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RESUME
Introduction

Les répercussions de 1'exploitation des hydrocarbures sur 1'enviromnement
de la mer de Beaufort suscitent des inquiétudes considérables. Ces inquié-
tudes et les incertitudes liées & 1'€valuation des effets environnementaux
ont rendu nécessaire 1'é@tablissement d'un programme de recherche et de suf—
veillance environnementales s'intégrant parfaitement aux projets d'explo-
ration et de développement. Pour combler ce besoin, le ministére des Af-
faires indiennes et du Nord canadien et le minist@re de 1'Environnement ont
lancé un programme intitulé@ "Projet de surveillance environnementale de la

mer de Beaufort" (PSEB).

L'objectif @ long terme du PSEB est de fournir 3 ces deux ministéres la
base technique nécessaire pour la conception, la mise en ceuvre et 1'éva-
luation d'un programme complet et défendable de recherche et de surveil-
lance environnementales dont la réalisation accompagnera 1'exploitation
progressive des hydrocarbures dans la mer de Beaufort. Le présent rapport
est le résultat d'une série d'é@tapes visant & atteindre l'objectif immé-

diat du programme, c'est-d-dire fournir aux deux ministeres concernés un

plan de recherche et de surveillance qui:

1) vise les effets susceptibles d'@tre les plus importants s'ils

devaient se produire;



2) soit bas@ sur les meilleures connaissances actuelles en matidre

de développement industriel et de processus &cologiques;

3) puisse s'adapter a 1'é@volution des scénarios de développement
industriel et tenir compte des nouvelles données sur les pro-—

cessus écologiques dans la région;
et

4) représente 1l'opinion de la majorité des spécialistes qui oeu-
vrent dans une grande variété de disciplines et qui ont acquis
1l'expérience nécessaire dans le domaine de la recherche et

de la gestion de 1l'environnement dans la mer de Beaufort.

Au cours de 1983-1984, le PSEB a donné lieu & un premier atelier, qui a été
suivi d'une série de rencontres techniques et d'un deuxiéme atelier. On

a commencé la mise au point d'un mod&le de simulation au cours du premier
atelier (du 16 au 20 mai 1983). Ce mod&le a par la suite &té& perfectionné
au cours de plusieurs rencontres techniques consacrées chacune 3 une dis-
cipline. Une série d'hypoth&ses d'impact ont &té Elaborées au cours du
perfectionnement du modeéle, puis Evaluées au cours du deuxiéme atelier tenu
du 28 novembre au 2 décemﬁre 1983. Des experts de l}industrie, des gouver-

nements, des universit8s ainsi que d'autres spécialistes consultés ont par-

ticipé A ces ateliers et aux rencontres techniques.
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Définition de la surveillance

La surveillance a &té définie comme &tant la mesure répé&tée de variables

onfin de déceler les changements directement ou indirectement attribuables

a une activité spécifique liée au développement. Le principal but de la surveil-
lance est d'établir des relations causales entre les activités de dévelop—

pement et les effets sur l'environnement. Aprés avoir déterminé 1'origine

de ces effets, on pourra envisager les mesures qui permettront de les atténuer.
Dans le cadre du PSEB, la surveillance n'est pas un processus de réglementation
servant & vérifier si 1'industrie respecte les modalités de son permis
d'exploitation. La surveillance est un processus scientifique congu pour
vérifier des hypoth&ses spécifiques liant les sources de 1'impact environnemental

(actions) & leur expression dans 1l'environnement biophysique.

Le recherche sert a vérifier une hypothiése posée pour expliquer le fonctionmement
d'un systéme ou la mesure des paramétres de base. Dans le cadre du PSEB, la
recherche ne sera proposée que si les connaissances existantes ne permettent

pas: (1) de distinguer les questions importantes des questions secondaires;

ou (2) de prévoir le sens de 1'&volution du syst@me.

Eléments prisés de 1'écosystéme (EPE)

Le concept des &€léments prisés de 1l'écosystéme (Valued Ecosystem Component,

VEC) décrit par Beanlands et Duinker (1983) a é&té adopté dans le cadre du
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PSEB pour faciliter 1'&valuation de 1'importance de 1'impact environnemental.
Les EPE ont &té définis comme les ressources ou les caract@ristiques de
1'environnement qui 1) sont importantes pour les populations humaines locales
ou 2) qui sont reconnues & 1'&chelle nationale ou internationale et 3) qui,
si elles sont modifi€es, jouent un rdle important dans 1'évaluation des
effets du développement et dans l'orientation des politiques de gestion ou

de réglementation.
Approche

L'€@laboration des plans de recherche et de surveillance décrits dans le pré-

sent rapport a &té réalisée de la facon suivante:

1) didentification des &léments prisés de 1'€cosysteéme;

2) examen des scénarios probables de développement industriel;

3) définition du domaine d'étude;

4) définition des limites temporelles de la surveillance;

5) didentification des hypothéses d'impact qui relient les acti-
vités de développement aux EPE;

6) sélection préliminaire des hypothéses d'impact en fonction
de leur validité, de leur pertinence et de leur vraisemblance;

7) &valuation des hypoth&ses d'impact; et

8) définition des programmes de recherche et de surveillance

nécessaires pour vérifier les hypothéses d'impact valides.
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Ces travaux ont &té réalisés 3 1l'aide des techniques et méthodes d'évalua-
tion et de gestion adaptatives de 1'environnement (FAE). Il s'agissait de
préparer un modéle décrivant les relations entre les activités de dévelop-
pement et l'environnement biophysique. Cette fagén de procéder oblige les
participants aux ateliers d tenir compte des fécteurs interdisciplinaires,

quantitatifs et dynamiques qui jouent dans les interactions possibles entre

le développement et 1'environnement.

Le mod&le présente de nombreux liens entre les activités de développement
et les EPE (voir le diagramme dans la pochette au dos du rapport). Il est
possible de définir une hypothése d'impact en tirént une ligne 3 travers

un ensemble de liens, depuis les activités de développement jusqu'a un

EPE. Certaines hypothéses sont simples et ne comprennent unun ou deux
liens, alors que d'autres doivent englober des interactions complexes

de la chaine alimentaire. Chaque hypoth&se a fait 1'objet d'une évaluation
critique par un groupe de travail. Dans les cas oili une hypothése &tait
considérée comme valide et lorsqu'elle valait 1a peine d'@tre vérifiée,

on a proposé une stratégie de surveillance et de recherche.

Recherche et surveillance recommandées

Un résumé des travaux recommandés de recheréhe et de surveillance 1iés aux
19 hypothé&ses évaluées en dé&tail au cours du deuxiéme atelier du PSEB est
présenté ci-apr@s. On a recommandé, jusqu'd présent de nouveauxe programmes
de recherche afin de vérifier cing de ces hypothéses, qui concernent toutes

les populations de mammif&res marins de la mer de Beaufort. La plupart de
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ces programmes de recherche visent 3 expliquer les facteurs influencant

~la répartition des baleines et des phoques dans la région. Il a aussi été
recommandé de poursuivre les recherches en cours sur la facon de déceler la
présence de l'ours blanc et de 1'€@loigner. D'autres travaux de recherche ont &té
jugés nécessaires si des projets futurs de développement industriel prévoyaient
la construction de grandes routes sur digues le long de la cdte du Yukon ou sur

la péninsule de Tuktoyaktuk.

On recommande aussi d'entreprendre de nouveaux programmes de surveillance
pour vérifier 4 des 19 hypothéses &valuges au cours du deuxiéme atelier.

I1 s'agit des hypothéses ayant trait aux effets possibles des installa-

tions industrielles et de leurs activités su£ la récolte de baleines boréales
et de bélugas, aux effets des déversements chroniques de pétrole sur les
populations d'oiseaux et aux effets de 1'absorption possible d'hydrocarbures
sur la saveur des poissons du port de Tuktoyaktuk. On encourage en outre

la poursuite et la révision des programmes actuels de surveillance des bélugas
et des ours blancs. Dans d'autre cas, 1'&tablissement de la surveillance

dépendra des résultats des programmes de recherche recommandés.

1°€ hypothése : Le trafic maritime, les programmes de recherche sur les relevés
sismigues et la présence de plates—formes de forage et d'iles

artificielles au large entralneront une diminution de la



EPE :

Conclusion :

Recherche :

Surveillance :

2 hypothése :

(viii)

population de baleines borgales dans 1'ouest de 1l'oc&an

Arctique.

Baleine boréale

L'hypoth&se est valide et vérifiable.

Dynamique de 1'&quilibre &nergétique &té&/hiver; réparti-
tion des réserves de nourriture; méthode acoustique de

surveillance du comportement.

Répartition annuelle des baleines. boréales et réponse com-
portementale aux activités et aux installations industrielles;

effets sur la reproduction; surveillance du bruit ambiant.

a) La présence de plate-forme de forage réduira la récolte
de bélugas;
b) Le trafic fréquent des brise-glaces dans la glace de rivage
permettre d'accroitre la récolte;
c¢) Le trafic maritime dans les eaux libres de 1l'estuaire
du Mackenzie modifiera la répartition de la population
de bé&lugas et par conséquent, 1l'importance de la

récolte; et
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d) Le recrutement des Inuits par 1'industrie aménera des

changements dans la récolte de bélugas.

EPE : Béluga

Conclusion : L'hypothése est:

a) invraisemblable

b) invraisemblable
¢) valide et vérifiable

d) valide et vérifiable

Recherche : Facteurs déterminant la répartition des bélugas dans les .

baies de Niakunak et Kugmallit.

Surveillance : Surveillance annuelle de 1'étendue de la glace de rivage dans
la région, de sa répartition et de la débdcle; poursuite

et révision du programme actuel de surveillance des bé&lugas.

3¢ hypoth&se : Le trafic maritime, 1'activité sismique, le dragage, le trafic
aérien et la présence de plate-forme de forage/iles artificielles
exploitées au large réduiront la population de phoques barbus

et annelés.



EPE :

Conclusion :

Recherche :

Surveillance :

4 hypothése :

EPE :

Conclusion :

Recherche

(x)
Phoque annelé et phoque barbu

L'hypothése est valide, mais elle serait difficile & véri-

fier, ou n'en vaut pas le peine (voir le texte).
Aucune

Aucune

La fréquence accrue du trafic des brise-glaces a) dans la
glace de rivage et b) dans le golfé Amundsen réduira la produc-

tion de jeunes phoques annelés.

Phoque annelé

L'hypothé@se est a) invraisemblable et ne vaut pas la peine

d'8tre vérifiée et b) valide et vérifiable.

Analyse plus poussée des données sur les phoques &chan-—
tillonnés pré&s de Holman (1971-1982) compte tenu de 1'état
des glaces dans le golfe Amundsen; recherches sur la stabilité

des glaces.
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Surveillance : Selon les résultats des recherches : photographies aériennes
du trafic des brise-glaces/régime des glaces dans le golfe
Amundsen; possibilité de télédétection des gites de mise

bas des phoques annelés.

e - . . \
5" hypothése : Le trafic des brise-glaces dans la zone de transition

(cisaillement) ré&duira la production de jeunes phoques

barbus.
EPE : Phoque barbu
Conclusion : L'hypothése est valide, mais elle serait trop difficile

a vérifier.

Recherche : Mesure de niveau des sons émis par les phoques barbus dans

la zone témoin et dans la zone exposée au trafic des brise-

glaces (peu urgent).

Surveillance : Aucune
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6% hypothése : Le trafic des brise-glaces dans le golfe Amundsen influera

sur les populations de phoques annelés et d'ours blancs.

EPE : Phoque annelé, ours blanc
Conclusion : L'hypothése est invraisemblable.
Recherche : I1 faudrait examiner les données sur la couverture de

glace et sur les populations de phoques (proie) (1971-1983)
pour &tablir des corrélations entre les paramétres démo-

graphiques et 1l'@tat saisonnier des glaces.

Surveillance : Aucune pour le moment; dépendra de 1l'évaluation des résul-

tats des recherches.

e - < ; , ‘s a
7 hypothése : La présence d'installations exploitées entrainera une aug-

mentation de la mortalité des ours blancs,
EPE : Ours blanc
Conclusion : - L'hypothé&se est valide.

Recherche : Aucune
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Surveillance : Les programmes actuels visant 3 surveiller et & &loigner

1'ours blanc devraient &@tre poursuivis et améliorés.

8¢ hypothé&se : L'exploitation des hydrocarbures r&duira la récolte d'ours

blancs.
EPE : ~ Ours blanc (récolte)
Conclusion : L'hypothé&se est invraisemhlable.
Recherche : Aucune

Surveillance : Aucune

e - - ! . - PP P

9~ hypothése : Les déversements chroniques de pétrole (&pisodiques) résul-~
tant d'activités normales d'exploitation du pétrole entrain-
eront une mortalité localisée des ours blancs.

EPE : Ours blanc

Conclusion : L'hypothése est valide.



Recherche :

Surveillance

-10% hypothése

EPE :

Conclusion :

Recherche :

Surveillance

(xiv)

Poursuite des recherches actuelles sur la facon de déceler

la présence des ours blancs et de les &loigner.

Aucune

Les déversements chroniques de pétrole (€pisodiques) résul-
tant des activités normales d'exploitation du pétrole

provoqueront une mortalité localiéée des oiseaux.
Oiseaux

L'hypothése est valide.

Aucune

Observation réguligre de l'abondance, de la répartitiom
et de la mortalité des oiseaux sur la c8te et sur les

jles au large par des personnes spécialement formées se

trouvant sur place.
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11° hypothé&se : La présence d'une nappe d'huile en eaux libres autour des
plates—formes de forage pendant la saison des glaces
entrainera une augmentation de la mortalité des eiders et

des canards plongeurs.

EPE : Fiders et canards plongeurs

Conclusion : L'hypothé&se est valide, mais ne vaut pas la peine d'@tre
vérifige.

Recherche : Aucune

Surveillance : Aucune

12% hypoth&se : Le passage fréquent d'avions 3 basse altitude au-dessus

des bernaches accroitra leur mortalité& pendant 1'hiver.

EPE : Bernache

Conclusion : L'hypothé&se n'est pas valide.

Recherche : Aucune
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Surveillance : Aucune

13 hypothése : Les installations c8tiéres et en eau peu profonde rejet-
teront a) des hydrocarbures et b) des métaux lourds en
concentration suffisante pour réduire la ré&colte de pé&che
par suite d'une modification de la saveur et de 1'accumu-

lation de métaux lourds.

EPE : Poisson (récolte)
Conclusion : L'hypotheése est a) valide et vérifiable et b). invraisemblable
Recherche : Aucune 3 moins que la surveillance ne ré&véle une modifi-

cation de la saveur; il faudra alors effectuer des recher-

ches pour en identifier la source.

Surveillance : Mesures en série temporelle de la concentration des hydro-
carbures dans le poisson du port de Tuktoyaktuk; possibilité
de test organoleptique et programme d'&tude sur les poissons

en cage.
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e - . - . .
14~ hypothése : Les structures situées prés du rivage altéreront la bande
d'eau tiéde saumftre et réduiront la population de coré-

gone tschir.

EPE : Corégone tschir
Conclusion : L'hypothése est valide et vérifiable.
Recherche : Si 1'on propose de construire une structure importante prés

du rivage, élaboration d'un modéle numérique sur la varia-
bilité de la température prés du rivage; &tude en labora-
toire ét &tude de modélisation sur la croissance et la

fécondité des poissons.

Surveillance : Si 1'on propose de construire une structure importante pré&s
du rivage, mesures de température, salinité&, courant et

vent; possibilité de marquer les corégones tschirs.

15 hypothése : Les structures situées prés du rivage altérerant la bande
d'eau tiéde saumftre et ré&duiront la population de cisco

arctique d'Alaska.

EPE : Cisco arctique
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Conclusion : L'hypothése est valide et vérifiable.

Recherche : Si 1'on propose de comstruire une structure importante
prés du rivage, il faundra entreprendre des recherches pour
définir les habitats de migration du stock de cisco arctique
du Fleuve Mackenzie et sa construction au stock d'Alaska;
autres travaux de recherche décrits dans le cas de 1'hypothése

14.

e . - . PO , ,

16~ hypothése : La construction de bases cOtiéres et 1l'exploitation de
réserroirs en eau peu profonde entrafneront une diminution
de la population de cisco arctique.

EPE : Cisco arctique

Conclusion :- L'hypothése est invraisemblable et ne vaut pas la peine

d'8tre vérifiée.
Recherche : Aucune

Surveillance : Aucune
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17¢ hypothése : Les prises d'eau reduiront les populations de Ciscos
arctiques et de Coregones tschirs.

EPE : Coregone tschir et Cisco arctique.

~ Conclusion : L'hypothése est invraisemblable et ne vaut pas la peine

d'étre verifiée.

Recherche : Aucune
Surveillance : Aucune
e < . e s - . o
18" hypothése : Les émissions gazeuses €manant du trafic aériemn et

maritime de m@me que des operations de forage, des
plates-formes au large des cStes et les imstallatioms
cotiéres exerceseront une influence defavorable sur

la qualité de 1l'air.

EPE : Qualité de 1l'air.

Conclusion : L'hypoth&se est invraisemblable.

Recherche : Aucune

Surveillance : Aucune (voir le texte)

19¢ hypothése : Les activités de draguage de méme que la déposition des

materiaux dragues reduiront les populations d'invertebrates

benthiques, de poissons et de phoques barbus.

EPE : Phoque barbu

Conclusion : L'hypothé&se est valide et vaut la peine d'étre verifiée.
Recherche : Aucune

Surveillance : Une surveillance propre a un site est recommand@e pour les

régions présentant des problémes potentiels (voir le texte).
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SUMMARY

Introduction

There is considerable concern that hydrocarbon development activities in the
Beaufort Sea may result in adverse environmental impacts. Because of these
concerns and the recognized uncertainties associated with environmental impact
assessment, there is a clear need for an environmental research and monitoring
program that 1is fully integrated with future exploration and development
plans. In response to this need, Indian and Northern Affairs Canada (INAC)
and Environment Canada have initiated a program called the Beaufort
Environmental Monitoring Project (BEMP).

The long-term objective of BEMP is to provide INAC and Environment Canada with
the technical basis for design, operation and evaluation of a comprehensive
and defensible environmental research and monitoring program to accompany
phased hydrocarbon development in the Beaufort Sea. This report is the
product of a series of steps aimed at meeting the immediate objective of
providing INAC and Environment Canada with a research and monitoring plan that:

1) addresses those impacts that could be most significant if they
occurred;

2) is based on the best current understanding of industrial development
scenarios and ecological processes;

3) has the capability to respond to changing industrial development
scenarios and new information regarding ecological processes in the
region; and

4) represents the majority viewpoint of a broad range of disciplinary
specialists with the necessary experience in research and
environmental management in the Beaufort Sea.
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During 1983-84, BEMP proceeded through an initial workshop, a series of
technical meetings and a second workshop. Development of a simulation model
was initiated in the first workshop (May 16-20, 1983). The model was Tlater
refined during several discipline-specific technical meetings. A series of
impact hypotheses were generated through the process of refinement, and later
evaluated at a second workshop held from November 28 to December 2, 1983.
Participants at these workshops and technical meetings included experts from
industry, government, universities and the consulting community.

Definition of Monitoring

Monitoring was defined as the repetitive measurement of variables to detect
changes directly or indirectly attributable to a specific development
activity. The primary purpose of monitoring is to determine causal
relationships between development activities and environmental effects.
Understanding of the causes of these effects can then be used to plan
appropriate mitigative responses. In the context of BEMP, monitoring is not
survéi]]ance or a part of the regulatory process used to ensure that industry
meets the environmental terms and conditions of its operating permits.
Monitoring 1is a scientific process, designed to test specific hypotheses
linking sources of environmental impact (actions) to their expression in the
biophysical environment.

Research is a test of a system process hypothesis, or baseline measurements.
In BEMP, research will only be proposed if the existing level of understanding
is inadequate to: (1) differentiate issues from non-issues; or (2) predict
the direction of change.
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Valued Ecosystem Components

The Valued Ecosystem Component (VEC) concept described by Beanlands and
Duinker (1983) was adopted in BEMP to aid in the definition of impact
signficance. VECs were defined as resources or environmental features that
are: (1) important to Tlocal human populations; or (2) have national or
inter- national profiles; and (3) if altered from their existing status, will
be important in evaluating the 1impacts of development and in focusing
management or regulatory policy.

Approach

Development of the research and monitoring plans described in this report was
accomplished by proceeding through the following steps:

1) didentification of Valued Ecosystem Components;

2) review of probable industrial development scenarios;
3) definition of the study area;

4) definition of the temporal horizon for monitoring;

5) identification of 1impact hypotheses that relate development
activities to VECs;

6) preliminary screening of impact hypotheses for validity, relevance,
and credibility;

7)  evaluation of impact hypotheses; and

8) definition of research and monitoring programs necessary to test
valid impact hypotheses.
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Completion of these steps was accomplished through the use of the techniques
and methods of Adaptive Environmental Assessment and Management (AEAM). This
approach involves development of a simulation model describing relationships
between development activities and the biophysical environment. The process
forces workshop participants to think in inter-disciplinary, quantitative,
dynamic terms about the possible interactions between the development and the
environment.

The simulation model s composed of numerous Tlinkages that connect the
development activities to the VECs (see flowchart in back cover pocket). An
impact hypothesis can be defined by tracing through a éet of Tinkages from
development activities to a VEC. Some hypotheses are straightforward and
involve only one or two linkages, while others must encompass complex food web
interactions. Each hypothesis was critically evaluated by a working group,
and a monitoring/research strategy was proposed in those cases where the
hypothesis was considered both valid and worth testing.

Recommended Research and Monitoring

A summary of the recommended research and monitoring related to the 19
hypotheses that were evaluated in detail during the second BEMP workshop 1is
provided below. At present, new research programs are recommended for five of
these hypotheses, with all of these research needs relating to marine mammal
populations in the Beaufort Sea. Most of these research programs are aimed at
providing a better understanding of the factors affecting the distribution of
whales and seals in this region. Support of existing research on polar bear
detection and deterrents is also recommended. Other research activities are
considered necessary 1if future industrial development scenarios include the
construction of major solid-fill causeways along the Yukon coast and/or
Tuktoyaktuk Peninsula.
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The initiation of new monitoring programs is recommended in relation to four
of the 19 hypotheses evaluated during the second workshop. These monitoring
programs are directed at hypotheses dealing with the potential impacts of
industry facilities and activities on bowhead whales and the white whale
harvest, the effects of chronic oil releases on bird populations, and the
potential uptake of hydrocarbons and tainting of fish within Tuktoyaktuk
harbour. Continuation and revision of existing white whale and polar bear
monitoring programs is also encouraged, while other monitoring would be
dependent on the results of recommended research programs.

Hypothesis 1: Ship traffic, seismic programs and active offshore
platforms/artificial islands will cause a reduction in the
western Arctic population of bowhead whales.

VEC: Bowhead whale
Conclusion: The hypothesis is valid and testable.
Research: Summer/winter energy balance dynamics; distribution of food

supply; acoustical behaviour monitoring methods.

Monitoring: Annual distribution of bowheads and behavioural responses
to industry activities/facilities; reproductive success;
ambient noise monitoring.




Hypothesis 2:

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis 3:

VEC:

Conclusion:

Research:

Monitoring:

(xxv)

(a) Offshore structures will reduce the white whale
harvest;

(b) Frequent icebreaker traffic in the landfast ice will
increase harvest;

(c) Open water ship traffic in the Mackenzie estuary will
alter white whale distribution and lead to changes in
harvest levels; and

(d) Inuit employment in the industry will change the white
whale harvest.

White whale

The hypothesis is:

(a) Unlikely

(b) Unlikely

(c) Valid and testable
(d) Valid and testable

Factors controlling distribution of white whales in
Niakunak and Kugmallit bays.

Annual monitoring of regional landfast ice extent,
distribution and breakup; continuation and revision of
existing white whale monitoring program.

Marine vessel activities, seismic activities, dredging
operations, aircraft overflights and active offshore
platforms/ islands will reduce the size of ringed and
bearded seal populations.

Ringed and bearded seals

The hypothesis is valid, but would either be hard to detect
or not worth testing (see text).

None

None




Hypothesis 4:
VEC:
Conclusion:

Research:

Monitoring:

Hypothesis 5:

VEC:
Conclusion:

Research:

Monitoring:

(xxvi)

Increased frequency of icebreaker traffic (a) through
Tandfast ice and (b) through Amundsen Gulf will reduce
ringed seal pup production.

Ringed seal

The hypothesis is (a) unlikely and not worth testing and
(b) valid and testable.

Further analysis of seal samples collected near Holman
Island (1971-1982) in vrelation to Amundsen Gulf ice
conditions; ice stability research.

Dependent on research results: aerial photography of
icebreaker traffic/ice regime in Amundsen Gulf; possible
remote sensing of ringed seal birth lairs.

Icebreaker traffic in the transition (shear) zone will
reduce bearded seal pup production.

Bearded seal
The hypothesis is valid, but would be too hard to detect.

Bearded seal vocalization rates in control area and area
exposed to icebreaker traffic (low priority).

None




Hypothesis 6:

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

(xxvii)

Icebreaker traffic in Amundsen Gulf will affect the ringed
seal and polar bear populations.

Ringed seal, polar bear

The hypothesis is unlikely.

Data on ice cover and seal (prey) populations (1971-1983)
should be examined for correlations between population

parameters and annual ice conditions.

Not at present time; pending evaluation of research results.

The presence of active facilities will result in increased
polar bear mortality.

Polar bear
The hypothesis is valid.
None

Existing polar bear monitoring and deterrent programs
should be supported and improved.

Offshore hydrocarbon development activities will reduce the
harvest of polar bears.

Polar bear (harvest)
The hypothesis is unlikely.
None

None




Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

10:

(xxviii)

Chronic (episodic) oil spills resulting from normal
petroleum hydrocarbon development activities will cause
Tocalized mortality of polar bears.

Polar bear

The hypothesis is valid.

Support of existing research on polar bear detection and
deterrents.

None

Chronic (episodic) o011 spills resulting from normal

petroleum development activities will cause localized bird
mortality.

Birds

The hypothesis is valid.

None.

Regular observation of bird abundance, distribution and-

mortality at shorebases and offshore islands by trained
on-site personnel.




Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

11:

12:

(xxix)

0i1 slicks in open water areas around offshore structures
during periods of ice cover will cause increased mortality
of eiders and diving ducks.

Eiders and diving ducks

The hypothesis is valid, but not worth testing.

None

None

Frequent Tow Tevel aircraft flights over staging brant will
cause increased overwinter mortality.

Brant
The hypothesis is invalid.
None

None




Hypothesis 13:

VEC:
Conclusion:

Research:

Monitoring:

Hypothesis 14:

VEC:
Conclusion:

Research:

Monitoring:

(xxx)

Shorebases and shallow water production facilities will
release (a) hydrocarbons and (b) heavy metals at sufficient
levels such that fish harvest will be reduced through
tainting and heavy metal accumulations.

Fish (harvest)

‘The hypothesis is (a) valid and testable and (b) unlikely.

None unless monitoring shows tainting, and then research
would be required to identify source.

Time-series measurements of hydrocarbons in fish from
Tuktoyaktuk harbour; possible taste testing and caged fish
programs.

Nearshore structures will disrupt the nearshore band of warm
brackish water and reduce the broad whitefish population.

Broad whitefish
The hypothesis is valid and testable.

If a major nearshore structure is proposed: development of
a numerical model of nearshore temperature variability;
laboratory and modelling studies of fish growth and
fecundity.

If a major nearshore structure is proposed: measurements of
temperature, salinity, currents and wind; possible tagging
of broad whitefish.




Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

Hypothesis

VEC:

Conclusion:

Research:

Monitoring:

HypotheSis

VEC:

Conclusion:

Research:

Monitoring:

15:

16:

17:

(xxx1)

Nearshore structures will disrupt the nearshore band of warm
brackish water and reduce the Alaskan population of Arctic
cisco.

Arctic cisco

The hypothesis is valid and testable.

If a major nearshore structure is proposed: research
defining the migratory habitats of Mackenzie River stocks
of Arctic cisco, and their contribution to the Alaskan
stock; other research identified in relation to Hypothesis
14,

Same as Hypothesis 14.

The construction of shorebases and shallow production fields
will result in a decrease in the population of Arctic cisco.

Arctic cisco
The hypothesis is unlikely and not worth testing.
None

None

Water intakes will reduce populations of broad whitefish
and Arctic cisco.

Broad whitefish, Arctic cisco
The hypothesis is unlikely and not worth testing.
None

None




Hypothesis 18:

VEC:
Conclusion:
Research:

Monitoring:

Hypothesis 19:

VEC:
Conclusion:
Research:

Monitoring:

(xxxii)

Air emissions associated with aircraft and marine traffic;
and operation of drill rigs, offshore platforms and shore-
bases will adversely affect air quality.

Air quality

The hypothesis is unlikely.

None

None (see text)

Dredging and deposition of spoils will reduce benthic
invertebrate, fish and bearded seal populations.

Bearded seal
The hypothesis is valid and testable.
None

Site-specific wmonitoring is recommended in areas of
potential concern (see text).
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PREFACE

The restricted objectives of the Beaufort Environmental Monitoring Project
should be emphasized. The intent of the project 1is not to provide
recommendations for a definitive research program which would address all the
fundamental knowledge gaps that exist in the Beaufort region. The cost of
acquiring these data would be very high and may still fail to address the
issues which finally emerge as those of regulatory and public concern. The
objective of BEMP is to identify and implement those research and monitoring
activities which are considered necessary for the responsfb]e management of a
phased development of Beaufort Sea hydrocarbons, through the administration of
the vrelevant 1legislation administered by INAC. The specific focus and
objectives of BEMP should not detract from an overall recognition of our
fundamental knowledge gaps in the Beaufort. Encouragement and support should
be given to those agencies with responsibilities to conduct research programs
which reflect their particular mandate in this region.

David P. Stone
Northern Environmental Protection Branch
Indian and Northern Affairs Canada
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INTRODUCTION

There is considerable concern that adverse environmental impacts may occur in
the Beaufort Sea as a result of hydrocarbon development activities. While
there has been a Tlarge expenditure of time and money in the production and
review of the Beaufort Sea - Mackenzie Delta Environmental Impact Statement
(Dome Petroleum et al. 1982), many concerns persist because of the recognized
difficulties and uncertainties associated with environmental impact
assessment. In the Beaufort, these difficulties are compounded by the lack of
experience with some of the innovative technologies proposed, and the Timited
experience of the petroleum industry in the offshore Arctic. Due to these
remaining concerns and uncertainties, particularly in the context of Beaufort
Sea hydrocarbon development, there is a clear need for an environmental
research and monitoring program that is fully integrated with the exploration
and development scenario. In response to this need, Indian and Northern
Affairs Canada (INAC) and Environment Canada have initiated a program called
the Beaufort Environmental Monitoring Project (BEMP).

Long-Term Objective

The 1long-term objective of BEMP is to provide Indian and Northern Affairs
Canada and Environment Canada wifh the technical basis for design, operation
and evaluation of a comprehensive and defensible envirbnmenta] research and
monitoring program to accompany hydrocarbon development activities in the
Beaufort Sea region.

To meet this objective adequately, the monitoring program must include the
following features:

1) determination of the most significant environmental resources and
features 1ikely to be affected by development;

2) formulation and testing of impact hypotheses and predictions;



3) recommendation of mitigative measures and continual evaluation of
their success; and

4) adaptability of future research and monitoring to reflect new

information, identified data gaps, and changes in the development
scenario,

Immediate Objective

This report is the product of a series of steps aimed at meeting the immediate
objective of providing INAC and Environment Canada with a plan for initiating
research and monitoring activities. Therefore, most of this report consists
of descriptions of the elements of a defensible approach to research and
monitoring. Prior to considering those elements, we have included a detailed
description of the methods used throughout this program, since the nature of
our recommendations have been heavily influenced by these method;.

To date, BEMP has proceeded through an initial workshop, a series of technical
meetings and a second workshop. During the first workshop (May 16 to 20,
1983), development of a simulation model was initiated. The model was Tlater
refined during a series of technical meetings which followed the first
workshop. A series of impact hypotheses was generated through the refinement
process, and later evaluated at the second workshop held from November 28 to
December 2, 1983. Since the focus of this project is monitoring, strategies
employed for industrial developments elsewhere in the world, such as the use
of "Biological Early Warning Systems", were also briefly discussed and
evaluated at the second workshop. The advantages, disadvantages and
principles behind these other approaches to environmental monitoring are
summarized in Appendix I of this report. The names, affiliations and research
interests of workshop participants are identified in Appendix II.



METHODS
Definitions
Impact Hypotheses

Fundamental to the methods used in this project is the concept of an impact
~hypothesis. Simply stated, an impact hypothesis is a statement that Tinks
development activities with their potential environmental effects. Without a
statement of relevant impact hypotheses to guide it, a monitoring program may
become a directionless effort in data collection. '

Monitoring and Research
In BEMP, monitoring is defined as a test of an impact hypothesis designed to:

(a) measure environmental impacts; and
(b) analyze cause-effect relationships.

Research is a test of a system process hypothesis, or baseline measurements.
In the context of BEMP, research will only be proposed if the existing level
of understanding is inadequate to:

(a) differentiate issues from non-issues; or
(b) predict the direction of change.

Monitoring 1in this context is the repetitive measurement of variables to
detect changes directly or indirectly attributable to a specific development
activity. The primary purpose of monitoring 1is to determine causal
relationships between development activities and environmental effects.
Understanding the causes of these effects can then be used to plan appropriate
mitigative responses. In the context of BEMP, monitoring is not surveillance



or a part of the regulatory process used to ensure that industry meets the
environmental terms and conditions of 1its operating permits. Monitoring is a
scientific process, designed to test specific hypotheses 1linking actions
(sources of environmental impact) to their expression in the biophysical
environment.

Valued Ecosystem Component
Following the approach described by Beanlands and Duinker (1983), the Valued
Ecosystem Component (VEC) concept was adopted in this project to aid in
definition of impact significance. VECs were defined as resources or
environmental features that:
a) are important to local human populations; or
b) have national or international profiles; and
c) if altered from their existing status, will be important in
evaluating the impacts of development and in focusing management or
regulatory policy.

Tasks

Development of the research and monitoring plans described in this report was
accomplished by proceeding through the following steps:

1)  identification of Valued Ecosystem Components;
2) didentification of development activities;
3) jdentification of spatial extent and resolution of the model;

4) jdentification of temporal horizon and resolution of the model;



5) identification of 1impact hypotheses that relate development
activities to VECs; :

6) preliminary screening of impact hypotheses for validity, relevance,
and credibility;

7) evaluation of impact hypotheses; and

8) definition of research and monitoring programs necessary to test
valid impact hypotheses.

Models and Workshops

Tasks 1 to 6 (described above) were facilitated by using the techniques and
methods of Adaptive Environmental Assessment and Management (AEAM) (Holling
1978). This approach 1involves development of a simulation model of the
relationships between development activities and the biophysical environment.
The modelling process forces workshop participants to think 1in inter-
disciplinary, quantitative, dynamic terms about the interactions between the
development and the environment. The simulation model is a set of linkages
describing the interrelationships between the various components representing
the biophysical processes of the Beaufort Sea and the proposed development
activities. The elements of an impact hypothesis are defined by tracing
through a series of linkages from a given set of development activities to an
attribute or component of the environment for which there 1is public or
scientific concern.

The modelling process was conducted in workshops and technical meetings.
These workshops and technical meetings included experts from industry,
government, universities and the consulting community (Appendix II), and were
conducted by experienced facilitators/modellers. Table I-1 shows how the
modelling, workshops, technical meetings and reporting relate to each of the
eight fundamental tasks in the project.



TABLE I-1

TASKS AND ACTIVITIES IN MONITORING PLAN DESIGN

TASK MODELLING MEETINGS REPORTING/DOCUMENTATION
Identification Model building task | - scoping - report documenting
of VECs - workshop 1 the VEC's prepared

for presentation at
workshop 1
Identification Model building task | - scoping - reports on each new
of Development - workshop 1 development scenario
Activities - ongoing are prepared as
scenario is revised
Identification Model building task { - scoping - workshop 1 report
of Spatial Extent - workshop 1 model description

and Resolution

- technical meetings

Identification of
Temporal Horizon
and Resolution

Model building task

- scoping
- workshop 1
- technical meetings

- workshop 1 report
model description

Identification of
Impact Hypotheses

Model structure
is composed of
linked impact
hypotheses

- workshops ,
- technical meetings

Screening of
Impact
Hypotheses

Quantification of
the 1inks elimin-
ates unrealistic or
ill-specified

- technical meetings

- preliminary flow-
charts and state-
ments of impact
hypotheses were
prepared prior to
workshop 2, based on
the model building
programming and
analysis and dis-
cussions in tech-

hypotheses nical meetings
Evaluation of - workshop 2 - final report
Impact
Hypotheses
Definition - workshop 2 - final report

of Research/
Monitoring




Identification of VECs

A T1ist of potential VECs, based on the perceived environmental concerns and
issues related to Beaufort hydrocarbon development was prepared before the
first workshop. Four sources of information were reviewed during preparation
of this Tist:

1) Volume 4 (Biological and Physical Effects), Environmental Impact
Statement for Hydrocarbon Development in the Beaufort Sea - Mackenzie
Delta Region, 1982, Prepared by Dome Petroleum Limited, Esso
Resources Canada Limited, and Gulf Canada Resourcés Inc.;

2) The Biological Effects of Hydrocarbon Exploration and Production
Related Activities, Disturbances and Wastes on Marine Flora and Fauna
of the Beaufort Sea Region. Beaufort Sea - Mackenzie Delta EIS
Support Document Prepared by ESL Environmental Sciences Limited,
1982, for Dome Petroleum Limited, 450 pp.;

3) The Interim and Second (Final) Compendium of Written Submissions to
the Beaufort Sea Assessment Panel on the Dome, Guif and Esso
Environmental Impact Statement, February, 1983.;

4) Individual submissions of the Technical Experts retained by the
Beaufort Sea Environmental Assessment Panel (Greisman 1983, Mackay
1983, Parsons 1983).

The preliminary 1ist of VECs was reviewed at the first workshop, and as a
result of discussions at this time and during subsequent technical meetings,
was revised to the list shown in Table I-2. The identification of VECs is a
critical process because it (1) defines the quantities for which the
simulation model must provide predictions through time, and (2) most
importantly, 1imits the discussion of 1impact hypotheses and monitoring
programs to those resources and supporting biophysical processes that are of

greatest concern with respect to development in the region.



TABLE I-2

FINAL LIST OF VALUED ECOSYSTEM COMPONENTS
ADDRESSED AT THE SECOND WORKSHOP

- population, harvest, and available habitat for:

white whale *  thick-billed murre
bowhead whale *  brant

ringed seal " lake whitefish
bearded seal *  broad whitefish
polar bear *  Tleast cisco
common eider * Arctic cisco

king eider * Arctic char

diving ducks
(oldsquaw, scoters, scaups

- air quality

Identification of Development Activities

The development activity (action) is at the beginning of the causal chain
defining an impact hypothesis related to a given VEC. In identifying the
nature, extent and duration of development activities in the region, the
project team worked closely with the proponents of hydrocarbon development to
determine the range of activities contemplated. The activities were divided
into four major groups:

1) exploration activities and drilling associated with discovery and
delineation of oil resevoirs;



2) construction of islands and o0il production facilities, and the
drilling of production wells;

3) subsea pipelines and onshore gathering systems; and

4)  transportation of produced hydrocarbons within the Beaufort Region by
tankers.

The simulation model is designed to accept any number of different development
scenarios and can be modified as vrequired when the scenario changes.
Scenarios for five different levels of development are currently included in
the model, based on information provided by Dome Petroleum Limited and
supplemented with specific estimates contained in the 1982 Beaufort Sea
Planning Model (Dome Petroleum et al. 1982).

Identification of Spatial Extent and Resolution of the Model

The current geographic scope of the project and, therefore, the spatial extent
of the model was determined as follows. The Alaska-Yukon border was selected
as a practical western 1imit to the study area. A Tine directly west from the
northwestern tip of Banks Island was expected to encompass most possible
positions of the polar pack ice edge and, therefore, delineate the northern
1imit of the study area. Amundsen Gulf, considered important in terms of the
ice dynamics of the region as well as marine bird and mammal habitat, was
selected as the eastern boundary. Since the focus of BEMP is marine, the
landward extent of the study area was limited to 2 km inland within the
Mackenzie Delta region, and the level of maximum storm surges elsewhere along
the coast.

Within these spatial boundaries, the study area was further subdivided into 11
spatial units on the basis of ice conditions and the influence of the
Mackenzie River turbidity plume (Figure I-1).
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Four ice zones were considered during the spatial bounding. The landfast ice
zone was assumed to extend to approximately the 20 m jsobath. The transition
(shear) zone was basically defined as being located between the 20 and 100 m
isobaths, although passing over much greater depths in the east (off Amundsen
Gulf-Banks Island) and 1in the west (off Mackenzie Bay and the Yukon
coastline). The polar pack was considered located seaward of the transition
zone, while Amundsen Gulf was defined as a separate ice zone because of the
expected importance of the recurring polynya in this region,

The Tlocation and spatial extent of the Mackenzie River plume was also taken
into consideration during the definition of spatial subzones. Two different
conditions were recognized:

1) a situation where sustained westerly winds cause the plume to be
confined within the area bounded by the 20 m isobath; and

2) a situation where sustained easterly winds cause the plume to move
offshore into the transition zone.

In addition, a zone shoreward of the 5 m isobath and adjacent to the Mackenzie
River Delta was separately defined as an area of sustained and major plume
influence. Within each of the 11 spatial units, water depths above and below
the pycnocline were considered separately.

Identification of Temporal Horizon and Resolution

The development of a dynamic simulation model required specification of the
maximum time over which the effects of development would be examined (temporal
horizon) and the time step (resolution) within that horizon. A time horizon
of 30 years and a time step of 1 year were selected during the first workshop,
although these specifications were further refined as the project proceeded.
For example, to satisfy all disciplinary requirements, a weekly time step was
eventually established for the period from April through October and a single
21-week time step was established for the winter.
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Identification of Impact Hypotheses

The simulation model is composed of hundreds of 1linkages that connect the
development activities to the VECs. An impact hypothesis can be defined by
tracing through a set of linkages from development activities to a given VEC.
Some hypotheses are straightforward and involve only one or two linkages,
while others must encompass complex food web interactions. In either case,
each Tinkage must be specifically defined for use in the simulation model.
These Tinkages were 1initially defined during the first workshop and later
refined at the technical meetings.

Screening of Impact Hypotheses

Since the simulation model contains so many potential T1inkages and
relationships, it was necessary to select a set of impact hypotheses from the
large number of potential hypotheses for evaluation at the second workshop.
The initial screening was conducted by the modellers. Preliminary flowcharts
and impact hypothesis statements were developed on the basis of each
individual's experiences in constructing the model and subsequent testing of
the sensitivity of the VECs to critical assumptions used in development of the
model. Unrealistic and il1l-specified hypotheses were then corrected or
deleted. In the technical meetings, this sub-set of potential impact
hypotheses was further evaluated and eventually reduced to twenty-one
hypotheses considered most important at that time. Another hypothesis was
added to this 1ist at the beginning of the workshop. Three of these
hypotheses involving resource use could not be fully assessed by the present
workshop participants, and are shown with their associated 1linkages 1in
Appendix III,

A conceptual diagram of the hypotheses represented in the simulation model and
the dnterrelationships among the 1linkages and VECs associated with these
hypotheses 1is provided in the pocket on the back cover of this report.
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The 19 hypotheses evaluated during the second workshop encompass a
considerably larger number of perceived concerns associated with Beaufort
hydrocarbon development by virtue of the multiple linkages involved in most of
the hypotheses. One of the strengths of the Valued Ecosystem Component (VEC)
approach is that it facilitates consideration of the cumulative indirect
impacts of a number of environment-development interactions that may
ultimately cause a change in a VEC. The range of environmental concerns that
have been expressed 1in relation to Beaufort hydrocarbon production were
reviewed during development of the simulation model, and most of these
concerns are included as a linkage in one or more of the hypotheses presented
in the following sections. Nevertheless, some of the potential concerns
identified in the Beaufort Sea/Mackenzie Delta EIS, its support documents, and
in the submissions of intervenors during the public review of the development
proposal are not discussed in this report.

If an issue previously raised in conjunction with Beaufort development is not
specifically addressed in this report, this is either because: (1) the
concern was focused on environmental features or resources that are not within
the geographic scope of this study; (2) the concern involves a component of
the environment that is embodied within the structure of the simulation model,
but would not be reflected in a change in a VEC; or (3) the workshop
participants believed that on the basis of available scientific evidence, the
issue was perceived rather than real. Examples of each of these categories of
issues are provided below.

Examples of concerns that were not addressed because they Tlie outside the
geographic scope of BEMP are: the potential attraction of polar bears and
Arctic fox to solid waste disposal sites; disturbance of many species of
birds that nest, stage and moult in coastal habitats adjacent to the Beaufort
Sea but are not generally found 1in marine areas; and many strictly
terrestrial 1issues that were raised in connection with the Yukon coast
shorebase proposal.
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The 1largest proportion of the environmental concerns that are not directly
discussed in this report fall into the second category mentioned above, and
generally include those issues that centered on environmental components other
than VECs. However, several of the hypotheses examined during the second
workshop involved T1inkages that included food web interrelationships and
interactions with physical features such as the ice environment. For example,
the effects of icebreaking and the physical presence of offshore structures on
the stability and breakup of the -landfast ice regime was considered in a
hypothesis dealing with the range of development activities that could affect
white whale harvest. Similarly, development-induced effects on Arctic cod and
changes in epontic production were considered in relation to a hypothesis
addressing the impacts of icebreaker traffic in Amundsen Gulf on ringed seal
and polar bear populations.

The most significant of the issues that were considered perceived rather than
real by workshop participants relate to the discharge of production wastes
(water-base drilling muds, cuttings and produced water) in offshore waters.
The effects of offshore production waste disposal have been the subject of
numerous field monitoring and laboratory studies, and it is the general view
that the impacts of offshore waste disposal are limited to a zone within a few
hundred wmetres of discharge sites and are largely restricted to benthic
habitats and resources (see Thomas et al. 1983 for review). Workshop
participants recognized that some form of compliance monitoring may be
initiated in relation to offshore production waste discharges, although an
effects monitoring program of regional scope was not considered necessary
given the localized nature of anticipated impacts. Other issues which have
been voiced by various parties but were not considered real concerns from a
regional perspective include: discharge of sewage; effects of underwater
noise on fish; and changes in climate as a result of sea ice removal.
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Evaluation of Impact Hypotheses

The actual evaluation of the 19 impact hypotheses occurred during the second
workshop. On the first day, each hypothesis was reviewed by the participants
and, following this review, the necessary modifications, additions or
deletions to the hypotheses were undertaken. For the next three days, each
hypothesis was critically evaluated by a working group, and a
monitoring/research strategy was proposed in those cases where the hypothesis
was considered valid and worth testing. These working groups differed from
the modelling subgroups (discipline specific), and were restructured daily to
include a cross-section of expertise relevant to all aspeéts of the hypothesis
under discussion,

The agenda for evaluation of each impact hypothesis included the following
five steps:

Step 1) Clarification of the Hypothesis:

This involved achievement of a consensus within the working group
regarding the structure of the hypothesis and, if necessary,
restatement of the hypothesis and/or its associated linkages.

Step 2) Documentation of the Existing Knowledge:

For all 1linkages constituting the hypothesis, the following
information was documented:

a) evidence for and against;

b) uncertainties;

c) other information potentially useful; and

d) description of model projections (if appropriate).
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Conclusion:

This step required that the working group arrive at one of four
possible conclusions. On the basis of discussions in step two
(Documentation of Existing Knowledge), group participants
concluded that a given impact hypothesis:

a) was extremely unlikely and not worth testing;

b) was possible, but too difficult to detect;

¢) vrequired more information before a monitoring plan could be
designed (e.g., research); or '

d) should be tested with a detailed monitoring plan.

Monitoring and Research:

If the conclusion at step three was either (c) or (d), a
discussion focussing on the 1linkages of the hypothesis was
initiated. The discussion addressed the following questions in
order to design a monitoring plan which would test the impact
hypothesis:

a) What do we monitor?

b) What do we want to know ?

c) What do we actually measure to accomplish (i) and (ii)?
d) What information do we get from these measurements ?

e) How does this achieve what we want to know?
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Step 5) Documentation:

To adequately document the discussion and evaluation of each
impact hypothesis, the "recorder" assigned to each working group
delegated specific responsibilities to other group members,
including the preparation of draft report sections. The recorder
was responsible for ensuring that documentation of the discussion
of a given hypothesis was completed and submitted at the end of
the day.

In most instances, participants of each working grbup were given an
opportunity to review the synthesized versions of the hypothesis documentation

during the course of the workshop.

Preliminary Design of the Research and Monitoring Plans

In most cases, the preliminary design of research and monitoring programs
emerged out of the discussions which occurred during the evaluation of the
impact hypotheses. Edited versions of the reports produced for each of the
hypotheses evaluated during the second BEMP workshop are presented in the
following sections of this report.

Limitations in Scope

Limits in the scope of a project of this type are essential for efficiency.
However, scope restrictions can be interpreted as shortcomings of a program
unless specifically stated. This section identifies some of the subjects that
were intentionally excluded from the present phase of the Beaufort
Environmental Monitoring Project. Some of these subjects were considered
outside the intended scope of the study, while others were worthy of
consideration but could not be examined within the framework of the project
due to time constraints or discipline expertise that was committed in advance
to the workshops. In addition, specific assumptions regarding the Beaufort
Sea hydrocarbon development scenario are also stated in this section.



1)

2)

3)

18

This project was intentionally 1limited to consideration of the
effects of hydrocarbon development activities on the environment,
rather than the effects of the environment on industrial activities.
It is recognized that various monitoring programs are ongoing and may
be required in the future to examine the integrity of offshore
facilities in relation to the ice environment and other aspects of
industry operations in this region.

The hydrocarbon development scenario assumed throughout this project
was the range and intensity of activities described in the Beaufort
Sea/Mackenzie Delta EIS (Dome Petroleum et al. 1982). In particular,
it was assumed that: (1) production facilities would not be located
in waters less than 5 m deep; (2) if oil-base muds are used for
exploratory or production drilling, oil-contaminated cuttings would
not be discharged to the marine environment; (3) major dredging
operations required for offshore island construction would not be
conducted in inshore areas; (4) solid-fill causeways would not be
required along the Yukon coast and Tuktoyaktuk Peninsula; and (5) all
wastes associated with the development would be treated and
discharged in accordance with the "best practicable technology"
(Thomas et al. 1983).

Catastrophic o0il spills and blowouts, while an important area of
potential concern related to any hydrocarbon development, were not
considered in this project because their infrequent and unpredictable
occurrence makes these events an inappropriate target for routine
monitoring. It was assumed that a scientific response to determine
the short- and Tlong-term effects of a major oil spill may be
initiated in the event of this type of environmental emergency, but
was outside the scope of this project.
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The definition of the study area used throughout this project
included that portion of the coastal zone to the Tevel of maximum
storm surges in areas outside the Mackenzie Delta, and to a point 2
km onshore within the Delta itself. However, the impacts of
shoreline developments on the coastal zone per se were not considered
during this project. It is recognized that such potential concerns
may have to be addressed in future programs of this type.

As indicated earlier, a 1list of potentia] Valued Ecosystem Components
was prepared prior to the first workshop. This 1ist and other
possible VECs were discussed amongst workshop participants, and a
number of recommendations regarding VECs were not accepted by the
group as a whole for various reasons. Among these were the following:

a) Thick-billed murre: The colony at Cape Parry was originally

identified as a VEC, but was not included 1in the modelling
process or in the hypotheses considered in the second workshop,
because potential concerns related to the impacts of hydrocarbon
development on this colony were viewed as a very site-specific
jssue. Undoubtedly, protective measures should be instituted
whenever development activities impinge on the Cape Parry area.

b) Snow goose: The snow goose was selected as a VEC early in the
project, but was excluded from further consideration prior to
the second workshop because use of the marine environment by
this species is extremely Timited.

c) Red-throated Toon: The red-throated loon was recommended for

inclusion as a VEC during a technical meeting held after the
first workshop. However, since the full group of workshop
participants did not have the opportunity to evaluate arguments
for and against inclusion of this species, it was not added to
the 1ist of VECs.
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d) Coastal zone, Bathurst polynya, landfast ice: The latter two
environmental components were included on the list of potential
VECs prepared in advance of the first workshop, while the
inclusion of the coastal zone as a VEC was suggested by several
of the participants during the first workshop. These
environmental components were not included in the final Tist of
VECs for the project because the full group of workshop
participants did not have the opportunity to evaluate arguments
for and against their inclusion.

The hypotheses considered in this report invo]ve'one or more linkages
between development activities and a VEC. Where the hypothesis and
its associated Tlinkages were not only considered valid but also an
area of potential concern related to Beaufort development, monitoring
and/or research has generally been recommended. It is important to
emphasize that this monitoring and/or research should include
detailed measurements of the industrial activity, and not just focus
on the VEC or the linkages between development and the VEC.

Three hypotheses: involving native and non-native harvests of
resources were considered during the second workshop. The focus of
these hypotheses was the effect of changing harvest methods and
patterns on VEC populations. However, the direction and magnitude of
these changes could not be adequately addressed by the discipline
specialists that attended the workshop. A logical framework for
consideration of changing harvest was discussed during the workshop,
but because judgements regarding the dynamics of the processes
involved were not possible, only flowcharts for these hypotheses have -
been included in this report (Appendix III).
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HYPOTHESIS NO. 1

THE EFFECTS OF SHIP TRAFFIC, SEISMIC EXPLORATION AND ACTIVE
OFF SHORE STRUCTURES ON THE WESTERN ARCTIC
POPULATION OF BOWHEAD WHALES
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Ship traffic, seismic exploration and active offshore
structures will cause a reduction in the western
Arctic population of bowhead whales.

POPULATIONS OF BOWHEAD WHALE
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Figure 1-1 Potential effects of ship traffic, seismic exploration and active
offshore structures on bowhead whales.
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Linkages

1. Each active offshore island or platform will exclude bowheads from a zone
around the island/platform. The size of this zone is unknown.

2. Ship traffic will exclude bowheads from a zone around the ship track.
3. Each passage of a ship will reduce the feeding time available to bowheads.

4, Each passage of a ship will increase the energy expenditure of whales due
to avoidance behaviour.

5. The available aquatic habitat determines the level of available food.

6. The amount of available food and the time available for feeding determine
the energy intake.

7. Energy intake and expenditures determine the energy balance of a bowhead
whale.

8. The energy balance of a bowhead wha]e determines its survival and its
abitity to reproduce.
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Rolph Davis Don Schell
Max Dunbar Aaron Sekerak
Dave Mackas Denis Thomson
Peter McNamee Doug Wolfe
Ed Pessah

INTRODUCTION

The western Arctic bowhead whale population winters among the pack-ice of the
Bering Sea, and summers in the Canadian Beaufort Sea and Amundsen Gulf. In
May and early June, bowheads enter the Canadian Beaufort Sea through Teads in
the pack-ice which are far offshore and, therefore, well beyond areas where
hydrocarbon development activities presently occur or are likely to occur in
the future. However, the bowhead population occurs in areas that are in part
coincident with and may be affected by offshore hydrocarbon activities from
Tate June until mid September (Davis et al. 1982). The western Arctic
population of bowheads was heavily exploited by commercial whalers from 1848
to 1915. The population has also been subjected to a subsistance hunt by
Alaskan Inupiat since before the historic era. The pre-whaling population,
estimated to be 14,000 to 20,000 bowheads, has been reduced to a present
population of about 4000 animals (IWC in prep.). The population is considered
"endangered" under U.S. legislation and by the Committee on the Status of
Endangered Wildlife In Canada (COSEWIC).

It is well known that whales rely on underwater acoustic information for
communication and perhaps orientation, although there is limited knowledge
regarding the hearing capabilities of baleen whales (including bowheads).
However, vocalizations are known to occur at very low frequencies (e.g.,
< 1 kHz), and most noise from offshore industry activities also consists
primarily of low frequency components. Consequently, there 1is particular
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concern that bowheads could be affected by offshore development in the
Beaufort Sea (see Richardson et al. 1983b for a review of these concerns and
available information). The hypothesis examined during the workshop 1is that
ship traffic, seismic activity and active offshore platforms and islands will
cause a reduction in the western Arctic population of bowhead whales. The
conceptual steps 1linking industry activities with hypothesized effects on the
bowhead population are in Figure 1-1, and discussed in subsequent sections.

LINKAGES

Link 1: Each active offshore island or platform will exclude bowheads from a
zone around the island/platform. The size of this zone is unknown.

It has been reasonably well documented that marine mammals tend to respond
more actively to moving sources of disturbance than to stationary sources (cf.
Evans 1982; Fraker and Fraker 1982; Richardson et al. 1983a, 1983b). Fraker
et al. (1982) demonstrated that bowheads were not actively avoiding the
Issungnak artificial island off the Mackenzie Delta during periods of island
repair and dredging in 198l. There are also several sﬁghtings of bowheads
near stationary structures by industry personhe] (Fraker and Fraker 1981).
However, active drilling or production islands have associated ship and
helicopter traffic, and these mobile noise sources might act in conjunction
with on-island activities to produce a zone of at Tleast partial exclusion
around offshore islands and platforms (Richardson et al. 1983c, in press).

It was concluded that a zone of exclusion may exist around active offshore
structures, but that the size of the zone is unquantified and would vary with
a complex of factors. This exclusion might reduce the amount of habitat
available to feeding bowheads.
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Link 2: Ship traffic will exclude bowheads from a zone around the ship track.

The available data indicate that ship passages through or near bowhead
aggregations cause avoidance reactions by the animals. However, bowheads have
been observed to reoccupy single ship tracks within one or two hours (Fraker
et al. 1982; Richardson et al. 1983b). There are no data regarding the
potential Tlong-term exclusion of bowheads from areas frequented by several
ship passages or the sizes of zones of exclusion in areas with multiple ship
passages. Similarly, it is not known if bowheads would habituate to repeated
ship passages, thereby reducing the size of the zones ofkexclusion.

A potentially more serious loss of habitat and feeding opportunities could
occur if some combination of industrial activities creates a large zone of
total exclusion. This would occur if bowheads began to avoid the relatively
large area of overall dindustrial activity rather than simply reacting to or
avoiding specific activities within the industrial zone. During four years
(1980-1983) of systematic aerial surveys for bowheads on their summer range,
there has been an apparent decline in the use of the existing industrial zone
in the Beaufort Sea by the bowhead population (Richardson et al. 1983d;
McLaren and Davis, in prep.). However, it is not known if the distribution
patterns observed to date are vrelated to industrial activity or to
oceanographic factors that determine bowhead food supplies.

Link 3: Each passage of a ship will reduce the feeding time available to
bowheads.

The available data suggest that bowheads within 1 or 2 km of each side of a
ship take evasive action as the vessel approaches. On average, affected
individuals resume normal behaviour within one hour (Richardson et al. 1983a).
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However, it 1is not known if bowheads are prevented from feeding during the
1-hour period of altered behaviour. The length of each interrupted feeding
period may also become shorter with time if the whales habituate to the
disturbance. Despite uncertainties associated with estimating the extent of
lost feeding time, it was concluded that the Toss could be significant to
individual whales.

Link 4: Each passage of a ship will increase the energy expenditure of whales
due to avoidance behaviour.

Ship passages may disturb whales to the extent that they stop feeding and flee
from the ship. This would involve an energetic loss since feeding activities
would be disrupted (1ink 6), and energy would be lost through the cost of
avoidance. Tucker (1975) calculated the energy cost for motion of various
species, although whales were not included in his analysis due to a lack of
data. However, Sumich (1983) recently calculated the energetic cost of motion
for a gray whale, and it is possible to estimate the cost of motion for a
bowhead whale by plotting his data on Tucker's cost of motion figure. Using
these data, a 50 tonne adult bowhead would be éxpetted to expend 0.08
Kcal/kg/km, while a 23 tonne immature individual would expend 0.09
Kcal/kg/km. It is emphasized that these estimates are based on only a single
data point. There are no other estimates that can be used for comparative
purposes, or methods of assessing the reliability of the above calculations
for bowheads. They are, however, the only available estimates for the
energetic costs of motion by bowheads. It was concluded that this 1link is
valid but its significance relative to the overall energy balance of bowhead
whales cannot be assessed.
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Link 5: The available aquatic habitat determines the level of available food.

Studies conducted by Brodie (1981) and Griffiths and Buchanan (1982) have
indicated that bowhead whales must feed in areas of dense zooplankton
concentrations. The latter authors suggested that zooplankton biomass must be
at least 7 g/m3 for a bowhead to meet its energetic requirements. In other
areas, the zooplankton biomass necessary to meet baleen whale energetic
requirements has been Tlocated by using sophisticated acoustic techniques
(Sameoto 1983). Although this type of study has not been conducted in the
Beaufort, work in other{areas indicates that the following phenomena may occur
in the Canadian Beaufort Sea: (1) Oceanographic processes which are
discontinuous 1in space and time give rise to a patchy distribution of
phytoplankton in areas of high primary productivity, and (2) this results in a
similar patchy distribution of areas containing a high zooplankton standing
stock.

In the Canadian Beaufort Sea, high zooplankton standing stocks may result from
high primary productivity within the Cape Bathurst Polynya and in areas of
summer upwelling. The Cape Bathurst Polynya is open early in the season, and
physical processes in this area may include the transport of nutrient-rich
water to the surface (see Hypothesis No. 6). This could result in high
primary and secondary productivity at a time of year when production is low
throughout the remainder of the Beaufort Sea/Amundsen Gulf region.

In summer, upwelling events may determine areas with high diatom production
and, therefore, result in aggregations of copepods and euphausiids. This
phenomenon has been demonstrated in Alaskan waters where aggregations recur in
the same general areas from year to year, but vary in specific location and
extent (NOAA/OCSEAP Sale 67 synthesis report, 1in prep.). In the Alaskan
Beaufort Sea, highest zooplankton standing stocks are found within the shelf
break zone but not in the extreme nearshore zone (D. Schell, pers. comm.).



30

Evidence from other areas indicates that local aggregations of zooplankton may
occur near fronts, upwelling plumes, bathymetric irregularities, the edge of
river plumes, and other transient or quasi-stationary hydrographic features
(Pingree et al. 1974; Mackas et al. 1980; Seliger et al. 1981).

Competition with the planktivorous Arctic cod for food may be another
relatively 1important factor delineating bowhead whale feeding habitat.
However, there is no information on these potential interactions or the scale
of zooplankton patchiness in the Beaufort Sea. Consequently, it 1is not
presently possible to delineate bowhead feeding habitat even in general terms.

It was concluded that if the amount of habitat is decreaséd, food availability
could also be reduced. This relationship, however, is expected to be mediated
by the range of factors affecting zooplankton concentration 1in the water
column,

Link 6: The amount of available food and the time available for feeding
determine the energy intake.

Determination of the energetic requirements of bowhead whales requires several
assumptions regarding the biology and ecology of this species. In the
simulation model, it was assumed that bowhead whales feed for 105 days in the
Canadian Beaufort Sea and 60 days during the fall migration. Using data in
Davis et al. (1983), it was estimated that the average length of an adult
bowhead was 14.5 m, which corresponds to a body weight of 51.8 tonnes (Brodie
1981). Based on calculation methods provided in Brodie (1975, 1981), a whale
this size would require 47,220 Kcal/d for basic metabolism and warming of
air. However, the whales also migrate 6000 km, move while feeding and during
other activities, and warm food (see Tucker 1975; Brodie 1981; Sumich 1983).
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When these other factors are considered, the total annual energy requirement
is estimated at 112 x 106 Kcal. Arctic zooplankton contain approximately
6.5 Kcal/g dry weight (Percy and Fife 1981), and dry weight is about 15
percent of the wet weight. Assuming that a bowhead whale feeds 165 days per
year, on the average, it would then consume 870 kg/d (wet weight) during the
summer and fall.

Although the stomachs of other baleen whales hold large quantities of food
(>500 kg; Nemoto 1957; Lockyer 1981), the bowhead stomach 1is substantially
smaller (about the size of a cow's stomach; T. Albert, pers. comm.). The
maximum amount of food recovered from a bowhead stomach was about 40 kg (Lowry
and Burns 1980), although the actual maximum capacity is unknown. If the
above quantity is near the maximum capacity of the stomach, then an adult male
or resting female would have to feed almost continuously throughout the day
and process food at the rate of at least 36 kg/h. Consequently, the bowhead
could be unlike other baleen whales in that it may be unable to take advantage
of large concentrations of food and appears morphologically adapted to feed on
small patches of high zooplankton concentrations. If the above is true,
disruption of feeding could mean that an affected individual would be unable
to recover Tlost feeding opportunities or energy expended in avoidance
reactions.

Link 7: Energy intake and expenditures determine the energy balance of a
bowhead whale.

This T1ink is self-evident for any animal, and is presented here as a necessary
precursor to the following link.
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Link 8: The energy balance of a bowhead whale determines its survival and
its ability to reproduce.

The energy balance of the individuals in the population strongly influences
the reproductive capacity and health of the population.

Bowhead whales are believed to do most, if not all, of their feeding in the
Arctic during the summer. However, there is only circumstantial evidence to
support this hypothesis. For example, virtually all other species of baleen
whales in both hemispheres that migrate to high latitudes for the summer do
most of their feeding in these waters. Other indirect evidence in support of
the hypothesis includes the fact that seasonal primary production and
zooplankton stocks are highest in summer, and that the caloric content of
zooplankton 1is also highest during summer. Zooplankton abundance and
zooplankton caloric content are at their annual minimums in the Bering Sea
during the winter period when bowheads are present. Bowheads harvested in the
Alaskan Beaufort Sea in early fall (September) have food in their stdmachs,
whereas those taken in spring (May) have empty or nearly empty stomachs.
Consequently, it is probable that the energy balance of bowheadshis strongly
positive during summer and highly negative during winter.

CONCLUSIONS

The combination of (1) the high energy intake requirements, (2) spatial and
temporal variations in usable prey concentrations, and (3) the apparent
susceptibility of bowheads to some types of disturbance suggests that there is
a potential for changes in energy balance which could lead to reductions in
bowhead reproductive rates and population size. It was concluded that the
present hypothesis was both valid and testable. The Tinkages concerning
effects of industrial activities were expected to be possible, but since they
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have not been quantified in most cases, the 1implications of hydrocarbon
development to the bowhead population are not known. Each Tlink. in the
hypothesis is supported by circumstantial evidence. Direct and quantitative
data are lacking in most instances.

The workshop subgroup concluded that the hypothesis should be tested with a
monitoring program. It was also concluded that further research was required
to examine the hypothesis and to support the proposed monitoring programs.
The most important data gaps include the biology and energetics of bowheads,
and factors controlling zoob]ankton distribution in the Beaufort Sea. The
following sections discuss monitoring and research priorfties, although there
is considerable overlap between programs. For example, the monitoring
programs will provide information on the biology of the bowhead whale,
although the Tatter is included in the category of research.

MONITORING

1. Behavioural Responses of Bowheads

A monitoring program is necessary to examine both the short and long-term
responses of bowhead whales to existing Tevels of industrial activity in the
Beaufort Sea. The program should have three inter-related components to
address the specific objectives.

The first component should consist of systematic aerial surveys in the
southern Beaufort Sea and Amundsen Gulf to document overall bowhead
distribution. These surveys would complement past systematic surveys
(1980-1983) by continuing to monitor overall distribution patterns, and
ultimately allow assessment of year-to-year variation in  bowhead
distribution. Studies conducted to date indicate that the natural annual



34

variability in distribution is large, but a longer time-series is necessary to
document the full range and potential periodicity of distribution patterns.
The relationship between bowhead distribution patterns and industry activities
will be very important for assessment of the long-term effects of hydrocarbon
development on bowheads. However, it should be emphasized that distribution
patterns can only be interpreted after the factors controlling the
distribution and abundance of zooplankton are determined. It is assumed that
the variations in bowhead distribution observed during the four summers since
1980 are related to variations 1in food distribution and availability.
Therefore, it is important to understand the physical oceanographic factors
that control zooplankton distribution, abundance and pafchiness in order to
evaluate the possible effects of industry activities on bowhead distribution.

The second component of this recommended monitoring program involves
quantification of the short-term behavioural responses of bowheads to
industrial activities. Existing studies conducted on behalf of the U.S.
Minerals Management Service (MMS) (see Richardson, ed. 1982, 1983) provide
some information on these responses, but do not fully quantify responses in
terms of the distances moved by affected whales and lost feeding time. These
data are necessary to evaluate the basic 1inks between industry activities and
whale behaviour in the present hypothesis (Links 1, 2 and 3). Study methods
should be similar (aerial) to those used in the MMS investigation, although an
important refinement to this approach would be to include behavioural studies
with individually marked animals whenever possible. Many bowheads can be
individually recognized (Davis et al. 1983), and repeated observation of these
individuals would provide information on the acclimation of bowheads to
jndustry activities. It 1is 1important to document if individual bowheads
habituate to disturbances, thereby reducing response times and distances.
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The third component of this monitoring program should be a combination and
expansion of +the first two components and involve the use of aerial
photographic techniques to identify and measure individual bowheads. There is
some evidence that the various age and sex classes of bowheads are at least
partially segregated in summer and, therefore, it is possible that only a
proportion of the population would regularly occupy the portion of the
Beaufort Sea where industry activities and facilities are located. If
segregation occurs, a large proportion of the population may not be regularly
exposed to industry activities. At the same time, however, it is possible
that certain segments of the population, independent of age and sex, may
traditionally occupy certain parts of the summer range; Consequently, the
same individuals could occur in the industrial zone year after year. This
particular population segment could learn to avoid the area or habituate more
rapidly as a result of repeated exposures. Information concerning segregation
and use of traditional areas could be collected during:a wide-ranging aerial
photography program conducted over a number of years. The information gained
in such a program is necessary to evaluate the long-term responses of bowheads
to industry activities. This type of program will also provide important
information on the biology of the species (e.g., calving interval, size of
individuals at first breeding, survival rates of sub-adults, etc.).

2. Reproductive Rates

The present hypothesis states that industry activities could lead to a
reduction in the energy intake of bowheads. The consequences of such a
reduction would most likely be manifested in lower reproductive rates, since
females may fail to breed or to abort if they cannot obtain sufficient energy
for maintenance. Monitoring the reproductive rate of the population
therefore, would be the most direct manner of examining the potential impacts
associated with this hypothesis.
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In theory, it is a relatively simple procedure to measure the reproductive
rate of a whale population using modified aerial transect and/or photographic
methods. However, there are sampling bias problems that can significantly
affect the accuracy of results. These problems relate to the lack of data on
potential age and/or sex segregation of bowheads on the summering grounds, but
could be examined in the previously described monitoring program. As
information 1is collected, the problem should become 1less significant and
reliable measures of annual reproduction should then be possible. It is
therefore recommended that investigations of reproductive rate be conducted in
conjunction with the ‘previous monitoring program, since information on
reproductive status would also be essential for determihing patterns of age
and sex segregation. Similarly, if segregation into traditional use areas '
occurs, it would then be important to examine and compare the reproductive
rates of bowheads using the industrial zone with those of bowheads summering
in other parts of the Beaufort Sea or Amundsen Gulf. :

The aerial techniques used in this monitoring program component would also
provide information on yearlings and perhaps two-year-olds that could be used
to estimate calf survival rates. Data collected on animals that are
identifiable from the air would also provide important biological information
on the breeding interval and the stability of adult social and feeding groups.

3. Ambient Noise Monitoring

Monitoring of existing ambient noise 1evé1s in the industrial zone should be
conducted over a one year period to allow calculation and subsequent
assessment of the zones of influence of underwater noise, as well as temporal
differences in noise Tevels resulting from different Tlevels of industrial
activity throughout the year. Ambient noise measurements should also be
repeated in the future (e.g., after 10 years) to determine the magnitude of
noise level increases with time. The results of this type of monitoring could
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then be used to estimate the potential effects of underwater industrial noise
on inter-animal communications. If significant changes in bowhead population
distribution and/or reproduction were detected during other monitoring
prdgrams, ambient noise measurements would be useful to examine cause-effect
relationships.

RESEARCH
As noted earlier, there is considerable overlap between recommended monitoring
and research programs related to bowhead whales. The fo]1owing four areas of

research were identified during the workshop discussions.

1. EnerggrBalance

The present hypothesis depends on the validity of several assumptions and
indirect measurements of bowhead energy intake. Important information
regarding the energy balance of this species could be obtained by sampling the
Alaskan bowhead harvest.

A fundamental data gap concerning bowhead energetic requirements is the extent
to which feeding occurs during winter. A comparison of the physical condition
of whales taken in spring and fall could provide some “information on the
relative amounts of food taken in winter. The types of information collected
should include observations and measurements of blubber thickness, girth, fat
deposits and liver condition.

Although the maximum capacity of a bowhead stomach is unknown, examination of
fresh warm stomachs from harvested bowheads could be undertaken to determine
maximum food handling capability. Similarly, observations on stomach
musculature, histology, biochemistry and comparative anatomy could provide
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information on digestive processes in this species. Both of these types of

data would be extremely useful in determining bowhead feeding regimes and in

predicting potential impacts of disruption of the feeding regime.

Comparisons of isotopic carbon in Tliver, muscle, blubber and other tissues
from bowheads Tanded during the spring and fall harvest could also be used to
elucidate the question of winter feeding. The isotopic composition of bowhead
prey organisms in the Bering and Beaufort seas would undoubtedly be different,
and would be reflected in the isotopic composition of the bowhead tissue.

2. Distribution of Bowhead Food (Zooplankton Concentratiohs)

As noted earlier, the summer distribution of bowhead whales in the Beaufort
Sea varies among years. During the four years for which systematic data are
available, there has been a trend toward fewer animals occurring in the
industrial zone. The reasons for this apparent down trend are unclear.
Bowhead distribution is probably determined by the location of dense patches
of zooplankton, which in turn are probably determined by predictable but
variable meteorological and oceanographic factors. Thus, in years when
zooplankton patches only occur outside the industrial zone, bowheads would not
be expected to occur near industry facilities and activities, with the
exception of a few transient animals. Therefore, it 1is dimportant to
understand the factors controlling the distribution of zooplankton patches 1in
order to interpret bowhead distribution patterns in relation to food and
industrial activities.

The following recommended research program has been designed to determine
which factors control the distribution of zooplankton patches, and to provide
a capability for predicting these distributions on the basis of simply
measured surface and sub-surface conditions. A single program allowing
accurate predictions using simple parameters (e.g., wind speed and direction,
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or temperature and salinity) will be a useful and cost-effective means for
interpreting bowhead distribution patterns over the long-term, whereas a major
ship-based program each year is unlikely to be financially justifiable.

(a) Feasibility Study

Since this particular research program would be a major undertaking, a
feasibility study is recommended to provide direction for its design. The
principal objective of the program would be to examine the relationships
between bowhead whale distributions and large scale physical oceanographic
features of the Canadian Beaufort Sea. '

Griffiths and Buchanan (1982) reported that zooplankton standing stock was
substantially greater in high salinity waters than in Tow salinity waters
associated with the Mackenzie River plume. The position of the plume is in
turn determined by prevailing wind patterns (MacNeill and Garrett 1975;
Herlinveaux and de Lange Boom 1975). The hypothesis that should be tested in
the feasibility study is that the location of the plume will determine large
scale distribution of bowhead whales. Conceptual 1linkages of this hypothesis
relate to the theories that (1) when the plume is driven inshore by winds,
bowheads occur in zooplankton-rich saline shelf waters, and (2) when the plume
encompasses the shallow shelf waters, bowheads are excluded since the area is
characterized by Tow salinity water and low zooplankton standing stock.

The feasibility study should compare the results of bowhead distribution
aerial surveys conducted during 1980-1983 with temperature and salinity
profiles taken during the same periods at driliships and other platforms
operating in the Beaufort Sea. It should also include examination of
available data on winds, ice and flow rates of the Mackenzie River, as well as
the results of Satellite imagery and remote-sensing productivity studies
conducted in 1983 by Arctic Laboratories Ltd. (Borstad 1984).
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Evaluation of the results of the feasibility study will provide essential
information for the design of the main research program, and provide testable
hypotheses directly related to the whale distribution data.

(b) Design Phase

It is probable that a formal design phase for the main research program will
be necessary, although this design could be completed as a component of the
feasibility study.

(c) Main Sampling Program

This program should examine the spatial and temporal distribution of bowhead
prey species in relation to meteorological and oceanographic phenomena, with
the aim of identifying simply-measured parameters that could be indicative of
large scale zooplankton distribution patterns. These data would ultimately be
used to 1interpret bowhead distribution data in relation to industrial
activities, and to determine if these activities are excluding whales from
prime feeding habitat. The three major objectives of this recommended
research program are provided below.

Objectives

(i) To determine large scale patterns of zooplankton distribution, and
their relationship to primary productivity and meteorological and
oceanographic phenomena such as wind, temperature, salinity, upwelling
events and the presence of polynyas,

(i1)- To determine the effect of Tlocal aggregations of zooplankton on the
location and intensity of bowhead feeding ground utilization, and
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(ii1) To 1identify dependable environmental correlates or predicators of the
spatial and temporal distribution of zoopTankton aggregations.

AEEroaches

The methodology for this study must stress integration of biological, physical
and meteorological sampling. The success of the program will be dependent on
the collection of a large number of data ‘points £r0m>a large geographical area
over a relatively Tong period of time. Therefofe, the method of collecting
the requisite amount of data at a reasonab1e’ cost should include use of
automated electronic measuring devices with digital transfer of information to
onboard computers. Emphasis on traditional sampling techniques and laboratory
analyses should be Timited. )

Extensive spatial and temporal coverage of the area, including associated
measurements of primary productivity, will be required to allow proper
evaluation of large scale distributional features. Late winter/early spring
measurements of productivity in the Cape Bathurst polynya would be especially
important in this regard. The program should be conducted for three to five
years to account for (1) the researcher Tearning curve, (2) persistence of
features, (3) annual variability, and (4) opportunities to encounter all of
the different hydrometebro1ogica1 regimes occurring in the area.

The quantity of data required to adequately meet the objectives of the study
would likely necessitate the use of high frequency acoustic techniques for the
measurements of zooplankton distribution (spatial and vertical) and relative
abundance. Through ground truthing, these data could then be used to provide
quantitative estimates of zooplankton standing stock. A1l measurements must
be accompanied by synoptic meteorological measurements and measurements of
temperature, salinity and turbidity.
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The program should be designed around a series of working hypotheses regarding
primary production and zooplankton concentrating mechanisms, while stressing
reasonable and workable Tlogistics. The research program should also be
progressive and adaptive to address <changing research questions and
hypotheses. An international effort may be appropriate given the special
status of the bowhead whale in both Canada and the United States and the
transboundary migrations of this bowhead population.

3. Bowhead Bio1og¥

Although the basic biology of the bowhead whale is podr]y documented, the
biological information necessary to complete the monitoring programs would be
collected during the course of the studies outlined above. No other specific
studies of bowhead biology are recommended at this time.

4, Passive Acoustics

The workshop group discussed some innovative approaches for passive monitoring
of the acoustic behaviour of bowheads in the presence of industry activities.
The feasibility of these techniques in the examination of important data gaps
was not determined, although they are considered worthy of further conceptual
design.
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HYPOTHESIS NO. 2

THE EFFECTS OF VARIOUS FACILITIES AND ACTIVITIES
ASSOCIATED WITH OFFSHORE HYDROCARBON DEVELOPMENT
ON WHITE WHALE HARVEST
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A. Offshore structures will reduce the white whale harvest.

B. Frequent lcebreaker traffic in 1andfast 1ce w111 increase the white
whale harvest. -

C. Open water ship traffic in the Mackenzie Estuary will alter white
whale distribution and lead to changes in harvest Tevels.

D. Inuit employment in industry will change the white whale harvest.
A . -
—(8) > WHITE WHALE HARVEST @
‘43
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Figure 2-1 Potential effects of various facilities and activities associated
with offshore hydrocarbon development on white whale harvest.
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Linkages

1. Artificial islands off the Mackenzie Delta will delay the regional
break-up of the landfast ice.

2. Icebreaker traffic in the landfast ice in spring will advance the break-up
of ice barriers across Kugmallit and Niakunak bays.

3. The timing of break-up of the landfast ice determines the timing of entry,
the numbers, and the duration of residence of white whales in Niakunak and
Kugmallit bays.

4. The timing of entry, the numbers and the duration of residence of white
whales in Kugmallit and Niakunak bays will influence the white whale
harvest.

5. Ship passages through Niakunak and Kugmallit Bays will disturb white
whales, and this will reduce the number of animals that frequent the bays
and/or the time whales spend in the bays.

6. Ship traffic in Niakunak and Kugmallit Bays will lead to changes in the
distribution of whales in the bays, and these changes will lead to changes
(probably reductions) in the harvest levels. In addition, ship traffic
could directly interfere with hunting activities by frightening whales
that are being hunted.

7. Increased Inuit employment by the o0il dindustry and various supporting
businesses will Tead to changes in hunter effort.

8. Changes in hunter effort will lead to changes in the white whale harvest.
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INTRODUCTION

The 'Mackenzie Estuary' stock of white whales winters in the Bering Sea, and
migrates in the Canadian Beaufort Sea during May and June through leads far
offshore in the pack-ice (Fraker 1979). The whales initially arrive offshore
of Banks Island, move southward to Amundsen Gulf, and westward to the
Mackenzie Estuary 1in late June. White whales enter the Estuary following
break-up of the landfast ice, and spend about three weeks in this area. Davis
and Evans (1982) suggest that since not all whales in this population utilize
the Mackenzie Estuary, the stock would be more appropriately called the
'eastern Beaufort Sea population’'.

It is not clear why all white whale populations occupy estuaries in summer,
The most recent and probable explanation is that the whales moult while in
these shallow areas (Finley 1982), although there may also be thermal
advantages and social implications associated with the use of estuaries
(Fraker et al. 1979). The maximum estimate of the number of white whales
using the Mackenzie Estuary at one time, excluding young-of-the-year, is 7000
(Fraker and Fraker 1979; Norton Fraker 1983). Davis and Evans (1982)
estimated that the entire population numbered at least 11,500 animals.

White whales are hunted by Inuit in areas of the Mackenzie Estuary where they
concentrate during the month of July. Major hunting areas include Kugmallit
Bay and Niakunak Bay on the east and west sides of the Estuary, respectively.
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The annual Tanded catch has averaged 88.4 whales in Kugmallit Bay and 28.1 in
Niakunak Bay during the 11 year period from 1972 to 1982. In addition, an
average of 13.9 whales are landed annually by hunters stationed at Kendall
Island in the central Delta (Norton Fraker 1983).

There is concern that activities associated with offshore hydrocarbon
development will affect the white whale harvest through the potential for
disturbances and changes in Tandfast 1Ce break-up patterns. Either effect
could result in altered use of the Estuary by whales. Four distinct
hypotheses (Figure 2-1) have been formulated, and probable linkages defined.
The hypotheses and associated linkages are discussed as a group below.

LINKAGES

Link 1: Artificial islands off the Mackenzie Delta will delay the
regional break-up of the landfast ice.

Artificial islands could delay break-up of the landfast ice 1in two ways.
First, the islands could anchor the landfast ice, thereby delaying its drift
away from the Estuary during break-up. Second, islands in the transition zone
could increase the extent of the 1landfast ice, and this could result in a
delay of break-up. The implications of delayed break-up include a potential
for delayed arrival of white whales in the Estuary, and changes in whale use
of this area. These effects could in turn alter the Inuit harvest of white
whales.

The date of break-up in the Beaufort Sea has been recorded through Landsat
imagery since 1973. 'Figure 2-2 1illustrates the annual dates for both the
fracture of the Kugmallit 1ice barrier and the complete clearing of the
landfast ice. To date, there has been no evidence to suggest that artificial
islands have affected either.
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There is concern that artificial islands constructed seaward of the normal
landfast ice edge (i.e., in the transition zone) could extend the landfast
ice beyond its average 1imit. To date, only two islands have been constructed
seaward of the fast ice edge. Uviluk was operated during the winter of
1982-83 and remained within the transition zone throughout that period. The
island did not impede ice movements beyond its rubble field (radius of 100 to
200 m). Kogyuk, the second island to be constructed seaward of the landfast
ice, was used for exploratory drilling during the winter of 1983-84. During
this period, it remained in the mobile pack-ice. From 1973 to 1983, the
Kogyuk site was Tlocated within the Tlandfast ice zone in 2 of 11 years
(1974, 1977). '

The available data suggest that existing artificial dislands have not had
detectable effects on either the extent or break-up of the landfast ice.
However, effects are difficult to detect given the high natural variability
which characterizes the ice regime of the Beaufort Sea. Furthermore, it is
not known whether the number of islands projected for construction in the
future would have detectable effects on the landfast ice regime.

Link 2: Icebreaker traffic in the landfast ice in spring will advance the
break-up of ice barriers across Kugmallit and Niakunak Bays.

During spring, break-up of the landfast ice proceeds simultaneously northward
from the Mackenzie River and southward from the transition zone. The final
remnant of ice to break forms an arch at approximately the 10 m isobath across
Kugmallit and Niakunak Bays. On the average, these arches disintegrate 17 and
8 days following the beginning of break-up in Kugmallit and Niakunak bays,
respectively. White whales do not have access to the bays until these arches
break. Therefore, icebreaker traffic through these narrow ice remnants could
result in whales having earlier access to these areas.
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However, large icebreakers (i.e., > Class 2) cannot operate in either of these
areas because depths are too shallow. No icebreaking activity is currently
envisaged for the KugmaT]it Bay- area, However, 1if a Yukon shorebase is
developed in the future, a limited amount of icebreaking activity would 1ikely
be required in Niakunak Bay during spring.

Link 3: The timing of break-up of the landfast ice determines the timing of
' entry, the numbers, and the duration of residence of white whales in
Niakunak and Kugmallit bays.

Date of the first arrival of white whales 1in the Mackenzie Estuary is
correlated with the date that the ice barrier across the bays is breached. On
avérage, the first whales enter Niakunak Bay 2.8 days after the ice barrier is
breached (n = 7 yrs.). In KuQmé]]it Bay, whales first enter an average of 1.2
days after the ice is breached (n = 8 yrs.). However, the arrival of 1arge
numbers of whales in the bays appears morevdépéndent on time of year than on
time of breakup. Large numbers of whales have arrived an average bf 9.8 days
after break-up in Niakunak Bay (n = 5 yrs.) and 8.3 days after break-up 1in
Kugmallit Bay (n = 3 yrs.) (Fraker and Fraker 1982; Norton Fraker 1983).

Fraker and Fraker ‘(1982) suggested that the relative numbers of whales
occupying Niakunak and Kugmallit Bays is determined by the relative timing of
break-up 1in - these  two areas. This suggestion was based on Tlimited
observations that the number of whales in Kugmallit Bay is lower in years when
the ice there breaks later than in Niakunak Bay. More recently, however,
Norton Fraker (1983) suggested that the relative numbers occupying each bay
probably also relates to, and is 1influenced by, ice conditions along the
spring migration route.
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Although break-up dates in Niakunak and Kugmallit bays are highly variable
(e.g., dJune 15 to July 11 during the period from 1973 to 1982; Fraker and
Fraker 1982; Norton Fraker 1983), the length of time that the whales spend in
the Estuary does not vary to the same degree. For example, relatively large
numbers of individuals occur in the Estuary for about three weeks, regardless
of the date of first arrival. Therefore, the available data suggest that the
first arrival of whales im the Estuary is a function of break-up timing, while
the number of whales reaching each bay and their length of stay is not.

The effects of industry-related break-up delays on whale use and distribution
in the Mackenzie Estuary are unknown. In the Canadian High Arctic, severe ice
conditions have prevented white whales from entering éstuaries. In some
instances, these whales have occupied alternate estuaries, or 1in extreme
cases, do not enter estuaries at all (Finley 1976; Davis and Finley 1979;
Koski and Davis 1979). It is possible that in extreme cases, delayed break-up
of ice in the Mackenzie Estuary could also prevent whales from occupying this
area. Since white whales probably occupy these areas for moulting (Finley
1982), there would presumably be no advantage to entering estuaries after the
moult has been completed. - However, there 1is no available information
regarding the particular date after which the moult is complete, and therefore
the time at which the whales may no longer enter the estuarine environment.

Link 4: The timing of entry, the numbers and the duration of residence of
white whales in Kugmallit and Niakunak bays will influence the white
whale harvest.

White whale harvest 1levels in Niakunak Bay have been relatively consistent
(range: 20 to 35 whales) throughout the 1ll-year period from 1972 to 1982
(Norton Fraker 1983). The number of whales harvested is relatively low in
comparison to the large number (over 6000 in some years) of whales that occupy
this bay each July. As a result, these data cannot be used to evaluate the
validity of the above linkage.
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On the other hand, the harvest Tlevels in Kugmallit Bay are vrelatively
variable. Landings in this area have ranged from 37 to 150 whales (Norton
Fraker 1983), while peak whale abundance in Kugmallit Bay has varied from
about 120 to 2000 (n = 7 yrs.). The existing evidence suggests that when the
abundance of white whales in Kugmallit Bay is very low (e.g., 120 animals in
1980), there is a corresponding reduction in the number of whales 1landed
(Figure 2-3). '

The clear relationship between the arrival dates of white whales in Kugmallit
Bay and the number of whales harvested in a particular year is illustrated in
Figure 2-4. In general, the number of animals harvested is lower in years
when the whales arrive late in the bay. The 1link was therefore considered
valid since both the number of whales present and the date of arrival appear
correlated with harvest Tevels.

Link 5: Ship passages through Niakunak and Kugmallit bays will disturb
white whales and this will reduce the number of animals that
frequent the Bays and/or the time whales spend in the bays.

Link 6: Ship traffic in Niakunak and Kugmallit bays will lead to changes in
the distribution of whales in the Bays, and these changes will lead to
changes (probably reductions) in the harvest levels. In addition,

ship traffic could directly interfere with hunt1ng act1v1t1es by
fr1ghten1ng whales that are being hunted.

It has been well documented in the Beaufort Sea and elsewhere thét moving
ships and barges can result in short-term changes in white whale distribution
(Fraker 1977a, 1977b; Pippard and Malcolm 1978; Fraker and Fraker 1982; Finley
et al. 1983; Norton Fraker 1983; F. Awbrey, W. Evans, pers. comms.). However,
evidence from Alaska and Churchill, Manitoba suggests that white whales
habituate to repeated ship disturbances in some instancés (R. Davis, pers.
comm. ).
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Marine vessel activities in Niakunak and Kugmallit bays may disturb white
whales and cause short-term avoidance responses by some 1individuals. The
potential for these activities to result in long-term changes in white whale
abundance and distribution in the bays exists, although it is not known if and
to what extent such changes would occur. Both short and long-term effects
could lead to effects on white whale harvest Tevels through displacement of
whales from traditional and/or accessible hunting areas.

In Kugmallit Bay, marine vessels follow channels along the southern and
eastern shores. There is no evidence to suggest that the present level of
ship traffic (i.e., 2 to 6 passages per day) is affecting white whale
distribution in central and western portions of the bay (Norton Fraker 1983).
There is also some evidence that white whales in the Estuary are génera]]y
habituated to disturbances associated with Inuit hunting activities, although
hunting can Tead to local changes in whale distribution (Fraker and Fraker
1982).

Link 7: Increased Inuit employment by the oil industry and various supporting
businesses will Tead to changes in hunter effort.

Inuit employment in the wage economy could reduce time available for hunting,
and thereby reduce hunting effort. On the other hand, wage earners may have
increased opportunities to purchase improved vehicles and equipment, and this
could lead to improved hunting efficiency and increased catch-per-unit-effort
(CPUE). At the same time, wage employment could reduce the experience and
capabilities of the hunters, which in turn would reduce CPUE and increase the
number of whales killed but lost. Although overall changes in hunter effort
are likely to occur, the direction and implications of these changes cannot be
predicted at present.
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Link 8: - Changes in hunter effort will lead to changes in the white whale
harvest.

Although this 1link was considered valid, the direction of  the potential
changes in harvest levels are not known.

CONCLUSIONS

A. It was concluded that delays in break-up could lead to a reduction in the
white whale harvest. However, on the basis of projections in the present
development scenario, substantial delays in break-up of barriers across
Kugmallit and Niakunak bays have a Tlow probability of occurrence. 1In
addition, the timing of break-up is not the only factor determining the
arrival time of white whales 1in the Estuary, although it is a good
indicator in most years.

It is not known if industry-induced delays in break-up are possible, or
~would be of sufficient magnitude to result in a major reduction in the
number of whales using the Mackenzie Estuary. However, within the range
of natural variation observed between 1972 and 1982, there is a weak
positive correlation between whale abundance and size of harvest, and a
negative correlation between arrival date and size of harvest.

B. It was concluded that icebreaker traffic would not 1ikely result in an
early break-up of ice-bridges across Kugmallit and Niakunak bays.
Icebreaking vessels will operate out of shorebases (e.g., McKinley Bay,
Stokes Point, King Point) located outside of the Mackenzie Estuary, and
therefore will not cross ice-bridges in either of these bays. This
conclusion may require re-evaluation if barge traffic associated with
future developments along the Yukon Coast traverse Niakunak Bay before
disintegration of the ice-bridge.
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C. The available evidence suggests that increases in ship and barge traffic
in the Mackenzie Estuary could affect the white whale harvest. Whales may
become less accessible to hunters if their distribution within the Estuary
is affected by vessel activity, particu]ar1y in Niakunak Bay. Ship
traffic may also physically interfere with the hunt. It is not known
whether vessel traffic would affect the length of time that white whales
spend in the bays, although there has been no apparent effect to date.

D. Increased Inuit employment in the wage economy is 1ikely to change hunter
effort and harvest levels, although the directions of these potential
changes are unknown. Since these changes will Tlargely be a matter of
hunter preference, it is not recommended that they be monitored for their
own sake at present. Nevertheless, it will be necessary to separate the
effects of direct industry activities on harvest levels, from effects on
harvest levels resulting from changes in hunter effort.

RESEARCH

A study of the factors influencing white whale distribution within Niakunak
and Kugmallit Bays should be conducted in order to provide the basis for
separation of natural variability in white whale distribution from
industry-related effects. Survey results collected during the past eight
years should constitute the main data source, and should be evaluated with
respect to the following:

water temperature

wind direction and lee shores
turbidity

flow rates of the Mackenzie River
responses to existing hunting efforts.
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Data have been collected for some of these factors, but have not been
collectively analysed to date. Retrospective analyses of these ‘data and
existing information on whale distribution should be conducted. Any factors
that appear to strongly influence whale distribution should be examined in
future field studies. Water temperature, for example, could be examined
remotely during whale surveys, and its effect on determining whale
distribution then quantified. The parameters to be examined and the
requirements of subsequent studies should be determined after the
retrospective analyses.

MONITORING

The group concluded that the existing white whale monitoring program should be
continued and revised.  Existing studies of white whale abundance and
distribution in relation to industry activity in the Beaufort Sea constitute
the longest time series of data for any Arctic marine mammal, and have allowed
relatively confident evaluation of the status of Mackenzie white whale stock.
The existing program 1is operational in the sense that it 1is designed to
rapidly detect real or perceived problems associated with the white whale
harvest, and to allow opportunities for mitigation. It is recommended that
the program continue in the following manner.

Component A

White whale harvest levels 1in the Mackenzie Estuary should continue to be
monitored, and include information concerning the location and time of all
kills. These data are currently being collected by the Department of
Fisheries and Oceans.



61

This component of the monitoring program should also include the continuation
of regular visits to the whaling camps. These visits provide information on
hunter effort and harvest Tlevels, as well as opportunities for identifying
industry-hunter conflicts. Data concerning hunter effort patterns such as
number of hunters, number and location of camps, and major equipment changes
should also be collected during camp visits.

ComEonent B

The abundance and distribution of whales in the Estuary should be monitored in
conjunction with the direct monitoring of the harvest. This study component
will allow for evaluation of potential industry-related effects on whale use -
patterns. A long time series of data is needed to encompass the range in
natural variability. The basic approach should be to continue the aerial
survey programs to document the following:

1) First arrival and peak abundance dates, and the relationship of these
dates to timing of break-up. Surveys along the fast ice edge, at
least as far east as Cape Dalhousie, should be conducted and
supplemented with satellite imagery.

2) Systematic surveys of Niakunak and Kugmallit bays should be conducted
following arrival of the whales in the Mackenzie Estuary. Two or
three surveys of Niakunak Bay and 5-6 surveys of Kugmallit Bay would
be required each year given the present level of industry activity in
the area.

3) At the period of peak whale abundance, the outer Delta should also be
surveyed to provide estimates of the total number of white whales
using the entire Mackenzie Estuary. These estimates are necessary to
examine Tlong-term trends in the number of white whales using the
Estuary.

Comgonent c

If major industrial developments or increases in activity are expected, the
monitoring program should be intensified. For example, if a shorebase is
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developed at King Point or Stokes Point, barge traffic could increase signifi-
cantly in Niakunak Bay. A more intensive examination of whale distribution
patterns should be undertaken one or two years before this type of development
occurs.

Monitoring of behavioural responses of whales to any additional traffic or
activities should be conducted after the increases 1in industrial activity.
Any changes in whale distribution or abundance should be examined, and related
to potential changes in harvest levels. The duration of the monitoring effort
would be determined by the responses of whales, and the nature and extent of
potential effects on harvest levels. '

ComEonent D

Monitoring for effects of offshore structures on ice break-up patterns should
continue using remote sensing techniques. These studies should be carried out
on an ongoing basis to determine if delays in break-up are occurring, and to
separate natural variations from any industry-related effects.
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HYPOTHESIS NO. 3

THE EFFECTS OF MARINE VESSEL TRAFFIC, SEISMIC ACTIVITIES,
DREDGING OPERATIONS, AIRCRAFT OVERFLIGHTS AND ACTIVE
OFFSHORE PLATFORMS/ISLANDS ON THE SIZE OF THE
BEAUFORT SEA POPULATIONS OF RINGED SEALS
AND BEARDED SEALS
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Marine vessel traffic, seismic activities, dredging operations,
aircraft overflights and active offshore platforms/islands
will reduce the size of the Beaufort Sea populations
of ringed and bearded seals.

POPULATIONS OF
RINGED AND BEARDED SEALS

.‘

> ENERGY BALANCE=

ENERGY COSTS ENERGY, INTAKE

AVAILABLE TIME
FOR FEEDING

AVAILABLE FOOD

AIRBORNE NOISE
FROM AIRCRAFT AVAILABLE HABITAT

FREQUENCY OF MARINE
VESSEL TRAFFIC,
DREDGING, SEISMIC
ACTIVITY
(i.e. mobile sources) ACTIVE OFFSHORE
PLATFORMS
(i.e. stationary sources)

Figure 3-1 Potential effects of marine vessel traffic, seismic activities,
dredging operations, aircraft overflights and active offshore
platforms/islands on the size of the Beaufort Sea populations of
ringed and bearded seals.
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Linkages

1. Each active 6ffsh0re p1atform will result in the exc1usion of ringed and
bearded seals from some habitat.

2. Marine traffic (ships, dredges, seismic vessels, etc.) will exclude ringed
and bearded seals from available habitat.

‘3. Each passage of a ship or other marine vessel will reduce the feeding time
available to ringed and bearded seals.

4. Each passage of a vessel will increase the energy expenditure of seals
because of avoidance behaviour.

5. The available aquatic habitat determines the level of available food.

6. The amount of available food and the time available for feeding determine
energy intake. '

7. Noise from aircraft overflights will disturb hauled-out seals and lead to
increased energy costs. o

8. Energy intake and expenditures determine the energy balance.
9. The energy balance of a seal determines its survival and its ability to

reproduce. ~ The energy balance of the individuals 1in .a population
influences the reproductive capacity and health of the population.
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NAMES OF PARTICIPANTS

Rolph Davis " Michael Kingsley

Bob Everitt ' Brian Smiley

‘Joy Geiselman Denis Thomson
Lois Harwood : ‘

INTRODUCTION

Ringed Seal

The ringed seal is the most abundant and widespread species of marine mammal
in the Canadian Arctic, and is harvested by residents of virtually all coastal
arctic communities. Breeding adults occur primarily in landfast ice areas
during winter, and pupping occurs during late March and early April in
subnivean lairs on the ice (Smith and Stirling 1975). Within the Beaufort
region, the bays of Amundsen Gulf support the highest densities of breeding
seals (2.5 fema]es/kmz). Ringed seal breeding densities in areas off the
Mackenzie Delta and Tuktoyaktuk Peninsula (i.e., the development zone) are
lower, probably within the range from 0.4 to 1.0 fema]es/km2 (Stirling et
al. 1982). Subadults and non-breeding adults occur in leads and areas of thin
ice in the transition zone during winter and spring (Stirling et al. 1975).
The latter group is not expected to be territorial, and probably moves locally
in response to food availability and ice conditions.

Large numbers of ringed seals haul out to moult during June, primarily on the
Tandfast ice. In the Canadian Beaufort Sea and Amundsen Gulf, highest on-ice
densities of hauled-out seals tend to occur along seaward portions of the
fast-ice in Amundsen Gulf (2.6/km2 in 1982; Kingsley and Lunn 1983). The
densities of hauled-out ringed seals offshore of the Tuktoyaktuk Peninsula and
Z in 1981 and 0.42/km® in 1982 (Kingsley and
Lunn 1983). Uncorrected estimates of the number of hauled-out ringed seals

Mackenzie Delta were 0.15/km
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(an index of relative abundance) in the Canadian Beaufort and western Amundsen
Gulf during haul-out have indicated that population levels fluctuate among
years. During the period from 1974 through 1979, uncorrected estimates of the
number of hauled-out ringed seals ranged from 23,000 (1977) to 61,000 (1978)
(Stirling et al. 1982). .

Bearded Seal

Bearded seals are also hunted by Inuit,lbut are not as abundant or important
to the native harvest as ringed seals. During winter, bearded seals probably
occur primarily in shallower (20 m to 50 m depth) areas of the transition zone
or in nearshore pack-ice areas. Pups are born on moving pack-ice during late
April and early May. Recorded uncorrected densities of hauled-out bearded
seals offshore of the Mackenzie Delta and Tuktoyaktuk Peninsula were
2.1/100 kn® of ice in Jume 1981 and 8.7/100 kn’ of ice in June 1982,
Bearded seals tend to haul out near the fast-ice edge, or on small floes in
the transition zone (Kingsley and Lunn 1983),

Natural fluctuations in the Beaufort Sea bearded seal population have also
been demonstrated. In the period from 1974 to 1979, uncorrected estimates of
the number of bearded seals hauled-out on the ice in the Canadian Beaufort Sea
and western Amundsen Gulf have ranged from 1300 in 1977, to 3100 in 1978
(Stirling et al. 1982).

A1l of the various industry activities considered in this hypothesis could
result in disturbance of ringed and bearded seals. The overall concern is
that the cumulative effects of these activities could affect the energy
balance of the seals by reducing the amount of time available for feeding
and/or by increasing energetic costs through avoidance behaviour. A negative,
energy balance could then lead to reduced reproductive rates. Other concerns
regarding the potential effects of offshore hydrocarbon development on seals
are addressed in Hypotheses 4, 5 and 6.
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LINKAGES

Link 1: Each active offshore platform will result in the exclusion of ringed
and bearded seals from some habitat.

Although no quantitative studies of the effects of offshore o0il and gas
exploration and production structures on seals have been conducted, there are
numerous published and unpublished anecdotal accounts of seals in the vicinity
of such facilities in the Beaufort Sea (e.g., Renaud and Davis 1981; Ward
1981; Harwood and Ford 1983; McLaren and Davis 1984). Industry personnel and
ice observers stationed at offshore structures (and on vessels) 1in the
Beaufort Sea frequently observe both ringed and bearded seals, with total
numbers observed during the open water season ranging from a few hundred to
over 1000. In addition, observers report that individual seals are often
sighted near a given structure for extended periods (e.g., 24 hours).
However, it is not known if these sightings represent all age and sex classes
of seals or are more representative of one group such as subadults. It was
agreed by the discussion group that although Link 1 1is probably valid, the
available evidence suggests that the extent of exclusion would be
inconsequential and in most instances limited to the physical extent of the
structure/island.

Link 2: Marine traffic (ships, dredges, seismic vessels, etc.) will exclude
ringed and bearded seals from available habitat.

There are no empirical data which can be used to determine if seals are
excluded from a zone around ship tracks, although theoretically such
exclusions could occur. On the basis of many anecdotal observations of seals
near offshore structures and vessels, the consensus of the discussion group
was that exclusion of seals from available habitat would be Tlocalized and
probably of short duration. Consequently, exclusion of seals from available
habitat was not considered significant for the present levels of industry
activity in the Beaufort.
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A more serious concern is that the combination of all industry activities in
the Beaufort during peak/high development periods may exclude seals from a
much Tlarger area. However, even a large scale exclusion was considered
unlikely given (1) the present lack of small scale responses, and (2) the
responses of other seal populations in industrialized areas (see Richardson et
al. 1983).

An additional concern relates to the potential for exclusion of seals from
habitats affected by icebreakers. In Tandfast ice areas, icebreaker traffic
is expected to be restricted to relatively narrow corridors extending offshore
from ports in McKinley Bay and along the Yukon coast. Cdnsequent1y, assuming
adherence to these corridors, the proportion of available landfast ice habitat
that could be affected by icebreaking would be small (see Hypothesis No. 4).
Icebreaking in the transition zone will have only temporary and Tlocalized
effects on this dynamic habitat, and therefore permanent exclusion of seals
from this area is unlikely.

Seismic exploration activity is of particular concern because of the intensity
of noise which emanates from active seismic vessels, although it is not known"
how seals respond to this source of disturbance. However, seismic exploration
in open water areas tends to be relatively short-term (a few weeks) 1in any
particular area and does not occur in the same area every year. As a result,
any habitat exclusion that did occur would be short-term and irregular. The
consequences would 1ikely be regionally insignificant, since food is probably
not a limiting factor during summer and adjacent unaffected habitats could be
used for feeding.

On-ice seismic programs which are conducted in winter could affect ringed
seals, although the majority of this activity takes place on ice over waters
< 3 m deep, and therefore too shallow to support overwintering ringed seals.
Preliminary studies of the effects of on-ice seismic activity in Alaska on
ringed seals suggest that habitat exclusion is extremely localized and
unlikely to affect seal populations (Burns and Kelly 1982).
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Overall, it was concluded that marine vessel traffic and seismic activity
would exclude seals from 1ittle of the available habitat.

Link 3: Each passage of a ship or other marine vessel will reduce the feeding
time available to ringed and bearded seals.

Although this 1link is undoubtedly valid since some seals will have to take
action to avoid ships, the important consideration is whether or not their
behaviour would be altered for periods long enough to affect energy intake.
The anecdotal observations of seal behaviour near vessels and structures
described earlier indicate that 1long-term interruptions to feeding do not

occur, and energy intake is probably not affected.

Link 4: Each passage by a vessel will increase the energy expenditure of seals
because of avoidance behaviour.

This T1ink was also considered valid for both ringed ‘and bearded seals,
although again the important consideration 1is whether -the increased costs
would be sufficient to affect the overall energy balance of affected
individuals. The general conclusion of the group was that since seals do not
usually react markedly to industrial activities, the overall energetic costs
of avoidance behaviour are 1likely to be small and probably inconsequential.
An exception to this general conclusion might exist in Tocalized areas during
the late winter and spring of 'heavy' ice years.

Link 5: The available aquatic habitat determines the level of available food.
The amount of food available to seals is, in general, a function of the amount

of available habitat. As discussed in relation to previous linkages of this
hypothesis, the amount of ringed seal habitat which would be excluded is
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small, and therefore signficiant reductions in energy intake are not likely to
occur. Bearded seals. feed primarily in benthic habitats, and their prey may
be patchily distributed in suitable water depths. Consequently, the potential
* for exclusion of bearded seals from available habitat and therefore food would
be greater than for ringed seals which feed in the water column.

Concerns relating to the potential effects of large scale dredging operations
on benthic food resources available to bearded seals have been identified.
However, natural scouring of the seafloor by ice is extensive in waters less
than 50 m deep, and dredging associated with offshore development will affect
a comparatively small proportion of the available habitat. For example, the
spatial extent of seafloor removal due to dredging has been estimated to be no
more than 6.3 km2 annually. Consequently, dredging - is not 1likely to
significantly reduce the amount of food available to bearded seals.

Link 6: The amount of available food and the time available for feeding
determine energy intake.

This 1ink is self-evident and valid. The previous discussions indicate that
neither food availability through habitat exclusion nor available feeding time
will be significantly affected by offshore development. Therefore, significant
reductions in energy intake of seals are unlikely to occur.

Link 7: Noise from aircraft overflights will disturb hauled-out seals and lead
to increased energy costs.

Hauled-out seals occasionally dive in response to overflights by Tow-flying
aircraft. M. Kingsley (pers. comm.) estimated that 25 to 40 percent of
hauled-out ringed seals dive when overflown by fixed-winged aircraft at
altitudes of 90 to 150 m. The percentage of ringed seals in birth lairs that
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dive 1in response to overflights 1is not known, although the proportion is
probably lower than for hauled-out seals since noise levels within Tairs would
be muted and no visual cues are associated with the noise.

The biological significance of repeated immersion during pupping or haul-out
is not known. Seals are in an overall negative energy balance condition
during the late spring, and there could be thermal consequences associated
with repeated immersions during the moult. Seals repeatedly overflown could
(1) vacate affected areas or (2) habituate to disturbances and not dive when
an aircraft approaches, although the extent to which either of these responses
would occur is unknown. ‘

The reactions of individual seals to repeated overflights have not been
directly studied. However, Finley (1976) indirectly examined the possibility
that seals would vacate an area which was repeatedly overflown., A 17-km
aerial survey transect over landfast ice in Resolute Passage was flown 31
times during the period from June 4 to July 8, 1975, There :was no overall
decline in the densities of ringed seals on the transect throughout the study
period, and therefore, no evidence to suggest that ringed seals had vacated
the area.

The discussion group suggested that the energetic costs to seals associated
with diving in response to aircraft could be minimized by restricting
overflights to a minimal number of well-defined flight corridors, and
maintaining prescribed flight altitudes when weather permits. It was
concluded that the energetic costs to affected individuals associated with
diving in response to aircraft would be insignificant in a regional context.

Link 8: Energy intake and costs determine the energy balance.

This 1ink is self-evident and valid, and a necessary precursor to Link 9.
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Link 9: The energy balance of a seal determines its survival and its ability
to reproduce. The energy balance of the individuals in a population
influences the reproductive capacity and health of the population.

This 1ink is valid and applies to both ringed and bearded seals. However, it
was concluded that in the majority of cases, there would be no major changes
to the energy balance of individual seals, and therefore populations. An
exception to this may occur during the Tate spring of years with 'heavy' ice
conditions when small changes 1in the natural energy balance may result in
detectable effects.

CONCLUSIONS

The group concluded that all 1inks in the hypothesis were valid, and that the
hypothesis itself was realistic. It was also concluded, however, that the
cumulative effects of all Tinks would probably be inconsequential. Most
participants agreed that population effects were unlikely to occur, and the
hypothesis was therefore not worth testing for either ringed seals or bearded
seals. Some participants believed that effects on ringed seals were possible,
but would be too hard to detect given the natural variability in Beaufort Sea
ringed seal populations and the difficulty of establishing cause-effect
relationships between population changes and industry activities. ‘

RESEARCH/MONITORING

No research or monitoring programs to address this hypothesis are recommended.
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HYPOTHESIS NO. 4

THE EFFECTS OF INCREASED FREQUENCY OF ICEBREAKER TRAFFIC
THROUGH THE LANDFAST ICE AND THROUGH AMUNDSEN GULF
ON RINGED SEAL PUP PRODUCTION
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Increased frequency of icebreaker traffic through
the landfast ice and through Amundsen Gulf
will reduce ringed seal pup production.

RINGED SEAL PUP PRODUCTION
A

5\
2)-

PUPPING HABITAT @

@
|

FREQUENCY OF ICEBREAKER TRAFFIC THROUGH THE
LANDFAST ICE AND THROUGH AMUNDSEN GULF

Figure 4-1 Potential effects of increased frequency of icebreaker traffic
through the landfast ice and through Amundsen Gulf on ringed seal

pup production.

Linkages

1. Icebreaking vessels operating in the landfast ice and through Amundsen
Gulf will decrease the amount of pupping habitat available to ringed seals.

2. Adequate pupping habitat is necessary for the production of ringed seal
pups.
3. Icebreaker traffic in late March, April and May will kill ringed seal pups.
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INTRODUCTION

The ringed seal is the most numerous and widely distributed marine mammal 1in
“the Canadian Arctic. It is an important element of Arctic marine ecosystems,
both as a consumer and prey ijtem. It is the primary prey of polar bears and
therefore has a considerable influence on the abundance and distribution of
the Beaufort Sea polar bear population. The ringed seal is also an important
species in the harvests of Canadian Inuit.

Research in the Beaufort Sea has demonstrated that the location of ringed seal
pupping habitat is strongly correlated with ice type (Stirling et al. 1975,
1977). Breeding seals occur in the highest densities on stable fast ice. 1In
this habitat, females hollow birth Tairs out of the snow, in the lee of
pressure ridges and hummocks (McLaren 1958; Smith and Stirling 1975). 1In the
Beaufort Sea region, stable ice areas important for ringed seal pupping occur
along the west coast of Banks Island, in northern Amundsen Gulf, and in
southern Prince of Wales Strait. Tankers moving between the Beaufort
production zone and Parry Channel would pass through areas of high pup
production in northern Amundsen Gulf and southern Prince of Wales Strait,
while certain fast ice areas in the Beaufort Sea would also be traversed by
icebreakers and ice-strengthened supply vessels.

There has been considerable concern regarding the potential effects of
icebreaking activities on ringed seal populations. These concerns were
identified during public hearings for both the Arctic Pilot Project (EARP,
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NEB) and the Beaufort Sea Development Project (EARP). To date, there have
been no direct investigations of the effects of icebreaking on seals; only a
few studies have addressed this area of potential concern and then only
indirectly (Alliston 1980, 1981; Kingsley and Lunn 1983). Consequently, the
lack of existing data precludes a confident assessment of the effects of
icebreaking on ringed seals occupying affected fast ice areas.

Link 1: Icebreaking vessels operating in landfast ice and through Amundsen Gulf
will decrease the amount of pupping habitat available to ringed seals.

Icebreaking activities could affect the amount of ringed seal pupping habitat
in the following ways: '

a) large scale destabilization of ice in Amundsen Gulf;
b) small scale alteration of the ice regime in a ship's path; and

c) exclusion of pupping adult females from ice 1n.the vicinity of ship
tracks due to underwater noise produced by vessels.

The following discussion addresses each of these three potential effects
separately.

a) Destabilization of Ice in Amundsen Gulf

From November through to June or July, Amundsen Gulf is covered primarily by a
first year ice pack. This pack includes small concentrations of multi-year
jce which arise from late season influxes from the southeastern Beaufort Sea
and Prince of Wales Strait. The Amundsen Gulf ice cover is wusually
characterized by distinct physical boundaries which correspond to transient,
and sometimes long-lived, north-south trending leads. These leads generally
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extend between points on the coastlines of southern Banks Island and the
mainland. They alternatively disappear and reappear at the same or different
locations until, usually in January or 1later, a final seasonal edge is
established separating the immobile or fast ice in the east from the
relatively mobile ice to the west. Typical Tlocations of these Tleads are
indicated on Figure 4-2 (Smith and Rigby 1981). In most years, this boundary
lead or division occurs at or to the west of a 1ine from Cape Lambton at the
southern tip of Banks Island to Cape Parry. Stable, consolidated iJce
conditions occur in the Targe proportion of Amundsen Gulf that Ties to the
east of this division. The stable ice corresponds to Type I ice habitat
designated by Stirling et al. (1975) as prime ringed seal pupping habitat.
Type I ice often occurs in the northern half of Amundsen Gulf, which is the
area most likely to be traversed by icebreaking tankers. The ice to the west
of the division is dynamic, and consists of temporally and spatially varying
zones of thin and thick ice, detached floes and open water. This area is not
likely to provide suitable habitat for successful ringed seal pupping.

Occasionally (see January 14, 1978 and February 18, 1979 on Figure 4-2), the
situation described above is altered when the boundary Tlead extends into the
extreme eastern portion of Amundsen Gulf. A more westward edge eventually
formed in 1979 (Marko and Fraker 1981), but in the years 1971 (I. Stirling,
pers. comm.), 1978 (Marko and Fraker 1981) and 1981 (AES 1981), the boundary
lead was Tlocated in eastern Amundsen Gulf in early spring (Figure 4-3a,b). As
a result, ice cover in the Gulf was unstable, and consisted of individual,
mobile floes, leads, polynyas and generally prevalent stretches of open water
and thin deteriorating ice.

The possibility that offshore fast ice areas may be susceptible to destabil-
ization as a result of longitudinal passages by an icebreaking vessel has been
considered by various authors (Marko 1978; Milne and Smiley 1978; Muller 1980;
Martec 1982; Dickins 1983). In each study, conclusions were based on
subjective evaluations of observed conditions, processes and operational
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Figure 4-3: Distribution of ice and open water (or thin ice) in

the western Arctic in spring, 1978 (from Marko and
Fraker 1981).
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marine experience. Studies were concentrated primarily in Amundsen Gulf and
Lancaster Sound, since these are the locations of the two most prominent
fast/mobile ice boundaries in the Canadian Arctic.

Theoretical treatments of the stability of these types of boundaries are
provided in Sodhi (1977) and Pritchard et al. (1979). In the Tatter case, a
rough derivation of plastic flow parameters was obtained from a comparison of
observed southerly ice "breakouts" in Bering Strait to estimates of time
dependent wind- and water-drag stresses acting on the ice cover. In this
instance, internal ice forces were expected to be of lesser importance, but
were suggested to be of possibly greater significance' at other ice edge
locations. Sodhi's treatment involved the application of wmodels, originally
derived from the movement of grain or sand through hoppers, to the macroscopic
ice case. Although estimates of a cohesive strength parameter were obtained,
neither this calculation or the Pritchard et al. (1979) treatment have been
extended to include the presence of an externally-introduced structural flaw
of the type that could be produced by an icebreaking vessel.

The behaviour of ice in Amundsen Gulf is very complex. Major features
jnclude: (1) repeated intra- and inter-annual shifts in ice edge position;
(2) frequent development of complex lead structures; and (3) the unknown roles
played by 1local ice rheology and external influences such as wind, air
temperatures and current patterns. A  finite probébi]ity exists that
icebreaker traffic could significantly alter the extent of this ice cover in
Amundsen Gulf. The alteration might be caused by (1) detachment and westward
drift of ice floes adjacent to the original ice edge during icebreaker
passages in the winter or spring, or (2) sufficient disruption of ice edge
stabilization processes by regular icebreaker passage during early winter to
allow significant westward movement of ice through the Gulf during the
subsequent winter and spring months. The latter situation would lead to a
major reduction in the amount of ringed seal pupping habitat.
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The possibility that icebreaker traffic would destabilize 1landfast ice is
considered remote. Icebreakers have been moving through the Tlandfast ice
between McKinley Bay and the shear zone of the Beaufort Sea since 1979,
Typically, vessels have moved into the bay during freeze-up when the ice is
0.3 to 0.6 m thick, and out of the bay in mid June to early July when the
thicker winter ice cover is deteriorating. However, mid winter passages have
also occurred. In the winter of 1981-82, icebreakers made 26 round trips
through the landfast ice opposite McKinley Bay during the months of November,
December, March and June. Photographic aerial reconnaissance and satellite
imagery during this period did not demonstrate any destabilization of the
landfast ice regime.

At the end of May 1981, the icebreaker Kigoriak deliberately released a
triangular section from the landfast ice by cutting a V-track at the ice
edge. The wedge moved out to sea several days later during a period of strong
southerly winds. The event, however, had no apparent effect on the natural
ice regime. Large floes have calved naturally on June 14, 16 and 7 in 1979,
1981 and 1982, respectively.

b) Disruption of Pupping Habitat along Tracks of Icebreaking Ships

Icebreaking ships may cross areas of stable ice used for pupping by ringed
seals. Ice in a vessel's track will undoubtedly be disrupted, but the
important consideration is whether ice cover alterations are detrimental to
seals. Alliston (1980) demonstrated that the numbers of seal breathing holes
along winter icebreaker tracks off McKinley Bay was not different than the
numbers recorded in adjacent unaffected areas, and that avoidance of habjtat
created in the tracks was not apparent. Since icebreaker tracks typically
include broken and irregular ice, they may actually create pupping habitat by
increasing the probabilities of the formation of snow drifts which could be
used for birth lairs.
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Even if it 1is assumed, as a worst case, that all icebreaker tracks are
unusable by ringed seals, the overall amount of habitat affected would be
small. At present, icebreaking corridors through the landfast ice extend only
from McKinley Bay to the shear zone, although a further corridor through the
fast-ice would be utilized in the future if a port is developed along the
Yukon coast. In addition, existing and proposed corridors through landfast
ice do not appear to include any areas of the Beaufort Sea that have been
classified as primary ringed seal habitat (see Stirling et al. 1977, 1981).

Water depths in many of the areas affected are less than 10 m, and therefore
unsuitable for ringed seals. From 1971 through 1979, thousands of kilometres
of sea ice in the Beaufort were surveyed for polar bears (Stirling et al.
1975, 1982). During these studies, a reasonably accurate impression of the
age and sex classes of seals taken by bears in different areas and habitat
types was gained (Stirling and Archibald 1977, I. Stirling, pers. comm.). The
observations suggest that 1landfast ice along the southern coast of the
Beaufort Sea from Herschel Island to Cape Bathurst does not include primary
ringed seal pupping habitat.

Rough estimates of the amount of pupping habitat potentially affected by
icebreakers were calculated as follows. Shipping corridors through the fast
ice from a Yukon port and McKinley Bay will be about 50 km in 1length.
Approximately half the 1éngth of the fast-ice corridors would occur over
ringed seal pupping habitat (e.g., in waters greater than 10 m deep).
Assuming a corridor width of 2 km, approximately 100 km2 of pupping habitat
would be affected in zones 8, 2 and 4. These zones contain a total of 14,500
kmz, and therefore the affected area represents less than 1 percent of the

combined zones.

As described earlier, however, fast ice habitats in the southern Beaufort Sea
are comparatively unproductive with respect to ringed seals, while northern
Amundsen Gulf and southern Prince of Wales Strait are more significant for
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pupping in this species. Icebreaking corridors in zones 5 and 11 are expected
to be longer and somewhat wider than those described above, particularly
during Tlater stages of hydrocarbon development in the Beaufort region.
Nevertheless, similar calculations of the amount of habitat affected in these
areas also indicate that habitat loss would be minimal, with the exception of
Prince of Wales Strait where habitat loss could approach 7 percent.

c) Effects of Underwater Noise

There have been no direct studies concerning the potential for ringed seals to
avoid ice-covered areas that are characterized by ihdustria] underwater
noise. Therefore, it 1is not possible to predict whether pupping seals will
avoid areas affected by noise. Through examination of breathing hole
distribution during spring, Alliston (1980) found no evidence to suggest that
seals avoided winter icebreaker tracks 1in areas offshore of McKinley Bay.
Kingsley and Lunn (1983) examined the distribution of hauled-out seals in the
Beaufort Sea during late June, and found no relationship to existing
industrial activities. ATlthough both of these studies were indirect and did
not specifically examine pupping females, their results suggest that some age
and sex classes of seals do not exhibit a widespread avoidance of underwater
noise sources.

Link 2: Adequate pupping habitat is necessary for the production of ringed
seal pups.

Preferred ringed seal pupping habitat can be characterized as stable, flat ice
that is interspersed with pressure ridges that move 1ittle, if at all,
following freeze-up. Ridges and hummocks that are drifted with snow are
important for seal birth lairs, while snow depth between the pressure ridges
is apparently not a critical factor. Stirling et al. (1975) termed the above
as Type 1 ice, and report that prime ringed seal pupping habitat includes
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Type 1 ice over water depths of at least 10 m. In the western Arctic,
productive Type 1 habitat occurs in northwestern Amundsen Gulf, southern
Prince of Wales Strait, and along the west coast of Banks Island. It is not
known whether the amount of pupping habitat 1imits the production of pups by
the seal population. The amount of pupping habitat is 1ikely to be relatively
constant on a year-to-year basis, with the exception of the larger variability
associated with those years (i.e., 1971, 1978 and 1981) in which the fast ice
zones of the northwestern Amundsen Gulf wundergo winter break-up and
destabilization (Marko and Fraker 1981; J. Marko, pers. comm.). The effect of
this break-up on pup production or survival is not known.

Link 3  Icebreaker traffic in late March, April and May will kill ringed seal
pups.

Although studies to examine ringed seal pups in lairs directly affected by
icebreakers have not been conducted, there 1is concern that newborn and very
young pups would be unable to avoid vessels and would subsequently die through
crushing or exposure. The age when pups would be able to effectively avoid a
vessel is unknown, although it would probably be no sooner than two or three
weeks of age.

Densities of pupping ringed seals are low (< 1 or 2 km2), and only small
numbers of individuals would actually occur within a ship track during the few
weeks when pups are vulnerable. Consequently, the proportion of pups at risk
in any one year would be small; probably less than 1 percent of the total pups
in the region. Loss of this proportion of pups would probably be
inconsequential to the population, given the relatively high rates of natural
mortality in the first year of life.
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CONCLUSIONS

Small scale alterations to the ice regime in a ship's path (Link 1b), and
noise-related exclusion of pupping females from the vicinity of tracks (Link
1c) were both considered possible. However, the potential effects on ringed .
seal pup production were not expected to be regionally significant or worthy
of further investigation. Similiarly, the regional impacts of direct pup
mortality resulting from icebreaker traffic in April and May were expected to
be insignificant at the population level.

On the other hand, large-scale destabilization of the Amundsen Gulf ice cover
due to icebreaking activities (Link la) could be an area of significant
concern, although present evidence for this 1ink is largely circumstantial. It
is recommended that further research regarding the potential for large-scale
ice destabilization processes in Amundsen Gulf be undertaken to determine both
the requirement for and suitable design of any monitoring programs.

RESEARCH

Analysis of ringed seal samples collected by T.G. Smith (DFO) near Holman
Island between 1971 and 1982 1is pianned for 1984, These analyses should
indicate any significant variability in population parameters that may have
occurred during that period (i.e., age-specific reproductive rates and
mortality rates), and findings can be subsequently related to years of ice
destabilization in Amundsen Gulf (i.e., 1971 and 1978).

If analysis of these data indicates that pup production 1is sensitive to
variations 1in the ice regime, further ice 'stabi1ity research may be
warranted. This research could include modification and direction of existing
theories of ice strength and structure, and investigation of two-dimensional
jce strain involving use of NOAA, Landsat and SLAR imagery. If these data
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indicate a requirement for higher resolution information, time series strain
measurements 1in critical areas and deployment of sea bottom-mounted acoustic
tracking arrays in conjunction with on-ice transponders could be considered.
An examination of recent historical data may also be required. Emphasis
during these studies should be placed on documenting: strain histories for
comparisons with wind and possibly current measurement records; and the
observed sequences of lead-forming and ice movement events.

MONITORING

Uncertainties related to the potential for destabilization of the ice regime
in Amundsen Gulf and potential impacts of this destabilization on ringed seal
pup production are considered adequate Jjustification for a monitoring
program. Monitoring could include routine aerial photography of icebreaking
activity in Amundsen Gulf, and analysis of the data collected (depending on
the results of the previously described research) in conjunction with wind and
large scale ice movement data. This monitoring program would provide further
information on the probabilities and mechanisms of fast ice destabilization.
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HYPOTHESIS NO. 5

THE EFFECTS OF ICEBREAKER TRAFFIC IN THE TRANSITION
(SHEAR) ZONE ON BEARDED SEAL PUP PRODUCTION
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Icebreaker traffic in the transition (shear) zone
will reduce bearded seal pup production

BEARDED SEAL PUP PRODUCTION

MORTALITY MATING SUCCESS

G- — )

ICEBREAKER TRAFFIC IN SHEAR ZONE
DURING APRIL AND MAY

Figure 5-1: Potential effects of icebreaker traffic in the shear zone on
bearded seal pup production

Linkages

1. Icebreaker traffic in the shear zone during April and May will interfere
with vocalizations of male bearded seals, and this will result in reduced
mating success.

2. Successful mating is necessary for production of bearded seal pups.

3. Icebreaker traffic within the shear zone during April and May will result
in mortality of bearded seal pups.
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INTRODUCTION

Bearded seals are largely solitary animals which are usually widely dispersed
and not known to occur in large aggregations in any habitat. They tend to
avoid fast ice, but can be relatively common in certain types of pack ice and
in the transition or shear zone (Burns and Frost 1979; Stirling et al. 1982),
The size of the Bering Sea-Chukchi Sea population of bearded seals has been
estimated at 300,000 to 450,000 (Braham et al. 1977). However, the Beaufort
Sea provides much less favourable habitat than more westerly portions of the
range of this population (Burns and Frost 1979). For example, aerial surveys
of hauled out bearded seals in the Canadian Beaufort over a 6-year period have
resulted in estimates of 2200 to 8300 individuals (Stirling et al. 1982).
These estimates are not corrected for seals under the ice at the time of the
surveys and therefore represent minimum numbers present in the area (Stirling
et al. 1982; I. Stirling, pers. comm.). In general, past surveys indicate
that there is approximately one bearded seal for every 20 ringed seals in the
Canadian Beaufort.

Although not as important as the ringed seal to the native harvest, the
bearded seal is used for domestic leather products. In addition, it is also
preyed upon to some extent by polar bears (Stirling and Archibald 1977; Smith
1980). The bearded seal only represents a small proportion of the total seal
ki1l by bears (i.e., on the order of one bearded seal for every 10 to 20
ringed seals -- Stirling and Archibald 1977; I. Stirling, pers. comm.), but
may be important because of its large size and energetic value.
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Bearded seals give birth to a single precocious pup on moving ice in Tlate
April or early May (Burns and Frost 1979). The preferred pupping habitat of
this species is the shear zone, which is also the location of existing and
proposed shipping corridors in the Beaufort Sea. Therefore, there is some
concern that ship traffic will affect bearded seal production either directly,
by crushing the pups, or indirectly, by reducing mating success and subsequent
pup production (Figure 5-1),

LINKAGES

Link 1: Icebreaker traffic in the shear zone during April and May will
interfere with vocalizations of male bearded seals, and this will
result in reduced mating success.

Bearded seals (especially males) are highly vocal, particularly during the
breeding season (Ray et al. 1969; Stirling et al. 1983). The calls are
audible under some circumstances for more than 40 km, and may serve to attract
female seals and exclude other males from underwater territories. During
workshop discussions, 1t was suggested that disturbance could reduce
vocalization rates and/or that ship noise could completely mask calls. Either
of these reductions in communication could Tead to reduced mating success and
pregnancy rates. However, there has been Tittle research on the behaviour of
bearded seals, and there is essentially no evidence available to support or
reject this 1link in the hypothesis.

Link 2: Successful mating is necessary for production of bearded seal pups.

This 1ink is both self-evident and valid. Pup production is a function of the
pregnancy rate which averages about 85 percent (Burns and Frost 1979; Smith
1981). However, there are almost no data on the extent of natural variability
in pregnancy rates between years or between areas.
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Link 3: Icebreaker traffic within the shear zone during April and May will
result in mortality of bearded seal pups.

As indicated earlier, the shear zone is the preferred pupping habitat of
bearded seals (Stirling et al. 1982), and will also be the preferred corridor
for some shipping activity associated with hydrocarbon development in the
Beaufort region. There is some limited anecdotal evidence of direct mortality
of other species of seals due to icebreaking activities, although mortality of
bearded seal pups or their mothers has not been documented to date. However,
the workshop participants agreed that some degree of mortality would be
expected within the region, particularly during the  period of maximum
vulnerability of seal pups, which is assumed to be 2 or 3 days after birth,

Pupping habitat available to bearded seals in the transition zone (spatial
units 3 and 9) is approximately 34,000 kmz. It is reasonable to assume that
the pupping females are relatively uniformly distributed throughout this
habitat (Stirling et al. 1982). Pupping is also assumed to be fairly
synchronous in the area, and as a result, the period when vulnerable pups are
present on the ice is 1likely to be fairly short -- perhaps 2 to 3 weeks.
Although it is not possible to predict how much icebreaker traffic would occur
during this period, the combined width of the tracks from all passages is
1ikely to be less than 1 km. To derive a very conservative estimate of the
degree of mortality which could reSuTt from icebreaker traffic, it was assumed
that all pups in a corridor 1 km wide and over a distance of 360 km would be
killed. The Tatter number is the distance along the ice edge between Stokes
Point and McKinley Bay. Therefore, only about one percent (360/34,000) of the
available habitat would be affected by icebreaking activities, and only about
one percent of the bearded seal pups would be at risk. Observed densities of
bearded seals in this area range from 1 to 5 animals per 100 km2 although
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not all of these seals are pupping females. However, individuals that are
beneath the 1ice are not included in the above estimates. Thus, if the above
assumptions are reasonable, it is considered likely that direct mortality of
bearded seal pups due to icebreaking would amount to fewer than 20 individuals
per year.

CONCLUSIONS

At present, the Tlevel of understanding regarding bearded seal vocalizations
and their importance in determination of mating success and pup production is
inadequate either to accept or reject Link 1 in this hypothesis. More
detailed information on bearded seal vocalizations and behaviour would be
useful for prediction and interpretation of the potential effects of
icebreaker traffic. However, given the limited understanding and difficulty
in precisely measuring reproductive success, it is considered unlikely that
industry-related effects on pup production would be detectable.

Although icebreaker traffic will probably result in direct mortality of some
bearded seal pups (Link 3), such losses are expected to be insignificant to
the population.

RESEARCH

The hypothesis 1inkage that ship disturbance will lead to a reduction in
bearded seal vocalization rates could be tested through a series of underwater
recordings of seal calls. It would be necessary to establish a baseline for
vocalization rates in both a control area and an area which would be exposed
subsequently to icebreaker traffic. Use of a computerized array of
hydrophones would be necessary to determine the location of individual seals
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and the numbers in each area. Recordings of bearded seal vocalization rates
in both the control and disturbed area would be required before, during and
after the disturbance period. A problem with this research program is that
ship noise may mask seal calls, and thereby make it impossible to determine if
vocalization rates change.

Even 1if the above experiments did demonstrate a reduction in vocalization
rates, this does not necessarily mean that such effects would Tead to reduced
mating success and pup production. To evaluate this question samples of adult
female bearded seals would have to be collected in a disturbed area and in an
undisturbed control area. Relatively large samples would have to be collected
to assure statistically reliable results. This type of research would involve
the combined determination of the presence of a corpus Tluteum to indicate
ovulation and the presence of a fertilized egg. The latter is difficult to
determine because of the delayed implantation that occurs in seals.

It was also considered possible that the sampling program necessary to address
the potential for reductions in pup production due to icebreaking would have a
greater impact on the population than would this form of industrial
disturbance. Therefore, the working group concluded that although a research
program directed at bearded seal vocalizations could offer some relevant
information, this research is not a high priority.

MONITORING

A monitoring program to determine the impacts of icebreaker and tanker traffic
in the transition zone on bearded seal pup production was not considered
justifiable or practical.
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HYPOTHESIS NO. 6

THE EFFECTS OF ICEBREAKER TRAFFIC IN AMUNDSEN GULF
ON THE RINGED SEAL AND POLAR BEAR POPULATIONS
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Icebreaker traffic in Amundsen Gulf will affect
the ringed seal and polar bear populations.

POLAR BEAR POPULATION
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Figure 6-1: Potential effects of icebreaker traffic in Amundsen Gulf on
the ringed seal and polar bear populations.
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Linkages

Icebreaker traffic in Amundsen Gulf will move the stable ice edge to the
east (and alter the Bathurst polynya) in winter and spring.

Movement of the stable ice edge may in turn change the total amount of
open water in the region.

The coverage thickness and Tocation of ice determines the level of primary
productivity.

Primary production is enhanced (perhaps in patches) near the MacKenzie
River plume edge.

5, 6 and 6a. The level of primary productivity determines the level of

secondary productivity in zooplankton, epibenthos and benthos.

7, 8 and 9a. Distribution and production of zooplankton and epibenthos and the

7a,

10.
11.

12,

location of ice determine the production and distribution of Arctic cod.

8a and 9. Spatial and temporal patterns in the abundance and distribution
of Arctic Cod, epibenthos and zooplankton determine ringed seal food
consumption,

Quality and quantity of food determine ringed seal survival and mortality.

Location and type of ice are important in determining ringed seal
distribution.

Numbers of polar bears are determined by numbers of ringed seals.



101

NAMES OF PARTICIPANTS

Max Dunbar John Marko Ian Stirling
Dave Fissel Dave Mackas Don Schell
John Harper Humfrey Melling Ray Schweinsburg
Rick Hurst Serge Metikosh Aaron Sekerak
John McDonald Langley Muir Tim Webb
Peter McNamee Ed Pessah

INTRODUCTION

The hydrocarbon development scenario for the Beaufort Sea includes a
transportation option for year-round tanker-icebreaker traffic from the
production area through Amundsen Gulf and into Prince of Wales Strait (Dome
Petroleum Limited et al. 1982, Vol. 2). During early production, two tankers
would be operating, and this would result in four passages through Amundsen
Gulf every month. In the later stages of the development, the number of
tankers is expected to increase incrementally as the Tevel of o0il production
gradually increases to approximately 1.2 million BOPD. The maximum number of
icebreaker tankers in the current development scenario is twenty-four (Dome
Petroleum Limited et al. 1982, Vol. 2), and therefore the number of icebreaker
passes through Amundsen Gulf will increase to approximately 50 per month
during peak production.

Hypothesis 6 states that icebreaker traffic in Amundsen Gulf will affect the
polar bear population. As illustrated in Figure 6-1, the mechanisms for this
area of potential impact are through 1) indirect food web-related effects and
2) direct alterations in ice type, coverage or location. The following
material discusses the evidence for and against each of the linkages
associated with this hypothesis, as well as various uncertainties identified
during the discussions of workshop participants. This information is then
used to form the basis of recommendations related to possible
research/monitoring requirements and strategies.
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L INKAGES

Link 1: Icebreaker traffic in Amundsen Gulf will move the stable ice edge to
the east (and alter the Bathurst polynya) in winter and spring.

Link 2: Movement of the stable ice edge may in turn change the total amount of
open water in the region.

During the winter, distinct boundaries appear in the Amundsen Gulf ice cover
that correspond to temporary, north-south oriented 1leads which connect
specific points on southern Banks Island and northern N.W.T. coastlines.
These boundaries alternatively disappear and re-appear at the same or
different locations until January or later when, in most years, a final
seasonal ice-edge is established that separates immobile or fast ice in the
eastern Gulf from relatively mobile ice to the west (see Hypothesis No. 4,
Link 1). Under appropriate wind conditions, the mobile ice moves away from
the fast ice boundary, producing an area of open water which is commonly
referred to as the Cape Bathurst Polynya. This polynya is by far the largest
in the western Arctic; variability in the spatial extent of the Cape Bathurst
Polynya during various years is shown in Figure 6-2,

Marko and Fraker (1981) analysed observations dating back to 1973, and
suggested that the final seasonal fast ice boundary tends to occur along two
basic curvilinear lines, roughly 1linking Cape Bathurst to Cape Kellett and/or
to the southern tip of Banks Island. In two of the years of observation, 1978
and 1981, this boundary formed far to the east of its normal Tocations,
precluding the existence of fast ice and the polynya in the western Gulf as
shown in Figure 6-3. An opposite extreme in ice behaviour was observed in
1974 when consistent westerly and northwesterly winds caused the spring ice
edge to form well to the west of the western entrance to Amundsen Gulf. This
resulted in maintenance of a fast ice cover in all portions of the Gulf, and
also prevented occurrence of the polynya in its normal spring location. Thus,
there is great natural variability in location and extent of what is broadly
known as the Bathurst Polynya.
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In the presence of an ice edge, the size of the polynya, in terms of the
extent of open water and thin ice, is largely determined by the opening and
closing effects of easterly and westerly wind fields (Marko and Fraker 1981).
In most years, the predominance of easterly winds in spring produces a vast
polynya area which is usually physically connected to similarly generated, but
smaller, open-water bodies off the Tuktoyaktuk Peninsula and western Banks
Island. The relatively high absorption of solar energy (low albedo) in open
water areas leads to elevation of local water temperatures and enhances
melting during the spring season. Wind-driven and other forms of upwelling,
as described by Dunbar (1981) and Roed and O'Brien (1983), are believed to be
active in the polynya, and increase the nutrient content of the upper water
column. The latter phenomena are more fully discussed in subsequent material.

By late May or June, the combination of wind forcing and absorption of solar
radiation by the sea ice and low albedo open water areas, begins to break up
the adjacent fast ice. The clearing of this ice proceeds to the west, and
commonly results in the formation of successively more easterly fast ice edges
until the entire Amundsen Gulf pack is mobile and generally moving in a
westerly direction toward the Beaufort Sea (Lemon et al. 1981). In this late
spring and summer period, the Bathurst Polynya effectively ceases to exist as
a recognizable entity.

More detailed information and a discussion of uncertainties related to Links 1
and 2 are presented for the following three phenomena in subsequent sections:

(a) The direct, local impact of icebreakers on the consolidated sea-ice.

(b) The physical processes 1involved in the stabilization of the
consolidated ice edge across Amundsen Gulf.

(c) The possible role of vertical mixing that is driven through salt
extruded during the formation of sea-ice, in the uptake of warmer,
nutrient-rich deeper waters into the photic zone.
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Local Effects of Icebreaker Passage Through Floating Fast-Ice Fields

Icebreaker tracks are generally filled with brash ice following vessel passage
(Dome Petroleum Limited et al. 1982, Vol. 4), and with time, the interstitial
water between the blocks freezes. However, this refreezing process is slow
due to the Tow thermal diffusivity of sea ice and, although the brash ice is
thicker than surrounding unbroken ice, it remains weaker than the surrounding
ice for periods of up to several weeks. This fact is reflected in the
intention to reuse broken tracks for subsequent ship passages, rather than to
break new tracks (Dome Petroleum, BEARP Hearings, Inuvik, Nov. 1983) and in
work carried out by the United States Coast Guard (Greisman 1982). In
contradiction to this, a workshop participant remarked that Canadian Coast
Guard and Finnish icebreakers never reuse tracks because of greater resistance
encountered therein. This apparent disparity may be explained by age of the
track, although specific data are not readily available. As a working
conclusion, it was assumed that the brash ice in a ship's track would be
weaker in tension-compressions and shear than the surrounding ice for a period
in excess of one day. If, after some weeks, the brash freezes to the degree
that it is stronger than the surrounding ice, the overall strengthening of the
regional ice field will be negligible because of the small area of track.

Class 3 icebreakers operating through the fast ice edge in Lancaster Sound
during late spring have resulted in the release of small (< 1 km2) ice floes
(APP 1979; Dave Fissel, pers. comm.). Given the similar ice-edge situation in
Amundsen Gulf, floes of at least comparable size might be released at the edge
of the Bathurst Polynya during the transit of Tlarge icebreaking tankers.
However, these floes would have an insignificant effect on the polynya since
they are small in size compared to the polynya (tens of thousands kmz).
Breakoff of these floes may be related to the existence of flaws in the ice
sheet prior to vessel passage, or may be the consequence of cracks produced in
the ice sheet by vessel passage. There is evidence for rapid and long-
distance (hundreds of kilometres) propagation of cracks in sea ice subject
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to 1argé local stresses (Milne 1972; Mukherji 1973; Marko and Thomson, 1977).
These cracks release potential energy stored in thermally -and mechanically-
induced tension-compressions. It should be noted that energy dissipated by
tankers operating in dice is in the same order of magnitude as that dissipated
by natural forces acting on large sea ice fields. For example, if an ice
field the size of Amundsen Gulf (200 km x 400 km) is acted upon by a wind
stress of 0.1 N/m2 (10 m/s wind) causing drift at a speed of 0.1 m/s, the
rate of energy dissipation is 800 MW. Icebreaking tankers could dissipate
energy at a rate of about 100 MW (Dome Petroleum Limited et al. 1982, Vol 2).
Therefore, although icebreaking tankers and their tracks are small in contrast
to the size of Amundsen Gulf, their significance in terms of energy
contribution is not. Note, however, that most of the energy lost by the
icebreaker is 1likely dissipated over a relatively small portion of the total
area of the Gulif (i.e., in the vicinity of the ship track), while the wind
energy is applied to the entire surface area of unconsolidated ice.
Furthermore, icebreaker energy dissipation would occur only for approximately
0.5 days/week during early production, while the wind forcing would be much
more frequent.

Large Scale Ice Edge Stabilization

Since the ice edge stabilization process(es) controls the location of the
Bathurst Polynya, alterations to it and system équi]ibrium following
icebreaker operations might change the position and characteristics (i.e.
extent) of this important body of open water and thin-ice covered surfaces.
Although there are at least two theoretical treatments of ice edge stability
in straits (Sodhi 1977; Pritchard et al. 1979), there is not an adequate basis
for (1) evaluation of the details of stabilization processes, or (2)
assessment of modifications to these processes which may vresult from
icebreaking tanker operations in ice fields.
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Satellite imagery provides the major source of information concerning natural
variation in the location of theAice fronts, and the spatial extent of the
associated polynyas in the Beaufort Sea (see Marko and Fraker 1981). Some of
the more significant features observed are:

1) The position of the pack ice west of Amundsen Gulf ultimately
controls polynya formation; in years such as 1974, when the pack ice
moved to the south and east (i.e., shoreward), the polynya did not
develop;

2) The ice front may occur in different locations at various times
during any given year, and large year to year variations have been
recorded in its final (spring) stabilization position. In general,
however, there appear to be about three "favoured" Tlocations for ice
front formation; and

3) The ice front may collapse or never become fully established. This
situation apparently arises approximately one year in five, leading
to a displacement of the polynya into the eastern end of Amundsen
Guif.

Although the above observations do not document the dynamics of ice-front
formation or stabilization, they provide evidence for the marked spatial and
temporal variability that characterizes ice-front formation. Two conflicting
" interpretations with respect to ice edge stabilization are suggested:

1) The processes involved in ice front formation are sufficiently
delicate (as evidenced by sudden and drastic shifts in position and
form) to allow disruption and specifically, destabilization during
transit of an icebreaking vessel; or

2) The observed dramatic shifts in ice edge position and form are
evidence for the causative influence of overwhelmingly large natural
energy inputs associated with wind, water currents and internal ice
forces applied to the entire surface area of the Gulf. The impacts
of individual operating icebreakers are therefore considered
inconsequential in comparison to these large scale natural high-
energy events.
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Unfortunately, existing data and understanding of large and intermediate scale
ice behaviour are not adequate to allow a choice to be made between these
alternative interpretations. Therefore, a definitive evaluation of the
potential impact of icebreaking tanker traffic on ice edge stability in
Amundsen Gulf is not possible at this time.

Stabilization of Sea-Ice Fields Over Deep Water - Physical Analogues

The physical factors contributing to the stability of sea-ice sheets in the
absence of grounded pressure keels are not adequately understood. The
observation that fast-ice edges over deep water are concave (Sodhi 1977)
suggests that the masonry arch may be a somewhat analagous structure. The
latter derives 1its stability from the conversion of 1imposed Tloads into
compressive stresses on the individual components of the arch. Careful
shaping of these components and of the "keystone" 1is necessary for proper
stability under Toad. In the absence of empirical data, the arch model forms
the basis of the following discussion.

In a sea-ice field that is many tens of kilometres across, individual floes
are the analogues of masonry blocks. Stability can arise within certain
random configurations of floes that compose the ice sheet, as these floes
drift in response to winds and currents. The variability in the date of
stabilization of ice cover in Amundsen Gulf (December to March; John Marko,
pers. comm.) and the complete absence of stable ice in some years (e.g., 1971,
1978 and 1981), are likely indicative of the infrequent random occurrence of
stable floe configurations. An analysis of the angle of internal friction
across the Amundsen Gulf ice edge in 1973 by Sodhi (1977) lends some support
to the present analogy.

In taking this analogy further, the stability of floating fast-ice fields can
be attributed to the existence of an arch of individual ice floes. These
floes are in a configuration which converts the imposed loads on the ice sheet
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(due to wind and current stresses) into compressive stresses on the floes.
Presumably these compressive stresses do not exceed the compressive strength
of the sea ice. In theory, the passage of an icebreaking vessel through this
arch will subdivide one or more of the component floes, and therefore alter
the geometry of the arch. In some instances, the 'new' geometry may not be
stable and the arch could collapse into the adjacent open water (e.g., the
Bathurst Polynya), thereby destabilizing the ice sheet behind the arch. Under
prevailing easterly winds, the ice field from Amundsen Gulf would then
gradually fill the Bathurst Polynya, and a new polynya would open in eastern
Amundsen Gulf.

It should be noted that, according to the above model, destabilization will
only occur if (1) the icebreaker penetrates the arch in one of the specific
paths which crucially alters its geometry, and (2) if strong loads (e.g.,
easterly winds) are imposed on the arch before it can refreeze. The chances
of destabilization would increase with both the number of ship transits and
the number of vessel tracks.

Vertical Mixing In Polynyas

During the workshop, a hypothesis that changes may occur in the internal
processes of a polynya, depending on its location, was discussed in relation
to the biological importance of the Cape Bathurst Polynya. In particular,
enhanced depths of vertical mixing in polynyas through penetrative convection
would be potentially significant in terms of (a) nutrient uptake for enhanced
primary productivity, and (b) potential thermal uptake of warmer Atlantic
water from depths greater than 250 m. If this hypothesis of deeper vertical
mixing in polynyas were correct, the thermal uptake effect would not be
operative in those years (e.g., 1971, 1978, 1981) in which the ice edge
stabilizes in eastern Amundsen Gulf, because water depths in this area do not

exceed 200 m.
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Large polynyas such as the Cape Bathurst Polynya are probably formed primarily
by winds (Dunbar 1981). However, a study of the North Water (Muller et al.
1980) indicated that the formation of this polynya in Smith Sound is
attributed to both wind and oceanographic effects. The results of this study
suggest that there must be a source of heat input from depths greater than
those investigated. |

Russian scientists (Kupetskii 1959, 1962; Szekielda 1974) suggest that winds
maintain open-water surfaces in large polynyas, and thereby make the ice-free
(or comparatively ice-free) polynyas into 'ice factories'. The production of
ice in polynyas 1is estimated to be four to five times greater than ice
production in ice-covered areas. The constant freezing of the surface and
downwind movement of new ice results in a constant supply of leached-out salt
from the ice, and therefore a constant supply of dense saline water. The
latter sinks and is replaced with water from the warmer, deep Tlayers.
Kupetskii (1962) estimated that sinking in the North Water occurs to depths of
2000 metres. A vertical exchange of this nature would result in the transport
of nutrients and heat to the surface. This phenomenon has been suggested as a
possible explanation for the known productivity of Lancaster Sound, which is
expected to be located downstream from the "nutrient pump" in the North Water
(M.J. Dunbar, pers. comm.).

Recent oceanographic studies of relevance to the present hypothesis have been
conducted in two areas adjacent to the Cape Bathurst Polynya. Two of these
studies were conducted in the Canadian Beaufort Sea during November, 1979 and
March-April, 1981 (Melling, 1983; H. Melling, pers. comm.), while the third
was conducted from the landfast dice in Amundsen Guif during March, 1982
(Fissel et al. 1984). These investigations suggest that the degree of
stratification of the water column within the Bathurst Polynya is
approximately 30 to 60 percent of that observed in the North Water Polynya.
Given normal rates of ice growth and heat exchanges through the surface, deep
vertical convection is probably limited to depths shallower than 100 metres



112

(H. Melling, pers. comm.). Therefore, some other mechanisms must provide the
additional increased salinization near the surface that would be required for
vertical convection to the depths where the warmer Atlantic Water occurs.

An understanding of physical processes in the Cape Bathurst polynya is
necessary for the adequate assessment of the present hypothesis. To date,
oceanographic studies have not been conducted in either the North Water or
Cape Bathurst polynyas. Therefore, the presence of vertical mixing processes
which extend to sufficient depths to induce significant uptake of heat and
nutrients remains unknown.

Total Open Water Area In Amundsen Gulf

During assessment of potential impacts of icebreaker traffic on the location
of the ice edge in Amundsen Gulf, it is important to recognize that under many
circumstances, the total amount of open water can remain relatively unchanged
despite even drastic shifts in ice edge location.

The amount of open water or thin ice in the southeastern Beaufort Sea and
Amundsen Gulf is governed by the winter and spring movements of both the
Beaufort Sea pack ice and the ice fields of Amundsen Gulf. For example, if a
generally eastward or northeastward movement of the Beaufort Sea pack occurs
during early spring, a smaller than average area of open water occurs adjacent
to western Banks Island and in those areas of Amundsen Gulf generally
associated with the Bathurst Polynya. If destabilization occurs in the
Amundsen Gulf pack under these circumstances (approximately 1 year in every
5), open water will appear around the eastern perimeter of Amundsen Guif and
will represent a significant proportion of available open water in both the
southeastern Beaufort and Amundsen Gulf. In most years when stabilization
occurs at a western Tlocation and there are simultaneous easterly or
southeasterly movements of the Beaufort Sea pack, relatively small amounts of
open water are present in both Amundsen Gulf and the southeastern Beaufort Sea
through late June and July (Marko and Fraker 1981).
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The largest amounts of open water 1in early spring (April and May) occur in
years with a combination of easterly winds (which tend to move the Beaufort
Sea ice pack to the west) and when stabilization of Amundsen Gulf pack ice is
at a western location. Later in the year (during June and early July), the
amount of open water is not usually significantly different during years of
eastern (e.g., 1971) or western (e.g., 1973) stabilization but the locations
of open water frequently are quite different. During years of western
stabilization of Amundsen Gulf pack ice, open water tends to be the most
prevalent in the southeastern Beaufort Sea, while during years of eastern or
no stabilization, most of Amundsen Gulf is free of ice in June and July but a
large amount of ice (formerly from Amundsen Gulf) occupies the southeastern
Beaufort Sea off the southwest corner of Banks Island.

In summary, very large natural variations occur in the total amount of open
water present in Amundsen Gulf during the spring period. Destabilization of
the Amundsen Gulf ice pack is an important factor in determining the open
water extent and location. However, the proximity of the polar pack ice edge
would also appear to be a comparable factor in éstab]ishing the overall amount
of open water. A more quantitative assignment of the relative importance of
these two influences may be possible through analyses of near simultaneous
satellite ice cover imagery and wind records.
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Link 3: The coverage and location of ice determines the level of primary
productivity.

Rates of primary production in the Canadian Beaufort Sea have only been
measured at a limited number of Tlocations during the open-water season. The
majority of these studies were completed between 1973 and 1975, in conjunction
with the Beaufort Sea Project and were summarized by Hsiao (1976). The
following general account of primary production in the region is from Hsiao
(1976), while more detailed reviews of existing data are provided in Dome
Petroleum et al. (1982, Vol. 3A) and LGL and ESL (1982).

“It is difficult to designate a single factor as being a
limiting one in controlling the primary productivity taking
place in the waters of the southern Beaufort Sea. Such a
process is controlled by a combination of factors acting at
different rates throughout the successive months of the
year.

"Light penetration is a prime factor in this area. During
the summer months it may become 1imiting because of ice
cover or from the heavy sediment content of the water added
to the system by the Mackenzie River (Grainger, 1975).
Nutrient availability is not likely a Tlimiting factor in
the 1inshore regions. Nutrients generally exist in high
concentrations in this area, continually being replenished
by the Mackenzie River outflow (Grainger, 1975).
Mineralization in the shallow inshore waters might add to
the available organic and inorganic nutrients. However, in
the far offshore regions, the nutrient content of the
euphotic zone, which is separated from the deeper nutrient
rich waters by a thermocline during the summer, may very
quickly become depleted and thus, Tlimiting. The higher
water temperatures of the inshore regions during the summer
may determine to some extent the selection of phytoplankton
species. Bursa (1963) stated that individual groups of the
phytoplankton community might show seasonal succession in
accordance with changes in temperature."

As in all aquatic systems, primary production in the Beaufort Sea is limited
ultimately by 1ight and nutrients, depending on Tlocation and season.
Consequently, unusual nutrient or light conditions such as those encountered
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in polynyas, or during "heavy" or "light" ice years could have significant
effects of primary production. Although studies have not been initiated to
examine these potential differences in primary productivity, indirect evidence
of possible sources of annual variability in production is available. For
example, the ice in the Beaufort Sea was thicker, more extensive and
persistent in 1974 than in 1975. Tummers (1980) studied the heat budgets of
the southeastern Beaufort Sea during these years, and found that (1) the
maximum surface sea temperature was 0.62 C® lower in 1974 than in 1975, and
(2) the -1.5°C isotherm was at a maximum depth of 15 m in 1974 compared to 50
m in 1975. The reduced water temperature and probable shallower photic zone
due to severe ice conditions and higher levels of turbidiiy due to ice damming
in 1974 may not only have resulted in abnormally low primary production during
this year, but also could have been reflected in higher trophic levels in the
Beaufort Sea.

Productivity may be increased in polynyas early during the spring. The
magnitude of such increases would 1ikely depend on the surface area of the
polynya, the simultaneous occurrence of Tlight intensities suitable for
phytoplankton growth and production and the residence time of water within the
polynya. The factors supporting this hypothesis are:

1) the angle of incidence of 1light in Tlate April would allow Tlight
penetration to depths of 30 to 40 m if open water is present;

2) primary production usually does not increase significantly until the
water column becomes stable (typically June), but within Tlarger
polynyas, enhanced stratification earlier in the spring could result
in relatively high production in late May.

It should also be emphasized that any differential enhanced production in
polynyas during the spring would not be apparent after July because the ice
cover would be rapidly clearing from all areas, thereby allowing increased
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rates of primary productivity throughout open water areas. Nevertheless,
these differences in the timing or magnitude of primary production in polynyas
could have disproportionately larger effects on higher trophic levels in the
ecosystem.

Link 4: Primary production is enhanced (perhaps in patches) near the plume
edge.

This linkage was originally included in the present hypothesis to account for
dynamics occurring near the seaward edge of the Mackenzie River plume.
However, 1its inclusion was subsequently considered inappropriate because the
plume seldom reaches the Cape Bathurst Polynya. The only documented instance .
where the plume reached the polynya for brief periods was during the summer of
1974 when excessive nearshore pack ice contained the flow of Mackenzie River
in a narrow coastal band along the Tuktoyaktuk Peninsula and as far as
Amundsen Guif. The workshop group suggested that this was a rare phenomenon,
and therefore, not worthy of consideration in terms of enhanced primary
production at a plume edge within Amundsen Gulf.

Links 5, 6 and 6a: The level of primary production determines the level of
secondary productivity in zooplankton, epibenthos and
benthos.

The main flow of energy 1in marine ecosystems such as the Beaufort Sea is
through planktonic primary producers to zooplankton, epibenthos and benthos.
The energetic relationships between these communities have not been studied in
the Canadian Beaufort, but Campbell (1981) concluded that even in shallow
nearshore locations of the Alaskan Beaufort with good (e.g., 5-10 m) light
penetration, planktonic primary production was far more significant than
benthic primary production, epontic primary production or heterotrophic
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production. It should be noted that altered production patterns may occur
within the very turbid waters of the Mackenzie River plume. However, as
indicated earlier, waters in Amundsen Gulf are unlikely to be influenced by
the plume in the majority of years.

A major uncertainty that could be fundamental to the evaluation of food chain
relationships associated with this hypothesis is the importance of timing of
primary production and its apportionment to major secondary producers. For
example, the timing of reproductive cycles of arctic herbivorous zooplankton
(mainly copepods) are such that young are present in the water column at a
time when maximum advantage can be derived from peak a]ga1 abundance (Grainger
1965). Sekerak et al. (1979), employing multivariate comparisons, found that
this synchrony was a very prominent feature of the zooplankton community in
Baffin Bay, while Grainger (1965) reported similar temporal relationships in
the Beaufort Sea.

Another example of the probable importance of reproductive timing is that
epontic (ice) algae appear to provide a source of early season production upon
which some invertebrates can graze. Therefore, the most productive season of
various epontic invertebrates 1likely begins earlier than that for either
planktonic or benthic 1invertebrate populations. As a result, epontic
productivity may be more important due to its timing than because of its
magnitude (Alexander 1974; Alexander and Cooney 1979; Horner and Schrader
1982). On a seasonal basis, both benthic and epontic microalgae are probably
less productive per unit area than are planktonic algae, but their location on
a two-dimensional surface increases the probability of encounter by some types
of grazers.

Changes in the timing of seasonal peaks in primary production could lead to
increased benthic secondary production, and corresponding decreases in
planktonic secondary production. For example, if herbivorous zooplankton were
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not abundant in the water column as a result of changes in seasonal peaks,
much of the primary production may sink to the bottom (as dead algal cells)
where it could then be utilized by benthic animals. This could have energetic
implications, since with few exceptions, benthic organisms have not been found
to be important food items for vertebrates in the Beaufort Sea, including
those which are the primary focus of this hypothesis.

Links 7, 8 and 9a: Distribution and production of zooplankton and epibenthos
and the location of ice, determine the production and
distribution of Arctic cod.

The relationships among Arctic cod, their food resources and physical
environmental features have not been examined in the Canadian Beaufort Sea.
The following is a summary of information available for other areas, primarily
the Canadian Eastern Arctic and Alaska.

Biological Relationships

Evidence from other areas suggests that the diet of Arctic cod is Tlargely
zooplankton and epibenthos, 1including various epontic (ice-associated)
invertebrates. For example, Bain and Sekerak (1978) reported that Arctic cod
collected from small cracks in the ice near Resolute Bay, Cornwallis Island
had consumed large quantities of an amphipod (Onisimus litoralis) which is
known to be associated with the under-ice community in some areas and

seasons. Later 1in the season, the diet of Arctic cod collected from
predominantly open water areas was dominated by zooplankton (planktonic
amphipods and copepods). In contrast, Bendock (1979) and Craig et al. (1982)
reported that mysids (Mysis litoralis and M. relicta) were the most important
prey organisms of Arctic cod in nearshore ice-free waters of the Beaufort Sea
(Prudhoe Bay and Simpson Lagoon) in summer, while Lowry and Frost (1981) found

that planktonic foods (copepods and amphipods) were the most important food
items of Arctic cod in offshore waters in the Alaskan Beaufort Sea and the
northeastern Chukchi Sea.
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Available data suggest that Arctic cod are versatile in terms of their dietary
requirements, and that their diet in the Canadian Beaufort is probably not
substantially different from that observed in other regions. However, the
factors controlling prey type selection, and the effects of unnatural changes
in prey availability in the Canadian Beaufort Sea and other areas remain
unknown. An overall decrease in =zooplankton and epibenthic (including
under-ice) production could presumably lead to decreased numbers and/or
redistribution of Arctic cod.

It should be noted that food chain interrelationships are often complicated,
and this can result in unpredictable effects when a change occurs within a
given trophic level. For example, increased zooplankton production might be
considered beneficial to Arctic cod. However, certain components of the
zooplankton community (e.g., Jjelly fish, comb jellies and the amphipod
Parathemisto 1ibellula) are predatory, and are probably significant sources of

mortality of Arctic cod eggs, larvae and juveniles. Therefore, while the
predatory component of the zooplankton community may be a source of food for
adult Arctic cod, it is simultaneously a major source of young cod mortality.

Physical Relationships

The Tlocation and physical characteristics of ice may directly affect the
distribution of Arctic cod. In Pond Inlet, Bradstreet (1982) reported that
Arctic cod were notably more common in areas where the undersurface of the ice
was rough and therefore, provided shelter. Few or no Arctic cod were observed
by SCUBA divers 1in areas where the under ice surface was smooth. A
considerable amount of other indirect evidence indicates that cod are
sometimes associated with ice. Murdoch (1892, cited in Nelson 1975) reported
that favoured fishing areas for Arctic cod in the Alaskan Beaufort were in the
lee of large ice ridges where cod tended to concentrate. Visual shipboard
observations also indicate that cod are sometimes relatively common in fields
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of pan ice. In 1978, Sekerak (pers. comm.) observed numerous small cod
schools (i.e., 3-4 to 10-15 1individuals) within a pan idice field 1in
northeastern Lancaster Sound. During summer, Divoky (pers. comm.) reported
that Arctic cod were relatively common in pan ice in various parts of the
Beaufort and Chukchi seas, but were less common in the northern Bering Sea.

Distribution of Arctic Cod

A comprehensive sampling program for Arctic cod has not been conducted in or
near the Cape Bathurst Polynya. Widespread sampling for planktonic
young-of-the-year Arctic cod was completed on an intermittent basis from 1973
to 1975, and in 1977 (Hunter 1979). The results of this study indicated that
young cod were widely distributed in surface waters of the Canadian Beaufort
Sea, except in areas which were influenced by the Mackenzie River outflow.
However, details regarding the ecology and 1ife history of Arctic cod in the
region remain unknown.

Links 7a, 8a and 9: Spatial and temporal patterns in the abundance and
distribution of Arctic cod, epibenthos and zooplankton
determine ringed seal food consumption.

The amount of food consumed (and energy required) by the population of ringed
seals in the Beaufort Sea can be roughly estimated from metabolic studies
conducted with captive seals. Parsons (1977) suggested that the average
energetic requirements of captive ringed seals was approximately 600,000
kcal/seal/yr. The total population of seals in the Canadian Beaufort must
consume several hundred thousand metric tonnes of prey annually to satisfy
this average energy requirement.
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Ringed seals feed on fish and crustaceans. The dominant prey organisms
include gammarid and hyperiid amphipods, mysids, euphausiids and fish
(principally Arctic cod). The diet of ringed seals is known to vary
considerably with Tocation and time of year (Vibe 1950, McLaren 1958, Lowry et
al. 1978, Finley 1978). The most extensive analyses of ringed seal stomach
contents have been completed in the Alaskan Arctic. In this region, there is
considerable evidence that fish (predominantly Arctic cod) are the principal
food item, particularly during the winter (Lowry et al. 1978). Similarly,
Arctic cod were identified as the principal prey of ringed seals foraging over
deep waters in the eastern Canadian Arctic (Bradstreet and Cross 1982) and
Greenland (Vibe 1950). Pelagic crustaceans (Parathemiéto, other hyperiid
amphipods, euphausiids, etc.) were suggested to be the primary food of ringed
seals during the summer months in the Alaskan Beaufort (Lowry et al. 1978).

Although benthic decapods, epibenthic amphipods and mysids can occasionally
form a significant part of the diet of seals in nearshore areas (Vibe 1950;
McLaren 1958), pelagic zooplankton and fish are considered the most important
prey items.

The relative importance of zooplankton and fish is difficult to assess, given
the spatial and seasonal variability in the diet of ringed seals. Zooplankton
may be critical as a food source at certain times of the year, even though
they may be less important than Arctic cod in terms of total biomass consumed.
For example, it is Tikely that zooplankton comprise a particularly large
portion of the diet of ringed seal pups in the period immediately after
weaning. This is apparently also the case for Weddell seals which occupy a
similar niche in the Antarctic, and also applies to other ice-breeding phocids
that are opportunistic feeders (e.g., harp seals).

Ringed seal stomach content samples have been collected from the Canadian
Beaufort Sea, specifically by Dr. T.G. Smith (DF0), in conjunction with the
Holman Island harvest. The study may be sufficiently comprehensive in terms
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of both sample size (hundreds or more) and duration (10 years) to eventually
provide a substantial amount of valuable information regarding ringed seal
diet. At present, however, there is virtually no published information on
diet of ringed seals in the Canadian Beaufort.

Link 10: Quality and quantity of food determine ringed seal survival and
mortality.

In the absence of a food surplus, reduced food availability will result in
decreased prey consumption by ringed seals. If reduced food availability
occurs to a significant extent in space and time, the physical condition of -
affected seals will deteriorate. This in turn would be reflected in reduced
reproductive success and also in reduced survival, particularly in the case of
subadults. In at least one documented instance, changes in ice conditions in
the Beaufort Sea were correlated with decreased physical condition and reduced
reproduction in ringed seals. As stated earlier in discussion of Link 3, ice
conditions during the winter of 1973-74 were particularly severe, and
persisted through the following summer. This appeared to result in reduced
food production (or food availability) for ringed seals, since the population
was in poor condition during the following year. There was a concomitant 50
percent decline in seal abundance between 1974 and 1975, and a 90 percent
decline in reproductive rates over this same period (Smith and Stirling 1978;
Stirling et al. 1977, 1981). Seal productivity, as measured by the proportion
of young-of-the-year killed by Inuit hunters, did not return to 'normal' until
1977. Although the data for bearded seals were not as conclusive, Stirling et
al. (1981) suggested that a similar decline and subsequent recovery of the
Beaufort Sea population of this species occurred following severe ice
conditions in 1973-74.
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Link 11: Location and type of ice are important in determining ringed seal
distribution. -

Ringed seals are dependent on certain types of ice for haul-out, moulting,
pupping, maintenance of breathing holes, and provision of habitat for prey
species. Therefore, the type and distribution of 1ice are expected to be
important factors affecting ringed seal distribution. Correlations between
ice characteristics and pupping densities have been observed in the eastern
Beaufort Sea (Stirling et al. 1981). However, several relationships between
seals and the 1ice environment are not adequately documented and some
relatively subtle differences 1in ice type and distribution may be of
considerable importance to the regional population. For example, ringed seals
may have difficulty maintaining breathing holes in heavily compacted ice, such
as that which covered the Beaufort Sea extensively in 1974 (lan Stirling pers.
comm.). The observation that polar bears tracked in such areas rarely stop to
dig out seal breathing holes lends support to the latter hypothesis. On the
other hand, seal breathing holes in heavily compacted ice may actually be less
accessible to polar bears so they do not attempt to reach the seals. There
are, however, instances where bears have been observed digging out breathing
holes in localized areas of rough ice or sites with deep snow, suggesting that
they are able to detect seals, and attempt to reach individuals maintaining
holes in extensive rough ice areas.

Link 12: Numbers of polar bears are defermined by numbers of ringed seals.

Ringed seals, particu]ér]y pups, are the primary prey of polar bears in the
Beaufort Sea. Consequently, when the ringed seal population in the region
suddenly decreased by about 50 percent from 1974 to 1975, the reduced
availability of prey was reflected in a decreased abundance of polar bears in
1975 and 1976. Reproduction and survival in the bear population did not
appear to return to normal until 1977 to 1979, in conjunction with recovery of
the ringed seal population (Stirling et al., unpublished data).
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CONCLUSION

Present knowledge does not allow a firm conclusion to be made regarding
whether or not ringed seal and polar bear populations could be affected by
icebreaker traffic 1in Amundsen Gulf ~through the mechanisms described in
Hypothesis 6.

The hypothesis that icebreaker traffic through Amundsen Gulf will move the
stable ice edge t6 the east was considered possible, but unlikely. However,
this conclusion was reached on the basis of the vefy limited available
information on the physical processes controlling ice edge stability in
Amundsen Gulf., The impact of icebreaker traffic on the total amount of open
water was expected to be less than the impact on location of the stable ice
edge. The location of the consolidated ice edge in Amundsen Gulf is only one
factor that determines the extent of open water; the position of the edge of
the polar pack ice and wind conditions are other factors which may be of equal
or greater importance.

The transmission of effects of ice breaking through the food chain to ringed
seals and polar bears was also considered possible, but unlikely unless large
physical changes occurred within Amundsen Gulf. With the possible exception
of Link 4, all Tlinkages associated with this hypothesis could be valid.
However, it is expected that changes in the productivity and distribution of
Tower trophic 1eve1s due to ice-breaking would be small (i.e., much smaller
than natural variations), and would 1likely be dampened before affecting higher
trophic levels including ringed seals or polar bears. Ice-breaking could
affect ringed seals by changing the ice so that the seals are excluded from
the icebreaker tracks, but only small amounts of habitat are expected to be
physically affected by ice-breaking operations. '
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RESEARCH

Although the hypothesis was considered very improbable, effects could be
highly significant because ice-breaking activities in Amundsen Gulf could
cause changes in the abundance and productivity of regional populations of
ringed seals and polar bears. For this reason, research is recommended to
further examine the hypothesis.

More detailed examination of this hypothesis can be achieved through analysis
of existing data on ice and seals in the Beaufort region. Ringed seal age
structure data (1971-82) and stomach content samples collected by T.G. Smith
(A.W. Mansfield, pers. comm.) should be analyzed for certain years to address

the following two issues: '

(1) Did the destabilization of the ice in 1971, 1978 and 1981 have a
measureable influence on rihged seals by reducing survival of
young-of-the-year, or productivity of young in subsequent years. If
pup survival in the year of destabilization was reduced (or
enhanced), the cohort should reflect this and be weak (or strong)
through subsequent years.

(2) Similarly, if the effect of destabilization on ice thickness or
amount of open water was correlated with production of ringed seal
prey, then this should be refiected in changes in ovulation and
pregnancy rates, and the strength of the cohort produced in the year
following destabilization. These results should then be compared to
years in which the ice was stable. Feeding habits of ringed seal
pups, subadults and adults should also be examined for differences
among years, particularly 1971, 1974-75, 1978 and 1981,
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MONITORING

Monitoring programs to test the hypothesis that icebreaker traffic in Amundsen
Gulf will affect the ringed seal and polar bear populations are not
recommended at the present time. The results of the above research will aid
in determining if there is a need for monitoring programs.
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HYPOTHESIS NO. 7

THE EFFECTS OF ACTIVE FACILITIES ON.
POLAR BEARS
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The presence of active facilities will result
in increased polar bear mortality.

POLAR BEAR MORTALITY

COINCIDENCE OF POLAR BEARS
WITH ACTIVE FACILITIES

ACTIVE STRUCTURES OR FACILITIES

Figure 7-1: Potential effects of active facilities on polar bears.

Linkages

1. Active structures will attract polar bears.

2. Polar bears attracted to offshore structures have to be controlled, and
this will result in the need to destroy some bears.
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INTRODUCTION

Active industry facilities in the Beaufort Sea region are.and will continue to
be Tlocated both onshore (e.g., shorebases) and Offshore, (e.g., artificial
islands), and there is concern that these sites of activity will result in the
attraction of polar bears. However, the potential for attraction to onshore
facilities is less than for those offshore because bears do not usually occupy
nearshore fast-ice habitat in the southern Beaufort Sea during winter
(Stirling et al. 1975, 1981). Therefore, the probability of attraction
between freeze-up and break-up is low. During summer when the southern
Beaufort Sea is ice-free, most polar bears remain on the offshore pack-ice,
although a few individuals are occasionally stranded on land. While ashore,
it is possible that bears will be attracted to onshore sites of human and
industrial activity (I. Stirling, unpub. data). Experience in Hudson Bay
suggests the greatest potential for attraction to onshore sites would Tikely
occur during fall. For example, in western Hudson Bay, the entire polar bear
population comes ashore during the summer when all of the ice in the bay
melts. Although, few bears approach settled areas during summer, the numbers
increase markedly during the autumn (Stirling et al. 1977). This probably
occurs because the polar bears live on stored fat reserves during periods
ashore, and become hungrier by fall. At this time, some individuals are
willing to investigate possible supplemental food sources.
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Existing offshore industrial sites and those proposed for future hydrocarbon
development in the region will be Tlocated near the landfast ice edge and
within the transition zone. These areas include habitat types preferred by
polar bears in winter (Stirling et al. 1975). As a result, there will be
increasing opportunities for polar bears to be attracted to offshore sites
(c.f. onshore sites) as development proceeds

LINKAGES
Link 1: Active structures will attract§p01ar bears.

It is widely accepted hthat some polar bears investigate occupied and
unoccupied human facilities (Stirling et al. 1977, 1978). Presumably this
occurs because polar bears are active predators and scavengers, and there is
survival value in investigating all possible food sources. There is also
evidence that bears which receive positive reinforcement (e.g., garbage) at a
site of human activity return to, or remain at, that location (StirTing 1977,
I. Stirling, unpubl. data).

Subadult males are most 1likely to investigate sites of human activity in the
Beaufort Sea and elsewhere, although this behaviour has also been reported to
a lesser extent with adult females accompanied by cubs (Stirling et al. 1977;
Stenhouse 1982, 1983; I. Stirling, unpubl. data). Adult males have not been
reported shot as problem bears around sites of human or industry activity in
either the Beaufort Sea region or the Churchill, Manitoba area (R.
Schweinsburg, I. Stirling; pers. comms.), suggesting that this age-sex class
is not usually attracted to sites of human activity.

Many polar bears have already been reported at or near existing active
offshore industrial sites in the Beaufort Sea. The increasing number of
offshore facilities in prime bear habitat in the future may result in an
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increase in the number of instances when bears investigate these sites.
Stenhouse and Latour (1983) conducted aerial surveys in the vicinity of active
offshore structures and in distant control areas in the Beaufort Sea to
investigate whether of polar bears are actively attracted to these sites.
However, significant differences in habitat between experimental and control
areas precluded any firm conclusions being drawn, and therefore the extent to
which bears will travel to investigate offshore structures remains unknown.
It seems likely that polar bears would only be attracted over relatively short
distances, and that only a small proportion of the regional population would
actually be involved in direct interactions with offshore structures.

The use of heated or produced water for ice management around offshore
platforms may create areas of open water or thin ice. If seals were attracted
to such areas, subsequent attraction of polar bears 1is also considered
possible.

Link 2: Polar bears attracted to offshore structures have to be controlled,
and this will result in the need to destroy some bears.

There have been several instances where it has been necessary to shoot polar
bears for reasons of human safety at both offshore and onshore industrial
sites in the Beaufort Sea and other arctic regions (Jonkel 1970; Schweinsburg
and Stirling 1976; Stirling et al. 1977; Stenhouse 1983). In two instances in
the Beaufort Sea, bears were shot after killing humans, while three such cases
have occurred in the Churchill area (Ian Stirling, pers. comm.). In the past
two years, two bears have been killed as nuisances at offshore sites in the
Beaufort Sea. Additional animals may also have been shot by Inuit hunters at
offshore industrial sites, but were not reported as "nuisance animals" because
the bears were considered part of the legal quota. Thus, it is clear that
bears can be dangerous to humans, and that some bears are destroyed because of
this danger. However, it is not clear if all bears shot as nuisances actually
posed a threat to human safety.
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A1l bears involved in fatal human attacks have been subadult males in poor
condition, suggesting that well-fed bears in good condition are less likely to
be attracted to offshore sites of human activity than hungry bears in poor
condition. Evidence from the Churchill area also indicates that male polar
bears that visited the garbage dump as subadults avoided the area as adults
(N. Lunn, Ian Stirling, pers.comms.). Therefore, it is probdb]e that bears
that are actively attracted to offshore sites would be more dangerous than
bears that just happen to encounter these sites during their offshore
movements. Thus, only a proportion of the total number of bears approaching a
given offshore site are likely to pose a serious threat to humans.

Intensive research on methods for detecting and deterring polar bears is being -
conducted at Churchill, Manitoba (Stenhouse 1982, 1983). A  deterrent
technique involving the use of riot guns which fire rubber projectiles is
particularly promising, and could be effective in reducing the numbers of
bears that have to be killed by Inuit polar bear monitors at offshore
industrial sites in the Beaufort.

CONCLUSIONS

The 1ink of this hypothesis that some polar bears will be attracted to active
sites, pérticu]ar]y in the offshore areas, has already been accepted by both
industry and government, and was substantiated by the present workshop
discussion group. However, that bears which are attracted and become problems
must be destroyed has not been unanimously accepted. ‘

In response to the safety hazard associated with polar bear encounters, both
monitoring and research programs have been designed and are presently in
progress. Records of the number of bears observed near active sites
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(industry) and records of the number and Tocation of bears killed in the
Beaufort area (government) should continue to be maintained. The working
group also recommended the continued support of research on methods of
detecting and deterring polar bears.

MONITORING

The existing polar bear monitoring and deterrent programs should be supported
and improved. In addition, the workshop subgroup suggested that changes in
data recording and the communication of information between government and
industry should be implemented. Recommended changes include a more detailed, -
systematic recording of monitoring data, and improved training of polar bear
monitors and supervisory staff at industry facilities. It was also suggested
that. monitoring and deterrent records should be summarized annually and
reviewed once every 3 to 5 years to re-evaluate the present hypothesis.

The workshop group agreed that the following information should be recorded
when polar bears are sighted at or near offshore facilities in the Beaufort
Sea region:

Location, -date, age and sex (if known) of bears observed;
Details of the incident

direction of approach of the bear
behaviour of the bear
time period that the animal remained in the area

how close it came to the site, personnel, and equipment on the ice,
etc.

methods employed to deter the bear
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rate and manner in which the bear responded

if a bear is killed, the reasons for this decision (e.g., bear
threatening people or property).

When a bear is killed, the following should be undertaken where possible:

collect lower jaw
record sex

measure the length and ax111any girth (with the bear resting on its
chest)

describe the condition in terms of the amount of fat on the carcass
after skinning '

Maintain a weekly record (or daily, if change is occurring rapidly) of ice
conditions within a few kilometres of the sites; the presence or absence
of open leads, freshly refrozen leads, and proximity to the shear zone are
of particular importance. Standard photography, aerial black and white
photography and SLAR imagery would be of great value in interpretation of
the frequency of polar bear sightings.
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HYPOTHESIS NO. 8

THE EFFECTS OF OFFSHORE DEVELOPMENT ACTIVITIES
ON POLAR BEAR HARVEST
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Offshore development activities will reduce
the harvest of polar bears

HARVEST OF POLAR BEARS

ACCESS TO POLAR BEARS

OFFSHORE DEVELOPMENT ACTIVITIES

Figure 8-1 Potential effects of offshore development activities on polar bear
harvest. -

Linkages

1. Hunter access to polar bears will be reduced because offshore development
will cause bears to move farther offshore and/or create physical barriers
to Inuit travel on the ice.

2. Reduced access to polar bears will lead to reductions in the Inuit harvest
of polar bears
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INTRODUCTION

Inuit hunters are concerned that Beaufort Sea hydrocarbon development
activities will lead to a reduction in polar bear harvests. The hunters
maintain that offshore industrial activities will (1) drive polar bears
farther offshore (i.e., away from the landfast ice) and into areas that are
inaccessible to hunters or (2) create barriers that prevent the Inuit from
reaching hunting areas, thereby reducing the annual harvest.

LINKAGES

Link 1: Hunter access to polar bears will be reduced because offshore
development will cause bears to move farther offshore and/or create
physical barriers to Inuit travel on the ice.

a) Potential for Effects on Polar Bear Distribution

Many observations have shown that bears are alarmed or frightened by the
passage of ships and aircraft, and usually move away from the disturbance
source (I. Stirling, pers. comm.). However, these reactions are usually of
short duration, with affected individuals resuming their normal behaviour soon
after the disturbance has passed. Some individuals also recover before the
disturbance has passed and come to investigate it (I. Stirling pers. comm.).
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The important question is whether repeated short-term disturbances would cause
bears to abandon a large geographic area. There have been no studies which
have directly examined this area of potential concern, although some indirect
information exists and is discussed below.

The well documented problem of human/bear conflicts is clear evidence that
many bears are not frightened by human activities (Latour 1983). Since 1973,
fourteen polar bears have been killed following encounters with oil1 industry
facilities and personnel in the Beaufort Sea (Stenhouse, 1983; J. Ward, pers.
comm.). The frequency of nuisance bear encounters appears to be increasing in
the Arctic. During the 5-year period from 1972 to 1976; 74 polar bears were
destroyed as problem animals in the Northwest Territories, while in the b5-year
period from 1977 to 1981, the total increased to 141 (Stenhouse 1983). These
data suggest that there has not been a trend toward large scale avoidance of
areas of human activity by bears.

Not all age and sex classes of bears react to human activity in the same way.
For example, adult bears (particularly males) tend to avoid sites of human
activity. This is thought to be related to the behavioural dominance of adult
bears over younger, subadult animals, enabling them to feed in prime hunting
areas with 1ittle competition from subordinates (R. Schweinsburg, I. Stirling,
pers, comms.). As a result, adults have Tittle need to investigate sites of
human activity as potential sources of food. This is particularly noticeable
in Churchill, Manitoba where aduit males are not found around the town and its
garbage dump site. Other age and sex classes of bears forage in these areas
and become nuisance animals (I. Stirling, pers.comm.). Older males are also
absent from the nuisance bear kill records in the Northwest Territories (NWT
Wildl. Service, unpubl. data). It is therefore 1likely that adult males, and
perhaps females, will not be attracted to sites of human activity in the
Beaufort region unless the availability of natural food sources (i.e., seals)
is greatly reduced.
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There is some evidence to suggest that bears are more sensitive to disturbance
in areas where they are being actively hunted (R. Schweinsburg, pers. comm.),
but this behavioural response has not been well documented. In areas where
bears are intensively hunted, their tracks tend to cross the floe edge at
right angles, while in unhunted areas, tracks tend to follow the floe edge (R.
Schweinsburg, pers. comm.). In addition, reports by NWT Wildlife Officers
indicate that bears in heavily hunted areas tend to head for open water when
they hear motors. It is these types of observations that have led to Inuit
concerns that polar bears will avoid sources of disturbance. However, it is
not clear whether such bears are reacting to the specific activities and
potential danger associated with hunting, or whether they are reacting to
disturbances in general.

b) Potential for Creation of Barriers to Inuit Hunter Travel

A second area of concern is that industry activity will result in changes in
winter ice patterns in a manner that restricts or eliminates hunter access to
polar bear harvest areas. v

The presence of Targe numbers of artificial islands in the transition zone
could extend the landfast ice zone and floe edge farther offshore, although
the available evidence suggests that this is unlikely to occur (see Hypothesis
No. 2). Nevertheless, even if the fast-ice were to extend a few kilometres
farther offshore, hunters would not be prevented from reaching the floe edge.
Trips to harvesting areas would, however, take proportionally longer.

There is also concern that iéeArubb1e build-up near offshore structures and
along icebreaker tracks would prevent hunters from reaching to polar bear
harvesting areas. Although ice build-up will occur around structures in some
circumstances, the area affected would be localized and is not expected to
prevent hunters from reaching areas beyond the rubble fields.
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Frequently used icebreaker tracks orientated parallel to the shore in the
fast-ice zone could create rubble fields that are difficult (but not
impossible) to cross by snowmobile. However, present development plans
indicate that principal icebreaker routes through the fast-ice will be
orientated at right angles to the coast from both McKinley Bay and the Yukon
coast to the transition zone. Most traffic following routes parallel to the
shore or the floe edge will occur within the transition zone. Consequently,
it is unlikely that Inuit hunters would be prevented from reaching polar bear
harvesting areas due to the presence of refrozen tracks created by icebreakers
in the landfast ice zone.

Link 2: Reduced access to polar bears will lead to reductions in the Inuit
harvest of polar bears.

This Tink 1is self-evident. In the short-term, harvest 1levels may be
maintained through increased hunting effort in the secondary harvest areas
located closer to shore. However, this practise would lead to increased
mortality of females and dependent cubs, and therefore harvest could only be
sustained at the same level for a short time.

CONCLUSIONS

Although the Tlogic behind this hypothesis was considered reasonable, a review
of the available evidence suggested that Link 1 was probably not valid.
However, because the data base for full evaluation of the hypothesis is
incomplete, the following monitoring is recommended.



143

MONITORING

The existing NWT Wildlife Service monitoring program which documents relevant
information related to polar bears killed by hunters in the Beaufort Sea
region is expected to be adequate to test this hypothesis. The workshop group
recommended that these data be analysed in detail every 3 to 5 years to
evaluate the hypothesis, and to determine if changes in the monitoring program
are necessary. Information requirements in terms of the polar bear hunt are
similar to those discussed earlier in relation to the evaluation of Hypothesis
No. 7.

The above data on bear kills should also be supplemented with information on
the development activities that occur in the region and data on ice
conditions, and the amounts and locations of open water on a year-to-year
basis. This information will be necessary for evaluation and interpretation
of both the biological and hunter effort data.
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HYPOTHESIS NO. 9

EFFECTS OF CHRONIC/EPISODIC OIL SPILLS RESULTING FROM NORMAL
PETROLEUM HYDROCARBON DEVELOPMENT ACTIVITIES WITHIN
AND ADJACENT TO THE MARINE ENVIRONMENT ON POLAR BEARS
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Chronic/episodic 0i1 spills resulting from normal petroleum
hydrocarbon development activities within and adjacent
to the marine environment will result in localized
mortality of polar bears.

———(@)——>POLAR BEAR MORTALITY @

POLAR BEARS WILL BE MARINE BIRDS AND SEALS
DIRECTLY FOULED BY OIL WILL BE FOULED BY OIL AND
1 SUBSEQUENTLY CONSUMED BY
"~ POLAR BEARS

® CHRONIC/EPISODIC SPILLS —3)

@

DEVELOPMENT ACTIVITY

Figure 9-1 Potential effects of chronic/episodic oil spi]]s.resu!tiqg from
normal petroleum hydrocarbon development activities within and
adjacent to the marine environment on polar bears.

Linkages

1. Development activities will result in chronic/episodic 0il spills.
2. Episodic spills will result in the direct fouling of polar bears.

3. Episodic spills will result in the direct fouling of marine birds and
seals that are consumed by bears.

4, Mortality of bears will occur if o0il is contacted and/or ingested.
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INTRODUCTION

0i1 spills occur as a result of normal hydrocarbon development activities in
the Beaufort Sea. At present, these spills are largely restricted to fuel
(primarily diesel) used in various shorebased and offshore operations, but
will Tikely include crude oil spills at offshore production facilities in the
future. The Tocation and frequency of chronic spills in the Beaufort region
is discussed in greater detail in relation to Hypothesis No. 10.

Laboratory studies have demonstrated that oil fouling can cause polar bear
mortality through the following mechanisms:

1. Reduction of the insulative capacity of fur, and subsequent metabolic
alterations (Hurst and Oritsland 1982; Oritsland et al. 1982);

2. Toxicity resulting from oil ingestion during grooming (Engelhardt 1981;
Oritsland et al. 1982).

There is some potential for bears to be affected by chronic spills in the
Beaufort Sea, either through direct fouling following contact with surface
slicks or indirectly through consumption of oil-contaminated prey.
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LINKAGES
Link 1: Development activities will result in chronic/episodic oil spilis.

Information available from other offshore production areas and the oil spill
case history literature in general both indicate that the vast majority of oil
spills result from unavoidable human errors and equipment failures (Dome
Petroleum et al. 1982), Data on the causes, frequency and sizes of spills
associated with nearshore and offshore petroleum development activities are
available from a number of sources (e.g., DomeAPetro1eum, unpublished data).
This information can be used as a basis of extrapolation to provide estimates
of spill probabilities, frequencies and volumes in the Beaufort development
region. Although it is recognized that there has been a decrease in the
occurrence of spills with (1) increased awareness, (2) more thorough training
programs and (3) improved technology, the frequency and cumulative volume of
chronic oil spills will 1likely increase with the 1level of hydrocarbon
development in the Beaufort region. However, the overall relationship between
probable spill frequency/volume and level of development in the region remains
unknown.

Link 2: Episodic spills will result in the direct fouling of polar bears.

Polar bears may be directly fouled with oil by swimming in oil-contaminated
waters, although this has never been observed in the wild. Nevertheless, the
potential for direct contact with oil does exist, since polar bears have been
observed swimming in all months, except during periods of darkness for which
there are no records (R. Schweinsburg, pers, comm.), often at considerable
distances from shore.

In the Beaufort Sea, bears occur near offshore facilities and artificial
islands from October to June. In the future, many additional offshore
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structures could be constructed in or near habitat types where polar bears
prefer to hunt (Stirling et al. 1975). In addition, some polar bears
(particularly subadult males) are attracted to sources of human activity,
including offshore industry structures (Stirling et al. 1977). Since these
facilities are located in polar bear habitat and may attract bears, and are
also potential sources of chronic oil spills, the potential for bears to
contact oil near such sites is greater than elsewhere in the region (e.g.,
shorebases).

In summer, most bears occupy the polar pack ice which is located well north of
the development zone. However, some bears are found in summer retreats along
the coasts of Banks and Baillie Islands. If oil were to strand along these -
shorelines, polar bears could be fouled during their frequent movements
between land and water areas.

There is no available information on the behaviour of free-ranging bears in
the presence of an o0il slick. Theories concerning their probable behaviour
range from complete avoidance to attraction, but no experimental evidence or
observations exist. The actual extent of oil contamination and the duration
of contact would depend on a number of factors, including (1) whether or not a
bear will actually swim through oil-covered waters; (2) the potential for
repeated contact with surface slicks; (3) the type, thickness and viscosity of
the 0i1; and (4) the amount of oil trapped in the fur.

Link 3: Episodic spills will result in the direct fouling of marine birds and
seals that are consumed by bears.

Polar bears may contact oil either directly (Link 2) or indirectly through
consumption of oiled prey (birds or seals). A discussion of the extent to
which chronic o0il spills may affect birds is presented in Hypothesis No. 11.
The latter group concluded that some degree of bird mortality would result
from chronic hydrocarbon spills, although the number of birds which will
contact oil remains unknown.
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0f undoubtedly greater importance for bears is the potential for ingestion of
contaminated ringed seals which are the primary food source of polar bears
(Stirling and McEwan 1975). For example, ringed seals have been observed
completely covered with oil in Hudson Bay (Muller-Wille 1974). 1In addition,
there have been several reported cases of exposure of seals to crude oil
following spills in temperate waters (e.g., Davis and Anderson 1976; Duval et
al. 1981).

The behavioural responses of ringed seals and bearded seals to spilled oil and
the physiological impacts of o0il contact (including mortality) in free-ranging
individuals remain poorly documented (see reviews by Geraci and St. Aubin
1980; Richardson et al. 1983; Engelhardt, 1983). Investigations of oil spill
incidents have generally not been conclusive in elucidating the physiological
and toxic effects of o0il contact by marine mammals. Marine mammal mortality
has been associated with certain incidents such as the ARROW and the TORREY
CANYON spills (Anonymous 1970; Spooner 1967). Similarly, grey seal and
harbour seal deaths were reported following the KURDISTAN spill on the East
Coast of Canada (Parsons et al. 1980). However, most available information
regarding the effects of oil on ringed seals has resulted from a limited
number of controiled Tlaboratory studies (Geraci and Smith 1976a, 1976b;
Engelhardt et al. 1977). These studies have demonstrated both the
physiological pathways of hydrocarbon uptake and transient damage to the eyes,
liver and kidney in this species. However, mortality of oiled ringed seals
was only observed in some animals stressed by Taboratory conditions.

During summer, scavenging polar bears could encounter oil-contaminated
carcasses along the shoreline, while bears following leads used by birds
(particularly eider ducks) and subadult seals during spring could also
encounter oil-contaminated prey on or near ice edges.
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Link 4: Mortality of bears will occur if oil is contacted and/or ingested.

Fou1ing

Fouling of polar bear fur through direct contact with o0il can cause a
significant reduction in the insulative capacity of the fur. Reductions to as
little as 1/2 to 1/3 of pre-exposure insulation values have been demonstrated
for oil-contaminated polar bear fur (Hurst and Oritsland 1982) and the fur of
other amphibious mammals (Kooyman et al. 1977). These changes in insulative
capacity could lead to a compensatory increase in metabolic rate and changes
in skin and deep body temperature as demonstrated in polar bears (Oritsland et
al. 1982; Hurst et al. 1982) and in sea otters (Costa and Kooyman 1983), and
may ultimately result in mortality by hypothermia (Williams 1978; Costa and
Kooyman 1983).

Ingestion

Bears can ingest oil either through grooming of fouled fur or ingestion of
oiled prey. The existing experimental evidence suggests that the most serious
éoncern with respect to effects of oil on bears is the chemical toxicity of
ingested hydrocarbons (Oritsland et al. 1982; Engelhardt 1981). Grooming of
0il from the fur following o0il contact appears to be a certainty given the
available experimental information (Oritsland et al. 1982; Hurst et al.
1982). Mortality of bears following oil ingestion certainly can occur,
although the quantity of o0il necessary to cause death is unknown.

The physiological and toxicological (lethal) effects of such o0il ingestion
were described for two polar bears experimentally exposed to oil (Engelhardt
1981; Oritsland et al. 1982). As a result of extensive grooming after
exposure to crude oil, three polar bears ingested large quantities of oil, and
this Tlead to peripheral hemolysis, erythropoietic dysfunction and renal
abnormalities. Subsequent death of 2 of 3 of the oil-contaminated bears was
thought to be largely dué to renal failure.
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The 1likelihood of consumption of oil-contaminated prey by bears has not been
tested empirically. However, anecdotal information indicates that polar bears
preferentially consume motor oil upon breaking 1into caches (N.W.T. Wildl.
Serv. unpublished data), and generally consume 0il and oil products regardless
of source.

The present information suggests that polar bear mortality will result both
from fouling of fur and ingestion of critical (but unknown) quantities of
0il. Such potential industry-related mortality must be viewed in conjunction
with hunting pressure through the existing quota system, and related to
carrying capacity of the population. It is expected that, although the
hypothesis 1is be valid, the number of bears affected by chronic oil spills
would be small and probably. not significant at the population level (unless
the population is being hunted at maximum sustainable yield).

CONCLUSION

The potential for polar bears to contact oil during hydrocarbon development
activities in the Beaufort Sea does exist, although the number of animals that
may be affected by chronic/episodic spills 1is unknown. Nevertheless,
mortality of polar bears as a result of oil exposure or ingestion of
contaminated prey would probably be 1imited. ’

RESEARCH

The most significant information gaps at this time relate to the behavioural
responses of polar bears to oil-covered waters and to oil-contaminated prey.
Specific experiments addressing these concerns are possible and would involve
relatively few Tlogistical difficulties and a Tow probability of severe
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consequences to the study animals. However, studies of this nature would
undoubtedly encounter extreme public and political opposition, and therefore
may be untenable.

It is possible that some additional information could be obtained through in
vivo experimentation (i.e., with polar bear pelts), and a program to determine
hydrocarbon burdens in samples obtained from animals harvested by Inuit
hunters. The maximum amount of opportunistic information should also be
collected in any instance where polar bears contact o0il in the Beaufort Sea or
elsewhere in the Canadian Arctic. For example, observations could be taken
concurrently with information on birds collected by oilspill response
personnel (see Hypothesis No. 10). Alerting of all personnel to document
sightings of oiled bears or of the response of free-ranging bears to oil, and
the subsequent reporting of this information to requlatory agencies are also

recommended.

MONITORING

No specific polar bear/oil monitoring program is recommended.
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HYPOTHESIS NO. 10

THE EFFECTS OF CHRONIC (EPISODIC) OIL SPILLS
RESULTING FROM NORMAL PETROLEUM DEVELOPMENT ACTIVITIES ON BIRDS
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Chronic (episodic) o0il spills resulting from normal petroleum
hydrocarbon development activities within and adjacent
to the marine environment will result in local
mortality of certain species of birds.

BIRD MORTALITY

PRESENCE OF A
SUSCEPTIBLE SPECIES

PRESENCE OF A SLICK WITH
THE CAPACITY TO FOUL

CHRONIC/EPISODIC SPILL

DEVELOPMENT ACTIVITIES

Figure 10-1 Potential effects of chronic (episodic) o0il spills resulting from

normal petroleum development activities on birds.

Linkages

Development activities will vresult 1in chronic (episodic) spills of
petroleum hydrocarbons.

Where chronic (episodic) spills occur, slicks with the capacity to foul
birds will be present under certain conditions.

Susceptible bird species will co-occur in space and time with the presence
of a slick.

Mortality of birds will occur following slick contact.



155

NAMES OF PARTICIPANTS

Tom Barry Francois Guimont Ray Schweinsburg
Jim Bunch Steve Johnson Dave Thomas
Wayne Duval Jim McComiskey Doug Woife

Bob Everitt

INTRODUCTION

0i1 spills occur as a result of normal hydrocarbon development activities in
the Beaufort Sea. At present, these spills are largely restricted to fuel
0ils (No. 2 diesel) used for various shorebased and offshore operations
(primarily marine vessels), but will Tlikely include crude oil spills at
offshore production facilities in the future. Information available through
spill report files indicates that the volume of chronic (episodic) spills is
inversely related to spill frequency, with the largest proportion of spills
involving volumes of less than 1 barrel. At present, the greatest frequencies
and largest volumes of o0il spills are associated with existing shorebases in
the Beaufort development region (Dome Petroleum, unpubl. data), although it is
expected that the frequency of spills 1in offshore areas will 1increase
incrementally as development proceeds.

Future sources of chronic oil spills could include shorebases (diesel, slops),
offshore drilling and production facilities (diesel, crude, Tlubricants and
other production wastes), and subsea facilities such as pipelines and
gathering systems (crude). Tankers involved in transportation of crude oil as
well as vessels (icebreakers, supply boats, dredges) associated with various
support and construction activities may also result in occasional spills of
crude oil or refined petroleum products.
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It is generally agreed that birds are the resource which has been most visibly
affected by oil spills (Brown 1982, ESL 1982). Information summarized by
Duval et al. (1981) also indicates that the Tocation and timing of spills (cf.
volume of o0il spilled) in relation to the distribution, abundance and seasonal
habitat use of birds have been the primary factors affecting the severity of
impacts of past spills. For example, widespread mortality of birds was
reported following relatively small spills (<100 barrels) in marine temperate
and subarctic environments, while impacts on birds have not been observed
following many spills greater than 100,000 barrels (Duval et al. 1981). At
the same time, the vulnerability of birds to oil spilis varies substantially
among species, and is highly dependent on 1ife history and behavioural
patterns (King and Sanger 1979). Nevertheless, due to the exceptional
vulnerability of some species to even small quantities of oil in the marine
environment, the effects of chronic o0il spills on birds remains an area of
potential concern related to hydrocarbon development in the Beaufort region.

LINKAGES

Link 1: Development activities will result in chronic (episodic) spills of
petroleum hydrocarbons.

Information available from other offshore production areas and the oil spill
case history Tliterature both indicate that the vast majority of oil spills
result from unavoidable human errors and equipment failures (Dome Petroleum et
al. 1982). Data on the causes, frequency and sizes of spills associated with
nearshore and offshore petroleum development activities are available from a
number of sources (e.g., Dome Petroleum, unpublished data). This information
can be used as a basis of extrapolation to provide estimates of spill
probabilities, frequencies and volumes 1in the Beaufort development region.
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ATthough it is recognized that there has been a decrease in the occurrence of
spills with (1) increased awareness, (2) more thorough training programs and
(3) improved technology, the frequency and cumulative volume of chronic oil
spills will 1likely increase with the level of hydrocarbon development in the
Beaufort region. However, the overall relationship between probable spill
frequency/volume and level of development in the region remains unknown.

Link 2: Where chronic (episodic) spills occur, slicks with the capacity to
foul birds will be present under certain conditions.

Several models describing the physical and chemical weathering of o0il, as well
as the concurrent spreading and movement of slicks, haVe been developed 1in
recent years. These models may have predictive value for evaluating the
relative rates of oil weathering, but may not be useful for assessment of oil
transport processes and rates with relatively small chronic spills. The most
important spill features determining impacts of oil on birds would include
stick thickness and detectability, although the slick thicknesses which may
result in fouling of birds remain unknown. Two additional data deficiencies
that were identified with respect to potential o0il contamination of birds were
(1) the probable fate and effects of o0il which became encapsulated in ice
throughout the winter months, and was subsequently released to melt pools or
to the water column during spring break-up; and. (2) the possible
remobilization of oil that was stranded in intertidal and backshore habitats
following chronic oil spills in nearshore areas.

Link 3: Susceptible bird species will co-occur in space and time with the
presence of a slick.

In early spring, seabirds are attracted to sites that are or appear to be open
water (T. Barry, pers. comm.). In addition, many species migrate along
offshore leads and along. shorelines which may be sites of o0il accumulation



158

following chronic spills in the Beaufort region. On the other hand, it was
recognized that some species of birds may avoid oil slicks (King and Sanger
1979), while others may avoid areas of chronic oil contamination (e.g.,
offshore platforms) due to the physical presence of structures and human
activities at these sites (Cornish and Allen 1983).

The major uncertainties identified in relation to Link No. 3 of this
hypothesis were (1) the potential for attraction of birds (e.g., loons, gulls
and diving ducks) to fish or invertebrates that are killed or narcotized, and
are present at the surface following chronic spills, (2) the lack of data on
the behaviour of several bird species at different times of the year, and (3)
information on the Tlocation and extent of open water during the period of
spring migration to the Beaufort region.

Link 4: Mortality of birds will occur following slick contact.

Many species of birds are highly susceptible (due to behaviour and Tlife
history) to oil spills, and have suffered mortality following contamination by
petroleum hydrocarbons (Brown 1982; Duval et al. 1981). This mortality
results principally from the physical effects of o0il on thermoregulatory
capacity and buoyancy, as well as the toxicity of petroleum hydrocarbons
ingested during preening or feeding activities (Brown 1982). Relatively small
spills can cause extensive bird mortality under some circumstances (Barrett
1979), such as when large concentrations of susceptible bird species occur
within a restricted area. This situation does exist at some times of the year
near proposed shorebase development sites in the Beaufort region.

Major data deficiencies associated with this Tlinkage relate to (1) the
documented difficulties in detection of bird mortality due to both emigration
from the spill zone and sinkage of contaminated bird carcasses; (2) the lack
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of information regarding levels of contamination (i.e., slick thickness or
spill volume) that will result in bird mortality; and (3) the limited data for
assessment of the ecological significance of species-specific bird mortalities.

CONCLUSION

It was concluded that there is sufficient information to accept the hypothesis
that chronic/episodic 0il1 spills will cause mortality of birds under some
circumstances. The combinations of circumstances which may lead to bird
mortality (i.e., volume of spiil, o0il type, time of year, type of habitat
contaminated, slick thickness and movement, and the behaviour of contaminated
birds) are not clear, but are expected to be highly variable. It is difficult
to assess the significance of oil-induced mortality on seabird population
levels. The early concern that the extensive seabird population of the North
Sea area would decline after hydrocarbon development has been substantiated
(Clark 1984). It was concluded that a monitoring program could be justified
on the basis of the documented vulnerability of some species to relatively
small spills, and the important bird habitats that occur along many portions
of the Beaufort Sea coastline.

MONITORING

Due to the episodic nature of chronic oil spills and high degree of
uncertainty regarding the casual circumstances, nature and extent of potential
impacts of these events on bird populations, an opportunistic approach is
recommended for monitoring of the short-term and long-term effects of chronic
spills in the Beaufort Sea. Monitoring should become an integral part of the
existing oilspill response plans for the region, and could be conducted by
personnel that are already experienced observers (e.g., Inuit) or are trained
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members of a vresponse team such as the Beaufort Sea O0ilspill Cleanup
Cooperative. Following chronic spill incidents at shorebases and offshore
facilities, one or more - members of the response team would assume
~responsibility for documenting (1) the species and numbers of birds in the
vicinity of the spill zone,‘(Z) the number of birds (by species) that appear
to have contacted surface slicks or oil stranded in shoreline habitats; and
(3) the subsequent behaviour (e.g., flight away from the area) or mortality of
affected individuals. It will be equally important to document fully those
events where birds are present in an area, but remain unaffected, as well as
other incidents where birds are not present at the time and location of a
chronic spill. These data, when reported with other information regarding
each incident (i.e., spill volume and type, extent of surface slick, time of
year, percent of oil recovered, etc.), would provide a statistical basis for
ongoing evaluation of the effects of chronic spills on bird populations of the
Beaufort Sea.

It is emphasized that the overall success of this approach to monitoring would
be dependent on the thoroughness of each observer's visual records and
attention to detail. In addition, the success of the approach would also
continue to depend on the rapid response to all oil spill incidents to avoid
underestimates of bird contamination or mortality due to emigration and
sinkage, particularly when the o0ilspill response team is centrally located
(e.g., Tuktoyaktuk, McKinley Bay) and must be transported to the spill site.
It is also recognized that under some circumstances (e.g., during explosion or
fire hazard), priorities will be placed on human safety and rapid response
rather than bird monitoring responsibilities. However, the opportunistic
approach to monitoring of the effects of chronic spills on birds is expected
to be effective in the majority of probable spill circumstances.

An additional recommendation with respect to this monitoring program is the
documentation of oiled birds (species, numbers, Tlocation and time) din
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conjunction with all normal industrial operations in the region. The Tlatter
type of records would provide a measure of the cumulative impact of
chronic/episodic 0il releases on bird populations, and could be compared to
observations taken by on-site oilspill response teams.

RESEARCH

Accurate estimation of bird mortality, by extrapolation of bird mortality
indices from the trained observer counts and on-site studies at spills, will
require statistically reliable data that can only be obtained through an
extensive laboratory and experimental oil spill research program. Predicted
Beaufort hydrocarbon development levels do not justify this approach. Rather,
the management philosophy should be to scrutinize closely the results of the
monitoring program and to emphasize mitigative actions (i.e., actions to
reduce the spill frequency and volume, and to enable rapid cleanup).
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HYPOTHESIS NO. 11

EFFECTS OF OIL IN OPEN WATER AREAS AROUND OFFSHORE
STRUCTURES DURING PERIODS OF ICE COVER ON EIDERS AND DIVING DUCKS
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0il1 slicks in open water areas around offshore structures
during normal periods of ice cover will cause increased
mortality of eiders and diving ducks.

INCREASED EIDER AND
DIVING DUCK MORTALITY

CHRONIC RELEASE SURFACE OIL AND BIRDS ATTRACTION OF
OF HYDROCARBONS ——(5y—>| IN OPEN WATER AROUND MIGRATING AND
AND PERIODIC SLICK OFFSHORE STRUCTURES STAGING EIDERS

FORMATION AND DIVING DUCKS

OPEN WATER AROUND OFFSHORE
»  DEVELOPMENT STRUCTURES IN =

MOVING ICE

LANDFAST AND TRANSITION ZONE ICE

PARTICULATE EMISSIONS THERMAL DISCHARGES

AND FUGITIVE DUST

Figure 11-1: Potential effects of oil near offshore platforms on

eiders and diving ducks (Mechanism A)
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The various linkages in Mechanism A were evaluated by the workshop subgroup.
During this discussion, evidence was presented that resulted in elimination of
Link 2 (see below). Further discussion resulted in a general reorganization
of the possible mechanism through which increased eider and diving duck
mortality may occur. The revised 1linkages associated with the hypothesis
(Mechanism B) are shown in Figure 11-2, | ‘

EIDER AND DIVING
DUCK MORTALITY

PERIODIC SLICK A ATTRACTION OF MIGRATING
FORMATION IN AND STAGING EIDERS AND
OPEN WATER AREA DIVING DUCKS TO OPEN
’ o WATER AREA
CHRONIC RELEASE OPEN WATER AROUND
OF HYDROCARBONS - OFFSHORE DEVELOPMENT

> STRUCTURES IN LANDFAST
ICE AND TRANSITION
ZONE ICE

®

| O

it
MOVING ICE PARTICULATE EMISSIONS THERMAL DISCHARGES
AND FUGITIVE DUST

Figure 11-2: Potential effects of oil near offshore platforms on
eiders and diving ducks (Mechanism B)
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Linkages

Moving ice causes rubble fields and open water in the ice surrounding
offshore structures.

Particulate emissions and fugitive dust will decrease the albedo
(increase heat absorption) of the ice, leading to increased melting and
earlier formation of open water areas around offshore structures.

Thermal discharges under or onto the ice from offshore production
facilities will enhance melting and formation of open water around
structures.

Eiders and diving ducks are attracted to open water areas during
migration and staging.

Chronic releases of hydrocarbons from offshore structures will cause the

periodic formation of oil slicks in open water areas.

0iling of birds present in open waters around offshore structures will
cause mortality.
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Ben Danielewicz Steve Johnson Humfrey Melling
INTRODUCTION

Barry et al. (1981), Barry and Barry (1982), and Searing et al. (1975) have
documented 1large concentrations of migrant eiders and other diving ducks
during early spring migration (15 May to 15 June) in certain areas of open
water along the edge of the shear zone in the southeast Beaufort Sea.
Densities as high as 200 birds/km2 were recorded in this area during spring
1974 (Searing et al. 1975). Similarly, data collected by Dome Petroleum (Dome
Petroieum, unpubi. data) indicated as many as 40 birds/km2 during spring in
open water areas within several kilometres of an exploratory drilling
structure located near the shear zone.

Chronic (episodic) accidental spills of petroleum hydrocarbons (diesel, crude)
into the marine environment occur as a result of routine o0il and gas
exploration activities in the Beaufort Sea (Dome Petroleum, unpubl. data), and
will Tikely occur with greater frequency as larger volumes of oil are handled
during production.

It is also important to emphasize that even small oil spilis 1in marine
environments can result in extensive mortality of waterfowl and other species
of marine-associated birds (Barrett 1979). A review of 100 world-wide oil
spills completed by Duval et al. (1981) indicated that the circumstances
surrounding spills (particularly Tlocation and season) and the types of
habitats affected by oil in relation to the abundance and distribution of
birds, were more important factors than spill volume in determining the impact
of these events.
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The major concern and basis for this hypothesis is that eiders and diving
ducks, which have been assigned a very high 0i1 Vulnerability Index (OVI; King
and Sanger 1979), may suffer extensive mortality if they contact an oil slick
near an offshore production structure 1located near the shear zone. This
concern is greatest during the spring migration period when birds may be
concentrated in relatively high densities in available open water.

LINKAGES

Link 1: Moving ice causes rubble fields and open water in the ice surrounding
offshore structures.

Satellite 1imagery and observations by on-site industry personnel show that
open water is created in the lee (downstream) of an artificial island or
structure as ice moves past during the spring (Ben Danielewicz, pers. comm.).
The satellite imagery also shows that moving ice in the transition zone
creates other extensive areas of open water adjacent to but not caused by the
presence of artificial islands or structures (John Marko, pers. comm.). Open
water formation in the transition zone of the Beaufort Sea is a characteristic
result of normal ice movement 1in the spring. However, if the ice is
stationary, open water is not created in either the Tlee of artificial
structures or in adjacent areas through this process. Therefore, the presence
of open water in the transition zone during early spring is dependent on ice
movement.

Link 2: Particulate emissions and fugitive dust will decrease the albedo
(increase heat absorption) of the ice, leading to increased melting
and earlier formation of open water areas around offshore structures.

This linkage was eliminated from the hypothesis because the small amount of
particulate emissions and resulting fallout is not expected to significantly
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decrease albedo, and therefore should not contribute to the formation of open
water around offshore structures (Tarek Jandali, pers. comm.). The total
amount of particulate emissions during the year 2000, when proposed
development activities would be at their peak (for the development scenario
considered) have been estimated at about 12,000 tonnes/year (Dome Petroleum et
al. 1982). The emission sources can be classified as two types: mobile
(aircraft and marine vessels) and stationary (shorebases and platforms). The
mobile sources (mostly marine vessels) would account for 83 percent of all
particulate emissions, or approximately 10,000 tonnes/year. The remainder
(2000 tonnes/year) would be emitted at shorebases, offshore platforms and
drill rigs (Dome Petroleum et al. 1982). ‘

Prior to the workshop, dispersion calculations were completed using a box
model approach to estimate the order of magnitude in the level of dust fall
lToading which may be expected in the Beaufort region. The following
assumptions were made during these calculations:

1) Because of the wide geographic separation of emission sources, Spatial
Units 1, 2, 3 and 4 in the Beaufort Sea (see Introduction) were assumed to
be affected by emissions. The approximate surface area of these combined
zones was estimated at 60,000 kmz; ’

2) On an annual basis, the wind distribution and the location of mobile
sources are such that the particulate fallout was expected to be uniform
in these four spatial units.

On the basis of these two assumptions and the total expected particulate
emissions identified earlier, an exceedingly 1low rate of dust fall
(209/m2/month) was estimated (Tarek Jandali, pers. comm.). In addition, the
effect of particulate matter on the albedo would be very dependent on the
period of application, and conditions such as snow drifting and occurrence of
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a thaw followed by freeze-up would limit or eliminate changes in albedo caused
by dust fall (Williams 1967). Therefore, given the extremely low level of
dusting expected from hydrocarbon development, in conjunction with the
uncertainties associated with the actual effects of dusting on albedo, it was
concluded that this 1ink would not contribute to increased open water areas
around offshore structures.

Link 3: Thermal discharges under or onto the ice from offshore production
facilities will enhance melting and formation of open water around
structures. :

Depending on the precise set of conditions (e.g., ice thickness, current

patterns) and the manner in which discharges are released from a production
facility, either very 1ittle open water would be created or as much as
60,000 m’
outfall (Humfrey Melling, pers. comm.; Ben Danieliwicz, pers. comm.). Direct
discharge of produced water and cooling water onto the surface of the ice near

(0.06 km2) of open water could occur in the vicinity of the

the structure would create the largest amount of open water. This area would
be greatly reduced in situations where the water was mixed with dense, cold
sea water and released at high speed into the water column (Humfrey Melling,
pers. comm.). High speed discharges of much smaller quantities of water
presently create open water areas of about 10 m2 near existing facilities in
the region (Ben Danieliwicz, pers. comm.).

Link 4: Eiders and diving ducks are attracted to open water areas during
migration and staging.

Data collected by on-site petroleum industry personnel (Dome Petroleum,
unpubl. data) indicate that densities of water birds during spring in areas
around offshore artificial islands are not different from densities recorded
in adjacent open-water areas (see also Barry et al. 1981; Barry and Barry
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1982). It was therefore concluded that, under normal ice conditions,
significant "attraction" of birds to artificially created open water around
structures would be unlikely. However, during periods when the only available
open water may be that present near a thermal dishcarge from an artificial
production island (such as during a period when no ice movement is occurring
and no open water 1is created), it is conceivable that some birds may. be
attracted to the structure. As indicated earlier, dépending,on the thermal
discharge procedures, either a very small (10 m2) or relatively Tlarge
(60,000 m2) area of open water may be created adjacent to an outfall. 1In
such an extreme situation, the number of birds attracted to the area is
expected to be proportional to the amount of available open water. However,
this extreme situation where virtually no open water exists probably occurs

once every 10 to 20 years (Barry 1968; Tom Barry, pers. comm.).

Link 5: Chronic releases of hydrocarbons from offshore structures will cause
the periodic formation of oil slicks in open water areas.

Since the presence of an oil slick would be necessary to create a situation
where bird mortality could occur, treated produced water discharges are not
expected to affect birds. On the other hand, accidental episodic spills may
cause occasional o0il slicks near offshore production facilities. The
existence of various mitigative procedures and oilspill contingency plans will
reduce the risk of contamination of birds following these episodic events, and
not all spills will result in a slick that is capable of fouling birds. In
addition, the dynamic conditions associated with open water created by moving
ice, would 1likely result in non-uniformities in the distribution of any oil
slick and this would further reduce the risk to birds.
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Link 6: 0iling of birds present in open waters around offshore structures
will cause mortality.

Many species of birds are highly susceptible (due to behaviour and Tlife
history) to oil spills, and have suffered mortality following contamination by
petroleum hydrocarbons (Brown 1982; Duval et al. 1981). This mortality results
principally from the physical effects of o0il on thermoregulatory ability and
buoyancy, and the chemical toxicity of o0il ingested during preening or feeding
activities (Brown 1982). As indicated earlier, relatively small spills can
result in extensive mortality of birds (Barrett 1979), and at the same time,
significant numbers (thousands) of susceptible birds are known to occur in
proposed offshore development areas in the Beaufort region (Dome Petroleum,
unpubl. data).

Major data deficiencies related to this Tlinkage are: (1) the documented
difficulties in detection of bird mortality following oil spills due to
emigration out of the area and sinkage of contaminated birds; (2) the lack of
information regarding the levels of contamination (i.e., slick thickness or
spill volume) ‘that will result in bird mortality; and (3) the 1lack of
information to allow assessment of the ecological significance of
species-specific bird mortalities.

CONCLUSION

The group concluded that it would be impractical to design a specific
monitoring program to test this hypothesis during the expected life of the
project (25 years).
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Rationa]e

Two distinct scenarios were considered in relation to the concern that
migrating eiders and diving ducks may be exposed to open water containing oil
slicks in areas surrounding offshore structures.

Scenario A: A year when there is virtually no ice movement, and therefore no
naturally-occurring open water during the period of bird
migration; and

Scenario B: A year when there is ice movement and naturally-occurring open
water.

Scenario A appears to have a recurrence interval of between 10 and 20 years.
These years would be characterized by no ice movement and the lack of
naturally-occurring open water and leads during the period of eider and diving
duck migration period (mid-May to mid-June). Therefore, any open water around
offshore structures would be caused by thermal discharges. '

The annual frequency of chronic oil spills at each of these structures may be
relatively high (from 5 to .15 per year, in all offshore areas based on
historical records for exploration activities in the Beaufort Sea over the
last 3 years; Dome Petroleum unpubl. data). However, most of these spills are
unlikely to occur in the open water caused by a thermal discharge, and of
those that do, not all may be of sufficient size to cause a slick that is
capable of fouling birds. Nevertheless, there is a finite probability of the
coincidence of an oil slick and migratory birds, assuming that offshore
structures are within the migration path and that migrant eiders and diving
ducks will land in open water areas adjacent to offshore platforms.
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However, in view of the long recurrence interval (10 to 20 years) of Scenario
A and the low joint probability of ducks and o0il occurring at the same time
and Tocation during the short migration season, it is difficult to recommend a
practical monitoring program that could document the impact of such a rare
occurrence. ‘

In Scenario B, open water around offshore structures may be caused by a
combination of a thermal discharge and ice movement (i.e., open water wake in
the lee of the island). However, when ice movement does occur, there would
also be large areas of naturally-occurring open water relatively near these
structures. There is also no evidence to suggest that migrating ducks would
be attracted to offshore structures more than to other areas of open water.
Bird observations by industry personnel and others at existing offshore
structures in the Beaufort Sea indicate that densities of birds near
artificial structures apparently are not different from densities in adjacent
open water areas (Dome Petroleum, unpubl. data; Barry et al. 1981; Barry and
Barry 1982; Searing et al. 1975). Therefore, an oil slick in artificially
created open water during the period of eider and diving duck migﬁation may
affect only a very small number of birds. Consequently, the group concluded
that a special monitoring program is not warranted.

Notwithstanding the above conclusions, the group indicated that it would be
desirable for the operators to continue their existing bird observation
programs as a routine operational procedure. These data should continue to be
made available to Government agencies. This will ensure that as development
proceeds and the number of offshore facilities increases, the basic
assumptions and conclusions associated with this hypothesis may be
re-evaluated.
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HYPOTHESIS NO. 12

THE EFFECTS OF LOW ALTITUDE AIRCRAFT FLIGHTS
ON STAGING BRANT
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Frequent Tow altitude aircraft flights over staging
brant will cause increased overwinter mortality.

INCREASED BRANT MORTALITY
DURING WINTER

DECREASED FAT ACCUMULATION BY
BRANT DURING FALL STAGING

INCREASED DISTURBANCE WITH RESULTING
INCREASED ENERGY EXPENDITURE BY BRANT

OVERFLIGHTS DURING STAGING

Figure 12-1 Potential effects of low altitude aircraft flights on staging brant

Linkages

1. Aircraft overflights during spring staging of brant will cause
disturbances that are reflected in increased energy expenditure.

2. Increased energy expenditure will result in decreased fat accumulation.

3. Decreased fat accumulation will increase overwinter mortality of brant.
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INTRODUCTION

The rationale for consideration of this hypothesis during the workshop was the
assumption that staging brant may be affected by low-level aircraft
overflights through mechanisms similar to those documented for snow geese
(Patterson 1974; Davis and Wiseley 1974; Schweinsburg 1974). The various
linkages associated with the hypothesis are shown in Figure 12-1.

CONCLUSION

Although the workshop subgroup indicated that monitoring could be initiated in
relation to this hypothesis, it was concluded that such a program would be
impractical and would provide Timited relevant information (Tom Barry, pers.
comm.). The following rationale for not recommending a monitoring program was
presented during discussion of the hypothesis. Although a Tlarge proportion of
the total Canadian Beaufort Sea brant population can pass along the Beaufort
coast in small flocks, and may stop to feed and stage in any one of a dozen
different staging areas, they typically remain in these areas for no more than
a day or two, depending on weather conditions. This 1is unlike the migration
pattern of snow geese, where very large numbers of birds stage in a few
relatively discrete areas for up to a month before migrating long distances
(Koski 1977). Furthermore, unlike snow geese which appear to be very
susceptiblie to disturbance by 1low flying aircraft (Gollop and Davis 1974;
Schweinsburg 1974; Gavin 1980), brant are apparently only temporarily
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displaced as a result of aircraft overflights (Tom Barry, pers. comm.; Koski
1977). Consequently, possible disturbances caused by 1low-level aircraft
flights across any one of these staging areas at any given time would probably
have Tittle or no measurable effect on the physiology (e.g., fat accumulation)
of staging brant. The group also concluded that it would be virtually
impossible to design a practical monitoring program capable of detecting a
change in the overwinter brant mortality due to increased low level aircraft
flights along the Canadian Beaufort coast during fall staging.

LITERATURE CITED

Davis, R.A. and A.N. Wiseley. 1974, Normal behaviour of snow geese of the
Yukon-Alaska North Slope and the effects of aircraft-induced disturbance
on this behaviour, September, 1973. Arctic Gas Biol. Rep. Series 17(2):
1-85.

Gavin, A. 1980. Wildlife of the North Slope: a ten year study 1969-1978.
Atlantic Richfield Co. 71 p.

Gollop, M.A. and R.A. Davis. 1974, Gas compressor noise simulator disturbance
to snow geese, Komakuk Beach, Yukon Territory, September 1972. Arctic Gas
Biol. Rep. Series 14(8): 280-305.

Koski, W.R. 1977. A study of the distribution and movements of snow geese,
other geese, and whistling swans on the Mackenzie Delta, Yukon North Slope
and Eastern Alaskan North Siope in August and September 1976. Unpubl.
Rep. by LGL Limited for Can Arctic Gas Study Ltd., Calgary, Alta. 69 p.

Patterson, L.A. 1974, An assessment of the energetic importance of the North
Slope to snow geese (Chen caerulescens) during the staging period,
September, 1973. Arctic Gas Biol. Rep. Series 27(4): 1-44.

Schweinsburg, R.E. 1974, Snow geese disturbance by aircraft on the North
Slope, September 1972. Arctic Gas Biol. Rep. Series 14: 258-279.






HYPOTHESIS NO. 13

EFFECTS OF HYDROCARBONS AND HEAVY METALS
ON FISH HARVEST
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Shorebases and shallow water production facilities will release
hydrocarbons and heavy metals at sufficient levels such
that fish harvest will be reduced through tainting
and heavy metal accumulations.

HYPOTHESIS 13A HYPOTHESIS 13B

FISH HARVEST FISH HARVEST

DESIRABILITY, DESIRABILITY,

COLOUR, TASTE, SMELL HUMAN HEALTH
@)

FISH FISH
BODY BURDEN BODY BURDEN
A

J ;:5//"
® FOOD FOOD
CHAIN CHQ
HYDROCARBONS HEAVY METALS

Figure 13-1: Potential effects of release of hydrocarbons and heavy
metals on fish harvest



179

Linkages for Hypothesis 13A

1. and 3. Hydrocarbons in water and sediments will enter fish and prey
organisms of harvested fish species.

2. Hydrocarbons can be passed through food chains.

4, Desirability of fish is decreased as a result of increases in the body
burden of hydrocarbons.

5. Decreased desirability will decrease fish harvest.

Linkages for Hypothesis 13B

1. and 3. Heavy metals in water and sediments will enter fish and prey
organisms of harvested fish species.

2. Heavy metals can be passed through food chains.

4, Human health and desirability can be affected by increases in heavy metal
concentrations in fish.

5. Decreased desirability will decrease fish harvest.
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INTRODUCTION

Several species of fish, particularly coregonids, are harvested by residents
of Tuktoyaktuk and the more inland communities including Aklavik, Fort
McPherson and Arctic Red River. However, the actual importance of the
domestic harvest in various communities is difficult to estimate because
detailed studies have not been conducted in the region. Corkum and McCart
(1981) estimated that approximately 14,500 kg of fish were harvested in
Tuktoyaktuk Harbour and the Mackenzie Delta area in 1978. Domestic fisheries
continue to be important in the region, and a number of members of the working
group suggested that there is a potential for future increases in the domestic
fish harvest, as well as development of recreational and commercial
fisheries. Due to the existing and possible expanding human use of fish in
the future and experiences associated with tainting elsewhere in the world,
the potential for hydrocarbon or heavy metal contamination and subsequent
decrease in fish harvests is an area of potential concern within the Beaufort
Sea. The following sections briefly summarize qualitative and quantitive
evidence regarding the mechanisms of hydrocarbon and heavy metal uptake by
fish, as well as the recommendations of the subgroup on monitoring strategies
which may be required to address this question in the Beaufort region. Two
closely related hypotheses were examined during the workshop (Figure 13-1),
but are discussed separately in the remainder of this section because of clear
differences in the degree of potential concern related to these contaminants.
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HYPOTHESIS 13A HYDROCARBONS

The release of hydrocarbons to the marine environment from oil production
facilities throughout the world has been well documented (e.g., Cowell 1976;
Dome Petroleum et al. 1982. Vol 6.). It has been estimated that from 0.1 to
0.3 percent of all oil produced is Tost as a result of accidental chronic or
episodic spills and intentional releases associated with normal operations.
In the case of some types of chronic oil releases, fish are usually exposed to
extremely 1low hydrocarbon concentrations beyond the immediate vicinity of
discharge sites and this exposure is normally brief. For example, hydrocarbon
concentrations 1in sea water resulting from produced water discharge are
expected to be in the low ppm range only a few metres away from discharge
points in offshore areas, and due to dilution in surrounding waters, quickly
become indetectable within tens or several hundreds of metres away from point
sources {Thomas et al. 1983). On the other hand, harbours and other sheltered
shoreline locations where industrial activities are concentrated can be sites
of more frequent hydrocarbon releases, and because dilution rates are
generally Tlower, hydrocarbon concentrations can be higher than in offshore
areas. In addition, such nearshore areas are more 1likely to support fish
populations for Tlengthy periods, thereby increasing the duration of
hydrocarbon exposure in comparison with the offshore situation.

LINKAGES

Links 1 and 3: Hydrocarbons in water and sediments will enter fish and prey
organisms of harvested species.

Fish and their food organisms can quickly absorb hydrocarbons through gilil
epithelia, mucosa and other soft body surfaces (Malins 1977; Teal 1977;
Thomson et al. 1981; Dome Petroleum et al. 1982, Vol. 6). Storage or
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accumulation of petroleum hydrocarbons normally takes place in tissues with a
high 1ipid content (Roubal et al. 1977; Whittle et al. 1977). For example,
Neff et al. (1976) found approximately 600 ppm of total naphthalenes in
killifish brain tissue after one hour exposure to fuel oil at concentrations
of only 2 ppm total naphthalenes, while about 70 ppm of total naphthalenes
were measured in muscle tissue. Various other authors have shown that rapid
and differential accumulation of hydrocarbons occurs in different fish tissues
following exposure to low concentrations of dissolved and dispersed oil in the
water column (Varanasi and Malins 1977; Duval and Fink 1980; ESL 1982).

Invertebrates also accumulate hydrocarbons in their tissues (Varanasi and
Malins 1977; Thomson et al. 1981; Duval et al. 1981). Bioaccumulation is
especially common in invertebrates such as clams, polychaetes and mussels that
pass large quantities of contaminated water through or over feeding or
respiratory organs (Boehm et al. 1983). Arctic amphipods may survive exposure
to high concentrations of o0il (Cross and Martin 1983) and could retain a high
body burden of o0il for considerable periods.

Hydrocarbon depuration rates depend on a range of physiological and external
factors such as competing metabolic demands, state of health of the organisms
and water temperature but depuration is usually considerably slower than
uptake. Some invertebrates are capable of depurating hydrocarbons from body
tissues in only a few hours, especially if the exposure concentration is low
and the duration of exposure is short (Duval et al. 1981). However, animals
that have accumulated hydrocarbons over a long period through exposure to
chronic oil pollution have a tendency to depurate hydrocarbons slowly (Boehm
and Quinn 1977). Recent experience during the Baffin Island 0i1 Spill
experiment (BIOS) has shown that benthic invertebrates can retain detectable
quantities of oil for up to two years after exposure (Boehm 1983).
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Link 2: Hydrocarbons are passed through food chains.

Although frequently postulated, uptake and accumulation of hydrocarbons due to
ingestion of contaminated prey organisms has not been shown to be a dominant
pathway in the tainting of aquatic animals. Hydrocarbons may be absorbed
through the gut, although they appear to be quickly excreted and do not
generally enter tissues (Teal 1977; Thomson et al. 1981).

Links 4 and 5: Decreased desirability as a result of hydrocarbon body burden
will decrease fish harvest.

Concern regarding the tainting (usually reflected in an oily taste or, less
commonly, odour) that results from petroleum hydrocarbon accumulation is
frequently expressed by the public, and numerous cases of fish tainting
following acute (oil spill) exposure to hydrocarbons have been described in
the literature (Johnston 1976). A recent occurrence of fish tainting in Canada
resulted from an oil spill into the Athabasca River near Fort McMurray. In
this instance, tainting resulted in the closure of the Lake Athabasca
commercial fishery (Alberta and Canada vs Suncor, Official Transcripts,
Edmonton, Alta. 1982).

Most instances of tainting are directly associated with large oil spills, and
only a few cases of tainting due to low level chronic releases of petroleum
hydrocarbons have been documented. Nevertheless, tainting from chronic and
episodic 0il releases is considered a potential problem in confined bays and
harbours with restricted circulation. Some recent information concerning
tainting is available from a study conducted on samples of fish obtained from
the harbour at Hay River, N.W.T. A taste testing panel concluded that fish
from these waters had an oily flavour; however, the presence of hydrocarbons
in fish tissue could not be confirmed during laboratory testing (S. Metikosh,
pers.comm.). This may have been due to the subjective nature of taste testing
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procedures, inadequate controls, or the ability of taste panels to detect the
presence of extremely small quantities of specific hydrocarbons and lack of
correlation between tainting and standard chemical analyses. Whatever the
reason, analytical determinations of hydrocarbon body burden do not always
appear capable of detecting tainting.

The desire to harvest fish resources 1is usually reduced once tainting is
detected. It is 1ikely that the mere suspicion of tainting will also decrease
the desirability of a particular resource.

CONCLUSION

Evaluation of available data by the workshop group indicated that Link 2 .in
Hypothesis 13A (i.e., hydrocarbons are passed through food chains) was invalid
or extremely weak, while other 1linkages were expected to be valid. It was
concluded that tainting is unlikely to be a significant concern in any area
except sheltered bays (such as Tuktoyaktuk Harbour) where: (1) subsistence
fishing takes place; (2) substantial numbers of fish are present for a
relatively 1long period; and (3) hydrocarbons are used and handled on a
day-to-day basis at a number of sites.

MONITORING

It is recommended that a time series measurement of hydrocarbon concentrations

in fish flesh (e.g., Arctic cisco, broad whitefish, etc.) be initiated in
Tuktoyaktuk Harbour. An inexpensive method for measurement of hydrocarbons
should be used to minimize analytical costs and thereby allow analysis of an
adequate sample size.
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It is also recommended that if (1) time series measurements indicate
significant increases in hydrocarbon concentrations within fish flesh; or (2)
complaints of tainting occur, complementary programs should be considered to
react to either or both of the above concerns. These could consist of a taste
testing program and a study to identify the size of the area where tainting is
occurring. The 1latter could involve placement of caged fish in experimental
and control areas. Research would probably be necessary to establish the
actual source of hydrocarbons that was causing the tainting. A "flow" diagram
illustrating the recommended approach to the testing of this hypothesis is
provided in Figure 13-2. As indicated in this diagram, monitoring/research
activities other than the routine measurement of hydrocarbons in fish flesh
would not commence unless: (1) dncreases in hydrocarbons were apparent in

fish flesh; or (2) complaints of tainting occurred.

HYPOTHESIS 13B HEAVY METALS

Extensive and varied research has been conducted during recent 'years in
relation to the health hazard associated with heavy metal contamination,
particularly in the case of mercury (Knauer and Martin 1972; Hardisty et al.
1974a, b; Bohn 1975; Renfro et al. 1975; Stenner and Nickless 1975; Carr et
al. 1980; Liss et al. 1980; Neff 1982). It is generally believed that, with
the exception of mercury and cadmium, heavy metals are not passed through food
chains and, therefore, should not affect human health as indicated by the
linkages shown in Figure 13-1. On the other hand, it is well known that
mercury bioaccumulates, is passed through food chains and is a hazard to human
health (National Research Council of Canada 1980).
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Figure 13-2 Suggested approach to monitoring for tainted fish in selected
areas in the Beaufort Sea.
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CONCLUSION

Although the hypothesis was considered valid for mercury, no special
monitoring programs were recommended. The workshop subgroup expected that the
quantities of heaVy metals which would be necessary to represent an area of
environmental concern were unlikely to be associated with hydrocarbon
development in the Beaufort Sea.

RECOMMENDATIONS

It was suggested that potential problems associated with heavy metal -
contamination could be addressed through standardized compliance monitoring of
waste streams, as well as screening of materials for heavy metal content
before selection and use in the Beaufort Sea.
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HYPOTHESIS NO. 14

THE EFFECTS OF NEARSHORE STRUCTURES
ON BROAD WHITEFISH POPULATIONS
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Nearshore structures will disrupt the nearshore
band of warm brackish water and reduce the
broad whitefish population.

= BROAD WHITEFISH<—

SURVIVAL GROWTH/REPRODUCTIVE
: STATUS

L UTILIZATION OF NEARSHORE ———__J
BRACKISH WATER BAND

DISRUPTION OF TEMPERATURE/SALINITY
IN NEARSHORE ZONE

NEARSHORE STRUCTURES

Figure 14-1 Potential effects of nearshore structures on the population of
' broad whitefish.
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Linkages

3a.

3b.

4a,

4b.

Shoreline modifications will change temperature and salinity
characteristics of the brackish water band along the Tuktoyaktuk Peninsula.

Disruption of the brackish water band will result in decreased utilization
of the nearshore zone by broad whitefish.

The reduced time spent in the nearshore brackish zone will cause an
increase in mortality of broad whitefish. E

Disruption of nearshore habitat will cause a decrease in feeding time and
consequently a reduction in growth and fecundity.

Increase in mortality of broad whitefish would lead to a decrease in the
number of spawners, and subsequent reduction in the number of harvestable
fish,

Reduction in fecundity and reduced viability of eggs and young would
result in fewer fish available for the harvest.
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INTRODUCTION

The Mackenzie River populations of broad whitefish (Coregonus nasus) are an
important resource to local residents, constituting a major component of the
domestic (subsisterce) harvest at Tuktoyaktuk, Aklavik and Arctic Red River
(Bond 1982). Anticipated increases in the human population over the next two
decades are likely to result in increased harvest levels for this species (see
Hypothesis No. 13). As well, increased industrial activity in the nearshore
waters of the Beaufort Sea may disturb the 1ife cycle of broad whitefish by
eliminating access to certain critical areas.

The Mackenzie River stocks of broad whitefish have a rather 1limited
distributional range within the adjacent nearshore waters of the Beaufort
Sea. Although classified as anadromous, the species is believed to be
relatively sensitive to salinity and to prefer warm over cold water. Although
there are no available experimental data on the temperature/salinity
preferences and tolerances of this species, the results of field studies
conducted in the Alaskan Beaufort have demonstrated significant positive
correlations between abundance (catches) and temperature, and inverse
relationships between abundance and salinity (e.g., Griffiths and Gallaway
1982; Critchlow 1983; Griffiths et al. 1983). Griffiths et al. (1983)
suggested that movements of broad whitefish are in response to the intrusion
of a cold-marine water front into warm, brackish nearshore water off the
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Sagavanirktok River Delta in Alaska, and that temperature and salinity are
probably the major factors controlling the distribution and movements of this
species during their seasonal utilization of nearshore waters of the Beaufort
Sea.

Important habitats in the Mackenzie Delta region include (1) over-wintering

habitat in the main channels and nearshore areas immediately adjacent to the
delta per se, (2) rearing habitat which consists of lake-stream systems on

Tuktoyaktuk Peninsula and in the delta, and (3) migration and foraging habitat

within a narrow band along the coast. Based on information from Bond (1982)
and Bond and Erikson (1982) and W. Bond (pers. comm.), the expected seasonal
use of these habitats is described below.

By October or November, broad whitefish have returned to their overwintering
areas, either in lakes on the Tuktoyaktuk Peninsula or in and adjacent to the
Mackenzie Delta. After freeze-up and throughout the winter, the fresh water
flowing out of the Mackenzie River forms a wedge that moves to the east along
the Tuktoyaktuk Peninsula. Available data suggest that broad whitefish move
out of the Mackenzie Delta, possibly with the advancing freshwater‘wedge, SO
that by early spring (May-June), individuals are present at the mouths of the
freshwater stream-lake systems on the Tuktoyaktuk Peninsula. These fish move
up the rivers shortly after ice disappearance; the most intense period of
migration usually occurs between 20 and 27 June. There is also a downstream
movement of broad whitefish starting around 1 July. The fish moving
downstream tend to be larger (many of 450 mm in length) than those moving
upstream, and at least some are mature spawners. As the open-water season
progresses, the freshwater wedge along the Tuktoyaktuk Peninsula is less well
defined as surface mixing processes cause cooler marine waters to be close to
shore. The broad whitefish that have remained in coastal waters and those
that have entered these waters from the peninsula lakes 1ikely move back into
the Mackenzie Delta by September. Some small immature individuals appear to
remain in the peninsula lakes from 1 to 4 years before returning to coastal
waters.
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Although knowledge is still incomplete and much of the above is speculation,
available information suggests that an interruption or deflection of the
nearshore movement of broad whitefish that prevents individuals from entering
the freshwater lake system on the Tuktoyaktuk Peninsula could have population-
wide effects (e.g., decreases in the number of broad whitefish). This could
then be manifested in a reduction in the number of fish available to the
subsistence fishery or to any commercial fisheries that may develop in future
years.

Development activities in the nearshore zone of the Alaskan Beaufort have
involved the construction of solid-fill causeways extending seaward and
perpendicular to the coastline for several kilometres. As a direct
consequence, longshore flow and temperature and salinity patterns in nearshore
habitats have been changed (Chin et al. 1979; Woodward-Clyde Consultants,
1982). There 1is some concern that similar shoreline alterations in the
southern Beaufort Sea might disrupt movement and migration patterns of broad
whitefish, resulting in decreased utilization of important habitats and a
resultant decrease 1in the well-being of the population. Since few broad
whitefish appear to use nearshore marine waters west of the Mackenzie Delta,
workshop discussions focused on areas to the east and on the Delta itself.

LINKAGES

Link 1: Shoreline modifications will change temperature and salinity charact-
eristics of the brackish water band along the Tuktoyaktuk Peninsula.

Winter-Spring Oceanographic Conditions

A review of the limited available data shows that by late spring (April-May),
a freshwater band extends to approximately the offshore 1imit of the landfast
ice, which 1is approximately 30 km wide (Figure 14-2). The growth of the
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freshwater plume along the peninsula throughout the winter is likely governed
by Coriolis and inertial forces. The plume maintains its integrity because of
the very low kinetic energy available beneath the ice. However, it should be
emphasized that only one set of direct current measurements obtained under the
landfast ice is available for the region. Oceanographic Services Inc. (1970)

provided one set of current measurements in April 1970 for a site
approximately 15 km north of the entrance to Kugmallit Bay, where the maximum
daily currents ranged from 5 to 18 cm/s. The under-ice currents are expected
to be low for several reasons. The effects of wind mixing are eliminated by
ice-cover and tidal mixing is very weak, typically Timited to currents of 3 to-
5 cm/s or less (Huggett et al. 1975; Henry and Foreman 1977). Due to the
- relatively low Mackenzie River outflow at this time, residual currents are
also expected to be 1low. Assuming that the maximum pre-freshet river

discharge rate of 5000 m3/s is completely confined to a cross-sectional area
which is 5 m deep and 30 km wide, the surface layer flow would amount to only
3 cm/s.

To interfere with the plume spreading along the peninsula, nearshore
structures would have to be on the order of the same width (i.e.,
approximately 30 km) as the presently observed plume which extends to the
transition zone in April-May. It was considered unlikely that a structure
shorter than this could impede the spreading of the plume along the
Tuktoyaktuk Peninsula because the plume 1is driven primarily by its own
inertial spreading. Given the low current velocities of the surface Tayer,
changes in salinity resulting from flow separation or enhanced mixing [as
discussed below] 1in the vicinity of the offshore end of the structure were
also expected to be minimal.

On the basis of the above data, it was concluded that piers, causeways, or
other structures along the shoreline of the Tuktoyaktuk Peninsula have very
Tittle or no likelihood of altering winter or spring dispersal patterns of
broad whitefish, since any structure envisaged would not affect salinity
patterns during that time of year.
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Figure 14-2 A compilation of all known surface salinity data available for
months of March, April and May. Data set identification numbers and
further detail on times and locations of measurements are provided

in Cornford et al. (1982).
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Summer Oceanographic Conditions

Shoreline modifications (primarily causeways) can be expected to disrupt
temperature/salinity characteristics 1in the nearshore zone during the
open-water period due to the existence of a wind-driven current pattern,
parallel to the coastline (coastal current) in the nearshore zone. This
coastal current, in combination with the following oceanographic features, has
the potential to disrupt T/S patterns:

1) a flow convergence producing stronger currents exists in the vicinity of
the offshore end of the causeway; '

2) a flow separation at the outer edge of the causeway producing a backwater
zone between the causeway and the inshore edge of the strong flow on the
downstream side of the causeway. This area would be expected to have
length scales of the same order to an order of magnitude greater than the
causeway; and

3} backwater areas created on the leeside of the causeway have a lifetime
corresponding to the duration of the wind events (2 to 10 days).

Available data for examination of the existence of a wind-driven coastal
current is limited to one site off the Tuktoyaktuk Peninsula (Fissel and
Birch, 1984). These data indicate the presence of wind-driven currents
parallel to the coastline having speeds of 2 to 3 percent of the wind, up to
maximum speeds of 56 cm/s. Similar parallel coastal currents have been
observed in the vicinity of the Prudhoe Bay causeway (Chin et al. 1979;
Woodward-Clyde Consultants 1982).

Evidence 1in support of conditions 1 to 3 has been provided by studies
conducted in the vicinity of the Prudhoe Bay causeway in Alaska. These
studies have shown that causeways can cause local perturbations in the
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nearshore hydrography (Grider et al. 1978), which in turn may have an effect
on fish migrations (Griffiths and Gallaway 1982; Critchlow 1983). A brief
review of the physical system in the vicinity of the Prudhoe Bay causeway is
provided below as background for evaluation of the potential for similar
oceanographic mechanisms 1in proposed hydrocarbon development areas of the
southern Beaufort Sea. '

Figures 14-3a and 14-3b illustrate the general physical oceanographic
conditions around the Prudhoe Bay causeway. Due to the shallow nature of this
system, currents are primarily wind-driven, Easterly winds, which are
slightly more common than west winds, cause westerly setting currents, whereas
the stronger west winds drive easterly setting currents. Most current
velocities are less than 50 cm/s in the lagoons, but may be stronger (less
than cm/s) near promontories such as the Prudhoe Bay causeway.

The proximity of local rivers to the causeway strongly influences
stratification. During easterly wind events, the plume from the Sagavanirktok
(Sag) River is deflected to the west, creating a brackish surface layer (20 to
27 ppt) that is approximately 2 m deep. During westerly wind conditions, the
"Sag" plume is absent in the causeway area (flow from the Kuparuk River is not
large enough to create a distinct plume) and conditions at the causeway are
typically well-mixed and marine (30 to 32 ppt salinity).

The circulation near the causeway under easterly winds is 1illustrated in
Figure 14-3b, An anomalous "marine" water zone (salinity 30 to 32 ppt)
typically occurs on the lee side of the causeway during these conditions (Chin
et al. 1979). This "marine" water appears to be either (a) marine water
trapped in the lee of the causeway from previous conditions or (b) marine
water upwelled as a vresult of boundary 1layer separation and lateral
entrainment of the marine water. As explained in more detail 1later, the
presence of this "marine" water zone during easterly winds is less desirable
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in terms of fish preferences, and may cause a delay in fish migration. Under
westerly wind conditions, the water column is mixed to the bottom and
marine-l1ike in all areas around the causeway (Chin et al. 1979; Woodward-Clyde
Consultants 1982).

Numerical oceanographic modelling studies completed for the Sagavanirktok
River delta (Downing et al. 1983) also suggest that shore-connected causeways
can cause discontinuities in coastal temperature and salinity distributions,
and that these distributions do affect fish migration patterns. The model was
developed to test specific causéway configurations at a sinQ]e location near
the Sagavanirktok River mouth (Figure 14a), immediately east of Prudhoe Bay.
The nearshore waters typically show strong vertical and horizontal gradients
in temperature and salinity, although the two-dimensional model neglects the
vertical density gradients for the sake of simplicity. The specific causeway
location tested has distributory channels located within 1 km of the base, and
this results in temperature/salinity patterns which are Tocally complex. The
model was run for both easterly and westerly wind conditions. The results of
this analysis indicated that salinity and temperature differences occurring
across the causeway were typically in the range of 3 to 4 ppt and 1C°, with
maximum across-causeway differences of up to 10 ppt (4 to 14 ppt) and 3’
(4.5 to 7.5C°) for a T-shaped causeway.

Possible Alterations to Temperature/Salinity Characteristics due to a Causeway

off the Tuktoyaktuk Peninsula

The occurrence of three specific physical conditions, separately or in
combinations, are required in the presence of a causeway for it to cause
significant temperature/salinity perturbations: (1) vertical stratification;
(2) lateral gradients in temperature/salinity properties extending from the
coast seaward to the end of the causeway; and (3) wind reversals. In the case
of vertical stratification, the stronger currents at the end of the causeway
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could 1induce vertical mixing, which would then result in modification of
temperature/salinity properties in the area downstream of the causeway. There
is no evidence to support or refute possible vertical stratification in the
nearshore zone along the Tuktoyaktuk Peninsula.

If lateral gradients in temperature/salinity extend from the coast seaward,
lateral mixing would occur due to flow convergence around the end of the
causeway, and this would result in downstream modification of temperature/
salinity properties. Under westerly winds, a pronounced Tlateral gradient has
been observed at depths of 5 to 10 m or greater along the Tuktoyaktuk
Peninsula (Cameron 1953; Herlinveaux and de Lange Boom 1975), Given the
expected predominance of river water (i.e., warmer and less saline water than
offshore) along the coastline, a Tlateral gradient should extend between the
sites of the available observations offshore and the coastline. Under
easterly wind conditions, measurements of lateral gradients are very limited.
During fisheries studies conducted near Tuft Point in late August 1977, Jones
and Den Beste (1977) measured salinities of 15 to 17 ppt a few hundred metres
off the coast, compared to 20 to 21 ppt at locations 2 to 3 km from the
coast. The existence of horizontal gradients under easterly winds is also
suggested in a 1limited sample of enhanced satellite imagery (Harper and
Penland, 1982; Marko and Oberski, 1982).

Upon reversal of wind patterns, one assumption is that the initially occurring
temperature characteristics would be preserved in the backwater zone
downstream of the causeway. There is no direct evidence that this would occur
(requires the presence of a causeway) and the question might best be addressed
by means of modelling (Research) as has been done in the case of the Alaskan
causeway effects projections.
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Special Case Consideration of a Mackenzie Delta Causeway

An additional special case that might alter broad whitefish movements is a
causeway off the Mackenzie Delta. Such a causeway may be constructed in
support of a nearshore production field to provide all-weather access, since
structures of this type are presently proposed for nearshore fields along the
Alaskan Beaufort Sea coast.

The general conditions resulting 1in oceanographic alterations that were
described previously would also apply to the Mackenzie Delta system (i.e.,
coastal currents exist, flow convergence and acceleration occurs near the
offshore end of the causeway, and a horizontal temperature and salinity
gradient 1is developed). Oceanographic conditions in the delta would be a
similar case of the lateral gradient case described earlier due to the shallow
water depths and lack of vertical stratification.

LANDSAT imagery (Harper and Penland, 1982) and 1isolated field measurements
(McDonald and Martin 1976) suggest that horizontal temperature and salinity
gradients are well-defined in the nearshore waters adjacent to the delta.
Model1ling studies conducted for a similar type delta-front in Alaska (Downing
et al. 1983) show that causeway presence can cause marked across-causeway
gradients in both temperature and salinity.

Although remote sensing and field measurements have documented the existence
of well-defined horizontal gradients 1in the Mackenzie Delta area, no
systematic study of the magnitude of currents, temperature/salinity
distributions or driving forces (wind, density) has been completed to date.
In addition, there is no available information on temporal variability in
these processes.
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Summar

Studies in the Alaskan Beaufort Sea have shown that natural temperature/
salinity regimes can be disrupted by man-made structures . in nearshore waters.
At the present time, there are insufficient data on natural conditions in
waters off the Mackenzie Delta and to the east to accurately p?edict possible
changes in the Canadian Beaufort due to causeways. However, the potential for
change appears to be restricted to the open-water period.

Link 2: Disruption of the brackish water band wiil result in decreased
- utilization of the nearshore zone by broad whitefish.

Link 3a: The reduced time spent in the nearshore brackish zone will cause an
increase in mortality of broad whitefish.

Link 3b. Disruption of nearshore habitat will cause a decrease in feeding time
and consequently a reduction in growth and fecundity.

Link 4a. Increase in mortality of broad whitefish would lead to a decrease in
the number of spawners, and subsequent reduction in the number of
harvestable fish.

Link 4b. Reduction in fecundity and reduced viability of eggs and young would
result in fewer fish available for the harvest.

Bond (1982) found that broad whitefish tend to remain inshore during the
open-water season. For example, broad whitefish were never taken offshore in

Kugmallit Bay and appeared to avoid even the deep waters within Tuktoyaktuk
Harbour. Galbraith and Hunter (1975) reported the presence of broad whitefish
in nearshore waters along the coast of the Tuktoyaktuk Peninsula, but did not
capture any individuals in the deeper offshore waters. Broad whitefish appear
to have a limited distribution in the nearshore waters adjacent to the
Mackenzie Delta. A similar distribution pattern for this species has been
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found in the Sagavanirktok Delta area of the Alaskan Beaufort Sea (Griffiths
et al. 1983). These authors found that the abundance of broad whitefish was
significantly and positively correlated with temperature, and in 9 of 16
cases, was also significantly and inversely correlated with salinity.
Griffiths et al. (1983) suggest that broad whitefish prefer habitats with warm
brackish waters, all other factors being equal. At this time, it is not
actually known if the observed and suspected distributional patterns of broad
whitefish are indeed related to temperature and salinity. ‘To date, the only
pertinent study of a fish species found in the southern Beaufort Sea has been
conducted with Arctic cisco (Fechhelm et al. 1983). The results of this
modelling study indicated that Arctic cisco prefer warm brackish water over
cold saline water, and the model outputs were used to mimic movement and
habitat utilization patterns observed in concurrent field studies (Neill et
al. 1983; Fechhelm and Gallaway 1983). Consequently, there is a possibility
that the distribution patterns of broad whitefish could be altered in a manner
that results in a loss of feeding time (Link 3b) during the brief open-water
period, or increased mortality (Link 3a) due to salinity-induced stress. If
either of these effects occurred, a reduction in the popu]ation' of broad
whitefish could result.

Although there is a potential that shorebased developments may affect the
distribution patterns of broad whitefish, these structures may not, in fact,
be barriers to fish. Craig and Griffiths (1981) and Griffiths and Gallaway
(1982) showed that the ARCO causeway in Prudhoe Bay was not a barrier to
migration of 1large (>250 mm) anadromous fishes, although the evidence
regarding small (<250 mm) anadromous fishes was not conclusive.
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CONCLUSIONS

It was concluded that there are insufficient data to reject or accept the
hypothesis that nearshore structures will disrupt the nearshore band of warm.
brackish water and reduce the broad whitefish population. However, at the
present time, the development scenario for the region does not include
structures that appear to have a reasonable potential to alter nearshore
oceanographic conditions and, in turn, alter broad whitefish movements.
Consequently, monitoring or research programs are not recommended at the
present time. However, if future development plans change and include major
structures connected to the shore, this area of potential concern and the need .
for research and monitoring should be re-examined.

RECOMMENDED RESEARCH AND MONITORING PRIORITIES

No further research or monitoring is recommended at the present time, but if
development plans change and the potential for interference with fish
movements is increased, the following research and monitoring programs should
be given future consideration.

Research

1. Studies of winds oceanographic conditions, T/S profiles, current meter
measurements along with concurrent wind data in nearshore waters within
the general areas where structures may be built, or more site- specific
observations if detailed project plans are available.

2. Studies on the population dynamics of broad whitefish to determine the
potential population-wide significance of interference with their normal
movement patterns.
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3. Oceanographic research on the actual formation of a warm brackish water
band adjacent to the coastline.

4. The preferential use of this habitat (if it exists) by broad whitefish.

Monitoring

If further research indicates that (1) there is a potential for disruption of
broad whitefish movements, and (2) this disruption could reduce fish
populations, a monitoring program including the following components should be
initiated. '

1. Detailed documentation of winds, currents, temperature, salinity, and
other pertinent oceanographic conditions at the site of the proposed
structure before and after construction.

2. Detailed studies on use of the nearshore waters by broad whitefish.

3. Laboratory studies of the growth and temperature/salinity preferences of
broad whitefish to allow predictions concerning the direction and velocity
of movements over small spatial/temporal scales.

4, Modelling to allow verification that the post-causeway fish distributions
may or may not be solely explained by temperature/salinity conditions
alone.
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HYPOTHESIS NO. 15

THE EFFECTS OF NEARSHORE STRUCTURES ON THE
ALASKAN POPULATION OF ARCTIC CISCO
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Nearshore structures will disrupt the nearshore
band of warmer brackish water and will reduce
the Alaskan population of Arctic cisco.

ALASKAN POPULATION OF
ARCTIC CISCO

YOUNG FISH (70-100mm)
PREVENTED FROM MOVING
ALONG THE YUKON COAST

‘DISRUPTION OF TEMPERATURE
AND SALINITY IN NEARSHORE
ZONE

NEARSHORE STRUCTURES

Figure 15-1 Potential effects of nearshore structures on the Alaskan
population of Arctic cisco.

Linkages

1. Shoreline modification will change temperature and salinity patterns of
the brackish water band along the Yukon Coast during summer.

2. Disruption of the brackish water band will result in decreased movement of
young Arctic cisco from the Mackenzie Delta to the Alaskan Beaufort Sea
coast.

3. Decreased movement of Arctic cisco will cause directly proportional
decreases in the Alaskan population of Arctic cisco.
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INTRODUCTION

The Arctic cisco (Coregonus autumnalis) is one of the most abundant and valued

of the anadromous fishes occurring along both the Alaskan and Canadian arctic
coastlines. In Alaska, Arctic cisco are presently bharvested in seasonal
subsistence fisheries at the villages of‘Nuiqsut (Colville Delta) and Kaktovik
(Barter Island), as well as in a commercial fishery in the Colville Delta.
The Tatter has been in continuous operation since 1967, and has involved a
harvest of up to 71,000 Arctic cisco ahnua11y. In Canada, Arctic cisco also
represent an important component of the subsistence fishery in the Mackenzie
River and Delta regions (Hatfield et al. 1972), although there is presently no
commercial fishery for Arctic cisco in this area.

The recruitment of the Arctic cisco in Alaska could be affected by nearshore
developments that cause a disruption 'in .the distribution of Jjuvenile fish
between the Mackenzie Delta and the Alaskan Beaufort Sea coast, since the
Mackenzie River stock may be the source of the Alaskan population.

BACKGROUND

This section briefly describes the general distribution and Tife history
of Arctic cisco in the Beaufort region. This information 1is necessary to
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provide the background for discussion of the potential effects of the presence
of a nearshore structure (particularly on the Yukon Coast) on the distribution
and abundance of this species, and is largely taken from Gallaway et al. (1983)
and Craig and Griffiths (1981).

Arctic cisco range from Point Barrow, Alaska, to Bathurst Inlet, Northwest
Territories. Their distribution is apparently centred in the brackish waters
around the Mackenzie (Canada) and Colville (Alaska) river deltas, which are
habitats used for overwintering following summer feeding dispersals into the
nearshore areas of the Beaufort Sea. Gallaway et al. (1983) suggest that the
Mackenzie system may support the only spawning stock of Arctic cisco in the
region, rather than there being two stocks - one associated with the Mackenzie -
River and the other with the Colville River (Figure 15-2). These authors
postulate that spawning occurs in the Mackenzie River system 1in fall;
young-of-the-year use the delta as nursery grounds during their first summer,
and overwinter in this area. Some young-of-the-year may also be transported
into the nearshore region during the spring freshet. At age 1, the small fish
move into the nearshore environment during the summer to disperse and feed
along the coast. Some unknown proportion of the population disperses to the
west, and at some point are entrained by the net westward-flowing nearshore
currents off the Alaskan North Slope coast. Near the approach of freeze-up,
the Colville River and other rivers (e.g., Sagavanirktok River) provide
brackish overwintering habitat in their lower delta areas adjacent to the
sea. Arctic cisco that have been transported into Alaska use the Colville and
other suitable river delta habitats on the Alaska North Slope until they
attain sexual maturity and a size which enables individuals to contend with
the longshore currents. At this time, Arctic cisco are expected to seek their
natal stream in the Mackenzie River system to spawn. This postulated life
history 1is generally consistent with the observed patterns of seasonal
abundance and distribution of Arctic cisco found throughout the nearshore
waters of the Beaufort Sea.
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The hypothesis considered during the workshop centered around the construction
of a solid-fill causeway or docking facility at some location along the Yukon
Coast between the Mackenzie Delta and Herschel Island, and the possible
effects of this type of development on the Alaskan stock of Arctic cisco. A
flow chart showing the linkages for this hypothesis 1is presented in Figure
15-1.

LINKAGES

Link 1: Shoreline modification will change temperature and salinity of the
brackish water band along the Yukon Coast during summer.

As indicated earlier in discussions of broad whitefish along the Tuktoyaktuk
Peninsula (Hypothesis No. 14), a nearshore structure could cause a disruption
in the primarily wind-driven coastal currents. However, there is considerably
more uncertainty regarding the nature of the nearshore currents off the Yukon
coastline than along the Tuktoyaktuk Peninsula. This is the result of:

1) the lack of any direct current measurements; and

2) the possibility that the current patterns in this area may be more
complex due to a combination of: (a) the proximity of the
constricted passage between the coastline and Herschel Island; (b)
the variable proximity of the Mackenzie River plume; and (c) the
steep bathymetric gradients which exist to within 1 - 2 km of the
coastline. '

These influences could result in variations in the coastal currents which are
not simply related to the local wind patterns.
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As indicated earlier ({Hypothesis No. 14), the occurrence of three specific
physical conditions (separately or in combination) are required before there
is any temperature/salinity modification due to a nearshore structure. In the
first case, vertical stratification is required to enable vertical mixing
effect in the Tee of the structure. Scattered sets of physical oceanographic
data collected in the summers of 1960 (Grainger and Lovrity 1975) and 1975
(Kendel et al. 1975; Griffiths et al. 1977) indicate that vertical
stratification is possible along the Yukon coastline, with warmer, less saline
water overlaying a colder, more saline Arctic Ocean water to depths of 3 to 5
m. However, the existing summer T/S data are very limited (approximately ten
sets of vertical profiles), and additional time series measurements are
required to describe fully the temporal and spatial variations of vertical -
structuring in nearshore areas along the Yukon coastline. v

In the second case, temperature and salinity properties of the water column
can also be modified through mixing of lateral gradients near the end of the
structure. However, there is virtually no direct information on the existence
or amplitude of lateral gradients in T/S within the nearshore zone of the
Yukon coastline. Based on satellite imagery (Harper and Penland 1982; Marko
and Oberski 1982), and 1limited oceanographic data collected along the eastern
end of the Yukon coastline (Fraker et al. 1979), Tlarge spatial gradients in
temperature and salinity are known to occur at distances of a few kilometres
to up to tens of kilometres along the coastline. The satellite imagery study
of Marko and Oberski (1982) dindicated that strong prolonged easterly winds
deflect the Mackenzie River plume along the Yukon coastline, occasionally as
far west as Kay Point. These authors observed thermal gradients over
horizontal scales ranging from less than 5 km to approximately 10 - 15 km.
During another period when the prevailing winds were easterly, enhanced
Landsat imagery suggested that coastal upwelling resulted in a narrow band of
cold saline water (Harper and Penland 1982). In this situation with easterly
winds, upwelling was presumably evident because the Mackenzie plume had not
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yet reached the Yukon coastline. Thus, it appears that easterly winds during
the summer can result 1in highly variable conditions off the Yukon coast.
Under the influence of westerly winds, cooler more saline waters occur off the
Yukon coast. This 1is 1in contrast to the situation off the Tuktoyaktuk
Peninsula where the greater influence of the Mackenzie River plume results in
warmer, more brackish characteristics. In addition, peak discharge from local
Yukon rivers, may also result in lateral T/S gradients within the nearshore
zone.

In the third case, T/S modification can also occur when wind patterns reverse,
resulting in the maintenance of previous T/S properties in the backwater
zone. As indicated in discussion of Hypothesis No. 14, questions related to
modification of T/S properties in a backwater zone can only be addressed
through modelling studies or after actual causeway construction.

Link 2: Disruption of the brackish water band will result in decreased
movement of young Arctic cisco from the Mackenzie Delta to the Alaskan
Beaufort Sea coast.

The hypothesis that disruption of the temperature and salinity patterns of the
nearshore brackish band could affect Arctic cisco distribution, and
subsequently Arctic cisco harvest, is predicated on the assumption that this
species utilizes and is typically found in a nearshore band of brackish
water. Evidence for this assumption has been steadily increasing over the
last few years. Numerous gillnet studies (this sampling method is biased
towards the capture of large individuals) conducted from Point Barrow, Alaska
to the Mackenzie Delta have shown that large Arctic cisco are typically most
abundant within 1 km of the mainland shoreline. Studies conducted with fyke
nets (which capture all sizes of fish) from the Prudhoe Bay region to near
Demarcation Bay (Alaska - Yukon border) have demonstrated that all size groups
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of Arctic cisco tend to be most abundant adjacent to shore. In addition,
laboratory studies have shown that small Arctic cisco have a temperature
preference in the range from 10 to 15°C (Fechhelm et al. 1983), suggesting
that they are most 1likely to be found in the warmest water available.
Computer models using temperature, salinity and currents as the driving forces
have generated catch-per-unit-efforts (CPUE) that are generally consistent
with actual CPUE data from field studies (Fechhelm and Gallaway 1983). In
view of all this evidence, it appears 1likely that Arctic cisco do utilize a
nearshore band of warmer brackish water and, as a result, disruptions to this
band could cause alterations in the 1local distribution of this species.
However, it must also be emphasized that Arctic cisco can and do tolerate wide
ranges in both temperature and salinity, and that under certain wind/current -
conditions the nearshore band of brackish water breaks down naturally.
Causeway development along the Yukon coast may therefore alter the physical
environment in a manner that occurs naturally at the present time. The
pertinent question is whether the "population" would have the ability to
continue normal dispersal patterns in the presence of such alterations, or if
the changes would result in disruption of longshore fish movement.

Link 3: Decreased movement of Arctic cisco will cause directly proportional
decreases in the Alaskan population of Arctic cisco.

Link 3 is based on an assumption that the Alaskan harvest of Arctic cisco is
directly dependent on the number of small (age 1 and 2) Arctic cisco which
migrate into Alaska from the Canadian Beaufort. The evidence in support of
this hypothesis 1is described by Gallaway et al. (1983). From 1967 to 1981,
the annual harvest of Arctic cisco by the Alaskan commercial fishery in the
Colville River ranged from 9268 to 71,575. The fish taken ranged from 240 to
380 mm fork length and, although the harvest is conducted during and after the
spawning season, few spawners or sexually mature fish are captured. Using the
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population dynamics model of Deriso (1980), Gallaway et al. (1983) were able
to mimic the catch/effort trends of the fishery over the period of record.
When simulating numbers of catchable-sized fish, the model was responsive to
the actual trend if (1) a 5-year lag between appearance of small fish and
their entry into the fishery was employed in the model; and (2) it was assumed
that very few spawners were taken by the fishery. However, the major
parameter contributing to the good correlation between simulated and actual
harvests was a stock-recruitment relationship indicating a strong density
dependence. It should be noted that the density dependence was unusually
strong, and from a temporal standpoint, periods of Tlow recruitment
corresponded to "bad" ice years. It is therefore possible that the dynamics
of the fishery correspond to irregular environmental events which either
enhance or reduce the extent of movement of small Arctic cisco from the
Canadian Beaufort into Alaskan waters.

The workshop subgroup considered any direct evidence that causeways would
i.nterrupt this dispersal process, and concluded that although delays may be
possible, the question of completely interrupted movement of Arctic cisco
could not be satisfactorily addressed on the basis of existing information.
For example, a major recruitment of young Arctic cisco was observed in the
area east of the Prudhoe Bay and the Prudhoe Bay causeway during 1981, A
large proportion of these fish are known to have remained east of the causeway
for a 3-year period, and to have used the Sagavanirktok River Delta region as
both summer feeding and overwintering habitat. It 1is possible that these
individuals were prevented from travelling westward into the region of the
Colville River Delta by the causeway, although it is equally feasible that a
certain portion of the Arctic cisco population always use the Sag Delta area.
There are insufficient preconstruction data to test reliably either hypothesis,
although trends in the Colville River commercial fishery over the next 2 to 3
years should allow evaluation of whether or not the Prudhoe Bay causeway has
affected the distribution of Arctic cisco in Alaska.
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CONCLUSION

The group concluded that Tinks in the hypothesis could not be proved or
disproved on the basis of existing information, and that there was no strong

evidence for rejection of the overall hypothesis. The rationale for these

conclusions is summarized as follows.

Link 1:

Link 2:

Link 3:

Although some aspects of the physical oceanographic regime are quite
uncertain (e.g., currents), the group concluded that the potential
for disruption. of the nearshore temperature/salinity regime was
probably greater along the Yukon Coast than along the‘Tuktoyaktuk
peninsula.

While Arctic cisco are known to be less sensitive to high salinities
than broad whitefish, previous 1laboratory, field and modelling
studies in Alaska have shown that causeways can significantly affect
Arctic cisco distribution.

Although it has not been conclusively demonstrated that Alaskan
stocks of Arctic cisco originate from the Mackenzie Delta, existing
evidence is consistent with this hypothesis. Therefore, if 1inks 1
and 2 are valid, the Alaskan Arctic cisco populations could show
significant declines as a result of nearshore T/S alterations.

RESEARCH

The workshop group recommended that research should be conducted in view of

the possibility that some form of shoreline alteration may be associated with

the construction of a shorebase on the Yukon coast (e.g., current Stokes Point

or King Point development scenarios; Dome Petroleum et al. 1982).
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Research would be required to address several of the above uncertainties.
Oceanographic research should include direct wind and current measurements in
the nearshore zone along the Yukon coast over an extended period of time,
beginning as early in the open-water season as possible. At two or three
locations, current, temperature and salinity data should be obtained. At each
location, current meters should be deployed in both the surface layer and near
the bottom, anticipating a deeper arctic water subsurface layer. Research is
also required to determine the spatial variability in temperature and salinity
within the surface layer of the nearshore zone along the Yukon coast. This
should consist of a small scale CTD survey under varying wind conditions in
the vicinity of a proposed causeway site. Landsat imagery of the thermal band
and data on the volumes of 1local river discharges should be collected
simultaneously with the CTD surveys.

Biological research should be conducted simultaneously with the oceanographic
investigations. Arctic cisco movements along the coast should be examined in
relation to time, location, and the stage of development (e.g., age, maturity)
of migrants, as well as possible controlling environmental stimuli (i.e.,
concurrent oceanographic program). In addition, the "population" or number of
migrants should be estimated to allow evaluation of the overall significance
of the movements.

MONITORING

If the above research indicates a potential for disruption of movements of
Arctic cisco and a causeway is eventually proposed, a monitoring program may
then be necessary. The program would Tikely have to include the following
components:
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1) Detailed oceanographic measurements in the area before and after
construction. This latter program should include daily measurements
at various sites in the vicinity of the causeway. It would also be
necessary to undertake synoptic measurements of daily river discharge
during both the pre- and post- development monitoring programs due to
the contribution of warm, fresh water from local rivers (e.g.,
Babbage River) to the Yukon coastal zone,

2) Detailed examinations of Arctic cisco movement (including tagging
_ studies) in the area before and after construction.

3) Complementary modelling studies (e.g., Neill et al. 1983, Fechhelm
and Gallaway 1983) to provide quantitative estimates of the effects
of the causeway on movement and distributional patterns of Arctic
cisco.
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HYPOTHESIS NO. 16

EFFECTS OF PRODUCTION FIELDS AND DISCHARGE
OF POLLUTANTS ON ARCTIC CISCO AND
BROAD WHITEFISH POPULATIONS
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The construction of shorebases and shallow production fields
will result in a decrease in the populations
of Arctic cisco and broad whitefish.
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Figure 16-1. Potential effects of discharges from production fields and other
facilities on Arctic cisco and broad whitefish populations.
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Linkages

1. Warm water effluents and produced water will be discharged into marine
waters during hydrocarbon production.

2. Fish will be attracted to thermal plumes.

3. Contaminants in produced water and aggregations of fish will result in
increased stress, reduced food availability and decreased fish growth.

4, Direct mortality due to effluents and decreased grdwth will reduce Arctic
cisco and broad whitefish populations.
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NAMES OF PARTICIPANTS

Bi11 Bond ~ Phil HiN1

David Fissel Dave Marmorek

Benny Gallaway Langley Muir

Bill Griffiths R David Thomas"
INTRODUCTION

Concerns regarding the potential effects of produced water discharges into
shallow water coastal zones on broad whitefish and Arctic cisco populations
were the primary reason for formulation of the hypothesis shown in Figure
16-1. Produced waters contain varying concentrations of petroleum
hydrocarbons and trace metals, have elevated salinities and are often
substantially warmer (estimated temperature of about 40°C) than ambient water
temperatures (Thomas et al. 1983). Cooling water may also be discharged at
offshore production facilities, and although total volumes may be comparable
to quantities of produced water, cooling water would be characterized by a
Tower temperature (20°C) and near ambient salinity. As indicated in Figure
16-1, the thermal aspects of the waste discharges could result in aggregations
of fish, thereby increasing their residence time in a zone where exposure to
contaminants may lead to lethal and sublethal effects.

The hypothesis was considered by the workshop participants on the basis of a

development scenario which does not involve production facilities sited in

water depths less than 5 m.
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LINKAGES

Link 1: Warm water effluents and produced water will be discharged
into marine waters during hydrocarbon production.

The first step in evaluation of this hypothesis was a review of the quantities
of produced water which may be discharged from offshore and nearshore
production facilities. It was assumed that a single production field at an
offshore location (depths greater than 15 m) might consist of 20 wells having
a combined produced water discharge of 16,000 m3/d. In shallow water
locations (depth between 5 and 15 m), the number of wells was assumed to be
reduced by a factor of 5, with a commensurate reduction in discharge volume.
These daily discharge rates were subsequently used to assess the potential
magnitude of 1local changes in temperature and salinity, and elevated
contaminant levels, that may be associated with production waste dischafge.

Link 2: Fish will be attracted to thermal plumes.

Link 3: Contaminants in produced water and aggregations of fish will result in
increased stress, reduced food availability and decreased fish growth.

During the ice-free season, the probability of thermal enhancement resulting
from produced water discharge in shallow areas (at an assumed release rate of
3000 m3/d) would be eXceeding]y remote due to very large dilution rates
expected in these relatively high energy environments. Contaminant
concentrations would also not be expected to reach Tlevels that could be
hazardous to biota, except perhaps in the immediate vicinity of a discharge
site (approximately limited to within 200 m of the source [Thomas et al.
1983]). Contaminant concentrations could be higher during periods of ice
cover, but available data suggest that anadromous fish are absent or scarce

in waters greater than 5 m deep during winter.
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Monitoring programs undertaken 1in other hydrocarbon production regions,
particularly in the Gulf of Mexico (Rose and Ward 1981; Gallaway et al.
1981), indicate that effluent streams from production platforms in deeper
waters are diluted very rapidly, and that resultant biological effects are
minimal. For example, after a 4-year study in the Gulf of Mexico, Gallaway et
al. (1981) concluded that: | |

1) The major effect of the Buccaneer Field was to provide a substrate that
allowed development of a rich and diverse biofouling or artificial reef
community;

2) The structures and reefs caused the aggregation of nektonic species -
preferring these habitats, as well as the subsequent attraction of various
predators (particularly man); | '

3) Produced waters were toxic, although the direct effects on biota were
restricted to organisms in habitats within a few metres of the outfall;

4) Indirect effects of chronic, 1low-level contaminant discharge were not
shown to be significant;

5) Measurable uptake of contaminants appeared minimal and restricted to those
species present in the biofouling food chain, and there was Tittle
evidence of bioaccumulation; and

6) The effects of the recreational fishery on fish were suggested to be an
area of greater concern than the effects of the Buccaneer Field on either
the fish or the recreational fishery.
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CONCLUSIONS

The workshop participants concluded that the impact hypothesis was extremely
unlikely and not worth further consideration if wastes are discharged in
waters greater than 5 m deep.

The most serious potential concerns related to the effects of produced water
discharge on fish would be expected when a production platform is located in
an area where temperature-sensitive species or life-history stages are present
and a solid ice-cover simultaneously results in substantially reduced energy
for mixing and dispersal. This situation could occur in shallow nearshore
areas along the Tuktoyaktuk Peninsula prior to freshet (mid-May) but after the
advance of the freshwater plume (e.g., Jan - Feb). Although hydrocarbon
developments are not presently being considered in such areas, if a development
satisfying the above criteria is proposed in the future, additional research
to examine potential impacts and necessary mitigative measures would be
warranted.

MONITORING

Other than compliance monitoring to assure that regulatory guidelines are
achieved in both shorebase and offshore waste streams, no monitoring was
considered necessary 1if production wastes are discharged in waters greater
than 5 m deep.
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HYPOTHESIS NO. 17

EFFECTS OF WATER INTAKE ON BROAD WHITEFISH
AND ARCTIC CISCO POPULATIONS
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Water intakes will reduce populations of
broad whitefish and Arctic cisco.

BROAD WHITEFISH AND ARCTIC
CISCO POPULATIONS

ENTRAINMENT AND
IMPINGEMENT

WATER INTAKE
FOR INJECTION

Figure 17-1 Potential effects of water intake on broad whitefish and Arctic
cisco populations.

Linkages

1. The intake of water for reservoir injection will cause entrainment and
impingement of juvenile broad whitefish and Arctic cisco.

2. The mortality associated with entrainment and impingement will reduce
broad whitefish and Arctic cisco populations.
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Phil Hi11 ~ David Thomas
INTRODUCTION

Waterflooding is a secondary recovery process whereby filtered sea water is
pumped into the reservoir to increase pressure for continued extraction of oil
in the mid- to late stages of production. Several waterflood projects are
planned in the Alaskan Beaufort. . These include one for the Prudhoe Bay Field
at the tip of the Prudhoe Bay causeway which will be operative in 1984, a
second for the Kuparuk Field located at Oliktok Point which is also expected
to be 1in operation within the near future (1984-86), and two others (Endicott
Project and Lisburne Project) in the Prudhoe Bay area which are scheduled
before 1990. Each of these intake structures will be located in the nearshore
habitats that are most extensively utilized by anadromous fish (Griffiths et
al. 1983; Griffiths and Gallaway 1982).

Available data for the Prudhoe Bay field and Endicott waterflood projects
indicate that typical intake volumes may approximate - 320,000 m3/d or 3.5
m3/sec (Woodward-Clyde Consultants 1982). At the intake structures, water
velocities will be approximately 15 cm/s. The degree to which small
anadromous fish may be entrained and impinged on intake screens under these
conditions is presently unknown because such waterflood projects have not been
initiated in the Arctic. However, entrainment and impingement losses
associated with the cooling water intakes of nuclear and fossil fuel power
plants can be high (Gallaway and Strawn 1974; Uziel 1980). Waterflooding has
not yet been proposed in relation to hydrocarbon development in the Canadian
Beaufort, but was considered during the present workshop due to potential
widespread use in Alaska.
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LINKAGES

Link 1: The intake of water for reservoir injection will cause entrainment
and impingement of juvenile broad whitefish and Arctic cisco.

Link 2: The mortality associated with entrainment and impingement will reduce
broad whitefish and Arctic cisco populations.

The workshop subgroup suggested that these 1inks were possible but not very
probable in the Canadian Beaufort Sea. The following rationale was presented
for this conclusion. ADGO is the only nearshore field that is currently under
consideration for development (Dome Petroleum et al. 1982, Vol. 2).
Therefore, most of the nearshore waters of the outer Mackenzie Delta and the
nearshore zone (depths less than 3 m) utilized by broad whitefish and Arctic
cisco are unlikely to be sites of water intake for potential waterflood
projects. In the case of ADGO, the o0il production rate has been estimated at
approximately 110 m3/d (Evan Birchard, pers. comm.). If it is assumed that
injection water would be required after five years of operation, only about
200,000 m3 of water would be necessary to replace the o0il. This represents
only about 60 percent of the daily requirements of some of the larger Alaskan
(e.g., Endicott) nearshore projects (320,000 m3/d). If ADGO is typical of
the size of nearshore fields which could be found in the future in the
Canadian Beaufort and the number of nearshore fields will be as limited as
presently believed, it is extremely unlikely that significant mortality of
anadromous fish would result from entrainment and impingement phenomena.
Under worst case conditions, waterflood intake losses of small broad whitefish
for the Alaskan Endicott waterflood project were estimated at about 5 percent
of a small local stock, and it was stated that this stock would recover
quickly upon cessation of the activity (U.S. Army Corp of Engineers and
Environmental Research and Technology Inc. 1984).
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CONCLUSION

It was concluded that the hypothesis is extremely unlikely and not worth
testing because: (1) the potential waterflood requirements of Canadian
nearshore fields will be an extremely small fraction of those typical of the
larger Alaskan nearshore fields (i.e., 100 m3/d vs. 320,000 m3/d); and (2)
that, given worst case assumptions, losses of small anadromous fish associated
with the Alaskan projects are expected to result in only smail (if any)
declines in the populations of these species. '

RECOMMENDATIONS

Studies on the effects of water intake structures associated with the Alaskan
waterflood projects are due to commence in 1984, It is recommended that: (1)
the results of monitoring studies being conducted under the auspices of the
U.S. Environmental Protection Agency, Army Corps of Engineers and the National
Marine Fisheries Service be reviewed as they become available; ahd (2) if
these results indicate that there may be potential concerns reiated to water
intakes .in the Canadian Beaufort, then the present hypothesis should be
re-evaluated.
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HYPOTHESIS NO. 18

THE EFFECTS OF AIR EMISSIONS ASSOCIATED WITH THE OPERATION
OF AIRCRAFT, MARINE VESSELS, DRILL RIGS, OFFSHORE
PLATFORMS AND SHOREBASES ON AIR QUALITY
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Air emissions resulting from the operation of aircraft,
marine vessls, drill rigs, offshore platforms and
shorebases will adversely affect air quality.

AIR QUALITY

PRODUCTION ACTIVITIES

Mobile Sources (Marine and aircraft)
Drill Rigs

0ffshore Platforms

Shorebases

i 18-1: Potential effects of air emissions resulting from the operation
Figure of marine vessels, drill rigs, offshore platforms and shorebases

on air quality

Linkage

1. Air emissions from a number of sources will adversely affect air quality.
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INTRODUCTION

Operation of production platforms, shorebases, drill rigs, aircraft and marine
vessels in the Beaufort Sea region, will result in a variety of emissions to
the atmosphere. While a large portion of these discharges, such as nitrogen,
carbon dioxide and water vapour are not considered harmful, a small portion -
are classified as pollutants and their ambient concentrations are regulated
under the Ambient Air Quality Objectives established by Environment Canada
(e.g., sulphur oxides and nitrogen oxides).

The following activities associated with exploration, production and transport
of petroleum hydrocarbons will be the major sources of air emissions. These
sources, and emission factors given for each, were used to estimate the
quanitity of pollutants emitted to the atmosphere in the Beaufort Sea region.
The objective of this evaluation was to verify or reject the above
hypothesis. Unless otherwise stated, data cited regarding the amount and
composition of air emissions in the Beaufort Sea were adapted from the
Beaufort Sea - Mackenzie Delta EIS, Vol. 2 and 4 (1982).

1) Combustion of Solid Waste: Incineration of solid waste at shorebases,

offshore platforms, and marine vessels will result in air emissions
containing the following pollutants expressed 1in percent weight of
combustible solid waste.

Carbon Monoxide (CO) - 1.49 percent
Nitrogen Oxides (NOy) - 0.22 percent
Sulphur Oxides (SO0y) - 0.12 percent
Hydrocarbons (HC) - 0.12 percent
Particulates (Part.) - 0.62 percent
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3)

4)
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Combustion of Diesel Fuel: The combustion of diesel fuel for internal

combustion engines and power generators at shorebases, drill rigs, and by
marine vessels will result in the emission of the fo110w1ng pollutants
(expressed as percent we1ght of spent fuel):

0.92 percent
3.38 percent
SOy - 0.69 percent
4,92 percent
1.69 percent

-
[«
]
+
°

}

Combustion of Aviation Fuel: The following emission factors for

combustion of aviation fuel are expressed as the .weight of pollutant
emitted for each landing and take-off cycle. This is standard practice,
and includes all emissions occurring below 1000 m (3000 ft) that could
significantly affect air quality at ground level. The two classifications
of aircraft used here are (1) Jets (Boeing 737 or 767), and (2) STOL
aircraft and helicopters.

EMISSIONS PER LANDING AND TAKE-OFF CYCLE (Kg)

Pollutant Jets STOL/Helicopter
Co 16.92 . 3.25
NOy 8.96 0.37
SOy ‘ 0.99 0.08
HC 4,06 2.30
Part. - -

Gas _Flaring: Gas flaring at offshore platforms will result in emissions
of NOX at the rate of 3.68 tonnes per million cubic metres of gas burned.
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5) Fuel Tanks: The operation of storage fuel tanks at shorebases will result

in fugitive emissions of hydrocarbons. These emissions are estimated to

amount to 50 tonnes of hydrocarbons per year at each base.

6) Combustion of Separated Gas: Emissions of NOx resulting from the

combustion of separated gas for power generation at offshore platforms is

estimated to be 24 tonnes/day from all sources by the year 2000.

Link 1:

LINKAGES

Air emissions from a number of sources will adversely affect air

quality.

The 1ink between air emissions and air quality is direct. Therefore, in order

to assess the significance of this hypothesis, the following information is

presented:

1)

2)

3)

4)

quantitative estimates of total emissions for each pollutant;
identification of the spatial distribution of sources;

description of the dispersion calculations that were completed using
a "box model" approach; and

~

comparison of estimated pollutant concentrations to regulatory
guidelines.



240

Total Emissions

Shorebases: Air emissions at shorebases will result from incineration of
solid waste, combustion of diesel fuel, and release of fugitive hydrocarbons
from fuel storage tanks.

a) Estimated quantities of solid waste incinerated when all facilities
are developed and fully operational are tabulated below:

SOLID WASTE INCINERATION ESTIMATES FOR SHOREBASES

Solid waste-

Base Incinerated (Kg/day)
Tuktoyaktuk 4,200
McKinley Bay 3,600
Stokes or King Point 500
Wise Bay 75
TOTAL 8,375

b) The operation of diesel-fired plants are estimated to result in the
release of 460 tonnes of atmospheric emissions per year per major
shorebase. Since the data used in the present evaluation did not
indicate what proportion of the -emissions are comprised of
pollutants, the total emissions were assumed to be pollutants.

c) Fugitive emissions from fuel storage tanks are estimated to be 50
tonnes of hydrocarbons per year per major shorebase.

In combination, these three sources will result in the following emissions:
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SUMMARY OF EMISSIONS AT SHOREBASES
YEAR-ROUND OPERATION

(Kg/day)

Solid Waste Diesel Plants Fuel Tanks Totals

co 125 404 - 529
NOy 18 1,460 - 1,478
SOy 10 304 - 314
HC 10 2,116 548 2,674
Part. 52 756 - 808

Offshore Platforms: Air emissions at offshore platforms will result from

incineration of solid wastes, gas flaring, and operation of gas turbines.

a) Solid waste will be incinerated at each of the offshore facilities
according to the following table:

SUMMARY OF SOLID WASTE INCINERATION AT OFFSHORE PLATFORMS

Type of Offshore Solid Waste - Max. No. of Total Solid Waste

Platform Incinerated Structures Incinerated
Kg/day (yr. 2000) v Kg/day
Exploration | 350 8 2,800
Island
Production 700 32 22,400
IsTand
APLA (Processing 600 2 1,200

and Loading)

TOTALS 26,400
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b) Gas flaring is estimated to be approximately 2.7 x 106m3

106 ft3) per day for all platforms.

(96 x

c) Separated gas used to fire power generation turbines at o0il
production facilities is estimated to result in 24 tonnes/day of
NOX emissions. ‘

In combination, these three :sources will result in the following emissions:

SUMMARY OF EMISSIONS AT OFFSHORE SHOREBASES
YEAR-ROUND OPERATION
(Kg/day)

Solid Waste Diesel Plants Fuel Tanks Totals

co 394 - - 394
NOx 58 10,000 24,000- 34,058
SOx 32 - - 32
HC 32 - - 32
Part. 164 - - 164

Drill Rigs: Air emissions from drill rigs result entirely from the use of
diesel fuel in internal combustion engines. During the year 2000, the maximum
number of wells drilled is estimated at 76, with drilling of each well
requiring an average of 75 days. It is estimated that a total of 145 tonnes
of emissions will be discharged per well per 75 day period (i.e.,
approximately 2 tonnes/well/day).

Dome Petroleum et al. (1982) does not state what proportion of these emissions
are pollutants. Therefore, as a worst case approach, all emissions were
treated as pollutants, resulting in the following quantities and composition:
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SUMMARY OF EMISSIONS FROM DRILL RIGS
75-DAY DRILL PERIOD

(Kg/day)
Emissions/Drill Rig Totals (76 Rigs)
co 160 12,160
NOy 580 44,080
SOy 120 9,120
HC 840 63,840
Part. 300 22,800

Mobile Sources: Marine vessels and aircraft are classified as mobile sources

and result in emissions to the atmosphere due to combustion of fuel and
incineration of solid waste (vessels).

a) Marine Vessels: Estimated quantities of solid waste incinerated and
diesel fuel consumed for each of three vessel types were provided in
Dome Petroleum et al. (1982) and are presented below:

MARINE VESSEL SOLID WASTE INCINERATION
AND DIESEL FUEL COMBUSTION ESTIMATES

Vessel Type Solid Waste Diesel Fuel
Incinerated Kg/day Combusted Kg/day

Class 10 Tankers 200 797,810
Logistics Traffic 2,833 736,130
"Stationary" 10,665 68,130

Offshore Vessels

TOTALS 13,698 1,602,070
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b) Aircraft types and number of flights for the year 2000 were also
taken from Dome Petroleum et al. (1982) and are presented below:

ANTICIPATED AIRCRAFT SUPPORT REQUIREMENTS
FOR BEAUFORT HYDROCARBON DEVELOPMENT
BY THE YEAR 2000

Type No. of Aircraft Flights/day Total Flight /day
Jets 13 737's 13*
or. 1 or
5 767's 5
STOL : 22 1.5 33
Helicopters 28 2.0 56

* Used in this analysis

In combination, these sources will result in the following emissions:

SUMMARY OF EMISSIONS FROM MOBILE SOURCES
YEAR-ROUND OPERATION

(Kg/day)
Marine Vessels Aircraft ‘
Solid Waste and Fuel Jets and Heli/STOL Totals
co 14,945 _ 510 15,455
NOx 54,180 149 54,329
SOx 11,070 20 11,090
HC 78,838 258 79,096

Part. 27,160 - 27,160
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Summary of Emissions: The estimated air emissions from the variety of sources
described in previous sections have been combined to arrive at total emissions
on a daily and annual basis; these are summarized in the following two
tables, respectively.

SUMMARY OF OVERALL DAILY EMISSIONS

(Kg/day)

Shore- O0ffshore Driiil MobiTe Totals

bases Platforms Rigs Sources
co 529 394 12,160 15,455 28,538
NOX 1,478 34,058 44,080 54,329 133,945
SOX 314 32 9,120 11,090 20,556
HC 2,674 32 63,840 79,096 145,642
Part. 808 164 22,800 27,160 50,932

SUMMARY OF OVERALL ANNUAL EMISSIONS

(Tonnes/Year)
Shore- 0ffshore Drili Mobile Totals
bases Platforms Rigs Sources
co 193 144 ‘ 912 5,641 6,890
NOx 540 12,431 3,306 19,830 36,107
SOx 115 12 684 4,048 4,859
“HC 976 12 4,788 28,870 34,646

Part. 295 60 1,710 9,913 11,978
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Geographic Source Distribution

The Tlocation of production facilities and associated activities that
contribute to air emissions are depicted in Figure 18-2 and are superimposed
on the spatial units shown in the Introduction to this report. The figure
identifies the following major source locations:

Routes for icebreaking tankers
Routes for marine logistics travel
Offshore facilities

Onshore facilities

Aircraft flight paths.

Spatial units 1, 2, 3 and 4 are directly affected by these acitivites and the

approximate combined area of these four zones is estimated at 60,000 kmz.

Dispersion Calculations

Simple dispersion calculations were performed using a "box model" approach to
estimate the order of magnitude of ambient ground level concentrations of the .
various pollutants. The following assumptions were made in the calculation of
24 hour average concentrations:

1) A1l pellutants are trapped below 300 metres above sea level. This
corresponds to inversion heights that could occur in the area.

2)  A11 pollutants emitted during a 24 hour period are spatially confined
to spatial units 1, 2, 3 and 4, and are uniformly distributed within
these zones. This assumption implies that additional pollutant input
into this bounded space 1is counterbalanced by an equal amount of
pollutant advection out of the space boundaries. The assumption of
uniformity of distribution, while not entirely accurate (wind may
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Figure 18-2b Approximate locations of aircraft flight routes
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prevail in a single direction for a day or days), is nevertheless reasonable
in view of the fact that as much as 83 percent of annual emissions of some
pollutants are from mobile sources that cover very large areas. Furthermore,
the purpose of this analysis 1is to estimate the order of magnitude of
concentrations rather than absolute values.

Results of dispersion calculations are summarized in the following table
showing predicted concentrations of emissions as well as regulatory
guideline concentrations established by Environment Canada.

PREDICTED CONCENTRATIONS OF VARIOUS POLLUTANTS
IN RELATION TO REGULATORY GUIDELINES

POLLUTANT
ELEMENT Cco NO SOx HC SUS.PART DUST FALL
3 X3 3 3 3 2
ug/m ug/m ug/m ug/m ug/m g/cm”/mo
Estimated 24 2 8 1 8 3 0.002
hour average
Regulatory 6000 200 150 NA 120 0.525
Guideline FED FED FED Urban FED FED
(8 hr) (24 hr) (24 hr) Areas (24 hr) Residential
, 0[1000's]
Ratio (Factor 3000 25 150 0[100's] 40 250

of Safety)

These calculations indicate that, on a regional basis, air quality will not be
significantly affected due to the very small contributions (less than
background) resulting from the combined operation of aircraft, vessels,
offshore platforms, sharebases and drill rigs. In order to place emissions
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from proposed Beaufort operations in perspective, it should be noted that gas
processing facilities in southern lattitudes typically emit 50-900 tonnes/day
of SOZIand similar amounts of NOx from a single point source.

Ice Fog

Although Dome Petroleum et al. (1982) does not provide estimates of the
quantity of water vapour emissions that could give rise to the formation of
ice fog during cold spells, it is important to emphasize the following points.

Ice fog will begin to form when ambient air temperatures are lower
than -20°C, and will definitely form when temperatures are Tower than .
-40°C.

Formation of ice fog is caused by the emission of large quantities of
water vapour from combustion processes. The formation is enhanced at
the higher temperature 1imits in the presence of particulate matter
in the atmosphere. ‘

Ice fog can accumulate locally (within 1 to 5 km) during prolonged
periods of calm and cold temperatures, causing obstructed visibility,
and thereby potentially affecting human activities.

There are no mitigative measures available to reduce ice fog
formation other than halting combustion and/or eliminating the source
of emission.



250

CONCLUSIONS

Based on the foregoing considerations, -the group rejected the hypothesis that
air quality will be adversely affected to an extent that would warrant the
design and implementation of a regional monitoring program. This conclusion,
however, should not preclude the possible need to implement air quality
monitoring program(s) at major shorebases to monitor local effects as part of
the required operational permits. o
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HYPOTHESIS NO. 19

EFFECTS OF DREDGING ON
BEARDED SEALS
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Dredging and deposition of spoils will reduce
the bearded seal population.

BEARDED SEAL

» REDUCTION IN FISH AND
BENTHIC POPULATIONS

®

UPTAKE OF INTERFERENCE - FISH AND

CONTAMINANTS WITH FISH BENTHOS HABITAT
IN FISH AND MIGRATION MORTALITY LOSS

BENTHOS
‘ 2 2

RELEASE OF INCREASE IN

CONTAMINANTS SUSPENDER SOLIDS

DREDGING AND DEPOSITION
OF DREDGE SPOIL

Figure 19-1: Potential effects of dredging and deposition of spoils on
benthos, fish and bearded seals.
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Linkages

1. Dredging and deposition of dredge spoil will increase concentrations of
suspended solids in the water column.

2. Removal of seafloor material and its deposition in other areas will result
in mortality of benthic invertebrates and fish and habitat loss.

3. Dredging will release contaminants from the sediments.

4. Increased suspended solids will interfere with fish migration.

5. Contaminants released during dredging will be taken up by fish and benthos.

6. Habitat loss, mortality, interference with migratory routes and uptake of
contaminants will reduce fish and benthic invertebrate populations.

7. Reduced populations of prey (fish and benthos) will reduce number of

bearded seals.
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NAMES OF PARTICIPANTS

Wayne Duval John Harper

Bob Everitt Ed Pessah

Benny Gallaway Aaron Sekerak

William Griffiths Dave Thomas
INTRODUCTION

This hypothesis was not formally addressed in the workshop due to time
constraints associated with each of the daily schedules and its treatment was
therefore different from previous hypotheses. The subject of dredging was
raised by several participants during the introductory sessions but although
it was generally agreed that dredging may be an important area of concern in
some parts of the Beaufort Sea, it could not be addressed within the framework
of the present workshop. Consequently, a formalized hypothesis and written
text was prepared to examine the idissue. In order to ensure that the
hypothesis received the same level of critical review,

a group was formed (listed above) following the workshop, and comments and
contributions solicited from each member during the preparation of this report.

This hypothesis and its associated linkages are shown in Figure 19-1. It
states that dredging will cause a direct decrease in the abundance of benthic
populations which may in turn decrease the available food for fish and marine
mammals such as the bearded seal. In addition, increases in the
concentrations of suspended solids within the water column due to dredging
activities may act as a migration barrier to fish. Dredging may also release
contaminants from the sediments, which could then accumulate within the food
chain and affect important species. Since +the hydrocarbon development
scenarios presented at the workshop and described in the Beaufort Sea -
Mackenzie Delta EIS (Dome Petroleum et al. 1982) involve substantial amounts
of dredging, evidence for and against each of these 1linkages is briefly
discussed in the following sections.
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LINKAGES

Link 1: Dredging and deposition of dredge spoil will increase concentrations
of suspended solids in the water column.

There is 1ittle doubt that dredging activities increase the amount of
suspended solids in the water column and, in some cases, concentrations of
suspended materials can far exceed background (ambient) levels. For example,
at the source of the spoil outfall, these concentrations may approach several
thousand milligrams per litre. However, suspended solids levels are reduced
rapidly with increasing distance from the point sources. and typically reach
ambient Tlevels within a few kilometres of the dredging site. The dredge
plumes that have been studied to date in the Beaufort Sea have generally been
1imited in duration and spatial extent (Thomas 1980; ESL 1982). 1In areas
such as Tuktoyaktuk harbour, increases in suspended solids due to dredging
operations are also often masked by turbidity levels naturally associated with
the Mackenzie River plume (Erickson and Pett 1981; ESL 1982).

Link 2: Removal of seafloor material and its deposition in other areas will
result in mortality of benthic invertebrates and fish and habitat loss.

The removal of the surface layer of the sea floor and its deposition in other
areas will cause mortality of benthic organisms and to‘a lesser extent fish,
and will also result in the removal or temporary disruption of existing
habitat. Although studies conducted in the Beaufort Sea have shown that
recolonization of newly exposed sand-silt substrate (cf. rock) begins almost
immediately (Thomas et al. 1982; Heath et al. 1982; ESL 1982), complete
recovery of the total benthic biomass lost due to habitat disruption may not
occur for several years. In some cases, the construction of artificial
islands in the marine environment will result in the creation of new
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habitats. However, it should be noted that the benthic organisms colonizing
these new habitats and demersal organisms subsequently attracted to such sites
would be in closer proximity to other development activities than may normally
be the case.

The following worst case assumptions can be made to estimate the magnitude of
substrate disturbances/habitat losses that may be associated with dredging
activities in the Beaufort Sea: (1) no new habitat is created; (2) all
habitat dredged is totally destroyed; (3) dredging occurs to an average depth
of 1 m in the substrate; and (4) approximately 308 million cubic metres of
dredged material will be required for the intermediate development scenario.
Given these assumptions, dredging requirements to the year 2000 would result -
in the removal of about 300 km2 of habitat. Since this is equivalent to
approximately 0.1 percent of Spatial Units 1-11 or 0.7 percent of Spatial
Units 2, 3, and 4, even this "worst case" loss would be a negligible amount in
comparison to the total habitat available in the region.

It should be noted, however, that extrapolation of the total amount dredged to
the total area of the region or various spatial units may not be defensible if
relatively small areas contain Tlarge concentrations of important food
organisms, fish or bearded seals. '

Link 3: Dredging will release contaminants from the sediments.

Link 5: Contaminants released during dredging will be taken up by fish and
benthos.

Link 6: Habitat loss, mortality, interference with migratory routes and
uptake of contaminants will reduce fish and benthic invertebrate
populations.

The term "contaminant" in dredged sediments is typically associated with the
occurrence of heavy metals, although dredged materials in some parts of the
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world have also included various naturally-occurring and synthetic organic
compounds. However, numerous dredging studies conducted in the Beaufort Sea
and in other areas of Canada and the world suggest that heavy metals in
natural sediments rarely accumulate to significant levels in the overlying
biota (Herbich 1981; unpublished data, EPS, Halifax). This series of linkages
in the hypothesis is therefore expected to be relatively remote.

Link 4: Increased suspended solids will interfere with fish migration.

It is considered unlikely that fish migration would be disrupted by the
presence of high levels of suspended solids, although there are only Tlimited
experimental data on this source of impact in the Beaufort Sea or for fish
species present in the region. Fish are known to use migratory pathways that
naturally contain high ambient levels of suspended solids. Examples include
fish migration corridors in the Mackenzie River and Delta, the Fraser River in
British Columbia and the Mirimichi River in New Brunswick. In a recent study
conducted near Barrow (Alaska), Sekerak and Craig (in prep.) found no evidence
to suggest that dredging in the Meade River hindered movement of least cisco
or lake whitefish.

Link 7: Reduced populations of prey organisms (fish and benthos) will reduce
number of bearded seals.

Link 7 was thought to be valid even though the relationships among factors
that ultimately 1imit bearded seal populations are poorly understood.
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CONCLUSIONS

Herbich (1981), in a paper that summarizes a comprehensive series of studies
by the U.S. Corps of Engineers on the effects of unconfined disposal of
dredged materials in open water, stated the following: '

the original fears of water quality degradation
resulting from the re-suspension of the dredged material
during dredging operations are for the most part
unfounded.";

“The greatest impact of dredged material disposal is the
potential effect on benthic organisms."; and

"Release of heavy metals and their uptake into organism
tissue have been rare. Similarly, the accumulation of oil
and grease residues by organisms has been minimal."

The workshop participants concurred with Herbich's (1981) basic conclusions,
but noted that dredging programs in areas with: (1) very low water exchange
rates; (2) high densities of important benthic or demersal biota; 3) large
concentrations of fish; or (4) feeding areas of bearded seals should be
considered special cases and evaluated on a site-specific basis in terms of
the potential need for research or monitoring. Significant impacts could
result if dredging operations were conducted in areas very close to the
foreshore, or if dredging were to occur in confined areas that are important
habitats of benthic or demersal resources (Pessah 1982).

RECOMMENDATIONS

No general research or monitoring program is recommended. However, specific
research and monitoring programs should be designed in situations where
dredging has the potential to result in significant impacts. In these cases,
care should be taken to ensure that the studies address the unique
characteristics of the area to be dredged.



258

LITERATURE CITED

Dome Petroleum Limited, Esso Resources Canada Limited and Gulf Canada Resources
Inc. 1982. Environmental impact statement for hydrocarbon development in
the Beaufort Sea - Mackenzie Delta region. Vol. 2. Development Systems,
Calgary, Alta. 259 p.

Erickson, P. and B. Pett. 1981. Concentrations of particulate material and
dissolved oxygen in Tuktoyaktuk Harbour near dredging conducted by the
Government of the Northwest Territories, June 18 to July 16, 1982, Unpub.
Rep. by Arctic Laboratories Limited, Inuvik, N.W.T. for Dome Petroleum
Limited, Calgary, Alta. 71 p.

ESL Environmental Sciences Limited. 1982. The biological effects of
hydrocarbon exploration and production related activities, disturbances
and wastes on marine flora and fauna of the Beaufort Sea region. Unpubl.
Rep. by ESL Enviromental Sciences Limited, Vancouver, B.C. for Dome .
Petroleum Limited, Calgary, Alta. 450 p.

Heath, W.A., D.J. Thomas, J.M. Koleba, B.M. Perry, A.G. Ethier and
L. Maclauchlan. 1982, The impact of gravel dredging on benthic fauna
near Herschel Island, Yukon Territory, 1981. Unpub. Rep. by Arctic
Laboratories Limited, Inuvik, N.W.T. for Dome Petroleum Limited, Calgary,
Alta. 147 p.

Herbich, J.B. 1981, Effects of unconfined disposal of dredged material in
open water. In: R.A. Geyer (ed.). Marine Environmental Pollution, Vol.
2, Dumping and Mining. Elsevier Oceanography, Series 276. Elsevier
Publishing Company, Amsterdam.

Pessah, Edward. 1982. Dredging activities of Dome Petroleum in the Arctic
and its environmental impact. In: Proc. Can. Soc. Civil Eng., 1982
Annual Conference, Vol. III, Edmonton, Alta.

Sekerak, A.D. and P.C. Craig. 1984. (in prep.) Aquatic investigations of
dredging in the Meade River, Alaska, 1983. Interim Rep. by LGL Limited
for the North Slope Borough. 62 p.

Thomas, D.J. 1980. Water quality measurements and dredge spoil monitoring at
McKinley Bay, N.W.T., 1980. Unpub. Rep. by Arctic Laboratories Limited,
Inuvik, N.W.T. for Dome Petroleum Limited, Calgary, Alta. 41 p.

Thomas, D.J., W.A. Heath, J.M. Koleba, A.G. Ethier and B.M. Perry. 1982. A
study of the benthos and sediment chemistry at Tarsiut East artificial
island and South Tarsiut borrow area, 1981. Unpubl. Rep. by Arctic
Laboratories Limited, Inuvik, N.W.T. for Dome Petroleum Limited, Calgary,
Alta. 160 p.



APPENDIX I

THE APPLICATION OF BIOLOGICAL "EARLY WARNING SYSTEMS"
TO THE DETECTION OF ENVIRONMENTAL CHANGE

A BRIEF DISCUSSION
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INTRODUCTION

Since the primary focus of this project is monitoring and formulation of
specific recommendations regarding monitoring priorities for Beaufort
hydrocarbon development, several workshop participants raised questions on the
differences between the objectives and approach used in‘ the Beaufort
Environmental Monitoring Program and the "Biological Early Warning System"
monitoring strategies practised elsewhere in the world. Although the basic
differences between the BEMP approach and various BEWS programs conducted
elsewhere (e.g., "Mussel Watch") were discussed during the first day of the
workshop, the participants agreed that an overview of the advantages and
disadvantages of other monitoring strategies would be a useful supplement to
the present report. A discussion group was therefore formed to conduct this
brief review, and met on one afternoon during the session. The group
comprised the following workshop participants:

Wayne Barchard
Jim Bunch
Wayne Duval

. Ted Langtry
Don Schell
David Thomas

It is generally accepted that industrial development has placed stresses on
the natural environment through the discharge of industrial wastes. Both the
frequency and duration of adverse environmental effects have increased with
intensified industrial development. This 1is particularly evident in the
aquatic and atmospheric environments surrounding major industrial centres
which receive discharges and emissions from a range of stationary and mobile
sources. However, it is also known that the natural environment has a certain
resiliency, and can withstand certain Tlevels of waste discharge without
suffering any significant deleterious biological effects. This property is
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commonly referred to as assimilative capacity. At the same time, physical or
chemical changes in the marine environment as a result of industrial waste
discharge are generally only considered an area of concern when they are
reflected in biological change.

The fundamental questions during the design of monitoring programs to
determine the potential ecological significance of industrial waste discharges
must be focused on how industry-induced biological change can be detected,
quantified, and interpreted, and when the assimilative capacity of an
ecosystem 1is exceeded. Resultant monitoring strategies should therefore
facilitate the detection of significant biological changes long before the
consequences become extreme (e.g., mortality) or irreversible (e.g.,
mutagenic). This is the concept that forms the basis of a Biological Early
Warning System (BEWS).

The need for early detection of biological change is exemplified by the
classic example of the introduction of DDT into the environment. During the
1950's and 1960's, DDT was accumulating in the environment at concentrations
below the contemporary Timits of analytical detection. However, these
concentrations were already above the threshold for serious biological
effects, and almost resulted in the extinction of several species of raptors.

The advantage of BEWS as a monitoring approach is that once a trend in
environmental quality alteration is judged to be serious or unacceptable, then
a systematic stepwise mitigation plan can be initiated. Criteria which a
satisfactory BEWS must meet in order to be useful include:

(1) the physiological and behavioural parameters in the organism selected
for monitoring should be quantifiable;

(2) rapid and reliable detection of developing toxic conditions 1is
essential (this usually involves chemical measurements);
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(3) the monitoring protocol should not be inherently subject to "false
alarms";

(4) the results must be interpretable; and

(5) the monitoring protocol should be relatively inexpenéive and simple
to apply.

During the past 20 to 30 years, environmental scientists have searched for a
single all-purpose index of environmental health that can be used to monitor
changes resulting from various forms of pollution. This research has focused
on the four levels of biological complexity: the individual, population,

community, and the ecosystem

Ecological (ecosystem) monitoring has been criticised because it is not only
time-consuming to obtain the species Tlists and abundance data which are
necessary for adequate resolution of cause-effect relationships, but also
because the approach is relatively insensitive. The insensitivity is due to
the fact that natural variations in ecosystems are often much greater than the
perturbations caused by pollution, even in the case of very serious
pollution. In a similar manner, monitoring methods based on the use of
indicator species have not been entirely satisfactory because of difficulties
associated with the selection of a suitable "indicator" species. An example

is the polychaete worm Capitella capitata, which was considered an excellent

indicator of organic pollution for many years. However, recent research has
shown that in certain cases, the distribution of this species has been
inversely related to pollution. Consequently, several investigators have
reached erroneous conclusions because they did not consider some important
facts regarding the life history of Capitella capitata. Finally, monitoring

strategies directed at the population and community Tevels can also be
criticized due to their expense and lack of specificity.
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A criticism which is common to virtually all Biological Early Warning Systems
used to date is that the most optimistic result is that a change in status of
the biological system can be detected. It 1is extremely rare when an
unambiguous statement can be made regarding the reason for the change.

The consensus of the workshop discussion group was that no single monitoring
strategy appears to be sufficient to judge the hazards associated with the
discharge of a certain waste on the environment and human health. Several
methods might have to be considered and used to monitor a certain situation
adequately.

The prevalent direction of research in the field of Biological Early Warning
Systems is currently at the level of individual physiological and biochemical
responses to pollutant stresses. In theory, a BEWS which is based on
responses of individuals should be superior to measurements made on higher
levels of biological association because physiological and biochemical changes
should be detectable within any individual long before measurable effects can
be documented at the population, community or ecosystem levels.

A brief overview of various Biological Early Warning Systems described in the
current literature on this subject is provided in the following sections.

THE MUSSEL WATCH
Rationale

A large number of studies have shown that most organisms accumulate chemicals
to levels which are proportional to the exposure dose. For example,
vertebrates accumulate non-metabolizable chemicals such as Hg, Cd, Pb, PCBs
and DDT, while dinvertebrates generally accumulate trace metals and possibly
some organic compounds. The concept behind the Mussel Watch Program is that
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slow-moving or sedentary invertebrates can be used as "sentinels" and
"integrators" of pollutants in the surrounding water. Mussels have been a
popular choice for sentinel organisms because of their world-wide
distribution, broad range of habitats, and tolerance to environmental stress.
Limpets, barnacles, sea urchins, oysters and other bivalves have also been
used as sentinel organisms in such programs.

Advantages

The advantages of the Mussel Watch Program are that: (1) sampling is easy and
inexpensive; (2) a large data base of results is available; and (3) the method
has been applied on a global scale. ’

Disadvantages

The accumulation of trace metals and organic compounds by mussels and other
invertebrates varies with a number of factors such as season of collection,
location within the intertidal zone, body mass, sex and degree of exposure to
fresh water. These other variables must therefore be considered during the
interpretation of monitoring resuits. In areas where mussels have to be
imported, such as the Beaufort Sea, there is also the potential that the
mussels may respond to contaminants that have no effects on endemic species,
creating the potential for a "false alarm".
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METAL BINDING PROTEINS (Metallothioneins)
Rationale

Metallothioneins are Tow-molecular weight proteins that contain large numbers
of sulphydryl groups. Research on mammals has shown that these proteins are
involved in the intra-cellular binding of metals such as cadmium, copper,
mercury and zinc. Metaliothionein-Tike proteins (MLPs) have also been
identified in many invertebrate groups, particularly in oysters and the mussel
Mytilus edulis.

In the presence of cadmium, mercury or zinc, mussels will synthesize MLPs that
bind the metals and thereby render them biologically inert. The
concentrations of MLPs in tissues tend to be higher in animals collected from
metal-rich habitats. Consequently, metallothionein induction can be used as
an early warning indicator of a physiological/biochemical response to metal
pollution.

Advantages

Thioneins are easily 1isolated and quantified using standard biochemical
procedures. This method 1is also Tikely a more sensitive technique for
measurement of environmental stress than other approaches that involve
determination of “whole animal" responses.

Disadvantages

The method is largely a research technique rather than practical monitoring
tool at the present time. Although isolation of thioneins is a relatively
simple analytical technique, it is too expensive to be a cost-effective
approach for a regional monitoring program. In addition, MLPs only appear to
be induced in the presence of Cd, Cu, Hg and Zn, and therefore the approach
has only 1imited applicability.
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LYSOSOMAL LATENCY
Rationale

Lysosomes are distinct membrane-bound organelles that primarily function in
intracellular digestion. However, they are also important in more fundamental
physiological functions including regulation of secretory processes, cellular
defence mechanisms, and accumulation and sequestration of xenobiotics
(particulary trace metals).

Chemical stresses on lysosomes cause alterations in the latency of lysosomal
hydrolytic enzymes, which can subsequently lead to disturbances in the normal
physiological functions of these organelles. Since the latency of lysosomes
is quantifiable, and because many marine invertebrates possess highly
developed 1lysosomal-vacuolar systems involved 1in intracellular digestion,
lysosomal latency has been proposed as an index of pollution.

Advantages

The technique involves measurement of a demonstrable physiological response to
stress, thereby facilitating the documentation of a cause-effect relationship.

Disadvantages

The major disadvantage of this technique is that it is relatively new, and
therefore information on its performance and practicality is unavailable.
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SCOPE FOR GROWTH
Rationale

This bioenergetic monitoring approach uses an index called the "scope for -
growth", which is calculated as an available energy balance following losses
associated with respiration and excretion processes. In theory, exposure of
organisms to a pollutant increases the energy losses through either or both of
these metabolic pathways, and thereby reduces the "scope for growth".
Advocates of the approach suggest that a decline in this index is an early
warning of a deteriorating environment due to pollutant stress.

Advantages
The "scope for growth" index provides an integrated measure of physiological
(sensu latu) effects within an individual or population exposed to a source of

pollution.

Disadvantages

This method requires extremely sophi§t1cated analytical procedures and
detailed measurements of variables such as particulate organic nitrogen and
particulate energy content, and therefore is unlikely to be practical for most
routine monitoring applications.
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HISTOPATHOLOGY
Rationale

This procedure is designed to identify pollution-induced tissue degeneration,
inflammation or alteration in marine invertebrates. It has been suggested
that an index of "histological well-being" provides an indication of marine
invertebrate health in a region, and that the spatial distribution of
pathological conditions in an area exposed to pollutant discharges may be a
reliable indicator of environmental degradation. '

Advantages

Histopathological observations are relatively inexpensive and this allows the
collection of large numbers of samples to provide statistically reliable
results.

Disadvantages

There are a number of apparent disadvantages to histopathological methods, and
these disadvantages 1imit the suitability of the approach to monitoring
applications. The primary problems with the approach are that (1) the
definition of "normal" histological characteristics in tissues remain unknown
for most organisms, and (2) cause-effect relationships demonstrated in the
laboratory are difficult to detect in the natural environment because of the
presence of interfering factors such as non-specific responses to disease.
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MIXED FUNCTION OXIDASES {MFOs)
Rationale

Mixed function oxidases consist of a complex of enzymes that are bound to the -
endoplastic reticulum, an interior membrane structure within cells. Available
information suggests that these enzymes have an important role 1in the
metabolism of hydrocarbons by vertebrates. The biochemical mechanism of
hydrocarbon metabolism 1is very complicated, although it appears that during
the metabolism of po1yhuc1ear aromatic hydrocarbons (PAH), reactive
intermediates which are cytotoxic, mutagenic and carcinogenic tend to be
formed. A physiological response of fish to 0il exposure is the induction of
aryl hydrocarbon hydroxylase (AHH) activity (Penrose 1978). As a result,
measurement of AHH and other mixed function oxidase activities may be a useful
approach to monitor the impact of natural hydrocarbon releases or industry-
related discharges on environmental quality. '

Advantages

Measurement of MFO activity can provide quantitative data on the biological
impact of petroleum hydrocarbons.

Disadvantages

MFO activity is only strong in vertebrates, and is not a particularly useful
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measure of the response of invertebrates to hydrocarbon exposure. Since fish
and other vertebrates are mobile, it is therefore difficult to link MFO
activity measurements to the actual Tlocation of hydrocarbon exposure in an
area.

References
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Payne and May (1979)
Penrose (1978)

CONCLUSIONS

The workshop discussion group concluded that the scientific basis for
Biological Early Warning Systems (BEWS) is still evolving, and although it is
currently the subject of intensive research, the applicability of many of
these techniques is somewhat limited at the present time. It was also
emphasized that the science of establishing cause-effect relationships is also
in its infancy. The eventual development of satisfactory BEWS will occur once
repeated successful quantitative measurements can be made, and the accurate
prediction of biological effects can be demonstrated. Until that time, the
prediction and assessment of biological effects resulting from industrial
waste discharges should be based on wef]-documented case studies and the
professional experience of scientists undertaking such investigations.
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Increased native employment in industry will change
marine bird and mammal harvest levels.

> NATIVE HARVEST =

~ AMOUNT OF EFFORT DISTRIBUTION OF EFFORT EFFECTIVENESS OF EFFORT
| ®
o/
TIME AVAILABLE VALUE OF PRODUCTS (g) EQUIPMENT

EMPLOYMENT PATTERN

Appendix Figure 1 Potential effects of increased native employment 1in
industry on marine bird and mammal harvest.
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LINKAGES

Linkages

1. The time available to natives for hunting will be affected by employment
in a wage economy. ,

2. Total native hunting effort will be affected by Tlimitations on time
available for hunting.

3. Due to lTimitations in time available for hunting, hunting activities will

" be restricted to areas 1in the immediate vicinity of communities

participating intensively in wage employment.

4. Wage employment will directly change the distribution of hunters and
hunting effort. '

5. Availability of wage employment will change hunting incentives.

6 and 7. Changed value of returns from hunting will change the total effort

(time) and the distribution of effort.

8. Wage employment will cause hunters to become less effective and skillful.

9. Wage employment will change the quality of equipment used by hunters.

10. Better equipment will increase hunter effectiveness.

11, The availability of better equipment will vresult in changes 1in the

distribution of hunting effort.
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A consequence of an increased human population
in the Beaufort Sea region will be increases in
recreational hunting of waterfowl.

BIRD HARVEST

INCREASED HUMAN POPULATION

Appendix Figure 2 Potential effects of increased human population in the
Beaufort Region on recreational hunting of waterfowl.

Linkage

1. Increased recreational hunting of waterfowl will result from an increased
human population.
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Human population increases will cause an increase
in the harvest of anadromous fishes which will lead
to reduced populations of these species.

DECREASED POPULATIONS OF ARCTIC CHAR,.
BROAD WHITEFISH, ARCTIC CISCO

-INCREASED HARVEST OF ARCTIC CHAR,
BROAD WHITEFISH, ARCTIC CISCO

DEVELOPMENT-INDUCED INCREASE IN HUMAN
POPULATION

Appendix Figure 3 Potential effects of human population increases on
anadromous fish populations.

Linkages

1. Increases in the human population will increase the harvest of Arctic
cisco, Arctic char and broad whitefish.

2. Increased harvest will lower Arctic cisco, Arctic char and broad whitefish
populations.
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