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SUMMARY 

Introduction 

There is considerable concern that hydrocarbon development activities in the 

Beaufort Sea may result in adverse environmental impacts. Because of these 

concerns and the recognized uncertainties associated with environmental impact 

assessment, there is a clear need for an environmental research and monitoring 

program that is fully integrated with future exploration and development 

plans. In response to this need, Indian and Northern Affairs Canada (INAC) 

and Environment Can<lela have initiated a program called the Beaufort 

Environmental Monitoring Project (BEf1P). 

TIle long-term objective of BEr~p is to provide INAC and Environr.lent Canada \;ith 

tile technical basis for design, operation and evaluation of J cOr;lprehensive 

and defensible environmental research and monitor'ing program to accompany 

phased hydrocarbon development in the Beaufort Sea. This report is the 

product of " series of steps aimed at meeting the immediate objective of 

providing INAC and Environment Canada with a research and monitoring plan that: 

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

2) is based on the best current understanding of industrial development 

scenarios and ecological processes; 

3 ) has the capability to respond to changing industrial development 

scenarios and new information regarding ecological processes in the 
region; and 

4) represents the r;lajority vie\;point of a broad range of disciplinary 

specialists with the necessary experience in research and 

enVironmental management in the Beaufort Sea. 

Q 
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During 1983-84, BHIP proceeded through an initial workshop, a series of 

technical meetings and a second workshop. Development of a simulation model 

was initiated in the first workshop (May 16-20, 1983). The model \vas later 

refined during several discipl ine-specific technical meetings. A series of 

impact hypotheses were generated through the process of refinement, and later 

evaluated at a second workshop held from November 28 to December 2, 1983. 

Participants at these workshops and technical meetings included experts from 

industry, government, universities and the consulting community. 

Definition of Monitoring 

t1onitoring was defined as the repetitive measurement of variables to detect 

changes directly or indirectly attributable to a specific development 

activity. The primary purpose of monitoring is to determine causal 

relationships between development activities and environmental effr.cts. 

Understanding of the causes of these effects can then be used to plan 

appropriate mitigative responses. In the context of BEtclP, monitoring is not 

surveill ilnce or a part of the regul atory process used to ensure that industry 

meets the environmental terms and conditions of its operating permits. 

Monitoring is a scientific procesS, designed to test specific hypott\eses 

linking sources of environmental impact (actions) to their expression in the 

biophysical environment. 

Research is a test of a system process hypothesis, or baseline measurements. 

In BEMP, research will only be proposed if the existing level of understanding 

is inadequate to: (1) differentiate issues from non-issues; or (2) predict 

the direction of change. 
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Valued Ecosystem Components 

The Valued Ecosystem Component (VEC) concept described by Beanlands and 

Duinker (1983) was adopted in BD~P to aid in the definition of impact 

signficance. VECs were defined as resources or environmental features that 

are: (1) important to local human populations; or (2) have national or 

inter- national profiles; and (3) if altered from their existing status, will 

be important in evaluating the impacts of development and in focusing 
management or regulatory policy. 

Approach 

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

1) identification of Valued Ecosystem Components; 

2) review of probable industrial development scenarios; 

3) definition of the study area; 

4) definition of the temporal horizon for monitoring; 

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

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

7) evaluation of impact hypotheses; and 

8) definition of research and monitoring programs necessary to test 
val id impact hypotheses. 
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completion of these steps was accomplished through the use of the techniques 

and methods of Adaptive Environmental Assessment and Management (AEAM). This 

approach involves development of a simulation model describing relationships 

between development activities and the biophysical environment. The process 

forces workshop participants to think in inter-disciplinary, quantitative, 

dynamic terms about the possible interactions between the development and the 

environment. 

The simulation model is composed of numerous linkages that connect the 

development activities to the VECs (see flowchart in back cover pocket). An 

impact hypothesi s can be defi ned by traci ng through a set of 1 i nkages from 

development activities to a VEe. Some hypotheses are straightforward and 

involve only one or two linkages, while others must encompass complex food I1eb 

interactions. Each hypothesis was critically evaluated by a working group, 

and a moni tori ng/research strategy was proposed in those cases where the 

hypothesis was considered both valid and worth testing. 

Recommended Research and Monitoring 

A summary of the recommended research and monitoring related to the 19 

hypotheses that Were evaluated in detail during the second sn1P workshop is 

provided below. At present, new research programs are recommended for five of 

these hypotheses, with all of these research needs relating to marine mammal 

populations in the Beaufort Sea. t10st of these research programs are aimed at 

providing a better understanding of the factors affecting the distribution of 

whales and seals ;n this region. Support of existing research on polar bear 

detection and deterrents is also recommended. Other research activities are 

considered necessary if future industrial development scenarios include the 

construction of major solid-fill causeways along the Yukon coast and/or 

Tuktoyaktuk Peninsula. 
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The initiation of new monitoring programs is recommended in relation to four 

of the 19 hypotheses evaluated during the second workshop. These monitoring 

programs are directed at hypotheses dealing with the potential impacts of 

industry facilities and activities on bowhead whales and the white whale 

harvest, the effects of chronic oil releases on bird populations, and the 

potential uptake of hydrocarbons and tainting of fish within Tuktoyaktuk 

harbour. Continuation and revision of existing white whale and polar bear 

monitoring programs is also encouraged, while other monitoring would be 

dependent on the results of recommended research programs. 

Hypothesis 1: 

VEe: 

Conclusion: 

Research: 

Monitoring: 

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

Bowhead whale 

The hypothesis is valid and testable. 

Summer/winter energy balance dynamics; distribution of food 
supply; acoustical behaviour monitoring methods. 

Annual distribution of bowheads and 
to industry activities/facilities; 
ambient noise monitoring. 

behavi aural responses 
reproductive succesS; 

--
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Hypothesis 2: 

VEC: 

Conclusion: 

Research: 

Monitoring: 

Hypothesis 3: 

VEe: 

Conclusion: 

Research: 

Moni tori ng: 

(xxv) 

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

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

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

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

White whale 

The hypothesis is: 
(a) Unlikely 
(b) Unlikely 
(c) Valid and testable 
(d) Valid and testable 

Factors controlling distribution of white \,hales in 
Niakunak and Kugmallit bays. 

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

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

Ringed and bearded seals 

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

None 

tJone 



Hypothes is 4: 

VEC: 

Conclusion: 

Research: 

Monitoring: 

Hypothesis 5: 

VEC: 

Conclusion: 

Research: 

(xxvi} 

Increased frequency of icebreaker traffic (a) through 
1 andfast ice and (b) through Amundsen Gulf wi 11 reduce 
ringed seal pup production. 

Ringed seal 

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

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

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

photography of 
Gulf; possible 

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

Bea rded sea 1 

The hypothesis Is valid, but would be too hard to detect. 

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

Monitoring: None 



Hypothesis 6: 

VEe: 

Conclusion: 

Resea rch: 

Monitoring: 

Hypothesis 7: 

VEC: 

Conclusion: 

Research: 

Monitoring: 

Hypothesis 8: 

VEC: 

Conclusion: 

Research: 

Monitor; ng: 

(xxvii) 

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

Ringed seal, polar bear 

The hypothesis is unlikely. 

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

Not at present time; pending evaluation of research results. 

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

Polar bear 

The hypothesis is valid. 

None 

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

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

Polar bear (harvest) 

The hypothesis is unlikely. 

None 

flone 
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Hypothesis 9: 

VEC: 

Conclusion: 

Research: 

Moni tori ng: 

Hypothesis 10: 

VEC: 

Conclusion: 

Research: 

~~onitoring: 

(xxv;ii) 

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

Polar bear 

The hypothesis is valid. 

Support of existing research on polar bear detection and 
deterrents. 

None 

Chronic (episodic) oil spills resulting from normal 
petroleum development activities will cause localized bird 
mortality. 

Birds 

The hypotilesis is valid. 

None. 

Regular observation of bird abundance, distribution and 
mortality at shorebases and offsilore islands by trained 
on-site personnel. 



HypothesiS 11: 

VEe: 

Conclusion: 

Research: 

Monitoring: 

Hypothesi 5 12: 

VEe: 

Conclusion: 

Research: 

Monitori ng: 

( xx i x) 

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

Eiders and diving ducks 

The hypothesis i5 valid, but not worth testing. 

None 

None 

Frequent low level aircraft flights over staging brant will 
cause increased overwinter mortality. 

Brant 

The hypothesis is invalid. 

None 

None 
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Hypothesis 13; 

VEC; 

Conclusion: 

Research; 

I~oni tori ng; 

Hypothesis 14: 

VEC: 

Conclusion: 

Research: 

Monitor; ng: 

(xxx) 

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

Fish (harvest) 

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

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

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

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

Broad whitefi sh 

The hypothesis is valid and testable. 

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

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

; 
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Hypothesis 15: 

VEC: 

conclusion: 

Research: 

Monitoring: 

Hypothesis 16: 

vEe: 

Conclusion: 

Research: 

r~oni tori n9: 

Hypothesis 17: 

VEC: 

Conclusion: 

Research: 

Monitoring: 

( xxx i ) 

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

Arctic cisco 

The hypothesis is valid and testable. 

If a major nearshore 
defi ni n9 the mi gratory 
of Arctic cisco, and 
stock; other research 
14. 

Same as Hypothesis 14. 

structure is proposed: research 
habitats of t~ackenzie River stocks 
their contribution to the Alaskan 

identified in relation to Hypothesi s 

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

Arctic ci sco 

The hypothesis is unlikely and not worth testing. 

None 

None 

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

Broad whitefish, Arctic cisco 

The hypothesis is unlikely and not worth testing. 

None 

None 
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Hypothes is 18; 

VEe; 

Conclusion; 

Research; 

I~oni to ri ng; 

Hypothesis 19; 

VEe; 

Conclusion; 

Re sea rc h: 

I~oni tori n9: 

(xxxii) 

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

Ai r qual ity 

The hypothesis is unl ikely. 

None 

None (see text) 

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

Geard(~d seal 

The hypothesis is val id and testable. 

None 

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

The restricted objectives of tile Beaufort Environmental Monitoring Project 

should be emphasized. The intent of the project is not to provide 

recommendations for a definitive research program which would address all the 

fundamental knowledge gaps that exist in the Beaufort region. The cost of 

acquiring these data would be very high and may still fail to address the 

issues which finally emerge as those of regulatory and public concern. The 

objective of BH1P is to identifY and implement those research and monitoring 

activities which are considered necessary for the responsible management of a 

phased development of Beaufort Sca hydrocarbons, through the administration of 

the relevant legislation administered by INAC. The specific focus and 

objectives of GEMP should not detract from an overall recognition of our 

fundamental knowledge gaps in the Beaufort. Encouragement and support should 

be given to those agencies with responsibilities to conduct research programs 

which reflect their particular mandate in this region. 

David P. Stone 
Northern Environmental Protection Branch 

Indian and Northern Affairs Canada 
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INTRODUCTION 

There is considerable concern that adverse environmental impacts may occur in 

the Beaufort Sea as a result of hydrocarbon development activities. \,hi1e 

there has been a large expenditure of time and money in the production and 

review of the Beaufort Sea - Mackenzie Delta Environmental Impact Statement 

(Dome Petroleum!! i!..l. 1982), many concerns persist because of the recognized 

di ffi culti es 
assessr.Jent. 

and uncertainties associated with environmental 

In the Beaufort, these difficulties are compounded by the 

impact 

1 ac k of 

experience with some of the innovative technologies proposed, and the limited 

experience of the petroleum industry in the offshore Arctic. Due to these 

remaining concerns and uncertainties. particulilrly in tlle context of Beaufort 

Sea hydrocarbon development, there is a clear need for an environr.Jentol 

research and monitoring program that is fully integrated with the exploration 

and development scenario. In response to this need, Indian and Northern 

Affairs Canada (lflAC) and Environment Canada have initiated a program called 

the Beaufort Environmental Monitoring Project (BEMP). 

Long-Term Objective 

The long-term objective of BEt,1P is to provide Indian and Northern Affairs 

Canada and Environment Canada with the technical basis for design, operation 

and evaluation of a comprehensive and defensible environmental research and 

monitoring program to accompany hydrocarbon development activities in the 

Beaufort Sea region. 

To meet this objective adequately, the monitoring program must include the 

following features: 

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

2) formulation and testing of ir.Jpact hypotheses and predictions; 
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3) recommendation of mitigative measures and continual evaluation of 
their success; and 

4) adaptabil ity 
information, 
scenario. 

Immediate Objective 

of future research and monitoring to reflect new 
identified data gaps, and changes in the development 

This report is the product of a series of steps aimed at meeting the immediate 

objective of providing iNAC and Environment Canada with a plan for initiating 

research and monitoring activities, Therefore, most of this report consists 

of descriptions of the elements of a defenSible approach to research and 

monitoring, Prior to considering those elements, lYe have included a detailed 

description of the methOdS used throughout tlliS program, since the nature of 

our recommendations have been heavily influenced by these methods, 

To dote, 8EHP has proceeded through an initi(ll "orksilop, a series of techniCdl 

meetings and a second workshop. During the first workshop (Hay 16 to 20, 

1983), development of a simulation model "as initiated. The mode'l \Vas later 

refined during a series of 

lvorkshop. A series of impact 

technical meetings "hich followed 

hypotheses was generated through the 

the first 

refinement 

process, and later evaluated at the second workshop held from November 28 to 

December 2, 1983. Since the focus of this project is monitoring, strategies 

employed for industrial developments el sel~here in the "orld, such as the use 

of "Biological Early Warning Systems", were also briefly discussed and 

evaluated at the second workshop, The advantages, disadvantages and 

principles behind these other approaches to environmental monitoring are 

summarized in Appendix I of this report. The names, affiliations and research 

interests of workshop participants are identified in Appendix II. 

i , 
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METHODS 

Oefinitions 

Impact Hypotheses 

Fundamental to the methods used in this project is the concept of an impact 

hypottlesis. Simply stated, an impact hypothesis is a statement that 1 inks 

development activities witt) their potential environmental effects. \~ithout a 

statement of relevant impact hypotheses to guide it, a monitoring program may 

become a directionless effort in data collection. 

Monitoring and Research 

In GUlP, monitoring is defined as a test of an ililpact hypotllesis designed to: 

(a) measure envi ronmental impacts; and 

(b) analyze cause-effect relationships. 

Research is a test of a system process hypothesis, or basel ine measurements. 

In the context of BEMP, research will only be proposed if the existing level 

of understanding is inadequate to: 

(a) differentiate issues from non-issues; or 

(b) predict the direction of change. 

Monitoring in this context is the repetitive measurement of variables to 

detect changes directly or indirectly attributable to a specific development 

activity. The primary purpose of monitoring is to determine causal 

relationships between development activities and environmental effects. 

Understanding the causes of these effects can then be used to plan appropriate 

mitigative responses. In the context of GEMP, monitoring is ~ surveillance 
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or a part of the regul atory process used to ensure that industry meets the 

environmental terms and conditions of its operating permits. Monitoring is a 

scientific process, designed to 

(sources of environmental impact) 

environment. 

Valued Ecosystem Component 

test specific hypotheses linking actions 

to their expression in the biophysical 

Following the approach described by Beanlands and Duinker (1983), the Valued 

Ecosystem Component (VEe) concept was adopted in this project to aid in 

definition of impact significance. VECs were defined as resources or 

environmental features that: 

a) are important to local human populations; or 

Il) have national or internationill profiles; and 

c) if altered from their existing status, will be important in 

evaluating the impacts of development and in focusing management or 

regulatory policy. 

Tasks 

Development of the research and monitoring plans described in this report was 

accomplished by proceeding through the following steps: 

1) identification of Valued Ecosystem Components; 

2) identification of development activities; 

3) identification of spatial extent and resolution of the model; 

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

• 
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5) identification of 
activities to VECs; 

5 

impact hypotheses that relate development 

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

7) evaluation of impact hypotheses; and 

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

Models and Workshops 

Tasks 1 to 6 (desuibed above) \,ere facilitated by using the techniques and 

methods of Adaptive Environmental Assessment and ~1anagement (AEAM) (Holling 

1978). This approach involves development of a simulation model of the 

relationships between dcvelopl~ent activities and the biophysical environment. 

The modelling process forces workshop participants to think in inter

diSciplinary, quantitative, dynamic terms about the interactions behleen the 

development and the environment. The simulation model is a set of linkages 

describing the interrelationships between the various components representing 

the biophysici)l processes of the Geaufort Sea and the proposed development 

activities. The elements of an impact hypothesis are defined by tracing 

through a series of linkages from a given set of development activities to an 

attribute or component of the environment for which there is public or 

scientific concern. 

The mOdelling process was conducted in workshops and technical meetings. 

These workshops and technical meetings included experts from industry, 

government, universities and the consulting community (Appendix II), and were 

conducted by experienced facilitators/model1ers. Table 1-1 S)10\lS how the 

modelling, workshops, technical meetings and reporting relate to each of the 

eight fundamental tasks in the project. 
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TAGLE I-I 

TASKS AND ACTIVITIES IN MONITORING PLAN DESIGN 

-
TASK MODELLING ME ETl NGS REPORTING/DOCUMENTATIQ 

-
Identification Model buil di ng tilsk - scoping - report documenting 
of VEe s - workshop 1 the VEe's prepared 

for presentation at 
workshop 1 

Identification Model building task - scoping - reports on each new 
of Development - workshop 1 d(,velopment scena ri I 
Acti viti es - ongoing are prepared as 

scenario is revised 
-

Identification Model building task - scoplng - workshop 1 report 
of Spati al Extent - workshop 1 model dese ri pt ion 
and Resolution - technical meetings 

Identification of Model building task - scoping - workshop 1 report 
Temporal Horizon - workshop 1 model dese ri pt ion 
and Resolution - technical meetings 

-_. - -
Identification of Model structure - workshops - prel iminary flow-
Impact Hypotheses is composed of - technical meetings charts and state-

1 inked impact ments of i mpac t 
hypotheses hypotheses were 

prepared prior to 
works~lop 2, based on 

Sc reen i n9 of Quantification of - technical meetings the model building 
Impact the 1 ink s eli mi n- programmi ng and 
Hypotheses ates unrealistic or analysis and dis-

ill-specified cussions in tech-
hypotheses n i cal meetings 

-
Evaluation of - workshop 2 - f ina 1 report 
1 mpact 
Hypotheses 

Oefi ni ti on - workshop 2 - final report 
of Research/ 
Monitoring 
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Identification of VEes 

A list of potential VECs, based on the perceived environmental concerns and 

issues rel ated to Beaufort hydrocarbon development was prepared before the 

first workshop. Four sources of information were reviewed during preparation 

of this list; 

1) Volume 4 (Biological and Physical Effects), Environmental Impact 

Statement for Hydrocarbon Development in the Beaufort Sea - Mackenzie 

Delta Region, 1982. Prepared by Dome Petroleum Limited, Esso 

Resources Canada Limited, and Gulf Canada Resources Inc.; 

2) The Biological Effects of Hydrocarbon Exploration and Production 

Related Activities, Disturbances and Wastes on Marine Flora and Fauna 

of the Beaufort Sea Region. Beaufort Sea ~ I~ackenzie Delta ElS 

Support DocuOlent Prepared by ESL Environmenta'\ Sciences Lirn'ited, 

1982, for Dome Petroleum Limited, 450 pp.; 

3) The Interim and Second (Final) Compendium of \Jritten Submissions to 

the Beaufort Sea Assessment Panel on the Do~e, Gulf and Esso 

Environmental Impact Statement, February, 1983.; 

4) Individual submissions of the Technical Experts retained by the 

Beaufort Sea Environmental Assessment Panel (Greisman 1983, ~lackJY 

1983, Parsons 1983). 

Tile preliminary list of YECs was reviewed at the first workshop, and as a 

result of discussions at this time and during subsequent technical meetings, 

was revised to the list shOl;n in Table 1-2. The identification of VEes is a 

critical process because it (1) defines the quantities for which the 

simulation model rnust provide predictions through time, and (2) most 

importantly, limits the discussion of impact hypotheses and monitoring 

programs to those resources and supporting biophysical processes that are of 

greatest concern with respect to development in the region. 
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TABLE 1-2 

FINAL LIST OF VALUED ECOSYSTEM COMPONENTS 

ADDRESSED AT THE SECOND WORKSHOP 

- population, harvest, and available habitat for: 

white whale 

bowhead whale 

ringed seal 

bea rcled sea 1 

polilr bear 

common eider 

king eider 

diving ducks 
(oldsquaw, seaters, scaups 

- air qu ali ty 

Identification of Development Activities 

thick-billed murre 

brant 

lake whitefish 

broad whi tefi sh 

least cisco 

Arctic cisco 

Arctic char 

The development activity (action) is at the beginning 

defining an impact hypothesis related to a given VEC. 
of the causal chain 

In identifying the 

nature, extent and duration of development activities in Hie region, the 

project team worked closely with the proponents of hydrocarbon development to 

determine the range of activities contemplated. The activities were divided 

into four major groups: 

1) exploration activities and dri'lling associated \.;ith discovery and 

delineation of oil resevoirs; 
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2) construction of islands and oil production facilities, and the 

drilling of production wells; 

3) subsea pipelines and onshore gathering systems; and 

4) transportation of produced hydrocarbons within the Beaufort Region by 

tankers. 

The simulation model is designed to accept any number of different development 

scenarios and can be modified as required when the scenario changes. 

Scenarios for five different levels of development are currently included in 

the model, based on information provided by Dome Petroleum Limited and 

supplemented with specific estimates contained in the 1982 Beaufort Sea 

Planning ~1odel (Dome Petroleum ~~. 1982). 

Identification of Spatial Extent and Resolution of the Model 

The current geographic scope of the project dnd, therefore, the spatial extent 

of the model was determined as follows. The Alaska-Yukon border vias selected 

as a practical western limit to the study area. A line directly west from the 

northwestern tip of Banks Island was expected to encompass most possible 

positions of the polar pack ice edge and, therefore, del ineate the northern 

limit of the study area. Amundsen Gulf, considered important in terms of the 

ice dynamics of the region as well as marine bird and mammal habitat, was 

selected as the eastern boundary. Since the focus of BEW is marine, the 

landward extent of the study area was limited to 2 km inland within the 

~1ackenzie Delta region, and the level of maximum storm surges elsewhere along 

the coast. 

Within these spatial boundaries, the study area was further subdivided into 11 

spatial units on the basis of ice conditions and the influence of the 

Mackenzie River turbidity plume (Figure I-i). 

,'I 
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Four ice zones were considered during the spatial bounding. The landfast ice 

zone was assumed to extend to approximately the 20 m isobath. The transition 

(shear) zone was basically defined as being located between the 20 and 100 !;l 

isobaths, although passing 

Gulf-Banks Island) and 

over much greater depths in the east (off Amundsen 

in the west (off Mackenzie Bay and the Yukon 

coastline). The polar pack was considered located seaward of the transition 

zone, while Amundsen Gulf was defined as a separate ice zone because of the 

expected importance of the recurring polynya in this region. 

The location and spatial extent of the ~1ackenzie River plume was also taken 

into consideration during the definition of spatial subzones. Tlvo different 

conditions were recognized: 

1) a situation where sustained westerly winds CJUS'" the plume to be 
confi ned withi n the area bounded by the 20 m isobath; and 

2) a situation where sustained easterly winds causc the plume to !;love 
offshore into the transition zone. 

In addition, a ZOrle shorcward of the 5 m isobath and adjacent to the Mackenzie 

River Delta was separately defined as an area of sustained and major plume 

influence. Within each of the 11 spatial units, water depths above and beloll 

the pycnocline were considered separately. 

Identification of Temporal Horizon and Resolution 

The development of a dynamic simulation model required specification of the 

maximum time over which the effects of development would be examined (temporal 

horizon) and the time step (resolution) within that horizon. A time horizon 

of 30 years and a time step of 1 year were selected during the first workshop, 

although these specifications were further refined as the project proceeded. 

For example, to satisfy all discipl inary requirements, a weekly time step \/ilS 

eventually established for the period from April through October and a single 

·week time step was established for the winter. 
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Identification of Impact Hypotheses 

The simulation model is composed of hundreds of linkages that connect the 

development activities to the VECs. An impact hypothesis can be defined by 

tracing through a set of linkages from development activities to a given VEC. 

Some hypotheses are straightforward and involve only one or two 1 inkages, 

while others must encompass cOIOlplex food web interactions. In either case, 

each linkage must be specifically defined for use in the simulation model. 

These linkages were initially defined during the first workshop and later 

refined at the technical meetings. 

Screening of Impact Hypotheses 

Since the simulation model contains so many potential linkages and 

relationships, it was necessary to se10ct a set of impact hypotheses from the 

li)r0c number of potential hypotheses for evaluation at the second \'lorksi1op. 

TIle initial screening was conducted by the Inodellers. Preliminary flowcharts 

and impact hypothesis statements were developed on the basis of each 

individual '5 experiences in constructing the model and subsequent testing of 

the sensitiVity of the VECs to critical assumptions used in development of the 

model. Unrealistic and ill-specified hypotheses were then corrected or 

deleted. In the technical meetings, this sub-set of potential impact 

hypotheses was further eval uated and eventually reduced to twenty-one 

hypotheses considered most important at that time. Anottler hypothesis was 

added to this list at the beginning of the workshop. Three of these 

hypotheses invol ving resource use coul d not be fully assessed by the present 

workshop participants, and are shown with their associated linkages in 

Appendix Ill. 

A conceptual diagram of the hypotheses represented in the simulation model and 

the interrelationships among the linkages and VECs associated with these 

hypotheses is provided in the pocket on the back cover of this report. 

,. 
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rhe 19 hypotheses evaluated during the second workshop encompass a 

:onsiderably larger number of perceived concerns associated with Beaufort 

hydrocarbon development by virtue of the multiple linkages involved in most of 

the hypotheses. One of the strengths of the Valued Ecosystem Component (VEe) 

approach is that it facilitates consideration of the cumulative indirect 

impacts of a number of environment-development interactions that may 

ul timately cause a change ina VEe. The range of envi ronmental concerns that 

have been expressed in relation to Beaufort hydrocarbon production were 

reviewed during development of the simulation model, and most of these 

concerns Ire included IS a linkage in one or more of the hypotheses presented 

in the following sections. Nevertheless, some of the potential concerns 

identified in the Beaufort Sea/Mackenzie Delta EIS, its support documents, and 

in the submissions of intervenors during the public review of the development 

proposal are not discussed in this report. 

IT dn issue previously r(lised in conjunction with Beaufort development is not 

specifically addressed in this report, this is either because: (1) the 

concern was focused on environmental features or resources that are not within 

the geographic scope of this study; (2) the concern involves a component of 

the environment that is embodied within the structure of the simulation model, 

but would not be reflected in a change in a VEe; or (3) the workshop 

participants believed that on the basis of available scientific evidence, the 

issue was perceived rather than real. Examples of each of these categories of 

issues are provided below. 

Exampl es of concerns that were not addressed because they 1 ie outsi de tile 

geographic scope of BEMP are: the potential attraction of polar bears and 

Arctic fox to sol id waste disposal sites; disturbance of many species of 

birds that nest, stage and moult in coastal habitats adjacent to the Beaufort 

Sea but are not generally found in marine areas; and many strictly 

terrestrial issues that were raised in connection with the Yukon coast 

~horebase proposal. 
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The largest proportion of the environmental concerns that are not directly 

discussed in this report fall into the second category mentioned above, and 

generally include those issues that centered on environmental components other 

than VECs. HOIvever, several of the hypotheses examined during the second 

workshop involved linkages that included food web interrelationships and 

interactions with physical features such as the ice environment. For example, 

the effects of icebreaking and the physical presence of offshore structures on 

the stabil ity and breakup of the landfast ice regime was considered in a 

hypothesis dealing with the range of development activities that could affect 

white whale harvest. Similarly, development-induced effects on Arctic cod and 

changes in epontic production were considered in relation to a hypothesis 

addressing the impacts of icebreaker traffic in Amundsen Gulf on ringed seal 

and polar bear populations. 

The most significant of the issues that were considered perceived rather than 

real by workshop participants relate to the discharge of production wastes 

(water-base drilling muds, cuttings and produced water) in offshore waters. 

The effects of offshore production waste disposal have been the subject of 

numerous field monitoring and laboratory studies, and it is the general vicl/ 

that the impacts of offshore waste disposal are limited to a zone within a' few 

hundred metres of discharge sites and are largely restricted to benthic 

habitats and resources (see Thomas et ~. 1983 for review). Horkshop 

participants recognized that some form of compl iance monitoring may be 

initiated in relation to offshore production waste discharges, although an 

effects monitoring program of regional scope was not considered necessary 

given the local ized nature of anticipated impacts. Other issues which have 

been voiced by various parties but were not considered real concerns from il 

regional perspective include: discharge of sewage; effects of unden,ater 

noise on fish; and changes in climate as a result of sea ice removal. 
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Evaluation of Impact Hypotheses 

The actual eval uation of the 19 impact hypotheses occurred duri ng the second 

workshop. On the first day, each hypothesis was reviewed by the participants 

and, following this review, the necessary modifications, additions or 

deletions to the hypotheses were undertaken. For the next three days, each 

hypothesis was critically evaluated by a working group, and a 

monitoring/research strategy was proposed in those cases where the hypothesi s 

was considered valid and worth testing. These working groups differed from 

the modelling subgroups (discipline specific), and were restructured daily to 

include a cross-section of expertise relevant to all aspects of the hypothesis 

under discussion. 

The agenda for evaluation of each impact hypothesis included the follOl,in9 

ve steps: 

Step 1) Clarification of the Hypothesis: 

This involved achievement of a consensus within the working group 

regarding the structure of the hypothesis and, if necessary, 

restatement of the hypothesis and/or its associated linkages. 

Step 2) Documentation of the Existing Knowledge: 

For all linkages constituting the hypothesis, the following 

information was documented: 

a) evidence for and against; 

b) uncertainties; 

c) other information potentially useful; and 

d) description of model projections (if appropriate). 
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Step 3) Conclusion: 

This step required that the working group arrive at one of four 

possible conclusions. On the basis of discussions in step two 

(Documentation of Existing Knowledge), group participants 

concluded that a given impact hypothesis: 

a) was extremely unlikely and not worth testing; 

b) was possible, but too difficult to detect; 

c) requi red more i nformat i on before a monitori n9 plan coul d be 

designed (e.g., research); or 

d) should be tested with a detailed monitoring plan. 

Step 4) Monitoring and Research: 

If tile conclusion at step three was either (c) or (d), a 

discussion focussing on the linkages of the hypothesis was 

initiated. The discussion addressed the following questions in 

order to design a monitoring plan which would test the impact 

hypothesis: 

a) What do we moni tor? 

b) What do we want to knOlv ? 

c) I,hat do we actually measure to accomplish (i) and (ii)? 

d) What information do we get from these measurements? 

e) How does thi s adli eve what we want to know? 

......... ,. 
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Step 5) Documentation: 

To adequately document the discussion and evaluation of each 

impact hypothesis, the "recorder" assigned to each working group 

delegated specific responsibilities to other group ~embers, 

including the preparation of draft report sections. The recorder 

was responsible for ensuring that documentation of the discussion 

of a gi ven hypothes is wa 5 comp 1 eted and submi tted a t the end of 

the day. 

In most instances, participants of each working group were given an 

opportunity to review the synthesized versions of the hypothesis documentation 

during the course of the workshop. 

Preliminary Design of the Research and Monitoring Plans 

In most cases, the preliminary design of reseilrch and monitoring programs 

emerged out of the discussions which occurred during the evaluation of the 

impact hypotheses. Edited versions of the reports produced for eacl1 of the 

hypotheses evaluated during the second BEI~P \~orkshop are presented in the 

following sections of this report. 

Limitations in Scope 

Limits in the scope of a project of this type are essential for efficiency. 

However, scope restrictions can be interpreted as shortcomings of a program 

unless specifically stated. This section identifies some of the subjects that 

were i ntenti onally excl uded from the present phase of the Beaufort 

Environmental Monitoring Project. Some of these subjects were considered 

outside the intended scope of the study, while others were worthy of 

consideration but could not be examined within the framework of the project 

due to time constraints or discipline expertise that was committed in advance 

to the \~orkshops. In add'ition, specific assumptions regarding the 3eaufort 

Sea hydrocarbon development scenario are also stated in this section. 
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1) This project was intentionally limited to consideration of the 

effects of hydrocarbon development activities on the environment, 

rather than the effects of the environment on industrial activities. 

It is recognized that various monitoring programs are ongoing and may 

be required in the future to examine the integrity of offshore 

facilities in relation to the ice environment and other aspects of 

industry operations in this region. 

2) The hydrocarbon developm€nt scenario assumed throughout this project 

was the range and intensity of activities described in the Beaufort 

Sea/Mackenzie Delta [IS (Dome Petroleum !121. 1982). In particular, 

it was assumed that: (1) production facilities would not be located 

in wilters less than 5 In deep; (2) if oil~bilse muds are used for 

exploratory or production drilling, oil-contaminated cuttings would 

not be discharged to the marine environment; (3) major dredging 

operations required for offshore island construction would not be 

conducted in inshore areas; (4) solid-fill causeways \vould not be 

required along the Yukon coast and Tuktoyaktuk Peninsula; and IS) all 

wilstes associated with the development would be treated <lnd 

discharged in accordance with the "best practicable technology" 

IThomas et 21. 1983). 

3) Catastrophic oil spills and blowouts, while an important are<l of 

potential concern related to any hydrocarbon development, were not 

considered in this project because their infrequent and unpredictable 

occurrence makes these events an inappropriate target for routine 

monitoring. 

the short-

It was assumed that a scientific responSe to determine 

and long-term effects of a major oil spill may be 

initiated in the event of this type of environmental emergency, but 

was outside the scope of this prOject. 

$ 
r' 
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4) The definition of the study area used throughout this project 

included that portion of the coastal zone to the level of maximum 

storm surges in areas outside the Mackenzie Delta, ilnd to a point 2 

km onshore within the Delta itself. However, the impilcts of 

shoreline developments on the coastal zone ~ ~ were not considered 

during this project. It is recognized that such potential concerns 

may have to be addressed in future programs of this type. 

5) As indicated earlier, a list of potential Valued Ecosystem Components 

was prepared prior to the first workshop. This list and other 

possible VECs were discussed amongst workshop participants, and a 

number of recommendations regarding VECs were not accepted by the 

group as a whole for various reasons. Among these were the following: 

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

identified as a VEC, but w<)s not included in the iaodelling 

process or in the hypotheses considered in the second workshop, 

because potential concerns related to the impacts of hydrocarbon 

development on this colony were viewed as a very site-specific 

issue. Undoubtedly, protective measures should be instituted 

whenever development activities impinge on the Cape Parry area. 

0) Snow goose: The snow goose was selected as a VEC early in the 

project, but was excluded from further consideration prior to 

the second workshop because use of the mari ne env'i ronment by 

this species is extremely limited. 

c) Red-throated loon: The red-throated loon Wi)S recommended for 

inclusion as a VEC during a technical meeting held after the 

first workshop. However, since the full group of workshop 

participants did not have the opportunity to evaluate arguments 

for and against inclusion of this species, it was not added to 

the list of VECs. 
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d) Coastal zone, Bathurst polynya, landfast ice: The latter two 

environmental components were included on the list of potential 

VECs prepared in advance of the first workshop, while the 

inclusion of the coastal zone as a VEe was suggested by several 

of the participants during the first workshop. These 

environmental components were not included in the final list of 

VECs for the project because the full group of workshop 

participants did not have the opportunity to evaluate arguments 

for and against their inclusion. 

6) The hypotheses considered in this report involve one or more linkages 

between development activities "nd a VEC. Where the hypothesis and 

its associated 1 inkages were not only considered val id but OIl so on 

area of potential concer'n related to 8eaufort development, monitoring 

and/or research has generally been recommended. 1 tis important to 

emphasize that thi s monitoring and/or research should include' 

detailed measurelnents of the industrial activity, and not just focus 

on the VEe or the linkages between development and the VEC. 

7) Three hypotheses involving native and non-native harvests of 

resources were considered during the second workshop. The focus of 

these hypotheses was the effect of changing harvest methods and 

patterns on VEe populations. However, the direction and magnitude of 

these changes could not be adequately addressed by the discipline 

specialists that attended the workshop. A logical framework for 

consideration of changing harvest was discussed during the workshop, 

but because jUdgements regarding the dynamics of the processes 

involved were not possible, only flowcharts for these hypotheses have 

been included in this report (Appendix Ill). 

• 
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THE EFFECTS OF SHIP TRAFFIC, SEISMIC EXPLORATION AND ACTIVE 
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Ship traffic, seismic exploration and active offshore 
structures will cause a reduction in the western 

Arctic population of bowhead whales, 

ENERGY COSTS 

4 

eDPULATIONS ~BOWHEAO WHALE 

ENERGY BALANCE-__ r.:>. 

AVAIl.ABLE TIf.1E 
FOR FEEDING 

3 

FREQUENCY OF 
SHIP TRAFFIC_~ 
AND SEISMIC 

ACTIVITY 

ENERGY INTAKE 

AVAILA8LEFOOD 
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AVAILABLE HABITAT 

~ 
ACT! VE OFF SHORE 
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Figure 1-1 Potential effects of ship traffic, seismic explor'ation and active 
offshore structures on bowhead whales, 
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Linkages 

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

2. Ship traffic will exclude bowheads from a zone around the ship track. 

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

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

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

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

7. Encr9Y intake and expenditures determine the energy balance of a bowhead 
wha 1 e. 

8. The energy balance of a bowhead whale deterrn-ines its survival and its 
ability to reproduce. 

1 
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The western Arctic bowhead whale population winters among the pack-ice of the 

Beri ng Sea, and SUmmers in the Canad; an Beaufort Sea and Amundsen Gul f. In 

Hay and early June, bowh(,ads enter the Canad; an Beaufort Sea through 1 eads in 

the pack-ice which are far offshore and, therefore, well beyond areas where 

hydrocarbon development activities presently occur or are likely to occur in 

the future. However, the bowhead population occurs in areas that are in part 

coincident I'lith and may be affected by offshore hydrocarbon activities from 

late June until mid September (Davis et 2.l. 1982). The western Arctic 

population of bowlleads was heavily exploited by commercial whalers from 1848 

to 1915. The population has also been subjected to a subsistance hunt by 

Alaskan lnupiat since before the historic era. The pre-whaling population, 

estimated to be 14,000 to 20,000 bowheads, has been reduced to a present 

population of about 4000 animals (IWC in prep.). The population is considered 

"endangered" under U.S. legislation and by the Committee on the Status of 

Endangered Wildlife In Canada (COSEWIC). 

It is well known that whales rely on underwater acoustic information for 

communication and perhaps orientation, although there is limited knowledge 

regarding the headng capabilities of baleen whales (including bowheads). 

However, vocalizations are known to occur at very low frequencies (e.g., 

< 1 kHz), and most noise from offshore industry activities al so consi sts 

primarily of low frequency components. Consequently, there is particular 

r 
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concern that bowheads could be affected by offshore development in the 

Beaufort Sea (see Richardson!! 2.1.. 1983b for a review of these concerns and 

available information). The hypothesis examined during the workshop is that 

ship traffic, seismic activity and active offshore platforms and islands will 

cause a reduction in the western Arctic population of bowhead whales. The 

conceptual steps linking industry activities with hypothesized effects on the 

bowhead population are in Figure 1-1, and discussed in subsequent sections. 

LINKAGES 

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

I t has been reasonably well documented that mari ne mammal s tend to respond 

more actiVely to moving sources of disturbance than to stationary sources (E!. 
Evans 1982; Fraker and Fraker 1982; Richardson.£.!:. 2.1.. 1983a, 1983b). Fraker 

et ~. (1982) demonstrated that bowheads were not actively avoiding the 

Issungnak artificial island off the Mackenzie Delta during periods of island 

repair and dredging in 1981. There are also several sightings of bowheads 

near stationary structures by industry personnel (Fraker and Fraker 1981). 

However, active drilling or production islands have associated ship and 

helicopter traffic, and tllese mobile noise sources might act in conjunction 

with on-island activities to produce a zone of at least partial exclusion 

around offshore islands and platforms (Richardson ~.<:l. 1983c, in press). 

It was concluded that a zone of exclusion may exist around active offshore 

structures, but that the size of the zone is unquantified and would vary with 

a complex of factors. This exclusion might reduce the amount of habitat 

available to feeding bowheads. 
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Link 2: Ship traffic will exclude bowheads from a zone around the ship track. 

The available data indicate that ship passages through or near bowhead 

aggregations cause avoidance reactions by the animals. However, bowheads have 

been observed to reoccupy single ship tracks within one or two hours (Fraker 

et .!l.. 1982; Richardson et .!l.. 1983b). There are no data regarding the 

potential long-term exclusion of bowheads from areas frequented by several 

ship passages or the sizes of zones of exclusion in areas with multiple ship 

passages. Similarly, it is not known if bowheads would habituate to repeated 

ship passages, thereby reducing the size of the zones of exclusion. 

A potentially more seriOUS loss of habitat and feeding opportunities could 

occur if some combination of industrial activities creates a large zone of 

total exclusion. This would occur if bowheads began to avoid the relatively 

large area of overall industrial activity rather than simply reacting to or 

avoiding specific activities within the industrial zone. Our-in:) four years 

(1980-1983) of systematic aerial surveys for bowheads on their summer range, 

there has been an apparent decline in the use of the existing industrial zone 

in the eeaufort Sea by the bowhead population (Richardson et .!l.. 1983d; 

Mclaren and Davis, in prep.). 

patterns observed to date 

However, it is not known if the di stri buti on 

are related to industrial activity or to 

oceanographic factors that determine bowhead food supplies. 

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

The available data suggest that bowheads within 1 or 2 km of each side of a 

ship take evasive action as the vessel approaches. On average, affected 

individual s resume normal behaviour within one hour (Richardson n 22. 1983a). 
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However, it is not known if bowheads are prevented from feeding during the 

l-hour period of altered behaviour. The length of each interrupted feeding 

period may al so become shorter with time if the whales habituate to the 

disturbance. Despite uncertainties associated with estimating the extent of 

lost feeding time, it was concluded that the loss could be significant to 

individual whales. 

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

Ship passages may disturb whales to the extent that they stop feeding and flee 

from the ship. This would involve an energetic loss since feeding activities 

would be disrupted (link 6), and energy would be lost through the cost of 

idance. Tucker (1975) calculated the energy cost for motion of various 

species, although wha'ies "ere not included in his analysis due to a lack of 

data. However, $umich (1983) recently calculated the energetic cost of motion 

for a gray whale, and it is possitlle to estimate the cost of motion for a 

bowhead whale by plotting his data on Tucker's cost of motion figure. Using 

these data, a 50 tonne adult bo"head would be expected to expend 0.08 

Kcal/kg/km, while a 23 tonne immature individual would expend 0.09 

Kcal/kg/km. It is emphasized that these estimates are based on only a single 

data point. There are no other estimates that can be used for comparati ve 

purposes, or methods of assessing the reliability of the above calculations 

for bowheads. They are, however, the only available estimates for the 

energetic costs of motion by bo"heads. It was concluded that this link is 

valid but its Significance relative to the overall energy balance of bowhead 

whales cannot be assessed. 



............................. : •........... i.: .. ~ r 
29 

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

Studies conducted by Brodie (1981) and Griffiths and Buchanan (1982) have 

indicated that 

concentrations. 

at least 7 g/m3 

bowhead whales must feed in areas of dense zooplankton 

The latter authors suggested that zooplankton biomass must be 

for a bowhead to meet its energetic requirements. In other 

areas, the zooplankton biomass necessary to meet baleen whale energetic 

requirements has been located by using sophisticated acoustic techniques 

(Sameoto 1983). Although this type of study has not been conducted in the 

Beaufort, work in other areas indicates that the following phenomena may occur 

in the Canadian Beaufort Sea: (1) Oceanographic processes which are 

discontinuous in space and time give rise to a patchy distribution of 

phytoplankton in areas of high primary productivity, and (2) this results in a 

similar patchy distribution of areas containing a high zooplankton standing 

stock. 

In the Canadian Beaufort Sea, high zooplankton standing stocks may result from 

high primary productivity within the Cape Bathurst Polynya and in areas of 

summer upwelling. The Cape Bathurst Polynya is open early in the season, and 

physical processes in this area may include the 

water to the surface (see Hypothesis No.6). 

transport of nutrient-rich 

Thi s coul d result in hi gh 

primary and secondary productivity at a time of year when production is 10Vl 

throughout the remainder of the Beaufort Sea/Amundsen Gulf region. 

In summer, upwelling events may determine areas with high diatom production 

and, therefore, result in aggregations of copepods and euphausiids. This 

phenomenon has been demonstrated in Alaskan waters where aggregations recur in 

the same general areas from year to year, but vary in specific location and 

extent (NOAA/OCSEAP Sale 67 synthesis report, in prep.). In the Alaskan 

Beaufort Sea, highest zooplankton standing stocks are found within the shelf 

break zone but not in the extreme nearshore zone (0. Schell, pers. comm.). 

I 
1 
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Evidence from other areas indicates that local aggregations of zooplankton may 

occur near fronts, upwelling plumes, bathymetric irregularities, the edge of 

river plumes, and other transient or quasi-stationary hydrographic features 

(Pingree ~~. 1974; Mackas ~~. 1980; Seliger !!:~. 1981). 

Competition with the planktivorous Arctic cod for food may be 

relatively important factor delineating bowhead whale feeding 

another 

habitat. 

However, there is no information on these potential interactions or the scale 

of zooplankton patchiness in the Beaufort Sea. Consequently, it is not 

presently possible to delineate bowhead feeding habitat even in general terms. 

It was concluded that if the amount of habitat is decreased, food availability 

could also be reduced. This relationship, however, is expected to be mediated 

by the range of factors affecting zooplankton concentration in the water 

column. 

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

Determination of the energetic requirements of bowhead whales requires several 

assumptions regarding the biology and ecology of this species. In the 

simulation model, it was assumed that bowhead whales feed for 105 days in the 

Canadian Beaufort Sea and 60 days during the fall migration. Using data in 

Davis !!~. (1983), it was estimated that the average length of an adult 

bowhead was 14.5 m, which corresponds to a body weight of 51.8 tonnes (Brodie 

1981). Based on calculation methods provided in Brodie (1975, 1981), a whale 

this size would require 47,220 Kealld for basic metabolism and warming of 

air. However, the whales also migrate 6000 km, move while feeding and during 

other activities, and warm food (see Tucker 1975; Brodie 1981; Sumich 1983). 

. ~ , 
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When these other factors are considered, the total annual energy requirement 

is estimated at 112 x 106 KcaL Arctic zooplankton contain approximately 

6:5 Kcal/g dry weight (Percy and Fife 1981), and dry weight is about 15 

percent of the wet weight. Assuming that a bowllead whale feeds 165 days per 

year, on the aVerage, it would then consume 870 kg/d (wet weight) during the 

summer and fall. 

Although the stomachs of other baleen whales hold large quantities of food 

(>500 kg; Nemoto 1957; Lockyer 1981), the bowhead stomach is substantially 

smaller (about the size of a cow's stomach; T. Albert, pers. comm.). The 

maximum amount of food recovered from a bowhead stomach was about 40 kg (Lowry 

and Burns 1980), although the actual maximum capacity is unknown. If the 

above quantity is near the maximum capacity of the stomach, then an adult male 

or resting female would have to feed almost continuously throughout the day 

and process food at the rate of at least 36 kg/h. Consequently, the bowhead 

could be unlike other baleen whales in that it may be unable to take advantage 

of large concentrations of food and appears morphologically adapted to feed on 

small patches of high zooplankton concentrations. If the above is true, 

disruption of feeding could mean that an affected individual would be unable 

to recover lost feeding opportunities or energy expended in avoidance 

reactions. 

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

This link is self-evident for any animal, and is presented here as a necessary 

precursor to the following link. 
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Link 8: The energy balance of a bowhead whale determines its survival and 
its ability to reproduce. 

The energy balance of the individuals in the population strongly influences 

the reproductive capacity and health of the population. 

Bowhead whales are bel ieved to do most, if not all, of their feeding in the 

Arctic during the Summer. 

support this hypothesis. 

However, there is only circumstantial evidence to 

For example, virtually all other species of baleen 

whales in both hemispheres that migrate to high latitudes for the summer do 

most of their feeding in these waters. Other indirect evidence in support of 

the hypothesis includes the fact that seasonal primary production and 

zooplankton stocks are highest in summer, and that the caloric content of 

zooplankton is also highest during summer. Zooplankton abundance and 

zooplankton caloric content are at their annual minimulns in the Bering Sea 

during the winter period when bowheads are present. Bowheads harvested in the 

Alaskan Beaufort Sea in early fall (September) have food in their stomachs, 

whereas those taken in spring (r1ay) have empty or nearly empty stomachs. 

Consequently, it is probabl e that the energy bal ance of bowheads is strongly 

positive during summer and highly negative during winter. 

CONCLUSIONS 

The combination of (1) the high energy intake requirements, (2) spatial and 

temporal variations in usable prey concentrations, and (3) the apparent 

susceptibility of bowheads to some types of disturbance suggests that there is 

a potential for changes in energy balance which could lead to reductions in 

bowhead reproductive rates and population size. It was concl uded that the 

present hypothesis was both valid and testable. The linkages concerning 

effects of industrial activities were expected to be possible, but since they 
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have not been quantified in most cases, the implications of hydrocarbon 

development to the bowhead population are not known. Each link in the 

hypothesis is supported by circumstantial evidence. Direct and quantitative 

data are lacking in most instances. 

The workshop subgroup concluded that the hypothesis should be tested with a 

monitoring program. It was also concluded that further research was required 

to examine the hypothesis and to support the proposed monitoring programs. 

The most important data gaps include the biology and energetics of bowheads, 

and factors controlling zooplankton distribution in the Beaufort Sea. The 

following sections discuss monitoring and research priorities, 31 though there 

is considerable overlap between programs. For example, the monitoring 

programs will provide information on the biology of the bowhead whale, 

although the latter is included in the category of research. 

MONITORING 

1. Behavioural Responses of Bowheads 

A moni tori ng program is necessary to exami ne both the short and long-term 

responses of bowhead whales to existing levels of industrial activity in the 

Beaufort Sea, The program should have three inter-related components to 

address the specific objectives. 

The first component should consist of systematic aerial surveys in the 

southern Beaufort Sea and Amundsen Gul f to document overall bowhead 

distribution. These surveys would complement past systematic surveys 

(1980-1983) by continuing to monitor overall distribution patterns, and 

ultimately allow assesSment of year-to-year variation in bowhead 

distribution. Studies conducted to date indicate that the natural annual 

T 
I 
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variability in distribution is large, but a longer time-series is necessary to 

document the full range and potential periodicity of distribution patterns. 

The relationship between bowhead distribution patterns and industry activities 

will be very important for assessment of the long-term effects of hydrocarbon 

development on bowheads. However, it should be emphasized that distribution 

patterns can only be interpreted after the factors controll i ng the 

distribution and abundance of zooplankton are determined. It is assumed that 

the variations in bowhead distribution observed during the four summers since 

1980 are related to variations in food distribution and availability. 

Therefore, it is important to understand the physical oceanographic factors 

that control zooplankton distribution, abundance and patchiness in order to 

evaluate the possible effects of industry activities on bowhead distribution. 

The second component 

quantification of the 

of this recommended monitoring program involves 

short-term behavioural responses of bowheads to 

industrial activities. Existing studies conducted on behalf of the U.S. 

t~inerals t·lanagernent Service (t·1MS) (see Richardson, ed. 1982, 1983) provide 

some information on these responses, but do not fully quantify respOnses in 

terms of the distances moved by affected whales and lost feeding time. These 

data are necessary to evaluate the basic links between industry activities and 

whale behaviour in the present hypothesis (Links 1, 2 and 3). Study methods 

should be similar (aerial) to those used in the MMS investigation, although an 

important refinement to this approach would be to include behavioural studies 

with individually marked animals whenever possible. Many bowheads can be 

individually recognized (Davis et il. 1983), and repeated observation of these 

individuals would provide information on the acclimation of bowheads to 

industry activities. It is important to document if individual bowheads 

habituate to disturbances, thereby reducing response times and distances . 

-
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The third component of this monitoring program should be a combination and 

expansion of the first two components and involve the use of aerial 

photographic techniques to identify and measure individual bowheads. There is 

some evidence that the various age and sex cl asses of bowheads are at least 

partially segregated in summer and, therefore, it is possible that only a 

proportion of the population would regularly occupy the portion of the 

Beaufort Sea where industry activities and facilities are located. If 

segregation occurs, a large proportion of the population may not be regularly 

exposed to industry activities. At the same time, however, it is possible 

that certain segments of the population, independent of age and sex, may 

traditionally occupy certain parts of the summer range. Consequently, the 

same individuals could occur in the industrial zone year after year. This 

particular population segment could learn to avoid the area or habituate more 

rapidly as a result of repeated exposures. Information concerning segregation 

and use of traditional areas could be collected during a wide-ranging aerial 

photography program conducted over a number of years. The information gained 

in such a program is necessary to evaluate the long-term responses of bowheads 

to industry activities. This type of program will also provide important 

information on the biology of the species (e.g., calving interval, size of 

individuals at first breeding, survival rates of sub-adults, etc.). 

2. Reproductive Rates 

The present hypothesis states that industry activities could lead to a 

reduction in the energy intake of bowheads. The consequences of such a 

reduction would most likely be manifested in lower reproductive rates, since 

females may fail to breed or to abort if they cannot obtain sufficient energy 

for maintenance. Monitoring the reproductive rate of the population 

therefore, would be the most direct manner of examining the potential impacts 

associated with this hypothesis. 
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In theory, it is a relatively simple procedure to measure the reproductive 

rate of a whale population using modified aerial transect and/or photographic 

methods. However, there are sampl ing bias problems that can significantly 

affect the accuracy of results. These problems relate to the lack of data on 

potential age and/or sex segregation of bowheads on the summering grounds, but 

could be examined in the previously described monitoring program. As 

information is collected, the problem should become less significant and 

reliable measures of annual reproduction should then be possible. It is 

therefore recommended that investigations of reproductive rate be conducted in 

conjunction with the previous monitoring program, since information on 

reproductive status would also be essential for determining patterns of age 

and sex segregation. Similarly, if segregation into traditional use areas 

occurs, it would then be important to examine and compare the reproductive 

rates of bowheads uSing the industrial zone with those of bowheads summering 

in other parts of the Beaufort Sea or Amundsen Gulf. 

The aerial techniques used in this 

provide information on yearlings and 

to estimate calf survival rates. 

moni tori ng program component waul d al so 

perhaps two-year-olds that could be used 

Data collected on animals that are 

identifiable from the air would also provide important biological information 

on the breeding interval and the stability of adult social and feeding groups. 

3. Ambient Noise Monitoring 

Monitoring of existing ambient noise levels in the industrial zone should be 

conducted over a one year period to allow calculation and subsequent 

assessment of the zones of influence of underwater noise, as well as temporal 

differences in noise levels resulting from different levels of industrial 

activity throughout the year. Ambient noise measurements should also be 

repeated in the future (e.g., after 10 years) to determine the magnitude of 

noise level increases with time. The results of this type of monitoring could 
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then be used to estimate the potential effects of underwater industri al no; se 

on inter-animal communications. If significant changes in bowhead population 

distribution and/or reproduction were detected during other monitoring 

programs, ambient noise measurements would be useful to examine cause-effect 

reI ationships. 

RESEARCH 

As noted earlier, there is considerable overlap between recommended monitoring 

and research programs related to bowhead whales. The following four areas of 

research were identified during the workshop discussions. 

1. Energy Balance 

The present hypothesis depends on the validity of several assumptions and 

i ndi rect measurements of bowhead energy intake. Important information 

regarding the energy balance of this species could be obtained by sampling the 

Alaskan bowhead harvest. 

A fundamental data gap concerning bowhead energetic requirements is the extent 

to which feeding occurs during winter. A comparison of the physical condition 

of whales taken in spring and fall could provide some information on the 

relative amounts of food taken in winter. The types of information collected 

should include observations and measurements of blubber thickness, girth, fat 

depOSits and liver condition. 

Although the maximum capacity of a bowhead stomach is unknown, examination of 

fresh warm stomachs from harvested bowheads could be undertaken to determine 

maximum food handling capability. Similarly, observations on stomach 

musculature, histology. biochemistry and comparative anatomy could provide 

--
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information on digestive processes in this species. 80th of these types of 

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

predicting potential impacts of disruption of the feeding regime. 

Comparisons of isotopic carbon in liver, muscle, blubber and other tissues 

from bowheads landed during the spring and fall harvest could also be used to 

elucidate the question of winter feeding. The isotopic composition of bowhead 

prey organisms in the Bering and Beaufort seas would undoubtedly be different, 

and would be reflected in the isotopic composition of the bowhead tissue. 

2. Distribution of Bowhead Food (Zooplankton Concentrations) 

As noted earl ier, the summer distribution of bowhead whales in the Beallfort 

Sea varies among years. During the four years for which systematic data are 

available, there has been a trend toward fewer animals occurring in the 

industrial lone. The reasons for this apparent down trend are unclear. 

Bowhead distribution is probably determined by the location of dense patches 

of zooplankton, which in turn are probably determined by predictable but 

variable meteorological and oceanographic factors. Thus, in years when 

zooplankton patches only occur outside the industrial zone, bowheads would not 

be expected to occur near industry facilities and activities, with the 

exception of a few transient animals. Therefore, it is important to 

understand the factors controlling the distribution of zooplankton patches in 

order to interpret bowhead distribution patterns in relation to food and 

industrial activities. 

The foll owi ng recommended research program has been desi gned to determi ne 

which factors control the distribution of zooplankton patches, and to provide 

a capability for predicting these distributions on the basis of simply 

measured surface and sub-surface conditions. A single program allowing 

accurate predictions using simple parameters (e.g., wind speed and direction, 
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or temperature and salinity) will be a useful and cost-effective means for 

interpreting bowhead distribution patterns over the long-term, whereas a major 

ship-based program each year is unlikely to be financially justifiable. 

(a) Feasibility Study 

Since this particular research program would be a major undertaking, a 

feasibility study is recommended to provide direction for its· design. The 

principal objective of the program would be to examine the relationships 

between bowhead whale distributions and large scale physical oceanographic 

features of the Canadian Beaufort Sea. 

Griffiths and Buchanan (1982) reported that zooplankton standing stock was 

substantially greater in high salinity waters than in low salinity waters 

associated with the Mackenzie River plume. The position of the plume is in 

turn determined by prevailing wind patterns (MacNeill and Garrett 1975; 

Herlinveaux and de Lange Boom 1975). The hypothesis that should be tested in 

the feasibility study is that the location of the plume will determine large 

scale distribution of bowhead wholes. Conceptual linkages of this hypothesis 

relate to the theories that (1) when the plume is driven inshore by winds, 

bowheads occur in zooplankton-rich saline shelf waters, and (2) when the plume 

encompasses the shallow shelf waters, bowheads are excluded since the area is 

characterized by low salinity water and low zooplankton standing stock. 

The feasibility study should compare the results of bowhead distribution 

aerial surveys conducted during 1980-1983 with temperature and salinity 

profiles taken during the same periods at drillships and other platforms 

operating in the Beaufort Sea. It should also include examination of 

available data on winds, ice and flow rates of the t~ackenzie River, as well as 

the results of Satellite imagery and remote-sensing productivity studies 

conducted in 1983 by Arctic Laboratories Ltd. (Borstad 1984). 

-----------------.. 
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Evaluation of the results of the feasibility study will provide essential 

information for the design of the main research program, and provide testable 

hypotheses directly related to the whale distribution data. 

(b) Design Phase 

It is probable that a formal design phase for the main research program will 

be necessary, although this design could be completed as a component of the 

feasibility study. 

(c) Main Sampling Program 

This program should examine the spatial and temporal distribution of bowhead 

prey species in relation to meteorological and oceanographic phenomena, with 

the aim of identifying simply-measured parameters that could be indicative of 

large scale zooplankton distribution patterns. These data would ultimately be 

used to interpret bowhead distribution data in relation to industrial 

activities, and to determine if these activities are excluding Vlhales from 
prime feeding habitat. The three major objectives of this recommended 

research program are provided below. 

Object; ves 

(il To determine large scale patterns of zooplankton distribution, and 

their relationship to primary productivity and meteorological and 

oceanographic phenomena such as wind, temperature, sal inity, upwell ing 

events and the presence of polynyas, 

(i il To determi ne the effect of local aggregati ons of zoopl ankton on the 

location and intensity of bOVlhead feeding ground utilization, and 
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(iii) To identify dependable environmental correlates or predicators of the 

spatial and temporal distribution of zooplankton aggregations. 

Approaches 

The methodology for this study must stress integration of biological, physical 

and meteorological sampling. The success of the program will be dependent on 

the collection of a large number of data pOints from a large geographical area 

over a relatively long period of time. Therefore, the method of collecting 

the requisite amount of data at a reasonable cost should include use of 

automated electronic measuring devices with digital transfer of information to 

onboard computers. Emphasis on traditional sampling techniques and laboratory 

analyses should be limited. 

Extensive spatial and temporal coverage of the area, including associated 

measurements of primary productivity, will be required to allow proper 

evaluation of large scale distributional features. Late winter/early spring 

measurements of productivity in the Cape Bathurst polynya would be especially 

important in thi s regard. Hie program shoul d be conducted for thr'ee to fi ve 

years to account for (1) the researcher learning curve, (2) persistence of 

features, (3) annual variability, and (4) opportunities to encounter all of 

the different hydrometeorological regimes occurring in the area. 

The quantity of data requi red to adequately meet the objecti ves of the study 

would likely necessitate the use of high frequency acoustic techniques for the 

measurernents of zooplankton distribution (spatial and vertical) and relative 

abundance. Through ground truthing, these data could then be used to provide 

quantitative estimates of zooplankton standing stock. All measurements must 

be accompanied by synoptic meteorological measurements and measurements of 

temperature, salinity and turbidity. 

T , 
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The program should be designed around a series of working hypotheses regarding 

primary production and zooplankton concentrating mechanisms, while stressing 

reasonable and workable logistics. The research program should also be 

progressive and adaptive to address changing research questions and 

hypotheses. An international effort may be· appropriate given the special 

status of the bowhead whale in both Canada and the United States and the 

transboundary migrations of this bowhead population. 

3. Bowhead Biology 

Although the basic biology of the bowhead whale is poorly documented, the 

biological information necessary to complete the monitoring programs would be 

collected during the course of the studies outlined above. No other specific 

studies of bowhead biology are recommended at this time. 

4. Passive Acoustics 

The workshop group discussed some innovative approaches for passive monitoring 

of the acoustic behaviour of bowheads in the presence of industry activities. 

The feasibility of these techniques in the examination of important data gaps 

was not determi ned, although they are consi dered worthy of further conceptual 

design. 
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A. Offshore structures will reduce the white whale harvest. 

B. Frequent icebreaker traffic in landfast ice will increase the white 
whale harvest. 

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

D. Inuit employment in industry will change the white whale harvest. 

....-~--I®>--~-. WH ITE WHALE HARVEST -............ -...{@}----. 

~ 
HUNTER E,'FORT WHALE POPULATION AND WHALE POPULATION AND 
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Figure 2-1 Potential effects of various facilities and activities associated 
with offshore hydrocarbon development on white whale harvest, 
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Linkages 

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

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

3. The timing of break-up of the landfast ice determines the timing of entry, 
the numbers, and the duration of residence of white whales in Niakunak and 
Kugmal1 it bays. 

4. The tililing of entry, the numbers and the dur'ation of residence of \,hite 
whales in Kugmallit and Niakunak bays "Jill influence the white \'Iflale 
harvest. 

5. Ship passages througtl Niakunak and Kugmallit 8ays vlill disturb Ilhite 
whales, and this "Iill reduce the number of animals that frequent the bays 
and/or the time whales spend in the bays. 

6. Ship traffic in Niaklmak and Kugrlallit Bi)YS will lead to changes in the 
distribution of whales in ttl! bays, and these changes will lead to changes 
(probably reductions) in the harvest levels. In addition, ship traffic 
could directly interfere with hunting activities by frightening "Ihales 
that arc being hunted. 

7. Increased Inuit employment by tile oil industry and various supporting 
businesses will lead to changes in hunter effort, 

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

. 
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The '11ackenzie Estuary' stock of white whales winters in the Gering Sea, and 

migrates in the Canadian Geaufort Sea during I-lay and June through leaels far 

offshQre in the p<lck-ice (Fraker 1979), The I'lhales initia'ily arrive offshore 

of Bonks Island, move southward to Amundsen Gulf, and Ivestward to Hie 

Mackenzie Estuary in late June. I-ihite whales enter the Estuary following 

break-up of the landfast ice, and spend about three weeks in this area. Davis 

and Evans (1982) suggest that since not all 111101(:5 in tllis populiltion utilize 

the I'\ackenzie Estuary, the stock ,lOulct be more appropriately calle(l the 

'eastHn 3eoufort Sea populiltion'. 

It is not clear I'lhy all white w~lale populations occupy estuaries in SUn1r:ler. 

Tile most recent and probable explanation is that the whales moult while in 

these shallow areas (Finley 1982), although there may also be therr:lal 

advantages and social implications associated with the use of estuaries 

(Frilker ~ 2l. 1979). The maximum estimate of the number of white I1hales 

using the t1ackenzie Estuary at one time, excluding young-of-the-year, is 7000 

(Frilker and Fraker 1979; Norton Fraker 1983). Davis and Evans (lS82) 

estimated that tile entire population numbered at least 11,500 animals. 

White whales are hunted by lnuit in areas of the Mackenzie Estuary where they 

concentrate during the month of July. lIajor hunting areas include Kugl'lallit 

Bay and Niakunak Bay on the east and west sides of the Estuary. respectively. 
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TIle annual landed catch has averaged 88.4 vlhales in Kugmallit Bay and 28.1 in 

Niakunak Bay during the 11 year period from 1972 to 1982. In addition, an 

average of 13.9 \;hales are landed annually by hunters stationed at Kendall 

Island in the central Delta (tlorton Fraker 1983). 

There is concern that activities associated with offshore hydrocarbon 

development will affect the white ,;hale harvest through the potential for 

disturbances and changes in landfast ice break-up patterns. Either effect 

could result in altered use of the Estuary by \'hales. Four distinct 

hypotheses (Figure 2-1) have been formulated, and probable linkages defined. 

The hypotheses and associated linkages arc discussed as a group below. 

LINKAGES 

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

Artificial islands could delay bn~ak-up of the lilnrlfast ice in tl'IO Ilays. 

First, the islands could anchQr the l"ndfast ice, thereby delaying its drift 

away from the Estuary during break-up. Second, islands in the transition zone 

could increase the extent of tile landfast ice, and this could result in a 

delay of break-up, The implications of delayed break-up include a potential 

for delayed arrival of \'Ihite whales in the Estuary, and changes in ,;hale use 

of this area. These effects could in turn alter the Inuit harvest of vlhite 

whales, 

The date of break-up in the Beaufort Sea has been recorded through Landsat 

imagery since 1973. Figure 2-2 illustrates the annual dates for both the 

fracture of the Kugmallit ice barrier and the complete clearing of the 

landfast ice. To date, there has been no evidence to suggest that artificial 

islands have affected either . 
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There is concern that artificial islands constructed seaward of the normal 

landfast ice edge (i .e., in the tnlnsition zone) could extend the landfast 

ice beyond its average limit. To date, only two islands have been constructed 

seaward of the fast ice edge. Uviluk was operated during the winter of 

1982-83 and remai ned within the transition zone throughout that period. The 

island did not impede ice movements beyond its rubble field (radius of 100 to 

200 m). Kogyuk, the second island to be constructed seaward of the l(lndfast 

iCe, was used for exploratory dri 11 i ng duri ng the wi nter of 1983-84. Our; ng 

this period, it remained in the mobile pack-ice. From 1973 to 1983, the 

Kogyuk site WilS located within the landfast ice zone in 2 of 11 years 

(1974,1977). 

The available data suggest that existing artificial islands r,ave not had 

detectable effects on either the extent or break-up of the landfast ice. 

HOYlever, effects are difficult to detect given the high natur"l vilriability 

which characterizes the ice regime of th~ 8eaufort Sea. Furthcrr;]ore, it is 

not known whether the number of islands pr:ojected for construction in the 

future would have detectable effects on the landfast ice regime. 

linK 2: lcebreaker traffic in the landfast ice in spring will advance the 
break-up of ice barriers across Kugmallit and Niakunak 8ays. 

During spring, break-up of the landfast ice proceeds simultaneously northward 

from the f1ackenzie River and southward from the transition zone. The final 

remnant of ice to break forms an arch at approximately the 10 m isobath across 

Kugmallit and Niakunak Bays. On the average, these arches disintegrate 17 and 

8 days following the bcginning of break-up in Kugmallit and fliakunak bays, 

respectively. White whales do not have access to the bays until these arches 

break. Therefore, icebreaker traffic through these narrow ice remnants could 

result in whales having earlier access to these areas. 

--------------------.... ~ 
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However, large icebreakers (i .e., > Class 2) cannot operate in either of these 

areas because 

envi saged for 

depths are too shallow. 

the Kugmallit Bay area. 

No icebreaking activity is currently 

However, if a Yukon shorebas0 is 

of icebreaking activity would likely developed in the future, a limited amount 

be required in Niakunak Bay during spring. 

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

Date of the first arrival of white whales in the l'lJckenzie Estuary is 

correlated with the date that the ice barrier across the bays is breached. On 

average, the first whales enter Niakunak Gay 2.8 days after the ice barrier is 

ilreached (n" 7 yrs.). In Kugmallit Bay, ~Ihales first enter an average of 1.2 

dilYS after the ice is breached (n " 8 yrs.). Hovlever, tile arrival of large 

numbers of whales in the bays ,'OPears more dependent on time of year thall on 

time of breakup. Large numbers of whales have arrived an average of 9.8 days 

i)fter break-up in Niakunak Bay (n = 5 yrs.) and 8.3 days after break-up in 

Kugmallit Bay (n. 3 yrs.) (Fraker and Fraker 1982; Norton Fraker 19B3). 

Fraker and Fraker (1982) suggested that the relative numbers of whales 

occupying Niakunak and Kugmallit Bays is 

break-up in these two areas. Thi s 

observations that the number of whales in 

determined by the reliltive timing of 

suggestion was based on limited 

Kugmallit Bay is lower in years when 

the ice there breaks later than in Niakunak Bay. Hare recently, however, 

Norton Fraker (1983) suggested that the relative numbers occupying each bay 

probably also relates to, and is influenced by, ice conditions along the 

spring migration route. 
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Although break-up dates in Niakunak and Kugmallit bays are highly variable 

(e.g., June 15 to July 11 during the period from 1973 to 1982; Fraker and 

Fraker 1982; Norton Fraker 1983), the length of time that the vlhales spend in 

the Estuary does not vary to the same degree. For example, relatively large 

numbers of individuals occur in the Estuary for about three .Ieeks, regardless 

of the date of first arrival. Therefore, the available data suggest that the 

first arrival of whales in the Estuary is a function of break-up timing, while 

the number of whales reaching each bay and their length of stay is not. 

The effects of industry-related break-up delays on whale use and distribution 

in the ~1ackenzie Estuary are unknown. In the Canadian High Arctic, severe ice 

conditions have prevented white whales from entering estuaries. I n some 

instances, these whales have occupied a1ternate estuaries, or in extreme 

cases, do not enter estuaries at all (Finley 1976; Davis and Finley 1979; 

Koski and Davis 1979). It is possible that in extreme cases, delayed break-up 

of ice in the ~lackenzie Estuary could also prevent whales from occupying tilis 

area. Since Ililit0 Vlhales probdbly occupy theSe areas for moulting (Finley 

1982), there waul cI presumably 

moult has been completed. 

regarding the particular date 

be no advantage to entering estuaries after the 

However, there is no available infon~ation 

after which the moult is complete, and therefore 

the time at which the whales may no longer enter the estuarine environment. 

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

White whale harvest levels in Niakunak Bay have been relatively consistent 

(range: 20 to 35 wtlales) throughout ttle ll-year period from 1972 to 19i12 

(liorton Fraker 1983). The number of whales harvested is relatively low in 

Comparison to the large number (over 6000 in some years) of whales that occupy 

thi s bay each July. As a resul t, these data cannot be used to eval uate the 

validity of the above linkage. 
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On the other hand, the harvest levels in Kugmallit Bay are relatively 

variable. Landings in this area have ranged from 37 to 150 whales (Norton 

Fraker 1983), while peak whale abundance in Kugmallit Bay has varied from 

about 120 to 2000 (n , 7 yrs.). The existing evidence suggests that when the 

abundance of white whales in Kugmallit Bay is very low (e.g., 120 animals in 

1980), there is a corresponding reduction in the number of "/hales landed 

(Figure 2-3). 

The clear relationship between the arrival dotes of white whales in Kugmallit 

Bay and the number of whales harvested in a particular year is illustrated in 

Figure 2-4. In general, the number of animals harvested is lower in years 

wtlen the whales ,Jrrive late in the bay. He link Vias tllerefore considered 

valid since bottl the number of whales present ,)nd the date of arrival appear 

correlated with harvest levels. 

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

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

It has been well documented in the Beaufort Sea and elsewhere tt\Bt ~\oving 

ships and barges can result in short-term changes in white Ivhale distribution 

(Fr"ker 1977a, 1977b; Pippar'd and ~lalcolm 1978; Fraker and Fraker 1982; Finley 

et 22. 1983; Norton Fraker 1983; F. Awbrey, Ii. Evans, pers. comms.). However, 

evidence from Alaska and ChurChill, Manitoba suggests that white whales 

habituate to repeated ship disturbances in some instances (R. Davis, pers. 

comm. ). 

b 
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Marine vessel activities in Niakunak and Kugmallit bays may disturb white 

whales and cause short-term avoidance responses by some individual s. The 

potential for these activities to result in long-term changes in white whale 

abundance and distribution in the bays exists, although it is not known if and 

to what extent such changes would occur. Both short and long-term effects 

could lead to effects on white whale harvest levels through displacement of 

whales from traditional and/or accessible hunting areas. 

In Kugmallit Bay, marine vessels follow channels along the southern and 

eastern shores. There is no evidence to suggest that the present level of 

ship traffic (i.e., 2 to 6 passages per day) is affecting white whale 

distribution in central and western portions of the bay (Norton Fraker 1983). 

TII€rc is illso sOllie evidence that white whales in the Estuary are generally 

habituated to disturbances associated with Inuit hunting activities, although 

hunting can lead to local changes in whale distribution (Fraker' and Fraker 

1982). 

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

Inuit employment in the wage economy could reduce time available for hunting, 

and thereby reduce hunting effort. On the other hand, wage earners lIIay have 

increased opportunities to purchase improved vehicles and equipment, and this 

could lead to improved hunting efficiency and increased catch-per-unit-effort 

(CPUE). At the same time, wage employment could reduce the experience and 

capabilities of the hunters, which in turn would reduce CPUE and increase the 

number of whales killed but lost. Although overall changes in hunter effort 

are likely to occur, the direction and implications of these changes cannot be 

predicted at present. 

,. 
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Link 8: Changes in hunter effort will lead to changes in the white whale 
harvest. 

Although this link was considered valid, the direction of the potential 

changes in harvest levels are not known. 

CONCLUSIONS 

A. It was concluded that delays in break-up could lead to a reduction in the 

white whale harvest. However, on the basis of projections in the present 

development scenario, subst.antial delays in break-up of barriers across 

Kugmall it and IJiakunak bays have a low probabil ity of occurrence. In 

addition, the timing of break-up is not the only factor determining the 

arrival time of white whales in the Estuary, although it is a good 

indicator in most years. 

It is not known if industry-induced delays in break-up are possible, or 

would be of sufficient magnitude to result in a major reduction in the 

number of whales using the Mackenzie Estuary. However, within the range 

of natural variation observed between 1972 and 1982, there is a weak 

positive correlation between whale abundance and size of harvest, and a 

negative correlation between arrival date and size of harvest. 

B. It was conclude(j that icebreaker traffic would not likely result in an 

early break-up of ice-bridges across Kugmallit and Niakunak bays. 

Icebreaking vessels will operate out of shorebases (e.g., McKinley Bay, 

Stokes Point, King Point) located outside of the Mackenzie Estuary, and 

therefore will not cross ice-bridges in either of these bays. This 

conclusion may require re-evaluation if barge traffic associated ,Ii til 

future developments along the Yukon Coast traverse fliakunak Bay before 

disintegration of the ice-bridge. 

t 
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C. The available evidence suggests that increases in ship and barge traffic 

in the Mackenzie Estuary could affect the white whale harvest. Whales may 

become less accessible to hunters if their distribution within the Estuary 

is affected by vessel activity, particularly in Niakunak Bay. Ship 

traffic may also physically interfere with the hunt. It is not known 

whether vessel traffic would affect the length of time that white Ivhales 

spend in the bays, although there has been no apparent effect to date. 

D. Increased Inuit employment in the wage economy is 1 ikely to change hunter 

effort and harvest levels, although the directions of these potential 

changes are unknown. Since these changes will largely be a matter of 

hunter preference, it is not recommended that they be monitored for their 

own sake at present. Neverttleless, it will be necessary to separate the 

effects of direct industry activities on harvest levels, from effects on 

harvest levelS resulting from changes in hunter effort. 

RESEARCH 

A study of the factors influencing white whale distribution within Niakunak 

and Kugmallit Bays should be conducted in order to provide the basiS for 

separation of natural variability in white whale distribution from 

industry-related effects. Survey results collected during the past eight 

years shoul d consti tute the mai n data source, and shaul d be eval uated with 

respect to the following: 

water temperature 

wind direction and lee shores 

turbidity 

flow rates of the Mackenzie River 

responses to existing hunting efforts. 

7 
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Data have been collected for some of these factors, but have not been 

collectively analysed to date. Retrospective analyses of these data and 

existing information on whale distribution should be conducted. Any factors 

that appear to strongly influence whale distribution should be examined in 

future field studies. Water temperature, for example, could be examined 

remotely during whale surveys, and its effect on determining whale 

distribution then quantified. The parameters to be examined and the 

requirements of subsequent studies should be determined after the 

retrospective analyses. 

MONITORING 

The group concluded that the eXisting white whale monitoring program should be 

continued and revised. Existing studies of white whale abundance and 

distribution in ",lotion to indusUy activity in the 8eaufor't Sea constitute 

the longest time seri8s of data for any Arctic marine mammal, ond have allOl'led 

relatively confident evaluation of the status of Mackenzie white whale stock. 

The existing program is operational in the sense that it is designed to 

rapidly detect real or perceived problems associated with the white whale 

harvest, and to allow opportunities for mitigation. It is recommended that 

the program continue in the following manner. 

Component A 

fJhite whale harvest level s in the Mackenzie Estuary should continue to be 

monitored, and 

kills. These 

include information concerning the location and time of all 

data are currently being collected by the Department of 

Fisheries and Oceans. 

b 
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This component of the monitoring program should also include the continuation 

of regular visits to the whaling camps. These visits provide information on 

hunter effort and harvest levels, oS well as opportuniti0s for identifying 

industry-hunter confl icts. Data concerning hunter effort patterns such as 

number of hunters, number and location of camps, and major equipment changes 

should also be collected during camp visits. 

Component B 

The abundance and distribution of whales in the Estuary should be monitored in 

conjunction with the direct monitoring of the harvest. This study component 

win allow for evaluation of potential industry-related effects on whale use 

patterns. A long time series of data is needed to encompass the range in 

natural variability. The basic approach should be to continue the aerial 

survey programs to document the following: 

1) First arrival and peak abundance dates, and the relationship of these 
dates to timing of break-up. Surveys along the fast ice edge, at 
least as far east as Cape Dalhousie, should bc conducted and 
suppl eJ:lcnted with satell ite imagery. 

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

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

Component C 

If major industrial developments or increases in activity are expected, the 

monitoring program should be intensified. For example, if a shorebase is 
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developed at King Point or Stokes Point, barge traffic could increase signifi

cantly in Niakunak Bay. A more intensive examination of whale distribution 

patterns should be undertaken one or two years before this type of development 

occurs. 

Monitoring of behavioural responses of whales to any additional traffic or 

activities should be conducted after the increases in industrial activity. 

Any changes in whale distribution or abundance should be examined, and related 

to potential changes in harvest leVels. The duration of the monitoring effort 

woul d be determi ned by the responSes of whal es, and the nature and extent of 

potential effects on harvest levels. 

Component 0 

Monitoring for effects of offshore structures on ice break-up patterns should 

continue using remote sensing techniques. These studies should be carried out 

on an ongoing basis to determine if delays in break-up are occurring, and to 

separate natural variations from any industry-related effects. 
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HYPOTHESIS NO.3 

THE EFFECTS OF MARINE VESSEL TRAFFIC, SEISMIC ACTIVITIES, 
DREDGING OPERATIONS, AIRCRAFT OVERFLIGHTS AND ACTIVE 

OFFSHORE PLATFORMS/ISLANDS ON THE SIZE OF THE 
BEAUFORT SEA POPULATIONS OF RINGED SEALS 

AND BEARDED SEALS 
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Marine vessel traffic, seismic activities, dredging operations, 
aircraft overflights and active offshore platforms/islands 

will reduce the size of the Beaufort Sea populations 
of ringed and bearded seals. 

POPULA Tl ON S OF 
RINGED AND BEARDED SEALS 

f 
~,"ERGY BALANCE 

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

1. Each active offst1ore platform will result in the exclusion of ringed and 
bearded seals from some habitat. 

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

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

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

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

6. The amount of available food and the time available for feeding determine 
energy int,)ke. 

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

8. Energy intake and expenditures determine the energy balance. 

9. The energy 
reproduce. 
influences 

balance of a seal determines its surv;v,)l and its ability to 
The energy balance of the individuals in a population 

the reproductive capacity and health of the population. 
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The ringed seal is the most abundant and widespr€Bd species of marine mar;]mal 

in the Canadian Arctic, and is harvested by residents of virtually all coastal 

arctic communities. Breeding adults occur primarily in landfast ice areas 

during winter, and pupping occurs during late March and early April in 

subnivean lairs on the ice (Smith and Stirling 1975). \,ithin the Beaufort 

region, the bays of Amundsen Gulf support the highest densities of breeding 

seals (2.5 females/km2). Ringed seal breeding densities in areas off the 

Mackenzie Delta and Tuktoyaktuk Peninsula (i.e., the development zone) are 

10>ler, probably within the range from 0.4 to 1.0 females/km2 (Stirling !.!: 

al. 1982). Subadults and non-breeding adults occur in leads and areas of thin 

ice in the transition zone during winter and spring (Stirling!.!:.9.2.. 1975). 

The latter group is not expected to be territorial, and probably moves locally 

in response to food availability and ice conditions. 

Large numbers of ringed seal s Mul out to moult during June, primarily on the 

landfast ice. In the Canadian Beaufort Sea and Amundsen Gulf, highest on-ice 

densities of hauled-out seals tend to occur along seaward portions of the 

fast-ice in Amundsen Gulf (2.6/km2 in 1982; Kingsley and Lunn 1983). The 

densities of hauled-out ringed seals offshore of the Tuktoyaktuk Peninsula and 

t1ackenzie Delta were 0.15/km2 in 1981 and O.42/km2 in 1982 (Kingsley and 

Lunn 1983). Uncorrected estimates of the number of hauled-out ringed seal s 

( 
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(an index of relative abundance) in the Canadian Beaufort and western Amundsen 

Gulf during haul-out have indicated that population levels fluctuate among 

years. During the period from 1974 through 1979, uncorrected estimates of the 

number of hauled-out ringed seals ranged from 23,000 (1977) to 61,000 (1978) 

(Stirling et 2.!.. 1982). 

Bearded Seal 

Bearded seals are also hunted by Inuit, but are not as abundant or important 

to the native harvest as ringed seal s. During winter, bearded seal s probably 

occur primarily in shallower (20 m to 50 m depth) areas of the transition zone 

or in nearshore pack-ice areas. Pups are born on moving pack-ice during late 

April and early flay. Recorded uncorrected densities of hauled-out bearded 

seal $ offshQre of the Mackenzi e Del ta and Tuktoyaktuk Peni nsul a were 

2.1/100 km2 of ice in June 1981 and 8.7/100 km2 of ice in June 1982. 

Bearded seal s tend to haul out near the fast-ice edge, or on small floes in 

the transition zone (Kingsley and Lunn 1983). 

Natural fluctuations in the Beaufort Sea bearded seal population have also 

been demonstrated. In the period from 1974 to 1979, uncorrected estimates of 

the number of bearded seals hauled-out on the ice in the Canadian Beaufort Sea 

and western Amundsen Gulf have ranged from 1300 in 1977, to 3100 in 1978 

(Stirling et 2.!.. 1982). 

All of the various industry activities considered in this hypothesis could 

result in di sturbance of ri nged and bearded seal s. The overall concern is 

that the cumulative effects of these activities could affect the energy 

balance of the seals by reducing the amount of time available for feeding 

and/or by increasing energetic costs through avoidance behaviour. A negative 

energy balance could then lead to reduced reproductive rates. Other concerns 

regarding the potential effects of offshore hydrocarbon development on seals 

are addressed in Hypotheses 4, 5 and 6. 
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LINKAGES 

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

Although no quantitative studies of the effects of offshore oil and gas 

exploration and production structures on seals have been conducted, there are 

numerous published and unpublished anecdotal accounts of seals in the vicinity 

of such facilities in the Beaufort Sea (e.g., Renaud and Davis 1981; Ward 

1981; Harwood and Ford 1983; ~1cLaren and Oavis 1984). Industry personnel and 

ice observers stationed at offshore structures (and on vessels) in the 

Beaufort Sea frequently observe both ringed and bearded seal s, with total 

numbers observed during the open water season ranging from a few hundred to 

over 1000. In addition, observers report that individual seals are often 

sighted near a given structure for extended periods (e.g., 24 hours). 

However, it is not known if these sighting> repres~nt all age and sex classes 

of seills or are more representative of one group such as subadults. It "as 

agreed by the discussion group that although Link 1 is probably valid, the 

available evidence suggests that the extent of exclusion would be 

inconsequential and in most instances limited to the phYSical extent of the 

structure/island. 

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

There are no empirical data which can be used to determine if seals are 

excluded from a zone around ship tracks, although theoretically such 

exclusions could occur. On the basis of many anecdotal observations of seals 

near offshore structures and vessels, the consensus of the discussion group 

was that exclusion of seals from available habitat would be localized and 

probably of short duration. Consequently, exclusion of seals from available 

habitat was not considered significant for the present levels of industry 

activity in the Beaufort. 
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A more serious concern is that the combination of all industry activities in 

the Beaufort during peak/high development periods may exclude seals from a 

much larger area. 

unlikely given (1) 

However, even a large scale exclusion was considered 

the present lack of small scale responses, and (2) the 

responses of other seal populations in industrialized areas (see Richardson et 

al,1983). 

An additional concern relates to the potential for exclusion of seals from 

habitats affected by icebreakers. In landfast ice areas, icebreaker traffic 

is expected to be restricted to relatively narrow corridors extending offshore 

from ports in McKinley Bay and along the Yukon coast. Consequently, assuming 

adherence to these corridors, the proportion of available landfast ice habitat 

that could be affected by iccbreaking would be small (see Hypothesis No, 4). 

Icebreaking in the transition zone will have only temporary and localized 

effects on this dynamic habitat, and therefore permanent exclusion of seals 

from this area is unlikely, 

Seismic exploration activity is of particular concern because of the intensity 

of noise which emanates from active seismic vessels, although it is not known 

how seals respond to this source of disturbance. However, seismic exploration 

in open water areas tends to be relatively stlort-term (a few weeks) in any 

particular area and does not occur in the same area every year. As a result, 

any habitat exclusion that did occur would be short-term and irrcgular. The 

consequences would likely be regionally insignificant, since food is probably 

not a limiting factor during summer and adjacent unaffected habitats could be 

used for feeding. 

On-ice seismic programs which are conducted in winter could affect ringed 

seals, although the majority of this activity takes place on ice over waters 

< 3 m deep, and therefore too shallow to support overwintering ringed seals. 

Preliminary studies of the effects of on-ice seismic activity in Alaska on 

ringed seals suggest 

unlikely to affect seal 

that habitat exclusion is extremely localized and 

populations (Burns and Kelly 1982). 
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Overall, it was concluded that marine vessel traffic and seismic activity 

would exclude seals from little of the available habitat. 

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

Although this link is undoubtedly valid since some seals will have to take 

action to avoid ships, the important consideration is whether or not their 

behaviour would be altered for periods long enough to affect energy intake. 

The anecdotal observations of seal behaviour near vessels and structures 

described earlier indicate that long-term interruptions to feeding do not 

occur, and energy intake is probably not affected. 

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

This link was also considered valid for both ringed and bearded seals, 

althQugh again the important consideration is whether the increased costs 

would be sufficient to affect the overall energy balance of affected 

individuals. The general conclusion of the group was that since seals do not 

usually react markedly to industrial activities, the overall energetic costs 

of avoidance behaviour are likely to be small and probably inconsequential. 

An exception to this general conclusion might exist in localized areas during 

the late winter and spring of 'heavy' ice years. 

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

The amount of food available to seals is, in general, a function of the amount 

of available habitat. As discussed in relation to previous linkages of this 

hypothesis, the amount of ringed seal habitat which would be excluded is 

I 
I 

------------------------------------~ .. 



-

.. ---------~' .. 
72 

small, and therefore signficiant reductions in energy intake are not likely to 

occur. Bearded seals feed primarily in benthic habitats, and their prey may 

be patchily distributed in suitable water depths. Consequently, the potential 

for exclusion of bearded seals from available habitat and therefore food would 

be greater than for ringed seals which feed in the water column. 

Concerns relating to the potential effects of large scale dredging operations 

on benthic food resources available to bearded seals have been identified. 

However, natural scouring of the seafloor by ice is extensive in waters less 

than 50 111 deep, and dredging associated with offshore development w'ill affect 

a comparatively sillall proportion of the available habitat. For' example, the 

spatial extent of seafloor removal due to dredging has been estimated to be no 

more than 6.3 km2 annually. Consequently, dredging is not likely to 

significantly reduce the amount of food available to bearded seals. 

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

This link is self-evident and valid. The previous discussions indicate that 

neither food availability through habitat exclusion nor av"ilable feeding time 

will be significantly affected by offshore development. Therefore, significant 

reductions in energy intake of seals are unlikely to occur. 

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

Hauled-out seals occasionally dive in response to overflights by low-flying 

aircraft. M. Kingsley (pers. comm.) estimated that 25 to 40 percent of 

hauled-out ringed seals dive when overflown by fixed-winged aircraft at 

altitudes of 90 to 150 m. The percentage of ringed seals in birth lairs that 
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dive in response to overflights is not known, although the proportion is 

probably lower than for hauled-out seals since noise levelS within lairs would 

be muted and no visual cues are aSSOciated with the noise. 

The biological significance of repeated immersion during pupping or haul-out 

is not known. Seals are in an overall negative energy balance condition 

during the late spring, and there could be thermal consequences associated 

with repeated immersi ons duri ng the moult. Seal s repeatedly overflown coul d 

(1) vacate affected areas or (2) habituate to disturbances and not dive when 

an aircraft approaches, although the extent to which either of these responses 

would occur i5 unknown. 

The reactions of individual seals to repeated overflights have not been 

directly studied. However, Finley (19'76) indirectly examined the possibility 

that seals would vacate an area \;hich was repeatedly overflown. A 17-km 

aerial survey transect over landfast ice in Resolute Passage was flown 31 

times during the period from June 4 to July 8, 1975. There was no overall 

decline in the densities of ringed seals on the transect throughout the study 

period, and therefore, no evidence to suggest that ringed seal s had vacated 

the area. 

The discussion group suggested that the energetic costs to seals associated 

with diving in response to aircraft could be minimized by restricting 

overflights to a minimal number of well-defined flight corridors, and 

maintaining prescribed flight altitudes when weather permits. It was 

concluded that the energetic costs to affected individual s associated with 

diving in response to aircraft would be insignificant in a regional context. 

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

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

This link is valid and applies to both ringed and bearded seals. However, it 

was concluded that in the majority of cases, there would be no major changes 

to the energy biflance of individual seals, and therefore populations: An 

exception to this may occur during the late spring of years with 'heavy' ice 

conditions when small changes in the natural energy balance may result in 

detectable effects. 

CONCLUS IONS 

Tile group concluded that all links in the hypothesis were valid, and that the 

hypothesis itself was realistic. It was <)lso concluded, however, that the 

cumulative effects of all links would probab'ly be inconsequential: Host 

participants agreed that population effects were unlikely to occur, and the 

hypothesis was therefore not worth testing for either ringed seals or bearded 

seals. Some participants believed that effects on ringed seals were possible, 

but would be too hard to detect given the natural variability in Beaufort Sea 

ringed seal populations and the difficulty of establishing cause-effect 

relotionships betvleen population changes and industry activities. 

RESEARCH/MONITORING 

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



..... ------------:----------------~: 
75 

LITERATURE C !TED 

Burns, J.J. and B.P. Kelly. 1982. 
Beaufort Sea duri ng wi nter: 
Alaska Dept. Fish and Game 
(RU232). 57 p. 

Studies of ringed seals in the Alaskan 
Impacts of seismic exploration. Rep. by 
for Nat. Oceanic and Atmospheric Admin. 

Finley, K.J. status of marine mammals in the central 
Oi strict 
Toronto, 

1976. Studies of the 
of Franklin, fl.W.T. 
for Polar Gas Project, 

June-August, 1975. Rep. by LGL Limited, 
Toronto. 183 p. 

Harwood, L.A. and J.K.B. Ford. 1983. Systematic aerial surveys of bowhead 
whales and other marine mammals in the southeastern Beaufort Sea, 
August-September 1982. Rep. by ESL Environmental Sciences Limited, 
Sidney, B.C., for Dome Petroleum Limited and Gulf Canada Resources Inc., 
Cal gary. 76 p. 

Kingsley, r~.c.s: and N.J. Lunn. 1983. The abundance of seals in 
Sea, northern Amundsen Gulf, (")nd Prince Albert Sound, 1982. 
Wildl. $er., Edmonton, for Dome Petroleulli Limited and 
Resources Inc., Calgary. 16 pp. 

the Beaufort 
Rep. by Can. 
Gulf Canada 

McLaren, P.L. and R.A. Davis. 1984. Distribution of bowhead whales and other 
marine mammals in the southeast Beaufort Sea, August-September 1983. Rep. 
by LGL Limited, Toronto, for Dome Petrol eum L ir;]ited and Gulf Canada 
Resources Inc., Calgary. 16 p. 

Renaud, \LE. and R.A. Oavis. 1981. Aerial surveys of bowhead I;hales and other 
marine mammals off the Tuktoyaktuk Peninsula, N.W.T., August-September 
1980. Rep. by LGL Limited, Toronto, for Dome Petroleum Limited, Calgary. 
55 p. 

Richardson, W.J., C.R. Greene, J.P. Hickie and R.A. Davis. 1983. Review of 
effects of offshore petroleum operations on cold water marine mammals. 
Rep. by LGL Limited, Toronto, to American Petroleum Institute, 
Washington. API Rep. No. 4370. 248 p. 

Smith, T.G. and I. Stirling. 1975. The breeding habitat of the ringed seal 
(Phoca hispida). The birth lair and associated structures. Can. 
zoor:- 53:1291-1305. 

J. 

Stirling, I., W.R. LArchibald and D. Demaster. 1975. Distribution and 
abundance of seal s in the eastern Beaufort Sea. Beaufort Sea Project 
Tech. Rep. No.1, Dept. of Environment, Victoria, B.C. 58 p. 

s 



p------------~--

76 

Stirling, I., M. Kingsley and W. Calvert. 1982. 
abundance of seal s in the eastern Beaufort 
Servo Occ. Pap. 47:1-23. 

The distribution and 
Sea, 1974-79. Can. vlildlife 

Ward, J.G. 1981. Wildlife observations during dredging operations in McKinley 
Bay, July-August 1980. Dome Petroleum Limited 75 p. 



..,.... ...................... r ........................ --------~ .. 1 

HYPOTHESIS NO.4 

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

ON RINGED SEAL PUP PRODUCTION 
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Increased frequency of icebreaker traffic through 
the landfast ice and through Amundsen Gulf 

will reduce ringed seal pup production. 

RINGED SEAL PUP 

r----;@l-------'t 

PUPPING HABITAT 

t'-----;CDf--.----. 

3 

PRODUCT! ON 

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

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

Linkages 

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

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

3. Icebreaker traffic in late March, April and May will kill ringed seal pups. 
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The ringed seal is the most numerous and widely distributed marine mammal in 

the Canadian Arctic. It is an important element of Arctic marine ecosystems, 

both as a consumer and prey item. It is the primary prey of polar bears and 

therefore has a considerable influence on the abundance and distribution of 

the Beaufort Sea polar bear population. The ringed seal is also an important 

species in the harvests of Canadian Inuit. 

Research in the Beaufort Sea has demonstrated that the location of ringed seal 

pupping habitat is strongly correlated with ice type (Stirling £!,Ql. 1975, 

1977). Breeding seals occur in th€ highest densities on stable fast ice. In 

this habitat, females hollow birth lairs out of the snow, in the lee of 

pressure ridges and hummocks (McLaren 1958; Smith and Stirling 1975). In the 

Beaufort Sea region, stable ice areas important for ringed seal pupping occur 

Gulf, and in 

the Beaufort 
along the west coast of Banks Island, in northern Amundsen 

southern P ri nee of Wales Strait. Tankers moving between 

and Parry Channel would pass through areas of zone 
high pup 

p roduc t ion 
production in northern Amundsen Gulf and southern Prince of Wales Strait, 

while certain fast ice areas in the Beaufort Sea would also be traversed by 

icebreakers and ice-strengthened supply vessels. 

There has been considerable concern regarding the 

icebreaking activities on ringed 

identified dur'ing public hearings 

seal populations. 

for both the Arctic 

potential effects of 

These concerns were 

Pilot Project (EARP, 
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NEB) and the Beaufort Sea Development Project (EARP). To date, there have 

been no direct investigations of the effects of icebreaking on seals; only a 

few studies have addressed this area of potential concern and then only 

indirectly (Alliston 1980, 1981; Kingsley and Lunn 1983). Consequently, the 

lack of existing data precludes a confident assessment of the effects of 

icebreaking on ringed seals occupying affected fast ice areas. 

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

Icebreaking activities could affect the amount of ringed seal pupping habitat 

in the following ways: 

a) large scale destabilization of ice in Amundsen Gulf; 

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

c) exclusion of pupping adult females from ice in the vicinity of ship 

tracks due to underwater noise produced by vessels. 

The following discussion addresses each of these three potential effects 

separately. 

a) Destabilization of Ice in Amundsen Gulf 

From November through to June or July, Amundsen Gulf is covered primarily by a 

first year ice pack. This pack includes small concentrations of multi-year 

ice which arise from late season influxes from the southeastern Beaufort Sea 

and Prince of Wales Strait. The Amundsen Gulf ice cover is usually 

characterized by distinct physical boundaries which correspond to transient, 

and sometimes long-lived, north-south trending leads. Tilest? leads generally 
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extend between poi nts on the coastl i nes of southern Banks I sl and and the 

mainland. They alternatively disappear and reappear at the same or different 

locations until, usually in January or later, a final seasonal edge is 

established separating the immobile or fast ice in the east from the 

relatively mobile ice to the west. Typical locations of these leads are 

indicated on Figure 4-2 (Smith and Rigby 1981). In most years, this boundary 

lead or division occurs at or to the west of a line from Cape Lambton at the 

southern tip of Banks Island to Cape Parry. Stable, consolidated ice 

conditions occur in the large proportion of Amundsen Gulf that lies to the 

east of this division. The stable ice corresponds to Type I ice habitat 

designated by Stirling et ~. (1975) as prime ringed seal pupping habitat. 

Type 1 ice often occurs in the northern half of A~1Undsen Gulf, which is the 

area most 1 ikely to be traversed by icebreaking tankers. The ice to the west 

of the division is dynamic, and consists of temporally and spatially varying 

zones of thin and thick ice, detached floes and open water. This area is not 

likely to provide suitable habitat for successful ringed seal pupping. 

Occasionally (see January 14, 1978 and February 18, 1979 on Figure 4-2), the 

situation described ,)bove is altered when the boundary lead extends into the 

extreme eastern portion of Amundsen Gulf. A more westward edge eventually 

formed in 1979 (Marko and Fraker 1981), but in the years 1971 (I. Stirling, 

pers. comm.), 1978 (Marko and Fraker 1981) and 1981 (AES 1981), the boundary 

lead was located in eastern Amundsen Gulf in early spring (Figure 4-3e,b). As 

a result, ice cover in the Gulf was unstable, and consisted of individual, 

mobile floes, leads, polynyas and generally prevalent stretches of open water 

and thin deteriorating ice. 

The possibility that offshore fast ice areas may be susceptible to destabil

ization as a result of longitudinal passages by an icebreaking vessel has been 

considered by various authors (f1arko 1978; f1ilne and Smiley 1978; f1uller 1980; 

Martec 1982; Oickins 1983). In each study, conclusions were based on 

subjective evaluations of observed conditions, processes and operational 
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marine experience. Studies were concentrated primarily in Amundsen Gulf and 

Lancaster Sound, since these are the locations of the two most prominent 

fast/mobile ice boundaries in the Canadian Arctic. 

Theoretical treatments of the stabil ity of these types of boundaries are 

provided in Sodhi (1977) and Pritchard et 2.l. (1979). In the latter case, a 

rough derivation of plastic flow parameters was obtained from a comparison of 

observed southerly ice "breakouts" in Bering Strait to estimates of time 

dependent wind- and water-drag stresses acting on the ice cover. In this 

instance, internal ice forces were expected to be of lesser importance, but 

were sUggested to be of possibly greater significance at other ice edge 

locations. Sodhi's treatment involved the appl iCJtion of llIodel s, originally 

derived from the movement of grain or sand through hoppers, to the macroscopic 

ice case. Although estimates of a cohesive strength parameter were obtained, 

neither this calculation or the Pritchard ~! 2.l. (1979) treatment have been 

extended to include the presence of an externally-introduced structural flo'; 

of the type that could be produced by an icebreoking vessel. 

The be~laviour of ice in Amundsen Gulf is very complex. Major features 

include: (1) repeated intra- and inter-annual shifts in ice edge position; 

(2) frequent development of complex lead structures; and (3) the unknown roles 

played by local ice rheology and external influences such as wind, air 

temperatures and current patterns. A finite probabil ity exists that 

icebreaker traffic could significantly alter the extent of this ice cover in 

Amundsen Gulf. The alteration might be caused by (1) detachment and westward 

drift of ice floes adjacent to the original ice edge during icebreaker 

passages in the winter or spring, or (2) sufficient disruption of ice edge 

stabilization processes by regular icebreaker passage during early winter to 

allow significant westward movement of ice through the Gulf during the 

subsequent winter and spring I;]onths. The latter situation would lead to a 

major reduction in the amount of ringed seal pupping habitat. 
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The possibility that icebreaker traffic would destabilize landfast ice is 

the 1 andfast ice considered remote. Iccbreakers have been moving through 

between McK i nl ey 8ay and the shear zone of the Beaufort Sea si nce 1979. 

Typically, vessels have moved into the bay during freeze-up when the ice is 

0.3 to 0.6 m thick, and out of the bay in mid June to early July when the 

thicker winter ice cover is deteriorating. 

al so occurred. In the winter of 1981-82, 

However, mid winter passages have 

icebreakers made 26 round trips 

through the landfast ice opposite McKinley Bay dur'ing the months of November, 

December, March and June. Photographic aeY'ial reconnaissance and satellite 

imagery during this period did not demonstrate any destabil ization of the 

landfast ice regime. 

At the end of flay 1981, the icebreaker Kigoriak deliberately released a 

triangular section from the l.)ndfast ice by cutt'ing a V-track at the ice 

edge. The wedge moved out to sea several days later during a period of strong 

southerly winds. The event, however, had no apparent effect on the natural 

ice regime. Large floes have calved naturally on June 14, 16 and 7 in 1979, 

1981 anel 1982, respectively. 

b) Disruption of Pupping Habitat along Tracks of Icebreaking Ships 

lcebreaking ships may cross areas of stable ice used for pupping by ringed 

sea 1 s. Ice ina vessel's track wi 11 undoubtedly be di srupted, but the 

important consideration is whether ice cover alterations are detrimental to 

seals. Alliston (1980) demonstrated that the numb€rs of seal breathing holes 

along winter icebreaker tracks off McKinley Bay was not different than the 

numbers recorded in adjacent unaffected areas, and that avoidance of habitat 

created in the tracks was not apparent. Since icebreaker tracks typically 

actually create pupping habitat by include broken and irregular 

increasing the probabilities 

used for birth lairs. 

ice, they may 

of the formation of snow drifts which could be 
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Even if it is assumed, as a worst case, that all icebreaker tracks are 

unusable by ringed seals, the overall amount of habitat affected would be 

small. At present, icebreaking corridors through the landfast ice extend only 

from McKinley Gay to the shear zone, although a further corridor through the 

fast-ice would be utilized in the future if a port is developed along the 

Yukon coast. In addition, existing and proposed corridors through landfast 

ice do not appear to incl ude any areas of the Beaufort Sea that have been 

classified as primary ringed seal habitat (see Stirling et 21.. 1977,1981). 

Water depths in many of the areas affected are 1 ess than 10 m, and therefore 

unsuitable for ringed seals. From 1971 through 1979, thousands of kilometres 

of sea ice in the Beaufort were surveyed for polar bears (Stirling ~ 21.. 
1975, 1982). During these studies, a reasonably accurate impression of the 

age and sex classes of seals taken by bears in different areas and habitat 

types was gained (Stirling and Archibald 1977,1. Stirling, pers. c:o~lm.). TIle 

observations suggest that landfast ice along the southern coast of the 

Beaufort Sea from Herschel Island to Cape 8atllurst does not include primary 

ringed seal pupping habitat. 

Rough estimates of the amount of pupping habitat potentially affected by 

icebreakers were calculated as follows. Shipping corridors through the fast 

ice from a Yukon port and McKinley Bay will be about 50 km in length. 

Approximately half the length of the fast-ice corridors would occur over 

ringed seal pupping habitat (e.g., in waters greater than 10 m deep). 

Assuming a corridor width of 2 km, approximately 100 km2 of pupping habitat 

would be affected in zones 8,2 and 4. These zones contain a total of 14,500 
2 

km , and therefore the affected area represents less than 1 percent of the 

combined zones. 

As described earlier, however, fast ice habitats in the southern Beaufort Sea 

are comparatively unproductive with respect to ringed seal s, wllile northern 

Amundsen Gulf and southern Prince of Wales Strait are more significant for 
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pupping in this species. lcebreaking corridors in zones 5 and 11 are expected 

to be longer and somewhat wider than those described above, particularly 

during later stages of hydrocarbon development in the Beaufort region. 

Nevertheless, similar calculations of the amount of habitat affected in these 

areas also indicate that habitat loss would be minimal, with the exception of 

Prince of Wales Strait where habitat loss could approach 7 percent. 

c) Effects of Underwater Noise 

There have been no direct studies concerning the potential for ringed seals to 

avoid ice-covered areas that ar(" characterized by industrial underwater 

noise. Therefore, it is not possible to predict whether pupping seals \,i11 

avoid areas affected by noise. Through examination of breathing hole 

distribution during spring, Alliston (1980) found no evidence to suggest that 

seals avoided winter icebreaker tracks in areas offshore of McKinley Bay. 

Kingsley and Lunn (1983) examined the distribution of hauled-out seals in the 

Beaufort Sea during late June, and found no relationship to existing 

industrial activities. Although both of these studies Were indirect and did 

not specifically examine pupping females, their results suggest that some age 

and sex classes of seal s do not exhibit a widespread avoidance of underwater 

noi se sources. 

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

Preferred ringed seal pupping habitat can be characterized as stable, flat ice 

that is interspersed with pressure ridges that move little, if at all, 

following freeze-up. Ridges and hummocks that are drifted with snow are 

important for seal birth lairs, while snow depth between the pressure ridges 

is apparently not a critical factor. Stirl ing et!!... (1975) termed the above 

as Type 1 ice, and report that prime ringed seal pupping habitat includes 

.... 
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Type 1 ice over water depths of at least 10 m. In the western Arctic, 

productive Type 1 habitat occurs in northwestern Amundsen Gul f, southern 

Prince of Wales Strait, and along the west coast of Banks Island. It is not 

known whether the amount of puppi ng habi tat I imi ts the producti on of pups by 

the seal population. The amount of pupping habitat is likely to be relatively 

constant on a year-to-year basis, with the exception of the larger variability 

associated with those years (i.e., 1971, 1978 and 1981) in which the fast ice 

zones of the northwestern Amundsen Gulf undergo winter break-up and 

destabilization (Marko and Fraker 1981; J. Marko, pers. comm.). The effect of 

this break-up on pup production or survival is not known. 

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

Althougll studies to examine ringed seal pups in lairs directly affected by 

icebreakers have not been conducted, there is concern that ne\vborn and very 

young pups would be unable to avoid vesselS and would subsequently die through 

crushing or exposure. The age when pups would be able to effectively avoid a 
vessel is unknown, although it woul d probably be no sooner than two or three 

weeks of age. 

Densities of pupping ringed seals are low « 1 or 2 km2), and only small 

numbers of individuals would actually occur within a ship track during the few 

weeks when pups are vulnerable. Consequently, the proportion of pups at risk 

in anyone year would be small; probably less than 1 percent of the total pups 

in the region. Loss of this proportion of pups would probably be 

inconsequential to the population, given the relatively high rates of natural 

mortality in the first year of life. 
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CONCLUSIONS 

Small scale alterations to the ice regime in a ship's path (Link lb), and 

noise-related exclusion of pupping females from the vicinity of tracks (Link 

1c) were both considered possible. However, the potential effects on ringed 

seal pup production were not expected to be regionally significant or worthy 

of further investigation. Similiarly, the regional impacts of direct pup 

mortality resulting from icebreaker traffic in April and May were expected to 

be insignificant at the population level. 

On the other hand, large-scale destabilization of the Amundsen Gulf ice cover 

due to icebreaking activities (l.ink 1a) could be an area of significant 

concern, although present evidence for tllis link is largely cirCUI~lstantial. It 

is recommended that further research regarding the potential for large-scale 

ice destabilization processes in Amundsen Gulf be undertaken to determine both 

the requireillent for and slJitable design of any monitoring programs. 

RESEARCH 

Analysis of ringed seal samples collected by T .G. Smith (DFO) near Holman 

Island between 1971 and 1982 is planned for 1984. These analyses should 

indicate any significant variability in population parameters that may have 

occurred during that period (i .e., age-speciHc reproductive rates and 

mortality rates), and findings can be subsequently related to years of ice 

destabilization in Amundsen Gulf (i.e., 1971 and 1978). 

If analysis of these data indicates that pup production i5 sensitive to 

variations in the ice regime, further ice stability research may be 

warranted. This research could include modification and direction of existing 

tfl€'ories of ice strength and structure, and investigation of two-dimensional 

ice strain involving use of tJOAA, Landsat and SLAR imagery. If these data 
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indicate a requirement for higher resolution information, time series strain 

measurements in critical areas and deployment of sea bottom-mounted acoustic 

tracking arrays in conjunction with on-ice transponders could be considered. 

An examination of recent historical data may also be requiY·ed. Emphasis 

during these studies should be placed on documenting: strain histories for 

comparisons with wind and possibly current measurement records; and the 

observed sequences of lead-forming and ice movement events. 

MONlTOR1NG 

Uncertainties related to the potenti()l for destabilization of the ice regime 

in Amundsen Gulf and potential impacts of this destabilization on ringed seal 

pup production are considered adequate justification for a monitoring 

program. Monitoring could include routine aerial photography of icebreaking 

activity in Amundsen Gulf, and analysis of the data collected (depending on 

the results of the previously described research) in conjunction witll wind and 

large scale ice Illovement datil. This monitoring progra"l \~ould provide further 

information on the probabilities and mechanisms of fast ice destabilization. 
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HYPOTHESIS NO. 5 

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

SEAL PUP ~BEARDEO 

MORTALITY 

tL.....~~@r----, 

PRODUCTl" 1 
MATING SUCCESS 

~-~Ci)f.-~---,t 
ICEBREAKER TRAFFIC IN SHEAR ZONE 

DURING APRIL AND MAY 

Potential effects of icebreaker traffic in the shear zone on 
bearded seal pup production 

1. Icebreaker traffic in the shear zone during April and t~ay will interfere 
with vocal izations of male bearded sea15, and ttlis will result in reduced 
mating success. 

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

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

Bearded seals are largely solitary animals which are usually widely dispers~d 

and not known to occur in large aggregations in any habitat. They tend to 

avoid fast ice, but can be relatively COHunon in certain types of pack ice and 

in the transition or shear zone (Burns and Frost 1979; Stirling et il.. 1982). 

The size of the Bering Sea-Chukchi Sea population of bearded seal s has been 

estimated at 300,000 to 450,000 (8rat1am ~ il.. 1977). However, the Beaufort 

Sea provides much less favourable h"bitat than morc westerly portions of the 

range of this population (Burns and Frost 1979). For example, aerial surveys 

of hauled out b~ardcd seals in the Canadian Beaufort over B 6-year period have 

resulted in estimates of 2200 to 8300 individual s (Stirl ing ~ il.. 1982). 

These estimates are not corrected for seal s under the ice at the time of the 

surveys and therefore represent minimum numbers present in the area (Stirling 

~ il.. 1982; 1. Stirl ing, pers. comm.). In general, past surveys indicate 

that there is approximately one bearded seal for every 20 ringed seals in the 

Canadian Beaufort. 

Al though not as important as the ringed seal to the native harvest, the 

bearded seal is used for domestic leather products. In addition, it is also 

preyed upon to some extent by polar bears (Stirling and Archibald 1977; Smith 

1980). The bearded seal only represents a small proportion of the total seal 

kill by bears (i .e., on the order of one bearded seal for every 10 to 20 

ringed seals -- Stirling and Archibald 1977; I. Stirling, pers. comm.), but 

may be important because of its large size and energetic value. 
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Bearded seals give birth to a single precocious pup on moving ice in late 

April or early t~ay (Burns and Frost 1979). The preferred pupping habitat of 

this species is the shear zone, which is also the location of existing and 

proposed shipping corridors in the Beaufort Sea. Therefore, there is some 

concern that ship traffic will affect bearded seal production either directly, 

by crushing the pups, or indirectly, by reducing mating success and subsequent 

pup production (Figure 5-1). 

Ll NKAGES 

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

Beardecl seals (especially males) are highly 

breeding season (Ray ~ i.l,. 1969; Stirl ing 

vocal, particularly during 

et a1. 1983). The calls 

the 

are 

audible under some circumstances for more than 40 km, and may serve to attract 

female seals and exclude other males from underwater territorics. During 

workshop discussions, it was suggested that disturbance could reduce 

vocalization rates and/or that ship noise could completely mask calls. Either 

of these reductions in com~unication could lead to reduced mating success and 

pregnancy rates. However, there has been little research on the behaviour of 

bearded seals, and there is essentially no evidence available to support or 

reject this link in the hypothesis. 

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

This link is both self-evident and valid. Pup production is a function of the 

pregnancy rate which averages about 85 percent (Burns and Frost 1979; Smith 

1981). However, there are almost no data (In the extent of natural variability 

in pregnancy rates between years or between areas. 



• 

r , 
, 

I , 

Link 3: 

95 

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

As indicated earlier, the shear zone is the preferred pupping habitat of 

bearded seals (Stirling n 2.1.. 1982), and will also be the preferred corridor 

for some shipping activity associated with hydrocarbon development in the 

Beaufort region. There is some limited anecdotal evidence of direct mortality 

of other species of seals due to icebreaking activities, although mortality of 

bearded seal pups or their mothers has not been documented to date. However, 

the workshop participants agreed that some degree of mortality would be 

expected within the region, particularly during the period of maximum 

vulnerability of seal pups, which is assumed to be 2 or 3 days after birth. 

Pupping habitat available to bearded seals in the transition zone (spatial 

units 3 and 9) is approximately 34,000 km2 It is reasonable to i)SSUme that 

the pupping females arc relatively uniformly distributed throughout this 

habitat (Stirling n 2.l. 1982). Pupping is also assumed to be L,irly 

synchronous in the area, and as a result, the period when vulnerable pups are 

present on the ice is 1 ikely to be fairly short -- perhaps 2 to 3 weeks. 

Although it is not possible to predict how much icebreaker traffic would occur 

during this period, the combined width of the tracks from all passages is 

likely to be less than 1 km. To derive a very conservative estimate of the 

degree of mortality which could result from icebreaker traffic, it was assumed 

that all pups in a corridor 1 km wide and over a distance of 360 km would be 

killed. The latter number is the distance along the ice edge between Stokes 

Point and McKinley Bay. Therefore, only about one percent (360/34,000) of the 

available habitat would be affected by icebreaking activities, and only about 

one percent of the bearded seal pups would be at risk. Observed densities of 

bearded seals in this area range from 1 to 5 animals per 100 km2 although 
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not all of these seals are pupping females. However, individuals that are 

beneath the ice are not included in the above estimates. Thus, if the above 

assumptions are reasonable, it is considered likely that direct mortality of 

bearded seal pups due to icebreaking would amount to fewer than 20 individuals 

per year. 

CONCLUSIONS 

At present, the level of understanding regarding bearded seal vocalizations 

and their importance in determination of mating success and pup production is 

inadequate either to accept or reject Link 1 in this hypothesis. 1-1ore 

detailed information on bearded seal vocalizations <lnd behaviour would be 

useful for prediction and interpretation of the potential effects of 

icebreaker traffic. However, given the 1 imited understanding and difficulty 

in precisely measuring reproductive success, it is considered unlikely that 

industry-related effects on pup production would be detectable. 

Although icebreaker traffic will probably result in direct mortality of some 

bearded seal pups (Link 3), such losses are expected to be insignificant to 

the population. 

RESEARCH 

The hypothesis linkage that ship disturbance will lead to a reduction in 

bearded seal vocalization rates could be tested through a series of underwater 

recordings of seal calls. It would be necessary to establish a baseline for 

vocalization rates in both a control area and an area Which would be exposed 

subsequently to icebreaker traffic. Use of a computerized array of 

hydrophones would be necessary to determine the location of individual seals 
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and the numbers in each area. Recordings of bearded seal vocalization rates 

in both the control and disturbed area would be required before, during and 

after the disturbance period. A problem with this research program is that 

ship noise may mask seal calls, and thereby make it impossible to determine if 

vocalization rates change. 

Even if the above experiments did demonstrate a reduction in vocalization 

rates, thi s does not necessarily mean that such effects woul d lead to reduced 

mating success and pup production. To evaluate this question samples of adult 

female bearded seals would have to be collected in a disturbed area and in an 
undisturbed control area. Relatively large samples would have to be collected 

to assure statistically reliable results. This type of research would involve 

the C0l11bined determination of the preSence of a corpus luteum to indicate 

ovulation and the presence of a fertilized egg. The latter is difficult to 

detennine because of the delayed implantation that occurs in seals. 

It was also considered possible that the sampling program necessary to address 

the potential for reductions in pup production due to icebreaking would have a 
greater impact on the population than would this form of industrial 

di sturbance. Therefore, the worki ng group concl uded that although a research 

program directed at bearded seal vocalizations could offer some relevant 

information, this research is not a high priority. 

MONITORING 

A monitoring program to determine the impacts of icebreaker and tanker traffic 

in the transition zone on bearded seal pup production was not considered 

justifiable or practical. 



Braham, H., C.H. Fiscus and D.J. 
and southern Chukchi seas. 
Al askan Cant. Shelf, Vol. 1. 

98 

LITERATURE C !TED 

Rugh. 1977. IHrine mammals of the Bering 
Pages 1-99. In: Envir. Assess. of 

NOAA, U.S. Dept.Commerce, Boulder Col. 
the 

Burns, J.J. and K.J. Frost. 1979. The natural history and ecology of 
bearded seal, Erignathus barbatus. Final Report oCSEAP 

the 
Contract 

02-5-022-53. AlaskalJept. Fish and Game, FairbMlks. 77 pp. 

Ray, C., ,LA. Watkins and J.J. Burns. 1969. The underwater song of 
Erignathu$ (bearded seal). zoologica 54: 79-83. 

Smith, T.G. 1980. Polar bear predation of ringed and bearded seals 
in the land-fast sea ice habitat. Can. J. Zool. 58: 2201-2209. 

Smith, T .G. 1981. Notes on the bearded seal, Erignathus barbatus, in 
the Canadian arctic. Can. Tech. Rep. Fish. Aquat. Sci. 38. 49 p. 

Stirling, I. ilnd W.R. Archibald. 1977. Aspects of predation of seals by 
polar bears. J. Fish. Res. Board Can. 34: 1126-1129. 

Stirling, I., f1. Kingsley and W. Calvert. 1982. The distribution and 
abundance of seals in the eastern Beaufort Sea, 1974-79. Can. Wildlife 
Servo Occ. Pap. 47: 1-23. 

Stirling, 1., w. Calvert and H. Cleator. 1983. Underwater vocalizations 
as a tool for studying the distribution and relative abundance Of 
wintering pinnipeds in the high arctic. Arctic 36: 262-274. 



.,.--------------------------~--------~~ 

HYPOTHESIS NO. 6 

TilE EFFECTS OF ICEBREAKER TRAFFIC IN AMUNDSEN GULF 
ON THE RINGEO SEAL AND POLAR BEAR POPULATIONS 
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Icebreaker traffic in Amundsen Gulf will affect 
the ringed seal and polar bear populations. 
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Figure 6-1: Potential effects of icebreaker traffic in Amundsen Gulf on 
the ringed seal and polar bear populations. 
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Linkages 

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

2. t'1ovement of the stable ice edge may in turn change the total amount of 
open water in the region. 

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

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

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

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

7a, 8a and 9. Spatial and temporal patterns in the abundance and distribution 
of Arctic Cod, epibenthos and zooplankton dctermine ringed seal food 
consumption. 

10. QUiJlity and quantity of food determine ringed 50"1 survival and mor'tality. 

1l. Location and type of ice are 'important in determining ringed seal 
distribution. 

12. Numbers of polar bears are determined by numbers of ringed seals. 
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The hydrocarbon development scenario for the Beaufort Sea includes il 

transportation option for year-round tanker-icebreaker traffic from the 

production area tllrough Amundsen Gul f and into Prince of I,ales Strait (Dome 

Petroleum Limited et al. 1982, Vol. 2). During early production, two tankers 

would be operating, and this would result in four passages through Amundsen 

Gulf every month. In the later stages of the development, the nunlber of 

tankers is expected to increase incrementally as the level of oil production 

gradually inCl'cascs to approximately 1.2 million BOPD. The nlOximum numller of 

icebreaker tankers in the current development scenario is twenty-four (Dome 

Petroleum Limited et a1. 1982, Vol. 2), and tllerefore the number of icebreaker 

passes through Amundsen Gul f wi 11 increase to approximately 50 per month 

during peak production. 

Hypothesis 6 states that icebreaker traffic in Amundsen Gulf will affect the 

polar bear population. As illustrated in Figure 6-1, the mechanisms for this 

area of potential impact are through 1) indirect food web-related effects and 

2) direct alterations in ice type, coverage or location. The following 

material discusses the evidence for and against each of the linkages 

associated with this hypothesis, as 

during the discussions of workshop 

used to fonn the basis of 

well as various uncertainties identified 

participants. This information is U1en 

Y'ec omme nda t ion s related to possible 

research/monitoring requirements and strategies. 
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LINKAGES 

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

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

During the winter, distinct boundaries appear in the Amundsen Gulf ice cover 

that correspond to temporary, north-south oriented leads which connect 

specific points on southern Banks Island and northern N.W.T. coastlines. 

These boundaries alternatively disappear and re-appear at the same or 

different locations until January or later vlhen, in most years, a final 

seasonal ice-edge is established that separates immobile or fast ice in the 

eastern Gulf from relatively mobile ice to the Vlest (see Hypothesis IJo. 4, 

Link 1). Under appropriate wind condit'ions, the mobile ice moves away frot:1 

th(~ fast iC0 boundary, prOducing an area of open water vlhich is commonly 

referred to as the Cape Bathurst Polynya. Thi 5 polynya is by far the 1 argest 

in the W0ster'n Arctic; variability in the spatial extent of the Cap(, Bathurst 

Polynya during various years is shown in Figure 6-2. 

Marko and Fraker (1981) analysed observations dating back to 1973, and 

suggested that the final seasonal fast ice boundary tends to occur along two 

basic curvilinear lines, roughly linking Cape Bathurst to Cape Kellett and/or 

to the southern tip of 8anks Island. In two of the years of observation, 1978 

and 1981, this boundary formed far to the east of its normal locations, 

precluding the existence of fast ice and the polynya in the western Gulf as 

shown in Figure 6-3. An opposite extreme in ice behaviour was observed in 

1974 when consistent westerly and northwesterly winds caused the spring ice 

edge to form well to the west of the western entrance to Amundsen Gulf. This 

resulted in maintenance of a fast ice cover in all portions of the Gulf, and 

also prevented occurrence of the polynya in its normal spring location. Thus, 

there is great natural varial)ility in location and extent of what is broadly 

known as the Bathurst Polynya. 
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in the western Arctic (M01"1;0 and FI"okrr 1981), 
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In the presence of an ice edge, the size of the polynya, in terms of the 

extent of open water and thin ice, is largely determined by tt\e opening and 

closing effects of easterly and westerly wind fields (~larko and Fraker 1981). 

In most years, the predominance of easterly winds in spring produces a vast 

polynya area which is usually physically connected to similarly generated, but 

small er, open-water bodi es off U\e Tuktoyaktuk Peni nsul a and western Banks 

Island. The relatively high absorption of solar energy (low albedo) in open 

water areas leads to elevation of local water temperatures and enhances 

melting during the spring season. Wind-driven and other forms of upl/elling, 

as described by Dunbar (1981) and Roed and O'Brien (1983), are believed to be 

active in the polynyd, and increase the nutrient content of the upper water 

column. The latter phenomena are more fully discussed in subsequent material. 

By late Mayor June, tile combination of wind forcing and absorption of solar 

radiation by the sea ice and low albedo open water areas, begins to break up 

the adjacent fast ice. The clearing of this ice proceeds to the west, and 

commonly results in the formation of successively more easterly fust ice edges 

until tile entire Amundsen Gulf pack is mobile and generally moving ill il 

westerly direction toward the Beaufort Sea (Lemon ~ 21. 19'1l). In this late 

spring and summer period, the Bathurst Polynya effectively Ceases to exist as 

a recognizable entity. 

More detailed information and a discussion of uncertainties related to Links 1 

and 2 are presented for the following three phenomena in subsequent sections: 

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

(b) The physical processes involved in the stabilization of the 

consolidated ice edge across Amundsen Gulf. 

(c) The possible role of vertical mixing that is driven tllrough salt 

extruded during the formation of sea-ice, in the uptake of warmer, 

nutrient-rich deeper waters into the photic zone. 
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Local Effects of Icebreaker Passage Through Floating Fast·Ice Fields 

Icebreaker tracks are generally filled with brash ice following vessel passage 

(Dome Petroleum Limited !12l. 1982, Vol. 4), and with time, the interstitial 

water between the blocks freezes. However, this refreezing process is slow 

due to the low thermal diffusivity of sea ice and, although the brasil ice is 

thicker than surrounding unbroken ice, it remains Weaker than the surrounding 

ice for periods of up to several weeks. This fact is reflected in the 

intention to reuse broken tracks for subsequent ship passages, rather than to 

break new tracks (Dome Petroleulll, BEARP Hearings, lnuvik, Nov. 1983) and in 

work carried out by the United States Coast Guard (Greisman 1982). In 

contradiction to this, a workshop participant remarked that Canadian Coast 

Guard and Finnish icebreakers never reuse tracks because of greater re5istance 

di sparity may be expl ai ned by age of the encountered therein. This apparent 

track, althQugh specific data Ire 

conclusion, it "as assumed that the 

not readily avail able. 

brash ice in a ship's 

As a working 

track would be 

"eaker in tension-compressions and shear than the surrounding ice for a period 

in excess of one day. If, after some weeks, the brash fre(~zes to the degree 

that it is stronger than the surrounding ice, the overall strengthening of the 

regional ice field will be negligible because of the small area of track. 

Class 3 icebreakers operating through the fast ice edge in Lancaster Sound 

during late spring have resulted in the release of small « 1 km
2

) ice floes 

(APP 1979; Dave Fissel, pers. comm.). Given the similar ice-edge situation in 

Amundsen Gulf, floes of at least comparable size might be released at the edge 

of the Bathurst Polynya during the transit of large icebreaking tankers. 

However, these floes would have an inSignificant effect on the polynya since 

they are small in size compared to the polynya (tens of thousands km
2

). 

Breakoff of these floes may be related to the existence of flaws in the ice 

sheet prior to vessel passage, or may be the consequence of cracks produced in 

the ice sheet by vessel passage. There is evidence for rapid and 10n9-

distance (hundreds of kilometres) propagation of cracks in sea ice subject 
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to large local stresses (Milne 1972; Mukherji 1973; Marko and Thomson, 1977). 

These cracks release potential energy stored in thermally -and mechanically

induced tension-compressions. It should be noted that energy dissipated by 

satel 

varia 
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tankers operating in ice is in the same order of magnitude as that dissipated the r 

by natural forces acting on large sea ice fields. For example, if an ic'" 

field the size of Amundsen Gulf (200 km x 400 km) is acted upon by a wind 

stress of 0.1 N/m2 (10 m/s wind) causing drift at a speed of 0.1 mis, the 

rate of energy dissipation is 800 MW. lcebreaking tankers could dissipate 

energy at a rate of about 100 MW (Dome Petroleum Limited et.!l,. 1982, Vol 2). 

Therefore, although icebreaking tankers and their tracks are small in contrast 

to the size of Amundsen Gulf, their significance in terms of energy 

contribution is not. Note, however, that most of the energy lost by the 

icebreaker is likely dissipateci over a relatively small por'tion of the total 

area of the Gulf (i.e., in the vicinity of the ship track), while the \,ind 

energy is applied to the entire surface area of unconsolidated ice. 

Furthermore, icebreaker 0nergy diSS'ipation would occur only for approxir:ldtely 

0.5 days/week during early production, while the wind forcing would be much 

more frequent. 

Large Scale lee Edge Stabilization 

Since the ice edge stabilization process(es) controls the location of the 

Bathurst Polynya, alterations to it and system equil'ibrium follOlving 

icebreaker operations might change the position and characteristics (i .e. 

extent) of this important body of open water and thin-ice covered surfaces. 

Although there are at least two theoretical treatments of ice edge stability 

in straits (Sodhi 1977; Pritchard et.!l,. 1979), there is not an adequate basis 

for (1) evaluation of the details of stabilization processes, or (2) 

assessment 

icebreaking 

of modifications to these processes 

tanker operations in ice fields. 

Vlhich may result from 

AI 
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Satellite imagery provides the major source of information concerning natur~l 

variation in the location of the ice fronts, and the spatial extent of the 

associ ated polynyas in the Beaufort Sea (see Marko and Fraker 1981). Some of 

the more significant features observed are: 

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

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

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

Although the "bove observations do not document the dynamics of ice-front 

formation or stabilization, they provide evidence for the marked spatial and 

temporal variability that characterizes ice-front formation. Two conflicting 

interpretations with respect to ice edge stabilization are suggested: 

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

2) The observed dramatic shifts in ice edge position and form are 
evidence for the causative influence of overwhel[;lingly large natural 
energy inputs associated with wind, water currents and internal ice 
forces applied to the entire surface area of the Gulf. The i[;lpacts 
of individual operating icebreakers are therefore considered 
inconsequential in comparison to these large scale natural high
energy events. 
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Unfortunately, existing data and understanding of large and intermediate scale 

ice behaviour are not adequate to allow 

alternative interpretations. Therefore, 

potential impact of icebreaking tanker 

Amundsen Gulf is not possible at this time. 

a choice to be made between these 

a definitive evaluation of the 

traffic on ice edge stability in 

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

The physical factors contributing to the stability of sea-ice sheets in the 

absence of grounded pressure keels are not adequately understood. The 

observation that fast-ice edges over deep water are concave (Sodhi 1977) 

suggests that the masonry arch may be a s()meW~lat analagous structure. The 

1 atter deri ves its stabi 1 i ty from the conversi on of imposed loads into 

compressive stresses on the individual components of the arch. Careful 

shaping of these components <1nd of the "keystone" is r1(~cessary for proper 

stability under load. In the (lbsence of empirical data, the i)rch model fon:1S 

the basis of the following discussion. 

In a sea-ice field that is many tens of kilometres across, individual floes 

are the analogues of masonry blocks. Stability can arise within certain 

random configurations of floes th,ot compose the ice sheet, as these floes 

drift in response to winds and currents. The variabil ity in the date of 

stabilization of ice cover in Amundsen Gulf (December to ~1arch; John Marko, 

pers. comm.) and the complete absence of stable ice in some years (e.g., 1971, 

1978 and 1981), are 1 ikely indicative of the infrequent random occurrence of 

stable floe configurations. An analysis of the angle of internal friction 

across the Amundsen Gulf ice edge in 1973 by Sodhi (1977) lends SOr.le support 

to the present analogy. 

In taking this analogy further, the stability of floating fast-ice fields can 

be attributed to the existence of an arch of individual icc floes. These 

floes are in a configuration which converts the imposed loads on the ice sheet 
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(due to wind and current stresses) into compressive stresses on the floes. 

Presumably these compressive stresses do not exceed the compressive strength 

of the sea ice. In theory, the passage of an ieebreaking vessel through this 

areh \vill subdivide one or more of the component floes, "nd therefore alter 

the geometry of the arch. In some instances, the 'new' geometry may not be 

stable and the arch could collapse into the adjacent open water (e.g., the 

Bathurst Polynya), thereby destabilizing the ice sheet behind the arch. Under 

prevailing easterly winds, the ice field from Amundsen Gulf would then 

gradually fi 11 the Bathurst Polynya, and a new polynya woul d open in eastern 

Amundsen Gulf. 

It should be noted that, uccording to the above model, destabilization will 

only occur if (1) the icebreaker penetrates the arch in one of the specific 

pi)ths which crucially alters 'its geometry, and (2) if strong loads (e.g., 

easterly winds) are imposed on the arch befor'" it can refre8ze. The chances 

of cJestuiJilization would increase with both the number of ship transits and 

the number of vessel tracks. 

Vertical Mixing In Polynyas 

During the workshop, a hypothesis that changes may occur 'in the internal 

processes of a polynya, depending on its location, was discussed in relat'ion 

to the biological importance of the Cape Bathurst Polynya. In particular, 

enhanced depths of vertical mixing in polynyas through penetriltive convection 

would be potentially significant in terms of (a) nutrient uptake for enhanced 

primary productivity, and (b) potential thermal uptake of warmer Atlantic 

water from depths greater than 250 m. If this hypothesis of deeper vertica'i 

mixing in polynyas were correct, the therfilal uptake effect vlould not be 

operative in those years (e.g., 1971, 1978, 1981) in which the ice edge 

stabilizes in eastern Amundsen Gulf, because water depths in this area do not 

exceed 200 m . 
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Large polynyas such as the Cape Bathurst Polynya are probably formed primarily 

by winds (Dunbar 1981). However, a study of the North Water (I~uller et ~. 
1980) indicated that the formation of this polynya in Smith Sound is 

attributed to both wind and oceanographic effects. The results of this study 

suggest that there must be a source of heat input from depths greater than 

those investigated. 

Russian scientists (Kupetskii 1959, 1962; Szekielda 1974) suggest that winds 

maintain open-water surfaces in large polynyas, and thereby make the ice-free 

(or comparatively ice-fr'ce) polynyas into' ice factories'. The production of 

ice in polynyas is estimated to be four to five times greater than ice 

production in ice-cover-ed areas. The constant freezing of the surface and 

downwind movement of new ice results in a constant supply of leached-out salt 

from the ice, and therefore a constant supply of dense sal inc water. The 

latter sinks and is replaced with water from the warmer, deep layers. 

Kupetskii (1962) estimated that sinking in the North \Iater occurs to depths of 

2000 metres. A vertical exchange of thi s nature waul d resul tin tlw trdnspOl't 

of nutrients and heat to the surface. This phenomenon has been suggested as a 

possible explanation for the knovln productivity of Lancaster Sound, which is 

expected to be located downstream from the "nutri ent pump" in the North \·Iater' 

(M.J. Dunbar, pers. comm.). 

Recent oceanographic studies of relevance to the present hypothesi s have been 

conducted in two areas adjacent to the Cape Bathurst Polynya. Two of these 

studies were conducted in the Canadian Beaufort Sea during November, 1979 and 

March-April, 1981 (Melling, 1983; H. Melling, pers. comm.), while the third 

was conducted from the landfast ice in Amundsen Gulf during March, 1982 

(Fissel et ~. 1984). These investigations suggest that the degree of 

stratification of the \vater column within the Bathurst Polynya is 

approximately 30 to 60 percent of that observed in the North Water Polynya. 

Given normal rates of ice growth and heat exchanges through the surface, deep 

vertical convection is probably limited to depths shallOVIer than 100 metres 
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(H. Melling, pers. comm.). Therefore, some other mechanisms must provide the 

additional increaSed salinization near the surface that would be required for 

vertical convection to the depths where the warmer Atlantic Water occurs. 

An understanding of physical processes in the Cape Bathurst polynya is 

necessary for the adequate assessment of the present hypothesis. To date, 

oceilnographic studies have not been conducted in either the I<orth I'/ater or 

Cape Bathurst polynyas. Therefore, the presence of vertical mixing py'ocesses 

which extend to sufficient depths to induce significant uptake of heat and 

nutrients remains unknown. 

Total Open Water Area In Amundsen Gulf 

During assessment of potential impacts of icebreaker traffic on the location 

of the ic~ edge in Amundsen Gulf, it is important to recognize ttliit under l>1any 

circumstunces, the total amount of open \,ater can remain relatively uncllanged 

despite even drastic shifts in ice edge location. 

The amount of open water or thin ice in the southeastern Beaufort Sea and 

Amundsen Gulf is governed by the wi nter and spri n9 movements of both tlle 

8eaufort Sea pack ice ilnd the ice fields of Amundsen Gulf. For example, if a 

generally eastward or northeastward movement of the Beaufort Sea pack occurs 

during early spring, a smaller than average area of open water occurs adjacent 

to western Banks Island and in those areas of Amundsen Gulf generally 

associated with the Bathurst Polynya. If destabilization occurs in the 

Amundsen Gul f pack under these ci rcumstances (approximately 1 year in every 

5), open water wi 11 appear around the eastern perimeter of Amundsen Gul f and 

will represent a significant proportion of available open water in both the 

soutlleastern Beaufort and Al>1undsen Gulf. I n most years when stabil i zati on 

occurs at a western location and there are simultaneous easterly or 

southeasterly movements of the Beaufort Sea pack, relatively small amounts of 

open water are present in both Amundsen Gulf and the southeastern Beaufort Sea 

through late June and July (Marko and Fraker 1981). 
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The largest amounts of open water in early spring (April and May) occur in 

years with a combination of easterly winds (which tend to move the Beaufort 

Sea ice pack to the west) and when stabilization of Amundsen Gulf pack ice is 

at a western location. Later in the year (during June and early July), the 

amount of open water is not usually significantly different during years of 

eastern (e.g., 1971) or western (e.g., 1973) stabilization but the locations 

of open water frequently are quite different. During years of western 

stabilization of Amundsen Gulf pack ice, open water tends to be the most 

prevalent in the southeastern Beaufort Sea, while during years of eastern or 

no stabilization, most of Amundsen Gulf is free of ice in June and July but a 

large amount of ice (formerly from Amundsen Gulf) occupies the southeastern 

Beaufort Sea off the southwest corner of Banks Island. 

In summary, very large naturill variations occur in the total amount of open 

water present in Amundsen Gulf during the spring per'iod. Destabilization of 

the Amundsen Gulf icc pack i5 an importiJnt factor in determining the open 

water extent and location. HOllever, the proximity of t.he polar pack ice edge 

would also appear to be a comparab10 factor in establishing the overall illnount 

of open "ater. A more quantitative assignment of the relative importance of 

these tHO influences may be possible through analyses of near simultaneous 

satellite ice cover imagery and wind records. 
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Link 3: The coverage and location of ice determines the level of primary 
producti vity. 

Rates of primary production 'in the Canadian Beaufort Sea have only been 

measured at a limited number of locations during the open-water season. The 

majority of these studies were completed between 1973 and 1975, in conjunction 

with the Beaufort Sea Project and were summarized by Hsiao (1976). The 

following general account of primary production in the region is from Hsiao 

(1976), while more detailed reviews of existing data are provided in Dome 

Petroleum~~. (1982, Vol. 3A) and LGL and ESL (1982). 

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

"Light penetration is a prime factor in this area. During 
the summer months it may become limiti n9 becausE' of ice 
cover or from the heavy sediment content of the water added 
to the system by the I~ackenzie River (Grainger, 1975). 
Nutrient availability is not likely a limiting factor in 
the inshore regions. Nutrients generally exist in high 
concentrations in this area, continually being replenished 
by the Mackenzie River outflow (Grainger, 1975). 
Mineralization in the shallow inshore waters might add to 
the available organic and inorganic nutrients. However, in 
the far offshore regions, the nutrient content of the 
euphotic zone, which is separated from the deeper nutrient 
rich waters by a thennocline during the summer, may very 
quickly become depl eted and thus, 1 imiting. The higher 
water temperatures of the inshore regions during the summer 
O1ay determine to some extent the selection of phytoplankton 
species. Bursa (1963) stated that individual groups of the 
phytoplankton community might show seasonal succession in 
accordance with changes in temperature." 

As in all aquatic systems, primary production in the Beaufort Sea is 1 imited 

ultimately by 1 ight and nutrients, depending on location and season. 

Consequently, unusual nutrient or light conditions sue!1 as those encountered 
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in polynyas, or during "heavy" or "light" lce years could have significant 

effects of primary production. Al though studies ilave not been initiated to 

examine these potential differences in primary productivity. indirect evidence 

of possible sources of annual variability in production is available. For 

example, the ice in the Beaufort Sea was thicker, more extensive and 

persistent in 1974 than in 1975. Tummers (1980) studied the heat budgets of 

the southeastern Beaufort Sea during these years, and found that (1) the 

maximum surface sea temperature was 0.62 CO lower in 1974 than in 1975, and 

(2) the -1.SoC isotherm was at a maximum depth of 15 m in 1974 compered to 50 

m in 1975. The reduced water temperature and probable shallower photic zone 

due to severe ice conditions and higher levels of turbidity due to ice damming 

in 1974 may not only have resulted in abnormally low primary production during 

this year, but also could have been reflected in higher trophic levels in the 

Beaufort Sea. 

Productivity may be increased in polynyJS early during the spring. The 

magnitude of such increases would likely depend on the surface area of the 

polynyiJ, the simultaneous occurrence of light intensities suitiJb'ie for 

phytoplankton growth and production and the residence time of water within the 

polynya. The factors supporting this hypothesis <Ire: 

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

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

It should also be emphasized tilat any differential enhanced production in 

polynyas during the spring would not be apparent after July because the ice 

cover would be rapidly clearing from all areas, thereby allowing increased 
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rates of primary productivity throughout open water are"s. Nevertheless, 

these differences in the timing or magnitude of primary production in polynyas 

could have disproportionately larger effects on higher trophic levels in the 

ecosystem. 

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

This linkage was originally included in the present hypothesis to account for 

dynamics occurring near the seaward edge of the Mackenzie River plume. 

However, its inclusion was subsequently considered inappropriate because the 

plume seldom reaches the Cape Bathurst Polynya. The only documented instance 

where the plume reached the polynya for brief periods was during the summer of 

1974 when excessive nearshore pack ice contained the flow of I~ackenzie River 

in a narrow co,Etal band along the Tuktoyaktuk Peninsula and as far as 

Amundsen Gulf. The workshop group suggested that this was a rare phenomenon, 

and th(~refor0, not worthy of consideration in terms of enhanced primary 

production at a plume edge within Amundsen Gulf. 

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

The main flow of energy in marine ecosystems such as the Beaufort Sea is 

through planktonic primary producers to zooplankton, epibenthos and benthos. 

The energetic relationships between these communities have not been studied in 

the Canadian Beaufort, but Campbell (l981) concluded that even in shallow 

nearshore locations of the Alaskan Beaufort with good (e.g., 5-10 m) light 

penetration, planktonic primary production was far llIore 

benthic primary production, epontic primary production 

significant than 

or heterotrophic 
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production. It should be noted that altered production patterns may occur 

within the very turbid waters of the Mackenzie River plume. However, as 

indicated earlier, waters in Amundsen Gulf are unlikely to be influenced by 

the plume in the majority of years. 

A major uncertainty that could be fundamental to the evaluation of food chain 

relationShips associated with this hypothesis is the importance of timing of 

primary production and its apportionment to major secondary producers. For 

example, the timing of reproductive cycles of arctic herbivorous zooplankton 

(mai nly copepods) are such that young are present in the water col umn at a 

time when maximum advantage can be derived from peak algal abundance (Grainger 

1965). Sekerak et~. (1979), employing multivariate comparisons, found that 

thi s synchrony was a very prominent feature of the zooplankton co~\munity in 

Baffin Bay, while Grainger (1965) reported similar temporal relationships in 

the Beaufort Sea. 

Another (~xample of the probable importance of reproductive timing is that 

epontic (ice) algae appear to provide a source of early season production upon 

which some invertebrates can graze. Therefore, the most productive season of 

various epontic invertebrates likely begins earlier than that for either 

planktonic or benthic invertebrate populations. As a result, epontic 

productivity may be more important due to its timin" than because of its 

magnitude (Alexander 1974; Alexander and Cooney 1979; Horner and Schrader 

1982). On a seasonal basis, both benthic and epontic microalgae are probably 

less productive per unit area than are planktonic algae, but their location on 

a two-dimensional surface increases the probability of encounter by som8 types 

of grazers. 

Changes in the timing of seasonal peaks in primary production could lead to 

increased bcnthic secondary production, and corresponding decreases in 

planktonic secondary production. For example, if herbivorous zooplankton were 

n 
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not abundant in the water col umn as a resul t of changes in seasonal peaks, 

much of the primary producti()n may sink to the bottom (as dead algal cells) 

where it could then be utilized by benthic animals. This could have energetic 

implications, since with few exceptions, benthic organisms have not been found 

to be important food items for vertebrates in the Beaufort Sea, including 

those which are the primary focus of this hypothesis. 

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

The relationships among Arctic cod, their food resources and physical 

environmental features have not been examined in the Canadian 8eaufort Sea. 

The following is a summary of informat'ion available for other areas, primarily 

the Canadian Eastern Arctic and Alaska. 

Biological Relationships 

Evidence from other ilreas suggests that the diet of Arctic cod is largely 

zooplankton and epibenthos, including various epontic (ice-associ<'lted) 

invertebrates. For exaJllple, Bain and Sekerak (1978) reported that ArctiC cod 

collected from small cracks in the ice near Resolute Bay, Cornwallis Island 

had consumed large quantities of an amphipod (Onisimus litoralis) which is 

known to be associated with the under-ice community in some areas and 

seasons. Later in the season, the diet of Arctic cod collected fror;] 

predominantly open water areas was dominated by zooplankton (planktonic 

amphipods ilnd copepods). In contrast. Bendock (1979) and Craig et~. (1982) 

reported that mysids (Mysis litoralis and ~ relicta) were the most important 

prey organisms of Arctic cod in nearshore ice-free waters of the Beaufort Sea 

(Prudhoe Bay and Simpson Lagoon) in summer, while Lowry and Frost (1981) found 

that planktonic foods (copepods and amphipods) were the most important food 

items of ArctiC cod in offshore waters in the Alaskan Beaufort Sea and the 

northeastern Chukchi Sea. 
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Available data suggest that Arctic cod are versatile in terms of their dietary 

requirements, and that their diet in the Canadian Beaufort is probably not 

substantially different from that observed in other regions. However, the 

factors controlling prey type selection, and the effects of unnatural changes 

in prey availability in the Canadian Beaufort Sea and other areas remain 

unknown. An overall decrease in zooplankton and epibenthic (including 

under-ice) production could presumably lead to decreased numbers and/or 

redistribution of Arctic cod. 

It should be noted that food chain interrelationships are often compl icated, 

and this can result in unpredictable effects when a ct1ange occurs within a 

given trophic level. For example, increased zooplankton production rnight be 

considered beneficial 

zooplankton community 

Parathemisto libellulal 

to Arctic cod. However, certain components of the 

(e.g., jelly fish, comb jellies and the amphipod 

are predatOr'y, "nd are probably significant sources of 

mort"lity of Arctic cod eggs, 'la)·vde and jlJveniles. Therefore, \ihilc th(~ 

predatory component of the zooplankton community may be a source of food for 

adult Arctic cod, it is simultaneously a major source of young cod rnortality. 

Physical Rel ati onships 

The location and physicol characteristics of ice may directly affect the 

distribution of Arctic cod. In Pond Inlet, Bradstreet (1982) reported that 

Arctic cod were notably more common in areas where the undersurface of the ice 

was rough and therefore, provided shelter. Few or no Arctic cod were observed 

by SCUBA divers in areas where the under ice surface was smooth. A 

considerable amount of other indirect evidence indicates that cod are 

sometimes associated with ice. t~urdoch (1892, cited in Nelson 1975) reported 

that favoured fishing areas for Arctic cod in the Alaskan Beaufort were in the 

lee of large ice ridges where cod tended to concentrate. Visual shipboard 

observations also indicate that cod are sometimes relatively common in fields 
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of pan ice. In 1978, Sekerak (pers. comm.) observed numerous small cod 

schools (i.e., 3-4 to 10-1S individuals) within a pan ice field in 

northeastern Lancaster Sound. During summer, Di voky (pers. comm.) reported 

that Arctic cod were relatively common in pan ice in various parts of the 

Beaufort and Chukchi seas, but were less common in the northern Bering Sea. 

Distribution of Arctic Cod 

A comprehensive sampling program for Arctic cod has not been conducted in or 

near the Cape Bathurst Polynya. Widespread sampling for planktonic 

young-of-the-year Arctic cod was completed on an intermittent basis from 1973 

to 1975, and in 1977 (Hunter 1979). The results of this study indicated that 

young cod were widely distributed in surface waters of the Canadian 8eaufort 

Sea, except in areas which were influenced by the 1,1ackenzie River outflOH. 

HO\;8Ver, details regarding the ecology and life history of ilrctic cod in the 

region remJin unknown. 

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

The amount of food consumed (ilnd energy required) by the population of ringed 

sea 1 sin the 8eaufort Sea can 

conducted with captive seals. 

be roughly estimated from metabol ic 

Parsons (1977) suggested that the 

energetic requirements of captive ringed seals was approximately 

studies 

average 

600,000 

kcal/seal/yr. The total population of seals in the Canadi an Beaufort must 

consume several hundred thousand metric tonnes of prey annually to sati sfy 

this average energy reqUirement. 
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Ringed seals feed on fish and crustaceans. The dominant prey organisms 

include gammarid and hyperiid amphipods, mysids, euphausiids and fish 

(principally Arctic cod). The diet of ringed seals is known to vary 

considerably with location and time of year (Vibe 1950, McLaren 1958, Lowry et 

~. 1978, Finley 1978). The most extensive analyses of ringed seal stomach 

contents have been completed in the Alaskan Arctic. In this region, there is 

considerable evidence that fish (predominantly Arctic cod) are the principal 

food item, particularly during the winter (Lowry et ~. 1978). Similarly, 

Arctic cod were identified as the principal prey of ringed seals foraging over 

deep wilters 'in the eastern Canadian Arctic (Bradstreet and Cross 1982) and 

Greenland (Vibe 1950). Pelagic crustaceans (Parathemisto, other hyperiid 

ampilipQds, euphausiids, etc.) were slJggested to be the primary food of ringed 

seal s during the summer months in the Alaskan Beaufort (Lowry et ~. 1978). 

Although b"nthic decapods, epitlenthic amphipods and mysids can occasionally 

form a significant part of the diet of seals in nearshore areas (Vibe 1950; 

IkLaren 1958), pelagic zooplankton ilnd fish are considered the ;;lost important 

prey items. 

The relative importance of zooplankton and fish is difficult to assess, given 

tile spatial and seasonal variability in the diet of ringed seals. Zooplankton 

may be critical as a food source at certain times of the year, even thougrl 

they may be less important than Arctic cod in terms of total biomass consumed. 

For example, it is likely that zooplankton comprise a particularly large 

portion of the diet of ringed seal pups in the period irnmediately after 

weaning. This is apparently also the case for' Weddell seills which occupy a 

similar niche in the Antarctic, and also applies to other ice-breeding phocids 

that are opportunistic feeders (e.g., harp seals). 

Ringed seal stomach content samples have been collected from the Canadian 

Beaufort Sea, specifically by Or. T.G. Smith (OFO), in conjunction with the 

Holrnan Island harvest. The study may be sufficiently comprehensive in terms 
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of both sample size (hundreds or more) and duration (10 years) to eventually 

provide a sUbstantial amount of valuable information regarding ringed seal 

diet. At present, however, there is virtually no published information on 

diet of ringed seals in the Canadian Beaufort. 

Li nk 10: Qual i ty and quanti ty of food determi ne ri nged seal survi va 1 and 
mortality. 

In the absence of a food surplus, reduced food availability will result in 

decreased prey consumption by ringed seals. If reduced food avail abil ity 

occurs to a significant extent in space and time, the physical condition of 

affected seals will deteriorote. This in turn would be reflected in reduced 

reproductive success and also in reduced survival, particularly in the case of 

5ubadults. In at least one documented instance, changes in ice conditions in 

the Beaufort Sea were correlated with decreased physical condition and reduced 

reproduction in ringed seals. As stated earlier in discussion of Link 3, iCe 

conditions during the winter of 1973-74 were particularly seVere, and 

persisted through the following summer. This appeared to result in reduced 

food production (or food aVailability) for ringed seals, since the population 

was in poor condition during the following year. There was a concomitant 50 

percent decline in seal abundance between 1974 and 1975, and a 90 percent 

decline in reproductive rates over this same period (Smith and Stirling 1978; 

Stirling et~. 1977, 1981). Seal productivity, as measured by ttle proportion 

of young-of-the-year killed by Inuit hunters, did not return to 'normal' until 

1977. Although the data for bearded seals were not as conclusive, Stirling et 

3!.l. (1981) suggested that a similar decline and subsequent recovery of the 

Beaufort Sea population of this species occurred following severe ice 

conditions in 1973-74. 
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Link 11: Location and type of ice are important in determining ringed seal 
distribution. 

Ringed seals are dependent on certain types of ice for haul-out, moulting, 

pupping, maintenance of breathing holes, and provision of habitat for prey 

species. Therefore, the type and distribution of 'ice are expected to be 

important factors affecting ringed seal distribution. Correlations between 

ice characteristics and pupping densities have been observed in the eastern 

Beaufort Sea (Stirl ing ~~. 1981). However, several relationships between 

seals and the ice environment are not adequately documented and some 

relatively subtle differences in ice type and distribution may be of 

considerable importance to the regional population. For example, ringed seals 

may have difficulty maintaining breathing holes in heavily compacted ice, such 

a5 that which covered the Deaufort Sea extensively in 1974 (lin Stirling pers. 

comm.). The observation that polar bears tracked in such areas rarely stop to 

dig out seal br'eathing holes lends support to the latter hypothesis. On the 

other hand, seal breathing ho'les in hei)vily compacted ice m"y actually be less 

<)ccessible to polar bears so they do not attempt to reach the seals. There 

are, however, instances where bears have been observed digging out breathing 

holes in localized areas of rough ice or sites with deep snow, suggesting that 

they are able to detect seals, and attempt to reach individuals maintaining 

holes in extensive rough ice areas. 

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

Ringed seal s, particularly pups, are the primary prey of polar bears in ttle 

Beaufort Sea. Consequently, when the ri nged seal popul ati on in the regi on 

suddenly decreased by about 50 percent from 1974 to 1975, the reduced 

availability of prey was reflected in a decreased abundance of polar bears in 

1975 and 1976. Reproduction and survival in the bear population did not 

appear to return to nor!;)al until 1977 to 1979, in conjunction with recovery of 

the ringed seal population (Stirling et~., unpublished data). 
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CONCLlJSION 

Present knowledge does not allow a firm conclusion to be made regarding 

whether or not ringed seal and polar bear populations could be affected by 

icebreaker traffic in Amundsen Gulf through the mechanisms described in 

Hypothesis 6. 

The hypothesis that icebreaker traffic through Amundsen Gulf wi 11 move the 

stable ice edge to the east was considered possible, but unlikely. However, 

this conclusion was reached on the basis of the very limited available 

information on the physical processes controlling ice edge stability in 

A'~llndsen Gul f. The impact of icebreaker traffic on the total amount of open 

water was expecte() to be less than the impact on location of the stable ice 

edge. The location of the consolidated ice edge in Amundsen Gulf is only one 

factor that determines the extent of open water; the position of the edge of 

the polar pack ice and wind conditions are other factors which may be of equal 

or greater importance. 

The transmission of effects of ice breaking through the food chain to ringed 

seals and polar bears was also considered possible, but unlikely unless large 

physical changes occurred within Amundsen Gulf. \,ith the possible exception 

of link 4, all linkages associated with this hypothesis could be valid. 

However, it is expected that changes in the productivity and distribution of 

lower trophic levels due to ice-breaking would be small (i.e., much smaller 

than natural variations), and would likely be dampened before affecting higher 

trophic levels including ringed seals or polar bears. Ice-breaking could 

affect ringed seals by changing the ice so that the seals are excluded from 

the icebr€aker tracks, but only small amounts of habitat are expected to be 

physically affected by ice-breaking operations. 
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RESEARCH 

Although the hypothesis was considered very improbable, effects could be 

highly significant because ice-breaking activities in Amundsen Gulf could 

cause changes in the abundance and productivity of regional populations of 

ringed seals and polar bears. For this reason, research is recommended to 

further examine the hypothesis. 

More detailed examination of this hypothesis can be achieved through analysis 

of existing data on ice and seals in the Beaufort region. Ringed seal age 

structure data (1971-82) and stomach content samples collected by T.G. Smith 

(A.W. Mansfield, pers. comm.) should be analyzed for certain years to address 

the following two issues: 

(1) Did the destabilization of the ice in 1971, 1978 and 19(31 have i) 

measureable influence on ringed seals by reducing survival of 

young-of-the-year, or productivity of young in subsequent ycars. If 

pup survival in the year of destabilization Wi)S reduced (or 

enhanced), the cohort should reflect this and be weak (or strong) 

through subsequent years. 

(2) Similarly, if the effect of destabilization on ice thickness or 

amount of open water was correlated with production of ringed seal 

prey, then this should be reflected in changes in ovulation and 

pregnancy rates, and the strength of the cohort produced in the year 

following destabilization. These results should then be compared to 

years in which the ice was stable. Feeding habits of ringed seal 

pups, subadul ts and adul ts shaul d al so be exami ned for di fferences 

among years, particularly 1971, 1974-75, 1978 and 1981. 
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MON ITORI NG 

Monitoring programs to test the 

Gulf will affect the ringed 

hypothesis that icebreaker traffic in Amundsen 

seal and polar bear populations are not 

The results of the above research will aid recommended at the present time. 

in determining if there is a need for monitoring programs. 
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HYPOTHESIS NO. 7 

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

POLAR BEA2 MORTALITY 

+ COINCIDENCE OF POLAR BEARS 
WITH ACTIVE FACILITIES 

~ 
ACTIVE STRUCTURES OR FACILITIES 

Figure 7-1: Potential effects of a(tiv~ fd(ilities on polar' be,)rs. 

Linkages 

1. Active structures will attract polar bears. 

2. Polar bears attracted to offshor'e structures have to be controlled, <l~d 
this will result in the need to destroy $or~e bears. 
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Active industry facilities in the 8eaufort Sea region are and will continue ~o 

be located both onshore (e.g., shorebascs) and offshore (e.g., artificial 

islands), and there is concern that these sites of activity will result in the 

ilttraction of polar bears. However, the potential for attraction to onshore 

facilities is less than for those offshore because bears do not usually occupy 

nearshore fast-ice habitat in the southern Beaufort Sea during winter 

(Stirling et a1. 1975, 1981). Therefore, the probability of ilttraction 

between freeze-up and break-up is 10V!. During summer when the southern 

Beaufort Sed is ice-free, most polar bears remain on tfle offshore pack-ice. 

althougll a fo?VI individuals are occasionally stranded on land. While ashore, 

it is possible that bears will be attracted to onshore sites of human ilnd 

industrial activity (1. Stirling, unpub. data). Experience in Hudson Bay 

suggests the greatest potential for attraction to onshore sites would likely 

occur during fall. For example, in western Hudson Bay, the entire polar bear 

population comes ashore during the summer when al1 of the ice in the bay 

melts. Although, few bears approach settled areas during summer, the numbers 

increase markedly during tt1e autumn (Stirling et~. 1977). This probably 

occurs because the polar bears live on stored fat reserves during periods 

ashore, and become hungrier by filll. At this time, some individual s ilre 

willing to investigate possible supplemental food sources. 
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Existing offshore industrial sites and those proposed for future hydrocarbon 

development in the region will be located near the landfast ice edge and 

within the transition lone. These areas include habitat types preferred by 

poli)r bears in winter (Stirling et~. 1975). As a result, there will be 

increasing opportunities for polar bears to be attracted to offshore sites 

(c.f. onshore sites) as development proceeds. 

LINKAGES 

Link 1: Active structures will attract polar bears. 

It is widely accepted that some polar bears investigate occupied and 

IJnoccupied human facilities (Stirling et~. 1977, 1978). Presumably this 

occur'S because polar bears are active predators and scavengers, and there is 

Sllrvivi\l value in investigating all possible food sources. There is also 

evidence that bears which receive positive reinforceillcnt (e.g., garbage) at a 

site of hUilian activity return to, or remain at, thH location (Stirling 1977; 

1. Stirling, unpubl. data). 

Sub"dult males are most likely to investigate sites of human activity in the 

Beaufort Sea and elsewhere, although this behaviour has also been reported to 

" lesser extent with adult females accompanied by cubs (Stirling et~. 1977; 

Stenhouse 1982,1983; 1. Stirling, unpubl. data). Adult males have not been 

reported shot as problem bears around sites of human or industry activity in 

either the Beaufort Sea region or the Churchill, f1anitoba area (R. 

Schweinsburg, 1. Stirling; pers. comms.), suggesting that this ilge-sex class 

is not usually attracted to sites of human activity. 

Many polar bears have already been reported at or near existing active 

offshore industrial sites in the Geaufort Sea. The increasing number of 

offshore facilities in prime bear habitat in the future may result in an 
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increase in the number of instances when bears investigate these sites. 

Stenhouse and Latour (1983) conducted aerial surveys in the vicinity of active 

offshore structures and in distant control areas in the Beaufort Sea to 

investigate whether of polar bears are actively attracted to these sites. 

However, significant differences in habitat between experimental and control 

areas precluded any firm conclusions being drawn, and therefore the extent to 

which bears will travel to investigate offshore structures remains unknown. 

It seems likely that polar bears would only be attracted over relatively short 

distances, and that only a small proportion of the regional population \,ould 

actually be involved in direct interactions with offshore structures. 

The use of heated or produced water for ice management around offshore 

platforms may create areas of open water or thin ice. If seals were attracted 

to such areas, subsequent attraction of polar bears is also considered 

possible. 

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

There have been several instances where it has been necessary to shoot polar 

bears for reasons of human safety at both offshore and onshore industrial 

sites in the Beaufort Sea and other arctic regions (Jonkel 1970; Schweinsburg 

and Stirling 1976; Stirling et.9.1.. 1977; Stenhouse 1983). In two instances in 

the Beaufort Sea, bears were shot after killing humans, while three such cases 

have occurred in the Churchill area (Ian Stirling, pHS. comm.). In the past 

two yei)rS, two bears have been killed as nuisances at offshore sites in the 

lleaufort Sea. Additional animals Iny also have been shot by Inuit hunters at 

offshore industrial sites, but were not reported as "nuisance animals" because 

the bears were considered part of tt1e legal quota. Thus, it is clear that 

bears can be dangerous to humans, and that some bears are destroyed because of 

this danger. However, it is not clear if all bears shot as nuisances actually 

posed a threat to human safety. 
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All bears involved in fatal human attacks have been subadult males in poor 

condition, suggesting that well-fed bears in good condition are less likely to 

be attracted to offshore sites of human activity than hungry bears in poor 

condition. Evidence from the Churchi'll area also indicates that male polar 

bears that visited the garbage dump as subadults avoided the area as adults 

OJ. Lunn, Ian Stirling, pers.comms.l. Therefore, it is probable that bears 

that are actively attracted to offshore sites would be more dangerous than 

bears that just happen to encounter these sites during their offshore 

movements. Thus, only a ptoportion of the total number of bears approaching a 

given offshore site are likely to pose a serious thteat to humans. 

Intensive research on methods for detecting and deterring polar bears is being 

conducted "t Churchill, Manitoba (Stenhouse 1982,1983). A dHcl"rent 

technique involving the usc of riot guns which fire rubber projectiles is 

particularly prolnising, and could be 0ffective in reducing the numbers of 

bears that have to be killerJ by Inuit polar bear monitors at offshQre 

industrial sites in the Geaufort. 

CONCLUSIONS 

The link of this hypothesis that some polar bears will be attracted to active 

sites, particularly in the offshore areas, has al ready been accepted by both 

industry and government, and was substantiated by the present workshop 

discussion group. However, that bears which are attracted and become problems 

must be destroyed has not been unanimously accepted. 

In response to the safety hazard associated with polar bear encounters, both 

monitoring and research 

progress. Records ~f 

programs have 

the number of 

been designed and are presently in 

bears observed near active sites 

-....... 
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(industry) and records of the number and location of bears killed in the 

Beaufort area (government) should continue to be maintained. The working 

group also recommended the continued support of research on methods of 

detecting and deterring polar bears. 

MONITORING 

The existing polar bear monitoring and deterrent programs should be supported 

and improved. In addition, the workshop subgroup suggested that changes in 

data recording anel the communication of information b"tween government and 

industry should be implemented. Recommended changes include a more detailed, 

systematic recording of monitoring data, and improved training of polar bear 

monitors and supervisory staff at industry facilities. It was also suggested 

tllat monitoring and deterrent records should be summarized annually and 

revieweej once every 3 to 5 years to re-evaluate the present hypothesis. 

The lVorkshop group agreed that the follO\;inSJ information should be recorded 

when polar bears are sighted at or near offshore facilities in thE; Beaufort 

Sea region: 

Location, date, age and sex (if known) of bears observed; 

Details of the incident 

direction of approach of the bear 

behaviour of the bear 

time period that the animal remained in the area 

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

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

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

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

collect lower jaw 

record sex 

measure the length and axillary girth (with the bear resting on its 
c he s t) 

describe the condition in terms of the ,1mount of fat on the carcass 
after skinning 

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

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

RAR"ST OF~OLAR "'ARS 

ACCESS TO POLAR BEARS 

7 
OFFSHORE DEVELOPMENT ACTIVITIES 

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

Linkages 

1. Hunter access to pol ar bears wi 11 be reduced because offshore developrnent 
will couse bears to move farther offshore and/or create physical barriers 
to Inuit travel on the ice. 

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

1 

h 
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Dave Thomas 

Inuit hunters are concerned that Beaufort Sea hydrocarbon 

activities will lead to a reduction in polar bear harvests. 

maintain that offshore industrial activities will (1) drive 

development 

The hunters 

polar bears 

farther offshore (i .e., away from the IJndfast ice) and into areas that ar0 

inaccessible to hunters or (2) create barriers that prevent the Inuit from 

reaching hunting areas, thereby reducing the annual harvest. 

LINKAGES 

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

a) Potential for Effects on Polar Bear Distribution 

Many observ~tions have shown that bears are alarmed or frightened by the 

pilssage of ships and ai rcraft, and usually move away from the di sturbance 

source (1. Stirling, pers. comm.). However, these reactions are usually of 

short duration, with affected individuals resuming their normal behaviour soon 

after the disturbance has passed. Some individuals also recover before the 

disturbance has passed and come to investigate it (1. Stirling pers. comm.l. 

------------------......... 
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The important question is whether repeated short-term disturbances would cause 

bears to abandon a large geographic area. There have been no studies which 

have directly examined this area of potential concern, although some indirect 

information exists and is discussed below. 

The well documented problem of human/bear confl icts is clear evidence that 

many bears are not frightened by human activities (Latour 1983). Since 1973, 

fourteen polar bears have been killed following encounters with oil industry 

facilities and personnel in the Beaufort Sea (Stenhouse, 1983; J. Wilr'd, pers. 

comm.). The frequency of nuisance bear encounters appears to be increasing in 

the Arctic. During the 5-year period from 1972 to 1976, 74 polar bears were 

destroyed as problem animals in the Northwest Territories, while in the 5-year 

period from 1977 to 1981, the total increased to 141 (Stenhouse 1983). These 

dota suggest that there has not been a trend toward large scale avoidance of 

areas of human activity by bears. 

flot all age and sex classes of bears ,'eoct to hUI~Jn activity in the saCle way. 

For example, adult bears (pJ,'ticularly males) tend to avoid sites of h~II;I'lrl 

activity. This is thought to be related to the behavioural dominance of adult 

bears over younger, subadult animals, enabling them to feed in prime hunting 

areas with little competition from subordinates (R. Schweinsburg, I. Stirling, 

pers. comms.). As a result, adults have little need to investigate sites of 

human activity as potential sources of food. This is particularly noticeable 

in Churchill, Manitoba where adult males are not found around the town and its 

garbage dump site. Other age and sex classes of bears forage in these areas 

and become nuisance animals (I. Stirling, pers.comm.). Older males are also 

absent from the nuisance bear kill records in the Northwest Territories (iJ\4T 

Wildl. Service, unpubl. data). It is therefore likely that adult males, and 

perhaps females, will not be attracted to sites of human activity in the 

Beaufort region unless the availJbil ity of natural food sources (i .e., seals) 

is greatly reduced. 
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There is some evidence to suggest that bears are more sensitive to disturbance 

in areas where they are being actively hunted (R. Schweinsburg, pers. comm.), 

but thi s behavioural response has not been well documented. In areas where 

bears are intensively hunted, their tracks tend to cross the floe edge at 

right angles, while in unhunted areas, tracks tend to follow the floe edge (R. 

$chweinsburg, pers. comm.). In addition, reports by NIH Wildlife Officers 

indicate that bears in heavily hunted areas tend to head for open water I;hen 

they hear motors. It is these types of observations that have led to Inuit 

concerns that polar bears will avoid sources of disturbance. HOI;ever, it is 

not clear whether such bears are reacting to the specific activities and 

potential danger associated with hunting, or whether they are reacting to 

disturbances in general. 

b) Potential for Creation of Barriers to Inuit Hunter Travel 

A second are" of conCQrn is that industry activity l,i11 result in changes in 

winter ice patterns in a manner that restricts or eliminates hunter access to 

polar bear harvest areas. 

Tile presenCe of large numbers of artificial islands in the transition zone 

could extend the landfast ice zone and floe edge farther offshore, although 

the available evidence suggests that this is unlikely to occur (see Hypothesis 

No.2). Nevertheless, even if the fast-ice were to extend a few kilometres 

farther offshore, hunters would not be prevented from reaching the floe edge. 

Trips to harvesting areas would, however, take proportionally longer. 

There is also concern that ice rUbble build-up near offshore structures and 

along icebreaker tracks would prevent hunters from reaching to polar bear 

harvesting areas. Although ice build-up will occur around structures in some 

circumstances, the area affected I;ould be localized and is not expected to 

prevent hunters from reaching areas beyond the rubble fields. 
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Frequently used icebreaker tracks orientated parallel 

fast-ice zone could create rubble fields that are 

to the shore in the 

difficult (but not 

impossible) to cross by snowmobile. However, present development plans 

indicate that principal icebreaker routes through the fast-ice will be 

orientated at right angles to the coast from both McKinley Bay and the Yukon 

coast to the transition zone. Most traffic following routes parallel to the 

shore or the floe edge will occur within the transition zone. Consequently, 

it is unlikely that Inuit hunters would be pr'evented from reaching polar bear 

harvesting areas due to the presence of refrozen tracks created by icebreakers 

in the landfast ice zone. 

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

This link is self-evident. In the short-term, harvest levels ~1ily be 

maintJined through increased hunting effort in the secondary hilrvest .)rcas 

located closer to shore. However, this practise would lead to increased 

mortal ity of females and dependent cubs, and ttlerf:fore harvest could only be 

sustained at the same level for a short time. 

CONCLUSIONS 

Although the logic behind this hypothesis was considered reasonable, a review 

of the available evidence suggested that Link 1 was probably not valid. 

However, because the data base for full evaluation of the hypothesis is 

incomplete, the following monitoring is recommended. 
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MON !TOR I NG 

The existing NWT Wildlife Service monitoring program which documents relevant 

information related to polar bears killed by hunters in the Beaufort Sea 

region is expected to be adequate to test this hypothesis. The workshop group 

recommended that these data be analysed in detail every 3 to 5 years to 

evaluate the hypothesis, and to determine if changes in the monitoring program 

are necessary. Information requirements in terms of the polar bear hunt are 

similar to those discussed earlier in relation to the evaluation of Hypothesis 

No.7. 

The ilbove data on bear k i 11 s should also be supp1 ernented with information on 
tile cleve 1 opment activities that occur in the region and data on ice 

condi ti ons, and the amounts and locations of open water on a yeor-to-year 

bilSis. T hi s i nformati on wi 11 be necessary for evaluation and interpretation 

of both the biological and hunter effort data. 
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HYPOTHESIS NO. 9 

EFFECTS OF CHRONIC/EPISODIC OIL SPILLS RESULTING FROt1 NORMAL 
PETROLEUM HYDROCARBON DEVELOPMENT ACTIVITIES WITHIN 

AND ADJACENT TO THE MARINE ENVIRONMENT ON POLAR BEARS 
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Chronic/episodic oil spills resulting from normal petroleum 
hydrocarbon development activities within and adjacent 

to the marine environment will result in localized 
~ortality of polar bears. 

,....----(4)---POLAR BEAR MORTALITY---{4)--, 

POLAR BEARS WILL BE 
DIRECTLY FOULED BY OIL 

MARINE BIRDS AND SEALS 
WILL BE FOULED BY OIL AND 
SUBSEQUENTLY CONSUMED BY 

POLAR BEARS 

Figur'0 9-1 

Linkages 

SP ILL s _--<@)r-_....;J 2)---~ CHRONIC/EP~DIC 

DEVELOPMENT ACTIVITY 

Potential effects of chronic/episodic oil spills reslJlting fro~ 
normal petroleum hydrocarbon development activities within and 
adjacent to the marine environment on polar bears. 

1. Development activities will result in chronic/episodic oil spills. 

2. Episodic spills will result in the direct fouling of polar beers. 

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

4. Mortality of bears will occur if oil is contacted Clnd/or ingested. 
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1 NTROOUCT I ON 

Oil spills occur as a result of normal hydrocarbon devclopment activities in 

the Beaufort Sea. At present., these spills are largely restricted to fuel 

(primurily diesel) used in various shorebased and offshore operations, but 

will likely include crude oil spills at offshore production facilities in the 

future. The location and f"equenty of chronic spill sin the B(,aufort region 

is discussed in greater detail in relation to Hypot.hesis No. 10. 

Laboratory studic,s have demonstrated that oil fouling Cdn cause polar bear 

mortality thrQugh the following mechanisms: 

1. Reduction of the insul,Hive capJcity of fur, and subsequent metabolic 

alterations (Hurst and Oritsland 1982; Oritsland et 2.l. 1982); 

2. Toxicity resulting from oil ingestion during grooming (Engelhardt 1981; 

Oritsland ~ 2.l. 1982). 

There is some potential for bears to be affected by chronic spills in the 

Beaufort Sea, either through direct fouling following contact with surface 

slicks or indirectly through consumption of oil-contaminated prey. 
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LINKAGES 

Link 1: Development activities will result in chronic/episodic oil spills. 

Information available from other offshore production areas and the oil spill 

case histoy'y 1 iterature in general both indicate that the vast majority of oil 

spills result from unavoidable human errors and equipment failures (Dome 

Petroleum ~~. 1982). Data on the causes, frequency and sizes of spills 

associated with nearshore and offshore petroleum development activities are 

available from a nUlllber of sources (e.g., Dome Petroleull1, unpublished data). 

This information can be used as a basis of extrapolation to provide estimates 

of spill probabilities, frequencies and volumes in the Beaufort development 

region. Although it is recognized thilt there has been a decrease in th,! 

occurrence of spills with (1) increase.d awareness, (2) more thorough training 

programs and 

chronic oil 

(3) improved 

spills "ill 

technology, the frequency ,lnd cumulative volllme of 

likely increase with the leVel of hydrocarbon 

development in the Beaufort region. However, the overall relationship between 

probable spill frequency/volume and level of development in the region remains 

unknown. 

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

Polar bears may be directly fouled with oil by swimming in oil-contaminated 

waters, although this has never been observed in the wild. Nevertheless, the 

potential for direct contact with oil does exist, since polar bears have been 

observed swimming in all months, except during periods of darkness for which 

Hlere are no records (R. Schweinsburg, pers. comm.), often at considerable 

distances from shore. 

In the Beaufort Sea, bears occur near offshore facil ities and artificial 

islands from October to June. In the future, many additional offshore 
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structures could be constructed in or near habitat types where polar bears 

prefer to hunt (Stirling ~ 21. 1975). In addition, so~e polar bears 

(particularly subadult males) are attracted to sources of human activity, 

including offshore industry structures (Stirling et 21. 1977). Since these 

facilities are located in polar bear habitat and may attract bears, and are 

also potential sources of chronic oil spills, the potential for bears to 

contact oil near such sites is greater than elsewhere in the region (e.g., 

shoreb,oscs) . 

In summer, most bears occupy the polar pack ice which is located well north af 

the development zone. However, some bears are found in summer retreats along 

the> CO,lsts of Gilnks and Baillie Islands. If oil were to strand along these 

shorelines, polar bears could be fouled during their frequent movements 

between land and water areas. 

There is no available information on the behaviour of free-ranging bears in 

til(! presence of on oil slick. Theories concerning their probable behaviour 

range froD] cOlllplete avoidance to ,)ttraction, but no experimental evidence or 

observations exist. The actual extent of oil contamination ilnd the duration 

of contact would depend on a number of factors, including (1) whether or not a 

bear will actually swim through oil-covered waters; (2) the potential for 

repeated contact with surface slicks; (3) the type, thickness and viscosity of 

the oi 1; and (4) the amount of oi 1 trapped in the fur. 

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

Polar bears may contact oil either directly (Link 2) or indirectly through 

consumption of oiled prey (birds or seals). A discussion of the extent to 

which chronic oil spills may affect birds is presented in Hypothesis No.1!, 

The latter group concluded that some degree of bird 1lI0rtality would result 

from cl1ronic hydrocarbon spills, although the number of birds which will 

contact oil remai ns unknO\vn. 

; 
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Of undoubtedly greater importance for bears is the potenti al for 'i ngesti on of 

contaminated ringed seals which are the primary food source of polar bears 

(Stirling and McEwan 19'15). For example, ringed seals have been observed 

completely covered with oil in Hudson Bay (Muller-Wille 1974). ln addition, 

there have been several reported cases of exposure of seal s to crude oil 

following spills in temperate waters (e.g., Davis and Anderson 1976; Duva'i ~ 

al. 1981). 

The behavioural responses of ringed seals and bearded seal s to spilled oil and 

the physiological impacts of oil contact (including mortality) in free-ranging 

individuals remain poorly documented (see reviews by Geraci and St. Aubin 

1980; Richar'dson ~ 22. 1983; Engelhardt, 1983). Inv8stigations of oil spill 

incidents have generally not been conclusive in elucidating the physiological 

and toxic effects of oil contact by marine mammal $. Marine mammal mortal ity 

has been associated with certain incid~nts sllch as the ARRO\~ and the TORREY 

CANYON spills (Anonymous 1970; Spooner 1967). Similarly, grey seal and 

harbour seal deaths were reported following the KURDISTAN spill on the East 

Coast of Canada (Parsons et 22.. 1980). However, most available information 

regarding the effects of oil on ringed seals has resulted from a limited 

number of controlled laboratory studies (Geraci and Smith 1976 0 , 1976b; 

Engelhardt ct al. 1977). These studies have demonstrated both the 

physiological pathways of hydrocarbon uptake and transient dilmage to HIe eyes, 

liver and kidney in this species. However, mortality of oiled ringed seals 

was only observed in some animal s stressed by laboratory conditions. 

During summer, scavenging polar bears could encounter oil-contaminated 

carcasses along the shoreline, while bears following leads used by birds 

(particularly eider ducks) and subadult seals during spring could also 

encounter oil-contaminated prey on or near ice edges. 
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link 4: Mortality of bears will occur if oil is contacted and/or ingested. 

Fouling 

Fouling of polar bear fur through direct contact with oil can cause a 

significant reduction in the insulative capacity of the fur. Reductions to as 

little as 1/2 to 1/3 of pre-exposure insulation values have been demonstrated 

for oil-contaminated polar bear fur (Hurst and Oritsland 1982) and the fur of 

other amphibious mammals (Kooyman et !J... 1977). These changes in 'insulativ0 

capacity could lead to a compensatory increase in metabolic rate and changes 

in skin and deep body temperature as demonstrated in polar bears (Oritsland et 

22.. 1982; Hurst et .9.l. 1982) and in sea otters (Costa "nd Kooyman 1983), and 

mily ultimately result in mortality by l1ypothermiil (\~illiams 1978; Costa and 

Kooyman 1983). 

Ingestion 

Bears can ingest oil either through grooming of fouled fur or ingestion of 

oiled prey. The eXisting experimental evidence suggests that the most s0rious 

concern with respect to effects of oil on ilears is the chemical toxicity of 

ingested hydrocarbons (Oritsland et!J... 1982; Engelhardt 1981). Grooming of 

oil from the fur following oil contact appears to be a certainty given the 

available experimental information (Oritsland et .9..l. 1982; Hurst _~ .£1.. 
1982). Mortality of bears following oil ingestion certainly can occur, 

although the quantity of oil necessary to cause death is unknown. 

The physiological and toxicological (lethal) effects of such oil ingestion 

were described for two polar bears experimentally exposed to oil (Engell1ardt 

1981; Oritsland !! !J... 1982). As a result of extensive grooming after 

exposure to crude oil, three polar bears ingested large quantities of oil, and 

this lead to peripheral hemolysis, erythropoietic dysfunction and renal 

abnormalities. Subsequent death of 2 of 3 of the oil-contaminated bears was 

thought to be largely due to renal failure. 
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The 1 ikel ihood of consumption of oil-contaminated prey by bears has not been 

tested empirically. However, anecdotal information indicates that polar bears 

preferentially consume motor oil upon breaking into caches (N.W.T. Wildl. 

Servo unpublished data). and generally consume oil and oi'l products regardless 

of source. 

The present information suggests that polar bear mortality will result both 

from fouling of fur and ingestion of critical (but unknown) quantities of 

oil. Such potential industry-related mortal ity must be viewed in conjunction 

with hunting pressure through the existing quota system, and related to 

carrying capacity of the population. It is expected that, although the 

hypothesis is be valid, th0 number of bears affected by chronic oil spills 

would be small and probably not signific()nt at the population level (unless 

the population is being hunted at maximum sustainable yield). 

CONCLUSION 

Tile potential for polar bears to contact oil during hydrocarbon development 

activities in the Beaufort Sea does exist, although the number of animals that 
Nevertheless, 

mily be affected by chroniclepi sodic spi 11 sis unknown. 

mortality of polar bears as a result of oil exposure or ingestion of 

contaminated prey would probably be limited. 

RESEARCH 

The most significant information gaps at this time relate to the behavioural 

responses of polar bears to oil-covered waters and to oil-contaminated prey. 

Specific experiments addressing these concerns are possible and would involve 

relatively few logistical difficulties and a low probability of severe 

------------------------------... 
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consequences to the study animals. However, studies of this nature would 

undout)tedly encounter extreme public and political opposition, and therefore 

may be untenable. 

It is possible that some additional information could be obtained through l!2 
~ experimentation 

hydrocarbon burdens 

(i.e., with polar bear pelts), and a program to determine 

in samples obtained from animals harvested by Inuit 

hunters. 

collected 

The maximum amount of opportunistic information should also be 

in any instance where polar bears contact oil in the Beaufort Sea or 

elsewhere in the Canadian Arctic. For example, observations could be taken 

concurrently with information on birds collected by oilspill response 

personnel (see Hypothesis No. 10). Alerting of all personnel to document 

sightings of oiled bears or of the response of free-ranging bears to oil, and 

the subsequent reporting of this information to regulatory agencies are also 

recommended. 

MONITORING 

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

THE EFFECTS OF CHRONIC (EPISODIC) OIL SPILLS 
RESULTING FROM NORMAL PETROLEUM DEVELOPMENT ACTIVITIES ON BIRDS 
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Chronic (episodic) oil spills resulting from normal petroleum 
hydrocarbon development activities within and adjacent 

to the marine environment will result in local 
mortality of certain species of birds. 

BIRD '¥TALIn 

PRESENCE OF A 
SUSCEPTIBLE SPECIES 

~ 
PRESENCE OF A SLICK WITH 

THE CAPACITY TO FOUL 

~ 
CHRONIC/EPISODIC SPILL 

~ 
DEVELOPMENT ACTIVITIES 

Figure 10-1 Potential effects of chronic (episodic) oil spills resulting from 
normal petroleum development activities on birds. 

l.inkages 

1. Oevelopment activities will result in chronic (episodic) spills of 
petroleum hydrocarbons. 

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

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

4. Mortality of birdS will occur following slick contact. 
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result of normal hydrocarbon development activities in 

present, these spills are largely restricted to fuel 

used for various shorebased and offshore operations 

1 ikely include crude oil spill s at 

future. Information available through 

volume of chronic (episodic) spills is 

(primarily marine vessels), but will 

offshore production facilities in tile 

spi 11 report fil es i ndi cates that the 
inversely r(~lated to spill frequency, with th0 largest proportion of spills 

involving volumes of less than 1 barrel. At present, the greatest frequencies 

and lilrgest volumes of oil spills are associated with existing shorebases in 

the Beaufort development region (Dome Petroleum, unpubl. data), "lthough it is 

expected that the frequency of spills in offshore areas will increase 

incrementally as development proceeds. 

Future sources of chronic oil spills could include shorebases (diesel, slops), 
1 ubri cants and 

pipelines and 

of crude oil as 

offshore drilling and production facilities (diesel, crude, 

other production wastes), and subsea facilities such as 

gathering systems (crude). Tankers involved in transportation 

w{~ll as vessel s (icebreakers, supply boats, dredges) associated with various 

support and construction activities may also result in occasional spills of 

crude oil or refined petroleum products. 
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It is generally agreed that birds are the resource which has been most visibly 

affected by oil spills (Brown 1982, ESt.. 1982). Information summarized by 

Duval et 2.l. (1981) also indicates that the location and timing of spills (cf. 

volume of oil spilled) in relation to the distribution, abundance and seasonal 

habitat use of birds have been the primary factors affecting the severity of 

impacts of past spills. For example, \~idespread mortality of birds \~as 

reported following relatively small spills (dOD barrels) in marine t0mperate 

and subarctic environments, while impacts on birds have not been observed 

following many spills greater than 100,000 barrels (Duval!!. 2.l. 1981). At 

the same time, the vulnerability of birds to oil spills varies substantially 

among species, and is highly dependent on life history and behavioural 

patterns (King and Sanger 1979). Nevertheless, due to the exceptional 

vulnerability of some species to even small qUilntities of oil in the mJrin,~ 

environment, the effects of chronic oil spills on birds remains an area of 

potential concern related to hydrocarbon development in the Beaufort region. 

1.1 NKAGES 

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

Information available from other offshore production areas and the oil spill 

case history I iterature both indicate that the vast majority of oil spill s 

result from unavoidable human errors and equipment failures (Dome Pet r oleum;:.1 

~. 1982). Data on the causes, frequency and sizes of spills associated with 

neilrshore and offshore petroleum development activities are available from a 

number of sources (e.g., Dome Petroleum, unpublished data). This information 

can be used as a basis of extrapolation to provide estimates of spill 

probabilities, frequencies and volumes in the Beaufort development region. 

• 
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Although it is recognized that there has been a decrease in the occurrence of 

spills with (1) increased awarenesS, (2) more thorough training programs and 

(3) improved technology, the frequency and cumulative volume of chronic oil 

spills will likely increase with the level of hydrocarbon develQpment in the 

Beaufort region. However, the overall relationship betl,een probable spill 

frequency/volume and level of development in the region remains unknown. 

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

Several models describing the physical and chemical weathering of ()il, as well 

as the concurrent spreading and movement of slicks, have been developed in 

rece.nt ye'irs. These models may have predictive value for evaluating the 

relative rates of oil weilthering, but may not be useful for assessment of oil 

transport proceSSeS and rates with relatively small chronic spills. The most 

important spill features determining impacts of oil on birds would includ8 

slick thickness and detectallility, although the slick thicknesses which I~i)y 

result in fouling of birds remain unknol,n. TI,o additional data deficiencies 

that were identified with respect to potential oil contaminiltion of bir'ds were 

(1) the probable fate and effects of oil wtlich became encapsulated in ice 

throughout the winter months, and was subsequently released to melt 

t() the water column during spring break-up; and (2) the 

remobilization of oil that was stranded in intertidal and backshore 

following chronic oil spills in nearshore areas. 

pools or 

possible 

habitats 

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

In early spring, seabirds are attracted to sites that are or appear to be open 

water (T. Barry, pers. comm.). In ilddition, many species migrate along 

offshore leads ilnd along shorelines which may be sites of oil accul~ulatiC)n 
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following chronic spills in the Beaufort region. On the other hand, it was 

recognized that some species of birds may avoid oil slicks (King and Sanger 

1979), while others may avoid areas of chronic oil contamination (e.g., 

offshore platforms) due to the physical presence of structures and human 

activities at these sites (Cornish and Allen 1983). 

The major uncertainties identified in relation to Link No. 3 of this 

hypothesis were (1) the potential for attraction of birds (e.g., loons, gullS 

and diving ducks) to fish or invertebrates that are killed or narcotized, and 

arc present at the surface following chronic spills, (2) the lack of data on 

the bd13Viour of several bird species ,)t different times of the year, and (3) 

information on the location and extent of open water during the period of 

spring migration to the Beaufort region. 

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

"'any species of birds are \ligh1y susceptible (due to behaviour and life 

history) to oil spills,. "nd have suffered mortality follo\,Jing contamination by 

petroleum hydrocarbons (Brown 1982; Duval et al. 1981). ThiS mortality - -
results principally from the physical effects of oil on thermOregulatory 

capacity and buoyancy, as well as the toxicity of petroleum hydrOcarbons 

ingested during preening or feeding activities (Brown 1982). Relatively small 

spills can cause extensive bird mor,tality under some circumstances (Barrett 

1979), such as when large concentrations of susceptible bird species occur 

within a restricted area. This situation does exist at some times of the year 

near proposed shorebase development sites in the Beaufort region. 

Major data deficiencies associated with this linkage relate to (1) the 

documented difficulties in detection of bird mortality due to both emigration 

from ttlC spill zone and sinkage of contaminated bird carcasses; (2) the lack 

.. 
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of information regarding levels of contamination (Le., slicK thicKn~sS or 

spi11 volume) that will result in bird mortality; and (3) the limited data for 

assessment of the ecological significance of species-specifiC bird mortalities. 

CONCLUS10N 

1t was concluded that there is sufficient information to accept the hypothesiS 

that chronic/episodic oil spills will cause mortality of birds under some 

circumstances. The combinations of circumstances which may lead to bird 

1110rtal ity (i .e., volume of spill, oil type, time of year, type of habitat 

contaminated, slick thicknesS and movement, and the behaviour of contaminated 

birds) are not clear, but arc expected to be highly variable. It is difficult 

t.o assess the significance of oil-induced mortality on seabird population 

levels. The early concern that the extensive seabird population of the North 

Sea area would dec1ine after hydroCarbon development has been substantiated 

(Clark 1984). 1t was concluded that a monitoring program could be justified 

on the basis of U1e documented vulnerability of some species to relatively 

small spills, and the important bird habitatS that occur along many portions 

of the Beaufort Sea coastline. 

MONITOR1NG 

Due to the episOdic nature of chronic oil spills and high degree of 

uncertainty regarding the casual circumstances, nature and extent of potential 

impacts of these events on bird populations, an opportunistic approach is 

recommended for monito
ri 

n9 of the short-term and 1 on9- term effects of chroni c 

spills in the Beaufort Sea. tlonitoring should become an integral part of the 

existing oil spill response plans for the region, and could be conducted by 

personnel that are already experienced observers (e.g., lnuit) or are trained 
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members of a response team such as the Beaufort Sea Oilspill Cleanup 

Cooperative. Following chronic spill incidents at shorebases and offshore 

facilities, one or more members of the response team would assume 

responsibi1ity for documenting (1) the species i)nd numbers of birds in the 

vicinity of the spill zone, (2) the number of birds (by species) that appear 

to have contacted surface slicks or oil stranded in shoreline habitats; and 

(3) the subsequent behaviour (e.g., flight away from the area) or mortal ity of 

affected individuals. It will be equally important to document fully those 

events where birds ~re present in an area, but remain unaffected, as well as 

other incidents where birds are not present at the time and location of a 

chronic spill. These data, when reported with other information regarding 

eact1 incident (i.e., spill volume and type, extent of surface slick, time of 

year, percent of oil recovered, etc.), would provide a statistical basis for 

ongoing evaluation of the effects of chronic spills on bird populations of the 

Beaufort Sea. 

It is emphasized that the overall success of this approach to monitoring would 

be dependent on the thoroughness of each observer's visual records and 

attention to detail. In addition, the success of the approach would also 

continue to depend on ttle rapid response tt) all oil spill incidents to avoid 

underestimates of bird contamination or mortality dUe to emigration and 

sinkage, particularly when the oilspill response team is centrally located 

(e.g., Tuktoyaktuk, McKinley Bay) and must be transported to the spill site. 

It is also recognized that under some circumstances (e.g., during explosion or 

fire hazard), priorities will be placed on human safety and rapid response 

rather than bird monitoring responsibilities. However, the opportunistic 

approactl to monitoring of the effects of chronic spills on birds is expected 

to be effective in the majority of probatlle spill circumstances. 

An additional recommendation with respect to this monitoring program is tile 

documentation of oiled birds (species, numbers, location and time) in 

------------------..... 
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conjunction with all normal industrial operations in the region. The latter 

type of records waul d provi de a measure of the cumul ati ve impact of 

chronic/episodic oil releases on bird populations, and could be compared to 

observations taken by on··site oil spill response teams. 

RESEARCH 

Accurate estimation of bird mortality, by extrapolation of bird mortality 

indices from the trained observer counts and on-site studies at spills, will 

require statistically reliable data that can only be obtained through an 

extensive laboratory and experimental oil spill research program. Predicted 

8eaufort hydrocarbon development level s do not justify this approach. Rather, 

the management philosophy should be to scrutinize closely the results of the 

~onitoring program and to emphasize mitigative actions (i.e., actions to 

reduce the spill frequency and volume, and to enable rapid cleanup). 
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HYPOTHESIS NO. 11 

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

mortality of eiders and diving ducks. 

CHRONIC RELEASE 
OF HYDROCARBONS ~ 

AND PERIODIC SLICK 
FORMATION 

INCREASED EIDER AND 
DIVING DUCK MORTALITY 

SURFACE OIL AND BIRDS 
IN OPEN WATER AROUND 

OFFSHORE STRUCTURES 

ATTRACTION OF 
MIGRATING AND 
STAG I NG EI DE RS 

AlJD DIVING DUCKS 

OPEN WATER AROUND OFFSHORE 
.~-----~ DEVELOPMENT STRUCTURES IN .... ----

LANDFAST AND TRANSITION ZONE ICE 

MOVING ICE 
~ 

PARTICULATE EMISSIONS 
AND FUGITIVE DUST 

THERMAL DISCHARGES 

Figure 11-1: Potential effects of oil near offshore platforms on 
eiders and diving duckS (Mechanism A) 
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The various linkages in Mechanism A were evaluated by' the workshop subgroup. 

During this discussion, evidence was presented that resulted in elimination of 

Link 2 (see below)" Further discussion resulted in a general reorganization 

of the possible mechanism through which increased eider and diving duck 

mortality may occur. The revised linkages associated with the hypothesis 

(Mechanism B) are shown in Figure 11-2. 

PERIODIC SLICK 
FORMATION IN 

OPEN WATER AREA 

~ 
CHRONIC RELEASE 
OF HYDROCARBONS 

6 

_ EIDER AND DIVING 
DUCK MORTALITY 

6 

ATTRACTION OF MIGRATING 
AND STAGING EIDERS AND 

DIVING DUCKS TO OPEN 
WATER AREA 

C~ 
OPEN WATER AROUND 

OFFSHORE DEVELOPMENT 
r-------"- STRUCTURES IN LANDFAST 

ICE AND TRANSITION 
ZONE ICE 

1,-~-G)-'-"----l2 

PARTICULATE EMISSIONS 
AND FUGITIVE DUST 

9 
THERMAL DISCHARGES 

MOVING ICE 

Figure 11-2; Potential effects of oil near offshore platforms on 

eiders and diving ducks (Mechanism B) 
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Linkages 

1. t~oving ice causes rubble fields and open water in the ice surrounding 
offshore structures. 

2. Particulate emissions and fugitive dust will decrease tile a1bedo 
(increase heat absorption) of the ice, leading to increased melting and 
earlier formation of open water areas around offshore structures. 

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

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

S. Chronic releases of hydrocarbons from offshore structures \,i11 cause the 
periodiC formation of oil slicks in open water ar·cas. 

6. Oiling of birds present in open waters around offshore structures "ill 
cause mortality. 

----------------------...... ~ 
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Garry ~ 2..l, (1981), B,1rry and Barry (1982), and Searing et 2..l, (1975) have 

documented large concentrations of migrant eiders and other diving ducks 

during early spring migration (15 May to 15 June) in certain ,neas of open 

water along the edge of the shear zone in the southeast Beaufort Sea, 

Densities as high as 2()O birds/km2 were recorded in this area during spring 

1974 (Seilring ~ ill, 1975). Similarly, data co11ected by Dome Petroleum (Dome 

Petroleum, unpubl. data) indicated as many as 40 birds/km
2 

during spring in 

open water areas within several kilometres of an exploratory drilling 

structure located near the shear zone, 

Chronic (episodic) accidental spills of petroleum hydrocarbons (diesel, crude) 

into the marine environment occur as a result of routine oil and gas 

exploration activities in the Beaufort Sea (Dome Petroleum, unpubl, data), and 

will likely occur with greater frequency as larger voluJlIes of oil are handled 

during production, 

It is also important to emphasize that even sJlIall oil spills in marine 

environments can result in extensive mortality of waterfowl and other species 

of marine-associated birds (Barrett 1979). A review of 100 world-wide oil 

spills completed by Duval et 21, (1981) indicated that the circumstances 

surrounding spills (particularly location and season) and the types of 

habitats affected by oil in relation to the abundance and distribution of 

birds, were more important factors than spill volume in determining the impact 

of these events, 
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The major concern and basis for this hypothesis is that eiders and diving 

ducks, which have been assigned a very high Oil Vulnerability Index (OV!; King 

and Sanger 1979), may suffer extensive mortal ity if they contact an oil $1 ick 

near an offshore production structure located near the shear zone. This 

concern is greatest during the spring migration period when birds may be 

concentrated in relatively high densities in available open water. 

LINKAGES 

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

Satel'lite imagery and observations by on-site industry personnel show that 

open water is created in the lee (downstream) of on artificial isl(1nd or 

structure as ice moves past during the spring (Ben Danielewicz, pers. (omm.). 

The satell ite imagery al so shows that moving ice in the transition zone 

creates other extensive areas of open water adjacent to but not caused by the 

presence of artificial islands or structures (John Marko, pers. cOnlm.). Open 

water fonnation in the tr'ansition zone of the Beaufort Sea is a characteristic 

result of normal ice movement in the spring. However, if the ice is 

stationary, open water is not created in either the lee of artificial 

structures or in adjacent areas through this process. Therefore, the presence 

of open water in the transition zone during early spring is dependent on icc 

movement. 

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

This 1 inkage was el iminated from the hypothesis because the small amount of 

particulate emissions and resulting fallout is not expected to significantly 

po 
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decrease albedo, and therefore should not contribute to the formation of open 

water around offshore structures (Tarek Jandali, pers. comm.). The total 

amount of particulate emissions during the year 2000, when proposed 

development activities would be at their peak (for the development scenario 

considered) have been estimated at about 12,000 tonnes/year (Dome Petroleum et 

al. 1982). The emission sources can be class'ified as two types: mobile 

(aircraft and marine vessels) and stationary (shorebases and platforms). The 

mobile sources (mostly marine vessels) would account for 83 percent of all 

particulate emissions, or approximately 10,000 tonncs/year. The remainder 

(2000 tonnes/year) Hould be emitted at shorebases, offshore platforms and 

drill rigs (Oome Petroleum £.! 21.. 1982). 

Prior to the workshop, dispersion calculations were 

model approactl to estimate the order of magnitude in 

'oading which may be expected in the Beaufort 

u~sumption5 were made during these calculatiDns: 

completed using a box 

the level of dust fall 

region. The f 0 11 owi ng 

1) eccause of the wide geographic separation of emission sources, Spatiill 

Units 1, 2, 3 and 4 in the Beaufort Sea (see Introduction) Here assumed to 

be affected by emi ssions. The approximate surface area of these combi ned 

zones was estimated at 60,000 km2 ; 

2) On an annual basis, the wind distribution and the location of mobile 

sources are such that the particulate fallout was expected to be uniform 

in these four spatial units. 

On the basis of these two assumptions and the total expected particul ate 

emissions identified earlier, an exceedingly low rate of dust fall 

(20g/m2/month) was estimated (Tarek Janda1i, pers. comm.). In addition, the 

effect of parti cul ate matter on the a1 be do woul d be very dependent on the 

period of application, and conditions such as snow drifting and occurrence of 
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a thaw followed by freeze~up would limit or eliminate changes in albedo caused 

by dust fall (Williams 1967). Therefore, given the extremely low level of 

dusting expected from hydrocarbon development, in conjunction with the 

uncertainties associated with the actual effects of dusting on albedo, it was 

concluded that this link would not contribute to increased open water areas 

around offshore structures. 

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

Dependi ng on 

patterns) i)nd 

tile precise set of conditions (e.g., ice thickness, current 

the manner in which discharges are released from J production 

facility, 

60,000 m2 
either very 1 ittle open water would be created or oS much as 

(0.06 ki) of open "ater could occur in the vicinity of the 

outfall (Humfrey ~lelling, pers. comm.; Ben Danieliwicz, pers. comm.). Direct 

discharge of produced "ater and cooling water onto the surface of the ice near 

the structure would create the largest amount of open water. This area would 

be greatly reduced in situations where the water was [nixed with dense, cold 

sea water and released at high speed into the water column (Humfrey t~ell ing, 

pers. camm.). High speed discharges of much smaller quantities of water 

presently create open water areas of about 10 m2 near existing facilities in 

the region (Ben Danieliwicz, pers. comm.). 

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

Data collected by on-site 

unpubl. data) indicate that 

petroleum industry personnel (Dome Petroleum, 

densities of water birds during spring in areas 

around offshore artificial islandS are not different from densit:ies recorded 

in adjacent open-water areas (see al so Barry £! il. 1981; Ga"ry and Ilarry 
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1982) . It was therefore concluded that, under normal ice conditions, 

significant "attraction" of birds to artificially created open water around 

structures would be unlikely. However, during periods when the only available 

open water may be that present near a thermal dishcarge from an artificial 

production island (such as during a period when no ice movement is occurring 

and no open water is created), it is conceivable that some birds may be 

attracted to the structure. As indicated earlier, depending on the thermal 

discharge procedures, either a very small (10 m2 ) or relatively large 

(60,000 m2 ) area of open water may be created adjacent to an outfall. In 

such an extreme situation, the number of birds attracted to the area is 

expected to be proportional to the amount of available open water. However, 

this extreme situation where virtually no Open water exists probably occurs 

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

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

Since the presence of an oil slick would be necessary to create a situation 

where bi rd mortal ity could occur, treated produced ~Iater discharges are not 

expected to affect birds. On the other hand, occidental episodic spills may 

cause occasional oil slicks near offshore production facilities. The 

existence of various mitigative procedures and oilspill contingency plans will 

reduce the risk of contamination of birds following these episodic events, and 

not all spills will result in a slick that is capable of fouling birds. In 

addition, the dynamic conditions associated with open water created by moving 

ice, would likely result in non-uniformities in the distribution of any oil 

slick and this would further reduce the risk to birds. 
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Link 6: Oiling of birds present in open waters around offshore structures 
will cause mortality. 

~1any species of birds are highly susceptible (due to behaviour and life 

history) to oil spills, and have suffered mortality following contamination by 

petroleum hydrocarbons (Brown 1982; Duval et al. 1981). This mortality results 

principally from the physical effects of oil on thermoregulatory ability anel 

buoyancy, and the chemical toxicity of oil ingested during preening or feeding 

activities (Brown 1982). As indicated earlier, relatively small spills can 

result in extensive rnortal ity of birds (Barrett 1979), and at the same time, 

significant numbers (thousands) of susceptible birds are known to occur in 

proposed offshore development areas in the Beaufort region (Dome Petroleum, 

unpubl. data). 

Major data deficiencies related to this linkage are: (1) 

difficulties in detection of bird mortality following oil 

emigration out of the area and sinkage of contaminated birds; 

the documented 

spills due to 

(2) the lack of 

information regarding the levels of contamination (i.e., slick thickness or 

spill volume) that will result in bird mortality; and (3) the lack of 

inforrnation to allow assessment of the ecological significance of 

species-specific bird mortalities. 

CONCLUSION 

The group concluded that it would be irnpractical to design a specific 

monitoring prograrn to test this hypothesis during the expected life of the 

project (25 years). 

$ 
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Rationale 

Two distinct scenarios were considered in relation to the concern that 

migrating eiders and diving ducks may be exposed to open water containing oil 

slicks in areas surrounding offshore structures. 

Scenario A: A year when there is virtually no ice movement, and therefore no 

naturally-occurring open water during the period of bird 

mi grati on; and 

Scenario tl: A year when there is ice movement and naturally-occurring open 

wa te r. 

Scenario A .1ppears to have a recurrence interval of betvleen 10 and 20 years. 

These years would be characterized by no ice ~10Venlent and the lack of 

naturally-occurring open water and leads during the period of eider and diving 

duck migration period (mid-May to mid-June). Therefore, any open water around 

offshore structures would be caused by thermal dischi)rges. 

TlW annual frequency of chronic oil spill s at each of these structures may be 

relatively high (from 5 to 15 per year, in all offshore areas based on 

historical records for exploration activities in the Beaufort Sea over the 

last 3 years; Dome Petroleum unpubl. data). However, most of these spills arc 

unlikely to occur in the open water caused by a thermal discharge, and of 

those that do, not all may be of sufficient size to cause a 51 ick that is 

capable of fouling birds. Nevertheless, there is a finite probability of the 

coincidence of an oil slick and migratory birds, assuming that offshore 

structures are within the migration path and that migrant eiders and diving 

ducks will land in open water areas adjacent to offshore platforms. 
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However, in view of the long recurrence interval (10 to 20 years) of Scenario 

A and the low joint probability of ducks and oil occurring at the same time 

and location during the short migration season, it is difficult to recommend a 

prilctical monitoring program that could document the. impact of such a rare 

occurrence. 

In Scenario B, open water around offshore structures may be caused by i) 

combination of a thermal discharge and ice movement (i.e., open water wake in 

the lee of the island). However, when ice movement does occur, there would 

also be large areas of naturally-occurring open water relatively near tl1ese 

structures. There is also no evidence to suggest that migrating ducks would 

be attracted to offshore structures more thon to other areas of open water. 

Bird observations by industry personnel and ottlers at existing offshore 

structures in the Beaufort Sea indicate that densities of birds near 

,Ftificial structures apparently are not different from densities in adjacent 

open water areas (Dome Petroleum, unpubl. data; BJI·ry et ~. 1981; ilarry and 

Darry 1982; Searing ~~. 19"15). Therefore, an oil sl ick in ,)rtificially 

created open water during the period of eider and diving duck migration may 

affect only a very small number of birds. Consequently, the group concluded 

that a special monitoring program is not warranted. 

Notl,ithstanding the above conclusions, the group indicated that it would be 

desirable for the operators to continue their existing bird observation 

programs as a routine operational procedure. These data should continue to be 

made available to Government agencies. This will ensure that as development 

proceeds and the number of offshore facilities increases, the basic 

assumptions and conclusions associated with this hypothesis may be 

re-evaluated. 

$ 
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HYPOTHESIS NO. 12 

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

INCREASED BRANT MORTALITY 
DURING HINTER 

+ DECREASED FAT ACCUMULATION BY 
BRANT DURING FALL STAGING 

+ INCREASED DISTURBANCE WITH RESULTING 
INCREASED ENERGY EXPENDITURE BY BRANT 

f 
OVERFLIGHTS DURING STAGING 

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

Linkages 

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

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

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

. .. --



176 

LIST OF PARTICIPANTS 

Tom Barry 
Robert Ever'i tt 
Steve Johnson 

INTRODUCTION 

The rationale for consideration of this hypothesis during the workshop was the 

assumption that staging brant may be affected by low-level aircraft 

overflights through mechaniSms similar to those documented for snow geese 

(Patterson 1974; Davis and Wiscley 1974; Schweinsburg 1974). The various 

linkages associated with the hypothesis are shown in Figure 12-1. 

CONCLUSION 

Although the workshop subgroup indicated that monitoring could be initiated in 

relation to this hypothesis, it was concluded that such a program would be 

impractical and would provide limited relevant infor'mation (Torn Barry, pers, 

comm.). The following rationale for not recommending a monitoring program was 

presented during discussion of the hypothesis. Although a large proportion of 

the total Canadi an Beaufort Sea brant popul ati on can pass along the Beaufort 

coast in Snlall fl ocks, and may stop to feed and stage in anyone of a dozen 

different staging areas, they typically remain in these areas for no more than 

a day or two, depending on weather conditions. This is unlike the n1'igration 

pattern of snow geese, where very large numbers of birds stage in a fell 

relatively discrete areas for up to a month before migrating long distances 

(Koski 1977). Furthermore, unl ike snow geese which appear to be very 

susceptible to disturbance by 10lv flying aircraft (Gollop and Davis 1974; 

Schweinsburg 1974; Gavin 1980), brant are apparently only temporarily 
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displaced as a result 

1977). Consequently, 

of aircraft overflights (Tom Barry, pers. camln.; Koski 

possible disturbances caused by low-level aircraft 

flights across anyone of these staging areas at any given time would probably 

have little or no measurable effect on the physiology (e.g., fat accumulation) 

of staging brant. The group also concluded that it would be virtually 

impossible to deSign a practical monitoring program capable of detecting a 

change in the overwinter brant mortality due to increased low level aircraft 

f1 ights along the Canadian Beaufort coast during fall staging. 
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HYPOTHESIS NO. 13 

EFFECTS OF HYDROCARBONS AND HEAVY METALS 
ON FISH HARVEST 
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Shorebases and shallow water production facilities will release 
hydrocarbons and heavy metals at sufficient levels such 

that fish harvest will be reduced through tainting 
and heavy metal accumulations. 

HYPOTHESIS 15A 

FISH HARVEST 

+ DESIR(,S!LlTY , 
COL OU R, ~STE' SMELL 

FISH 

OODY BURO,"~ 

3 FOOD 
CHAIN 

) 
HYDROCAf~80NS 

HYPOTHESIS 158 

DESIRABILITY, 
HUt1AN HEALTH 

~ 
FISH (eooY OUROEl' 

FOOD 3 
CHAH1 

~ HEAVY ,·mLS 

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

; 

.. 
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Linkages for Hypothesis 13A 

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

2. Hydrocarbons can be passed through food chains. 

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

5 Decreased desirability will decrease fish harvest. 

Linkages for Hypothesis 130 

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

2. Heavy metals can be passed tllrough food chains. 

4. Human health and desirability can be affected by increases in heavy l1It!tal 
concentrations in fish. 

5. Decreased desirability will decrease fish harvest. 
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Serge Metikosh 

INTRODUCTION 

Don Schell 
Aaron Sekerak 
Nicholas Sonntag 
David Thomas 
Deni s Thomson 

Several species of fish, particularly coregonids, ore harvested by residents 

of TuktoyaktlJk and the more inland communities including Aklavik, Fort 

McPherson and Arctic Red River. However, the actual importance of the 

domestic harvest in various communities is difficult to estimate because 

det,)iled studies have not been conducted in the region. Corkum and ncCart 

(1981) estimated that Jpproximately 14,500 kg of fish were harvested in 

Tuktoyaktuk Harbour and the Mackenzie Delta area in 1978. Domestic fisheries 

continue to be important in the region, and a number of members of the working 

group suggested that there is a potential for future increases in the domestic 

fish harvest, as well as development of recreational and commercial 

fisheries. Due to the existing and possible expanding human use of fish in 

the future and experiences associated with tainting elsewhere in the world, 

tile potential for hydrocarbon or heavy metal contamination and subsequent 

decrease in fish harvests is an area of potential 

Sea. The following sections briefly summarize 

concern within the Beaufort 

qualitative and 

evidence regarding the mechanisms of hydrocarbon and heavy metal 

quantiti ve 

uptake by 

fish, as well as the recommendations of the subgroup on monitoring strategies 

which illay be required to address this question in the Beaufort region. Tlvo 

closely related hypotheses were examined during the Ivorkshop (Figure 13-1), 

but are discussed separately in the remainder of this section because of clear 

differences in the degree of potential concern related to these contaminants. 

+ 

d 
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HYPOTHESIS 13A HYDROCARBONS 

The relcase of hydrocarbons to the marine environment from oil production 

facilities throughout the world has been well documented (e.g., Cowell 1976; 

Dome Petroleum ~ il. 1982. Vol 6.). It has been estimated that from 0.1 to 

0.3 percent of all oil produced is lost as a result of accidental chronic or 

episodic spills and intentional releases associatcd with normal operations. 

In the case of some types of chronic oil releases, fish are usually exposed to 

extr"~lJIely low hydrocarbon concentrations beyond the immediate vicinity of 

discharge sites and this exposure is normally brief. For example, hydrocarbon 

concentrations in sea water resulting from produced water discharge are 

expected to be in the low ppm range only a few metres away from eli scharge 

points in offshore areas, and due to dilution in surrounding waters, quickly 

become indetectable within tens or several hundreds of metres away from point 

sources (Thomas et il. 1983). On the other hand, harbours and other' sheltered 

shorel inc locations where industrial activities are concentrated can be sites 

of more frequent hydrocarbon releases, and because dilution rates are 

gcnerully lower, hydrocarbon concentr,)tions can be higher than in offshore 

areas. In addition, such nearshore areas are more likely to support fish 

populations for' lengthy pcriods, thereby increasing the duration of 

hydrocarbon exposure in comparison with the offshore situation. 

LINKAGES 

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

Fish and their food organisms can quickly absorb hydrocarbons through gill 

epithel ia, mucosa and other soft body surfaces (1'1 a 1 ins 1977; Teal 1977; 

Thomson ~ il. 1981; Dome Petroleum ~ il. 1982. Vol. 6). Storage or 
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accumul ati on of petrol eum hydrocarbons normally takes pl ace inti ssues wi th a 

high lipid content (Roubal et~. 1977; Whittle et~. 1977). For example, 

N€ff et ~. (1976) found ilpproximately 600 ppm of total naphthalenes in 

killifish i)rain tissue after one hour exposure to fuel oil at concentrations 

of only 2 ppm total naphthalenes, while about 70 ppm of total naphthalenes 

were measured in muscle tissue. Various other authors have shown that rapid 

and differential accumulation of hydrocarbons occurs in different fish tissues 

following exposure to low concentrations of dissolved and dispersed oil in the 

water column (Varanasi and Malins 1977; Duval and Fink 1980; ESL 1982). 

Invertebrates also accumulate hydrocarbons in their tissues (Varanasi and 

Malins 1977; Thomson et al. 1981; Duval et a1. 1981). Bioaccumulation is 

especiany common in invertebrates such as clams, polychaetes and r:lussels tllat 

pass large quantities of contaminated water through or over feeding or 

respiratory organs (Boehm ~ .~. 1983). Arctic amphipocts may survive exposure 

to high concentrations of oil (Cross and Martin 1983) and could retain a high 

body b\Jrden of oil for considerable periods. 

Hydrocarbon depuration rates depend on a range of pllysiological and external 

factors such as competing metabolic demands, state of health of the organisr:ls 

and water temperature but depuration is usually considerably slower than 

uptake. Some invertebrates are capable of depurating hydrocarbons front body 

tissues in only a few hours, especially if the exposure concentration is low 

and t.he duration of exposure is short (Duval ~~. 1981). However, animals 

that have accumulated hydrocarbons over a long period through exposure to 

chronic oil pollution have a tendency to depurate hydrocarbons slowly (Boehm 

and Quinn 1977). Recent experience during the Baffin Island Oil Spill 

experiment (BIOS) has shown that benthic invertebrates can retain detectable 

quantities of oil for up to two years after exposure (Boehm 1983). 

p 
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Link 2: Hydrocarbons are passed through food chains. 

Although frequently postulated, uptake and accumulation of hydrocarbons due to 

ingestion of contaminated prey organisms has not been shown to be a dominant 

pathway in the tainting of aquatic animal s. Hydrocarbons may be absorbed 

through the gut, al though they appear to be quickly excreted and do not 

g€nerillly enter tissues (Teal 1977; Thomson et 2J.. 1981). 

Links 4 and 5: Decreased desirability as a result of hydrocarbon body burden 
wi 11 decrease fi sh harvest. 

Concern regarding the tainting (usually reflected in an oily taste or, less 

commonly, odour) that results from petroleulTI hydrocarbon acculTlulation is 

frequently expr'esserJ by the pub'lic, and numerous cases of fish tainting 

follOlling acute (oil spill) exposure to hydrocarbons have been described in 

the literature (Johnston 1976). A recent occurrence of fish tainting in Canada 

resulted from an oil spill into the Athabasca River neilr Foy't ikrlurray. In 

this instance, tainting resulted in the closure of the Lake Athabasca 

corllmercial fishery (Alberta and Canada vs Suncor, Official Transcripts, 

Edmonton, Alta. 1982). 

Most instances of tainting are directly associated with large oil spills, and 

only a few cases of tainting due to low level chronic releases of petroleum 

hydrocarbons have been documented. Nevertheless, tainting from chronic and 

episodic oil releases is considered a potential problem in confined bays and 

harbours with restricted circulation. Some recent information concerning 

tainting i5 available from a study conducted on samples of fish obtained from 

the harbour at Hay River, N.W.T. A taste testing panel concluded that fish 

from these waters had an oily flavour; however, the presence of hydrocarbons 

in fish tissue could not be confirmed during laboratory testing (S. i'1etikosh, 

pers.comm.). This may have been due to the subject'ive nature of taste testing 
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procedures, inadequate controls, or the ability of taste panels to detect the 

presence of extremely small quantities of specific hydrocarbons and lack of 

correlation between tainting and standard chemical analyses. Whatever the 

reason, analytical determinations of hydrocarbon body burden do not ah,oys 

appear capable of detecting tainting. 

TIle desire to harvest fish resources is usually reduced once tainting is 

detected. It is likely that the mere suspicion of tainting will also decrease 

the desirability of a particular resource. 

CONCLUSION 

Evaluation of available data by the workshop group indicated that Link 2 in 

Hypothesis 13A (i .e" hydrocarbons are passed through food chains) was invalid 

or extremely weak, while other linkages were expected to be valid. It "as 

concluded that tainting is unlikely to be a significant concern in any area 

except sheltered bays (such as Tuktoyaktuk Harbour) "here: (1) subsistence 

fishing takes place; (2) substantial numbers of fish are present for J 

relatively long period; and (3) hydrocarbons are used and handled on a 

dly-to-day basis at a number of sites. 

MONITORING 

It is recommended that a time series measurement of hydrocarbon concentrations 

in fish flesh (e.g., Arctic cisco, broad whitefish, etc.) be initiated in 

Tuktoyaktuk Harbour. An inexpensive method for measurement of hydrocarbons 

should be used to minimize analytical costs and thereby allow analysis of an 

adequate sample size. 
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It is also recommended that if (1) time series measurements indicate 

significant increases in hydrocarbon concentrations within fish flesh; or (2) 

complaints of tainting occur, complementary programs should be considered to 

react to either or both of the above concerns. These could consist of a taste 

testing program and a study to identify the size of the area wtlere tainting is 

occurri ng. 

and control 

The latter could involve placement of caged fi sh in experimental 

areas. Research would probably be necessary to establish the 

actual source of hydrocarbons that was causing the tainting. 1\ "flow" diagram 

illustrilting the recommended approach to the testing of this hypothesis is 

provided in Figure 13-2. As indicated in this diagram, monitoring/research 

activities other than the routine measurement of hydrocarbons in fi sh flesh 

would not commence unless: (1) increases in hydrocarbons were apparent in 

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

HYPOTHESIS 138 HEAVY METALS 

Extensive Bnd varied research has been conducted during recent years in 

relation to the health hazard associated with heavy m8tal contamination, 

particularly in the case of mercury (Knauer and Martin 1972; Hardisty ~ .2.l. 
1974a, ll; Bohn 1975; Renfro et al. 1975; Stenner and tJickles5 1975; Carr et -- -
a1. 1980; Liss et~. 1980; Neff 1982). It is generally believed that, with 

the exception of mercury ancl cadmium, heavy metal s are not passed through food 

chains and, therefore, should not affect human health as indicated by the 

linkages shown in Figure 13-1. On the other hand, it is Iyell known that 

mercury bioaccumulates, is passed through food chains and is a hazard to human 

health (National Research Council of Canada 1980). 
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Figure 13-2 Suggested approach to monitoring for tainted fish in selected 
areas in the Beaufort Sea. 
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CONCLUSION 

Although the hypothesis was considered valid for mercury, no special 

monitoring programs were recommended. The workshop subgroup expected that the 

quantities of heavy metals which would be necessary to represent an area of 

environmental concern were unlikely to be associated with hydrocarbon 

development in the Beaufort Sea. 

RECOMMENDATIONS 

It was suggested that potential problems associated with heavy metal 

contamination could be addressed through standardized compliance monitoring of 

waste streams, as well as screening of materials for heavy metal content 

before selection and use in the Beaufort Sea. 
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HYPOTHESIS NO. 14 

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

broad whitefish population. 

r·----· BROAD WHlTEFIsH .... --'l 
SURVIVAL GROWTH/REPRODUCTIVE 

STATUS 

UTlLlZAHON OF ""SHORE J 
BRACKISH WATER BAND 

+ DISRUPTION OF TEMPERATURE/SALINITY 
J tJ NEARSH.')f(E ZOIJE 

~ 
NEARSHORE STRUCTURES 

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

1. Shorel ine modifications will change temperature and sal inity 
characteristics of the brackish water band along the Tuktoyaktuk Peninsula. 

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

3a. The reduced time spent in the nearshore bracki 5h lone wi 11 cause an 
increase in mortality of broad whitefish. 

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

4a. lncreilse in mortality of broad whitefish would lead to a decrease in the 
number of spawners, and subsequent reduct'; on in the number of harvestabl e 

fish. 

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

\. 
\ 
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NAMES OF PARTICIPANTS 

David Fissel 
Benny Gall 31vay 
Bill Griffiths 
John Hilrper 

INTRODUCTION 

Phil Hill 
Dave Marmorek 
Lang 1 ey t~u i r 

The Mackenzie River populations of broad whitefish (Coregonu$ nasus) are an 

important resource to local residents, constituting 3 major component of the 

domestic (subsistence) harvest at Tuktoyaktuk, Aklavik and Arctic Red River 

(Ganci 1982). Anticipated increases in the human population over the next hlo 

decades are likely to result in increilsed harvest levels for this species (see 

Hypothesis No. 13). As well, increased industriill activity in the nearshore 

waters of the Geaufort 50a may di sturtl the 1 i fe eycl e of broad l'lhitefi 51! by 

eliminating access to certain critical areas. 

The Ilackenzie River stocks of broad whitefish have a rather 1 inited 

distributional range within the adjacent nearshore waters of the Beaufort 

Sea. Although classified as anadromous, the species is believed to be 

relatively sensitive to salinity and to prefer Wilrm over cold water. Although 

there are no available experimental data on the temperature/salinity 

preferences and tolerances of this species, the results of field studies 

conducted in the Alaskan Beaufort haVe demonstrated significant positive 

correlations between abundance (catches) and temperature, and inverse 

relationships between abundance and salinity (e.g., Griffiths and Gallaway 

1982; Critchlow 1983; Griffiths et al. 1983). Griffiths!! 21· (1983) 
suggested that movements of broad whitefish are in response to the intrusion 

of a cold-marine water front into warm, brackish nearshore water' off the 

" 
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Sagavanirktok River Delta in Alaska, and that temperature and sal inity are 

probably the major factors controlling the distribution and movements of this 

species during their seasonal utilization of nearshore waters of the Beaufort 

Sea. 

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

habitat in the main channels and nearshore areas immediately adjacent to the 

delta ~~, (2) rearing habitat which consists of lake-stream systems on 

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

within a narrow band along the coast. Based on information from Bond (1982) 

and Bond and Erikson (1982) and H. Bond (pers. comm.), the expected seasonal 

use of these habitats is described below. 

By October or November, broad whitefish have returned to their overwintering 

areas, either in lakes on the Tuktoyaktuk Peninsula or in and adjacent to the 

Mackenzie Delta. After freeze-up and throughout the winter, the fresh water 

flowing out of the Mackenzie River fonus a wedge that moves to the east along 

tile Tuktoyaktuk Peninsula. Availab'le data suggest that broad I,hitefish move 

out of the 1,1ackcnl.i0 Delta, possibly with the advancing freshl,ater \'ledge, so 

that by early spring (t,1ay-June), individual s are present at the mouths of the 

freshl,ater stream-lake systems on the Tuktoyaktuk Peninsula. These fish [nove 

up the rivers shortly after ice disapp(,arancc; the most intense period of 

migration usually occurs between 20 and 27 June. There is al so a downstream 

movement of broad whitefish starting around 1 July. The fish moving 

downstream tend to be 1 arger (many of 450 mm in 1 engtll) than those movi n9 

upstream, and at least some are mature spawners. As the open-water season 

progresses, the freshwater "edge along the Tuktoyaktuk Peninsula is less well 

defined as surface mixing processes cause cooler marine waters to be close to 

shore. The broad I,hitefish that have remained in coastal I,aters and those 

that have entered these waters from the peninsula lakes likely move back into 

the Mackenzie Delta 11Y Septembor. Some small immature individuals appear to 

r'emain in the peninsula lakes from 1 to 4 years before returning to coastal 

waters. 
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Although knowledge is still incomplete and much of the above is speculation, 

available information suggests that an interruption or deflection of the 

nearshore movement of broad whitefish that prevents individuals from entering 

the freshwater lake system on the Tuktoyaktuk Peninsula could have population

wide effects (e.g., decreases in the number of broad whitefish). This could 

then be manifested in a reduction in the number of fish available to the 

subsistence fishery or to any commercial fisheries that may develop in future 

yea rs. 

Oevelopment activities in the nearshore zone of the Alaskan Beaufort have 

involved the construction of solid-fill causeways extending seaward and 

perpendicular to the coastline for several kilometres. liS a direct 

consequence, longshore flow and temperature and salinity patterns in nearshore 

habitats have been changed (Chin et 22.. 1979; \'Ioodward-Clyde Consultants, 

1982). There is some concern that similar shoreline alterations in the 

southern 8eaufort Sea migilt disrupt :novement and migration patterns of broad 

whitefish, resulting in decreased utilization of important habitats and a 

resultant decrease in the well-being of the populJtion. Since fe" broad 

Ivhitefish appear to use nearshore marine waters west of the nackenzie Del ta, 

workshop discussions focused on areas to the east and on the Delta itself. 

LINKAGES 

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

Winter-Spring Oceanographic Conditions 

A review of the limited available data shows that by late spring (April-I·lay), 

a freshwater band extends to approximately the offshore 1 imit of the 1 andfast 

ice, which is approximately 30 km wide (Figure 14-2). The grOlvth of the 

-----------------------------------
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freshwater plume along the peninsula throughout the winter is likely governed 

by Coriolis and inertial forces. The plume maintains its integrity because of 

the very low kinetic energy available beneath the ice. However, it should be 

emphasized that only one set of direct current measurements obtained under the 

landfast ice is available for the region. Oceanographic Services Inc. (1970) 

provided one set of current measurements in April 1970 for a site 

approximately 15 km north of the entrance to Kugmallit Bay, where the maximum 

daily currents ranged from 5 to 18 em/s. The under-ice currents are expected 

to be low for several reasons. The effects of wind mixing are eliminated by 

ice-cover and tidal mixing is very weak, typically limited to currents of 3 to 

5 cm/s or less (Huggett et2.1.. 1975; Henry and Foreman 1977). Due to the 

relatively low l1ackenzie River outflow at this time, residual currents are 

also expected to be low. Assuming that the maximum pre-freshet river 

discharge rate of 5000 m3/s is completely confined to a cross~sectional area 

which is 5 m deep and 30 km wide, the surface layer flow would amount to only 

3 cm/s. 

To interfere vlith the plume spreading along the peninsula, neJrshore 

structures IVC)uld have to be on the order of the same width (i .c., 
appr'oximately 30 km) as the pr'esently observed pl ume Vlhich extends to the 

transition zone in April-May. It was considered unlikely that a structure 

shorter than this could impede the spreading of the plume along the 

Tuktoyaktuk Peninsula because the plume is driven primarily by its own 

inertial spreading. Given the low current velocities of the surface layer, 

changes in salinity resulting from flow separation or enhanced mixing [as 

discussed below] in the vicinity of the offshore end of the structure were 

also expected to be minimal. 

On the basis of the above data, it was concluded that piers, causeways, or 

other structures along the shoreline of the Tuktoyaktuk Peninsula have very 

little or no likelihood of altering winter or spring dispersal patterns of 

broad whitefish, since any structure envisaged would not affect sal inity 

patterns during that time of year. 
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Summer Oceanographic Conditions 

Shoreline modifications (primarily causeways) can be expected to disrupt 

temperature/salinity characteristics in the nearshore zone during the 

open-water period due to the existence of a wind-driven current pattern, 

parallel to the coastline (coastal current) in the nearshore zone. This 

coastal current, in combination with the follow'ing oceanographic features, has 

the potential to disrupt T/S patterns; 

1) a flow convergence producing stronger currents exists in tile vicinity of 

the offshore end of the causeway; 

2) a flow separation at the outer edge of the causeway producing a backwater 

zone between the causeway and the inshore edge of the strong flovi on the 

downstream side of the causeway, This orea lVould be expect(~d to have 

length scales of the same order to an order of magnitude greater tllan the 

causeway; and 

3) backwater areas created on the leeside of the Causeway have a lifetime 

corresponding tD the duration of the wind events (2 to 10 days). 

Available data for examination of the existence of a wind-driven coastal 

current is limited to one site off the Tuktoyaktuk Peninsula (Fissel and 

Birch, 1984). These data indicate the presence of wind-driven currents 

parallel to the coastline having speeds of 2 to 3 percent of the wind, up to 

maximum speeds of 56 em/so Similar parallel coastal currents have been 

observed in the vicinity of the Prudhoe Bay causeway (Chin et al. 1979; 

Woodward-Clyde Consultants 1982). 

Evidence in support of conditions 1 to 3 has I)een provided by studies 

conducted in the vicinity of the Prudhoe Bay causeway in Alaska. These 

studies have shown that causeways Cdn cause local perturbations in the 
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nearshore hydrography (Grider et~. 1978), which in turn may have an effect 

on fish migrations (Griffiths and Gallaway 1982; Critchlow 1983). A brief 

review of the physical system in the vicinity of the Prudhoe Bay causeway is 

provided below as background for evaluation of the potential for similar 

oceanographic mechanisms in proposed hydrocarbon development areas of the 

southern Beaufort Sea. 

Figures 14-3a and 14-3b illustrate the general physical oceanographic 

conditions around the Prudhoe Bay causeway. Due to the shallow nature of this 

system, currents are primarily wind-driven. Easterly winds, which are 

sl ightly more common than west winds, cause westerly setting currents, \,hereas 

the stronger west winds drive easterly setting currents. Nost current 

velocities are less than 50 cm/s in the lagoons, but may be stronger (less 

than cm/s) near promontories such as the Prudhoe Bay causeway. 

The proximity of local r'ivers to the cause\'lay strongly influences 

stratification. During easterly wind events, the plume from the Sagavanirktok 

(Sag) River is deflected to the west, creating a brackish surface layer (20 to 

27 ppt) that is approximately 2 111 deep. During westerly wind conditions, the 

"Sag" plume is absent in the causeway area (flow from the Kuparuk River is not 

large enough to create a distinct plume) and conditions at the causeway are 

typically well-mixed and marine (30 to 32 ppt sal inity). 

The circulation near the causeway under easterly winds is illustrated in 

Figure 14-3b. An anomalous "marine" water zone (salinity 30 to 32 ppt) 

typically occurs on the lee side of the causeway during these conditions (Chin 

~~. 1979). This "marine" water appears to be either (a) marine water 

trapped in the lee of the cause\,ay fron! previous conditions or (b) marine 

water upwelled as a result of boundary layer separation and lateral 

entrilinment of the marine water. As explained in more detail later, the 

presence of this "marine" \,ater zone during easterly winds is less desirable 
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in terms of fish preferences, and may cause a del"y in fish migration. Under 

westerly wind conditions, the water column i5 mixed to the bottom and 

mar'inc-like in all areas around the causeway (Chin.£! 2..l. 1979; \<oodward-Clydc 

Consultants 1982). 

Numerical oceanographic modelling studies completed for the Sagavanirktok 

River delta (Downing et~. 19(13) also suggest that shore-connected causeways 

can cause discontinuities in coastal temperature and salinity distributions, 

and that these distributions do affect fish migration patterns. The model was 

developed to test specific causeway configurations at il single location near 

the Sagavanirktok River mouth (Figure 14a), immediately east of Prudhoe 8ay. 

The nearshore waters t.ypically show strong vertical ilnd horizontal gradients 

in temperature and sal'inity, although the two-dimensional model neglects the 

vertical density grudients for the sake of simpl icity. The specific causeway 

location tested has distributory channels located within 1 km of the b;lse, ,)n<l 

this results in tClnperatur0/salinity patterns which are locolly cOI;lplex. Tile 

model Vias run for both eilsterly and westerly wind conditions. The results of 

tIlis <lnalysis indicated that sa'iinity and temperature differences occul"l"ing 

across the c,)useway were typically in the range of 3 to 4 ppt and lC', vlith 

m0ximum across-causevMy differences of up to 10 ppt. (4 to 14 ppt) and 3C' 

(4.5 to 7.Se) for a T-shaped causeway. 

Possible Alterations to Temperature/Salinity Characteristics due to a Causeway 

off the Tuktoyaktuk Peninsula 

The occurrence of three specific physical conditions, separately or in 

combinations, are required in the presence of a causeway for it to cause 

significant temperature/salinity perturbations: (1) vertical stratification; 

(2) lateral gradients in temperature/salinity properties extending from the 

coast seaward to the end of the causeway; and (3) wind reversals. In the case 

of vertical stratification, the stronger currents at the end of the causewily 

7 
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could induce vertical mixing, which would then result in modification of 

temperature/salinity properties in the area downstream of the causeway. There 

is no evidence to support or refute possible vertical stratification in the 

nearshore zone along the Tuktoyaktuk Peninsula. 

If lateral gradients in temperature/sal inity extend from the coast seaward, 

lateral mixing would occur due to flow convergence around the end of the 

causeway, and this would result in downstream modification of temperature/ 

s<llinity properties. Under westerly winds, a pronounced lateral gradient has 

been observed at depths of 5 to 10 m or greater along the Tuktoyaktuk 

Peninsula (Cameron 1953; Herlinveaux and de Lange 800m 1975). Given the 

expected predominance of river water (i .e., warmer and l(~ss sal inc water than 

offshore) along the coast'line, a lilteral gradient should extend betlleen the 

sites of the availilble observations offshore and the coastline. Under 

easterly wind conditions, measurements of I <Jteral gradients are very limited. 

During fisheries studies conducted near Tuft Point in late August 1977, Jones 

and Den Beste (1977) measured salinities of 15 to 17 ppt a few hundred metres 

off the coast, compared to 20 to 21 ppt at 10cJtiQns 2 to 3 km f,'om the 

coast. The existence of horizontal gradients under easterly winds is also 

suggested in a limited sample of enhanced satellite imagery (Harper and 

Penl and, 1982; t,1arko and Oberski, 1982). 

Upon reversal of wind patterns, one assumption is that the initially occurring 

temperature characteristics would be preserved in the backwater zone 

downstream of the causeway. There is no direct evidence that this would occur 

(requires the presence of a causeway) and the question might best be addressed 

by means of modelling (Research) as has been done in the case of the Alaskan 

causeway effects projections. 

--------------------__ W~'M3:\i __ ......J 
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Special Case Consideration of a Mackenzie Delta Causeway 

An additional special case that might alter broad wh'itefish movements is a 

causeway off the Mackenzie Delta. Such a causeway may be constructed in 

support of a nearshore production field to provide all-weather access, since 

structures of this type are presently proposed for nearshore fields along the 

Alaskan Beaufort Sea coast. 

The general conditions resulting in oceanographic alterations that were 

described previously would also apply to the Mackenzie Delta system (i.e., 

coastill currents exist, flow convergence and acceleration occurs near the 

offshore end of the causeway, and a horizontal temperature and salinity 

gradient is developed). Oceanographic conditions in the delta would be a 

similar case of the lateral gradient case described earl ier due to the shallow 

water depths and lack of vertical stratification, 

LANDSAT imagery (Harper and Penland, 1982) ilrld isolated field rneosurcments 

(lkDonald iln(l :1artin 1976) suggest that horizontal tcmper'atrJr0 and Salinity 

gradients are well-defined in the nearshore waters adjacent to the delta. 

~loclelling stUdies conducted for a similar type dclta-front in Alaska (Downing 

et ~. 1983) show that causeway presence can cause marked across-causeway 

gradi ents in both temperature and sal i ni ty. 

Al though remote sensing and 

of well-defined horizontal 

study of the 

field measurements have documented the existence 

gradients 

magnitude 

in 

of 

the Mackenzie Delta area, no 

CIJrrents, temperature! sa 1 i nity systernatic 

distributions 

In addition, 

or driving forces (wind, density) has been completed to date. 

there is no available information on temporal variability in 

these processes. 

c 
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Summary 

Studies in the Alaskan Beaufort Sea have shown that natural temperature/ 

sal inity regimes can be disrupted by man-made structures in nearshore waters. 

At the present time, there are insufficient data on natural conditions in 

waters off the Mackenzie Delta and to the east to accurately predict possible 

cilanges in the Canadian Beaufort dUe to causeways. However, the potential for 

change appears to be restricted to the open-water period. 

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

Link 3a: The reduced time spent in the nearshore brackish zone will cause an 
inc rea se in marta 1 Hy of broad whitefi sh. 

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

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

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

Bond (1982) found that broad whitefish tend to remain inshore during the 

open-water season. For example, broad whitefi sh Were neVer taken offshore in 

Kugillallit Bay and appeared to avoid even ttle deep waters within Tuktoyaktuk 

Harbour. Galbraith and Hunter (1975) reported the presence of broad whitefish 

in nearshore waters along the coast of the Tuktoyaktuk Peninsula, but did not 

capture any i ndi vi dual sin the deeper offshore waters. Broad wili tefi sh appear 

to have a limited distribution in the nearshore waters adjacent to the 

t~ack€nzie Delta. A similar distribution pattern for this species has been 
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found in the Sagavanirktok Delta area of the Alaskan Beaufort Sea (Griffiths 

et a1. 1983). These authors found that the abundance of broad whitefish was --
significantly and positively correlated with temperature, and in 9 of 16 

cases, was also significantly and inversely correlated with salinity. 

Griffiths E.!:~. (1983) suggest that broad whitefish prefer habitats with warm 

brackish waters, all other factors being equal. At this time, it is not 

actually known if the observed and suspected distributional patterns of broad 

whitefish are indeed related to temperature and salinity. To date, the only 

pertinent study of a fish species found in the southern Beaufort Sea has been 

conducted with Arctic cisco (Fechhelm et ~. 1983). The results of this 

modelling study indicated that Arctic cisco prefer warm brackish water over 

cold sal ine water, and th" model outputs "ere use(j to r:Jimic movement and 

habitat utilization patterns observed in concurrent field studies Ulei1l et 

~. 1983; Fechhelm and Gallaway 1983). Consequent'ly, there is a possibility 

that the distribution patterns of broad whitefish could be altered in a manner 

that results in a 'loss of feeding time (l.ink 3b) during the brief open-water 

period, or increase(j mortality (Link 3a) due to salinity-induced stress. If 

citl10r of these effects occurred, a reduction in tile population of brOod 

whitefish could result. 

Although there is a potential that shorebased developments may affect the 

distribution patterns of broad whitefish, these structures may not, in fact, 

be barriers to fish. Craig and Griffiths (1981) and Griffiths and Gallaway 

(1982) showed that the ARCO causeway in Prudhoe Bay was not a barrier to 

migration of large b25Q mm) anadrOillOUs fishes, although the evidence 

regarding small «250 mm) anadrol1\ous fishes was not conclusive. 

1 
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CONCLUSIONS 

It was conclu(led that ther'e are insufficient data to reject or dccept the 

hypothesis that nearshore structures will disrupt thc nearshore bond of warm 

br'ackish water and reduce the broad whitefish population. However, at the 

present time, the development scenario for' the region does not include 

structures that appear to have a reasonabl e potenti al to al ter nearshore 

oceanographic conditions and, in turn, alter broad whitefish movements. 

Consequently, monitoring or research programs are not recommended at the 

present time. However, if future development plans change and inclUde major 

structures connected to the shore, this area of potential concern and the need 

for research and monitoring should be re-examined. 

RECOMMENDED RESEARCH AND MONITORING PRIORITIES 

No further reSearch or monitoring is recommended at the present time, but if 

development plans change Jnd the potential for interference with fisl1 

movements is increased, the following research and monitoring programs should 

be given future consideration. 

Research 

1. Studies of winds oceanographic conditions, TiS profiles, current meter 

measurements along with concurrent wind data in nearshore waters within 

the general areas where structures may be built, or more site- specific 

observations if detailed project plans are available. 

2. Studies on the population dynamics of broad whitefish to determine the 

potential population-wide significance of interference with their normal 

movement patterns. 
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3. Oceanographic research on the actual formation of a warm bracki sh water 

band adjacent to the coastline. 

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

Monitoring 

If further research indicates that (1) there is a potential fOr" disruption of 

broad whitef'ish movements, and (2) this disruption could reduce fish 

populations, a monitoring program including the following components should be 

i niti ated. 

1 Detailed documentation of winds, currents, temperature, salinity, and 

other pertinent oceanographic conditions at the site of the proposed 

structure before and after construction. 

2 Detailed studies on use of the nearshore I,aters by broad Vlhitdist\. 

3 Laboratory studies of the growth and temperature/salinity preferences of 

broad whitefish to allow predictions concerning the direction and velocity 

of movements over small spatial/temporal scales. 

4. Modelling to allow verification that the post-causeway fish distributions 

mayor may not be solely explained by temperature/salinity conditions 

alone. 
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HYPOTHESIS NO. 15 

THE EFFECTS OF NEARSHORE STRUCTURES ON THE 
ALASKAN POPULATION OF ARCTIC CISCO 



Figure 15-1 

Linkages 

., 
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Nearshore structures will disrupt the nearshore 
band of Wilrmer brackish water and wi 11 reduce 

the Alaskan population of Arctic cisco, 

ALASKAN POPULATION OF 
ARCTIC CISCO 

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

~ 
DISRUPTION OF TEMPERATURE 
AND SALINITY IN NEARSHORE 

ZONE 

~ 
NEARSHORE STRUCTURES 

Potential effects of nearshore structures on the Alaskan 
population of Arctic cisco. 

1. Shorel ine modification will change temperature and sal inity patterns of 
the brackish water band along the Yukon Coast during summer. 

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

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

d 
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The Arctic cisco (Coregonus autumnalis) i5 onc of the most abundant and valued 

of the anadromous fishes occurring along both the Alaskan and Canadian arctic 

coastlines. In Alaska, Arctic cisco are presently harvested in seasonal 

subsistence fisheries at the villages of Nuiqsut (Colville Delta) and Kaktovik 

(Barter Island), as well as in a commer'cial fishery in the Colville Delta. 

The latter h,lS been in continuous operation since 1967, and has involved a 

hJrv,~st of up to '11,000 Arctic cisco annu;)lly. In Conada, Arctic cisco (1150 

represent on important component of the subsi stence fi shery in the t1ackenzi e 

:<ive,' ;md Delta regions (Hatfield et~. 1972), although there is presently no 

cOlllmercial fishery for Arctic cisco in this area. 

The recruitillent of the Arctic cisco in Alaska could be affected by nearshore 

deve'\opments that cause a disruption in the distribution of juvenile fish 

between the Mackenzie Delta and the Alaskan Beaufort Sea coast, since the 

Mackenzie River stock may be the source of the Alaskan population. 

BACKGROUND 

This section briefly describes the general distribution and life history 

of Arctic cisco in the Beaufort region. This information is necessary to 
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provide the background for discussion of the potential effects of the presence 

of a nearshot'e structure (particularly on the Yukon Coast) on the distribution 

and abundance of this species, and is largely taken from Gallaway et~. (1983) 

and Craig and Griffiths (1981). 

Arctic cisco range from Point Barrow, Alaska, to Bathurst Inlet, Northwest 

Territories. Their distribution is apparently centred in the brackish waters 

around the t~ackenzie (Canada) and Colville (Alaska) river deltas, which are 

hilbitats used for overwi nteri n9 fall owi n9 summer feedi n9 di spersal s into the 

nearshore ilreas of the Beaufort Sea. G,lllaway ~~. (1983) suggest that the 

Mackenzie system mily support the only spawning stock of Arctic cisco in the 

region, rather than there being two stocks - one associated with the Mackenzie 

River and the other with the Colville River (Figure 15-2). These authors 

postulate that spawning occurs in the Mackenzie River system in fall; 

young-of-the-year lise the delta as nursery grounds during their first summer, 

and ovenvinter in this area. Some young·,of-the-year may also be tran';,Jorted 

into the nearshore region during the spring freshet. At age 1, the small fish 

mOve into the nearshore envi ronment duri n9 the summer to di sperse ilnd feed 

along the coast. Some unknown proportion of the population disperses to the 

west, and at some point are entrained by the net westward-flowing nearshore 

currents off the Alaskan North Slope coast. Near the approach of freeze-up, 

the Colville River and other rivers (e.g., Sagavanirktok River) provide 

brackish overwintering hal)itat in their lower delta areas adjacent to the 

sea. Arctic cisco that have been transported into Alaska use the Colville and 

other suitable river delta habitats on the Alaska North Slope until they 

attain sexual maturity and a size which enables individuals to contend with 

the longshore currents. At this time, Arctic cisco are expected to seek their 

natal stream in the r'\ackenzie River system to spawn. This postulated life 

hi story is generally consi stent wi th the observed patterns of seasonal 

abundance and distribution of Arctic cisco found throughout the nearshore 

waters of the Beaufort Sea. 

--. 
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The hypothesis considered during the workshop centered around the construction 

of a solid-fill causeway or docking facility at some location along the Yukon 

Coast between the Mackenzie Delta and Herschel Island, and the possible 

effects of this type of development on the Alaskan stock of Arctic cisco. A 

flow chart showing the linkages for this hypothesis is presented in Figure 

15"· 1. 

LINKAGES 

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

As indicated earlier in discussions of broad whitefish along the Tuktoyaktuk 

Peninsula (Hypothesis No. 14), a nearshore structure could cause a disruption 

in the priowrily wind-driven coostal currents. However, there is considerably 

more uncertainty regarding the nature of the nearshore currents off the Yukon 

coastline thon along the Tuktoyaktuk Peninsula. This is the result of: 

1) the lack of any direct current measurements; and 

2) the possibility that the current patterns in this area may ll€ more 

complex due to a combination of: (a) the proximity of the 

constricted passage between the coastline and Herschel Island; (b) 

the variable proximity of the Mackenzie River plume; and (c) the 

steep bathymetric gradients which exist to within 1 - 2 km of the 

coastline. 

These influences could result in variations in the coastal currents which are 

not simply related to the local wind patterns. 
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As indicated earlier (Hypothesis No. 14), the occurrence of three specific 

physical conditions (separately or in combination) are required before there 

is any temperature/sal inity modification due to a nearshore structure. In the 

first case, vertical stratification is required to enable vertical mixing 

effect in the lee of the structure. Scattered sets of physical oceanographic 

data collected in the summers of 1960 (Grainger and Lovrity 1975) and 1975 

(Kende1 ~ ~. 1975; Griffiths et al. 1977) indicate that vertical 

stratification is possible along the Yukon coastline, with warmer, less saline 

water overlaying a colder, more saline Arctic Ocean water to depths of 3 to 5 

m. However, the existing summer T/S data are very limited (approximately ten 

sets of vertical profiles), and additional time series measurements are 

required to describe fully the temporal and spatial variations of vertical 

structuring in nearshore are!s along the Yukon coastline. 

ln the second case, temperature and salinity properties of the water column 

can also be modified through mixing of lateral gradients near the end of the 

structure. However, there is virtually no direct information on the existence 

or ampl i tude of 1 ateral gradi ents in T /S wi tt,i n the nearshore zone of the 

Yukon coastline. 8ased on satellite imagery (Harper and Penland 1982; ,·larko 

and Oberski 1982), and 1 imited oceanographic data collected along the eastern 

end of the Yukon coastline (Fraker ~~. 1979), large spatial gradients in 

temperature and sal i ni ty are known to occur at di stances of a few ki lornetres 

to up to tens of kilometres along the coastline. The satellite imagery study 

of Marko and Oberski (1982) indicated that strong prolonged easterly winds 

deflect the I~ackenzie River plume along the Yukon coastline, occasionally as 

far west as Kay Point. These authors observed thermal gradients over 

horizontal scales ranging from less than 5 km to approximately 10 - 15 km. 

During another period when the prevailing winds were easterly, enhanced 

Landsat imagery suggested that coastal upwell i n9 resulted ina narrow band of 

cold saline water (Harper and Penland 1982). ln this situation with easterly 

wi nds, uplVell i ng was presumably evi dent because the Mackenzi e pl urne ~lad not 



: 

217 

yet reached the Yukon coastline. Thus, it appears that easterly winds during 

the summer can result in highly variable conditions off the Yukon coast. 

Under the influence of westerly winds, cooler more saline waters occur off the 

Yukon coast. This is in contrast to the situation off the Tuktoyaktuk 

Peninsula where the greater influence of the Mackenzie River plume results in 

warmer, more brackish characteristics. In addition, peak discharge from local 

Yukon rivers, may also result in lateral TIS gradients within the nearshore 

zone. 

In the third case, TIS modification can also occur when wind patterns reverse, 

resulting in the maintenance of previous TIS properties in the backwater 

zone. As indicated in discussion of Hypothesis No. 14, questions related to 

modification of TIS properties in il backwater zone can only be addressed 

through modelling studies or after actual causeway construction: 

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

The hypothesis that disruption of the temperature and salinity patterns of the 

ne.)fshore brackish band could affect Arctic cisCO distribution, and 

subsequently Arct'ic cisco harvest, is predicated on the assumption that this 

species utilizes and is typically found in a nearshore band of brackish 

water. Evidence for this assumption has been steadily increasing over the 

last few years. Numerous gillnet studies (this sampling method is biased 

towards the capture of large individuals) conducted from Point Barrow, Alaska 

to the Mackenzie Delta have shown that large Arctic cisco are typically most 
Studies conducted with fyke 

abundant within 1 km of 

nets (which capture all 

the mainland shoreline. 

si zes of fi sh) from the Prudhoe Bay 

Demarcation Bay (Alaska - Yukon border) have demonstrated that 

region to near 

all size groups 

¥ 
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cisco tend to be most abundant adjacent to shore. In addition, 

studies have shown that small Arctic cisco have a temperature 

in the range from 10 to 15'C (Fechhelm et~. 1983), suggesting 

are most likely to be found in the warmest water available. 

Computer models using temperature, salinity and currents as the driving forces 

have generated catch ... per ... unit-efforts (CPUE) that are genera'ily consistent 

with actual CPUE data from field studies (Fectlhelm and Gallaway 1983). In 

view of all this evidence, it appears likely that Arctic cisco do utilize a 

nearshore band of warmer brackish water and, as a result, disruptions to this 

band could cause alterations in the' local distribution of this species. 

However, it must also be emphasized that Arctic cisco can and do tolerate wide 

rJnges in both tempen)turc and salinity, and tllat under certain \vind/current 

conditions the nearshore band of brackish water breaks down naturally. 

Causeway development along the Yukon coast may therefore alter the physical 

environment in a manner that occurs naturally at the present time. The 

pertinent question is w'hether the "population" would IlaVe the ability to 

continue nonnal disperSi)l patterns in the presence of such alterations, or if 

tile changes would result in disruption of longshore fish movement. 

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

Link 3 is based on an assumption that the Alaskan harvest of Arctic cisco is 

directly dependent on the number of small (age 1 and 2) Arctic cisco \vhich 

migrate into Alaska from the Canadian Beaufort. The evidence in support of 

this hypothesis i5 described by Gallaway et~. (1983). From 1967 to 1981, 

the annual harvest of Arctic cisco by the Alaskan commercial fishery in the 

Colville River ranged from 9268 to 71,575. The fish taken ranged from 240 to 

380 mm fork length and, although the harvest is conducted during and after the 

spawning season, few spawners or sexually mature fish are captured. Using the 
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population dynamics model of Deriso (1980), Gallaway et 2.l. (1983) were able 

to mimic the catch/effort trends of the fishery over the period of record. 

When simulating numbers of catchable-sized fish, the model was responsive to 

the actual trend if (1) a 5-year 1 ag betvleen appearance of small fi sh and 

their entry into the fishery was employed in the model; and (2) it was assumed 

that very few spawners were taken by the fishery. However, the major 

parameter contributing to the good correlation between simulated and actual 

harvests was a stock-recruitment relationship indicating a strong density 

dependence. It shoul d be noted that the densi ty dependence was unusually 

strong, and from a temporal standpoint, periods of 10\'1 recruitment 

¥ 

corresponded to "bad" ice years. It is therefore possible that the dynamics 

of the fishery cor-rcspond to irregular environmenta'J events which either 

enhance or rcduce the extent of movement Of small Arctic ci sea from the 

Canadian Beaufort into Alaskan waters. 

The workshop subgroup considered <Jny direct evidence that causewilys would 

interrupt this dispersal process, and concluded UlQt although delays may be 

possible, the question of COlnpletcly interrupted movement of ,~rctic cisco 

could not be satisfactorily addressed on the basis of existinginforl~,ation. 

For example, a major recruitment of young Arctic cisco was observed in the 

area east of the Prudhoe Bay and the Prudhoe Bay causeway duri ng 1981. A 

large proportion of these fish are known to have remained east of the causeway 

for a 3-year period, and to have used the Sagavanirktok River Delta region as 

both summer feeding and overwintering habitat. It is possible thilt these 

i ndi vi dual s were prevented from travell i ng westward into the regi on of the 

Colville River Delta by the causeway, although it is equally feasible that a 

certain portion of the Arctic cisco population always use the Sag Delta area. 

There are insufficient preconstruction data to test reliably either hypothesis, 

although trends in the Colville River commercial fishery over the next 2 to 3 

years should allow evaluation of \;hether or not the Prudhoe Bay causeway has 

affected the distribution of Arctic cisco in Alaska . 

................. -.. __ .. _--_._ .. _-------------------------.......... 
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CONCLUSION 

The group concluded tMt links in the hypothesis could not be proved or 

disproved on the basis of eXisting information, and that there was no strong 

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

conclusions is summarized as follows. 

Link 1; A1Hiough some aspects of the physical oceanographic regime are quite 

uncertain (e.g., currents), the group concluded that the potential 

for disruption of the nearshore temperature/salinity regime was 

probably greater along the Yukon Coast than along the Tliktoyaktuk 

p~ninslila. 

Link 2; While Arctic cisco are known to be less sensitive to high salinities 

than broad whitefish, previous laboratory, field and modelling 

studies in Alaska have shown that causeways can significantly affect 

Arctic cisco distribution. 

Link 3; Although it has not been conclusively demonstrated that Alaskan 

stocks of Arctic cisco originate from the Mackenzie Delta, existing 

evidence is consistent with this hypothesis. Therefore, if links 1 

and 2 are valid, the Alaskan Arctic cisco populations could sho\; 

significant declines as a result of nearshore TIS alterations. 

RESEARCH 

The workshop group recommended that r(~search shoul d be conducted in vi ew of 

the possibility that some form of shoreline alteration may be associated with 

the construction of a shorebase on the Yukon coast (e.g., current Stokes Point 

or King Point development scenarios; Dome Petroleum et al. 1982). 
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Research would be required to address several of the above uncertainties. 

Oceanographic research should include direct wind and current measurements in 

the nearshore zone along the Yukon coast over an extended period of tili1e, 

beginning as early in the open-water season as possible. At two or three 

locations, current, temperature and salinity data should be obtaineci. At eaell 

location, current meters should be deployed in both the surface layer and near 

the bottom, anticipating a deeper arctic water subsllrface loyer. Research is 

alsO required to determine the spatial variability in temperature and salinity 

wi ttli n the surface loyer of the nearshore zone along the Yukon coast. Thi s 

should consist of a small scale CTD surv(~y under varying wind conditions in 

the vicin'ity of " proposed causeway site. Landsat imagery of the thermal band 

and data on the volumes of local river discharges should be collected 

simul taneouSly wi ttl the CTD surveys. 

Biological reseilrch should be conducted simultaneously with the oceanographiC 

investigations. Arctic cisco movements along the coast should be examined in 

relation to time, location, and ttlC stage of development (e.g .. ,g0, l'laturity) 

of migrants, as well as possible controlling environmental stimuli (i.e., 

concurrent oceanographic program). In addition, the "population" or 11U1:lber of 

migrants should be estimated to allow evaluation of the overall significance 

of the movements. 

MONITORING 

1 f the above research i ndi cates a potenti al for eli srupti on of movements of 

Arctic cisco and a causeway is eventually proposed, a monitoring prograli1 may 

then be necessary. The program would likely have to include ttle following 

components; 
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1) Detailed oceanographic measurements in the area before and after 

construction. This latter program should include daily mei)$urel';lcnts 

at various sites in the vicinity of the causeway. It would also be 

necessary to undertake synoptic measurements of daily river dischMge 

during both the pre- and post- development monitoring programs due to 

the contribution of warm, fresh water from local rivers (e.g., 

8abbage River) to the Yukon coastal zone, 

2) Detailed examinations of Arctic cisco movement (including tagging 

studies) in the area before and after construction. 

3) Complementary modelling studies (e.g., Neill et..'!.l. 1983, Fechhell;l 

and Gallaway 1983) to provide quantitative estimates of the effects 

of the causeway on movement and distributional patterns of Arctic 

c iseo. 
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HYPOTHESIS NO. 16 

EFFECTS OF PRODUCTION FIELDS AND DISCHARGE 
OF POLLUTANTS ON ARCTIC CISCO AND 

BROAD WHITEFISH POPULATIONS 
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The construction of shorebases and shallow production fields 
will result in a decrease in the populations 

of Arctic cisco and broad whitefish, 

ARCTIC CISCO POPULATION 

~ 
• BROAD WHITEFISH POPULATION 

GROWTH 

~tL-____ ~_@f---__ 

I 
METASQLIC 

STRESS 

110RTALl TY 

FOOD AVAILABILITY 

4 L.---!-.j@}........-
AGGREGATIOI! OF FISH -......:.-----!3>---

~ 
. __ DISCHARGE Of' :iARH \,ATER 

AND POLL:JTArHS 

~ 
SHOREBASES, SHALLOW WATER 

PRODUCTION FIELDS, COASTAL 
BORROI, SITES 

Figure 16-1. Potential effects of discharges from production fields and other 
facilities on Arctic cisco and broad whitefish populations. 
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Linkages 

1. \,arm water effluents and produced water will be discharged into marine 
waters during hydrocarbon production. 

2. Fish will be attracted to thermal plumes. 

3. Contami nilnts in produced water and aggregati ons of fi sh wi 11 resul tin 
increased stress, reduced food availability and decreased fish growth. 

4. Direct mortality due to effluents and decreased growth will reduce Arctic 
cisco and broad whitefish populations. 
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NAMES OF PARTICIPANTS 

Bill Bond 
David Fissel 
Benny Gallaway 
Bill Griffiths 

INTRODUCTION 

Phil Hill 
Dave M(lrmorek 
Langley Muir 
Da vi d Thoma s 

Concerns regarding the potential effects of produced water discharges into 

shallow water coastal z.ones on broad whitefish and Arctic cisco populations 
reason for formulation of the hypothesis shol<n in f'igu)·e 

waters contain varying concentrations of petroleu)~1 
"ere the prill1ary 

Produced 16-1. 
hydrocarbons and trace metals, have elevated salinities and are often 

substanti"lly warmer (estimated temperature of about 40°C) tllan ambient watl~r 
temp",ratllres (Tilomas .tOt {!.. 1983). Cooling Willer may also be dischi)rged at 

offshore production facilities, and although total V01UN~S may be comparJble 

to quantities of prod\Jced water, cooling water would be characterized by a 

lower temperature (20°C) and near ambient salinity. As indicated in Figure 

16-1, the thermal aspects of the waste discharges could result in aggregations 

of fish, thereby increasing their residence time in a zone where exposure to 

contaminants may lead to lethal and sublethal effects. 

The hypothesi s was considered by the workshop participants on the basi s of a 

development scenario which does not involve production facilities sited in 

water depths less than 5 m. 

1 
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LINKAGES 

Link 1: Warm water effluents and produced water will be discharged 
into marine waters during hydrocarbon production. 

The first step in evaluation of this hypothesis was a review of the quantities 

of produced water which may be discharged from offshore and nearshore 

production facilities. It was assumed that a single production field at an 

offshore location (depths greater than 15 m) might consist of 20 wells having 
3 

discharge of 16,000 m /d. shallow water In 
a combined produced water 

locations (depth between 5 
and 15 m), the number of well s was assumed to be 

reduced by a factor of 5, with a commensurate reduction in discharge vol ume. 

These tlai ly di scharge rates were subsequently used to assess the potenti al 

magnitude of 10ci)1 changes in temperature and salinity, and elevated 

contaminant levels, that may be Jssociated with production waste discharge. 

Link 2: Fish will be attracted to thermal plumes. 

Link 3: Contaminants in produced water and aggregations of fish will result in 
increased stress. reduced food avail abil i ty and decreased fi sh growth. 

During the ice-free season, the probability of thermal enhancement r'esulting 

from produced water discharge in shallow areas (at an assumed release rate of 

3000 m3/dl would be exceedingly remote due to very large dilution rates 

expected in these relatively high energy environments. Contaminant 

concentrations would also not be expected to reach levels that could be 

hazardous to biota, except perhaps in the immediate vicinity of a discharg0 

site (approximately limited to witt)in 200 m of the source [Thomas ~ 2l. 
1983J). Contaminant concentrations could be higher during periods of ice 

cover, but available data suggest that anadromouS fish are absent or scarce 

in waters greater than 5 m deep during winter. 
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Monitoring programs undertaken in other 

particularly in the Gulf of Mexico (Rose 

hydrocarbon production regions, 

and Ward 1981; Gallaway ~~ il, 
1981), indicate that effluent streams from production platforms in deeper 

waters are diluted very rapidly, and that resultant biological effects are 

minimal. For example, after a 4-year study in the Gulf of Mexico, Gallaway ~ 

al. (1981) concluded that: 

1) The major effect of the Buccaneer Field Ivas to provide a substrate that 

allowed development of a rich and diverse biofouling or artificial reef 

community; 

2) The structures and reefs caused the aggregation of nektonic species 

preferring these habitats, as well as the subsequent attraction of various 

predators (particularly man); 

3) Produced waters were toxic, although the direct effects on biota \Ien' 

restricted to organisms in habitats within a few metres of the outfall; 

4) IndirEct effects of chronic, IOI,-level contaminant discharge \'Iere not 

shown to be significant; 

5) MeBsurable uptake of contaminants appeared minimal and restricted to those 

species present in the biofouling food chain, and there was little 

evidence of bioaccumulation; and 

6) The effects of the recreati onal fi shery on fi sh were suggested to be an 

area of greater concern than the effects of the Buccaneer Field on either 

the fish or the recreational fistlery. 

f 
I 

d 
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CONCLUSIONS 

The \;orkshop participants concluded that the impact hypothesi s was extremely 

unlikely and not worth further consideration if wastes arc discllarged in 

waters greater than 5 m deep. 

The most serious potential concerns related to the effects of produced water 

discharge on fish would be expected when a production platform is located in 

an area where temper'ature-sensitive species or 1 ife-history stages are present 

and a solid ice-cover simultaneously results in substantially rcduced energy 

for mixing and dispersal. This situation could occur in shallow nearshore 

areas along the Tuktoyaktuk Peninsula prior to freshet (mid-f1ay) but after the 

advance of the fr'eshwater plume (e.g., Jan - Feb). Although hydrocarbon 

developments are not presently being considered in such areas, if a development 

satisfying tIle above criteria is proposed in the future, additional research 

to examine potential impacts and neccs$ny mitigative measures would be 

warranted. 

MONlTORING 

Other than compl i ance monitori ng to assure that regul atory gui del i nes are 

achieved in t)oth shorebase and offshore waste streams, no monitoring was 

considcred necessary if production I<astes are discharged in waters greater 

than 5 m deep. 
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HYPOTHESIS NO. 17 

EFFECTS OF WATER INTAKE ON BROAD WHITEFISH 
AND ARCTIC CISCO POPULATIONS 
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Water intakes will reduce populations of 
broad whitefish and Arctic cisco. 

BROAD WHITEFISH AND ARCTIC 
CISCO POPULATIONS 

+ ENTRAINMENT AND 
IMPINGEMENT 

t 
I~ATER HITME 

FOR IN,)[CTION 

Figure 17-1 Potential effects of woter intake on broad I,hitefish and Arctic 
cisco populations. 

Linkages 

1. The intake of water for reservoir injection will cause entrainment (lnd 
impingement of juvenile broad whitefish and Arctic cisco. 

2. The mor·tal ity associated with entrainment i)nd impingement wi 11 reduce 
broad whitefish and Arctic cisco populations. 
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Waterfl oodi ng is a secondary recovery process whereby fi 1 tered sea water is 

purnped into the reservoir to increase pressure for continued extraction of oil 

in the mid- to late stages of production. Several \~aterflood projects are 

planned in the Alaskan Beaufort. These include one for the Prudhoe Bay Field 

at the tip of the Prudhoe Bay causeway which will be operative in 1984, a 

second for the Kuparuk Field located at Oliktok Point which is also expected 

to be in operation within the near future (1984-86), Jnd two others (Endicott 

Project and Lisburne Project) in the Prudhoe Boy area \~hiCh are scI1(~duled 

before 1990. Each of these intake structures will be located in the nearshore 

habitats that are most extensi vely util i zed by an0drOl1lous fi sh (Griffiths et 

2.l. 1983; Griffiths and Gallaway 1982). 

AVililable data for UIE' Prudhoe Bay field ilnd Endicott waterflood projects 

indicate thilt typical intake volumes may approximate 320,000 rn
3
/d or 3.5 

3 rn /sec (Woodward-Clyde Consultants 1982). At the intake structures, water 

velocities will be approximately 15 em/s. The degree to which small 

anadromous fish may be entrained and impinged on intake screens under these 

conditions is presently unknown because such waterflood projects have not been 

initiated in the Arctic. However, entrainment and impingement losses 

associated with the cool in9 water intakes of nuclear and fossil fuel power 

plants can be high (Gallaway and Strawn 1974; Uziel 1980). \·iaterflooding has 

not yet been proposed in relation to hydrocarbon development in the Canadian 

Beaufort, but was considered during the present workshop due to potential 

widespread use in Alaska. 



233 

LINKAGES 

Link 1: The intake of water for reservoir injection will cause entrainment 
and impingement of juvenile broad whitefish and Arctic cisco. 

Link 2: The mortality associated with entrainment and impingement will reduce 
broad whitefish and Arctic cisco populations. 

The \jorkshop subgroup suggested that these links were possible but not very 

probable in the Canadian Beaufort Sea. The following rationale was presented 

fer this conclusion. ADGO is the only nearshore field that is currently under 

consideration for development (Dome Petroleum et al. 1982, Vol. 2). 

Th(~rcfore, most of tile nearshore waters of the outer ~~"ckenzie Delta and the 

nearshore zone (depths less than 3 m) utilized by br'Ood whitcfish and Arctic 

cisco are unlikely to be sites of water intilke for potential waterflood 

projects. In the case of ADGO, the oil production rate hdS bC0n estimated at 

0pproximately 110 m3/d ([van Girchard, pers. comln.). If it is assumed that 

injection '<ute'· wou'Jd be required after five year's of 
3 

200,000 III of water would be necessary to replace tile 

only about 60 percent of the daily requirements of some 

(e.g., Endicott) nearshore projects (320,000 m
3/d). 

op,~ration, only about 

oi 1. Tili s represents 

of the larger Alaskan 

If ADGO is typi cal of 

the size of nearshore fieldS which could be found in the future in the 

Canadian Beaufort and the number of nearshore fieldS will be as 1 imited as 

presently believed, it is extremely unlikely that significant mortality of 

anadromous fish would result from entrainment and impingement phenomena. 

Under worst case conditions, waterflood intake losses of small broad whitefish 

for the Alaskan Endicott waterflOOd project were estimated at about 5 percent 

of a small local stock, and it was stated that this stock would recover 

quickly upon cessation of the activity (U.S. Army Corp of Engineers and 

Environmental Research and Technology Inc. 1984). 

+ 
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CONCLUSION 

It vias concluded that the hypotllesis is extremely unlikely and not worth 

testing because: (1) the potential waterflood requirements of Canadian 

nearshore fields will be an extremely small fraction of those typical of the 

larger Al,)skan nearshore fields (i.e., 100 m3/d vs. 320,000 m3/d); and (2) 

that, given worst case assumptions, losses of small anadromous fish associated 

with the Alaskan projects are expected to result in only small (if any) 

declines in the populations of these species. 

RECOMMENDATIONS 

Studies on the effects of water intake structures associated with the Alaskan 

waterflood projects are due to commence in 1984. It is recommended tllat: (1) 

the results of rnonitor'ing studies being conducted under We auspices of the 

U.S. Environmental Protection Agency, Army Corps of Engineers and the IJational 

~1arine Fisheries S(,,'ViC0 b0 reviewed as they ileco"lc availuble; iHHJ (2) if 

these results indicate th,1t there may be potential concerns related to water 

intakes in the Canadian Geaufort, then the present hypothesis should be 

re-evaluated. 
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HYPOTHESIS NO. 18 

THE EFFECTS OF AIR EMISSIONS ASSOCIATED WITH THE OPERATION 
OF AIRCRAFT, MARINE VESSELS, DRILL RIGS, OFFSHORE 

PLATFORMS AND SHOREBASES ON AIR QUALITY 



Figure 18-1; 

Linkage 
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Air emissions resulting from the operation of aircraft, 
marine vessls, drill rigs, offshore platforms and 

shorebases wi 11 adverse'ly affect air qual Hy. 

AIR QUALITY 

1 
PRODUCTION ACTIVITIES 

- Mobile Sources (Marine and aircraft) 

- Drill Rigs 

- Offshore Platforms 

- Shon'bases 

Potential effects of air emissions resulting from the operation 
of marine vessels, drill rigs, offshore platfonns and shorehases 
on air quality 

1. Air emissions from a numller of SOllrces "ill adversely "ffect air quality. 

f 
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INTRODUCTION 

Operation of production platforms, shorebases, drill rigs, aircraft and marine 

vessels in the Beaufort Sea region, will result in a variety of emissions to 

the atmosphere. vlhile a large portion of these discharges, such as nitrogen, 

carbon di oxi de and water vapour are not consi dered harmful, a small porti on 

Me classified as pollutants and their ambient concentrations ar'," regul(lted 

under the Ambient Air Qual ity Objectives establ ished by Environment Canada 

(e.g., sulphur oxides and nitrogen oxides). 

The following activities associated with exploration, production and transport 

of petroleum hydr'ocarbon$ will be the major sources of air emissions, These 

sources, and emission factors given for each, vJere used to estimate the 

quanitity of pollutants emitted to the atmosphere in the Beaufort Sea region. 

The objective of this evaluation was to verify or reject the above 

hypothesis. Unless otherwise stated, data cited regarding the amount and 

composition of air emissions in the Beaufort Sea were adapted from the 

Beaufort Sea - Mackenzie Delta EIS, Vol. 2 and 4 (1982). 

1) Combustion of Solid Waste: Incineration of solid waste at shorebases, 

offshore platforms, and marine vessels will result in air emissions 

containing the following pollutants expressed in percent weight of 

combustible solid waste. 

Carbon Monoxide (CO) 
Nitrogen Oxides (NO x) 
Sulphur Oxides (SOx) 
Hydrocar'bons (He) 
Particulates (Part.) 

- 1.49 percent 
- 0.22 percent 
- 0.12 percent 
- 0.12 percent 
- 0.62 percent 
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2) Combustion of Diesel Fuel; The combustion of diesel fuel for internal 

combustion engines and power generators at shorebases, drill rigs, and by 

marine vessels will result in the emission of the following pollutants 

(expressed as percent weight of spent fuel): 

CO 
NO x 
sax 
HC 
Part. 

- 0.92 percent 
.. 3.38 percent 
_ 0.69 percent 
.. 4.92 percent 
.. 1.69 percent 

3) Combustion of Aviation Fuel; The ro'llowing emission factors for 

combustion of aviation fuel are expressed as the weight of pollutant 

emitted for each landing and take-off cycle. This is standard practice, 

and includes all emissions occurr'ing below 1000 In (3000 ft) that could 

significantly affect air quality at ground level. The two classifications 

of aircraft used here are (1) Jets (Boeing 737 or 767), and (2) STOL 

aircraft and helicopters. 

EMISSIONS PER LANDING AIID TAKE-OFF CYCLE (Kg) 

Po 11 utant Jets STOL/He'l i copter 

CO 16.92 3.25 

NO x 8.96 0.37 

sax 0.99 0.08 

HC 4.06 2.30 

Part. 

4) Gas Flarin~: Gas flaring at offshore platforms will result in emissions 

of NO
x 

at the rate of 3.68 tonnes per million cubic metres of gas burned. 

c 
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5) Fuel Tanks: The operation of storage fuel tanks at shorebases will result 

in fugitive emissions of hydrocarbons. These emissions are estimated to 

amount to 50 tonnes of hydrocarbons per year at each base. 

6) Combustion of separated Gas: Emissions of NO x resulting from the 

combustion of separated gas for power generation at offshore platforms is 

estimated to be 24 tonnes/d<1y from all sources by the year 2000. 

LINKAGES 

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

The link between air emissions and air quality is direct. Therefore, in order 

to assess the significance of this Ilypothesis, the following inforrniltion is 

presented: 

1) quantitative estimates of total emissions for each pollutant; 

2) identification of the spatial distribution of sources; 

3) description of the dispersion calculations that \vere completed using 

a "box model" approach; and 

4) comparison of estimated pollutant concentrations to regulatory 

guidel ines. 
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Total Emissions 

Shorei)dSes: Ai r emissions at shorebases will result from incineration of 

solid waste, combustion of diesel fuel, and release of fugitive hydrocarbons 

from fuel storage tanks. 

a) Estimated quantities of sol id waste incinerated when all focil ities 

are developed and fully operational are tabulated below: 

SOLID WASTE INCINERATION ESTIMATES FOR SHOREBASES 

Bas(~ 

Tuktoyaktuk 
:~cK i nl ey Gay 

Sol id \,Jaste 
Incinerated (Kg/day) 

Stokes or King Point 
I,i SI? Bay 

4,200 
3,600 

500 
'15 

TOTAL 8,3'15 

b) The operation of diesel-fired plants are estimated to result in the 

release of 460 tonnes of atmospheriC emissions 

shorebase. Since the data used in the present 

indicate what proportion of the emissions 

pollutants, the total emissions were assumed to be 

per year per major 

evaluation did not 

are cornpri sed of 

po1l utants. 

c) Fugitive emissions from fuel storage tanks are estimated to be 50 

tonnes of hydrocarbons per year per major shorebase. 

In combination, these three sources will result in the following emissions: 



CO 
NO x 
SOx 
HC 
Part. 
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SUMMARY OF EMISSIONS AT SHOREBASES 
YEAR-ROUND OPERATION 

(Kg/day) 

Solid\jaste Diesel Plants Fuel Tanks 

125 404 
18 1,460 
10 304 
10 2,116 548 
52 756 

Totals 

529 
1,478 

314 
2,674 

808 

Offshore Platforms: Air emissions at offshore platforms will result from 

incineration of solid wastes, gas flaring, and operation of gas turbines. 

a) Sol i d waste wi 11 be i nci nerat0d at each of the offshore faeil iti es 

according to the following table: 

SUMMARY OF SOLID WASTE INCINERATION AT OFFSHORE PLATFORMS 

Type of Offshore 
Platform 

Exploration 
Is 1 and 

P roduc t ion 
Is 1 and 

APLA (Processing 
and Loading) 

TOTALS 

Solid Waste 
Incinerated 

K g/ day 

350 

700 

600 

I'lax. No. of Total Solid Waste 
Structures Incinerated 
(yr. 2000) Kg/day 

8 2,800 

32 22,400 

2 1,200 

26,400 
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c) 
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Gas fl ari ng is estimated to be approximately 

10
6 rt3

) per day for all pl atforms. 

6 3 2.7 x 10 m (96 x 

Separated gas used to fire power generation 

production facilities is estimated to result in 

NO x emissions. 

turbines at oil 

24 tonnes/day of 

In combination, these three sources will result in the following emissions: 

CO 
fJO x 
SOx 
He 
Part. 

SUMMARY OF EMISSIONS AT OFFSHORE SHORE BASES 
YEAR-ROUND OPERATION 

Solid Waste 

394 
58 
32 
32 

164 

(Kg/doY) 

Diesel Plants 

10,000 

Fu,)l Tanks 

24,000-

Totals 

394 
34,058 

32 
32 

164 

Drill Rigs: Air emissions from drill Y·i9S result entirely from the use of 

diesel fuel. in internal combustion engines. During the year 2000, the maximum 

number of wells drilled is estimated at 76, with drilling of each well 

requiring an average of 75 days. It is estimated that a total of 145 tonnes 

of emissions will be discharged per well per 75 day period (i.e., 

approximately 2 tonnes/well/day). 

Dome Petroleum et il. (1982) does not state what proportion of these erni ssions 

are pollutants. Therefore, as a worst caSe approach, all emissions were 

treated as pollutants, resulting in the following quantities and composition: 
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SUMMARY OF EMISSIONS FRat'1 DRILL RIGS 
75-DAY DRILL PERIOD 

(Kg/day) 

Emissions/Drill Rig Totals (76 R i 9s) 

CO 160 12,160 
NO x 580 44,080 
SOx 120 9,120 
He 840 63,840 
Part. 300 22,800 

Mobile Sources: Marine vessels and aircraft are classified as mobile sources 

and result in emissions to the atmosphere due to combustion of fuel and 

incineration of solid waste (vessels). 

a) Marine Vessels: Estimated quantities of solid waste incinerated and 

di(~sel fuel consumed for each of three vessel types Vlerc provided in 

Dome Petroleum et a1. (1982) and "re presented belo,,: 

MARINE VESSEL SOLID WASTE INCINERATION 

AND DIESEL FUEL COMBUSTION ESTIMATES 

Vessel Type Solid Waste 
Incinerated Kg/day 

Class 10 Tankers 200 

Logistics Traffic 2,833 

"Stationary" 10,665 

Offshore Vessels 

TOTALS 13,698 

Diesel Fuel 
Combusted Kg/day 

797,810 

736,130 

68,130 

1,602,070 
================~:===============-
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b) Aircraft types and number of fl ights for the year 2000 were al so 

taken from Dome Petroleum ~ 21. (1982) and are presented below: 

ANTICIPATED AIRCRAFT SUPPORT REQUIREMENTS 

FOR BEAUFORT HYDROCARBON DEVELOPMENT 
BY THE YEAR 2000 

Type flo. of Ai rcraft Fl ights/day Total Fl ight /day 

Jets 13 737' s 13* 
or 1 Qr 

5 /67' s 5 

STOl 22 1.5 33 

II(~ 1 i copters 28 2.0 56 

* Used in this analysis 

In combination, these sourcr.s will result in the follo"ing emis5ions: 

CO 
NO x 
SOx 
He 
Part. 

SU~\~\ARY OF EMI SSIONS FROM t10BILE SOURCES 
YEAR-ROUND OPERATION 

(Kg/day) 

Marine Vessel s Ai rcraft 
Solid Waste and Fuel Jets and Heli/STOL 

14,945 510 

54,180 149 

11,070 20 

78,838 258 
27,160 

Totals 

15,455 

54,329 

11,090 

79,096 

27,160 

, 

d 
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Summary of Emissions: The estimated air emissions from the variet.y of sources 

described in previous sections have been combined to arrive at. total emissions 

on a daily and annual basis; these are summarized in the follO\;ing two 

tables, respectively. 

CO 

NO x 
SOx 
He 
Port. 

CO 
NO x 
SOx 
He 
Part. 

SUt~MARY OF OVERALL DAILY EMISSIONS 
(Kg/day) 

Shore- Offshore Dri 11 Mobil e 
bases Pl atforms Rigs Sources 

529 394 12,160 15,455 

1,478 34,058 44,080 54,329 

314 32 9,120 11,090 

2,674 32 63,840 79,096 

808 164 22,800 27,160 

SUMMARY OF OVERALL ANNUAL EI~ISSIONS 
(Tonnes/Year) 

Shore- Offshore Dri 11 t10bi 1 e 
bases Platforms Rigs Sources 

193 144 912 5,641 

540 12,431 3,306 19,830 

115 12 684 4,048 

976 12 4,788 28,870 

295 60 1,710 9,913 

Totals 

28,538 

133,945 

20,556 

145,642 

50,9:32 

Totals 

6,890 

36,107 

4,859 

34,646 

11,978 
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Geographic Source Distribution 

The location of production facilities and associated activities that 

contribute to air emissions are depicted in Figure 18-2 and are superi[;1posed 

on the spatial units shown in the Introduction to this report. The figure 

identifies the following major source locations: 

Routes for icebreaking tankers 

Routes for marine logistics travel 

Offshore facilities 

Onshore facilities 

Aircraft flight paths, 

Spatial units 1, 2, 3 and 4 are directly affected by these acitivites and the 
2 approximate combined area of these four zones is estimated at 60,000 km", 

Dispersion Calculations 

Simp'le dispersion calculations were performed using a "box l1lodel" appro(lch to 

estimate the order of magnitude of ambient ground level concentrations of the 

various pollutants, The following assumptions were made in the calculation of 

24 hour average concentrations: 

1) All pollutants are trapped below 300 metres above sea level, This 

corresponds to inversion heights that could occur in the area, 

2) All pollutants emitted during a 24 hour period are spatially confined 

to spatial units 1, 2, 3 and 4, and are uniformly distributed witllin 

these zones. This assumption implies that additional pollutant input 

into this bounded space is counterbalanced by an equal amount of 

pollutant advection out of the space boundaries, The "ssumption of 

uniformity of distribution, while not entirely accurate (wind may 
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previlil in a single direction for a day or days), is nevertheless reasonable 

in vie\~ of the fact that as much as 83 percent of annual emissions of some 

pollutants are from mobile sources that cover very large areas. Furthermore, 

the purpose of this analysis is to estimate the order of magnitude of 

concentrations rather than absolute values. 

Results of dispersion calculations are summarized in the following table 

showing predicted concentrations of emissions uS well as regulatory 

guideline concentrations established by Environment Canada. 

ELEI'IDH 

Estimated 24 
hour average 

Regul atory 
Guideline 

Ratio (Factor 
of Safety) 

PREDICTED CONCENTRATIONS OF VARIOUS POLLUTANTS 

IN RELATION TO REGULATORY GUIDELINES 

POLL UT MIT 

CO NO SO He SUS. PART 
3 x3 x3 3 'l 

"g/111 I) g/111 P g/111 IJ 9/ 111 IJ g/m' 

2 a 1 8 3 

6000 200 150 flA 120 
FED FED FED Urban FED 

(8 hr) (24 hr) (24 hr) Areas (24 hr) 
0[1000' sJ 

3000 25 150 0[100'sJ 40 

DUST FALL 
2 q/c:n /1;10 

0.002 

0.525 
FED 

Residential 

250 

These calculations indicate that, on a regional basis, air quality will not be 

significantly affected due to the very sman contributions (less than 

background) resulting from the combined operation of aircraft, vessels, 

offshore platforms, shJrebases and drill rigs. In order to pluce emissions 



249 

from proposed Beaufort operations in perspective, it should be noted that gas 

processing facilities in southern lattitudes typically emit 50··900 tonnes/day 

of S02 and similar amounts of NO x from a single point source. 

Ice Fog 

Although Dome Petroleum !! ~. (1982) does not provide estimates of the 

quantity of water vapour emissions that could give rise to the formation of 

ice fog during cold spells, it is important to emphasize the following points. 

Ice fog will begin to form when ambient air temperatures are lower 

than _20°C, and will definitely form when temperatures are IQ\;cr than 
, 

-40 C. 

Formotion of ice fog is caused by the emission of large quantit'ies of 

water vapour from combustion processes. The formation is enhanced Jt 

the higher temperature limits in the presence of particulate r:latter 

in the atmosphere. 

Ice fog can accumulate locally (witt1in 1 to 5 km) during prolonged 

periods of calm and cold temperatures, causing obstructed visibility, 

and thereby potentially affecting human activities. 

There are no mitigative measures available to reduce ice fog 

formation other than halting combustion and/Qr eliminating the source 

of emission. 
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CONCLUSIONS 

Based on the foregoing considerations, the group rejected the hypothesis that 

air qua'iity will be adversely affected to an extent that would warrant the 

design and implementation of a regional monitoring program. This conclusion, 

however, should not preclude the possible need to implement air' quality 

monitoring program( s) at major shorebases to monitor local effects as part of 

the required operational permits. 
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Figure 19-1: Potential effects of dredging and deposition of spoils on 
benthos, fish and bearded seals. 
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Linkages 

1. Dredging and deposition of dredge spoil \lill increase concentrations of 
suspended solids in the water column. 

2. Removal of seafloor material and its deposition in other areas will result 
in mortality of benthic invertebrates and fish and habitat loss. 

3. Oredging will release contaminants from the sediments. 

4. Increased suspended solids will interfere with fish migration. 

5. Contaminants released during dredging \;ill be taken up by fish and benthos. 

6. Habitat loss, mortality, interference with migratory routes and uptake of 
contaminants will reduce fish and benthic invertebrate populations. 

7. Reduced populations of prey (fish and benthos) \,i11 reduce number of 

bea r'ded seal 5. 
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NAMES OF PARTICIPANTS 

Wayne Duval 
Bob Everi tt 
8enny Gall away 
William Griffiths 

INTRODUCTION 

John Harper 
Ed Pessah 
Aaron Sekerak 
Dave Thomas 

This hypothesiS viaS not formally addressed in the workshop due to time 

constraints associated with each of the daily schedules and its treatment was 

ther0fore different from previous hypotheses. The subject of dredging was 

raised by several pilrticipants during the introductory sessions but although 

it was generally agr'ced that dredgi n9 may be an important ar8a of concern in 

some parts of the Beaufort Sea, it could not be addressed within the framework 

of the pr'escnt workshOP. Cons0quent.ly, a formalized hypothesis and \'Iritten 

text was prepared to examine the issue. In order to ensure that the 

hypothesis received the SJI11e level of cr'itical revieIV, 
a group was formed (listed above) following the workshop, and coml""nL (][1<1 

contributions solicited from each member during the preparation of this report. 

This hypothesis and its associated linkilges are shown in Figure 19-1. It 

states that dredging will cause a direct decrease in the abundance of benthic 

populations which may in turn decrease the available food for fish and marine 

mammals such as the bearded seal. In addition, increases in the 

concentrati ons of suspended sol i ds w'ithi n the vlater col umn due to dredgi ng 

activities may act as a migration barrier to fish. Dredging may also release 

contaminants from the sediments, which could then accumulate \jithin the food 

chain and affect important species. Since the hydrocarbon development 

scenarios presented at the workshop and described in the Beaufort Sea 

I~ackenzie Delta £IS (Dome Petroleum.£! 21. 1982) involve substantial amounts 

of dredging, evidence for and against each of these linkages is briefly 

discussed in the following sections. 

4 



254 

LINKAGES 

Link 1: Dredging and deposition of dredge spoil will increase concentrations 
of suspended solids in the water column. 

There is little doubt that dredging activities increase the amount of 

suspended solids in the water column and, in some cases, concentrations of 

suspended materials can far exceed background (ambient) levels. For example, 

at the source of the spoil outfall, these concentrations may approach several 

thousand milligrams per litre. However, suspended solids levels are reduced 

rapidly with increasing distance from the point sources and typically reach 

i)mbient level s within a few kilometres of the dredging site. The dredge 

plumes that have been studied to date in the Beaufort Sea have generally been 

limited in duration and spatial extent (Thomas 1980; ESL 1982). In areas 

such as Tuktoyaktuk harbour, increases in suspended solids due to dredging 

operations are also often masked by turbidity levels naturally associated with 

the Mackenzie River plume (Erickson and Pett 1981; ESL 1982). 

Link 2: Removal of seafloor material and its deposition in other areas will 
result in mortality of benthic invertebrates and fish and habitat loss. 

Tile removal of ttl(~ surface layer of the sea floor and its deposition in other 

areas will cause mortality of benthic organisms and to a lesser extent fish, 

and will also result in the removal or temporary disruption of existing 

habitat. Although studies conducted in the Beaufort Sea have shown that 

recolonization of newly exposed sand-silt substrate (d. rock) begins almost 

immediately (Thomas !!~. 1982; I'ieath !! .~. 1982; ESL 1982), complete 

recovery of the total benthic biomass lost due to habitat disruption may not 

occur for several years. In some cases, the construction of artificial 

islands in the marine environment will result in the creation of new 
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habitats. However, it should be noted that the benthic organisms colonizing 

these nel, habitats and demersal organisms subsequently attracted to such sites 

would be in closer proximity to other development activities than may normally 

be the case. 

The following worst case assumptions can be made to estimate the magnitude of 

substrate di sturbances/habitat losses that may be associ ated with dredgi n9 

activities in the Beaufort Sea: (1) no new habitat is created; (2) all 

habitat dredged is totally destroyed; (3) dredging occurs to an average depth 

of 1 m in the substrate; and (4) approximately 308 million cubic metres of 

dredged material will be required for the inter'lliediate development scenario. 

Given these assumptions, dredging requirements to the year 2000 Iiould result 

in the removal of about 300 km
2 of habitat. Since this is equivalent to 

approxirnately 0.1 percent of Spiltial Units 1-11 or 0.7 percent of Spatial 

Units 2, 3, and 4, even this "worst case" loss would be a negligible amount in 

comparison to the total habitat available in the region. 

It should be noted, ho"ever, that extl"apolation of tile total ilmount dredged to 

the total area of the region or various spatial units may not be defensible if 

relatively small areas contain large concentrations of important food 

organisms, fish or bearded seals. 

Link 3: Dredging will release contaminants from the sediments. 

Link 5: Contaminants released during dredging will be taken up by fish and 
benthos. 

Link 6: Habitat loss, mortality, interference with migratory routes and 
uptake of contaminants will reduce fish and benthic invertebrate 
populations. 

The tem "contaminant" in dredged sediments is typically associated "ith the 

occurrence of heavy metals, although dredged materials in some parts of the 

• 

........... _ ..... _------------_. 
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world have also included various naturally-occurring and synthetic organic 

compounds. However, numerous dredging studies conducted in the Beaufort Sea 

and in other areas of Canada and the worl d suggest that heavy metal sin 

natural sediments rarely accumulate to significant levels in the overlying 

biota (Herbich 1981; unpublished data, EPS, Halifax). This series of linkages 

in the hypothesis is therefore expected to be relatively remote. 

Link 4: Increased suspended solids will interfere with fish migration. 

It is considered unlikely that fish migration would be disrupted by the 

presenCe of high levels of suspended solids, although there are only limited 

experimental data on thi s source of impact in the Beaufort Sea or for' fi sh 

species present in the region. Fish are known to use migratory pathways U1ilt 

nilturally contain high ambient levels of suspended solids. Examp'les include 

fish migration corridors in the Mackenzie River and Delta, the Fraser River in 

British Columbia and the flirirnichi River in New Brunsvlick. In a recent study 

conducted ncar Barrow (A10ska), Sekerak and Craig (in prep.) found no evi(ienu: 

to suggest that dredgin9 in the Meade River hindered movement of least cisco 

or lake whitefish. 

link 7: Reduced populations of prey organisms (fish and benthos) will reduce 
number of bearded seals. 

Link 7 was thought to be val id even though the relationships among factors 

that ultimately limit bearded seal populations are poorly understood. 
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CONCLUSIONS 

Herbich (1981), in a paper that summarizes a comprehensive series of studies 

by the U.S. Corps of Engineers on the effects of unconfined disposal of 

dredged materials in open water, stated the following; 

" the original fears of water quality degradation 
resulting from the re-suspension of the dredged material 
during dredging operations are for the most part 
unfounderJ." ; 

"The greatest impact of dre(Jged material disposal is the 
potential effect on benthic organisms."; and 

"Release of heavy meti)ls and their uptake into organisl~ 
tissue have been rare. Similarly, the accumulation of oil 
and grease residues by organisms has been Ininimal." 

The workshop participants concurred "ith Herbich's (1981) basic conclusions, 

but noh)d that dredgi ng programs in areas wi th: (1) very 101, w,lter ercilang0 

riltes; (2) high densities of important benthic or demersal biota; 3) lar3e 

conccntr'ations of fish; or (4) feeding areas of bearded seals should be 

considered special cases and evaluated on a site-specific basis in terms of 

the potential need for research or monitoring. Significant impacts could 

result if dredging operations wer0 conducted in areas very close to the 

foreshore, or if dredging were to occur in confined areilS that are important 

habitats of benthic or demersal resources (Pcssah 1982). 

RECOMMENDATIONS 

No general research or monitoring program is recommended. However, specific 

research and monitoring programs should be designed in situations where 

dredging has the potential to result in significant impacts. In these cases, 

care should be taken to ensure that the studies address the unique 

characteristics of the area to be dredged. 

4 

d 
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INTRODUCTION 

Since the primary focus of this project is monitoring and formulation of 

specific recommendations regarding monitoring priorities for Beaufort 

hydrocarbon development, several workshop participants raised questions on the 

differences between the objectives and approach used in the Beaufort 

Environmental Monitoring Program and the "Biological Early \Iarning System" 

monitoring strategies prilctised elsewher0 in the world. Although the basic 

differences between the 8E~1P appr'oach and various SEWS programs conducted 

elscwhel'c (e. 9., "flussel \~iltch") wel'c di ,cussed duri ng the fi rst day of the 

workshop, the par'ticipants agreed that an Qvervif'W of the advantages ond 

disadvantages of other monitoring strategies would be a useful $UPpI01~lent to 

the present repor'\:' 1\ di sClIssion group was tlle,'efore formed to conduct tili.\ 

brief review, and met on one afternoon during the session, The group 

compriSed the follo,ling Ivorkshop participants: 

Ilaync Borchard 

J iln Ilunc 11 

\"lyne Duv,)l 

Ted Langtry 

Don Schell 

o a v i d Thoma 5 

It i5 generally accepted tl1ilt industrial development has plac(:d stresses on 

the natural environment through the dischar,Jc of industrial wastes. Both the 

frequency and duration of adverse cnvi ronrnental effects h"ve increased Vii th 

intensified industrial development. This is particularly evident in the 

aquatic and atmospheric environments surrounding major industrial centres 

which receive discharges and emissions from a range of stationary and mobile 

sources. However, it is also kno,m that tile natural environment has a certain 

resiliency, and can withstand certain levels of waste discharge without 

suffering any Significant deleter'ious biological effects. This property is 

< 
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commonly referred to as assimilative capacity. At the same time, physical or 

chemical changes in the marine environment as a result of industrial waste 

discharge ,lre generally only considered an area of concern "hen they are 

reflected in biological change. 

The fundamental questions during the design of monitoring programs to 

determine the potential ecological significance of industrial waste discharges 

must be focused on hw industry-induced biological change can be detected, 

quantified, and interpreted, and when the assimilative capacity of an 

ecosystem is exceeded. Resultant monitoring strategies should therefore 

facilitate the detection of significant biological changes long before the 

consequences become extreme (e.g., mortality) or irreversible (e.g., 

mutagenic). This is the concept that forms the basis of a 8iological Early 

warning System (SEWS). 

Tile n"cd for early detection of biological change i s exel~)pl Hied by the 

classic example of the introduction of DDT into the environment. During the 

1950's dnd 1960's, DDT WilS accumulating in the environment at concentrations 

belo" the contemporary limits of analytical detection. However, these 

concentrations were already above the threshold for seriOUS biological 

eff~cts, and almost resulted in the extinction of several species of raptors. 

The advantage of BEHS as i) moni tori n9 approach is tilat once a trend in 

environmental quality alteration is judged to be serious or unacceptable, then 

a systematic step"ise mitigation plan can be initioted. Criteria which i) 

satisfactory SEWS must meet in order to be useful include: 

(1) the physiological and behavioural parameters in the organism selected 

for monitoring should be quantifiable; 

(2) rapid and reliable detection of developing to~ic conditions is 

essential (this usually involves chemical measurements); 
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(3) the monitoring protocol should not be inherently subject to "fals0 

alanns'l; 

(4) the results must be interpretable; and 

(5) the monitoring protocol should be relatively inexpensive and simple 

to apply. 

During the past 20 to 30 years, environmental scientists have scarched for a 

single all-purpose index of envir'onmt,ntal health that can be used to monitor 

changes resulting £r'om various forms of pollution. This research has focused 

on the four' levels of biological complexity: the indivirlual, population, 

community. and the ecosystem 

Ecological (ecosystem) monitoring has been criticised because it 'is not only 

time-consuming to obtain the species lists and abundance data which are 

necesSilry for adequilte resolution of cause-effect relationships, but al so 

because the approach is relatively insensitive. The insensitivity is due to 

the fact tl1at natural variJtions in ecosystems are often much greater than the 

perturbations caused by pollution, even in the case of very serious 

pollution. In a similar manner, monitoring methods based on the use of 

indicator species have not been entirely satisfactory because of difficulties 

,)Ssociated with the selection of il suitable "indicator" species. An example 

is the polychaete ,lOrm Capitella capitata, which was considered an excellent 

indiciltor of org,)nic pollution for many years. However, recent research l1as 

shown ti'idt in certain cases, the distribution 

inversely related to pollution. Consequently, 

of this species has 

several investigators 

been 

110 ve 

reached erroneous concl usi ons because they di d not consi der some important 

fi)cts regarding the life history of Capitella capitata. Finally, monitoring 

strategies directed at the population and community levels can also be 

criticized due to their expense and lack of specificity. 

4 

..... 
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A criticism which is cornmon to virtually all Biological Early Warning Systems 

used to date is that the most optimistic result is that a change in status of 

the biological system can be detected. It is extremely rare when an 

unambiguous statement can be made regarding the reason for the change. 

The consensus of the workshop discussion group was that no single monitoring 

strategy appears to be sufficient to judge the Mzards associated with the 

discharge of a certain waste on the environment and human health. Several 

methods might have to be considered and used to monitor a certain situation 

adequately. 

The prevalent direction of research in the field of Biologic"l Early i·iarning 

Systems is currently "t 
responses to pollutant 

the level of individual 

stresses. In theory, 

physiological and biochemical 

a BEWS which is based on 

responses of individuals should be superior to measurements made on higher 

levels of biological i)ssociation because plljsiological and biochemical ch,)nS€S 

should be detectable within any individual long before measurable effects can 

be documented at the population, community or ecosystem levels. 

A brief overview of various Biological Early Warning Systems described in the 

current literature on this subject is provided in the followIng sections. 

THE MUSSEL WATCH 

Rationale 

A large number of studies have shown that most organisms accumulate chemicals 

to levels which are proportional to the exposure dose. For example, 

vertebrates accumulate non .. metabolizable che~licJls such as H9, Cd, Pb, PCBs 

and DDT, while invertebrates generally accumulate trace metals aM possibly 

501110 orgunic compounds. Tile concept behind the f1u$sel 11atch Program is that 
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slow-moving or sedentary invertebrates can be used as "sentinels" and 

"integrators" of pollutants in the surrounding water. Mussels have been a 

popular choice for sentinel organisms because of their world-wide 

distribution, broad range of habitats, and tolerance to environmental stress. 

Limpets, barnacles, sea urchins, oysters and other bival ves have al so been 

used as sentinel organisms in such programs. 

Advantages 

The advantages of the Mussel \,atch Program are that: (1) sampling is easy and 

inexpensive; (2) a large data base of results is availi)ble; and (3) the method 

has been applied on a global scale. 

Disadvantages 

The ilccumu'!ation of tr"cc metals and organic COinpounds by ~lussels and other 

invertebrates varies with a number of factors such as season of collection, 

loci)tion within the intertidal zone, body mi)SS, sex and degree of exposure to 

fresh water. These other variables must therefore be considered during the 

interpretation of monitoring results. In areas where mussels have to be 

'imported, such as the 8eaufort Sea, t.here is al so the potential that the 

mussels may respond to contaminants that have no effects on endemic species, 

creating the potential for a "false alarm". 
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METAL BINDING PROTEINS (Metallothioneins) 

Rationale 

Metallothioneins are low-molecular weight proteins that contain large numbers 

of sulphydryl groups. Research on mammals has shown that these proteins are 

involVed in the intra-cellular binding of metals such as cadmium, copper, 

mercury and zinc. ~1etallothionein-l ike proteins (MLPs) have al so been 

identified in many invertebrate groups, particularly in oysters and the mussel 

~1ytilus edulis. 

In the presence of cadmium, mercury or zinc, mussels will synthesize MLPs that 

bind the metals and thereby render them biologically inert. The 

concentrations of MLPs in tissues tend to be higher in animalS collected from 

metal-ric
t1 

habitats. Consequently, metallothionein induction can be used as 

iln early warning indicator of a phYSiological/biochemical response to metal 

pollution. 

Advantages 

Thioneins are easily isolated and quantified using standard biochemical 

procedures. This method i5 also likely a more sensitive technique for 

measurement of environmental stress than other approaches that involve 

determination of "whole animal" responses. 

Disadvantages 

The method is largely a research technique rather than practical monitoring 

tool at the present time. Although isolation of thioneins is a relatively 

simple analytical technique, it is too expensive to be a cost-effective 

approach for a regional monitoring program. In addition, 1'1LPs only appear to 

be induced in the presence of Cd, Cu, Hg and Zn, and therefore the approach 

has only limited applicability. 
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LYSOSOMAL LATENCY 

Rationale 
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Lysosomes are distinct membrane-bound organelles that primarily function in 

intracellular digestion. However, they are also important in more fundamental 

physiological functions including regulation of secretory processes, cellular 

defence mechanisms, and accumulation and sequestration of xenobiotics 

(particulary trace metals). 

Chemical stresses on lysosomes cause alterations in the ldtency of lysosomal 

hydrolytic enzymes, which can subsequently lead to disturbances in th(, normal 

physiological functions of these organ,'lles. Since the latency of lysosomes 

is quantifiable, and because many olarine invertebrates possess highly 

developed lysosomal~vacuolar systems involved in intracellular digestion, 

lysosomal latency has been proposed as an index of pollution. 

Advantages 

The technique involves measurement of iJ demonstrable physiologica'i response to 

stress, thereby facilitating the documentation of a cause-effect relationship. 

0; sadvantages 

The major disadvantage of this technique is that it is relatively new, and 

therefore 'information on its performance and practicality is unavailable. 

.... 
I 
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SCOPE FOR GROWTH 

Rationale 
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This bioen[~rgetic monitoring "pproach uses an index called the "scope for 

growth", which is calculated as an available energy balance following losses 

associated with respiration and excretion processes. In theory, exposure of 

organisms to a pollutant increases the energy loss!s through either or both of 

.!1ese metabol ie pathways, and thereby reduces the "scope for growth". 

Advocates of the approach suggest that a decl i ne in thi s index is an early 

warning of a deteriorating environment due to pollutant stress. 

Advantages 

The "scope for growth" index provides an integrated measure of physiological 

(~~) effects withi n an i ndi vi dual or popul ati on exposed to a source of 

pollution. 

Disadvantages 

This method requires extremely sophisticated analytical procedures and 

detailed measurements of variables such as particulate organic nitrogen and 

particulate energy content, and therefore is unlikely to be practical for most 

routine monitoring applications. 
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HISTOPATHOLOGY 

Rationale 
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This procedure i5 designed to identify pollution-induced tissue degeneration, 

inflammation or alteration in marine invertebrates. It has been suggested 

that an index of "histological well-being" provides an indication of marine 

invertebrate health in a region, and that the spatial distribution of 

pattlOlogical conditions in an ar,~a exposed to pollutant. discharges may be a 

reliable indicator of environmental degradation. 

~dvantages 

Histopathological observations are relatively inexpensive and this allows the 

collection of large numbers of samples to· provide statistically reliable 

results. 

Disadvantages 

There are a number of apparent disadvantages to histopathological methods, and 

these disadvantages limit the suit.ability of the approach to monitoring 

applications. The primary problems with the approach are that (1) the 

definition of "normal" histological characteristics in tissues remain unknown 

for most organisms, and (2) cause-effect reliltionships demonstrated in the 

laboratory are difficult to detect in the natural environment because of the 

presence of interfering factors such as non-specific responses to disease. 
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MIXED FUNCTION OXIDASES (MFOs) 

Rationale 
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~1ixed function oxidase5 consist of a complex of enzymes that are bound to the 

endoplastic reticulum, an interior membrane structure within cells. Available 

information suggests that these enzymes have an important role in the 

metabolism of hydrocarbons by vertebrates. The biochemical mechanism of 

hydrocarbon metabolism is very complicated, although it appears that during 

the metabolism of polynuclear aromatic hydrocarbons (PAH), reactive 

intermediates which are cytotoxic, mutagenic and carcinogenic tend to be 

formed. A physiological response of fish to oil exposure is the induction of 

aryl hydrocarbon hydroxylase (AHH) activity (Penrose 1978). As a result, 

measurement of AHH and other mixed function oxidase activities may be a useful 

approach to monitor the impact of natural hydrocarbon releases or industry-

related discharges on environmental quality. 

Advantages 

Measurement of MFO activity Ciln provide quantitative data on the biological 

impact of petroleum hydrocarbons. 

Disadvantages 

MFO activity is only strong in vertebrates, and is not a particularly iJseful 
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m0asure of the response of invertebrates to hydrocarbon exposure. Si nee fi sh 

and other vertebrates are mobile, it is therefore difficult to 1 ink MFO 

activity meilsurements to the actual location of hydrocarbon exposure in an 

area. 
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CONCLUSIONS 

The workshop discussion group concluded that the scientific basis for 

Biological [ar'ly fJarning Systems (8EWS) is still evolving, and illthough it is 

currently the subject of intensive research, the applicability of many of 

these techniques is somewhat limited at the present time. It was also 

emphasized that the science of establishing cause-effect relationships is also 

in its infancy. The eventual development of satisfactory SEWS will occur once 

repeated successful quantitative measurements can be made, and· the accurate 

prediction of biological effects can be demonstrated. Until that time, tile 

prediction and assessment of biological effects resulting from industrial 
• 

waste discharges should be based on well-documented case studies and the 

professional experience of scientists undertaking such investigations. 
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lIST OF PARTICIPANTS: SECOND BEMP WORKSHOP (November 28 - December 2, 1983) 
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Sidney, B.C. V8L 3S1 

RESEARCH INTERESTS: ChemicJ'1 oceanography; miJr'ine geochemistry of the 
Mackenzie Delta area. 

DENIS THOMSON 

LGL L imi ted 
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Increased native employment in industry will change 
marine bird and mammal Ilarvest levels. 

• HAT "( "ARVE ST 
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Appendix Figure 1 Potential effects of increased native employment in 
industry on marine bird and mammal harvest. 

• 
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LINKAGES 

linkages 

1. The time available to natives for hunting will be affected by employment 
in a wage economy. 

2. Total native hunting effort will be affected by limitations on t.i~le 
available for hunting. 

3. Due to limitations in time available for hunting, hunting 
be restricted to areas in the immediate vicinity 
participating intensively in wage employment. 

activities will 
of communities 

4. Wage employment will directly change the distribution of hunters and 
hunt i ng effort. 

5. Availability of wage employment will change hunting incentives. 

6 ilnd 7. Chilnged value of returns from hunting will change the total effort 
(time) and the distribution of effort. 

8. Wage employment will cause hunters to become less effective and skillful. 

9. Wage ernploylll,"nt w'ill change the qual ity of equipment used by hunters. 

10. Better equipment will incre,)se hunter effectiveness. 

11. The availability of better equipment will result in changes in the 
distribution of hunting effort. 
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A consequence of an increased human population 
in the Beaufort Sea region will be increases in 

recreational hunting of waterfowl. 

BIRD HARVEST 

~ 
iNCREASED HUMAN POPULATION 

Appendix Figur'() 2 Potentiill effects of iner'eased human populiltion in the 
Beaufort Region on recreational hunting of waterfowl. 

Linkage 

1. Increased recreational hunting of waterfowl will result fr'om an increased 
human population. 
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Human population increases will cause an increase 
in the harvest of anadromous fishes which will lead 

to reduced populations of these species. 

DECREASED POPULATIONS OF ARCTIC CHAR, 
BROAD WIHTEFI~ ARCTIC CISCO 

INCREASED HARVEST OF ARCTIC CHAR, 
BROAD WHITEFISH, ARCTIC CISCO 

~ 
DEVELOPMENT-INDUCED INCREASE IN HUMAN 

POPULATION 

Appendix Figure 3 Potential effects of human population increases on 
anadromous fish populations. 

Linkages 

1. Increases in the human population will increase the harvest of Arctic 

cisco, Arctic char and broad whitefish. 

2. Increased harvest will lower Arctic cisco, Arctic char and broad whitefish 

populations. 


