4.5 
of 
5s•N 1979 113 .0 27.5 116.1 3.6 

South 1978 116.4 53.1 124.5 18.7 
of 
58"N 1979 113.0 49.2 123.3 19.4 
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TABLE 21. Estimates of tanner crab population density (;;. 100 mm width) within grid trawl survey area, May to June 1978 and 1979. 

Year 

1978 

1978 

1979 

Relative 
sampling 
efficiency 

3 

•common to 1978 and 1979 survey (see Fig. I) . 
N: North of 58°N, S: South of 58°N . 

Number of 
. a 

umt areas 
(20x20 mile) 

N .... 20 

s .... 4 

N .... 20 

s .... 4 

N ... . 20 

s .... 4 

Crab caught per 
square mile 

C. opi/io C. bairdi 

447.0 

428.3 

1,341.0 

1,359.8 

1,434.0 

1,714.8 

51.7 

197.5 

173 .1 

592.5 

137.7 

455.0 
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ABUNDANCE OF SALMON AT SEA 

1979 

by 

Colin K. Harris, Scott L. Marshall, 

Rodney C. Cook, Robert H. Conrad, 

J. Paul Graybill, and Robert L. Burgner* 

INTRODUCTION 

This report summarizes high seas salmon research 
conducted in 1979 by the Fisheries Research 
Institute, University of Washington, under contract 
to the U.S. National Marine Fisheries Service. 
Research in 1979 was in five major areas: 1) 
investigations designed to determine the continent 

• Fisheries Research Institute, University of Washington, Seat
tle Washington. 

May 1980 

of origin of sockeye and coho salmon distributed in 
and just north of the Japanese landbased driftnet 
fishery, 2) development of a forecast of the 1979 
inshore sockeye salmon run to Bristol Bay, Alaska, 
3) studies of various attributes of ocean life history 
and environment germane to short- and long-term 
forecasts of Bristol Bay sockeye runs, 4) continued 
racial analyses of Bristol Bay sockeye salmon, and 5) 
continued monitoring of migrations of salmon at 
sea by analysis of data from past and present tagging 
experiments. Because of the exigency of continent 
of origin studies brought on by the signing in 1978 
of a Protocol Amending the International Conven
tion for the High Seas Fisheries of the North Pacific 
Ocean, the great majority of our research was 
directed to the first objective. 

CONTINENT OF ORIGIN STUDIES 

In 1978, provisions of the International Convention 
for the High Seas Fisheries of the North Pacific 
Ocean were renegotiated to make the Convention 
compatible with the newly implemented U.S. Fish
ery Conservation and Management Act. Among 
other provisions, the revised Convention called for 
a three-year, coordinated research program to facili
tate the determination of the continent of origin of 
salmon south of 46°N (the landbased driftnet fish
ery area). As part of this program, we began a study 
in 1978 to determine origins of sockeye salmon in 
and near the land based fishery area, by use of scale 
pattern recognition techniques. The Japan Fishery 
Agency kindly provided a large collection of sockeye 
scales sampled by research vessels and motherships, 
to serve as unknown and Asian standard samples. 
Alaskan standard samples were provided by the 
Alaska Department of Fish and Game. A detailed 
description of the discriminant technique employed 
and the results of our preliminary analysis of matur-
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ing sockeye sampled .in 1975 were presented by 
Marshall and Cook (1978). Scale pattern research in 
1979 included an effort to determine the best dis
criminant technique to use in these specific applica
tions, further theoretical work to provide the best 
point and variance estimates of the proportions of 
stocks in a mixed-stock population, and analysis of 
the continental origins of immature sockeye 
sampled by Japanese research vessels and mother
ships in 1974 and 1975 in the area south of SOoN 
latitude. In addition, considerable effort was made 
to obtain necessary unknown and standard coho 
scale samples to be used in a future analysis of coho 
origins. 

DISCRIMINANT TECHNIQUE DEVELOPMENT 

Further progress was made in the development of 
discriminant techniques suited for use in scale pat
tern analysis of salmon sampled on the high seas. 
Recently we have used the polynomial discriminant 
function technique of Specht (1966) as applied by 
Cook and Lord (1978), which necessitates the use 
oftwo samples offish of known origin: a "learning" 
sample with which the actual discriminant functions 
are calculated, and a separate "test" sample, which 
is used to estimate the classification matrix. Because 
samples of known origin are often in short supply, 
we are presently making more efficient use of them 
by using a "leaving-one-out" approach adapted 
from Lachenbruch (1967), which requires a single 
"training" sample. Because the training sample can 
be larger, the variances of the proportional estimates 
are reduced. Estimation of the classification matrix 
is done in an iterative fashion whereby Specht's 
multivariate density function for each class is evalu
ated for each vector of data representing a fish in the 
training sample, as follows: 

(1) 

ri<x.)= 
b- aj 

"b (Xb.-X . )'(Xb.-X . ) 
_____ !. exp _ - 1 - aJ - 1 - aJ 

and 
(2 ) 
n (X .-X . )'(X .-X . ) t: exp _ - a1 - aJ - a1 - •J fi(X. )= 

a- aJ 
i=l 2 

uP(21T)p/2(n -1) j;:j 2u b 
a a 

where i = observation (fish) number 
xb. = i

1
h obs~rvation (vector of measure-

-
1 mentsJ from class eb 

X . = i
1
h observation from class 9 

-ru a 

p = the number of variables used 
k = the smoothing parameter for class e k 

nk = the training sample size for class e k 

Equation (1) above is used to evaluate the den
sity function for any class e k~ e a at a point repre
sented by a training sample observation from class 
e a, and equation (2), which employs the leaving
one-out approach, is used to evaluate the density 
function for class e a at a point represented by a 
training sample observation from class ea. A 
smoothing parameter is determined for each class 
by applying a leaving-one-out modification of the 
maximum likelihood method (Habbema et al. 
1974): 

choose a- such that 
a 

g (u) = "• max 11 ri <x.) 
a 

ua>O j=I 
a -3J 

Classification offish in the training or unknown 
samples is done in the usual manner: 

choose d(X) = e such that 
- a 

h.f. Of) _?-h/b Of) for all a;:b where 
d(X) is the decision on an x - -

ek's = the classes (sub-popula
tions) 

hk = the a priori probabilities 

X = vector of scale measurement 
data from a salmon to be classified 

fk (X) = the value of the density 
function for class e kat point ~ 

Cook (1979) has shown that classificatory 
accuracy is the most important consideration in 
reducing the variance of the proportional estimates. 
The investigator should therefore choose the dis
criminant technique that provides the best separa
tion between established classes. Various discrimi
nant analyses have been used for stock identification 
of Pacific salmon, including linear (Fukuhara et al. 
1962; Amos et al. 1963; Dark and Landrum 1964; 
Anas 1964; Mason 1966), quadratic (Anas and 
Murai 1969), and polynomial (Cook and Lord 1978; 
Marshall and Cook 1978) discriminant functions. 

We attempted to determine the discriminant 
technique most appropriate for our applications by 
using linear, quadratic, and polynomial functions on 
the same sets of data, and comparing the resulting 
classificatory accuracies. For each type of function, 
both discriminant function (LDF, QDF, and PDF) 
and the leaving-one-out approaches (LDE, QDE, 
and PDE) were used. Three different sets of data 
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were used in the evaluation: ages 2.2 and 2.3 matur
ing sockeye sampled in 1975 were reanalyzed (see 
Marshall and Cook 1978, for a detailed description 
of the samples, sample collection, preparation and 
viewing, and scale character selection), and samples 
of age 2.0 smolts from the 1977 outmigration from 
five major Bristol Bay rivers were provided by the 
Alaska Department of Fish and Game. Each dis
criminant analysis of the same sample group 
employed identical scale characters. 

The results of applying the three discriminant 
techniques (and two calculational approaches) to 

age 2.2 and age 2.3 sockeye are presented in Table 1 
(parts A and B, respectively). Except for the single 
case of the discriminant function approach to the 
analysis of age 2.2 fish, the polynomial method pro
vided higher classificatory accuracies. However, for 
both samples the differences in accuracies between 
the three techniques were not great. The samples of 
age 2.0 smolts from Bristol Bay river systems were 
not sufficient to subdivide, so they were analyzed 
only by the direct density approach to the linear, 
quadratic, and polynomial discriminant techniques 
(Table 2). The LDE and QDE methods provided 
classificatory accuracies of only 30 percent and 29 

Table I. The classification matrices obtained by applying linear, quadratic, and polynomial dis
criminant techniques, employing discriminant function and leaving-one-out calcula
tional approaches to samples of age 2.2 (Part A) and age 2.3 (Part B) mature sockeye. 
Overall accuracies are unweighted means of the proportions correctly classified on the 
diagonals of the matrices. 

Type Discriminant function results Leaving-one-out results 

of Calculated Correct decision Correct decision 

function decision Bristol Bay Gulf of Alaska Kamchatka Bristol Bay Gulf of Alaska Kamchatka 

Part A: Analysis of age 2.2 sockeye sampled in 1975 

Linear Bristol Bay 49 (.78) 10 (.!6) 4 (.06) 69 (.69) 9 (.09) 22 (.22) 
Gulf of Alaska 10 {.!6) 33 (.53) 19 (.30) 25 (.25) 52 (.52) 23 (.23) 
Kamchatka 4 (.06) 19 (.31) 41 (.64) 6 (.06) 39 (.39) 56 (.55) 

Total 63 62 64 100 100 101 

Overall accuracy .65 .59 

Quadratic Bristol Bay 51 (.81) 8 (.I 3) 4 (.06) 75 (.75) 13 (.13) 12 (.!2) 
Gulf of Alaska 9 {.!4) 39 (.63) 14 (.22) 16 (.16) 59 (.59) 25 (.25) 
Kamchatka 3 (.05) 15 (.24) 46 (.72) 9 (.09) 28 (.28) 64 (.63) 

Total 63 62 64 100 100 101 

Overall accuracy .72 .66 

Polynomial Bristol Bay 50 (.79) 9 (.I 5) 4 (.06) 79 (.79) 17 (.!7) 4 (.04) 
Gulf of Alaska 9 (.14) 34 (.55) 19 (.30) 17 (.I 7) 55 (.55) 28 (.28) 
Kamchatka 4 (.06) 19 (.31) 41 (.64) 4 (.04) 28 (.28) 69 (.68) 

Total 63 62 64 100 100 101 

Overall accuracy .66 .67 

Part B: Analysis of age 2.3 sockeye sampled in 1975 

Linear Bristol Bay 40 (.67) 9 (.15) II (.15) 62 (.63) 22 (.22) 14 (.12) 
Gulf of Alaska 5 (.08) 29 (.47) 28 (.38) 30 (.31) 44 (.44) 26 (.22) 
Kamchatka 15 (.25) 24 (.39) 34 (.47) 6 (.06) 34 (.34) 77 (.66) 

Total 60 62 73 98 100 117 

Overall accuracy .54 .58 

Quadratic Bristol Bay 37 (.62) 15 (.24) 8(.11) 55 (.56) 17 (.17) 26 (.22) 
Gulf of Alaska 12 (.20) 27 (.44) 23 (.32) 29 (.30) 51 (.51) 20 (.I 7) 
Kamchatka II (.18) 20 (.32) 42 (.58) 14 (.14) 32 (.32) 71 (.61) 

Total 60 62 73 98 100 117 

Overall accuracy .55 .56 

Polynomial Bristol Bay 43 (.72) 12 (.19) 5 (.07) 69 (.70) 22 (.22) 7 (.06) 
Gulf of Alaska 7 (.12) 32 (.52) 23 (.32) 16 (.16) 50 (.50) 34 (.29) 
Kamchatka 10(.17) 18 (.29) 45 (.62) 13 (.13) 28 (.28) 76 (.65) 

Total 60 62 73 98 100 117 

Overall accuracy .62 .62 
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Table 2. The classification matrices for a training sample of age 2.0 smolts from five major Bristol Bay river systems obtained in linear, 
quadratic, and polynomial discriminant analyses using the leaving-one-out calculational approach. Overall accuracies are the 
unweighted means of the proportions correctly classified on the diagonals. 

Type of Calculated 

function decision EgegtK 

Linear Egegik 42 (.43) 
Kvichak 22 (.23) 
Naknek 19 (.20) 
Ugashik 9 (.09) 
Wood 5 (.OS) 

Total 97 
Overall accuracy 

Quadratic Egegik 25 (.26) 
Kvichak 32 (.33) 
Naknek 19 (.20) 
Ugashik 16 (.17) 
Wood 5 (.05) 

Total 97 
Overall accuracy 

Polynomial Egegik 54 (.56) 
Kvichak 19 (.20) 
Naknek 18 (.19) 
Ugashik 1 (.01) 
Wood 5 (.OS) 

Total 97 
Overall accuracy 

percent, respectively, which are barely more than 
the 20 percent expected by guesssing, whereas the 
POE method provided 42 percent accuracy. 

These comparisons led to the provisional con
clusion that the polynomial discriminant techniques 
(PDF and POE) are best for our applications on 
salmon scale pattern data. The polynomial techni
ques provided slightly or markedly higher 
classificatory accuracy in all comparisons, except 
that based on the sample of age 2.2 sockeye. 

Another area of discriminant technique 
development was the derivation of an n-class 
variance estimate. In our analyses to date, the 
variance of a proportional estimate has been deter
mined by rewriting the classification matrix to cor
respond to a 2-class situation (that is, t.he class for 
which the estimate will pertain versus all other 
classes pooled), and then by using the 2-class 
variance formula described in Cook (1979). Ongo
ing simulation studies should reveal the best 
approach. 

SCALE PATTERN ANALYSIS 0FIMMATURESOCKEYE 

Information provided by the Fishery Agency of 
Japan on the age and maturity composition of 
sockeye salmon distributed south of 46°N showed 
that about half or more of the sockeye caught by the 
landbased fleet are likely to be age .2 immatures. 

Correct decision 

Kvtclia){ lilaKneK UgaslitK Wood 

10 (.10) 18 (.18) 15 (.16) 13 (.13) 
18 (.18) 21 (.21) 6 (.06) 33 (.34) 
30 (.31) 25 (.25) 6 (.06) 16 (.16) 
10 (.10) 21 (.21) 40 (.42) 16 (.16) 
30 (.31) 14 (.14) 29 (.JO) 18 (.18) 

98 99 96 96 
.30 

8 (.08) 21 (.21) 20 (.21) 23 (.24) 
33 (.34) 18 (.18) 4 (.04) 10 (.10) 
34 (.35) 17 (.17) 7 (.07) 22 (.23) 
18 (.18) 23 (.23) 32 (.33) 7 (.07) 
5 (.OS) 20 (.20) 33 (.33) 34 (.35) 

98 99 96 96 
.29 

14 (.14) 14 (.14) 10 (.10) 5 (.05) 
33 (.34) 16 (.16) 7 (.07) 23 (.24) 
16 (.16) 30 (.JO) 23 (.24) 12 (.13) 
8 (.08) 24 (.24) 46 (.48) 16 (.17) 

27 (.28) 15 (.15) 10 (.10) 40 (.42) 

98 99 96 96 
.42 

For this reason we directed our scale pattern 
analyses to immature sockeye sampled in 197 4 and 
1975 by research vessels and motherships. Analyti
cal methods (including scale projection and 
measurement, character selection, selection of stan
dard samples, stratification of unknown samples by 
age group, 10-day period, and INPFC area, and 
derivation of point and variance estimates) were the 
same as used in the earlier analysis of maturing fish 
(Marshall and Cook 1978), except that the actual 
classification employed the leaving-one-out techni
que just described. Three major groups of unknown 
scales were analyzed: age 1.2 and age 2.2 immatures 
sampled in 1974, and age 2.2 immatures sampled in 
1975. There were too few 1975 age 1.2 unknowns to 
warrant analysis. 
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One Asian and two North American standard 
regions were defined. The two North American 
regions correspond to the major water masses into 
which parent streams flow: Bristol Bay and the Gulf 
of Alaska (from about 160°W to 145°W). Immature 
salmon were classified on the basis of standard sam
ples of mature fish of the same cohort. We 
attempted to construct standards by age class within 
regions by subsampling from the major stocks with
in a region in proportion to the abundance of each 
age group. Table 3 summarizes the run size by stock 
and age class within each region of North America 
by year, and the resulting sample sizes. Lacking run 
size and age composition information and sufficient 
coastal samples for Asian stocks, we could not use 
this approach for the Asian standard. Instead, the 
Asian standard was constructed with scale samples 
collected aboard Japanese research vessels operating 
off the Kamchatka coast. An attempt was made to 
allocate samples based on catch per tan (50 m of 
gillnet) by age class by INPFC area and by month 
(Table 4). A few escapement samples from the 
Kamchatka and Ozernaya rivers were available, and 
an arbitrary number of these were included. 

Characters selected for use in the analysis are 
summarized by year of maturity and age class in 
Table 5. The accuracies of the classification scheme 
are reflected in the classification matrices, presented 
in Table 6. Overall classificatory accuracies for 1975 
ages 1.3 and 2.3, and for 1976 age 2.3 training sam
ples were 60.1, 59.6, and 70.7 percent, respectively. 
(These values are the unweighted mean percentages 
in the diagonals of the classification matrices.) The 
classification matrices show marked tendencies for 
misclassification errors of Bristol Bay and Gulf of 
Alaska fish to be in the direction of the Kamchatka 
category, and for misclassification of Kamchatka 
fish to be in the direction of the Gulf of Alaska 
category. 

Available unknown scale samples were 
stratified by year, age class, INPFC statistical area, 
and 10-day period, and only strata with a sample size 
of 25 or more scales were analyzed. The propor
tional estimates and 95 percent confidence intervals 
obtained in the analyses are presented in Table 7. 

Table 3. Inshore run and sample sizes of the major stocks of sockeye salmon returning to the Bristol Bay and Gulf of Alaska regions 
for age classes 1.3 and 2.3 in 1975 and for 2.3's in 1976. 

1975 matures 1976 matures 

Run size (x103) 
Run si3e Sample 

Sample size (x10) size 

Region Stock 1.3 2.3 1.3 2.3 2.3 2.3 

Bristol Bay Alagnak 60.5 21.3 5 I 1.3 0 
Bear 3.1 158.8 0 11 213.4 26 
Egegik 75.5 968.7 7 66 152.7 19 
Goodnews 3.2 4.1 0 0 unknown 0 
lgushik 171.1 98.7 15 7 61.3 7 
Kvichak 10.6 505.4 I 34 568.2 70 
Naknek 269.9 1,028.4 24 70 475.9 58 
Nushagak 80.5 3.4 7" 0 6.5 I 
Nuyakuk 622.5 4.5 55 0 11.6 1 
Sapsuk <0.1 42.6 0 3 31.4 4 
Snake 8.7 1.6 1 0 .6 0 
Togiak 181.4 10.3 16 I 50.5 6 
Ugashik 1.9 21.9 0 I 24.3 3 
Wood 776.0 85.2 69 6 37.4 5 

Total 2,264.9 2,954.9 200 200 1,635.1 200 

--continued 
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Table 3. Continued. 

1975 matures 1976 matures 

Run size (x103) Sample size 
Run si~e Sample 

(x10 ) size 

Region Stock 1.3 2.3 1.3 2.3 2.3 2.3 

Gulf of Alaska Akalura 3.0 0.4 1 0 no scales available 
Bering <0.1 1.2 0 0 1.7 1 
Chignik 220.9 540.8 41 137 600.1 145 
Coghill 144.8 10.5 27 3 5.2 1 
Cook Inlet 379.4 87.9 70 22 170.0 41 
Copper 301.5 93.3 56 24 25.4 6 
Eshamy no scales available <0.1 0 
Frazer 1.6 5.7 0 1 8.6 2 
Karluk 14.6 27.4 3 7 11.8 3 
Red 1.0 12.3 0 3 1.7 0 
Upper Station 9.8 11.6 2 3 2.7 1 

Total 1,076.6 791.1 200 200 827.2 200 

"No scales available; Wood River samples were used. 

Table 4. Catch per tan by year, age class, month and INPFC statistical area for mature sockeye salmon by Japanese research vessels 
operating off the coast of Kamchatka, and final sample sizes. 

1975 matures 1976 matures 

1.3 2.3 2.3 

Sample Sample Sample 
Catch/tan size Catch/tan size Catch/tan size 

June E5052 0.034 21 0.066 13 0.038 4 
E5050 0.066 38 0.104 21 0.045 4 
E5552 0.017 4* 0.014 23 0.025 3 
E5550 0.017 6* 0.072 15 0.017 2 

July E5052 0.057 62 0.027 31 0.017 2 
E5050 0 0 0.039 3* 0.065 7 
E5552 0.156 55* 0.052 17 0.149 15 
E5550 0.047 7* 0.133 19* 0.095 10 

August E5052 0 0 0.017 7 0.184 18 
E5050 O.Dl1 1* 0.117 10* 0.021 2 
E5552 0.005 2* 0.042 22 0.201 19 
E5550 0.040 4* 0.199 19* 0.141 14 

Sub-total 200 200 100 

Kamchatka River Escapement 35 34 60 
Ozernaya River Escapement 0 0 60 

Total 235 234 220 

• Indicates timex area cells in which insufficient samples were available, supplemental samples were therefore used from other timex 
area cells as close in time and space as possible. 
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Table 5. Characters selected for use in the discriminant function analysis by year of maturity and age class ( + indicates use of the 
character) . 

Character 

Number of freshwater circuli 

Size of freshwater zone 

Number of circuli in first 
half of first ocean zone 

Size of first ocean zone 

Distance between circuli N 
1 
and N 

2 of first ocean zone: 

3 

6 

12 

12 

18 

N2 

3 

6 

12 

15 

18 

21 

• Distance was measured from the outer edge of the last freshwater circulus. 

1975 matures 

1.3 

+ 
+ 

+ 
+ 

+ 
+ 

2.3 

+ 

+ 
+ 

+ 

+ 

+ 

1976 matures 

2.3 

+ 
+ 

+ 

+ 
+ 

+ 

Table 6. Classification matrices for sockeye salmon of Bristol Bay, Gulf of Alaska, and Kamchatka Peninsula origin, by year of 
maturity and age class. 

Calculated 

decision 

1975 age 1.3 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Total training sample 

1975 age 2.3 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Total training sample 

1976 age 2.3 

Bristol Bay 
Gulf of Alaska 
Kamchatka 

Total training sample 

Bristol Bay 

125 (0.625) 
28 (0.140) 
47 (0.235) 

200 

135 (0.675) 
23 (0.115) 
42 (0.210) 

200 

132 (0.660) 
18 (0.090) 
50 (0.250) 

200 

Correct decision 

Gulf of Alaska 

39 (0.195) 
115 (0.575) 
46 (0.230) 

200 

43 (0.215) 
104 (0.520) 

53 (0.265) 

200 

9 (0.045) 
163 (0.815) 
28 (0.140) 

200 

Kamchatka 

36 (0.153) 
57 (0.243) 

142 (0.604) 

235 

22 (0.094) 
73 (0.312) 

139 (0.594) 

234 

59 (0.268) 
19 (0.086) 

142 (0.645) 

220 

61 
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Table 7. Proportional c;stimates obtained by classifying scale samples collected from immature sockeye in 1974 and 1975. Data are per-
centages with 95 percent confidence intervals. 

Period Area 

Part A: age 1.2 sockeye sampled in 1974 

May 1-10 E6544 
11-20 E6544 
21-31 E6544 

June 1-10 E7046 
11-20 E7548 

E7046 

Part B: age 2.2 sockeye sampled in 1974 

May 1-10 E6544 
11-20 E6544 
21-31 E6544 

June 1-10 E7046 
E6544 

June 11-20 E7046 

Part C: age 2.2 sockeye sampled in 1975 

May 1-10 E7544 
E6544 

May 21-31 E7046 
E6044 

June 1-10 E6542 

Sufficient scale samples of 1974 age 1.2 
immature sockeye from within the landbased fishery 
area were available only for area E6544 (Table 7 A). 
The three samples, one from each 10-day period in 
May, indicated a predominance of Kamchatka 
Peninsula fish during the first two periods, and 
Kamchatka Peninsula fish exclusively during the 
last period in May. The estimates of proportion of 
Bristol Bay fish in this area were not significantly 
different from zero. Analysis of two samples from 
the first two periods in June in area E7046 also indi
cated a predominance of Kamchatka Peninsula fish. 
The estimates for Bristol Bay fish were again not sig
nificantly different from zero. A majority of Bristol 
Bay fish was found in area E7548 in the middle of 
June. Our results did not indicate the presence of 
age 1.2 fish from the Gulf of Alaska in the areas and 
periods examined. 

Sufficient samples of 1974 age 2.2 immature 
sockeye were again available from only area E6544 
within the landbased fishery area (Table 7B). This 
series of four samples runs continuously from the 
first period in May through the first period in June, 

Sample Gulf of Kamchatka 
size 

29 
40 
56 
58 
36 
31 

54 
80 
80 
44 
25 
28 

43 
66 
25 
26 
37 

Bristol Bay Alaska Peninsula 

15.7 ± 18.8 0 84.3 ± 18.8 
13.6± 17.3 0 86.4 ± 17.3 

0 0 100 
5.2 ± 15.8 0 94.8 ± 15.8 

59.9 ± 20.2 0 40.1 ± 20.2 
5.1 ± 16.7 0 94.9 ± 16.7 

22.9 ± 14.3 0 77.1 ± 14.3 
0.6 ± 10.9 0 99.7 ± 10.9 

24.5 ± 12.9 0 75.5 ± 12.9 
5.3 ± 12.3 0 94.6 ± 12.3 

23.7 ± 18.8 0 76.3 ± 18.8 
12.6 ± 15.6 0 87.4 ± 15.6 

0 32.6 ± 14.9 67.4 ± 14.9 
0 0 100 
0 42.6 ± 20.0 57.4 ± 20.0 

53.7 ± 25.1 0 46.3 ± 25.1 
0 0 100 

and each showed a predominance of Kamchatka 
Peninsula fish. However, all samples except one 
indicated that almost one fourth of the fish were of 
Bristol Bay origin. During the first two periods in 
June in area E7046, Kamchatka Peninsula fish pre
dominated, and the incidences of Bristol Bay fish 
were not significantly different from zero. No pre
sence of age 2.2 immature Gulf of Alaska sockeye 
salmon were detected. 

Most of the samples of age 2.2 immature 
sockeye salmon collected in 197 5 were from the 
land based fishery area (Table 7C). During the first 
period in May, only Kamchatka Peninsula fish were 
found to be in area E6544. Ten degrees east, in area 
E7544, about one third of the population was esti
mated to be from the Gulf of Alaska. During the last 
period in May in area E6044, the incidences of 
Bristol Bay and Kamchatka Peninsula fish were 
approximately the same. In area E7046, just north of 
the landbased area, about 43 percent of the popula
tion was estimated to be Gulf of Alaska origin. Dur
ing the first period in June in area E6542, the entire 
population was estimated to be of Asian origin. 
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These results lead us to conclude that immature 
Bristol Bay and perhaps Gulf of Alaska sockeye 
occur in the landbased driftnet fishery area, but that 
the majority of immature age .2 sockeye in the area 
is of Asian origin. The only statistically significant 
occurrences of Alaskan sockeye south of 46°N were 
of age 2.2 sockeye sampled in 1974 and 1975, and all 
but one of these occurrences were ofthe Bristol Bay 
stock. The indicated occurrences of 1975 age 2.2 
Gulf of Alaska fish in (area E7544) and near 
(E7046) the landbased area were a surprising result, 
as past tagging experiments (French et al. 1976; 
Harris et al., in press) suggest that relatively few 
immature sockeye in an intensively studied area 
closer to the central Aleutian Islands are of Gulf of 
Alaska origin. 

CRITIQUE OF 1979 BRISTOL BAY FORECAST 

Based on field work in 1978 we forecasted an 
inshore run to Bristol Bay of 14.7 million in 1979 
(Harris and Rogers 1979). This forecast was in line 
with run sizes in the last few pre-peak years, but 
seemed quite low on the basis of information on 
recent smolt outmigrations and return/spawner 
ratios. The forecast was derived in the usual manner 
of prediction from a linear regression of inshore run 
size versus mean catch of immatures at Adak in the 
previous year, except that the forecast of age .3 fish 
was based on a multivariate regression which 
employed as a second independent variable the esti
mated interceptions of age .3 Bristol Bay sockeye by 
the Japanese mothership fishery. These estimates 
are developed in Fredin and Worlund (1974) for 
years 1956-1970, and have been provided annually 
by the U.S. National Marine Fisheries Service 
thereafter. 

The actual 1979 inshore run of the forecasted 
age groups was 40.1 million (preliminary data from 
Alaska Department of Fish and Game): 

Age Forecasted Actual 
(80% confidence interval) 

1.2 3.76 million 11.17 million 
2.2* 5.77 21.31 
Sub-total age .2 9.53 (5.55, 13.50) 32.48 

1.3 2.58 5.30 
2.3* 2.63 2.33 
Sub-total age .3 5.21 (3 .62, 6. 79) 7.63 

Total 14.74 (10.43, 19.03) 40.11 

• Includes minor freshwater age groups 0. and 3. 

The forecast for age .2 fish was greatly in error 
as the run was over three times the forecast, 

although the freshwater age composition was very 
close to that forecasted. There are no obvious 
reasons for the large error. The error was much too 
large to be explained entirely by the recent reduc
tions of high seas fishing by Japan. The run of age .3 
fish also exceeded the forecast, but the error was 
less than experienced in the last two years. The rela
tive abundance of freshwater age 1. fish was, 
however, considerably higher than forecasted. 

EFFECTS OF SEA SURFACE TEMPERATURES 
ON TIMING OF 

BRISTOL BAY SOCKEYE RUN 

The run timing of Bristol Bay sockeye salmon over 
recent years has been shown to occur over a short 
timespan. For example, for the years 1956-1978 on 
the average, 80 percent of the Bristol Bay run passed 
through the fishery during a 14.8-day period (s.d. = 
2.04 days) . The mean date of the run in this period 
was July 4 (range June 29-July 10, s.d. = 2.73 
days). Because of such a short migration period, it 
would be helpful in management to know whether 
the runs will be of early, normal, or late timing. 
Analyses were conducted to relate the run timing of 
Bristol Bay sockeye to sea-surface, and air tem
perature conditions along the Aleutian chain bet
ween the Alaska Peninsula and Adak Island. During 
the period April to June, maturing Bristol Bay 
sockeye are expected to migrate through this 
general area. 

Sea-surface temperature data were obtained 
from Fleet Numerical Weather Central (Dr. Doug 
McLain, personal communication) for four coordi
nate points, two north of the Aleutian chain (54°N x 
176°W and 57°N x 164°W) and two south (51°N x 
176°W and 54°N x 164°W), and for two 5°x5° 
Marsden Squares near the eastern and central Aleu
tians (MSQ 197-1 and 198-1). The annual coded 
dates of the 50 percent point (median) of the Bristol 
Bay run were regressed against monthly sea-surface 
temperature in separate regressions using tem
peratures for April, May, and June for the years 
1960-1978 in the case of Marsden Square data, and 
1962-1978 in the case of coordinate data. Correla
tion coefficients were generally higher for com
parisons of May data than for comparisons of April 
and June data. For May, all regressions were signifi
cant at the 2 percent level, except the one employing 
data from 57°N x 164°W. 

Since air temperatures may be more accurate 
and are available in a more timely fashion, relation
ships were examined between air temperature data 
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from U.S. Weather Service stations at Adak and 
Cold Bay taken separately and combined, and the 
sea-surface temperature data from sites adjacent to 
the weather stations. The relationships were again 
generally better for May than for April or June. For 
May, all were significant at the 1 percent level 
except for those using data from 57°N x 164°W. It 
thus appears valid to use mean air temperatures as 
indices of prevailing ocean temperatures. 

Of various correlations of Bristol Bay run tim
ing (median date) with Adak, Cold Bay, St. Paul, 
and King Salmon air temperatures (taken separately 
and averaged in 2-way combinations) during April
June, most were statistically significant at the 2 per
cent level. Seven were correlated at less than the 0.1 
percent level. These included Cold Bay for May 
(r=.73), April-May (r=.76), and April-June 
(r=.76); Adak-Cold Bay for May (r=.76) (Fig. 1), 
May-June (r=.79), April-June (r=.76); and Adak
St. Paul for May-June (r=.74). This suggests that 
over 50 percent of the variation of Bristol Bay run 
timing may be explained, directly or indirectly, by 
ocean temperature effects. 
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Figure 1. Regression of annual timing (median 
coded date) of the Bristol Bay 
sockeye salmon run on the Adak
Cold Bay mean air temperature for 
May, 1960-1978. The regression esti
mated is Y = -1.072 (X) + 51.065; 
the 95% confidence interval around 
the regression is shown. 

These correlations are sufficiently high to be 
useful in prediction of run timing, since air tern-

perature data through May are available prior to the 
arrival of the sockeye run in Bristol Bay. 

RACIAL ANALYSIS OF BRISTOL BAY 

SOCKEYE SALMON 

Since 1975 we have applied scale pattern recognition 
techniques to determine the rivers of origin of 
immature ages .1 and .2 Bristol Bay sockeye salmon 
sampled at Adak Island. The objective of this 
research was to obtain point and variance estimates 
of the racial composition of the forecasted Bristol 
Bay run (Harris et al., in press). A number of prob
lems were identified in these applications of dis
criminant analysis to forecasting (Cook 1979). One 
of the most serious problems is thought to be incur
red by the use of smolt scale samples as standard and 
test samples. The use of smolts as standards could 
cause bias and reduce classificatory accuracy if the 
smolts sampled during the outmigration do not well 
represent the entire population, and/or if there is 
strong directional selection with regard to fresh
water scale characters during the period of early 
ocean residence. 

The appropriateness of using smolts as stan
dards in discriminant analyses of older sockeye was 
examined by comparing scale patterns of smolts 
with those of adults (escapement samples) of the 
same stock, freshwater age, and brood year. Bristol 
Bay sockeye smolt and escapement samples were 
kindly provided by the Alaska Department of Fish 
and Game. Scales were viewed at 225X, and the 
following counts and measurements of the fresh
water portion of the scales were recorded: width (in 
mm) and circuli counts of the "summer" and 
"winter" growth zones, width and circuli count of 
the plus growth zone, and width of the widest cir
culus. These characters were routinely used in our 
past discriminant analyses of Bristol Bay sockeye. 

The smolt and adult scale patterns were com
pared by using univariate median tests (Siegel 
1956). The distributions of the two plus growth 
characters, differed greatly between smolts and 
adults in most cases, and since this is likely due to 
the fact that smolts were sampled before plus growth 
was completed (or even before it began), these 
characters are of little use in analyses based on smolt 
standards and are not considered further. Almost 
half of the remaining comparisons (68 out of 150) 
resulted in significant chi-square values (p< .05), 
indicating that the smolt scale patterns differed from 
the adult patterns in many cases. For scale charac
ters other than those pertaining to the second sum-
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mer zone, nearly all (52 out of 56) of the cases of 
significant difference were in the hypothesized 
direction of adults having the larger median (i.e., 
implying selection against " smaller" individuals). 
Interestingly, comparisons with regard to characters 
from the second summer zone show a consistent 
trend for smolts to have the larger median, which 
suggests selection (or sampling bias) against fish 
that grew most in the second freshwater summer. 

To provide some insight as to how such 
differences between smolt and adult scale patterns 
might affect discriminant analyses based on smolt 
standards, we treated escapement samples of known 
origin as unknowns (i.e., as a second test sample) . 
Five scale characters were used in each of eight 
analyses (2 brood years x 2 freshwater age groups x 
2 ocean age groups) . In every analysis but one, 

accuracy of classifying adults was lower than that 
achieved by classifying the smolt test sample (Table 
8). 

We conclude from these analyses that there are 
in many cases significant differences in the 
multivariate distributions of scale characters of 
(sampled) smolt and adult Bristol Bay sockeye 
salmon that would recommend against the use of 
smolts in discriminant analyses of older fish. The 
shifts in scale patterns between the smolt and adult 
stage are thought to be due to size selective mor
tality after outmigration and/or to sampling bias. 
The effects of such scale pattern shifts on discrimi
nant analysis would likely depend on the inherent 
separability of the smolts, so that in some situations 
smolts may be adequate standards. 

Table 8. Results of classifying test samples of Bristol Bay sockeye smolts and two age groups of adults, based on smolt learning sam
ples of the same cohort. Percent accuracies are the unweighted means of the diagonal elements of the resulting classification 
matrices. River system abbreviations are K = Kvichak, N =Naknek, U = Ugashik, and W = Wood. 

Smolt test sample 

Composition n 

1974 K,N,U; age 1.0 73 

1975 K,N,W; age 1.0 75 

1974 K,N,U; age 2.0 99 

1975 K,N,U; age 2.0 70 

1979 TAG RETURNS 

Sixty-seven tags were returned between 19 October 
1978, the date of our last tag recovery document, 
and 12 October 1979. The release and recovery loca
tions for these salmon are shown in Figs. 2 (for 
sockeye) and 3 (for other species). 

Fifty-six of the returns were of sockeye salmon, 
all released in INPFC area W8050. Of these, one was 
a late report of a 1961 recovery (the tag was recently 
found on a beach in Bristol Bay; the fish was matur
ing when released in 1961), two were late reports of 
1978 recoveries (one on the high seas near the 
release location, and one in southeast Alaska), and 
the rest were 1979 recoveries from releases in 1977 
(29) and in 1978 (24). The recoveries from 1977 

Adult age .2 Adult age .3 

Test sample Test sample 

Percent Percent Percent 
accuracy n accuracy n accuracy 

51 

51 

62 

52 

78 45 73 44 

147 30 134 32 

143 39 109 44 

98 59 94 31 

releases were all of age .3 fish, and were made in 
Bristol Bay (25), U nimak Island (1), Kodiak Island 
(1) , and the south side of the Alaska Peninsula (2). 
The coastal recoveries from 1978 releases were 16 of 
age .2 and five of age .3 and were all from Bristol 
Bay. The 1979 high seas recoveries were of two age 
.3 sockeye and of one age .2 sockeye, released in 
1978. 

Returns of salmon other than sockeye were of 
three chum, four pink, and four coho salmon (Fig. 
3). Two of the chum were released from area W8050 
and recovered at age .2 on the Okhotsk coast of 
Hokkaido, Japan. Two additional pink salmon were 
recovered from 1978 releases in area W8050: one on 
Attu Island and one in Bristol Bay. Two other pink 
salmon tags were recovered in southeast Alaska and 
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near Vancouver Island, from releases in 1963 and 
1966, respectively, in the eastern Gulf of Alaska. 
The four recovered coho salmon were released in 
area W8050 in 1971, 1974, and 1978 (2). Recov
eries were from the Tanana River· (tributary of the 

Yukon River), east Kamchatka (2), and west 
Kamchatka. The latter recovery extends the known 
eastern range of west Kamchatka coho from 
169°27'E to Adak Island. 
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Figure 2. Release and recovery locations for 55 sockeye salmon released by 
United States biologists and reported in 1979. An additional immature 
sockeye salmon was recovered near the release location and could not 
be shown on the map. 

-- late 1978 recovery of 1978 release 
-- - late 1978 recovery of 1977 release 
------late 1974 recovery of 1974 release 
--- late 1971 recovery of 1971 release 
-·-·-·- - late 1966 recovery of 1966 release 

·· late 1963 recovery of 1963 release 
• release location 

P - pink, S • silver (coho), C • chum 

Figure 3. Release and recovery locations for 4 pink, 4 coho, and 3 chum salmon 
released by United States biologists and reported in 1979. 
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STATISTICS OF THE JAPANESE 

MOTHERSHIP SALMON FISHERY 

by 

Michael L. Dahlberg* 

Statistics of annual catch, fishing effort, and catch 
per unit of effort (CPUE) for the Japanese mother
ship salmon fishery in 1978 (INPFC, in press) were 
compiled from various sources (Table 1) with cor
responding data for 1952-77 (INPFC 1952-79; 
Manzer et al. 1965; INPFC, in press). The Japanese 
mothership salmon-fishing area under the present 
protocol is shown in Figure 1. Figures 2-6 show the 
annual fishery statistics for the 27-year period 1952-
78. 

SOCKEYE SALMON 

The 1978 catch of 1.9 million sockeye salmon was 
the third lowest catch since 1952, the first year of 
the fishery. Fishing effort in 1978 was the lowest 
since 1954. Sockeye salmon CPUE in 1978 was the 
highest since 1970. The best CPUE was in INPFC 
area (2°X5°) E7050. Best sockeye salmon catches in 
1978 were taken in early June southwest of the 
western Aleutian Islands. 

PINK SALMON 

The 1978 catch of 1.8 million pink salmon and the 
pink salmon CPUE were the lowest since 1970. The 
largest pink salmon catches were taken in late June 
east of 170°E longitude and north of 55°N latitude; 
however, the best CPUE was in the central Bering 
Sea. 

* Northwest and Alaska Fisheries Center, National Marine Fish
eries Service, Auke Bay, Alaska. 
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CHUM SALMON 

The 1978 catch of 3.8 million chum salmon was the 
lowest catch since 1953 and third lowest since the 
inception of the fishery. Best catches in 1978 were 
taken in mid-July in the area near 174°E 
longitude, north of 47°N latitude. 

COHO SALMON 

The 1978 catch of 609,000 coho salmon was over 
seven times that observed in 1977. Coho salmon 
CPUE was also much higher compared to 1977. Best 
catches in 1978 were made in mid-July south of the 
Aleutian Islands. 

CHINOOK SALMON 

The 1978 catch of 105,000 chinook salmon was the 
second lowest since 1963. Best catches of chinook 
salmon in 1978 were taken in mid-July between 47° 
and 49°N latitude. 
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Table 1. Japanese mothership salmon fishery - catch, fishing effort, and catch per unit of effort, 1952-78. 

Catch (thousands of fish) 

Species of salmon 

Year Sockeye a Pinkb Chum a Cohoe Chinook a Total a 

1952 736 698 626 24 1 2,086 
1953 1,547 2,894 2,673 309 8 7,431 
1954 3,391 2,702 8,296 678 57 15,129 
1955 11,057 10,557 16,737 1,733 51 40,226 
1956 9,069 6,664 16,333 3,398 127 35,644 
1957 19,399 17,203 8,866 193 29 46,029 
1958 10,710 7,858 14,046 3,108 37 35,832 
1959 9,125 18,640 12,859 1,358 68 42,331 
1960 12,879 1,826 10,517 961 180 26,424 
1961 12,998 3,226 6,128 281 31 22,704 
1962 10,590 1,011 6,372 1,531 122 19,755 
1963 8,902 6,242 5,858 1,889 88 23,475 
1964 7,097 2,198 8,640 3,529 410 21,964 
1965 12,038 4,238 6,037 1,172 185 23,864 
1966 7,254 2,457 8,562 466 208 19,046 
1967 8,037 7,698 6,838 225 127 23,060 
1968 6,373 3,610 8,107 805 362 19,563 
1969 5,935 6,862 7,721 1,144 554 22,488 
1970 6,944 1,573 9,639 180 437 18,925 
1971 3,554 7,833 9,968 452 206 22,384 
1972 3,184 3,561 13,373 581 261 21,227 
1973 2,613 11,665 7,857 806 119 23,597 
1974 2,282 6,963 9,283 1,076 361 20,767 
1975 2,171 13,614 7,367 326 162 24,709 
1976 2,277 6,820 10,444 827 285 21,048 
1977 1,508 9,100 5,996 79 93 16,778 
1978 1,882 1,853 3,802 609 105 8,251 

... continued 
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Table 1. Continued. 

Fishing effort (thousands of tans) 

Species of salmon 

Year Sockeye 
a Pinkb Chum a 

Coho c Chinook a 

1952 469 393 469 199 469 
1953 1,317 1,029 1,317 621 1,317 
1954 2,557 2,274 2,557 1,257 2,557 
1955 6,789 5,309 6,789 2,812 6,789 
1956 9,128 7,200 9,128 3,206 9,128 
1957 6,211 4,179 6,211 1,262 6,211 
1958 7,207 5,628 7,207 2,681 7,207 
1959 7,097 5,958 7,097 1,226 7,097 
1960 6,518 5,920 6,518 2,848 6,518 
1961 4,994 4,538 4,994 1,459 4,994 
1962 5,851 4,918 5,851 2,231 5,851 
1963 5,954 5,186 5,954 1,399 5,954 
1964 7,518 6,586 7,518 2,307 7,518 
1965 6,110 5,164 6,110 1,385 6,110 
1966 5,195 4,207 5,195 694 5,195 
1967 5,231 4,120 5,231 525 5,231 
1968 5,925 4,838 5,925 1,025 5,925 
1969 5,217 5,160 6,217 907 6,217 
1970 6,028 5,120 6,028 1,001 6,028 
1971 5,839 4,720 5,839 382 5,839 
1972 5,917 5,036 5,917 495 5,917 
1973 5,850 4,865 5,850 1,184 5,850 
1974 5,433 4,390 5,433 1,043 5,433 
1975 5,633 4,586 5,633 753 5,633 
1976 5,811 4,897 5,811 984 5,811 
1977 3,984 3,823 3,984 670 3,984 
1978 2,721 2,721 2,721 1,180 2,721 

... continued 
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Table 1. Continued. 

Catch per unit effort (number of fish per tan) 

Species of salmon 

Year Sockeyea Pinkb Chum a Cohoe Chinooka 

1952 1.57 1.78 1.33 0.12 0.0021 
1953 1.17 2.81 2.03 0.50 0.0061 
1954 1.33 1.19 3.24 0.54 0.0223 
1955 1.63 1.99 2.47 0.62 0.0075 
1956 0.99 0.93 1.79 1.06 0.0139 
1957 3.12 4.12 1.43 0.15 0.0047 
1958 1.49 1.40 1.95 1.16 0.0051 
1959 1.29 3.13 1.81 1.11 0.0096 
1960 1.98 0.31 1.61 0.34 0.0276 
1961 2.60 0.71 1.23 0.19 0.0062 
1962 1.81 0.21 1.09 0.69 0.0209 
1963 1.50 1.20 0.98 1.35 0.0148 
1964 0.94 0.33 1.15 1.53 0.0545 
1965 1.97 0.82 0.99 0.85 0.0303 
1966 1.40 0.58 1.65 0.67 0.0400 
1967 1.55 1.87 1.31 0.43 0.0243 
1968 1.08 0.75 1.37 0.79 0.0610 
1969 0.95 1.33 1.24 1.26 0.0891 
1970 1.15 0.31 1.60 0.18 0.0725 
1971 0.61 1.66 1.71 1.18 0.0353 
1972 0.54 0.71 2.26 1.17 0.0441 
1973 0.45 2.40 1.34 0.68 0.0203 
1974 0.42 1.59 1.71 1.03 0.0664 
1975 0.39 2.97 1.31 0.43 0.0288 
1976 0.39 1.39 1.80 0.84 0.0490 
1977 0.38 2.38 1.51 0.12 0.0233 
1978 0.69 0.68 1.40 0.50 0.0386 

aMay-August 

bJune-August 

CJuly-August and excluding Bering Sea. 

Sources: 1952-59 - INPFC Statistical Yearbooks, and Manzer et al. (1965) . 

1960-76 - INPFC Statistical Yearbooks 

1977-78 - INPFC Statistical Year books, in press. 
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Figure 1. Japanese mothership fishery areas (INPFC) in 1978. 
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Figure 2. Sockeye salmon catch, fishing effort, and catch per unit of effort , Japanese mothership salmon 
fishery, 160°E to l75°W, 1952-1978. (entire season). 
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Figure 3. Pink salmon catch, fishing effort, and catch per unit of effort, Japanese mothership salmon 
fishery, 160°E to 175°W, 1952-1978 (June through August). 
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Figure 5. Coho salmon catch, fishing effort, and catch per unit of effort, Japanese mothership salmon fish
ery, 160"E to 175°W, 1952-1978 (July through August). 
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Figure 6. Chinook salmon catch, fishing effort, and catch per unit of effort, Japanese mothership salmon 
fishery, 160°E to 175°W, 1952-1978 (entire season) . 
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MARINE MAMMAL STUDIES, 1979 

by L.L. Jones, and T.C. Newby* 

The Dall's Porpoise Program is a three year 
cooperative U.S.-Japan research program estab
lished under the mandate of the International Con
vention for the High Seas Fisheries of the North 
Pacific Ocean as renegotiated in 1978. The objec
tives of the program, as specified in the Annex, 
paragraph 1 (c), are to assess the impact of the inci
dental take of Dall's porpoise in the gillnets of the 
Japanese salmon mothership fishery and to find 
ways to reduce or eliminate the incidental take. The 
basic elements of the research program are 
described in the Memorandum of Understanding 
attached to the Convention. 

The National Marine Mammal Laboratory 
(NMML), Northwest and Alaska Fisheries Center, 
NMFS, is the lead agency for the U.S. portion of the 
research. Three platforms are used for these 
studies: Japanese salmon motherships, Japanese 
salmon research vessels, and a research vessel char
tered by the Fishery Agency of Japan dedicated to 
marine mammal and salmon research. 

* National Marine Fisheries Service, Northwest 
and Alaska Fisheries Center, National Marine 
Mammal Laboratory, Seattle, Washington. 
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ABOARD JAPANESE SALMON MOTHERSHIPS 

Studies on board the Japanese salmon mother
ships are concerned with obtaining data on all 
marine mammals incidentally taken in the salmon 
gillnets, and obtaining biological data and speci
mens for determination of the life history 
parameters of Dall's porpoise. A U.S. biologist on 
board each mothership collects the following from 
each porpoise returned to the vessel by the catcher
boats: date and location of capture, body length, 
weight, teeth, stomach, reproductive tract, sex, 
parasites, and fetus, if present. Complete photo
graphic records are taken. 

INCIDENTAL TAKE STUDIES. 

A total of 611 Dall's porpoise was collected in 
1979 by the Japanese mothership salmon fishery. 
The mean length of these animals was 169 em, with 
a range of 90 to 218 em. No animals in the 105 to 
129 em size range were taken in 1979 nor 1978 
(Figure 1). Approximately 63% of these porpoise 
were females. 

REPRODUCTIVE BIOLOGY 

A total of 390 female Dall's porpoise were inci
dentally taken in the mothership gillnets in 1979. 
The size ranged from 130 to 218 em with a mean of 
170 em (Figure 2). The smallest sexually mature 
female, based on corpora counts, was 157 em. The 
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Figure 1. Lengths of all Dall's porpoise incidentally taken in Japanese salmon gillnets, aboard research 
vessels and in the high seas mothership fishery, 1979. 
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average size of sexually mature females was 182 em. 
Approximately 60% (210) of the females were sex
ually mature, of which 39% (152) were pregnant, 
and 27% (lOS) were lactating. In 1978, 46% (90) of 
all females were sexually mature, of which 63% (57) 
were pregnant and 20% (18) were lactating. The 
number of corpora present ranged from 0 to 24. The 
mean was 6 corpora per female. 

A total of 116 fetuses (sex ratio of 1: 1) was col
lected in 1979. The fetuses were frozen for 
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examination at the National Marine Mammal 
Laboratory. Coloration pattern development, 
morphometric studies, and skeletal development 
will be examined. 

In 1979, 247 male Dall's porpoise were col
lected. Their mean size was 187 em, with a range of 
91 to 218 em (Figure 3). Sexual maturity was esti
mated from testicular weight. Approximately 32% 
(65) of the males were sexually mature, at a body 
length of 180 em. 
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Figure 2. Lengths of all female Dall's porpoise incidentally taken in the Japanese high seas salmon fishery, 1979. 
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Figure 3. Lengths of all male Dall's porpoise incidentally taken in the Japanese high seas salmon fishery, 1979. 
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FOOD HABIT STUDIES 

A total of 491 stomachs was collected from 
Dall's porpoise in 1979. A subsample of 86 
stomachs was processed and the fish otoliths pre
sent were identified (Table 1). Prey species iden
tified were similar to those in the 1978 sample; 
however, prey were more abundant in the 1979 
samples. The predominant prey group was 
mesopelagic myctophids. 

ABOARD JAPANESE RESEARCH VESSELS 

The primary objective of research on board these 
vessels is to obtain data for estimation of the abun
dance of marine mammals, particularly Dall's por
poise, in order to assess the impact of the incidental 
take on the populations. Marine mammal sighting 
surveys are conducted during daylight hours follow
ing procedures established in the U.S. Platforms of 
Opportunity Program, NMML. The vessels used in 

1979 were the Oshoro maru, Hokusei maru, and 
Hoyo maru No. 67. Data were also collected on 
board NOAA and U.S. Coast Guard vessels. 

Biological data and specimens were collected 
from all porpoise and northern fur seals (Callorhinus 
ursinus) incidentally taken in the gillnets in the 
course of the salmon research. The procedures were 
the same as those used on board the Japanese 
motherships. 

On board the Oshoro maru, cooperative studies 
of sea bird mortality and food habits were con
ducted with personnel of the U.S. Fish and Wildlife 
Service. 

A total of 22 species was sighted and identified 
during these cruises. More than 6,000 individuals 
were observed during the interval from 16 May to 
13 August (Table 2). The most commonly observed 
species was Dall's porpoise (Phocoenoides dalli 
True), including the True's type. 

TABLE 1. Species of fish identified from 86 Dall's porpoise stomachs from animals incidentally taken by the Japanese mothership 
salmon fishery in the northwestern Pacific, 1979. 

Species 

Protomyctophum tompsoni 

Stenobrachius sp. 

Diaphus theta 

Lampanyctus jordani 

Lampanyctus regalus 

Lampanyctus "archirus" type 

Tarletonbeania sp. 

Scopelosaurus harryi 

Lestidiops ringens 

Bathylagus miller 

Bathy/agus pacificus 

Bathy/agus sp. 

Pleurogrammus monopterigius 

Nansenia candida 

Macropinna microstoma 

Melamphaes sp. 

Poromitra sp. 

Stichaeidae 

Stomiatoid 

Ceratoscopelus sp. 

TOTAL 

No. otoliths 

39,020 

1,642 

1,979 

825 

50 

4 

21 

10 

107 

39 

167 

209 

153 

27 

112 

18 

4 

3 

2 

44,393 

%total 

88 

4 

4 

2 

0.2 

0.4 

0.5 

0.4 

0.2 
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TABLE 2. Marine mammal sightings on board Japanese research vessels, 1979. 

Oshoro maru 

CETACEANS 

Phocoenoides dalli dal/i 
Phocoenoides dalli truei 
Phocoenoides unknown 
Phocoena phocoena 
Lagenorhynchus obliquidens 
G/obicepha/a macrorhynchus 
Lissode/phis borealis 
Delphinus de/phis 
Grampus griseus 
Unidentified porpoise/dolphin 

Pseudorcas crassidens 
Orcinus orca 
Berardius bairdi 
Ziphius cavirostris 

Mesoplodon sp. 
Physeter macrocephalus 
Balaenoptera acutorostrata 
Balaenoptera physalus 
Balaenoptera musculus 
Balaenoptera borealis 
Megaptera novaeangliae 
Unidentified whales 

PINNIPEDS 
Ca/lorhinus ursinus 
Eumetopiasjubatus 
Enhydra lutris 
Phoca vitulina 
Unidentified pinniped 

Total 

A = number of sightings. 

5 June-2 July 

A 8 

48 
5 

l7 
1 

4 

2 

53 

132 

192 
17 
60 
2 

6 

2 

5 

74 

359 

8 = total number of individuals sighted. 

7 July-12 August 

A 8 

117 
1 
5 
4 
4 

2 
21 
5 

14 

1 
3 
3 
3 

3 

12 
2 

1 
10 

46 
3 
4 
1 
1 

266 

514 
2 

30 
4 

263 

300 
1,857 

60 
210 

2 
24 
11 
4 

7 

20 
18 

4 
16 

294 
81 
7 
1 
1 

3,730 

A preliminary estimate of the abundance of 
Dall's porpoise in the North Pacific Ocean and Ber
ing Sea was calculated. The estimates range from 
800,000 to 1.2 million. These estimates are based 
on data collected by U.S. biologists on board three 
Japanese salmon research vessels in 1978 and 1979. 
A strip transect method was used for the estimates 
(Boucher et al. 1980). 

ABOARD THE DEDICATED RESEARCH VESSEL 

The objectives of the marine mammal studies 
on board the vessel dedicated to marine mammal 
and salmon research were to: 

1. obtain information on the factors involved 
in marine mammal entanglements includ
ing location in the net, environmental con
ditions, gear characteristics, and associated 
catch; 

Hoyo maru Hokusei maru 

16 May-23 June 29 June-10 August 16 July-13 August Totals 

A 8 A 8 A 8 A B 

62 
3 

14 

2 

14 
7 

103 

349 
4 

80 

4 

14 
8 

459 

63 
28 
63 

2 

1 
4 
2 
1 

1 
5 

2 

35 
8 

216 

241 
161 
242 

5 

1 

5 
33 
13 
5 

1 
15 

3 

42 
9 

776 

13 
14 
32 

7 

2 
3 
1 

33 

2 

7 

20 

135 

60 
45 

109 

124 

10 
110 

6 
295 

6 

14 

22 

802 

303 
51 

131 
5 

11 
2 
4 

24 
6 

52 

2 
13 
6 
4 

3 
1 

18 
2 
0 
1 
1 

21 

168 
17 
4 
1 
1 

852 

2. obtain information concerning the 
behaviour of marine mammals near 
vessels and gillnets, and the conditions 
which affect sighting of the animals; 

3. study the acoustical environment of the 
gillnet and the acoustic characterist ics of 
Dall's porpoise; 

4. obtain information of the distribution and 
abundance of Dall's porpoise and other 
marine mammals; and 

5. obtain information on the food web of the 
northwestern Pacific Ocean by collecting 
stomach samples , and neuston and 
plankton samples for each gillnet set. 

The acoustical studies were conducted in 
cooperation with the Hubbs-Sea World Research 
Institute and Nagasaki University (Japan). 

1,356 
229 
521 

6 
387 

5 
310 

1,967 
66 

512 

7 
67 
26 
9 

7 
1 

36 
18 
0 
1 
4 

38 

446 
98 

7 
1 
1 

6,126 
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The dedicated vessel participated in two 
cruises. The first was in the northwestern Pacific 
Ocean, from 16 May to 23 June. The second was in 
the Bering Sea, from 29 June to 10 August. 

The gillnet routinely used on board the dedi
cated vessel consisted of 50 tans (2.5 km) of 114 
mm stretch mesh net (as used in the landbased 
salmon fishery), 30 tans (1.5 km) of research net 
consisting of 3 tans each of 48, 93, 157, 106, 63, 
121, 72, 138, 82, and 55 mm mesh nets (in this 
sequence) and 50 tans more of 114 mm mesh, for a 
total of 130 tans (6.5 km). A second net of 100 tans 
of 114 mm mesh size was set on one occasion. On 
several sets it was only possible to set 80 tans. 

The net was set each day at 1600 (Japan Stan
dard Time), weather permitting. Immediately prior 
to deployment, an oceanographic station was con
ducted. Water transparency (Secchi disk depth) and 
temperature (XBT), 300 m to the surface, were 
measured. A vertical plankton tow was taken, 150 
m to the surface. One hour after sunset, a surface 
neuston net was towed for 10 minutes. Neuston 
and plankton samples were preserved in 10% for
malin. 

Retrieval of the net began at daybreak. If 
weather permitted, prior to retrieval, the vessel 
cruised at slow speed parallel to the net ("net 
patrol") in order to observe entanglements, the 
configuration of the net, and marine mammal 
behaviour near the nets. The following data were 
collected: swell and wind direction, wind speed, 
weather conditions, surface water temperature, 
begin and end time, net configuration, and location. 
Number of marine mammals present and their 
behaviour were noted. During retrieval, entangle
ment of marine mammals, seabirds, invertebrates, 
and fish (other than salmon) were recorded. 
Seabirds, squid, and fish were collected for food 
habit studies. 

The total number of gillnet sets during Cruise I 
was seventeen, utilizing 2,130 tans (106.5 km). 
Two Dall's porpoise entangled, resulting in a catch 
rate of 0. 94 per 1,000 tans. The first animal was 
alive and released. The body length was estimated 
to be 140 to 150 em. The animal was in the upper 
portion of the commercial net, approximately 80 m 
from the radio buoy marking the end of the net. 

The second Dall's porpoise was dead, brought 
on board, and systematically untangled. A complete 
necropsy was performed. The animal was a small 
female, 152 em in length. It was also entangled in 
the commercial net near the corkline, an estimated 
distance of 360m from the upwind end of the net. 

During Cruise II, there were 20 gillnet sets, 
utilizing 2,600 tans (130 km). One Dall's porpoise 
(catch rate = 0.38) and one northern fur seal were 
incidentally taken. The fur seal was a small male and 
was released alive. The Dall's porpoise was a small 
male, 160 em in length, captured, and drowned in 
the upper 2m of the net in 138 mm mesh size (near 
the commercial net section). A complete necropsy 
was performed. 

Conclusions on the factors associated with 
entanglement are not possible due to the small sam
ple size. Studies during Cruise I on the charac
teristics of the gillnet during the sets indicated that 
in 24% of the sets (4 out of 17), large pockets 
formed in the net which could potentially confuse 
an animal and increase the probability of entrap
ment (J. Coe, Unpubl. NMML report). Behavioural 
observations of Dall's porpoise during set and 
retrieval of the net indicated that the porpoise were 
aware of the net. Groups of animals were seen on 
four occasions to approach the net at high speed and 
veer sharply as close as several meters from the net 
or swim under the net. Results of acoustic studies 
indicate that the fine mesh of the gillnet may not be 
acoustically detectable by the porpoise (Awbrey et 
al. 1980 Report to the NMML). 
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KING AND TANNER CRAB RESEARCH IN THE 
EASTERN BERING SEA, 1979 

by 

R.S. Otto, A.K. Fukuyama, T.M. Armetta, 
R.A. Macintosh, and J. McBride* 

King and tanner crab research conducted by 
the United States during_ 1979 included continua
tion and expansion of the annual trawl survey, con-

*Northwest and Alaska Fisheries Center, National Marine Fish
eries Service, Kodiak, Alaska. 
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tinuation of tagging experiments, and a compara
tive fishing experiment in cooperation with the 
Japanese research vessel, Wakatake maru. Popula
tions of red king crabs (Para/ithodes camtschatica), 
blue king crabs (P. platypus), and two species of tan
ner crabs (Chionoecetes bairdi and C. opilio) were the 
primary subjects of the U.S. research. Detailed 
biological studies of blue king crab and Korean hor
sehair crab (Erimacrus isenbeckii) were also carried 
out. The 1979 eastern Bering Sea trawl survey 
began on May 22 and ended on August 24. The 
survey was conducted by the NOAA R/V Oregon, 
the M/V Paragon II, and the M/V Discovery Bay. 
The latter vessels were chartered in order to facili
tate sampling of a greatly enlarged 1979 survey area 
(Fig. 1). A tagging cruise extended from July 15 to 
August 25 on board the M/V Discovery Bay. 

1979 TRAWL SURVEY AND VESSEL COMPARISON 
STUDY 

Analysis of past data showed that 1979 survey 
objectives could best be met with non-uniform dis
tribution of the sampling effort. For this reason, 
station densities varied from one quarter to double 
those used in past surveys (Fig. 1). Increased sta
tion density south of 58 degrees was intended to 
increase the precision of survey-derived informa
tion in the area that supports the most important 
crab stocks. 

Survey methodology was identical to that of 
previous years. Each station consisted of a one-half 
hour tow made with a 400 mesh eastern otter trawl. 
This trawl sweeps a path of forty feet (12.2 meters). 
A tracing of the surface to bottom temperature 
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Figure 1. Locations of sampling stations during the May-August, 1979 survey in the eastern Bering 
Sea. 
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Figure 2. Bottom temperatures (°C) at stations surveyed during the May-August, 1979 survey in the 
eastern Bering Sea. 
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profile was taken with an expendable bathyther
mograph (XBT) at each station, primarily to obtain 
bottom temperatures (Fig'. 2). A record was made 
of the number of crabs taken, as well as size, sex, 
shell condition, and egg condition. Additional data 
obtained at each station included weight of cap
tured finfish, haul depth, and weather conditions. 

Side by side comparative trawling, conducted 
in 1978 by the R/V Oregon and the M/V Paragon II, 
and subsequently analysed using the methods of 
Robson (1966), showed no difference in fishing 
power between the two vessels. The two vessels 
were compared in 1979 by computing the average 
number of crab taken per square nautical mile for 
each vessel in an area fished by both vessels. This 
area is shown in Figure 1 as the area of highest sta
tion density. No statistically significant differences 
were found between means calculated for any 
species or any of various size categories. The fishing 
power of the Discovery Bay was not assessed. Her 
design is similar to that of the Paragon II and it is 
assumed that her fishing power would be very simi
lar if not identical. The Discovery Bay made only 59 
of the 522 tows included in the survey and the 
assumption of equal fishing power for the three 
survey vessels is unlikely to result in serious bias. 

Survey information was processed to provide 
estimates of stock size and descriptions of crab dis
tribution in the area. Population estimates were 

obtained using a combination of the area swept 
technique (Hoopes and Greenough 1970; Alverson 
and Pereyra 1969) and stratified random sampling 
techniques (Cochran 1963) . Stratification was 
based on the density of large male crabs for each 
species. Variances of population estimates used in 
computing confidence intervals were also derived 
according to stratified sampling theory. Calcula
tions were performed in the same fashion as in pre
vious years on the University of Washington com
puter. 

TAGGING STUDIES 

The National Marine Fisheries Service is cur
rently conducting three tagging studies in the 
eastern Bering Sea. Tagged red king crab were 
released in 1973 and 1976. In 1978, studies of bairdi 
tanner crab and blue king crab were initiated and 
these studies were continued in 1979. Total num
bers of tagged crab released and recovered are given 
by species, year, and tag type in Table 1. 

In July of 1973, 3,015 tagged red king crab were 
released. Recoveries were made in each of the 
following six fishing seasons. Unfortunately, 
returns were insufficient for estimating population 
size. The number of returns per year did not decline 
drastically until 1977. 

In 1976, 7,429 legal-sized (greater than 135 
mm carapace length) male red king crab were tag-

TABLE 1. Number of tagged crab released by the NMFS and reported recoveries (1973 through 1979) . 

Release Number released" Recovery Number recoveredb 
Year Species Isthmus T-Bar Mod T-Bar Exp T-Bar Disk Year Isthmus T-Bar Mod T-Bar Exp T-Bar Disk 

1973 P. camtschatica 3,015 974 1973 84 31/31 
1974 309 45!90 
1975 143 9/26 
1976 130 9/25 
1977 59 3/3 
1978 I Ill 

1976 P. camtschatica 7,429 3,853 1976 2,652 I ,217/1,364 
1977 609 194/197 
1978 64 10/30 

1978 C. bairdi 2,263 1,138 1978 0/2 2 
1979 80/124 90/92 

P. platypus 312 1978 

1979 C. bairdi 1,948 8,199 1,920 

P. platypus 1,786 

"Isthmus: spaghetti-type; T-Bar : Standard Floy Tag; Mod T-Bar: Tapered shank T-Bar; Exp T-Bar: Long tapered shaft; Disk: Peterson disk on 
barbed shaft. 

"Numerator: Number of tags recovered; Denominator: Number of tagged animals known to be recovered with or without tags. 



/J.R. 19'19 

RESEARCH BY THE UNITED STATES 81 

ged in the eastern Bering Sea. During the 1976 fish
ery, 2,652 tagged crab were recaptured in a catch of 
10.6 million (Lechner and Tate 1976) . The Bailey
Chapman modified Petersen population estimate 
with 95 percent confidence limits (Ricker 1975) was 
30.0 ± 1.2 million crab. This compares favorably 
with a 1976 survey derived estimate of 32.7 ± 5.2 
million legal-sized males (Reeves et al. 1976). Dur
ing the 1977 season, 609 recaptures were recorded 
in a catch of 11 .7 million crab (Lechner 1977), and 
in 1978, there were 64 recaptures in a catch of 15.7 
million crab. Since the rate of utilization was rough
ly constant from 1976 through 1978, these recap
ture rates correspond to annual survival rates of 23 
percent in the first year and only 11 percent in the 
second year. 

In 1978, 2,263 tagged bairdi tanner crab and 
312 tagged blue king crab were released. In 1979, 
tagging operations were similar but more successful 
(8,199 C. bairdi and 1,786 P. platypus tagged). 
Analysis of tag returns from the 1978 and 1979 
work awaits further recoveries. 

COMPARATIVE FISHING WITH THE WAKA TAKE MAR U 

This experiment was conducted as part of 
cooperative U.S.-Japanese research to estimate the 
vulnerability of crab to the standard assessment 
trawls used by each country. The "alternate tail 
attack" method (as described in documentation 
submitted by the Japanese Section) was chosen for 
this purpose. The experiment took place in the area 
west of the Pribilof Islands, from August 21 to 26. 
A total of 35 tows was completed and 34 of these 
were judged to be successful. Tows were made in a 
"high" concentration area for C. opilio (H-24, 24 
tows) and in a "low" concentration area (F-23, 11 
tows) . Each vessel was leading for 17 tows and 
following for 17 tows. Data were exchanged at sea 
following completion of the experiment. Our 
analysis of these data is preliminary. Results will be 
presented at a later date. 

DISTRIBUTION OF CRAB POPULATIONS 

KING CRABS 

Most of the red king crab population was found in 
the portion of the survey area east of 165°W and 
south of 58°N. A few red king crab were, however, 
encountered in the area near the Pribilof Islands 

and at widely scattered locations in the north
western portion of the survey area. Although Fig. 3 
only shows the distribution of large males, it is 
representative of the distribution of both sexes and 
various size groups, except as noted below. Small 
males (less than 110 mm carapace length) were 
found thoughout the primary area of population 
abundance with scattered areas of high abundance. 
In general, small males and all females were found 
closer to shore and further east than large males. 
The distribution of medium sized males (110-136 
mm) was essentially the same as that of large males, 
except for a small area of concentration in Bristol 
Bay (I -14). The major concentration of medium and 
large males was further offshore and slightly to the 
west of similar concentrations in previous years. 

Blue king crab were found near the Pribilof 
Islands, near St. Matthew Island, and southwest of 
St. Lawrence Island along the U.S.-U.S.S.R. con
vention line (Figs. 4-6). Going from south to north, 
blue king crab populations became less dense and 
were composed of progressively smaller animals. 
For example, few males larger than 110mm 
carapace length were found near St. Lawrence 
Island (compare Figs. 4 and 5), and few males larger 
than 136 mm were found near St. Matthew Island 
although they were common in the vicinity of the 
Pribilofs (Fig. 6). The distribution of females was 
similar to that of males. The St. Matthew popula
tion was grouped near the island as they were in 
1978. Blue king crab in the Pribilofs were found in 
higher than usual relative abundance in the area 
northeast of the Islands. The presence of blue king 
crab in the St. Lawrence Islands area has long been 
known (Harrison et al. 1942). This population is 
apparently sparsely distributed and, judging by its 
proximity to the U.S.-U.S.S.R. convention line, 
may be continuous with populations of eastern 
Siberia. 

TANNER CRAB 

In years prior to 1978, the relative areal distribution 
of various size-sex groupings of C. bairdi seemed to 
be stable with: (1) an area of concentration along 
the Alaska Peninsula-Unimak Island coast, (2) an 
area of concentration surrounding the Pribilof 
Islands, (3) high concentrations of small crab in 
outer Bristol Bay, and (4) a tendency for small crab 
to be more widely distributed along the outer shelf 
than large crabs. In 1978, there was a noticeable lack 
of C. bairdi concentration in the Pribilof Islands 
area, few small crab in outer Bristol Bay, and a dis-
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Figure 3. Distribution of male red king crab (P. camtschatica) greater than 136 mm carapace length, in 
the eastern Bering Sea during May-August, 1979. 
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Figure 4. Distribution of male blue king crab (P. platypus) less than 110 mm carapace length, in the 
eastern Bering Sea during May-August, 1979. 
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Beri_ng Sea during May-August, 1979. 
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Figure 6. Distribution of male blue king crab (P. platypus) greater than 136 mm carapace length, in the 
eastern Bering Sea during May-August, 1979. 

continuous distribution of large crabs along the 
Alaska Peninsula. The distribution of C. bairdi in 
1979 (Figs. 7 -9) was similar to that of 1978 in most 
respects. The most important difference between 
1978 and 1979 involved medium sized males. In 
1978, there were substantial concentrations of 
medium sized males in the area bounded by col
umns 6 through 9 and extending from the Alaska 
Peninsula north to Row H. Appreciable concentra
tions of medium size males were generally lacking 
in this area during 1979, and highest concentrations 
were found along the shelf edge south of the Pri
bilofs (Fig. 7). The distribution of large males (Fig. 
8) was extremely sparse with only a few scattered 
areas of high abundance. The distribution of small 
females (Fig. 9) was also representative of the dis
tribution of small males and showed highest con
centrations along the continental slope. The dis
tribution of C. bairdi over the past two years sug
gests that the majority of recruitment into the 
medium and large size male population is now com
ing from the shelf edge south of the Pribilof 
Islands. In the years prior to 1978, recruitment into 
the medium and large size male population was 
coming from a broad area that included most of the 
habitat area north of the Alaska Peninsula. 

Chionoecetes opilio are broadly distributed 
throughout the survey area (Figs. 10-11). Centers 
of C. opilio abundance are generally north of those 
for C. bairdi, although there is some overlap in the 
areas east and west of the Pribilof Islands. The dis
tributions of small males (Fig. 10) and females were 
nearly identical, and extend from 56°N to the limit 
of the survey area at St. Lawrence Island. Extreme
ly heavy concentrations of small crab were found in 

the area surrounding St. Matthew Island and at 
many stations to the north. Large males (Fig. 11) 
and females were generally found along the 
southern margins of the areas of highest population 
abundance. Most of the population of large males 
was found in an area east of the Pribilofs and just 
south of 58 degrees. In contrast with 1978, when 
concentrations of large males were somewhat scat
tered, large males were very concentrated in 1979. 
At most stations where the bottom temperature 
exceeded 5°C (Fig. 2), C. opilio were absent or in 
low concentrations. 

The distribution of hybrid tanner crab was 
much more sporadic than that of either parent 
species (Figs. 12-13). The distributions of males 
and females were similar. As has frequently been 
true in the past, the locations where hybrids were 
found correspond well with zones of overlap for the 
parent species. Field identification of hybrids con
tinued to be a problem and the relative abundance 
of hybrids in various areas was not readily 
interpreted. 

CRAB POPULATION ESTIMATES 

ABUNDANCE OF KING CRABS 

The estimated population of red king crab in the 
eastern Bering Sea was above 300 million crab dur
ing the past three survey years (Table 2). Examina
tion of the abundance of male crab taken by 10 mm 
size groupings (Fig. 14) indicates that a majority of 
the population is composed of mature crab and that 
recruitment will probably decline over the next 
several years. Abundance estimates for all but one 
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Figure 8. Distribution of male C. bairdi greater than 129 mm carapace width, in the eastern Bering Sea 
during May-August, 1979 . 
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Figure 9. Distribution of female C. bairdi less than 85 mm carapace width, in the eastern Bering Sea 
during May-August, 1979. 
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Figure 11. Distribution of male C. opi/io greater than 109 mm carapace width, in the eastern Bering Sea 
during May-August, 1979. 
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carapace width, in the eastern Bering Sea during May-August, 1979. 
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Figure 13. Distribution of male hybrid tanner crab (C. bairdi x C. opilio hybrids) greater than 109 mm 
carapace width, in the eastern Bering Sea during May-August, 1979. 

sex-size category in 1979 were slightly, but not sig
nificantly, lower than they were in 1978. Size-fre
quency information indicates that recruitment into 
the population of large males probably reached its 
peak in 1978. 

Estimates of the abundance of blue king crab in 
the Pribilof Islands area (Table 3) indicate a decline 
in the number of males from 1975 to 1979. Trends 
in the apparent abundance of females are not dis
cernible. Examination of sex ratios indicates subs
tantial variability. The distribution of females tends 
to be clustered. Therefore, much of the apparent 
variation in the abundance of females, and subse
quently in total population estimates, probably 
arises from sampling error. The abundance of small 
and large males in 1979 is similar to that of 1978. 
The abundance of medium size males is considerab
ly reduced. 

Estimates of blue king crab in the area north of 
58 degrees showed that the overwhelming majority 
were found in the St. Matthew Island area. The 
total population north of 58°N was 10.9 million crab 
and only 0.9 million of these were from the area 
near St. Lawrence Island. The population of males 
greater than 120 mm carapace length (approximate
ly legal size) was 3.3 million animals in 1978 and 
only 1.1 million in 1979. No crab in this size range 
were taken in the St. Lawrence area. 

ABUNDANCEOFTANNERCRABS 

Population estimates for various sex-size group
ings of C. bairdi, C. opi/io, and C. bairdi x C. opilio 

(hybrids) all showed a marked decline in apparent 
abundance in 1978 (Table 4). In 1979, the total 
population again declined, although not as sharply 
as it did in 1978. Most of the decline in C. bairdi was 
associated with medium and large males although a 
decline in the abundance of large females was also 
noted. The declines appeared to be associated with 
mortalities among modal groups present during 
1978 at 80 to 90 mm for females and 110 to 120 mm 
for males (Fig. 15). The flatness of the frequency 
distribution for 100 to 130 mm males in 1979 indi
cates that recruitment will not improve over the 
next few years. 

As was true in 1978, small numbers of har
vestable C. bairdi were encountered in the area 
north of 58°N. In 1978, the total population of male 
C. bairdi in the northern area was estimated as 74.1 
± 10.1 million (95% confidence) and of these only 
0.6 ± 0.4 million were greater than 129 mm 
carapace width. The 1978 female population was 
estimated as 129 ± 51.5 million crab. The total 
population of C. bairdi north of 58°N in 1978 was 
estimated as 203.1± 55.3 million. Corresponding 
figures for 1979 (Table 5) are: 30.6 ± 9.0 million 
males with 0.2 ± 0.2 million greater than 129 mm, 
51.6 ± 20.6 million females, and a total population 
of 82.2 ± 22.6 million crab. The apparent decline in 
abundance in the northern area is much sharper 
than for the southern area. 

Population estimates for C. opilio in the area 
south of 58°N were considerably higher than corres
ponding estimates in 1978. Most of the increase was 
attributable to the inclusion of more area in the 
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TABLE2. Annual abundance estimate (millions of crabs) for P. camtschatica from NOAA surveys in the eastern Bering Sea. 

95% Confidence 
Limits for 1979 

Sex Size group• 1969 1970 1972b 1973 1974 1975 1976 1977 1978 1979 Lower Upper±% 

Males < 110 41.0 9.5 14.1 50.0 59.0 84.9 70.2 80.2 62.9 51.3 39.1 63.5 24 
110-134 20.3 8.4 8.0 25.9 31.2 31.7 49.3 63.9 47.9 38.8 31.3 46.3 19 

>134 9.8 5.3 5.4 10.8 20.9 21.0 32.7 37.6 46.6 45.5 39.7 51.3 13 
120-134 9.6 5.2 4.7 14.2 20.0 18.6 30.7 35.3 30.9 28.5 22.0 35.0 23 

Total males 71.1 23.2 27.5 86.7 111.1 137.6 152.2 181.7 157.4 135.6 120.1 151.1 11 

Females <90 18.3 4.9 7.0 24.8 37.7 70.8 35.9 33.5 38.2 47.3 25.1 69.5 50 
>89 28.5 13.0 12.1 76.8 72.0 58.9 71.8 150.1 128.4 128.6 109.3 147.9 15 

Total females 46.8 17.9 19.1 101.6 109.7 129.7 107.7 183.6 166.6 175.9 146.5 205.3 17 

Total population 117.9 41.1 46.6 188.3 220.8 267.3 259.9 365.3 324.0 311.5 278.3 344.7 11 

"mm, carapace length. 
~imited survey in 1971, not used for population estimation. 

TABLE 3. Annual abundance estimate (millions of crabs) for P. platypus from NOAA surveys in the eastern Bering Sea, south of 58•. 

95% Confidence 
Limits for 1979 

Sex Size group• 1974 1975 1976 1977 1978 1979 Lower Upper ± % 

Males < 120 5.9 6.9 11.3 4.3 3.7 6.6 1.4 11.8 79 
>119 3.5 12.7 5.0 10.5 7.6 5.9 4.6 7.2 21 
< 110 4.4 4.1 10.3 3.2 1.2 6.4 1.2 11.6 82 
110-134 3.1 8.0 2.1 2.2 5.8 1.5 0.8 2.2 49 
>134 1.9 7.5 3.9 9.4 4.3 4.6 3.6 5.6 22 

Total males 9.4 19.6 16.3 14.8 11.3 12.5 7.1 17.9 43 

Females <90 0.6 0.0 0.4 2.2 0.3 5.2 -0.5 10.9 110 
<89 10.9 8.8 17.7 17.5 35.5 2.9 1.7 4.1 40 

Total females 11.5 8.8 18.1 19.7 35.8 8.1 2.3 13.9 72 

Total population 20.9 28.4 34.4 34.5 47.1 20.6 12.7 28.5 39 

"mm, carapace length. 
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Figure 15. Annual estimates of abundance for male (solid line) and female (dashed line) tanner crab 
(C. baird;) by 10 mm width classes. 
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TABLE4. Annual abundance estimates (millions of crabs) for tanner crabs from NOAA surveys in the eastern Bering Sea, south of 58°N. 

95% Confidence 

Siz Limits for 1979 

Sex group• 1973 1974 1975 1976 1977 1978 1979 Lower Upper ± % 

C. bairdi 
Males <85 62.8 200.7 116.3 136.8 227.5 103.1 108.4 83 .1 133.7 23 

85-129 140.5 255.0 207.5 131.7 225.3 90.1 69.4 62.2 76.6 10 
> 129 66.9 130.5 209.6 157.8 114.9 57.9 39.7 35.7 43.7 10 

Total males 270.2 586.2 533.4 426.3 567.8 251.1 217.5 190.9 244.1 12 
Females <85 47.9 210.5 120.8 174.7 343.5 116.1 124.8 91.8 157.8 26 

>84 90.3 175.7 102.2 220.4 225.4 73.3 43.3 32.3 54.3 25 
Total females 138.2 386.2 223.0 395.1 568.9 189.4 168.1 133.3 202.9 21 
Total population 408.4 972.4 756.4 821.4 1,136.6 440.5 385.6 341.8 429.4 11 
C. opi/io 
Males < 110 115.2 1,480.3 1,916.7 2,221.1 1,850.9 830.2 779.4 669.4 889.4 14 

> 109 84.7 246.7 274.8 181.6 137.3 78.4 106.3 92.1 120.5 13 
Total males 199.9 1,727.0 2,191.5 2,402.7 1,988.2 908.6 885.7 775 .7 995.7 12 
Females <65 26.4 1,415.3 3,213.1 4,867.1 5,855.0 1,233.1 2,266.2 1,524.0 3,008.4 33 

>64 26.8 195.9 194.3 697.3 535.5 111.4 157.8 91.6 224.0 42 
Total females 53.2 1,611.2 3,407.4 5,564.4 6,390.5 1,344.5 2,424.0 1,678.4 3,169.6 32 
Total population 253.1 3,338.2 5,598.9 7,967.1 8,378.7 2,253.1 3,309.7 2,456.1 3,963.3 23 
C. bairdi x C. opi/iob 
Males < 110 47.5 27.8 141.2 11.8 9.8 6.2 13.4 37 

> 109 33.8 16.5 15.4 5.6 4.9 3.7 6.1 24 
Total males 81.3 44.3 156.6 17.4 14.7 10.9 18.5 26 
Females <65 190.8 1.1 141.2 7.5 25 .9 -3 .3 55.1 113 

>64 28.9 13.9 53.7 8.7 20.4 -3.4 44.2 117 
Total females 219.7 15.0 194.9 16.2 46.3 8.7 83.9 81 
Total population 301.0 59.3 351.5 33.6 61.0 23.2 98.8 62 

"mm, carapace width 
bincludes crab N. of 58• in 1978 (no separate estimate available) 

TABLE 5. Annual abundance estimates (millions of crabs) for tanner crabs from NOAA surveys in the eastern Bering Sea, north of 
5s•N. 

95% Confidence Limits for 1979 

Sex Size Groupa 1979 Lower Upper ± % 

C. bairdi 
Males <85 26.8 18.0 35.6 33 

85-129 3.7 2.1 5.3 43 
> 129 0.15 -0.03 0.33 120 

Total males 30.6 21.6 39.6 29 
Females <85 48.2 27.8 68.6 42 

>84 3.4 0.0 6.8 100 
Total females 51.6 31.0 72.2 40 
Total population 82.2 59.6 104.8 27 
C. opi/io 
Males < 110 10,213.0 7,847.8 12,578.2 23 

> 109 6.5 4.3 8.7 33 
Total males 10,219.5 7,854.3 12,584.7 23 

Females <65 12,563.0 7,259.2 17,866.8 42 
>64 49.9 21.1 78.7 58 

Total females 12,612.9 7,309.1 17,916.7 42 
Total population 22,832.4 17,035.8 28,629.0 25 
C. bairdi x C. opilio 
Males < 110 l.l 0.6 1.6 49 

> 109 0.4 -0.1 0.9 130 
Total males 1.5 1.3 1.7 13 
Females <65 2.0 -0.6 4.6 131 

>64 1.6 0.2 3.0 89 
Total females 3.6 0.8 6.4 78 
Total population 5.1 2.1 8.1 59 

amm, carapace width. 
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1979 survey. The new area included in 1979 con
tained high concentration of small female crab and 
most of the increase was attributable to this group. 
The population of males was apparently stable. 
There was, however, a significant increase in the 
number of large males. 

The population of C. opilio north of 58°N 
(Table 5) was dominated by immense numbers of 
small crab. These animals were responsible for the 
large peaks apparent in the overall size-frequency 

distribution (Fig. 16). The resulting scale of the 
size-frequency distribution perhaps obscures the 
presence of other modes. The total population in 
the northern area was estimated to be 22,800 ± 
5,800 million animals. The male population was 
estimated at 10,200 ± 2,400 million crab and the 
female population at 12,600 ± 5,300 million crab. 
The number of females greater than 65 mm 
carapace width was negligible. The number of males 
greater than 109 mm was estimated at 6.5 ± 2.2 

CARAPACE WIDTH (MM) 

Figure 16. Annual estimates of abundance for male (solid line) and female (dashed line) tanner crab 
(C. opilio) by 10 mm width classes. 
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million crab as compared to 10.6 ± 2.4 million in 
1978. Population estimates for the total populations 
of males and females were not comparable to pre
vious surveys because of the vast amount of new 
area surveyed in 1979. Large males, however, were 
found only along the continental slope (Fig. 11) and 
their numbers appeared to be declining when com
pared to the 1978 survey. 

In 1979, the apparent abundance of hybrid tan
ner crab was higher than in 1978. Some of the fluc
tuation in the abundance of hybrids is undoubtedly 
related to variability in the way that field personnel 
classify crab as hybrids from year to year. 

The population of hybrid tanner crab north of 
58°N (Table 5) was estimated at 5.1 ± 3.0 million 
crab, of which 1.5 ± 0.2 million were males and 3.6 
± 2.8 million were females. This is consistent with 
the fact that most of the range overlap of the parent 
species is in the southern portion of the survey area. 

STUDIES OF REPRODUCTION 
Size at sexual maturity is used as part of the 

rationale for establishing size limits in Bering Sea 
crab fisheries. The accepted management strategy is 
to harvest males only after they have had an oppor
tunity to mate in one or several seasons in order to 
protect the reproductive potential of the stock. We 
conducted a review of the 1975-1979 U.S. trawl 
survey data to assess reproductive condition and 
size at maturity for red king crab (Paralithodes 
camtschatica), blue king crab {P. platypus), C. bairdi 

tanner crab (Chionoecetes bairdi), C. opi/io tanner 
crab, and the tanner crab hybrid (C. bairdi x C. 
opi/io). 

Inclusive dates of trawling for the five survey 
years were: 31 May-10 August, 1975; 29 May-9 
August, 1976; 25 May-30 July, 1977; 20 May-18 
August, 1978; and 22 May-24 August, 1979. Data 
from the St. Matthew Island and St. Lawrence 
Island blue king crab populations (i.e. north of 
58°N) were not included in these analyses because 
data from these areas were scant. Additionally, red 
king crab data taken prior to June 19 in 197 5 and 
June 16 in 1976 were not used because many old 
shell females with partially or completely hatched 
egg clutches were found prior to those dates. 

A computer program was used to summarize 
female crab data by 5 mm carapace length (king 
crab) or carapace width (tanner crab) increments. 
The percentages of egg-bearing females in a size 
group were weighted by the sampling fraction at 
each station before being summarized. The number 
of crabs measured is given in Table 6. 

The 5 mm size group at which 50 percent of the 
females are ovigerous (from trace of eggs to full 
clutch) was chosen as the size of maturity. This 
technique has been used by many investigators 
including Wallace et al. (1949), Weber (1967), and 
Somerton (197 5). In addition to analyzing the data 
by year, the data were pooled for all years and a five 
year average size at 50 percent maturity calculated. 

TABLE6. Number of mature and immature female crabs measured by species and year. 

1975 1976 1977 1978 1979 

Paralithodes camtschatica .:::90 971 838 624 561 1,088 
>90 1,169 2,120 3,537 3,170 3,578 

Total 2,140 2,958 4,161 3,731 4,666 

P. platypus .:::tos 105 76 58 66 82 
>lOS 134 14 87 286 66 
Total 239 90 145 352 148 

Chionoecetes bairdi .:::70 1,657 2ll 689 2,413 1,654 
>70 3,926 719 4,322 2,665 2,600 

Total 5,583 930 5,011 5,078 4,254 

C. opi/io .:::45 488 592 356 1,315 3,488 
>45 3,963 7,995 4,756 7,542 7,963 

Total 4,451 8,587 5,112 8,857 11,451 

C. bairdi x C. opi/io .:::45 126 l 252 4 8 
>45 1,226 355 780 251 250 

Total 1,352 356 1,032 255 258 
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RED KING CRAB 

The five year average size at 50 percent maturity 
was in the 86-90 mm size interval. Summaries of 
data by year showed virtually no variation in size at 
maturity. Almost all females reach maturity at sizes 
between 76-105 mm. There is no tendency for the 
largest crabs in the population to be barren. 

The average size at maturity is about 10 mm 
less than that reported by Wallace et al. (1949) and 
Weber (1967). Table 1 shows, however, that sample 
sizes for both immature and mature crab are large 
and no conclusions were drawn concerning the 
cause of the smaller size at maturity. 

The percent of egg-bearing crab with full 
clutches of eggs ranged from 80 percent in 1976 to 
98 percent in 1977. Four of the five values exceeded 
90 percent, suggesting that clutch size is a stable 
population parameter. 

BLUE KING CRAB 

The five year average size at 50 percent maturity 
was in the 101-105 mm interval. Most crab in the 
101-110 mm size interval carry eggs yearly, but radi-

cal biennial (odd year) decreases in the fraction of 
egg-carrying animals begin at 111-115 mm and con
tinue through the largest size groups (Fig. 17). No 
size group in the 1975 population contained 50 per
cent ovigerous animals. While the percentage of 
ovigerous females varied, the percent of ovigerous 
females with full clutches remained virtually cons
tant at 95-100 percent (Table 7). 

Sasakawa (1973, 1975) has postulated a bien
nial breeding cycle that consists of a 19-month 
ovigerous, and 5-month barren period. His studies 
were conducted primarily in the western Bering Sea 
between Cape Navarin and Cape Olyutorskiy 
although some supportive Pribilof Island popula
tion data were included. The odd year occurrence of 
large females without eggs in our samples tends to 
support Sasakawa's theory. Other evidence, some 
of which indicates that spawning occurs soon after 
egg hatching in at least part of the population is not 
supportive of his theory. In our opinion, it is proba
ble that only a portion of the population spawns 
biennially and that the ovigerous period is similar to 
that of red king crab. 

TABLE 7. Percent of ovigerous king and tanner crab having a full clutch of eggs (defined as lA full to full) . P. platypus data are from 
south of 58°N only (Pribilof Islands population) . 

Paralithodes camtschatica 

P. platypus 

Chionoecetes bairdi 

C. opilio 

C. bairdi x C. opilio 

BAIRD/TANNER CRAB 

The five year average size at 50 percent maturity 
was in the 71-75 mm size range. This is about 10 
mm smaller than the size calculated by Somerton 
(1975) from data collected on U.S. trawl surveys in 
1969-1973. Most crabs mature between the sizes of 
61-106 mm, showing a rather wide range in size at 
sexual maturity. Somerton (1975) found a similar 
range of 65 to 100 mm. Table 7 shows that the per
cent occurrence of full clutches ranged from 83-97 
percent. 

1975 

90 

95 

97 

95 

90 

1976 1977 1978 1979 

80 98 94 97 

100 99 97 96 

83 98 90 92 

95 99 97 89 

29 85 72 93 

OP/L/0 TANNER CRAB 

The five year average size at maturity is in the 46-50 
mm interval. This value is essentially identical to 
the 50 mm calculated by Somerton (1975) for crabs 
collected on the 1975 U.S. eastern Bering Sea trawl 
survey. Summaries of data by year showed some 
variation about the 5 year average although no 
trend was evident. The range of sizes at which most 
C. opi/io mature was 36 to 65 mm. This is slightly 
larger than the 20 mm range calculated by Somer
ton (1975). 
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1oo.-------------------. 
1979 

50+---------+--+-----------~ * 101 MM 

1978 

1977 

* 104 MM 

1976 

~~-------------~-------------~ * 111 MM 

1975 

~~----------------------------~ 

51 61 71 81 91 101 111 121 131 141 151 181 
-55 -65 -75 -85 -95 -105 -115 -125 -135 -145 -155 -165 

Figure 17. Percentage of female Pribilof Island blue king crab bearing eggs, by 5 mm group, 197 5-1979. 
Size at 50 percent maturity marked with asterisk. 
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There is a greater incidence of barren mature 
females among C. opilio than among C. bairdi. The 
percent occurrence of full clutches by year, ranging 
from 89 to 99%, is given in Table 7. Eliminating old 
shell crab from the analysis has no effect on the size 
at maturity curve. 

HYBRID TANNER CRAB 

(C. bairdi x C. opilio) 

The five year average size at maturity for hybrid 
tanner crab was in the 46-50 mm interval, the same 
size as for C. opilio. Yearly data suggest that, in 
terms of the size at maturity, most of the crab used 
in the analysis resembled one or the other of the 
parent species. Either size at maturity among true 
hybrids is a heterozygous character not prone to 
intermediate expression or, more likely, many crabs 
were incorrectly identified as hybrids. The propor
tion of ovigerous females with partial clutches was 
generally higher among hybrids than among C. bair
di or C. opilio (Table 7), suggesting reduced fecun
dity of hybrid crab. 
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