Environmental Research Associates
Sidney, B.C.

Environmental and Social.
Systems Analysts Ltd




MACKENZIE ENVIRONMENTAL MONITORING PROJECT
1985~1986 FINAL REPORT

Prepared by

LGL Limited
ESL Environmental Sciences Limited
ESSA Environmental and Social Systems Analysts Limited
P.J. Usher Consulting Services Limited

for

Indian and Northern Affairs Canada
Environment Canada
Fisheries and Oceans Canada
Government of the Northwest Territories
Government of the Yukon

July 1986



MACKENZIE ENVIRONMENTAL MONITORING PROJECT
1985-1986 FINAL REPORT

This report has not undergone detailed technical review by the government
agencies sponsoring this project and the content does not necessarily reflect
the views and policies of these agencies.

This unedited version is undergoing a limited distribution to transfer
the information to persons and agencies concerned with oil and gas industrial
development activities in the Mackenzie River valley and delta region. This
distribution is not intended to signify publication and, if the report is
referenced, the author(s) should cite it as an unpublished report prepared for
the government agencies indicated below.

Any comments concerning the content of this report should be directed to:

Fred McFarland

Northern Environment Directorate
Indian and Northern Affairs Canada
Les Terrasses de la Chaudiere
Ottawa, Ontario

K1A OH4

This report should be cited as follows:

Indian and Northern Affairs Canada, Environment Canada, Fisheries and Oceans
Canada, Government of the Northwest Territories and the Yukon Territorial
Government . 1986. Mackenzie Environmental Monitoring Project 1985-86
Final Report. Unpubl. Rep. by LGL Limited, ESL Environmental Sciences
Limited ESSA Environmental and Social Systems Analysts Ltd. and P.J.
Usher Consulting Services Limited. 308 p. + Appendices.



PREFACE

The restricted objectives of the Mackenzie Environmental Monitoring
Project should be emphasized. The intent of the project 1s not to provide
recommendations for a definitive research program which would address all the
fundamental knowledge gaps that exist in the 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
MEMP is to identify and recommend those research and monitoring activities
which are considered necessary for the responsible wanagement of a phased
development of Mackenzie region hydrocarbons, through the administration of
the relevant legislation administered by the funding agencies. The specific
focus and objectives of MEMP should not detract from an overall recognition of
our fundamental knowledge gaps. Encouragement and support should be given to
those agencies with responsibilities to conduct research programs which
reflect their particular mandate in this region.

Fred McFarland
Northern Environment Directorate
Indian and Northern Affairs Canada
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SUMMARY

There 1is considerable concern that hydrocarbon development activities in
the Beaufort Sea, Mackenzie Delta, and Mackenzie Valley may result in adverse
environmental impacts. Because of these concerns and the recognized uncer-
tainties associated with environmental impact assessment, there 1is a clear
need for environmental research and monitoring programs that are fully inte-
grated with ongoing and future exploration and development plans. In response
to this need, Indian and Northern Affairs Canada (INAC) and Environment Canada
initiated the Beaufort Environmental Monitoring Project (BEMP) in 1983. While
BEMP has guided monitoring in the offshore marine environment since that time,
no comparable program existed in the terrestrial and freshwater environment of
the Mackenzie Delta and the Mackenzie Valley. 1In early 1985, in recognition
of the need for such a program, INAC and Environment Canada, together with the
Department of Fisheries and Oceans, the Government of the Northwest
Territories, and the Yukon Territorial Government, initiated the Mackenzie
Environmental Monitoring Program (MEMP). This report summarizes the results
of the first year of MEMP (March 1985 to March 1986).

The overall objective of the Mackenzie Environmental Monitoring Program
is to recommend a monitoring and research program that will:

1. address significant potential impacts;

2. be based on the best current understanding of industrial development
scenarios and ecological processes;

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

4. be applicable and practical; and

5. be supported with a full scientific and technical justification.

This report is the first product of a series of steps aimed at meeting
the immediate objective of producing a plan for 1Initiating research and



monitoring activities. Most of the report describes possible effects oOf
development uncertainties in regard to our predictive capability, recommended
research plans and rationale for the recommended studies. Also included is a
description of the methods used throughout the program, since the nature of
the recommendations have been heavily influenced by the methods.

MEMP is being conducted using techniques and procedures proven during the
Beaufort Environmental Monitoring Program (INAC and Environment Canada 1984,
1985). To date, MEMP has proceeded through an initial workshop in Yellowknife
(26-30 March 1985), technical meetings on resource harvesting held in Yellow-
knife (June 1985), and Inuvik and Norman Wells (September 1985), and a second
workshop in Edmonton (4-8 November 1985). The Yellowknife workshop was
designed to obtain the raw material that would allow for construction of
conceptual models of effects of oil and gas development on the people and the
environmental resources in the study area. These conceptual models form the
basis of the impact hypotheses and the research and monitoring recommendations
that have been used throughout the program. Many of the hypotheses developed
are concerned with the blophysical effects of development. However, MEMP is
also concerned with the effects of oil and gas development on the harvesting
of fish and wildlife.

A number of terms were defined for MEMP:

Impact hypothesis is a set of statements that 1links development
activities with their potential environmental effects.

Monitoring is a test of an impact hypothesis designed to: 1) measure
environmental impacts; and 2) analyse cause-effect relationships. Monitoring
is not surveillance, nor is it part of the regulatory process used to ensure
that an industry meets the environmental terms and conditions of its operating
permits. Rather monitoring is defined here as a scientific process designed
to test specific hypotheses on the causes of environmental impacts and how
they are expressed in the environment.

Valued ecosystem components (VECs) are activities, resources, or environ-
mental features that: 1) are important to local human populations; or 2) have
national or international profiles; and 3) if altered from their existing
status, will be important in evaluating the impacts of development and in

xi



focusing regulatory policy. For MEMP the 1list of VECs included the popu-
lations, harvests and quality of a number of species of birds, fish and
mammals and the physical resources of air, drinking water and landscape
quality.

In order to develop and relate VECs, impact hypotheses and hydrocarbon
development plans into meaningful studies that will track environmental un-
certainties, the approach of MEMP is based on general principles of Adaptive
Environmental Assessment and Management (Holling 1978). These were modified
and successfully used in BEMP from 1983 to 1985 (INAC and Environment Canada
1984, 1985).

The basic approach proceeds through eight tasks:

l. identification of valued ecosystem components (VECs);

2, 1identification of development activities;

3. didentification of the temporal horizon and within-year resolution;

4, identification of the spatial extent and resolution;

5. ddentification of impact hypotheses that causally relate development
activities to VEC's

6. screening of impact hypotheses for validity, relevance and credib-
ility;

7. evaluation of impact hypotheses; and

8. design of research and monitoring programs.

Execution of each of these tasks involves modeling, workshops or report-
ing and was accomplished through the previously identified workshops and tech-
nical meetings 1involving northern residents, government scientists, industry

representatives and consultants. For the 25 impact hypotheses that were
developed, the conclusions and recommendations are as follows.
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HYPOTHESIS NO. 1:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 2:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 3:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 4:

VEC:
Conclusion:
Recommendations:

The presence of offshore drilling platforms, construction
camps (and associated garbage) and gravel extraction will
result in a decrease in the number of arctic and red

foxes.

Arctic fox and red fox

a) Gravel extraction = invalid for arctic fox
- unlikely for red fox

b) Garbage — possible but of low significance

Garbage treatment and education.

Increased traffic on the Dempster Highway and roads on the
North Slope will decrease the number of caribou and alter
their distribution.

Caribou
Likely valid
Studies on traffic levels and control; distribution of

caribou; harvesting information.

Gravel extraction, construction, seismic exploration and
other development activities, and the presence of camps and
garbage will decrease the number of grizzly bears and alter

their distribution.

Grizzly bear

Valid

Control by mitigative
kills.

techniques, record grizzly bear

0il and gas development activities will alter the water
regime and decrease muskrat populations.
Muskrat

Invalid and not worth testing
No specific studies required.
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HYPOTHESIS NO. 5:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 6: -

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 7:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 8:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 9:

VEC:
Conclusion:
Recommendations:

0il and gas development construction and clearing
activities and the presence of an above-ground pipeline

will change the abundance and distribution of moose.

Moose
Unlikely
Monitor browse regeneration, record moose kills.

0il and gas exploration and development activities that
alter habitat permanently or temporarily will influence the
distribution and abundance of marten.

Marten
Unlikgly and of low significance
No specific studies required.

Disturbance associated with hydrocarbon development in or

near waterfowl staging, moulting or nesting areas will

affect the abundance and distribution of waterfowl.

Waterfowl

Possible but detection difficult due to natural variations
Mitigate possible effects through land use and education.
Disturbance and habitat alterations due to hydrocarbon
development will alter the distribution and/or abundance of

raptor species.

Raptors
Likely but of low significance
No specific studies.

sites will
attract predators that will lead to changes in the local

The presence of camps and garbage disposal

abundance and distribution of waterfowl.
Waterfowl

Valid but of low significance
Proper disposal practices.
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HYPOTHESIS NO. 10:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 11:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 12:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 13:

VEC:
Conclusion:
Recommendations:

Chronic (episodic) spills of crude oil and diesel fuel
near staging and moulting areas of nesting colonies will
reduce the abundance of waterfowl

Waterfowl

Valid under some circumstances but of low significance
Documentation of mortality of birds
spills.

resulting from oil

Land subsidence resulting from hydrocarbon withdrawal
will change the abundance and distribution of waterfowl,
fish and muskrat.

Waterfowl, fish and wmuskrat

Unlikely to have significant effects 1if predictions on
subsidence are correct

Methods to
required on reservoir geology,
distribution at Niglintgak;
elevations.

predict subsidence are uncertain; studies
terrain and permafrost
surface

monitor ground

Air emissions resulting from oil and gas development and
operation will adversely affect air quality.

Air quality
Invalid
Compliance with operational permits.

Increased local disturbance due to activities related to
hydrocarbon development will result in decreases in fish
quality.

Fish

Invalid
None
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HYPOTHESIS NO. 14:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 15:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 16:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 17:

VEC:
Conclusion:
Recommendations:

Improved access and fishing pressure will decrease the
abundance of fish and affect their distribution.

Fish
Valid, 1likely to have significant effects
Distribution and population studies; investigate popula-

tion response to exploitation; monitor harvests.

Waste discharges and accidental oil/chemical spills will
lead to unpotable water and decreased acceptability of
fish as a food source.

Potable water and fish quality

a) potable water—-unlikely but could have significant local
e%fects

b) fish quality-unlikely but could have significant local
effects

a) potable water-monitor results of regional studies

on metals and

b) fish quality-continue present studies

hydrocarbons in fish

The construction and presence of 1linear corridors will
affect the number, distribution and quality of fish, and

fishing success

Fish

Valid and significant for fish numbers and distribution;
valid but insignificant for fish quality and fishing
success

Mitigate significant effects through known techniques;

gite specific information on fish required in most cases.

Wolverines that are attracted to camps and garbage will be
killed as nuisance animals, thus reducing the population

Wolverine
Unlikely
Mitigate
relocation of nuisance animals.

possible effects through 1line trapping and
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HYPOTHESIS NO. 18:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 19:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 20:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 21:

VEC:
Conclusion:
Recommendations:

HYPOTHESIS NO. 22:

VEC:

Conclusion:
Recommendations:

Wage employment will change the harvest of white whales

White whale

Possibly valid in terms of harvest composition; probably
invalid in terms of level of harvest

Continue monitoring white whale harvests

Vessel traffic will decrease the harvest of white whales

White whale
Possible but unlikely
Continue current monitoring study.

Competition by non-locals will change the number of white
whales landed and increase mortality in the population

White whale
Unlikely
None

Increased or improved access associated with hydrocarbon
development will increase the harvest of waterfowl, which
will lead to a reduction in the number and alter the
distribution of waterfowl

Waterfowl
Valid but unlikely
None

Increased levels of wage employment will change the total
annual harvest of resources by communities in the region

Mammals, birds and fish

Invalid under present conditions

Information on present wage employment and harvesting
practices required to provide baseline information.
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HYPOTHESIS NO. 23:

VEC:
Conclusion:

Recommendations:

HYPOTHESIS NO. 24:

VEC:
Conclusions:
Recommendations:

HYPOTHESIS NO. 25:

VEC:
Conclusions:
Recommendations:

Changes In access will alter the harvest of birds, fish
and mammals

Mammalsg, blrds and flsh

Valid for mammals and fish, but unlikely for migratory
birds

Document current harvests of mammals and fish

Industrial activities in harvesting areas will reduce the
harvest of mammals, birds and fish because of conflicts

between industry and harvesters over land use

Mammals, birds and fish
Poss}ble at local level especially for trapping
Obtain harvest and land use information.

Increases in hunting by non-locals will restrict harvest
by local natives

Birds and fish
Valid under present conditions
Document non-local harvests; document native harvests for

selected species; animal population studies.
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RESUME

Les répercussions de 1'exploitation des hydrocarbures sur 1l'environnement
de la mer de Beaufort, du delta du Mackenzie et de la vallee du Mackenzie
suscitent de vives inquiétudes. Ces inquiétudes et les incertitudes liees a
1'évaluation des effets environnementaux ont rendu nécessaire l'établissement
de programmes de recherche et du surveillance environnementales s'intégrant
parfaitement aux travaux engagés ou prevus d'exploration et de mise en valeur.
Pour combler ce besoin, le ministeére des Affaires indiennes et du Nord
Canadien (MAINC) et le ministére de 1'Environnement ont lance en 1983 le
"Projet de surveillance environnementales de la mer de Beaufort” (PSEB). Meme
si le PSEB a guidé la surveillance dans 1'environnement marin au large des
cotes depuis cette époque, 11 n'existe encore aucun programme comparable pour
le milieu terrestre et les eaux douces du delta du Mackenzie et de la vallee
du Mackenzie. Au début de 1985, reconnaissant le besoin d'un tel programme,
le MAINC et Environnement Canada, de concert avec le ministere des Péches et
Océans, le gouvernement des Territoires du Nord-Ouest et le gouvernement
territorial du Yukon, ont lance le Programme de surveillance environnementale
du Mackenzie (PSEM). Le present rapport resume les résultats de la premiere
annee du PSEM (de mars 1985 a mars 1986).

L'objectif général du Programme du surveillance environnementale du
Mackenzie est de recommander 1'adoption d'un programme de surveillance et de
recherche qui portera sur ce quil suit:

1. viser les répercussions possibles le plus importantes;

2. se baser sur les meilleures connaissances actuelles en matiére de
déﬁeloppement industriel et de processus écologiques;

3. pouvoir s'adapter a 1'évolution des scenarios de developpement
industriel et tenir compte des nouvelles données sur les processus
écologiques dans la region;

4, etre applicable et pratique;

5. s'appuyer sur une solide justification scientifique et technique.
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Le présent rapport est le premier résultat d'une serie d'étapes axdes sur
1l'objectif immeédiat du programme, c'est-a-dire produire un plan pour amorcer
des activites de recherche et de surveillance. L'essentiel du rapport décrit
les conséquences possibles des hésitations de développement en ce qui concerne
notre capacite de prédiction, les plans de recherche recommandees et la
justification des etudes recommandees. On y trouve aussi une description des
méthodes employees pendant toute la duree du programme, puisque la nature des
recommandations procéde largement de ces méthodes.

Le PSEM est exécuté i 1'aide de techniques et de méthodes éprouvees au
cours du Programme de surveillance environnementale de la mer de Beaufort
(MAINC et Environnement Canada 1984, 1985). A ce jour, le PSEH_£ tenu un
premier atelier a Yellowknife (du 26 au 30 mars 1985), des reunions techniques
sur la recolte des ressources tenues a Inuvik, a Norman Wells et a Yellowknife
(juin 1985), ainsi qu'un deuzieme atelier a Edmonton (du 4 au 8 novembre
1985). L'atelier de Yellowknife visait a obtenir les donnees brutes
permettant de construire des modeles conceptuels pour examiner les effets de
1'exploitation des hydrocarbures (pétrole et gaz) sur la population et les
ressources environnementales dans la zone observee. Ces modeles conceptuels
constituent la base des hypotheses d'impact et des recommandations de
recherche et de surveillance qui ont &té employées pendant tout le programme.
Un bon nombre des hypothéses élaborées portent sur les effets biophysiques de
la mise en valeur. Toutefols, le PSEM s'inteéresse aussi aux effets de la mise
en valueur petroliére et gaziere sur la recolte faunique en milieu aquatique
et terrestre.

Un certain nombre de termes ont été définis pour le PSEM:

Ainsi, une hypothese d'impact est un ensemble d'enoncés qui rapprochent
les activites de développement de leurs effets possibles sur 1'environnement.

La surveillance est 1'essai d'une hypotheése d'impact visant a: 1) mesurer
les répercussions environnementales et 2) a analyser les relations causales.
La surveillance est plutdot définie ici comme une méthode scientifique congue
pour vérifier des hypothéses spécifiques sur les causes des .répercussions
environnementales et comment ces hypothéses trouvent leur expression dans
1'environnement.

Les elements prises de 1'ecosysteme (EPE) sont des activites, des
ressources ou des entités environnementales qui: 1) sont importantes pour les
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populations humaines locales ou 2) sont reconnues a 1'echelon national ou
international et 3) lorsqu'elles sont modifiees, jouent un role important dans
1'evaluation des effets du developpement et dans 1'orientation des politiques
de réglementation. Pour le PSEM, la liste des EPE englobait les populatioms,
les récoltes et la qualité d'un certain nombre d'especes d'oiseaux, de pois—
sons et de mammiferes ainsi que les ressources physiques lices a la qualite de
1'air, de 1l'eau potable et du paysage.

Afin de développer et de rapprocher les EPE des hypothéses d'impact et
des plans de mise en valeur des hydrocarbures dans des &études sur les incerti-
tudes environnementales, 1l'approche du PSEM s'est appuyé sur des principes
généraux d'évaluation et d'aménagement adaptatifs de 1'environnement (Holling
1978). Ces principes ont été modifies puis ils ont eté employes avec succes
dan le PSEB de 1983 a 1983 (MAINC et Environnement Canada 1984, 1985).

L'approche fondamentale repose sur les huit taches suivantes:

1. identification des eléments prises de 1'écosystéme (EPE);

2 identification des activités de mise en valeur;

3. identification des limites temporelles et de la resolution dans
1'annee;

4, 1identification de 1'étendue et de la resolution spatiale;

5. identification des hypotheéses d'impact qui relient de facon causale
les activités de développement aux EPE;

6. sélection des hypotheses d'impact en fonction de leur validité, de

leur pertinence et de leur vraisemblance;
7. évaluation des hypothéses d'impact; et
8. élaboration des programmes de recherche et de surveillance.
L'exécution de chacune des taches qui précédent nécessité des travaux de

modelisation, la tenue d'ateliers ou la preparation de rapports, et elle a été
accomplie grdce aux ateliers et aux reunions techniques préecédemment identi-
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fices et auxquels ont participé des residents de Nord, des scientifiques et
représentants du gouvernement ainsi que des experts—conseils. Les 25 hypoth-

- - . -
eses d'impact qui ont ete elaborees, les conclusions et les recommendations se

trouvent ci-apres.

Premiére hypothese:

EPE:
Conclusions:

Recommandations:

2€ hypothese:

EPE:
Conclusion:
Recommandations:

3© hypothese:

EPE:

Conclusion:
Recommandations:

La presence de plates-formes de forage en mer, la
construction de camps (et les dechets qui en résultent)
et 1l'extraction du gravier entraineront une diminution de

nombre de renards arctiques et de renards roux.

Renard arctique et renard roux
a) Extraction de gravier - non valable pour le renard
arctique
peu probable pour le renard
roux
b) Ordures -~ ©possibles, mails de portée limitee
Traitement des ordures et education.

La circulation accrue sur la route de Dempster et les
chemins du Versant Nord (North Slope) fera diminuer le
nombre de caribous et modifiera leur repartition.

Caribou

Probablement valable

Etudes sur les niveaux de circulation et leur régulation;
répartition du caribou; informations sur la recolte.

L'extraction du graviér, la construction, la prospection
sismique et les autres activites de mise en valeur ainsi
que la presence de camps et d'ordures feront diminuer le
nombre d'ours bruns et modifieront leur répartition.

Ours brun

Valable

Regulation par des techniques de réduction,
enregistrement de cas de mortalite de 1'ours brun.
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4@ hypothese:

EPE:
Conclusion:

Recommandations:

5 hypothese:

EPE:
Conclusion:
Recommandations:

6© hypothese:

EPE:
Conclusion:
Recommandations:

7€ hypothése:

EPE:
Conclusion:

Recommandations:

Les activités de mise en valeur
gaziére modifieront le‘régime hydrique et feront diminuer

les populations de rats musqués.

petroliere et

Rat musqué
Non valable et essais Injustifies
Aucune étude particuliere n'est requise.

Les activites de mise en valeur pétroliEre et gaziére,
les travaux de construction et de défrichement ainsi que
la presence d'un pipeline a la surface du sol modifieront
1'abondance et la répartition des orignaux.

Origmal
Improbable
Surveiller la  regeneration des

jeunes pousses,

enregistrer les cas de mortalite de 1'orignal,

Les activités de prospection et de mise en valeur de

_pétrole et du gaz qui altErent 1'habitat de fagon

permanente ou temporaire influenceront la répartition et
1'abondance de la martre d'Amérique.

Martre d'Amerique
Peu probable et sans trop de consequence
Aucune etude particuliere n'est requise.

La perturbation associée a la mise en valeur des hydro-
carbures sur les lieux memes ou a proximité des aires de
rassemblement, de mue et de nidification de la sauvagine
affectera 1'abondance et la répartition de la sauvagine.

Sauvagine
Possible mais la detection est difficile en raison des
variations naturelles

Reduire les effets possibles par une bonne utilisation du

sol et des efforts d'education.
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8¢ hypothese:

EPE:
Conclusion:
Recommandations:

9¢ hypothese:

EPE:
Conclusion:

Recommandations:

10© hypothese:

EPE:
Conclusion:

Recommandations:

11 hypothese:

EPE:
Conclusion:

Recommandations:

La perturbation et les altérations de 1'habitat par suite
de la mise en valeur des hydrocarbures affecteront 1la
répartition ou 1'abondance des especes de rapaces.

Rapaces
Probable, mais sans trop de conséquence
Aucune étude particuliére.

La présence de camps et de sites d'elimination des
ordures attirera les predateurs et donnera lieu a des
changements dans 1'abondance et la repartition locale de
la sauvagine.

Sauvagine
Valable mais sans trop de consequence
De bonnes pratiques d'élimination.

Les deversements chroniques (episodiques) de petrole brut
et de carburant Diesel pres des alires de rassemblement et
de mue des colonies en nidification réduiront 1'abondance
de la sauvagine.

Sauvagine

Valable dans certaines circonstances, mais sans trop de
consequence

Documentation concernant 1la mortalité des oiseaux par
suite de déversements d'hydrocarbures.

L'affaissement du terrain par suite de 1'extraction des
hydrocarbures modifiera 1'abondance et 1la répartition de
la sauvagine, du poisson et du rat musqué.

Sauvagine, poisson et rat musqué

N'aura probablement aucun effet important si les
pr@dictions sur 1l'affaissement sont justes

Les méethodes de prédiction de 1'affaissement sont
incertaines; des ‘études sont requises concernant la
gitologie, la répartition des terrains et du pergé€lisol a
Niglintgak; survelller les élévations a la surface du
sol.
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12 hypothese:

EPE:
Conclusion:

Recommandations:

13© hypothese:

EPE:

Conclusion:
Recommandations:
14 hypothese:
EPE:

Conclusion:
Recommandations:

15 hypothese:

EPE:
Conclusions:

Recommandations:

Les emissions d'air resultant de la mise en valeur et de
1'exploitation du petrole et du gaz affecteront la
qualite de 1l'air.

Qualitée de 1'air
Non valable
Respect des permis d'exploitation.

La perturbation locale accrue en raison des activités
liées a la mise en valeur des hydrocarbures provoquera
une diminution de 1la qualité des poissons.

Poisson
Non velable
Aucune

L'acces plus facile et la pression de péche rendront les
poissons moins abondant et affecteront sa_répartition.

Poisson
Valable, aura probablement des effets importants
Etudes sur la répartition et les populations; etudier la

reaction des populations & 1'exploitation; surveiller
les recoltes.

Les deversements d'ordures et les déversements
accidentels de pétrole ou de produits chimiques

contamineront 1'eau et feront diminuer 1'acceptabilité du
poisson comme source d'alimentation.

Qualité de l'eau potable et du poisson

a) pbur 1'eau potable, peu probable, mais possibilite
d'effets graves sur le milieu immediat

b) pour 1la qualité du poisson, peu probable, mais
possibilité d'effets graves sur le milieu immédiat

a) eau potable - surveiller les resultats des études
régionales

b) qualité du poisson = poursuivre les études en cours
sur les métaux et les hydrocarbures dans les
populations de poisson.
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16© hypothese:

EPE:
Conclusions:

Recommandations:

17 hypothese:

EPE:
Conclusion:

Recommandations:

18€¢ hypothése:

EPE:
Conclusion:

Recommandations:

19€ hypothese:

EPE:
Conclusion:
Recommandations:

La construction et la presence de corridors lineaires
affecteront le nombre, la répartition et la qualite du

poisson ainsi que le succes des efforts de peche.

Poisson .
Valable et importante pour le nombre et la repartition du

poisson; valable mais non significative pour la qualité
du poisson et le succes des efforts de p@che.

Réduire les effets significatifs en recourant aux techni-
ques connues; reunir et diffuser des donnees propres a
1'endroit en ce qui concerne le poisson dans la plupart

des cas.

» -~
Les carcajous qui sont attires dans les camps et pres des
e - -~
ordures menageres seront tues en tant qu'animaux nuis-

ibles, ce qui reduira leur population.

Carcajou

Peu probable

Reduire les effets possibles en recourant au piégeage par
lignes et au déplacement des animaux nuisibles.

La main-d'oeuvre salariée modifiera 1la recolte de
bélugas.

Béluga

Probablement valable en ce qui concerne la composition
des recoltes; probablement non valable pour ce qui est du
niveau de recolte

Poursuivre la surveillance des,récoltes de bélugas.

Le trafic des navires fera diminuer la recolte de

bélugas.

Beluga

Possible mais peu probable

Poursuivre les etudes actuelles concernant la
surveillance.
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20€ hypothese:

EPE:
Conclusion:

Recommandations:

21 hypothese:

EPE:
Conclusion:

Recommandations:

22€ hypothese:

EPE:
Conclusion:
Recommandations:

23 hypothese:

EPE:
Conclusion:

Recommandations:

La concurrence par des Etrangers fera varier le nombre de
belugas recoltes et fera augmenter la mortalite dans leur
population.

Béluga
Peu probable
Aucune

L'accés accru ou améliore, combine a la mise en valeur
des hydrocarbures fera augmenter la recolte de sauvagine,
laquelle entrainera une reduction numerique et affectera
la répartition de la sauvagine.

Sauvagipge
Valable, mais peu probable
Aucune

-

Les niveaux accrus de main-d'oeuvre salariee feront
-

varier la recolte annuelle totale de ressources par

localite dans la region.

Mammiféres, oiseaux et poissons

Non valable dans les conditions actuelles

Des recommandations sont nécessaires concernant la
main-d'oeuvre salariee et les pratiques de recolte
actuelles pour fournir des donnees de base.

Les modifications dans les possibilités d'acces
affecteront la recolte des oiseaux, des poissons et des

"
mammiferes.

Mammiféres, olseaux et poissons

Valable pour les mammiferes et les poissons, mais peu
probable dans les cas des oiseaux migrateurs

Réunir de la documentation concernant les recoltes
actuelles de mammiferes et de poissons.
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24€ hypothese:

EPE:
Conclusion:

Recommandations:

25€ hypothese:

EPE:
Conclusion:
Recommandations:

Les activités industrielles dans les zones de récolte
reduiront 1la récolte des mammiferes, des oiseaux et
des poissons en raison de conflits qui surviendront entre
1'industrie et les recolteurs au sujet de 1l'utilisation

du sol.

Mammiféres, oiseaux et poissons

Possible au niveau local, particuliérement pour ce qui
est du piégeage

Se renseigner au sujet des recoltes et de 1'utilisation

du sol.

Les augmentations de prises par les chasseurs étrangers
limiteront la _récolte des autochtones qui vivent sur
place.

Oiseaux et poissons

Valable dans les conditions actuelles

Réhnir de la documentation concernant les recoltes des
étrangers; reunir de 1la documentation concernant les
recoltes des autochtones en ce qui concerne certaines
especes choisies; preparer des etudes sur les populations
d'animaux.
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INTRODUCTION

There is considerable concern that hydrocarbon development activities in
the Beaufort Sea, Mackenzie Delta, and Mackenzie Valley may result in adverse
environmental impacts. Because of these concerns and the recognized uncer-
tainties associated with environmental impact assessment, there is a clear
need for environmental research and monitoring programs that are fully inte-
grated with ongoing and future exploration and development plans. In response
to this need, Indian and Northern Affairs Canada (INAC) and Environment Canada
initiated the Beaufort Environmental Monitoring Project (BEMP) in 1983. While
BEMP has guided monitoring in the offshore marine environment since that time,
no comparable program existed in the terrestrial and freshwater environment of
the Mackenzie Delta and the Mackenzie Valley. 1In early 1985, in recognition
of the need for such a program, INAC and Environment Canada, together with the
Department of Fisheries and Oceans, the Government of the Northwest
Territories, and the Yukon Territorial Government, initiated the Mackenzie
Environmental Monitoring Program (MEMP). This report summarizes the results
of the first year of MEMP (March 1985 to March 1986).

The overall objective of the Mackenzie Environmental Monitoring Program
is to recommend a monitoring and research program that will:

1. address significant potential impacts;

2. be based on the best current understanding of industrial development
scenarios and ecological processes;

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

4. be applicable and practical; and

5. be supported with a full scientific and technical justification.

This report is the first product of a series of steps aimed at meeting
the immediate objective of producing a plan for initiating research and moni-



ment uncertainties in regard to our predictive capability, recommended re-
search plans and rationale for the recommended studies. Also included is a
description of the methods used throughout the program, since the nature of
the recommendations have been heavily influenced by the methods.

MEMP is being conducted using techniques and procedures proven during the
Beaufort Environmental Monitoring Program (INAC and Environment Canada 1984,
1985). To date, MEMP has proceeded through an initial workshop in Yellowknife
(26-30 March 1985), technical meetings on resource harvesting held in Yellow-
knife (June 1985), and Inuvik and Norman Wells (September 1985), and a second
workshop 1n Edmonton (4-8 November 1985). The Yellowknife workshop was
designed to obtain the raw material that would allow for comstruction of
conceptual models of effects of oil and gas development on the people and the
environmental resources in the study area. These conceptual models form the
basis of the impact hypotheses and the research and monitoring recommendations
that have been used throughout the program. '

Many of the hypotheses developed are concerned with the biophysical
effects of development. However, MEMP is also concerned with the effects of
0il and gas development on the harvesting of fish and wildlife. This meant
that northern residents have had counsiderable influence over the direction
taken by MEMP with respect to resource harvesting and the development of
impact hypotheses. Special technical meetings on resource harvesting were
held in northern communities in order to obtain and maximize the contribution
of native people.

Based on the conceptual models a refined set of impact hypotheses was
developed. These hypotheses were evaluated at the Edmonton workshop ad
recommendations for monitoring and research were prepared. This report
presents those recommendations within the framework of the impact hypotheses.



METHODS
Definitions
Impact Hypothesis
Central to the methods of this study is the concept of an impact
hypothesis. Simply stated, an impact hypothesis is a set of statements that
links development activities with their potential envirommental effects,
Every impact hypothesis has three primary parts that must be defined:

1. the action - that which is the potential cause of an effect;

2. the valued ecosystém component (VEC) or indicator - that which is the

measure of effect; and,

3. the linkages - that set of statements that link the action to the
VEC.

Monitoring

Monitoring is a test of an impact hypothesis designed to: a) measure
environmental impacts; and b) analyse cause-effect relationships.

Monitoring in this context becomes the repetitive measurement of
variables that are 1likely to change due to direct or indirect effects of
development activity. The primary purpose of monitoring is to determine the
causes of effects not associated with natural variability. The results of
monitoring can be wused to trigger a mitigative regulatory response.
Monitoring 1s not surveillance, nor is it part of the regulatory process used
to ensure that an industry meets the environmental terms and conditions of its
operating permits. Rather monitoring is defined here as a scientific process
designed to test specific hypotheses on the causes of environmental impacts
and how they are expressed in the environment.

The above types of monitoring programs in environmental management are
needed because of our limited predictive capability in relation to environ-



mental change as consequences of development. Assessments techniques are
limited because of scientific wuncertainty about the cause and effect
relationships between project activities and the environmental resources being
changed.

Models and Workshops

The development, refinement, and evaluation of impact hypotheses combined
with the design of specific studies was organized through the use of
workshops. In MEMP the identification of impacts and development of a
monitoring plan was organized through the use of a conceptual modeling
approach. This approach 1s based on Adaptive Environmental ASsessment and
Management (Holling 1978) and was first used in BEMP (INAC and Environment
Canada 1984, 1985) and (Everitt et al. 1985). The basic approach proceeds
through eight tasks:

1. didentification of valued ecosystem components (VECs);

2. 1identification of development activities;

3. identification of the temporal horizon and within-year resolution;
4, didentification of the spatial extent and resolution;

5. identification of impact hypotheses that causally relate development
activities to VEC's

6. screening of impact hypotheses for wvalidity, relevance and credit-
ability;

7. evaluation of impact hypotheses; and
8. design of research and monitoring programs.
Execution of each of these tasks involves modeling, workshops or

reporting. The first five tasks, necessary for the development of the
conceptual model are accomplished efficiently in a modeling workshop.



The remaining tasks are best accomplished in small working groups that may or
may not be part of a larger workshop. A detailed description of the tasks is
provided in Everitt et al. (1985) and INAC and Environment Canada (1985).

PROBLEM DEFINITION

During the Yellowknife workshop, conceptual models were developed to
define the scope of the MEMP. These models were developed through a set of
structured exercises based on the first five tasks previously identified.
These exercises began with a description of the proposed oil and gas develop-
ment activities in the Mackenzie Delta followed by an unrestricted discussion
of concerns and issues by workshop participants. After presentation of a
synthesis of the issues, a discussion on the spatial aspects of the study area
took place. This was followed by an effort designed to identify the linkages
between major components of the conceptual model that will guide MEMP,

Proposed Development Activities

Hydrocarbon development within the study area has been under way for a
substantial period of time and is presently occurring in three general areas:

1. the Norman Wells area, where the completion of an oil pipeline to
Alberta has increased production drilling in the Norman Wells field
and has spurred interest in exploration activities throughout the
general region;

2. the Colville Lake area, where seilismic and exploratory drilling is
proceeding; and

3. the Mackenzie Delta area, where exploration over the last 25 years
has resulted in the discovery of both oil and gas reserves and where
exploration 1is continuing.

Development within the study area is ultimately dependent on the presence
of a hydrocarbon transportation sgystem. Several pipelines are presently
proposed or being considered. Decisions to proceed with pipeline systems or



marine shipping will be critical events in shaping the nature and pace of
development within the study area over the next 20 years.

Appendix A provides a detailed summary of the proposed development for
the study area. Material included in this summary is for the most part
presented in other sources in more detail. Development activities and facili-
ties are described and assessed in Volumes 2 and 4 of the Environmental Impact
Statement for Hydrocarbon Development in the Beaufort Sea - Mackenzie Valley
region (Dome et al. 1982). Similarly, documents included in the application
to the National Energy Board prepared by Polar Gas describe and assess the
impact of gas pipeline construction and operation. Other documents dealing
with previously proposed pipelines contain descriptions of development
activities and facilities as do those prepared by producers in the Delta
region concerning gas production and processing.

The development of a conceptual model and ultimately impact hypotheses
require that specific activities that are expected to have impact be detailed.
A preliminary list of these activities is:

- construction and operation of gas processing facilities
~ construction and operation of oil processing facilities
- construction and operation of support facilities

- construction and operation of oil pipelines

- construction and operation of gas pipelines

- operation of staging sites on the river and delta

- construction and operation of airstrips

- construction and presence of all-weather roads

- seismic activities

- exploration activities

- operation of a topping plant

- operation of gravel pits, quarries

- material removal in general

- water withdrawals

- atmospheric emissions

- causeways

- waste disposal



reservoir pumping

power consumption by industry
oil spills
spills of toxicants, sewage effluent.

Valued Ecosystem Components

Beanlands and Duinker (1983) define valued ecosystem components (VECs)
as: '

“"attributes or components of the environment for which there is
public or professional concern or both, and to which the assess-
ment should be primarily directed.... These may be determined on
the basis of perceived public concerns related to social,
cultural, economic, and aesthetic values. They may also reflect

"

the scientific concerns of the professional community....”.

This definition is extremely general and each new application must make
a more specific definition. For this project the following definition was
proposed. Valued ecosystem components (VECs) are activities, resources, or
environmental features that:

1. are important to local human populations; or
2. have national or international profiles; and

3. if altered from their existing status, will be important in evalua-
ting the impacts of development and in focusing regulatory policy.

The VECs identified by MEMP participants are air quality, water quality,
landscape quality and population harvests and quality of the following
animals:



Mammals Birds Fish
caribou snow geese broad and lake whitefish
polar bear raptors inconnu
grizzly bear ducks Arctic cisco
moose loons burbot
arctic and red fox Arctic char
beaver pike

muskrat lake trout
marten

white whale

wolverine

It is important to note that social and economic considerations of develop-
ment, except those of resource harvesting, are excluded from the list of
valued ecosystem components. While it may be necessary to consider many of
the social and economic impacts, they will only be considered to the extent
that they affect valued ecosystem components.

Study Area

Areas that were considered part of the study area (Figure 1) included
the Tuktoyaktuk Peninsula, the entire Mackenzie Delta down to normal low
water level and the mainstem Mackenzie River south to Fort Norman. The east-
ern and western limits of the study area are somewhat flexible. This was
particularly true for the Colville Lakes area to the east, and the Peel
drainage and the Dempster highway route to the west.

The southern 1limit of the study area is the Mackenzie River at Fort
Norman, at the mouth of the Great Bear River. The northern limit of the
study area was subject to some debate, but eventually agreement was reached
that the normal low water mark would be an appropriate boundary. This choice
raised some questions regarding coastal zone processes, as they might affect
the shoreline area. It was resolved that 1f such processes affected habitat
above the low water mark, they should be considered, but the bounds of the
study area, 1nsofar as areas of impact are concerned, would remain the low
water mark.
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The western and eastern boundaries of the study area raise more
difficult questions. To the west, Herschel Island is included in the north-
west corner. The western boundary follows the proposed National Park
boundary at the Babbage River. It is intended to include the North Slope as
far west as the continental divide. To the east, the Colville Lakes area is
included but the whole of the Anderson River drainage 1is not. The primary
interest in the Colville Lakes area was from the perspective of the
exploration effects on caribou, although, in addition, several lakes in this
area support substantial lake trout populations. Interest in the Anderson
River drainage related to the potential for oil spills in the area affecting
the water quality and fish. However, such impacts were not considered to be
likely within the time frame of this study (20-year development scenario).

Planning Horizom

To be more meaningful, conceptual models must be placed in an appro-
priate temporal context and a choice of a time horizon must be made. For
this study the development scenario was produced assuming a twenty-year
planning horizon. Because of considerable uncertainty about the scale and
pace of development, it is difficult to forecast many of the more detailed
aspects of the development scenario. However, an even longer time horizon
may be required to detect 1mpacts on longer lived VECs. Thus monitoring
activities of development may require more than 20 years.

Linkages Between Key Components in the Conceptual Model

To gain a better understanding of the social and environmental system
within the study area the following components were recognized:

1. development activities
2. socio-economic system
3. physical processes, terrain and vegetation

4, fish and water quality



11

5. mammals
6. birds
7. resource harvesting

The last five components are the major parts of the conceptual model.
Because the MEMP program 1is primarily an environmental monitoring program
many of the social and economic impacts of development were not considered.
However, because the impacts on resource harvesting are within the mandate of
the program, 1t was necessary to consider some social and economic
information. The development scenario, of course, is the major driving
force. The Yellowknife workshop identified the linkages between the seven
components of the conceptual, model as shown in Table 1.
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Table 3.3 Major linkages between components of the MEMP conceptual model.

T PHYSICAL |
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INTRODUCTION

The following material describes, in detall, workshop results of 17 hypo-
theses relating possible effects of hydrocarbon development activities on
various types of natural resources. These include various species of fish,
birds and wildlife as well as potable water and alr quality. Although a
common format was adopted for each hypothesis, some decisions regarding style
and treatment were left to each subgroup.
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HYPOTHESIS NO. 1

THE PRESENCE OF OFFSHORE DRILLING PLATFORMS, CONSTRUCTION
CAMPS (AND ASSOCIATED GARBAGE) AND GRAVEL EXTRACTION WILL RESULT
IN A DECREASE IN THE NUMBER OF ARCTIC AND RED FOXES

PARTICIPANTS
Terry Antoniuk John McDonald
Albert Elias Margaret McLaren
Harvey Jessup Wendy Nixon
David Krutko Peter Usher
INTRODUCTION

In summer arctic foxes occur primarily in tundra and taiga portions of
the study area, and are most commonly found on the Yukon North Slope and on
the Tuktoyaktuk Peninsula. On the North Slope, arctic foxes den in areas of
mixed sand and gravel soil; all known dens are west of the Babbage River
(Smits and Jessup 1985). During the denning period, arctic foxes eat
primarily small mammals, and, to a lesser extent, birds (Macpherson 1969).
During winter, however, foxes move onto the sea ice where they scavenge
carcasses of seals killed by polar bears (Macpherson 1969; A. Elias, pers.
comm.). Foxes that move onto the sea ice tend to be young animals and often
travel long distances. Foxes tagged at Prudhoe Bay have been recovered on
Banks Island and on the Tuktoyaktuk Peninsula (Eberhardt and Hanson 1978).
Foxes that travel tend to be healthier and have better quality pelts than
animals that do not travel (A. Elias, pers. comm.).

Red foxes are more abundant than arctic foxes on the delta and in treed
portions of the study area. This species also feeds on small rodents and
birds throughout the year and does not travel on the ice during winter.
Although red foxes occur on the Yukon North Slope in summer, Inuit observers
report that they move south by December, apparently because the hard snow of
the tundra prevents foxes from reaching small mammals (H. Jessup, pers.
comm.). Because red foxes do not travel on the sea ice, Links 1 to 6 of the
hypothesis do not apply to this species (Figure 1-1).
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FIGURE 1-1

The presence of offshore drilling platforms, construction
camps (and associated garbage) and gravel extraction will
result in a decrease in the numbers of arctic and red foxes
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LINKAGES

Link l: Polar bears that encounter offshore platforms will subsequently be
attracted to these facilities.

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

Link 3: Changes 1in the distribution of polar bears will alter the
distribution of seal carrion on the ice.

Link 4: A decrease in the number of polar bears will reduce the amount of
seal carrion on the ice.

Link 5: A decrease in the number of seals due to offshore activities will
reduce the amount oﬁ seal carrion.

Link 6: A decrease in the amount and change in the distribution of seal
carrion will decrease the number of arctic foxes.

Link 7: The presence of camps and refuse will affect the abundance and
distribution of arctic and red foxes.

Link 8: Gravel extraction activities will decrease the amount of denning
habitat.

Link 9 A decrease in the amount of denning habitat will reduce the
reproductive success of arctic and red foxes.

Link 10: Reproductive success 1influences the abundance and distribution of
foxes.
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LINKAGES

Link 1: Polar bears that encounter offshore platforms will subsequently be
attracted to these facilities.

Participants of past BEMP workshops concluded that some polar bears will
be attracted to offshore and coastal industry facilities (Indian and Northern
Affairs Canada and Environment Canada 1984, 1985, Stirling et al. 1977, 1978).
However, it was agreed that polar bears would usually only be attracted over
relatively short distances, and that only a small proportion of the regional
population would actually be involved in direct interactioms with offshore
structures,

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

The 1984 and 1985 BEMP reports documented several instances where it has
been necessary to destroy polar bears for reasons of human safety at both off-
shore and onshore industry facilities. Two specific instances in the Beaufort
Sea were cited, where bears were shot after killing humans. Additional bears
may also have been shot by Inuvialuit hunters at sites of industrial activity,
but were not reported as nuisance bears because they were considered part of
the legal quota.

Link 3: Changes in the distribution of polar bears will alter the distribu-
tion of seal carrion on the ice.

This 1ink was considered valid. However, the subgroup concluded that it
is unlikely that changes in the distribution of polar bears will affect the
availability of seal carrion to arctic foxes, since foxes are known to follow
polar bears on the sea ice (A. Elias, pers. comm.).

Link 4: A decrease in the number of polar bears will reduce the amount of
geal carrion on the ice.

Although the loss of even a single polar bear has the potential to reduce
the amount of carrion on the ice, the amount of carriom is alse determined by
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the amount of the kill that is consumed by the bear. Polar bears frequently
consume only the blubber from seals that they kill (Stirling 1974; Stirling
and McEwan 1975), thereby leaving the remainder of the carcass for foxes.
However, more of the carcass 1s eaten when seals are not abundant (Stirling
and Archibald 1977) and in these circumstances less food may be available for
consumption by foxes. In general, there does not seem to be an excess of ‘food
available for foxes. Seal carrion that is available tends to be completely
consumed by foxes (A. Elias, pers. comm.). It was concluded that a loss of
polar bears through Link 2 is unlikely to have significant effects on the
populations of arctic foxes since (1) they are able to cover long distances in
search of food and (2) mortality of polar bears following active industry
attraction to facilities is expected to be low.

Link 5: A decrease in the ‘number of seals due to offshore activities will
reduce the amount of seal carrion.

Seal carrion is avallable to arctic foxes only when seals are partially
consumed before being abandoned by bears. Since polar bear populations are
controlled to some degree by the availability of ringed seals (Stirling et
al., unpubl. data cited in INAC and Environment Canada 1985), a significant
reduction in the number of seals would result in a decrease in the size of
bear populations and therefore, less seal carrion for foxes.

During the BEMP workshops in 1984 and 1985 the potential effects of off-
shore hydrocarbon development on Beaufort Sea populations of ringed seals and
bearded seals were examined. The development activities of primary concern
were marine vessel traffic, seismic activities, dredging operations, aircraft
overflights, and activities at offshore platforms and islands. BEMP
participants concluded that effects of offshore hydrocarbon development on
ringed seals were possible, but would be difficult or impossible 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. It was expected that effects at the
population level of either species were unlikely.
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During the BEMP workshops, the effects of increased frequency of ice-
breaker traffic on ringed and bearded seal pup production was also examined.
Direct pup mortality as a result of icebreaker traffic was anticipated for
both species but the effect was not expected to be significant at the popula-
tion level. Interference with vocalizations of male bearded seals due to
icebreaker traffic and a subsequent reduction in mating success was considered
1ikely but at a local 1level such that industry-related effects on pup
production would not be detectable. "

The potential for large-scale destabilization of the Amundsen Gulf ice
cover and, hence, a significant change in the total annual amount of open
water in the region was identified as a significant concern in relation to
regional ringed seal pup production, as well as regional populations of ringed
seals and polar bears in Amundsen Gulf. On the basis of limited available
information on the physical processes controlling the ice edge stability, the
hypothesis that icebreaker traffic through Amundsen Gulf will move the stable
ice edge to the east was considered possible, but unlikely. Even if this
should occur, the effect on the total amount of open water was expected to be
influenced by other factors such as the location of the polar pack ice edge
and general wind conditions which could advect ice into or away from Amundsen
Gulf. It was recommended that a research program be initiated to analyse
existing data on ice and seals in the Beaufort region and to determine if
there were measurable effects on ringed seals in Amundsen Gulf during years of
natural destabilization.

Participants of past BEMP workshops concluded that it is unlikely that
offshore activity will significantly affect ringed seal populations. There-
fore, the working group concluded that it 1is also unlikely that development
would reduce the availability of seal carrion to arctic foxes.

Link 6: A decrease in the amount and change in the distribution of seal
carrion will decrease the mmmber of arctic foxes.

Inuit observers reported that seal carcasses are always well utilized by
foxes (A. Elias, pers. comm.). This indicates that there is probably not an
excess of food available to foxes on the ice and that the availability of seal
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carrion could potentially affect the number of foxes. Although this link was
considered valid it was concluded that development will not reduce the amount
of seal carrion on the ice.

Link 7: The presence of camps and refuse will affect the abundance and dis-
tribution of arctic and red foxes.

There are several mechanisms through which camps and the presence of
garbage may affect the numbers and distribution of arctic and red foxes.
Camps could act as 'artificial bait stations', particularly in offshore areas,
and lead to locally dense congregations of foxes. Increased availability of
food may in turn favour greater survival of foxes, although local
concentrations may be easily trapped or killed as nuisance animals.

»

Botb arctic and red foxes are attracted to camps by garbage and workers
who frequently feed these animals (H. Jessup, D. Krutko, pers. comms.). For
example, food handouts from workers at Issungnak attracted up to 20 arctic
foxes for a period of several weeks (D. Krutko, pers. comm.), while a camp at
Johnson Point on Banks Island attracted 50-60 foxes (Urquhart 1971). 1In the
Prudhoe Bay area, the density of arctic fox dens 1is higher than that in
surrounding areas (Eberhardt et al. 1983). Reproductive success in a year
when lemmings were not particularly abundant was also higher near Prudhoe Bay,
and these authors attributed this success to availability of food from garbage
and handouts.

Although garbage handling 1s controlled by various regulations, refuse is
usually incinerated only once per day and may be available to foxes at other
times (D. Krutko, pers. comm.). The subgroup recommended that an education
program be implemented to inform workers of the potential consequences and
hazards of feeding foxes (e.g., rabiles).

The potential for trapping of foxes concentrated near camps, particularly
those on the sea ice off the Yukon North Slope was 1identified as an area of
concern by the subgroup. According to H. Jessup (pers. comm.) the 1local
breeding population on the North Slope may only be able to sustain a harvest
of 60-80 foxes per year but Inuvialuit who have trapped in the area believe
that several hundred foxes could readily be taken each winter. Trapping could
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affect both local and distant populations, since the origin of the foxes on
the ice in this region remains unknown. If offshore platforms attract local
breeding individuals as well as travelling foxes and, if trapping extends into
April when foxes are returning to terrestrial denning areas, local breeders
may be trapped during the den re-occupancy period. At least some arctic foxes
display year-to-year fidelity to den sites (Eberhardt et al. 1983). Loss of
local breeders could reduce the numbers of foxes that den on the North Slope
for at least the season in which resident foxes are trapped.

Although the group acknowledged that congregations of foxes at camps
could facilitate the spread of rabies, this was not considered a serious
issue. Rabies epidemics occur naturally and may be naturally spread by
contact among foxes feeding on seal carrion. The group concluded that
attraction of foxes to camps would not significantly increase the risk of
spreading the disease.

Link 8: Gravel extraction activities will decrease the amount of denning
habitat.

The potential for loss of arctic fox den sites in the Yukon North Slope
was not considered an issue because all known dens are west of the Babbage
River in areas where gravel extraction 1is unlikely. Den sites in coastal
areas of the North Slope were 1dentified during recent surveys conducted by
the Government of Yukon, Department of Renewable Resources (H. Jessup, pers.
comm.) .

The effect of gravel extraction on den sites for red foxes in the
Mackenzie Delta was considered an area of concern because of the scarcity of
gravel in this area. Although industry has attempted to avoid destruction of
existing dens during gravel extraction operations, the group noted that dens
do not remain indefinitely and there is little or no information regarding the
characteristics of sites selected for new dens. Nevertheless, it was
considered 1likely that, even after extraction activities were complete,
sufficient gravel would remain to permit foxes to establish dens within the
Delta. The group expected that revegetation of mined sites would accelerate
stabilization and improve sites for future denning. It was also noted that
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foxes have established dens in berms and in gravel pits at facilities such as
DEW Line sites.

Link 9: A decrease in the amount of denning habitat will reduce the repro—
ductive success of arctic and red foxes.

Since arctic foxes do not den within the Delta this link 1s wvalid only
for red foxes. [The presence of arctic foxes on the Delta is believed to be
due to their winter dispersal patterns (N.W.T. harvest records; YTG trapper
interviews in Aklavik)]). A decrease in the amount of denning habitat would
only have a direct effect on reproductive success if availability of den sites
were presently limiting the size of the red fox population. There 1is no
evidence to confirm or deny such a relationship for foxes in the Mackenzie
Delta or the MEMP study area in general. However, in the context of this
hypothesis, the lack of evidence for or against this link is not important
since the previous link was concluded to be invalid.

Link 10: Reproductive success influences the abundance and distribution of
foxes.

Reproductive success ultimately determines the abundance of foxes. How-
ever, both the abundance and distribution of foxes, particularly the arctic
fox, are affected by several other factors. The abundance of arctic foxes is
cyclic and is controlled at least in part by the availability of lemmings
(Macpherson 1969). The distribution of arctic foxes 1in winter is largely
determined by the distribution of food, and food availability directly affects
both their survival and abundance. It was suggested that foxes that travel in
search for food in winter tend to be healthier than more sedentary individuals
(A. Elias, pers. comm.).

CONCLUSIONS

The linkages concerning the effects of gravel extraction on fox
populations (Links 8 to 10) were considered invalid for arctic foxes (because
their denning distribution does not overlap with projected areas of gravel
extraction) and unlikely for red foxes. On the basis of existing information,
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the other linkages were considered possible but probably of low significance.
The subgroup concluded that the effects of hydrocarbon development on arctic
foxes would be difficult to detect because effects (if they occur) are
expected to be small in relation to the high degree of natural variability in
fox distribution and numbers.

RESEARCH

During the workshop, it was noted that the existing knowledge of arctic
foxes in the study area is inadequate in several respects. It is known that
individual foxes travel long distances on the sea ice but very little is known
regarding the travel rates, pattern of movements, or relationships of foxes on
the sea 1ce to breeding populations. The working group agreed that this
information is essential for the management of fox populations and would be of
value in verifying the conclusion reached by the subgroup that hydrocarbon
development will not significantly affect arctic fox populations.

The presence of offshore drilling sites provides an opportunity for
research on foxes that travel on the ice. A tagging program at drilling sites
could establish whether (1) individual foxes remain at camps for extended
periods, or (2) if foxes observed at camps are individuals from a continuously
moving population. Subsequent observations of marked animals would provide
further information of movement patterns and aid in the identification of
discrete populations. Some subgroup participants believed that the first step
toward the establishment of a research program for arctic foxes should be a
compilation of all existing literature including that from Soviet sources and
Alaskan and Canadian 'grey literature'. Although much of the available liter-
ature has been compiled by the Yukon Department of Renewable Resources, synth-
eses of the data exist for only relatively restricted subjects and geographic
areas (Usher 1971; Smits and Jessup 1985).

A further indicator of the status of exploited fox populations is catch
per unit effort. Any significant variation in catch per unit effort beyond
normal limits of variability over the population cycle is the first concrete
indication of significant change in a regional fox population. In order for
catch per unit effort to function as an adequate index, a time series of data
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covering two or more population cycles is considered necessary. Some baseline
data could be assembled from a review of existing literature, but most data
requirements can only be satisfied through coordination of research efforts
with harvest survey programs recommended 1in relation to the resource
harvesting hypotheses (Numbers 18-25).
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HYPOTHESIS NO. 2

INCREASED TRAFFIC ON DEMPSTER HIGHWAY AND ROADS
ON THE NORTH SLOPE WILL DECREASE THE NUMBER OF CARIBOU AND
ALTER THEIR DISTRIBUTION

PARTICIPANTS
Lee Doran Fred McFarland
Susan Fleck Margaret McLaren
Ron Graf Wendy Nixon
Harvey Jessup Nicholas Sonntag

David Krutko

-

INTRODUCTION

The estimated size of the Porcupine caribou herd is about 135,000 animals
(D. Russell, Canadian Wildlife Service, pers. comm.), and the range of this
herd extends over the northern Yukon, northwestern Northwest Territories and
northeastern Alaska. The herd winters as two populations: one in the vicinity
of Arctic Village, Alaska, and the other (about 80,000 animals) in the Yukon
and adjacent N.W.T.

There is considerable variability in the wintering areas of the Yukon
population. In most years, the herd 1is located south of the Richardson
Mountains, but occasionally large numbers of caribou remain on the North Slope
and the western Mackenzie Delta. In years when the herd moves south of the
Richardson Mountains, its wintering area can be predicted to some extent from
information on snow depth. In years of low snowfall, caribou winter primarily
in the Eagle Plains area, which supports a high biomass of lichens. However,
in years of high snowfall, most caribou remain south or west of the Dempster
Highway in the Ogilvie Mountains and the upper Peel River drainage. These
areas tend to receive less snow than the Eagle Plains (D. Russell, pers.
comm.). Although caribou presence can be predicted to some degree from snow
depth, other unknown factors also control caribou movement. For example,
during the winter of 1984-85, Eagle Plains received a substantial amount



28

FIGURE 2-1

Increased traffic on the Dempster Highway and roads on the
North Slope will decrease the number of caribou and
alter their distribution
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Traffic on the proposed road inland to Mt. Fitton (or through Blow
Pass) could act as a barrier to a large segment of the Porcupine
caribou herd and prevent animals from reaching insect-relief areas
in the northern Richardson Mountains in late July and early August.

Restricted access to insect-relief areas will increase the daily
energy requirements associated with insect avoidance, reduce fat
storage in the fall and may also result in an increased incidence of
parasites in caribou.

Lower energy levels will result in decreased calving success, lower
calf survival and, therefore, lower numbers of caribou.

Reduced access tg insect-relief habitat will increase the incidence
of parasites and reduce the quality of caribou hides.

Decreased animal fat levels will reduce the quality of caribou meat
and hides.

Increased traffic on the Dempster Highway will increase the number
of caribou killed as a result of collisions with vehicles.

Road kills on the Dempster Highway will decrease the abundance of
caribou.

Increased traffic levels on the Dempster Highway will harass
caribou and increase energy expenditure.

Increased traffic on the Dempster Highway will act as a barrier
and prevent access of caribou to habitat south of the highway.

Traffic on the proposed road inland from King Point could act as a
barrier to the bull/barren cow segment of the herd and force animals
to travel a greater distance to reach the large post-calving
aggregations of caribou.
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of snow, and the caribou wintered on the North Slope and in the Richardson
Mountains. However, the herd had remained on the North Slope through the
fall; they did not move south, encounter deep snow and then return north.

The spring migration of caribou occurs in two phases. Pregnant females
commence their northward migration in March; bulls and immature and barren
cows do not follow until about mid-April. Pregnant cows arrive on the
calving grounds by late May or early June before the snow melt is complete.
Calving occurs primarily in snow—-free areas of the foothills north of Brooks
Range in northeast Alaska. Scattered calving bands may occur as far east as
the Mackenzie Delta, but large numbers of parturient cows are rarely found
east of Stokes Point (Curatolo and Roseneau 1977; D. Russell, pers. comm.).
Bulls and barren cows that winter in Alaska and the Yukon or N.W.T. reach the
Yukon North Slope by mid-June, and over 100,000 animals may be present on the
North Slope at this time. The bull groups gradually move westward and join
the cows and calves in large post—-calving aggregations near the Yukon-Alaska
border.

During July, these large groups move eastward to the northern Richardson
Mountains to seek relief from insects. In August, they disperse into smaller
groups throughout the northern Yukon and into Alaska. Fall migration begins
in September and the animals usually reach the wintering areas by late
October. The rut occurs during the second week of October when the herd is
usually located south of the Peel River.

The number of animals in the Porcupine caribou herd has remained stable
over the last 20 years (Bergerud et al. 1984). The harvest by natives has
been estimated at 2.9-4.8%Z of the population each year (Thomas, pers. comm.,
cited by Dickinson and Herman 1979).

LINKAGES

Link 1: Traffic on the proposed road inland to Mt. Fitton (or through Blow
Pass) could act as a barrier to a large segment of the Porcupine
caribou herd and prevent them from reaching insect-relief areas in
the northern Richardson Mountains in late July and early August.
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Caribou have been observed in the Richardson Mountains since the late
1800's (Surrendl and deBock 1976). Since 1971, detailed data have been
collected on the numbers and movements of caribou. These records indicate
that at least a portion (in some years, more than half) of the herd passes
through the area of the proposed road en route to their summer range. In mid-
July of 1971 and 1972, approximately 5000 caribou crossed the Blow River into
the northern Richardson Mountains. In 1973, approximately 70,000 caribou
crossed the Blow River to reach thelr summer range (Surrendi and deBock
1976). In 1978 and 1979, 10,000 to 15,000 caribou moved through the Barn
Mountains across the Blow Valley to the Richardson Mountains. In late July
of 1982, most of the herd was located on the coastal plain in the Blow and
Babbage River drainages (Yukon Department Renewable Resources, unpubl.
reports). The majority of the caribou summering in the northern Yukon in 1984
(4000 caribou) and 1985 (40,000 caribou) passed through the Blow River
drainage in mid- to late July en route to the northern Richardson Mountains
(W. Nixon, pers. comm.).

Interactions between vehicular traffic and caribou have been studied on
the Dempster Highway; in the Alaskan oil fields, in Mount McKinley Park (now
Denali National Park) and elsewhere. The result of these studies suggest that
traffic has variable effects depending on individual caribou. Some
individuals or groups of caribou alter or delay their movements, but others
apparently display no overt behavioural response to traffic; they will cross a
road once traffic has passed, and may feed near a road with low 1levels of
traffic (Surrendi and deBock 1976; Tracy 1977; Russell and Martell 1985). Dau
and Cameron (1985) and Smith et al. (1985) studied the effects of vehicular
traffic on caribou in northern Alaska during the insect harassment season.
They found that the caribou moving north did cross the road toward insect
relief areas and that their return movements tended to be deflected along the
road and around a processing facility. In 1984, movement south was not
deflected along the road, but road crossing occurred in the evening when there
was less traffic. Dau and Cameron (1985) recommended that traffic be
minimized during the period of 1 July to 1 Augustto reduce interferemce with
summer movements of caribou to insect-relief areas.
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The above information suggests that frequent traffic on a road inland to
Mt. Fitton could interfere with the movement of at least some caribou migrat-
ing eastward to the Richardson Mountains in July and August. However, the
working group concluded that, because the passage of caribou is fairly rapid
(1-2 weeks) and predictable, effective mitigation (cessation or convoying of
traffic) would be possible.

Link 2: Restricted access to insect-relief areas will increase the daily
energy requirements associated with 1insect avoidance, reduce fat
storage in the fall, and may also result in an increased incidence
of parasites in caribou.

During periods of insect harassment, caribou use various strategies to
reduce the degree of contact with mosquitoes and parasitic flies (nasal bot
flies, Cephenemyia trompe, and warble flies, Oedemagena tarandi). When in-

sect harassment is severe, caribou in the Barn and Richardson Mountains move
to high slopes and ridges where wind exposure 1is greatest. If movement to
insect-relief habitat is impeded, it is conceivable that caribou will employ
other strategles to avoid insects (e.g., an 1lncrease in the rate of movement
in a circular pattern (milling within a group) or in an upwind direction to
increase apparent wind speed). Caribou that move to avoid insects spend less
time feeding (have reduced energy intake) and have a greater energy expendi-
ture (S. Fancy, in prog.; W. Nixon, pers. comm.). During the insect season,
caribou are often already in poor physical condition (Kelsall 1968).

It is considered possible that the parasite load of caribou will increase
if parasitic flies have more opportunities to contact individuals, although
this has not been confirmed through research conducted to date. Studies of
insect harassment of the Porcupine caribou herd indicate that there were few
days of severe insect harassment in 1984 and 1985, but low to moderate levels
of harassment occurred on several days (CWS, in prog.). Restricted access to
insect-relief habitat does have the potential to increase daily energy re-
quirements, and possibly the incidence of parasites, especially during periods
of moderate to severe insect harassment. Increased parasite load has been-
shown to reduce fat reserves and general body condition (Dieterich et al.
1981; Hout and Beaulieu, in press).
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Link 3: Lower emergy levels will result in decreased calving success, lower
calf survival and therefore lower numbers of caribou.

This link was considered valid. Increased parasite load has been shown
to reduce body condition (Dieterich et al. 198l; Hout and Beaulieu, in
press). Poor body condition (i.e., low fat reserves) has been related to
reduced fertility in Peary caribou (Thomas 1982). Reindeer herders in Yakutsk
Province, U.S5.S.R. increased productivity from 67-~72 to 78-89 calves/100 cows
by wusing systemic drugs to reduce the parasite load, primarily bots and
warbles (D. Russell, pers. comm.). Helle and Tarvainen (1984) reported that
reindeer calves were significantly lighter in weight in the fall and early
winter when insect harassment was severe during the summer of birth. They
also found that, in one of the two areas they studied, insect harassment
directly influenced calf survival. Poor feeding conditions in late winter,
followed by a summer with severe insect harassment resulted in significant
levels of calf mortality.

Link 4: Reduced access to insect-relief habitat will increase the incidence
of parasites and reduce the quality of caribou hides.

As previously discussed, it 1s possible that a delay in the movement of
caribou to traditional insect-relief areas could increase the rate of warble
fly infestation of individuals or the entire herd. However, this was not
considered an area of concern since a very high proportion of caribou are
normally infested with parasites (Kelsall 1968) and the hides of infected
animals are only of poor quality in the spring when breathing holes of warble
larvae are open. Caribou are generally not hunted for their hides in spring
because the hair is loose at this time of year and the skins are of little
value for clothing or bedding (D. Krutko, pers. comm.).

Link 5: Decreased animal fat levels will reduce the quality of caribou meat
and hides.

In the northern Yukon, native hunters traditionally harvest caribou 1) in
the fall during the southward migration of the herd to wintering grounds, and
2) in the spring during northward migration to the calving grounds. Caribou
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are in peak condition in the fall prior to the rut. Caribou meat 1s of poor
quality during the rut and, therefore, hunters normally avoid shooting bulls
during this period. Adult males begin to regain fat in late winter (Dauphiné
1976) and the best caribou meat is from animals that have substantial amounts
of fat (D. Krutko, pers. comm.).

It was considered unlikely that any development-related disturbance would
affect the condition of the caribou more adversely than the stress associlated
with migration or rut. However, the combined energy costs required for migra-
tion, insect avoidance, increased parasite load, and increased movement due to
traffic may reduce the body condition (i.e., fat reserves) of the caribou and
result in lower quality meat.

There is no evidence to suggest that hide quality is affected by fat
levels in the caribou. The preferred hides are those taken during the fall
hunt when the hair 1s shorter and does not shed (D. Krutko, pers. comm.).

Link 6: Increased traffic on the Dempster Highway will increase the mumber of
caribou killed as a result of collisions with vehicles.

This link was considered valid by the workshop subgroup. Most collisions
were expected to occur in December and January because of the long periods of
darkness during these months.

Link 7: Road kills on the Dempster Highway will decrease the abundance of
caribou.

This link was considered self-evident and valid. However, the number of
caribou killed by collisions with vehicles was expected to be insignificant at
the population level.

Link 8: Increased traffic levels on the Dempster Highway will harass caribou
and Increase energy expenditure.

Several studies have shown that some caribou near the Dempster Highway do
react to traffic by running (Surrendi and deBock 1976; Horejsi 1981;
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Russell and Martell 1985). Although Russell and Martell (1985) indicated that
levels of traffic were 1low during their investigations, they found no
consistent differences between activity patterns of caribou adjacent to the
highway and those more distant from the highway. Given the levels of traffic
predicted in the development scenario the sub-group concluded that harassment
of caribou by traffic was likely to have small effects on the energy balance
of individuals.

Link 9: Increased traffic on the Dempster Highway will act as a barrier and
prevent access of caribou to habitat south of the highway.

There are numerous examples of crossings of both highways and railways
by herds of caribou and wild reindeer (e.g., Jakimchuk 1980; Skogland and
Mglmen 1980; Bergerud et al. [1984) and the sub-group concluded that access to
areas south of the highway would not be permanently blocked. However, the
subgroup also concluded that traffic could cause short- or medium~-term changes
in the distribution of caribou near roads. Short-term displacements where
caribou approach the road are deflected by traffic, but eventually cross at
the original location, probably occur frequently (e.g., Surrendi and deBock
1976; Russell and Martell 1985). Longer-term displacement in which caribou do
not cross the highway or move a considerable distance before crossing have
also been observed. In one case, a group of about 1000 caribou attempted to
cross the highway near the Yukon-NWT border but were deflected by traffic.
These animals then moved along a ridge parallel to the highway and eventually
crossed near Eagle Plains about 110 km from their original attempted crossing
point (D. Krutko, pers. comm.). This type of change in the distribution of
caribou may be significant both to harvest levels (if a temporary increase in
the number of caribou near the highway increases the harvest) and to
distribution of the harvest (if traditional migration routes that cross the
highway are changed).
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Link 10: Traffic on the proposed road inland from King Point could act as a
barrier to the bull/barren cow segment of the herd and force animals
to travel greater distance to reach the large post—calving comngrega-
tions of caribou.

As discussed in previous links, increased traffic on roads on the North
Slope may impede movement of caribou along the Richardson Mountains migration
route. It was suggested that monitoring of caribou movement and convoying of
traffic when caribou were present could minimize interference with migration.
However, some members of the working group were uncertain that regulations
requiring convoys could be justified because they believed that (1) deflection
of this segment of the herd inland around the quarry was unlikely to cause a
significant increase in energy expenditure and (2) blockage of movement of
some individuals would not 1likely cause significant effects on the popula-
tion. Other participants agreed that the potential effects of traffic on the
caribou population in the spring were not as significant as those during the
insect season. However, they indicated that some provision for monitoring the
approach of caribou should be made and that convoying or other measures should
be employed in years when a large number of animals are migrating.

CONCLUSION

The subgroup considered the overall hypothesis to be valid. In particu-
lar, there 1is evidence to suggest that insect harassment in conjunction with
severe winters can affect calf survival. Therefore, reduced access to
insect-relief habitat could affect the abundance of caribou. (However,
mitigative techniques, such as road closures during the week when large groups
of caribou are moving east, could prevent traffic from restricting access of
caribou to insect-relief areas).

Presently, road kills are less than 100 animals/year. Projected traffic
levels are about three times greater than present levels. If a linear rela-
tionship between the number of road kills and the volume of traffic is assumed
to exist then about 300 caribou would be lost each year.



37

Traffic on the Dempster Highway has caused some caribou to alter and
delay their movements. Although the animals eventually cross the highway, it
is not always at the original crossing site or within the same day. With
increased traffic, longer-term changes in the distribution of caribou and the
location of crossing sites along the highway may occur. A primary concern of
some members of the subgroup was that changes in the distribution of caribou
would influence the success of native hunters.

RESEARCH

The group concluded that research on the use of insect-relief habitat by
caribou should be continued. This research is presently being conducted by
the Canadian Wildlife Service. Initiation of further studies should be
contingent on the results of Ehe present research.

MONITORING

Aerial monitoring of caribou movements in July should be initiated in the
North Slope area (if the proposed roads are constructed) so that the
appropriate measures can be taken to minimize interference with caribou
migrations. In addition, the working group recommended that sightings of road
kills along the Depster Highway be documented so that mitigative measures
(e.g., warning signs, speed limits, convoys) could be employed if the number
of caribou lost on the highway significantly increases.

During the workshop, much of the discussion focused on the potential
effects of traffic on the distribution of caribou during fall migration and
the development of an 1inexpensive wmethod for determining whether the
distribution would change in response to increased traffic levels. To monitor
the effects of traffic on caribou distributions, information would have to be
obtained regarding (1) traffic levels 1in September and most of October, and
(2) the number of animals harvested and the 1locations where they are
harvested. Information about traffic levels in September and most of October
can be obtained from ferry records. Hunter checks to determine number of
animals taken already exist. It was considered feasible to obtain information
about locations where harvested animals were taken through the existing
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system. Information from these two sources would have to be combined with
data regarding seasonal movements of the Porcupine herd before any conclusions
about change in distribution of harvest could be drawn. Therefore, the
subgroup recommended the continuation of the program that is being conducted
by the Yukon territorial government and the Canadian Wildlife Service to
monitor the distribution and movements of the Porcupine caribou herd.
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HYPOTHESIS NO. 3

GRAVEL EXTRACTION, CONSTRUCTION, SEISMIC EXPLORATION AND
OTHER DEVELOPMENT ACTIVITIES, AND THE PRESENCE OF CAMPS AND GARBAGE
WILL DECREASE THE NUMBER OF GRIZZLY BEARS AND ALTER THEIR DISTRIBUTION

PARTICIPANTS

Susan Fleck . Nicholas Sonntag
Harvey Jessup Dave Thomas
Cal Sikstrom Walt Younkin

INTRODUCTION
In the Northwest Territories, the distribution of grizzly bears is gener-
ally limited to the treeline, tundra and mountains, while black bears are dis-
persed throughout the boreal forest. The average density of grizzly bears on
Richards Island and the Tuktoyaktuk Peninsula has been estimated at one bear
per 250 km2, which is much lower than that observed for other grizzly bear
populations in the Yukon and N.W.T. (Miller et al. 1982; Nagy et al. 1983).

Like polar bears, grizzlies have very low adult mortality rates and a low
reproductive potential. In the Mackenzie Delta area, females do not breed
until they are 5 years old and produce an average of 2.2 cubs every three or
four years (Nagy et al. 1983). Grizzlies wmaintain territories. Male and
female territories overlap, but adult males will not tolerate the presence of
any other male. Females will occasionally share their territory with a
daughter (Pearson 1975).

All grizzly bears hibernate during the winter. They enter dens in early
October and do not emerge until seven or eight months later (Nagy et al.
1983). During denning, the bears lose an average of 25-30% of their fall body
welght.

After emergence from their dens, bears continue to lose weight until mid-
July, although they continue to feed on tender green sedges and forbs and
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FIGURE 3-1

Gravel extraction, construction, seismic exploration and
other development activities, and the presence of camps and garbage
will decrease the number of grizzly bears and alter their distribution
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Gravel extraction will remove denning habitat.

A decrease in denning habitat will result in a decrease in reproduc-
tive success and overwinter survival.

Construction and other development activities during late summer may
disrupt feeding activity and increase movement of bears, which will
result in decreased fat reserves in the fall.

Fat reserves determine reproductive success, overwinter survival and
quality of the fur.

Construction, seismic exploration and other development activities
during winter may cause bears to abandon their dens, which will
reduce overwinter sutrvival and reproductive success.

Reproductive success and overwinter survival determine, in part, the
size of the grizzly bear population.

Grizzly bears that are attracted to camps and garbage may be destroy-
ed as nuisance animals, which will result in a decrease in the griz-
zly bear population.
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the occasional reindeer carcass (Nagy et al. 1983). Between mid-July and mid-

September, the bears must feed extensively to build up fat reserves for
winter. In late summer, bears become extremely hungry and search for fat~ and
carbohydrate-rich food sources that are easily converted into fat reserves.

Bears have been hunted in the Richards Island/Tuktoyaktuk Peninsula
region for many years. The Tuktoyaktuk Hunters and Trappers Association (HTA)
has a quota for five grizzlies which allows successful hunters to sell the
hides or to offer sport hunts. With an average price of $3000-$5000/sport
hunt, grizzly bears provide a substantial source of revenue.

Concerns related to the effects of hydrocarbon development in the
northern Mackenzie Valley region on grizzly bears are (1) disturbance during
the August-September feeding period; (2) disturbance of dens; (3) loss of
denning habitat; and (4) increase in numbers of nuisance bears. These effects
could influence the reproductive success and/or overwinter survival of grizzly
bears, and cause a decrease in the abundance of these animals (Fig. 3-1).

Proposed oil industry facilities could affect grizzly bears primarily on
the Tuktoyaktuk Penlnsula or in the Mackenzie Delta, as well as near Holmes
Creek and Parsons Lake. Grizzly bears in the Colville Lakes region or within
the Mackenzie River Valley near Norman Wells could also be affected by
development in these areas.

LINKAGES
Link 1: Gravel extraction will remove denning habitat.

Within the Mackenzie Delta and on the Tuktoyaktuk Peninsula, bears are
known to prefer den sites along lake shores and stream banks with sandy or
silty soils (Harding 1976). Dens are rarely used more than once, and fidelity
to den sites has not been observed (Mychasiw and Moore 1984).

Development activities will require substantial amounts of sand and
gravel. Because of 1land use regulations, sites selected for extraction
operations are generally located on well-drained terrain not ad jacent to water
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bodies. Most borrow areas will only be used during short construction
periods, and the deposits remaining after extraction operations should still
provide some suitable denning habitat for grizzly bears. Although den sites
can be a limiting factor to the overwinter survival of grizzly bears (Pearson
1975), given the proposed development scenarios, this 1s not expected to be
a significant concern. Suitable denning habitat i1s widespread in the study
area (Pearson and Nagy 1976).

Link 2: A decrease in denning habitat will result in a decrease in reproduc-
tive success and overwinter survival.

This link is considered invalid because gravel extraction operations are
not expected to result in a reduction in the availability of den sites for

grizzly bears.

Link 3: Construction and other development activities during late summer may
disrupt feeding activity and increagse movement of bears, which will
result in decreased fat reserves in the fall.

No studies have been conducted to determine if disturbance of bears by
human activities will result in reduced fat reserves. Studies of bear
behaviour in parks have indicated that bears actively avoid humans (Herrero
1985). Harding and Nagy (1980) reported that bears tended to avoid active
drilling and staging camps by distances of at least 1 km. In Alaska, the
heart rate of bears in dens was higher when there was construction activity
during the period of denning (Reynolds et al. 1983). Black bears in the
vicinity of the Tar Sands project at Cold Lake, Alberta, were more active than
bears that resided elsewhere (Tietje and Ruff 1983).

The above evidence suggests that human activity in the vicinity of bears
can result in increased activity of some individuals and cause avoidance of
parts of their territory. If the disturbance occurs during the July-September
feeding period, it might disrupt normal feeding activities and prevent bears
from gaining the necessary weight (i.e., fat reserves) needed for the winter
months. In the summer of 1986, radio-collared bears on Richards Island will
be observed to determine whether or not bears avoid areas of hydrocarbon
exploration activity.
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Link 4: Pat reserves determine reproductive success, overwinter survival, and
quality of the fur.

In the context of this link, reproductive success 1is defined as the
potential for a female to give birth to cubs. Grizzlies mate in June, but the
fetuses do not become implanted in the womb until October. The cubs are born
in late December and suckle the female while she hibernates. By spring, the
cubs weigh 5-7 kg.

Little definitive information on grizzly bears is available in relation
to the validity of this link. In Minnesota, female black bears that did not
reach a threshold fall weight did not produce cubs during the following spring
(Rogers 1976). Nagy et al. (1983) reported finding a cub that apparently died
of starvation during the winter. Other instances of emaciated subadults and
0ld bears found dead in their dens have been documented (Reynolds et al.
1976). In the Arctic, where grizzly bears hibernate for 7-8 months of the
year and pregnant females have an additional energy cost associated with the
support of 2 or 3 growing cubs, adequate fat reserves are extremely important
for both the overwinter survival of bears and, in particular, reproductive
success.

It was noted that the quality of grizzly fur is very important to sport
hunters (A. Adams, pers. comm.). However, the relationship between the
quality of fur and the fat reserves of bears is presently unknown.

Link 5: Construction, seismic exploration and other development activities
during winter may cause bears to abandon their demns, which will
reduce overwinter survival and reproductive success.

Harding and Nagy (1980) reported that two grizzly bears abandoned their
dens as a result of winter seismic operations and gravel mining. During
winter, energy demands increase dramatically for a non-hibernating bear and
survival of the animal 1is wunlikely (R. Archibald, pers. comm.). 1f
development activity causes a female with cubs to abandon her den, the
potential for both reproductive success and overwinter survival will be
reduced.
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Link 6: Reproductive success and overwinter survival determine, in part, the
gize of the grizzly bear population.

This link is self-evident and valid. Recruitment into the population is
determined primarily by the number of cubs born and their subsequent sur-
" vival. Since grizzly bear cubs and subadults already have the highest rate of
natural mortality (Nagy et al. 1983), a further reduction in the number of
cubs born and in the overwinter survival of subadult bears will reduce
recruitment into the breeding population and cause a gradual decline in the
size of the population.

Link 7: Grizzly bears that are attracted to camps and garbage may be
destroyed as muisance animals, which will result in a decrease in the
grizzly bear population.

It has been well documented that grizzly bears are attracted to camps and
garbage (Herrero 1985) because they provide an accessible and concentrated
source of food. Once a bear becomes habltuated to garbage, it may be
extremely difficult to deter the animal from the site. In thesge cases it 1is
sometimes necessary to destroy the bear 1f it becomes a nuisance or safety
hazard.

Proper handing of camp wastes and garbage, the implementation of
awareness programs, and the use of bear detection and deterrent techniques
could be effective in reducing the number of bear encounters that occur.
Research on methods for detecting and deterring bears is being conducted at
Churchill, Manitoba and Norman Wells (Stenhouse 1982, 1983; Clarkson, in
press). A deterrent technique 1involving the use of gumns that fire rubber
bullets 1s particularly promising and could be effective in reducing the
number of bear kills.

A sustainable yield of less than 2% has been calculated for adult female
polar bears using a population model developed by Taylor et al. (in press).
Since the population characteristics of grizzly bears in the Mackenzie Delta
are similar to those employed in the polar bear model, the subgroup expected
that the sustainable yield for the grizzly bear population would be only
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slightly higher than that predicted for polar bears. Nagy et al. (1983) sug-
gested that the bear population in the Delta area (estimated at 80 animals)
could not sustain an average annual mortality of over 7 or 8 individuals. In
the event that the number of nuisance bear kills exceeds the present quota of
5 bears, a gradual decline in the size of grizzly bear populations in the
Mackenzie Delta and Tuktoyaktuk Peninsula area would likely occur.

CONCLUSION

Given the current development scenario, the subgroup concluded that this
hypothesis is valid. In view of present harvest levels and low reproductive
rates, an increase in bear mortality due to development activities (e.g.,
nuisance bear kills), that exceeds population losses associated with the har-
vest, is expected to result in a gradual decline in the grizzly bear popula-
tion. However, the potential effects of development activities that directly
influence bear populations (i.e., disturbance of denning bears and bear/human
conflicts that result from improper garbage handling practices) could be con-
trolled by appropriate planning and mitigative techniques.

Given the probable scale and timing of hydrocarbon development in the
region, it is not expected that bears would avoid large portions of their
range or be disturbed so frequently in late summer that they do not accumulate
sufficient fat reserves. Although gravel extraction operations will remove
some bear denning habitat, this is not expected to cause a reduction in the
reproductive success or the overwinter survival of grizzly bears because of
the large amount of suitable denning habitat available within the region.

RESEARCH AND MONITORING

Records of the number of grizzly bears observed or killed near camps
should continue to be maintained in support of efforts to determine population
sizes and mortality rates. The subgroup also recommended continued support of
bear awareness programs and deterrent/detection research that is presently
being conducted by the N.W.T. Wildlife Service. In addition, the N.W.T.
Wildlife Service has been conducting a program that involves radio-collaring
grizzly bears on Richards Island to update the population estimate and to
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investigate the movements and feeding patterns of bears 1in relation to
industry activity. This research is expected to continue until 1987.
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HYPOTHESIS NO. 4

OIL AND GAS DEVELOPMENT ACTIVITIES WILL
ALTER THE WATER REGIME AND
DECREASE MUSKRAT POPULATIONS

PARTICIPANTS
Lorraine Allison John McDonald
Andrew Cullen Maurice Mendo
Lee Doran Mike Miles
Susan Fleck Nicholas Sonntag
Harvey Jessup Dave Sutherland

Steve Matthews
INTRODUCTION

Within the study area, muskrats occur primarily on the Mackenzie Delta.
The Delta has the highest concentration of good quality muskrat habitat in the
Northwest Territories (Dennington et al. 1973). The best quality habitat is
located in the upper Mackenzie Delta rather than in lower areas adjacent to
the Beaufort Sea. Two long-term studies on muskrat populations in the Delta
indicate that muskrat numbers fluctuate widely and possibly cyclically in this
region (Stevens 1953; Hawley and Hawley 1975). Populations may be limited by:
(1) food availability, particularly in winter: (2) lack of suitable denning
sites; and (3) freezing of shallow lakes (Stevens 1953; Ambrock and Allison
1973). Although two litters are produced by some females in the Delta,
(Stevens 1953), productivity is not as high as 1n temperate portions of their
range where as many as three litters are produced in a single season (Fuller
1951; Ambrock and Allison 1973). Survival of young muskrats is very low,
particularly over the winter (Stevens 1953; Hawley and Hawley 1975).

Every spring, hunters and trappers from Inuvik and Aklavik travel to
traditional areas within the Delta to hunt and trap muskrats. Residents
in other Mackenzie Valley communities harvest smaller muskrat populations
which are located primarily along shallow rivers and lakes throughout the
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FIGURE 4-1

0il and gas development activities will alter the water
regime and decrease muskrat population
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LINKAGES

Link 1: Water withdrawals will decrease water flow 1n smaller streams and
water levels in smaller lakes.

Link 2: Physical drainage barriers across the Mackenzie Delta will interrupt
the pattern of water flow.

Link 3: Patterns of water flow determine water levels and distribution.

Link 4: The timing and extent of overbank flooding determine the duration of
snow cover and the albedo.

Link 5: The duration of snow cover and albedo influence the length of the
growing season.

Link 6: The length of the growing season influences the growth and species
composition of riparfan and aquatic vegetation.

Link 7: The timing and extent of overbank flooding affect the levels and
distribution of nutrients and sediments.

Link 8: The levels and distribution of nutrients and sediments influence the
growth and species composition of riparian and aquatic vegetation.

Link 9: The growth and species composition of riparian and aquatic vegetation
affect the population size and quality of muskrats through influences
on feeding and survival.

Link 10: Changes 1in water flow and water level affect the water thermal
regime.

Link 11: The water thermal regime affects the ice regime.

Link 12: The ice regime affects survival of muskrats.
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study area. Between 1975 and 1980, the average value of the annual muskrat
harvest was over $580,000 (Tinling 1982).

Suitable muskrat habitat depends upon predictable seasonal water levels.
Increases to those water levels can result in flooding of breeding chambers
and increased winter predation under the ice; decreases can result in loss of
habitat. Although current oil and gas development scenarios should not result
in large-scale water level changes in the Mackenzie Delta, some potential for
local changes in water levels does exist due to site-specific water withdrawal
requirements.

Although most of the detailed information on muskrat populations in the
Mackenzie Delta is 15 years old or more, there is no reason to suspect that
the biophysical conditions that produce such favourable muskrat habitat in
this region have changed substantially over the last few years.

LINKAGES

Link 1: Water withdrawals will decrease water flow in smaller streams and
water levels within smaller lakes.

Water withdrawals associated with hydrocarbon development are anticipated
for: (1) hydrostatic testing of pipeline sections; (2) water re-injection at
some production wells; and (3) water supplies at construction camps and
processing facilities.

Hydrostatic Testing: The present technology in pipeline testing may allow the
use of air rather than water as the medium during testing for pipeline
integrity. The recently completed IPL o0il pipeline from Norman Wells to Zama
Lake was tested using air, except at the two large crossings across the
Mackenzie mainstem and the Great Bear River. Air was approved as a suitable
medium because the 324 mm diameter pipe was of 'high quality' and not subject
to 'running fractures' (A. Pick, IPL, pers. comm.). Air testing of pipeline
integrity is currently controlled in the south by a site-by-site approval
process because of safety concerns and the higher human population densities.
Alr tests are not considered feasible for large-diameter, high~pressure
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pipelines of any considerable length. However, if suitable high-pressure gas
is avallable, there is the possibility of its use as a test medium. If water
testing 1is required for northern pipelines, the normal practice would be to
withdraw water from larger streams or lakes to minimize the effects of this
procedure on water levels. The pipeline companies are also investigating the
possibility of "shuttle testing”, which is the use of the same water or air
for testing successive lengths of plpe. Approximately 65 m3 of water per 100
m of pipe is the unit capacity of the proposed Polar Gas 914-mm gas pipeline.
Lesser or greater amounts of water could be required depending on details of
the procedure finally adopted. It 1s expected that larger water bodies
will be available as a source over most of the proposed pipeline route. In
the few locations where it may be necessary to withdraw water from smaller
streams, changes in withdrawal rates could be used to alleviate effects.

Water Imjection: Water injéction requirements at production wells could
also require relatively large amounts of water. However, this 1is not
expected to result in large-scale water level changes since most of the
production facilities will be located adjacent to large water bodies, 1i.e.,
main channels of the Mackenzie River and offshore of the Mackenzie Delta
within Mackenzie Bay. Some potential exceptions are production wells located
onshore along the Tuktoyaktuk Peninsula. However, this region is poor muskrat
habitat and, therefore, was not considered an issue. Another region which is
not currently part of future production plans (exploration only) is the
Colville Lake area. Depending on the result of exploratory drilling and the
prospects for future production, water injection sources for production
facilities (1f required) would 1likely be located at considerable distances
from the larger water bodies in this area.

Human Consumption: Water required for construction camps and accommodation
facilities at production fields will typically be taken from mainstem
Mackenzie River channels, as was the case during construction of the Norman
Wells IPL pipeline (S. Matthews, N.W.T. Renewable Resources, pers. comm.).
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Link 2: Physical drainage barriers across the Mackenzie Delta will interrupt
the pattern of water flow.

Physical barriers such as pipeline berms, well-site structures, staging
areas and access roads have the potential to influence the distribution of
floodwaters in the outer (New) Delta, which may, in turn, affect the structure
of muskrat habitat. The only significant (but localized) effects are expected
near the Taglu, Niglintgak and Adgo fields on the outer portions of Richards
Island. Such barriers could alter the regular patterns of spring flooding in
floodplain areas that are located some distance from the channels. Removal of
the snow and ice cover by seasonal flooding in downstream areas behind
pipeline berms may be delayed or, in some cases, may not occur at all. The
most significant effects would be expected at a few small and intermittent
locations (up to a few kilometres across) on the northern side of east-west
pipeline berms from Taglu to Niglintgak and/or Adgo. In these regions,
limited change in the species composition of riparian and aquatic vegetation
could result. However, this potentially affected area of the outer Delta is
not typically used for the harvest of muskrat (Milton Freeman Research Limited
1976). The harvest occurs primarily to the south within the inner Delta and
extends only as far north as a line about 10 km south of the low relief
Taglu-Niglintgak floodplain. It 1s postulated that smaller numbers of
muskrats reside in the Taglu-Niglintgak floodplain area due to less suitable
denning habitat because of poor bank conditions and unstable water levels
caused by storm surges on the outer Delta (L. Allison, pers. comm.).

CONCLUSION

The working group concluded that the first two links of this hypothesis
were invalid or inconsequential. As a result, discussion of the remaining
links shown in Figure 4-1 was considered unnecessary. No significant decrease
in the Mackenzie Delta muskrat populations are expected as a result of water
withdrawal and drainage disruption assocliated with hydrocarbon development.
Therefore, no research or monitoring is recommended.

The areas identified within the MEMP study region that could experience
significant water withdrawal and/or floodplain alterations because of
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development-related activities or facilitles are not located within principal
muskrat habitat or harvest regions. Localized groups of muskrats could be
affected by operations in the area that influence a few smaller lakes.
However, these effects are expected to be short term, if they occur at all
due to the high reproductive capacity of muskrats. A significant proportion
of prime muskrat habitat would have to be affected (e.g., by long-term
variations in water levels of the Mackenzie River) before effects at the
population level could be detected. In localized areas where muskrats have
been extensively harvested or where habitat has been altered or disturbed, the
populations typically return to normal 1levels within a short period once
suitable habitat has been re-established (L. Allison, pers. comm.).
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HYPOTHESIS NO.5

OIL AND GAS DEVELOPMENT CONSTRUCTION AND CLEARING ACTIVITIES
AND THE PRESENCE OF AN ABOVE-GROUND PIPELINE
WILL CHANGE THE ABUNDANCE AND DISTRIBUTION OF MOOSE.

PARTICIPANTS
Lorraine Allison Margaret McLaren
Lee Doran Peter McNamee
Ron Graf Maurice Mendo
David Krutko Wendy Nixon
Steve Matthews Archie Pick
INTRODUCTION

Moose are widely dispersed throughout forested portions of the MEMP study
area. During the summer months, they are also found on the North Slope where
they occur primarily along streams (Doll et al. 1974). Moose generally calve
in late May or early June in lowland riparian areas or alluvial islands.
During the summer, some moose may remain near the rivers, but most move into
adjacent upland areas where they feed primarily on aquatic vegetation. The
rut occurs in September and October. Moose winter in riparian areas such as
the Mackenzie River islands or burn areas where there is an abundant supply of
food or, less frequently, in upland areas. The winter range consists of early
successional areas where substantial shrub growth is interspersed with
coniferous cover. In the Northwest Territoriles, prime winter habitat 1is
maintained by periodic flooding and forest fires (Prescott et al. 1973; Watson
et al. 1973). Such habitat 1is believed to occur between 11 and 50 years after
a fire (Kelsall et al. 1977), depending on the intensity of the fire. After
very 1ntense fires, rootstocks of willows are destroyed and regeneration is
slow (M. Mendo, pers. comm.).

There is limited information regarding moose populations in the MEMP
study area. The few data that are available indicate that densities of moose
in the Mackenzie Valley are considerably lower than those in other parts of
North America (Treseder and Graf 1985). Within the study area, the lower
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FIGURE 5-1

0il and gas development construction and clearing activities
and the presence of an above-ground pipeline will change
the abundance and distribution of moose.
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Wood-chipping operations, seismic lines, right-of-way, and other
clearing will increase the amount of food available to moose in the
short to medium term.

Construction activities and associated traffic will disturb and
harass female moose and their young and cause individuals to expend
more energy to locate suitable habitat.

Construction activities and associated traffic will disturb moose
populations and lead to a change in distribution and the location of
some individuals in alternative habitats and areas.

Changes in the seasonal distribution of moose will increase the
amount of energy required for some individuals to locate suitable
habitat. .

An above-ground pipeline will prevent the passage of moose, which
will lead to changes in migration patterns.

The energy balance of an adult determines its reproductive success.

Reproductive success determines, in part, the number of moose in the
population.

Increased traffic associated with development will result in
increased numbers of moose killed through collisions with vehicles.



62

Mackenzie River valley from Fort Norman to Fort McPherson supports relatively
high moose densities (Brackett et al. 1985). Islands in this region provide
excellent winter range (Prescott et al. 1973), while there is lower quality
range in the Mackenzie Delta. Although riparian vegetation is kept at an
early stage of development by ice damage and flooding, thereby providing an
abundant source of food for moose, coniferous cover used for shelter is limit-
ed on the Delta. Densities of moose in the Delta average less than 1/100 km?
and the entire Delta population has been estimated at 300 animals (Brackett et
al. 1985).

The impact hypothesis for moose addresses three sets of linkages: (1)
effects of increased traffic levels on permanent roads, particularly the
Dempster Highway, (2) potential effects of an above-ground pipeline on moose
movements, and (3) effects of clearing forested areas.

LINKAGES

Link 1: Wood-chipping operations, seismic 1lines, right-of-way and other
clearing will increase the amount of food available to moose in the
short to medium term.

Optimum moose habitat, particularly winter habitat, consists of an inter-
spersion of areas that provide food and cover. Moose browse on shrubs, par-
ticularly willows, and use nearby stands of coniferous trees for shelter.
These conditions are often found in areas that have been affected by mod-
erately intense forest fires or selective logging (e.g., Bergerud and Manual
1968; Watson et al. 1973; Krefting 1974). Telfer (1970) found that logging in
eastern Canada resulted in a 50-fold increase in browse seven years after
cutting. An increase in shrub growth of this magnitude in the Northwest
Territories 1s unlikely because of harsher climatic conditions in the region.
Nevertheless, it is expected that cutting trees for wood-chip production and
creation of new 'edges' along pipeline right-of-way, seismic lines and around
industry facilities will increase the amount of food available to moose.

Whether new habitat created by construction activities will be used by
moose depends to some extent on the size and shape of the cleared areas.
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Telfer (1974) suggested that moose will use openings of up to 128 ha (0.5 miz)
in size. However, Hamilton and Drysdale (1975) found that moose seldom moved
more than 40 m from cover, and never went beyond 100 m. It should be noted
that neither of these studies was in the N.W.T. These observations may
indicate that the behaviour of moose varies with location. It is expected
that newly created habitat along seismic lines and rights-of-way will most
likely be used by moose. However, use of the new habitat in areas cleared
during wood-chipping operations may be variable and dependent on the size and
shape of the clearing. Most areas cut for wood chips during construction of
the IPL pipeline were 20-50 ha in size and will likely be used by moose. A
few areas were up to 200 ha in size, but were selectively cut in irregular
shapes to produce enhanced habitat for moose.

Table 5-1 provides estipates of the present total forested area and the
amount of clearing projected in the current development plan for three
regions within the MEMP study area. Since clearings along pipelines and,
particularly, seismic lines will be created at different times, they will be
at various stages of succession and will not all be of equal value as moose
habitat at any one time. Although there is insufficient information regarding
moose densities and the factors that control moose populations to make any
predictions about the potential effects of this new habitat at the population
level, it is clear that moderate amounts of feeding habitat may be created.

Table 5-1. Summary of major activities that will create clearings in three
sections of the MEMP study area from 1985-2004.

Mackenzie Colville Norman
Delta Lakes Wells Total
Total forest (km?) 2830 97,200 27,200 127,230
Seismic lines (km x 1000) 381 278 52 711
Pipelines (km) 300 600 690 1590
Wood chipping = =~ - 38 km? in

20-200 ha
blocks
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The length of time required for the regeneration of willows and other
shrubs depends on the amount of ground disturbance that occurs, the initial
floristic composition of the cleared area, and whether seeding and fertiliza-
tion of disturbed areas 1s undertaken. For example, on pipeline right-of-
way, seeding and maintenance of grasses could reduce the amount of browse that
may otherwise be available. Similarly, seeding and fertilization may
initially determine the composition of plant growth on spoil areas and borrow
pits. 1In areas cleared for wood-chip production, willows may be cut, but will
regenerate from the rootstock within one year. However, in areas where little
or no willow is present (e.g., climax forests), it may take 3-5 years before
browse for moose develops and growth of willow may never be extensive (W.
Younkin, R. Graf, pers. comms.). In areas that are not cleared regularly
(e.g., seismic lines that are not re-used, areas cut for wood-chip produc-
tion), succession to coniferous forest would likely occur within 20-50 years
(W. Younkin, pers. comm.). Therefore, these areas will only be of temporary
value as feeding areas for moose.

The group concluded that Link 1 is valid, but that creation of additional
moose habitat will not necessarily result in an increase in the abundance of
moose.

Link 2: Construction activities and associated traffic will disturb and har-
ass female moose and their young and cause individuals to expend more
energy to locate suitable habitat.

There is little evidence to support this link. The subgroup agreed that
moose were less likely to be affected by construction-related disturbances
than more gregarious animals. During construction of the IPL pipeline, moose
appeared to be relatively undisturbed (S. Matthews, pers.comm.). However, it
was considered possible that in years with deep snow, moose may expend a
greater amount of energy to locate suitable habitat as a result of
disturbances caused by construction activities.
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Link 3: Counstruction activities and associated traffic will disturb moose
populations and lead to a change in distribution and locatiom of some
individuals in alternative habitats and areas-.

There is no evidence for this link. The general habitat requirements for
moose (i.e., food and shelter) are similar throughout their range and are not
likely to change in response to construction activities. There 1s no evidence
to suggest that the distribution of moose in the southern Northwest Terri-
tories has changed as a result of construction of the IPL pipeline or roads
and highways. It was noted that moose are frequently observed along the
margins of major highways in southern Canada. However, improved access via
roads and highways may lead to increased hunter effort and thereby cause
changes in the local abundance and distribution of moose.

Link 4: Changes in the seasonal distribution of moose will increase the
amount of energy required for some individuals to locate suitable
habitat.

This link was considered unlikely since the previous links were concluded
to be invalid.

Link 5: An above-ground pipeline will prevent the passage of moose, which
will lead to changes in moose wmigration patterns.

Present development scenarios do not include above-ground pipelines, but
it is possible that in certain areas of discontinuous permafrost, segments of
heated oil pipelines will have to be built above the ground, and thereby act
as barriers to moose movements. However, experience in Alaska has shown that
above-ground pipelines can be constructed so that the passage of moose is not
obstructed. Van Ballenberghe (1978) and Eide and Miller (1979) both reported
that moose crossed above—ground pipelines more frequently than expected when
the pipe was raised to allow moose to pass underneath. Van Ballenberghe
(1978) found significantly more crossings than expected at pipe heights of
6-8 ft (1.8-2.4 m), significantly fewer crossings at heights greater than
8 ft (2.4 m) and no difference from expected numbers at heights less than 6 ft
(1.8 m). Eide and Miller (1979) based their observations on different height
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categories. They found significantly more crossings than expected at heights
of 9-11 ft (2.7-3.6 m), significantly fewer crossings at heights less than
5 ft (1.5 m) and greater than 12 ft (3.7 m) and no difference from expected
numbers for the other categories. The depth of snow cover was relatively low
during both of the studies (less than 70 cm), and was not considered to be a
factor in determining the location of the crossings. Of greater importance
was the location of habitat with respect to the pipeline and the use of
traditional migration routes. Despite the fact that many moose did cross the
pipeline, Van Ballenberghe (1978) presented evidence from track counts that
moose crossed a disused track about 100 m from the pipeline wmuch more fre-
quently than they crossed the pipeline itself. This suggested that some
animals were avoiding the area of the pipeline. Eide and Miller's subsequent
study did not address this question.

The working group concluded that the potential for moose migration pat-
terns to be affected by above-ground pipelines does exist. In the event that
above-~ground pipelines become part of the hydrocarbon development plan, the
group suggested that regulations controlling the distance between the pipe and
the ground be implemented and that a monitoring program be initiated to
examine the migrations of moose in the area of the pipeline.

Link 6: The energy balamce of an adult determimes its reproductive success.

General biological principles indicate that this 1link is wvalid. The
energy balance of moose 1is generally negative from the fall through early
spring (MacLennan 1974). It 1is expected that, in some years, the negative
energy balance of some individuals affects calf production.

Link 7: Reproductive success determines, in part, the number of moose in the
population.

Although this link is inherently valid, reproductive success may not be
the most important factor controlling moose populations in the Northwest Ter-
ritories. Information regarding the number of moose in the area is limited.
Nevertheless, densities of moose are known to be considerably lower than those
in other parts of North America, including the Yukon and northern Alberta.
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This may be due to high calf mortality in late winter (Treseder and Graf
1985). Comparisons between studies in the N.W.T. and other parts of the North
America indicate that calf survival is high until late fall. However, by late
winter, the proportion of calves in moose populations in the N.W.T. 1is low
compared to other areas. The authors emphasize that the data used for compar-
ison were taken from different parts of the N.W.T. and that their conclusion
is tentative.

[The existing data on moose populations in the N.W.T. have been collected
largely from aerial surveys conducted in the past and are presently inadequate
for the management of these populations. Additional data that are required
include: (1) calf production and survival rates; (2) types and numbers of
predators; (3) numbers, age and sex of moose harvested by native people; and
(4) information on the effegts of snow depth and severity of winter on
reproduction and survival. The N.W.T. Department of Renewable Resources has
initiated a research program to address some of these data gaps, but further
information regarding population dynamics in the MEMP study area is needed for
management . ]

Link 8: Increased traffic associated with development will result im in-
creased numbers of moose killed through collisioms with wvehicles.

The number of moose killed by collisions with vehicles 1s affected by
many factors, including speed of traffic, size of wvehicles, density of moose
in the area, depth of snow and height of snow banks (i.e., ease of egress from
the road corridor). The group concluded that only permanent roads, such as
the Dempster Highway, were likely to result in serious or fatal collisions,
because road conditions are maintained during winter months and traffic is not
forced to slow down. Conversely, conditions on winter roads are poor and
vehicles generally travel much more slowly. It was noted that there have been
no reports of moose killed by collisions with vehicles on the Gordon Lake
winter road in 5-6 years of operation. Similarly, there were no road kills
reported during construction of the IPL pipeline from Norman Wells to Zama
(S. Matthews, pers. comm.). On the other hand, at least three collisions have
occurred on the Dempster Highway within the past year (D. Krutko, pers.
comm. ).
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CONCLUSION

It was considered unlikely that construction activities and associated
traffic would affect the seasonal distribution (Link 3) and energy balance
(Link 4) of moose. Although the links relating effects of increased traffic
levels to moose numbers (Links 2 and 3) were considered valid, no monitoring
beyond existing programs was recommended. The consensus of the group
was that new habitat created along seismic 1lines, right-of-way and other
clearings (Link 1) would have neutral or beneficial effects on individual
moose in these areas. However, this will not necessarily result in an
increase in the number of moose in the population since food availability may
not be the factor limiting moose production in the Northwest Territories (Link
7).

The workshop participants concluded that the overall hypothesis was
valid. However, on the basis of existing knowledge, it was not possible to
determine whether the cumulative effects of development will cause an increase
or decrease in the abundance of moose.

RESEARCH

No research specifically related to the effects of hydrocarbon develop-
ment on moose populations was recommended. However, the group recognized the
importance of moose to the native harvest, and supported the continuation and
expansion of basic' research on the numbers, movements, recruitment and
energetics of moose populations in the Northwest Territories.

MONITORING

Areas cleared for wood-chip production during construction of the IPL
pipeline provide a unique opportunity to monitor the regeneration of woody
browse on sites of varying topography and floristic composition. It was
recommended that the appearance, growth and duration of woody browse suitable
for moose consumption be monitored.



69

The subgroup recommended that the number of road kills be reported
through existing monitoring programs. In the event that above-ground sections
of pipeline more than 3-5 km long are proposed, it was also recommended that
moose movements along the pipeline should be monitored for the first two or
three years of operation to determine whether the movement of these animals is
restricted.
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HYPOTHESIS NO. 6

OIL AND GAS EXPLORATION AND DEVELOPMENT
ACTIVITIES THAT ALTER HABITAT PERMANENTLY OR TEMPORARILY
WILL INFLUENCE THE DISTRIBUTION AND ABUNDANCE OF MARTEN

PARTICIPANTS
Lee Doran Steve Matthews
Robert Ferguson Maurice Mendo
Susan Fleck Archie Pick
Harvey Jessup Walt Younkin

Peter McNamee

-

INTRODUCTION

Marten (Martes americana) are solitary animals. They inhabit mature
forests and tend to avoid areas with little ground cover such as muskeg, open
plne forests and areas of recent fires (More 1978; Archibald and Jessup 1984;
M. Mendo. pers. comm.). Although marten may travel across or hunt in open
areas, their resting and natal dens are primarily restricted to hollow trees
and fallen logs in mature forests. Females frequently demonstrate fidelity to
natal dens (Archibald and Jessup 1984).

Adult marten are territorial. Howme ranges of marten of the same sex
do not overlap, although the territory of one male will overlap with that of
several females. Immature marten are transient and may travel distances of up
to 50 km to establish a territory (Archibald and Jessup 1984). Marten prey
primarily on mice, but will also feed on snowshoe hares, red squirrels, birds
and berries (More 1978). In winter, marten hunt microtines that are found in
the subnivean layers (Archibald and Jessup 1984).

In the Yukon, the average size of a male and female home range 1s 6.2 and
4.7 kmz, respectively (Archibald and Jessup 1984). Estimates of the density
of marten in the Mackenzie Valley vary between 0.13-0.86/km? (Wooley 1974).
These values suggest that home ranges in the N.W.T. (l.2-7.6 km?2) may be
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FIGURE 6-1

0il and gas exploration and development
activities that alter habitat permanently or temporarily will
influence the distribution and abundance of marten
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LINKAGES

Link 1l: Seismic lines, wood-chip operations, temporary winter roads and pipe-
line rights-of-way will temporarily decrease marten denning habitat.

Link 2: Permanent roads, facility sites and borrow pits will permanently
decrease marten denning habitat.

Link 3: A decrease in denning habitat will decrease the local breeding popu-
lation of marten.

Link 4: Seismic lines, wood-chip operations, temporary winter roads and pipe-
line rights—-of-way will temporarily increase marten feeding habitat.

Link 5: Permanent roads, facility sites and borrow pits will permanently
decrease marten feeding habitat.

Link 6: An increase in feeding habitat will increase the local breeding popu-
lation of marten through increased survival.

Link 7: The size of the breeding population of marten influences recruitment.
Link 8: Recruitment contributes to marten population levels.

Link 9: A decrease in denning habitat will increase the emigration of marten
to surrounding areas.

Link 10: An increase in feeding habitat will increase the immigration of mar-
ten from surrounding areas.
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smaller than those in the Yukon. Within the Mackenzie Valley, marten provide
the largest source of income to full-time trappers (Dickinson and Herman
1979). With an average price of $60.00/pelt and an average annual harvest of
21,000 marten (N.W.T. Fur Records), this resource represents a source of
substantial revenue.

Hypothesis No. 6 addresses the potential effects of hydrocarbon develop-
ment on marten populations. The major concern is that activities associated
with exploration and development will cause either temporary or permanent
changes to marten habitat and subsequently lead to fewer marten (Fig. 6-1).
The hypothesis was considered worth evaluating because of the value of the
marten harvest to trappers and the specialized habitat requirements of the
species.

LINKAGES

Link 1: Seismic lines, wood-chip operations, temporary winter roads and pipe-—
line rights-of-way (ROWs) will temporarily decrease marten denning
habitat.

Approximately 687% of the Colville Lakes and Norman Wells region (180,000
km2) is covered with mature spruce or mixed spruce woodland, in cémparison to
2% of the Mackenzie Delta region which is 50,000 km? (Hirvonen 1975; W.
Younkin, pers. comm.). On the basis of existing knowledge regarding previous
seismic operations and construction of the Norman Wells pipeline, potential
changes to marten habitat were predicted by the subgroup and are presented in
Table 6-1. As shown, between 1985 and 2005, 1856 km2 or 1.5%7 of the total
forested area will be removed due to seismic operations (Table 6—1). In
contrast, construction of an entire pipeline ROW and associated wood-chipping
operations will remove only 92 km2 of forest. These estimates suggest that
the loss of denning habitat as a result of construction of a pipeline is
almost negligible in comparison to the amount of habitat lost due to seismic
operations. However, seismic lines are usually only 8 m wide and well over
400 m apart. If the average size of marten home range is 4-7 kmz, less than
2% of it would be removed due to seismic operations. Although a female often
displays fidelity to a natal dem, 1t is expected that the animal would locate



75

a new den within her territory if the old den was destroyed (H. Jessup, pers.
comms. ) .

Clearcutting of forests has reduced marten populations in northern Maine
and in B.C. according to Steventon and Major (1982) and Kelly (1982); however,
these clearcut areas exceeded the size of individual marten home ranges. The
average size of wood-chip blocks cut for the Norman Wells pipeline is 0.178
km? (range 0.002 - 1.5 km2) (A. Pick, pers. comm.), which is much smaller than
the home range of a marten.

The consensus of the subgroup was that construction of temporary roads,
pipelines, seismic lines, and wood-chip operations will temporarily decrease
marten denning habitat, although this will not be significant at the popula-
tion 1level. (There 1s the potential for overharvest of populations as
increasing development activities improve access to previously untrapped
areas.)

Link 2: Permanent roads, facility sites and borrow pits will permanently
decreagse marten denning habitat.

During construction of a pipeline, less than 92 km? of forest cover will
be removed (Table 6-1); however, individual areas involved will be less than
the home range of a marten. It was expected that if a small portion of a home
range 1s removed, a marten would not leave its territory (H. Jessup, pers.
comm. ).

The subgroup concluded that permanent roads, facility sites and borrow
plts will permanently decrease marten denning habitat.

Link 3: A decrease in denning habitat will decrease the local breeding popu-
lation.

A reduction in the local marten breeding population 1is not expected to
occur, since a decrease in denning habitat is expected to affect only a very
small portion of the home range of any female.
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Total forested area and projections of habitat
disturbance associated with proposed Beaufort Sea region
0oil and gas exploration and development between 1985-2005

Mackenzie Colville Norman
Delta Lakes Wells Total
(km2) (km2) (km2) (km2)
Total areal 50,000 140,000 40,000 230,000
Total forested
area 1,0002 95,2003 27,2003 123,400

Habitat permanently4

removed by pipeline

facilities 0.1 3.2 1.5 4.8

Forest removed by5

pipeline ROW 0.4 16.2 7.5 24,1

Forest removed by6

woodchip operations

for pipeline 23 26 14 63

Forest removed by7

seismic lines 61 1,512 283 1,856

1 Extrapolated from Map 1 in Owens (1985).

2 2% of area is forested (W. Younkin, pers. comm.).

3 68% of area 1s forested (Hirvonen 1975).

4 For each km of pipeline installed, approximately 0.5 ha of permanent facili-
ties are constructed (Owens 1985).

5 For each km of pipeline installed approximately 2.5 ha of land are required
for a right-of-way (Owens 1985). This figure was then converted to km2 and
multiplied by 0.02 for the Mackenzie Delta area and 0.68 for the other two
areas to determine the area of forest removed.

6 During construction of the Norman Wells pipeline, 0.009 km? of forest were
cleared for every km constructed to provide woodchips for insulation. This
figure was tripled (0.027 kmz) to account for the lower productivity of
forests north of Norman Wells (A. Pick and W. Younkin, pers. comms.). It
was estimated that the lengths of wmainline and gathering 1lines to be
constructed will be 850, 950 and 440 km for the Mackenzie Delta, Colville
Lakes and Norman Wells areas, respectively (Owens 1985).

7

Total length of seismic lines from Owens (1985) was multiplied by 0.8 ha to
derive total area of land affected and converted to km2. To determine
forest area removed, the figure was multiplied by 0.02 for the Mackenzie
Delta and 0.68 for the other two regions.
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Link 4: Seismic lines, wod-chip operations, temporary winter roads and pipe-
line ROWs will temporarily increase marten feeding habitat.

The extent to which habitat for the prey of marten improves as regenera-~
tion occurs on a selsmic line or a pipeline ROW within the Mackenzie Valley is
presently unknown. Riewe (1979) reported that seilsmlc operations in the
Mackenzie Valley caused the species composition of prey in the area to change,
but the total number of mice and voles remained virtually the same.

Link 5: Permanent roads, facility sites and borrow pits will permanently
decrease marten feeding habitat.

Given the amount of forested area that would be removed by each of these
development facilities (see Link 2), a loss 1in marten feeding habitat will
undoubtedly occur. However, this 1s expected to be insignificant at the popu-
lation level.

Link 6: An increase in feeding habitat will increase the local breeding popu-
lation of marten through increased survival.

Since marten territories are exclusive and contiguous, an increase in
feeding habitat will not increase the recruitment of marten into the breeding
population. This would occur only 1if territories became smaller. However,
there is no evidence to suggest that or evaluate 1f territories of individual
marten will change 1in response to a change in feeding habitat.

Link 7: The size of the breeding population of marten influences recruit-
ment .

See Link 8.
Link 8: Recrultment contributes to marten population levels.

Links 7 and 8 are inherently valid. In the Yukon, females usually bear
their first litter when they are 2 years old and produce an average litter of
3.3 young (Archibald and Jessup 1984). Because implantation of the fetus is
delayed, the condition of the female marten in the fall dictates whether the
fetus will implant. The effects of prey density on the condition of female
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marten are unknown. In trapped areas, the lifespan of a marten is usually
only 4 - 5 years (H. Jessup, pers. comm.). The above suggests that the
turnover of territories is relatively frequent and the recruitment rate is
low.

Link 9: A decrease in deuning habitat will increase the emigration of marten
to surroundimg areas.

Emigration of marten to surrounding areas will increase if removal of
forest cover affects a large enough portion of the home range to cause marten
to relocate. However, proposed exploration and development activities will
not likely affect the majority of any individual home range.

Link 10: An increase in feeding habitat will increase the immigration of mar-
ten from surrounding areas.

Mature spruce forest offers a relatively stable environment for marten.
As indicated earlier, an increase in marten feeding habitat will not result in
an increase in marten density because territories are exclusive. However,
local fluctuations caused by immigration of marten do occur (M. Mendo, pers.
comms. ) . It 1s speculated that this may be due to local changes in prey
density, which could cause an 'influx' of subadult and non-reproductive marten
that do not establish territories. Although it is known that subadult marten
will disperse as far as 50 km in search of food and/or a territory (Archibald
and Jessup 1984), there is no further evidence to support this assumption.

CONCLUSION

Only changes in habitat that result in loss of a substantial part of
the home range of a marten are expected to decrease marten numbers. Increases
in feeding habitat are not expected to change the abundance or distribution of
marten populations. Although activities assoclated with oil and gas develop-
ment will result in both a temporary and permanent loss of forest cover, these
habltat changes will affect only small portions of many marten territories and
will be insignificant at the population level.
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RESEARCH AND MONITORING

Provided that habitat alterations resulting from oil and gas development
do not affect the majority of a wmarten home range, no 1impacts to marten
populations are anticipated and, therefore, no monitoring 1is recommended.
However, the size of marten's home ranges in the Northwest Territories 1is
presently unknown. In 1986-87, the Department of Renewable Resources
(Government of N.W.T.) will likely be conducting a 2-year study on the ecology
and population dynamics of marten in the Brackett Lake area.

LITERATURE CITED

Archibald, W.R. and R.H. Jessup. 1984. Population dynamics of the pine
marten (Martes americana) in the Yukon Territory. Pages 81-97. In:
Olson, R., R. Hastings®*and F. Geddes. 1984. Northern Ecology ‘and
Resource Management. Univ. of Alta. Press., Edmonton. 438 p.

Dickinson, D. and T.B. Herman. 1979. Management of some terrestrial mammals
in the N.W.T. for sustained yield. N.W.T. Sclence Advisory Board Rep.
No. 4. Yellowknife. 71 p.

Hirvonen, R. 1975. Forest resources of the Mackenzie River Valley, N.W.T.
For. Manage. Inst. Info. Rep. FMR-X-71. Ottawa.

Kelly, J. 1982. 1Impacts of forest harvesting on the pine marten in central
interior B.C. M.Sc. Thesis. Univ. of Alta., Edmonton.

More, G. 1978. Ecological aspects of food selection in the pine marten
(Martes americana). M.Sc. Thesis. Univ. of Alta., Edmonton. 94 p.

N.W.T. Fur Records. Department of Renewable Resources. Government of the
N.W.T. Yellowknife.

Owens, R.A. 1985. Hydrocarbon development summary and scenario for a
Mackenzie Environmental Monitoring Program. Prep. for Northern Environ-
ment Directorate, DIAND. Ottawa.

Riewe, R.R. 1979. Interactions between wildlife trappers and hunters and
seismic lines in the Mackenzie Valley region, N.W.T., Canada. Part 1.
Aubry ~ Colville Lakes. North of 60. Environ. Studies No. 9. DIAND.
114 p.



80

Steventon, D.J. and J.T. Major. 1982. Marten use of habitat 1in a

commercially clear—cut forest. J. Wildl. Manage. 46(1l): 175-182.

Wooley, D.R. 1974. A study of marten (Martes americana) in the Mackenzie

District, N.W.T. In: R.A. Ruttan and D.R. Wooley (eds.). Studies of
furbearers associated with proposed pipeline routes in the Yukon
territories and Mackenzie River valley. Arctic Gas. Biol. Rep. Ser.
Vol. 9: Chapter 3.



81

HYPOTHESIS NO. 7

DISTURBANCE ASSOCIATED WITH HYDROCARBON DEVELOPMENT
IN OR NEAR WATERFOWL STAGING, MOULTING OR NESTING AREAS WILL AFFECT
THE ABUNDANCE AND DISTRIBUTION OF WATERFOWL

PARTICIPANTS

Tom Barry Dave Mossop
Robert Ferguson Glen Sutherland
Peter McLaren John Ward

INTRODUCTION

The Mackenzie Delta, Tuitoyaktuk Peninsula and Yukon North Slope provide
important summer habitat for more than 20 species of waterfowl. About 20,000
tundra swans, 5000 snow geese, 3000 white-fronted geese, 600 brant and over
400,000 ducks nest and/or summer in this region (McCormick et al. 1984;
Alliston 1984). Virtually all of the snow geese and most of the brant nest in
the Kendall Island Bird Sanctuary; the swans, white-fronted geese and ducks
nest in suitable habitat throughout the region. Birds arrive in the area in
May, and begin nesting shortly afterwards. Moulting occurs 1n July and
August. Although many birds moult near nesting areas while raising their
broods, subadults, failed nesters and non-nesters may move to favoured
woulting areas such as the outer Mackenzie Delta (McCormick et al. 1984).

In late August and September, several thousand snow geese and white-
fronted geese move into the reglon to stage prior to fall migration. During
this period, the outer Mackenzie Delta and Yukon North Slope are used exten-
sively as feeding areas. By late September, southward migration has commenc-
ed. Most swans and geese follow the Mackenzie Valley, although few birds use
the waterbodies in the valley as stopover areas. Most ducks also migrate
south along the Mackenzie Valley; however, migration is generally protracted
and the birds tend to be widely dispersed.

The major concern and basis for Hypothesis 7 is that disturbance due to
activities associated with hydrocarbon development in the study area will
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FIGURE 7-1

Disturbance associated with hydrocarbon development in or
near waterfowl staging, moulting or nesting areas will affect
the abundance and distribution of waterfowl

WATERFOML DISTRIBUTION

o 9

REPRODUCTIVE MORTALITY <t
SUCCESS
- ®

SPRING NESTING MOULTING AND FALL
STAGING STAGING

5 f

4 — DISTURBANCE — ,
AIRCRAFT ~ STATIONARY INCREASED ~ VESSEL TRAFFIC TOMERS AND

FACIL ITIES\ ACCESS / WIRES

OIL AND GAS DEVELOPMENT



LINKAGES

Link 1:

Link 2:

Link 3:

Link 4:

Link 5:

Link 6:

Link 7:

Link 8:

Link 9:

Link 10:

Link 11:

Link 12:

Link 13:

83

Increases 1n aircraft overflights will increase disturbance to
waterfowl.

The presence of exploratory, processing and distribution facilitiles
will increase disturbance to waterfowl.

Increased access will increase disturbance to waterfowl.

Increased vessel traffic on the Mackenzie River will increase
disturbance to waterfowl.

Increased disturbance will displace waterfowl in spring staging
areas, and interfere with feeding, courtship and nesting.

Increased energy scosts due to displacement during spring staging
wlll decrease reproductive success.

An increase in disturbance will cause an increase in nest desertion
and brood loss.

Increased nest desertion and brood loss will decrease reproductive
success.

A decrease in reproductive success will reduce the abundance and
alter the distribution of waterfowl.

Increased levels of disturbance will increase energy costs during
moulting and fall migration.

Increased energy costs during moulting and fall migration will cause
an increase in mortality.

The presence of towers and wires will increase mortality of water-
fowl.

Increased mortality will reduce local abundance and alter the
distribution of waterfowl.
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reduce the abundance and alter the distribution of waterfowl summering in the
region. Conceptual steps linking industrial activities with potential effects
on waterfowl populations (Fig. 7-1) are discussed in subsequent sections.

The subgroup also considered the 1issue of habitat loss as a result of
increased levels of disturbance. Two types of habitat loss were considered:
(1) direct or actual habitat loss, where suitable habitat is eliminated by
industry facilities such as compressor stations and stockpiles; and (2)
effective habitat loss, whereby an individual or individuals are excluded from
suitable habitat by disturbance. The group concluded that both types of
habitat loss were likely to occur as a result of development. However, it was
expected that industry facilities will not (due to imposed regulations) be
located in areas that are critical to waterfowl. Consequently, actual habitat
loss was not directly addressed in the hypothesis, although the subgroup
acknowledged that some loss of habitat will 1likely occur as a result of
development.

LINKAGES

Link 1: Increases in alrcraft overflights will increase disturbance to water-
fowl.

Helicopters and fixed-wing alrcraft are a necessary mode of transporta-
tion in the Canadian Arctic, and are used regularly by the petroleum industry
in the Beaufort Sea-Mackenzie Delta region. As hydrocarbon exploration and
production proceeds, a concomitant increase in aircraft activity will likely
occur.

Some species of waterfowl are very susceptible to disturbance by air-
craft. Salter and Davis (1974) reported that the number of waterfowl on a
lake decreased as float-plane traffic on the lake increased. Similarly, snow
geese were frequently flushed from summer feeding areas as a result of low
flying aircraft (Gollop and Davis 1974; Schweinsburg 1974). However, the
susceptibility of waterfowl to disturbances varies with the species, time of
year, and type of aircraft. Recent studies by the Canadian Wildlife Service
have suggested that different species of nesting waterfowl react differently
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to various types of helicopters and altitudes of overflight. White-fronted
geese appear to be most sensitive to disturbances by aircraft overflight,
whereas whistling swans seldom show any disturbance response (T. Barry,
C.W.S., pers. comm.). The studies have also indicated that the sight of
overflying aircraft may cause as much of a disturbance to waterfowl as the
sound of the aircraft. The effects of aircraft overflights on waterfowl are
also influenced by factors such as the time of year (e.g., elevated stress
levels during the moulting stage, natural restlessness due to the migratory
urge), and environmental conditions (e.g., cloud cover, wind speed and wind
direction).

Link 2: The presence of exploratory, processing and distribution facilities
will increase disturbance to waterfowl.

Hydrocarbon development'in the study area will require that several types
of facilities be constructed in areas that are presently utilized by water-
fowl. 1In addition to buildings, wharves, stockpiles, compressor stations and
communication towers, there will also be a need for connecting roads and high-
ways. As previously discussed, the level of disturbance to waterfowl depends
on the type and persistence of the disturbance, the susceptibility of the
species in the area, and the time of year. There are few unequivocal data
that document disturbances due to facilities per se. Barry and Spencer (1971)
reported that the numbers of pintail, green-winged teal and scaup in an area
adjacent to an active drill site on Richards Island were significantly lower
than those in the surrounding area. Gollop and Davis (1974) noted that a
sound simulating the noise of a compressor station caused a significant level
of disturbance to snow geese. In contrast, studies by the Canadian Wildlife
Service have detected few effects on the production and number of waterfowl as
a result of the presence and operation of a drilling rig on Richards Island
(T. Barry, pers. comm.).

As in the previous link, the subgroup agreed that disturbance may be both
visual and noise-related but distinguishing between the two may be difficult
or impossible.
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Link 3: Increased access will increase disturbance to waterfowl.

Hydrocarbon development in the study area will result in an increase in
the number of roads and facilities and thereby cause an increase in the number
of people within the region. In addition to petroleum industry personnel and
the employees of various support industries (e.g., transport companies) an
increase in the number of tourists travelling in the area is likely to occur.
The Dempster Highway has resulted in a large increase in the number of tour-
ists in the Mackenzile Delta, and construction of a road from Inuvik to Tuktoy-
aktuk would allow access to areas that are presently inaccessible. The
importance of the region as a waterfowl summering area may promote many
tourists, hunters, bird watchers and naturalists to visit sensitive waterfowl
areas and cause disturbance of birds in areas where such activities have not
occurred in the past.

The working group considered increased access to birds and their summer-
ing and nesting habitat to be one of the greatest potential impacts of hydro-
carbon development to birds in the MEMP study area. A negative impact on
nesting success from disturbance during bird surveys has been demonstrated
(MacInnes and Misra 1972; Ellison and Cleary 1978; Anderson and Keith 1980;
MacInnes 1980). Helicopters that have, on occasion, landed near flocks of
birds have not caused any apparent disturbance; however, subsequent emergence
of passengers has caused birds to flush (T. Barry, pers. comm.). Although
some direct effects of increased numbers of tourists on nesting waterfowl will
likely occur it is expected that most of the impact will result from indirect
effects such as increased predation on waterfowl (i.e., waterfowl eggs and
young birds are extremely vulnerable to predation by gulls, jaegers and foxes,
when the adults are forced to leave nests as a result of human presence)
(MacInnes 1980).

Link 4: Increased vessel traffic on the Mackenzie River will increase dis-
turbance to waterfowl.

The mainstem of the Mackenzie River 1s an important spring staging area
for most species of waterfowl that summer in the study area. 1In May, several
thousand tundra swans, snow geese, white-fronted geese and Canada geese, and
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several species of ducks use open water areas on the river (Barry 1967;
Campbell and Shepard 1973; Salter 1974). These birds move to summering areas
to the north when they become snow-free. During the summer and fall, the
Mackenzie River 1s not used extensively by waterfowl.

Increases in vessel traffic on the Mackenzie River are expected to occur
as a result of hydrocarbon development in the region. However, such increases
in activity will occur during the open-water season after the important spring
staging period for waterfowl. Consequently, the subgroup concluded that Link
4 1is not wvalid.

Although the use of hovercraft was not discussed in the description of
the development plan for the Mackenzie region, it was 1dentified as an area of
potential concern by the subgroup because hovercraft can cause a high degree
of disturbance to waterfowl. In the event that hovercraft are proposed in
future development plans, the validity of this link should be re-evaluated.

Link 5: Increased 1levels of disturbance will displace waterfowl in spring
staging areas, and interfere with feeding, courtship and nesting.

Sources of disturbance that were considered relevant to the link includ-
ed: (1) alrcraft overflights; (2) the presence of stationary facilities and
associated noise; and (3) the increased number of people in the region as a
result of increased access. Within the MEMP study area, the principal spring
staging habitat for waterfowl occurs along the Mackenzie River (Campbell and
Shepard 1973; Salter 1974; Salter et al. 1974).

Recent studies conducted during development of the Norman Wells Project
have been summarized by Sikstrom and Boothroyd (1985). Data from these
studies indicate that: (l) use of the islands and shorelines of the Mackenzie
River in the vicinity of Norman Wells by waterfowl, particularly snow geese,
is highly wvariable; (2) the oil field and drilling activities om productiom
islands in 1983, 1984 and 1985 had only minor and local effects on staging
waterfowl; and (3) the distribution and abundance of staging waterfowl along
the river were influenced to a greater extent by environmental factors, such
as weather and river levels, than by drilling and support activities.
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Sikstrom and Boothroyd (1985) also reported that geese most frequently reacted
to aircraft overflights by taking flight, but that they usually returned to
the same location within minutes.

During the spring migration of snow geese, the majority of their feeding
occurs on the prairies (Wypkema and Ankney 1979; Hobaugh 1985). Consequently,
feeding areas on the Mackenzie River are of less relative importance at this
time. In addition to the above observations, the subgroup also noted that:
(1) aircraft overflights appear to have only minor effects on staging water-
fowl (Sikstrom and Boothroyd 1985); (2) spring staging habitat along the
Mackenzie River is extensive (Sikstrom and Boothroyd 1985) and only a small
portion of it is 1likely to be affected by development; and (3) the spring
staging habitat is generally in areas that are inaccessible and unlikely to be
affected by tourist-related types of disturbances. In view of the above and
the current development plan for the region, it was concluded that Link 5 was
improbable.

Link 6: Increased energy costs due to displacement during spring staging will
decrease reproductive success.

This link was considered invalid, since 1t was previously concluded that
disturbance would not interfere with feeding or staging to any detectable or
appreciable extent (Link 5).

Link 7: An increase in disturbance will cause an increase in nest desertion
and brood loss.

This link was considered theoretically valid. However, given the current
development plan, the working group concluded that the effects of increased
disturbance by aircraft or stationary facilities on nesting success of
colonial waterfowl (geese) and solitary nesting species would be minor. There
were two primary reasons for this conclusion. Firstly, current regulations
governing land use activities and operating conditions include restrictions on
aircraft altitudes. Existing regulations require that aircraft maintain an
altitude of 152 m (500 ft) or greater over sensitive waterfowl areas. Recent
studies by the Canadian Wildlife Service have indicated that this minimum
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altitude 1is adequate to prevent flushing of nesting geese under normal
circumstances (T. Barry, pers. comm.). Disturbance of solitary nesters
(particularly ducks) was considered unlikely to have significant effects on
large numbers of individuals because of their widespread distribution.

Secondly, the current development plan does not include the construction
of permanent facilities near known nesting colonles of geese and, therefore,
direct effects of development on nesting success are not expected to occur,
However, future changes in the development plans (e.g., siting of facilities)
may significantly alter the degree of concern regarding this potential
impact. Any alterations to the development plan should be evaluated to ensure
that disturbance of nesting geese 1s potentially minimized, particularly any
significant changes in aircraft flight patterns and altitudes.

The subgroup identified increased access by people (Link 3) to sensitive
geese nesting habitat as one of the most serious potential impacts of hydro-
carbon development in the study area. During the workshop, discussion focused
on the effects of activities of tourists and non-consumptive users of wild-
life. (The effects of access on waterfowl harvests are considered in a
subsequent hypothesis.) Presently, all waterfowl nesting areas, including
favoured nesting habitat such as islands and barrier beaches, are potentially
susceptible to human intrusion because tourist-related activities are not
regulated by federal legislation. This situation 1s unlike many other forms
of land use activity. People who visit geese colonies during the incubation,
hatching and early brood-rearing stages can indirectly cause considerable loss
of eggs and young birds. There are documented cases where predators have
destroyed waterfowl eggs and young birds while the females have left their
nests in response to human interference (MacInnes 1980; Stramg 1980). It is
expected that separation of broods and subsequent loss of young may also occur
at this time. Tourism in the study area 1s projected to increase within the
next decade, although the magnitude of this increase and its potential impact
on nesting waterfowl are difficult to predict.
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Link 8: Increased nest desertion and brood loss will decrease reproductive
success.

Although this link 1s not universally applicable, the subgroup concluded
that 1t 1s theoretically valid especially for arctic-nesting waterfowl.
Re-nesting by waterfowl after fallure of an initial nesting attempt is not
believed to occur during the short arctic summer (Calverley and Boag 1977).
Consequently, any loss of a nest or brood by a nesting pair will result in
reproductive failure for that pair in that breeding season.

Link 9: A decrease in reproductive success will reduce the abundance and
alter the distribution of waterfowl.

The subgroup agreed that this 1link 1is logical, but pointed out that
effects on long-lived and short-lived species of arctic waterfowl may be
different. The loss of a nest or brood as a result of disturbance is not
expected to have long-term effects on the population of a long-lived species,
since the breeding pair are capable of nesting again in subsequent years.
Although shorter-lived species of ducks may not be capable of nesting in
subsequent years, it was concluded that the localized effects of disturbance
would affect too few birds, due to their dispersed nature, to have a sig-
nificant impact on the regional population.

The subgroup expected that the link is most applicable to colonial nest-
ing waterfowl, which include snow geese and brant at the Kendall Island Bird
Sanctuary (McCormick et al. 1984). However, decreases in reproductive success
at nesting colonies would have to be substantial and occur over a period of
several years to have any significant effect on population levels. The
Kendall Island snow goose colony has varied in size from near zero to almost
9000 birds since the 1950's (Barry and Barry 1982; Kerbes 1983). Furthermore,
during a perliod of four consecutive years 1n the 1970's reproductive success
of the colony was virtually zero, and likely due to various factors including
storm surges, predation by grizzly bears, and disturbance from a barge ground-
ing; the colony presently consists of about 2500 breeding pairs of snow geese
(T. Barry, pers. comm.). There are virtually no data describing the relation-
ship between a threshold level of reduction 1n reproductive success and
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abandonment of a colony (T. Barry, pers. comm.), although it was suggested
that reproductive failure would have to persist over the adult life span of
the species before a colony is likely to be abandoned.

In summary, the subgroup concluded that with specific reference to the
present development plan and birds in the study area, this link is only valid
for colonial nesting species. It does not apply to waterfowl species that are
widely dispersed nesters.

Link 10: Increased levels of disturbance will increase energy costs during
moulting and fall migrationmn.

Moulting waterfowl (both non-breeders and adults with young) are at the
most vulnerable phase of thgir life cycle. During the moult, these birds are
physiologically stressed and are flightless. Therefore, waterfowl are very
susceptible to predation from air, land and water and are also very sensitive
to any type of disturbance. The faster that individuals can regrow flight
feathers, recover the weight lost during nesting, and regain flight muscles,
the less susceptible they become to predation. At this time, it is important
that moulting grounds provide an adequate food supply as well as protection
from disturbances. Moulting areas are generally marshy and flat (for good
visibility), near shallow lakes, rivers or mud flats, and have an ample supply
of food (i.e., Carex, Equisetum, grasses, inmsects). In the Mackenzie Delta,
nesting geese do not generally disperse more than 35 km from their nest sites

to moult (T. Barry, pers. comm.).

Moulting geese react quickly to any disturbance or threat by massing into
tight flocks on water or by running overland. However, they normally return
to feeding activities shortly after the source of disturbance has disappear-
ed. Disturbances resulting from human intrusiom (which 1s likely to occur
infrequently due to the general 1inaccessibility of moulting areas) or by
predators or aircraft overflights, would have to persist for extended periods
of time to cause serlous impact on the usually continuous feeding activity of
flightless geese. Give the present development plan, the subgroup concluded
that persistent disturbance is unlikely to occur. The group also concluded
that any effects of disturbance associated with development would be
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difficult, if not impossible, to measure and distinguish from the effects of
natural events.

The subgroup agreed that it is most unlikely that increased disturbance
will cause 1ncreased energy costs to fall staging geese. Fall staging
generally occurs in the late summer and fall (i.e., the period of increasing
darkness) when disturbance 1s less likely to occur. Furthermore, geese are
capable of full flight at this time and, therefore, can avoid persistent dis-
turbances.

Link 11: Increased energy costs during moulting and fall migration will cause
an increase in mortality.

The subgroup concluded that this 1link was 1nvalid because Link 10 was
considered unlikely. Moreover, any changes in energy costs resulting from in-
creased levels of disturbance would be too difficult to distinguish from the
variability caused by natural factors. The breeding success of arctic geese
1s known to be highly variable from year-to-year (Barry 1967; McLaren and
McLaren 1982). The percentage of young in flocks arriving in the fall staging
areas on the outer Mackenzie Delta and Yukon North Slope can range from near
0% to 60%. Similarly, the physical condition of the geese leaving the fall
staging areas can vary widely.

The cause of fluctuations in the number and the physical condition of
geese 1s related to the lateness of nesting seasons (i.e., snow clearance);
cycles in fox abundance (as well as cycles of other predators); and early snow
cover and freeze-up (Barry 1967; Koski 1975, 1977a,b). When any one or a com-
bination of these events occur, fall migrating geese are in poor condition and
weak during flight. The flocks (particularly those made up of families) must,
therefore, land frequently to rest and feed, often in marginal habitat, and
are subject to increased hunting and predation pressures. The effects of dis-
turbance caused by development might have to be of a large magnitude and per-
sistent to be distinguishable from those caused by natural events. Such dis-
turbances are considered unlikely, given the current development plan.
However, it can also be argued that relatively small disturbances to already
heavily stressed birds could have disproportionate effects.
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Link 12: The presence of towers and wires will increase mortality of water-
fowl.

Some species of birds are known to be susceptible to collisions with
towers and wires and, in most cases, such collisions are fatal. Substantial
mortality can occur during the fall migration when birds are in large flocks.
Several studies have shown that a large number of birds (primarily passerines)
are lost each year as a result of collisions with TV towers and light-houses
(Weir 1976; Avery et al. 1978). In Great Britain, mortality of swans due to
collisions with towers 1is regularly reported (T. Barry, pers. comm.).
Although it 1is a rare occurrence, elder mortality as a result of collisions
with boats in the Beaufort Sea has also been reported (J. Ward, pers. comm.).

It is most likely that construction of communication and navigation
towers and other tall structures will take place as part of hydrocarbon deve-
lopment in the study area. These towers may be located in the Mackenzie
Valley and along the coast of the Beaufort Sea and, thereby, represent a
hazard to waterfowl in the region.

The subgroup concluded that this 1link was valid, since mortality of
waterfowl due to collisions with project facilities is possible. However,
such losses were expected to be small and undetectable at the regional

population level.

Link 13: Increased mortality will reduce local abundance and alter the distri-
bution of waterfowl.

The subgroup concluded that local changes in the abundance and distribu-
tion of waterfowl were possible, but highly unlikely given the present
development plan and the mitigative measures that are expected to accompany
development in the region.
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CONCLUSION

Although the subgroup concluded that Hypothesis No. 7 was in general
valid, the localized effects of disturbance wusually would be small and
impossible to detect at regional population levels due to natural variability
in the distribution, production levels and population levels of waterfowl in
the region. The 1linkages concerning 1increased mortality resulting from
development were considered possible or even probable. However, the potential
impacts were expected to be regionally insignificant and not worth testing
(Links 11 and 12). Increased energy costs during moulting and fall migration
due to increased levels of disturbance was considered unlikely.

The only area of concern that was expected to warrant serious attention
was increased human access to nesting areas of colonial species and to brood-
rearing and moulting areas, which could result in reduced reproductive success
of waterfowl. The subgroup suggested that for certain situations and areas
(specifically the Kendall Island snow goose colony), appropriate measures
should be employed to reduce the likelihood of impacts occurring.

RESEARCH AND MONITORING

Although the subgroup agreed that evaluation of the effects of increased
human access on specific important breeding colonies was desirable, it con-
cluded that a research program to determine cause-effect relationships was
not warranted. It was noted that the Canadian Wildlife Service is presently
conducting a study of the effects of alrcraft disturbance on nesting geese at
the Anderson River colony (east of the study area). It was suggested that a
program could be designed and initiated to quantitatively evaluate the effects
of human disturbance on nesting waterfowl, perhaps at the same colony.
However, this suggested research was not accepted by the majority of the
subgroup because several studies have already provided qualitative evidence
that such effects can occur.

Other approaches to evaluate and mitigate the impact of human access were
considered. Information regarding land-use activities of residents and
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reduce the abundance and alter the distribution of waterfowl summering in the
region. Conceptual steps linking industrial activities with potential effects
on waterfowl populations (Fig. 7-1) are discussed in subsequent sections.

The subgroup also considered the 1issue of habitat loss as a result of
increased levels of disturbance. Two types of habitat loss were considered:
(1) direct or actual habitat loss, where suitable habitat is eliminated by
industry facilities such as compressor stations and stockpiles; and (2)
effective habitat loss, whereby an individual or individuals are excluded from
suitable habitat by disturbance. The group concluded that both types of
habitat loss were likely to occur as a result of development. However, it was
expected that industry facilities will not (due to 1imposed regulations) be
located in areas that are critical to waterfowl. Consequently, actual habitat
loss was not directly addxessed in the hypothesis, although the subgroup
acknowledged that some loss of habitat will 1likely occur as a result of
development.

LINKAGES

Link 1: Increases in aircraft overflights will increase disturbance to water-
fowl.

Helicopters and fixed-wing aircraft are a necessary mode of transporta-
tion in the Canadian Arctic, and are used regularly by the petroleum industry
in the Beaufort Sea-Mackenzie Delta region. As hydrocarbon exploration and
production proceeds, a concomitant increase in ailrcraft activity will likely
occur.

Some species of waterfowl are very susceptible to disturbance by air-
craft. Salter and Davis (1974) reported that the number of waterfowl on a
lake decreased as float-plane traffic on the lake increased. Similarly, snow
geese were frequently flushed from summer feeding areas as a result of low
flying aircraft (Gollop and Davis 1974; Schweinsburg 1974). However, the
susceptibility of waterfowl to disturbances varies with the species, time of
year, and type of aircraft. Recent studies by the Canadian Wildlife Service
have suggested that different species of nesting waterfowl react differently
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visitors 1is currently available from community wildlife offices, economic
development field personnel and tourism offices, and could be quantified on a
commnunity-by-community basis. This information is not adequate by itself to
determine cause-effect relationships between nesting failures and specific
disturbance effects. However, in conjunction with the results of existing
routine monitoring of colonies, it could alert government biologists of the
potential for access-related impacts. In addition, public awareness programs
(e.g., the use of brochures, guiding activities or information available at
bird colonies) could greatly reduce the impact of unregulated human presence
in the region.
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HYPOTHESIS NO. 8

DISTURBANCE AND HABITAT ALTERATIONS DUE TO
HYDROCARBON DEVELOPMENT WILL ALTER THE DISTRIBUTION
AND/OR ABUNDANCE OF RAPTOR SPECIES

PARTICIPANTS

Tom Barry Dave Mossop
Steve Matthews Glen Sutherland
Peter McLaren John Ward

INTRODUCTION
The MEMP study area provides nesting habitat for the peregrine falcon
(Falco peregrinus), gyrfalcon (F. rusticolus), golden eagle (Aquila
chrysaétos) and bald eagle (Haliaeetus leucocephalus). Only about 15 pairs of

peregrine falcons are known to nest in the region and all of these are found
in the Northwest Territories (B. Bromley, GNWT, pers. comm.). These nesting
pairs belong to the subspecies anatum, which is considered endangered under
U.S. Legislation and by the Committee on the Status of Endangered Wildlife in
Canada (COSEWIC). Peregrines formerly nested on the Yukon North Slope,
although no nest sites are known to exist there at present (D. Mossop, pers.
comm.). Nests are generally located on cliffs that are associated with water
bodies; the locations of most sites are known. Nesting occurs from mid- to
late April through to late August. Peregrines feed mostly on shorebirds,
waterfowl and passerines, which are caught in flight (Roseneau et al. 1981).

About 100 pairs of gyrfalcons nest in the Yukon. This population is well
known and is monitored annually by the Yukon Territory Government. Fewer than
15 pairs of gyrfalcons are known to nest in the NWI portion of the study area
(B. Bromley, pers. comm.). This species nests primarily on rocky cliffs,
bluffs or outcrops and often in riparian habitats. Some individuals remain in
the region throughout the year at or near their nests, and nesting generally
occurs from April to late August. Their principal prey is ptarmigan, although
arctic ground squirrels and jaegers may also be important food (White and Cade
1971; Roseneau 1972). The gyrfalcon is a preferred species for falconry.
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FIGURE 8-1

Disturbance and habitat alterations due to
hydrocarbon development will alter the distribution
and/or abundance of raptor species
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Ravens and rough-legged hawks will establish nest sites in tall
structures.

Gyrfalcons will take over some of the nests of ravens and/or rough-
legged hawks that are in the tall structures.

The presence of gyrfalcon nests in tall structures will result in an
increase in the abundance and/or range of this species.

Roads, pipeline rights-of-way and seismic lines will allow access to
raptor nest sites.

Increased access by people will result in increased poaching of eggs
and young. .

Increased poaching will result in a reduction of peregrine falcon
and gyrfalcon populations.

Borrow sites can either create or destroy raptor nesting habitat.

Persistent aircraft activity at low altitudes will disturb nesting
raptors.

An increase in the number of people 1in the area will result in
disturbance to nesting raptors.

Activities at or near ground facilities will disturb nesting
raptors.

Disturbance at raptor nest sites will result in decreased reproduc-
tive success.

A decrease in reproductive success will result in a reduction of
raptor populations.
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About 300 immature golden eagles and 150 breeding pairs are present on
the Yukon North Slope (D. Mossop, pers. comm.). A smaller population is
present in the Northwest Territories' portion of the study area, but the exact
size of the population is unknown. Golden eagles nest primarily on cliffs,
cutbanks and rock outcrops. The nests are widely dispersed and are generally
difficult to reach. Although some eagles will remain 1in the study area
throughout the entire year, the majority of the population is usually only
present from late March to late September. Golden eagles are both predators
and scavengers, and prey primarily on small mammals and birds. Non-breeding
birds often feed on caribou carrion and will occasionally kill caribou calves
(Roseneau and Curatolo 1976).

Bald eagles are relatively common within the study area and across
Canada. Because they are tree-nesters, they are found only in wooded areas in
the Mackenzie Valley. Unlike cliff-nesting species, the bald eagle has
greater flexibility and choice of nest sites and is potentially less vulner-
able to disturbances. They feed primarily on fish and, in some areas, the
distance between nests may be an indicator of fish abundance.

Several species of raptors in the Arctic have high national and interna-
tional profiles because of the relatively low numbers in the region and their
general rarity elsewhere on the North American continent. There is concern
that hydrocarbon development in the Mackenzie Delta and Valley and on the
Yukon North Slope could jeopardize the continued viability of these popula-
tions. Various activities associated with hydrocarbon development could
affect the population levels of raptors in the study area in different ways.
As a result, the subgroup found that a general hypothesis regarding the
effects of development on raptor populations was unworkable and, therefore,
developed four different sub-hypotheses. The conceptual steps linking
industry activities with their potential effects on raptor populations are
presented in Figure 8-1 and are discussed in the following sections.
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SUB-HYPOTHESIS 8A

The presence of tall structures constructed during hydrocarbon develop-
ment will increase gyrfalcon populations.

LINKAGES

Link 1: Ravens and rough-legged hawks will establish nest sites in tall
structures.

Rough-legged hawks and ravens are common and widespread nesting residents
of the Tuktoyaktuk Peninsula and outer Mackenzie Delta. Although rough-legged
hawks will nest on the ground on hillsides and ravens will nest in 3- to 4-m
tall willows along tundra, streams (T. Barry, pers. comm.), they appear to
prefer to build nests on taller structures if they are available. (Even if
development-related structures do not serve as suitable nesting sites, they
may be used by hawks and ravens for perching and possibly during hunting.)
The group expected that tall man—-made structures would be used to some degree
by hawks and ravens as nesting sites.

Link 2: Gyrfalcons will take over some of the nests of raveans and/or rough-
legged hawks that are in the tall structures.

Gyrfalcons do not build nests of their own, but instead use old "stick
nests” of ravens and rough-legged hawks, or use suitable cliff ledges (White
and Cade 1971). The availability of nest sites may be the limiting factor in
the number of gyrfalcons that occur in certain tundra areas (e.g., the
Tuktoyaktuk Peninsula). In the Mackenzie Delta-Anderson Plains region and in
the Yukon Territory, gyrfalcons nest in trees, in old nests built by other
birds, or on cliff ledges where no nests need to be built. However, on the
tundra of the Tuktoyaktuk Peninsula and the outer Mackenzie Delta there are
few suitable nesting sites, although there is an abundant supply of prey
(ptarmigan, waterfowl, and shorebirds). Because gyrfalcons nest earlier in
the year (March-April) than most ravens and all rough-legged hawks, and wmay
stay on or 1n the vicinity of their nesting territory throughout the year,
they are able to co-opt suitable nests of other species, which were built in
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previous seasons. Gyrfalcons on the tundra have also been observed to nest on
fuel tanks, a wing of a crashed airplane, power poles, scatterwave reflector
supports, and a radar tower (T. Barry, pers. comm.).

Link 3: The presence of gyrfalcon nests in tall structures will result in an
increase in the abundance and/or range of this species.

This link was considered valid. There was some discussion concerning
whether an increase in the number of gyrfalcon nests would result in an
increase in the number of nesting pairs or merely in the occupation of new
areas by the population. It is thought that the availability of nest sites in
the Yukon Territory is not currently limiting to the gyrfalcon population but
this is not the case in tundra areas of the Northwest Territories. Although
there is limited information on gyrfalcon populations 1in the region, the
subgroup assumed that these populations consist of a non-breeding surplus of
adults (as do most bird populations), and that it would be theseindividuals
that could occupy these new nest sites.

Conclusion

The working group concluded that the sub-hypothesis comprising Links 1, 2
and 3 was valid and testable. Assuming a nesting density of 1 breeding
pair/170 kmz, as has been found on the Yukon North Slope (D. Mossop, pers.
comm.) and that a sufficient number of tall structures would be built in
unoccupied habitat to support a comparable density, the maximum increase in
the number of gyrfalcons would not likely exceed 10 nesting pairs. Raptor
populations in the region are routinely monitored by both the Government of
the Northwest Territories and the Yukon Territory Government. The subgroup
recommended that locations of new man-made potential nest sites be reported
and be included as part of the existing monitoring programs.

SUB-HYPOTHESIS 8B

Hydrocarbon development will result in increased poaching of peregrine
and gyrfalcon eggs and young and cause a decrease in the abundance of the
local populations of these species.
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Link 4a: Roads, pipeline rights—of-way and seismic lines will allow access to
raptor nest sites.

Link 4b: Increased access by people will result in increased poaching of eggs
and young.

Nest sites used by peregrine falcons and gyrfalcons in tundra areas are
generally located on cliff or rock outcrops and, therefore, are relatively
conspicuous. Although there may be a substantial degree of relocation of nest
sites from year to year (Platt and Tull 1977), highly preferred sites that
provide shelter from severe weather conditions or from disturbance may be
occupied by falcons for many years (D. Mossop, pers. comm.). Platt and Tull
(1977) suggested that disturbance may determine whether gyrfalcons re-occupy
the same nest sites in the following year.

Improved access to raptor nest sites will likely occur as a result of
hydrocarbon development in the area. For example, a new all-weather road
leading from the Dempster Highway to the Yukon North Slope has been proposed
(Dome et al. 1982). Easy boat access to the Peel River system was provided in
the 1970s as a result of the construction of the Dempster Highway, which
crosses the headwaters of the river. Use of roads and waterways does not
require expensive machinery or logistics (e.g., helicopters) and, therefore,
such routes are used by a relatively large number of people. Because raptor
nest sites are permanent or semi-permanent, new roads and highways could lead
to an increasing number of people becoming aware of and subsequently gaining
access to these areas.

Annual reports of the Government of the Yukon Territory indicate that an
increasing number of falcon sites are being visited as they become more
accessible and that poaching has subsequently occurred at the sites (D.
Mossop, pers. comm.). Removal of young birds and/or eggs from raptor nests by
casual explorers gaining access to such areas has already occurred to some
degree (YTG file data), and will increase the number of birds lost from the
population beyond those taken by professional poachers (D. Mossop, pers.
comm. ) »
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Link 5: Increaged poaching will result in a reduction of peregrime falcon
and gyrfalcon populatiomns.

The subgroup considered this 1link to be theoretically valid. However,
whether it is applicable to the regional population of gyrfalcon in the north-
ern Yukon and Mackenzie Delta and Valley is unknown and would also be diffi-
cult to test. Poaching of eggs and/or young could result in the loss of one
year's production, but the potential long-term impact of this loss on the
regional population 1s not known. Gyrfalcons do not breed every year, and
numbers of breeding pairs in a region can fluctuate widely (Platt and Tull
1977), often by an order of magnitude from high to low abundance years (White
and Cade 1971). Moreover, it 1is considered most unlikely that poaching would
increase to a level which would cause a reduction 1n the size of the regional
population. Although raptor populations may be more vulnerable to over-
harvesting than other more commonly harvested bird species (Mossop and Hayes
1981), there 1is no evidence that poaching has caused a major impact on a
population, or on the local occupancy of nesting habitat. The group expected
that incremental effects of development-induced poaching would be difficult or
impossible to separate from the effects of present poaching activities in the
region.

Conclusion

The subgroup agreed that this sub-hypothesis (Links 4 and 5) was theoret-
ically valid, but would not be testable. The effects on falcon populations
would be difficult to detect, given the difficulty of establishing cause-
effect relationships between population changes and poaching activity.

No monitoring or research programs that specifically address this area of
concern were recommended. However, the subgroup supported the continuation of
the existing raptor monitoring programs to evaluate the status of the
populations.



107

SUB-HYPOTHESIS 8C

Excavation sites created during development will alter the number of
raptor nest sites.

Link 6: Borrow sites can either create or destroy raptor nesting habitat.

The working group expected that this link 1s only applicable to rock
quarries. If a rock quarry were to be located at or near a rock face that was
actively used as a nest site, nesting birds may abandon this site because of
physical destruction of the nest or because of a persistent high-level
disturbance. The level of disturbance required to cause nest abandonment and
the subsequent reaction of the bird would 1likely vary with different species
of raptors and the time of fhe nesting cycle.

On the other hand, quarries that are located in areas that do not
presently provide suitable nesting habitat for raptors could provide new
habitat following their abandonment. Golden eagles are known to nest in
abandoned quarries in the Yukon (D. Mossop, pers. comm.) and the Northwest
Territories (B. Bromley, pers. comm.).

Conclusion

The subgroup concluded that the sub~hypothesis involving Link 6 was
valid, although it was expected that the amount of suitable nesting habitat
created at rock quarries would be insignificant to raptor populations. It is
possible that a quarry could be located at an exlsting raptor nest site. How—
ever, protection measures conducted as a part of routine mitigation would min-
imize the potential of this occurring.

SUB-HYPOTHESIS 8D

Nesting raptors will be disturbed by persistent low-altitude aircraft
activity, increased numbers of people and activities at ground facilities, and
this will lead to reduced reproductive success and population sizes.
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Link 7a: Persistent aircraft activity at low altitudes will disturb nesting
raptors.

Although aircraft overflights may disturb nesting falcons, the suscepti-
bility of these birds to disturbances varies with species and individuals of
the same species. Boeker and Ray (1971) reported that golden eagles rarely
showed any disturbance responses due to approaching aircraft, and Hickman
(1972) documented that golden eagles would seldom flush from nests, even after
repeated alircraft passes. On the other hand, Platt and Tull (1977) suggested
that helicopter traffic may have been a factor contributing to the abandonment
of a nest site by gyrfalcons, and Campbell and Davies (1973) and White (1969)
both noted that peregrine falcons often reacted strongly to disturbances at
nest sites.

Link 7b: An increase in the mumber of people in the area will result in dis-
turbance to nesting raptors.

During the planning, construction and operation phases of hydrocarbon
development, an increasing number of industry and support personnel will move
into, and reside in the MEMP study area. Consequently, an increase in the
number of people visiting raptor nest sites will 1likely occur. Disturbance
caused by tourists (Campbell and Davies 1973), rock climbing expeditions (Snow
1972), and oll exploration teams (Craig, cited in Snow 1972) has led to nest
abandonment and chick mortality. Similarly, people using the Dempster Highway
have caused disturbance of golden eagles at nests in the Yukon Territory (D.
Mossop, pers. comm.).

Link 7c: Activities at or mnear ground facilities will disturb nesting
raptors.

Depending on the location and nature of industrial facilities, noise and
human activity at these sites may disturb nesting raptors. This has been
reported to have caused nest abandonment by peregrine falcons in New York
(Herbert and Herbert 1969), and trapper activity below nest sites along the
Anderson River was sufficient to cause adult gyrfalcons to desert nest sites,
leading to chick mortality (Hickey 1969). '
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Link 8: Disturbance at raptor nest sites will result in decreased reproduct-
ive success.

Disturbance at raptor nest sites may cause: (1) nest abandonment; (2)
egg loss due to insufficient incubation or accidental knocking of the egg from
the nest by the adult; (3) chick mortality due to abandonment by parents or
exposure; and (4) decreased fitness of young, resulting from insufficient
feeding during the nestling stage or from premature fledging. However,
several studies have indicated that raptors can habituate to some disturbances
such as aircraft overflights (Platt and Tull 1977; Campbell and Davies 1973)
and human activity and nolise (Hickey 1969; White and Roseneau 1970). The
subgroup concluded that decreased reproductive success due to disturbances at
nest sites is possible, although the likelihood of this occurring depends on
the level and persistence of the disturbance, the susceptibility of the
species or individual to disturbances, and the ability of that species or
individual to habituate to the disturbance.

Link 9: A decrease in reproductive success will result in a reduction of
raptor populations.

This link 1s self-evident, at least on an empirical level; a long-term
reduction in raptor productivity has led to a reduction in the number of
peregrine falcons on the North American continent (Hickey 1969). Given the
widespread nature of raptor nest sites and the localized nature of most
disturbances that are expected in view of the current development plan, a
reduction in the reproductive success of raptors would most likely be local
(i.e., one nest site) and would be insignificant in terms of the regional
population.

Conclusion

The subgroup concluded that Links 7, 8 and 9 were theoretically valid,
but the sub-hypothesis was extremely unlikely given that industry facilities
and activities associated with hydrocarbon development in the region will
probably not be located in known nesting habitat of raptors. Mitigative
measures to prevent disturbances due to aircraft overflights, human activity
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industry facilities would be identified and employed prior to initiation of
development. However, it should be noted that the subgroup identified human
(tourist) activity as one of the most serious potential concerns in relation
to raptor populations in the region.

CONCLUSION

The subgroup concluded that, although all of the links in Hypothesis No.
8 were theoretically valid, the cumulative effects of all links would most
likely be inconsequential at the population level. The effects of disturbance
on local populations (or even individual breeding pairs) of raptors would also
be difficult to detect given both the natural variability in the Yukon
Territory-Mackenzie Delta raptor populations, natural mortality, and the
difficulty in establishing cause-effect relationships in 'uncontrolled' field
studies.

RESEARCH AND MONITORING

No research or monitoring programs to address this hypothesis were recom-
mended. However, the subgroup supported the continuation of routine
monitoring of raptor populations that 1s presently being conducted by federal
and territorial governments. Because of the sensitivity of raptors to
disturbance at nest sites, the subgroup also recommended that specific
operating conditions (regulations) to mitigate potential disturbances
resulting from development should continue to be enforced by government
agencies.

A possible future regulated harvest of gyrfalcons was not included in the
conceptual model, but was a subject of considerable discussion during the
workshop. The value of gyrfalcons on world and domestic markets is sub-
stantial and very well known among most local residents. The governments of
both the Yukon and Northwest Territories have been examining the potential for
harvest of falcons as a method of capitalizing on their value. The harvest of
young from nest sites 1s considered feasible and not 1likely to adversely
affect existing population levels (Mossop and Hayes 1981; Newton 1985).
Management agencies have been experimenting with both regulated 'wild'
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harvests (N.W.T., Yukon) and captive breeding programs (Yukon) as possible
methods of obtaining saleable birds. However, the costs associated with a
regulated harvest are expected to be high, and presently range up to $8000 to
either raise a captive bird or to obtain a wild bird legally. 1In view of this
high cost the group concluded that it would be difficult to compete with
poachers. Concern was also expressed that any decrease in the size of raptor
populations due to disturbance (Sub-hypothesis 8D) or increased poaching
(Sub~hypothesis 8B) could reduce or eliminate a legal allotment of harvestable
birds. Such an elimination could result in the termination of management
programs, a component of which are the ongoing monitoring programs.
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HYPOTHESIS NO. 9

THE PRESENCE OF CAMPS AND GARBAGE DISPOSAL SITES WILL
ATTRACT PREDATORS THAT WILL LEAD TO CHANGES
IN THE LOCAL ABUNDANCE AND DISTRIBUTION OF WATERFOWL

PARTICIPANTS
Lynne Dickson Dave Mossop
Robert Ferguson Wendy Nixon
David Krutko Glenn Sutherland
Fred McFarland John Ward

Margaret McLaren
INTRODUCTION

The Mackenzie Delta, Tuktoyaktuk Peninsula and Yukon North Slope provide
sumner habitat for large numbers of waterfowl, including approximately 20,000
tundra swans, 5000 snow geese, 3000 white-fronted geese, 600 brant and over
400,000 ducks (McCormick et al. 1984; Alliston 1984). Most of the snow geese
and brant nest 1In the Kendall Island Bird Sanctuary, while the remaining
species nest in suitable habitat throughout the region. Moulting generally
occurs in July and August near the nesting areas.

The presence of industrial camps and garbage disposal sites in the region
may result in an increase in the number of waterfowl predators 1in local
areas. If these sites are located in or near areas with high waterfowl
densities, increased predation of birds may result.

The workshop participants agreed that the general wording of the hypothe-
sis statement was satisfactory. However, the original wording of the linkages
prepared prior to the workshop was amended to include ravens as a potential
predator. The working group also considered including domestic dogs in the
list of predators; however, because company policies generally prohibit dogs
in camps, they were not considered a likely threat to waterfowl population in

the area.
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FIGURE 9-1

The presence of camps and garbage disposal sites
will attract predators that will lead to changes
in local abundance and distribution of waterfowl
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LINKAGES

Link 1: The presence of camps and garbage disposal sites 1in an area will
result 1In localized increases 1in the number of potential waterfowl
predators (including bears, foxes, jaegers, gulls and ravens).

Link 2:(a) Nesting or moulting waterfowl near camps and garbage disposal
sites will be subject to increased predation.

(b) Waterfowl nesting or moulting away from camps and garbage disposal
sites will be subject to reduced predation.

Link 3: Increased predation of nesting and moulting waterfowl near camps and
garbage disposal sites will cause a decrease in the abundance and
alter the distribution of waterfowl.
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LINKAGES

Link 1: The presence of camps and garbage disposal sites in an area will
result in localized increases in the number of potential waterfowl
predators, including bears, foxes, jaegers, gulls and ravens.

Link 1 was considered valid in the absence of proper handling and dis-
posal of domestic garbage. In the Yukon and the Northwest Territories, it is
well known that animals are attracted to camps and garbage disposal sites,
where they scavenge on domestic wastes. Examples of such occurrences include
the presence of black bears at Norman Wells, wolves and foxes at the White-
horse city dump, and gulls and ravens at the Yellowknife city dump. Foxes may
also be attracted to camps because the raised buildings and trailers often
provide suitable denning sites beneath their floors (D. Mossop, pers. comm.).
Regulations concerning proper handling and disposal of garbage and domestic
waste are usually specified in the operating conditions attached to land-use
permits. Although most permit holders are required to incinerate garbage on a
daily basis, it may still be available to scavengers before it is burned.

Animals are attracted to camps and garbage sites 1f they provide an
eagily accessible source of food. Some animals, particularly bears and foxes,
may be destroyed if they become a nuisance or safety hazard (see Links 1 and
3). Although direct evidence 1s lacking, 1t was suggested that the 1local
abundance of bears may be reduced due to the occasional need to destroy
nuisance animals. This, in turn, could reduce predation on nests.

Bears have been known to destroy a large number of snow goose nests in
the Kendall Island Bird Sanctuary over several nesting seasons (T. Barry
unpubl. data). Gulls, jaegers and ravens are opportunistic feeders that prey
on waterfowl eggs and young birds (Godfrey 1966; Nettleship 1972; Pitelka et
al. 1955), and often attack nests when the adults are forced to leave their
nests as a result of disturbances (e.g., human interference). Under normal
circumstances, waterfowl eggs and young birds are not particularly vulnerable
to avian predators because the nests are widely dispersed and generally well
concealed (ducks) or are actively defended by both parents (geese). When
threatened by arctic fox, snow geese may be more effective than brant in
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defending the nest due to their size. However, neither species 1s successful
when defending nests against red foxes (T. Barry, pers. comm.).

Link 2(a): Nesting or moulting waterfowl near camps and garbage disposal
sites will be subject to increased predatiom.

The subgroup agreed that congregations of moulting waterfowl are not
particularly vulnerable to predators. Similarly, solitary nesting species
(e.g., ducks) are uniikely to experience significant losses due to a localized
increase in the number of predators because of their highly dispersed nature
and the widespread availability of suitable habitat.

The validity of this linkage for the study area was difficult to assess
in the absence of detailed information concerning the locations of development
facilities. Colonial nesting geese are most susceptible to increased preda-
tion through Link 2a. However, the development scenario anticipates no major
camps or garbage sites near the snow goose colonies within the Kendall Island
Bird Sanctuary, although a gas plant may be located nearby. In any event, oil
and gas development will not necessarily cause 1localized increases in
predators 1f preventive methods to eliminate garbage are practised. Daily
incineration of domestic wastes 1is considered a normal part of operation in
the development scenario (R.A. Owens Environmental Services Ltd. 1985).

Link 2(b): Waterfowl nesting or moulting away from camps and garbage disposal
sites will be subject to reduced predatiom.

Nesting or moulting waterfowl in areas away from camps and garbage sites
would be subject to reduced predation only if (1) predators vacate their
established home ranges or territories to re-direct their feeding/scavenging
activities near camps and garbage sites, and (2) vacated areas are not
reoccupied by other predators. The workshop participants concluded that this
is highly unlikely.
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Link 3: Increased predation of nesting and moulting waterfowl near camps and
garbage disposal sites will cause a decrease in the abundance and
alter the distribution of waterfowl.

This 1link was not formally discussed by the subgroup since it was added
to the hypothesis after the workshop for consistency within the MEMP frame-
work. This link 1is theoretically valid but measurable significant decreases
in the abundance of waterfowl would not occur because of the conclusions
reached in Link 2a.

CONCLUSION

The participants of thg workshop concluded that Hypothesis No. 9 1is
valid. However, in view of the locations of proposed facilities and if proper
handling procedures for domestic waste are undertaken, camps and garbage
disposal sites will not 1likely affect the number of waterfowl lost through
increased predation. Disposal of domestic wastes associated with land-use
activities in the region is currently regulated under the Territorial Lands
Act.

RESEARCH AND MONITORING

No research or monitoring programs that directly involve studying
predator-prey relationships were recommended. The group agreed that monitor-
ing of the nesting success of waterfowl in the area would most likely cause
disturbance of nesting birds, and may actually increase the number of nests
lost to predators as a result of the monitoring study. Preventive and
remedial actions to eliminate problems associated with attraction of wildlife
to garbage were considered to be most practical and economical. Any initial
efforts should be devoted to monitoring the degree to which garbage problems

develop.
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HYPOTHESIS NO. 10

CHRONIC (EPISODIC) SPILLS OF CRUDE OIL AND DIESEL FUEL
NEAR STAGING AND MOULTING ARFAS OF NESTING COLONIES
WILL REDUCE THE ABUNDANCE OF WATERFOWL

PARTICIPANTS
Bob Ferguson Dave Mossop
David Krutko Wendy Nixon
Steve Matthews Glen Sutherland
Margaret McLaren John Ward

: INTRODUCTION

Small o0il spills occur during routine operations by the petroleum
industry in the study area. At present, these spills are restricted largely
to fuels, but in the future will likely include crude oil spills at production
facilities and along pipelines. Information available from report files on
past oil spills indicate that volume of chronic spills is inversely related to
the frequency of spills and that the majority of spills involve oil losses of
less than one barrel. Currently, the most frequent and largest oil spills are
associated with existing shorebases in the Beaufort development region (Dome
Petroleum, unpubl. data). It is expected that development of additional
production and transportation facilities 1in the Mackenzie Delta and
Tuktoyaktuk Peninsula area and along the Mackenzie River Valley will increase
the frequency of chronic spills in these areas.

Information available for offshore production areas and from the oil
spill case history literature both indicate that the vast majority of oil
spills are caused by human error and equipment failure (Dome Petroleum et al.
1982). Table 10-1 tabulates oil spills in 1984 in the Beaufort region. There
has been a decrease in the occurrence and volume of chrounic oil spills over
the last few years (Dome Petroleum, unpubl. data) as a result of: (1)
increased awareness by industry personnel; (2) more thorough training
programs; and (3) improved technology. Nevertheless, the frequency and
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FIGURE 10-1

Chronic (episodic) spills of crude oil and diesel
near staging and moulting areas of nesting colonies
will reduce the abundance of waterfowl
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LINKAGES

Link 1:(a) When susceptible bird species co-occur in space and time with the
presence of an oill slick, physical contamination of the bird will
OoCccCur.

Link 1:(b) Mortality of waterfowl will occur following physical contamination
by oil.

Link 2: Waterfowl will consume oll through ingestion of contaminated food
sources and preening of fouled plumage.

Link 3: Mortality of waterfowl will occur 1if oil is ingested.

Link 4: The quality of waterfowl flesh will be reduced if oil is ingested.
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Table 10-1. Volumes and locations of oll spills during 1984 operation of the
petroleum industry (from INAC and Environment Canada 1985).

Locations No. of Spills

Tuktoyaktuk Harbour2 10

Open Ocean 12

Land Spills 3

McKinley Bay 2

Wise Bay 2

Herschel Basin ) 9
TOTAL 38

Volumes (litres) No. of Spills

45 and less 21

46 - 225 6

226 - 450 3

451 - 900 1

901 - 2250 1

> 2250 =
TOTAL 38

1 Dome, ESSO and Gulf

2 Three spllls were of unknown origin; these were in the '45 and less'
category
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cumulative volume of chronic oil spills will 1likely increase with future
hydrocarbon production and transportation in the study area.

Most contact of birds with oil has been associated with spills in off-
shore and coastal waters, but oll spills will also be associated with onshore
development in the MEMP study area. Due to the location of most facilities
away from waterbodies, most onshore chronic spills would only affect ter-~
restrial habitats, where concerns related to bird contamination are relatively
insignificant. However, there is a potential for oil to be released into
rivers and lakes (i.e., fuel transfer docks along the river and pipeline river
crossings) that may result in effects on waterfowl.

LINKAGES

Link 1(a): When susceptible bird species co—occur in space and time with the
presence of an oll slick, physical contamination of the bird will
occur.

Link 1(b): Mortality of waterfowl will occur following physical contamination
by oil.

The following discussion in relation to Link 1 is based on the conclu-
slons presented in relation to BEMP Hypothesis No. 10 (INAC and Environment
Canada 1984, 1985). For the present study, only chronic oil releases into the
Mackenzie River and into lakes were considered. Spills in the terrestrial
environment were considered inconsequential to waterfowl and, therefore, did
not warrant further discussion at the workshop.

Many species of birds are highly susceptible (due to behaviour and life
history) to oil spills, and have suffered mortality following contamination by
petroleum hydrocarbons (Duval et al. 1981; Brown 1982). This mortality
results principally from the physical effects of o0il on thermoregulatory
capacity and buoyancy, as well as from the toxicity of petroleum hydrocarbons
ingested during preening or feeding activities (see Link 2) (Brown 1982). When
birds are fouled through direct contact with oil slicks, the plumage becomes
matted and loses some of 1its waterproofing properties. Although this loss of
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buoyancy may be sufficient to cause a bird to drown, hypothermia caused by the
loss of insulation normally provided by the plumage is the primary cause of
death. A third possible pathway through which oil effects bird populations is
contamination of eggs. It has been demonstrated that oil can be transferred
from the plumage of an adult oiled bird to the surface of the egg and cause a
toxic effect on the embryo (King and Lefever 1979; Albers 1980). The group
considered this form of mortality to be an unlikely consequence of chronic
spills in the region.

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. On the other hand, large
episodic spills do not necessarily result in an oil slick that is capable of
fouling birds. Because there are few locations in the study area where con-
centrations of waterfowl could be exposed to oil from chronic spills, most
waterfowl species are not expected to be at major risk. Waterfowl were
considered most susceptible to oil spills during the period of spring migra-
tion when waterfowl are attracted to areas that are (or appear to be) open
water. Nevertheless, for most species, except snow geese which tend to
congregate in large numbers in small areas of open water, the number of
individuals actually contacting oil slicks is expected to be small in relation
to the regional populations.

Link 2: Waterfowl will consume oil through ingestion of contaminated food
sources and preening of fouled plumage.

Waterfowl may ingest hydrocarbons either directly through preening of
fouled plumage or indirectly through consumption of oiled prey. It has been
demonstrated that invertebrates and fish accumulate hydrocarbons and store
potentially toxic compounds in their tissues (Thomson et al. 1981). It has
also been demonstrated that captive mallards (Anas platyrhynchos) will consume
oil-contaminated grain (Holmes et al. 1978, 1979). The subgroup considered it
likely that waterfowl would feed in an area where an oil spill had occurred
and thereby ingest hydrocarbons through consumption of contaminated food. It
was noted, however, that ingested hydrocarbons are metabolized and depurated
fairly rapidly; thus, contamination might be relatively brief after an

episodic spill.
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Link 3: Mortality of waterfowl will occur if oll is ingested.

Several studies have indicated that ingestion of oil can be fatal for
several species of ducks, and that consumption of sublethal quantities of oil
will increase the susceptibility of waterfowl to environmental stress such as
cold temperatures (Hartung and Hunt 1966; Holmes 1978, 1979).

Link 4: The quality of waterfowl flesh will be reduced if oll is ingested.

There 1s no evidence for or against this link. Uptake and accumulation
of hydrocarbons due to ingestion of contaminated food has not been shown to
cause tainting in waterfowl. The subgroup agreed that the amount of oil
required to cause perceived tainting in waterfowl flesh would most likely be
lethal to the bird before it was harvested.

CONCLUSION

It was concluded that there is sufficient information to accept the hypo-
thesis that chronic o0il spills will cause mortality of birds under some
circumstances. The combination of circumstances that may lead to bird mortal-
ity (1.e., volume of spill, oil type, time of year, type of habitat contamin-
ated, slick thickness and movement, and the behaviour of contaminated birds)
is complex and effects can be highly variable. The significance of oil-
related mortality to waterfowl populations was expected to be low. Neverthe-
less, it was recommended that any mortality of birds resulting from chronic
0il spills in the study area be documented.

RESEARCH AND MONITORING
No research in relation to this hypothesis was recommended.

Since episodic oil spills in the MEMP study area were considered unlikely
to result in significant mortality of birds, no extensive monitoring program
was recommended. INAC and Environment Canada (1985) reported that there have
been no reports of bird wmortality to date following chronic spills. 1f
large-scale mortality of birds was occurring in the Beaufort region, this
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would have been noted by government and oil spill response personnel. It is
thought that because many northerners are actively employed in various aspects
of petroleum industry operations in this region, and because of the interests
of native communities in protection of wildlife resources, any significant
mortality of birds due to chronic spills observed by these people would be
reported to industry environmental coordinators, government agencies or a
local Hunters and Trappers Association. It was also emphasized that bird
mortality due to chronic oil spills is not considered a problem in other
areas (e.g., Gulf of Mexico, North Sea) where oil production has occurred for
many years (INAC and Environment Canada 1985) or in onshore production areas
(e.g., Alberta).

It was concluded that the only monitoring that is required at the present
time is the documentation of the numbers and species of oil-contaminated birds
in oil spill reports. It was recommended that oil spill report forms should
be redesigned to include wildlife information but it was noted that some
petroleum industry companies already collect this information. If chronic
spills increase substantially in frequency and volume from present levels,
implementation of a systematic monitoring program may be justified.
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HYPOTHESIS NO. 11

LAND SUBSIDENCE RESULTING FROM HYDROCARBON WITHDRAWAL
WILL CHANGE THE ABUNDANCE AND DISTRIBUTION OF
WATERFOWL, FISH AND MUSKRAT

PARTICIPANTS
Terry Antoniuk John McDonald
Bob Ferguson Mike Miles
Alan Gell Aaron Sekerak
Mike Jones Walt Younkin

Peter McCart
IRTRODUCTION

The active (Outer) Mackenzie Delta 1s generally a low, flat area under-
lain by discontinuous permafrost. The Tuktoyaktuk Peninsula and the majority
of Richards Island (part of the Pleistocene Coastal Plain), are predominantly
low-lying and are underlain by continuous permafrost. Many of the positive
relief features in the area are due to the presence of large quantities of
underground ice. Within the active and Pleistocene Delta area, the currently
anticipated gas production sites are located at Parsons Lake and YaYa (North
and South) - Gulf; Niglintgak - Shell; and Taglu - Esso.

Subsidence 1s the lowering of the land surface either locally or
regionally, and may result from natural processes or be directly or indirectly
induced by man's activities. The potential for land subsidence as a result of
hydrocarbon reservoir pumping has been identified as a concern in relation to
waterfowl, fish and muskrat habitat (see Fig. 11-1), particularly in low-lying
areas of the Outer Mackenzie Delta. Background information on the complexity
of natural deltaic processes, the natural changes in land and sea levels, the
influence of permafrost, and the effects of development-induced subsidence is
provided below. In addition, a more detailed discussion of the potential for
subsidence in the Mackenzie Delta due to reservoir pumping is provided in
Appendix B (McComiskey 1985).
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FIGURE 11-1

Land subsidence resulting from hydrocarbon withdrawal
will change the abundance and distribution
of waterfowl, fish and muskrat

NUMBERS OF
WATERFOWL

CHANGE IN
WATERFOMWL
HABITAT

CHANGE IN THERMAL

CHANGE 1IN
FISH
HABITAT

AND HYDROLOGIC
REGIME

DECREASE IN
GROUND SURFACE
ELEVATION

HYDROCARBON
RESOURCE
PRODUCTION



LINKAGES

Link 1:

Link 2:

Links 3,4,5:

Links 6,7,8:

129

Hydrocarbon production will cause subsidence of the ground
surface overlying the Mackenzie Delta oil and gas fields.

Subsidence of the ground surface will cause a change in the
thermal and hydrologic regime.

A change in the thermal and hydrologic regime will cause a change
in the area and quality of habitat for muskrat (Link 3),
waterfowl (Link 4) and fish (Link 5).

A change in the area and quality of habitat will cause a change
in the numbers of muskrat (Link 6), waterfowl (Link 7) and fish
(Link 8).
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Natural Subsidence

Natural subsidence of the Mackenzle Delta area is continuing as regional
submergence occurs in the southern Beaufort Sea (Forbes 1980). Some of the
potential causes are subsidence of the Mackenzie sedimentary basin, subsidence
due to the weight of accumulated sediment and subsidence due to consolidation
of sediments. Hill et al. (1985) found that sea level at the margins of the
Canadian Beaufort has risen 140 m in the last 27,000 years. They attributed
35 m of the relative sea level change to basin subsidence. The current rise
of the monthly mean tide level may be 1.67 mm/y (Forbes 1980) or as much as
1.0 cm/y (Forbes and Frobel 1985, after Harper et al. 1984).

Induced Subsidence

Underground fluids f11l 1intergranular spaces and support sediment
grains. Consequently, the withdrawal of fluids such as oll and gas results in
a loss of support and causes compaction to occur. The land surface may
subside where such compaction occurs. This is direct subsidence. In many oil
and gas reservoirs, only a small degree of reservoir compaction and surface
subsidence are experienced. On the other hand, the harbour at Long Beach,
California has subsided as much as 9 m due to oll and gas extraction (Mayuga
and Allen 1970). Smaller amounts of subsidence have been documented elsewhere
such as 1in the Houston-Galveston area, where a 30-cm subsidence occurred
throughout an area of 6500 km2 and as much as 2.25 m in local areas (Lee and
Nichols 1981). Martin and Serdengecti (1984) concluded that "As yet, no
reliable method has been established to ... accurately predict large-scale
reservoir compaction and subsidence.”

In the Mackenzie Delta, subsidence may cause a change in the ground
thermal regime which could subsequently result in an increase in the spatial
extent of both natural and man-induced subsidence. This could occur if
increased flooding or direct effects result in extensive thawing of ice rich
sediments. If this occurred, surface elevation would be influenced to a
greater extent than would be predicted from an analysis of the reservoir
geology.
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LINKAGES

Link 1: Hydrocarbon production will cause subsidence of ground surface
overlying the Mackenzie Delta oll and gas fields.

In the Mackenzie Delta, land surface subsidence and a concomitant rise in
the relative sea level 1is naturally occurring. The following discussion
addresses the potential for directly- and indirectly-induced subsidence in the
area due to hydrocarbon production.

Directly-induced subsidence: Direct surface subsidence most likely occurs to

a certain degree over all oil and gas reservoirs where pressure 1is not
maintained. Of the oil and gas fields 1in the study area, the Niglintgak
reservoir 1s considered*® to be the most susceptible to substantial
subsidence (McComiskey 1985). Subsidence 1s not anticipated at the other
reservoirs in the Delta because (1) pressure will be maintained during
production, and/or (2) it is thought that the specific reservoir
characteristics would prevent subsidence from occurring (see Appendix B). For
this reason, effects of subsidence are considered only at the Niglintgak field
in the following discussion.

Due to site-specific variationms in hydrocarbon reservoir properties,
fluid pressure, reservoir geometry and mechanical properties of the rock, it
is very difficult to predict the extent of ground surface subsidence (Martin
and Serdengecti 1984). Kyles et al. (1979) provide two estimates of the depth
of potential subsidence at Niglintgak. Thelr conclusions are provided
verbatim.

(1) A subsidence bowl will form at the surface as the Niglintgak
field is depleted.

(2) There is a high probability (some 90%) that maximum subsidence
after 25 years of production will be about 1/2 metre. This
level of subsidence can be accommodated by minor changes in
design of well casing and foundations for surface facilities.
If subsidence were as great at 2.6 metres (10% chance), drastic
alterations to surface topography would occur (see Section VII).

The final subsidence which is realized will depend on whether or
not the reservolr has been pre-stressed to levels above current
effective stress by the presence of a large ice cap in the
recent past (90% chance the ice was there, 10%Z chance it
wasn't).
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(3) Maximum subsidence will occur under the river channel about 0.3
kilimeters S-SE of the B-19 well.

Maximum subsidence of currently 'dry' land will occur over the
point of land south of B-19.

(4) The principal unknown in the calculation of surface subsidence
caugsed by reservoir compaction 1s the reservoir rock uniaxial
compaction coefficient Cm. Lab work done by KSEPL on core from
B-19 was intended to define this parameter, however this work
was successful only in defining a reasonable upper limit to the
value of Cm. (ylelds the afore-mentioned 2.6 metre subsidence).

Detailed examination of lab-measured Cm values and field per-
formance from several fields where compaction is monitored did
not yield a consistent relation between Cm (lab) and Cm
(in situ).

(5) The one facet of the compaction phenomenon which appears certain
is: 1f the reservoir has been subjected to greater stresses at
gsome time in the past than currently exist in the rock frame-
work, compaction during depletion will be extremely small until
effective stress increases beyond this previous maximum value.

It should be noted that the above assessments were predicated on a 907
probability that a large ice cap was present in the recent past (Kyles et al.
1979). However, no evidence in support of these probabilities was provided by
these researchers.

The Niglintgak area is located within the zone of discontinuous perma-
frost. However, 18 is not known whether the Niglintgak field itself is under-
lain entirely or partially by permafrost. If permafrost is present, it may
influence the rock mechanical properties of the reservoir and thereby affect
the rate of direct subsidence.

Indirectly-induced subsidence: There are no site-specific data available on
the distribution of permafrost and its associated ground ice in the Niglintgak
area. Pollard and French (1980) attempted to calculate the volume of ground
ice 1n the Richards Island area. They found that immediately below the top of
permafrost (i.e., at a depth of 1-2 m) ice may occupy over 60% by volume of
the ground. In a low-lying area, thawing of this layer could cause subsidence
of the ground surface to below the present water level.
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FIGURE 11-2

Potential land surface subsidence at the Niglintgak field (from Kyles 1979).
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Link 2: Subsidence of the ground surface will cause a change in the thermal
and hydrologic regime.

Approximately 807 of the outer Delta area floods each spring (Slaney and
Company Ltd. 1976). More of the Delta may flood as a result of land surface
subsidence; however, these effects will be minor and localized if only a small

degree of subsidence occurs.

Direct Effects: Currently there is a lack of information concerning natural

hydrologic processes in the area (e.g., changes in the water level), although
it is apparent that the magnitude and duration of flooding is highly variable
from area to area within the Delta. However, if the "worst case” situation is
assumed (1.e., 10% probability that subsidence will be as great as 2.6 m), the
southern edge of the island on which most of the Niglintgak reservoir is
located would be submerged throughout the summer. Considering the "best case”
(1.e., 90Z probability that maximum subsidence will only be 0.5 m), the
effects of flooding would be more localized.

If subsidence occurs, storm surges wmay transport salt water into areas
where 1t has not previously occurred. The salinity of this water would be
low, and it would most 1likely be flushed out of such areas during the
subsequent spring freshet.

Indirect Effects: The 1indirect effects of land surface subsidence on the
thermal and hydrologic regime cannot be predicted quantitatively due to the
lack of site-specific information regarding the distribution of permafrost and
ground ice. However, the potential does exist for thermokarst processes to
occur along with associated changes in hydrologic conditions (i.e., an
increase in area submerged). Depending on the extent and distribution of ice,
the indirect effect could influence a larger area than originally predicted on

the basis of reservoir geology.



135

Links 3,4,5: A change in the thermal and hydrologic regime will cause a
change in the area and quality of habitat for muskrat, waterfowl
and fish.

According to the 'best case' scenario presented by Kyles et al. (1979),
an elliptical subsidence bowl, with an area of approximately 100 kn? and a
maximum depth of 0.5 m at the well site, will form at Niglintgak due to direct
subsidence. If the spatial extent of direct subsidence is restricted to that
predicted in this scenario and indirectly induced subsidence does not occur,
the subgroup concluded that the loss of muskrat and waterfowl habitat would be
inconsequential relative to total available habitat in the area. It was also
expected that no critical habitat for muskrat and waterfowl would be lost.
Subsidence would increase water depths and permanency of shallow water areas,
and thereby increase the total amount of potential aquatic habitat for fish.
Particular habitats could be positively affected (e.g., overwintering areas)
or negatively affected (e.g., shallow water feeding areas). It is thought
that the overall effect on fish habitat in the study area would be inconse-
quential.

Given the 'worst case' scenario presented by Kyles et al. (1979), an

2 and a maximum depth of

elliptical bowl with an area of approximately 100 km
2.6 m near the southern field limit will form due to direct subsidence.
Substantial alterations to surface topography would also occur (Kyles et al.
1979). The subgroup assumed that these alterations would be due to indirect
effects such as thermokarst and thermal erosion. Indirectly-induced
subsidence is a potential cause of land submergence (see Link 1). Thermokarst
activity has occurred naturally on the Delta, and many of the large lakes in
the Niglintgak area are considered to be of thermokarst origin; this includes
Big Lake, which has an area of 16 km? (C.P. Lewis, pers. comm.). However, it
is not suggested that induced thermokarst activity at Niglintgak would
necessarily be of such a magnitude. It was concluded that the indirect
effects of subsidence on the area and the quality of muskrat, waterfowl and
fish habitat could not be assessed on the basis of available information. As
discussed in a subsequent section, a research program would be necessary to

address this area of present uncertainty.
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Links 6,7,8: A change in the area and quality of habitat will cause a change
in the oumbers of muskrat, waterfowl and fish.

In the 'best case' subsidence scenario, the subgroup expected that
changes 1in terrestrial and aquatic habitats would be inconsequential in terms
of their effect on wmuskrat, waterfowl and fish populations. However, given
the 'worst case' scenario, it was not possible to assess the indirect effects
of subsidence on the area and quality of habitat or 1its subsequent potential
impact on the numbers of muskrat, waterfowl and fish. It was recognized that
the creation of large lakes (e.g., Big Lake) and other topographic features in
the area were a result of past thermokarst activity, and that the potential
exists for substantial alterations to the land surface due to geomorphological
processes induced by hydrocarbon extraction (Kyles et al. 1979).

CONCLUSION

On the basis of existing information and the current development scen-
ario, the working group conditionally concluded that changes in the area and
quality of available habitat and the numbers of muskrat, waterfowl and fish
due to subsidence associated with hydrocarbon reservoir depletion would likely
be inconsequential at population 1levels. This conclusion was conditional
because there is no reliable method to accurately predict reservoir compaction
and direct subsidence (Martin and Serdengecti 1984). The workshop subgroup
based their conclusion on the premise that (1) the two probability estimates
of potential direct subsidence at Niglintgak (Kyles et al. 1979), and (2)
evidence that direct subsidence over other reservoirs in the MEMP study area
would be negligible were correct. It was agreed that the potential exists for
indirect effects, although the extent of this could not be accurately
predicted. To evaluate current predictions concerning potential subsidence in
the Niglintgak area, the following research and monitoring programs were

recommended.
RESEARCH

(1) Reservoir geology of the Niglintgak area should be reviewed and compared
to that in areas of known subsidence.
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(2) The importance of permafrost on mechanical properties of reservoir rock
and, therefore, on potential direct subsidence should be examined.

(3) The vertical and horizontal distribution of permafrost in the area of
hydrocarbon reservoirs should be determined.

MONITORING

Production at Niglintgak will provide an excellent opportunity to conduct
a monitoring program on the effects of subsidence in an area of permafrost.
The program could initially include collection of site-specific topographic,
hydraulic, surficial and geological data, which could be used to quantitative-
ly predict the potential effects of subsidence and also serve as a baseline
for the assessment of actual effects and accuracy of predictions. Site-
specific biological data may also have to be collected since detailed base
line information is lacking in most instances.

Due to the inherent difficulty in predicting the extent of directly-
induced subsidence, and the effects of permafrost and contained ice, it was
recommended that monitoring of ground surface elevations be initiated prior to
and continued during production around the Niglintgak reservoir area. It 1is
anticipated that the oil and gas industry will establish a geodetic baseline
in order to monitor these elevation changes. The monitoring program should be
conducted on a regular basis to ensure that subsidence is detected as early as
possible and should be designed to differentiate between mnatural and
production-related subsidence. If subsidence occurs, its significance in
terms of the habitat and fish and wildlife populations should be
re-evaluated. Additional research and monitoring may be necessary if actual
effects are significantly greater than those anticipated.
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HYPOTHESIS NO. 12

AIR EMISSIONS RESULTING FROM OIL AND GAS DEVELOPMENT AND
OPERATION WILL ADVERSELY AFFECT AIR QUALITY

PARTICIPANTS

This hypothesis was prepared prior to the MEMP workshop by one of the
participants (T. Jandali) and was presented during a plenary session. Unlike
the other hypotheses, it was not the subject of a subgroup meeting and open
discussion.

INTRODUCTION

Future development of hydrocarbon resources in the study area will result
in gaseous and particulate emissions to the atmosphere. The objective of this
review was to determine if these emissions could adversely affect regional air
quality. The degree of potential impact of alr emissions was assessed using
the following steps:

a) A 'worst-case' production scenario within a sub-region of the study
area was assumed in order to estimate the quantity and composition of
air emissions that could be associated with hydrocarbon development
activities;

b) Dispersion calculations were completed to estimate ground level
concentrations of pollutants 1likely to prevail within the defined
sub-region during worst case meteorological conditions; and

¢) Estimated maximum ground level concentrations were compared with
regulatory guidelines established by Environment Canada.

Three locations of possible intensive exploration and production activity
were identified. These are the Mackenzie Delta, Norman Wells and Colville
Lake regions. Of these, the Mackenzie Delta region has the greatest potential
for intensive development and therefore was selected for use in the worst-case
scenario.
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FIGURE 12-1

Alr emissions resulting from oil and gas development
and operation will adversely affect alr quality

AIR QUALITY

PRODUCTION ACTIVITIES

Link 1: Air emissions from a number of sources will adversely affect air
quality.
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It was assumed that, in a full development situation in the Mackenzie
Delta reglon, active production facilities would be located at Mayogiak,
Parsons Lake, Taglu, Niglintgak, Adgo, Ivik, and Kumak, and production drill-
ing would reach a maximum of 60 wells per year. The presence of one major
support base at Tuktoyaktuk was also assumed for the purpose of alr emission
determinations. 1In addition, a maximum of 3 major pipelines were assumed to
originate from the Mackenzie Delta area, a 924 mm gas pipeline (including 2
compressor stations within the sub-region), a 500 mm o0il pipeline (including 2
pumping stations), and a 200 mm oil pipeline (including 2 pumping stations).
It was assumed that camps would be located on Richards Island and at Parsons
Lake and would provide facilities for up to fifty personnel at each site.

The primary source of atmospheric emissions associated with oil and gas
production in the Mackenzie Delta region are outlined in the following
sections. These sources and their corresponding emission factors were used to
estimate the quantity of pollutants emitted to the atmosphere under a
worst-case sgituation. Unless otherwise stated, data regarding the amount and
composition of air emissions were adapted from the 1983-84 report of the
Beaufort Envirommental Monitoring Project (INAC and Environment Canada 1984).

1. Solid Waste Incineration: Incineration of solid waste at production
facilities, support bases, and camps would result in air emissions
containing the following quantities of pollutants (expressed as percent
welght of combustible solid waste):

Carbon Monoxide (CO) - 1.49%
Nitrogen Oxides (NOy) ~ 0.22%
Sulphur Oxides (SOy) - 0.12%
Hydrocarbons (HC) - 0.12%
Particulates (TSP) - 0.627%
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Diesel PFuel Combustion: The combustion of diesel fuel at development
wells, support bases, and camps would result in the emission of the
following pollutants (expressed as percent weight of fuel used).

Carbon Monoxide (CO) - 0.927%
Nitrogen Oxides (NOy) - 3.38%
Sulphur Oxides (SOy) - 0.69%
Hydrocarbons (HC) - 4,927
Particulates (TSP) - 1.69%

Separated Gas Combustion: Emissions of NO, resulting from the combustion
of gas for power generation at each production facility was estimated to
be approximately 570 kg/day.

Gas Flaring: Gas flaring at production facilities was assumed to result
in emissions of NO, at the rate of 3.68 tonnes per million cubic metres
of gas burned.

Fuel Tanks: Evaporative losses from storage fuel tanks at the major
support base in Tuktoyaktuk were estimated to be about 50 tonnes of
hydrocarbons per year.

Natural Gas Combustion: Natural gas would be used to power pipeline
compressor stations. The following emission rates were assumed to occur
as a result of natural gas combustion in heavy-duty gas turbine compres-
sors (U.S. EPA 1977).

co - 0.7 g/kWh
NOy - 1.7 g/kWh
SOy - 0.003 g/kWh
HC - 0.1 g/kWh

TSP - n/a (1.0 g/kWh assumed)



143

7. Propane Combustion: The use of propane at support camps was assumed to
result in the following pollutant emissions expressed as kilograms per
1000 litres of propane (U.S. EPA 1977).

Cco - 0.23 kg/103L
NOy - 1.3 kg/103L
S04 - 0.01 kg/103L
HC - 0.084 kg/103L
TSP - 0.22 kg/103L

LINKAGES

Link 1: Air emissions from a number of sources will adversely affect air
quality. .

The link between air emissions and air quality is direct. Therefore, in
order to assess the significance of this hypothesis, the following information

is presented:

1. quantitative estimates of total emissions of each pollutant during
peak production;

2. identification of the spatial distribution of emission sources;

3. description of the dispersion calculations that were completed using
the "box model” approach; and

4, comparison of estimated ground level pollutant concentrations with
regulatory guidelines.

1. Total Emissions During Peak Production

Production Facilities Alr emissions at production facilities would
regult from incineration of solid waste, combustion of separated gas, and gas

flaring.
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(1) The amount of solid waste incinerated at each facility was assumed to

(11)

(111)

be equivalent to one offshore production platform - 700 kg/day/
facility (INAC and Environment Canada 1984). Therefore, the total
solid waste incinerated was estimated to be 4900 kg/day.

Separated gas used to operate power generation turbines at all
production facilities was estimated to result in 4000 kg/day of NOx
emissions.

Flaring was expected to consume 4.5 x 105 m3 of gas per day for all
production facilities. Resulting emissions of NOy would amount to an
estimated 1656 kg/day.

Therefore, the operation of seven production facilities in the Mackenzie

Delta region would likely result in the following emissions:

SUMMARY OF EMISSIONS FROM PRODUCTION FACILITIES

(kg/day)
Solid Waste Separated Gas Gas Flaring Totals
Co 73 - - 73
NOy 11 4000 1656 5667
S OX 6 = = 6
HC 6 = = 6
TSP 30 = = 30

Development Wells Air emissions from development wells are expected to be due

entirely
well will

to diesel fuel combustion at the wellsite. It is estimated that each
produce 2000 kg/day of emissions; these are conservatively assumed

to consist entirely of pollutants. Furthermore, assuming that all 60 wells
will be drilled simultaneously, the following quantities of emissions to the
atmosphere would be expected:

SUMMARY OF EMISSIONS FROM DEVELOPMENT WELLS

(kg/day)
co 9,500
NO, 35,000
SO 7,100
HC 50,900

TSP 17,500
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Support Base Emissions of atmospheric pollutants at the support base located
in Tuktoyaktuk will result from incineration of solid waste, combustion of
diesel fuel, and release of hydrocarbons from fuel storage tanks. Estimates
of the quantity of emissions from this base were derived from data presented
in the 1983-84 BEMP report (INAC and Environment Canada 1984) for the total
quantities of emissions expected from four bases, given the expectation that
Tuktoyaktuk, the largest base, would account for one-half of these total
emissions. The estimated emissions from all sources due to year-round
operation of the support base at Tuktoyaktuk are tabulated below:

SUMMARY OF ESTIMATED EMISSIONS AT TUKTOYAKTUK SUPPORT BASE

(kg/day)
CO 265
NOy 739
SOy 157
HC 1,337
TSP 404

Pipelines The operation of pumping and compressor stations for oil and gas
pipelines, respectively, will result in emissions to the atmosphere. Com-
pressor and pumping stations for the three pipelines identified in the produc-
tion scenario were assumed to have the following power requirements:

SUMMARY OF PIPELINE POWER REQUIREMENTS

Pipeline Type of Station/Power No. of Stations
924 mm gas compressor/20,000 HP 2
500 mm oil pumping/ 5,000 HP 2
200 mm oil pumping/ 1,000 HP 2

The estimates of air emissions assume that all stations use natural gas
as a fuel source and that the quantities used are proportional to the
horsepower requirements. These estimates are summarized below:
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SUMMARY OF EMISSIONS FROM COMPRESSOR/PUMPING STATIONS

(kg/day)

924 mm gas 500 mm oil 200 mm oil Totals

pipeline pipeline pipeline
co 501 125 25 651
NOy 1,217 304 61 1,582
SO0y 2 1 0 3
HC 72 18 4 9%
TSP 716 179 36 931

Camps Air emissions from camps would result from solid waste incineration,
power generation, and propane combustion. The following consumption rates
were assumed.

Solid waste incineration 3.6 kg/person/day
Power generation (diesel) 5 kg/person/day
Propane combustion 4  gal/person/day

Therefore, the following emissions were estimated for two camps (50
persons at each) located within the Mackenzie Delta region:

SUMMARY OF EMISSIONS FROM TWO CAMPS

(kg/day)
Solid Waste Diesel Propane Totals
Co 5 5 = 10
NOy 1 17 2 20
SOy - 3 - 3
HC = 25 - 25
TSP 2 8 - 10

Summary of Emissions In combination, the various activities associated with

the peak production scenario in the Mackenzie Delta region are projected to
result in the following total daily emissions to the atmosphere.
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SUMMARY OF OVERALL DAILY EMISSIONS TO THE ATMOSPHERE

(kg/day)
Production Development Support Pipelines Camps Totals
Facilities Wells Base
co 73 9,500 265 651 10 10,499
NO, 5,667 35,000 739 1,582 20 43,008
SOx 6 7,100 157 3 3 7,269
HC 6 50,900 1,337 94 25 52,362
TSP 30 17,500 404 931 10 18,875

2 Spatial Extent of Development Region

The locations of asgumed production facilities, support base, pipelines
and camps within the Mackenzie Delta region are depicted in Figure 12-2.
These facilities are all located within an area that extends 165 km in an
east-west direction and 115 km in a north-south direction.

3. Dispersion of FEmissions

Simple dispersion calculations were completed using the "Box model™
concept to estimate maximum regional ambient ground level concentrations of
various pollutants. This approach provides order of magnitude estimates of
pollutant concentrations averaged over a 24~hour period. The following
assumptions were made in order to undertake this analysis.

(i) Pollutants will be uniformly distributed in a mixed layer (100 m
deep) below an elevated inversion, and will be spacially distributed
due to the separation of sources and transport of emissions by light

wind.

(11) The lateral dimensions of the "box" are 165 km in the east-west
direction and 115 km in the mnorth-south direction (Figure 12-2).
Given a 100 m mixing layer, the resultant "box” volume 1is 1.9 x 1012
m3, and encompasses all scenario activities in the Mackenzie Delta.

(1i1) Emissions will be confined within this space for up to four consecu-
tive days, which represents worst-case calm and/or light wind condi-

tions.
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4. Estimated Concentrations

Results of dispersion calculations are summarized in the following table
which shows predicted maximum 24-hour average ground level concentrations of
the five primary pollutants. It must be emphasized, however, that these esti-
mates reflect two considerations.

(1) Predictions of maximum ground level concentrations are regional aver-
age values and, therefore, are not applicable to site-specific situa-
tions where plume impingement may occur; and

(ii) The regional estimated concentrations were derived by assuming worst-—
case emissions (maximum scale of development) and worst case

meteorological cohditions (prolonged confinement of pollutants).

ESTIMATED MAXIMUM 24-HOUR GROUND LEVEL CONCENTRATIONS OF PRIMARY POLLUTANTS

( g/nd)
o NOy SO HC TSP

Estimated 24-hr

average 22 91 15 110 40
Regulatory 6,000 200 150 n/a 120

guidelines

(averaging

time) (8 h) (24 h) (24 h) (24 h)

The regulatory guidelines for each pollutant, as established by Environ-
ment Canada, are also shown in the above table. 1In all cases, the regional

maximum average concentrations are well below the regulatory guldelines.

5. Ice Fog

The potential impact of ice fog formation due to water vapour emissions

was not considered during the evaluation of Hypothesis No. 12. This was
because the effects of ice fog will be very localized and, therefore, unlikely
to affect the region as a whole. However, the following comments are

presented for general information:
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(i) Ice fog will begin to form when ambient air temperatures are lower
than -20°C, and will definitely form when temperatures are lower than
_40°Co

(ii) Formation of ice fog 1s caused by the emission of large quantities of
water vapour from combustion processes. The formation is enhanced at
warmer temperatures, (i.e. near -20°C) by the presence of particulate
matter in the atmosphere.

(111) Ice fog can accumulate locally (within 1 to 5 km of the water vapour
emission source) during prolonged periods of calm and cold tempera-
tures, thereby obstructing visibility and potentially affecting
transportation activities.

(iv) There are no mitigative measures available to reduce ice fog forma-
tion other than stopping combustion and/or eliminating the source of
water emission vapours.

CONCLUSION

Based on the foregoing analyses, the hypothesis that regional air quality
will be adversely affected to an extent that would warrant the design and
implementation of a monitoring program was rejected. This conclusion,
however, should not preclude the possible need to implement air quality
monitoring program(s) near major emission sources to monitor local effects as
part of required operational permits.
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HYPOTHESIS NO. 13

INCREASED LOCAL DISTURBANCE DUE TO ACTIVITIES RELATED TO HYDROCARBON
DEVELOPMENT WILL RESULT IN DECREASES IN FISH QUALITY

PARTICIPANTS

Mike Jones Aaron Sekerak
Peter McCart Cal Sikstrom
Chris O'Brien Jeff Stein
Archie Pick Dave Thomas

INTRODUCTION

The 1links that comp}ise this hypothesis are shown in Figure 13-1.
Palatability was used as an indicator of fish quality during discussion of
this hypothesis by the subgroup.

CONCLUSIONS

The group concluded that this hypothesis was not valid for the following

reasons:

1) There 1s no evidence to indicate that disturbance has ever affected
the palatability of northern fishes;

2) No potential activity could be identified that could cause sufficient
disturbance to increase the energy expenditure of fish.

3) Substantially greater sources of disturbance (e.g., noise, vessel
traffic) in southern waters have never been identified as a cause of
decreased fish quality; and

4) Sport fishing can be considered an extreme source of disturbance,
since it results in thorough exhaustion of fish. Nevertheless,
decreased quality of sport-caught fish has not been reported.
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FIGURE 13-1

Increased local disturbance due to
activities related to hydrocarbon development
will result in decreases in fish quality

FISH
QUALITY

ENERGETIC COSTS

LOCAL
DISTURBANCE

LINKAGES

Link 1: Increased local disturbance (e.g. from additional barge traffic) will
result in energetic costs to fish in the areas of disturbance.

Link 2: Higher energy expenditure will result in decreased fish quality.
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FIGURE 14-1

Improved access and fishing pressure will decrease the
abundance of fish and affect thelr distribution

» FISH ABUNDANCE AND «——

® ®

DISTRIBUTION

F ISHERMEN

Improved access will 1increase sport, commercial and domestic
harvests of fish.

The number of recreational fishermen will increase due to industrial
development; this will increase harvests of sport fish.

Increased sport harvest will reduce local and regional populations
of sport fish.

Increased domestic and commercial harvests will Treduce local and
regional populations of fish, and alter their distribution.



155

trout and inconnu also occurred at Kelly Lake, Great Bear Lake and along the
Great Bear River. 1In the past, domestic fishing for Arctic grayling occurred
at Stewart Creek and the mouth of the Three Day Lake drainage system which is
located 11 km upstream from Norman Wells. Local fishermen also harvested
small numbers of humpback and broad whitefish, inconnu, Arctic cisco, pike and
yellow walleye at other locations in the Mackenzie River.

The pattern of fish resource use changed little during and following the
Norman Wells Expansion Project. However, the intensity of fishing increased
during the 1983 to 1985 period when as many as 1300 construction workers were
located at Norman Wells. Sport-fishing pressure increased slightly at Kelly
Lake and Great Bear Lake, although no data are available to quantify the
change. Domestic fishing in the Norman Wells area is not thought to have been
significantly affected by the development. Some fishermen may have been
forced to set nets at locations away from the boat traffic associated with the
development, although no concerns were expressed by the local Hunters and
Trappers Association. Information on domestic fishing in the region from
Norman Wells to Fort Good Hope was obtained from the 1local Hunters and
Trappers Association and is included on environmental maps for the Norman
Wells Spill Containment and Recovery Plan. Areas of relative importance to
domestic fishermen and fish are identified and documented on these maps.

LINKAGES

Link 1: Improved access will increase sport, commercial and domestic harvests
of fish.

Sport Fishing Harvest: Increased access will undoubtedly increase the sport
fishing harvest in the study area. Arctic char and lake trout are most likely
to be affected because they are highly prized by anglers and have a limited

distribution within the study area. The harvest of grayling will also
increase, particularly where they congregate in the vicinity of culverts and
other in-stream obstructions. However, this species 1s the most widely

distributed and most abundant sports species in the study area. Therefore,
the increased harvest as a proportion of the total regional population is not
likely to be as great as for Arctic char and lake trout. Sport fishing for
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whitefishes, other than infrequent efforts for inconnu, is not practised in
the study area and these species are not expected to be a target of recre-
ational fisheries in the foreseeable future.

Domestic and Commercial Harvests: Recent commercial fishing within the study
area has been limited to the harvest of whitefish in the Mackenzie Delta and
then only to supply local markets. Attempts at expanding to southern markets
have been unsuccessful, primarily due to high transportation costs (Corkum and
McCart 1981). It 1is anticipated that development activities in the region
will support or even perhaps lead to an expansion in the existing fishery. 1If
development results in improved access to southern markets particularly by
highway, transportation costs may be reduced to the point where a major expan-
sion of the commercial fishery could become economically viable. Improved
access to the Yukon North Slope may also result in the entry of local Arctic
char to the marketplace.

A number of species are taken in the domestic harvest, including lake and
broad whitefish, Arctic char, lake trout, burbot, inconnu and Arctic gray-
ling. Although Arctic char and lake trout are highly desirable species, they
have limited distributions and most populations are relatively inaccessible
from communities within the study area. Improved access to population; of
these two species is expected to result in increased fishing pressure from the
domestic fishery. The remaining species taken in the domestic harvest are
most common in the mainstem Mackenzie River and its major tributaries where
access by boat 1s already good. The populations of these species are, there-
fore, less likely to be affected by further improvements in access. However,
should a road be established along the Tuktoyaktuk Peninsula, additional
whitefish fisheries could occur and thereby increase the harvest pressure on
these species.

Link 2: The mnumber of recreational fishermen will increase due to industrial
development; this will increase harvests of sport fish.

It appears to be an indisputable fact that sport fishing will increase as
the size of human populations increase in the north. As was the case in
Norman Wells, establishment of temporary or semi-permanent work camps will
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also result in increased numbers of sport fishermen. It should be mnoted,
however, that construction workers often have little leisure time and con-
struction often occurs in winter. Therefore the contribution of the construc-
tion workforce to increases in sport fishing may not be proportional to its
size. Nevertheless, it 1is concluded that the sport harvest will increase as a
consequence of a greater number of fishermen in the region.

Link 3: Increased sport harvest will reduce local and regional populationms of
sport fish.

Some fish species within the study area are sensitive to exploitation by
sports fisheries due to their slow growth rates, late maturity and extended
life histories. Population§ will likely be reduced in areas where angling
pressure 1is intense. Lake trout are expected to be the most sensitive species
for the followling reasons:

1. they are popular target species among recreational fishermen;

2. they occur in a relatively small number of lakes within the study
area; and

3. evidence to date suggests that populations recover very slowly, if at
all, following major declines in abundance due to overharvesting
(Healey 1977, 1978).

Sport fishing has led to significant changes in lake trout population struc-
ture, including a marked reduction in the proportion of older, larger fish
that are sought by trophy fishermen, even in a lake as large as Great Bear
Lake (Falk et al. 1974).

Arctic char populations can also be reduced by angling pressure, as
observed in the Tree River east of the study area (Moshenko et al. 1984).
However, information presented in Johnson (1976) suggests that populations of
this species recover relatively quickly once exploitation ceases.
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Grayling are the most widespread and most abundant of the major fish
species harvested in sport fisheries within the study area. While local popu-
lations may be reduced due to fishing pressure (there are unstudied cases of
such effects in the Fort Simpson area and elsewhere in the Mackenzie Basin),
regional effects of increased harvest pressure are expected to be less than
the impact on either Arctic char or lake trout.

Link 4: Increased domestic and commercial harvests will reduce local and
regional populatioms of fish, and alter their distributiom.

It is well documented that domestic and especially commercial fisheries
can reduce the size of fish populations. This has been observed with stocks
of Pacific salmon throughout their range (Archibald and Graham 1981), lake
trout in Great Slave Lake (Healey 1978), Arctic char in the Silvia Grinnell
River (Kristofferson and Sopuck 1983), 1lake whitefish in Lake Winnipeg
(Davidoff et al. 1973) and with numerous other species of fish in waterbodies
throughout the world. The most susceptible species within the study area will
be Arctic char and lake trout; these species have limited distributions, popu-
lations are relatively small and they are the targets of considerable harvest
activity by fishermen. The concern is compounded by the inadequacy of the
existing database which, for most populations would be insufficient to predict
the collapse of a fishery.

CONCLUSIONS

The group concluded that Hypothesis 14 was valid and, in fact, is a com-
monly observed result of increased human access. It was also noted that
changes in the abundance of fish stocks (or overfishing) can theoretically be
controlled to a certain degree by imposing quotas, catch limits, seasons,
etc. on the various types of fisheries. However, such regulations have
historically proved to be difficult to establish and enforce, particularly in
the Arctic, due to overriding social and economic considerations.
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RESEARCH

Research needs were discussed on an individual species or species group
basis because they vary considerably for different fishes in the region.

Arctic Char: A considerable amount of information is available on the
response of populations of eastern Arctic char to exploitation in wvarious
fisheries. However, similar data for western Arctic char (which is considered
a separate species by a few authorities) is presently lacking. This type of
information would be of obvious value in the management of local and regional
fisheries. However, the number and size of western Arctic char populations in
Canada 1is limited and further disturbance to these populations through
scientific study may not be justified.
.

Lake Trout: Documentation of the distribution of lake trout 1is the main
research requirement for this species. This could be accomplished by a
compilation of available records and knowledge, accompanied by limited field
sampling to address gaps in knowledge. Data on fishing activities should be
collected as part of such an inventory.

Whitefishes: Research is required on all species of whitefish but particu-
larly on broad whitefish due to their abundance in the region and the fact
that they are the primary target of domestic fisheries. The Mackenzie River
system appears to be the most important river in North America in terms of
broad whitefish populations, with only the Yukon River system approaching the
importance of the Mackenzie to this species.

A high priority for research is the differentiation of stocks of broad
whitefish in terms of movements, locations of rearing, overwintering and
spawning areas and other critical life history events or habitats. Available
information indicates that this species has a complicated life-history pattern
which involves long-distance migrations, reliance on different locations and
habitats at different stages in their life history, and a vulnerability to
several different fisheries in various parts of the study area. Therefore, it
will be very difficult to document the direct and indirect effects of indus-

trial development on this species.
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Stock differentiation studies have been initiated by DFO (Western Region)
and include collection of samples <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>