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PREFACE 

The A r c t i c  O f f s h o r e  Devel opment Commi t t e e  (ARCOD) o f  t h e  Department o f  

F i s h e r i e s  and Oceans asked t h e  A r c t i c  Research D i r e c t o r s  Commit tee 

(ARDC) f o r  a d v i c e  on t h e  e f f e c t s  of vesse l  t r a f f i c  i n  t h e  A r c t i c  on 

m a r i n e  mammals. ARDC convened a  w o r k i n g  group, c h a i r e d  by  Dr. A r t h u r  

M a n s f i e l d .  I n  t h e  event ,  Dr. M a n s f i e l d  p repared  t h e  r e p o r t  h i m s e l f ,  

b u t  he r e c e i v e d  h e l p f u l  a d v i c e  and comments f rom J. Terhune, 

U n i v e r s i t y  o f  New Brunswick ;  R. 1. V e r r a l l ,  Defence Research 

E s t a b l i s h m e n t ,  P a c i f i c ;  L. J. Leggat ,  Defence Research E s t a b l i s h m e n t ,  

A t l a n t i c ;  P. F. B r o d i e ,  Depar tment  o f  F i s h e r i e s  and Oceans, B e d f o r d  

I n s t i t u t e  o f  Oceanography, and J. Percy,  Department o f  F i s h e r i e s  and 

Oceans , A r c t  i c  B i  01 o g i  c a l  S t a t i o n .  

As a  g u i d e  t o  t h e  fo rm o f  r e p o r t  d e s i r e d ,  t h e  A r c t i c  Research 

D i r e c t o r s  posed f o u r  q u e s t i o n s  t o  w h i c h  answers were requested.  It 

was o f  cou rse  r e c o g n i z e d  t h a t  t h e  answers wou ld  be i ncomp le te ,  b u t  t h e  

A r c t i c  Research D i r e c t o r s  d e s i r e d  t o  have t h e  b e s t  i n f o r m a t i o n  and 

judgements ava i  l a b l e  i n  t h e  1  i g h t  o f  p r e s e n t  s c i e n t i  f i c  knowl edge. 

The q u e s t i o n s  were: 

1. What i s  t h e  s c a l e  and f r e q u e n c y  o f  vesse l  t r a f f i c  

expec ted  frorn t h e  deve l  opment and exp l  o i  t a t i o n  o f  

minera1 and hyd roca rbon  resources  i n  t h e  a r c t i c  i n  t h e  

f o r e s e e a b l e  f u t u r e  ( c o n s i d e r e d  t o  be t h e  y e a r  2000)? 

2. What a r e  t h e  most l i k e l y  e f f e c t s  o f  t h i s  i n c r e a s e d  

t r a f f i c  on t h e  m a r i  ne b i o t a  ( e s p e c i a l  l y  m a r i n e  mammal s ) ?  

3. What i s  t h e  l i k e l i h o o d  o f  such e f f e c t s  caus ing  changes 

i n  t h e  b e h a v i o u r  and p r o d u c t i v i t y  o f  t h e  mar ine  b i o t a ,  

and how c o u l d  t h i s  be d i s t i n g u i s h e d  f rom n a t u r a l  

v a r i  a b i  1  i t y ?  



4. What k i n d s  o f  r e s e a r c h  w i l l  need t o  be under taken  t o  

answer t h e  more i m p o r t a n t  p rob lems i m p l i e d  i n  t h e  above 

q u e s t i o n s ?  

It s h o u l d  be n o t e d  t h a t  t h e  answers p r o v i d e d  t o  q u e s t i o n s  2 and 3  

concern  m a r i n e  mammals o n l y .  P o l a r  bea rs  and b i r d s  a r e  n o t  d i s c u s s e d  

as t h e y  a r e  p r o p e r l y  t h e  concern  o f  t h e  Depar tment  o f  t h e  Env i ronment  

and w i l l  be s u b j e c t  t o  a  r e p o r t  by t h a t  depar tmen t  i f  deemed 

necessary .  F i s h  and p l a n k t o n  and o t h e r  components o f  t h e  mar ine  b i o t a  

have been i g n o r e d  because n o t  enough i s  known, o r  l i k e l y  t o  be known 

i n  t h e  nex t  few y e a r s ,  about  t h e i  r e c o l o g y  and b e h a v i o u r  and how t h e y  

would be a f f e c t e d  by vesse1 t r a f f i c ,  a  v i e w  a l s o  expressed by  Smi ley  

and M i  l ne (1979) i n  t h e i  r assessment of p o s s i b l e  e n v i  ronmental  hazards  

i n v o l v e d  i n  t h e  t r a n s p o r t a t i o n  o f  l i q u i f i e d  n a t u r a l  gas i n  P a r r y  

Channel. The concern  w i t h  m a r i n e  mammals a l o n e  i s  c o n s i d e r e d  

j u s t i f i e d  i n  v iew  o f  t h e i r  p r i m a r y  i m p o r t a n c e  t o  t h e  I n u i t  economy and 

t h e i  r h i y h  p r o f i l e  i n  any d i s c u s s i o n s  on n o r t h e r n  problems. 

The r e p o r t  was d r a f t e d  by Dr. M a n s f i e l d ,  s u b m i t t e d  f o r  c r i t i c i s m  t o  

v a r i o u s  s p e c i a l i s t s  named above, and f i n a l l y  accepted,  a f t e r  f u r t h e r  

amendments, by t h e  A r c t i c  Research D i r e c t o r s  Committee o f  DFO. The 

cornmittee t h a n k s  Dr. M a n s f i e l d  f o r  h i s  work, and h i s  a d v i s o r s  f o r  

t h e i r  a s s i s t a n c e ,  and i s  c o n f i d e n t  t h a t  t h e  r e p o r t  w i l l  be u s e f u l  t o  

DFO and o t h e r  o r g a n i z a t i o n s  i n  t h e  f o r m u l a t i o n  o f  p o l i c i e s  r e g a r d i n g  

t h e  e x p l o i t a t i o n  o f  resources  i n  A r c t i c  m a r i  ne  env i  ronments. 

K. H. Mann 

Chai rman, A r c t i c  Research Di  r e c t o r s  
Commi t t ee 

June 1983 
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ABSTRACT 

M a n s f i e l d ,  A.W. 1983. The e f f e c t s  o f  vesse l  t r a f f i c  i n  t h e  a r c t i c  

on m a r i n e  mammals and recommendations f o r  f u t u r e  research,  

Can. Tech. Rep. F i s h .  Aquat. Sc i .  1186: x  + 97 p. 

The proposed deve l  opment o f  a r c t i  c  o f f s h o r e  hydrocarbon 

resources  w i l l  l e a d  t o  a  marked i n c r e a s e  i n  v e s s e l  t r a f f i c ,  

p a r t i c u l a r l y  i n  t h e  s o u t h e a s t e r n  B e a u f o r t  Sea and i n  t h e  Nor thwest  

Passage f r o m  Amundsen G u l f  t o  Dav is  S t r a i t .  T h i s  i n c r e a s e  i s  b e s t  

exempl i f i e d  by t h e  p r o j e c t e d  use o f  s u p e r t a n k e r s ,  wh ich  w i  11 cause 

unprecedented l e v e l s  o f  d i s t u r b a n c e  f r o m  t h e i r  y e a r - r o u n d  

i c e b r e a k i n g  a c t i v i t i e s  and by t h e  v e r y  h i g h  l e v e l s  o f  sound 

produced underwa te r ,  p r i n c i p a l  l y  by p r o p e l  l e r  c a v i t a t i o n .  

The p o s s i b l e  e f f e c t s  o f  such d i s t u r b a n c e  on t h e  m a r i n e  

rnarnmals t h a t  o c c u r  a l o n g  t h e  proposed t a n k e r  r o u t e  a r e  d iscussed,  

and recommendations a r e  made f o r  a p p r o p r i a t e  s c i e n t i f i c  r e s e a r c h  

t h a t  w i l l  h e l p  t o  p r e d i c t  t h e  outcome o f  such i n t e r a c t i o n s .  

Keywords: a r c t i c ,  m a r i n e  mammals, behav iou r ,  a c o u s t i c s ,  

u n d e r w a t e r  sound, hyd roca rbon  ( o i  1  and gas) 

deve l  opment, s h i  ps ( s u p e r t a n k e r s ) ,  i c e b r e a k i  ng. 



RESUME 

Mans f ie ld ,  A.W. 1983. The e f f e c t s  o f  vesse1 t r a f f i c  i n  t h e  a r c t i c  

on mar ine  marnmal s  and recommendations f o r  f u t u r e  research .  

Can. Tech. Rep. F i s h .  Aquat. Sc i .  1186: x + 97 p. 

La r é a l  i s a t i o n  des p r o j e t s  d ' e x p l o i t a t i o n  des r e s s o u r c e s  

p é t r o l i f è r e s  au l a r g e  des c ô t e s  a r c t i q u e s  occas ionnera  une 

augmenta t ion  prononcée du t r a f i c  m a r i t i m e ,  en p a r t i c u l  i e r  dans l a  

p a r t i e  sud-es t  de l a  mer de B e a u f o r t  e t  dans l e  Passage du 

no rd -oues t ,  du go1 f e  d '  Arnundsen j u s q u  ' a u  d é t r o i t  de Dav i  S. Cet 

acc ro i ssemen t  e s t  i 11 u s t r é  de man iè re  e x e m p l a i r e  p a r  1  ' u t i  1  i s a t i o n  

p r o j e t é e  de s u p e r p é t r o l i e r s .  Leu r  a c t i v i t é  de b r i s e - g l a c e s  à 

l o n g u e u r  d 'année e t  l e s  n i v e a u x  t r è s  é l e v é s  de sons p r o d u i t s  sous 

1  'eau, p r i n c i p a l e m e n t  p a r  l a  c a v i t a t i o n  r e l i é e  à 1  ' a c t i o n  des 

h é l i c e s ,  p rovoqueron t  des p e r t u r b a t i o n s  a t t e i g n a n t  un n i v e a u  sans 

p récéden t .  

Le p r é s e n t  r a p p o r t  exaini ne 1  ' impac t  éven tue l  d l  une t e l  1 e  

p e r t u r b a t i o n  s u r  l e s  mammifères m a r i n s  v i v a n t  dans l e s  r é g i o n s  

a v o i s i n a n t e s  du t r a j e t  qu ' e m p r u n t e r o n t  l e s  s u p e r p é t r o l  i e r s .  En 

p l u s ,  on y r e t r o u v e  des recommandations fo rmu lées  en vue d ' i n i t i e r  

des recherches s c i e n t i f i q u e s  s u s c e p t i b l e s  d ' a i d e r  à p r é d i r e  l e s  

conséquences de t e l l e s  i n t e r a c t i o n s .  
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1. INTRODUCTION 

The c o n t i  n u i  ng sea rch  f o r  non- renewable  resources  such as base m e t a l  s  

and hyd roca rbons  i n  t h e  Canadian a r c t i c ,  and t h e  impend ing deve lopment  

o f  s e v e r a l  m a j o r  p r o j e c t s  t o  e x p l  o i t  them have i m p o r t a n t  i m p l  i c a t i  ons 

f o r  t h e  Departrnent o f  F i s h e r i e s  and Oceans (DFO), wh ich  has 

r e s p o n s i b i l i t y  f o r  managing a q u a t i c  l i v i n g  resources .  

The p r e p a r a t i o n  o f  t h e  Green Paper on L a n c a s t e r  Sound ( D i r s c h l  1982) 

p r e s e n t e d  an i n i t i a l  o p p o r t u n i t y  f o r  DFO t o  p r o v i d e  a  pub1 i c  s t a t e m e n t  

on i s s u e s  c o n s i d e r e d  t o  be o f  i m p o r t a n c e  t o  t h e  Depar tmen t ' s  

management respons i  b i  1  i t i  es. A f u r t h e r  o p p o r t u n i  t y  t o  p r o v i  de a  

p o l i c y  s ta temen t  was p r e s e n t e d  by  r e c e n t  h e a r i n g s  o f  t h e  S p e c i a l  

Commit tee o f  t h e  Senate on t h e  N o r t h e r n  P i p e l i n e  wh ich  concerned 

i t s e l  f p r i i n a r i  l y  w i t h  o f f s h o r e  t r a n s p o r t a t i o n ,  p a r t i c u l  a r l y  t h a t  

i n v o l  ved w i t h  t h e  A r c t i c  P i l o t  P r o j e c t  and hyd roca rbon  development i n  

t h e  B e a u f o r t  Sea. The l a t e s t  o p p o r t u n i t y  t o  p r e s e n t  a  d e p a r t m e n t a l  

p o s i t i o n  paper  has been a f f o r d e d  by r e c e n t  p u b l i c a t i o n  o f  t h e  seven 

v o l  urne e n v i  roninental  impac t  s t a t e m e n t  f o r  hydrocarbon d e v e l  oprnent i n  

t h e  B e a u f o r t  Sea - Mackenzie d e l t a  r e g i o n  (Dome Pe t ro leum L i m i t e d ,  

Esso Resources Canada L i m i t e d  and G u l f  Canada Resources Inc .  1982) ,  

now c u r r e n t l y  under r e v i e w  by t h e  B e a u f o r t  Sea Env i ronmen ta l  

Assessinent Panel .  

The need f o r  s u i t a b l e  Depar tmenta l  s t a t e m e n t s  t o  cove r  t h e  above 

a c t i v i t i e s ,  and t o  p r o v i d e  i n p u t  t o  such bod ies  as t h e  Envi ronmenta l  

A d v i s o r y  Commi t t e e  on A r c t i c  M a r i n e  T r a n s p o r t a t i o n  and f u t u r e  r e g i o n a l  

Land Use P l a n n i n g  boards,  l e d  t o  t h e  r e q u e s t  f o r  a  r e v i e w  o f  

s c i e n t i f i c  ev idence  on t h e  e f f e c t s  o f  vesse1 t r a f f i c  i n  t h e  a r c t i c  on 

m a r i n e  mammals, as d e s c r i b e d  i n  t h e  p r e f a c e .  The p r e s e n t  paper  

a t te rnp ts  t o  f u l f i l  t h e  l a t t e r  r e q u i r e m e n t  and f o l l o w s  t h e  f o r m a t  

adopted by t h e  Canadian A t l a n t i c  F i s h e r i e s  S c i e n t i f i c  A d v i s o r y  

Comrii ittee (CAFSAC) i n  a d d r e s s i n g  t h e  o i l  and f i s h e r i e s  i s s u e  on t h e  

e a s t  c o a s t  (Longhurs t  1982).  



2. SCALE AND FREQUENCY OF VESSEL TRAFFIC 

As n o t e d  i n  t h e  i n t r o d u c t i o n ,  L a n c a s t e r  Sound i s  l i n k e d  t o  t h e  

B e a u f o r t  Sea (and i n d e e d  t o  t h e  N o r t h  S lope o f  A laska;  see T i k k o o  

1980) as p a r t  o f  a  p r o j e c t e d  Nor thwes t  Passage t r a n s p o r t a t i o n  r o u t e  

f o r  t h e  movernent o f  o i l  and 1  i q u e f i e d  n a t u r a l  gas (LNG) t o  N o r t h  

Arneri can e a s t  c o a s t  and p o s s i  b l y  European m a r k e t s .  A l  though t h e  

rn in ing  o f  base m e t a l  s  such as l e a d  and z i n c  i s  o c c u r r i n g  i n  t h e  

L a n c a s t e r  Sound r e g i o n ,  and t h e  m i n i n g  o f  i r o n  o r e  w i l l  undoub ted ly  b e  

under taken  when marke t  c o n d i t i o n s  a r e  r i g h t ,  t h e  m a j o r  volume o f  

t r a f f i c  w i l l  be i n v o l  ved w i t h  t h e  movement o f  1  i q u i d  hydrocarbons.  

S ince  much i n f o r m a t i o n  i s  a v a i l a b l e  abou t  t h i s  phase o f  a r c t i c  m a r i n e  

t r a n s p o r t a t i o n ,  i t  can be used as an a p p r o p r i a t e  example f o r  

d i s c u s s i o n .  

2.1 T r a n s p o r t a t i o n  o f  LNG 

A measure o f  t h e  development i n  vesse1 t r a n s p o r t a t i o n  t h a t  i s  1  i k e l y  

t o  occur  i s  a f f o r d e d  by t h e  A r c t i c  P i l o t  P r o j e c t .  The APP was 

conce ived  i n  1976 as a  means o f  p r o d u c i n g  and p r o c e s s i n g  a p p r o x i m a t e l y  

7  X 106 m3/day o f  n a t u r a l  gas f rom f i e l d s  l o c a t e d  on n o r t h e r n  Sabine 

Pen insu la ,  M e l v i l l e  I s l a n d ,  and t r a n s p o r t i n g  i t  by a  160 km p i p e l i n e  

t o  a  l i q u e f a c t i o n  p l a n t  a t  B r i d p o r t  I n l e t  on s o u t h e r n  M e l v i l l e  

I s l a n d .  Frorn t h e r e ,  two t a n k e r s  w i t h  i c e b r e a k i n g  c a p a b i l  i t i e s  wou ld  

t r a n s p o r t  LNG t h r o u g h  L a n c a s t e r  Sound t o  an e a s t  c o a s t  p o r t ,  w i t h  a  

round t r i p  t i m e  o f  abou t  14 days i n  summer and 36 days i n  w i n t e r  

(Mi 11 e r  1981) .  

The un ique  f e a t u r e  o f  t h e  v e s s e l s  i n v o l v e d  i n  t h e  A r c t i c  P i l o t  P r o j e c t  

w i l l  be t h e i r  a b i l i t y  t o  o p e r a t e  a l 1  y e a r  r o u n d  i n  i c e  covered 

waters .  I n  o r d e r  t o  move an a n t i c i p a t e d  c a r g o  o f  about  140 000 m 3  

LNG, t h e  t a n k e r s  w i l l  be ve ry  l a r g e ,  measur ing  371 m i n  o v e r a l l  

l e n g t h ,  w i t h  a  d r a f t  i n  i c e  o f  13 m ( M i l l e r  1981) .  As o r i g i n a l l y  

designed,  t h e  t a n k e r s  were t o  b e  equ ipped w i t h  eng ines  capab le  o f  

produc' ing a  inaxirnum power o u t p u t  o f  134 MW, o r  abou t  180 000 s h a f t  

horsepower ( M i l l e r  -- i b i d . ) ,  enab l  i n g  them t o  move t h r o u g h  i c e  7  f t  (2.1 



m) t h i c k  a t  a  speed o f  4 kno ts  ( i  .e. A r c t i c  I c e  Class 7 r a t i n g ,  as 

d e f i n e d  i n  t h e  A r c t i c  Sh ipp ing  P o l l u t i o n  P reven t i on  Regu la t ions ;  see 

Dey 1981). 

I n  t h e i  r r e v i s e d  c o n f i g u r a t i o n ,  t h e  LNG tanke rs  w i l l  produce a  maximum 

power o u t p u t  o f  150 000 s h a f t  horsepower (about  112 MW), bu t  t h e i r  

more e f f i c i e n t  des ign (see s e c t i o n  3.2.3) w i l l  enable  them t o  proceed 

s t e a d i l y  t h rough  i c e  10 f t  (3.0 m) t h i c k  a t  a  speed o f  6 kno ts  ( A r c t i c  

P i  1  o t  P r o j e c t  1982). By compari son, t h e  spec i  a l  l y  i ce -s t reng thened  

bu t  o the rw i  se conven t i  onal super - tanker  'Manhattan ,' whi ch was t h e  

f i  r s t  vesse l  o f  i t s  c l a s s  t o  s a i l  t h rough  t h e  Northwest Passage, had a  

maximum power ou tpu t  o f  43 000 s h a f t  horsepower, o r  32 MW (Dome 

Petroleum L i m i t e d  1982), w h i l e  t h e  l a r g e s t  super - tankers  a f l o a t ,  t h e  

' B a t i l l u s '  c l a s s  of 559 000 tonnes c a p a c i t y ,  opera te  a t  a  power o u t p u t  

o f  48.5 MW (Dome Petroleum L i m i t e d  e t  a l .  1982, Vol. 2, Table  6.3-1). 

The A r c t i c  P i l o t  P r o j e c t  i s  designed t o  t e s t  t h e  t e c h n i c a l  and 

economic f e a s i b i l  i t y  o f  t r a n s p o r t i n g  LNG f rom one gas f i e l d  i n  t h e  

A r c t i c  I s l a n d s  t o  eas te rn  Nor th  America, and i s  t h e r e f o r e  o f  

compa ra t i ve l y  smal l  sca le .  To e x p l o i t  t h e  f u l l  p o t e n t i a l  o f  t h e  gas 

reserves  i n  Sverdrup Bas in  would r equ i  r e  many more vessel  S. Smil ey 

and M i l n e  (1979) es t ima te  t h a t  18 LNG t a n k e r s  would be requ i red ,  

assuming t h a t  h a l f  o f  t h e  p o s s i b l e  reserves  o f  100 t r i l l i o n  cub i c  f e e t  

would be d e l i v e r e d  i n  a  p e r i o d  o f  30 years .  A t  t h i s  sca le  o f  

development an LNG tanke r  would pass by Cornwal l  i s  I s l a n d  about every  

9-24 hours on average, depending on t h e  season. 

T r a n s p o r t a t i o n  of LNG f rom t h e  Beau fo r t  Sea v i a  t h e  Northwest Passage 

w i  11 depend p r i r n a r i l y  upon market demand, f u l l  sca l  e  p roduc t i on  be i  ng 

un1 i k e l y  b e f o r e  1992. I f  t h i s  method o f  t r a n s p o r t a t i o n  i s  p r e f e r r e d  

over t r a n s p o r t a t i o n  v i a  t h e  proposed Dempster L a t e r a l  gas p i p e l i n e ,  

s i x  LNG t a n k e r s  would be r e q u i r e d  by 1992 w i t h  as many as 16 o p e r a t i n g  

by t h e  y e a r  2000 (Dome Petroleum L i m i t e d  1981). These sh ips  w i l l  be 

s i r n i l a r  i n  s i z e  t o  t h e  APP tanke rs  b u t  w i l l  appa ren t l y  operate  on a  



1  e s s e r  power o f  105 MW (Dome Pe t ro leum L i m i  t e d  e t  a l .  1982, Vol .  2, 

6.3). 

T r a n s p o r t a t i o n  o f  LNG f r o m  t h e  N o r t h  S lope o f  A l a s k a  t h r o u g h  t h e  

Nor thwest  Passage t o  e a s t  c o a s t  marke ts  i s  a l s o  seen as a  p o s s i b i l i t y  

by a t  l e a s t  one f i r r n  o f  t a n k e r  o p e r a t o r s ,  and has r e s u l t e d  i n  a  

proposa1 t o  b u i l d  f r o m  4 t o  20 A r c t i c  I c e  C lass  10 v e s s e l s  o f  125 000 

o r  165 000 iii3 c a p a c i t y  t o  t r a n s p o r t  t h e  e q u i v a l e n t  o f  up t o  2  b i l l i o n  

c u b i c  f e e t  o f  n a t u r a l  gas p e r  day ( T i k k o o  1980). 

2.2 T r a n s p o r t a t i o n  o f  O i l  

One o f  t h e  two m a j o r  s c e n a r i o s  f o r  energy  p r o d u c t i o n  i n  t h e  B e a u f o r t  

Sea (Dome Pe t ro leum L i m i t e d  1981) r e v e a l  s  a  c l o s e l y  l i n k e d  network  o f  

ha rbours ,  d r i l l i n g / p r o d u c t i o n  i s l a n d s ,  A r c t i c  P r o d u c t i o n  and Load ing 

A t o l l s  (APLAs), and a  f l e e t  o f  o i l  and p o s s i b l y  LNG t a n k e r s .  The o i l  

t a n k e r s  w i l l  be v e s s e l s  o f  300 000 tonnes  d i s p l a c e m e n t ,  measur ing  390 

in i n  l e n g t  h  and c a p a b l e  o f  c a r r y i n g  200 000 t o n n e s  o f  o i  1. They have 

been des igned  t o  an A r c t i c  I c e  C lass  10 r a t i n g  w i t h  a  f u l l  power 

o u t p u t  o f  112 MW (150 000 s h a f t  horsepower) ,  w h i c h  s h o u l d  a l l o w  thern 

t o  break t h r o u g h  l e v e l  i c e  up t o  3  rn t h i c k  a t  a  speed o f  6  knots .  

Based on t h e  assumpt ion  t h a t  app rova l  w i l l  be g i v e n  f o r  t r a n s p o r t a t i o n  

o f  o i l  hy t a n k e r s  r a t h e r  t h a n  by p i p e l i n e ,  11 v e s s e l s  w i l l  be needed 

f o r  t h e  f i r s t  p r o d u c t i o n  phase f rom 1986 t o  1991, and an a d d i t i o n a l  15 

by t h e  y e a r  2000, b r i n g i n g  t h e  t o t a l  f l e e t  t o  26 o i 1  t a n k e r s  and 

p r o d u c t i o n  up t o  1.25 m i l  1  i o n  b a r r e l s  p e r  day (Dome Pe t ro leum L i r n i t e d  

1981). 

T r a n s p o r t a t i o n  o f  o i l  f r o m  t h e  Prudhoe Bay a rea  o f  n o r t h e r n  A laska  

t h r o u g h  t h e  Nor thwes t  Passage t o  a  t r a n s - s h i p m e n t  t e r m i n a l  i n  

Newfoundland has been proposed ( T i  kkoo 1980) and would  r e q u i  r e  up t o  

24 i c e b r e a k i n g  t a n k e r s  o f  A r c t i c  I c e  C lass  10 r a t i n g .  P r o j e c t e d  s i z e  

o f  t h e s e  v e s s e l s  wou ld  be 350 000 tonnes d i s p l a c e m e n t  w i t h  a  s h a f t  

horsepower o f  280 000 ( ~ 2 0 9  MW). Such power i s  e q u a l l e d  o n l y  by U.S. 

Navy a i r c r a f t  c a r r i e r s  o f  t h e  E n t e r p r i s e  c l a s s ,  w h i c h  a r e  c u r r e n t l y  



t h e  most power fu l  s h i  ps a f l  o a t  (Dome P e t r o l  eum L i m i  t e d  e t  a l .  1982; 

Vol. 2, Table 6.3-1). 

I f  a l 1  these  p r o j e c t e d  vessel  ope ra t i ons  f o r  t r a n s p o r t i n g  o i l  and LNG 

were pu t  i n t o  e f f ec t ,  then  104 super- tankers  would be requ i red .  These 

would make t h e  round t r i p  t o  our  eas t  coas t  p o r t  i n  about 20 days i n  

summer and 48 days i n  w i n t e r  ( t hese  f i g u r e s  a re  based on t h e  round 

t r i p  t imes  f o r  t h e  APP tanke rs  o p e r a t i n g  f rom B r i d p o r t  I n l e t ;  see 

M i l l e r  1981). Assuming t h a t  t h e  vessel  s  were r e g u l a r l y  spaced d u r i n g  

t h e i r  voyages, t h i s  would mean t h a t  a  t a n k e r  would pass any p o i n t  on 

t h e  r o u t e  about every  2.3 t o  5.5 hours, depending on t h e  season. 

2.3 T r a n s p o r t a t i o n  o f  Other  Commodities 

According t o  a  r ecen t  p r e s e n t a t i o n  by t h e  Department o f  T ranspor t  t o  

t h e  hear ings  o f  t h e  Spec ia l  Committee o f  t h e  Senate on t h e  Nor thern  

P i p e l i n e  (Senate of Canada 1982), p r e d i c t e d  vessel  t r a n s i t s  i n  t h e  

a r c t i c  i n  1995 w i l l  be: 74 g r a i n  ships,  69 minera1 sh ips,  208 supp ly  

sh ips,  and 546 o i l  and gas tankers .  Not a l 1  o f  these  vessels  w i l l  p l y  

t h e  Northwest Passage. 

3. EFFECTS OF VESSEL TRAFFIC ON MARINE MAMMALS 

Vesse1 t r a f f i c  w i l l  a f f e c t  mar ine  mammals i n  two ways: by phys i ca l  l y  

imp ing ing  on i n d i v i d u a l s ,  b o t h  i n  open wate r  and w h i l e  b reak ing  i ce ,  

and by i n t e r f e r i n g  w i t h  t h e i r  sound p r o d u c t i o n  and hea r i ng  (see 

rev iews by Busnel and F i s h  1980, Herman 1980 and N o r r i s  1969). 

3.1 D i  r e c t  Phys ica l  E f f e c t s  

Very l a r g e  tankers ,  w i t h  t h e i r  combinat ion o f  extreme s i z e  and speed 

i n  open water,  can p resen t  a  se r i ous  hazard f o r  mar ine  mammals i n  

t h e i r  path, p a r t i c u l  a r l y  t h e  s l  ower rnoving ba leen  whal es. An exampl e  

o f  the  l e v e l  o f  i no r ta l  i t y  t o  be expected from c o l  1  i s ions  between sh ips  

and whales i s  shown i n  a  s tudy  c a r r i e d  ou t  i n  sou thern  Cal i f o r n i a  

d u r i n g  a  p e r i o d  o f  n e a r l y  s i x  years ,  f rom 1975 t o  August 1980 (Pat ten,  

Samaras and M c I n t y r e  1980). I n  t h a t  t i m e  14 c o l l i s i o n s  were recorded, 



12 i n v o l v i n g  t h e  s low  mov ing g r a y  whale E s c h r i c h t i u s  r o b u s t u s .  E i g h t  

dea ths  were a t t r i b u t e d  t o  t h e s e  c o l l i s i o n s ,  s i x  o f  them g r a y  whales.  

D u r i n g  t h e  p e r i o d  1975 t o  1979, e l e v e n  s t r a n d i n g s  o f  g r a y  whales were 

a l s o  recorded,  two o f  wh ich  were caused by c o l l i s i o n s .  

It would  be d i f f i c u l t  t o  e x t r a p o l a t e  f r o m  t h e s e  f i g u r e s ,  w h i c h  

r e p r e s e n t  an unknown p r o p o r t i o n  o f  t h e  c o l l i s i o n s  o f  a f a i r l y  abundant 

s p e c i e s  a l o n g  a  busy c o a s t ,  t o  t h e  s i t u a t i o n  i n  n o r t h e r n  Canada where 

t h e  p o p u l a t i o n  o f  t h e  o n l y  l a r g e  a r c t i c  whale, t h e  bowhead, numbers 

s e v e r a l  thousand i n  t h e  B e a u f o r t  Sea ( B r e i w i c k ,  M i t c h e l l  and Chapman 

1981) and o n l y  a  few hundred i n  B a f f i n  Bay and L a n c a s t e r  Sound (Dav is  

and Kosk i  1981);  b u t  o c c a s i o n a l  c o l l i s i o n s  m i g h t  be expected.  It i s  

un1 i k e l y  t h a t  t h e s e  woul d  be c o n f i  ned t o  deb i  1  i t a t e d  o r  m o r i  bund 

an ima ls ,  s i n c e  ev idence  f r o m  t h e  C a l i f o r n i a  s t u d y  ( P a t t e n  e t  a l .  i b i d )  

sugges ts  t h a t  most whales i n v o l v e d  i n  c o l l i s i o n s  a r e  n o r r n a l l y  h e a l t h y  

an imal  S. 

The LNG t a n k e r s  c o u l d  a l s o  e x e r t  d e t r i m e n t a l  e f f e c t s  on a n i m a l s  

i n h a b i  t i n g  c l o s e  pack i c e  o r  f a s t  i c e .  The spec ies  t h a t  wou ld  be most  

f r e q u e n t l y  encoun te red  i n  t h e  i c e  by t a n k e r s  i s  t h e  u b i q u i t o u s  r i n g e d  

sea l  -- Pusa (Phoca) h i s p i d a .  D u r i n g  w i n t e r  and s p r i n g ,  a d u l t s  o f  b o t h  

sexes a r e  found s c a t t e r e d  benea th  t h e  f a s t  i c e  and more s t a b l e  f i e l d s  

o f  o f f s h o r e  i c e ,  i n  wh ich  t h e y  m a i n t a i n  b r e a t h i n g  ho les .  Where snow 

d r i f t s  c o l l e c t  i n  hunlrnocky i c e  and a l o n g  p r e s s u r e  r i d g e s ,  l a i r s  a r e  

excdva ted  i n  t h e  snow above t h e  b r e a t h i n g  h o l e s  f o r  r e s t i n g  and f o r  

p r o t e c t i o n  f rom p r e d a t o r s .  I n  March o r  A p r i l  t h e  a d u l t  f ema le  g i v e s  

b i r t h  t o  i t s  w h i t e c o a t e d  pup and nu rses  i t  f o r  6 t o  8 weeks (McLaren 

1958, Smi th  and Hammil l  1981, Srnith and S t i r l i n g  1975). 

The qua1 i t y  o f  i c e  and snow c o v e r  i s  a  p r i m a r y  d e t e r m i n a n t  o f  r i n g e d  

sea l  d i s t r i b u t i o n ,  f i  r s t  y e a r  i c e  b e i  ng chosen a lmos t  e x c l  u s i v e l y  f o r  

o c c u p a t i o n  (Sin i th,  Hay, Tay1 o r  and Greendale 1979; Smi th  and Hammil l  

1980a, b ) .  I n  s p i t e  of t h e  marked seasonal  changes t h a t  o c c u r  i n  t h e  

d i s t r i b u t i o n  o f  f i r s t  and m u l t i - y e a r  i c e  i n  an area such as P a r r y  



Channel (see Smiley and M i l  ne 1979), i t  i s  p o s s i b l e  t o  use a v a i l a b l e  

da ta  on seal  d i s t r i  b u t i o n  t o  make some est i rnate  o f  t h e  p h y s i c a l  damage 

l i k e l y  t o  be caused by t h e  passage o f  a  super tanker .  

The au thors  o f  t h e  " I n t e g r a t e d  Route Ana l ys i s "  ( A r c t i c  P i l o t  P r o j e c t  

1981) have c a l c u l a t e d  t h a t  a  maximum o f  about 1% o f  t h e  r i n g e d  seal  

pups born i n  Par ry  Channel each yea r  w i l l  r i s k  be ing  des t royed  by t h e  

two proposed LNG tankers .  Based on t h e  observed d e n s i t i e s  o f  r i n g e d  

seal b i  r t h  l a i  rs i n  Barrow S t r a i  t and t h e  average e x t e n t  o f  s u i t a b l e  

f a s t  i c e  f o r  b reed ing  i n  Lancas te r  Sound (Smi th  e t  a l .  1979),  t h i s  

would represen t  between 65 and 530 pups. By comparison t h e  recorded 

ca t ch  o f  r i nged  sea l s  a t  Resolu te ,  t h e  o n l y  se t t l emen t  i n v o l v e d  i n  

hun t i ng  i n  Barrow S t r a i t ,  averaged 376 d u r i n g  t h e  p e r i o d  1962-1972 

(Srnith and Tay lo r  1977). The s i t u a t i o n  descr ibed  i s  t h e  most 

p e s s i m i s t i c  s i nce  i t  i s  based on t h e  assumption (1 )  t h a t  a l 1  pups l e s s  

than  6  weeks o l d ,  occupy ing b i  r t h  l a i  r s  i n  t h e  pa th  o f  t h e  s h i p  and up 

t o  one s h i p ' s  w i d t h  t o  each s ide ,  w i l l  be k i l l e d ;  ( 2 )  t h a t  8 s h i p  

passages w i l l  occur d u r i n g  t h e  n u r s i n g  per iod ;  ( 3 )  t h a t  each s h i p  

passage w i l l  f o l l o w  a  d i f f e r e n t  t r a c k ;  and ( 4 )  t h a t  a v a i l a b l e  da ta  

a c c u r a t e l y  r e f l  e c t  t h e  widespread 1  ow-densi ty d i s t r i  b u t i o n  o f  b i  r t h  

l a i r s .  

I t would be d i f f i c u l t  t o  e x t r a p o l a t e  t h i s  es t ima te  t o  t h e  s i t u a t i o n  

where a  hundred t anke rs  o r  more m igh t  be p l y i n g  t h e  same rou te ,  b u t  i t  

cou ld  h a r d l y  be doubted t h a t  pup m o r t a l i t y  would t hen  be ve ry  high. 

However, even i f  i t  were h i g h  enough t o  reduce p r o d u c t i o n  o f  pups 

alrnost comp le te ly  i n  t h e  o f f s h o r e  i c e  of Parry  Channel, i t would have 

a much l e s s  d r a s t i c  e f f e c t  on o v e r a l l  pup p r o d u c t i o n  i n  t h i s  genera l  

r e y i o n  o f  t h e  eas te rn  a r c t i c  s i nce  an es t imated  73% o f  pups a re  born  

i n  t h e  i nshore bays and i n t e r - i  s l  and channel s  (Smi th  e t  a l .  1979). 

The o n l y  spec ies known t o  concen t ra te  i n  o f f s h o r e  i c e  i s  t h e  hooded 

seal Cystophora c r i s t a t a ,  which forms a  whelp ing pa tch  i n  March j u s t  

w i t h i n  t h e  edge o f  t h e  pack i c e  i n  Davis S t r a i t ,  between l a t i t u d e s  62" 



and 64"N (Sergeant  1974, 1976a). T h i s  whe lp ing  patch,  which v a r i e s  i n  

l o c a t i o n  f rom y e a r  t o  y e a r  depending on weather and i c e  c o n d i t i o n s ,  

was est i rnated t o  number between 34 000 and 42 000 animal s  i n  1978 and 

1977 r e s p e c t i  v e l y  (MacLaren Marex 1979). Phys i  c a l  damage c o u l d  be 

i n f l  i c t e d  on t h e  more c o n c e n t r a t e d  p a r t s  o f  t h i s  whe lp ing  pa tch  i f  a  

t a n k e r  were unable  t o  a v o i d  rnoving t h r o u g h  them, though t h e  looseness  

of t h e  i c e  and t h e  r e l a t i v e  p r e c o c i t y  o f  t h e  newborn 'b luebacks '  rn ight  

enab le  most t o  escape. 

Severa l  o t h e r  spec ies  a r e  known t o  f r e q u e n t  t h e  rnoving o f f s h o r e  pack 

i c e ,  e s p e c i a l l y  i n  sou thern  B a f f i n  Bay and Dav is  S t r a i t  i n  w i n t e r .  

The w h i t e  whale D e l p h i n a p t e r u s  l e u c a s  and t h e  bowhead whale 

Ba laenamys t i ce tus  appear t o  p r e f e r  t h e  l o o s e r  i c e ,  up t o  75% cover ,  

w h i l e  t h e  wa l rus  Odobenus rosmarus and t h e  narwhal Monodon monoceros 

a r e  found i n  t h e  c l o s e r  pack. The two l a t t e r  spec ies  occur  i n  i c e  o f  

up t o  99% cover ,  b u t  i t  i s  t h e  narwhal  i n  p a r t i c u l a r  t h a t  i n h a b i t s  t h e  

c l o s e s t  i c e  i n  t h e  c e n t r e  o f  B a f f i n  Bay and Dav is  S t r a i t ,  t h e  w a l r u s  

p r e f e r r i n g  t h e  i c e  above t h e  s h a l l o w  o f f s h o r e  banks a long  t h e  west 

c o a s t  o f  Greenland (McLaren and Dav is  1981). 50 th  spec ies  a r e  w i d e l y  

s c a t t e r e d  th roughou t  t h e i r  p r e f e r r e d  areas and it i s  assurned t h a t  few 

would occur  i n  t h e  i n t e n d e d  t r a c k  o f  a  t a n k e r .  

3.2 E f f e c t s  o f  Noise 

Sh ip  n o i s e  c o u l d  a f f e c t  inar ine inainmals i n  two ways: i t  c o u l d  cause 

h i g h  1  e v e l s  o f  d i  s turhance,  which m ig t i t  r e s u l t  i n  d e t r i m e n t a l  changes 

i n  behav iou r ,  and i t  c o u l d  i n c r e a s e  t h e  arnbient n o i s e  l e v e l  t o  t h e  

p o i n t  where v o c a l i z a t i o n s  were rnasked, and communication and 

e c h o l o c a t i o n  were i n t e r f e r e d  w i t h .  Bo th  s e a l s  and whales use 

r e l  a t i  v e l y  1  ow f requenc i  es when voca l  i z i  ng, whi ch makes t h e i  r 

in te r -co inmun ica t ions  p a r t i c u l  a r l y  prone t o  rnasking by t h e  peak n o i s e  

l e v e l s  produced by t h e  s h i p s  a t  t h e s e  f requenc ies .  



Since sound i s  so impor tan t  t o  mar ine mammals, i t i s  necessary t o  

cons ider  present  l e v e l s  o f  underwater no ise  and the  changes t o  be 

expected w i t h  the  i n t r o d u c t i o n  o f  i cebreak ing  tankers, These l e v e l s  

can then be compared w i t h  t h e  known hear ing  a b i l i t i e s  o f  c e r t a i n  

species t o  p rov ide  some idea o f  t h e  e f f e c t s  t h a t  might  be expected. 

3.2.1 Measurement of underwater no i se  

The a c o u s t i c  i n t e n s i t y  o f  a sound wave underwater i s  r e l a t e d  t o  t h e  

a c o u s t i c  pressure (p)  , t h e  ve l  o c i  t y  o f  sound ( c )  , and t h e  densi  t y  o f  

sea water ( p )  by 
2 

1 =-P 
PC 

(Ur i ck  1975) 

Since i n t e n s i t y  i s  no t  a d i r e c t l y  measurable quan t i t y ,  a c o u s t i c  

pressures are  general l y  used when compari ng sounds from d i  f f e r e n t  

sources. Values can be measured by means o f  s e n s i t i v e  hydrophones 

whose vo l tage  outputs  a re  p r o p o r t i o n a l  t o  t h e  pressure f l u c t u a t i o n s .  

3.2.1.1 Sound pressure  1 eve l  

Sound Pressure Level i s  t h e  r a t i o  between t h e  acous t i c  p ressure  

measured a t  t h e  hydrophone and a re ference pressure, c u r r e n t l y  one 

microPascal ( 1  pPa). Since changes i n  sound i n t e n s i t y  can Vary by 20 

o r  more orders o f  magnitude, i t i s  convenient t o  use a l o g a r i t h m i c  

sca le  t o  t h e  base 10 t o  express t h i s  v a r i a t i o n .  The fundamental u n i t  

i s  the  Bel,  bu t  t h e  more convenient  u n i t  i n  general use i s  t h e  

dec i  be l .  

The general expression f o r  t h e  Sound Pressure Level i n  d e c i b e l s  i s  

SPL = 10 l o g  ( p / ~ ~ ) ~  

= 20 l o g  (p/po) 

where p i s  t he  sound pressure measured a t  t h e  hydrophone and po i s  

t h e  re ference pressure o f  1 uPa. 

3.2.1.2 Source l e v e l  

Since i t  i s  no t  always p o s s i b l e  t o  measure acoust ic  pressure a t  a 

s tandard d is tance from t h e  source o f  sound, i t  i s  necessary t o  



c o n s t r u c t  a h y p o t h e t i c a l  va lue  fo r  source s t r e n g t h  t h a t  w i l l  enable 

measurements made a t  a v a r i e t y  of d is tances  t o  be compared. Source 

l e v e l  , as u s u a l l y  de f ined,  i s  t h e  acous t i c  pressure t h a t  would be 

measured i n  an i n f i n i t e  body of water a t  a d i s tance  o f  one metre f rom 

t h e  source o f  sound, considered as a p o i n t .  The complete 

s p e e i f i c a t i o n  o f  source l e v e l  i nc ludes  t h e  re fe rence  d is tance,  thus :  

dB r e  1 vPa a t  1 metre (Ross 1976) 

3.2.1.3 Spectrum l e v e l  

When dea l i ng  w i t h  s ing le - f requency  t o n a l  components o f  underwater 

sound, spectrum l e v e l  r e f e r s  t o  t h e  t o t a l  a c o u s t i c  pressure o f  t h e  

rece ived s i g n a l .  The s i t u a t i o n  i s  no t  so s imp le  when dea l i ng  w i t h  

broadband sources such as propel  1 e r  cavi  t a t i  on no ise  s i  nce the  

measured l e v e l  i s  then a f u n c t i o n  of f i l t e r  width.  However, i f  t h e  

d i s t r i b u t i o n  o f  energy i n  t h e  measured band i s  r e l a t i v e l y  uniform, i t 

i s  p o s s i b l e  t o  c a l c u l a t e  a va lue  f o r  t h e  spectrum l e v e l  equ iva len t  t o  

t h a t  produced by an i d e a l  f i l t e r  1 Hz i n  w i d t h  a t  t h e  e f f e c t i v e  c e n t r e  

frequency o f  t h e  band (Ross 1976). When c a l c u l a t e d  i n  t h i s  way, 

spectrum l e v e l  s  a re  convent ional  l y  expressed i n  t h e  form 

dB r e  1 p ~ a / ~ z i ,  

o r  dB r e  1 u ~ a / ~ z h  a t  1 metre if they a re  source l eve l s .  

To be r igorous ,  one should express spectrum l e v e l s  as i n t e n s i t i e s  

r a t h e r  than pressures. Th is  i s  done i n  some t e x t s ,  where they appear 

i n  the  forrn 

d B / / l  p ~ a 2 / ~ z  

o r  d ~ / / ( l  uPa x ~ n e t r e ) ~ / H z ,  

both r e f e r r e d  t o  1 metre i f  they are  source l e v e l  S. 

~ h e s ' e  terms a re  e s s e n t i a l l y  in te rchangeab le  w i t h  t h e  terms based on 

acous t i c  pressures. 

3.2.1.4 Compari son of underwater n o i  se 1 evel  s  w i  t h  

a i  rborne noise. 

As a means o f  men ta l l y  i n t e r p r e t i n g  underwater no ise  l e v e l s ,  i t  i s  

usefu l  t o  cons ider  a number o f  noises commonly experienced bj, humans 



( T a b l e  1 ) .  A hea l  t h y  human e a r  can d e t e c t  a  minirnum i n t e n s i t y  o f  

1 0 " ~  w a t t s  p e r  square m e t r e  i n  a i r  and i n  wa te r .  Because o f  t h e  

d i f f e r e n c e  i n  impedance ( p c )  between a i r  and w a t e r  ( 1  t o  3560; K i n s l e r  

and F rey  1962),  t h e  p r e s s u r e  r e q u i r e d  t o  produce 10 '12~/m2 o f  a c o u s t i c  

i n t e n s i t y  i n  w a t e r  w i l l  be about  60 t i m e s  g r e a t e r  t h a n  t h a t  r e q u i r e d  

i n  a i r .  

- 
I w a t e r / I a i  r - (p2'pc)water = 1 ( f o r  t h i s  example) 

( p 2 / p c ) a i  r 

2 2 a i r  ( c ) w a t e r  
P  w a t e r  = e-7pcj)al;-î- 
Pwater  = 59.7 x  P a i r  

The t h r e s h o l d  o f  h e a r i n g  f o r  humans i n  a i r ,  u s u a l l y  expressed as O dB 

r e  20 pPa, w i l l  t h e r e f o r e  be e q u i v a l e n t  t o  35.5 dB r e  20 pPa i n  water ,  

o r  61.5 dB r e  1 pPa. ( F o r  t h e  above e x p l a n a t i o n ,  1 thank  L. J. 

Legga t t ,  Oefence Research E s t a b l i s h m e n t  A t l a n t i c ,  and J. M. Terhune, 

U n i v e r s i t y  o f  New Brunswick.)  

3.2.2 Pmbient n o i s e  l e v e l s  

There a r e  many sources o f  background n o i s e  i n  t h e  sea, b u t  most 

p r e v a i  1  i ng n o i s e  a r i  ses frorn p r e s s u r e  f l  u c t u a t i  ons induced by 

t u r b u l e n c e  i n  sha l  l o w  wa te r ,  ocean ic  s h i p  t r a f f i c ,  and s u r f a c e  bubb les  

and spray caused by w ind  and p r e c i p i t a t i o n  ( F i g .  1 ) .  The s h i p  t r a f f i c  

makes a  s i g n i f i c a n t  c o n t r i b u t i o n  a t  f r e q u e n c i e s  be low 200 Hz. Where a  

s u r f a c e  i c e  cover  i s  p r e s e n t ,  wi nd induced  n o i s e  i s  much reduced o r  

absent and sound l e v e l s  a r e  g e n e r a l l y  much l o w e r  (Payne 1964). Even 

lower  l e v e l s  occur  i n  t h e  h i g h  A r c t i c  where l i t t l e  s h i p  t r a f f i c  i s  

encountered ( M i l  ne and Ganton 1964, M i l n e  1967). However i n  areas 

such as B a f f i n  Bay where t h e r e  i s  much i c e  movement, even i n  summer, 

n o i s e  l e v e l s  can be s u r p r i s i n g l y  h i g h  ( F i g .  2) .  Loud b u r s t s  o f  n o i s e  

a r e  a l s o  v e r y  l i k e l y ,  as e x e m p l i f i e d  by t h e  n o i s e  o f  a  r o l l i n g  i c e b e r g  

(115 dB r e  1 p ~ a / ~ z $ ,  measured a t  a  range o f  about  200 rn -- Leggat, 

Merkl  i nger  and Kennedy 1981),  and t h a t  o f  an a c t i  v e l y  f o r m i  ng p r e s s u r e  



r i d g e  (136 dB r e  1 p ~ a / ~ z &  a t  1 rn -- Buck and Greene 1979, as 

r e p o r t e d  i n  A r c t i c  P i l o t  P r o j e c t  1981).  

3.2.3 Sh ip  n o i s e  l e v e l s  

When b r e a k i n g  i c e  t h e  LNG t a n k e r s  w i l l  undoub ted ly  i n c r e a s e  n o i s e  f r o m  

t h a t  sou rce  s u b s t a n t i a l  l y ,  b u t  p r o b a b l y  no more t h a n  t h e  n o i s e  l e v e l s  

a l r e a d y  reco rded  f o r  n a t u r a l  i c e  r i d g i n g  (Buck and Greene 1979) .  It 

i s  assumed t h a t  m a r i n e  marnrnals wou ld  n o t  be s e r i o u s l y  d i s t u r b e d  by 

t h i s  l e v e l  o f  sound. More i m p o r t a n t  i s  t h e  l e v e l  o f  sound produced by 

t h e  vesse1 i t s e l f .  O r i g i n a l l y  t h e  t a n k e r s  were t o  be powered by gas 

t u r b i n e s  p r o v i d i n g  a  f i n a l  e l e c t r i c  d r i v e  t o  t h r e e  f i x e d  p i t c h  

p r o p e l l e r s ,  8  m i n  d i d m e t e r  ( M i l l e r  1981) ,  b u t  t h e  r e v i s e d  d e s i g n  

i n c o r p o r a t e s  a  mechani c a l  d r i v e  t o  t w i n  c o n t r o l l  a b l e  p i  t c h  p r o p e l l  e r s  

e n c l  osed i n  K o r t  nozz les .  Each p r o p e l  l e r  w i l l  have f o u r  b lades ,  9.2 rn 

i n  d i a m e t e r ,  w i t h  a  f u l l - p o w e r  r a t i n g  o f  75 000 s h a f t  horsepower (56  

MW) a t  80 r e v o l u t i o n s  p e r  m i n u t e  ( A r c t i c  P i l o t  P r o j e c t  1982) .  The 

inaximurn power o u t p u t  o f  112 MW w i l l  enab le  t h e  s h i p s  t o  move a t  a  

speed o f  22 k n o t s  i n  open w a t e r  and 6  k n o t s  when b r e a k i n g  f a s t  i c e  3 m 

i n  t h i c k n e s s  (Dome Pet ro leurn  L i m i t e d  e t  a l .  1982, Vol .  2, 6.3). 

A l t h o u g h  t h e  p r o p u l s i o n  rnach inery  w i l l  p roduce a  l o t  o f  n o i s e ,  i t  w i l l  

be masked by t h e  n o i s e  produced b y  c a v i t a t i o n  f rom t h e  p r o p e l l e r  

b l a d e s  and d i s c r e t e  tones  p roduced  by t h e  f requency  o f  r o t a t i o n  o f  t h e  

p r o p e l  l e r  b lades .  Acco rd ing  t o  Ross (1981)  about  80-85% o f  t h e  n o i s e  

power r a d i a t e d  i n t o  t h e  w a t e r  cornes f rom p r o p e l l  e r  c a v i  t a t i o n .  

The spect rum o f  underwa te r  n o i s e  r a d i a t e d  f rom t h e  s h i p  can be 

approx i rnated by two s t r a i g h t  l i n e s .  A t  l o w  f r e q u e n c i e s  t h e  spec t rum 

i s  assumed t o  be f l a t ,  b u t  a t  f r e q u e n c i e s  h i g h e r  t h a n  t h e  peak 

f requency ,  t h e  spectrurn decreases a t  a  r a t e  o f  6  dB p e r  o c t a v e  ( i .e .  

f o r  eve ry  d o u b l i n g  o f  f r e q u e n c y )  up t o  10 kHz. P l o t s  o f  t h e  

c o n t i n u o u s  source l e v e l  s p e c t r a  f o r  f o u r  o p e r a t i n g  c o n d i t i o n s  o f  t h e  

n i o d i f i e d  d e s i g n  o f  t a n k e r  have been t a k e n  f rom t h e  r e v i s e d  I n t e g r a t e d  

Route A n a l y s i s  ( A r c t i c  P i l o t  P r o j e c t  1982),  and a r e  shown i n  F i g u r e  

3. When compared w i t h  t h e  e s t i m a t e d  n o i s e  l e v e l s  f o r  t h e  e a r l i e r  



t a n k e r  d e s i g n  (Leggat  e t  a l .  1981),  i t  i s  e v i d e n t  t h a t  t h e  new s h i p  

d e s i g n  w i l l  r e s u l t  i n  l o w e r  sou rce  l e v e l s  a t  a l 1  f r e q u e n c i e s .  

D i s c r e t e  tones  produced by  t h e  f requency  o f  r o t a t i o n  o f  t h e  p r o p e l l e r  

b l a d e s  a r e  expected t o  r e a c h  l e v e l s  of 200 dB and 178 dB r e  1 uPa a t  1 

m  i n  t h e  f u l l  power mode i n  i c e  and a t  ha1 f power i n  open w a t e r  

r e s p e c t i v e l y ,  b u t  t h e y  w i l l  be c o n f i n e d  t o  a  na r row band a t  t h e  

fundamental  f requency  o f  5.3 Hz, and i t s  n e x t  two harmonics  ( A r c t i c  

P i l o t  P r o j e c t  1982),  and a r e  t h e r e f o r e  o f  l e s s e r  concern  t h a n  t h e  

b road  band s p e c t  rurn o f  o t h e r  sounds. 

An i m p o r t a n t  p o i n t  t o  n o t e  i s  t h a t  t h e  t a n k e r s  w i l l  n o t  be o p e r a t i n g  

a t  f u l l  power t h e  who le  y e a r  round. About h a l f  t h e  t i m e  w i l l  be spent  

i n  open wa te r ,  much o f  t h a t  c r u i s i n g  a t  17 k n o t s  a t  40 p e r c e n t  

power.Under t h e s e  o p e r a t i  ng c o n d i t i o n s  t h e  peak sound l e v e l  wi  11 be 

decreased t o  165 dB r e  1 u P a / ~ z Q  a t  1 rn ( A r c t i c  P i l o t  P r o j e c t  

i b i d .  ) . Si nce p r o p e l  1  e r  c a v i  t a t  i on n o i  se 1  e v e l  s  a r e  v e r y  dependent on - 
b l a d e  s i z e  and speed, i t  i s  q u i t e  p o s s i b l e  t h a t  c o n v e n t i o n a l  s h i p s ,  

when o p e r a t i n g  a t  f u l l  power, can make as much n o i s e  as, o r  even more 

n o i s e  than ,  a  v e r y  l a r g e  s h i p  t r a v e l l i n g  a t  t h e  same speed. A c c o r d i n g  

t o  Brown (1982) source l e v e l s  e s t i m a t e d  f rom d a t a  o b t a i n e d  f o r  t h e  

Canadian i c e b r e a k e r  ' L o u i s  S. St. L a u r e n t  ,' a  vesse1 o f  14 000 t o n s  

and power o u t p u t  o f  24 000 s h a f t  horsepower, a r e  g r e a t e r  t h a n  t h e  

sou rce  l e v e l  e s t i m a t e s  f o r  t h e  LNG t a n k e r  o p e r a t i n g  i n  open w a t e r  a t  a  

s i m i l a r  speed (F ig .  4 ) .  A t  l e a s t  two o t h e r  c o n v e n t i o n a l  i c e b r e a k e r s  

c u r r e n t l y  i n  o p e r a t i o n  appear  t o  be capab le  o f  mak ing a lmos t  as much 

underwa te r  n o i s e  a t  f u l l  speed i n  open w a t e r  as t h e  LNG t a n k e r .  

Sorne sounds have been r e c o r d e d  of srnal l e r  work b o a t s  a t t e n d i n g  

d r i l l i n g  s i t e s  i n  open wa te r .  Ford  (1977) e s t i m a t e d  peak sound 

p r e s s u r e  l e v e l s  o f  two t u g s ,  each push ing  a  f u l l  barge,  t o  be 164 dB 

r e  1 ~ P ~ / H Z *  a t  1 m, w h i l e  F r a k e r ,  Green and Würsig (1981) e s t i m a t e d  

a  p o s s i b l e  range o f  144-167 dB r e  1 p ~ a / ~ z *  a t  1 m f o r  t h e  s u p p l y  

s h i p  'Canmar S u p p l i e r  V I I I . '  U n f o r t u n a t e l y  no d e t a i l s  o f  t h e  

p r o p u l s i o n  systems o f  t h e s e  v e s s e l s  were y i v e n .  



3.2.4 Sound p r o p a g a t i o n  

l l nde rwa te r  sound r a d i a t i n y  f r o m  a  vesse1 w i l l  be a t t e n u a t e d  by  

s p r e a d i  ng , a b s o r p t i o n  by sea wa te r ,  a b s o r p t i o n  by and r e f l  e c t  i on f r o m  

t h e  bot tom,  and r e f l e c t i o n  f r o m  t h e  u n d e r s u r f a c e  o f  i c e .  

I n i t i a l l y , s o u n d  r a d i a t e s  s p h e r i c a l l y  f r o m  t h e  source;  t h a t  i s ,  t h e  

decrease i n  i n t e n s i t y  i s  p r o p o r t i o n a l  t o  t h e  square o f  t h e  d i s t a n c e .  

T h i s  l o s s  o f  sound energy  can be exp ressed  as: 

L  = 20 l o g  r dB 

where r i s  t h e  d i  s t a n c e  i n  met r e s  ( A l  b e r s  1960). 

The l o s s  f r o m  s p h e r i c a l  s p r e a d i n g  f o r  a  few ranges i s  as f o l  l o w s :  

Range ( m e t r e s )  Loss  i n  d e c i b e l s  

1 O 

1 O 2  O 

100 40 

1000 6 O 

10000 8  O 

It can a l  so be shown frorn t h e  above e q u a t i o n  t h a t  t h e  l o s s  

f r o m s p h e r i c a l  s p r e a d i n g  i s  equa l  t o  6  dB p e r  d i s t a n c e  doubled.  

I n  a r c t i c  wa te rs ,  t h e  s t a b i l i t y  o f  t h e  s u r f a c e  l a y e r  a c t s  as a  channe l  

t o  c o n f i n e  t h e  v e r t i c a l  e x t e n t  o f  t h e  expand ing sound wave, r e s u l t i n g  

i n  s o - c a l l e d  c y l i n d r i c a l  sp read ing .  Under t h e s e  c o n d i t i o n s ,  

p r o p a g a t i o n  l o s s e s  a r e  p r o p o r t i o n a l  t o  t h e  l i n e a r  d i s t a n c e ;  t h a t  i s ,  3  

dB p e r  doub l  i n g  o f  d i s t a n c e .  C y l i n d r i c a l  s p r e a d i n g  a l s o  occu rs  i n  

deep water ,  e s p e c i a l  l y  a t  l o w e r  f r e q u e n c i e s  (Greene 1981, Leggat  e t  

a l .  1981, I1.S. Naval Oceanographic O f  f i  c e  1965). Losses o f  sound f rom 

a b s o r p t i o n  by seawater  a r e  low, espec i  a l  l y  a t  l ow  f r e q u e n c i e s ,  b u t  

i n c r e a s e  r a p i d l y  a t  h i g h e r  f r e q u e n c i e s  ( F i g s .  6 and 7 ) ;  va lues ,  

a c c o r d i n g  t o  Thorp (1965) ,  a r e  0.08 dB/km a t  1 kHz and 0.35 dB/km a t  5  

kHz. 

I n  s h a l l o w  w a t e r  s c a t t e r i n g  l o s s e s  by  r e f l e c t i o n  f rom t h e  w a t e r  

s u r f a c e  o r  t h e  sinooth u n d e r s i d e  of annua l  s h o r e - f a s t  i c e  a r e  a l s o  l o w  



a t  l o w  f r e q u e n c i e s  b u t  may be s i g n i f i c a n t  a t  h i g h  f r e q u e n c i e s ,  

e s p e c i a l l y  where t h e  s u r f a c e  has been roughened b y  much r i d g i n g  and 

r a f t i n g  ( V e r r a l l  1981). Such l o s s e s  a r e  o f t e n  h i g h e r  t h a n  would be 

expected f r o m  s p h e r i c a l  s p r e a d i n g  as a  r e s u l t  o f  t h e  upward r e f r a c t i o n  

o f  sound caused by t h e  i n c r e a s e  i n  speed o f  sound w i t h  depth ,  and 

repea ted  s c a t t e r i n g  a t  t h e  i c e  s u r f a c e  (R. 1. V e r r a l l  i n  l i t t . ) .  

I n  t h e  deeper  w a t e r  o f  B a f f i n  Bay, sound w i l l  i n t e r a c t  a p p r e c i a b l y  

l e s s  w i t h  t h e  s u r f a c e ,  and t h e  e f f e c t  o f  i c e  roughness w i l l  be 

weakened. G e n e r a l l y ,  sound p r o p a g a t i o n  l o s s e s  were found t o  be 1ow i n  

B a f f i n  Bay (Legga t  e t  a l .  1981), wh ich  p r o b a b l y  accoun ts  f o r  t h e  h i g h  

n o i s e  1  e v e l  s  obse rved  ( F i g .  2 ) .  Over t h e  deeper  c e n t r a l  p a r t  o f  t h e  

bay, l o s s e s  were abou t  equal  t o  t h e  l o w e s t  l o s s e s  r e c o r d e d  i n  t h e  

N o r t h  At1 a n t i c ,  t h e  pronounced sound channel  p r o d u c i  ng c y l  i n d r i c a l  

s p r e a d i  ng a f t e r  a p p r o x i m a t e l y  t h e  f i  r s t  k i  1  ometre.  

I n c r e a s e d  p r o p a g a t i o n  l o s s e s  o c c u r  when sound, p a r t i c u l a r l y  a t  t h e  

1  ower f r e q u e n c i  es, e n t e r s  s h a l  1  ow w a t e r  ( a b o u t  200 m) and i n t e r a c t s  

w i t h  t h e  bot tom. Leggat  e t  a l .  (1981) obse rved  an a d d i t i o n a l  maximum 

l o s s  o f  25 dB a t  63 Hz when sound from a  s o u r c e  150 n a u t i c a l  m i l e s  

away i n  B a f f i n  Bay nioved i n t o  t h e  c o a s t a l  a r e a  o f  NW Greenland. T h i s  

o b s e r v a t i o n  has s i g n i  f i  cance f o r  t h o s e  m a r i  ne mammal s  wh ich  f r e q u e n t  

i n s h o r e  wa te rs  i n  summer, 

The most r e c e n t  method o f  e s t i m a t i n g  sound p r o p a g a t i o n  l o s s e s  f o r  t h e  

proposed LNG t a n k e r  r o u t e  i s  d e s c r i b e d  i n  t h e  r e v i s e d  v e r s i o n  o f  t h e  

I n t e g r a t e d  Route A n a l y s i  s  ( A r c t i c  P i l o t  P r o j e c t  1982). A  genera l  

purpose sonar model (GENERIC) deve loped by  t h e  U.S. Navy has been 

used, w i t h  some m o d i f i c a t i o n s ,  t o  p r e d i c t  t r a n s m i s s i o n  l o s s e s  f o r  t h e  

LNG t a n k e r s  d u r i n g  summer and w i n t e r  f o r  a  number o f  d i f f e r e n t  

c o n d i t i o n s .  The r e s u l  t s  show good agreement between t h e  model and t h e  

p r e d i c t i o n s  of Leggat  e t  a l .  (1981)  when t h e  sou rce  o f  sound and 

r e c e i v e r  a r e  a t  s i m i l a r  depths .  When b o t h  sou rce  and r e c e i v e r  a r e  

n e a r e r  t h e  s u r f a c e ,  sound l o s s e s  can be i n c r e a s e d  s u b s t a n t i a l l y  b y  

i n t e r f e r e n c e  between t h e  d i r e c t  and s u r f a c e - r e f l e c t e d  sound, 



e s p e c i a l l y  a t  t h e  l o w e r  f r e q u e n c i e s .  T h i s  i s  t h e  s o - c a l l e d  L l o y d  

rni r r o r ,  o r  image- i  n t e r f e r e n c e ,  e f f e c t  ( U r i c k  1975).  

3.2.5 Mar ine  mammal h e a r i n g  a b i l  i t i e s  and v o c a l  i z a t i o n s  

The underwater  h e a r i n g  a b i l i t i e s  o f  o n l y  a  few m a r i n e  mammals have 

been measured (Johnson 1966; Schusterman, B a l l i e t  and N i x o n  1972; 

Terhune and Ronald 1975a), S i n g l e  anirnals i s o l a t e d  i n  s m a l l  t a n k s  a r e  

t r a i n e d  t o  respond t o  sound s i g n a l s  o f  v a r i o u s  i n t e n s i t i e s  o v e r  a  w ide  

range o f  f r e q u e n c i e s .  R e s u l t s  a r e  used t o  p l o t  u n d e r w a t e r  audiograrns, 

as shown i n  F i g u r e  5. The d i s c r e t e  s e p a r a t i o n s  o f  maximum 

s e n s i  t i v i  ty,  optiinum f r e q u e n c y  and upper  h e a r i n g  1  i m i  t s  d e p i c t e d  i n  

t h e  f i g u r e  suggest  t h a t  i t  may be reasonab le  t o  t a l k  i n  te rms  o f  

o t a r i i d ,  p h o c i d  and o d o n t o c e t e  underwa te r  h e a r i n g  a b i l i t i e s  (Terhune 

1981). C e r t a i n l y  t h e  aud iog ram o f  t h e  w h i t e  wha le  (Wh i te ,  N o r r i s ,  

L j u n g b l a d ,  Baron and d i  S c i a r a  1978) f i t s  t h i s  genera l  p i c t u r e .  

U n f o r t u n a t e l y ,  b u t  u n d e r s t a n d a b l y ,  no audiograrn i s  a v a i l a b l e  f o r  any 

b a l e e n  whale because a l  1  comnion s p e c i e s  a r e  t o o  l a r g e  f o r  t a n k  

exper i rnents .  

The audiograrns d e p i c t e d  i n  F i g u r e  5 r e p r e s e n t  t h e  t h r e s h o l d  o f  

h e a r i n g ;  t h a t  i s ,  t h e  l o w e s t  i n t e n s i t y  o f  a  p u r e  t o n e  a t  a  p a r t i c u l a r  

f r e q u e n c y  t h a t  an an imal  can hear  ( o r ,  more a c c u r a t e l y ,  w i l l  respond 

t o )  i n  a  q u i e t  env i ronmen t .  However, s i n c e  t h e  ocean i s  o f t e n  a  n o i s y  

p l a c e ,  t h e  l e v e l  o f  ambient  n o i s e  i s  o f t e n  l o u d e r  t h a n  t h e  t h r e s h o l d  

of h e a r i n g .  There fo re ,  f o r  an an imal  t o  communicate w i t h  one o f  i t s  

k i n d ,  i t s  s i g n a l  niust u s u a l l y  be l o u d e r  t h a n  t h e  background n o i s e  a t  

t h e  p a r t i c u l a r  f requency.  The r a t i o  o f  s i g n a l  s t r e n g t h  t o  t h e  l e v e l  

o f  background no ise ,  terrned t h e  c r i t i c a l  r a t i o ,  g e n e r a l l y  i n c r e a s e s  

w i t h  i n c r e a s i n g  f requency  and has been e s t i m a t e d  t o  Vary f rom about  30 

t o  35 dB o v e r  t h e  f r e q u e n c y  range f rom 4 t o  32 kHz f o r  t h e  r i n g e d  sea l  

(Terhune and Ronald 1975b),  and frorn about  22 t o  40 dB o v e r  t h e  

f requency  range f rom 5 t o  100 kHz f o r  t h e  b o t t l e n o s e  d o l p h i n  (Johnson 

1968, Terhune 1981). Thus i f  t h e  background l e v e l  o f  n o i s e  i s  80 dB 

r e  1 u ~ a / ~ z ?  a t  4 kHz, t h e  t h r e s h o l d  o f  d e t e c t i o n  o f  a  p u r e  t o n e  a t  

t h i s  f requency  by a  r i n g e d  s e a l  w i l l  be 110 dB r e  1 iiPa. It has been 



s p e c u l a t e d  by Payne and Webb (1971) t h a t  ba leen  whales w i t h  t h e i r  v e r y  

l a r g e  b r a i n s  may be a b l e  t o  d e t e c t  o t h e r s  o f  t h e i r  k i n d  when t h e  c a l 1  s  

a r e  o f  s i m i l a r  i n t e n s i t y  t o  t h e  background n o i s e ,  t h a t  i s  a t  a  

c r i t i c a l  r a t i o  o f  O dB, b u t  t h e r e  i s  no exper imen ta l  ev idence  t o  

s u p p o r t  t h i  s  assumpt i  on. 

An i m p o r t a n t  p o i n t  t o  n o t e  i s  t h a t  a  p a r t i c u l a r  communicat ion s i g n a 1  

( c o n s i d e r e d  he re  as a  pu re  t o n e )  i s  masked by o n l y  a  nar row band o f  

f r e q u e n c i e s ,  t h e  c r i t i c a l  band, s u r r o u n d i n g  t h e  t o n e  (Johnson 1968, 

S c h a r f  1970). T h i s  suggests  t h a t  t h e  p r e d o m i n a n t l y  1  ow f requency  

n o i s e  genera ted  by s h i p s  w i l l  n o t  p r e v e n t  d e t e c t i o n  o f  t h e  h i g h  

f requency  s i g n a l s  used i n  e c h o l o c a t i o n ,  b u t  w i l l  i n t e r f e r e  w i t h  t h e  

1  ower f requency  sounds used i n  communicat ion,  espec i  a l  l y  t h e  

voca l  i z a t i  ons o f  t h e  bowhead whal e. 

Seal s  and odon toce te  whal es use r e l  a t i  v e l y  1  ow f requenc i  es when 

cornmunicating, b u t  n o t  when echo l  o c a t i n g .  I n  t h e  r i  nged s e a l ,  

voca l  i z a t i o n  occurs  i n  t h e  0.5 t o  6  kHz range ( S t i r l i n g  1973). The 

bearded sea l  E r i g n a t h u s  b a r b a t u s  emi t s  a  descending Song t h a t  b e g i n s  

a t  2-3 kHz and ends a t  200-300 Hz (Ray, Watkins and Burns 1969). The 

w a l r u s  Odobenus rosmarus e m i t s  a  v a r i e t y  o f  rasps,  c l i c k s  and 

b e l  1-1 i ke tones  w i t h  f r e q u e n c i e s  f r o m  200 t o  1200 Hz ( S c h e v i l l  , 
Watk ins  and Ray ,1966). L i t t l e  i s  known o f  t h e  voca l  b e h a v i o u r  o f  t h e  

hooded sea l  , b u t  underwater  c a l  1  s  o f  adu l  t mal es i n  t h e  b r e e d i n g  

season range frorn 100 Hz t o  6 kHz, w i t h  most energy below 1.5 kHz 

(Terhune and Ronal d  1973).  The h a r p  sea l  Pagophi l  us g roen l  a n d i  cus 

(=Phoca g r o e n l a n d i c a )  e m i t s  c a l l s  o f  a communicat ive n a t u r e  between 

125 Hz and 10 kHz, most o f  wh ich l i e  below 2  kHz, and p o w e r f u l  

s h o r t - d u r a t i o n  c l  i c k s  w i t h  maximum energy a t  32 kHz (Mdhl , Terhune and 

Ronal d  1975). 

The w h i t e  whale i s  one o f  t h e  most v o c a l  o f  m a r i n e  mammals and has a  

v a r i e t y  o f  s o c i a l  o r  communicat ive  sounds: t h e s e  i n c l  ude w h i s t l e s ,  

y e l p s  and g row ls  r a n g i n g  f rom 250 Hz t o  13 kHz, w i t h  most energy above 

1 kHz ( F i s h  and Mowbray 1962, Fo rd  1977). The average f requency  o f  35 



s o c i a l  s i g n a l s  was found t o  be 3.85 kHz, w i t h  40% c o n t a i n i n g  

f r e q u e n c i e s  be low 2 kHz (Ford i b i d , ) .  The o t h e r  t y p e s  o f  sounds 

produced by t h e  w h i t e  whale a r e  r a p i d  s e r i e s  o f  s h o r t  d u r a t i o n ,  

t r a n s i e n t  p u l s e s  o f  sound energy o r  ' c l i c k s '  wh ich a r e  e v i d e n t l y  used 

i n  echol  o c a t i o n .  The most cornmon types  o f  c l  i c k  s e r i e s  have 

r e l a t i v e l y  s low r e p e t i t i o n  r a t e s  o f  30 t o  80 p e r  second. I n d i v i d u a l  

c l i c k s  range frorn 10 t o  25 kHz i n  band-width,  w i t h  a coniplete s e r i e s  

u s u a l l y  sweepiny c y c l i c a l l y  f rom 2 t o  75 kHz, Such c l i c k  s e r i e s  a r e  

nlost l i k e l y  used f o r  a n a l y s i n g  t a r g e t s  a t  s h o r t  d i s t a n c e s  and 

t h e r e f o r e  s e r v e  an o r i e n t a t i o n  f u n c t i o n .  Other  c l i c k  s e r i e s  a r e  more 

r a p i  d, usual  l y  around 250 p e r  second, w i  t h  each c l  i ck c o v e r i  ng a broad 

band o f  f r e q u e n c i e s  f rom 100 Hz t o  about 75 kHz, t h e  peak energy 

c e n t e r i n g  between 38 and 47 kHz (Ford  i b i d . ) .  These c l i c k s  have been 

terrned discrimination c l i c k s  i n  o t h e r  odon toce tes  and se rve  f o r  

c l  ose-up a c o u s t i c  i n v e s t i g a t i o n  o f  t a r g e t s  ( N o r r i  s  1969). 

Avai l a b l  e i n f o r m a t i o n  on t h e  narwhal i n d i c a t e s  t h a t  narrowband pu1 ses 

f rom 500 Hz t o  24 kHz and pure  t o n e  w h i s t l e s  f rom 300 Hz t o  18 kHz, 

w i t h  most l e s s  t h a n  10 kHz, a r e  e m i t t e d  ( F o r d  and F i s h e r  1978; 

Watki ns, Schevi  Il and Ray 1971), Narrowband c l  i c k s  a t  r e p e t i t i o n  

r a t e s  frorn 4 t o  370 p e r  second a l s o  occur ,  w i t h  most l y i n g  between 12 

and 24 kHz, b u t  some o f  t h e  s lower  between 500 Hz and 5 kHz (Ford  and 

F i s h e r  i b i d . ) .  Frequenc ies over  24 kHz were n o t  recorded  owing t o  

1 i m i t a t i o n s  o f  t h e  e y u i  pment, b u t  t h e y  undoub ted ly  occur  i n  t h e  c l  i c k  

s e r i e s  and would be used f o r  e c h o l o c a t i o n ,  as i n  o t h e r  odontocetes.  

The bowhead's voca l  r e p e r t o i r e  i s  q u i t e  d i f f e r e n t  f rom t h a t  o f  t h e  

w h i t e  whale, i t s  range o f  sound p r o d u c t i o n ,  p r i n c i p a l l y  20 Hz t o  2 

kHz, fa11 i n g  w i t h i n  t h e  l o u d e r  p a r t  o f  t h e  spect rum o f  sound produced 

by t h e  vesse ls .  Two ma jo r  t ypes  o f  c a l l s  have been recorded:  s i m p l e  

rnoans, which a r e  f requency modulated tones r a n g i n g  f rom 25 t o  2000 Hz, 

w i  t h  p r i  n c i  pa l  eneryy i n  t h e  100-300Hz band ( L j u n g b l  ad, Leatherwood 

and Dahl heirn 1980; L j u n g b l a d  and Thornpson 1981; Würsig, C la rk ,  Dorsey, 

Fraker  and Payne 1982) ; and coinpl ex moans whi  ch a r e  pu1 s i  ve i n  

c h a r a l t e r ,  w i t h  energy i n  a broad band o f  f r e q u e n c i e s  p r i n c i p a l l y  f rom 



50-600 Hz ( ~ j u n g b l a d  e t  a l .  i b i d . ,  L j u n g b l a d  and Thompson i b i d . ) .  

C a l l s  o f  b o t h  k i n d s  l a s t  f r o m  0.4 t o  about  4  seconds, w i t h  r e p e t i t i o n  

i n t e r v a l s  o f  1.25 t o  3.7 min. ( L j u n g b l a d  and Thompson i b i d . ) .  O the r  

c a l l s  reco rded  a r e  t h e  complex moans i n  r e p e t i t i v e  sequences, un ique  

t o  s p r i n g  m i g r a n t s ,  w h i c h  a r e  t h o u g h t  t o  c o n s t i t u t e  a  s i m p l e  t y p e  o f  

Song; and t h e  h i g h  f r e q u e n c y  c a l l s  ( t o  4  kHz) h e a r d  i n  t h e  fa11 and 

l i k e n e d  t o  t h e  t r u m p e t i n g  o f  e lephan ts ,  o r  mewing o f  c a t s .  The 

f u n c t i o n  o f  t h e s e  sounds i s  n o t  unders tood  ( L j u n g b l a d  and Thompson 

i b i d . ) .  

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  i n t e n s i t i e s  o f  t h e  v a r i o u s  

sounds produced by  a r c t i c  s e a l s  and whales.  Watk ins  and S c h e v i l l  

(1979) e s t i m a t e d  sou rce  l e v e l  s  f o r  v a r i o u s  harp  sea l  c a l l s  t o  range 

between 135 and 145 dB r e  1 pPa a t  1 m. Wood and Evans (1980) found  

peak o v e r a l l  sou rce  l e v e l  s  f o r  e c h o l o c a t i o n  c l i c k s  o f  t h e  w h i t e  whale 

t o  l i e  between 160 and 180 dB r e  1 pPa a t  1 me A l t h o u g h  sound 

i n t e n s i t y  l e v e l s  f o r  bowhead p h o n a t i o n s  have n o t  been p u b l i s h e d ,  i t  

has been suggested t h a t  t h e y  a r e  as i n t e n s e  as t h e  sounds produced by  

t h e  s o u t h e r n  r i g h t  wha le  ( A r c t i c  P i l o t  P r o j e c t  1981).  Cummings, F i s h  

and Thompson (1972) e s t i m a t e d  t h e  sou rce  l e v e l  o f  one t y p e  o f  r i g h t  

wha le  sound t o  be 187 dB r e  1 pPa a t  1 m. P r e l i m i n a r y  a n a l y s i s  o f  

sounds f rom bowheads w i t h i n  100 m  o f  a  hydrophone a r r a y  i n d i c a t e s  t h a t  

t h e  s i m p l e  moans can have i n t e n s i t i e s  a t  l e a s t  as h i g h  as 176 dB r e  1 

pPa a t  1 m  ( A r c t i c  P i l o t  P r o j e c t  i b i d . ) .  

3.2.6 P o t e n t i a l  mask ing  e f f e c t s  o f  vesse1 n o i s e  

The e s t i m a t e d  sound p r e s s u r e  l e v e l s  t o  be expec ted  a t  p a r t i c u l a r  

f r e q u e n c i e s  a t  v a r i o u s  d i s t a n c e s  f rom t h e  LNG t a n k e r s  a r e  c o n t a i n e d  i n  

a s e r i e s  o f  t a b l e s  i n  t h e  r e v i s e d  v e r s i o n  o f  t h e  I n t e g r a t e d  Route 

A n a l y s i s  ( A r c t i c  P i l o t  P r o j e c t  1982, Tab les  3.2.3 t o  3.2.14). C e r t a i n  

o f  t h e  v a l u e s  have been t r a n s c r i b e d  i n t o  g r a p h i c a l  f o r m  i n  F i g u r e s  6 

and 7. 

The masking e f f e c t s  o f  i n c r e a s e d  l e v e l s  o f  underwa te r  n o i s e  on most  

a r c t i c  mar ine  marnmals a r e  h a r d  t o  e v a l u a t e  s i n c e  l i t t l e  i s  known about  



t n e  i n t e n s i  ty o f  sounds produced by sea l  s  and whal es, t h e  d i  s tances  

o v e r  wh ich t h e y  n o r m a l l y  communicate, and t h e  impor tance  o f  p a r t i c u l a r  

f reyuency  bands i n  communicat ion.  I n  s p i t e  o f  these  l i m i t a t i o n s  i t  i s  

p o s s i b l e  t o  o b t a i n  a  rough i d e a  o f  what t h e  e f f e c t s  m i g h t  be on 

s e v e r a l  spec i  es. 

3.2.6.1 Harp sea l  

I n  t h i s  spec ies ,  perhaps t h e  b e s t  known a c o u s t i c a l l y  o f  t h e  p i n n i p e d s ,  

cornmunicat ive c a l l s  range f r o m  125 Hz t o  10 kHz, most o f  wh ich  o c c u r  

be low 2 kHz (Mghl e t  a l .  1975, Watk ins  and S c h e v i l l  1979). Us ing  1 

kt-lz as a  r e p r e s e n t a t i v e  f requency,  i t  can be seen f rom F i g u r e  5 t h a t  

t h e  pu re  t o n e  t h r e s h o l d  i s  78 dB r e  1 DPa. At  t h i s  p a r t i c u l a r  

f requency ,  a  t a n k e r  t r a v e l l  i n g  a t  17 k n o t s  i n  open w a t e r  would  f i r s t  

be heard  a t  a  d i s t a n c e  o f  a p p r o x i m a t e l y  1 km i n  B a f f i n  Bay and 4  km i n  

L a n c a s t e r  Sound ( ~ i g .  6 ) .  

The masking e f f e c t s  o f  s h i p  n o i s e  on sea l  communicat ion can be 

e s t i i n a t e d  by s u b t r a c t i n g  t h e  spect rum l e v e l  o f  t h e  s h i p  p l u s  t h e  

c r i t i c a l  r a t i o  a t  t h e  a p p r o p r i a t e  f requency  f rom t h e  average source  

l e v e l  o f  harp  seal  c a l l s  (140 dB r e  1 DPa a t  1 m) .  The r e s u l t i n g  

v a l u e  i n  d e c i b e l s  can t h e n  be used t o  c a l c u l a t e  t h e  e f f e c t i v e  

communicat ion d i s t a n c e  b e f o r e  mask ing occurs .  Thus i n  L a n c a s t e r  

Sound, t h e  1 kHz spectrum l e v e l  a t  1 km from a t a n k e r  t r a v e l l i n g  a t  17 

k n o t s  i n  open w t e r  w i  11 be 83 dB r e  1 r i ~ a / ~ z *  (F ig .  6 ) ,  and t h e  

c r i t i c a l  r a t i o  i s  23 dB (Terhune 1981).  A communicat ive c a l 1  a t  t h i s  

f requency  dnd d i s t a n c e  f rom a t a n k e r  w i  11 be 140 - (83 + 23) = 34 dB 

above t h e  arnbient no ise .  I f  t h e  communicat ive sounds decrease by 6 dB 

p e r  doub l  i n g  o f  d i s t a n c e ,  t h e y  w i l l  t r a v e l  about  50 m b e f o r e  b e i n g  

inasked by t h e  vesse1 no ise .  S i m i l a r l y  t h e  communicat ion d i s t a n c e s  a t  

10, 25 and 50 kin f rom a t a n k e r  w i l l  be about  80, 650 and 1400 m 

r e s p e c t i v e l y .  These d i s t a n c e s  would  remain t h e  sarne f o r  s e a l s  b o t h  

c l o s e  t o  t h e  s u r f a c e  and a t  20 m d e p t h  ( A r c t i c  P i l o t  P r o j e c t  1982, 

Tab le  3.2.10). 



3.2.6.2 Ringed seal  

A d i  f f e r e n t  s i t u a t i o n  p r e v a i l s  f o r  t h e  r i n g e d  seal ,  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 s p r i n g  months when t h e  f a s t  i c e  i s  a t  i t s  

maximum th i ckness  and LNG t a n k e r s  would r e q u i r e  t h e i r  f u l l  power t o  

move s t e a d i l y  th rough  t h e  i c e  a t  t h e i r  opt imal  speed. S ince  

v o c a l i z a t i o n  i n  t h i s  spec ies occurs  i n  t h e  0.5 t o  6  kHz range 

( S t i r l i n g  1973), t h e  f requency of 1 kHz can be cons idered  as 

r e p r e s e n t a t i v e  and w i l l  a i d  i n  comparison w i t h  t h e  harp sea l .  A t  t h i s  

f requency t h e  pure tone  t h r e s h o l d  i s  75 dB r e  1 uPa and t h e  c r i t i c a l  

r a t i o  i s  about 22 dB (Terhune and Ronald 1975a, b ) .  From F i g u r e  7  i t  

can be seen t h a t  a  vesse1 approaching a t  f u l l  power, b reak ing  i c e ,  

would f i r s t  be heard a t  about 40 km i n  Lancaster  Sound i n  low ambient 

no i se  c o n d i t i o n s .  No i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  i n t e n s i t i e s  o f  

sounds produced by t h e  r i n g e d  sea l ,  bu t  i f  i t  i s  assumed t h a t  they  a r e  

s i m i l a r  t o  those  o f  t h e  harp sea l ,  then  t h e  masking e f f e c t  o f  t h e  

sh i ps  no ise  can be est imated.  Communication d is tances  a t  1, 10, 25 

and 50 krn from t h e  sh ip  w i l l  be about 10, 50, 80 and 180 m 

r e s p e c t i v e l y  when sea ls  a re  a t  20 m depth, bu t  w i l l  be r ough l y  doubled 

when near t h e  undersur face o f  t h e  i c e  ( A r c t i c  P i l o t  P r o j e c t  1982, 

Tab le  3.2.10). 

Wi thou t  f u r t h e r  i n f o r m a t i o n  on t h e  behav ioura l  con tex t  o f  p a r t i c u l a r  

v o c a l i z a t i o n s ,  i t  would be i m p o s s i b l e  t o  determine t h e  e f f e c t  t h a t  

such w i d e l y  a u d i b l e  sound would have on t h e  r i nged  seal  p o p u l a t i o n  o f  

P a r r y  Channel. 

3.2.6.3 Bearded seal  

The c h a r a c t e r i s t i c  descending c a l 1  o f  t h i s  species i s  p robab l y  used by  

males i n  t e r r i t o r i a l  d i s p l a y .  U n l i k e  t h e  r i nged  seal ,  t h e  bearded 

seal  i s  r a r e l y  found i n  t h e  f a s t  i c e ,  i t s  p r e f e r r e d  h a b i t a t  be i ng  

areas o f  pack i c e  i n  which c racks  and leads  a re  f requen t .  S ince no 

a c o u s t i c a l  exper i rnental  work has been c a r r i e d  out  on t h i s  spec ies,  i t  

can o n l y  be i n f e r r e d  t h a t  i t s  audiograrn i s  s i m i l a r  t o  t h a t  o f  o t h e r  

phoc ids (F ig .  5 ) .  Dur ing  l a t e  w i n t e r  and spr ing ,  when i c e  i s  a t  i t s  

heav i  es t ,  t h e  bearded seal woul d  face  t h e  same p rob l  ems con f  r o n t  i ng 



r i n g e d  s e a l s ;  t h a t  i s ,  sound l e v e l s  a f f e c t i n g  communicat ions a t  

d i s t a n c e s  o f  about  40 kin f rom a  t a n k e r  b r e a k i n g  t h r o u g h  i c e  a t  f u l l  

power . 

3.2.6.4 Walrus 

L i  ke t h e  bearded sea l  , t h e  wal r u s  i s  f o u n d  i n  pack i ce w i  t h  f r e q u e n t  

l e a d s  and c racks .  N o t h i n g  i s  known o f  i t s  a u d i t o r y  s e n s i t i v i t y ,  

though one i n i g h t  expec t  i t  t o  be a k i n  t o  t h a t  o f  i t s  c l o s e  r e l a t i v e ,  

t h e  sea l i o n ,  shown i n  F i g u r e  5. 

3.2.6.5 Whi te  wha le  

The most  i n t e n s e  sound l e v e l s  l i k e l y  t o  be e x p e r i e n c e d  by t h e s e  h i g h l y  

voca l  m a r i n e  rnarnmals w i l l  o c c u r  d u r i n g  t h e i  r s o j o u r n  i n  t h e  pack i c e  

o f  B a f f i n  Bay d u r i n g  l a t e  w i n t e r  and s p r i n g  when LNG t a n k e r s  w i l l  be 

u s i n g  f u l l  power t o  move ahead. A t  t h e  ave rage  f requency  o f  

corni i iunicat ive sounds o f  3.85 kHz, t h e  a u d i t o r y  t h r e s h o l d  i s  about  75 

dB r e  1 ,,Pa ( W h i t e  e t  a l .  1973).  Us ing  t h i s  v a l u e  i t  can be deduced 

f rom F i g u r e  7  t h a t  a  t a n k e r  b r e a k i n g  i c e  a t  f u l l  power wou ld  f i r s t  be 

heard  a t  a  d i s t a n c e  o f  about  5 km. It i s  d i f f i c u l t  t o  es t i rna te  what 

e f f e c t  such i n c r e a s e d  sound m i g h t  have on t h e  a b i l i t y  o f  w h i t e  whales 

t o  cornmunicate w i t h  each o t h e r  s i n c e  n o t h i n g  i s  known about  t h e  

i n t e n s i t y  o f  t h e i r  c a l  1  S. However i t  may n o t  be i m p o r t a n t  s i n c e  w h i t e  

whales o c c u r  i n  v e r y  c l o s e l y  k n i t  groups and t h e r e  i s  no reason t o  

assurne t h a t  l o n g  d i s t a n c e  communicat ion  i s  o f t e n  used ( A r c t i c  P i l o t  

P r o j e c t  1981) .  

I n  J u l y ,  August  and September, when w h i t e  whales move i n t o  Lancas te r  

Sound, n o i s e  f ro in t h e  LNG t a n k e r s  a t  3.35 kHz w i l l  f i r s t  be heard  a t  a  

d i s t a n c e  o f  about  1 km ( F i g .  6 )  s i n c e  t h e  s h i p s  w i l l  be o p e r a t i n g  a t  

reduced power l e v e l s .  I n  t h e  s o u t h e a s t e r n  B e a u f o r t  Sea, t h e  s i t u a t i o n  

i s  cornpl i c a t e d  by t l i e  sha l l owness  o f  t h e  wa te r ,  b u t  f i e l d  o b s e r v a t i o n s  

by Ford  (1977)  i n d i c a t e  t h a t  sounds o r i g i n a t i n g  f rom t u g s  push ing  

barges under  f u l l  power, a t  e s t i m a t e d  sou rce  l e v e l s  s i m i l a r  t o  t h o s e  

o f  an LNG t a n k e r  t r a v e l l i n g  a t  17 k n o t s  i n  open w a t e r  (164  dB r e  1 

i i ~ a / ~ z :  a t  1 n i ) ,  a r e  t h e o r e t i c a l  l y  p e r c e p t i b l e  t o  w h i t e  whales a t  



ranges up t o  4 km. However obv ious r e a c t i o n s  were no t  observed u n t i l  

t h e  w h i t e  whales were much neare r  t h e  source o f  d i s tu rbance .  It 

should  be noted t h a t  Ford ( i b i d . )  cons ide red  o n l y  f requenc ies  up t o  2 

kHz in '  h i s  a n a l y s i s  s i nce  t h i s  was t h e  dominant p a r t  o f  t h e  n o i s e  

spectrum produced by t h e  tugs, dredges and va r i ous  o the r  components o f  

t h e  o i l  deve l  opment a c t i  v i t y .  Sounds a t  t h e  h i  gher communication 

f r equenc ies  woul d  have been p e r c e p t i b l e  t o  w h i t e  whales a t  even 

s h o r t e r  d i s t ances  than  4 km. 

A t  h i g h  f requenc ies ,  where e c h o l o c a t i o n  i s  c a r r i e d  out,  sound frorn t h e  

t anke r  w i  11 be a t t enua ted  r a p i d l y ,  reach ing  t h e  minimum ambient n o i s e  

l e v e l  i n  a  few k i l o m e t r e s  when t h e  s h i p  i s  under f u l l  power, and 

p robab ly  a t  d i s t ances  below 1 km when t h e  s h i p  i s  i n  open water  under 

reduced power ( A r c t i c  P i  1  o t  P r o j e c t  1981). 

3.2.6.6 Narwhal 

L i k e  t h e  w h i t e  whale, t h e  narwhal spends t h e  l a t e  w i n t e r  and s p r i n g  i n  

t h e  pack i c e  of B a f f i n  Bay, where i t  p r e f e r s  t h e  h e a v i e r  

c o n c e n t r a t i o n s  (McLaren and Davis 1981). It would be most vu1 n e r a b l e  

t o  no i se  a t  t h i s  t ime  owing t o  t h e  need f o r  t h e  t anke rs  t o  use f u l l  

power t o  move th rough  t h e  i ce .  However, w i t h o u t  knowing any th i ng  

f u r t h e r  about t h e  importance o f  p a r t i c u l a r  f requenc ies ,  i t  would be 

d i f f i c u l t  t o  es t i i na te  a t  what d i s t a n c e  t h e  sound l e v e l s  o f  an LNG 

tanker  rnight be d i s r u p t i v e .  U n t i l  f u r t h e r  evidence i s  a v a i l a b l e  one 

rnight use t h e  i n f o rma t i on  f o r  t h e  w h i t e  whale as a  bas i s  f o r  

d i scuss ion ,  b u t  t h e  range and s t r u c t u r e  of t h e  c a l l s  a re  no t  r e a d i l y  

cornparabl e. 

3.2.6.7 Bowhead 

V u l n e r a b i l i t y  o f  t h i s  spec ies w i l l  be g r e a t e s t  i n  t h e  pack i c e  o f  

B a f f i n  Bay when t h e  LNG tanke rs  a re  p roduc ing  maximum power. A t  a  

f requency o f  100 Hz a  t anke r  would j u s t  be heard a t  a  d i s t ance  o f  300 

km above t h e  rnaxirnum ambient l e v e l  o f  sound (81  dB r e  1 i i ~ a / ~ z i )  

known t o  e x i s t  under a r c t i c  pack i c e  , w h i l e  a t  1 kHz i t  would s t i l l  



be heard  a t  a  d i s t a n c e  o f  about  50 km above t h e  maximum ambient  l e v e l  

o f  72 dB r e  1 u ~ a / ~ z &  ( M i l n e  1967). 

U n f o r t u n a t e l y  n o t h i  ng i s  known abou t  t h e  a u d i t o r y  s e n s i t i v i  t y  o f  

bowheads a t  t h e s e  l o w  f r e q u e n c i e s .  However, i f  one assumes t h a t  t h e  

c r i t i c a l  r a t i o  a t  100 Hz i s  s i m i l a r  t o  t h a t  f o r  o t h e r  mammals ( a b o u t  

20 dB; see Terhune 1981),  and app l  i e s  t h i s  v a l u e  t o  t h e  known 

i n t e n s i t y  o f  t h e  s i m p l e  c a l l s  o f  bowheads, w h i c h  a r e  e s t i m a t e d  t o  be 

as h i g h  as 176 dB r e  1 llPa a t  1 m ( A r c t i c  P i l o t  P r o j e c t  1981), t h e  

masking e f f e c t  o f  vesse l  n o i s e  can be c a l c u l a t e d .  A t  1, 10, 25 and 50 

km f rom a  vesse l  i n  B a f f i n  Bay b r e a k i n g  i c e  under  f u l l  power 

comniunicat ion d i s t a n c e s  wou ld  be about  450 m, 500 m, 1 km and 1.5 km 

r e s p e c t i v e l y  w i t h  t h e  wha le  20 m  be low t h e  s u r f a c e  and about  800 m, 

1.4 km, 4.0 km and 7.1 km r e s p e c t i v e l y  w i t h  t h e  wha le  v e r y  c l o s e  t o  

t h e  s u r f a c e  ( A r c t i c  P i l o t  P r o j e c t  1982, T a b l e  3.2.6). I n  open w a t e r  

i n  L a n c a s t e r  Sound, communicat ion  d i s t a n c e s  a t  1 and 10 km f rom a  

t a n k e r  t r a v e l l i n g  a t  17 k n o t s  wou ld  be 500 m  and 4.0 km r e s p e c t i v e l y  

f o r  a  whale 20 m  benea th  t h e  s u r f a c e ,  and 1.4 and 32 km f o r  a  wha le  

c l o s e  t o  t h e  s u r f a c e  ( A r c t i c  P i l o t  P r o j e c t  1982, Tab le  3 , 2 . 7 ) .  

3.2.7 P o t e n t i a l  e f f e c t s  o f  i n c r e a s e d  t r a f f i c  f r e q u e n c y  

The e s t i i n a t e d  d i s t a n c e s  a t  wh ich  an LNG t a n k e r  w i l l  be heard  b y  

v a r i o u s  spec ies  o f  m a r i n e  niammals can be used t o  e s t i m a t e  t h e  p e r i o d s  

o f  t i rne  t h a t  such sounds w i l l  be d e t e c t a b l e .  S i n c e  t h e  anirnals most  

a t  r i s k  f rom h i g h  sound l e v e l s  a r e  t h o s e  t h a t  i n h a b i t  t h e  f a s t  i c e  

( p r i r n a r i l y  t h e  r i n g e d  s e a l )  and t h e  pack i c e  (bea rded  s e a l ,  wa l rus ,  

narwhal  , whi t e  whale and bowhead), t h e  maximum speed o f  a  t a n k e r  when 

i n  t h e  i c e b r e a k i n g  mode under  f u l l  power i s  b e s t  used i n  t h e  

c a l  c u l  a t i  ons. 

The r i r i ged  sea l  w i l l  be a b l e  t o  d e t e c t  t h e  vesse l  up t o  a t  l e a s t  40 km 

away under l o w  ambient  n o i s e  c o n d i t i o n s  ( see  3.2.6.2). Assuming t h a t  

t h e  t r a c k  passes c l o s e  t o  t h e  animal  i n  q u e s t i o n ,  t h e n  t h e  vesse l  w i l l  

be heard  w h i l e  i t  p r o g r e s s e s  o v e r  a  d i s t a n c e  o f  80 km. T h i s  w i l l  t a k e  

approx i rna te l y  7.2 h r  a t  an i c e b r e a k i n g  speed o f  6  k n o t s  (11 km/hr) .  



A f t e r  t h a t  t h e  vessel  w i l l  no l o n g e r  be de tec tab le .  A  s i m i l a r  

assumption m igh t  be made f o r  t h e  bearded seal  (see 3.2.6.3). 

The w h i t e  whale w i l l  be a f f e c t e d  i n  much t h e  same way, t h e  t a n k e r  

be ing  d e t e c t a b l e  a t  d i s t ances  w i t h i n  5  km (see 3.2.6.5), o r  d u r i n g  a  

p e r i o d  o f  about  1 h r  under t h e  same c o n d i t i o n s .  Again, a  s i m i l a r  

assumption m i g h t  be made f o r  t h e  narwhal (see 3.2.6.6). 

The bowhead woul d  be a f f e c t e d  f o r  a  much l o n g e r  per iod ,  s i nce  t h e  100 

Hz spectruin l e v e l  o f  t h e  t anke r  would be d e t e c t a b l e  a t  300 km (see 

3.2.6.7). It would t a k e  54 h r  f o r  t h e  v e s s e l ' s  e f f e c t  t o  be no l o n g e r  

d i s c e r n i  b l  e. 

The above c a l c u l a t i o n s  suggest t h a t  under t h e  c o n d i t i o n s  o f  a  p i l o t  

exper i inent,  w i t h  o n l y  two sh ips  ope ra t i ng ,  a l 1  o f  t h e  above species,  

w i  t h  t h e  excep t i on  o f  t h e  bowhead whal e, woul d  exper ience  s h o r t  

p e r i  ods o f  i ncreased sound 1  eve l  s, f o l  1  owed by comparat i v e l y  l o n g  

pe r i ods  a t  t h e  usual  ambient no i se  1  eve l  . However, a t  t h e  f u l l  s ca l  e  

o f  development, w i t h  more than  100 t anke rs  i n  o p e r a t i o n  (one every  5,5 

h r  i n  w i n t e r ,  see 2.2), cont inuous e n s o n i f i c a t i o n  o f  t h e  f a s t  i c e  and 

pack i c e  environment would occur. The bowhead i s  i n  a  demonst rab ly  

d i f f e r e n t  p o s i t i o n  because o f  t h e  l ong  t i m e  d u r i n g  which a  t r a n s i t i n g  

vesse1 cou ld  be de tec ted .  A rough c a l c u l a t i o n  shows t h a t  11 tanke rs ,  

equal l y  spaced, cou1 d  ensoni  f y  t h e  bowhead l s  pack i ce env i  ronment 

con t i nuous l y ,  though d i f f e r e n t  c o n d i t i o n s  would p r e v a i l  i n  t h e  open 

water pe r i od .  I n  genera l  t h e  f l u c t u a t i o n s  i n  sound l e v e l s  caused by 

t h e  passage o f  LNG t anke rs  th rough  i c e  would depend on t h e i r  number 

and spacing, i t  be ing  assurned t h a t  t h e  power o u t p u t  would remain 

constant .  The e f f e c t  m igh t  be min im ized  by convoy ing ( M h l  1981), b u t  

t h e  i m p l i c a t i o n s  a re  c l e a r :  i n c r e a s i n g  t h e  number o f  t anke rs  would 

r esu l  t eventua l  l y  i n  con t i nuous l y  e l e v a t e d  sound l e v e l  s, though t h e  

ac tua l  l e v e l  o f  sound exper ienced would depend on how c l o s e  a  

p a r t i c u l  a r  animal was t o  a  vessel  l s  t r a c k .  



3.2.8 P o t e n t i a l  e f f e c t s  o f  c o n t i n u e d  exposure  

t o  h i g h  sound 1  e v e l  S. 

The v e r y  h i g h  sound l e v e l s  t h a t  wou ld  be e x p e r i e n c e d  by  a  m a r i n e  

mamrnal c l o s e  t o  an LNG t a n k e r  under  f u l l  power suggest  t h a t  such an 

e n c o u n t e r  c o u l d  p rove  t o  be a  p a i n f u l  exper ience ,  i f  n o t  a  damaging 

one. No ise  a t  l ow  f r e q u e n c i e s ,  p a r t i c u l a r l y  be low 200 Hz, can cause 

seve re  p h y s i o l  o g i  c a l  e f f e c t s  i n  humans a t  h i g h  sound p r e s s u r e  l e v e l  S. 

The e f f e c t s  range frorn t h e  d i s t u r b a n c e  o f  h a i r  c e l l s  i n  t h e  i n n e r  ear ,  

c a u s i n g  h e a r i n g  irnpai rment ,  t o  p a i n f u l  o v e r l o a d i n g  o f  t h e  rn idd le  e a r  

and even r u p t u r e  o f  t h e  tyrnpanic membrane; b a l a n c e  may a l s o  be 

a f f e c t e d  by d i s t u r b a n c e  t o  t h e  v e s t i b u l a r  system ( M d l l e r  1981). S ince  

t h e  i n n e r  ea r  o f  m a r i n e  rnammals i s  b a s i c a l l y  s i m i l a r  t o  t h a t  o f  

hurnans, s i r n i l a r  e f f e c t s  m i g h t  occur.  The upper  l i m i t  o f  sound 

i n t e n s i t y  a t  l ow  f r e q u e n c i e s  t o  wh ich  hurnans can be exposed f o r  

p e r i o d s  o f  up t o  a  m i n u t e  w i t h o u t  p h y s i o l o g i c a l  changes i n  h e a r i n g  

o c c u r r i n g  i s  120 dB r e  20 uPa i n  a i r ,  a  f i g u r e  adop ted  i n  t h e  U n i t e d  

S t a t e s  as a  g u i d e l i n e  i n  t h e  p r e p a r a t i o n  o f  e n v i r o n m e n t a l  impact  

s ta temen ts  (Gierk,e 1977, as quo ted  by  M b l l e r  1981).  A l  though m a r i n e  

mammals produce sounds a t  s l i g h t l y  l o w e r  i n t e n s i t i e s  t h a n  t h i s ,  ( f o r  

example, t h e  bowhead's s i m p l e  c a l l s  a t  176 dB r e  1 pPa a t  1 rn, wh ich  

i s  e q u i v a l e n t  t o  114.5 dB r e  20 pPa i n  a i r ) ,  i t  i s  n o t  known i f  t h e y  

cou1 d  t o l  e r a t e  such sound 1  e v e l  s  c o n t i  nuous l  y. 

It has bcen p o i n t e d  o u t  by  N o r r i s  (1981) t h a t  rnany mammals a r e  known 

t o  have a m i d d l e  e a r  r e f l e x ,  i n  wh ich  t h e  o s s i c u l a r  c h a i n  i s  t h r o w n ,  

o u t  o f  i t s  normal p a t h  by  t h e  a c t i o n  o f  musc les  i n  t h e  m i d d l e  ea r .  

T h i s  r e f l e x ,  wh ich  r e s u l t s  i n  a  r e d u c t i o n  i n  s e n s i t i v i t y  t o  sound, i s  

caused by c o n t r a c t i o n  o f  t h e  t e n s o r  tympani  and s t a p e d i u s  musc les  and 

has been shown t o  o c c u r  i n  t h e  ha rp  sea l  (M$hl and Rona ld  1975), How 

l o n g  a sea l  o r  whale c o u l d  s h u t  down i t s  e f f e c t i v e  h e a r i n g  a t  h i g h  

ambient  n o i s e  l e v e l s  i s  unknown. N o r r i s  ( i b i d . )  f e e l s  t h a t  a  

pro1 onged s h u t  down o f  h e a r i n g  m i g h t  s t r e t c h  t h e  p r o t e c t i v e  c a p a c i t y  

of t h e  systern beyond i t s  norriial l i r n i t s ,  s i n c e  t h e  rn idd le  e a r  r e f l e x  i s  

u s u a l l y  used f o r  b r i e f  impulsive sounds, and n o t  f o r  l o n g  s u s t a i n e d  



i n c reases  i n  ambient no i se  which a re  r a r e  i n  na tu re .  C l e a r l y  much 

more exper imenta l  work must be done be fo re  any f i r m  conc lus i ons  can be 

drawn about t h e  e f f e c t s  o f  con t i nued  exposure t o  h i g h  sound l e v e l s .  

4. POTENTIAL CHANGES I N  BEHAVIOUR AND PRODUCTIVITY 

OF MARINE MAMMALS 

Mar ine mammals have evo l  ved a  the rma l  l y  conse rva t i ve  body 

formsurrounded by a  p e r i p h e r a l  l a y e r  o f  f a t  ( t h e  b l ubbe r ) ,  which a c t s  

as an i n s u l a t o r  and food  s t o r e .  T h e i r  compa ra t i ve l y  l a r g e  s i z e  

r e s u l t s  i n  a  low s p e c i f i c  m e t a b o l i c  r a t e  and a  l a r g e  energy s to rage  

c a p a c i t y ,  enab l i ng  many spec ies  t o  make e x t e n s i v e  m i g r a t i o n s  i n t o  

areas o f  i n t e n s i v e ,  seasonal food  p roduc t ion .  They a l s o  have 

capac ious stomachs which a l l o w  them t o  i n g e s t  l a r g e  q u a n t i t i e s  o f  food  

d u r i n g  pe r i ods  o f  t h e  day when p rey  a re  a v a i l a b l e  i n  s u i t a b l y  dense 

and t h e r e f o r e  economical c o n c e n t r a t i o n s  (B rod ie  1981). 

Thei  r o f t e n  spectacu l  a r  m i g r a t i o n s  have evo l  ved t o  cap i  t a 1  i ze n o t  on1 y  

on mar ine p roduc t i on  and c o n c e n t r a t i o n ,  bu t  a l  so on t h e  n u t r i  t i o n a l  

va lue,  o r  energy d e n s i t y ,  o f  t h e  prey,  which can f l u c t u a t e  

d r a m a t i c a l l y  throughout  t h e  year .  Th i s  i s  e s p e c i a l l y  impo r tan t  t o  t h e  

newly weaned young, which must have ca t chab le  p rey  o f  h i g h  qua1 i t y  a t  

t h i s  c r i t i c a l  p e r i o d  o f  t h e i r  l i v e s  (B rod ie  i b i d . ) .  

A f u r t h e r  aspect o f  t h e  t h e r m a l l y  conse rva t i ve  na tu re  o f  mar ine  

mamrnals i s  t h e i r  behav iour  d u r i n g  t h e  c a l v i n g  o r  pupping pe r i od .  Thus 

feinale w h i t e  whales and t h e i  r new born young seek ou t  t h e  sha l  l ow  

waters  o f  e s t u a r i e s  i n  t h e  suminer where t h e  warm su r f ace  l a y e r  o f  

f r eshwa te r  r u n - o f f ,  which may be 10-15" above t h e  temperature o f  t h e  

u n d e r l y i n g  sea water,  c o u l d  p r o v i d e  a  thermal advantage t o  both.  T h i s  

i s  analogous t o  t h e  behav iour  o f  p inn ipeds  which bear t h e i  r young on 

l a n d  o r  i c e ,  o f t e n  i n  a  she l  t e r e d  m ic ro -env i  ronment, and l a r g e l y  r e s t  

d u r i n g  l a c t a t i o n  i n  o rde r  t o  conserve energy. P inn ipeds a re  o f t e n  

h i g h l y  g regar ious  a t  t h i s  t ime ,  a  h a b i t  t h a t  may have r e s u l t e d  f r om 



t h e  need o f  soine s p e c i e s  t o  occupy i s l  and s i t e s  s t r a t e g i c a l  l y  p l  aced 

near  t h e  most  p r o d u c t i v e  f e e d i n g  areas.  The i n f l e x i b l e  n a t u r e  o f  t h i s  

h a b i t ,  as e x e r n p l i f i e d  by t h e  n o r t h e r n  f u r  s e a l  C a l l o r h i n u s  u r s i n u s  

( G e n t r y  1980),  has l e f t  many s p e c i e s  v e r y  vu1 n e r a b l e  t o  i n t e n s e  

e x p l o i t a t i o n  and n e a r - e x t e r m i  n a t i o n  by man. 

Even though rnost m a r i n e  mammals a r e  o p p o r t u n i s t i c  f eeders ,  i t  i s  c l e a r  

t h a t  i t  i s  n o t  easy f o r  them t o  change t h e i r  f e e d i n g  a reas  and 

i n i g r a t o r y  r o u t e s .  Thus t h e i r  behav iou r ,  wh ich  may be i n t e r p r e t e d  as 

remarkab le  t o l e r a n c e  i n  t h e  f a c e  o f  unusual  d i s t u r b a n c e ,  i s  p r o b a b l y  

b e t t e r  v iewed as r e a c t i o n  t o  a  s i t u a t i o n  i n  wh ich  t h e y  have l i t t l e  

c h o i c e  ( B r o d i e  1981). 

4.1 Normal B e h a v i o u r  and P r o b a b l e  R e a c t i o n s  t o  D i s t u r b a n c e  

Conduct ing  r e s e a r c h  on t h e  b e h a v i o u r  and a c o u s t i c  a b i l  i t i e s  o f  m a r i n e  

mammals i s  a  d i f f i c u l t  t a s k  i n  t h e  b e s t  o f  c i rcurns tances.  A t t e m p t i n g  

t o  e s t a b l  i s h  cause and e f f e c t  r e l a t i o n s h i p s  i s  a  v a s t l y  more d l f f i c u l t  

u n d e r t a k i n g  owiny  t o  t h e  proble ins i n v o l v e d  i n  s e t t i n g  up an 

exper i i nen ta l  s i t u a t i o n  i n  t h e  f i e l d .  Thus rnuch o f  t h e  a v a i l a b l e  

i n f o r m a t i o n  on t h e  r e a c t i o n  o f  m a r i n e  mammals t o  s h i p  t r a f f i c  and i t s  

a s s o c i a t e d  n o i s e  i s  l a r g e l y  anecdo ta l  i n  n a t u r e ,  b u t  i t  must s u f f i c e  

u n t i l  t h e  a p p r o p r i a t e  exper imen ts  have been per formed.  G e n e r a l l y  

speak ing,  more i s  known about  t h e  b e h a v i o u r  o f  p i n n i p e d s  than  o f  

ce taceans ç i m p l y  because p i n n i p e d s  must  hau l  o u t  on t h e  l a n d  o r  i c e  t o  

bea r  t h e i  r young and mou1 t, and t h e y  a r e  t h e r e f o r e  more e a s i l y  

observed.  

4.1.1 Harp  sea l  

T h i s  spec ies ,  t h o u y h  c o n g r e g a t i n g  i n  v e r y  l a r g e  numbers d u r i n g  t h e  

b r e e d i n g  and m o u l t i n g  seasons, i s  o n l y  a  surnmer m i g r a n t  t o  t h e  

a r c t i c .  The young o f  t h e  y e a r  a r e  u s u a l l y  s o l i t a r y ,  b u t  o l d e r  

immature an i rna ls  and a d u l t s  t r a v e l  i n  sma l l  c o h e s i v e  groups.  They a r e  

h i g h l y  m o b i l e ,  as anyone who has observed t h e i  r r a p i d ,  p o r p o i s i n g  

behav iou r  i n  open w a t e r  can t e s t i f y ,  and t h e y  a r e  consequen t l y  



d i f f i c u l t  t o  hunt.  Th i s  p a t t e r n  o f  behav iour  suggests t h a t  t h e y  c o u l d  

avo id  LNG t anke rs  q u i t e  e a ç i l y  w h i l e  i n  t h e  a r c t i c  and would t h e r e f o r e  

no t  be vu1 ne rab l  e  t o  t h i  s  k i  nd o f  d i  s turbance.  

4.1.2 Ringed seal  

I n  c o n t r a s t  t o  t h e  harp sea l ,  t h e  r i n g e d  seal  i s  a  sedentary  spec ies,  

t h e  a d u l t s  o f  which spend t h e  w i n t e r  and s p r i n g  beneath t h e  f a s t  i c e .  

What l i t t l e  i s  known o'f t h e i r  behav iour  (Smi th  and Hammill 1980b, 

1981) suggests t h a t  t h i s  h a b i t a t  i s  p a r t i t i o n e d  i n t o  t e r r i t o r i e s ,  

i n d i v i d u a l  an imals  be ing  assoc ia ted  w i t h  a  smal l  number o f  sub-n ivean 

l a i r s .  Even though i t  i s  l i k e l y  t h a t  t h e  a d u l t s  and p o s s i b l y  even a l 1  

b u t  t h e  youngest pups can move f rom one l a i r  t o  ano ther  i n  response t o  

p o t e n t i a l  p r e d a t i o n  by p o l a r  bears, foxes and man, t h e i  r range o f  

movement must be much r e s t r i c t e d  by t h e  d i s p o s i t i o n  o f  t e r r i t o r i  es. 

Th i s  w i l l  app ly  p a r t i c u l a r l y  t o  fernales w i t h  Young, espec ia l  l y  d u r i n g  

t h e  e a r l y  p a r t  o f  l a c t a t i o n  when t h e  materna1 bond i s  s t rong.  Towards 

t h e  end o f  t h e  l a c t a t i o n  p e r i o d  o f  about  two months, and f o l l o w i n g  

rnating, t e r r i t o r i e s  most l i k e l y  break down, a l l o w i n g  w ider  movement o f  

a l 1  sea ls  under t h e  i c e .  I f  t h e  t e r r i t o r i a l  p a r t i t i o n i n g  o f  t h e  

unde r - i ce  h a b i t a t  does r e s t r i c t  t h e  rnovement o f  sea ls ,  then  it i s  

c l e a r  t h a t  d e s t r u c t i o n  o f  t h e  f a s t  i c e  shou ld  be kep t  t o  a  minimum by 

t h e  re-use o f  vessel  t r a c k s  whenever p o s s i b l e .  I n  t h i s  way t h e  l e a s t  

d i  s tu rbance  woul d  be c rea ted .  

The h a b i t  o f  occupying l a i  r s  rnay p red ispose  t h e  r i n g e d  seal t o  make 

inc reased  use o f  them d u r i n g  t h e  c l o s e  passage o f  an i c e b r e a k i n g  

t anke r ,  the reby  m i  t i g a t i n g  o r  l a r g e l y  e l  i m i n a t i n g  t h e  e f f e c t  o f  

i nc reased  underwater no ise.  Whether s e a l s  would l e a r n  t o  do t h i s  i s  a  

moot p o i n t ,  however. 

One advantage o f  t h e  passage o f  an i c e b r e a k i n g  vessel  i s  t h a t  t h e  

t r a c k  p rov i des  r i nged  sea l s  w i t h  access t o  open water,  though t h i s  may 

be s h o r t  l i v e d  i n  c o l d  weather when r e f r e e z i n g  occurs  qu i ck l y .  It i s  

l i k e l y  t h a t  some sea l s  would s t a y  i n  t h e  t r a c k  s i nce  evidence 



a v a i l a b l e  frorn a  s t u d y  c a r r i e d  o u t  a t  McK in ley  Bay n e a r  Tuk toyak tuk  

( A l 1  i s t o n  1980) showed a  s i g n i f i c a n t l y  h i g h e r  d e n s i t y  o f  sea l  h o l e s  i n  

a  r e f r o z e n  t r a c k  o f  t h e  i c e b r e a k e r  'Canrnar K i g o r i a k '  t h a n  i n  t h e  

s u r r o u n d i n y  i c e .  However i t  s h o u l d  be n o t e d  t h a t  o n l y  two t r a c k s  were 

made d u r i n g  t h i s  s t u d y ,  one frorn 7-21 January  and t h e  o t h e r  frorn 27 

February-10 March. It i s  p o s s i b l e  t h a t  i f  i c e b r e a k i n g  t r a f f i c  

i n c r e a s e d  s i g n i f i c a n t l y  i n  any area,  r i n g e d  s e a l s  wou ld  abandon t h e  

c o n s t r u c t i o n  o f  t h e i  r sub-n ivean 1  a i r s  i n  t h e  v i c i  n i  ty  o f  t h e  t a n k e r  

r o u t e ,  b u t  t h e  e x t e n t  t o  wh ich  t h i s  m i g h t  o c c u r  wou ld  be i m p o s s i b l e  t o  

p r e d i  c t  . 

4.1.3 Bearded s e a l  

The bearded s e a l  i s  e s s e n t i a l l y  an animal  o f  t h e  pack i c e  and o n l y  

r a r e l y  r e s i d e s  under  t h e  f a s t  i c e .  On t h e  e v i d e n c e  o f  i t s  voca l  

r e p e r t o i r e ,  t h e  bearded sea l  i s  most l i k e l y  a  t e r r i t o r i a l  spec ies ,  b u t  

a lmos t  n o t h i n g  i s  known o f  i t s  behav iou r .  I t s  p r e f e r e n c e  f o r  pack i c e  

w i t h  f r e q u e n t  c r a c k s  and l e a d s  wou ld  enabl  e  i t  t o  move more f r e e l y  

t h a n  t h e  r i n g e d  s e a l ,  s u g g e s t i n g  t h a t  i t  c o u l d  a v o i d  undue d i s t u r b a n c e  

by swirnrning away frorn t h e  p a t h  o f  an i c e b r e a k i n g  t a n k e r .  

4.1.4 Walrus 

Un1 i k e  t h e  s o l  i t a r y  bearded s e a l ,  t h e  wal r u s  i s  a  h i g h l y  g r e g a r i o u s  

p i n n i  ped t h a t  e x h i  h i  t s  rnarked t h i g m o t a c t i c  behav i  ou r ,  f o r m i n g  sma l l  

c l o s e l y  hudd led g roups  on i c e  f l o e s  o r ,  i n  t h e  sumrner, l a r g e  

c o n c e n t r a t i o n s  a t  t r a d i t i o n a l  h a u l i n g - o u t  s i t e s  on t h e  l and .  It i s  

p r i i n a r i l y  a  b e n t h i c  f e e d e r  and i s  t h e r e f o r e  g e n e r a l l y  f ound  i n s h o r e  o r  

o v e r  s h a l l o w  o f f s h o r e  banks, as i n  wes te rn  Green land ( V i b e  1950, 

McLaren and Dav is  1981).  However, i n  w i n t e r ,  e x t e n s i v e  f a s t  i c e  may 

f o r c e  i t  t o  re inain o v e r  deep w a t e r ,  as i n  t h e  N o r t h  Water po l ynya  

where F i n l e y  and Renaud (1980) observed 700 i n d i v i d u a l s  o f f  

s o u t h e a s t e r n  El les inere  I s l a n d  i n  March 1979, i n  an a rea  where wa te r  

depths  exceeded 200 m. D u r i n g  t h e  summer a t  l e a s t  a  thousand a n i m a l s  

i n  s c a t t e r e d  groups a r e  es t i rna ted  t o  be p r e s e n t  i n  t h e  e a s t e r n  h i y h  

a r c t i c  pi avis, Kosk i  and F i n l e y  1978). 



The wal r u s '  p re fe rence  f o r  i n h a b i t i n g  pack i c e  o f  more t h a n  75% 

coverage (McLaren and Dav is  1981) suggests t h a t  i n d i v i d u a l s  would have 

l i t t l e  d i f f i c u l t y  i n  moving away f rom a  pass ing t a n k e r  i f  alarmed. 

However, by e n t e r i n g  t h e  wate r  t h e y  would then  expose themselves t o  

inc reased  sound l e v e l  S. Whether t hey  would l e a r n  t o  mi t i g a t e  

unwelcome no i se  by rema in ing  o u t  o f  t h e  water  i n  such c i rcumstances  i s  

unknown. 

4.1.5 White whale 

The w h i t e  whale, l i k e  many o t h e r  smal l  odontocete whales, i s  a  h i g h l y  

s o c i a l  spec ies which forms compact groups a t  a l  1  t imes  o f  t h e  year ;  i t  

i s  t h e r e f o r e ,  no t  s u r p r i s i n g l y ,  a  h i g h l y  vocal  spec ies as w e l l .  Most 

popul a t i o n s  undergo e x t e n s i v e  m i g r a t i o n s ,  t h e  femal es and newborn 

young seek ing ou t  t h e  s h a l l o w  wate rs  o f  e s t u a r i e s  i n  summer. A t  t h i s  

t i rne w h i t e  whales a re  ve ry  v u l n e r a b l e  t o  e x p l o i t a t i o n  by man, a  

s i t u a t i o n  t h a t  has r e s u l  t e d  i n  t h e  dec imat ion  o f  t h r e e  l o c a l  

popu la t i ons  i n  t h e  eas te rn  Canadian a r c t i c :  those  i n  Cumberland Sound 

(B rod ie  1981b, M i t c h e l l  and Reeves 1981), Ungava Bay, and a long  t h e  

eas te rn  coast  o f  Hudson Bay ( F i n l e y ,  M i l l e r ,  A l l a r d ,  Dav is  and Evans 

1982). 

I n  t h e  eas te rn  a r c t i c ,  t h e  main w i n t e r i n g  area o f  w h i t e  whales i s  i n  

Davis S t r a i t ,  c l o s e  t o  t h e  West Greenland coast ,  where t h e  an imals  a re  

found w i t h i n  t h e  edge o f  t h e  pack i c e ,  most f r e q u e n t l y  where t h e  i c e  

i s  open and coverage i s  between 26 and 75%. The whales do n o t  appear 

t o  f r equen t  t h e  i c e - f r e e  areas a t  t h i s  t i m e  o f  yea r  (McLaren and Davis  

1981). I f  t h e  LNG t anke r  t r a f f i c  i s  rou ted  th rough  t h e  c e n t r e  o f  

Dav is  S t r a i t  i t  i s  u n l i k e l y  t o  impinge on w i n t e r i n g  w h i t e  whales, b u t  

i f  any whales a re  found near  enough t o  t h e  t anke rs  t o  be d i s t u r b e d  by 

excess ive l e v e l s  o f  sound t h e y  c o u l d  p robab ly  e a s i l y  move away f rom 

t h e  pa th  o f  an oncorning vesse l .  I n  t h e  sp r ing ,  when t h e  an imals  a r e  

r n i g ra t i ng  i n t o  Lancaster  Sound, t h e y  w i l l  be c l o s e  t o  t h e  t a n k e r  r o u t e  

and w i l l  have l e s s  room t o  rnove away from any d is tu rbance .  However, 

as a l r eady  i n d i c a t e d  i n  s e c t i o n  3.2.6.5, a c o u s t i c  d i s t u r b a n c e  i s  



1  i k e l y  t o  be l e s s  owing t o  t h e  reduced power o f  t h e  s h i p s  when 

o p e r a t i n g  i n  open w a t e r  o r  l o o s e  i c e .  I n  t h e  sumrner, when t h e  wha les  

a r e  i n  s h a l l o w  wa te r ,  d i s t u r b a n c e  w i l l  most  l i k e l y  be n e g l i g i b l e .  

I n  t h e  wes te rn  a r c t i c ,  t h e  s i t u a t i o n  i s  d i f f e r e n t ,  s i n c e  whales 

w i l l m e e t  t a n k e r s  o n l y  i n  t h e  p e r i o d  f r o m  May t o  September a t  t h e  

t e r n i i n a t i o n  o f  t h e i r  m i g r a t i o n  i n t o  t h e  s o u t h e a s t e r n  B e a u f o r t  Sea and 

Amundsen G u l f .  It i s  i n  t h i s  r e g i o n  t h a t  most  o f  t h e  r e s e a r c h  on t h e  

r e a c t i o n s  t o  d i s t u r b a n c e  have been c a r r i e d  ou t .  F r a k e r  (1977a) was 

a b l e  t o  obse rve  t h e  r e a c t i o n s  o f  a  l a r g e  g roup  o f  a d u l t  females  and 

young t o  t h e  rnovernents o f  a  t u g  and b a r g e  t h r o u g h  t h e i r  a rea o f  

c o n g r e g a t i o n  i n  Niakunak Bay i n  t h e  Mackenz ie  D e l t a .  A e r i a l  

surveysshowed t h a t  most whales up t o  1.5 m i l e s  (2.4 km) from t h e  

vesse1 s '  t r a c k  responded by swimming r a p i d l y  away f rom t h e  

d i s t u r b a n c e ,  v e r y  few re lna in ing  w i t h i n  0.5 m i l e s  o f  t h e  vesse ls .  The 

s c a t t e r i n g  e f f e c t  on t h e i r  d i s t r i b u t i o n  was o b v i o u s  3  hours  a f t e r  

passage o f  t h e  vesse ls ,  b u t  30 hours  l a t e r  t h e  whales had r e t u r n e d  t o  

t h e i r  n e a r - o r i g i n a l  d i s t r i  b u t i o n .  The u n i f o r m i t y  and d i s t a n c e  o f  t h i s  

r e a c t i o n  suggest  t h a t  t h e  whales were respond ing  t o  sounds ( F r a k e r  

i b i d . ,  Fo rd  1977). However t h e  range a t  wh ich  t h e  whales were 

r e a c t i n g  (2400 rn) was c o n s i d e r a b l y  l e s s  t h a n  t h e  e s t i m a t e d  maximum 

p e r c e p t i o n  range o f  t h e  sounds emanat ing  frorn t h e  t u g  (4000 m), 

s u g y e s t i n y  t h a t  such man- induced sounds do n o t  n e c e s s a r i l y  cause a  

r e a c t i o n  u n t i l  t h e  l e v e l  o f  sound reaches a  c e r t a i n  c r i t i c a l  l e v e l  

( F o r d  i b i d , ) .  

F r a k e r  (1977b)  a l s o  observed a n o t h e r  s h o r t  terrn e f f e c t  o f  d i s t u r b a n c e ,  

nainely t h e  in iped ing o f  rnovement o f  wha les  a l o n g  one o f  t h e i r  t r a v e l  

r o u t e s  by f r e q u e n t  b o a t  t r a f f i c .  T h i s  o c c u r r e d  i n  1976 when about  150 

w h i t e  whal es remai  ned n o r t h e a s t  o f  T u f t  Po i  n t  on Tuk toyak tuk  Pen i  n s u l  a  

f o r  a  p e r i o d  o f  about  two weeks, when ba rge  movements f rom t h e  bo r row 

p i t  a t  T u f t  P o i n t  t o  t h e  a r t i f i c i a l  i s l a n d  s i t e  K u g m a l l i t  H-59 

numbered abou t  25 p e r  day; b u t  t h e  wha les  l e f t  as soon as t h e  

movements ceased t e m p o r a r i l y ,  S ince  wha les  do n o t  u s u a l l y  remain  i n  



t h i s  area f o r  such an extended per iod ,  F r a k e r  hypo thes ized  t h a t  they  

rnight have been p reven ted  from moving p a s t  T u f t  P o i n t  by t h e  smal l  a i  r 

bubbles produced i n  t h e  wake o f  t h e  vesse ls ,  which would have p rov i aed  

an e x c e l l e n t  t a r g e t  f o r  t h e  whales'  e c h o l o c a t i o n  system. Such an 

e f f e c t  has been observed d u r i n g  t h e  cap tu re  of s p o t t e d  and sp inner  

porpo ises  i n  t h e  f i s h e r y  f o r  y e l l o w f i n  tuna  i n  t h e  eas te rn  t r o p i c a l  

P a c i f i c  ( N o r r i s ,  S tun t z  and Rogers 1978). 

Other behavi  o u r a l  obse rva t i ons  recorded by F r a k e r  (1977a, b) and Ford 

(1977) show t h a t  w h i t e  whales r e a c t  more p o s i t i v e l y  t o  moving sources 

o f  d i s t u rbance  such as barges than t o  s t a t i o n a r y  ones such as 

dredges. However, i t  seems q u i t e  c l e a r  f rom t h e  annual s t u d i e s  

c a r r i e d  ou t  on w h i t e  whales i n  t h e  Mackenzie e s t u a r y  s i nce  1972 t h a t  

ne i  t h e r  l o g i s t i c s  t r a f f i c  no r  t h e  c o n s t r u c t i o n  o f  a r t i f i c i a l  i slands 

has had any s e r i o u s  e f f e c t s  so f a r  on t h e  use o f  v a r i o u s  areas by 

w h i t e  whales o r  on t h e  success o f  t h e  whale hun t  (F raker  1977a, b; 

Fraker ,  Sergeant and Hoek 1978; F raker  and F r a k e r  1980). I t  seems f a r  

more 1  i k e l y  t h a t  if any long- te rm d i s t u r b a n c e  does occur  t o  a  l o c a l  

w h i t e  whale popu la t i on ,  i t  w i l l  r e s u l t  f rom con t i nued  hun t i ng  a c t i v i  t y  

(Sergeant and B r o d i e  1975, F raker  and F rake r  1980), which i s  p robab l y  

a  t r auma t i c  expe r i  ence t o  those  i n d i v i d u a l  whal es r epea ted l y  exposed 

t o  it. Yet, a l 1  ev idence shows t h a t  w h i t e  whales m a i n t a i n  t h e i r  

m i g r a t o r y  p a t t e r n s  and r e t u r n  t o  t h e i r  t r a d i t i o n a l  summering areas i n  

s p i t e  o f  h u n t i n g  a c t i v i t i e s  t h a t  m igh t  l e a d  e v e n t u a l l y  t o  t h e i r  

ex te r r i i i na t ion  (Sergeant  and B rod ie  1975; B r o d i e  1981; M i t che l  1  and 

Reeves 1981; F i n1  ey e t  a l .  1982). 

It i s  d i  f f i c u l  t t o  e x t r a p o l  a t e  frorn t h e  above s i t u a t i o n s  i n v o l  v i n g  

r e l a t i v e l y  smal l  vesse ls  t o  t h e  s i t u a t i o n s  where ve r y  much l a r g e r  and 

inuch more power fu l  i c e b r e a k i  ng t anke rs  w i  11 be p resen t .  When open 

water  i s  p reva len t ,  and t h e  t anke rs  can proceed a t  a  much reduced 

power ou tpu t ,  t h e  p r o d u c t i o n  o f  sound w i l l  d i f f e r  l i t t l e  f rom t h a t  o f  

ve ry  nluch l e s s  powerful  tugs  o p e r a t i n g  a t  f u l l  power: 165 dB r e  1 

p~a/ i - lzB a t  1 rn f o r  t h e  t anke rs  a t  17 kno ts  cornpared t o  151-164 dB r e  



1 u ~ a / ~ z 3  a t  1 rn f o r  t h e  t u g s  push ing  f u l l y  l a d e n  ba rges  ( F o r d  

1977) .  Other  b e h a v i o u r a l  o b s e r v a t i o n s  suggest  t h a t  w h i t e  wha les  can 

c o - e x i s t  w i t h  l a r g e  vesse1 t r a f f i c ,  as i n  t h e  e s t u a r y  o f  t h e  C h u r c h i l l  

R i v e r  where l a r g e  g r a i n  s h i p s  t a k e  on t h e i r  cargoes ( S e r g e a n t  and 

B r o d i e  1975), and i n  t h e  e s t u a r y  o f  t h e  St .  Lawrence R i v e r ,  where 

t h e r e  i s  a c o n s t a n t  s t ream o f  l a r g e  v e s s e l s  moving t o  and from p o r t s  

i n  t h e  Great  Lakes. However i n  b o t h  areas t h e  p o p u l a t i o n s  have 

d e c l i n e d  ; i n  t h e  C h u r c h i l l  R i v e r ,  p resumably  f rom h u n t i n g  by Cree and 

I n u i t  r e s i d e n t s ;  and i n  t h e  St. Lawrence R i v e r ,  p resumably  f r o m  

h u n t i n g  and c o n s t a n t  harassment by man, and p o s s i b l y  f r o m  changes i n  

w a t e r  t e m p e r a t u r e  and p a t t e r n s  o f  f r e s h w a t e r  d i s c h a r g e  b r o u g h t  abou t  

by hyd ro -e l  e c t  r i  c  deve l  opments (Sergeant  and B r o d i  e  1975, P i  p p a r d  

1980). 

4.1.6 Narwhal 

U n l i k e  w h i t e  whales, n a r w h a l s  do n o t  congrega te  i n  dense herds ,  though 

t h e y  o f t e n  rnove i n  pronounced rni g r a t o r y  s t reams i n v o l  v i  ng t h e  passage 

of  seve ra l  hundred an imal  s  p e r  hou r  (Greendal  e  and Brousseau-Greendal  e  

1976, persona1 o b s e r v a t i o n ) .  They a r e  e s s e n t i a l l y  a n i m a l s  o f  deep 

wa te r ,  i n h a b i t i n g  t h e  denser  pack i c e  i n  B a f f i n  Bay i n  w i n t e r  and 

s p r i n g  (McLaren and D a v i s  1981)  and m i g r a t i n g  i n s h o r e  t o  t h e  f i o r d s  o f  

B a f f i n  I s l a n d  and n o r t h w e s t e r n  Green land i n  t h e  surnmer ( V i b e  1950; 

M a n s f i e l d ,  Srnith and Beck 1975) .  They a r e  r a r e l y  found  i n  s h a l l o w  

w a t e r  u n l e s s  a v o i d i n g  p u r s u i t  by I n u i t  h u n t e r s  ( F i n l e y ,  D a v i s  and 

S i  1  verman 1980). Narwhal s possess a  much l ess compl i c a t e d  voca l  

r e p e r t o i  r e  t h a n  w h i t e  wha les  ( F o r d  and F i s h e r  1978),  though t h e i  r 

a c o u s t i c  a b i l  i t i e s  have n o t  been as i n t e n s e l y  s t u d i e d .  They a r e  a l s o  

rnuch l e s s  t i e d  by t h e i r  b e h a v i o u r  t o  s p e c i f i c  summering l o c a l i t i e s  

t h a n  a r e  w h i t e  whales,  t h e i r  d i s t r i b u t i o n  and movements a t  t h i s  season 

b e i n g  much l e s s  p r e d i c t a b l e .  As a  consequence, narwhal  s  have n o t  

s u f f e r e d  t h e  s e r i o u s  o v e r - e x p l o i t a t i o n  by man t h a t  has o c c u r r e d  w i t h  

s e v e r a l  l o c a l  w h i t e  whal e popu l  a t i o n s  (Mi t c h e l l  and Reeves 1981).  



The main w i n t e r i n g  area of narwhals  i s  i n  B a f f i n  Bay, f rom Dav i s  

S t r a i t  t o  as f a r  n o r t h  as 70°40'N, t h e  1  i m i t  o f  a e r i a l  surveys so f a r  

c a r r i e d  out .  They r e s i d e  a lmost  e x c l u s i v e l y  i n  areas where t h e  i c e  

cover  i s  g r e a t e r  than  50%, w i  t h  h i g h e s t  dens i  t i e s  o c c u r r i n g  where t h e  

i c e  cover  i s  91-99% (McLaren and Dav is  1981). The s t r o n g  no r t hwa rd  

movement o f  narwhals observed a t  t h e  n o r t h e r n  l i m i t  o f  surveys i n  

March suggest t h a t  o t h e r  narwhal s  a r e  a l  so p resen t  f u r t h e r  n o r t h  

i n B a f f i n  Bay a t  t h i s  t ime  of year .  C e r t a i n l y  by May, narwhals  a r e  

w i d e l y  d i s t r i b u t e d  i n  pack i c e  as f a r  n o r t h  as 74"301N, u s u a l l y  where 

t h e  i c e  cover  i s  g r e a t e r  than  75% (Kosk i  and Davis  1979, Koski  1980). 

S ince i c e  c o n d i t i o n s  i n  B a f f i n  Bay i n  May a re  s i m i l a r  t o  t hose  i n  

March, i t  i s  p o s s i b l e  t h a t  narwhals  spend t h e  w i n t e r  i n  t h e  pack i c e  

t h roughou t  B a f f i n  Bay (McLaren and Dav is  1981). 

Whatever t h e  proposed w i n t e r  r o u t i n g  o f  LNG tanke rs  i n  B a f f i n  Bay, t h e  

sh ips  w i l l  occas iona l  l y  encounter  smal l  groups o f  narwhals a l ong  o r  

c l o s e  t o  t h e i r  t r a c k s  (McLaren and Dav is  i b i d . ) .  The an imals  w i l l  be 

most v u l n e r a b l e  a t  t h i s  t ime  s i n c e  t h e  sh ips  w i l l  be o p e r a t i n g  a t  f u l l  

power. As i n d i c a t e d  i n  s e c t i o n  3.2.6.6, no t  enough i s  known about  t h e  

v o c a l i z a t i o n s  o f  narwhals t o  e s t i m a t e  a t  what d i s t ances  t h e  maximum 

sound l e v e l s  o f  LNG tanke rs  rnight be d i s r u p t i v e .  However, because o f  

t h e  narwha ls '  a b i l i t y  t o  e x i s t  i n  c l o s e  pack i c e ,  i t i s  p o s s i b l e  t h a t  

they  w i  11 n o t  be much impeded i n  ïnoving away from sources o f  

d i s t u rbance .  

Concern has been f r e q u e n t l y  expressed t h a t  t h e  passage o f  an 

i c e b r e a k i n g  vesse1 th rough  very  c l o s e  pack i c e  o r  f a s t  i c e  w i l l  i nduce  

narwhals t o  f o l l o w  i n  i t s  t r a c k ,  u n t i l  t hey  e v e n t u a l l y  became 

trapped. The bas is  o f  t h i s  b e l i e f  l i e s  i n  t h e  n a t u r a l  entrapments o r  

' savssats  ' t h a t  occur occas i  ona l  l y  ( P o r s i  1  d  1918) and t h e  apparen t  

detern i i  n a t i  on w i  t h  whi ch narwhal s  m i  g r a t e  th rough  decayi  ng f a s t  i c e  

i n t o  t h e  heads o f  f i o r d s  i n  t h e  s p r i n g  (W i l k i nson  1956, persona1 

o b s e r v a t i o n ) .  The a b i l  i t y  o f  narwhal s  t o  e x i s t  i n  c l ose  pack i c e  

(McLaren and Davis  1981) suggests t h a t  a  s h i p ' s  t r a c k  would o n l y  be  



used i f  i t  o f f e r e d  r e l a t i v e l y  easy access t o  t h e  a i r .  Owing t o  t h e  

c h o k i n g  o f  t h e  t r a c k  w i t h  i c e  r u b b l e  f rom t h e  s h i p ' s  p r o p e l l o r s  

( A l  1 i s t o n  1980) t h i s  s i t u a t i o n  woul d  be un1 i k e l y  t o  occu r ,  e s p e c i a l  l y  

i n  w i n t e r  when r e f r e e z i n g  i s  r a p i d .  

When narwhals  a r e  m i g r a t i n g  i n t o  L a n c a s t e r  Sound i n  t h e  s p r i n g ,  t h e y  

w i l l  s u f f e r  t h e  same c o n s t r a i n t s  as t h e  w h i t e  wha les :  t h e y  w i l l  be 

c l o s e  t o  t h e  t a n k e r  r o u t e  and w i l l  have l e s s  room t o  move away from 

t h e  p a t h  o f  an oncoming sh ip .  G e n e r a l l y ,  a c o u s t i c  d i s t u r b a n c e  w i l l  be 

l e s s  a t  t h i s  t i rne  owing t o  t h e  reduced power r e q u i r e d  when t h e  t a n k e r s  

a r e  o p e r a t i n g  i n  l o o s e  i c e  o r  open wa te r ,  b u t  h i g h  n o i s e  l e v e l s  w i l l  

occu r  when t h e  s h i p s  e n t e r  t h e  f a s t  i c e  a g a i n .  It i s ' p o s s i b l e  t h a t  

t h e  d i  s t u r b a n c e  r e s u l  t i n g  f rom renewed i c e b r e a k i  ng a c t i v i  t y  a t  t h e  

f l o e  edge w i l l  cause na rwha ls  t o  l e a v e  t h e  immed ia te  area and m i g r a t e  

i n t o  o t h e r  f i o r d s  where t h e r e  i s  no s h i p p i n g  a c t i v i t y .  Such an even t  

may have o c c u r r e d  i n  n o r t h e r n  B a f f i n  I s l a n d  i n  1980 and 1981 where 

supposed ly  unusua l  ini y r a t i  ons o f  narwhal  s  i n t o  Foxe Bas i  n  v i a  P r i n c e  

Regent I n l e t  and t h e  Gu l f  o f  B o o t h i a  have been a t t r i b u t e d  t o  t h e  

i c e b r e a k i n g  a c t i v i t i e s  of t h e  o r e  c a r r i e r  M.V. ' A r c t i c '  a t  t h e  

e n t r a n c e  t o  A d m i r a l t y  I n l e t  (D. K a l l u k  i n  l i t t . 13 May 1982.). -- 

Avai 1  ab1 e c a t c h  s t a t  i s t  i C S  (Baubi  e r ,  B r a d l  ey  and Vestey  1970, 

M a n s f i e l d  e t  a l .  1975, M i t c h e l l  and Reeves 1981, B. Wong i n  l i t t . )  -- 
show t h a t  na rwha ls  were t a k e n  i n  t h e  I g l o o l i k  a r e a  i n  1953 ( I O ) ,  1968 

(10,  i n c l u d i n y  an unknown nurnber o f  w h i t e  wha les ) ,  1969 (30, i n c l u d i n g  

an unknown nurriber o f  w h i t e  wha les ) ,  1973 ( I O ) ,  1979 (108) ,  1980 (11 )  

and 1981 ( 5 3 ) .  The l a r g e  c a t c h  i n  1979 r e s u l t e d  p r i r n a r i l y  f rom a  

' s a v s s a t '  a t  Agu Bay, j u s t  West of  t h e  e n t r a n c e  o f  Fu ry  and Hec la  

S t r a i  t , and a n o t h e r  ent rapment  nea r  I g l o o l i k  accoun ted  f o r  7  i n  1981. 

It t h u s  seerns t h a t  na rwha ls  have been caugh t  s p o r a d i c a l l y  a t  I g l o o l i k  

ove r  many yea rs ,  s u g g e s t i n g  t h a t  t h e  p a t t e r n  o f  b reak-up o f  t h e  i c e  i n  

t h e  G u l f  o f  B o o t h i a  may be t h e  p r i m a r y  f a c t o r  i n  d e t e r m i n i n g  t h e s e  

f l u c t u a t i o n s  and n o t  t h e  r e c e n t  a c t i v i t i e s  o f  a  s i n g l e  vesse l ,  



When t h e  narwhal  s  move i n t o  t h e  f i o r d s ,  sound l e v e l  s  a r e  1  i k e l y  t o  be 

q u i  c k l y  reduced b y  t h e  compl ex c o a s t a l  t o p o g r a p h y  and compara t i  v e l y  

sha l  l o w  depths ,  

4.1.7 Bowhead 

L i  ke  most  b a l  een whales,  t h e  bowhead o c c u r s  i n  w i d e l y  s c a t t e r e d  s m a l l  

g roups o r  as s o l  i t a r y  i n d i v i d u a l  S. The i n t e r e s t i n g  p o s s i b i l i t y  e x i s t s  

t h a t ,  even t h o u g h  a  number o f  a n i m a l s  may be sp read  w i d e l y  ove r  a  

l a r g e  area,  t h e y  may s t i l l  f o rm a  c o h e r e n t  g roup  s i n c e  t h e y  appear t o  

be a b l e  t o  conimunicate e a s i l y  w i t h  each o t h e r  b y  means o f  t h e i r  

power fu l  l ow  f r e q u e n c y  voca l  i z a t i o n s  v i a  t h e  so -ca l1  ed deep sound 

channel (Payne and Webb 1971). 

Bowheads a r e  l a r g e ,  s low-moving whales w h i c h  f e e d  on smal l  p l a n k t o n i c  

c rus taceans ,  p r i r n a r i l y  copepods and euphaus ids  (Lowry and Burns 1980),  

f i l  t e r e d  frorn t h e  w a t e r  by s e v e r a l  hundred f i n e l y  f r i n g e d  b a l e e n  

p l a t e s  suspended f rom t h e  p a l a t e .  The l e i s u r e l y  p r o g r e s s  e n t a i l e d  i n  

t h e i  r rnethod o f  f e e d i  ng (Nemoto 1970) has 1  e f t  bowheads p a r t i  c u l  a r l y  

v u l n e r a b l e  t o  p r e d a t i o n  by man. Thus t h e  p o p u l a t i o n  i n  B a f f i n  Bay, 

t h o u g h t  t o  number about  11 000 i n  i t s  p r i s t i n e  s t a t e  ( M i t c h e l l  and 

Reeves 1981),  has been reduced t o  s e v e r a l  hundred o n l y  (Dav is  and 

Kosk i  1980), w h i l e  t h e  p o p u l a t i o n  i n  t h e  B e r i n g  Sea, p r o b a b l y  

number ing abou t  20 000 i n  i t s  p r i s t i n e  s t a t e ,  i s  now reduced t o  an 

e s t i m a t e d  2700 ( B r e i w i c k ,  e t  a l .  1981). 

In v iew o f  t h e i r  p r e s e n t  l o w  l e v e l s ,  t h e  f u t u r e  o f  t h e s e  two  

popul a t i o n s  i s  u n c e r t a i  n, The e a s t e r n  a r c t i c  p o p u l a t i o n ,  though 

p r o t e c t e d  by  Canadian l a w  froln e x p l o i t a t i o n ,  may s t i l l  be s u f f e r i n g  a  

s i ~ i a l l  b u t  s i  g n i  f i  c a n t  m o r t a l  i t y  f rom shoo t  i ng b y  I n u i t  (Mi t c h e l  l and 

Reeves 1982) .  The wes te rn  a r c t i c  p o p u l a t i o n ,  wh ich  sumrners i n  t h e  

B e a u f o r t  Sea, i s  a l s o  p r o t e c t e d  frorn e x p l o i t a t i o n  by Canadian I n u i t  

b u t  i s  s u b j e c t  t o  t h e  t r a d i t i o n a l  hunt  o f  t h e  A laskan I n u i t ,  under  a  

quo ta  imposed by t h e  I n t e r n a t i o n a l  Whal i ng Commi s s i o n  (Mi t c h e l l  and 

Reeves 1980).  W i t h i n  t h e  quota,  t h e  hun t  i s  r e g u l a t e d  by t h e  A laska  

Eskiino Whal i n g  Coinmission (Anon. 1951),  



I n  t h e  e a s t e r n  a r c t i c  t h e  d i s t r i b u t i o n  o f  t h e  bowhead i s  b r o a d l y  

s i m i l a r  t o  t h a t  of  t h e  w h i t e  whale, b u t  un1 i k e  t h e  l a t t e r  s p e c i e s  t h e  

bowhead may spend t h e  w i n t e r  i n  open w a t e r  s o u t h  o f  t h e  i c e  edge i n  

D a v i s  S t r a i t ,  as w e l l  as i n  l e a d s  and c r a c k s  w e l l  w i t h i n  t h e  pack i c e  

where i c e  coverage may be as h i g h  as 99% (McLaren and D a v i s  1981). 

I n  t h e  s p r i n g  t h e  bowhead p r o b a b l y  m i g r a t e s  t h r o u g h  t h e  more open pack 

i c e  i n  e a s t e r n  B a f f i n  Bay t o  t h e  edge o f  t h e  f a s t  i c e  i n  Pond I n l e t  

and L a n c a s t e r  Sound, e v e n t u a l l y  moving i n t o  soine o f  t h e  f i o r d s  as t h e  

i c e  b reaks  up ( D a v i s  and K o s k i  1981). 

I n  t h e  wes te rn  a r c t i c ,  t h e  s p r i n g  movement n o r t h w a r d s  i n  A p r i l  and May 

frorn t h e  w i n t e r i n g  a r e a  i n  t h e  B e r i n g  Sea becomes a  pronounced 

i n i g r a t o r y  s t ream a l o n g  t h e  n o r t h w e s t  c o a s t  o f  A laska.  From P o i n t  

Barrow, bowheads l e a v e  t h e  c o a s t  and move t h r o u g h  see in ing l y  

i m p e n e t r a b l e  pack i c e  t o  1  eads a l  ong wes te rn  Banks I s l a n d  and i n  

Amundsen G u l f  (Braharn, F r a k e r  and Krogman 1980). As i c e  b reaks  up i n  

J u l y  and August, bowheads become more widespread i n  t h e  s o u t h e a s t e r n  

B e a u f o r t  Sea, p a r t i c u l a r l y  i n  t h e  a rea  n o r t h w e s t  o f  t h e  Mackenzie 

Del t a  where t h e  m a j o r  o i 1  e x p l o r a t i o n  a c t i v i t i e s  a r e  o c c u r r i n g  ( F r a k e r  

and Bockstoce 1980). 

U n t i l  r ecen . t l y  most o f  what i s  known o f  t h e  b e h a v i o u r  o f  bowheads was 

r e c o r d e d  i n  t h e  19th c e n t u r y  by two of t h e  most s u c c e s s f u l  w h a l i n g  

c a p t a i  ns,  W i l  1 i am Scoresby,  J r .  (1820), and Char les  W. Scammon 

(1574). U n f o r t u n a t e l y ,  i t  i s  d i  f f i c u l t  t o  e x t r a p o l  a t e  t h e i  r 

o b s e r v a t i o r i s  t o  t h e  p r e s e n t  s i t u a t i o n  s i n c e  t h e  wha les  were under  t h e  

s t r e s s  o f  p u r s u i t  by s a i l i n g  s h i p s  and boats ,  t hough  t h e s e  were 

r e l a t i v e l y  q u i e t .  T h i s  l a c k  of use fu l  i n f o r m a t i o n  on t h e  b e h a v i o u r  of 

bowhead whales has been p a r t i a l  l y  remedied by a  nuinber o f  r e c e n t  

s t u d i e s ,  p r i i i c i p a l l y  t h o s e  c a r r i e d  o u t  i n  B a f f i n  Bay by D a v i s  and 

Kosk i  (1980) and i n  t h e  s o u t h e a s t e r n  B e a u f o r t  Sea by  LGL E c o l o g i c a l  

Research Associ  a t e s  ( R i c h a r d s o n  1982). Whi 1 e  t h e  norrnal behav i  o u r  has 

been s t u d i e d  i n  g r e a t  d e t a i l  (Würs ig  e t  a l .  1982), e s p e c i a l l y  i n  



r e l a t i o n  t o  t h e  d i s t r i b u t i o n  and abundance o f  f o o d  organ isms 

( G r i f f i t h s  and Buchanan 1982),  t h e  most i m p o r t a n t  a s p e c t s  o f  t h e  work 

a r e  t h e  o b s e r v a t i o n s  on bowhead phona t ions ,  a l  r e a d y  d e s c r i  bed i n  

s e c t i o n  3.2.5, and t h e  an i rna l s '  r e a c t i o n s  t o  d i s t u r b a n c e  by  b o a t s  

( F r a k e r ,  R icha rdson  and Würsig 1982). 

I n  t h e  f i e l d  e x p e r i m e n t s  d e s c r i b e d ,  bowheads were seen t o  move away 

q u i c k l y  f rom b o t h  a  16 m  crew b o a t  and a  60 m  s u p p l y  vesse l  when t h e y  

approached wi t h i n  a p p r o x i r n a t e l y  0.8 - 3.0 km o f  t h e  whales.  Some 

whales appeared t o  t r y  and o u t r u n  t h e  boa ts ,  b u t  when o v e r t a k e n  t h e y  

changed cou rse  a t  r i g h t  a n g l e s  t o  t h e  b o a t s '  t r a c k s .  D i s t u r b e d  whales 

spen t  s i g n i f i c a n t l y  l e s s  t i m e  a t  t h e  su r face ,  b l e w  f e w e r  t i m e s  d u r i n g  

each s u r f a c i n g  and made b r i e f e r  d i v e s .  They a l  so became more w i d e l y  

separa ted.  A f t e r  t h e  v e s s e l s  had passed, t h e  wha les  ceased t o  move 

away frorn t h e  s i t e  o f  d i s t u r b a n c e ;  b u t  t h e  i n c r e a s e d  i n t e r - a n i m a l  

d i s t a n c e s  and t h e  s o c i a l  i n t e r r u p t i o n  t h a t  t h i s  may have e n t a i l e d  

p e r s i s t e d  f o r  a t  l e a s t  an hour ,  o r  p o s s i b l y  s e v e r a l  hou rs  ( F r a k e r  e t  

a l .  i b i d . ) .  -- 

Much o f  t h e  above obse rved  b e h a v i o u r  was i n  response t o  n o i s e  l e v e l s  

t h a t  were g e n e r a l l y  l o w e r  t h a n  t h e  l e v e l s  expec ted  f r o m  i c e b r e a k i n g  

t a n k e r s .  However t h e  l a r g e  s u p p l y  vesse l  p roduced i t s  peak t o n e  (56  

Hz) a t  an es t i rna ted  s o u r c e  l e v e l  o f  between 144 and 167 dB r e  1 

u ~ a / ~ z $  a t  1 rn, compared t o  t h e  l e v e l  o f  165 dB r e  1 v ~ a / ~ z %  a t  1 

rn expected f o r  an i c e b r e a k i n g  t a n k e r  moving t h r o u g h  l o o s e  i c e  o r  open 

wa te r  under reduced power ( A r c t i c  P i l o t  P r o j e c t  1982) and t o  t h e  l e v e l  
i 

o f  164 dB r e  1 u ~ a / ~ z %  a t  1 m e s t i m a t k d  f o r  a  t u g  p u s h i n g  a  f u l  l y  

1 aden barge ( F o r d  1977) ,  

What ev idence t h e r e  i s  frorn t h e  r e a c t i o n s  o f  o t h e r  s p e c i e s  o f  b a l e e n  

whal es t o  s h i p  t r a f  f i  c i s  e q u i  v o c a l .  l h e r e  i s  one w e l l  documented 

i n s t a n c e  o f  yrey whal es  E s c h r i c h t i  us r o b u s t u s  abandoni  ng a  n u r s e r y  

area i n  Guer re ro  Negro Lagoon, B a j a  C a l i f o r n i a ,  f o l l o w i n g  a marked 

i n c r e a s e  i n  s h i p p i n g  t r a f f i c  i n v o l v e d  i n  t r a n s p o r t i n g  s a l t ,  b u t  t h e  



wha les  r e t u r n e d  t o  t h e  l a g o o n  i n  s u b s t a n t i a l  numbers a f t e r  s h i p p i n g  

was e l i i n i n a t e d  (Gard 1974).  Ano the r  l a g o o n  was abandoned f o r  s e v e r a l  

y e a r s  f o l l o w i n g  an i n c r e a s e  i n  f i s h i n g  b o a t  t r a f f i c ,  b u t  t h e  t o t a l  

p o p u l a t i o n  o f  whales w i n t e r i n g  i n  B a j a  C a l i f o r n i a  remained more o r  

l e s s  s t a b l e  d u r i n g  t h e  p e r i o d  f r o m  1956 t o  1973 as o t h e r  l agoons  

becarne inore dense ly  p o p u l a t e d  (Gard,  i b i d , ) .  It seems c l e a r  f r o m  t h i s  

exarnple t h a t  g ray  whales i n  p a r t i c u l a r ,  and perhaps b a l e e n  whales  i n  

g e n e r a l  , w i  11 r e a d i l y  move frorn one 1  o c a l  i t y  t o  a n o t h e r  as a  r e s u l  t o f  

d i s t u r b a n c e ,  b u t  w i l l  n o t  e n t i  r e l y  v a c a t e  an area t h a t  s u p p o r t s  an 

i m p o r t a n t  a c t i v i t y  o f  t h e i r  l i f e  c y c l e .  

There  appear t o  be no o t h e r  c l e a r  examples o f  b a l e e n  whales abandon ing 

an a r e a  opring t o  heavy i n t e r f e r e n c e  f rom hunian a c t i v i t i e s .  N o r r i s  and 

Reeves (1978)  c i t e  one case o f  humpback whales Megaptera n o v a e a n g l i a e  

abandoni  ng one o f  t h e i  r w i  n t e r i  ng a reas  a l  ong t h e  s o u t h e a s t e r n  c o a s t  

of  Oahu i n  t h e  Hawai ian  I s l a n d s  where t h e r e  has been a  d r a s t i c  

i n c r e a s e  i n  b o a t i  ng a c t i v i  t y ,  m a r i  ne c o n s t r u c t i o n  and s i 1  t a t i o n  s i n c e  

t h e  1930 's .  However t h e y  c a u t i o n  t h a t  t h i s  apparen t  d e c l i n e  i n  

nuinbers inay re1 a t e  t o  n a t u r a l  , l o n g - t e r m  c y c l e s ,  o r  t o  heavy whal i ng 

f o r  humpbacks on t h e  A l e u t i a n  grounds i n  t h e  e a r l y  1960 's  r a t h e r  t h a n  

t o  t h i s  i n c r e a s e d  human a c t i v i t y ,  M i s h i w a k i  and Sasao (1977) c i t e  

a n o t h e r  case o f  what appears t o  have been a  d i sp lacemen t  by heavy 

[na r i  ne t r a f f  i c  o f  ini nke whal es  Bal  a e n o p t e r a  a c u t o r o s t r a t a  frorn t h e  

a rea  around Yobiko i n  n o r t h e r n  Honshu and o f  B a i r d ' s  beaked wha le  

B e r a r d i  us ---- b a i  r d i  i , an odon toce te ,  f ron i  t h e  area e a s t  o f  Tokyo Bay. 

However, as F r a k e r  e t  a l .  (1981)  n o t e ,  t h e i r  c o n c l u s i o n s  a r e  based on 

changes i n  c a t c h - p e r - u n i  t e f f o r t  c a l  c u l  a t e d  f ro in d a t a  o b t a i  ned f rom 

d i f f e r e n t  t y p e s  and numbers o f  v e s s e l s  f i s h i n g  f o r  d i f f e r e n t  p e r i o d s  

o f  t i ine ,  As a  consequence o f  so many v a r i a b l e s ,  t h e  d a t a  a r e  

d i  f f i c u l  t t o  i n t e r p r e t ,  

I n  c o n t r a s t  t o  t h e  p r e c e d i n g  examples,  t h e r e  i s  ev idence  t o  show t h a t  

ba leen  whales i n  o t h e r  areas becorne l a r g e l y  o b l i v i o u s  t o  hunian 

a c t i v i t i e s  o r  inay a c t i v e l y  a s s o c i a t e  w i t h  them. Sergeant  ( u n p u b l l s h e d  



MS 1978) r e c o r d e d  persona1 o b s e r v a t i o n s  o f  t h e  cape1 i n  f i  s h e r y  o f f  

s o u t h e r n  L a b r a d o r  and Newfoundland i n  t h e  19701s,  wh ich  s u p p o r t e d  a n  

e a s t e r n  European f l e e t  of about  40 l a r g e  f a c t o r y  t r a w l e r s  and 

a u x i l  i a r y  v e s s e l s .  I n  s p i t e  o f  t h e  d i s t u r b a n c e  caused by t h i s  

c o n c e n t r a t i o n  of  vesse1 s  , humpbacks, f i n  whal es Bal a e n o p t e r a  physa l  us 

and m inke  whales  were p r e s e n t  i n  t h e  g e n e r a l  a rea,  b u t  o n l y  t h e  

humpbacks were seen i n  c l o s e  p r o x i r n i t y  t o  t h e  v e s s e l s  t h a t  were 

a c t i v e l y  f i s h i n g .  The presence o f  wha les  arnong t h e  f i s h i n g  f l e e t  

c o u l d  s i m p l y  mean t h a t  b o t h  men and whales  were e x p l o i t i n g  t h e  cornrnon 

food  r e s o u r c e ,  t h e  c a p e l i n ,  b u t  Sergeant  ( i b i d . )  suggested t h a t  t h e  

humpback wha les  aggrega ted  around a c t i v e l y  f i s h i n g  t r a w l e r s  were 

p r o b a b l y  mak ing use o f  dead, i n j u r e d ,  and d i s o r i e n t e d  f i s h  t h a t  had 

passed t h r o u g h  t h e  meshes o f  t h e  ne ts .  

F o l  l o w i n g  t h e  r a p i d  dec l  i n e  i n  t h e  s t o c k s  o f  cape1 i n  o f f  s o u t h e r n  and 

e a s t e r n  Newfoundland i n  t h e  l a t e  19701s ,  humpbacks began t o  pu rsue  

thern i n s h o r e  d u r i n g  t h e i r  spawning m i g r a t i o n s  i n  s p i t e  o f  inuch c o a s t a l  

a c t i v i t y  frorn srnal l  f i s h i n g  boa ts .  The i n e v i t a b l e  r e s u l t  was t h a t  

many whales became e n t a n g l e d  i n  g i l l  n e t s  and t r a p s ,  p o s i n g  a  s o c i a l  

and econornic prob le in  f o r  f i s h e r m e n  and i n c r e a s i n g  t h e  rno r ta l  i t y  o f  t h e  

whales s u b s t a n t i a l l y .  I n  1981 t h e  number o f  wha le  entang lements  was 

much reduced,  inost o f  t h e  humpbacks e v i d e n t l y  r e m a i n i n g  o f f s h o r e  where 

t h e  c a p e l i n  s t o c k s  had l a r g e l y  r e b u i l t  (Whi tehead and L i e n  1982).  

An example o f  t h e  h a b i t u a t i o n  o f  b a l e e n  whales  t o  n o n - f i s h i n g  s h i p p i n g  

a c t i v i t i e s  i s  d e s c r i b e d  by Evans (1982) .  I n  Venezuela, B r y d e ' s  wha le  

Ba laenop te ra  eden i  rnoves seasonal  l y  i n t o  t h e  c o a s t  i n  p u r s u i t  o f  

anchovy and h e r r i n g .  F r e q u e n t l y  t h e  wha les  a r e  observed v e r y  c l o s e  t o  

t h e  f e r r i e s  ( h o v e r c r a f t ,  h y d r o f o i  1  s  and c o n v e n t i o n a l  s h i p s )  t h a t  p l y  

between I s l a  M a r g a r i t a  and t h e  main land.  The f e r r i e s  a r e  l a r g e  

v e s s e l s  t h a t  g e n e r a t e  s u b s t a n t i a l  l e v e l s  o f  n o i s e  when loaded,  b u t  

t h e s e  do n o t  seein t o  rnod i fy  t h e  f e e d i n g  o r  r n i g r a t o r y  b e h a v i o u r  o f  t h e  

whal es. 



A f i n a l  exarnple i s  t h a t  r e c o r d e d  by Sears, Wenzel and W i l  1  iamson 

(1981). They obse rved  b l  ue whal es Bal aenop te ra  p h y s a l  us f e e d i  ng 

i n t e n t l y  i n  t h e  s h i p p i n g  l a n e  a t  P o i n t e  des Monts i n  t h e  e s t u a r y  of 

t h e  St. Lawrence R i v e r  and showing l i t t l e  evas i veness  i n  t h e  presence 

o f  s h i p p i n g  ( l a r g e l y  bu1 k c a r r i e r s )  a t  c l o s e  q u a r t e r s .  

4.2 P o t e n t i a l  - E f f e c t s  o f  D i s t u r b a n c e  on P r o d u c t i v i t y  

The f o r e g o i n g  o b s e r v a t i o n s  suggest  t h a t  i t  i s  un1 i k e l y  t h a t  

d i s t u r b a n c e  by vesse l  s  w i l l  cause e i t h e r  s e a l s  o r  wha les  t o  abandon 

l a r g e  areas o f  t h e i r  h a b i t a t ,  though t h e i r  l o c a l  d i s t r i b u t i o n  may 

change i f  d i s t u r b a n c e  i s  p a r t i c u l a r l y  i n t e n s e .  Even i f  i t  i s  accepted 

t h a t  t h e  need o f  m a r i n e  mammals t o  feed  and t o  b e a r  and c a r e  f o r  t h e i r  

young i n  c e r t a i n  a reas  i s  o f  pararnount impor tance  and i s ,  t h e r e f o r e ,  

l i k e l y  t o  c o n t i n u e  no m a t t e r  what d i s t u r b a n c e  ensues, t h e  concern  

remains t h a t  soriie forrn o f  c h r o n i c  s t r e s s  may occur .  T h i s  c o u l d  r e s u l t  

i n  a  d i rn i  n i  shed r e p r o d u c t i v e  c a p a c i t y  o f  t h e  p o p u l a t i o n ,  e i t h e r  

t h r o u g h  f a i l  u r e  o f  normal rnat ing  behav iou r ,  a b o r t i o n ,  o r  decreased 

a b i l  i t y  o f  p a r t u r i e n t  fernales t o  c a r e  f o r  t h e i r  young. T h i s  i n  t u r n  

c o u l d  r e s u l t  i n  undernour i shn ien t  of t h e  young and subsequent 

r e t a r d a t i o n  o f  t h e i r  sexua l  m a t u r i t y .  It i s  p o s s i b l e  t h a t ,  even 

though d i s t u r b a n c e  frorn vesse l  t r a f f i c  o r  h u n t i n g  m i g h t  be t o l  e r a t e d ,  

t h e  cornbined s t r e s s  wou ld  be s u f f i c i e n t  t o  cause t h e  p o s s i b l e  e f f e c t s  

d e s c r i  bed. 

As  w i l l  be shown i n  t h e  n e x t  s e c t i o n ,  such changes a r e  o c c u r r i n g  i n  

(nar ine  inanimal p o p u l a t i o n s  a t  t h e  p r e s e n t  t i m e .  It i s  necessary ,  

t h e r e f o r e ,  t o  exainine t t i ese  changes t o  see i f  t h e y  a r e  l a r g e  enough t o  

obscure  t h e  v a r i a t i o n  t h a t  m i g h t  occu r  as a  r e s u l t  o f  vesse l  t r a f f i c  

d i  s turbance.  

4.3 N a t u r a l  V a r i a b i l i t y  i n  M a r i n e  Mammal P o p u l a t i o n s  

Apart; fror i i  t h e  h a r p  s e a l ,  wh ich  has been s u b j e c t  t o  an i n t e n s e  and 

s u s t a i n e d  f i s h e r y  f o r  two hunctreti y e a r s  (Se rgean t  197Gb) ,  and a  

c o n t i n u i n g  r e s e a r c h  prograin f o r  a t  l e a s t  30 y e a r s ,  o n l y  t h e  r i n g e d  



sea l  has been s t u d i e d  f o r  a  l o n g  enough p e r i o d  f o r  changes i n  

p o p u l a t i o n  abundance t o  be d e t e c t e d .  T h i s  has been w e l l  docurnented by 

Sini t h  and S t i  r l  i ng (1978) and S t i  r l  i ng , A r c h i  b a l  d  and UeMaster (1977) 

who observed a  l a r g e  s c a l e  decrease i n  nurnbers o f  r i n g e d  s e a l s  and 

bearded s e a l s  i n  t h e  s o u t h e a s t e r n  B e a u f o r t  Sea and Amundsen G u l f  

between t h e  y e a r s  1973 and 1975. A n a l y s i s  o f  r e p r o d u c t i v e  t r a c t s  

showed a  rnarked d r o p  i n  pregnancy r a t e s  f o r  t h e  r i n g e d  s e a l s  (Srni th 

and S t i r l i n g  i b i d . ) ,  b u t  t h i s  c o u l d  n o t  accoun t  f o r  t h e  e x c e p t i o n a l l y  

1  a r g e  r e d u c t i  on i n  abundance between t h e  two y e a r s .  S t i  r l  i ng e t  a l  . 
(1977) p o s t u l a t e d  t h a t  severe i c e  c o n d i t i o n s  and heavy snow cover  

rn ight  have reduced t h e  q u a n t i t y  o f  l i g h t  t r a n s m i t t e d  t h r o u g h  t h e  i c e  

t o  such an e x t e n t  t h a t  p r o d u c t i o n  o f  p h y t o p l a n k t o n  and, subsequent ly ,  

t h e  i n v e r t e b r a t e s  and f i s h  on which r i n g e d  s e a l s  u l t i m a t e l y  feed,  

c o u l d  have been i n s u f f i c i e n t  t o  suppor t  rnany l o c a l  sea l  p o p u l a t i o n s .  

It has a l s o  been p o s t u l a t e d  by Smith and S t i r l  i n y  (1978) t h a t  under 

these  c i r cumstances  t h e  a d u l t  male s e a l s  may have j o i n e d  t h e  immature 

sea l  s  on t h e i  r m i g r a t i o n  t o  r i c h e r  f e e d i n g  a reas  i n  t h e  B e r i n g  Sea, 

l e a v i n g  t h e  a d u l t  female s e a l s  unmated a t  t h e  n e x t  c o n c e p t i o n  t i m e  i n  

e a r l y  s p r i n g .  Whatever t h e  cause of t h i s  decrease i n  abundance o f  t h e  

r i n g e d  sea l  p o p u l a t i o n ,  nurnbers had r e t u r n e d  t o  an even h i g h e r  l e v e l  

i n  1978 t h a n  was reco rded  i n  1974 ( S t i r l i n g ,  DeMaster and C a l v e r t  

1980). 

A l though t h e s e  o b s e r v a t i o n s  were made o n l y  i n  t h e  s o u t h e a s t e r n  

B e a u f o r t  Sea and Amundsen G u l f ,  i t i s  p o s s i b l e  t h a t  s i m i l a r  changes i n  

p o p u l a t i o n s  can o c c u r  e lsewhere.  I f  t h i s  i s  so, i t  i s  d i f f i c u l t  t o  

see how one c o u l d  a t t r i b u t e  any changes i n  p o p u l a t i o n  nurnbers t o  t h e  

e f f e c t s  o f  vesse1 t r a f f i c  w i t h o u t  l o n g - t e r m  m o n i t o r i n g  o f  a l 1  t h e  

1 o c a l  r i  nged sea l  p o p u l a t i o n s  t h r o u g h o u t  t h e  Nor thwes t  Passage, 

c l e a r l y  a  v e r y  d i f f i c u l t  and c o s t l y  t a s k .  

None o f  t h e  o t h e r  spec ies  o f  mar ine  mamrnal s, e x c e p t  t h e  harp  sea l ,  has 

been i n v e s t i g a t e d  i n  s u f f i c i e n t  d e t a i l  t o  p r o v i d e  i n f o r m a t i o n  on 

n a t u r a l  changes i n  p o p u l a t i o n  abundance and r e p r o d u c t i v e  success. 



D a v i s ,  F i n l e y  and R i c h a r d s o n  (1980)  have d e s c r i  bed a t  some l e n g t h  what 

needs t o  be known i n  o r d e r  t o  be a b l e  t o  p r e d i c t  changes i n  p o p u l a t i o n  

s i z e  and s t r u c t u r e ,  b u t  t h e r e  a r e  many d i f f i c u l t i e s  t o  be overcoine i n  

o b t a i  n i  ng good o b s e r v a t i o n a l  d a t a ,  c o l  1  e c t i n g  adequate  u n b i  ased 

sa i~ ip les ,  and c o n s t r u c t i r i y  rneani n g f u l  p o p u l a t i o n  mode1 S. 

I t  i s  i n s t r u c t i v e  t o  cornpare t h i s  l a c k  o f  i n f o r m a t i o n  f o r  most  a r c t i c  

m a r i n e  mamrnals w i t h  what we have f o r  t h e  h a r p  s e a l ,  a  s p e c i e s  t h a t  has 

been i n t e n s i v e l y  observed,  marked and sampled f o r  o v e r  30 y e a r s .  

However, i n  s p i t e  o f  t h e  c o l l e c t i o n  of  t e n  o r  inore thousand  specimens, 

t h e  t a g g i n g  o f  many thousands o f  pups, t h e  c a r r y i n g  o u t  o f  a  number of 

a e r i a l  surveys  o f  b o t h  w h e l p i n g  and m o u l t i n g  herds ,  and t h e  c o l l e c t i o n  

o f  reasonab ly  a c c u r a t e  c a t c h  s t a t i s t i c s ,  it i s  o n l y  i n  t h e  l a s t  

5 - l 0 y e a r s  t h a t  popu l  a t  i on mode1 s  have been deve l  oped ( L e t t  and 

Benjaminsen 1977; W i n t e r s  1978; Mohn 1979; L e t t ,  Mohn and Grey 1981; 

Ro f f  and Bowen 1981) t h a t  come c l o s e  t o  d e a l i n g  e f f e c t i v e l y  w i t h  t h e  

many u n c e r t a i n t i e s  i n  t h e  da ta .  

It i s  c l e a r  frorn t h e s e  s t u d i e s  on t h e  ha rp  sea l  and r i n g e d  sea l  t h a t  

un1 ess one can sample a  p o p u l a t i o n  a d e q u a t e l y  and c a l c u l a t e  i t s  s i z e  

and n a t u r a l  f l u c t u a t i o n s  o v e r  t i i n e  w i t h  some accuracy ,  i t  w i l l  be v e r y  

d i f f l c u l t  t o  p r e d i c t  t h e  outcome of a  change i n  man- induced r n o r t a l i t y ,  

whe the r  irnposed by hunt  i ng o r  by  sorne p e r c e i  ved e n v i  ronmenta l  s t r e s s .  

5. KECOMMENDATIONS FOR FUTURE RESEARCH -- 
S i n c e  t h e  o u t p u t  of h i g h  l e v e l s  of sound i s  c o n s i d e r e d  t o  be t h e  

c h a r a c t e r i s t i c  o f  t h e  i c e b r e a k i n g  t a n k e r s  most l i k e l y  t o  a f f e c t  m a r i n e  

rnamrnals, a  conven ien t  way o f  c o n s i d e r i n g  t h e  requ i rernents  f o r  r e s e a r c h  

i s  by u t i l  i z i n g  t h e  Source-Path-Rece iver  mode1 adopted by t h e  

A c o u s t i c a l  S o c i e t y  o f  America (1981)  i n  i t s  s t u d y  on t h e  i n t e r a c t i o n  

between inan-rnade n o i  se  and v i b r a t i o n  and a r c t  i c  w i  1 d l  i f e .  



5.1 The Source:  Vessel Des ign  and Sound P r o d u c t i o n  

Nhatever  t h e  r e s u l t s  o f  e x p e r i m e n t s  des igned  t o  t e s t  t h e  e f f e c t s  o f  

i c e b r e a k i  ng t a n k e r s  on m a r i  ne ecosystems, i t  i s  c l  e a r  t h a t  d e l e t e r i o u s  

e f f e c t s  c o u l d  be a l 1  e v i a t e d  by  r e d u c i n g  sound t r a n s m i s s i o n  l e v e l  S. 

T h i s  shou ld  t h e r e f o r e  be a  m a j o r  c o n s i d e r a t i o n  o f  t h e  d e s i g n e r s  and 

b u i l d e r s  o f  such vesse l  S.  The m a t t e r  i s  a l  ready b e i n g  addressed s i n c e  

a change i n  t h e  p r o p u l s i o n  c o n f i g u r a t i o n  o f  t h e  LNG t a n k e r s  has been 

proposed which  wou ld  be much q u i e t e r  t h a n  t h e  o r i g i n a l  d e s i g n  ( A r c t i c  

P i  1  o t  P r o j e c t  1982). 

Reassessment o f  t h e  t h e o r e t i c a l  aspec ts  o f  sound p r o d u c t i o n  by t h e  LNG 

t a n k e r s  suggests  t h a t  e a r l i e r  e s t i m a t e s  b y  Leggat  e t  a l .  (1981) were 

t o o  h i g h  s i n c e  no accoun t  was t a k e n  of t h e  a b i l i t y  o f  t h e  h u l l  s u r f a c e  

c l o s e  t o  t h e  p r o p e l l e r s  t o  deform s l i g h t l y  a t  t h e  expense o f  a c o u s t i c  

p r e s s u r e  (Brown 1982),  I n  o r d e r  t o  r e s o l v e  t h e s e  d i f f e r e n c e s  between 

t h e  s e v e r a l  es t i rna tes  o f  v e s s e l  n o i s e  l e v e l s ,  f u r t h e r  a c o u s t i c  d a t a  

need t o  be a c q u i r e d  f r o m  i c e b r e a k e r s  o p e r a t i n g  under  a  v a r i e t y  o f  

c o n d i t i o n s ,  p a r t i c u l a r l y  when p u t t i n g  o u t  f u l l  power i n  t h e  

i c e b r e a k i n g  mode. 

5.2 The Pa th :  - Vesse1 Movements and P r o p a g a t i o n  o f  Sound 

The m a j o r  concern  exp ressed  o v e r  t h e  o p e r a t i o n  o f  t h e  LNG t a n k e r s  i s  

when t h e y  a r e  i n  t h e  i c e b r e a k i n g  mode, p a r t i c u l a r l y  when w o r k i n y  

t h r o u g h  f a s t  i c e .  The p rob lem r e l a t i n g  t o  t h e  o c c u p a t i o n  o f  s h i p s '  

t r a c k s  by mar ine  mammal s  i s  b e i n g  addressed and shoul  d  be c o n t i n u e d ,  

b u t  a n o t h e r  prob lem abou t  w h i c h  l i t t l e  i s  known i s  t h e  e f f e c t  o f  

i c e b r e a k i n g  on t h e  d i s r u p t i o n  and movernent o f  f a s t  i c e .  T h i s  c o u l d  

conce i  v a b l y  change t h e  1  o c a l  movernents o f  mi  g r a t i  ng m a r i  ne mammal s, 

p a r t i c u l a r l y  i n  t h e  s p r i n g  when narwhals  and be luga  a r e  c o n c e n t r a t e d  

a l o n g  t h e  f l o e  edge i n  L a n c a s t e r  Sound and Pond I n l e t ,  b u t  annual  

v a r i a t i o n s  i n  i c e  cove r  and l o c a l  c l i m a t e  would make p r e d i c t i o n  o f  

e f f e c t s  d i f f i c u l t .  N e v e r t h e l e s s  a  p r a c t i c a l  s t u d y  r e l a t i n g  s h i p  

movernents, i c e  movernents and 1  o c a l  weather t o  m a r i  ne mammal 

d i s t r i  b u t i o n  i n igh t  p r o v i d e  soriie u s e f u l  answers. 



As d i s c u s s e d  i n  an e a r l i e r  s e c t i o n ,  t h e  sound p r o d u c t i o n  o f  

i c e b r e a k i n y  t a n k e r s  i s  a t  i t s  most  i n t e n s e  when t h e y  a r e  b r e a k i n g  i c e  

under  f u l l  pokrer. P r o p a g a t i o n  o f  sound under  t h e  i c e ,  e s p e c i a l l y  i n  

s h a l l o w  w a t e r  such as t h e  B e a u f o r t  Sea, and i n  t h e  medium dep ths  of  

t h e  c o n f i n e d  channe ls  o f  t h e  Nor thwes t  Passage, needs t o  be more 

c r i  t i c a l  1y  assessed. Ambient n o i s e  and p r o p a g a t i o n  l o s s e s  have a l  so  

y e t  t o  be measured under  t h e  w i n t e r  i c e  i n  B a f f i n  Bay. The 

t r a n s m i s s i o n  o f  sound t h r o u g h  t h e  i c e  t o  t h e  o v e r l y i n g  s u r f a c e  needs 

e l u c i d a t i n g  i n  o r d e r  t o  d e t e r m i n e  whe the r  r i n g e d  s e a l s  w i l l  be a b l e  t o  

r n i t i g a t e  t h e  e f f e c t s  by rerna in ing i n  t h e i r  sub-n ivean l a i r s .  F u r t h e r  

d a t a  a r e  a l s o  r e q u i  r ~ ? d  on t h e  tendency  o f  sound r e f l e c t e d  f ro in  t h e  sea 

s u r f a c e  t o  cance l  sound p ropaga ted  d i r e c t l y  f r o m  t h e  near  s u r f a c e  

sou rce  t o  t h e  r e c e i v e r ;  and a l  so on t h e  r e d u c t i o n  i n  p e r c e i v e d  sound 

l e v e l  when a  r e c e i v e r  ( [ na r ine  inammal ) i s  n e a r  t h e  s u r f a c e ,  wh ich  a c t s  

as a  p r e s s u r e  r e l i e f  systern. S ince  a l 1  m a r i n e  mammals must spend t i m e  

a t  t h e  s u r f a c e  t o  b rea the ,  i t  i s  p o s s i b l e  t h a t  by d o i n g  so more 

f r e q u e n t l y  t h e y  m i g h t  l a r y e l y  m i t i g a t e  any untoward e f f e c t s  o f  h i g h  

1  e v e l  s  o f  underwa te r  sound, 

As Brown (1982)  has p o i n t e d  o u t ,  s u r f a c e  p r e s s u r e  e f f e c t s  were n o t  

t a k e n  i n t o  account  i n  t h e  c a l c u l a t i o n s  p r e s e n t e d  a t  t h e  A r c t i c  P i l o t  

P r o j e c t  Workshop i n  To ron to  ( P e t e r s o n  1981), though t h e y  have been 

i n c l u d e d  i n  t h e  s h i p  source l e v e l  es t i rna tes  p r o v i d e d  i n  t h e  r e v i s e d  

I n t e g r a t e d  Route A n a l y s i s  ( A r c t i c  P i l o t  P r o j e c t  1982, Tab les  

3.2.3-3.2,14). 

5.3 The K e c e i v e r :  .- M a r i n e  Mammal A c o u s t i c s  and B i o l o g y  

I n  many ways t h i s  i s  t h e  most d i f f i c u l t  r e s e a r c h  t a s k  t o  a c c o m p l i s h  

oldi ng t o  the  p r a c t i  c a l  p r o b l  ems i n v o l  ved i n  c a r r y i  ny o u t  a p p r o p r i  a t e  

s t u d i e s  under  f i e l d  c o n d i t i o n s  and i n  o b t a i  n i n g  s u f f i c i e n t  da ta .  

5.3.1 Sound p r o d u c t i o n  and recept- ion - 
Much i s  now known o f  t h e  range of  sounds produced by a r c t i c  m a r i n e  

mammals s i n c e  these  can be r e a d i l y  r e c o r d e d  i n  t h e  f i e l d .  However t h e  



s e n s i  t i v i  t y  o f  m a r i  ne mammal s  t o  sounds, b o t h  b i o l  o g i c a l  and man-made, 

i s  known f o r  o n l y  a  few s p e c i e s  and can o n l y  be e l u c i d a t e d  by 

e x p e r i r n e n t i n g  on c a p t i v e  an imals .  I n  t h e  f u t u r e  we may w e l l  see 

audiograms o b t a i n e d  f o r  t h e  bearded s e a l ,  na rwha l  and wa l rus ,  i n  

a d d i t i o n  t o  t h o s e  a l r e a d y  produced f o r  t h e  h a r p  s e a l ,  r i n g e d  sea l  and 

w h i t e  whale, b u t  n o t h i n g  i s  1  i k e l y  t o  be l e a r n e d  o f  t h e  bowhead whale  

i n  t h i s  r e s p e c t .  

M a r i n e  marnmals, p a r t i c u l a r l y  t h e  l a r g e  wha les ,  can e m i t  sounds o f  

s u r p r i s i n g  s t r e n g t h .  More i n f o r m a t i o n  on t h i s  aspec t  o f  sound 

p r o d u c t i o n  wou ld  h e l  p  i n  assess ing  t h e i  r a b i l  i t y  t o  communicate w i t h  

o t h e r  members o f  t h e i r  own spec ies  i n  t h e  f a c e  o f  h i g h  background 

1  e v e l  s  o f  no i se .  

L i t t l e  i s  known o f  t h e  i n f o r m a t i o n a l  c o n t e n t  o f  t h o s e  m a r i n e  mammal 

sounds t h a t  a r e  n o t  used s p e c i f i c a l l y  f o r  o r i e n t a t i o n  and t a r g e t  

d i s c r i m i n a t i o n .  Among t h e  p i n n i p e d s ,  t h e  bearded  sea l  o f f e r s  a  good 

o p p o r t u n i t y  t o  b e g i n  such a  s tudy ,  e s p e c i a l l y  i n  t h o s e  l o c a l  

p o p u l a t i o n s  a s s o c i a t e d  w i t h  f a s t  i c e ,  as i n  t h e  wes te rn  a r c t i c .  

P e r c e i v e d  d i f f e r e n c e s  i n  t h e  c h a r a c t e r i s t i c  ' s o n g '  may p r o v i d e  c l u e s  

t o  t h e  d i s t r i b u t i o n  and b e h a v i o u r  o f  t h e  t e r r i t o r i a l  males wh ich  a r e  

b e l i e v e d  t o  g i v e  v e n t  t o  t h e  sounds. Among t h e  ce taceans,  t h e  w h i t e  

whale i s  t h e  most  voca l  and most a c c e s s i b l e  t o  s t u d y  i n  t h e  w i l d .  

However i t s  v e r y  a c c e s s i b i l i t y  makes i t  p a r t i c u l a r l y  prone t o  

e x p l o i t a t i o n  by man, and i t s  g r e g a r i o u s n e s s  makes i t  d i f f i c u l t  t o  

s tudy  excep t  i n  l a r g e  groups.  F o r t u n a t e l y  most  o f  t h e  l o c a l  

p o p u l a t i o n s  i n  L a n c a s t e r  Sound a r e  n o t  s u b j e c t  t o  human i n t e r f e r e n c e  

i n  t h e i  r p r e f e r r e d  sumrner i n s h o r e  l o c a t i o n s ,  wh ich  removes a t  1  e a s t  

one d i f f i c u l  t y  frorn such s t u d i e s .  

5.3.2 Behav iou r  - s e a l s  

Much needs t o  be l e a r n e d  of t h e  b e h a v i o u r  o f  a l 1  spec ies  o f  a r c t i c  

m a r i n e  inammal S. S ince  t h e  t r a v e r s i n g  o f  f a s t  i c e  by t h e  LNG t a n k e r s  

may be t h e  most  c r i t i c a l  phase o f  t h e i r  o p e r a t i  on t o  m a r i n e  mammal s, 



more i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  and s i t e  t e n a c i t y  o f  s e a l s  under  

t h e  i c e  i s  c a l l e d  f o r .  A l so ,  s i n c e  t h e  w h e l p i n g  and n u r s i n g  p e r i o d  i s  

p r o b d b l y  t h e  rnost v u l n e r a b l e  p a r t  o f  t h e  l i f e  c y c l e  o f  t h e  r i n g e d  

s e a l ,  i t  would  be i m p o r t a n t  t o  f i n d  o u t  t h e  s t r e n g t h  o f  t h e  bond 

between mother  and pup, and whe the r  i t  dec l  i n e s  p r o g r e s s i v e l y  o r  i s  

m a i n t a i n e d  t h r o u g h o u t  l a c t a t i o n .  I f  i t  were weak ly  deve loped,  t h i s  

c o u l d  have s e r i o u s  i m p l i c a t i o n s  f o r  t h e  p o p u l a t i o n s  w i n t e r i n g  i n  t h e  

Nor thwes t  Passage and t h e  B e a u f o r t  Sea, wh ich  wou ld  be d i  r e c t l y  

exposed t o  t h e  t a n k e r  t r a f f i c .  

5.3.3 Behav iou r  - wha les  

A l though  sorne f i e l d  e x p e r i m e n t s  have been c a r r i e d  o u t  on t h e  r e a c t i o n s  

o f  whi t e  whales and bowheads t o  vesse l  d i s t u r b a n c e ,  l i t t l e  i s  known 

about  t h e  b e h a v i o u r  o f  na rwha ls  i n  t h i s  r e s p e c t .  W h i l e  t h e y  a c t i v e l y  

a v o i d  srnall c r a f t  d u r i  ng h u n t i n g ,  presumably l e a r n i  ng t o  a s s o c i a t e  

them w i t h  danger, i t  i s  n o t  known i f  t h e y  wou ld  h a b i t u a t e  t o  t h e  

sounds o f  l a r g e  v e s s e l s  mov ing on a  s teady  course.  O b v i o u s l y  much 

more b e h a v i o u r a l  work needs t o  be done on a l 1  t h r e e  s p e c i e s  b e f o r e  i t  

w i l l  be p o s s i b l e  t o  p r e d i c t  t h e  e f f e c t s  o f  vesse l  t r a f f i c .  

5-3.4 P o p u l a t i o n  dynamics  

As suggested i n  s e c t i o n  4.3, changes i n  d i s t r i b u t i o n  and p r o d u c t i v i t y  

t n a t  rn ight  r e s u l t  f r o ~ i i  vesse l  t r a f f i c  wou ld  be d i f f i c u l t  t o  

d i s - t i n g u i s h  frorn t h o s e  o c c u r r i n g  as a  r e s u l t  o f  n a t u r a l  e v e n t s  u n l e s s  

p o p u l a t i o n s  were m o n i t o r e d  c a r e f u l l y  o v e r  many yea rs .  T h i s  i s  a  

complex t a s k  wh ich  wou ld  r e q u i r e  l a r g e  resources  t o  o b t a i n  t h e  

a p p r o p r i  a t e  i n f o r n i a t i  on ( t h e  A c o u s t i c a l  S o c i e t y  o f  h e r i  ca  (1981) 

es t i t i i a tes  $30 m i l l i o n  o v e r  a  5 y e a r  p e r i o d  f o r  an a c o u s t i c a l  program 

i n  t h e  B e a u f o r t  Sea connec ted  w i t h  t h e  bowhead whale) ,  b u t  some o f  t h e  

d a t a  w i l l  undoub ted ly  be c o l l e c t e d  i n  o r d e r  t o  s e r v e  t h e  needs o f  

managernent o f  mar i  ne rnammal s  as renewabl e  resources .  The impor tance  

of such i n f o r ~ n a t i  on s h o u l d  need no einphasi s i  ng, 



6. SUMMARY 

The p r e p a r a t i o n  o f  t h e  Green Paper on L a n c a s t e r  Sound and t h e  c u r r e n t  

r e v i  ew o f  t h e  E n v i  ronmen ta l  Impact  Sta tement  (E IS )  f o r  hyd roca rbon  

developrnent i n  t h e  B e a u f o r t  Sea have p r o v i d e d  t h e  Department o f  

F i s h e r i e s  and Oceans (DFO) w i t h  t h e  o p p o r t u n i t y  t o  p r e p a r e  p u b l i c  

s ta ternents  on t h e  i m p o r t a n t  i s s u e s  r e l a t i n g  t o  management o f  l i v i n g  

a q u a t i c  resources .  I n  o r d e r  t o  a i d  p r e p a r a t i o n  o f  s u i t a b l e  p o l i c y  

d i s c u s s i o n  papers  c o v e r i n g  t h e s e  and o t h e r  r e l a t e d  i s s u e s ,  t h e  A r c t i c  

Research D i  r e c t o r s  Commi t t e e  agreed t o  p r o v i d e  DFO's A r c t i c  O f f s h o r e  

Developments Commi t t e e  (ARCOD) w i  t h  s u p p o r t i n g  s c i e n t i  f i c  papers  on 

t h e  e f f e c t s  o f  o i l  on a r c t i c  f i s h e r i e s  and t h e  e f f e c t s  o f  vesse l  

t r a v e l  i n  t h e  a r c t i c  on m a r i n e  marnmals and o t h e r  p a r t s  o f  t h e  

ecosystem. The p r e s e n t  paper  i s  an a t t e m p t  t o  f u l f i l  t h e  l a t t e r  

requ i rernent  and f o l l o w s  t h e  f o r m a t  adopted by t h e  Canadian A t l a n t i c  

F i s h e r i e s  S c i e n t i  f i c  A d v i s o r y  Comrni t t e e  (CAFSAC) i n  a d d r e s s i n g  t h e  o i  1  

and f i s h e r i e s  i s s u e  on t h e  e a s t  coas t .  A c c o r d i n g l y  a  number o f  

s i m i l a r  q u e s t i o n s  were asked, t h e  answers t o  w h i c h  f o r m  t h e  b a s i s  o f  

t h e  r e p o r t .  

What i s  t h e  s c a l e  and f r e q u e n c y  o f  v e s s e l  t r a f f i c  expec ted  f r o m  t h e  

deve l  opment .- and e x p l  o i  t a t  i on o f  m i  n e r a l  and hyd roca rbon  resources  

i n  t h e  a r c t i c  i n  t h e  f o r e s e e a b l e  f u t u r e  ( c o n s i d e r e d  t o  b e  t h e  y e a r  

ZOOO)? 

A l thougt i  t h e  rn in ing  o f  base rne ta l s  such as l e a d  and z i n c  i s  o c c u r r i  ng, 

and t h e  rn in ing  o f  i r o n  o r e  w i l l  undoub ted ly  be u n d e r t a k e n  when inarket  

c o n d i t i o n s  a r e  r i g h t ,  t h e  m a j o r  volume of  t r a f f i c  a l o n g  t h e  p r o j e c t e d  

Nor thwest  Passage t r a n s p o r t a t i o n  r o u t e  w i  11 be i n v o l  ved wi  t h  t h e  

iiioveinent o f  o i l  and l i q u e f i e d  n a t u r a l  gas (LNG). 

A :neasure o f  t h e  development i n  vesse l  t r a n s p o r t a t i o n  t h a t  i s  l i k e l y  

t o  occ i l r  i s  a f f o r d e d  by t h e  A r c t i c  P i l o t  P r o j e c t ,  The un ique  f e a t u r e  

o f  t h e  two v e s s e l s  i n v o l v e d  i n  t h i s  p r o j e c t  i s  t h e i r  a b i l i t y  t o  



o p e r a t e  a l 1  y e a r  round i n  i c e  c o v e r e d  waters .  These v e r y  l a r g e  LNG 

t a n k e r s  w i l l  be capab le  of  mov ing t h r o u g h  i c e  up t o  3 m  t h i c k  a t  a  

speed o f  6 kno ts .  

To e x p l o i t  t h e  f u l l  p o t e n t i a l  o f  t h e  gas r e s e r v e s  i n  Sve rd rup  Bas in ,  

18 o f  t h e s e  t a n k e r s  w i l l  be r e q u i  red ,  and a  f u r t h e r  16 t a n k e r s  w i l l  b e  

r e q u i r e d  t o  t r a n s p o r t  LNG f r o m  t h e  Beau fo r t  Sea i f  t h i s  method i s  

p r e f e r r e d  ove r  t r a n s p o r t a t i o n  v i a  a  p i p e l i n e .  I f  t r a n s p o r t a t i o n  o f  

LNG from t h e  N o r t h  S lope o f  A l a s k a  t h r o u g h  t h e  Nor thwes t  Passage t o  

e a s t  c o a s t  marke ts  s h o u l d  o c c u r ,  up t o  a n o t h e r  20 i c e b r e a k i n g  t a n k e r s  

w i  1 1  be r e q u i  red .  

T r a n s p o r t a t i o n  o f  o i l  frorn t h e  B e a u f o r t  Sea w i l l  r e q u i r e  s i m i l a r  s i z e d  

t a n k e r s ,  each capab le  o f  c a r r y i n g  1 500 000 b a r r e l s  o f  o i l ;  a  t o t a l  

f l e e t  o f  26 o i l  t a n k e r s  w i l l  be needed t o  b r i n g  p r o d u c t i o n  up t o  1.25 

m i l l i o n  b a r r e l s  p e r  day. A  f u r t h e r  24 i c e b r e a k i n g  t a n k e r s  w i l l  be 

r e q u i r e d  f o r  t r a n s p o r t a t i o n  o f  o i l  f r o m  t h e  Prudhoe Bay a r e a  o f  

n o r t h e r n  A l  aska t h r o u y i ~  t h e  N o r t h w e ç t  Passage. 

I f  a l 1  t h e s e  p r o j e c t e d  vesse l  o p e r a t i o n s  f o r  t r a n s p o r t i n g  o i l  and LNG 

a r e  p u t  i n t o  e f f e c t ,  104 s u p e r - t a n k e r s  w i l l  be r e q u i r e d .  Assuming 

t h a t  t h e  v e s s e l s  a r e  r e g u l a r l y  spaced d u r i n g  t h e i r  voyages, t h i s  w i l l  

niean t h a t  a t a n k e r  w i l l  pass any p o i n t  on t h e  r o u t e  abou t  e v e r y  2.3 t o  

5.5 hours ,  depending on t h e  season. 

2. What a r e  - - - - -  t h e  most  l i k e l y  - -- e f f e c t s  o f  t h i s  i n c r e a s e d  t r a f f i c  on t h e  

m a r i n e  b i o t a  ( e s p e c i a l  - -  l y  m a r i n e  mammal s ) ?  

B i r d s  and p o l a r  bears  were n o t  c o n s i d e r e d  as t h e y  a r e  p r o p e r l y  t h e  

concern  o f  t h e  Department o f  t h e  Env i  ronment. F i s h ,  p l a n k t o n  and 

o t h e r  cornponents o f  t he  m a r i n e  b i o t a  were a l s o  i g n o r e d  as n o t  enough 

i s  known, o r  l i k e l y  t o  be known i n  t h e  n e x t  few yea rs ,  abou t  t h e i r  

e c o l  ogy and i n t e r - r e l  a t i  onsh i  p s  and how t h e y  woul d  be a f f e c t e d  by 

vesse l  t r a f f i c .  The concern  w i t h  m a r i n e  mammals a l o n e  i s  c o n s i d e r e d  



j u s t i f i e d  i n  v iew o f  t h e i r  p r i m a r y  i m p o r t a n c e  t o  t h e  I n u i t  econorny and 

t h e i  r h i g h  p r o f i  l e  i n  any d i s c u s s i o n s  o f  n o r t h e r n  problems. 

Vesse1 t r a f f i c  w i l l  a f f e c t  mar ine  mammals i n  two ways: by p h y s i c a l l y  

i m p i n g i n g  on i n d i v i d u a l s  b o t h  i n  open w a t e r  and w h i l e  b r e a k i n g  i c e ,  

and by i n t e r f e r i n g  w i t h  t h e i r  sound p r o d u c t i o n  and hear ing .  ' 

Very l a r g e  v e s s e l s  c o u l d  p r e s e n t  a  s e r i o u s  hazard f o r  mar ine  mammals 

i n  t h e i r  pa th ,  p a r t i c u l a r l y  t h e  s l o w e r  moving ba leen  whales. It i s  

i m p o s s i b l e  t o  p r e d i c t  m o r t a l i t y  f rom t h i s  cause, though o c c a s i o n a l  

c o l  1  i s i o n s  m i g h t  be expected a t  t h e  f u l l  s c a l e  o f  development. 

The s h i p s  c o u l d  e x e r t  d e t r i m e n t a l  e f f e c t s  on animal  s  i n h a b i t i n g  c l  ose 

pack i c e  o r  f a s t  i c e .  The spec ies  most f r e q u e n t l y  encountered i n  t h e  

i c e  would  be t h e  u b i q u i t o u s  r i n g e d  sea l  -- Pusa (Phoca) h i s p i d a .  Use o f  

a v a i l a b l e  d a t a  suggests t h a t  a  maximum o f  about  1% o f  t h e  r i n g e d  s e a l  

pups b o r n  i n  P a r r y  Channel each y e a r  would  r i s k  b e i n g  d e s t r o y e d  by t h e  

two proposed LNG t a n k e r s  o f  t h e  A r c t i c  P i l o t  P r o j e c t ;  t h i s  r e p r e s e n t s  

an es t i rna ted  65-530 pups. Wi th  many t a n k e r s  p l y i n g  t h e  same r o u t e ,  

pup p r o d u c t i o n  rn ight  be reduced alrnost  c o m p l e t e l y  i n  P a r r y  Channel, 

b u t  t h e  o v e r a l l  e f f e c t  i n  t h i s  r e g i o n  o f  t h e  e a s t e r n  a r c t i c  would be 

much l e s s  d r a s t i c  s i n c e  an e s t i m a t e d  73% o f  pups a r e  bo rn  i n  t h e  

i nshore bays and i n t e r - i  s l  and channel  S. 

Several  o t h e r  spec ies  o f  mar ine  mammal s  a r e  known t o  f r e q u e n t  t h e  

moving o f f s h o r e  pack i c e  i n  w i n t e r  and s p r i n g ,  b u t  most a r e  w i d e l y  

s c a t t e r e d  and few an imals  would occur  near  t h e  i n t e n d e d  t r a c k  o f  a  

tanker .  

The enorrnous power o f  t h c  proposed i c e b r e a k i n g  t a n k e r s  w i l l  i n t r o d u c e  

h i g h  l e v e l s  o f  sound i n t o  t h e  mar ine  environrnent which c o u l d  i n t e r f e r e  

w i t h  t h e  a b i l  i ty o f  [nar ine mamrnals t o  communicate. H igh sound l e v e l s  

n i i y h t  a l s o  d f f e c t  the a b i l  i t y  o f  t h e  sma l l  whales t o  n a v i g a t e  and f i n d  

t h e i r  p r e y  by t h e i r  h i g h l y  devc loped e c h o l o c a t i o n  system. 



When b r e a k i n g  i c e  t h e  t a n k e r s  w i l l  u n d o u b t e d l y  i n c r e a s e  n o i s e  from 

t h a t  source s u b s t a n t i a l l y ,  b u t  p r o b a b l y  no more t h a n  t h e  n o i s e  l e v e l s  

a l r e d d y  reco rded  f o r  n a t u r a l  i c e  r i d g i n g  . It 1s assurned t h a t  m a r i n e  

rnammals w i l l  n o t  be  s e r i o u s l y  d i s t u r b e d  by  t h i s  l e v e l  o f  sound. More 

i m p o r t a n t  i s  t h e  h i g h  l e v e l  of sound produced b y  t h e  vesse1 i t s e l  f, 

caused p r i n c i p a l l y  by c a v i t a t i o n  f rom t h e  p r o p e l l e r  b lades .  

An i m p o r t a n t  p o i n t  t o  n o t e  i s  t h a t  t h e  t a n k e r s  w i l l  n o t  be o p e r a t i n g  

a t  f u l l  power t h e  who le  y e a r  round. About h a l f  t h e  t i m e  w i l l  be spent  

i n  open water ,  most  o f  t h a t  c r u i s i n g  a t  a  much reduced power o u t p u t ,  

w i t l i  a  c o r r e s p o n d i n g  dec rease  i n  t h e  l e v e l  o f  sound produced.  

Bo th  seal  s  and whal es  use r e l  a t i  v e l y  l ow  f r e q u e n c i  es when voca l  i z i  ng, 

wh ich  makes t h e i r  i n t e r - c o m m u n i c a t i o n s  p a r t i c u l a r l y  p rone  t o  mask ing 

by t h e  h i g h  n o i s e  l e v e l s  produced by t h e  sh ips ,  The mask ing e f f e c t s  

a r e  h a r d  t o  e v a l u a t e  s i n c e  l i t t l e  i s  known abou t  t h e  i n t e n s i t y  of 

sounds produced by sea l  s  and whales, t h e  d i s t a n c e s  o v e r  wh ich  t h e y  

n o r m a l l y  cornrnunicate, and t h e  impor tance  o f  p a r t i c u l a r  f requency  bands 

i n  cornmuni c a t  i on. S e v e r a l  spec i  es a r e  c o n s i  d e r e d  t o  be vu1 n e r a b l  e. 

Ringed s e a l s  c o u l d  be a f f e c t e d  by sound up t o  a  d i s t a n c e  o f  about  40 

k m ,  b u t  w i t h o u t  f u r t h e r  information on t h e  b e h a v i o u r a l  c o n t e x t  o f  

v o c a l i z a t i o n s  and on t h e i r  i n t e n s i t y ,  i t  would  be i m p o s s i b l e  t o  

deter rn ine t h e  e f f e c t  t h a t  such w i d e l y  a u d i b l e  sound wou ld  have on t h e  

r i n y e d  seal  p o p u l a t i o n  o f  P a r r y  Channel, f o r  example. 

Whi te  whales w i l l  1  i k e l y  e x p e r i e n c e  t h e  most i n t e n s e  sound l e v e l  s  

d u r i n g  t h e i r  s o j o u r n  i n  t h e  pack i c e  of B a f f i n  Bay d u r i n g  l a t e  w i n t e r  

and s p r i n g  when LNG t a n k e r s  w i l l  be o p e r a t i n g  a t  f u l l  power. A t  t h e  

average f requency o f  corninunication, sound f rom t h e  LNG t a n k e r  w i l l  n o t  

be reduced t o  t h e  w h a l e s '  a u d i t o r y  t h r e s h o l d  u n t i l  a  d i s t a n c e  o f  about  

5 km froin t h e  sh ip .  A t  d i s t a n c e s  l e s s  t h a n  t h i s ,  i t i s  i m p o s s i b l e  t o  

Say what t h e  e f f e c t  o f  i n c r e a s e d  sound m i g h t  be, b u t  i t  may n o t  be 

i m p o r t a n t  s i  nce w h i t e  whal es o c c u r  i n  v e r y  c l  o s e l y  k n i  t compact groups 

and p r o b a b l y  do n o t  r e l y  on l o n g  d i s t a n c e  communicat ion .  



L i t t l e  i s  known o f  t h e  a c o u s t i c  b e h a v i o u r  o f  t h e  na rwha l ,  

The bowhead i s  t h e  wha le  s p e c i e s  most  l i k e l y  t o  be a f f e c t e d  by 

i c e b r e a k i n g  t a n k e r s  s i n c e  most  of  t h e  l o w  f requency  sounds i t  produces 

fa11  w i t h i n  t h e  l o u d e s t  p a r t  o f  t h e  t a n k e r s '  sound spectrum. 

V u l n e r a b i l i t y  w i l l  be g r e a t e s t  i n  t h e  pack i c e  o f  B a f f i n  Bay when t h e  

t a n k e r s  a r e  p r o d u c i n g  maximuiii power. A t  a  f requency o f  100 Hz a  

t a n k e r  wou ld  s t i 1 1  be h e a r d  a t  a  d i s t a n c e  o f  300 km above t h e  maximum 

ambient  l e v e l  o f  sound known t o  e x i s t  under a r c t i c  pack i c e .  

Under t h e  c o n d i t i o n s  o f  t h e  A r c t i c  P i l o t  P r o j e c t ,  w i t h  o n l y  two s h i p s  

o p e r a t i n g ,  a l 1  o f  t h e  above s p e c i e s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  bowhead 

whal c ,  woul d  e x p e r i e n c e  s h o r t  p e r i  ods o f  i n c r e a s e d  sound 1  e v e l  s ,  

f o l l o w e d  by c o ~ i i p a r a t i v e l y  l o n g  p e r i o d s  a t  t h e  usua l  ambient  n o i s e  

l e v e l  . However, a t  t h e  f u l l  s c a l e  o f  development,  w i t h  more t h a n  100 

t a n k e r s  i n  o p e r a t i o n ,  c o n t i n u o u s  e n s o n i f i c a t i o n  o f  t h e  f a s t  i c e  and 

pack i c e  env i  ronment wou ld  occu r .  

The bowhead i s  i n  a  d e m o n s t r a b l y  d i f f e r e n t  p o s i t i o n  because o f  t h e  

l o n g  t i m e  d u r i n g  wh ich  t h e  l o w e r  f r e q u e n c i e s  e m i t t e d  f r o m  a  t r a n s i t i n y  

vesse1 c o u l d  be d e t e c t e d .  A  rough c a l c u l a t i o n  shows t h a t  11 t a n k e r s ,  

e q u a l l y  spaced, c o u l d  e n s o n i f y  t h e  bowhead's pack i c e  e n v i r o n m e n t  

c o n t i n u o u s l y .  The e f f e c t  m i g h t  be m i n i m i z e d  by convoy ing,  b u t  t h e  

i m p l  i c a t i o n s  a r e  c l  e a r :  i n c r e a s i n y  t h e  number of t a n k e r s  wou ld  r e s u l  t 

e v e n t u a l l y  i n  c o n t i n u o u s l y  e l e v a t e d  sound l e v e l s ,  though t h e  a c t u a l  

l e v e l  o f  sound e x p e r i e n c e d  wou ld  depend on how c l o s e  a  p a r t i c u l a r  

anirnal was t o  a  v e s s e l ' s  t r a c k .  

3. What i s  t h e  l i k e l i h o o d  of  such e f f e c t s  c a u s i n g  changes i n  t h e  - -- 
b e h a v i o u r  and p r o d u c t i v i t y  o f  t h e  m a r i n e  b i o t a ,  and how c o u l d  t h i s  

be d i s t i n s u i s h e d  f r o m  n a t u r a l  v a r i a b i l i t v ?  

Amony t h e  P i n n i p e d i a ,  t h e  r i n g e d  sea l  i s  p r o b a b l y  t h e  most  v u l n e r a b l e  

spec ies  because o f  i t s  s e d e n t a r y  h a b i t .  What l i t t l e  i s  known o f  i t s  



b e h a v i o u r  sugges ts  t h a t  t he  f a s t  i c e  h a b i t a t  i s  p a r t i t i o n e d  i n t o  

t e r r i t o r i e s ,  i n d i v i d u a l  an imal  s  b e i  ng a s s o c i a t e d  w i t h  a  sma l l  number 

of  sub -n i vean  l a i r s .  I f  t h i s  t e r r i t o r i a l  b e h a v i o u r  r e s t r i c t s  t h e  

movement o f  s e a l s ,  t h e n  i t  i s  c l e a r  t h a t  d e s t r u c t i o n  o f  t h e  f a s t  i c e  

s h o u l d  be k e p t  t o  a  ininiinuni by t h e  r e - u s e  o f  vesse l  t r a c k s  whenever 

p o s s i b l e .  One p o s i t i v e  aspec t  of t h e  movement o f  i c e b r e a k i n g  v e s s e l  s  

i s  t h a t  t h e  t r a c k  p r o v i d e s  r i n g e d  s e a l s  w i t h  access t o  open wa te r ,  

though t h i s  may be s h o r t  l i v e d  i n  c o l d  wea the r  when r e - f r e e z i n g  o c c u r s  

q u i  c k l y .  

The \val r u s  rn ight  a l s o  be v u l n e r a b l e  s i n c e  i t  i ' s  a  h i g h l y  g r e g a r i o u s  

p i n n i p e d  t h a t  i s  y e n e r a l l y  f ound  i n s h o r e  o r  o v e r  s h a l l o w  o f f s h o r e  

banks, where i t  feeds p r i m a r i l y  on benthos.  I t s  p r e f e r e n c e  f o r  

i n h a b i t i n g  pack i c e  o f  more t h a n  75% cove rage  suggests  t h a t  

i n d i v i d u a l s  wou ld  have l i t t l e  d i f f i c u l  t y  i n  moving away f rom a  p a s s i n g  

t a n k e r  if d i s t u r b a n c e  proved t o  be e x c e s s i v e .  Unwelcome n o i s e  c o u l d  

be r n i t i g a t e d  by re ina in ing  on t h e  i c e ,  b u t  whether t h e  w a l r u s  wou ld  

l e a r n  t o  do t h i s  i s  unknown. 

The w h i t e  whale,  i s  a  h i g h l y  s o c i a l  s p e c i e s  wh ich  forrns compact g roups  

a t  a l 1  t i i nes  o f  t h e  year ,  I n  t h e  e a s t e r n  a r c t i c ,  t h e  main w i n t e r i n g  

area i s  i n  e d s t e r n  D a v i s  S t r a i t  where t h e  anirnals a r e  found w i t h i n  t h e  

edge o f  t h e  pack i c e ;  t h u s  t h e  LNG t a n k e r  t r a f f i c  i s  u n l i k e l y  t o  

impinge on w i n t e r i n g  w h i t e  whales.  I n  t h e  s p r i n g ,  when t h e  an imal  s  

a r e  i n i g r a t i n g  i n t o  Lancas te r  Sound, t h e r e  i s  more p o t e n t i a l  f o r  

i n t e r a c t i o n  w i t h  t a n k e r s ,  b u t  d i s t u r b a n c e  i s  l i k e l y  t o  be l o w  owing t o  

t h e  rcduced power o f  t h e  s h i p s  when o p e r a t i n g  i n  open w a t e r  o r  l o o s e  

i c e .  I n  t h e  sunirner, when t h e  wha les  a r e  i n  s h a l l o w  water ,  d i s t u r b a n c e  

w i l l  most  l i k e l y  be n e g l i g i b l e .  

I n  t h e  wester r i  a r c t i c ,  w h i t e  whales w i l l  meet t a n k e r s  i n  t h e  p e r i o d  

from May t o  September a t  t h e  t e r m i n a t i o n  o f  t h e i r  m i g r a t i o n  i n t o  t h e  

s o u t h e a s t e r n  B e a u f o r t  Sea and Amundsen Gu1 f, Observed r e a c t  i ons t o  

n o v i n g  v e s s e l s  i n  t h i s  area show t h a t  most  whales swim r a p i d l y  away 



f ro;il d i  s turbance,  b u t  r e t u r n  t o  t h e i  r n e a r - o r i  g i  na1 d i s t r i b u t i o n  

w i t h i n  30 hours.  However, f r e q u e n t  boa t  t r a f f i c  can impede m i g r a t i o n ,  

poss i  b l y  frorn p roduc t i on  o f  a  s o n a r - r e f l e c t i n g  b a r r i e r  o f  a i  r bubbles 

i n  t h e  wake o f  t h e  vessel  S. Other  behav ioura l  obse rva t i ons  show t h a t  

w h i t e  whales r e a c t  more p o s i t i v e l y  t o  moving sources o f  d i s t u r b a n c e  

such as barges than  t o  s t a t i o n a r y  ones such as dredges. 

Nei t h e r  l o g i s t i c s  t r a f f i c  no r  t h e  c o n s t r u c t i o n  o f  a r t i  f i c i a l  i s l  ands 

appear t o  have had any s e r i o u s  s h o r t - t e r m  e f f e c t s  on t h e  use o f  

v a r i o u s  areas by w h i t e  whales o r  on t h e  success o f  t h e  whale hunt .  

Whatever long- te rm d i  s tu rbance  mi g h t  even tua l  1y occur  w i  11 more 1  i k e l y  

r e s u l  t frorri c o n t i  nued h u n t i n g  a c t i v i t y ,  which must be a  t r a u m a t i c  

e x p e r i  ence t o  those  i n d i  v i  dua l  whal es repea ted l  y exposed t o  i t . 
It i s  d i f f i c u l t  t o  e x t r a p o l a t e  from t h e  above s i t u a t i o n s  i n v o l v i n g  

r e l a t i v e l y  srnall vesse ls  t o  t h e  s i t u a t i o n s  where ve ry  much l a r g e r  and 

much i m r e  power fu l  i ceb reak ing  t a n k e r s  w i l l  be present ,  b u t  o t h e r  

behav ioura l  observa t ions  suggest t h a t  w h i t e  whales can C O - e x i s t  w i t h  

l a r g e  vessel  t r a f f i c ,  as i n  t h e  e s t u a r i e s  o f  t h e  C h u r c h i l l  R i v e r  and 

t h e  S t .  Lawrence R iver .  

Narwhals a re  much l e s s  t i e d  by t h e i r  behav iour  t o  s p e c i f i c  summering 

l o c a l  i t i e s  than a re  w h i t e  whal es, t h e i  r d i s t r i b u t i o n  and movements a t  

t h i s  season be ing much l e s s  p r e d i c t a b l e .  The LNG t anke rs  w i l l  

occas iona l  1y encounter s i i ia l l  groups o f  narwhal s  a l  ong o r  c l  ose t o  

t h e i r  t r a c k s .  The anirnals a re  l i k e l y  t o  be most v u l n e r a b l e  a t  t h i s  

t i ine s i n c e  t h e  sh ips  w i l l  be o p e r a t i n g  a t  f u l l  power, However, 

because o f  t he  narwhals '  a b i l i t y  t o  e x i s t  i n  c l o s e  pack i c e ,  i t  i s  

cons idered  un1 i k e l y  t h a t  they  w i  Il be ~nuch impeded i n  movi ng away frorn 

sources o f  d i s tu rbance .  

Concern has been f r e q u e n t l y  expressed t h a t  narwhal s  w i  11 become 

ent rapped i n  s h i p s '  t r a c k s ,  t h i s  b e l i e f  be ing  based on t h e  n a t u r a l  

entraprnents t h a t  occur  and t h e  n a r w h a l ' s  apparent  urge t o  rnove t h r o u g h  



d e c a y i n g  f a s t  i c e  i n  t h e  s p r i n g .  Th9s i s  deemed u n l i k e l y  t o  occu r  

s i n c e  s h i p s '  t r a c k s  a r e  f i l l e d  w i t h  i c e  r u b b l e  t h a t  would make access 

t o  t h e  a i r  d i  f f i c u l t ,  e s p e c i a l l y  i n  w i n t e r  when r e f r e e z i n g  i s  r a p i d .  

A more r e c e n t  and s p e c i f i c  concern  i s  t h a t  i c e b r e a k i n g  a c t i v i t y  a t  t h e  

edge of t h e  f a s t  i c e  i n  Admi r a l  t y  I n l e t  has c r e a t e d  enough d i s t u r b a n c e  

t o  cause na rwha ls  t o  rnove i n t o  P r i n c e  Regent I n l e t ,  whence t h e y  have 

made unusual  r n i g r a t i  ons t o  n o r t h e r n  Foxe Bas in .  However, s p o r a d i c  

e a r l i e r  ca tches  a t  I g l o o l i k  suggest  t h a t  changes i n  t h e  p a t t e r n  o f  i c e  

breakup i n  P r i n c e  Regent I n l e t  and t h e  G u l f  o f  B o o t h i a  may be t h e  

c a u s a t i v e  f a c t o r ,  r a t h e r  t h a n  t h e  r e c e n t  a c t i v i t i e s  o f  a  s i n g l e  

i c e b r e a k i n g  o r e  c a r r i e r .  

The bowhead whale,  1  i ke most  b a l e e n  whal es, o c c u r s  i n  w i d e l y  s c a t t e r e d  

sinal l groups o r  as s o l  i t a r y  i n d i v i d u a l  S. I n  f i e l d  exper imen ts  

conducted i n  t h e  B e a u f o r t  Sea bowheads were seen t o  move away q u i c k l y  

f ro i i i  v e s s e l s  when t h e y  approached w i t h i n  a p p r o x i r n a t e l y  1.0 km o f  t h e  

whales, b u t  a f t e r  t h e  v e s s e l s  had passed, t h e  whales ceased t o  move 

away f r o ~ i i  t h e  a r e a  o f  d i s t u r b a n c e .  T h i s  obse rved  b e h a v i o u r  was i n  

response t o  n o i s e  l e v e l s  t h a t  were g e n e r a l l y  l o w e r  t h a n  bu t ,  i n  one 

i n s t a n c e ,  s i i n i  1  a r  t o  t h e  l e v e l  s  expec ted  f r o m  i c e b r e a k i n g  t a n k e r s .  

U n t i l  f u r t h e r  o b s e r v a t i o n s  a r e  rnade one can o n l y  specu l  a t e  on what t h e  

e f f e c t s  o f  t a n k e r  t r a f f i c  i n igh t  be. U n f o r t u n a t e l y ,  a v a i l a b l e  ev idence  

on t h e  r e a c t i o n s  o f  o t h e r  s p e c i e s  of  b a l e e n  whales  t o  s h i p  t r a f f i c  i s  

e q u i v o c a l  . 

The f o r e g o i  ng o b s e r v a t i o n s  sugyes t  t h a t  d i  s t u r b a n c e  by vesse1 s  w i  11 

cause n e i t h e r  s e a l s  n o r  whales t o  abandon i m p o r t a n t  a reas o f  t h e i r  

hab i  t a t ,  though t h e i  r l o c a l  d i s t r i  b u t i o n  may change i f  d i s t u r b a n c e  i s  

p a r t i c u l a r l y  i n t e n s e .  However, t h e  concern  remains  t h a t  some forrn o f  

c h r o n i c  s t r e s s  lnay occu r ,  wh ich  c o u l d  r e s u l t  i n  l a r g e  s c a l e  changes i n  

popul  a t i o n  s i  ze. Such changes o c c u r  n a t u r a l  l y  i n  m a r i n e  mammal 

p o p u l a t i o n s ,  ( t h e  r i n g e d  sea l  p o p u l a t i o n  i n  t h e  s o u t h e a s t e r n  B e a u f o r t  

Sea and Amundsen Gu1 f, f o r  example) ,  and i t  i s  d i f f i c u l t  t o  see how 



one c o u l d  a t t r i b u t e  changes i n  p o p u l a t i o n  nunibers t o  t h e  e f f e c t s  o f  

vesse1 t r a f f i c  w i t h o u t  l o n g - t e r m  m o n i t o r i n g  o f  a l 1  t h e  l o c a l  r i n g e d  

sea l  p o p u l a t i o n s  t h r o u g h o u t  t h e  Nor thwes t  Passage. T h i s  would n o t  be 

easy t o  accompl i sh c o n s i d e r i n g  t h e  d i f f i c u l  t i e s  i n  o b t a i n i n g  good 

o b s c r v a t  i ona l  da ta ,  c o l  1  e c t  i ng adequate  u n b i  ased sampl es, and 

c o n s t r u c t i  ng m e a n i n g f u l  popu l  a t i o n  rnodel S. 

I t  i s  c l e a r  frorn s t u d i e s  on t h e  r i n g e d  sea l  and t h e  b e t t e r  known h a r p  

sea l  t h a t  u n l e s s  one can sample a  p o p u l a t i o n  adequa te l y ,  i t  w i l l  be 

i i n p o s s i b l e  t o  p r e d i c t  t h e  outcoine o f  a  change i n  man-induced 

r n o r t a l i t y ,  whether  imposed by h u n t i n g  o r  by some p e r c e i v e d  

e n v i  ronrnental  s t r e s s .  

4. What k i n d s  o f  r e s e a r c h  w i l l  need t o  b e  u n d e r t a k e n  t o  answer t h e  

more i m p o r t a n t  - prob lems i m p l i e d  i n  t h e  above q u e s t i o n s ?  

Whatever t h e  r e s u l t s  o f  exper imen ts  d e s i g n e d  t o  t e s t  t h e  e f f e c t s  o f  

i c e b r e a k i n g  t a n k e r s  on m a r i n e  ecosystems, i t  i s  c l e a r  t h a t  t h e  

d e s i g n e r s  and b u i l d e r s  shou ld  a t t e m p t  t o  p roduce  v e s s e l s  t h a t  wi 11 

t r a n s m i t  t h e  l o w e s t  l e v e l s  o f  sound p o s s i b l e .  

The m a j o r  concern  expressed o v e r  t h e  o p e r a t i o n  o f  LNG t a n k e r s  i s  when 

t h e y  a r e  i n  t h e  i c e b r e a k i n g  mode, p a r t i c u l a r l y  when w o r k i n g  t h r o u g h  

f a s t  i c e .  The p rob lc in  r e l a t i n g  t o  t h e  o c c u p a t i o n  o f  s h i p s '  t r a c k s  b y  

n iar i  ne rnalnmal s <;hou1 d  c o n t i n u e  t o  be addressed.  Anot t ie r  p r o b l  em abou t  

wh ich  l i t t l e  i s  known i s  t h e  p h y s i c a l  e f f e c t  o f  i c e b r e a k i n g  on t h e  

d i  s r u p t i o n  and inovernent o f  f a s t  i c e .  T h i s  c o u l d  c o n c e i v a b l y  change 

t h e  1  oca l  rnoveinents o f  m i g r a t i n g  [na r ine  rnammal s, b u t  annual v a r i a t i o n s  

i n  i c e  cove r  and l o c a l  c l i m a t e  wou ld  inake p r e d i c t i o n  o f  e f f e c t s  

d i f f i c u l t .  

P r o p a g a t i o n  o f  sound under  i c e ,  e s p e c i a l l y  i n  s h a l l o w  wa te r  such as 

t h e  B e a u f o r t  Sea and i n  t h e  medium dep ths  o f  t h e  c o n f i n e d  channe ls  o f  

t h e  Nor thwes t  Pdssage, needs t o  be more c r i t i c a l l y  assessed. Ambient  



n o i s e  and p r o p a g a t i o n  l o s s e s  have a l s o  y e t  t o  be measured under  t h e  

w i n t e r  i c e  i n  B a f f i n  Bay. The t r a n s m i s s i o n  of sound t h r o u g h  t h e  i c e  

t o  t h e  o v e r l y i n g  s u r f a c e  needs e l  u c i d a t i n g  i n  o r d e r  t o  d e t e r m i n e  

whether  r i n g e d  s e a l s  w i l l  be a b l e  t o  r n i t i g a t e  t h e  e f f e c t s  o f  

underwa te r  n o i s e  by r e i n a i n i n g  i n  t h e i  r sub-n ivean l a i  r s .  S i m i l a r l y  

t h e  r e d u c t i o n  i n  p e r c e i v e d  sound l e v e l s  c l o s e  t o  t h e  s u r f a c e  needs t o  

be e v a l u a t e d  s i n c e  a l 1  m a r i n e  inammal s rnust spend t i m e  a t  t h e  s u r f a c e  

i n  o r d e r  t o  b r e a t h e .  

The s e n s i t i v i t y  o f  m a r i n e  mammals t o  sounds, b o t h  b i o l o g i c a l  and 

man-made, i s  known f o r  o n l y  a  few spec ies  and can o n l y  be e l u c i d a t e d  

by f u r t h e r  s t u d i e s  on c a p t i v e  an ima ls .  U n f o r t u n a t e l y  n o t h i n g  i s  

l i k e l y  t o  be l e a r n e d  o f  t h e  bowhead whale i n  t h i s  r e s p e c t .  

I n f o r n i a t i o n  on t h e  s t r e n g t h  o f  sound p r o d u c t i o n  of s e a l s  and whales 

would h e l p  i n  a s s e s s i n y  t h e i  r a b i l  i t y  t o  conimunicate w i t h  o t h e r  

mernhers o f  t h e i  r own s p e c i e s  i n  t h e  f a c e  o f  h i g h  background l e v e l  s  o f  

no i se .  

The i n f o r m a t i o n a l  c o n t e n t  o f  m a r i n e  mammal sounds t h a t  a r e  n o t  used 

s p e c i  f i c a l  l y  f o r  o r i e n t a t i o n  and t a r g e t  d i  s c r i r n i n a t i o n  i s  l a r y e l y  

unknown b u t  t h e  bearded s e a l  o f f e r s  a  good o p p o r t u n i t y  t o  b e g i n  such a 

s t i l dy ,  s i n c e  p e r c e i v e d  d i  f f e r e n c e s  i n  t h e  c h a r a c t e r i  s t i c  ' song '  may 

p r o v i d e  c l u e s  t o  t h e  d i s t r i b u t i o n  and b e h a v i o u r  o f  t h e  t e r r i t o r i a l  

males wh ich  a r e  be l  i e v e d  t o  g i v e  v e n t  t o  t h e  sounds, 

S ince  [na r ine  inainmal s a r e  i i iost li k e l y  t o  be a f f e c t e d  by  LNG t a n k e r s  

when i n  t h e  i c e b r e a k i n g  rnode, inore i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  and 

s i t e  t e n a c i t y  o f  s e a l s  under  t h e  i c e  i s  c a l l e d  f o r .  A l so ,  s i n c e  t h e  

whe lp ing  and n u r s i n g  p e r i o d  i s  p r o b a b l y  t h e  most v u l n e r a b l e  pa ré  o f  

t h e  1  i f e  c y c l e  o f  t h e  r i  nged sea l  , i t  woul d  be i m p o r t a n t  t o  f i n d  o u t  

i f  t h e  mother-pup bond i s  m a i n t a i n e d  so t h a t  d e s e r t i o n  o f  pups wou ld  

be ininirnal , even a t  h i g h  l e v e l s  o f  d i s t u r b a n c e .  



A l t h o u g h  soine f i e l d  exper i rnents  have been c a r r i e d  o u t  on w h i t e  whales 

and bowheads, t h e  r e a c t i o n  of na rwha ls  t o  vesse l  t r a f f i c  i s  l a r g e l y  

unknown. Though t h e y  a v o i d  s m a l l  c r a f t  d u r i n g  h u n t i n g ,  i t  i s  n o t  

known i f  t h e y  would h a b i t u a t e  t o  t h e  sounds o f  l a r g e  v e s s e l s  rnoving on 

a  s teady  course.  

Changes i n  d i s t r i b u t i o n  and p r o d u c t i v i  t y  t h a t  rn ight  r e s u l  t f rom vesse l  

t r a f f i c  would be d i f f i c u l t  t o  d i s t i n g u i s h  f rom those  o c c u r r i n g  as a  

r e s u l  t o f  n a t u r a l  even ts  un1 ess p o p u l a t i o n s  were moni t o r e d  c a r e f u l  l y  

o v e r  rnany years .  T h i s  i s  a  complex t a s k  which would r e q u i r e  l a r g e  

r e s o u r c e s  t o  o b t a i  n  t h e  a p p r o p r i a t e  i n f o r n i a t i o n .  
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F i g .  1. A composi te spectrum o f  ambient  n o i s e  l e v e l s  i n  t h e  mar ine  
e n v i  ronment (rnodi f i e d  f rom Wenz 1962). 





F i g .  2. Raoge of average l inderwater  noise spectrum ieveis obseîved i n  B a f f i n  Bay [shaded a r e a )  i n  the  surnrners 
o f  1972 and 1973 ( a f t e r  Leggat  e t  a l .  1981). Curves fo r  l ight and hezvy t r a f i i c ,  and sea s t a t e s  ( S S )  
1 and 7 a r e  taken from Wenz 1962, 





A - FULL POWER, BOLLARD, 80rpm,  Okt 

B - FULL POWER, ICE, 80rpm,  12kt 

C - FULL POWER, OPEN WATER, 80rpm, 22kt  

D - HALF POWER, OPEN WATER, 60rpm, 17kt 
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F i g .  3. E s t i m a t e d  source spectrum l e v e l  s f o r  t h e  r e v i  sed d e s i g n  o f  t h e  proposed LNG t a n k e r  under 
v a r i o u s  o p e r a t i n g  c o n d i t i o n s  ( f  rom A r c t i c  P i l o t  P r o j e c t  1982)- 
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F ig .  4. Es t i rna ted source spectrum l e v e l s  f o r  s i x  c o n v e n t i o n a l  Canadian i c e b r e a k e r s  
compared w i t h  t h e  LNG t a n k e r  under f u l l  power i n  open w a t e r  ( f ro in  e x h i b i t  673 
t o  N a t i o n a l  Energy Board hear ings ,  Ottawa, 5 J u l y  1982; see Brown 1982). 
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F ig .  5. Underwater  audiograms o f  a sea l  i o n  (Schusterman e t  a l .  1971), s e v e r a l  
sea l  s (Terhune and Ronald 1975a), and a p o r p o i s e  (Johnson 1966). 





LANCASTER SOUND 

--- BAFFIN BAY 
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Fig. 6. Estirnated sound pressure levels received at. a depth of 
20 m at various distances froin an L N G  tanker travell  i n g  
a t  half power i n  open water (based on data from Arctic 
Pilot Project 1982, Tables 3.2.6-3.2.13). 
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F i g .  7 .  E s t i m a t e d  sound p r e s s u r e  l e v e l s  r e c e i v e d  a t  a  d e p t h  o f  
20 m a t  v a r i o u s  d i s t a n c e s  f rom an LNG t a n k e r  t r a v e l l  i n g  
a t  f u l l  power i n  i c e  (based on d a t a  f rom A r c t i c  P i l o t  
P r o j e c t  1982, Tab les  3.2.6-3.2.13). 





9. TABLES 

Table 1 





Table 1. Comparison o f  commonly exper ienced no i ses  i n  a i r  w i t h  mar ine  

mammal c a l l s  and 1  owest hea r i ng  t h r e s h o l d s  under water  

( m o d i f i e d  f rom Ginn 1978 and U.S. Naval Oceanographic O f f i c e  

1965). 

Water 

140 human p a i n  t h r e s h o l  d  

j e t  a i r c r a f t  t a k i n g  o f f  

120 pneumatic d r i l l  a t  

ope ra to r s  p o s i t i o n  

100 power mower o r  t a b l e  saw 

80 i n s i d e  car ,  heavy S t r e e t  

t r a f f i c  

60 genera l  o f f i c e  no i se  

40 q u i e t  1 i v i  ng room 

20 r u s t l e  o f  l eaves  

O* normal human h e a r i  ng 

t h resho l  d 

-20 

181.5 bowhead whal e  ca l  1 s  

141.5 harp seal  c a l 1  s  

81.5 sea l i o n  hear ing  

t h r e s h o l  d  

61.5* sea l  h e a r i  ng t h resho l  d  

41.5 w h i t e  whal e  hea r i  ng 

t h r e s h o l  d  

* equi  v a l  e n t  t o  1 0 ' ~ ~ w a t t s / m ~  





10. MAP - 

Place names i n  t h e  Canadian a r c t i c  ment ioned i n  t h e  t e x t .  








