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The follming is an update to the statanent made to the Panel i n  Inwik, 
entitled "The Beaufort lbvimm-ental M0ni~ri.q Program - D m "  (IN 28). 
The uwte mnsists of a fllmnary of results fran the second mrkshop of 
this program. 

The very preliminary nature of the docummt must be aphis&. It was 
Originally planned for the mrkshop to be held in early January 1984, 
and for there to be a detailed reprt, due mch 1, 1984. €I-, the 
panel requested that as much information on the program as possible be 
mde available to than. ~n order to achieve this, tm steps w r e  taken. 
i) The sed wrkshop was advanced to the f i r s t  of Decembw . 
ii) A sunnary report was prepard in order that the Panel could clearly 

f o m t h e  objectives and prnbable oontent of the detailed March 1984 
report and of tk prqram as a whole. 

The sumnary report was prepared in a little aver a week and was received 
by m less than Ism days ago. It has not been seen by mvimment Canada 
(who have helped finance the program) or by many of the workshop pr t ic i -  
pants. There has therefore been no opprtunity for cammts  or editing 
by participants or by either Wpar&ent, and &re w i l l  undoubt&ly be 
considerable discussion before productim of the detailed March 1984 
report. Haever, I believe that the smrnary will  provide the panel both 
w i t h  an excellant preview of the axtmts of the March 1984 rep*, and 
w i t h  an accurate insight into DIAND's planned approach to effects &tor- 
ing in the Beaufort offshore. 

Finally the restrickd objectives of the BEMP activity should also be 
re-aphasised. It  is not inwed to v i d e  r-tims for a 
definitive research pmgram to address all the funhmtal  knmledge gaps 
which ex is t  for the Beaufort envimrmmt. The msts to r&y this 
situation will be very high aril the outcaw may still f a i l  to  address 
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the issues which finally emrge as those of regulatory and public concern. 
The objeckive of the BENP initiative is to idmtify and implarent those 
research and effects mitoring activities whi& are considered to be 
required for the respnsible mamgmmt of a phased approach to the develop- 
mt of Beaufort Sea hydrocarbns, through the administration of the 
relevant legislation administered by DIAID. This should not detract fran 
a recognition of OUT fundartrental knowledge gaps in the U u f o r t .  Eveq 
encouragarmt should be given to those agencies w i t h  research respsi- 
bilities to ccolduct program which reflect their particular missions in 
that area. 
Yours sincerely, 

D.P. Stone, 
Chief , 
Ehvinmnmtal  Studies Division, 
Ottawa, Ontaxio. 
KIA OH4 
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PRELIMINARY BEMP WORKSHOP X I  SUMMARY 1 

INTRODUCTION 

This document i s  intended t o  supplement a previous submission t o  the BEARP 
Panel t i t led "Presentation t o  the BEARP Panel : The Beaufort Environmental 
Monitoring Program" and submitted d u r i n g  the General Session  hearings held a t  
Inuvik i n  November, 1983. Descriptions o f  the program's objectives, 
methodology, simulation model structure, and project  status as o f  October, 
1983 are contained i n  this  earlier submission. The fo l lowing  material briefly 
describes  the events leading t o  the second  workshop, the workshop itself  and 
i t s  p r inc ipa l  products. 

During October and November of this year, a series o f  technical meetings 
focusing on each of the model subsystems were held t o :  

(1) review and refine the submodels i n  l i g h t  o f  new information 
and/or new participants; 

( 2 )  introduce new participants t o  the model and process; and 

( 3 )  develop a series o f  hypotheses relevant $0 the  subsystem t h a t  
re1 ated hydrocarbon  development i n  the Beaufort region t o  one 
or more of  the Valued  Ecosystem  Components ( V E C '  s). 

Prior t o  the workshop, the recommended refinements were  made t o  the model and 
the impact hypotheses were  reviewed and summarized i n  a common flowchart - 
linkage format. The  second workshop was held i n  Victoria, B.C. d u r i n g  the 
period from November 28 t o  December 2, 1983. Participants included most 
individuals t h a t  attended  the f i r s t  workshop, as well a s  add i t iona l  expertise 
t h a t  was considered important based on discussions he1 d d u r i n g  the f i r s t  
workshop and subsequent technical meetings ( a  l i s t  of part ic ipants  a t  the 
second workshop i s  provided i n  Appendix I ) .  
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The workshop was organized around a series o f  21 hypotheses regarding 
potential impacts o f  .hydrocarbon development i n  the Beaufort region. On the 
f i r s t  day, each hypothesis was reviewed by the par t ic ipants ,  and fo l lowing  
this review, the necessary modifications,  additions or deletions were 
undertaken. For the next three days,  each hypothesis was cri t ically evaluated 
by one o f  five working groups and a monitoring/research strategy proposed 
where the hypothesis was considered worth testing. These  working groups were 
different from the modelling  sub-groups and were restructured each day t o  
inc lude  a cross-section of expertise  relevant t o  a l l  aspects of the hypothesis 
under discussion. 

The  agenda f o r  each  days discussions included the fol lowing five  steps: 

(1) clarification of the hypothesis t o  reach a concensus on i t s  
structure and wording; 

(2) description o f  existing knowledge for a l l  linkages i n  the 
hypothesi s i ncl udi ng : 

evidence f o r  and against 
uncertainties  associated w i t h  each l i n k  
other  potentially useful information 
description of model projections ( i f  appropriate) ; 

( 3 )  conclusion regarding the hypothesis consisting o f  one of :  

extremely unlikely and not  worth testing 
possible b u t  too d i f f i c u l t  t o  detect 
requires more information before a monitoring p l a n  can be 
designed 
should be tested w i t h  a detailed monitoring p l a n ;  
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( 4 )  description o f  recommended monitoring and research programs t o  
tes t  the  hypothesis; and  

( 5 )  documentation o f  the above by the designated  recorder and 
selected working group participants. 

In  a d d i t i o n  t o  these "development t o  VEC" hypotheses, a working group  was 
assembled t o  discuss various early warning monitoring strategies  (e.g. "mussel 
watch", mixed function oxidase, etc.) ,  w h i c h  will be detailed i n  the f i n a l  
report. The f i n a l  report will a1 so include a discussion of ecosystem 
indicators  (e,g.,  species  diversity  indices) and their  potential value t o  the 
Beaufort Environmental  Monitoring  Program. 

O n  the f i n a l  day of the workshop the  recorders presented brief summaries o f  
subgroup discussions and conclusions regarding each impact hypothesis. 

The documentation o f  t h i  s workshop i s  now being  completed and the  report i s  
expected t o  be ready for  distribution by 1 March 1984. Because the  report i s  
i n  an early  stage o f  preparation,  this summary must be regarded as  preliminary 
and subject t o  change. Summaries of the 21 hypotheses examined during the 
second Beaufort Environmental Monitoring Project workshop are provided i n  the 
present  report. 
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HYPOTHESIS NO. 1 

Ship  t ra f f ic ,   se ismic  programs  and ac t ive   o f fshore  
platforms and a r t i f i c i a l   i s l a n d s  will cause  reductions i n  
the   western   a rc t ic   popula t ion   o f  bowhead whales. 

POPULATIONS OF 
BOWHEAD  WHALE AND WHITE WHALE 

4 Q 
ENERGY BALANCE - - =  

ENERGY COSTS ENERGY INTAKE 

t AVAILABLE  TIME  AVAILABLE FOOD 
FOR FEEDING 4 

4 

FREQUENCY OF 
S H I P   T R A F F I C  

Q 
AVAILABLE  HABITAT ”/+ ACTIVE OFFSHORE 
PLATFORMS/ISLANDS 
AND S E I S M I C   A C T I V I T Y  

L I NKAGES 

L i n k  1: Each ac t ive   o f fshore   s t ruc ture  will exclude bowhead whales  from a 
zone  surrounding  the  structure. 

A1 though t h i s  i s  considered  1 i k e l y ,   t h e   s i z e   o f   t h e  zone i s  unknown. 
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L ink  2: S h i p   t r a f f i c  will exclude bowheads from a  zone around  the  ship  t rack.  

It i s  1 i k e l y   t h a t  bowheads will be excluded  from a zone approximately 1 t o  2 
km on  each s i d e   o f  a passing  ship,  although  the  duration o f  t h i s   e f f e c t   i s   n o t  
known. A more ser ious   e f fec t   cou ld   occur  i f  a l a rge  zone o f  exclusion 
resulted  from  the  combination o f  i n d u s t r i a l   a c t i v i t i e s .  There  has been a 

steady  decline i n   t h e  use o f  the   Beaufor t   indus t r ia l   a rea  by  bowheads dur ing 
the  per iod  f rom 1980 t o  1983. However, i t  should be  emphasized that   these 
d i s t r i b u t i o n   p a t t e r n s  may be due t o  changes i n  food  supply  rather  , than  the 
i n d u s t r i a l   a c t i v i t i e s .  

L ink  3: Each passage  by a ship will reduce the   feed ing   t ime  ava i lab le   to  
bowheads. 

T h i s   e f f e c t   i s   s u b s t a n t i a t e d  by the  avai lable  data.  

L ink  4: Each passage  by a ship will increase  the  energet ic   costs   to  a whale 
due t o   i t s  avoidance  behaviour. 

The  1 im i ted   ex is t ing   da ta   can  be  used to   es t imate   the   energet ic   cos t  of 
avoidance  behaviour. 

L ink  5: The avai lab le  aquat ic   habi ta t   determines  the  leve l  o f  ava i lab le  food. 

Th is   re la t i onsh ip   i s   cons ide red   co r rec t ,   i n   t ha t   reduc t i ons   i n   hab i ta t  will 
g e n e r a l l y   r e s u l t   i n   r e d u c t i o n s   i n   a v a i l a b l e  food. However, t he   re la t i onsh ip  
i s  mediated  by factors  that   concentrate  zooplankton,  thereby  causing 
"patchiness" i n   t h e   d i s t r i b u t i o n  o f  food  resources. 

L ink  6: The leve l   o f   ava i l ab le   f ood  and the   t ime  ava i lab le   fo r   feed ing  
determine  the  energy  intake. 

Avai lab le  ev idence  ind icates  that  bowhead whales  must  feed  almost  continuously 
t o   o b t a i n   t h e i r  necessary  energy  requirements.  Therefore, t h e   a b i l i t y  of 
bowheads t o  recover  from  disturbances t h a t  decrease the i r   feed ing   t ime or 
access t o  feeding  areas may be l im i ted .  
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L ink 7: Energy i n take  and energy  expenditures  determine  the  energy  balance of 
a bowhead whale. 

T h i s   l i n k a g e   i s   t r u e  by d e f i n i t i o n .  

L ink  8: The energy  balance o f  a bowhead whale  determines i t s  surv iva l  and 
ab51 i t y  t o  reproduce. 

Bowhead whales are  expected  to do most, i f  not  a1 1, o f  the i r   feed ing   dur ing  
t h e   a r c t i c  summer. Therefore, it i s  considered 1 i k e l y   t h a t   t h e i r  energy 
balance  would be h i g h l y   p o s i t i v e   i n  summer and h igh l y   nega t i ve   i n   w in te r .  

CONCLUSION 

It was concluded  that   th is  hypothesis i s  b o t h   v a l i d  and testable.  However, 
t he   l eve l  o f  uncer ta in ty   i s   h igh ,   s ince  most of the  l inkages  are  only 
supported by c i rcumstant ia l   ev idence;   d i rec t   quant i ta t i ve   da ta   a re  1 acki ng. 

RESEARCH 

1. Energy  Balance 

Impor tant   in format ion  regard ing  the  re la t ive summer and winter  energy  balance 
dynamics o f  bowheads can be gained  from measurements taken on i n d i v i d u a l s  
harvested i n A1 aska. 

2. D i s t r i b u t i o n   o f  Bowhead Food Supply 

An understanding of t h e   f a c t o r s   a f f e c t i n g   t h e   d i s t r i b u t i o n  o f  zooplankton i s  
necessary t o  proper l y   i n te rp re t  changes i n  bowhead d i s t r i b u t i o n   t h a t  have 
occurred  during  the past four   years (as we1 1 as f u t u r e  changes). Th is  
research  should commence w i th   examinat ion   o f   ex is t ing  data on the bowhead 
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d i s t r i b u t i o n   i n   r e l a t i o n  t o  large  scale  physical  oceanographic  features i n  the 
Canadian Beaufort Sea dur ing  the  past 4 years. Subsequent f i e ld   s tud ies  
should  address  the  spatial and temporal d i s t r i b u t i o n  o f  bowhead food  organisms 
in   re la t i on   t o   hyd rometeo ro log i ca l  phenomena w i th   t he   ob jec t i ve  of f i nd ing  
e a s i l y  measured parameters t h a t   a r e   i n d i c a t i v e   o f   l a r g e   s c a l e   s p a t i a l  
d i s t r i b u t i o n   p a t t e r n s  o f  food  organi sms. 

3. Bowhead Biology 

The basic  b io logy o f  the bowhead whale i s  very poorly documented. However, 
in fo rmat ion   requ i red   fo r   the  recommended monitor ing programs  would be 
co l lec ted   in   the   s tud ies   descr ibed above. No other   spec i f i c   s tud ies  o f  
bowhead biology  are recommended. 

4. Passive  Acoustics 

The f e a s i b i l i t y   o f   u t i l i z i n g  some innovat ive approaches to   pass ive ly   mon i to r  
the  acoustic  behaviour of bowheads i n   t h e  presence of   conspeci f ics  should be 
examined. 

MONITORING 

1. Behavioural Responses o f  Bowheads 

The d i s t r i b u t i o n   o f  bowhead whales i n  the  southern  Beaufort Sea and Amundsen 
Gulf  should be determined  annually  (using  aerial  surveys) t o  document ove ra l l  
pat terns and assess yea r - to -yea r   va r iab i l i t y .  The short-term  behavioural 
responses  of  individual bowheads t o   i n d u s t r i a l   a c t i v i t i e s  and f a c i l i t i e s  
should be fu r ther   quant i f ied   us ing   techn iques   s im i la r  t o  those  developed 
dur ing U.S. Mfnerals Management Service projects. I n   a d d i t i o n ,   p o t e n t i a l  age 
and sex segregation  should be assessed  over a number o f   years   us ing   aer ia l  
photography. 
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2. Reproductive  Rates 

Measurement of the  reproduct ive success o f  bowhead whales i s  1 i k e l y   t o  be the 
most d i r e c t  means o f  test ing  the  present  hypothesis.  The methods f o r  
monitor ing  reproduct ive success are the same as those recommended for 
monitoring  behavioural  responses ( i  .e. aer ial   surveys and photography). 

3. Ambient  Noise  Monitoring 

The levels  of   ambient  noise i n  the  hydrocarbon  development  zone  over a f u l l  
year should be measured a t  5 t o  10 year intervals  to  determine  the  incremental  
l e v e l  of increase  wi th  t ime. These data  would be important i n  the 
i n t e r p r e t a t i o n  of t h e   r e s u l t s  o f  the  behavioural  response and reproduct ive 
rate monitor ing  studies  descr ibed  previously.  



HYPOTHESIS NO. 2 

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

B .  F r e q u e n t   i c e b r e a k e r   t r a f f i c  i n  landfast  i c e  Will 
increase  the  white  whale  harvest.  

C. Open water   sh ip   t ra f f ic   in   the   Mackenz ie   es tuary  will 
a1 t e r   w h i t e   w h a l e   d i s t r i b u t i o n  and 1 ead t o  changes i n  
harvest   l eve l  s. 

D. I n u i t  emP~oYment i n   I n d u s t r y  will change the   wh i te  
whale  harvest. 

I 
8 
1 
I 
II 
I 
I 
1 
I 
I 
1 
1 
I 
8 
I 
I 
I 
I 

PRELIMINARY BEMP WORKSHOP I 1  SUMMARY 

HUNTER EFFORT WHALE POPULATION AND WHALE POPULATION AND 

t DURATION OF STAY I N  DURATION OF STAY I N  
NIAKUNAK BAY KUGMALLIT BAY + Q Q 

I I I  NIAKUNAK BAY KUGMALLIT BAY 
OF OPENING OF DATE OF OPENING OF I 

I N U I T  EMPLOYMENT 
I N  INDUSTRY 

I 
S H I P   T R A F F I C   I N  

DEVELOPMENT STRUCTURES - I N  LANDFAST I C E  AND 
TRANSITION ZONE 

OPEN WATER SEASON 

FREQUENCY OF 
ICEBREAKER  TRAFFIC 

I N  LANDFAST I C E  

9 
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L I NKAGES 
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L i n k  1: Ar t i f i c i a l   i s l ands   l oca ted   o f f sho re   o f   t he  Mackenzie Del ta  will delay 
breakup o f   t h e   l a n d f a s t   i c e  by extending  the  outer limit o f   l a n d f a s t   i c e  
and/or by anchoring it. 

Informat ion on the  ice  regime and breakup co l lec ted   f rom 1972 to   da te-does   no t  
suggest t h a t   a r t i f i c i a l   i s l a n d s  have a f f e c t e d   l a n d f a s t   i c e  breakup  by e i t h e r  
of these two mechanisms. 

L i n k  2: F r e q u e n t   i c e b r e a k e r   t r a f f i c   i n   t h e   l a n d f a s t   i c e   i n   s p r i n g  will 
advance the breakup of the   i ce   bar r ie rs   across   Kugmal l i t  and Niakunak bays. 

Ex is t ing   indus t ry   p roposa ls   ind ica te   tha t   very   low  leve ls  o f  icebreaker 
a c t i v i t y  will occur i n   t h e  Mackenzie estuary  during June. T h i s   l i n k   i s  
therefore  considered  very  unl i kely  . 
L i n k  3: The t im ing   o f  breakup o f  the  landfast   ice  determine  the  t iming of 
entry,   the numbers, and the  durat ion o f  residence of white whales i n  Niakunak 
and Kugmal l i t  bays. 

The e f f e c t  o f  a r t i f i c i a l l y - i n d u c e d   d e l a y s   i n  breakup  on the use of the  estuary 
by whi te whales  cannot be determined  wi th  exist ing  . informat ion.   Avai lable 
da ta   suppor t   t he   hypo thes i s   t ha t   f i r s t   a r r i va l   i n   t he   es tua ry  i s  a function  of 
breakup  timing. However, the numbers of   animals and t h e i r   l e n g t h  of stay i n  
the  estuary does no t  appear t o  be d i r e c t l y   r e l a t e d   t o  breakup t iming. It i s  

possible  that   delayed breakup  could, i n  extreme cases, prevent  the use of the 
estuary,  since it i s  1 i k e l y   t h a t   t h e r e   i s  a c r i t i c a l  date  a f ter   which  the 
whales will not  use the  estuary. 
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Link 4: The t iming  o f   ent ry ,   the numbers and the  durat ion  of   residence o f  

whi te whales in Kugmall i t and Niakunak  bays will inf luence  the  whi te whale 
harvest. 

Ex is t ing  data on the  harvest i n  Niakunak Bay cannot be used t o   e v a l u a t e   t h i s  
l inkage,   In   Kugmal l i t  Bay, harves t   leve ls   a re   pos i t i ve ly   cor re la ted   w i th   bo th  
the numbers o f  whales  present i n   t h e  area and the i r   da te   o f   a r r i va l .  

L inks 5 and 6 :  Ship t r a f f i c  through  Niakunak and Kugmal l i t  bays will d i s t u r b  

whi te whales, thereby  reducing  the number o f  whales i n  the bays, and/or 
reducing  the  t ime  spent i n  these  areas. 

S h i p   t r a f f i c   i n  Niakunak and Kugmal l i t  bays will l e a d   t o   l o c a l  changes i n   t h e  
d i s t r i b u t i o n  of whales within  these  areas,  and/or may d i r e c t l y   i n t e r f e r e   w i t h  
h u n t i n g   a c t i v i t i e s  by f r i gh ten ing  whales. It i s  c lea r   f rom  da ta   co l l ec ted   i n  
the  Beaufort  Sea and e l  sewhere that   shor t - term changes i n   w h i t e  whale 
d i s t r i b u t i o n   p a t t e r n s  can  be  induced  by  moving  ships and barges. The 
po ten t ia l   fo r   longer   te rm changes i s  much less   cer ta in ,  and t h e r e   i s  some 
evidence  that  white whales  can become habituated t o  repeated  disturbance by 
passing  ships. I n   a d d i t i o n ,   t h e r e   i s  no evidence t o  suggest t h a t   e x i s t i n g  
sh ip   t ra f f i c   l eve l s   a long   t he   sou the rn  and eastern  shores of Kugmall i t Bay 
have af fected  the whale d i s t r i b u t i o n   w i t h i n   t h e   c e n t r a l  and western  parts o f  

the bay. 

L ink 7: Increased I n u i t  employment i n   i n d u s t r y  will change hunter   e f for t .  

T h i s   i s   l i k e l y   t o   o c c u r   t o  some degree, although  the mechanisms which  could 
l e a d   t o  changed h u n t e r   e f f o r t  and i t s   p o t e n t i a l  magnitude  are  both unknown. 

L i n k  8 :  Changes i n  h u n t e r   e f f o r t  will l e a d   t o  changes i n   t h e   w h i t e  whale 
harvest. 
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A. I t  i s  unlikely t h a t  offshore structures will  influence  landfast  ice 
breakup and thereby  affect  white whale harvest. 

B. I t  i s  unlikely  that   icebreaker  traffic  will  advance the breakup o f  i ce  
barriers  across Niakunak  and Kugmall i t  bays,  thereby affecting  the  harvest 
of white whales. 

C .  Available  information  supports  the  hypothesis  that ship t ra f f ic   wi l l  
a f fec t  white whale harvest, par t icular ly  w i t h i n  Niakunak Bay. 

0. Changes i n  hunter  effort  and harvest levels  result ing from increased  Inuit 
employment by the petroleum  industry are considered probable. 

RESEARCH 

A study of the  factors  t h a t  control  the  distribution of white  whales w i t h i n  
Niakunak and Kugmallit bays should be conducted. I n i t i a l l y ,  this study  should 
focus on analysis of existing da ta .  The necessity  for more de ta i led   f ie ld  
investigations could be evaluated  after th is  analysis i s complete. 

MONITORING 

Annual  monitoring o f  the  regional extent, d i s t r i b u t i o n  and breakup of landfast  
ice us ing  sate1 1 i t e  imagery and aer ia l  photography i s  recommended. 

The existing i ndustry-sponsored white whale monitoring program should be 
continued and revised. This program was recognized dur ing  the workshop for 
i t s  accomplishment i n  providing the longest time series o f  data on  any Species 
of a rc t i c  marine mammal, w h i c h  has allowed confident assessment of some 
aspects of the status o f  the Mackentie stock of white whales. 
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HYPOTHESIS NO. 3 
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." . . . . . 

Marine  vessel   act iv i t ies ,   se ismic  programs,  dredging 
o p e r a t i o n s ,   a i r c r a f t   o v e r f l i g h t s  and ac t ive   o f fshore  
p la t forms/ is l  ands will  reduce  the  size o f  Beaufort Sea 
r inged and  bearded seal populations. 

POPULATIONS OF 
RINGED AND4BEARDED SEALS 

Q 
ENERGY COSTS ENERGY INTAKE 

AVAILABLE  TIME 
FOR FEEDING  AVAILABLE FOOD 

AIRBORNE  NOISE AVA I LABL E HAB I TAT 
FROM AIRCRAFT 

FREQUENCY OF MARINE 
VESSEL TRAFFIC,  

DREDGING,  SEISMIC 
ACTIV ITY  ACTIVE OFFSHORE 

(e.g. Mobile) PLATFORMS 
(e .g .   Stat ionary)  
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L ink  1: Each ac t ive   o f fshore   p la t fo rm will r e s u l t   i n   t h e   e x c l u s i o n  of r inged 
and  bearded seals from ava i lab le   hab i ta t .  

There  are no studies  which have provided  quant i tat ive  data on the  e f fects  of 
o f f s h o r e   o i l  and  gas exp lo ra t ion  and product ion  s t ructures on  seals. However, 
industry  personnel and ice  observers  s ta t ioned  a t   o f fshore  s t ructures  (and on 
vessels) i n the  Beaufort  Sea frequently  observe  both  r inged and  bearded 
seals. The t o t a l  numbers of seals  recorded  during  the open water season has 
ranged  from a few  hundred t o   o v e r  1000. It was agreed t h a t  a1 though  Link 1 i s  
probably  val   id,   the  extent of the  exclusion  would  probably be inconsequential 
and, i n  most   instances,   l imi ted  to   the  phys ica l   extent   o f   the  o f fshore 
s t ruc tu re / i  sl and. 

L ink  2: Marine  vessel   act iv i t ies,   dredging  operat ions and se ismic   ac t i v i t y  
will exclude  ringed  and  bearded seals f rom  avai lab le  habi ta t .  

L ink  3: Each passage o f  a marine  vessel,  seismic  vessel o r  dredge wi 11 r e s u l t  
i n  the   l oss  o f  feed ing   t ime  fo r   r inged and  bearded  seal s. 

A.  Marine  Vessel T r a f f i c   ( i n c l u d i n g   " i n   t r a n s i t "  dredges) 

Disturbances  associated  wi th  marine  vessel   t raf f ic  will exclude  r inged and 
bearded  seal s f rom  avai lab le  habi ta ts  and  reduce feeding  t ime,  but   for   the 
fo l l ow ing  reasons th i s   exc lus ion  was expected t o  be inconsequential  from a 
regional  perspective: 

( 1) Ringed  and  bearded  seals  are  observed  regularly  throughout  the 
development zone; 

( 2 )  The zone o f   a u d i b i l i t y   ( a n d   t h e r e f o r e   t h e  zone of influence)  would be 
1 imi t e d   i n  most instances; 
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( 3 )  Icebreaking i n  the t rans i t ion  zone would probably increase the 
i t a t  for bearded seals d u r i n g  spring; and accessibility of feeding hab 

( 4 )  Icebreaki ng woul d 1 argely 
Movements of ringed seals 

occur w i t h i n  the  transition zone. 
(primarily subadults i n  this  area) i n  

response t o  vessel traffic would probably be inconsequential i n  terms 
of available feeding h a b i t a t  and feeding time, 

I t  was suggested t h a t  bearded seals, because of their preference f o r  landward 
por t ions  o f  the t r ans i t i on  zone, m a y  be affected t o  a greater  extent than  
ringed seals by icebreaking and vessel t r a f f i c ,  a l t h o u g h  the effects were 
s t i l l  expected t o  be regionally insignificant, 

8. Dredgi ng Operations 

The  removal and deposition o f  substrate during dredging operations will result 
i n  the exclusion of bearded seals from benthic feeding areas and loss of  

feeding time. However, the group agreed t h a t  this exclusion would probably be 
inconsequential ( 1) i n  terns of t o t a l  avail ab1 e h a b i t a t  and ( 2 )  i n  compari son 
t o  the amount of benthic h a b i t a t  removed by natural processes such as ice  
scouri ng. 

C .  Seismic Activity 

For the reasons described i n  the  discussion of Marine Vessels and the f a c t  
t h a t  the majority o f  the  seismic work planned fo r  the Beaufort region has 
a1 ready been completed, the ef fec ts  of  exclusion of ringed and bearded seals 
from areas  affected by offshore seismic activity and the concommitant 
reduction i n  feeding time are expected t o  be regionally  inconsequential. 

L i n k  4: Each pass of a marine vessel, seismic vessel and operating/in transit 
dredge will increase  the energy costs of ringed and bearded seals  since they 
w i  1 1 avoi d ensoni f i ed corridors. 
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A1 though t h i s  1 i n k  was considered  valid,  energy  costs  would be small and 
r e g i o n a l l y   i n s i g n i f i c a n t   s i n c e   t h e   e x t e n t  and durat ion  o f   exc lus ion would be 
small i n  terms of   the  regional   populat ions,  The group  suggested t h a t   l o c a l  
ef fects  could occur, . p a r t i c u l a r l y   d u r i n g   t h e   l a t e   w i n t e r  and spr ing o f  "bad" 
i ce   yea rs  when the  seal s are i n  a negative  energy  balance  si tuation. 

L ink  5: The avai lab le  aquat ic   habi ta t   determines  the  leve l   o f   ava i lab le  food,  

T h i s   l i n k  was considered  inva l id  for ringed  seals,  since  they  feed primarily 
on mobile  prey i tems and are  opportunist ic  feeders. However, bearded seals 
feed  pr imar i ly  on sess i l e  food, and therefore  exc lus ion from preferred 
foraging  areas may resu l t   i n   exc lus ion   f rom  feed ing  areas. As a resu l t ,   t he  
1 i n k  was considered  va l id   wi th   respect   to  bearded  seals, a1 though  again, 
effects  would  probably be inconsequential i n  a regional  sense. 

L inks 6 and 7: The l e v e l  o f  ava i l ab le  food and the   t ime  ava i lab le   fo r   feed ing  
determine  energy  intake.  Energy  intake and energy  costs  determine  energy 
balance. 

Both 1 inks  are  se l f -ev ident  and Val i d .  

L ink  8: The energy  balance of a marine  animal  determines i t s   p r o b a b i l i t y  o f  
surv iva l  and i t s   c a p a b i l i t y   t o  reproduce,  thereby  influencing i t s  populat ion 
dynamics. 

This  1 i n k  was cons idered  va l id   w i th   respec t   to   bo th   r inged and bearded  seals, 
although it was suggested that   indust ry- induced changes i n  energetics  would 
on ly  be a local  concern  during  periods o f  negative energy  balance  (March-June) 
i n  "bad" i c e  years. 

L ink  9 :  Mobi le   a i rborne   no ise   assoc ia ted   w i th   a i rc ra f t   over f l igh ts  wi l l  
increase  the energy costs  o f  r inged and bearded  seals  during  the June 
haul-out, and the energy c o s t s  o f   r i nged  seals during  pupping and r e a r i n g  
( l a t e  March through May), since  seals will d i v e   i n  response t o   t h e   n o i s e  
source. 
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T h i s   l i n k  was cons idered  va l id   fo r   bo th   r inged and bearded  seals, It was 
est imated  that  25 t o  40 percent  of  hauled-out  seals  dive when overf lown by an 
a i r c r a f t   a t  an a l t i t u d e  of 300-500 m. The po ten t i a l   b io log i ca l   s i gn i f i cance  
of  repeated  immersion  ,during  pupping  or  haul  -out  are  not known, bu t   cou ld  be 
1 oca1 l y  s i g n i f i c a n t  because seals  are i n  a negative  energy  balance  condit ion 
during  these  periods. The workshop  subgroup suggested t h a t   m i t i g a t i v e  
measures fo r   reduc ing   e f fec ts  of o v e r f l i g h t s  on b i rds   cou ld   a lso  be appl ied t o  

f l i g h t s  over  seal  haul-out and pupping  areas. 

CONCLUSIONS 

It was agreed t h a t   a l l   l i n k s   o f   t h e   h y p o t h e s i s   c o u l d  be val id ,  and tha t   r i nged  
and bearded seals  could be affected  through (1) habi ta t   exc lus ion,  ( 2 )  l o s t  . 
feeding  time, ( 3 )  increased  energy  costs, ( 4 )  altered  energy  balance, and (5) 
reduced  survival  /reproductive  capacity. However, the  extent  to  which  these 
effects  could  occur  would be extremely 1 imi ted  and u n l i k e l y   t o  be manifested 
in   the   reg iona l   popu la t ions ,  

It was concluded  that  the combined e f f e c t s  of marine  vessel   t raf f ic ,   seismic 
a c t i v i t y ,   d r e d g i n g ,   a i r c r a f t   o v e r f l i g h t s  and of fshore  p la t forms on r inged and 
bearded  seal  populations  would be u n l i k e l y   l o r   a t  most poss ib le)  and therefore 
n o t   w o r t h   t e s t i n g   ( o r   t o o   d i f f i c u l t   t o   d e t e c t ) .  
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HYPOTHESIS NO 4 

t I 

I Increased  frequency o f  i cebreaker   t ra f f i c   th rough  land fas t  
i c e  and through Amundsen Gulf  will reduce  ringed  seal pup 
production. 

1 I 

RINGED SEAL PUP PRODUCTION 

PUPPING HABITAT "-4 

18 

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

L I NKAGES 

L ink 1: I c e b r e a k e r   t r a f f i c   i n  March and A p r i l  will decrease the amount of 
a v a i l a b l e   p u p p i n g   h a b i t a t   i n  one o f  the   fo l low ing   th ree  ways: 

A. Large  sca le  destabi l izat ion of t h e   i c e  regime. 

I ceb reaker   ac t i v i t i es   i n   t he   Beau fo r t   f as t   i ce   s ince  1979 have n o t   r e s u l t e d   i n  
apparent  impacts on t h e   i c e  regime. E x i s t i n g  and proposed  corr idors  through 
landfas t   i ce   occur   in   a reas   o f   re la t i ve ly   low  pupp ing   dens i ty ,   wh ich   a re  not 
considered  prime  r inged  seal  habitat.  

However, the   nor theas t   por t ion   o f  Amundsen Gul f  i s  important  r inged  seal 
habi tat ,  and areas  characterized by high pup concentrat ion  would be  exposed t o  

i c e b r e a k e r   t r a f f i c   i n   t h i s   r e g i o n .  A1 though  there i s  no di rect   ev idence of 
l a rge   sca le   sh ip - i nduced   a l t e ra t i on   o f   t he   i ce  regime, numerous authors have 
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considered  various  hypothetical  scenarios  using  theoretical  physical 
approaches and qual i t ive,   subject ive  evaluat ions  o f   observed  condi t ions.  The 
present group  concluded t h a t   t h e r e   i s  a f i n i t e   p o s s i b i l  i ty that   icebreaker  
t r a f f i c   c o u l d   s i g n i f i c a n t l y   a l t e r   t h e  Amundsen Gulf i c e  cover, and t h i s  may 

have  subsequent imp1 ica t ions   to   r inged  sea l  pup production i n   t h i s  area. 

B. Smal l  sca le  a l terat ions  o f   ice  reg ime i n  the   pa th   o f  a ship. 

The area o f  pupp ing   hab i ta t   po ten t ia l l y   a f fec ted  by smal l   sca le  a l terat ions i n  
t h e   i c e  regime was ca lcu lated assuming a worst case  scenario  of a 2 km wide 
c o r r i d o r  where pupping  would be excluded. The r e s u l t a n t   t o t a l   h a b i t a t  
exclusion i n  the  offshore  Beaufort Sea f a s t   i c e  was 14.5 x 10 km , and 
t h i s  area was expected t o  be i n s i g n i f i c a n t  by the workshop  subgroup i n  terms 
of   reg ional  seal populat ion. On the  o ther  hand, the   po ten t ia l   hab i ta t   losses  
assoc ia ted   w i th   s im i la r   i cebreak ing   cor r idors   in   nor thern  Amundsen Gulf and 
southern  Pr ince  of  Wales S t r a i t  was expected t o  have subs tan t ia l l y   g rea ter  
regional   s igni f icance. 

3 2  

C. P r e v e n t i o n   o f   i c e   u t i l i z a t i o n  by adult  female  seals  near  the  ship  track 

due t o  noise  ef fects.  

L i m i t e d   s t u d i e s   o f   s e a l   d e n s i t i e s   n e a r   a c t i v e   i n d u s t r i a l   f a c i l i t i e s   i n   t h e  
Beaufort Sea have not   ind icated  adverse  impacts   o f   these  fac i l i t ies  and 
a c t i v i t i e s  on local   populat ions.  The workshop  subgroup agreed t h a t  even 
assuming a worst case s i t u a t i o n   i n v o l v i n g  a 2-km wide  corr idor,   there was 
l im i ted   concern   re la ted  t o  ef fec ts   o f   i cebreak ing  on i c e   u t i l i z a t i o n  by the 
regional   populat ion  of   r inged  seal  s. 

Link 2: Adequate pupping  habi tat  i s  necessary fo r   the   p roduc t ion   o f   r inged 
seal pups. 

The preferred  habi tat   for   r inged  seal   pupping i s  character ized by s p e c i f i c   i c e  
and snow cover  condi t ions and i s  a1 so l i m i t e d  t o  a r e s t r i c t e d  range of   water 
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depths. The distribution of these h a b i t a t s  w i t h i n  the Beaufort region i s  
non-random and can recur i n  the same general areas from year t o  year. 
However, there i s  n o  concl usive evidence t o  suggest t h a t  a v a i l a b i l i t y  o f  

pupp ing  h a b i t a t  is, or i s  not ,  a l i m i t i n g  fac tor  t o  pup product ion.  

L i n k  3: Increasing  icebreaker traffic i n  April and  May will result i n  
mortal i t y  of ringed seal pups. 

A1 though  mortality of ringed seal adults or pups  due t o  vessel traffic i n  ice 
covered waters has n o t  been  documented t o  date, some degree of mortality may 
be expected during the  various transportation  activities  associated w i t h  
Beaufort devel  opment. Nevertheless, even  assuming the maximum tanker t r a f f i c  
w h i c h  m a y  occur a t  the "technologically  feasible" hydrocarbon  development 
level (1.2 x 10 BOPD), impacts on the regional popu la t ion  o f  ringed seals 
are not expected t o  be a serious environmental concern. 

6 

CONCLUSIONS 

A1 t h o u g h  small scale a1 terations of the ice regime i n  the p a t h  o f  a ship 
( L i n k  l e )  and noise-related prevention of ice u t i l i z a t i o n  by a d u l t  females 
near the  ship  track ( L i n k  1 C )  were considered probable by workshop 
part ic ipants ,  these  icebreaking-related effects on ringed seal pup production 
were not  expected t o  be regionally s igni f icant  or worthy o f  further 
investigation. In a similar manner, the regional impacts of pup mortality 
resulting from icebreaker traffic i n  April and M a y  were expected t o  be 
insignif icant  a t  the popula t ion  level. On the  other hand, large-scale 
destabilization of the  ice cover i n  Amundsen G u l f  due t o  icebreaker ac t iv i t i e s  
( L i n k  1A)  could be an area of greater environmental concern, a1 t h o u g h  present 
evidence for this phenomenon occurring i s  largely  circumstantial. The 
workshop subgroup recommended t h a t  further research regarding potential 
large-scale  ice  destabilization processes i n  Amundsen G u l f  should be 
undertaken t o  determine the need for and most sui table design of any 
monitoring programs. 
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RESEARCH 

Fur ther   analys is   o f   ex is t ing  r inged  seal  samples t h a t  were co l lected  near  
Holman I s land  between 1971 and 1982 should be conducted. This  research  should 
revea l   whether   s ign i f i can t   popu la t ion   var iab i l i t y  has occurred (i .e. , 
age-speci f ic   reproduct ive  rates and mortal i ty  rates)  which  can  then be r e l a t e d  
t o   y e a r s   o f   u n s t a b l e   i c e   c o n d i t i o n s   i n  Amundsen Gu l f  ( i .e. 1971 and 1978). 

I f  ana lys is   o f   the  above da ta   ind ica tes   tha t  pup product ion i s   s e n s i t i v e  t o  

v a r i a t i o n s   i n   t h e   i c e  regime,  then f u r t h e r   i c e   s t a b i l i t y   r e s e a r c h  may  be 
warranted.  This  research  could  include  modif icat ion and d i r e c t i o n   o f   e x i s t i n g  
theor ies o f  i ce   s t rength  and structure,  and i n v e s t i g a t i o n  o f  two-dimensional 

i c e   s t r a i n   i n v o l v i n g  use o f  NOAA, Landsat and SLAR imagery. 

MONITORING 

Uncer ta in t ies   re1   a ted   to   des tab i l i za t ion  of the  ice  regime i n  Amundsen Gulf  
and potent ia l   impacts o f  t h i s   d e s t a b i l i z a t i o n  on ringed  seal pup product ion 
may be adequate j u s t i f i c a t i o n   f o r   t h e  recommendation o f  a monitor ing program. 
Mon i to r ing   cou ld   inc lude  rou t ine   aer ia l   photography   o f   i cebreaker   t ra f f i c   in  
Amundsen Gulf  which may than be analyzed  (depending on t h e   r e s u l t s  o f  the 
previously  described  research) i n  conjunct ion  wi th   wind and l a r g e r   s c a l e - i c e  
movement data t o  prov ide   fu r ther   in fo rmat ion  on the   p robab i l i t i es   and /o r  
mechanisms of f a s t   i c e   d e s t a b i l i z a t i o n .  
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Concurrent experimentation could be designed t o  estimate  the  effects of tanker 
t raff ic  on pup production i n  Amundsen G u l f ,  a1 t hough  t h i s   i s  considered 
logistically  difficult a t  the  present time and would only be practical w i t h  
improvement o f  ringed seal a i r  detection techniques. A thermo-graphic  remote 
sensing device i s  presently being tested and may be we1 1 suited t o  detection 
o f  ringed seal b i r t h  l a i r s  i n  ice-covered waters.  Nevertheless, this type of 
a research/moni tori ng program would only be  recommended after completion and 
detailed  evaluation of the research suggested i n  the previous section. 
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HYPOTHESIS NO. 5 

I c e b r e a k e r   t r a f f i c   i n   t h e   t r a n s i t i o n   ( s h e a r )  zone will 
reduce  bearded  seal pup production. 

I 

BEARDED SEAL PUP 

I3 
PRODUCTION 

‘ia 3 MATING SUCCESS 

23 

ICEBREAKER  TRAFFIC IN SHEAR ZONE 
DURING APRIL AND M A Y  

L I NKAGES 

L ink  1: I cebreaker   t ra f f i c   in   the   shear  zone du r ing   Ap r i l  and May will 
in te r fe re   w i th   voca l i za t i ons  o f  male  bearded  seals, and t h i s  will r e s u l t   i n  
reduced  mating success. 

Bearded seals  (especial ly  males) are h igh ly   voca l ,   par t i cu la r ly   dur ing  the 
breeding season. The cal ls,   which  are  audible for more than 40 km, are 
expected t o   a t t r a c t  female  seals and may  be involved in the  exclusion o f  other 
males from underwater   ter r i tor ies.  It has been suggested that  d isturbance 
could reduce voca l i za t ion   ra tes  and therefore  mat ing success, and t h i s   c o u l d  
subsequently be r e f l e c t e d   i n  reduced  pregnancy  rates.  There has been 1 i t t l e  
research   d i rec ted   spec i f i ca l l y  a t  bearded  seals, and the re  is essen t ia l l y  no 
evidence  avai lable a t  t h i s   t i m e  t o  support or r e j e c t  this 1 ink.  
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L i n k  2: Successful mating i s  necessary f o r  production of bearded seal pups. 

This l i n k  i s  self-evident and va l id .  Pup production i s  typical ly  estimated by 
recording age-specific pregnancy rates based on the presence of a large corpus 
a1 bicans and a placental scar. The average  pregnancy rate i s  86 percent b u t  
varies from between 50 t o  100 percent over  age classes o f  6 t o  22. There i s  
almost no d a t a  on the  possible  extent of natural va r i a t ion  i n  pregnancy rates 
between years or between areas. Low bearded seal densities make i t  d i f f i c u l t ,  
i n  f ac t ,  t o  detect general distribution changes or populat ion changes less 
t h a n  20 percent. 

L i n k  3: Icebreaker t r a f f i c  w i t h i n  the  shear zone durina ADril and Mav will  
result i n  mortali ty o f  bearded seal pups. 

The shear zone i s  b o t h  the  preferred pupp ing  h a b i t a t  of bearded seals and  will 
be the  preferred corridor for some shipping activity  associated w i t h  
hydrocarbon development. A1 though  there i s  some 1 imited anecdotal evidence of 
mortali ty o f  other  species o f  seals,  there  are no documented cases o f  
mortality of seal pups or  their mothers resulting from icebreaking 
activities. However, the workshop participants agreed t h a t  some degree of 
mortality would be expected, particularly i n  t h e  case of seal p u p s  during the 
vulnerable period which  is  limited t o  2 or 3 days after b i r t h .  Calculations 
using an effective corridor w i d t h  o f  1 km, suggested t h a t  potential  losses of 
the pups could  range from 1 t o  4 percent i n  preferred pupp ing  areas, or 0.5 t o  
2 percent o f  the to t a l  pup production. 

CONCLUSIONS 

A1 t h o u g h  icebreaker t r a f f i c  will probably result i n  direct mortali ty o f  

bearded seals  particularly pups ( L i n k  3)  , such losses are not expected t o  be 
critical t o  the  regional populat ion.  A t  the  present time, the  level of 
understanding regarding bearded seal vocalizations and their importance i n  
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determining  mating  success and pup product ion i s  inadequate t o  ei ther   accept  
o r   r e j e c t   L i n k  1. An expanded in format ion base on bearded  seal  vocalizations 
and behaviour i n  general  would be u s e f u l   f o r   p r e d i c t i o n  and i n t e r p r e t a t i o n  o f  

the   po ten t ia l   impacts   o f   i cebreaker   t ra f f i c .  However, g i ven   t he   l im i ted  
understanding and inadequate methods of measuring  reproductive success, it i s  
c o n s i d e r e d   u n l i k e l y   t h a t   i n d u s t r y - r e l a t e d   s h i f t s   i n  pup produc t ion   o r  
popu la t ion   s tab i l  i ty would be detectable, 

RESEARCH 

The hypothesis  that   ship  d isturbance will l e a d   t o  a reduct ion i n  bearded  seal 
voca l i za t ion   ra tes   cou ld  be tested  through a se r ies   o f  hydrophone recordings. 
It would be necessary t o   e s t a b l i s h  a base1 i n e   f o r   v o c a l i z a t i o n   r a t e s  5 n both a 
contro l   area and an area  which  would be  exposed t o   i c e b r e a k e r   t r a f f i c .  Use o f  
an array o f  hydrophones  would allow l o c a t i o n  o f  ind iv idual   seals   through 
t r i angu la t i on ,  and therefore  determination o f  t he   e f fec t i ve   a rea  of 
disturbance, 

However, it should  be emphasized that   a l though no changes i n   v o c a l i z a t i o n   r a t e  
could  lead t o  re ject ion  o f   the  hypothes is ,   cont rary   resul ts   would n o t  
necessar i ly  1 ead t o  acceptance of   the  hypothesis.  The l a t t e r  would  require 
conf i rmat ion   tha t  changes i n  voca l   i za t i on   ra tes   cou ld   t hen   resu l t   i n  a1 tered 
reproduct ive  rates.  The l o g i s t i c a l   d i f f i c u l t i e s   a s s o c i a t e d   w t t h   c o l l e c t i o n  o f  
an adequate sample s i ze  of adul t   female bearded  seal s are expected t o  be 
substantial.  Furthermore,  the  sampling  program i t s e l f   c o u l d   r e s u l t   i n  an 
impact  on  the  population  which is   g rea ter   than  tha t   caused by icebreaker 
t r a f f i c .  It was concluded  that  although a research  program  d i rected  a t  
bearded  seal   vocal izat ions  could  of fer  some re levant   in fo rmat ion ,   th is  
research i s  not considered a h i g h   p r i o r i t y   a t   t h e   p r e s e n t   t i m e .  
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MONITORING 

I A monitoring program t o  determine the impacts of tanker traf f ic  i n  t h e  

transition zone on bearded seal pup production was not considered just i f iable  

1 
or  practical. 
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HYPOTHESIS NO. 6 

Icebreaker traf f ic  i n  A m u n d s e n   G u l f  w i l l  a f f e c t  the polar 
bear populat ion. 

c 

POLAR  BEAR POPULATION 
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L I NKAGES 

L i n k s  1 and 2: Icebreaker traffic i n  Amundsen G u l f  will move the  stable  ice 
edge t o  the east (and a1 ter  the Bathurst polynya) i n  winter and spring. This 
effect may i n  turn change the t o t a l  amount o f  open water i n  the region. 

The hypothesis t h a t  icebreaker t r a f f i c  i n  Amundsen G u l f  will move the stab1 e 
i c e  edge t o  the  east i s  considered possible, a1 though improbabSe. This 
conclusion was reached on the  basis o f  very 1 imited available knowledge and 
untested physical process arguments. However, consequences o f  this occurrence 
could be great, a1 t h o u g h  the amount o f  t o t a l  open water i n  the general area i s  
unlikely t o  be changed significantly. 

L i n k  3: The coverage and locat ion o f  ice i n  the "open1' water period 
determines the  level o f  primary productivity. 

Primary production i n  open water areas is   l ikely t o  be greater t h a n  i n  
adjacent  ice covered areas due t o  increased temperature and l i g h t  
penetration. This effect would probably occur early i n  the season ( la te  May 
or early June) i f  the water column was relatively  stable and the water 
residence time o f  sufficient  duration. However, vertical  transport of 

nutrient-rich deep water and subsequent stimulation of primary production 
could  be inhibited by movement of the open water t o  a shallow water area. 

L i n k  4: Primary production is  enhanced (perhaps i n  patches) near the plume 
edge. 

This 1 inkage 5 s expected t o  be operative near the seaward  edge of the 
Mackenzie River plume;  however, i t s  inclusion i n  the  present hypothesis i s  
probably no t  appropriate  since  the Mackenzie  plume  seldom i f  ever occurs as 
f a r  east as the Bathurst polynya. 
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Links 7, 8 and 9a: D i s t r i b u t i o n  and product ion  of   zooplankton and epibenthos 
and the   l oca t i on  of i c e  determine  the  production and d i s t r i b u t i o n   o f   A r c t i c  
cod. - 
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L inks 5, 6 and 6a: The level   o f   pr imary  product iv i ty   determines  the  leve l  of 
secondary p r o d u c t i v i t y   i n  zooplankton,  epibenthos and benthos. 

Primary  production i s  genera l l y   be l ieved  to   la rge ly   de termine   the  abundance 
and species  composition o f  zooplankton and epibenthos, and eventual ly  the 
benthos ( infauna). An important  concern i n  attempting t o  def ine  the  present 
f l o w   c h a r t   i s   r e l a t e d   t o   p o s s i b l e  changes i n  t h e   p a r t i t i o n i n g   o f   p r i m a r y  
production among these  three  communities.  For example, growth and development 
of many species  of  zooplankton  are  t imed t o  c o i n c i d e   w i t h   c e r t a i n  seasonal 
aspects of  primary  production. I f  the   t im ing  of pr imary  product ion i s  
altered,  zooplankton  species  capable o f  t ak ing  advantage o f  the  increased 
production may not be present, and much of   the  increased  a lga l  biomass 
r e s u l t i n g  from  increased  production  could  sink and be subsequently 
incorporated  into  the  benthos.  This  could  greatly  reduce  energy  f low  to 
higher  t rophic  levels.  

I 
a 
I 
I 
I 
I 
I 
I 

The re la t i onsh ips  among A r c t i c  cod, the i r   food  resources and features of the 
physical  environment have no t  been examined i n   t h e  Canadian Beaufort  Sea. 
Ev idence  f rom  other   areas  suggests   that   the  d ie t   o f   Arc t ic   cod i s   l a r g e l y  
zooplankton and epibenthos,  including  various  epontic  invertebrates. She1 t e r  
provided by i c e  may have considerable  importance i n  de termin ing   the i r  
d is t r ibu t ion ,   wh i le   the   p resence  o f   i ce  may also  influence  the  dominant  food 
source  since some la rge   i nve r teb ra tes   t ha t   a re  consumed by Arc t i c   cod   a re  
associated  wi th the epontic community. Increases i n  zooplankton may not  
necessari ly be benef ic ia l   to   Arc t i c   cod   s ince  some of  the  major  predators 
(i.e.,  chaetognaths, j e l l y   f i s h ,  ctenophores) of j uven i le   cod   a re  members o f  
the  zooplankton community. 
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Links 7a, 8a and 9: Spatial and temporal patterns i n  the abundance and 
dis t r ibut ion of Arctic  cod,  epibenthos and zooplankton  determine ringed seal 
food  consumption. 

Data from other  regions  indicate  that   arctic cod,  epibenthic  invertebrates and 
1 arge  zooplankters  constitute  the b u l k  o f  the d i e t  of ringed  seal s. The 
proportion of each  type of food i n  their diet  may vary w i t h  season,  general 
location of the  population and specific  locations of the  individual. - Although 
studies have not been conducted there i s  no reason to   be l ieve   tha t   the   d ie t  o f  
ringed  seal would  be substantially different i n  Amundsen G u l f .  

L i n k  10: Quality and quantity of food  determine  ringed  seal survival and 
mortal i ty . 

Evidence fo r  this 1 inkage i s  primarily from (1) general knowledge o f  other 
animal species and ( 2 )  specific  data on the  varying qualities of foods 
ingested by ringed  seals. There i s  a1 so a 1 imi ted amount of information on 
seals  which l i n k  the amount of f a t  reserves  to  reproductive  rates. 
Simultaneous  consideration of food quality and effort   required t o  capture a 
given biomass suggests  that  ringed  seal prey  could be ranked i n  the f o l l  owing 
order of descending  importance:  Arctic  cod,  epibenthos and zooplankton. The 
workshop subgroup agreed tha t  reduced  food will resu l t  i n  increased  mortality 
of seals,   especially i n  subadults. 

L i n k  11: Location and type of  ice  are  important i n  determining  ringed  seal 
dis t r ibut ion.  

Ringed seals   are  dependent on the  ice  cover  for  haul-out,  moulting, pupp ing  
and breathing  holes,  as well as the provision of habi ta t   for  prey species. 
Therefore,  the type and dis t r ibut ion of ice  are  expected  to be important 
determinants of ringed seal  distribution,  Correlations between ice  
charac te r i s t ics  and pupp ing  densi t ies  have been observed. However, subtle 
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dif ferences may a lso be of considerable  importance, and n o t   a l l   s e a l - i c e  
re la t ionsh ips   a re  known, For example, r inged  seals may have d i f f i c u l t y  
mainta in ing  breath ing-holes i n  heavi ly compacted ice,  such as tha t   ex tens ive ly  
covering  the  Beaufort Sea i n  1974. 

L ink  12: Numbers of  polar  bear  are  determined by numbers o f  ringed  seals. 

Ringed  seals  are  the  primary  prey of polar  bears. Consequently, -when the 
r inged  seal  populat ion i n  the  Beaufort  Sea suddenly  decreased  by  about 50 
percent  from 1974 t o  1975, the reduced ava i l ab i l i t y   o f   p rey   (espec ia l l y   sea l  
pups and subadults) was r e f l e c t e d   i n  reduced polar bear numbers i n  1975 and 
1976, Reproductjon and su rv i va l   i n   t he   bea r   popu la t i on   d id   no t  appear t o  
r e t u r n   t o  normal u n t i l  1977 t o  1979, i n  conjunct ion  wi th  recovery of the 
r inged  seal  populat ion. 

CONCLUSION 

Present know1 edge does not  a1 1 ow a f i  m conc lus ion   t o  be made regarding 
whether o r   no t   po la r   bea r  and r inged seal populat ions  could be affected by 
i c e b r e a k e r   t r a f f i c   i n  Amundsen Gulf. The  members of the workshop  subgroup 
suggested t h a t  such e f f e c t s  were highly  improbable,   a l though  certainly 
possible. The group  also emphasized t h a t   m a j o r   u n c e r t a i n t i e s   e x i s t  in many 
l inkages,  part icu- lar ly  those between icebreakers,   ice,   lower  t rophic  levels 
and Arct ic  cod  populat ions.  

RESEARCH 

Although  the  hypothesis i s  considered  improbable,   the  ef fects  of  such a 
scenario, were it t o  occur, could be h i g h l y   s i g n i f i c a n t   i n  terms of the 
reg ional   populat ions  o f   r inged seals and polar   bears.   For   th is  reason, a 
study i s  recommended t o  f u r t h e r  examine the  hypothesis  that   polar  bear 
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populations will be affected by icebreaking activities i n  Amundsen G u l f .  
Specifically, d a t a  on ice cover and seal populat ions should be examined for 
the  years between 1971 and 1983 t o  determine i f  correlations can be found 
between ringed seal population parameters and annual ice  conditions i n  
Amundsen G u l f .  Years of extremely unstable ice cover i n  the G u l f  ( i .e. 1971, 
1978) could be reflected i n  factors  such as  ringed seal  reproductive rates, 
cohort  success, etc, 

MONITORING 

Monitoring programs t o  tes t  the hypothesis t h a t  icebreaker t raff ic  i n  Amundsen 
G u l f  will affect the polar  bear populat ion i s  n o t  recommended a t  the present 
time, pending detailed  evaluation of the results of research described above. 
Such monitoring programs would 1 i kely concentrate on the t o p  and bottom 1 inks 
of the hypothesis. This would involve ob ta in ing  pertinent da ta  on ice 
d i s t r i b u t i o n  before, during and after icebreaker t r a f f i c ,  as well as 
concurrent information on populat ion parameters (e.g. cohort  strength, 
condition, diet) of ringed seals and/or polar  bears. 
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HYPOTHESIS NO. 7 

I I 

I The presence of a c t i v e   f a c i l i t i e s  will r e s u l t   i n   i n c r e a s e d  
polar  bear  mortal  i ty , 

I I 

POLAR BEAR MORTALITY 
A 

COINCIDENCE OF POLAR BEARS 
WITH ACTIVE FACILITIES 

NUMBER OF ACTIVE FACILITIES 

LINKAGES 

L ink  1: There i s  cons iderable  ev idence  that   po lar   bears  (par t icu lar ly  
subadult  males) are a t t r a c t e d  t o  both  occupied and unoccupied human 
f a c i l i t i e s .  Bears tha t   rece ive   pos i t i ve   re in fo rcement  (e.g., garbage a t  such 
s i t e s )  will r e t u r n  t o  o r  remain a t  these  locations. Produced  water  discharges 
may also  create  areas  of  open w a t e r   o r   t h i n   i c e  around  offshore  production 
platforms which may a t t r a c t  seals and therefore  bears. 

Although many polar  bears have been repo r ted   nea r   ac t i ve   o f f sho re   f ac i l i t i es ,  
1 im i ta t ions   in   exper imenta l   des ign  have hampered establ  ishment of a d i r e c t  
cause and e f f e c t   r e l a t i o n s h i p  between t h e   l o c a t i o n   o f   a c t i v e   s i t e s  and the 
d i s t r i b u t i o n  o f  p o l a r  bears. 
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L i n k  2: Polar  bears  attracted  to  offshore  structures will have t o  be 
controlled,   result ing i n  occasional  bear  mortality. 

Several  polar  bears  attracted  to both  onshore and offshore  act ive  s i tes  i n  the 
Beaufort Sea have  been destroyed as nuisance  animals.  In two instances,  the 
bears were shot   af ter  they  attacked and ki l led humans. Similar  encounters 
w i t h  bears have been reported i n  Churchill , Manitoba and el  sewhere i n  the 
Canadian Arctic. 

I n u i t  hunters,  hired  as  "polar  bear  monitors",  are  responsible  for  deterring 
polar  bears a t  offshore  si tes.  The number o f  animals  actually  killed 
following  failure o f  deterrent  attempts i s  limited, although i t  i s  d i f f i c u l t  
to  estimate the exact number because the  circumstances  surrounding such k i l l s  
may not be reported and t h e  animal can be included  as  part o f  the community 
quota.  There i s  a1 so some risk tha t  unintended injury o r  mortal i t y  of polar 
bears may r e su l t  from hits w i t h  misplaced r i o t  gun rubber  projectiles used by 
bear  monitors a t   i n d u s t r i a l   f a c i l i t i e s .  

Inuit  monitors will  probably continue  to  harvest  bears i n  the  vicinity o f  
offshore  s i tes  under the  existing quota system, thereby  reducing  the  frequency 
o f  polar  bears becoming problem animals.  There i s  a1 so evidence  (from 
Churchill)   that   polar  bears  (particularly  adults)  which a re  i n  good condition 
and feeding  successfully on seals  do not f i n d  human fac i l i t i e s   su f f i c i en t ly  
attractive  to  override  their   natural   caution. 

In the future, the  s ize  and design of offshore  structures may preclude  polar 
bear  access to   a reas  where they could become dangerous t o  humans. 

CONCLUSIONS 

The hypothesis  that  polar  bears will be a t t r ac t ed   t o   ac t ive   s i t e s ,  
par t icular ly  i n  the offshore  areas, has a1 ready been accepted by both industry 
and government and was substantiated by the present workshop discussion 
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group. However, the  coro l lary   that   bears  which  are  a t t racted and become 

problems  must be destroyed has no t  been  unanamously accepted. 

I n  response to  the  safety  hazard  associated  wi th  polar  bear  encounters,   both 
monitor ing and research  programs  have been designed and a r e   p r e s e n t l y   i n  
progress.  Records o f  the number o f  bears seen near  act ive s i tes  ( indus t ry )  
and records of the  number and loca t i on  of bears k i l l e d   i n   t h e   B e a u f o r t   a r e a  
(government)  should  continue t o  be  maintained.  Continuing  research on  methods 
o f  detect ing and deterr ing  polar  bears  should  a lso be supported. 

MONITORING 

The ex is t ing  po lar   bear   moni tor ing and de ter ren t  programs  should be supported 
and  improved. I n   a d d i t i o n ,   t h e  workshop  subgroup  suggested t h a t  changes i n  
data  recording and i n   t h e  communication o f   in fo rmat ion  between  government and 
industry  should be  implemented. Such changes  would inc lude a more detai led,  
systematic  recording  of rnoni t o r i n g  data, and improved t r a i n i n g  of  polar  bear 
monitors and s u p e r v i s o r y   s t a f f   a t   i n d u s t r y   f a c i l i t i e s .  It was a lso  
recommended tha t   mon i to r ing  and deterrent  records  should be summarized 
annually and reviewed once every 3 t o  5 years  to   re-evaluate  the  present  
tlypothesis. 
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HYPOTHESIS NO. 8 

I 1 

I O f f  shore  hydrocarbon  development a c t i v i t i e s  will reduce  the 
harvest of po la r  bears. I 

HARVEST OF POLAR  BEARS 

LOCATION OF POLAR  BEARS 

OFFSHORE DEVELOPMENT ACTIVITIES 

L I NKAGES 

L ink  1: Offshore  hydrocarbon  development may cause po la r   bears   to  move  away 
from  areas o f  d isturbance  or  create an  access ba r r i e r   t o   hun te rs .  

Observations i n   C h u r c h i l l  and other  northern  communit ies  indicate  that  bears, 
especial l y  a d u l t  males, wi 11 avoid  areas  of  disturbance. Adul t males 1 i kely 
avoid  these  areas because they  are more e f f i c i e n t   t h a n   e i t h e r  females o r  
subadults i n   o b t a i n i n g   p r e y   i n  remote  prime  feeding  habitats.  There i s   a l s o  
evidence  that   hunt ing  sensi t izes  bears t o  disturbance, and the noise of nearby 
indus t r ia l   ac t i v i t y   o r   approach ing   hunters  may cause i n d i v i d u a l s  t o  f l ee  
towards open water. I n  addition,  the  presence of a r t i f i c i a l   i s l a n d s   c o u l d  1) 
extend  the  range o f  the  land  fast   ice;   and/or  2 )  create  rubble  f ie lds  around 
the   i s lands .   E i ther   o f   these phenomena could cause bears t o  permanently 
re loca te   in   a reas   wh ich   a re   less   access ib le   to   hunters .  
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Contrary  evidence  regarding  the  avoidance  of  si tes  of human a c t i v i t y  by bears 
i s  the we1 1 documented problem  with  nuisance  bears  around some i n d u s t r i a l  
f a c i l i t i e s  and northern communities,  although  these  bears  tend to be the 

younger age c l  asses. 

L ink 2: Fewer bears will be ava i lab le   fo r   harves t  if 1) there i s  a s h i f t   i n  
p o l a r   b e a r   d i s t r i b u t i o n   f r o m   f a s t   i c e   t o   a c t i v e   i c e  areas, o r  2 )  i f  hunters 
are i n  some  way prevented  from  reaching  the edge of the   fas t   i ce .  

Extens ion  o f   the  outer  limit o f   t h e   f a s t   i c e  by i n d u s t r y   f a c i l i t i e s   i n  
offshore  areas i s  expected t o  be a r e l a t i v e l y  remote p o s s i b i l i t y .  However, 
even i f  l im i ted   ex tens ion  o f  t he   l and fas t   i ce  edge d i d  occur,  the  high demand 
fo r   po la r   bear   hunt ing   l i cences  would, except i n  the most  extreme s i tua t i on ,  
make reduced  access a non issue. I n   t h e  case o f   i cebreak ing   tanker   t ra f f i c ,  
vessel movements would be genera l l y   perpend icu la r   to   the   i ce  edge and 
therefore,  would have 1 i t t l e  impact on po la r   bea r   d i s t r i bu t i on   o r   hun te r  
access. 

CONCLUSIONS 

The workshop  subgroup concluded  that   the  reduced  harvest  of   polar  bears as a 
r e s u l t   o f   i n d u s t r i a l   a c t i v i t i e s  was extemely  unl ikely.  However, it was stated 
tha t   t he   ex i s t i ng   mon i to r i ng  program on hunter k i l l ,   i n   c o n j u n c t i o n   w i t h  a 
more p rec i se   spec i f i ca t i on  o f  i n d u s t r i a l   a c t i v i t i e s ,   i c e  movement and 
d i s t r i bu t i on   o f   i ce   t ypes   (ava i l ab le   f rom  cu r ren t   a i r   pho tos )  , would 
f a c t 1   i t a t e   o n g o i n g   d i f f e r e n t i a t i o n  between indust ry- re la ted and natural  
environmental  effects. 
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HYPOTHESIS NO. 9 

I 1 
Increased  nat ive employment i n   i n d u s t r y  will reduce  marine 
b i r d  and mannnal harvests. 

1 I 

NATIVE HARVEST 

TIME 

TIME 

OF  EFFORT DISTRIBUTION OF EFFORT  EFFECTIVENESS  OF 
t t 

AVAILABLE NT 

30 

EFFORT 

I EMPLOYMENT PATTERN I I 

LINKAGES 

Links 1 and 2: The t i m e   a v a i l a b l e   t o   n a t i v e s   f o r   h u n t i n g  will be a f fec ted  by 
employment i n   t h e  wage econov and will be r e f l e c t e d   i n   t h e   t o t a l   h u n t i n g  
ef for t .  

Job ob l i ga t i ons  may limit t h e   t o t a l  amount o f   t ime   ava i l ab le   f o r   hun t ing  
pa r t i cu la r l y   t he   pa r t i c i pa t i on   i n   ex tended   hun t ing   t r i ps ,   Converse ly ,  many of 
the   an t ic ipa ted  j o b  o p p o r t u n i t i e s   i n   i n d u s t r y  will invo lve  work  schedules t h a t  
include  extended  per iods  of  work (i .e. 2 t o  .3  weeks) a1 t e r n a t i n g   w i t h  
re la t i ve l y   l ong   pe r iods  of t ime  o f f .   A lso,  i n  r e c o g n i t i o n   o f   t h e   c u l t u r a l  
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s ign i f i cance  o f   hunt ing   to   na t ive  communities, indust ry  has often  developed 
work schedules  around  hunting seasons. These fac to rs   cou ld   e f fec t i ve l y  
increase  the  t ime  avai ' lable  for   recreat ional   hunt ing.  

L ink  3: Due t o   l i m i t a t i o n s   i n   t i m e   a v a i l a b l e   f o r   h u n t i n g ,   h u n t i n g   a c t i v i t i e s  
will be res t r i c ted   t o   t he   imned ia te   v i c in i t y   o f   commun i t i es   pa r t i c i pa t i ng  
extensively i n   t h e  wage  economy. 

I f  nat ives employed by i ndustry have only 1 imi ted  oppor tun i t ies   fo r   hunt ing  
(e.g. weekends) , then  they  are  not 1 i k e l y   t o  spend a great  deal o f  t i m e  
t r a v e l  1 i n g   t o   d i s t a n t   h u n t i n g  grounds. As a resul t ,   the  hunt ing  pressure may 

become even more concentrated  around  the  communities  than i s   c u r r e n t l y   t h e  
case, r e s u l t i n g   i n   v e r y  local i t e d   b u t   i n t e n s i v e   h u n t i n g   e f f o r t .  

L ink 4: Wage employment will d i r e c t l y  change t h e   d i s t r i b u t i o n  o f  hunters and 
hun t ing   e f fo r t ,  

H u n t i n g   e f f o r t   d i r e c t e d   a t  any species  can be measured i n  terms  of  the 
d i s t r i b u t i o n  o f  h u n t i n g   a c t i v i t y   r e l a t i v e   t o   t h e   l o c a t i o n  o f  communities. It 

will determine  the  concentration or d i f fus ion   o f   hunt ing   p ressure  on any 
animal  population. As major  centres  generally  experience a s h i f t   i n   t h e   t y p e  
of  hunting  pressure,  recreational  hunting i s  expected t o  become more prominent 
and t o  be concentrated  near  communities. As wage earners move towards  jobs, 
a1 t e r i n g   t h e   s i z e  o f  communities, t h i s  may a lso  change the   spa t ia l  
d i s t r i b u t i o n   o f   h u n t i n g   e f f o r t .  

L ink  5: A v a i l a b i l  i ty o f  wage employment  changes t h e   r e l a t i v e  rewards or   va lue 
o f  outputs   to   hunters  from hunting. 

Rewards which  are  considered  important i n  the  present  context  are:  cash 
through  saleable game products;  food for hunters, t h e i r .   f a m i l i e s  and 
community; c lothing;  recreat ion;  and the  s ta tus  assoc iated  wi th   hunt ing 
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success. It was concluded  that  general wage employment would  reduce  the  value 
of most o f  these  rewards, wi th   the  except ion  o f   recreat ional   pursu i ts  and the 
food  value  of   certain  species.  

L inks  6 and 7: Changed values  of  returns  from  hunting will change t h e   t o t a l  
e f f o r t   ( t i m e )  and t h e   d i s t r i b u t i o n   o f   e f f o r t .  

H u n t e r s   d i s t r i b u t e   t h e i r   e f f o r t s   t o  maximize returns, and i f  the   re1   a t i ve  
v a l u e   o f   t h e i r  rewards changes, t h i s  i s  expected t o  be r e f l e c t e d   . i n   t h e i r  
e f f o r t .  It was concluded  that   the  recreat ional   va lue  o f   hunt ing will be 
maintained,  while  other  values will probably  decrease,  thus  causing a s h i f t   t o  
species  which  are  either numerous or  concentrated and therefore  accessible 
w i t h  less e f f o r t .   T h i s  may be p a r t i a l l y   o f f s e t  by t h e   s p e c i a l i z a t i o n   o f  a few 
ind i v idua ls   t ha t   hun t  1 ess accessible  species  extensively i n  o r d e r   t o   t r a d e   o r  
s e l l   t h e i r   h a r v e s t   t o  wage earners.   This  t rend  could  ef fect ively  balance  the 
d e c l i n e   i n   t o t a l   h u n t i n g   e f f o r t ,  

L i n k  8: Cash employment will reduce  hunters '   ef fect iveness  or  level  of s k i l l .  

There  could be a decrease i n  hunt ing  ski1 1 due t o  a lower  hunting  frequency 
and experience  and/or a decrease i n   t h e   s u r v i v a l  element o f  hunt ing  pursu i ts .  

L i n k  9 :  Cash employment changes t h e   q u a l i t y   o f  equipment  used by hunters. 

An e a r l y   o u t l e t   f o r   e x p e n d i t u r e   o f  wages will be c a p i t a l  goods associated  wi th  
hunt ing   ac t i v i t ies ,   inc lud ing   sk idoos ,  A T V ' s  and outboard  motors  which will 
a1 1 r e s u l t   i n   b e t t e r  access to   hun t ing  areas.  Over long  per iods   o f  t ime, 

however, t h i s   h i g h   l e v e l  o f  expenditure on hunt ing equipment i s  expected t o  

decl i ne 

L inks 10 and 11: B e t t e r  equipment will increase  hunter  ef fect iveness and will 
mod i f y   t he   d i s t r i bu t i on  of e f f o r t .  

Better  equipped  hunters  are  expected t o  be able t o  hunt more e f f e c t i v e l y ,  
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al though  catch  per   un i t   e f for t   would  probably  be improved  only  marginally. 
However, b e t t e r   t r a n s p o r t a t i o n  equipment will allow  improved  t ravel  , thereby 
of fset t ing  the  potent ia l   for   concentrat ion  o f   hunters   near  communities. I n  a 

s i m i l a r  manner, b e t t e r  equipment may a1 so r e s u l t   i n  an increase i n  hunting 
pressure by increasing  the ease and safety  o f  hunting, as we1 1 as the 
r e d i s t r i b u t i o n  of h u n t i n g   e f f o r t   t o  more product ive  s i tes.  

CONCLUSIONS 

The present  harvest scheme provides a framework to   sys temat ica l l y   cons ider  
p o t e n t i a l  changes i n  harvest as a funct ion  o f   changing employment patterns.  
Appl icat ion o f  t h i s  framework t o   p a r t i c u l a r   s p e c i e s   l e d   t o   t h e   f o l l  owing 
tentat ive  conc lus ions:  (1) increased  native employment i n   i n d u s t r y  may cause 
a reduct ion i n  ringed  seal  harvest, an increase i n  marine  bi rd  harvest,  and 
l i t t l e  forseeable change i n  whi te whale  harvest; ( 2 )  changes i n  harves t   ra te  
and  subsequent populat ion changes are  not   on ly  o f  potent ia l   concern i n  areas 
o f   i n d u s t r i a l  development, nor   a re   they   so le ly   a t t r ibu tab le  t o  employment 
changes; and ( 3 )  harvest may be monitored  most  effect ively  through  acceptance 
and mod i f i ca t i on  of ex is t i ng   na t i ve  and government  programs. 

RESEARCH/MONITORING 

No completely new monitor ing programs are recommended a t   t h i s   t i m e   u n t i l   t h e  
fol1 owing i s  assured: 

1. Cont inuat ion  o f  the c u r r e n t   p r a c t i c e  o f  reco rd ing   pe l t   sa les   ( r i nged  
seals) by each vi11 age (poss ib ly  i n  g rea te r   de ta i l  1; 
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2. An i n i t i a l  program to  analyse  data  obtained i n  past and existing surveys 
i n  the Keewatin, Baffin and elsewhere i n  conjunction w i t h  native groups 
and the GNU, A similar  or improved  program could be designed for the 
Beaufort  region depending on the  resul ts  o f  this analysis. The program 
would ideally  include a socio-economic component to  detect   not  only  direct  
changes i n  harvest, b u t  a1 so structural  changes i n  h u n t i n g  values and 
ef for t .  
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HYPOTHESIS NO. 10 

Chronidepi   sodic  o i  1 spi 11 s resul  ti ng from  normal petroleum 
hydrocarbon  development a c t i v i t i e s   w i t h i n  and adjacent t o  
the marine  environment will r e s u l t   i n   l o c a l   i r e d   m o r t a l  5 ty 
o f   p o l a r  bears. 

POLAR  BEARS WILL BE MARINE  BIRDS AND SEALS 

DIRECTLY FOULED BY WILL BE FOULED BY OIL 
OIL 

DEVELOPMENT A C T I V I T Y  

LINKAGES 

L i n k  1: Development a c t i v i t i e s  will r e s u l t  i n  chronic/episodic s p i l l s  o f  
petroleum hydrocarbons. 

Oil s p i l l  case histor ies  f rom  elsewhere i n   t h e   w o r l d  can be used t o  provide 
estimates of s p i l l   p r o b a b i l i t i e s  and volumes i n   t h e   B e a u f o r t  development 
region.  Although it i s  recognized  that   there has  been a decrease i n   s p i l l s  
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w i t h  (1) increased awareness, ( 2 )  more thorough  t ra in ing programs, and (31 

improved  techno1 ogy,  the  frequency and t o t a l  volume o f   c h r o n i c   o i l   s p i  11 s wi 11 
1 i kely i nc rease  w i th .   the   leve l  of development in   the   Beaufor t   reg ion ,  
However, t he   re la t i onsh ip  between s p i l l  frequency/volume and l e v e l  o f  
development i n  the  region  remains unknown. 

L ink  2: Chronic /ep isodic   sp i l ls  will r e s u l t   i n   t h e   d i r e c t   f o u l i n g   o f   p o l a r  

bears. 

Polar  bears have been observed swimming at  various  t imes  of  the  year, of ten 
considerable  distances  from shore. O f f s h o r e   i n d u s t r i a l   f a c i l i t i e s  have been 
constructed i n   o r  near   the  prefer red  habi ta ts   o f  bears, and ind i v idua ls   a re  
o f t e n   a t t r a c t e d   t o  such s i t es .   Con tac t   w i th   o i l   a t   t hese   o f f sho re   f ac i l i t i es  
i s  considered  possible,   whi le  polar  bears may a1 so be exposed t o   o i l  stranded 
i n  shoreline  areas when t rave l l i ng   on to  and o f f  summer re t rea ts .  However, 
t h e r e   f s  no experimental  evidence  or  empirical  observations on the  behaviour 
o f   f ree   rang ing   bears   to   the   p resence  o f  an o i l   s l i c k .  

L ink  3: Chronic/episodic o i l   s p i l l s  will r e s u l t   i n   t h e   d i r e c t   f o u l i n g  of 
mar ine  b i rds  or   seal  s. 

F o r   o i l   t o  have de t r imenta l   e f fec ts  on polar   bears,   ind iv iduals  must e i t h e r  
d i r e c t l y   c o n t a c t  o i l  (L ink  2 )  o r  consume prey  (b i rds  or   seals)   which has 
become contaminated  wi th  o i l .   There i s  extensive  evidence  of  contamination 
and mor ta l i t y   o f   b i rds   f o l l ow ing   con tac t   w i th  even smal 1 q u a n t i   t i e s   o f   o i l .  
In some ins tances ,   b i rd   mor ta l i t y  as a r e s u l t   o f   o i l   f o u l i n g  will occur i n  the 
Canadian Beaufort  (see  Hypothesis No. 11). There i s   l i m i t e d   i n f o r m a t i o n  on 
the  behaviour  of  marine mammal 5 dur ing   f ree - rang ing   con tac t   w i th   o i l  and the 
consequences o f  such o i l  contact.  Ringed seals and other  species  of  seal s 

have been observed f n t h e   w i l d   f o u l e d   w i t h   o i l ,   b u t   t h e  1 i n k  between o i  1 
contact  and m o r t a l i t y  has no t  been unequfvocably  demonstrated. 
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Polar  bears  could  encounter  contaminated  bird  or  seal  carcasses,  part icularly 
along  leads i n   t h e   s p r i n g  and on shore1 ines  near summer ret reats .  

L ink 4: Mortal i t v   o f  bears will occur i f  o i l  is contacted. 

Foul i n g   o f   t h e   f u r   w i t h  oi  1 can  cause changes i n  i nsu l   ta t ion  and compensatory 
changes i n  metabolic  rate  and/or body temperatures, However, t h e   t o x i c i t y  of 
o i l  t o  polar  bears  fol lowing  ingestion  through grooming of   o i l -contaminated 
f u r   i s  expected t o  be an area of  greater  concern. A1 though  avai lable 
i n fo rma t ion   i nd i ca tes   t ha t   o i l i ng   o f   po la r   bea rs   can  be f a t a l ,   t h e  amount of 
o i l  necessary t o  cause death i s  unknown. 

Consumption of o i l  through  processes  other  than  grooming such  as the 
consumption of   o i l -contaminated  prey  are  areas  of   potent ia l   impact  which have 
no t  been tested  empir ica l ly .  However, anecdotal   evidence  indicates  that   polar 
bears will consume o i l  and o i l  products. The workshop  subgroup agreed t h a t  
po la r   bea r   mor ta l i t y  will r e s u l t   f o l l o w i n g  exposure t o  a c r i t i c a l   b u t  
unquant i f ied amount o f  o i l   e i t h e r   t h r o u g h   f o u l i n g   o f   f u r   o r   i n g e s t i o n .  

CONCLUSIONS 

The hypothesis i s  expected t o  be val id,  although  the number of   po lar   bears 
a f fec ted  by c h r o n i c   o i l   s p i l l s  will be small and probab ly   no t   s ign i f i can t  a t  
the  populat ion  leve l .  The most s ign i f i can t   i n fo rma t ion  gaps r e l a t e   t o   t h e  
behavioural   response  of   polar  bears  to  o i l   covered  waters and t o   o i l  
contaminated  prey. The group recommended support and  improvement o f   e x i s t i n g  
programs inc lud ing:  (1) po la r   bea r   mon i to r i ng   a t   ex i s t i ng   i ndus t r y  
f a c i l i t i e s ;  ( 2 )  polar   bear   detect ion and deterrents; and ( 3 )  contingency 

planning i n  the  event o f  oi l /po lar   bear   contact .  No s p e c i f i c  new research  or 
monitor ing programs are necessary. 
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HYPOTHESIS NO. 11 

46 

Chronic (episodic) o i l  spills resulting from normal 
petroleum  development activit ies w i t h i n  and adjacent t o  the 
marine  environment w i  11 cause local  ized b i r d  mortal i ty. 

PRESENCE OF A SUSCEPTIBLE  PRESENCE OF A SLICK  WITH  THE 
SPECIES CAPACITY  TO FOUL 

CHRONIC/EPISODIC  SPILL 

L I NKAGES 

Data on the frequency and sizes of o i l  spill s associated w i t h  nearshore and 
offshore petroleum  development activities  are  available and can be 
extrapolated t o  the Beaufort development region. In some cases,  spills will 
result i n  formation o f  an o i l  slick  that will have the  capacity t o  foul 
birds. However, the  conditions  that will result i n  such slicks have n o t  been 
documented. 

Many species o f  birds are highly susceptible t o  o i l  spills. Under  some 
ci rcurnstances,  re1 a t i  vely  small spi 11 s can cause extensi ve bi  rd  mortal i t y  . 
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Large concentrations of susceptible b i r d  species do occur a t  proposed 
shorebase development s i t e s  i n  the  Beaufort  region. 

CONCLUSION 

There is sufficient  information  to  accept the hypothesis  that  chronidepisodic 
o i l  spi 11 s will cause  1 oca1 ized b i r d  mortal i ty  under some circumstances. 

MONITORING 

The objective of a  monitoring program to  address this hypothesis  should be t o  
estimate  the number of birds of each species kil led annually by contact w i t h  
o i l .  However, accurate  estimation of b i r d  mortal i ty by direct  observation i s  
not  considered  feasible.  Nevertheless, an i ndex o f  b i r d  mortal i ty  shoul d be 
obtained by d i r ec t  and regular  observation of b i r d  abundance, dis t r ibut ion and 
mortality a t  shore  bases and offshore  islands. This regular  observation 
program should be conducted by trained  on-site  observers and supplemented by 
more intensive e f f o r t s  t o  estimate b i r d  mor ta l i ty   a t  sites of all   chronic 
(episodic) spills. 

RESEARCH 

Accurate  estimation o f  b i r d  mortal i ty, by extrapolation o f  b i r d  mortality 
indices from the  trained  observer  counts and on-site studies a t  spills, will 
requi re   s ta t i s t ica l ly  re1 Sable  data  that can  only be obtained  through an 
extensive  laboratory and experimental o i l  spill research program. Predicted 
Beaufort  hydrocarbon development levels  do not just i fy  this approach.  Rather, 
the management philosophy  should be to   c lose ly   sc ru t in ize  the results of the 
monitoring program and t o  emphasize mitigative  actions (i.e. act ions  to  reduce 
the spill frequency and  volume,  and t o  enable  rapid  clean u p ) .  
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HYPOTHESIS NO. 12 
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A. Increased I n u i t  employment i n   i n d u s t r y  will a l t e r   t h e  
harvest of birds.  

8. A consequence of   the  increased human populat ion i n   t h e  
Beaufort Sea region will be increased  recreat ional   hunt ing 
of   water fowl  . 

F-" "7 
BIRD HARVEST 

INUIT EMPLOYMENT 
I N  INDUSTRY 

LINKAGES 

INCREASED HUMAN 

POPULATION 

Hypothesis 12A: The framework  developed i n  Hypothesis 12 i s  appropr ia te   to  
address  the  ef fects o f  I n u i t  employment i n   i n d u s t r y  on b i rd   harves t .  To 
summarize, i t  i s  probable  that  as a r e s u l t   o f   i n c r e a s e d   I n u i t  employment i n  
indust ry  (1) the   b i rd   harves t  will increase, ( 2 )  the  value o f  b i r d s  as a 

recreational  resource will increase, ( 3 )  a b i l i t y   t o  reach  hunting  areas will 
improve, and ( 4 )  t h e   a v a i l a b i l i t y  of hunting equipment (e.g. she l l s )  will 
increase, 

Hypothesis 128: The projected  increase i n  human populat ion  working f o r  o r   i n  
suppor t   o f   the  pet ro leum  indust ry  i s  from 3,000 t o  16,000 people.  There i s  
strong  evidence  that  non-natives  moving  into  (or  through)  the  region have a 
s t rong   des i re   t o   hun t   b i rds ,   p r imar i l y  geese. On the  o ther  hand, fu tu re   l and  
claims  sett lements may in f luence  the  access ib i l i ty   o f   hunt ing  areas t o  
non-native  immigrants,  thereby  reducing  the b i rd   harvest .  
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CONCLUSIONS 
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Hypothesis 12A: The hypothesis i s  v a l i d  and a monitor ing program i s  
recommended. 

Hypothesis 12B: The hypothesis i s   v a l i d  and a monitor ing program is 
recommended, 

RESEARCH 

P r i o r   t o   d e s i g n  o f  monitor ing programs, resul ts  f rom  past  harvest  surveys i n  
the  Northwest  Terr i tor ies  should be analyzed to  a l low  the  exper ience  gained 
elsewhere t o  be app l i ed   t o  the design o f  a Beaufort  region  harvest  survey. 

MONITORING 

The monitor ing o f  b i r d   h a r v e s t s   i s  seen  as a necessary component of resource 
management by the  appropr iate government  agencies. It will be necessary t o  

monitor  both  the  native  (Hypothesis 12A) and non-native  (Hypothesis 12B) 

harvests, and d i f f e r e n t  methods will be  necessary f o r  each program. 

For nat ive  harvest,  a socio-economic  survey o f   I n u i t   h u n t i n g   p a t t e r n s  and 
harvest i s  recommended. I n   a d d i t i o n   t o   e s t i m a t i o n  o f  harves t   ra tes ,   th is  
survey  should be designed t o  examine the amount and d i s t r i bu t i on   o f   t ime   spen t  
hunt ing,   the  locat ion  o f   areas hunted, the  type o f  equipment and 
t ranspor ta t i on  used, t h e  age and experience o f   the   hunters  and the  s ize o f  
hunt ing  par t ies.  

For the  non-native  harvest, it may be more d i f f i c u l t  t o  estimate  harvest 
rates. However, the recomnended monitor ing program could  inc lude a hunter 
quest ionaire combined w i t h  a more a c t i v e  approach (e.g., on-s i te   in te rv iews)  
c o o r d i n a t e d   w i t h   r e g u l a r   w i l d 1   i f e  management and enforcement   act iv i t ies .  
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I 
HYPOTHESIS NO. 13 

O i l  s l i c k s   i n  open water areas around offshore structures 
during normal periods of i c e  cover will cause  increased 
mortality o f  e iders  and d i v i n g  ducks. 

INCREASED  EIDER AND D I V I N G  DUCK MORTALITY 
A 

CHRONIC RELEASES OF 
HYDROCARBONS AND 

PERIODIC  FORMATION 
OF OIL SLICKS 

' SURFACE OIL 
AND BIRDS I N  

OPEN WATER 
AREAS AROUND 

OFFSHORE 
STRUCTURES 

t 

I 

ATTRACTION OF 
MIGRATING AND 

AND D I V I N G  DUCKS 
STAGING  EIDERS 

OPEN WATER  AROUND OFFSHORE DEVELOPMENT 
STRUCTURES I N  LANDFAST AND TRANSITION ZONE I C E  e Q f - o l  

MOVING I C E  PARTICULATE 
EMISSIONS 

AND FUGIT IVE 
DUST 

THERMAL 
DISCHARGES 
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L I NKAGES 

L i n k  1: Moving i c e  causes rubb le   f i e lds  and open water i n   t h e   l e e  of  offshore 
structures.  

On the   bas is   o f   aer ia l  photography, t h i s  was  shown t o  be t rue.  

L ink 2: Part iculate  emissions and f u g i t i v e   d u s t  will decrease  albedo of the 
i c e  around of fshore  s t ructures  leading t o  increased  melt ing and e a r l i e r  
formation of open water  areas  around  offshore  structures. 

This  1 inkage was concluded t o  be incorrect   through a se r ies   o f   ca l cu la t i ons  
lead ing   to   es t imat ion  o f  the  expected  level of dusting  around  offshore 
structures.  

L ink  3: Thermal d ischarges  f rom  of fshore  product ion  fac i l i t ies ,   re leased 
under or onto  the  ice,  will enhance me l t i ng  and fo rmat ion   o f  open water areas 
around  offshore  structures. 

This  1 inkage i s  correct,  but  the  expected amount o f  open water  from  thermal 
discharges wit 1 vary  great ly  depending on  methods of release and ambient 
condi t ions.  

L ink  4: Eiders and d i v i n g  ducks a r e   a t t r a c t e d   t o  open water  areas  during 

migrat ion and staging. 

Recent  evidence  (provided  'by Dome Petro leum)  ind icates  that   there i s  no 
s i g n i f i c a n t   a t t r a c t i o n  of b i r d s   t o   a r t i f i c i a l l y   c r e a t e d  open water  areas 
around  structures.  Extreme  situations, when the  on ly  open water i s  around 
of fshore  structures,  and substant ia l  numbers o f   b i r d s   c o u l d  be expected t o  
land  there,  are  expected t o  be rare. 
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L i n k  5: Chronic releases of hydrocarbons from offshore  structures will cause 
periodic  formation of o i l  s l i c k s  i n  open water  areas around offshore 
structures.  

This i s  true, b u t  i s  l i ke ly   t o  be an uncommon event. In addition,  the 
localized  nature of the problem would facil i tate  rapid  cleanup. 

L i n k  6: O i l i n g  of b i r d s  around offshore  structures will cause  mortali-ty. 

This linkage was previously  described i n  Hypothesis 11. 

CONCLUSION 

T h i s  hypothesis was considered  correct  (except  for Linkage 21, although i t  
describes a rare  event which  would not   just i fy  a monitoring program. The 
maximum frequency of occurrence o f  combinations of circumstances  resulting i n  
eider or  d i v i n g  duck mortality i s  expected t o  be l e s s  than once a decade a t  
any individual  structure, and  would probably be even less frequent. The 
regular  observations  described i n  re la t ion t o  Hypothesis 11 will provide  data 
to   fur ther   evaluate  the linkages and assess this conclusion. 
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HYPOTHESIS NO. 14 
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I 
. 

Frequent low, leve l   a i rc raf t  f l ights  over  staging  brant will 
cause  increased  overwinter mortal i ty. 

INCREASED  BRANT  MORTALITY 
DURING  WINTER 

L 

DECREASED FAT  ACCUMULATION BY 
BRANT DURING  FALL  STAGING 

4 

INCREASED  DISTURBANCE  WITH  RESULTING 
INCREASED ENERGY EXPENDITURE BY BRANT 

OVERFLIGHTS  DURING  STAGING 

LINKAGES 

Dur ing  f a l l ,  a large  proportion of the Canadian Beaufort Sea brant  population 
passes  along  the  coast and occasionally  stops  to feed and res t   ( s tage)  i n  a 
number of locations.  Since  they normally remain i n  these areas   for  no  more 
than  a day or  two (depending on weather), low leve l   a i rc raf t  f l ights  will  only 
cause  significantly  increased  energy expenditures when they occur  frequently 
over  the  staging  areas. The maximum proposed scale o f  Beaufort Sea 
hydrocarbon  development will r e su l t  i n  infrequent 1 ow 1 eve1 f l i g h t s  over 
staging  areas, 

CONCLUSION 

The hypothesis is not Val id .  No monitoring  or  research is  recommended. 
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HYPOTHESIS NO. 15 

. .  

Shorebases  and sha l low  water   p roduc t ion   fac i l i t i es  will 
release  hydrocarbons and  heavy m e t a l s   a t   s u f f i c i e n t   l e v e l s  
such t h a t   f i s h   h a r v e s t  will be reduced  through t a i n t i n g  and 
heavy metal  accumulations. 

HYPOTHESIS  15A 

F 1 SH  HARVEST 4) 
DESIRABIL ITY,  

COLOUR, TASTE,  SMELL 
k 
9 

F I S H  
BODY BURDEN 

4 FOOD 
CHAIN 

I d  
HYDROCARBONS ' 

FOOD 
CHAIN 

HYPOTHESIS 15B 

F I S H  HARVEST Q 
DESIRABIL ITY,  
HUMAN HEALTH 

4 

9 
FISH 

#BODY BURDEN 

1 
HEAVY METALS 
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HYDROCARBONS 

The primary  sources  of  bdrocarbons  during  Beaufort  development were  expected 
t o  be  small amounts assoc ia ted   w i th   cu t t ings  and  produced  water, and m a l  1 

accidental  discharges  associated  with o i l  storage,  transportation  and,  use i n  
protected  nearshore  areas. 
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LINKAGES 

L inks  1 and 3: & 
food organisms. 

ldrocarbons i n  water and sediments will e n t e r   f i s h  and f i s h  

F i s h  and the i r   f oods  can rapidly  absorb  hydrocarbons  through g i l l   e p i t h e l i a ,  
mucosa and o t h e r   s o f t  body surfaces.  Storage and accumulation o f  hydrocarbons 
occurs i n  va r ious   t i ssues ,   pa r t i cu la r l y   t hose   w i th   h igh   l i p id   con ten t .   I n  
general,   rates of hydrocarbon  depuration  are  considerably  slower  than  rates of 
uptake. 

L ink 2: Hydrocarbons  are passed through  the  food  chain. 

Hydrocarbon passage through  food  chains has no t  been shown t o  be a major 
pathway  by which  ta int ing  occurs i n  higher  t rophic  levels.   Hydrocarbons 
ingested  wi th   ta in ted  food  are absorbed  through  the  gut,  but  then  appear t o  be 
rapidly  excreted. 

L inks 4 and 5: Increased  concentrations  of  hydrocarbons i n   f i s h   f l e s h  will 
l o w e r   d e s i r a b i l i t y  and  subsequently a f fec t   ha rves t  o f  f i s h .  

Many case h i s t o r i e s  a round  the   wor ld   p rov ide   ev idence  tha t   f i sh   f lesh  
containing  hydrocarbons has 1 owered des i rab i l i t y ,   p r imar i l y   t h rough  an o i l y  
t a s t e  and occasional odour.  Comnercial and subsistence  f isher ies  can be 
reduced o r  stopped as a r e s u l t   o f   p e r c e i v e d  or ac tua l   t a in t i ng .  Most cases of 

t a i n t i n g   a r e  due t o   l a r g e   " c a t a s t r o p h i c "   o i l   s p i l l  s, but   chronic   re1 eases of 

small amounts o f  hydrocarbons have a1 so caused d e t e c t a b l e   t a i n t i n g   i n  some 
circumstances. 
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CONCLUSION 
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T a i n t i n g   i s   e x t r e m e l y   u n l i k e l y   t o  be a s i g n i f i c a n t   c o n c e r n   i n  any area  except 
she1 tered bays ( such  as Tuktoyaktuk  Harbour) where: (1) subsistence  f ishing 
takes  place; (2) substant ia l  numbers of f i s h   a r e   p r e s e n t   f o r   a   r e l a t i v e l y  long  
period; and ( 3 )  hydrocarbons  are used and handled on a  day-to-day  basis by a 
number o f   ind iv idua ls ,  

MONITORING 

It i s  recommended t h a t  a   t ime  ser ies  o f  measurements of hydrocarbon 
concentrat ions i n   f i s h   f l e s h   ( s e l e c t e d   s p e c i e s )  be i n i t i a t e d   i n  Tuktoyaktuk 
Harbour. An inexpensive method f o r  measurement o f  hydrocarbons  should be used 
t o  minimize  analyt ical   costs and thereby a1 low  ana lys is   o f  an adequate sample 
size. 

It i s   a l s o  recommended t h a t  i f  (1) t ime  ser ies measurements suggest  increases 
of hydrocarbons i n   f i s h   f l e s h ,   o r  ( 2 )  complaints o f  t a i n t i n g  occur, 
complementary  programs should be considered, t o   r e a c t   t o   e i t h e r   o r   b o t h   o f  the 
above concerns. These may c o n s i s t   o f  a   t as te   t es t i ng  program and a  program t o  
determine where ta in t ing  occurs.  The 1 at ter   could  invo lve  p lacement   o f  caged 
f i s h   i n  experimental and control  areas, Research  would  probably  be  necessary 
t o  establ ish  which  source of contamination was causing  the  actua l   ta in t ing.  

HEAVY METALS 

Links  1 t o  5: Heavy meta ls   (par t icu lar ly   mercury)   can  a f fect  human hea l th   o r  
reduce d e s i r a b i l i t y   o f   f i s h  and substant ia l ly   reduce  f ish  harvests .  
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The 1 i n k s  between heavy metals,  especial ly mercury, and human h e a l   t h / f   i s h  
harvests   are  va l id  and have been wel l  documented i n   t h e   v i c i n i t y  o f  several 
major   indust r ia l   cent res.  

CONCLUSION 

The workshop  subgroup expected t h a t   s u f f i c i e n t   q u a n t i t i e s  of heavy meta ls   to  
represent an area o f  concern were u n l i k e l y   t o  be associated  with  hydrocarbon 
development i n  the  Beaufort Sea. 

MONITORING 

Continued compl iance  monitor ing  of   d ischarges i s recommended t o  assure  that  
heavy metal  concentrations i n  waste  streams 1 i e   w i t h i n   e x i s t i n g   r e g u l a t o r y  
gui  del i nes. 
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HYPOTHESIS NO. 16 

Increase i n  human populat ions will cause  an increase i n  the 
harvest   o f   impor tant  anadromous f ishes  which will lead t o  
reduced  populations of these  species. 

DECREASED POPULATIONS OF ARCTIC CHAR, 
BROAD WHITEFISH,  ARCTIC CISCO 

4 Q 
INCREASED HARVEST OF ARCTIC CHAR, 

BROAD WHITEFISH, ARCTIC CISCO 
4 Q 

DEVELOPMENT-INDUCED INCREASE I N  HUMAN 
POPULATION 

LINKAGES 

L ink  1: Increases i n  the human populat ion will increase  the  harvest of A r c t i c  
c isco,   Arc t ic   char  and broad  whitef ish. 

Natural and development-induced  increases i n   t h e  human populat ion will l i k e l y  
resu l t   i n   i nc reased   ha rves t  of the above anadromous f i s h  species. However, 
due t o   u n c e r t a i n t i e s   r e l a t e d   t o  (1) the   s ize  of the  f ish  populat ions;  ( 2 )  the 

magnitude Of natural   populat ion changes i n  the  region; ( 3 )  t h e   p o s s i b i l i t y  o f  
development o f  a market f o r  a commercial f ishery;  and ( 4 )  the  increase i n  
recrea t iona l   f l sh ing ,   the   e f fec t  o f  increased human populat ions on the 
sus ta inab le   y ie ld  o f  Arct ic   c isco,   Arc t ic   char  and broad  whi te f ish can no t  
accurately be determined a t  present. 
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L ink  2: Decreases i n  the  populat ion  leve ls  o f  Arc t i c   c i sco ,   A rc t i c  char and 
broad  whi te f ish will r e s u l t  from increased  harvest o f  these  species. 

It i s  poss ib le   that   increases i n  the  harvest  of   these  species  could  resul t  i n 
populat ion decreases. However, due t o   t h e   l a r g e  number of uncer ta in t i es  and 
unknowns, the   resu l tan t   e f fec ts  on the  populat ion  s izes  of   the  three  species 
cannot be determined a t  present. 

CONCLUSIONS 

It was considered  unl ikely,  but  possible,  that  development-related  increases 
i n  human populat ions i n   t h e   r e g i o n  would  substant ia l ly   increase commercial, 
recreat ional  and subsistence  f isher ies.   In  general ,  it was concluded  that 
more informat ion  than i s  present ly  avai lable  would be requ i red   to   des ign  a 

monitor ing program. 

RESEARCH 

There i s  a need t o  bet ter   quant i fy   the  ex is t ing  subs is tence  catches,   leve ls  of 
e f f o r t ,  and the age and size  composi t ion  of   the  catch i n  order  to  develop  the 
ind ices of present  stock  sizes and catches  which  are  necessary fo r   sus ta inab le  
y i e l d   s t o c k  management programs. Since  the  species i n  questlon  are 
long-1  ived, changes i n  stock  size and 1 ength  frequency  cannot be detected 
without  t ime  series  data. 
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HYPOTHESIS NO. 17 

I 1 
Nearshore  structures will disrupt  the  nearshore band of 
warm brackish water and reduce  the  broad  whitefish 
populat ion. 

I J 

1-p BROAD  WHITEFISH --I 

su RVI VAL 
t 

GROWTH/REPRODUCTIVE 
STATUS 

I UTILIZATION OF NEARSHORE I 
BRACKISH  WATER  BAND 

& 

DISRUPTION OF TEMP/SALINITY 
IN NEARSHORE ZONE Q 
NUMBER  AND  SIZE OF 

NEARSHORE  STRUCTURES 
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L I NKAGES 

L i n k  1: Shore l ine  modi f icat ions will change temperature and s a l i n i t y  
cha rac te r i s t i cs   o f   t he   b rack i sh   wa te r  band along  the  Tuktoyaktuk  Peninsula 
dur ing summer. 

Sol i d  fill causeways perpendicular t o  shore  could a1 t e r  wind-generated  current 
patterns i n  the v i c i n i t y  o f  the structure.  This, i n  turn,  would cause  changes 
i n  the  temperature and sal  in5 ty pa t te rns   t ha t   cou ld   pe rs i s t  for 2 t o  10 days, 

depending on the   du ra t i on  o f  the  wind  events. 
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L ink  2: Disrupt ion  o f   the  brack ish  water  band will r e s u l t   i n  decreased 
u t i l i za t i on   o f   t he   nea rsho re  zone by broad  whitef ish. 

Studies  along  the  Alaskan  Beaufort Sea coast  near  the Prudhoe B a y  causeway 
have shown that   these  s t ructures  can cause local   per turbat ions i n  the 
nearshore  hydrography,  which i n   t u r n  may have  an e f f e c t  on f i s h  movements. I n  
Alaskan  waters,  the abundance o f   b road  wh i te f i sh  was s i g n i f i c a n t l y  and 
pos i t i ve ly   cor re la ted   w i th   tempera ture ,  and i n  9 o f  16 cases was  a1 so. found t o  
be s i g n i f i c a n t l y  and i n v e r s e l y   c o r r e l a t e d   w i t h   s a l i n i t y .  These data  suggest 
t h a t   i n   t h e  absence o f   o ther   l im i t ing   fac to rs ,   b road  wh i te f i sh   p re fe r   hab i ta ts  
having warm brackish  waters. 

L ink  3a: The reduced  time  spent i n   t h e  nearshore  brackish zone will cause an 

increase i n   m o r t a l i t y   o f  broad  whitef ish. 

Broad  whi te f ish may be f o r c e d   t o  spend t ime i n  waters  of  low  temperature and 
h igh   sa l in i ty   wh ich  may  make them more susceptable to   p redators   and/or   d i rec t  
mortal  i ty due t o   e l e v a t e d   s a l   i n i   t i e s .   T h i s   h y p o t h e s i s   i s  based on 
observa t ions   o f   f i sh   in   tempera te   reg ions ,  and  has n o t  been examined i n  the 
a r c t i c .  

L ink 3b: D is rup t i on  of  nearshore  habitat will cause a decrease i n  feeding 
t ime and consequently a reduct ion i n  growth  and/or  fecundity. 

Broad w h i t e f i s h  may reduce t h e i r   f e e d i n g  as a r e s u l t   o f  exposure to   lower  
temperature  waters.   Since  th is  species  achieves  almost  a l l  i t s  growth  during 
the 70-90 day open-water  period, each day that  indiv iduals  are  prevented  f rom 
feeding i s  expected t o  be more c r i t i c a l   t h a n  would be the  case i n  specfes 
where growth  occurs  over a l a r g e r   p o r t i o n  of the  year,  Studies  conducted 
a long  the  Tuktoyaktuk  Peninsula  ind i rect ly   suppor t   th is  1 inkage. 
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Links 4a  and 4b: Increased  mortality of broad whitefish would lead  to a 
decrease i n  the number of spawners and reduced fecundity. 

F i s h  t ha t  reach  the spawning ground may produce  fewer eggs due t o  loss  of  

feeding  time and resul tant  poor condition. Egg survival  could a1 so be reduced. 

CONCLUSIONS 

I t  i s  extremely u n l  i kely that  stocks of broad whitefish will be affected i f  a 
development involving  the use of a lengthy causeway or  other major  shore1 ine 
a l te ra t ion  is  not proposed w i t h i n  the  area encompassed by the  distributed 
range o f  the Mackenzie stock of broad whitefish. However, i f  lengthy 
causeways a re  proposed, more biological and hydrologfcal data would be 

required t o  determi ne the  potential need f o r  monitoring. 

RESEARCH AND MONITORING 

I f  a monitoring program i s  necessary i n  r e l a t ion   t o  a specif ic  major shoreline 
development, i t  should  include  the  following components: 

Oceanography: In the event a  major causeway i s  proposed, the monitoring 
program should  include measurements of temperature,  salinity,  currents and 
wind i n  the vicini ty  o f  the proposed s t ructure  before and after  construction 
on a time scale sui table  t o  establish a reasonable  daily measure of  plume 
var iabi l i ty .  This program should be based on the results o f  a preliminary 
numerical model which uses s a t e l l i t e  imagery t o  determi ne small s ca l e   ( t o  80 m 
resolution)  temperature  variability i n  surface waters. 
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Fisheries: The recommended approach f o r  a f i sher ies  program associated w i t h  a 
major shoreline development would be (1) t o  examine the   e f fec ts  of temperature 
and sa l in i ty  on growth through laboratory studies; ( 2 )  t o  predict  changes i n  
growth resul ti  ng from causeway-i nduced changes i n temperature and sal i n i  t y  
using simulation model 1 ing ;  and ( 3 )  predict  the changes i n  fecundity  resulting 
from altered growth rates  based on empirical  relationships between fish weight 
and f i s h  fecundity. In addition, a tagging program continued  over  several 
years may be necessary t o  establish  the  distribution and migration  patterns o f  
the population, and the  proportion of the population which i s  influenced by 
the  presence of the causeway. 
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HYPOTHESIS NO. 18 

I 1 

I Nearshore  structures wjll disrupt  the  nearshore band of 
warmer brackish  water and will reduce  the  Alaskan 
populat ion o f  A r c t i c  cisco.  

I I 

ALASKAN  POPULATION OF 
ARCTIC C I S C O  

h 

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

4 Q 
DISRUPTION OF TEMPERATURE 
AND SALINITY IN NEARSHORE 

ZONE 

(+ 
NUMBER AND SIZE OF 

NEARSHORE STRUCTURES 

L I NKAGES 

L i n k  1: Shore l ine   mod i f i ca t ion  will change temperature and s a l i n i t y   p a t t e r n s  
o f  the  brackish  water band along  the Yukon Coast  during sumner. 

Of fshore  s t ructures  ( i .e .   so l id  fill causeways) would  cause a d i s r u p t i o n   i n  
wind-dr iven  coastal   currents and a r e s u l t a n t  a1 t e r a t i o n   i n  
temperature-sal i n i t y   p a t t e r n s   i n   t h e   v i c i n i t y  of the  st ructure.  
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L i n k  2: Disrupt ion  o f   the  brack ish  water  band will r e s u l t   i n  decreased 
movement of young Arc t i c   c isco   f rom  the  Mackenzie Del ta  t o  the  Alaskan 
Beaufort Sea coast. 

Gal laway " e t   a l .  (1983) postu la te  that   the  Mackent ie   River  system contains  the 
only  breeding  stock o f  A r c t i c   c i s c o   i n   t h e   B e a u f o r t  Sea, and t h a t   t h e   A r c t i c  
cisco  found  along  the  Alaskan  Beaufort Sea coast  are  migrants  from  the 
Mackenzie system, Laboratory  studies have shown tha t   smal l   Arc t i c   c isco  have 
a temperature  preference of 6-15'C, suggest ing  that   they  are most 1 i k e l y   t o  be 
found i n  the wannest water  avai lable, Numerous studies  conducted  along  the 
Alaskan and Canadian Beaufort Sea coasts have shown t h a t   a l l   s i t e  groups o f  
A r c t i c   c i s c o   t e n d   t o  be most  abundant adjacent t o  the  shorel ine.  

L ink  3: Decreased movement o f   A r c t i c   c i s c o  will cause d i rec t l y   p ropor t i ona l  
decreases in   the   A laskan  popu la t ion   o f   Arc t i c   c isco .  

Evidence  presented i n  Gallaway " e t  a1 . (1983) suggests tha t   the   harves t  o f  
A rc t i c   c i sco   (bo th  commercial and subsistence) i s  d i r e c t l y  dependent upon the 
number o f  small  (age 1 t o  2 )  cisco  which  migrate  into  Alaska from the Canadian 
Beaufort Sea, 

CONCLUSIONS 

The hypothesis was judged t o  be Val i d  and would  meri t  a moni t o r i n g   p l a n  if (1) 
research on both  physical   condi t ions and Arc t i c   c i sco   m ig ra t i ons   i nd i ca te   t ha t  
changes a r e   l i k e l y ,  and ( 2 )  major  causewws  that have t h e   p o t e n t i a l   t o   d i s r u p t  

longshore  currents are planned  along  the Yukon coast1  ine, 

MONITORING 

I f  major causeways or other  extensive  shorel ine a1 t e r a t i o n s  are planned on the 
Yukon coast l ine,  a monitor ing program s i m i l a r  t o  t h a t   o u t l i n e d   i n   H y p o t h e s i s  

17 i s  recommended. 
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HYPOTHESIS NO. 19 

I 
The construction o f  shorebases and shallow production 
f i e l d s  will r e s u l t   i n  a decrease i n  the   populat ion of 
A r c t i c  cisco. 

I 

Q Q 
ARCTIC  CISCO  POPULATION 

GROWTH 

@ 
METABOL I C  
STRESS 

A 

I AGGREGATION OF F I S H  ”-@- 
f Q 

DISCHARGE OF WARM WATER 
AND POLLUTANTS 

SHOREBASES,- SHALLOW WATER 
PRODUCTION FIELDS, COASTAL 

BORROW S I T E S  

66 

MORTALITY + 
I 

FOOD AVAILABIL ITY 
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L I NKAGES 

Links 1 t o  4: The . cons t ruc t ion   o f  shorebases, shal low  water  production 
f i e l d s ,  etc., will involve  the  d ischarge  o f  warm production  water and 
po l lu tan ts   wh ich  will r e s u l t   i n  increased  stress and m o r t a l i t y ,  decreased  food 
and growth and eventual ly decreases i n   t h e   A r c t i c   c i s c o   p o p u l a t i o n .  

Due to   the   smal l  volumes o f  the  discharges and v e r y   l a r g e   d i l u t i o n   - f a c t o r s ,  
the members o f   t h e  workshop  subgroup suggested t h a t   t h e   e f f e c t s  o f  discharges 
would 1 i ke ly  be minimal and not  t ransmit ted  through  Links 2 t o  4. 

CONCLUSIONS 

This  hypothesis was examined with  the  understanding  that  no developments are 
p lanned   wh ich   i nvo l ve   p roduc t i on   f ac i l i t i es   s i t ed   i n   l ess   t han  3 m o f  water. 
Consequently, t h e   l i k e 1   i h o o d   o f   i n t e r a c t i o n   o f   d i s c h a r g e s   w i t h   f i s h   i s   l o w  
s ince   t he   p re fe r red   hab i ta t   o f  many anadromous species  occurs i n  less than 3 m 
o f  water.  Contaminant  concentrations  are a1 so not  expected t o  reach  leve ls  
tha t   cou ld  be hazardous t o  biota,  except  perhaps i n  the   imned ia te   v i c in i t y   o f  
the   d ischarge  (approx imate ly   l im i ted   to   w i th in  200 rn o f  the  discharge). The 
workshop par t i c ipants   there fore   ind ica ted   tha t   the   hypothes is  was remote and 
not  worth  test ing.  

MONITORING 

Other  than  compl iance  monitor ing  to  assure  that   regulatory  guide1  ines  are 
achieved i n  both shorebase  and of fshore waste  streams, no special   monitor ing 
i s  considered  necessary i f  discharges  occur i n  waters  greater  than 3 m deep. 
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HYPOTHESIS NO. 20 

I 1 
Water in takes  will reduce  populat ions  of   broad  whi tef ish 
and Arc t i c   c i sco .  

L 1 

BROAD WHITEFISH AND ARCTIC 
CISCO POPULATIONS 

A Q 
ENTRAINMENT AND 

IMPINGEMENT 

WATER INTAKE 
FOR INJECTION 

L I NKAGES 

L i n k  1: The i n t a k e   o f   w a t e r   f o r   r e s e r v o i r   i n j e c t i o n  will r e s u l t   i n  
entrainment and  impingement o f  j uven i le   b road  wh i te f i sh  and Arct ic .   c isco.  

Present  plans i n   t h e  Canadian Beaufort  Sea suggest t h a t  most in take   s t ruc tu res  
would  be  constructed  offshore beyond major  concentrat ion  areas o f  broad 
w h i t e f i s h  and Arct ic   c isco.   In   the  case  o f   the  s ing le  potent ia l   nearshore 
f i e l d  (Adgo), the  volumes of water  which may be requi red are extremely small 
compared to   s im i l a r   wa te r   i n takes   i n   A laska  (110m 3 /d  vs 320,000 m 3 /d).  
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L ink  2: The morta l i ty   assoc iated  wi th   ent ra inment  and impingement will reduce 
broad  whi te f ish and A r c t i c  c isco  populat ions. 

Given (11 the   o f fshore   loca t ion  o f  t he   ma jo r i t y   o f   t he   i n take   s t ruc tu res  and 
( 2 )  the  small  water volumes required  for   potent ia l   nearshore  intakes, i t  was 
suggested that  water  intakes  would have 1 i t t l e  impact on broad  whi tef ish and 
Arct ic  c isco  stocks.  

CONCLUSIONS 

Several   large  water  intake  structures  are  present ly i n  operat ion or will soon 
be going i n t o   o p e r a t i o n   i n  Alaska, and these will be monitored  under  the 
auspices o f  the U.S. Environmental  Protection Agency, Army Corps o f  Engineers 
and the  National  Marine  Fisheries  Service. 

It i s  suggested that   these  moni tor ing  s tud ies be reviewed when they become 
avai lable,  and i f  resu l ts   ind ica te   tha t   po ten t ia l   p rob lems may  e x i s t   f o r   f i s h  
i n  the Canadian  Beaufort, a re-evaluation  of  the  hypothesis  should be 
undertaken. 
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8 

HYPOTHESIS NO. 21 

Air emission  associated w i t h  a i r c r a f t  and marine t r a f f i c ,  
and operation  of dri l l  rigs,  offshore  platforms and 
shorebases will adverse ly   a f fec t   a i r  qual Sty. 

- 

A I R   Q U A L I T Y  

PRODUCTION A C T I V I T I E S  

- Mobile Sources  (Marine and a i r c r a f t )  

- Drill Rigs 

- Offshore  Platforms 

- Shorebases 

LINKAGES 

Operation o f  production  platforms,  shorebases, dr i l l  rigs and log is t ica l  
support i n  the form o f   a i r c ra f t  and marine t r a f f i c  will resul t i n  a variety o f  

emission t o   t h e  atmosphere. A large  proportion of these emissions  are  not 
considered harmful, including  nitrogen,  carbon  dioxide and water  vapour. 
However, a small   por t ion  are   c lass i f ied  as   pol lutants ,  and are  regulated by 
Federal  guidelines. The l a t t e r  compounds include various  nitrogen and sulphur 
oxides (NOx and SOx), hydrocarbons and par t iculates .  

Air emissions i n  the Beaufort  Sea will result from the fol lowing  act ivi t ies  
associated w i t h  development,  production and t ransport  of  hydrocarbons: (1) 
combustion  of solid  wastes; ( 2 )  combustion of diesel fuel; ( 3 )  combustion  of 
aviat ion fuel; ( 4 )  gas  f lar ing;  (5 )  fugi t ive   re lease  o f  hydrocarbons from fuel 
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tanks; and (6) the  combustion  of  separated gas. The percent  composition of 
emissions  from each o f  these  sources  are  described on a per  weight  basis i n  
the  Beaufort  Sea-Mackenzie Del ta  Hydrocarbon  Development E I S  (1982). The 
combined d a i l y  and annual  emissions  from  shorebases and both  mobile and 
s t a t i o n a r y   o f f s h o r e   a c t i v i t i e s / f a c i l i t i e s  have a lso been estimated. 

Due t o  t h e   d i r e c t   l i n k  between a i r  emissions and a i r   q u a l i t y ,   d i s p e r s i o n  
ca l cu la t i ons  were completed p r i o r   t o   t h e  workshop using a "box model" 
approach, and est imated  po l lu tant   concentrat ions compared t o  the  regulatory 
guide1 i nes ( see f o l l  owing  tab1 e) .  

POLLUTANT 

Gui  del i ne  FED FED Urban FED FED  FED 
( 8  h r )  Resident ia l  (24  h r )  Areas (24  hr) (24  h r )  

Ra t io  
(Factor of 
Safety ) 

250 O[lOO' s J 40 150 25 3000 

I 
These ca l cu la t i ons  show t h a t  on a regional  basis, a i r   q u a l i t y  will not  
adversely be a f fec ted  due to   the   very   smal l   con t r ibu t ions   ( less   than 
background) r e s u l t i n g  from operat ion o f  f a c i l i t i e s .  

A1 though  the  Beaufort EIS does not  provide  est imates of the  quant i ty  of  water 
vapour  emissions  that   could  g ive  r ise t o  the  format ion  o f   ice  fog  dur ing  co ld  
spel ls ,   the  fo l lowing  po ints   are worthy of  mention: (1) i c e  fog will begin t o  
form when ambient a i r  temperatures  are  less  than -2O'C and will d e f i n i t e l y  
form when temperatures are less than -4O'C; ( 2 )  i c e   f o g   f o r m a t i o n   i s  caused by 
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the emission of large  quantities of water vapour from combustion processes, 
and the formation i s  enhanced a t  the lower temperature 1 imi ts i n  the presence 
o f  particulate  matter, i n  the atmosphere; ( 3 )  accumulation of ice fog local ly  
during pro1 onged periods of calm and cold temperatures can cause local ired 
obstruction of v i s i b i l i t y  thereby affecting human activities; and (4) there 
are no mi t iga t ion  measures available t o  reduce ice fog formation other than 
elimination of the source o f  emission. 

CONCLUSIONS 

Based on the  projected emission levels and the  dispersion  calculations,  the 
group rejected  the hypothesis t h a t  a i r  qual i ty  will be adversely affected t o  
an extent t h a t  would warrant the design and implementation of a regional 
monitoring program. This conclusion, however,  does n o t  preclude the 
possibility o f  the  operators implementing a i r  quali ty monitoring program( s)  a t  
major shorebases as p a r t  of their operational permits t o  monitor local effects. 
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SUMMARY 

73 

T h i s   r e p o r t   b r i e f l y  summarizes t h e   r e s u l t s  o f  the second  workshop i n  the 
Beaufort  Environmental  Monitoring  Project. As i n d i c a t e d   i n  a previous 
submission t o   t h e  BEARP panel  dur ing  the  Inuvik General  session,  the  primary 
ob jec t i ve  o f  the first workshop held i n  May, 1983 was t o  develop a simulat ion 
model for   the  b iophysical   environment as a t o o l   t o   f o c u s   i n t e r d i s c i p l i n a r y  
communication and information exchange amongst the 50 p a r t i c i p a n t s   i n   t h e  
p ro jec t .  The under ly ing  ob ject ive o f  the second  workshop (November 28 - 
December 2, 1983) was the  establ ishment  of  prel iminary  research and monitor ing 
p r io r i t i es ,   t h rough  a deta i led,   in terd isc ip l inary   examinat ion of twenty-one 
hypotheses  regarding  the  potential  impacts  of  hydrocarbon development  on the 
'Valued Ecosystem Components' o f  the  Beaufort  Sea. Documentation o f  the 
r e s u l t s   o f   t h i s  1 a t t e r  workshop i s  now being  completed and the   repo r t  i s  
expected t o  be ready f o r   d i s t r i b u t i o n  by 1 March 1984, Consequently, t h i s  
sumnary must be regarded  as  preliminary and sub jec t   t o   rev i s ion .  

The hypotheses,  conclusions, and proposed  research and mon i to r ing   tha t  were 
discussed i n  the second  workshop are summarized f u r t h e r  i n  Table 1. 



TABLE 1 

PRELIMIMARY RESEARCH AND MONITORING SUMMARY 

VALUED €COSY STEM 
COMPONENT 

HY PUTHES I S CONCL . * RESEARCH MONITORING 

BOWHEAD WHALE Ship t r a f f i c ,  seismic  programs v ?T Summer/winter  energy Annual d i s t r i b u t i o n  o f  
and a c t i v e   o f f s h o r e   p l a t f o m s l  bal  ance  dynamics; bowheads and behavioural 
a r t i f i c i a l   i s l a n d s  will cause d i   s t r i b u i o n   o f   f o o d  responses t o  i ndus t ry  
reduct ions i n  the  western  arct ic supply;  acoustical a c t i v i t i e s / f a c i l   i t i e s ;  
popul a t  i on o f  bowhead whal e s. behavi our monitor- reproduct ive success; 

i ng methodol ogy . ambient no1 se 
moni tor ing . 

WHITE WHALE ( a )  Offshore  structures will ( a )  U Factors   cont ro l  1 i ng  Annual moni t o r i  ng o f  
reduce the  whi te  whale  harvest; (b)  U d i   s t r i   b u t i  on o f  regional  1 and f   as t   i ce  
I b )  f requent   i cebreaker   t ra f f i c   (c )  V,T white  whales i n  Mia- ex ten t ,   d i s t r i bu t i on  and 
i n  t he   l and fas t   i ce  will increase  [d l  V,T kunak and Kugmal l i t  breakup; cont inuat ion 
harvest; IC) open water  ship bays. and r e v i s i o n  o f  e x i s t i n g  
t r a f f i c  i n  the Mackenzie  estuary  white whal  e  moni t o r i  ng 
will a l t e r   w h i t e  whale d i s t r i -  program. 
bu t i on  and l e a d   t o  changes i n  
harves t   leve ls ;   (d )   Inu i t  employ- 
ment i n   t h e   i n d u s t r y  will change 
the  whi te  whale  harvest. 

RINGED AND Marine  vessel act iv i t ies ,   se ismic V,UT None 
BEARDED SEALS programs, dredging  operations, 

a i r c r a f t   o v e r f l i g h t s  and a c t i v e  
of fshore  p la t forms/ is lands will 
reduce the  s ize o f  r inged and 
bearded seal popu'l a t i  ons. 

None 
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VALUED  ECOSYSTEM 
COMPONENT 

HYPOTHESIS CONCL. * RESEARCH MONITORING 

RINGED  SEALS Increased  frequency of   icebreaker  I a)  U,UT Further   analys is  o f  Dependent on research 
t r a f f i c  ( a )  through  landfast   ice Ib l  V,T seal samples co l l ec t -   resu l t s :   ae r ia l  photo- 
and (b) through Amundsen Gulf  ed  near Holman I s land  graphy o f  icebreaker 
will reduce  ringed  seal pup (1971-1982) i n  re- t r a f f i d i c e  regime i n  
product ion.   la t ion t o  Amundsen  Amundsen Gul f ; possib le  

Gul f  i c e  condi t ions;  remote  sensing o f   r inged 
i c e   s t a b i  1 i ty seal b i r t h   l a i r s .  
research. 

BEARDED SEA1 I c e b r e a k e r   t r a f f i c   i n   t h e   t r a n s -  Y,UT 3earded  seal  vocal i- None 
f t i o n  (shear) zone will reduce z a t i o n   r a t e s   i n  
bearded  seal pup production.  control  area and area 

exposed t o  icebreaker 
t r a f f i c  (low p r i o r i t y ] ,  

POLAR BEAR Icebreaker t r a f f i c   i n  Amundsen I Data on i ce   cover  and Not a t  present t ime; 
Gulf  will af fec t   t he   po la r  bear seal  (prey)  popul a t -  pending  evaluation o f  
population. ions (1971-1983) research  resul  ts. 

should be  examined 
f o r   c o r r e l a t i o n s  
between popul  at1 on 
parameters  and  annual 
i ce  condi t ions.  

POLAR BEAR The presence o f   a c t i v e   f a c i l i t i e s  V Continued  research on Exis t ing   po la r   bear  mon- 
will r e s u l t   i n   i n c r e a s e d   p o l a r  methods o f   d e t e c t i n g   i t o r i n g  and deterrent  
bear  mortal i ty and de te r r i ng  bears programs should be 

supported and improved. 
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VALUED ECOSYSTEM 
COMPONENT 

~~ 

HYPOTHESIS CONCL . * RESEARCH MONITORING 

POLAR BEAR O f f  shore  hydrocarbon  devel opment u 
( HARVEST 1 a c t i v i t i e s  will reduce  the 

harvest o f  p o l a r  bears. 

None None, see t e x t  

MARINE BIRDS Increased  native employment i n  V,T Analysis of data from Mod i f i ca t i on  o f  e x i s t i n g  
AND MAMMALS indust ry  will reduce  marine b i r d  past  and e x i s t i n g  na t ive  and  government 
I HARVEST 1 and mama1 harvests.  surveys t see t e x t ) .  programs. 

POLAR BEAR Chronic/epi  sodic o i  1 s p i  11 s V Support of exist ing  Support  and improvement 
resul  ti ng from normal p e t r o l   e m  research on p o l a r  o f  e x i  s t i n g  moni tori ng 
hydrocarbon  devel opment a c t i  Y- bear  detection and programs and contingency 
5 t i e s  will r e s u l t   i n   l o c a l   i z e d   d e t e r r e n t s .   p l a n s .  
mortal i t y  o f  polar bears, 

BIRDS Chronic/epjsodic o i l  s p i l l s  V None ( see t e x t )  Regul a r  observation o f  
resul t ing  f rom normal p e t r o l   e m   b i r d  abundance, d i   s t r i -  
development a c t i v i t i e s  will b u t i  on  and mortal i ty  
cause 1 oca1 I zed b i rd   mor ta l  i ty . a t  shorebase's  and o f f -  

shore is lands  by t r a ined  
on- s i   t e  personnel . 

BIRDS ( a )  increased I n u i t  employment ( a )  V,T Analysis o f  the  Soc i o-economic survey 

vest o f  bi rds;   (b)  a consequence vest  surveys i n   t h e   p a t t e r n s  and harvest; 
o f  the  increased human populat- NWT. est imat ion o f  non-native 
i o n   i n  the Beaufort  Sea region  harvest rates. 
wi 1 I be increased  recreational 
hunt ing o f  waterfowl. 

( HARVEST) i n   i n d u s t r y  will a l t e r  the har- ( b )  V,T resu l t s   o f   pas t   ha r -  o f  I n u i t   h u n t i n g  



VALUED ECOSYSTEM 
COMPONENT 

HYPOTHESIS CONCL. * RESEARCH MUN ITORIWG 

EIDERS AND Oil s l i c k s  i n  open water  areas v ,UT 
D I V I N G  DUCKS around o f f  shore s t ruc tu res   dur ing  

normal per iods o f  i ce  cover  wi 11 
cause  increased  mortal i ty o f  
e iders  and d iv ing  ducks. 

None None 

BRANT Frequent   low  leve l   a i rc ra f t  I V  None 
fl i g t t t s  over stagjng brant will 
cause  increased  overwi n t e r  
mor ta l  i ty . 

None 

FISH Shorebases  and shallow  water ( a )  V,T None unless  monitor- Time-series measurements 
(HARVEST) p r o d u c t i o n   f a c i l i t i e s  will re-  (b)  u i n g  shows t a in t i ng ,  o f  hydrocarbons i n  f i s h  

lease ( a )  hydrocarbons and ( b l  and then  research  from  Tuktoyaktuk  harbour; 
heavy metals a t  s u f f i c i e n t  1 eve1 s woul d be requ i   red   poss ib le   t as te   t es t i  ng/ 
such t h a t  f i sh   harves t  will be t o  i den t f  f y  source. caged f i s h  programs. 
reduced  through t a i n t i n g  and 
heavy metal  accumulations. 

ARCTIC CHAR, Increase i n human popul a t i  ons U ,UT Set ter   quant i   f icat ' lon None 
BROAD WHITEFISH, wfll cause an increase i n   t h e  o f  ex is t ing   subs is t -  
ARCTIC CISCO harvest o f  important anadromous ence  catches, l e v e l  

f ishes  which will lead t o  of  ef fort ,  age and 
reduced  populations o f  these s i ze  compos4 ti on for 
species. stock management 

programs. 
I 



VALUED  ECOSYSTEM 
COMPONENT 

~ ~~ 

HYPOTHESI S CONCL . * RESEARCH 

~~ 

MONITORING 

BROAD U H I T E F I S H  Nearshore  structures will dis rup t  V,T If a major nearshore If a major nearshore 
the  nearshore band of warm (see  text )   s t ructure i s  proposed s t r u c t u r e   i s  proposed, 
bracki sh water and reduce the development o f  a measurements o f  temp- 
broad  whitef ish  populat ion.  numerical model o f  erature,   sa l in i ty ,  

nearshore  temperature  currents and wind; 
var iab i l i t y ;   labora-   poss ib le   tagg ing  o f  
tory and model 1 ing  broad whi t e f  i sh. 
studies o f  f i s h  
growth and fecundi ty . 

ARCTIC  CISCO Nearshore s t ruc tu res  will dis rup t  V,T Same as i m e d i a t e l y  Same as immediately 
the  nearshore band o f  warm above  above 
brackish  water and reduce  the 
Alaskan  population o f  A r c t i c  
cisco. 

~ ~ ~ _ _ _ _ ~  

ARCTIC CISCO The const ruct ion o f  shorebases u ,UT None None ( see t e x t  1 
and sha l l  ow product ion f i e l  ds 
will r e s u l t  i n  a decrease i n  
the  populat fon o f  Arct ic   c isco.  

BROAD WHITEFISH, Water intakes will reduce pop- U ,UT lil one 
ARCTIC C I  SCU u l a t i o n s  o f  broad  whi te f ish 

and Arct ic  c isco. 

None (see t e x t )  
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VALUED ECOSYSTEM 
COMPONENT 

HY PUTHESI S CONCL . * RESEARCH MONITORING 

A I R  QUALITY A f r  emissions  associated  with U ,UT None 
a i r c r a f t  and marine t r a f f i c ;  
and operatl'on o f  d r i l  I r i g s ,  
offshore  plat forms and shore- 
bases will adverse ly   a f fec t  
a1 r q u a l i t y .  

None ( see t e x t )  

*KEY: I - Improbable 
I V  - I n v a H d  

V - V a l i d  
U - U n l i k e l y  

T - Testable  
UT - Too hard t o   d e t e c t  o r  not worth  test ing 
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