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ABSTRACT 

Bodaly, R.A., S.E. Cosens, T.A. Shortt, and R.E.A. Stewart. 1992. Report of 
the Arctic Fisheries ScSentific Advisory Committee for 1989/90 and 1990/91. 
Can. Manuscr. Rep. Fish. Aquat. Sci. 2139: iv + 91 p. 

The Arctic Fisheries Scientific Advisory Committee (AFSAC) was established 
in November 1985 to develop and provide scientifically sound advice for stocks 
of fish and marine mammals in the Northwest Territories, Yukon north slope and 
other territorial waters manager by the Central and Arctic Region of the 
Department of Fisheries and Oceans. AFSAC is comprised of a Chairperson, 
Executive Committee, Fish Subcommittee and marine Mammals Subcommittee; operates 
on the peer review principle; reports to the Regional Director, Science, and 
advises the Regional Director General and Regional Director, Fisheries and 
Habitat Management. In 1989/90 and 1990/91, AFSAC reviewed and developed advice 
on 11 fish stocks/stock complexes, annual commercial quotas for Arctic charr in 
the NWT and six marine mammal stocks. AFSAC also produced a framework for 
management and research recommendations by the Marine Mammal Subcommittee and 
recommendations for future Arctic charr research in the Canadian Arctic. 

Key words: Arctic zone; fish; management; marine mammals; research; stocks. 

RESUME 

Bodaly, R.A., S.E. Cosens, T.A. Shortt and R.E.A. Stewart. 1992. Report of 
the Arctic Fisheries Scientific Advisory Committee for 1989/90 and 1990/91. 
Can. Manuscr. Rep. Fish. Aquat. Sci. 2139: iv + 91 p. 

Le Comite,scie,rtifique consultatif des piches canadiennes dans 1'Arctigue 
(CSCPCA) a ete tree en novembre 1985 dans le but d'etudier de maniere 
rigoureusement scientifique les stocks de poissons et de mammiferes marins des 
Territoires du Nerd-Ouest, du versant nord du Yukon et des eaux territoriales 
gerees par la Region du Centre et de l'Arctique., Le CSCPCA est compose d'un 
president, d'un comite executff, d'un sous-comite des poissons et,d'un sous- 
comite des mammiferes marins; il fonctionne selon le principe de revision par 
les pairs, rend compte de ,ses activites au Directeur regi,onal des sciences et 
conseille le D>recteur general regional et le Directeur regional du servjce de 
Gestion des peches et de l'habitat. En 1989-1990, ,le CSCPCA a examine onze 
complexes stocks de poissons et six stocks de mammiferes marins ainsi que sur 
les quotas commerciaux annuels de l'omble chevalier, et fait des recommendations 
a leur egard. Le CSCPCA a de meme produit un cadre gestionnaire et recherche 
des recommendations par le sous-comite des mammiferes marins et des 
recommandations pour recherche future de l'omble chevalier de l'arctique 
Canadien. 

Mots-cl&: zone de 1'Arctique; Poisson; gestion; mammiferes marins; 
programmes de recherche; stocks. 
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OVERVIEW OF 

INTRODUCTION 

THE ARCTIC FISHERIES 
ADVISORY COMMITTEE: 
1989/90 AND 1990/91 

SCIENTIFIC 

Since its establishment as a regional 
scientific advisory body in November, 1985, the 
Arctic Fisheries Scientific Advisory Connnittee 
(AFSAC) has provided management advice and 
research reconmnendations on a large number of 
Arctic species and stocks (See Appendix 2). 
AFSAC's main objective. as originally described 
in 1985. continues to -be to provide-sound bio- 
logical advice to Fisheries Management (the 
Regional Director General and Regional Director 
of Fisheries and Habitat Management for the 
Central and Arctic Region) on Arctic fish and 
marine mammal stocks so-that management decisions 
result in the long-term well-being of these 
stocks. AFSAC has provided advice to fishery 
management boards and to Departmental fishery 
managers to guide in the formulation of manage- 
ment decisions. 
AFSAC ensures 

Using a peer review principle, 
the sclentlfic quality and bio- 

logical soundness of the advice which it 
provides. 

In addition to management advice, AFSAC 
identifies, for Science managers, research 
requirements for the various stocks/species for 
which the Department is responsible in the 
Canadian Arctic. 

According to the Terms of Reference and 
Operating Procedures April, 1987, the specific 
responsibilities of AFSAC are: 

a) to assess the status of fish and marine mammal 
stocks and to make biologically sound recom- 
mendations on harvest levels; 

b) to assess other biological aspects of 
management (such as size restrictions, closed 
seasons. mesh site, etc.) and to make 

c) 

d) 

e) 

In-l.988 new terms of reference were prepared 
to provide an expanded scope for AFSAC. While 
some provisions, such as the establishment of an 
AFSAC coordinator based in Winnipeg, and 
increased involvement of AFSAC in Arctic 
management issues of concern to the Quebec 

biolo ically sound recommendations on such 
opera ? ional requirements for management; 

to assess the adequacy of biological infor- 
mation available for m;;; n9 fisheries 
management decisions to make 
recolnnendations for its extension or 
improvement: 

to review and assess biological aspects of 
general management plans for fish and marine 
mammals; and 

to respond to any other request for biological 
advice on fisheries management and habitat 
issues from the Director General, Regional 
Director of Fisheries and Habitat Management, 
Regional Director of Science, or Director of 
Biological Sciences, Central and Arctic Region, 
as may from time to time arise. 

Region, have been put into effect, the new terms 
of reference are still under review and revision. 

To aid its work, AFSAC commissions the 
preparation of background reports on specific 
topics; these are internal working documents 
solely for the use of AFSAC members. A schedule 
for review of important fish and marine mammal 
stocks is established in consultation with the 
Regional Director, Fisheries and Habitat 
Management and the Director, Biological Sciences. 
The proposed schedule for 1991/92 and 1992/93 
which includes the names of suggested authors of 
background reports is provided as Table 2. 

AFSAC MEMBERSHIP 

AFSAC discharges its responsibilities 
through the activities of its Chairperson, Co- 
ordinator, Executive Committee, Fish Subcommittee 
and Marine Mammals Subcommittee. The majority of 
members are from the Central and Arctic Region, 
Department of Fisheries and Oceans (DFO), but the 
Quebec Region, DFO, was represented on all com- 
mittees in 1989/90 and 1990/91. The membership 
of AFSAC during 1989/90 and 1990/91 was: 

Executive Committee: 

R. McV. Clarke (Pacific and Freshwater Fisheries 
(P&FF) Central and Arctic Region) 

T. Shortt (Science, Central and Arctic 
Region) 
AFSAC Coordinator and Acting 
Chairperson 

A. Mansfield 

S. Cosens 

(Science, Quebec Region) 

(Science, Central and Arctic 
Region) 01/04/89 - 01/02/91 

J. Craig (Science, Central and Arctic 
Region) 01/04/89 - 01/02/90 

D. Bodaly (Science, Central and Arctic 
Region 

4 01/02/ 0 
replaced J. Craig - 

M. Papst (Science, Central and Arctic 
Region) 02/02/90 - 31/03/90 

R. Stewart (Science, Central and ;;;;A; 
Region) replaced S. 
01/02/91 - 31/03/91 

Fish Subcommittee: 

D. Bodaly (Science, Central and Arctic 
Region) 
Chairpersonconnnencing02/02/90 

J. Craig (Science, Central and Arctic 
Region) 
Chairperson 01/04/89 - 01/02/90 

A. Kristofferson (F&HM, Central and Arctic 
Region) 

J. Reist (Science, Central and Arctic 
Region) 
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R. Crawford 

L. Johnson 

J. Flannagan 

C. Hudon 

R. Morin 

Science, Central and Arctic 
Region) 

(Science, Central and Arctic 
Region) 01/04/89 - 31/12/89 

(Science, Central and Arctic 
Region) commencing 20/02/90 

(Science, Quebec Region) 01/04/89 
- 01/03/90 

(Science, Quebec 
commencing 01/03/90 

Region) 

Marine Mannnals Subcommitte: 

S. Cosens 

S. Innes 

P. Richard 

T. Strong 

M. Kingsley 

T. Smith 

R. Stewart 

H. Cleator 

During 

(Science, Central and Arctic 

%%$rson 01/04/89 

(Science, Central and Arctic 
Region) 

(F&HM, Central and Arctic Region) 

(F&HM, Central and Arctic Region) 

(Science, Quebec Region) 01/04/89 
- 11/09/89 

(Science, Quebec 
commencing 11/09/89 

Region) 

(Science, Central and Arctic 
Region) 

!%$791 
Chairperson 01/02/91 - 

(Science, Central and Arctic 
Region) commencing 01/02/91 

1989/90 and 1990/91 a number of 
changes were made to the AFSAC committees. Dr. 
J. Craig vacated his position as chair of the 
Fish Subcommittee when he left DFO on a leave of 
;i;;ye in February,.1990. He wasoPfeplaced by-D. 

Subcon&ttz. 
existing member the Fish 
Dr. J. Flannaqan was aooointed as 

a member of the Subcomnitfee to replace Dr. 
Craia. C. Hudon. member of the Subcommittee 
reprssenting the Quebec Region left that Region 
for a position in the Scotia-Fundy Region. She 
was replaced on the Subcotmaittee by R. Morin of 
Science in the Quebec Region. 

Membership of the Marine Mammal Subcom- 
mittee also underwent some changes with the res- 
ignation of Dr. M. Kingsley, the Quebec Science 
representative, in September, 1990. His replace- 
ment was Dr. T. Smith, also of Science, in the 
Quebec Region. In FY 1990/91. S. Cosens left for 
maternity-leave in February, i991, and R. Stewart 
reolaced her as chair for the 1990/91 meetina of 
the Subcommittee. H. Cleator wad appointed to 
the Subccwmnittee in February, 1991. 

The Executive Comn\itteemembership underwent 
some changes as well. At the start of the 
1989/90 fiscal year, M. Papst, Science, Central 
and Arctic Region, replaced 6. Koshinsky, one of 

the original members of AFSAC on the Executive 
Committee. The chairpersons of the Subcommittee 
also serve on the Executive Comnittee so the 
changes in the chair of the Fish Subcommittee 
were also reflected in the Executive Committee. 

AFSAC ACTIVITIES 

During 1989/90 AFSAC reviewed background 
documents on two fish stocks, three fish species, 
two commercial fisheries, four marine mammal 
stocks, as well as reports on bowhead censusing 
methods and annual commercial anadromous Arctic 
charr fisheries. The Marine Mammal Subcommittee 
also discussed a framework for developing manage- 
ment and research recommendations. A list of the 
background documents prepared for AFSAC in 
1989/90 is provided as Appendix 1. The AFSAC 
background reports on fish stocks were reviewed 
at the Winnipeg meeting of the Fish Subcommittee 
on March 14., 1990. The Marine Mammals Subcom- 
mittee met in Winnipeg on February 22, 1990. At 
those meetings, the Subcommittees completed their 
reviews of and developed their recommendations 
for management and needed research on the stocks 
and/or species. 

In 1989/90 the Marine Mammals Subcommittee 
of AFSAC, at the request of the Director, 
Fisheries and Habitat Management, Quebec Region, 
carried out a review of the Ungava Bay beluga 
stock and provided that region's fisheries 
managers with advice. The Quebec Region includes 
the coastal waters of Eastern Hudson Bay, and 
southern Hudson Strait which abut the areas of 
jurisdiction for the Central and Arctic Region, 
(offshore waters in northern Hudson Strait and 
southern and western Hudson Bay) so there are 
Arctic stocks managed in these areas either by 
the Quebec Region, or jointly by both regions. 
AFSAC will continue to function as a body to 
provide management advice on these Quebec Arctic 
stocks as required. 

In June, 1990, an urgent request was 
received from the Regional Director, Fisheries 
and Habitat Management for AFSAC's views on a 
number of questions related to an exploratory 
coregonid fishery in the Mackenzie Delta. A test 
fishery had taken place the previous year (1989) 
and AFSAC had provided advice about that fishery. 
In the application for renewal of the exploratory 
licence for 1990, and increased quota was sought, 
this required a second review by AFSAC. All 
available information was provided to the Fish 
Subcommittee and written responses to the 
questions raised by the Regional Director were 
provided by June 28. A sumary of that response 
from the Fish Subcommittee is included in this 
report. 

In 1990/91 AFSAC reviewed reports on four 
fish stocks, one fish species. two marine mammal 
stocks, cotiercial anadromous-Arctic charr fish- 
eries and provided a series of recommendations 
for future charr research in Arctic Canada. The 
Marine Mammal Subcommittee of AFSAC held its 
annual review meeting for 1990/91 on February 19- 
20 in Burlington where, for the first time, a 
joint meeting took place with the Marine Manmtals 
Subcommittee of CAFSAC. 
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GENERAL RESULTS GENERAL CONCLUSIONS 

The main results of AFSAC's activities in 
1989/90 continued to be the development of 
management recommendations and the identification 
of research requirements for three fish stocks/ 
stock complexes, and four marine mammal stocks. 
As well, 1990/91 quota recoannendations were 
revised for anadromous Arctic charr commercial 
fisheries in the Northwest Terri-tories. AFSAC 
recommended that no hunt be allowed for one of 
the marine mammal stocks (Ungava Bay beluga) 
reviewed in 1989/90 and recommended that the hunt 
for another stock (eastern Hudson Bay beluga) be 
cut back substantially in order to prevent 
decimation of the stock. 

In 1990/91, advice was provided on the 
management of one marine mammal stock, one marine 
mammal species, and four fish stocks. As well, 
a series of recommendations were made for the 
future direction of Arctic charr research in 
Arctic Canada. 

The use of coIIIM)n reporting format by the 
Subconmnittees was continued. The basic format is: 

Introduction 
Background 

Stock definition 
Stock size 
Vital parameters 
Current harvest 
Other impacts 

Major issues 
Assessment 

Stock prognosis 
Management recomnendations 
Research requirements 
Next AFSAC review 

In 1990/91 the Fish Subcommittee developed 
some guidelines for future report formats. These 
are included as Appendix 5. 

The specific recommendations from each 
review are contained in the reports of the Fish 
Subcommittee for 1989/90 and 1990/91, and of the 
Marine Maannals Subcommittee for 1989/90 and 
1990/91; these constitute the four major sections 
of this report. They include sumnaries of the 
information presented and AFSAC's advice on the 
stocks/species considered. 

In this year's report, literature citations 
and references have been included. These will 
benefit those readers seeking more information on 
species being reviewed. In addition, glossaries 
of terms have been developed and are included as 
Appendix 3 for the Marine Mammals Subconmrit;;: 
and Appendix 4 for the Fish Subcommittee. 
definitions contained in these glossaries are 
those which have been accepted by the Sub- 
committees and apply to this annual report. 
Future annual reports by AFSAC will also contain 
these glossaries. 

Figure 1 has also been added to this report. 
It contains a map marked with the locations 
referred to in the text and will be of benefit to 
those unfamiliar with some of the areas 
frequented by Arctic species. 

As part of its annual stock review meeting, 
the Marine Mammal Subcommittee discussed the 
contents of a background document titled 
'Framework for Making Management and Research 
Recommendations by the AFSAC Marine Mammals 
Subconmtittee: Objectives, Data Requirements and 
Definition of Terms." As a result of these 
discussions, the Marine Mammals Subcommittee 
concluded that a more clearly defined framework 
was needed for making decisions and improving the 
efficiencv of its review orocess. That framework 
is included in the re art of the Marine Mammals 
Subcommittee for 1989 90. The Subcommittee alsa P 
concluded that a number of specifically defined 
terms were required to provide a clearer under- 
standing of subjects such as vital rates and 
recommended harvest levels for marine mammals. 
Some of these terms are new and significantly 
different from those used in fin fish management 
[e.g. total allowable removal (TAR) versus-total 
allowable catch (TAC)I. The develoornent and use 
of terms which differ-from those used in earlier 
reports has prompted the development of a glos- 
sary which is included as an appendix to this 
report. 

The Fish Subcommittee, during its review 
meeting in 1989/90, concluded that a formal- 
ization of report formats for documents prepared 
for and by AFSAC Subcommittees should take place. 
As well, the Subcommittee has decided to incorp- 
orate a glossary of terms used in its review of 
the various stocks and species. This was prompt- 
ed, at least in part, by the reviews carried out 
on new species such as the Iceland scallop whose 
vital parameters are different from those in more 
standard fish species. 

Overall, the Subcommittees of AFSAC 
continued to agree that biological data on Arctic 
species are still inadequate. Once again, it was 
pointed out that there is a continuing need to 
collect basic biological data on several Arctic 
species, particularly those in the marine envi- 
ronment not previously exploited for commercial 
or subsistence purposes. As well, there is a 
need for continuity in the collection of data, a 
need for collection of accurate and uniform catch 
statistics, as well as for continued research on 
stock identification through genetics and on 
recruitment. As long as resources for Arctic 
stock assessment research continue to be allocat- 
ed on an uncertain year-to-year basis, the re- 
quired research will be very slow and much 
important work will remain undone. 

REPORT OF THE AFSAC MARINE MAMMAL SUBCOMMITTEE: 
1989/90 

INTRODUCTION 

On February 22. 1990, the Marine Mammal 
Subcommittee met to review four marine mammal 
stocks, evaluate the Bering Sea bowhead census 
method and discuss a formal framework for 
tg;;;Pi n 

9 
management and research recommend- 

. n response to client concerns about the 



brevity of AFSAC stock sheets, the Subcommittee 
changed the stock sheet format slightly and 
broadened it to include a more detailed 
discussion of some of the topics, as Well as 
literature citations and references. 

The Ungava Bay and Eastern Hudson Bay beluga 
whale stocks were reviewed at the request of 
Quebec Region, in anticipation of the pr;[t;:t;z 
of recovery plans for these stocks. 
views will form the basis for recovery plans for 
the stocks under development by a DFG working 
arouo. The Hiah Arctic beluaa stock was reviewed 
?or.'the first'iime. Ringed-seals were reviewed 

in anticipation of results from aerial 
$$s of Cumberland Sound. 

The Subcommittee reviewed the following 
backaround documents: 

Bgaufort Sea beluga. T. Strong (AFSAC Document 
89/90-01) ; 
Ungava Bay and Eastern Hudson Bay beluga. R. 
Reeves and E. Mitchell (AFSAC Document 89/90- 
03); 
Ringed seal. S. Innes (AFSAC Document 89/90- 
05); 
Lancaster Sound beluga whales. S. Cosens and 
R. Stewart (AFSAC Document 89/90-06); and 
Framework for making management and research 
reconanendations by the AFSAC Marine. Marnrnal 
Subcommittee: objectives, d;tac;E,;;rementSs 
and definitions of terms. 
Innes, P. Richard, R. Stewart' and T.'Strong 
(AFSAC Document 89/90-15). 

In addition to the beluga stocks discussed 
at the February meeting, the Subcommittee 
reviewed the Beaufort Sea beluga stock during the 
summer of 1989, in response to a request by the 
Fisheries Joint Management Committee (FJMC). The 
stock sheet developed at that time for this stock 
is also included in this report. 

During 1988/89 the Marine Mammals 
Subcommittee had reviewed the Berina Sea bowhead 
stock. At that time the Subcomnifiee used the 
population estimate derived from a visual/ 
acoustic mark-recapture method and also used by 
the International Whaling Commission (IWC) to set 
its quotas. However, a recommendation was made 
by the Subcommittee in its 1988/89 report (Cosens 
et al. 1990) to review the census method because 
of concerns about biases in sampling procedure. 
The mark-recapture technique was reviewed in 
lg89/90 and conclusions are presented with this 
report at the end of the section on Canadian 
western Arctic bowhead whale. 

In an effort to facilitate the development 
of recoamnendations and identify the most useful 
types of data, the Subcommittee discussed 
objectives of the AFSAC Marine Mammals Sub- 
co&ttee and identified the-decisions which are 
made during its review process. A framework was 
developed for making decisions to improve the 
efficiency of the review process and facilitate 
priorization of management and research recom- 
mendations. The Subconanittee also pre ared 
list of terms which are frequently used n AFSAC P 

a 

marine mamnal stock sheets; Included in the 
glossary (Appendix 3) are definitions which the 
Subcommittee' has agreed will apply to these 

terms. Authors of future background documents 
for AFSAC will receive this glossary for use in 
report preparation. 

FRAMEWORK FOR MAKING MANAGEMENT AND RESEARCH 
RECOMMENDATIONS BY THE AFSAC MARINE MAMMALS 
SUBCOMMITTEE: OBJECTIVES, DATA REQUIREMENTS AND 
DEFINITIONS DF TERMS 

Introduction 

The Marine Mammals Subcommittee of AFSAC is 
charged with specific responsibilities as stated 
in the Terms of Reference and Ooeratina 
Procedures,-April, 1987. In carrying out thesg 
responsibilities for assessing the status of 
marine mammal stocks and making biologically 
sound reconnnendations to fisheries managers, the 
Subcommittee reviews background documents on 
specific stocks or topics. Documents are 
oreoared for AFSAC bv desianated authors at the 
request of the Director," Biological Sciences 
and/or the Regional Director of Fisheries and 
Habitat Management. 
authors summarize 

In the background documents, 
current information from 

published literature, unpublished data and other 
sources relating to the'status of marine mammal 
stocks. The Marine Mammals Subcommittee reviews 
and discusses these background documents and 
prepares stock status sheets based on its 
deliberations. These stock status sheets, in 
addition to summarizing vital information on 
population size, parameters and trends, also 
contain recommendations for management, further 
research and the timing of the next review by 
AFSAC. 

The Subconnnittee does not have an active 
management role in that it is not responsible for 
implementing management or research recommend- 
ations contained in its reports. It does, how- 
ever, make recommendations which are meant to be 
used by fisheries managers as part of the 
decision-making process. Development of these 
management and research recommendations by the 
Subcommittee demands that decisions be made about 
stock status and the type of management actions 
that best meet management goals of conservation 
and protection of ttie natural resources. Harris 
and Kochel (1981) suaaest that havina a formal 
decision-making framf%ork clarifies "objectives 
and ensures that the management actions selected 
are appropriate for achieving those objectives. 
The Subcommittee also needs to ensure that the 
research recommendations are the ones which best 
address gaps in existing information. To develop 
a formal framework for making recommendations, 
the Marine Mannnals Subcommittee members reviewed 
their responsibilities and information needs. 
This report outlines the results of these dis- 
cussions and presents the framework that will be 
used by the Subcommittee to assess stocks and 
develop recommendations about management actions 
and research requirements. 

The Subcommittee also developed a glossary 
of terms which will be made available to future 
authors of background reports for AFSAC. At its 
meetin 
the Su committee % 

the previous year (Cosens et al. 1990). 
identified the need to define 

the terminology being used in its reports. The 



meaning 
even in 
authors 

of ecological terms was often unclear, 
the published literature where various 
often assign different meanings to the 

same term. The Subcommittee was able to identify 
and define the terms that would be included in 
its reports on a regular basis. The glossary, 
included as ADDendix 3 will permit authors of 
background documents and readers of AFSAC reports 
to understand and use this terminology in a 
consistent manner. 

Objectives 

According to Harris and Kochel (1981), 
management science involves making rational 
decisions following a simple set of procedures. 
They pose five questions that may be used to 
define decision points and identify the options 
to be selected at each decision point. With some 
minor changes, the Subcommittee used these 
auestions to develop its 
framework. They are: . 

decision-making 

2 
3 
4 
5 I 

What are the-desired states of nature? 
What are the relevant states of nature at 
present? 
What are the alternative courses of action? 
What are the conseauences of each alternative? 
What information is available to relate the 
magnitude of each action to the likely 
conseauence? Definina the decision Doints used 
by theMarine Mammal S~bconnnittee is'relatively 
strai 

a 
htforward and four major objectives can 

be ou lined. 

1; Objlecyv.ek The desired state of the marine 
mamma s oc s ould be defined. This decision is 
not made by AFSAC but by managers (Fig. 2) 
responsible-for implementin management policy: 
Reauests from manaaers to A SAC for advice or a F 
stock review should include information on their 
long-term goals for the stock. For some marine 
manmal stocks the management goals have not been 
adequately described and, as a result, the Sub- 
conmiittee-must assume that the goal is to permit 
no decline in stock size for most marine mammal 
stocks. For those stocks which are considered 
endangered, the assumed goal is one of increasing 
stock size. 

th;pxv ve 2: The second major objective of 

(i.e. 
process is to define the current state 

status) of Arctic marine mammal stocks. 
Meeting this objective requires review of 
available information which is compiled in back- 
ground documents and submitted to the Subcom- 
mittee. The Subcommittee must evaluate this 
information for scientific merit and accuracy, 
select the best data and make a decision about 
current stock status. Often, there is too little 
information available to permit a reliable eval- 
uation of stock status. The information gaps 
anst then be identified as research needs (Fig. 

. I f  stock status can be determlned within 
measurable limits, the Subcommittee is ready to 
move on to the next state in the process. 

,,$b$ecye 3: If  the current stock status is 
ram the desired stock status, recom- 

mending a course of action to achieve the desired 
stock status is the third objective of the Sub- 
committee (Fig. 2). The method typically used to 
maintain or change the status of the stock is 

adjustment of the total allowable removal (TAR) 
during the harvest. Adjustments of the timing 
and sex or age bias of the harvest are also 
possible actions. In the past, the Subcommittee 
has typically selected a single value for TAR, 
the one thought to best achieve the desired 
management objective. However, the Canadian 
Atlantic Fisheries Scientific Advisory Committee 
(CAFSAC), in its assessments, offers several 
possible courses of action ran ing 
high risk levels of harvest. 4 

from low to 
he Marine Maasnal 

Subconnnittee process has incorporated this 
approach and will make recommendations which 
include a ranae of total allowable removal levels 
for each s&k. Each alternative is then 
accompanied by an outline of the likely conse- 
quences of choosing a low, medium or high risk 
level of removal. 

Finally, the Subcommittee must 
in 

&lbjetctirt4; 
lea e w a Information is needed to assess the 

outcome of its recommended management actions. 
This objective will be reflected in recommend- 
ations -for monitorin Recommendations for 
monitoring are present y  fairly general and often 8' 
do not specifically address the problem of 
assessing the impact of the management actions. 

Data requirements 

thtwock status. This may involve 
Resource managers must define 

evaluatinq the 'best use' of a stock throuah 
discussions with various users of marine mammal 
populations. Thus some agreement will have to be 
reached among different users as to the level at 
which stocks should be maintained. Should con- 
flict then arise between different resource 
users, such as commercial versus subsistence 
hunters, then resource managers will have 
guidelines as to what actions need to be taken. 

Bbptivef 2h One of the most difficult 
objet lves or FSAC to meet is that of defining 
current stock status. Both the geographic range 
and size of the stock need to be delineated. 
This is especially important for those stocks 
that overlap spatially but which may not 
interbreed. Information on miaration rates is 
also required to evaluate the iulnerability of 
stocks to depletion and to inbreeding depression 
at small stock sizes. Finally, it must be deter- 
mined whether the stock size is stable or chang- 
ing (i.e. increasin 
management actions 9 

or decreasing). Appropriate 
o achieve desired stock stat- 

us cannot be recommended without knowing whether 
the stock size is at the desired level or not. 
Research recommendations typically address short- 
falls in this information base. 

,,ZE&di,'d' 2: The primary management action 
y  AFSAC is that of adjusting the 

Total Allowable Removal (TAR) to a-level thought 
;;a;; appropriate for accomplishing management 

. AFSAC presently uses the estimated 
maximum finite rdte of increase (see Reilly and 
Barlow 1986) as a basis for settina removal 
levels on a stock-by-stock basis. This"parameter 
can be derived by observing the sensitivity of 
population growth models to variables such as 
calf mortality, adult mortality, calving interval 
and age of first reproduction. For some species, 
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models provide the best estimates of population 
growth because mortality rates in real popula- 
tions are impossible to measure accurately. In 
other species, enough individuals can be sampled 
to estimate age specific fecundity and survivor- 
ship. Gaps in information on population growth 
rates are addressed in the research recomnend- 
ations. 

ment process. The process also requires feedback 
on the outcome of management actions taken on the 
stock(s) or issues and on the relationship 
between management actions and the reconnnend- 
ations of the Subcommittee. With these inputs 
the overall process will continue to evolve and 
improve as it has done since AFSAC was estab- 
lished in 1986. 

Objective 4: Gathering information to evaluate 
the Impact of a management action on the stock 
involves monitoring such as 
collection of harvest statistics. 

thro$ S$ 

colrmittee must first predict the effects that the 
management action will have on the stock. 
Secondly, it must identify the variables that 
should be measured. Thus, the actual response of 
the stock can be compared to the expected or 
desired response. 

As part of this need to monitor the effects 
of a management action on a stock, the Subcom- 
mittee should be prepared to conduct risk analys- 
es to estimate how much a stock parameter must 
change before the change can be detected. This 
approach becomes vital when data must be collect- 
ed within a limited timeframe and budget and a 

- method must be chosen accordingly. 

Definition of terms 

There are a number of -terms which are 
frrm&y used . by the C;;;ne Mamna!s Sub- 

particularly preparing 
reports. 'Some of the terms are new, having bi',: 
introduced as a result of discussions about the 
decision making framework. The associated 
definitions have been agreed upon by the members 
of the Subcommittee and are included with this 
report as Appendix 3. Authors of future back- 
ground papers for the Marine Mammals Subconnnittee 
of AFSAC are encouraged to use these terms where 
applicable. Also, authors may, from time to 
time, introduce terms not included in the glos- 
sary. These terms should be clearly defined and 
referenced and will be added to the list. 

Sumnary 

This report sets out a framework for the 
process that the Marine Mammals Subcotmaittee uses 
to provide advice to managers. Having obtained 
a clear statement of the management objectives, 
the Subcommittee reviews invited background 
documents, assesses the stock relative to the 
management 

3, to attain t 
oal, reconmnends management approaches 
at goal and provides a risk of fail- 

ure assessment of each option. It suggests areas 
where research is required to improve its manage- 
ment recommendations; A glossary of biological 
definitions is provided to assist authors to 
prepare background documents and allow the 
Subcommittee, managers and clients to discuss 
issues in a consaon language. The framework for 
the process by which the Marine Meals Sub- 
committee of AFSAC carries out its responsibil- 
ities for providing biologically sound advice has 
been outlined. This orocess relies uoon clear 
statements of management objectives for'stocks or 
issues referred to AFSAC for review and adequate 
up-to-date biological information for the assess- 

BEAUFORT SEA BELUGA 

Introduction 

This stock was reviewed at the request of 
the Fisheries Joint Management Committee (FJMC) 
which was involved in developing a belugas 
manaaement plan for the Canadian waters of the 
Beaufort Sea. The review was also an opportunity 
to examine the results of a recent OF0 aerial 
photographic survey of belugas in the Mackenzie 
Delta. 

Background 

Stock definition: In the Canadian Beaufort 
Sea, belUgaS range in summer from the continental 
landmass north to the limit of the pack ice and 
;;; the U!S. boundary east through the Amundsen 

(Fig. 1). 
moviig westward, 

By mid-August, belugas are 
probably to the Bering and 

Chukchi Seas where they are thought to over- 
winter. In spring, they migrate eastward along 
the Alaskan coast to the vicinity of Point Barrow 
and then follow offshore leads to their summering 
areas. These whales are thought to be part of a 
population that includes animals from the Bering, 
Beaufort, Chukchi and eastern Siberian Seas and 
the Amundsen Gulf (Seaman et al. 1985), and are 
referred to as the Beaufort Sea or Beaufort stock 
(Finley et al. 1987). The Beaufort Sea belugas 
are geographically isolated from those summering 
in Alaskan waters along the south shore (i.e. 
Bristol Bay) and also from those summering in the 
;;;;;ian high arctic in the waters off Lancaster 

. 

Stock size: Data collected by Norton and 
Harwood (l985) and DFO in 1986, indicate that the 
Canadian Beaufort Sea from 14O"W to 128"W and 
71"N to the Mackenzie River Delta contains a mean 
of about 7 000 with a 95% confidence interval of 
3 335 to 10 b 27 beluga). This estimate is 
uncorrected for submerged animals. There are 
also beluaa whales outside of this area. for 
example, north of 71"N and in Amundsen Gulf, but 
they have not been adequately censused. 

Vital parameters: Age of first ovulation, 
calving interval and birth rate are based on 
samples from Alaskan belugas (Burns and Seaman 
1985). 

Age of first ovulation: 4-7 years 
Mean calving interval: 3 years 
Annual birth rate: 10% of total 

Finite rate of increase: ~!~l$i$tal 
population per annum 
Beland et al. 1988; Doidge, 
Makivik Corp. Kuujjuaq. Quebec); 

Reilly and Barlow 1986) 
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Current harvest: The landed harvest in the 
Canadian Beaufort Sea from 1981-1986 averaged 123 
belugas annually and the mean annual loss rate 

WR,fei8$ \23T4. Eg?i50 2&Te~ZaJeat: e%! S 
estimate is based on the assumption that all 
animals struck and lost are removed from the 
population 

& 
i.e. they die within a short period 

of time). trong 1990 argue that total removal 
may be 25% higher (164) than reported landings 
when other factors including struck and lost 
whales, abandoned neonates and pregnant females 
are all considered. 

Given an estimated finite rate of increase 
of 2.5%. total allowable removal (TAR) is 
calculated at 177 whales (7 081 x 0.025), includ- 
ing struck and lost whales. The current Canadian 
harvest (not restricted) does not exceed this 
value even when lost, 'abandoned neonates and 
pregnant females are factored in. 

liO$erb~~~p$hs: Beaufort Sea belugas are also 
arvested during spring migration 

along the northwest and north coasts of Alaska 
where the average annual removal is about 120 
(Lowrey et al. 1989). This estimate includes 
losses which range from 20-60X;. However the 
actual relationship between these migrants and 
the belugas sumnering in the Canadian Beaufort 
Sea is unclear. 

The hydrocarbon industry is well developed 
in the Beaufort Sea and future exoloitation of 
both oil and gas reserves is simply a matter of 
economics. Expanded exploration for and the 
production of hydrocarbons has the potential to 
be a limiting factor for belugas in the area. 

Hydroelectric development has been prop;?& 
within the Mackenzie River drainaae. 
activity will affect the water r;gime and, 
therefore, has the potential to be a limiting 
factor for belugas because they frequent estu- 
aries, especially the freshwater areas during the 
summer, possibly to moult and feed. 

The development of a deep water port within 
the Inuvialuit land claim area is an onaoina 
issue and port facilities currently in use wili 
require upgrading. Port development or upgrading 
and the attendant increase in ship traffic may 
impinge upon the well-being of the beluga stock 
and have the potential to be a limiting factor. 

The exploitation of various species of 
marine fish is being contemplated within the 
Beaufort Sea. Such activity may have a detri- 
mental effect on the belugas food chain and, 
therefore, has the potential to be a limiting 
factor. 

Major issues 

Proposed increased harvest: The Inuvialuit 
would llke to increase their harvest of belugas. 
The Canadian harvest alone does not exceed the 
moderate risk TAR (see management recotmnendation 
#l), but with the Alaskan hunt included, total 

removal (150 + 120 = 270) is at the high risk 
level. There is no TAR applied to the Alaskan 
hunt. 

Assessment 

Stock prognosis: There is no indication at 
the present time that the stock is declining. 

Management recommendations 

1. 

9 

Harvest levels should not be increased until 
better data are available on stock size or 
vital rates. Based on current estimates of 
stock size. a low risk TAR is calculated to be 
3 335 whales x-.025 = 83 whales. A moderate 
risk TAR is calculated to be 7 081 x .025 = 177 
whales. A high risk TAR is estimated to be 10 
827 x .025 = 270. A high risk TAR is con- 
sidered to have a high probability of causing 
a decline in stock size. 

L. Hunt monitoring should be continued to improve 
statistics on numbers of whales struck and 
landed. 

3. Managers may wish to consider using a two- 
tiered system of struck and landed whales ;t~p; 
defining harvesting strategy harvest. 
approach specifies a certain number of whales 
which can be struck and another number (less) 
which can be landed. The harvest stops when 
either number is reached, thus, if the number 
for belugas struck is reached the hunting stops 
even though no whales might have been landed. 
This is an approach used by the IWC to dis- 
courage poor hunting practices. Such a system 
encourages a reduction in the number of whales 
struck but lost during the hunt. 

Research requirements 

1. 

2. 

3. 

;t$or aerial. census of Beaufort Sea beluga 
. lncludlna the inshore and offshore 

Beaufort Sea and the Amundsen Gulf should be 
carried out. Data from such a survey are 
required to derive a more comprehensive esti- 
mate of stock size than is presently available. 

Work on vital rates should be continued. This 
includes completing and publishing the study by 
Doidge (Makivik, Corp., Kuujjuaq, Quebec) and 
continued collection of stock specific data on 
vital rates in order to provide estimates of 
stock specific finite rates of increase. 

Tagging studies need to be continued to track 
movements of whales. These both complement 
aerial survey data and permit evaluation of the 
time spent by whales in inshore and offshore 
waters; This information will facilitate 
assessment of the abilitv of this stock to 
support both an Alaskan aid Canadian harvest; 

Next APSAC review 

The next review should be held upon 
completion of a major aerial survey, vital rates 
study or tagging study as.described above. 
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HIGH ARCTIC BELUGA 

Introduction 

This review represents the first for this 
stock by AFSAC. In 1987, AFSAC reviewed beluga 
populations in, what was referred to as, sub 
Arctic areas of the Northwest Territories. 

Background 

Stock definition: This stock susaners in waters 
around Lancaster Sound. Aerial surveys have 
located large summer concentrations in Creswell 
(Smith et al. 1985), Garnier, Elwin and Batty 
Bays (Smith pers. 
(Fig. 1). 

comm.) on Somerset Island. 
Although some belugas may overwinter 

in loose pack ice in Lancaster Sound (Sergeant 
and Brodie 1975). most are thought to winter 
south of Disco Island along the west coast of 
Greenland, where large numbers of beluga whales 
have been sighted during aerial surveys in March 
(McLaren and Davis 1981. 1983). Lancaster Sound 
is a spring and fall migration route for these 
whales. 

Whether belugas that summer in the Canadian 
high arctic are the same ones that overwinter 
alona the coast of Greenland is not definitely 
known. The catch chronology of harvests around 
Disco Bay, where most of the hunting takes place 
in February and March, provides circumstantial 
evidence that high arctic belugas are being 
hunted in Davis Strait during winter. Morpho- 
metric data suggest otherwise but are equivocal. 
Belugas caught off the west coast of Greenland 
were found to be larger than those caught in 
Lancaster Sound (Ser eant and Brodie 1969) but 
this comparison was % ased on Greenland samples 
collected 40 years earlier than the Lancaster 
Sound samples; If changes in population age 
structure occurred between 1926 and 1966. then 
comparison of these data sets to test for-stock 
separation is inappropriate. If the west 
Greenland and hiah arctic beluaas are from two 
discrete stocks,"then the wint&ing area of the 
high arctic belugas is unknown. 

The western end of the range appears to 
extend to Prince of Wales Island Sergeant and 
Brodie 1975). Mixing with the B eaufort Sea 
beluga stock is probably limited because the 
Beaufort Sea belugas range only as far east as 
Banks Island (Sergeant and Brodie 1975), so the 
two stocks are separated by Viscount Melville 
Sound. 

Stock size: Stock size was most recently 
estimated by Smith et al. (1985) who used a 
stratified visual aerial survey of Lancaster 
Sound, Barrow Strait and Prince Regent Inlet in 
July and August, 1981. From transect coverage, 
they calculated a 95% confidence interval of 
4 200 to 16 500 whales with a mean of 8 300 
whales. The addition of about 2 100 whales seen 
in estuarine a 
range of 6 30 8 

gregations results in an estimated 
to 18 600 individuals or a mean 

population size of 10 400 whales. 

This population estimate is uncorrected for 
submerged animals and does not include Peel 
Sound, Admiralty Inlet, Navy Board Inlet or any 

of the channels north of Lancaster Sound. Aerial 
surveys of Admiralty Inlet and Navy Board Inlet 
in July and August, 1975 by Fallis et al. (1983) 
sighted few belugas, so these areas are not 
thought to be important summering locations. 
Sightings of beluga aggregations and trackin 

e 
of 

a radio-tagged belugas suggest, however, hat 
Peel Sound may be an important sutmner feeding 
area. Results-of the aerial surveys conducted by 
Smith et al. 119851 are consistent with an 
earlier estimate‘of about 10 000 whales (Sergeant 
and Brodie 1975), however, the previous estimate 
did not quantify survey precision so is not 
directly comparable to that made by Smith et al. 
(1985). If these whales are also being harvested 
in Davis Strait, then harvest data suggest that 
the stock size must exceed 18 600 whales. Har- 
vest rates have been too high to be sustained by 
a stock size of even 18 600 whales. 

Vital parameters: There are no publist$ 
estimates of vital rates for this stock. 
available information is based on samples taken 
from other populations. 

Mean age of first ovulation: 5 years (Brodie 
1971; Sergeant 1973) 

Mean calving interval: 3 years (Brodie 1971) 
Annual birth rate: 7% of total population 

(Richard and Orr 1986) 
Finite rate of increase: Z-3% of total popula- 

tion per annum 
(Beland et al. 1988; 
Reilly and Barlow 
1986) 

Current harvest: In Canada, the total landed 
harvest averages 89 whales per year by the fol- 
lowing communities: 
River, 

Broughton Island, Clyde 
Pond Inlet, Arctic Bay, Grise Fiord, 

Resolute, Creswell Bay (Strong 1989). The larg- 
est numbers are taken in Gnse Fiord (22) and 
Creswell Bay (34). Loss rates are unknown. 
There are currently no restrictions on the 
harvest of this stock in Canada. 

In Greenland, harvests are significant, with 
up to 1 000 animals being landed annually (Kapel 
1981). Catches are largest around Disco Island 
in winter or late spring, averaging about 450 
whales (Kapel 1977). Few whales are taken in 
summer. In late fall, from October to November, 
catches are high along the northwest coast of 
Greenland, averaging about 260 whales annually 
(Kapel 1977). More recent data indicate that in 
1983 and 1984, harvests (including losses) con- 
tinued to be high, totalling 446 and 700 whales 
respectively. In 1989, an estimated 700 whales 
(including losses of about 30%) were killed by 
only two communities (Upernavik and Umnannaq). 
An additional 600 animals were taken in a 
savassat (Heide-Jorgensen, Greenland Fisheries 
Institute, pers. comm.). The proportion of high 
arctic belugas in this harvest is not known, but 
it could be significant. 

Given an estimated finite rate of increase 
of 2.5%. a population of 10 400 belugas could 
support a removal of 260 whales. A population of 
18 600 whales, the maximum estimated stockfsi-iT, 
could support a removal of 465 whales. 
ugas harvested off the coast of Greenland are of 
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the hiqh arctic stock, at least 800 whales (709 
from Greenland and 89 plus from Canada) are bein 
removed annuallv. A stock size of even 18 60 B 
would be extirpated fairly quickly at a harvest 
rate of 800 animals per year. However, this 
stock has sustained a high level of harvest for 
many years (Kapel 1977), thus it seems likely 
that stock size must exceed 18 600. 

Sustainable removal of 800 whales per year 
requires a stock size of about 32 000 whales. 
Althou h 
estima ed a 

the Canadian harvest is much below the 
safe level of removal, the Greenland 

harvest may be in excess of what the stock can 
support over the long term. 

Dthefr i;pFts: Development? such as explor- 
ation or y  rocarbons in the wintering areas off 
the coast of Greenland, could have a significant 
impact on this stock of beluga whales by causing 
habitat alterations. 

Conmnercial shrimp fisheries could also have 
an impact on this stock by removing food resour- 
ces used by wintering whales. 

This stock of beluga whales has shown 
sensitivity to underwater noise generated by ice- 
breaking vessels in Lancaster Sound (Cosens and 
Dueck 1988; Finley et al. 1984 , with belu as 
moving away from ships up to 5 b km away. 9 he 
degree of geographic and seasonal variation in 
levels of response to disturbance has not been 
studied. 

Major issues 

Possible overharvesting: If  high Arctic beluga 
wha'les overwinter along the west coast of 
Greenland, they are probably being overharvested. 
The harvest of belugas by Greenland does not 
appear to be sustainable, given current estimates 
of numbers for the high Arctic beluga stock. 

Habitat alteration: If  commercial fisheries 
and other activltles in the wintering areas are 
reducing food resources or degrading habitat 
quality, these factors will have a negative 
effect on the size of this stock. 

Assessment 

Stock prognosis: Given the current estimates 
of stock size and harvest levels, there is 
concern that the stock is declining. 

Management recommendations 

1. Managers should contact Greenland authorities 
to identify the management problems and develop 
a joint management program. According to the 
current estimated stock size, total allowable 
removal (TAR) should be limited to a maximum of 
465 whales 18 600 whales x .025) which is con- 
sidered to b e the high risk level of removal. 
A moderate risk TAR is recommended to be 10 400 
x .025 = 260 whales. A low risk level of re- 
mo;zo;,is recoaznended to be 6 300 x .025 = 158 

. 

2. Managers should obtain more recent information 
from Greenland on harvest levels including 

numbers struck and lost. This information 
should indicate where and when belugas are 
beinq taken. Additional Greenland harvest data 
are -needed to determine whether current 
removals exceed those in the oeriod 1965 to 
1975, and whether there is any attempt to limit 
harvests in that country. 

Research requirements 

1. Information on the age of harvested animals 
should be collected to determine whether the 
stock is being overharvested. Assuming that 
animals are selected for size, the age of the 
oldest landed animals will indicate whether the 
oltit;imals have been removed from the popu- 

. 

2. Tagging,morphometric or genetic studies should 
be done to delimit the stock. Perhaps testing 
for some other marker such as heavy metals 
might also be done to identify stock affinit- 
ies. This information is necessary to assess 
whether the whales being taken by Greenland are 
of the high arctic stock. 

3. Film from 1985/86 aerial surveys of Peel Sound 
and Prince Regent Inlet should be analyzed to 
determine if significant numbers of beluga 
whales are using these areas during the summer. 
This information will facilitate estimation of 
stock size by indicating whether these areas 
are heavily used. 

4. Using aerial photographic techniques, the age 
distribution of summering animals should be 
monitored. Age structure can be used to assess 
whether the stock is declining or not. 

Next AFSAC review 

The next review should be carried out when 
new Greenland harvest statistics are available or 
when research results become available. 

UNGAVA BAY BELUGA 

Introduction 

This stock, recently listed as endangered 
by COSEWIC, was reviewed at the request of Quebec 
region of the Department of Fisheries and Oceans. 
That region intends to develop a recovery plan 
for this stock and this review by AFSAC will pro- 
vide a basis for the plan. 

Background 

Stock definition: The present summer ran e of 
this stock extends from Quaqtaq (Koartac 
Killiniq (Port Burwell). 

3 to 

used estuaries of the 
Historically, whales 

Ungunniavik 
Kangirsualijjuap 

(Whale), 
Kuunga 

Marralik 
Kuujjuak (Koksoak) and Kuugaaluk 

Ri;ers (Reeves and Mitchell 1987a). but as 
as 1981, whales have been sighted pri- 

marily in the Mucalic River (Finley et al. 1982). 
Whales are present in Ungava Bay between late 
March and November (Finley et al. 1982). 
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Movement out of Ungava Bay begins in 
November. Current (Finley et al. 1982) and 
historical (Reeves and Mitchell 1987a) sighting 
records indicate that whales probably winter 
offshore in Hudson Strait. 

The relationship between this and other 
stocks wintering in Hudson Strait is not clear. 
Interbreeding between stocks on the wintering 
grounds may occur. For management purposes, 
summering groups are recognized as the stock unit 
because local declines in estuaries traditionally 
used by belugas have been documented for this and 
other beluga stocks (Reeves and Mitchell 1989). 

There have been no direct comparisons of 
morphometry between Ungava Bay belugas and other 
stocks wintering in Hudson Strait. However, 
measurements of Northern Hudson Bay whales, 
including those killed at Ungava Bay, Eastern 
Hudson Bay and Quaqtaq, are more similar to one 
another than they are to belugas of other stocks, 
such as Cumberland Sound (Finley et al. 1982). 
Affinity between Eastern Hudson Bay and Ungava 
Bay whales is suggested by these data. 

Stock size: The most recent survey (Smith and 
Hamnil 1986) could not produce a population 
estimate for this stock because only two whales 
were seen off transect. During a previous survey 
bv Finlev et al. (1982). less than 50 belusas 
w&e sighted, half of 'which were seen in the 
vicinity of the Mucalic River. 

Vital parameters: There are no published 
estimates of vital rates for this stock. Given 
the small stock size, there will be no data 
collected in the foreseeable future. Estimates 
from other stocks are: 

Mean aae of first ovulation: 5 Years (Brodie 
l$7;3;,Se‘rgeant 

Mean calving interval: 3.years (Brodie 
1971) 

Annual birth rate: 7% of total 
oooulation (Richard 
'and Orr 198‘6) 

Finite rate of increase: Z-38 of total 

P 
opulation per annum 
Beland et al. 1988; 

Reilly and Barlow 1986) 

by wintering beluga whales. 

Increasing harp seal populations may also 
have an impact on these belugas if both species 
are using the same food resources. Although harp 
seals use Hudson Strait durin the summer, they 
could deplete resources avai able for belugas -7 
during the winter. 

Major issues 

OverFrvestintft: ,p,ll;i",", of,,g;S;;;i",'se $ 
cornmum ies wi 
Ungava Bay, relatively large numbers of whales 
continue to be taken in Hudson Strait. Even the 
current harvest in Ungava Bay is higher than the 
number of whales sighted in the last survey. 
Overharvesting has depleted this stock and is 
reducing its chances of recovering. 

Assessment 

Stock prognosis: This stock has been severely 
depleted, apparently as a result of overharvest- 
ing by both commercial and subsistence.hunters 
(Reeves and Mitchell 198~~~,utI~l'd,u~~s~dt~f 
endangered by COSEWIC. 
harvest, stock eradication is likely. 

Management recommendations 

1. Closure of the hunt of beluga whales in Ungava 
Bay should be implemented. 

2. Resources to enforce the closure of the hunt 
should be provided. 

3. The effects of hunt closure should be monitored 
by recording sightings and other information 
where possible. 

Research requirements 

The stock is too small to warrant develop- 
ment of research plans. In the event that there 
is evidence of stock recovery, a plan should be 
developed. 

Next AFSAC review 

The next review should be done after closure 
of the hunt or when new information becomes 
available. 

Current harvest: Harvests since 1978 have 
averaged about 50 whales per year, down from 158 
whales per year durin 

9 
the period 1973 through 

1977. A voluntary quo a, set in 1987, permitted 
the landing of 25 whales in Ungava Bay, and an 
additional 101 whales from Hudson Strait where 
mixed stocks are likely to occur. 
;;;;r as 

In 198?, 22 

s 
were taken from Ungava Bay (Olpinski 
Although the Ungava Bay harvest was 

withi: the auota, 267 belusas were harvested from 
Hudson Strait. - The proportion of Ungava Bay 
whales taken in the harvest of mixed stocks in 
Hudson Strait is unknown. 

EASTERN HUDSON BAY BELUGA 

Introduction 

This stock, listed as threatened by COSEWIC, 
was reviewed at the request of Quebec region of 
DFO. The region intends to develop a recovery 
plan for this stock and the review by AFSAC will 
provide a basis for the plan. 

Background 

in& 
Other im acts: CoaInercial fisheries for shrimp 

is a potential problem. Infor- 
mation on distribution and feeding behaviour of 
wintering whales is needed to assess how much of 
an impact fisheries might have on resources used 

Stock definition: This stock has usually been 
caned tne tastmaln stock (Reeves and Mitchell 
1989 

1 
however. eastern Hudson Bay more appro- 

pria Gly defines its summering range which 
extends from James Bay north to the Nastapoka 



River and west at least as far as 
Islands. (Fig. 1). The southern 
limits of the range- are-somewhat 
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the Belcher 
and western 
arbitrarily - 

defined. The relationship between whales of 
;amz Bay and those of eastern Hudson Bay 1s not 

Surveys indicate a continuous Sumner 
distribution of belugas from western Hudson Bay 
throu h James Bay to eastern Hudson Bay (Richard 
unpub lshed data; 9. Smith and Hanmnill 1986). 
Reeves and Mitchell (1987b) suggest that, 
although James Bay and eastern Hudson Bay whales 
may be one biological stock, they should be 
treated as separate stocks for management 
purposes. A conservative management approach is 
to consider beluaas from eastern Hudson Bay and 
James Bay to be"of different stocks until new 
information indicates otherwise. 

The Nastapoka and Little Whale Rivers are 
the primary summering areas of the eastern Hudson 
Bay stock. Historically, large concentrations 
were also found in the Great Whale River, but 
this estuary is no longer used (Reeves and 
Mitchell 1987b; Smith and H-ill 1986). Whales 
begin to arrive at the summering areas in late 
June and leave in September (Reeves and Mitchell 
1987b), presumably wintering in Hudson Strait 
(Finley et al. 1982). 

Stock size: The most recent survey (Smith and 
Hannnill m estimated a mean stock size of 1 
442 (95% Confidence Interval = 1 124 to 1 904) 
not including submerged animals. This survey was 
stratified, sampling both inshore and offshore 
habitats. Coverage did not include areas north 
of the Nastapoka River because local hunters 
indicated that whales were not seen in this area 
during the Sumner. This estimate is larger than 
the one previously obtained by Finley et al. 
(1982), which indicated fewer than 350 whales. 
However, the 1986 survey included offshore areas 
such as the Belcher Islands which had not pre- 
viously been surveyed. 

Vital parameters: There are no published data 
on vital parameters of this stock, although there 
is a study in progress (Doidge, Makivik Corp., 
Kuujjuaq, Quebec). Estimates from other stocks 
are as follows: 

Mean age of first ovulation: 5 years (Brodie 

Mean calving interval: 
1971; Sergeant 1973) 

3,;;;~ (Brodle 

Annual birth rate: 7% of total 
population Richard 
and Orr 1986 

Finite rate of increase: 
\ 

2-3% of total 
population per annum 

6 
Beland et al. 1988; 
eilly and Barlow 1986) 

Current harvest: Harvest data indicates an 
average ot 111 whales were landed each year 
;;zzn 1978 and 1985. In 1986, 58 whales were 

In 1987, a voluntary quota of 60 landed 
whales' from eastern Hudson Bay and 60 landed 
whales from Hudson Strait was set for eastern 
Hudson Bay consnunities. In 1989, 79 whales were 
harvested in eastern Hudson Bay and 267 whales 
were harvested in Hudson Strait (Olpinski 1990). 

The proportion of eastern Hudson Bay whales taken 
in the Hudson Strait harvest is unknown. Current 
harvest in eastern Hudson Bay represents about 5% 
of the mean estimated stock size. 

in lmyc~s,: As with other stocks wintering 
commercial fisheries for shrimp 

could deplete bood resources used by these 
whales. 

The orovince of Quebec has plans to develop 
major hydroelectric projects on. the Nastapoka, 
Little Whale and Great Whale Rivers. Chanaes in 
the flow rates, ice patterns and mercury ievels 
could affect belugas that use the Little Whale 
and Nastapoka estuaries in summer. 

A new settlement has been established at 
Umiujak, relocating hunters from Kuujjuarapik (on 
the Great Whale River) closer to the Nastapoka 
River where there is access to beluga whales. 
This new settlement could increase hunting 
pressure on this stock. 

Major issues 

Potential overharvesting: Given the current 
estimated stock size, the present level of har- 
vest may not be sustainable over the long term. 
The most recent population estimate did not in- 
clude a factor to account for submerged whales 
not counted in the aerial census. As-well, the 
relatiOnShiD between whales in James Bav and 
eastern Hudson Bay is not known. Thus the-stock 
size estimate may be low. 

Habitat modifications: Habitat modifications 
caused by hydroelectric projects in the sunmnering 
areas and commercial fisheries in the wintering 
areas of this stock may have detrimental effects 
on stock survival. 

Assessment 

eS$zipri;nostis: Given the uncertainty about 
s ock size, this stock might be 

stable but additional information is needed. New 
hydroelectric projects scheduled for the Little 
Whale and Nastapoka Rivers, the last remaining 
estuarine concentration areas, could seriously 
endanger the stock if such developments produce 
any detrimental effects on belugas habitat. 

Management recommendations 

1. Given the current estimated stock size, total 
allowable removal (TAR), including whales 
struck and lost should not exceed a maximum of 
48 whales. A low risk level of removal, calcu- 
lated by multiplyin 
ulation size (1 124 7 

the minimum estimated pop- 
by the average finite rate 

of increase (2.5%). is 28 whales. A moderate 
risk level of removal is 1 442 x .025 7 36 
whales, and a hi 
1 904 x .025 = d 

hw;;;kslevel of removal 1s 
The low risk TAR is 

believed to have a low probability of causing 
a decline in stock size. Alternatively, a high 
risk TAR is considered more likely to cause a 
decline in stock size. Removal of fewer than 
28 whales will likelv oermit the stock to in- 
crease in number. - ' 
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2. Hunters should be encouraged to avoid striking 
females with calves to maintain the repro- 
ductive capacity of the remaining stock. 

3. Struck and loss rates should be estimated at 
both inshore and offshore locations such as 
the Belcher Islands. Harvesting conditions 
could differ from areas adjacent to the main- 
land and loss rates may differ accordingly. 
Total allowable removal includes lost animals, 
thus good estimates of loss rates are needed to 
ensure that the TAR is not being exceeded. 

4. An infrastructure needs to be established to 
obtain better harvest statistics, including 
age and morphometric data, from the hunt of 
this stock. 

Research requirements 

1. 

2‘ 

3. 

4. 

A satellite tagging project should be developed 
to provide information on the location of 
wintering areas and the relationship between 
eastern Hudson Bay and James Bay whales. 
Tagging will also provide information on 
feeding behaviour and could be used to address 
concerns about impacts of fisheries on winter 
food resources. 

Analysis of nuclear DNA from biopsy studies 
would enhance the understanding of the mating 
system, and permit an estimation of the amount 
of genetic interchange that occurs between 
stocks in the wintering areas. This type of 
information is of value in developing recovery 
plans for depleted stocks and in estimating 
minimum viable population size. 

The southern part of the sutmaering range, 
outside of the Nastapoka and Little Whale 
Rivers should be evaluated ecologically and 
its relative 
assessed. 

importance to the belugas 
This information is needed to 

determine how habitat degradation will affect 
the future status of this stock. 

Areas of aggregation in James Bay should be 
souaht to identifv ootential studv sites for 
worii on the relationship between this and other 
Hudson Bay beluga stocks. 

Next AFSAC review 

This stock should be reviewed again in 
1990/91. 

WESTERN ARCTIC BOWHEAD WHALES 

Introduction 

In 1989, AFSAC reviewed the stock status of 
the Bering Sea bowhead whales and, at that time, 
recommended that DFO evaluate the IKirk-WCaDtUre 
t,;;;;ique *used to estimate the size -of-this 

. This census techniaue develooed in Alaska 
to count the Bering Sea bowhead stock uses visual 
sightings as the initial marks and acoustically- 
derived whale tracks as the recaptures. Tracks 
are derived by recording and localizing vocal- 
izations with a hydrophone array. A computer 
algorithm incorporating estimates of swimming 

speed and direction links locations of vocaliz- 
ations as whale tracks. Visually "marked" whales 
that are matched with acoustic tracks are counted 
as marked and recaptured whales. Using a stand- 
ard mark-recapture method, a population estimate 
is calculated. There are several possible 
sources of error in applying this type of mark- 
recapture method to bowheads. Accurate calcu- 
lation of total allowable removals (TAR) requires 
a good estimate of stock site. Given the un- 
certainty about the effect of these biases on the 
final estimate of stock size, AFSAC (Cosens et 
al. 1990) recommended that the sources of bias be 
identified and the census technique be evaluated. 
The following parameters have been taken from the 
1988/89 AFSAC Annual Report with revisions noted. 

Background 

Stock definition: This stock is distributed 
in the Beaufort, Chukchi and Bering Seas as far 
west as Mys Billingsa and as far east as Amundsen 
Gulf. The permanent polar pack ice limits north- 
ern movements. The southern limit in the Bering 
Sea occurs in the vicinity of St. Lawrence and 
St. Matthew Islands. This population is also 
known as the Bering/Chukchi/Beaufort Sea stock. 
The southeastern Beaufort Sea is a major summer- 
ing area for this stock. 

Stock size (revised): The previous estimate 
of7 800 based on the combined visual and acous- 
tical m&k-recapture method, may be an over- 
estimate. As a result of the review of this 
method, the AFSAC Marine Mammals Subcommittee has 
decided to use the estimate for the population of 
4 417 (95% Confidence Interval = 2 613 to 6 221 
whales). This estimate is based solely on visual 
sittings and is considered to be an under- 
estimate. Use of this number is provisional 
until improved census data are collected. 

Vital parameters: Unless otherwise indicated, 
the following parameters are taken from those 
estimated for the Bering Sea stock by Mitchell 
and Reeves (1986). 

Female sexual maturity: Age is unknown; but 
len 

B 
th of the animals 

is 3-14 meters 
Mean calving interval: 3-6 years 
Annual birth rate: 3.6-11.68 of total 

population 
Finite rate of increase: 1% of total population 

per annum (I.W.C. 
1989a &b) 

Natural mortality rate: unknown 

Current harvest: No Canadian harvest occurs 
but the Alaskan Inupiat obtain a quota from the 
International Whaling Commission. In 1988, the 
I.W.C. approved a quota of 44 whales struck or 41 
whales landed annually for the period 1988-1990 
(I.W.C. 1989a). 

,,,"t;;tts;,fi,acNts: Hydrocarbon development along 
orth Slope and in the Mackenzie 

Delta may interfere with the migration and feed- 
ing patterns because of the disturbance effects 
of underwater noise generated by vessel and dril- 
ling activity. 
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Sources of natural mortality, including 
disease, predation, and ice entrapment are not 
well documented. Effects of environmental 
contaminants are also unknown. The distribution 
of sumnerina whales appears to be correlated with 
the distri"bution of dense aggregations of 
copepods, thus any factor limiting the abundance 
of plankton could adversely affect bowhead 
whales. 

Major issues 

Endangered stock: This stock w%s depleted by 
commercial whaling. Current population trends 
are not known because census techniques have not 
been adequately standardized. 

A%- 
The community of Aklavik has sub- 

mit e a proposal to harvest a bowhead in the 
Sumner of 1989. 

Assessment (revised) 

Stock prognosis: The existing data on 
population size 1s not sufficient to permit an 
evaluation of population trends. The 1984 
estimate was 3 871 (+254) whales, while the 1988 
estimate (used in this report) is 4 417 (21 804) 
whales. 

Management recommendations (revised) 

1. Based on this estimated stock size and % 1% 
finite rate of increase (I.W.C. 1989a, b) total 
allowable removal (TAR) is recormnended to be: 
Low Risk: 26 whales, Moderate Risk: 
whales, High Risk: 62 whales. The Iit 
currently permits 44 strikes or 41 landed 
whales to be taken from this stock, a level of 
removal which is within the moderate risk 
range. 

REVIEW OF THE ESTIMATED STOCK SIZE FOR THE 
WESTERN ARCTIC BOWHEAD WHALE (Balaena m sticetus) 
AS GIVEN IN THE REPORT OF THm+S 
SCIENTIFIC ADVISORY COMMIllEE FOR 1988/89 (COSENS 
ET AL. 1990) 

Introduction 

The stock size estimate of 7 800 (95% C.I. 
5 700-10 600) for the western Arctic bowhead 
whales (Balaena mysticetus), given in the Report 
of the m ~1SherieS Scientific Advisory 
Committee for 1988/89 (Cosens et al. 1990), 
represents the conclusion of the International 
Whaling Commission (Anonymous 1989). The Inter- 
national Whaling Comnission's Scientific Com- 
mittee accepted a weighted mean of two estimates 
based on the single mark release (also known as 
the capture-recapture) model (see Seber 1982) 
using acoustic and visual cues from bowhead 
whales as they passed Point Barrow, Alaska, 
U.S.A. In this review, the assumptions implicit 
in the mark release method for the estimation of 
abundance, how well the observations of bowhead 
whales satisfied these assumptions and how the 
nssumptions have been tested %re all examined. 
The analysis also investigates the direction of 
the bias when assumptions are violated. 

Another %rea of the estimation of the stock 
size that has not been adequately addressed is 
the method by which the estimated whale abun- 
dances for the sampling periods are expanded to 
the total migration period. This is commented 
on, in particular how it affects the variance 
estimate of the population estimate. 

Assumptions of the single mark release method 

Seber (1982, p. 59) outlines the six 
assumptions of the single mark release method for 
population abundance estimations. These are: 1) 
The population is closed; 2) All animals have the 
same probability of being marked: 3) Marking does 
not affect the future recapture of the animal; 4) 
The recapture is a simple random sample of the 
population; 
samplings; 

5) Marks are not lost between 
and 6) All marks are found in the 

second sample. 

Assumption 1. The population is closed. 

A closed population means not only that the 
population size is constant within the sampling 
period, as explicitly noted in Seber (1982), but 
also that population size is constant because 
there are no deaths or births, as noted in 
Gentleman and Zeh (1987) and no emigration or 
imnisration (White et al.lJ82, D. 3). This 
latter point‘ was not dealt with during the 
estimations of whale abundance (Gentleman and Zeh 
1987; Zeh et al. 1988). Emigration and immi- 

? 
ration should not be a serious problem, since 
he population of migrating bowhead whales is 

closed because the marking and recapture are 
nearly simultaneous events. However, there are 
biases due to the definition of the population 
that is being estimated, and possible double 
counting of the population. 

The "population" estimated is the total 
number of cue tracks and not the number of 
whales. This is very different from the trad- 
itional use of single mark recapture population 
estimation. Generally, marks are fixed to a 
number of individuals that are then released back 
into the population to be estimated. A second 
sample is subsequently selected and the number of 
previously marked animals determined. In the 
application of the mark recapture estimation to 
bowhead whales, the marking and recapture occur 
concurrently and, thus, the cue that is used as 
the mark is not important. A cue track is 
produced when a whale is sighted or when it is 
detected by the hydrophone array. The visual cue 
track contains the sightings and resightings of 
what is thought to be a single whale passing the 
observation post. An acoustic track is formed 
when whale sounds located by the hydrophone array 
are linked bv an acoustic trackina alaorithm. 
The acoustic-tracking algorithm taies ihe time 
and location of the calls and then clusters the 
calls into tracks based on assumptions made about 
possible swimming speeds and directions. Unlike 
the visual tracks, most acoustic tracks cannot be 
attributed to one whale. Recapture of the marked 
cue track occurs when the visual and acoustic 
tracks occur in the same location at the same 
time. 
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There is a possibility of double counting 
whales using the mark release method if sampling 
periods are determined in an arbitrary fashion. 
Double counting would occur when whales which 
entered during a sampling period and were detect- 
ed but had not left the area by the end of the 
period, were redetected during the next sampling 
period. While the method used to minimize this 
possibility is not explicitly outlined in the 
1988 or 1989 methods (Zeh et al. 1988a. b, 1989 , 
it can be inferred from Raftery et al. Q (198 ) 
that the sampling periods were separated by times 
when few or no whales were within the observation 
area. 

The bias involved with the assumption of 
closure of the population is expected to be 
neutral. However, there is a significant bias 
associated with the assumption ttiat cue tracks 
are whales. The direction of this bias is not 
clear, but there is a possibility that more than 
one acoustic cue track will be generated from the 
sounds made by a single whale. Comparison of the 
tracking algorithm's estimate of tracks with the 
acoustic tracks thought to be from individual 
whales based on visual and acoustic cues have 
constantly required updating of the tracking 
al orithm 

e 
(Zeh et al. 1989). The concordance 

be ween whales and cue tracks that results from 
this iterative procedure of parameter selection 
is not based on empirical information. The true 
relationship between cue tracks and whales is 
unknown, and thus the abundance estimate from 
acoustic and visual tracks should be considered 
an index of the population abundance with an 
unknown relationship with the actual abundance of 
whales (Caughley 1977, p. 15). Quotas should 
reflect this uncertainty. 

Assumptions 2, 3, 4, 5, and 6. All animals have 
the same probability Of being IIIarked, marking 
does not affect the future recapture of the 
animal, recapture is a Simple random sample of 
the population, marks are not lost and all marks 
are found in the SeCOnd sample. 

These five assumptions are violated in the 
estimation of bowhead whale tracks due to the 
non-random distribution of the marked and re- 
captured samples. These non-random distributions 
are associated with the different distances at 
which whales are likely to be seen or to be 
detected by the hydrophone array. 

The *initial" capture of whale tracks occurs 
in a markedly different area than the recapture. 
For ease of description. it is assumed that the 
whales seen from-the -shore-fast ice station 
receive the mark and the whales acoustically de- 
tected are the second sample. These two samples 
are not random samples of the whale population 
passing the observation point. Some whales sur- 
facing are missed by observers (Krogman et al. 
1989) and the further the whale is from the 
observation point, the greater the possibility 
that it will be missed (Burnham et al. 1980; 
Haamnond 1984). This problem was addressed by 
limiting the observation-zone to the area within 
3.0 km of the oyo;e;i;on 
1988b. 1989). 

station (Zeh et al. 
even within this re- 

stricted region , whales iurther from the station 
were more likely to be missed. Most whales were 

seen within 1 km of the observation station, but 
most whales were heard at greater than 2 km from 
the observation station. 

This non-random sample of marks was 
apparently overlooked by Gentleman and Zeh 
(1987). but given some thought later because the 
mark release sample was restricted to the 3 km 
adjacent to the observation platform and cue 
detection models were incorporated (Zeh et al. 
1988b, 1989). Reliance on a detection model will 
not necessarily correct for the non-random nature 
of the two samoles of the oooulation of tracks. 
The distribution of whale cue'tracks is a complex 
interaction between the whales' behaviour, ice 
conditions and spatial and temporal position 
during the migration. Radial aerial surveys 
(Hammond 1984; Nerini and Rugh 1986) should be 
considered as tests of the visual and acoustic 
detection models. These data have not been 
collected. 

How does the violation of these five 
assumptions affect the abundance estimate of 
'tracks'? Since recaptures will be fewer, due to 
the distribution of visual and acoustic cue 
tracks, the estimate of the "population" size of 
tracks is most likely an overestimate. 

Conclusion based on the assumptions of the mark 
release experiments. 

The estimates based on the mark release 
survey contain a positive bias due to the dif- 
ferences in the distribution of the visual and 
acoustic tracks. The magnitude of this bias 
cannot be determined from the published liter- 
ature, but its size may be sufficiently large 
that a sustained harvest based the population 
estimate of tracks would be unwise. 

The assumption that 'tracks' are equal to 
whales is likely to also overestimate the actual 
number of whales. A subsequent mark release 
survey that addressed some of these biases using 
detection models has produced a lower population 
estimate of 6 700 tracks with a standard error of 
1 100. But it was unclear whether this lower 
estimate was due to the correction of positive 
biases, or due to differing numbers of whales 
heard and seen. 

Review of the sampling design 

The estimates of cue track abundance do not 
fer?ent the population estimate accepted by the 

l l .  Some time periods were not sultable for 
observation, and thus required extrapolation to 
account for cue tracks passing during times of 
incomplete data. In addition, a number of cor- 
rection factors were used to alter the cue track 
estimate to the number of whales. These prac- 
tices require the application of a sampling de- 
sign; however, no design was explicitly outlined. 
It appears that the most appropriate would be a 

er 
osthoc application of a'stratified random or 

SYS emmc samnlina desion without reolacement of 
s-ampling units., incorpo+atin9 ancillary infor- 
mation by ratlo and regresslon estimates (Som 
1973). This would allow the incorporation of the 
variance or uncertainty associated with the 
ratios or correction factors, as well as the 
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variation between sampling units into the vari- 
ance estimates. This would increase the variance 
of the final estimate. 

Overall conclusions 

Until biases associated with the mark 
release (capture/recapture) model using visual 
and acoustic cues have been more fully invest- 
igated and validated (new data needed), AFSAC 
will accept the mark recapture estimate based on 
sightings alone. The largest estimate based on 
visual sightings alone was 4 417 (95% C.I.= 2 613 
to 6 221) (Anonymous 1986). This number is an 
underestimate because it does not account for 
whales that pass too far from shore to be seen. 

REPORT OF THE AF,,,o~;INE MAMMAL SUBCOMMITTEE: 

INTRODUCTION 

On February 19 - 21, 1991 at the Canadian 
Centre for Inland Waters in Burlington, a joint 
meeting of the Marine Mammals Subcommittees of 
the Canadian Atlantic Fisheries Scientific Advis- 
ory Committee (CAFSAC) and the Arctic Fisheries 
Scientific Advisory Committee (AFSAC) was held. 
This was the first joint meeting of the Sub- 
comnittees from both AFSAC and CAFSAC and 
afforded an opportunity for broader scientific 
input into issues often of regional concern in 
marine mammal management. One stock (eastern 
Hudson Bay beluga) and one species (Bearded seal) 
were reviewed as part of the agenda-brought 
fo+&rd by the Marine Mannnals Subcommittee of 

. 

The CAFSAC Marine Mammals Subcommittee 
agenda items included grey seal, harp seal, 
hooded seal, harbour porpoise and St. Lawrence 
beluga. Reporting on the results of the reviews 
of these stocks will be as part of the normal 
CAFSAC process. 

The review of Bearded seal was the first by 
AFSAC for this species. The report of eastern 
Hudson Bay beluga was an update of the review by 
the Marine Mammals Subcommittee of AFSAC the 
previous year. The following background reports 
formed the basis for the Subcommittee's delib- 
erations: 

Bearded seal, H. Cleator (AFSAC Document 
90/91-01) 

Eastern Hudson Bay Beluga: 1991 Update. 
T. Smith (AFSAC Document 90/91-07). 

BEARDED SEAL 

Introduction 

This species of seal is important to the 
native subsistence hunt in the arctic. This re- 
view is the first for this species to be carried 
out by the Marine Mannnals Subcomittee of AFSAC. 

Background 

Stock definition: Two subspecies have been 
identified: trignathus barbatus (Erxleben 1777) 
in the eastern Canadian arctic and north Atlantic 
and Erignathus barbatus nauticus (Pallas 1811) in 
the western Camrmd north Pacific. 
The exact boundary between the two subspecies is 
not well defined and debate on the subspecific 
status continues. Bearded seals in the Bering 
and Chukchi Seas make long migrations to remain 
close to the ice but such movements in Canada are 
short and local. There is, therefore, insuffic- 
ient evidence to define more than one stock of 
bearded seals, but the species would be best 
mana ed on a "local community stock" basis, as 
loca 7 depletion is possible. 

Stock size: Abundance estimates are scarce. 
Estimates made ancillary to ringed seal surveys 
in the southern and eastern Beaufort Sea range 
from 1 200 to 3 100. Earlier estimates of about 
185 000 bearded seals in Foxe Basin, Hudson Bay, 
Hudson Strait and Ungava Bay cannot be validated 
and are out of date. 

Vital parameters: There are no recent data 
from Canada. Estimates presented here are based 
on data from bearded seals in Canada and Alaska 
obtained in the 1960's and 1970's, from popu- 
lations of unknown status: 

Ovulation Rate: 46 - 100% of females 
over 5 years 

Pregnancy rate: 33 - 86% of females 
over 5 years 

First ovulation: 3 - 4 years 
First pregnancy: 4 - 5 years 

Many females do not conceive on their first 
ovulation. 
Mortality Rates: unknown 
Sex ratio 

I 
males:females at birth: 1:l 

Sex ratio males:females of adults: 1.2:l 
Annual birth rate: population (based on 

harvest data only) 
Finite rate of increase: unknown 

Current harvest: 
1980 

Incomplete data from 1960 - 
t d a6out 2 500 bearded seals were 

landedsu?$?~ear. Losses ranged from 25% to 50% 
depending upon the season. Total removal in 
Canada may have been between 2 500 and 7 000. 
Domestic use may have declined since the 1970's 
but current harvest levels are unknown and cannot 
be expressed as a percent of the total stock. 

have been reportgd in bearded seal tissue but the 
biological impact has not been examined. 

Industrial activities could affect bearded 
seal numbers and vitality through direct injury 
or death (e. 
disturbance a 

. oil spills, vessel traffic) and 
e.g. noise), or indirectly through 

alteration of their prey species and habitat 
(e.g. dredging). These are potential impacts 
which have not been studied. 
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Major issues EASTERN HUDSON BAY BELUGA (1991 UPDATE) 

Stock status and expected trends in abundance 
cannot be assessed due to a lack of harvest and 
biological data. 
tially harmful 

Industrial activity is poten- 
(see above). There 1s also the 

potential for localized overharvesting. 

Introduction 

Assessment 

Stock prognosis: Given the limited informa- 
tion, a prognosis for bearded seal in the 
Canadian Arctlc is not possible at this time. 

This stock, listed as threatened by COSEWIC, 
was reviewed in February, 1990, by the AFSAC 
Marine Mammals Subcommittee at the request of 
Quebec Region of DFO. A recommendation by the 
Subcommittee arising from that review was that an 
update be made in 1991, when data on the 1990 
harvest was available. This report is based upon 
updated 1990 information. 

Background 
Management recommendations 

1. Harvest statistics should be collected by 
season, kill site and home cossnunity and 
include: number of landed animals, number of 
lost animals, gender, age group, and date of 
harvest. 

Stock definition: This stock has usually been 
called the tastmain stock (Reeves and Mitchell in 
press), however, eastern Hudson Bay more appro- 
priately defines its summering range which ex- 
tends from James Bay north to the Nastapoka River 
and west at least as far as the Belcher Islands. 
The southern and western limits of the range are 
somewhat arbitrarilv defined. The relationshio 2. 

3. 

4. 

C-unities, including relevant settlements in 
Newfoundland and Labrador, should be surveyed 
to determine recent and present trends in 
harvest levels and level of domestic use of 
bearded seal products. 

Collection of reproductive organs, tissues for 
ageing, standard body measurements and stomach 
contents should begin as soon as possible. 

If losses during hunts are significant, hunting 
practices should be modified to ensure that 
struck animals can be retrieved. 

Research requirements 

1. 

2. 

3. 

Techniques for accurately estimating the 
densities of bearded seals, even in areas of 
low numbers should be developed. Once a 
suitable method is developed, a large scale 
survey of Canadian waters should be conducted 
to estimate total population size. This survey 
should be repeated as required to assess trends 
in abundance. 

Biological and behavioural studies, including 
analysis of currently available samples and 
data, should be carried out to improve esti- 
mates of age-specific reproduction rates, 
assess density dependent variation in repro- 
duction, assess natural mortality, and examine 
segregation in population structure. 

An assessment should be made of landing and 
loss rates with respect to age group, gender, 
hunting method and season. 

4. Hunted and non-hunted populations should be 
compared to assess population growth rates and 
suitable exploitation rates. 

Next AFSAC review 

Another AFSAC review should be done only 
after one or more of the research and management 
recmendations have been completed. There are 
currently no dedicated studies being conducted on 
bearded seals by scientific staff of DFO within 
the Central and Arctic Region. 

between whales of J&es Bay and those of eastern 
Hudson Bay is not known. Surveys indicate a con- 
tinuous Sumner distribution of belugas from west- 
ern Hudson Bay through James Bay to eastern Hud- 
son Bay (Smith and Hamnill 1986; Richard et al. 
1991). Reeves and Mitchell (lgB7b) suggest that, 
although James Bay and eastern Hudson Bay whales 
may be one biological stock, they should be 
treated as separate stocks for management pur- 
poses. A conservative management approach is to 
consider belugas from eastern Hudson Bay and 
James Bay to be of different stocks until new 
information indicates otherwise. 

The Nastapoka and Little Whale Rivers are 
the primary summering areas of this stock. His- 
torically, large concentrations were also found 
in the Great Whale River, but this estuary is no 
longer used Reeves and Mitchell 1987b; Smith and 
Hammill 1986 . \ Whales begin to arrive at the 
summering areas in late June and leave in Sep- 
tember (Reeves and Mitchell 1987b), presumably 
wintering in Hudson Strait (Finley et al. 1982). 

Stock size: The most recent systematic surve 
of eastern Hudson Bay (Smith and Hammill 1986 r 
estimated a mean stock size of 1 442 (95% Confi- 
dence Interval = 1 124 to 1 gO4), not including 
submerged animals. This survey was stratified, 
sampling both inshore and offshore habitat. 
Coverage did not include areas north of the 
Nastapoka River because local hunters indicated 
that whales were not seen in this area during the 
summer. This estimate is larger than the one 
previously obtained by Finley et al. (1982), 
which indicated fewer than 350 whales, however, 
Smith and Hammill (1986) included offshore areas 
to the Belcher Islands which had not previously 
been surveyed. 

Vital parameters: Demographic parameters based 
on belugas harvested primarily at the Nastapoka 
are now available (Doidge, Makivik Corp., 
Kuujjuaq, Quebec, 1991). 

Mean age of sexual maturity: 6+ years 
Mean length of sexual maturity: 2gO+ centimeters 
Sex ratio of harvested males to females: 146:147 
Duration of gestation: 12.8 months 
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Complete breeding cycle: 
Annual birth rate: 
Finite rate of increase: 

3.25 years 
Not available 
No independent 
estimate 

Current harvest: Harvest data indicate an 
average ofales were landed each year 
IXZXZ~~ 1978 and 1985. In 1986, 58 whales were 

In 1987, a voluntary quota of 60 landed 
whales-from eastern Hudson Bay and 60 landed 
whales from Hudson Strait was set for eastern 
Hudson Bay communities. In 1989, 79 whales were 
harvested in eastern Hudson Bay and 267 whales 
were harvested in Hudson Strait 

Q 
Olpinski 1990). 

The proportion of eastern Hudson ay whales taken 
in the Hudson Strait harvest is unknown. In 1990 
the harvests and revised quotas were: 

Landed Harvest Total 
Rin Max Lost Removal Quota 

Eastern 
Hudson Bay 51 74 1 75 50 

Hudson 
Strait 57 85 3 88 118 

Ungava Bay 21 25 

(* to be taken outside Ungava Bay) 

in pr~wc~~: As with other stocks wintering 
commercial fisheries for shrimp 

could deplete +ood resources used by these 
whales. 

The province of Quebec has plans to develop 
major hydroelectric projects on the Nastapoka, 
Little Whale and Great Whale Rivers. Changes in 
the flow rates, ice patterns and mercury levels 
could affect whales that use the Little Whale and 
Nastapoka estuaries in Sumner and feeding areas 
in Manitounuk Sound. 

A new settlement has been established at 
Umiujak, relocating hunters from Kuujjuarapik (on 
the Great Whale River) closer to the NaStaDOka 
River where there is'access to beluga whaies. 
This new settlement could increase hunting pres- 
sure on this stock. 

Major issues 

Overharvesting: The total harvest from eastern 
Hudson Bay might be close to sustainable yield. 
Occasional high harvests from Hudson Strait as 
seen in 1989 could impact the eastern Hudson Bay 
stock generally. Ice entrapments which can 
occasionally cause high mortality are also a 
threat. No unbiased estimates exist for popu- 
lation growth rates, with 3 - 5% given as an 
approximation. No unbiased mortality estimates 
are available to confirm these percentages. A 
conservative strategy for management should be 
based on the lowest oooulation estimate and err 
on the low side for growth rates. 

Habitat modifications: Habitat modification 
from th G d Baleine project will directly 
affect tehe $:itounuk Sound area which might be 
an important belugas feeding habitat. 

Assessment 

Stoctk profgnovs: Given the uncertainty about 
estlma es o s ock size and vital rates, this 
stock miaht be stable. but additional information 
is needgd fin view PDF the fluctuating harvest 
levels. New hydroelectric projects scheduled for 
the Little Whale and Nastapoka Rivers, the last 
remaining estuarine concentration areas, could 
seriously endanger the stock if they result in a 
detrimental effect on belugas habitat. 

Management recommendations 

1. Given the current estimated stock size (1 442 
with 95% Confidence Interval of 1 124 - 1904), 
total allowable removal (TAR), including whales 
struck and lost should not exceed 48 whales 
annually. A low risk level of removal, calcu- 
lated by multiplying the minimum estimated pop- 
ulation size (1 124) bv an arbitrarv averaae 
finite rate of increase (2.5%), is 28 whales: 
A moderate risk level of removal is 1 442 x 
.025 = 36 whales. The low risk TAR is believed 
to have a low probability of causing a decline 
in stock size. Removal of fewer than 28 whales 
will likely permit the stock to increase in 
numbers. 

2. 

3. 

4. 

Hunters should be encouraged to avoid striking 
females with calves to maintain the repro- 
ductive capacity of the remaining stock. 

Large 
9 
rey animals which have been found to be 

sexual y mature and have the highest repro- 
ductive value to the population should also be 
protected. 

Struck and loss rates should be estimated at 
both inshore and offshore locations such as 
the Belcher Islands. Harvesting conditions 
could differ from areas adjacent to the main- 
land and loss rates may differ accordingly. 
Total allowable removal includes lost animals, 
thus good estimates of loss rates are needed to 
ensure that the TAR is not being exceeded. 

Research requirements 

1. 

D 2. 

A satellite tagging project should be developed 
to provide information on the location of 
wintering areas and the relationship between 
eastern Hudson Bay and James Bay whales. 
Tagging will also provide information on 
feeding behaviour and could be used to address 
concerns about impacts of fisheries on Sumner 
and winter food resources. 

Analysis of nuclear DNA from biopsy studies, 
would enhance the understandin 
system and permit estimation o 9 

of the mating 
the amount of 

genetic interchange that occurs between stocks 
in the wintering areas. This type of infor- 
mation is of value in developing recovery plans 
for depleted stocks and in estimating minimum 
viable population size of stocks. 

3. Samples should be obtained from whales har- 
vested in the autumn from the Hudson Strait 
villages. These samples will be used once the 
mitochondrial DNA analysis technique has been 
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completely developed to identify which stock 
these harvests are related to. 

4. The southern part of the sumnerin 
outside of the Nastapoka and 
y:v,ers 

Litt e 'w"%6 9 
should be evaluated ecologically and 

relative importance to the belugas 
assessed. This information is needed to 
determine how habitat degradation will affect 
the future status of this stock. The Little 
Whale River estuary and Manitounuk Sound are 
especially important. 

5. Areas of 
sought to 

ag regation 
i 

in James Bay should be 
1 entify potential study sites for 

work on the relationship between this and other 
Hudson Bay beluga stocks. 

Next AFSAC review 

Another AFSAC review should be done only 
after one or more of the management and research 
reconnnendations have been completed. 

REPORT OF THE AFSAC FISH SUBCOMMITTEE: 
1989/90 

INTRODUCTION 

The 1989/90 meeting of the AFSAC Fish 
Subcommittee was held on 14 March 1990. 
Membership of the Fish Subcommittee in 1989/90 
consisted of the following: 

0. Bodaly (Science, Central 
and Arctic Region), 
chairperson 

R. Crawford (Science, Central 
and Arctic Region) 

J. Flannagan (Science, Central 
and Arctic Region) 

A. Kristofferson (P&FF, Central 
and Arctic Region) 

R. Morin 
I 
Science, Quebec Region) 

J. Reist Science, Central and 
Arctic Region). 

Atthatmeeting, the Subcommittee considered 
the following reports: 

Quota Reconmtendations for Commercial Fisheries 
of Anadromous Arctic Charr, Northwest Terri- 
tories, 1990/91. A.H. Kristofferson, 6. Low, 
D. Pike, and P. Lemieux. 
89/90-13). 

(AFSAC Document 

A Preliminary Analysis-of the 1988 Cumberland 
p;tkceland Scallop Fishery. R. Crawford and 

. . (AFSAC Document 89/90-08). 

An Overview of the Connercial Fisheries for 
Anadromous Arctic Charr in the Keewatin Region, 
Northwest Territories. A.H. Kristofferson, 
G.W. Carder, D.K. McGowan and D.G. Pike. 
(AFSAC Document 89/90-14). 

The Biology of the Iceland Scallop and Its 
Implications for the Mana ement 
Fishery. R. Crawford an d" 

of an Arctic 
C. Hudon. 

Document 89/90-07). 
(AFSAC 

Stock Status of Arctic Charr in the Hornaday 
River, Northwest Territories. P.J. Lemieux 
;a! A.H. Knstofferson. (AFSAC Document 89/90- 

. 

Update on the Baffin Island Turbot Fishery. 
R. Crawford. .(AFSAC Document 89/90:09). 
p;tYlyd Hallbut Allocation: Baffln Region. 

. . (AFSAC Document 89/90-09A). 

Lake Whitefish (Core onus clu eaformis) in the 
Lakes Involved l&e&pping of 
Lakes Project. E. Gyselman. (AFSAC Document 
89/90-04). 

Stock Status of Arctic Charr in the Kagluk 
River, Northwest Territories. P.J. Lemieux. 
(AFSAC Document 89/90-10). 

Stock Status of Arctic Charr in the Rat River, 
Northwest Territories. P.J. Lemieux. (AFSAC 
Document 89/90-11). 

Because of budgetary-constraints, R. Morin . 
could not attend the meeting. Written comments 
from Mr. Morin were received and incorporated 
into AFSAC recommendations. 

In addition, the Subcommittee met on June 
27, 1990 to consider an urgent request from the 
Regional Director, Fisheries and Habitat Manage- 
ment, regarding a request to conduct a commercial 
whitefish fishery in the Mackenzie Delta. Be- 
cause of the urgency of the request and prior 
commitments of most of the Subcommittee. onlv 
three members were able to attend this meeting 
and contribute to the Subconmnittee's response. 
Those members in attendance were D. Bodaly, A. 
Kristofferson and J. Reist. 

The Subcotmaittee's mandate was to examine 
the foregoing reports on the stocks under review, 
report on the current status of stocks under ex- 
amination, recommend rates of exploitation and 
other management policy based on present data and 
recommend aspects of research needed to improve 
the management of the stocks. 

GENERAL COMMENTS 

The Subcommittee has recommended that a 
formalization of report formats for documents 
prepared for and by AFSAC Subcommittees take 
place. These recommendations are included as 
Appendix 5. Some of the terms used in the 
following report are defined in a glossary 
included as Appendix 4. 

The Subcommittee thanks all those involved 
in the preparation of the background reports for 
their untiring efforts. It recommends, and urges 
strongly, that these documents be prepared for 
publication in the Canadian Fisheries and Aquatic 
Sciences Technical Report series, or other suit- 
able publications, if and when appropriate. 

The following sections sunmnarize the review 
of the background documents, and provide a state- 
ment of the conclusions and recommendations of 
the Fish Subcommittee. 
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ICELAND SCALLOP - CUMBERIAND SOUND 

Introduction 

The discovery of Iceland scallops (Chlamys 
islandica) in Cumberland Sound in 1983 and 1984 
during exploratory fishing for groundfish sparked 
interest in developing a commercial fishery for 
scallops in the Pangnirtun 

9 
area. Exploratory 

fishing for scallops since 986 has revealed the 
presence of a number of beds in the Pangnirtung 
area and parts of Cumberland Sound. Two vessels, 
one a dedicated scallop dragger, investigated 
about 70 coastal areas in Cumberland Sound from 
19 July to 28 September 1988, for the presence of 
Iceland scallops. Two promising areas were found 
near the cormaunity of Pangnirtung. Both vessels 
then participated in a commercial fishery from 29 
September to mid-November on these latter 
grounds. They harvested a total of 17.2 tonnes 
of scallops using Digby-type drags. The catch 
produced 1.58 tonnes of meats. 

Because of the success of the 1988 fishery, 
the Department of Economic Development and 
Tourism of the Government of the Northwest 
Territories withdrew its subsidy of this fishery, 
leaving it to demonstrate economic viability 
without financial support. In response, only one 
vessel oarticioated in the 1989 fisherv. The 
provisional quota for Cumberland Sound was 100 
tonnes. The participating vessel was plagued 
with logistical and mechanical problems through- 
out the season and, ultimately, was damaged in a 
storm. Consequently, the total 1989 harvest fell 
to just 8.0 tonnes (round weight). 

This review was made as a result of the 
recommendation bv the AFSAC Fish Subcommittee 
when this stock was first reviewed in 1988/89 and 
there was an anticipation of greater harvests and 
increased biological data available. 

Background 

Stock definition: For fishery management 
purposes the scallops in Cumberland Sound are 
considered to be a separate stock from those in 
Unqava Bay. Within Cumberland Sound, the modal 
height of scallops cau ht near the Kikastan 

9. Islands was laraer than hat for scalloos taken 
in the mouth of Pangnirtung Fjord: Therefore. 
the data from both locations were treated as 
though they were representative of two discrete 
stocks and are dealt with as two separate stocks 
(Kikastan Islands and Pangnirtung Fjord) in this 
report. 

Stock size: An estimate of the unexploited 
recrultable biomass was derived by applyin 

B 
the 

average number of scallops caught per un t of 
swept-area fished to the'total -area of the two 
scallop beds fished in Cumberland Sound. BY area. 
these estimates are: 

Pangnirtung Fjord 68 tonnes 
Kikastan Islands 22 tonnes 

When adjusted for sampling efficiency of the 
fishing gear (20 percent was 
tion biomass estimates become: 

used), the popula- 

Pananirtuna Fjord 340 tonnes 
Kikj;;;: Islands 110 tonnes 

450 tonnes 

Another estimate, using the length-frequency 
distribution, produced an estimate of 582 tonnes. 
Using a round weight-to-meat weight conversion 
factor of 10 percent, this represents abcoauutti;; 
tonnes of commercially shucked meats. 
must be exercised when these estimates are used, 
due to the assumptions made in the process. The 
actual po ulation size is probably between the 
extremes 90 P - 582 tonnes). 

Vital parameters: 
PIa$l;i;.ung Kikastan 

Fjord 

Modal Height (mn) 72 80 
Mean Height (nns 

1 Asymptotic Leng h 
I 
mm) 1;; 1 1;; 0 

Asymptotic Weight g) 121:6 220:9 
Brody Growth Coefficient 0.090 0.073 
Age at Length = 0 1.342 yr 
Instantaneous Total Mortality 0.37 1*005:7Yr . 

Current harvest: Following is the harvest 
record of the Cumberland Sound scallop fishery: 

YEAR (MT) QUOTA HARVEST (MT) 

El 

Other impacts: None identified. 

Major issues 

An economic analysis of the 1988 fishery by 
the Economics Branch of the Department of Fish- 
eries and Oceans indicated that operating costs 
were too high for the fishery to ever be more 
than marginally successful under near-ideal 
conditions. The lack of enthusiasm generated by 
the 1989 fishery underscores the importance of 
federal-territorial subsidies to this fishery. 
Without further government support, this fishery 
is unlikely to continue. 

Assessment 

fig$ yw;~;is:~, ~~~gy;s~~;;o"swhfeorre t;;; 

stock is fished to economic extin&ion and 2) 
sustained yield fishing, whereby exploitation is 
limited to a level that results in a total mor- 
tality rate within the stock that can be accom- 
modated by recruitment and production. The 
Cumberland Sound Scalloo Manaaement Plan has 
adopted the sustainable yield apbroach. -- 

TheBeverton-Holtyield-per-recruit analysis 
was applied to the data collected to date. The 
data were fitted to a Walford plot which showed 
that the Brody-von Bertalanffy (1938) relation- 
ship satisfactorily described the rowth of the 
two Cumberland Sound scallop stoc s. a For the 
Pangnirtung Fjord stock, yield-per-recruit (YPR) 
was maximized (1.57) at F=O.8, although F values 
of 0.5 to 1.9 all generated a YPR of 1.5. For 
the Kikastan Islands stock, YPR was maximized 
(1.06) at Fzl.9, but was maintained at 1.0 with 
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F values of 0.9 to 1.9. The method of Beddington 
and Cooke was used to estimate the yield of the 
Cumberland Sound scallop stocks. 

For the Pangnirtung Fjord stock, maximum 
sustained yield (MSY) at F=O.8 is 41-47 tonnes 
(0.12 of the unexploited recruitable biomass , 
assuming recruitment at age 6 years 30 

6 
I nnn . 

With recruitment at 60 mm, MSY 1s 61-7 tonnes 
(at 0.18 of the unexploited recruitable biomass). 
At F--1.9. values are 0.12 and 0.19. resnectively, 
providing yield estimates of 41-47-tonnes and 65: 
74 tonnes, respectively. 

Estimated MSY for the Kikastan Islands stock 
at F--1.9 is 22-38 tonnes (0.20 of the recruitable 
biomass) assuming recruitment at age 6 years (30 
mm) or 26-46 tonnes (0.24) if recruitment occurs 
at 60 mn. Similar estimates at F30.8 are 20-35 
tonnes (0.18) and 26-46 tonnes (0.24), respec- 
tively. 

The reliability of these estimates is 
subject to the validity of the assumptions made 
in the analysis and must therefore be used with 
caution. The estimators used in this analysis 
all assume equilibrium conditions: constant 
recruitment and constant mortality. Virtually 
nothing is known about recruitment to the 
Cumberland Sound scallop stocks and the convex 
catch curves indicate mortality is not constant, 
but increases with age. The point of the an- 
alysis was not to derive definitive estimates to 
be used in the management of the fishery because 
the available data are insufficient to do so. 
Rather, first order estimates of yield have been 
generated which will help to define data gaps and 
the precision necessary for future data collect- 
ion. With more data, it will be possible to 
refine these estimates of production and yield. 

Although these analyses are preliminary, 
they do reveal a slow rate of growth for Iceland 
scallop stocks in Cumberland Sound. The re- 
sources identified to date on the two beds 
discussed do not provide a resilient base on 
which to establish. a long-term Arctic fishery. 
Efforts to locate additional beds in Cumberland 
Sound should continue. If results confirm that 
the current targeted beds are the only com- 
mercially viable grounds in the Sound, then 
fishing effort should not be significantly 
expanded, if sustained annual yield remains the 
management objective. 

Management reconsnendations 

1. The current provisional quota should remain at 
40 tonnes round 'weight for the Pangnirtung 
Fjord and Kikastan Islands beds combined, and 
60 tonnes round weight for the remainder of 
Cumberland Sound (total of 100 mt). 

2. For the present, the Cumberland Sound Iceland 
scalloo fisherv should be managed on a sus- 
tained-yield basis. 

Research requirements 

1. Efforts should continue to locate additional 
beds of Iceland scallops in Cumberland Sound. 
Accurate mapping of the true extent of the beds 

2. 

3. 

is necessary. Catch per unit of effort data, 
in combination with accurate geo-positioning 
data, will greatly improve population esti- 
mation. 

Biological data must be collected from 
commercially-fished and new beds each year to 
establish a data base for stock assessment 
purposes. Large samples (greater than N=3000) 
tEdlen th data are needed from each harvested 

9 he samples should be taken with covered 
or iined gear to minimize escapement. Speci- 
mens representing the entire size range, with 
replicates in each size class, should be col- 
lected from each bed. Samples should be taken 
each year to determine the age composition of 
the catch. Sample size for aqeinq should be at 
least350 individuals..lJnderwater video photo- 
frlapy should be considered to locate juven- 

. 

Studies of the life history of Iceland scallops 
in Cumberland Sound should be initiated. 
These studies should include biological and 
physical oceanographic characteristics respon- 
sible for distribution and abundance. mechan- 
isms for larval transport and retention, popu- 
lation mixing and stock fidelity, the position 
of the scallop in the benthic community, and 
population dynamics necessary to develop a 
model for commercial exploitation. 

4. Further exploration for scallops in Hudson 
Strait, Hudson Bay and Baffin Island waters 
should focus on areas of high water mixing. 
Survey plans should accommodate the lack of 
bathymetric information for the eastern Arctic 
and should utilize vessels of a size that can 
safely work in uncharted waters. 

Next AFSAC review 

The next review should take place following 
any commercial fishing season, should one take 
place. 

THE BIOLOGY OF THE ICELAND SCALLOP AND ITS 
IMPLICATIONS FOR THE MANAGEMENT OF AN ARCTIC 
FISHERY 

Author's abstract 

This report contains a synoptic description 
of the biology of the Iceland scallop (Chlamys 
islandica) which is derived mainly from lnfor- 
matron of the species in Norwegian waters. The 
report examines how Iceland scallop biology 
relates to Arctic fishery management objectives 
and fishery development. goals. The Ice1 and 
scallop is a mollusc (Class Bivalvia) that can 
swim, but usually attaches itself to the sub- 
strate with byssal threads. It is known from 
depths of 18 - 327 m, but its local depth range 
is often much narrower (e. . ~50 m). It is found 
in salinities as low as 2 .5 o/00. The Iceland % 
scallop has a well developed sensory system and 
a specialized feeding mechanism that filters 
particles as small as 0.007 mm; particles too 
large for its feeding apparatus are rejected. 
The quality of its food is determined by the 
ratio of particulate organic matter (POM) to 
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particulate inorganic matter (PM). A minimum 
ratio of 33% is required for growth. Growth is 
seasonal and can be highly variable within a 
localized area. Scallop-growth in the Canadian 
Arctic is consistentlv slower than for those 
.living in-the-Gulf of Sl. Lawrence, although this 
comparison involves two different species. 

Recruitment of Iceland scallops is uneven 
and a population of scallops is often dominated 
by cohorts of relatively few year classes. 
Natural mortality of larvae and juveniles is high 
and survival of cohorts of a new year class 
fluctuates according to the influence ofY;;;; 
environmental and bioloaical variables. 
scallops may settle to" the bottom away from 
populations of adults and later migrate there. 
The local distribution of Iceland scallops is 
patchy and they can exploit even marginally 
favourable habitat, especially after a highly 
successful year class. 

Management recommendations 

The implications of the Iceland scallop's 
biology to Arctic fishery exploitation and 
development are: 

1. 

2. 

3. 

4. 

5. 

6. 

Exploratory fishery development requires that 
large areas must be thoroughly surveyed in 
order to accurately assess the extent and 
biomass of an Iceland scallop resource. 

Differences in quality of local areas as 
scallop habitat results in variation in growth 
rate, mortality, size, and meat yield. 

Slower Arctic growth rates, coupled with 
shorter growing and fishing seasons, limit the 
opportunity for a fishery to exploit the 
scallop's post-reproductive season growth 
spurt, if such a growth spurt even exists for 
Arctic populations. 

Slow growth rates and variable mortality rates 
limit the exploitation potential of Iceland 
scallops in the Arctic. 

Off-bottom culture has potential because of 
longer availability of high quality food in the 
water column. 

Distribution is patchy, but scallops are mobile 
and will exoloitmarainallv favourable habitat. 
albeit often in concentrations too low for 
adequate economic return to a fishery. 

Research requirements 

0 Recommended areas for further study are: 

1. Examination of the distribution and abundance 
of this species, and the biological and phys- 
ical determining factors. 

2. Examination of the linkase between Dh.YtO- 
plankton production and ihe maturation- of 
Iceland scalloo aonads. Production of Dlank- 
tonic larvae,' atid production of the 'adult 
benthic population. 

3. Determination of mechanisms for larval trans- 

4. Examination of the position of the Iceland 
scallop in the benthic community. 

5. Determining the effect of exploitation on 
population dynamics in a virgin stock and 
developing models for commercial fishery 
exploitation. 

6. Determination of aquaculture potential. 

port and retention, population mixing and stock 
fidelity. 

BAFFIN ISLAND TURBOT FISHERY 

Introduction 

Development of the Baffin Island inshore 
fishery .for turbot 
hippoglossoides), 

(Reinhardtius 
also known as Greenland 

ha1 ibut began in the spring of 1986 in Cumber- 
land SoLnd. near the communitv of Pananirtuna. 
The fishery took place in March using l&g lines 
through the ice, and 186 fish were harvested over 
a period of a few days. In the spring of 1987, 
the Pangnirtung Hunters and Trappers Association 
harvested 4 100 kg of a 6 000 kg provisional 
quota. Most of the harvest was marketed in 
Montreal and Ottawa. In 1988, the Baffin inshore 
fishery was allocated 100 tonnes of the 3 000 
tonne Canadian quota for NAFO AREA 0, of which 50 
tonnes were reserved for the Pangnirtung fishery. 
The latter harvested 10 600 kg (10.6 tonnes). In 
1989, the Pangnirtung fishery produced a harvest 
equal to the entire 100 tonne inshore allocation 
by the end of April and, after an additional al- 
location of 100 tonnes was obtained, this fishery 
harvested another 80 tonnes by the end of May. 
An experimental summer fishery, conducted in the 
same location as the spring through-ice fishery, 
produced only 7 kg. 

Based on results to the end of the 1989 
season, the Baffin inshore fishery was allocated 
200 tonnes for the 1990 season. of which 160 
tonnes was reserved for the Pangnirtung fishery 
and the remainina 40 tonnes for other Baffin 
Island communiti& which have recently shown 
interest in developing similar fisheries in their 
areas. 

Background 

Stock definition: Presently it is assumed that 
the Pangnirtung fishery harvests a migratory 
portion of the Davis Strait stock that occupies 
Cumberland Sound seasonally. Growth rate of 
turbot sampled from the Cumberland Sound catch is 
similar to that of turbot caught in trawls in 
Davis Strait. There is, however, the possibility 
that this fishery exploits a discrete stock of 
turbot which occupies Cumberland Sound in winter 
and miarates elsewhere in summer. The miaration 
theory-is based on the success of the through- 
ice fishery compared with the failure of the 
summer fishery. ' 

Stock size: Virtually nothing is known about 
the size of the stock that seasonally inhabits 
Cumberland Sound. A minimum trawlable biomass of 
282 000 tonnes has been estimated for NAFO areas 
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0 and 1. A quota of 25 000 tonnes has been 
assigned to this area. As previously stated, the 
;;;;i:an sub-allocation for NAFO AREA 0 1s 3 000 

. 

Vital parameters: A detailed analysis of 
biological data collected to date on turbot from 
the Cumberland Sound fishery is currently in pro- 
3; ; ; s  l 

Results will be presented at a later 
. 

Current harvest: The following is the harvest 
record of the Cumberland Sound turbot fishery: 

Year 

Ei 
v =?-I= 

100 10:6 
1989 200 180.0 

The catch per unit of effort (CPUE) in 1987 
was 0.098 fish per hook hour (N = 112), for a 
catch of 4.1 tonnes in 1987, compared with 0.090 
(N--826) in 1989 for a catch of 180 tonnes. 

Other impacts: None identified. 

Major issues 

The success of the Pangnirtung fishery to 
date has generated significant interest within 
that community to expand the fishery. The pro- 
cessing facilities are presently nearing capacity 
and plans include building a new plant in 1992. 
Other communities on Baffin Island are (or soon 
will be) carrying out exploratory fisheries for 
turbot in an effort to develop fisheries of their 
own. This will result in an increased demand on 
the resource. Research is necessary to determine 
the stock status of turbot in the inshore areas 
of Baffin Island such that the fisheries can 
develop into a sustainable industry. 

Assessment 

Stock prognosis: The regional Cumberland Sound 
groundfish management strate 

9 
y is to monitor CPUE 

as a measure of the impact o fishing on the tur- 
bot stock. It is noted that in spite of the in- 
crease in the harvest from 4.1 MT in 1987 to 180 
MT in 1989, the CPUE remained constant at 0.90 
fish per hook hour. An unchanged CPUE suggests 
that, for the brief period in question, fishing 
mortality has not had a significant negative im- 
pact on the resource. The CPUE will be monitored 
during the course of harvesting the 160 tonne 
quota for 1990. If it does not decline, a re- 
quest for an additional quota will be supported 
by AFSAC. It is not anticipated that the harvest 
will exceed 250 tonnes for 1990. A provisional 

(I quota of 10 tonnes for each of the coaanunities of 
Clyde River, Iqaluit, Broughton Island and Cape 
Dorset has been allocated to train fishermen in 
the ice-platform techniques that have been sue- 
cessfully utilized by the Pangnirtung fishery. 

Available evidence suggests that the Baffin 
Island inshore fishery is exploiting the under- 
utilized Davis Strait turbot stock. A request 
will thus be made to the Atlantic Groundfish 
Advisory Committee to sub-allocate 2 000 tonnes 
(of the Canadian allotment of 3 000 tonnes) to 
the Baffin Island inshore fishery to accommodate 

future expansion. 

Management recommendations 

1. The CPUE for the Pangnirtung fishery must be 
monitored to determine the effect that the 
oresent level of fishinq (160 tonne quota) is 
having on the stock. ff ‘results show no-de- 
cline in the fisherv. AFSAC will suooort a 
request to increase the pP,a,nsg,n,iung quota to 
250 tonnes for 1990. processing/ 
transportation capabilities suggest an upper 
limit of 250 tonnes. 

2. A program to collect CPUE data from the other 
developing Baffin Island turbot fisheries 
should be initiated. 

3.x request should be made to the Atlantic 
Groundfish Advisory Committee for a sub- 
allocation of 2 000 tonnes (of the Canadian 
allotment of 3 000 tonnes) of turbot for the 

/ 
'Baffin Island inshore fishery. 

,/ Research requirements 

1. 

2. 

Biological data should be collected annually 
from all Baffin Island inshore turbot fish- 
eries for stock assessment purposes. 

Research should be initiated to clarify the 
stock status of turbot vulnerable to fisheries 
in the inshore waters of Baffin Island. This 
work should be done in cooperation with the 
Newfoundland Region of the Department of Fish- 
eries and Oceans since that region manages the 
Davis Strait turbot stock. 

Next AFSAC review 

A background document on the status of the 
Cumberland Sound turbot fishery should be pre- 
pared for review by AFSAC in February, 1991. 

LAKE WH‘ITEFISH IN CHITTY LAKES 

Author's abstract 

The Experimental Cropping of Lakes (ECOL) 
project has been experimentally harvesting lake 
whitefish (Core onus clu eaformis) from four 
small lakes a& aby lakes, 20 km 
NNE of Yellowknife, since 1971. Because of their 
limited stock size, these lakes have little po- 
tential for either a domestic or commercial fish- 
ery. The isolated location of the lakes also 
minimizes sport fishing, making them well suited 
for experimentation by DFO. Two major croppings 
have taken place: 1973-74 and 1985-89. A total 
of 9 724 kg of whitefish was removed from the 
lakes in the 1973-74 program and 7 191 kg in the 
1985-89 program. 

The lakes harvested at rates greater than 
existing recoamtended quota for lake whitefish in 
the Northwest Territories, 0.5 pounds of fish per 
acre (0.56 kg per hectare)* showed evidence of 
over-exploitation. Therefore, althounh the re- 
sults from the study are not-yet complete, the 
existins quota auideline seems reasonable for 
lakes of this size. 
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Recovery of the whitefish stocks in the 
experimental lakes can be expected to take ap- 
proximately lo-12 years, if left undisturbed. 

A minimal test netting to-determine the 
s$t;;9;f the stocks ~111 be carned out ln.1990 

DFO plans to dispose of the facility 
at the e;d of 1991. 

General recommendations 

1. Tentative nature of report conclusions 
The rish Subconanittee noted that the background 
report (1989/90-09) was based on a prelE;im;Pd; 
analysis of an incomplete data set. 
portions of data such as age results were not 
available at the time of writing and the final 
years of monitoring have not been completed. 
The conclusions in the background report and 
the reconnnendations in this report must there- 
fore be regarded as tentative. An updated 
background report should be prepared when data 
analysis for the complete project.is finished. 
A parallel data set to the lake whitefish 
results on lake trout population responses to 
exploitation has been collected. A background 
report on lake trout should be prepared when 
data analysis for the complete project is 
finished. 

2. 

3. 

Future plans of ECOL project 
The current plan for population monitoring for 
a further two years with closure of the facil- 
ity after this time is supported by the Fish 
Subcommittee. The purpose of the monitoring is 
to determine whether enhanced juvenile recruit- 
ment continues after harvesting is completed, 
not to observe population recovery. 

Transferability of conclusions to other lakes 
Great caution must be eXerCiSed in transferrinq 
the results of this research project to lakei 
of larger size or differing limnological and 
biological characteristics. Factors such as 
lake size, mean depth, proportion of littoral 
area to total lake area, nutrient levels and 
fish species composition may affect the harvest 
levels which can be sustained by whitefish 
oooulations. It would be useful in future 
reviews of whitefish fishery management to 
present data in terms comparable to those 
presented in this back round report, so that 
direct comparisons can % e made. 

4. Early signs of over-exploitation: 
An important lmplicatlon of the results of the 
ECOL study for fisheries management practice is 
the recognition of characteristics of fisheries 
which can serve as early warning signals of 
over-exploitation. Although not all ageing 
data was available to the author at the time of 
the writing, it appeared that mean age of the 
catch from harvest (commercial sized) nets did 
not provide information related to the rate of 
exploitation. On the other hand, catch-per- 
unit-of-effort (CPUE) in harvest nets did show 
a dramatic decline in lakes which were heavily 
exploited. This finding points to the utility 
of accurate CPUE statistics as a tool for 
monitorin the status of whitefish fisheries. 
While CPU @ showed large daily variation, means 
of data taken over a whole season appeared to 

5. 

show meaningful trends. Therefore, harvest 
statistics of CPUE would be most useful if 
collected continuously or at least at various 
times over an entire commercial fishing season. 
Final oroiect results should be examined for 
confirmatjon of this tentative conclusion and 
for the possibility that other population 
characteristics may serve as early signs of 
over-exploitation. 

Implications for pulse fisheries 
Th ECOL project results also have implications 
fo: the practice of pulse or rotational fishing 
of whitefish populations in small, northern 
lakes. It would aooear that there is little 
chance of changing-the relative abundance of 
various species in such lakes by cycles of 
short-term heavy exploitation and periods of 
recovery. The monitored recovery of the white- 
fish populations in the ECOL study lakes showed 
that whitefish pooulation size and relative 
species abundance had changed little after re- 
covery from the earlier experimental harvests. 

ARCTIC CHARR - HORNADAY RIVER 

Introduction 

The Hornaday River drains into the Amundsen 
Gulf region of the eastern Beaufort Sea (See Fia. 

%latuk. 
ab&t 10 km east of the community 6f 

It is within the Inuvialuit Settlement 
Region. Only the lower 45 km of the Hornaday 
River is available to anadromous charr because of 
it;zmrn waterfall blocking further passage up- 

Arctic charr of the eastern form have 
been &shed for many years by residents of 
Paulatuk as part of the domestic fishery. 

Commercial fishing began in 1968 with a 
quota of 2 300 k 
in 1974, and to #*8OD?gs ~"l!%."dThk !e%': !# 
exploitation proved to be unsustainable and 
catches declined in the early 1980s. The commer- 
cial fishery was closed in 1987. 

A small sport fishing lodge was established 
on the Hornaday in 1972, but languished after two 
years. 

Background 

Stock definition: The Hornaday stock of Arctic 
charr 1s assumed to be genetically distinct from 
other stocks. In summer the anadromous charr 
frequent the waters of Darnley Bay, but the ex- 
tent of their movement is not known. Arctic 
charr are known to inhabit the Brock River, 30 km 
to the east, but the extent of mixing of the 
stocks is unknown. 

Stock size: An attempt was made to enumerate 
the upstream run of Arctic charr in the Hornaday 
River in 1986 by means of a weir. A total of 
10 798 charr were counted between August 9 and 
August 28 when the weir collapsed. Based on this 
count, it was estimated that the stock probably 
didn't exceed 16 000 charr. A stock size of 
11 000 was conservatively used for the calcula- 
tion of recommended harvests. 



Vital parameters; Modal length of Arctic charr 
samples during the count in 1986 was 400-450 nMn, 
and ranged from 200 to 693 mm. Results from 
monitoring the 1989 domestic fishery revealed 
that the modal length was significantly higher at 
550-599 nm~, but this was probably due to biased 
samples. The mean ages of migrating charr sam- 
pled in 1986, 1987 and 1989 was 7, 8 and 7.6 
years respectively. 

Instantaneous total mortality (Z) was 
calculated from the catch curves from the 1986 
and 1989 data. Values for Z from the two sampl- 
ing seasons were 0.40 and 0.48 respectively. 
These figures should be interpreted very 
cautiously since the 1986 age-frequencies were 
ca;;i;ated from the length-frequency .distri- 

. Also. the 1989 calculated mortality rate 
is likely lo& than the true value. - 

Current harvest: The commercial harvest in 

8' 
The commercial fishery was 

ecords have only recently been 
kept for the domestic harvest of the Hornaday 
River charr. In 1988 the total domestic harvest 
from the Hornaday was 1 653 fish. For 1989 this 
figure is estimated to be approximately 2 200 
fish. 

irn:a;ts+ Okher Arctic charr remain very close 
to s ore w 1 e eeding at sea. Widespread dis- 
turbances such as oil spills which would affect 
nearshore habitats could adversely affect Arctic 
charr stocks along the coast of Darnely Bay and 
Franklin Bay. 

Major issues 

The steady decline in the comnercial harvest 
(and catch per unit of effort), as well as the 
small number (minimum 10 800) of charr counted in 
the run in 1986 led to a closure of the com- 
mercial fishery in 1987 due to suspected over- 
exploitation. It is believed that the continuing 
domestic harvest is in excess of a sustainable 
level and that the population will continue to 
decline. Alternate.sources of charr should be 
found in order to facilitate the reduction of the 
harvest from the Hornaday,- however,~ test ~fishi 
eries carried out over the last two years suggest 
that nearby stocks are lightly exploited but are 
not large enough to support any significant com- 
mercial or domestic fishery. 

Assessment 

Stock prognosis: A steady decline in the 
commercial catch, low CPUE and small size of fish 
strongly suggest that the Hornaday River Arctic 
charr stock is being over-exploited. Current 
levels of exploitation are probably somewhere in 
the 15-20% range. The stock may not recover 
unless the domestic (subsistence) harvest is 
reduced to 5% of the stock size. 

Management recommendations 

1. No conmnercial fishing should be allowed on the 
Hornaday River until the population has 
recovered and it can be shown'that the total 
allocation for domestic and commercial fish- 
eries falls within the recommended TAC. 
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2. A fishing plan should be developed to ensure 
that the domestic catch is reduced to 5% of the 
stock. 

3. 

4. 

5. 

The following are the recommended TACs based on 
low. medium and hiah risk levels: 

ij Low Risk TAC"- 0 harvest 
ii) Medium Risk TAC - 550 fish (5% 

exploitation) 
iii) High Risk TAC - 1 100 fish (10% 

exploitation) 

Alternate sources of Arctic charr for the 
domestic fishery in Paulatuk should be sought. 

The domestic harvest should continue to be 
monitored. Vital parameters should be mon- 
itored in cooperation with native users. 

Research requirements 

1. The size of the Arctic charr stock in the 
Hornadar River should be determined in the near 
future.- 

2. Stocks in the area should be identified using 
electrophoretic techniques. 

3. A tagging program should be initiated to help 
identify mixing of local stocks. 

Next AFSAC review 

The next review should take place when new 
data is available on the size of the stock. 

ARCTIC CHARR - KAGLUK RIVER 

Introduction 

The residents of Holman Island requested an 
increase in their commercial quota for sale to 
visitors. It was considered that the main source 
of charr in the area. the KuuLiua River. could 
not support an additional harvest. The-Kagluk 
River was thought to be a possible alternative 
and therefore surveys were carried out at the 
Kagluk in 1985 and 1987. A weir was used to 
evaluate the stock in 1988. The Kagluk River 
flows into Prince Albert Sound on Victoria Island 
(see Fig. 1). 

Background 

Stock definition: Anadromous Arctic charr 
spawning and overwintering in the Kagluk River 
are believed to comprise a-discrete stock. None 
of the fish tagged in the Kuuk River were 
recaptured in the Kagluk River and none of the 
charr tagged on the Kagluk River were recaptured 
in the Naloagyok River. Fresh and old gillnet 
marks observed on 3% of the charr entering the 
Kagluk su gests 

B 
that these fish wander a 

considerab e distance away from their natal 
stream, since most gillnetting takes place in the 
Safety Channel area nearly 100 km distant. 
Analyses of summer recoveries and of genetic and 
morphometric characteristics are underway. 

Stock size: Between Au 
1988, a total of 1 87 ii 

ust 8 and September 5, 
charr were counted 
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migrating upstream in the Kagluk River. The 
total upstream run is assumed to represent the 
total stock. 

Vital parameters: Modal length from the 1988 
sample was 600 650 mm and ranged from 200 to 850 
mm. Average wiight was 3.4 kg. Ages ranged from 
4 to 19 years with the mode at 14 years. These 
values are not significantly different from the 
data collected during the 1985 survey. Instan- 
taneous total mortality (Z) calculated for the 
ages 15 to 19 years was 1.04, according to the 
calculated age-frequency distribution of the run. 
Mortality calculated for the a es 
from the 1985 sample was Z - 0.5 ii 

14-16 years 
. 

Age at first maturity was 14 years or 
youn er for males and 12 years or younger for 

9 fema es, and the sex ratio was even (Female/Male 
= 1.02 

i 
. The samples collected in 1985 indicated 

a Fema e/Male ratio of 0.65. Rate of recruitment 
is not known. 

Current harvest: The test fishery at the 
Kagluk Hiver in 1985 yielded 168 k , or 56 charr. 
The trial fishery using a weir in B 988 during the 
time of the migration yielded 1 887 kg or 551 
charr, which represents about 29% exploitation. 
Fresh gill net marks on some of the upstream 
mi rants su gest that they are exploited to some 
ex ent bv o her coastal fisheries. oresumablv in 9: 9 
the Safety Channel area. There may'also be &I$ 
harvest of the upstream spawning beds. 
extent of the domestic fishery is unknown. There 
was no fishery in 1989 and 1990. 

Other impacts: No serious impacts are 
identified at this time. 

Major issues 

No major issues are apparent at this time. 

Assessment 

Stock prognosis: The relatively high mortality 
rate and presence of net marks on the fish sug- 
gest that significant numbers of charr from the 
Kagluk River are already being harvested not only 
in the river but in other areas as well. In ad- 
dition, the small size of the stock (1 878) 
precludes the development of any viable colllller- 
cial fishery. The 1988 test fishery which har- 
vested 29% of the fall run is presumed to have 
had a significant impact on the stock. When 
recovered to at least 2 000 fish, a TAC of 5% of 
the stock (100 fish) may be sustainable. 

Management recommendations 

1. The Kagluk River charr population should be 
allowed to recover from the heavy 1988 harvest 
for another three years (1991, 1992, 1993) 
before any fishing takes place. The tar eted 
opening for any type of fishery should be 9 994. 

2. The following are the recommended TACs based on 
low, medium and high risk levels: 

i 
ii 

Low Risk TAC - 0 (no harvest) 
Medium Risk TAC - 100 fish (5% 
exploitation) 

iii) High Risk TAC - 200 fish (10% 
exploitation) 

On an experimental basis, the TAC could be 
doubled if fished only every second year. 

3. Tag returns from the summer and fall domestic 
harvests by the community of Holman should be 
aggressively pursued for information on stock 
mixing in the summer feeding areas. 

4. Should the community of Holman decide to ex- 
ploit the Ka luk 

c7 
River charr stock at one of 

the recomnen ed levels, the harvest will have 
to be monitored on a regular basis. Data to be 
collected from the harvests should include CPUE 
data, and biological data for the determination 
of population characteristics including; mean 
length and age, length-frequency distribution, 
catch curve and mortality rate. The weir would 
likely be used for the domestic harvest, there- 
fore, it would be possible to collect an un- 
biased sample of the population. Information 
could be collected in cooperation with native 
users. 

Research requirements 

1. 

2. 

Samples of spawners form the Kagluk River stock 
should be examined for information on maturity 
and fecundity. Spawners should also be sub- 
jected to genetic and morphometric analyses to 
determine stock identity. Such a sampling pro- 
gram should be carried out in conjunction with 
samplin of the other three charr streams in 
Prince w lbert Sound. Sea run charr should also 
be taken at the same time so that a complete 
assessment of stock identity can be done. 

If the pattern of exploitation develops in 
which a fishery takes place every second year, 
an investigation of the effects on the stock of 
doubling the TAC and fishing alternate years 
should be carried out. 

Next AFSAC review 

February 1994. 

ARCTIC CHARR - RAT RIVER 

Introduction 

The Rat River, located 90 km southeast of 
Inuvik, NWT, flows east from its headwaters in 
the Richardson Mountains and drains into the Peel 
River between Fort McPherson and Aklavik (See 
Fig. 1). Anadromous Arctic charr of the western 
form inhabit the river. The charr descend the 
Mackenzie River to the Beaufort Sea for their 
summer feeding. During their return migration 
they are exploited by the Inuit of Aklavik as 
they pass the settlement, and then by the Dene 
fishermen of Fort McPherson as they move further 
upstream. 

Background 

Stock definition: Arctic charr in the Rat 
River consist of an anadromous form, and a small, 
dark-coloured stream resident form. Genetic 
studies indicate that samples of anadromous 
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spawners from the Rat River were genetically 
distinct from anadromous spawners taken at the 
adjacent Big Fish River. Therefore, the Rat 
River stock is considered to be discrete from the 
other North Slope charr stocks. 

Stock size: In 1989, the upstream migrating 
stock was estimated at 11 550 fish by a mark 
recapture technique. 

Vital parameters: In 1989, 
frequency dlstrlbution (N = 1 112 

s' 

the length- 
was bimodal 

with the principle mode at 300-3 0 nnn and the 
second mode at 400-450 nun. Mean length was 414 
nnn. The lengths ranged from 210 to 610 mm. Ages 
ranoed from 3 to 12 years, with a mean of 6.8 and 
a miide of 7 years. -Age at first maturity was 6 
years for the majority of both males and females. 
By age 8 years, 95% males and 67% females were 
mature. Female to male ratio from the domestic 
harvest (N = 504) was 3.3 to 1. For the current 
year spawners sampled from the run (N = 244), the 
ratio was 6.2 to 1. Instantaneous total mortal- 
ity (Z) calculated for ages 7-12 years was 0.87. 

Current harvest: Historical harvests indicate 
heavy 
taken 

f~&'?ew~at f h- th approximately 6 500 charr 
in 1972 2 600 in 1973 and 

2 100 in 1975. Interviews 0; fishermen conducted 
by staff from the Department of Fisheries and 
Oceans in 1983 indicated 500 charr were taken 
that year, 400 in 1984 and 200 in 1985. A census 
of domestic/comnercial fishermen in 1986 indi- 
cated approximately 1 050 Arctic charr, believed 
to be from the Rat River stock, were taken. The 
1988 domestic harvest study indicated a catch of 
approximately 2 100 charr-by the communities of 
Fort McPherson and Aklavik combined. Harvest 
levels for the 1989 field season are believed to 
have been similar to those of 1988. 

Otp impacis: Arctic charr remain very close 
to s ore w 1 e feeding at sea. Widespread 
disturbances such as oil spills which could 
affect nearshore habitats and could adversely 
affect Arctic charr stocks along the Beaufort Sea 
coast. Obstructions (stream crossings, cause- 
ways) which hinder migrations could also ad- 
versely affect Arctic charr in this area. 

Major issues 

The migrating stock is vulnerable to fishing 
by residents of both Aklavik and Fort McPherson. 
If the stock cannot sustain fishing pressure, 
then joint agreements will have to be sought for 
both these communities. 

Assessment 

Stock prognosis: Based on information from 
the 1989 R t River charr investigation 
been estim&d that this population is 

it has 
being 

exploited at the 18% level. This far exceeds the 
high risk TAC for this stock. If the present 
level of exploitation is maintained, catches in 
the domestic fishery will likely continue to 
decline as they appear to have done in the past. 

Information on the recovery of the Big Fish River 
and a research project on the Babbage River 
should provide data on exploitation and recovery 
of the western form of charr. 

Management recommendations 

1. Since the Rat River Arctic charr stock is 
suspected of being overexploited. no commercial 
fishing should be allowed until the population 
has recovered. 

2. The followin 
3 

are the levels of total allowable 
catches (TAC dependin 
taken in the managemen a 

on the degree of risk 
recommendations. 

i 
ii 1 

Low Risk TAC - 0 (no harvest) 
Medium Risk TAC - 575 fish (5% 
exploitation) 

iii) High Risk TAC - 1 150 fish (10% 
exploitation) 

3. Discussions should be initiated between the 
communities of Aklavik and Fort McPherson to 
determine how the domestic harvest should be 
allocated. 

4. Continued monitoring of the population will be 
required to determine how effective management 
practices are. The domestic fisherv should be 
monitored on an annual basis with- catch per 
unit effort and biological data collected. 

Research requirements 

1. 

2. 

3. 

4. 

5. 

Detailed studies of the population dynamics of 
western Arctic charr should be conducted to 
determine sustainable exploitation rates. 

The harvest of Arctic charr from the Rat River 
should be monitored on an annual basis. This 
should include harvests from both Fort McPher- 
son and Aklavik. Effort should be estimated 
and biological samples collected in a non- 
biased fashion. Evaluation of this data should 
be the basis of annual management decisions. 

A tag recovery program from the 1990 domestic 
fishery should be aggressively pursued. Such 
recoveries will not only provide biological 
information but will also help determine the 
proportion of Rat River charr which are har- 
vested along with Big Fish River fish by the 
residents of Aklavik at locations other than in 
the Big Fish River itself. 

Recovery of the Big Fish River charr population 
should be carefully monitored. Information 
obtained should be used in assessing the po- 
tential for the recovery of the Rat River 
population. 

The mark recapture experiment should be re- 
peated in five years to determine how the 
population is recovering. 

Next AFSAC review 

February 1992. 
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AN OVERVIEW OF THE COMMERCIAL FISHERIES FOR 
ANADROMOUS ARCTIC CHARR IN THE KEEWATIN REGION, 
NORTHWEST TERRITORIES 

QUOTA RECOMMENDATIONS FOR COMMERCIAL FISHERIES OF 
t;;;;itiiOUS ARCTIC CHARR, NORTHWEST TERRITORIES - 

Introduction Management recommendations 

Connaercial fishing for anadromous Arctic 
charr has been ongoing in the Keewatin Region 
since 1960. The mean annual harvest over 30 
years has been 32 000 kg. The 1989 cMnercia1 
harvest was 44 900 kg and the trend is toward an 
increase in commercial development. The Depart- 
ment of Fisheries and Oceans began monitoring the 
fisheries in 1972. but there is a paucity of in- 
formation on stock structure along the Keewatin 
coast. This, coupled with the existence of sig- 
nificant, but Poorly understood subsistence fish- 
eries near ali coastal communities, makes effec- 
tive manaaement of the fisheries verv difficult. 
The-AFSAcFish Subcommittee notes that, despite 
the fact that the commercial fisheries for charr 
in the Keewatin are second only to the Cambrid e 
Bav fisheries in economic imoortance. relative Y 9 
liitle research effort has occurred in this area-. 
The quota recommendations given in Table 1 under 
the heading Region V - Keewatin, are endorsed. 
A number of other recommendations are made with 
respect to the Keewatin commercial Arctic charr 
fisheries as follows. 

1. 

2. 

3. 

The quota recommendations given in Table 3 are 
endorsed. 

The AFSAC Fish Subcommittee endorses the 
current Fisheries and Habitat Management policy 
that no new conmnercial fisheries are to be 
developed on stocks that currently support 
subsistence fisheries. 

It is recommended that fisheries management 
staff make further efforts to formalize the 
process of determination of quotas for ana- 
dromous Arctic charr stocks. This process was 
begun with the first report of the Arctic Fish- 
eries Scientific Advisory Committee (Clarke et 
al. 1989) and could be usefully extended with 
the production of a background document for 
AFSAC in 1992. Such a description of the man- 
agementprocess should include alternative man- 
agement strategies depending on factors such as 
size and importance of the fishery, range of 
historical data base and completeness of data 
base. Limitations of existing data bases which 
restrict management options, as well as methods 
by which such limitations may be overcome could 
also be discussed. This formalized process, 
once completed, could be disseminated to rele- 
vant parties, including resources users, local 
natural resource organizations, area staff, 
joint mana ement 
staff, 

boards, and other government 
inc uding economic development person- 7 

nel. 

Management recommendations 

1. The quota recotmsendations given in Table 3 
(Region V - Keewatin) are endorsed. 

2. New commercial fisheries: The AFSAC Fish 
Subcommittee endorses tlie current Fisheries 
and Habitat Management policy that all new 
commercial fisheries are to be preceded by a 
minimum of five years exploratory fishing-on 
that stock, during which the Department of 
Fisheries and Oceans will be supplied with bio- 
logical samples from each year's exploratory 
harvest. 

Research requirements 

1. Enumeration of the upstream run of charr in 
Diana River should be conducted to determine 
whether the stock has recovered and whether 
such recovery is sufficient to support renewed 
commercial fishing. 

2. Stock identification programs should be in- 
itiated for the charr populations along the 
Keewatin coast. 

3. Research on the population dynamics of the 
eastern form of charr should be continued. 
Such research should include as an integral 
part, the investigation of geographic variation 
in population dynamics in charr. This infor- 
mation will allow the determination of differ- 
ences in exploitation rates that charr from 
different areas may be able to sustain. 

Next AFSAC review 

The charr stock in the Diana River should 
be reviewed again in February, 1991. 

4. A modelling approach should be applied to 
specific fisheries for which substantial and 
comprehensive historical data bases exist. 
These models could use abolied vield models 
such as the Beverton-Holt model. This approach 
could be refined on an annual basis and extend- 
ed to other fisheries insofar as the data bases 
and theory permit. Modelling could usefully 
start with the Cambridge Bay fisheries (specif- 
ically the Jayco River) for which sufficient 
data exists. A report for 1991 on the appli- 
cations of yield models to the Jayco River 
stock should be prepared for AFSAC. 

Research requirements 

1. Efforts to conduct stock genetics research 
using morphological and biochemical genetic 
characters on anadromous Arctic charr stocks 
should be continued. Such studies are pres- 
ently ongoing for Mackenzie River stocks and 
Keewatin stocks, and should be extended to 
I loolik 
e 

area stocks and 
s ocks 

Cambridge 
as resources permit. 

Bay area 

Next AFSAC reviews 

1. Quota reconmnendations for 1991 commercial 
fisheries should be reviewed in February, 1991. 



2. 

3. 

4. 

Specific stock reports on the Diana River stock 
and the Iqaluit River stock should be prepared 
for February, 1991. 

A report on the Jayco River stock, including 
the application of yield models, should be 
prepared for February, 1991. 

A comprehensive report on Nettilling Lake, 
including studies enumerating upstream runs of 
anadromous fish, enumeration of non-anadromous 
charr and the biological relationship of these 
two forms with each other, should be prepared 
for February, 1991. 

MACKENZIE DELTA COREGONID FISHERY 

Introduction 

In 1989 a test fishery for whitefish (both 
broad and lake whitefish) was proposed for the 
Mackenzie Delta. At that time (June 1989). the 
Fish-Subcommittee of AFSAC met to review a number 
of questions related to this proposed fishery, 
includina auota. area for fishina. timina of 
fi-i:ry, mesh size and.collection % biological 

The maJor species, the broad whltefish 
(Corigonus nasus) had been reviewed by the Sub- 
committee aPew months earlier (Cosens et al. 
1990), as part of the 1988/89 scheduled review. 
The exploratory fishery proceeded in the summer 
of 1989 with a quota of 16 000 kg which received 
the endorsement of the Subcommittee. 

In June, 1990, AFSAC was asked to consider 
a further set of questions, this time related to 
an expanded exploratory fishery being requested 
for the sunnner of 1990 in the same area. Members 
of the AFSAC Fish Subcommittee met on June 27, 
1990 to review the questions on the test fishery 
and developed responses which are included in 
this report. 

Management recommendations 

The Fish Subcommittee provided commentary 
and recommendations in response to the following 
series of questions: 

1. The acceptability of the present commercial 
quota of 34 000 kg composed of 22 000 kg 
whitefish, plus 12 000 kg northern pike and 
inconnu based upon present understanding of 
Mackenzie River stocks and given the estimated 
domestic harvest of 65 - 80 000 kg from five 
closely linked Delta c-unities. 

AFSAC Response 

There is no information available which 
would allow a recommendation to increase the 1989 
exploratory fishery quota from16 GO0 k combined 
broad and lake whitefish (actually a 5 /50 ratio 1 
of broad to lake means an 8 000 kg quota for 
broad whitefish) to a 22 000 kg quota for broad 
whitefish. A conservative exploratory fishery 
quota (16 000 kg) was made with the recognition 
that there was a potential for this exploratory 
fishery to have an impact on domestic fisheries 
in communities upstream of the Mackenzie Delta 
(i.e. Arctic Red River, Fort McPherson), due to 

the migratory nature of the stocks involved. 
Together with that quota, the 1989 Fish Sub- 
connnittee recommendations included the collection 
of biological data from the 1989 fishery, the 
settina of exoerimental aillnets. with recordins 
and anilysis'of data from fish- collected, and 
recording and analyses of data from samples of 
each species from the exploratory catch. In 
addition, it was recommended that there should be 
upstream monitoring subsequent to the fishery, of 
broad whitefish on spawning grounds in the Arctic 
Red River. As no further biolo ical data from 
1989 was made available to the 's ubcommittee at 
the time of its review in June, 1990, there was 
considered no basis to recotmnend any increase in 
quota over the 
other species P 

revious year for whitefish or any 
pike, inconnu) to be part of the 

1990 exploratory fishery. 

Any increase in quota to the 22 000 kg broad 
whitefish, would only be supported by the Fish 
Subcommittee if the proponents of the exploratory 
fishery consult with and gain approval from the 
connnunities whose domestic fisheries are at po- 
tentially the greatest risk., i.e. Arctic Red 
River, Fort McPherson, Aklavlk and Inuvik. Un- 
fortunately, due to the lack of biological data, 
the degree of risk to existing domestic fisheries 
in these communities is considered to be diffi- 
cult to assess. 

2. Commentary on the fishing plan provided by the 
UDC in which fish would be harvested from six 
camps between Horseshoe Bend and Bombardier 
Creek beginning on September 3 and ending on 
Seotember 20.1990. Continaencv olans included 
the taking of all fish fr'om the camps down- 
stream of Horseshoe Bend if the trapnets at the 
Holmes Creek location proved to be ineffective. 

AFSAC Response 

As the Fish Subcommittee did not have access 
to the comolete fishina olan and was onlv oro- 
vided with' limited sceiarios, a general "recom- 
mendation on the plan was not put forward. It 
was recommended that the fishing plan to be fol- 
lowed should impose the least risk to broad 
whitefish and have the fishing effort spread out 
both space and time. This strategy would mini- 
mize fishing pressure on one or a small number of 
genetically distinct stocks, which could be con- 
centrated geographically at a particular time 
and, therefore, vulnerable to a fishery which is 
likewise concentrated. The Fish Subcommittee 
reconmtended that any ex loratory fishery should 
take place in two genera P locations (Holmes Creek 
area and Horseshoe Bend area), and that fishing 
effort and hopefully, catch should be relatively 
equally split between the two areas. If larger 
quotas are to be approved. the fisherv should be 
over a longer period of time taking into account 
the previous AFSAC recommendations of a three- 
week period for the 1989 exploratory fishery of 
16 000 kg. 

3. AFSACwas queried on the long-term implications 
of a selective fishery; one in which the use of 
trapnets would permit selection and retention 
of broad whitefish. Dike and inconnu. while at 
the same time would'allow the escape of lake 
whitefish. 



AFSAC Response R. Morin 

J. Reist 

(Science, Quebec Region) 

(Science, Central and 
Arctic Region). 

Atthatmeeting, the Subcommittee considered 
the following background reports: 

The Fish Subcommittee recommended that, due 
to differences in size selectivity when fishing 
with large mesh gillnets versus trapnets, a mini- 
mum size limit should be specified for any ex- 
ploratory fishery where trapnets are to be used 
as the method to capture fish. 

4. Coamnentary on the sampling pro ram summarized 
in the VDC proposal and origina ? ly recommended 
by J. Reist, DFO, Science, Central and Arctic 
Region, was also requested. 

AFSAC Response 

The Fish Subcoannittee endorsed the biolog- 
ical sampling pro ram as first described in the 

3, 1989 response by t e Subcommittee to the explora- 
tory fishery proposal made that year. That plan 
calls for biological and genetic samples to be 
taken at widely varying locations over a reason- 
able oeriod of time. At a minimum. two different 
areas' in the Delta (e.g. Holmes Creek area and 
Horseshoe Bend area) should be sampled at least 
three times during the duration of the fishery. 
The sampling from locations close to one another 
(e.g. sites within the Horseshoe Bend area) would 
not provide adequate information on the spatial 
heterogeneity of broad whitefish stocks in the 
Mackenzie Delta. A oroposed biolooical monitor- 
ing by the Area office of DFO of b;oad whitefish 
stocks at the Peel and Arctic Red Rivers was 
endorsed by the Subcommittee. This type of mon- 
itoring is considered essential for providing the 
needed information on the status of stocks and 
enabling the assessment of risks if commercial 
fishing continues in the Delta. 

Next AFSAC Review 

This fishery could be reviewed again by 
AFSAC when sufficient biological data has been 
analyzed from the exploratory fishery. 

REPORT OF THE AFSAC FISH SUBCOMMITTEE: 
1990/91 

INTRODUCTION 

The 1990/91 meeting of the AFSAC Fish 
Subcommittee was held on February 22, 1991 in 
Winnipeg. Membership of the Fish Subcommittee in 
1990/91 consisted of the following: 

D. Bodaly (Science, Central and 
Arctic Region), 
chairperson 

R. Crawford 

J. Flannagan 

A. Kristofferson 

(Science, Central and 
Arctic Region) 

(Science, Central and 
Arctic Region) 

(P&FF, Central 
and Arctic Region) 

",;;E; Status of Arctic Charr in the Naloagyok 
Northwest Territories. 

(AFSAC Document gO/gl-03); 
P. Lemieux 

ii;:; Status of Arctic Char? in the Kagloryuak 
Northwest Territories. 

(AFSAC Document gO/gl-04); 
P. Lemieux 

On the Davis StraitXumberland Sound Greenland 
Halibut Reinhardtiushippog 

5 
1ossoidesWalbaum): 

Its Bio ogy and It kiSherieS. R. Crawford 
(AFSAC Document 90/N-02; 

Arctic Charr of the Sylvia Grinnel River. D. 
Pike and L. Dahlke (AFSAC Document 90/91-05); 

$ota Recommendatiol;c;or& Comme$al Fisheries 
Anadromous Northwest 

Territories 1991/92. G. Low, D. Pike, A. 
Kristofferson, P. 
90/91-06) ; 

Lemieux (AFSAC Document 

Commercial Fishing Potential for Sea run Arctic 
Charr, Koukdjuak River and Nettilling Lake, 
Northwest Territories. A.H. Kristofferson, 
R.D. Sopuck and O.K. McGowan (AFSAC Document 
90/91-08. 

GENERAL COMMENTS 

The Subcommittee in its report as the result 
of its reviews in 1990/91 has followed a more 
varied format for various stocks accordin 

9. 
to the 

reconmnendations in the Subcommittee repor of the 
previous year (See Appendix 5). As well, the 
Subcommittee drafted a report summarizing theo- 
retical and practical basis for management of 
Arctic charr stocks in the Canadian Arctic. This 
report amalgamates, extends and adds support to 
the recommendations for research pertinent to all 
background documents concerning Arctic charr con- 
sidered bv the Fish Subcommittee in 1990/91. Re- 
comnendatjons are put forward on the 'need for 
research in the areas of population regulation 
mechanisms, migration dynamics and warning signs 
of overexploitation which, if followed, will 
greatly improve the knowledge base of this Arctic 
species and permit better management of the re- 
source. This report is included as one of the 
following sections. 

The Subcommittee thanks all those involved 
in the preparation of the background reports for 
their untiring efforts. It recommends, and urges 
strongly, that these documents be prepared for 
publication in the Canadian Fisheries and Aquatic 
Sciences Technical Report series, or other suit- 
able publications, if and when appropriate. 
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GREENLAND HALIBUT 
Walbaum) OF DAVIS 
BIOLOGY AND ITS FISHERIES 

Author's abstract 

This reoort orovides an overview of the 
biology -of -' Greenland halibut Reinhardtius 
hippoglossoides (Walbaum) in North Atlantic 
waters and relates this information to the 
&&oping fishery in Davis Strait and Cumberland 

Greenland halibut is a mesopelagic 
piscicorous predator that is the object of an 
international fishery in Davis Strait using 
bottom trawls, longlines, and gill nets. Since 
1987, this species- has also supported a winter 
fisherv in Cumberland Sound. Indigenous fish- 
ermen,-operating from snow machines and sleds, 
set longlines through ice and fish in depths 
between 600 -1 200 m. The halibut they catch are 
predominantly 9-12 years of age. Young halibut 
inhabit nursery areas on the banks along both 
sides of Davis Strait. As they approach sexual 
maturity, which they attain at about age lo-12 
years, they seek deeper water. Mature females 
are larser than males. They spawn in spring, 
primarily on the Continental- slope and in deep 
basins (650 - 1 000+ mj. such as Cumberland 
Sound. Currents distribute larvae along western 
Greenland and eastern Baffin Island where they 
settle in the nursery grounds on the banks. It 
is postulated that the fish in Cumberland Sound 
are a component of a larger population inhabiting 
Davis Strait. 

Management recommendations 

None. 
report). 

(See 1989/90 Fish Subcoannittee 

Research requirements 

Studies of the distribution and abundance, and 
the biological and physical determining factors 
of the Greenland halibut in the Davis Strait/ 
Cumberland Sound area are needed. This should 
include consultationwith Danish researchers on 
f;lidwinter fjord fisheries off western Green- 

. 

.=. Studies should be initiated to evaluate the 
stock identity question through continued col- 
laboration among Quebec, Newfoundland and Cen- 
tral and Arctic Regions' scientists. An init- 
ial step towards this goal would be a morpho- 
metric analysis of the Cumberland Sound 
halibut. 

3. Fishery management strategies should be devel- 
oped by Central and Arctic Region in collabor- 
ation with Quebec and Newfoundland Regions' 
scientists. 

4. A test of the population scenario proposed by 
the AFSAC backaround document should be carried 
out using experimental fishing gear (e.g. long- 
lines with small hooks of various sizes) ln 
different areas and depths of Cumberland Sound 
to examine seasonal size structure and distri- 
bution of halibut. 

5. A stock status report for halibut in Cumberland 

Sound is due during 1991/1992. Pending the re- 
sults of this report., a review should be made 
of the data acquisition procedures for halibut 
in this region. 

Next AFSAC Review 

No recommendation. 

QUOTA RECOMMENDATIONS FOR COMMERCIAL FISHERIES OF 
ANADROMOUS ARCTIC CHARR, NORTHWEST TERRITORIES - 
1991/92 

Summary 

Information updates and proposed quotas for 
1991/92 are given for the commercial fisheries 
for NWT anadromous charr. Quota recommendations 
as indicated in Table 3 are endorsed, however, it 
is noted that most are based upon little or no 
information and thus such fisheries represent 
experiments in management. Current management 
practices and the biological assumptions that 
form the basis for management are reviewed. It 
is recommended that research be initiated to test 
the assumptions upon which the management decis- 
ions are based. 

Management recommendations 

1. Region I - Mackenzie Delta 

12. Mackenzie River 

There should be no connnercial harvestin 
1991/92 and a low subsistence harvest of 60 8 

for 
(5% 

of estimated run) charr only should be taken. It 
is recommended that dissociation of the two riv- 
ers, Rat and Big Fish, should occur for mana e- 
ment purposes and the two be reported separate 3 y. 
Recent research has indicated that the charr in 
these rivers are not Arctic charr, Salvelinus 

F* 
but rather most likely Dolly Varden 

c arr, Salvelinus malma (J. Reist, Freshwater 
Institute, personal communication). Significant 
differences in biological parameters exist be- 
tween the two forms. For example, Dolly Varden 
charr tend to mature earlier and grow faster than 
Arctic charr. Management activities should take 
these differences into account. 

2. Region IV - Central Arctic 

Cambridge Bay area fisheries - 9. Ekalluk R., 
10. Ellice R., 11. Halovik R., 14. Jayco R., 
22. Lauchlan R., 27. Paliryuak R., 29. Perry 
R. 

Recommendations for specific quota decreases 
and increases are accepted as enumerated in Table 
3. Substantive management effort and research 
activity are necessary to; a) document further 
warnings of potential over-exploitation of some 
stocks; b) discern causation for the decline in 
mean length, mean age, and length distribution 
observed in two of these stocks; and, c) ascer- 
tain the effects of increased quotas for the 
affected stocks. 

3. All other quota recommendations are accepted 
as detailed in Table 3. 
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4. The Fish Subcommittee of AFSAC recognizes the 
importance of this report for annual quota 
recmendations. but notes that this is for 
only commercial harvested anadromous charr 
stocks. Similar reports for commercial fresh- 
water and anadromous stocks of all relevant 
Arctic species are warranted. As marine com- 
mercial fisheries are initiated, a similar 
format should be implemented for those as well. 

COMMERCIAL FISHING POTENTIAL FOR SEARUN ARCTIC 
CHARR, KOUKDJUAK RIVER AND NETTILLING LAKE, 
NORTHWEST TERRITORIES 

Author's abstract 

The commercial fishing potential for searun 
(anadromous) Arctic charr of the Koukdjuak River 
and Nettilling Lake (See Figure 1) was evaluated, 
based on fishin 

P 
history and biological data 

9L 
athered during 974-77. Fishing in Nettilling 
ake proper resulted in harvesting heavily par- 

asitized non-anadromous charr of questionable 
commercial value. Searun charr of excellent 
quality were harvested during the upstream migra- 
tion in the Koukdjuak River on the fishing 
grounds near Nikku- Island. Gillnets proved 
successful in harvestina aooroximatelv 22 000 ka 
of charr annually over the'four year period. Ai; 
apparent failure of the 1976 fishery was attri- 
buted to harsh environmental conditions which 
resulted in poor condition of the fish and an 
early upstream migration, some of which was 
missed bv the fishermen. A Schaefer mark- 
recapture-estimate of the number of charr in the 
1976.upstream migration suggests a run of approx- 
imatelv 182 000 anadromous charr of 40 cm or more 
in length. Koukdjuak River charr are relatively 
slow growing. This combined with the performance 
of the 1974-77 fishery suggests a conservative 
annual exploitation rate of 6.5% for charr 40 cm 
or lon er 
level ? 

in this stock. Thus, a safe harvest 
SHL) of 22 000 kg, round weight, is recom- 

mended for the anadromous charr stock of the 
Koukdjuak River and Nettilling Lake. 

Management recommendations 

1. 

2; 

3. 

An annual safe harvest level (SHL) of 22 000 
kg, round weight, is recommended for anadromous 
Arctic charr of the Koukdjuak River/Nettilling 
Lake system. This SHL is based on a minimum 
population estimate, and as such should not be 
detrimental to the stock. Future research may 
in fact reveal that a higher level of exploit- 
ation (optimum sustainable yield) is sustain- 
able by the population. 

Fishing using gillnets, (139 mm minimum mesh 
size stretched. measure) in the vicinity of 
;;;t;stIsland is the recommended method of 

Fishermen should avoid fishing in 
Nettilling Lake proper to minimize the inci- 
dence of heavily parasitized non-anadromous 
charr in the catch. 

It is recotmaended that fishermen be on site no 
later than August 15 in the event that the 
upstream run of anadromous charr is early. 
Initial effort should be limited to 200 - 300 
m of gillnet daily until a consistent increase 

in catch-per-unit-effort indicates the arrival 
of the run on the fishing grounds. 

4. I f  commercial fishing for searun Arctic charr 
takes place in the Koukdjuak River in future, 
the catch should be sampled annually to estab- 
lish a bioloaical data base to which yield 
models can beapplied in order to determine an 
optimum sustainable yield. 

Research requirements 

None identified. 

;;iWf;C CHARR - KAGLORYUAK RIVER, PRINCE ALBERT 

Background 

Stock definition: The anadromous stock is 
assumed to be a discrete stock. A small sample 
(n=20) was collected in 1990 to confirm this by 
genetic and morphometric analyses, although this 
sample was probably inadequate to provide re- 
liable measures of genetic and morphological 
characteristics. About one in twelve of the fish 
caught had fresh or old gillnet marks, assumed to 
be from the Safety Channel fishery. 200 km away. 
Fish from two other rivers in Prince Albert Sound 
tagged in 1988 and 1989 suggest that about 4% 
wandering occurs among these rivers. The spawn- 
ing part of the Kagloryuak population was not 
investigated. 

Stock size: The upstream migration of 
anadromous charr was monitored, using a weir, 
from August 11 to September 5, 1990. It appears 
that most or all of the migrating fish were enu- 
merated. The count for upstream migrating fish 
was 13 072. These plus the spawning population 
are assumed to comprise the total population of 
anadromous charr in the river system. 

Vital parameters: Based on a sample of 489 
charr passln 
river in 

3 through the trap set up on the 

obtained: 
19 0 the following parameters were 

Modal fork len th (range): $;-zO mm (298-766) 
Mean fork lena ! h: 
Mean age: - 
Modal age (range): 

9.9 years 

Sex ratio F:M: 
T ;;ars (4-15) 

. 
Age at 1st maturity 
both sexes): 8 years 

At age 8, 50% males and 17% females were 
mature, by age 11 all fish were mature. 

Current harvest: Using the following series 
of assumptions and estimations, the current 
harvest was estimated at 6% of the population: 

1. 3-5 000 fish are taken annually, mostly from 
the Safety Channel area. 

2. This catch is assumed to have come equally from 
the rivers of Prince Albert Sound and Minto 
Inlet, because it is equidistant from both 
areas. 
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3. The total number of fish available to the 
fishery from the Sound area is assumed to be 
the total number of fish counted (in different 
Years on different rivers) in the four rivers 
in the Sound. plus the suirmer fishery harvest 
(46 000 + 3 000 = 49 000). 

4. The Prince Albert Sound part of the summer 
fishery is estimated at 3 000 fish. The Safety 
Channel exploitation rate of Prince Albert 
Sound fish is then calculated to be 6% (3 000 
+ 49 000 x 100). 

5. From 52. above, the exploitation of Kagloryuak 
R. is then assumed to be 6% of the population. 

It should be noted that, depending on how 
these figures are used, a wide range of exploit- 
ation ranges could be calculated. 

idOntt$ri;pacts: No other serious impacts were 

Major issues 

No major issues were identified. 

Assessment 

Stock prognosis: It is assumed that the net 
mark rate of 8.4% indicates that significant 
numbers of charr from this system are being 
harvested in other areas. It is suggested that 
this exploitation may be 6% of the population. 
Fishery managers believe that exploitation rates 
between 5 and 10% of charr greater than 400 mm in 
length are sustainable by the eastern form of 
Arctic charr. If the exploitation rates cal- 
culated here are reasonably accurate, then little 
additional commercial exploitation is acceptable. 
If  the human population and/or the demands of the 
domestic fishery of the area increase, the 
prospect of a viable conmnercial fishery becomes 
even less promising. 

Management recommendations 

1. 

2. 

3. 

The river population should only be fished 
commercially on a biannual basis. The total 
allowable catch (TAC) should be set at 5% of 
the total population, i.e. a total of 650 fish 
or a round weight of 850 kg to be taken only 
every two years. 

Tag returns from the Holman community summer 
and fall domestic harvest should be aggres- 
sively pursued since a large number of charr 
have been tagged from four different charr 
streams in the Sound. These tag returns may 
provide information on the reliability of the 
6% exploitation rate estimated for the domestic 
fishery. 

The Kuujjua River population should be assessed 
in 1991 and a part of the population tagged. 
This will complete the requirements for the 
formulation of a management plan for Holman. 
Tag returns from this population in the 1992 
domestic fishery will provide information on 
the relative contributions of Minto Inlet and 
Prince Albert Sound charr to the domestic 
fishery. 

Research requirements 

1. Simultaneous samples of spawners and sea run 
charr from the four rivers in the Sound, as 
well as the six Minto Inlet rivers (Kuujjua) 
should be analysed to provide information on 
maturity and fecundity. A sufficiently large 
sample to allow reliable genetic and morpho- 
metric analyses for stock identification 
purposes should be taken. This program, in 
conjunction with information from tag returns, 
W;:d allow a more reliable assessment of the 

. 

Next AFSAC review 

No recommendation. 

ARCTIC CHARR - SYLVIA GRINNELL RIVER 

Synoptic Abstract (author's abstract missing): 

Between 1958-1966, the commercial Arctic 
charr of the Sylvia Grinnel River (near Iqaluit, 
Baffin Island) fishery produced a mean annual 
harvest of 5 502 kg (range 3 824 - 9 803 kg), 
with an additional annual subsistence harvest 
estimated to be 12 000 kg. The commercial 
fishery collapsed in 1967 and had not recovered 
by 1977. Recreational and subsistence fishing 
had continued during this period and beyond. In 
1986, the stock was re-examined. Experimental 
gill nets were fished in one location on 26-30 
August. The subsistence fishery was also 
monitored (7 Julv - 30 Auaust) and a soort 
fishery creel census was cond"ucteb from 4 July - 

30 August. Data were compared with the results 
of similar 1976-77 surveys. Fish caught by 
experimental gill nets were smaller in 1986, but 
fish caught in the domestic fishery were larger 
and older. Mortality was lower (survival 
increased) in experimental catches in 1986, and 
there was no difference in the mean condition 
factor attributable to sex. There was no 
significant difference between von-8ertalanffy 
growth curves derived from experimental fishing 
data in 1976/77 and 1986 (although growth was 
slow for both). Mean catch rates within the 
recreational fisheries for these two periods were 
also similar. Within the domestic fishery, mean 
fish weight was higher in 1986, while the number 
of fish caught was similar. Catch rate was lower 
in 1986, but nets were fished during a much 
lonaer oeriod of time. The authors observed that 
the- experimental gill net data may not be 
representative due to brief sampling periods. 
They concluded that domestic catches indicated 
that some stock recovery has occurred between 
1977 and 1986, but truncated size- and age- 
frequency distributions in the latter data 
indicated recovery was incomplete. 

Management recommendations 

1. A cmunication/education package should be 
prepared on the biology and stock status of 
Sylvia Grinnell charr. A communication package 
on the harmful effects of small mesh gill nets 
on the charr population should be undertaken 
only if there is objective evidence that the 
use of such small meshes is harmful to 
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2. 

3. 

populations of Arctic charr. Untested dogma 
regarding exploitation by small mesh nets 
should be avoided. 

Public meetings should be held to gain input 
into a management plan for the river. 

A monitoring/stock assessment study should be 
carried out in 1991. Objectives of this study 
should include: Monitoring of harvests and 
catch per unit of effort of domestic and sports 
fisheries, and assessment of stock size and 
stock health. User aroups should be involved 
in the study to the-maximum extent possible. 
Science should-be requested to provide Input 
;y;;;g the design phase and execution of this 

. 

4. It is a locally popular notion among resource 
users of the Sylvia Grinnell River, that 
pollution from the Iqaluit garbage dump has 
affected the recovery of the charr stock more 
than unsuccessful fishery management has. 
Future management efforts would benefit from 
an improved public perception of Departmental 
responsiveness to user's concerns. Toward this 
end, a scientific evaluation of this perceived 
problem in reconnnended. 

Research requirements 

None identified. 

Next review by AFSAC 

Results of the 1991 monitorin /assessment 
study should be prepared for AFSA 2 review in 
1991-92. In this report, the evaluation of stock 
recovery by the examination of recent data (from 
1986 monitorina. and when available. from 1991 
monitoring) wodh be enhanced by comparisons with 
data from 1951. The 1986 modal length was 
similar to that in 1951, suggesting that some 
recovery of the stock has taken place. 

ARCTIC CHARR - NALOAGYOK RIVER 

Background 

The Naloagyok River drains into the 
southeast end of Prince Albert Sound. Previous 
exploratory fisheries by DFO in 1985 identified 
a run of anadromous Arctic charr in this system. 
Residents of Holman. aporoximatelv 210 km to the 
northwest, are interested in expanding a small 
commercial fishery which takes place near the 
c-unity. Proximate stocks are current1 
heavily exploited by a subsistence fishery. DF 8 
advised residents to consider more distant 
locations, such as the Naloagyok River, for 
conmnercial fishin 
ment Committee 

The Fisheries Joint Manage- 
( JMC) funded a study to assess F* 

the conzaercial potential of this river in 1989. 
The assessment was accomplished by countFeiu;;f 
upstream migrants through a fish weir. 
are presented here. 

Stock definition: Tag returns to date suggest 
that the Arctic charr of the Naloagyok River 
comprise a discrete stock. Enzyme analysis is 
underway to provide further evidence, but sample 

sizes were limited. 

Stock size: The weir was operational from 22 
August to I September during which time a total 
of 22 386 upstream migrating charr were counted. 

Vital parameters: Two size modes were evident, 
the first of 350 - 400 nnn and the second of 500 - 
550 mm. Mean for length was 454 mm (N = 755) and 
range was 315 - 742 ma. Age distribution was 
bimodal at 9 and 11 years with mean 9.5 years (N 
= 101) and range 4 - 19 years. Mean round wei ht 
;;f ;.0"9" kg (N = 105) and condition factor 9 K) 

. . 

Estimated age at first maturity was 10 years 
for males and 6 years for females. The sex ratio 
of females to males was nearly even (1.11:l.O). 

Instantaneous total mortality (Z) calculated 
for ages 12 - 14 years was 0.46 (r = 0.99). 

Current harvest: Historically, Inuit harvested 
charr at this site for subsistence use as 
evidenced by the presence of stone fish caches 
and tend rings. This location has not been 
exploited in recent years because ice flows 
create travel problems in Prince Albert Sound in 
summer. However, the presence of net marks on 
some of the upstream migrants suggests that this 
stock is exploited to some degree by the summer 
fishery in the Safety Channel area, 180 km to the 
northwest. Exploitation rate may be in the order 
of 6% annually, but future tag returns should 
provide a better estimate of exploitation. 

id~;;efred;r&s; tim:o serious impacts are 

Major issues 

No major issues are apparent at this time. 

Assessment 

sustainable. A rough estimate of current 
exploitation is in the order of 6%. A total 
annual harvest rate of 7.5% would include about 
1 600 charr, of which perhaps 1 300 are already 
being taken. Therefore, it is concluded that 
additional exploitation of this stock should be 
limited until more definite information on 
current exploitation rate is made available. 
Thus, at this time, it appears that the 
commercial potential at Naloagyok River is 
limited. 

Management recommendations 

1. A total Allowable Catch (TAC) for the Naloauyok 
River Arctic chart stock should not exceed 1 
600 charr or 2 200 ka annuallv. Given the 
current exploitation," a safe -harvest level 
(SHL) for a fishery executed at the Naloagyok 
River itself should not exceed 300 charr or 400 
kg annually until accurate data on current 
exploitation becomes available. Biannually, 



2. 

3. 

this would represent 
charr or 800 kg. 
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an on-site harvest of 600 

The Naloag;;;,l;er ;kl$rr ,s,t,";k is one of f;;; 
(others Kagluk 
Kagloryuak) charr stocks u;ilizing Prince 
Albert Sound that has been assessed recently 
with a countin 
tagged during 3, 

weir. Many charr have been 
t ese assessments but returns to 

date have been poor. The high incidence of 
net marks on upstream migrants indicates 
exploitation is taking place to a greater 
extent than the tag returns suggest. Fishermen 
from Holman should be encouraqed to return all 
tags taken in order that reliable esti;;;;sc;; 
current exploitation can be made. 
then be adjusted accordingly. 

The charr stock of the Kuujjua River near 
Holman should be assessed in 1991. A fishery 
management plan for the community of Holman 
can then be developed which would include the 
stocks in Prince Albert Sound. 

Research requirements 

1. Stock identity of Naloagyok River charr should 
be determined with genetic and morphological 
analyses of spawners. Data on maturity and 
fecundity could be gathered coincident with 
this study. 

2. The close proximity of the Kuuk, Kagluk, 
Naloagyok and Kagloryuak rivers provides an 
unique research opportunity to conduct 
simultaneous studies on these charr stocks to 
investigate stock structure and interchange of 
non-spawners between systems. The feasibility 
of such a study should be considered. 

Next AFSAC review 

February 1992. 

RECOMMENDATIONS FOR FUTURE CHARR RESEARCH IN THE 
CANADIAN ARCTIC 

This report by the Fish Subcommittee of 
AFSAC presents a generalized discussion of the 
theoretical and practical bases for the manage- 
ment of exploited populations of charr in the 
Canadian Arctic. It makes recommendations for 
research based on the need to improve scientific 
understanding of subjects such as population 
regulation mechanisms, the dynamics of migra- 
tions, and the use of overexploitation warning 
signs which will improve the knowledge base upon 
which practical management is based. The report 
amalgamates, extends, and adds to recommendations 
for research pertinent to all background docu- 
ments concerning Arctic charr considered by the 
Fish Subcommittee of AFSAC in 1990-91. 

Two species of charr exist in the Canadian 
Arctic. Dolly Varden charr, Salvelinus malma, 
occupy riverine habitats on the contlnentalmh 
slope west of the Mackenzie River. Arctic charr. 

the east. +' 
Salvelinus al inus occupy lacustrine habitats to 

e species differ with respect to 
biological parameters such as qrowth. aae at 
maturity, and maximum sizes and ages. - The 

following applies generally to both species but 
the relative importance of a particular assump- 
tion may differ between species. 

The several assumptions are either explicit 
or implicit in the process of management of charr 
fisheries as outlined in Johnson (1976. 1980. 
1989) and Kristofferson et al. in a background 
document prepared for AFSAC (86/87-10). Research 
to test the validity of these must be given high 
priority to ensure proper foundation of 
management principles. 

1. Charr are assumed to form discrete genetic 
stocks or biological populations on the basis 
of one stock per freshwater system identified 
as having an upstream migration in late autumn. 
There is evidence for this amongst four adja- 
cent Dolly Varden charr stocks along the Yukon 
north slope (Reist 1989), but the assumption 
needs to be tested across a broad geographic 
area. 

2. Each such stock is assumed to be able to sus- 
tain an annual level of exploitation. Hunter 
(1976), in 1958 and 1959, examined the Arctic 
charr in the Sylvia Grinnell River, Baffin 
Island, after a significant period of exploit- 
ation. It was noted that the rate of exploit- 
ation for this stock was 9.4% for fish from 14 
- 20 Years of aae. and 24.2% for fish 21 Years 
and oider. The"se-rates were considered 'to be 
sustainable, although since then this stock has 
apparently collapsed (see report on Sylvia 
Grinnel R.). Results of a multi-year research 
project on a stock of anadromous Arctic charr 
overwintering in Nauyuk Lake in the central 
Arctic revealed that an exploitation level of 
11% of charr ~40 cm in length (9% of the total 
population, i.e. fish lar er than 150 nun in 
length) was excessive and ed to a decline in B 
the population. In the absence of additional 
research on sustainable levels of exploitation 
for charr, for management purposes, 10% is now 
considered an upper limit, at least for the 
central Arctic, and stocks are managed in order 
to maintain rates of exoloitation at or below 
this level. The research foundation upon which 
this management practice is based is small and, 
therefore. the total exoloitation rate that 
charr populations can optimally sustain is 
uncertain. Various rates of exploitation 
require experimental testing over relatively 
long periods of time to determine lons-term 
sustainability. Furthermore, the degree to 
which a sinale rate of exoloitation could be 
applied to ind sustained by-populations over 
broad geographic areas is unknown. Research 
is required to investigate these questions. 

3. Given no substantive external perturbations 
such as exploitation, the size of charr stocks 
is assumed to be relatively stable from year- 
to-year. Available evidence is contradictory. 
No fluctuations which would indicate massive 
yearly immigration or emigration were observed 
in the Nauyuk system, but rather a steady 
decline was noted, much of which could be 
attributed to an existing subsistence fishery 
(Johnson 1989). However, counts of upstream 
migrants into the Diana River were consistent 
between 1973 and 1974, but almost doubled 



between 1974 and 1975, then remained relatively 
consistent between 1975 and 1976 (Kristofferson 
et al. 1990). Given that one-time counts of 
upstream migrations are used as indicators of 
population size for management purposes, the 
assumption of stability of the population size 
(upstream migrants) must be tested. 

Related to this, it is generally assumed that 
the majority of spawners home to natal streams 
(or that they home to sites where they first 
spawned and that such initial site choice is 
constant across generations). Relevant to the 
use of countina weirs to determine the size of 
populations, <he fidelity of non-spawners to 
their natal systems is assumed to be high. 
Available evidence (e.g. the Nauyuk study, data 
from tag returns described in numerous AFSAC 
background reports) suggests that this may not 
always be so. Tagging studies to date have 
shown that non-spawners overwintering in one 
system one year have been captured migrating 
upstream into an adjacent system the next year. 
Thus, although present results do not suggest 
massive interchange of fish between systems, 
any particular upstream migration is probably 
composed of fish from several discrete stocks 
and a major unknown is the degree to which 
homing may vary among systems and over time. 
Therefore, there is some question regarding 
the confidence managers can have in population 
estimates derived from the current practice of 
enumeration of charr runs by counting fences, 
in the absence of information on the discrete- 
ness of that population or the composition of 
the run. To improve management strategies, 
research is required on the amount of and 
reasons for interchanges of fish between 
systems. Physical factors such as water levels 
which can control access may play a major role 
in such interchanges. 

4. It is generally assumed that over large parts 
of the range of charr, spawners do not go to 
sea in the Sumner prior to spawning and that 
they therefore represent a small portion of the 
total migratory stock. This assumption stems 
from work at Nauyuk Lake and counts of upstream 
migrants in streams and rivers of the central 
Arctic, Keewatin and Baffin areas. In the 
western (Yukon) and south-eastern (Labrador) 
areas there is some evidence that current-year 
spawners may go to sea, but are the first to 
return, well in advance of the non-spawning 
feeders. Due to an iteoparous life history and 
the energetic consequences of spendin two 
winters and the intervening summer in $ resh- 
water as well as s awning, 
face severe constra P 

reproductive fish 

mortalities. 
nts and may experience high 

The generality of spawners re- 
maining in freshwater should be examined, as 
should the consequences of winter fisheries 
f;;Moay target spawning segments of the popu- 

. 

The food available in the summer probably 
determines the number of spawners, as well as 
the frequency of spawning. The latter is also 
of course determined by mortality of spawners. 
There is a need for research which could ad- 
vance the understandina of these interrelated 

5. 

processes. 
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6. 

7. 

Fisheries, where they occur, are 
target only specific, or at most, a 
genetic stocks. Thus harvest data _.. ._ ._. 

assumed to 
few related 
is combined - . . 

with enUmeratiOn data tO yield a known eXplOlt- 
ation rate for a Particular stock. Given the 
fact that many fisheries operate on the summer 
feeding marine components of charr stocks, that 
charr range wideiy during such life history 
DhaSeS. and that mixina of stocks apparently 
occurs; it is difficult-to apply these'manage- 
ment objectives and assumptions to such fish- 
eries. Management of such fisheries on a stock 
basis would require information from tagging, 
morphological and/or genetic research which 
could identify the fish as to their genetic 
stocks of origin. 

It has been assumed that reductions in pop- 
ulation parameters such as mean and modal aae 
and length and changes in age- and length- 
freauencv distributions will be indicators of 
excessive exploitation. Practical experience, 
as well as experimental evidence (e.g. Johnson 
1989), have shown that, indeed, charr stocks 
will ultimately be reduced in size and age as 
a result of over-exploitation, but not until 
rww;~;ion number has been significantly 

. Therefore, these parameters are 
apparently not particularly sensitive to 
changes in population size, preventing their 
use by managers to reduce exploitation-levels 
to prevent a collaose of the fisherv. In some 
cases, catch-per-unit-of-effort (CPUE) data 
provide a better indication of population 
decline. but reliable CPUE data, where "runs" 
of charr are involved: are difficult to obtain. 
Thus studies are reauired which will identifv 
true and accurate 'early warning signs o? 
decline in standing stocks and estimate the 
generality of such early warning signs. 

8. It is generalgY,dassumed. that for charr, 
overwintering spawning habitats are 
critical and limiting to populations. This is 
particularly so for Dolly Varden charr which 
occupy riverine habitats, where overwintering 
and spawning habitats are synonymous, and only 
occur at sites of perennial springs of suffic- 
ient flow. Territorial defense and optimality 
criteria presumably constrain fish usage of the 
habitat, as well as the maximum number of fish 
present in the habitat. Therefore, the primary 
regulatory mechanism for the population may be 
the extent and quality of the overwintering 
habitat and the ability of the fish to select 
and maintain an optimal position in that 
habitat. Overwintering habitat may also be 
limiting for the Arctic charr, especially if 
the spatial segregation of non-spawning and 
spawning components of the population to 
different overwintering habitats as found by 
the Nauyuk Lake study is general. The physical 
and chemical parameters of overwintering habi- 
tat, its relationship with spawning habitat, 
the details of fish usage of such habitat, and 
the effects of habitat alteration on the popu- 
lations, are important topics for investiga- 
tion. 

9. Observations on the Nauyuk Lake population of 
Arctic charr (Johnson 1989), as well as 
previous research (Johnson 1976, 1980), have 
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led to the development of a model of population 
regulation for Arctic fish. This model 
suggests that the stable equilibrium state for 
Arctic fish populations is a bimodal size 
frequency structure in which a standing stock 
of adults regulates the recruitment of juven- 
iles into the adult stock. The transition from 
juvenile to adult is accompanied or accomplish- 
ed by rapid growth. Thus, the most important 
component of the population is the standing 
stock of adults and, regardless of their 
abundance. the juveniles can only be recruited 
to the adult population when sufficient relax- 
ation of the regulatory mechanism occurs. 

Combined with the above assumptions, this model 
spawns a series of relevant research questions 
which focus on many of the above assumptions. 

a) Is bimodality in size structure the 
equilibrium state for unexploited and 
unperturbed Arctic fish populations? 

b) Fsf:;;s model also apply to other 'types' 
- e.g. freshwater, anadromous, 

marine. riverine. lacustrine; r and K- 

c) 

d) 

e) 

f ) 

9) 

h) 

i) 

selected? 
How stable and how fragile is this 
equilibrium state? 
How does exploitation (or some other 
perturbation alone or in concert) affect 
this equilibrium state? 
How are changes in the equilibrium state 
manifested and can such changes be tracked 
using easily measurable parameters? 
Is the movement from stability catastrophic 
or is it gradual? Is the new configuration 
stable? 
What components in the populatic; and its 
environment are critical ensure 
stability? 
Once perturbed, can recovery be effected? 
If so, how? 
00 current fishery and management practices 
differentially negatively affect the 
equilibrium state of charr populations - 
e. . 
nun ! 

what effects do fixed large mesh (139 
fisheries have, is pulse fishing more 

appropriate than sustained exploitation, 
should fisheries target juvenile components 
differentially? 

*The practical management of populations of - 
Arctic cnarr is basea, as is tne management of 
all populations of exploited animals, 
certain critical assumptions. The above 1%: 
the most importano\e;;rthe;; based on current 
understanding, , should not be 
considered to be exhaustive and other factors may 
be found to be important in charr oooulation 
regulation as research advances understanding. 
It is clear that the accuracy and generality of 
many of the above listed assumptions would be 
improved by testing and research to further 
improve the theoretical base for management 
practices. 
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