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F O R E W O R D

T h e  exp lo ita tion  o f  m arine  m a m m a ls  h a s  been  a  d o m in a n t  h u m an  activ ity  in the  c o a s ta l 
N o rth w e st  Territories d u r in g  the entire period  of h u m an  se tt le m e n t here. A lth o u gh  the  
a rc h a e o lo g ic a l record  is  n o t definitive; it m ay have been  the p u rsu it  o f  m arine  m a m m a ls  that 
w a s  re sp o n s ib le  fo r  three d is t in c t  w a v e s  of im m ig ra t io n  from  A la sk a .  The T h u le  from  w h ic h  
the p re se n t Inuit a re  d e sc e n d e n t  arrived ap p ro x im a te ly  1,000 ye a rs  a g o  in p u rsu it  of la rge  
w h a le s. It w a s  th e se  sa m e  large  w h a le s  that in tro du ce d  the E u ro p e a n  cu ltu re  to the  c o a s ta l 
nu it in b o th  the E a s te rn  a n d  W e ste rn  Arctic . A lth o u g h  the q u e s t  for the N o rth w e st  P a s s a g e  

first b ro u gh t  the tw o  c u ltu re s in to  co n tac t  it w a s  u n d o u b te d ly  the w h a le rs  that in tro du ced  
the g re a te st  c h a n g e s  to the  c o a s ta l Inu it before  the e x p a n s io n  of the H u d s o n 's  B a y  C o m p a n y  
to m o st  c o a s ta l r e g io n s  o f  the N o rth w e st  Territories under h u m an  se ttlem en t. A lth o u g h  the  
H u d so n  s  B a y  C o m p a n y  w a s  prim arily  in te rested  in furs, th ey  ope rated  a  w h a lin g  sta tio n  at 
P a n g n ir tu n g  until 1958.

A lth o u g h  c o m m e rc ia l w h a lin g  s im ila r  to that o f  the la te  19th ce ntu ry  i s  no  lo n ge r  p ra c t ise d  in 
the N o rth w e st  T e rrito rie s b y  so u th e rn  o r fo re ign  in te re sts, w h a lin g  re m a in s a  s ig n if ic a n t  
p ra c tise  in  m any  c o a s ta l co m m u n it ie s . S e a ls  on  the  o th e r hand se e m  to  have rep laced  
w h a le s  a s  the p r im e  so u rc e  of in co m e  for m an y  Inuit. The s a le  of s e a l p e lts  b ro u gh t m o re  
revenue to  the N o rth w e st  T e rrito rie s than  any o ther fu r  b e a r in g  s p e c ie s  in 8 o f  16 c o n se c u t iv e  
y e a rs  e n d in g  in 1977. T h e  current interest in p ro m o tin g  in te r-se ttlem ent trade o f e d ib le  
m arine  m am m a l p ro d u c ts  sh o u ld  p rom ote  the return to c o m p le te  utilization  o f se a l a n d  
w h a le  c a r c a s s e s  a s  in form e r tim es.

T h is  p ap e r is  in te nde d  to fam ilia rize  the reader w ith the  e c o lo g ic a l re la t io n sh ip  betw een a r c ­
tic m arin e  m am m a l re so u rc e s  an d  their environm ent. The a u th o rs  w e re  e n co u rage d  to c o m -  
jnent on th e  sc ie n tif ic  an d  a d m in istra t ive  s ta tu s  of current m arin e  m am m a l m an a ge m e n t ef- 

{ f° r t s -W h ile  th is P ap e r  re fle c ts  the v ie w s o f the au th o rs, The S c ie n c e  A d v iso ry  B o ard  is  p le as -
# ed, t0  P u b lish  and d is tr ib u te  th is  w ork  in order to p rom ote  a  better u n d e rsta n d in g  of th e se

va lu ab le  northern  re so u rce s .

Be n  A. H u bert  
E xe cu tive  Se c re ta ry

S c ie n c e  A d v iso ry  B o a rd  o f  the N o rth w e st  Territories  
Y e llow kn ife , N o rth w e st T e rritories  
January, 1980
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IN T R O D U C T IO N
T h e  p rinc ipa l a im  of th is  report is  to review  the ava ilab le  in fo rm a tio n  on m arin e  m a m m a ls  in 
th e  C a n a d ia n  A rc t ic  w ith  re sp e ct to th e  future m an a ge m e n t o f th e se  sp e c ie s. Im p lic it  in  th is 
report i s  the rea liza tion  that th e  Inuit p o p u la t io n  i s  in c re a s in g  an d , d e sp ite  s o c ia l c h a n ge s ,  
there w ill be p re s su re  for in c re a se d  h a rv e st s  of m arine  m a m m a ls .  In o rd e r to e v a lu a te  the 
po te n tia l for in c re a se d  h a rve sts, it is  n e c e s sa ry  to a s s e s s  th e  s ta te  of current k n o w le d g e  and  
m an a g e m e n t  p ra c t ic e s. W ith  th is  in fo rm ation , data  g a p s  c a n  be iden tified  an d  re c o m m e n d a ­
t io n s  fo r  f illin g  th e se  g a p s  c a n  be m ade.

A n  im p re c ise  bu t ne ve rth e le ss  im portan t d is t in c t io n  n eed s to  be m ade  be tw een  the  h isto r ic  
a n d  fu ture  ro le s  of m an a ge m e n t  in th e  A rctic . U p  to the p resent, m an a ge m e n t h a s  been  
b a se d  o n  p ro tectin g  the  re so u rce  w h ile  p ro v id in g  a  su s ta in a b le  annua l harvest d u r in g  a 
period  w hen, gen e ra lly , the level of h a rv e st in g  activ ity  h a s  been d e c lin in g . M a n a g e m e n t  at 
th is  level can  b e  s u c c e s s fu l  w ith re lative ly  u n so p h is t ic a te d  a n d  im p re c ise  In form ation . 
H ow ever, g iven  the probab le  in c re a se s  in d e m an d  for m arin e  m am m a ls , it is  n e c e s sa ry  to 
e s t im a te  w hat the  p o s s ib le  a n d  o p tim u m  y ie ld  le v e ls  are fo r  e a c h  s p e c ie s  and  h o w  th e se  
h a rv e st s  sh o u ld  be d istr ib u te d  g e o g rap h ic a lly .  T h is  requ ire s that m a n a ge m e n t  p h ilo so p h y  be 
c h a n g e d  from  re a c tin g  to lo c a l o ve rh arve stin g  a n d  h a lt in g  th e  c o n se q u e n t  p o p u la t io n  
d e c lin e s  to  a  m o re  fo rw ard -lo ok in g  p h ilo so p h y  b a se d  on e c o lo g ic a l  know ledge . A n  ob jective  
o f th is a p p ro a c h  sh o u ld  be to e s t im a te  u ltim ate  op tim u m  y ie ld  le v e ls  (re cogn iz in g  that th e se  
a re  d iff icu lt  to  define ) and to  m a n a g e  the p o p u la t io n s  in w a y s  c o n s is te n t  w ith  th e se  
e s t im a te s .  P o p u la t io n  an d  e c o lo g ic a l m o d e llin g  te c h n iq u e s  need to be a p p lie d  in o rd e r to 
prov ide  in fo rm a tio n  needed  fo r  so c ia l p lan n in g  by the  harvesters.

T h e  to n e  of th e  report that fo llo w s  is  ge n e ra lly  negative . O u r  p u rp o se  is  to  identify  
in fo rm a tio n  g a p s  of im p o rta n ce  for fu ture  m an a ge m e n t  an d  w e  ten d  to d o w n p lay  th o se  a re as  
w here  k n o w le d g e  is  su f f ic ie n t  for p re sen t m an agem en t.

W e  b e g in  th is report w ith a n  overview  of current k n o w le d ge  o f  prim ary and  se c o n d a ry  
p ro d u c t io n  p r o c e s s e s  in a rctic  m arine  sy s te m s.  W e  then d i s c u s s  a v a ila b le  k n o w le d ge  o f  the 
d ie t s  o f a rc tic  m arine  m a m m a ls  and  the m ajo r fo o d  c h a in s  that have b e e n  identified . The  
m ain  b o d y  of the  report c o n s is t s  o f  a  review  o f  the ty p e s  o f  in fo rm ation  requ ired  for 
m an a ge m e n t  o f  m arine  m am m a l p o p u la t io n s  and a n  a s s e s s m e n t  of the  a d e q u a cy  o f  th is 
in fo rm a tio n  for e ach  o f  the p rin c ip a l m arine  m am m a l sp e c ie s  in the C a n a d ia n  A rctic . T h is  
se c t io n  o f  the report is  fairly d e ta iled  s in c e  in  se vera l in s ta n c e s  w e  q u e st io n  the a d e q u a c y  of 
th e  d ata  and/or d is a g re e  w ith the in terpretation  that has b e e n  ap p lie d  to  the data. In so m e  
c a se s ,  th e  in te rp re ta tion s that w e q u e st io n  have b een  ac c e p te d  a s  b a s e s  for m an a ge m e n t  
s t r a te g ie s  and  w e  feel that it i s  im portant that we presen t th e  re a so n s  fo r  o u r d isa g re e m e n t  
s o  that o th e rs  c a n  eva luate  e a c h  s id e  o f the case .

T h e  fina l s e c t io n s  of th e  report in c lu d e  a  d is c u s s io n  of the  c o n c e p t  of m a x im u m  su s ta in e d  
yield, th e  re a so n s  w hy  it m igh t be  a d a n g e ro u s  m an a ge m e n t go a l fo r  arctic  m arine m am m a ls ,  
a n d  a  su m m a ry  o f the  im po rtan t g a p s  in the  in fo rm ation  requ ired  for m an a ge m e n t. T h e se  
s e c t io n s  are fo llo w e d  b y  a  se r ie s  of c o n c lu s io n s  a n d  re c o m m e n d a t io n s  fo r  re search  required  
to  provide  a  pred ictive  ca p a b ility  for future m an age m e n t a t o p tim u m  or in c re a se d  le v e ls  of 
harvest.

A lth o u g h  th is report is  dated  1979, the literature review  is current o n ly  to th e  fall o f  1978. Very  
fe w  m ore  recent re ferences h ave  been  added.

F ig u re s  1 and 2 sh o w  the lo c a t io n s  th at are frequently  m e n tio n e d  in th is report.



F IG U R E  1 L o c a t io n s  in  the C a n a d ia n  E as te rn  A rctic .
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A C K N O W L E D G E M E N T S
T h e  c o n c lu s io n s  a n d  in te rp re ta tion s in t h is  report are th o se  o f the a u th o rs. The fo llo w in g  
a c k n o w le d g e m e n ts  o f  a s s is t a n c e  from  v a r io u s  s c ie n t is t s  sh o u ld  not b e  c o n stru e d  to 
in d icate  that th e se  s c ie n t is t s  a gre e  w ith o u r  c o n c lu s io n s .  W e  th an k  D. D o w le r  and B . W o n g  
o f  F ish e r ie s  a n d  M a r in e  Se rv ice , Y e llo w k n ife ; N. S im m o n s  an d  T. C h o w n s  o f N.W .T. F i s h  and  
W ild life  Se rv ice ; R. R ie w e  o f U n ive rs ity  of M a n ito b a ; K. H ay, H. S ilv e rm a n  a n d  G . W e n ze l of 
M c G ill U n ive rsity ; B . K e m p e r a n d  N. S n o w  o f  Dept, o f In d ian  an d  N o rthe rn  A ffa ir s ;  G . F in n e y  
o f  C a n a d ia n  W ild life  Serv ice ; J. P. Prevett a n d  H. G . L u m sd e n  o f O n ta r io  M in is t ry  of N a tu ra l 
R e s o u rc e s ;  a n d  M . Fraker o f  F. F. S la n e y  and  C o m p a n y  a n d  L G L  Ltd. for p rov id in g  
u n p u b lish e d  m ateria l and/or fo r  d i s c u s s io n s  of so m e  o f  the q u e s t io n s  d is c u s s e d  in  the 
report. W e  a ls o  th an k  A. W . M a n s f ie ld ,  D. E . S e rg e a n t  an d  T. G . S m ith  of the  A rc t ic  B io lo g ic a l 
S ta t io n  fo r  m an y  e d u c a t io n a l d is c u s s io n s  o f  the b io lo g y  o f a rc tic  m arine  m am m a ls .

W e  are particu larly  g ra te fu l to  1. A. M c L a re n  of D a lh o u s ie  U n ive rsity  fo r a  c r it ica l rev iew  of 
m o st  of th is  report. B e n  H u b e rt  and  D an  M u rp h y  o f  the S c ie n c e  A d v iso ry  B o a rd  have  been  
extrem e ly  he lp fu l a n d  prov ided  m an y  u se fu l s u g g e s t io n s  ab o u t earlie r d ra ft s  o f the report.

W e  w ish  to  thank  D. T h o m s o n  o f  L G L  Ltd. fo r  m ajor co n tr ib u tio n s  to  the productiv ity  se c t io n s  
o f  the report. W e  th a n k  W. E. R e n a u d  a n d  P. S m ith  of L G L , w h o  prov ided  m u c h  h e lp  with 
co lla t io n  o f  literature, d ra ft ing  an d  p ro d u c t io n  of the  report, and  I. R e in s o n  a n d  H. C r a ig  for 
the ir  p a tie n c e  in ty p in g  the report.

W e  w ish  to  a c k n o w le d g e  th e  u se fu l c o m m e n ts  m ad e  by the three ex te rnal reviewers: 
D r. I. M c T a g g a r t -C o w a n , Dr. E . H. M ille r  a n d  Dr. I. S t ir lin g .
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P R IM A R Y  P R O D U C T IO N  P R O C E S S E S

INTRODUCTION

T h e  prim ary  p ro d u ctio n  o f  liv in g  m aterial In the  b io ­
sp h e re  Is  a c c o m p lish e d  by p la n ts  a n d  a  few  m ic ro ­
o r g a n is m s  su c h  a s  bacteria. P la n ts  u tilize  the  energy  
in ligh t  to  convert ca rb on  d io x id e  a n d  water, th ro u gh  
the fo llo w in g  gen e ra lized  reaction , to  o rga n ic  (carbon) 
c o m p o u n d s  su itab le  a s  c o n s t itu e n ts  o f  living m aterial:

C O 2 +  H 2O  +  ligh t ►  C H 2O  +  O 2 (1)

T h is  type  of reaction  is  m e d ia te d  by c h lo ro p h y ll p ig ­
m e n ts  a n d  requ ire s other s u b s ta n c e s  su c h  a s  nitrate, 
p h o sp h a te , trace m e ta ls  a n d  so m e t im e s  v itam in s.  
T h e se  s u b s ta n c e s  are term ed n u tr ie n ts  and a re  e s s e n ­
tial fo r p lan t grow th .

Th e  tota l am o u n t o f o rg a n ic  m ateria l p rod u ce d  by a  
plant i s  term ed g r o s s  p roduction . S o m e  o f th is  
m aterial i s  lo st d u r in g  re sp ira t io n  (the u se  o f o rga n ic  
m aterial to  obta in  energy  ne e d e d  by th e  plant fo r  m a in ­
tenance). W hat re m a in s  is  term ed net production , 
w h ich  i s  a va ilab le  fo r  c ro p p in g  by  herb ivoro us an im a ls .  
In the c a s e  of m arin e  p la n ts  so m e  add it io n a l o rga n ic  
m ateria l is  lo st a s  d is so lv e d  o rg a n ic  matter.

In  the se a , m o st p rim ary  p ro d u ctio n  i s  by  m ic ro sc o p ic  
u n ice llu la r  p lan ts ca lle d  ph y to p lan k to n . M e a su r in g  the 
p rod u ctiv ity  of th e se  tiny  p la n ts  in a  three-d im en­
s io n a l, turbulent, fluid m e d iu m  that co ve rs  three 
qu a rte rs  o f the g lo b e  is  a  fo rm id a b le  task. C o m m o n  
a p p ro a c h e s  have been to  m e asu re  the a m o u n t  of

PRIMARY PRODUCTION PROCESSES 
IN ARCTIC SEAS

LIGHT
A lth o u g h  lack o f  ligh t lim its  p lan t g ro w th  d u r in g  the  
a rctic  w inter, su ff ic ie n t  ligh t  to  perm it p h o to sy n th e s is  
is  a v a ila b le  from  a t  least M a rc h  to  O ctobe r. D u r in g  the  
latter period, the dep th  o f  the e u p h o t ic  layer d e p e n d s  
on ice  co ve r an d  o n  the a m o u n t  of su s p e n d e d  se d i­
m ent a n d  liv ing m aterial in the  water. R ap id ly  va ry ing  
fa c to r s  s u c h  a s  a n g le  of in c id e n ce  o f  su n ligh t, c lou d  
co ve r a n d  w ave c o n d it io n s  a l s o  a ffect the  dep th  of the  
e u p h o tic  layer.

U nde r ice, the e u p h o tic  layer i s  sh a llo w , prim arily  be­
c a u s e  o f  the a tten u ation  o f ligh t  by ice. D u r in g  w inter 
p h o to s y n th e s is  c e a s e s  a lto ge th e r  in the a b se n c e  of 
light. Furtherm ore, the w ater c o lu m n  u n d e r ice  i s  often  
u n stab le , s o  p h y to p la n k to n  m ay  s in k  b e lo w  the  
e u p h o tic  layer at a  rate fa s t  e n o u g h  to  prevent rapid  
d e ve lo p m e n t of la rge  p o p u la t io n s  even  w hen ligh t is  
ava ilab le . Hence, there is  low  productiv ity  a n d  s ta n d ­
in g  s t o c k  of p h y to p la n k to n  under th e  ice in  early  
sp r in g  (M arch -A p ril) (T h o m so n  e t  a l .  1975; B u c h a n a n  e t  

a l .  1977; H orner 1977).

o x y g e n  liberated  by the re a c t io n s  of e q u a tio n  (1), the  
c h a n g e  in p H  re su lt in g  from  the a b so rp t io n  of C O 2 by  
the p lan ts, o r the  c h a n g e  In  s ta n d in g  s t o c k  of 
p hytop lankton . The  a m o u n t  of c h lo ro p h y ll p re sen t per 
unit vo lu m e  i s  c o m m o n ly  taken a s  an In d e x  of s t a n d in g  
sto ck , but t h is  index is  n o t very p rec ise . The  a cce p te d  
techn ique  at p re sen t is  to  add  ra d io ac t iv e  ca rb o n  (C 14) 
to a n  e n c lo s e d  vo lu m e  o f  se a-w ater a n d  m e asu re  the  
am o u n t  incorpo rated  in to  plant t is su e , w ith  the resu lt  
e x p re sse d  a s  ca rb o n  fixed  per u n it  t is su e  per u n it time, 
or c a rb o n  fixe d  per un it v o lu m e  (or su r fa c e  area) of 
w ater per u n it time.

P h o to sy n th e s is ,  a n d  th u s  prim ary  p roduction , c a n  be  
lim ited  by o n e  or m ore  o f m any  fac to rs. T h e  ava ilab ility  
of ce rta in  n u trie n ts is  o fte n  a  lim itin g  fa c to r  in th e  sea. 
M e a su re m e n ts  of nutrient c o n c e n tra t io n s  in the  w ater  
give a n  in d ica t io n  o f a n  a re a 's  po te n tia l for p ro d u c ­
tivity. S u n lig h t  is  rap id ly  a b so rb e d  by sea-w ater, b y  ice  
and b y  liv ing and non -liv in g  partic le s. It  is  ge n e ra lly  
a cce p te d  th at p h o to sy n th e s is  c a n  ta k e  p lace  to a  
depth  w here u sa b le  lig h t  in te n sity  h a s  d e c re a se d  to  
one p e r  cent o f su r fa ce  in te n sity  (Lorenzen 1976). T h e  
layer of w a te r w ith  su ff ic ie n t  ligh t  to su p p o rt  
p h o to s y n th e s is  is  term e d  the e u p h o tic  zone. F ig u re  3  
su m m a r iz e s  so m e  o f the  m ain  fe a tu re s o f  p rim ary pro­
d u c t io n  in a rc tic  se a s ,  and  th e  fo llo w in g  s e c t io n s  
d e sc r ib e  th e se  p ro c e s s e s .

The d e p th  o f  the  e u p h o tic  zone i s  reduce d  w here river 
d isc h a rg e  c a u s e s  h igh  se d im e n t  co nce n tra t io n s. O ff  
the M a c k e n z ie  delta, G ra in g e r  (1975) fou n d  the  
e u p h o tic  zo n e  to be  le s s  than  o n e  metre thick. Fu rther  
offshore , w here  there w a s  m uch  le s s  su s p e n d e d  se d i­
ment, light p enetration  reached  60 m . In L a n c a s te r  
S o u n d , Se k e ra k  e t  a l .  (1976b) fo u n d  that the e u p h o tic  
zone varied fro m  ab o u t  24  to  40 m  in th ick n e ss. In  H u d ­
son  B ay , B u r s a  (1961a) im p lied  th a t the e u p h o tic  zone  
reached  50 m  in so m e  p lace s.

TEMPERATURE AND SALINITY
Low w ater tem pe ratu re  in itself d o e s  not p rec lu de  h igh  
productiv ity  (D u n b a r 1968). F lu c tu a t io n s  in sa lin ity  
c a u se d  by ice -m elt and  fre sh w a te r  runoff a lso  d o  not 
n e ce ssa r ily  a ffect the to ta l p ro d u ctiv ity  of the  c o m ­
m unity, but a re  im po rtan t in d e te rm in in g  its s p e c ie s  
c o m p o s it io n .  P ro d u c t io n  ra te s  can  vary a m o n g  
sp e c ie s, s o  sa lin ity - in d u c e d  c h a n g e s  in  s p e c ie s  c o m ­
p o s it io n  have the po te n tia l to a ffe c t  tota l productivity.
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TABLE 1
Nitrate, P h o sp h a te  an d  S i lic a te  C o n c e n tra t io n s  at A s s is t a n c e  Bay, C o rn w a llis  Is land , In  A u g u s t  1975 (from  S e k e ra k  e t  

a l .  1976a).

Sampling
Depth

m

Reactive 
Nitrate 

mg-at N/m3

Reactive 
Phosphate 
mg-at P/m*

Reactive 
Silicate 

mg-at Sl/m3
Temp.

•C
Salinity

% .
0 *0.05 0.78 0.70 0.4 28.4

10 0.14 0.49 0.68 0.3 29.5
20 0.20 0.64 1.54 0.1 31.0
30 0.54 0.93 1.29 •0.1 32.2
40 2.40 1.00 3.05 •0.3 32.2

T h e  tem perature  a n d  sa lin ity  rog im e  h a s  p ro n o u nc e d  
e ffe c ts  on  the  stab ility  of the w ater co lu m n , and  th u s  
o n  nutrient co n c e n tra t io n s. N u trient co n c e n tra t io n s  
are  ex trem e ly  im portant In d e te rm in in g  the p ro d u c ­
tivity of an  area.

NUTRIENTS
T h e  in o rga n ic  nutrient s a lt s  o f p h o sp h ate , n itrate and  
s i l ic a te  are  m ajor re q u ire m e n ts for g ro w th  of p h y to ­
p lankton . In  add ition , d ia to m s  require s i l ic a te s  for the 
fo rm atio n  o f  fru stu le s. The  la ck  of re p le n ish m e n t of 
th e se  n u trie n ts In the su r fa c e  w ate rs of arctic  s e a s  
d u r in g  late sp r in g , su m m e r  a n d  early fall Is  the b a s ic  
re a so n  for the ir low  p ro d u ctiv ity  (D u n b ar 1968). In early  
sp r in g , the s e a  w ater is  Iso th e rm a l an d  iso h a lln e 1, w ith  
h ig h  nutrient co n c e n tra t io n s  at all d e p th s. W ith  the 
c o m in g  of sum m e r, Ice-m elt a n d  in cre a se d  In so la t io n  
w arm  and  fre sh e n  su r fa c e  w aters, w h ic h  lo w ers their 
d e n s ity  an d  c a u s e s  stra tif ication . Therefore, o n ce  
n u trie n ts h ave  been e x h a u ste d  In the upper layers, 
they  c a n n o t be re p le n ish e d  from  nutrient-rich deep  
water. T ab le  1 illu stra te s th is  co n d it io n  of tem perature  
d e c re a se  a n d  sa lin ity  an d  nutrient in c re a se  w ith dep th  
in the C a n a d ia n  A r c t ic  A rc h ip e la g o .  T h is  d e n s ity  
stra tif ic a t io n  is  a lso  a  feature  o f  H u d so n  Bay, w here it 
re su lt s  from  m a s s iv e  fre sh w ate r  runoff.

N itra te  is  ge n e ra lly  c o n s id e re d  to be the  lim iting  nutri­
ent in the s e a  (Ryther an d  D u n sta n  1971). E x h au st io n  
of n itrate be fore  e x h a u st io n  o f p h o sp h a te  an d  s il ic a te  
h a s  been  n o ted  in F ro b ish e r  B a y  (G ra in ge r  1971), the  
Be au fo rt  S e a  (G ra in ge r  1974) a n d  va r io u s lo c a t io n s  in 
the  A rc t ic  A rc h ip e la g o  (S e ke rak  e t  a l .  1976a; B u c h a n a n  
e t  a l .  1977; T h o m s o n  e t  a l .  1978).

ICE BIOTA
A  un iversa l feature  of sp r in g t im e  se a  ice  a p p e a rs to be 
a b lo o m  of a lg a e  in the low er su r fa c e  of the  ice. T h is  
ice -a lga l b lo o m  h a s b e e n  recorded  at m an y  lo c a t io n s  in 
A rc t ic  and  A n ta rc t ic  s e a s  (e.g., B u c h a n a n  e t  a l .  1977; 
H o rn e r 1977; T h o m s o n  e t  a l .  1978) and  in so m e  a re a s  it 
m ay  be a  m ajo r co n trib u to r to  total prim ary  p rodu ctiv ­
ity (M c R o y  a n d  G o e r in g  1974). T h is  a d a p ta t io n  of a lg a e

to  the p re se n ce  of Ice a llo w s  the c e lls  to  receive  a d e ­
q u ate  su n lig h t  an d  n u tr ie n ts  to carry o n  p h o to sy n ­
thetic  activity. Th e  p rodu ctiv ity  o f the Ic e -a lg a l layer 
h a s  been  m e asu re d  In se ve ra l a reas, but not s u c c e s s ­
fu lly  in the C a n a d ia n  A rctic . F ig u re  4 su m m a r iz e s  cu r­
rent k n o w le d g e  of the s e a s o n a l cy c le  of the  Ice -a lgae  
(e pon tlc ) co m m un ity .

PHYTOPLANKTON
Th e  s e a s o n a l cy c le  of p h y to p la n k to n  in the  C a n a d ia n  
A rc t ic  Is  su m m arize d  in  F igu re  4. D u r in g  the w inter, 
sm a ll n u m b e rs of p h y to p la n k to n  su rv ive  by fo rm in g  
re s t in g  s t a g e s  and  s o m e  su rv ive  h e te ro trop h lca lly2 
(A llen  1971). T h e  a lga l c o m m u n ity  In the u n d e rsu rfa ce  
o f the Ice  b e g in s  to d e ve lo p  In e a rly  sp r in g  a n d  re a ch e s  
m ax im u m  d eve lop m en t in M a y  (F igu re  4). D u r in g  th is  
tim e, p lan k to n ic  p o p u la t io n s  o f ‘sh ad e -ad a p te d ’ pen- 
nate  d ia to m s  of the ge n e ra  N a v l c u l a ,  N l t z s c h l a  and  
F r a g l l a r l a  are b e g in n in g  to d e ve lo p  (B u rsa  1981b). In  
June, th is  e p o n t lc  co m m u n ity  b e g in s  to  d is in te g ra te  
an d  the p ennate  d ia to m s  reach  p o p u la t io n  m ax im a  
(B u r sa  1961b; B a in  e t a l .  1977). M a n y  ice -a lga l c e l ls  are  
p re su m a b ly  re le ase d  in to  the w ater c o lu m n  a t th is  
time, but It is  u nknow n  how  m u c h  they co n tr ib u te  to 
the sp r in g  p lan k to n  b lo o m . S o m e  s p e c ie s  are  fo u n d  In 
both  the e p o n tlc  and  the  p lan k to n ic  co m m u n it ie s .

T h e  p lan k to n ic  pennate  d ia to m s  d e c lin e  in a b u n d a n c e  
d u r in g  ice break-up  and  are  rep laced  by ‘s u n ’-adap ted  
ce n tr ic  d ia to m s, ch ie fly  of the  g e n u s  C h a e t o c e r o s  

(B u r sa  1961b; Se k e rak  e t  a l .  1976b). Th e  t im in g  o f  the 
p re c e d in g  eve n ts  m ay va ry  a c c o rd in g  to ye a r  an d  lo c a ­
tion.

BENTHIC PLANTS
B e n th ic  p lan ts  in c lu de  the m acro p h y tic  a lg a e  (i.e. 
kelps), u n ice llu la r  m ic ro p h y tic  a lg a e  (e.g., d ia to m s)  and  
the a q u atic  a n g io s p e r m s  (e.g., e e lg ra ss). T h e  p ro d u c ­
tivity o f b en th ic  plant c o m m u n it ie s  can  be  very h igh. 
Like  o th er p lan ts, b e n th ic  a lg a e  require ligh t  an d  nutri­
en ts. T h e  la rge  s p e c ie s  su c h  a s  the L am in a r ia le s  
(ke lp s) no rm ally  require a  rock  su b s tra te  for a tta c h ­
m ent.

'i.e. Uniform temperature and salinity, and thus density, over a wide range of water depths.

Ч.е. Using pre-existing organic compounds rather than manufacturing them by photosynthesis.



PIQURE 4 A n n u a l C y c le  o f  P h y to p lan k to n  an d  E p o n t ic  A lg a l D e v e lo p m e n t  In 
A rc t ic  W a te rs. T im in g  o f  e ve n ts  Is  o n ly  a p p ro x im a te  an d  s o m e  
re la t io n sh ip s  a re  not c le a r ly  u n d e rsto o d  (from  B a in  e t  a t .  1977).

14 15

1.21 April El

2.26 April

pontlc community on under surface 
if Ice, Resolute Passage 

(M. Foy, p e n .  obi.).

First appearance of A chnanihes- 
Fragllaria community In plankton 
beneath Ice. Igloollk, Foxe Basin 
(Bursa 1961b).

3. Late April First appearance of eponilc com­
munity, Pt. Barrow, Cnukchl Sea 
(Homer 1977).

4. Early May Considerable chlorophyll a
concentrations In bottom of Ice, Jones 
Sound (Apollonlo 1965).

5.7 May Low concentrations of N iu sch la  
dellcatlsslma In water column.
Epontic community dominated by 
N iu sch la  Ulglda, well developed,
West Barrow Strait (Thomson ы al. 
1975).

6.14 Msy Low concentrations of N iu sch la
Ulglda, Stauronelsguadripedls 
In water column. Epontic community 
dominated by N iu sch la  Ulglda, well 
developed, Austin Channel 
(Thomson etal. 1975).

7.12-23June Maximum development of pennste 
diatom ‘shads' flora (dominated by
N iu s ch la  grunowH), Wellington 
Channel (Bain etal. 1977).

8.15 July Maximum development of pennate
diatom ‘shads' flora (dominated by 
A ch nan ihe s taanlala), Igloollk, Foxe 
Basin (Bursa 1961b).

9.3 August Plsnkton dominated by
N iu sch la  seriate, Creawell Bay, 
Somerset Island (Sekerak el al.
1976a).

10. 11 August Maximum development of centric 
diatom flora (dominated by 
Chaatocarossoclalis), Igloollk, Foxe 
Basin (Bursa 1961b).

Plankton dominated by 
C haa lo ca io s soclalls. Assistance 
Bay (Sekerak al al. 1976a).

Maximum development of centric 
diatom flora (dominated by 
Chaetoceros socialist, Frobisher 
Bay (Bursa 1971).

Decline In phytoplankton 
abundance, especially In the 
dominât Chaetoceros soclalls, 
evident In Lancaster Sound 
(Sekerak ef at. 1976b).

14.10 December No living phytoplankton cells In 
water column, FroblsherBay 
(Bursa 1971).

15. December, A few ll.'ing diatoms and 
January flagellate.'; throughout Ice 

(Horner 1977).

11.19 August

12.22 August

13. Early 
September
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T h e  intertidal zone, w h ich  in tem perate  la t itu d e s s u p ­
p o rts  a luxuriant grow th  of a lgae , is  for the m o st part 
barren in the A rc t ic  (E ll is  1955; Lee  1973; L G L  Ltd. un- 
publ. data). B e lo w  the intertidal is  a barren  zone  e x ­
te n d in g  to  d e p th s  of tw o  or three m etres. E x te n sive  
tida l f la ts are lik ew ise  barren. T h e  p re se n ce  of fast ice  
'th roughout m o st  of the year, the co n tin u a l a b ra s io n  by 
pan  ice d u r in g  the ope n  w ater period  a n d  f lu c tu a tio n s  
in tem perature  and  sa lin ity  are re sp o n s ib le  for the  
sp a r se  ve ge ta tio n  In th e se  h ab ita ts . T h e se  a re a s m ay  
su p p o rt  m ore  vege ta tio n  in H u d s o n  B ay  than in m ore  
northerly  a re a s  (B u rsa  1968). In  general, how ever, very  
little prim ary p rod u ction  o c c u r s  in the A rct ic  in the  
sh a llo w  a n d  intertidal a re a s  that, in trop ica l an d

CIRCUMSTANCES RESULTING 
IN INCREASED PRODUCTIVITY

HYDROGRAPHIC PHENOMENA
M e c h a n is m s  that b ring nutrient-rich  d eep  w ater to the 
su r fa c e  re su lt  in h igh e r productiv ity . In the An tarctic , 
p reva ilin g  w in d s  c a u se  su r fa c e  w ater to m ove  aw ay  
from  the continen t; th is  re su lts  in c o n t in u o u s  large- 
s c a le  u p w e llin g  and  h ig h  p rim ary  productivity. O th e r  
re g io n s  w here  perm ane nt u p w e llin g  c a u s e s  h igh  p ro ­
d u ctiv ity  are ge n e ra lly  fo u n d  o ff the w e st c o a s t s  of 
co n t in e n ts  at lo c a t io n s  w here the p re va i'in g  w in d s  

drive  su r fa c e  w ate rs o ffsh ore .

L o ca lize d  pe riod ic  u p w e llin g s  s u c h  a s  o n e  fou n d  in the  
G u lf  of S t . Law ren ce  by G re ism a n  and  In gram  (1977) 
m ay  a ls o  o ccur. S y n o p t ic  o c e a n o g ra p h ic  o b se rv a t io n s  
are  required to  detect th is  p h e n o m e n o n  but w ork  of 
th is  type h a s  not been  perform ed  in the C a n a d ia n  

Arctic .

T h e  m e e tin g  of tw o cu rre n ts  m ay  a ls o  c a u se  d eep  
w ater to  c o m e  to the su rfa ce . T h e  rich  f ish e r ie s  re­
s o u rc e s  o f the G ran d  B a n k s  of N e w fo u n d la n d  are the 
resu lt o f su c h  an  in te raction  betw een  currents. C u r ­
ren ts f lo w in g  over a  s il l m ay  a lso  en rich  su rfa ce  

w aters.

O n e  or a ll o f the ab ove  h yd ro g ra p h ic  p h e n o m e n a  m ay  
take  p la ce  in the C a n a d ia n  A rctic , but o b se rv a t io n s  to 
d ate  have been  in su ffic ie n t to  d o c u m e n t  them.

ICE
M c R o y  a n d  G o e r in g  (1974) s u g g e s t  that the p re se n ce  
of ice a n d  its  a s so c ia te d  flo ra  in c re a se s  the prim ary  
p rodu ctiv ity  o f the B e r in g  Se a . T h e  p re se n ce  of ice  for 
part of the  year in the C a n a d ia n  A rc t ic  m ay  a ls o  in­
c re a se  tota l annua l p rod u ctiv ity  s in c e  nutrients u se d  
by the ice  f lo ra  in sp r in g , w h e n  the w ater co lu m n  is 
unstab le , w o u ld  be at le a st  partia lly  rep len ished. T h u s  
d e ve lo p m e n t of the ice  flora  w o u ld  not su b s ta n tia lly  

reduce  su b se q u e n t  p lan k to n ic  p roduction .

ICE-EDGES
V a r io u s  s p e c ie s  of se a b ird s  an d  m arine  m a m m a ls

tem perate  la titudes, su p p o rt  d ive rse  an d  a b u n d an t  

p lan t life.

W h e re  c o n d it io n s  perm it, ge n e ra lly  at d e p th s  b e lo w  
the ab o ve -d e sc r ib e d  barren  zone, luxuriant s t a n d s  of 

ke lp  are fo u n d  in the w ate rs o f the  A rct ic  A rc h ip e la g o  
an d  H u d so n  Bay. M u c h  of the m aterial (f io n d s, s t ip e s,  
etc.) p ro d u ce d  by m acro p h y te s  ente rs the fo o d  w e b  a s  
d etritu s an d  d is so lv e d  o rga n ic  matter.

T h e  productiv ity  of be n th ic  p la n ts  h a s  not been  s tu d ­
ied in A rc t ic  C an ad a . S tu d ie s  of the m ic ro a lg a e  o ff 
northern  A la s k a  in d ica te  that th is  g ro u p  m ay  be very  
productive  in the A rc t ic  (M a th e k e  and  H o rn e r 1974).

so m e t im e s  co n c e n tra te  at the  e d g e  of la n d fa st  ice  
(B u rn s  1970; F ay  1974; B rad stre e t 1977; B rad stre e t an d  
F in le y  1977). T h e se  c o n g re g a t io n s  m ay  be  d u e  to  
h igh e r productiv ity  or greater a va ilab ility  of fo o d  near  
ice -ed ges. M c R o y  an d  G o e r in g  (1974) fo u n d  that in the  
B e r in g  S e a  the h ig h e st  ope n  w a te r prim ary  p ro d u c tiv ­
ity o ccu rre d  at the  ice-edge, but it w a s  not c lea rly  
sh o w n  that the ice -ed ge  p e r  s e  w a s  the ca u se . B a in  e t  

a l .  (1977) fo u n d  h igh  s ta n d in g  s t o c k s  of p h y to p lan k to n  
an d  z o o p lan k to n  at the W e llin g to n  C h a n n e l ice-edge, 
but no  co m p a rab le  d a ta  from  a re a s  a w ay  from  the ice- 
e d g e  w ere obta ined. Recently , C la rk e  (1978) h a s  sh o w n  
th eore tica lly  how  w ind-driven u p w e llin g  c o u ld  o c c u r  at 
fa s t  ice -e d ge s, an d  there is  f ie ld  e v iden ce  that u p w e ll­
in g  d o e s  in fact o c c u r  at fa s t  ice -e d ge s (B a in  e t  a l .  

1977) and  p a ck  ic e -e d ge s  (B u ck le y  e t  a l .  1979). T h u s  
there are in d ic a t io n s  that ice -e d ge s  are a re a s  of h igh  
prim ary  productiv ity , but the e v id e n ce  is  e qu ivo cal.

OTHER CIRCUMSTANCES
Ste ve n  (1974) b e lie ves that se ab ird  e xcre tion  m ay  be  
re sp o n s ib le  for h igh  nutrient c o n c e n tra t io n s  and  h igh  
s ta n d in g  c ro p s  of p h y to p lan k to n  near b re e d in g  s i t e s  in 
the G u lf  o f S t . Law rence. T u c k  (1960) had  earlier s p e c ­
u la ted  that th is  p h e no m e n o n  a ls o  o c c u rs  in the A rctic . 
T h is  co u ld  lo ca lly  en rich  s ta b le  su rfa ce  w ate rs near 
m ajo r se ab ird  c o lo n ie s  in the A rctic , but to date  th is  

h a s  not been  d ocum ented .

P o ly n ia s  a n d  le ad s in ice  m ay su p p o rt  h igh e r p ro d u c ­
tivity than  w ater under ice, bu t th is  c ir c u m sta n c e  h a s  
not been  ade q u a te ly  d o cu m e n te d . F a c to rs  invo lved  in ­
c lu d e  the h igh e r ligh t in te n sity  in ope n  w ater an d  the  
fac t that p o ly n ia s  are often a re a s  w here  there are  
s t ro n g  cu rre n ts  (and th u s  the like lih oo d  of m ix ing). O n  
the other hand, su c h  a re as la ck  the ice -a lga l c o m ­

m unity.

W a te r s  near g la c ie r  fro n ts  have  been reported  to have  
u n u su a lly  h igh  co n c e n tra t io n s  of ce rta in  nutrients. 
T h e  re sp o n s ib le  m e c h a n ism s  have been the su b je c t of 
so m e  d e b a te  (A p o llo n io  1 L ;3; D u n b ar 1973).
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PRODUCTIVITY OF ARCTIC WATERS 
IN RELATION TO WORLD OCEANS

T ota l prim ary  p ro d u ctio n  in the w o r ld 's  o c e a n s  is  
about o n e  third that o f the lan d  (T ab le  2). There are c o n ­
s id e rab le  d iffe re n c e s in the p rodu ctiv ity  of d ifferent  
o c e an ic  a re a s  (Tab le  3); in genera l, a rc tic  s e a s  are c o m ­
parative ly  unproductive . T h e  A rc t ic  O c e a n  is  on ly  
s lig h t ly  sm a lle r  than  the A n ta rc t ic  O c e a n  but its  tota l 
an nu a l p rodu ctiv ity  Is  m ore than  an  o rder of m agn itu d e  
sm alle r, it sh o u ld  b e  borne  in m in d  that there are few  
p u b lish e d  data  on  the p rodu ctiv ity  of the  A rct ic  a n d  
that v a lu e s  for the  A rc t ic  in T a b le s  2 a n d  3 are im ­
prec ise . N o n e th e le ss ,  the lo w  productiv ity  of A rc t ic  
s e a s  is  w e ll e s ta b lish e d , an d  is  prim arily  a  resu lt o f the  
fact that the  w ater c o lu m n  is  no rm ally  s ta b le  d u r in g  
the su m m e r  in the A rctic . N u tr ie n ts  are not rep len ­
ish e d  from  deeper w aters.

The few m e a su re m e n ts  o f prim ary  p roductiv ity  m ad e  
in the  C a n a d ia n  A rc t ic  are su m m arize d  in T ab le  4. 
T ab le  5 g iv e s  a  ro u gh  e s t im a te  of tota l p rim ary p ro d u c ­
tivity of th e  C a n a d ia n  A rctic , b a se d  on  ou r e x trap o la ­
t io n s  from  ava ilab le  literature. T a b le  5 in c lu d e s the  
C a n a d ia n  part o f the  Be au fo rt  S e a  but e x c lu d e s  a n y  
other part o f the A rc t ic  O c e an . W e  e stim ate  that a n ­
nual net prim ary  p rodu ctiv ity  (be n th ic  productiv ity  e x ­
cluded ) in C a n a d ia n  a rc tic  s e a s  is, very rough ly, 110 x 
10e t C /yr (110 x 1 0 e kgC /yr).

It is  e m p h a siz e d  that there have been  extrem e ly  few  
m e asu re m e n ts  of net prim ary  p roductiv ity  of p h y to ­
p lankton, ben th ic  m ic ro a lgae , m acro p h y te s  or ice- 
e d g e s  in the  C a n a d ia n  A rctic . D a ta  from  arctic  w ate rs

TABLE 2
T o ta l A n n u a l P rim ary  P ro d u c tio n  o f the E arth ’s  T e rre s­
trial and  M a rin e  S y s t e m s  (from  R o d in  e t  a l .  1975 and  
P latt and  S u b b a  R a o  1975).

A re a 10* t d ry  wt/yr*

L an d P o la r 1.33
B o rea l 15.17
S u b b o re a l 17.97
S u b tro p ic a l 34.55
T ro p ica l 102.53

T o ta l 171.54

L a k e s  a n d  rivers 1.0

O c e a n
In d ian 12.72
A tlan tic 18.84
P a c if ic 22.02
A n ta rc t ic 6.36
A rc t ic 0.24

T o ta l 60.18

G lo b a l T o ta l 232.72

‘1 metric tonne (t) =  1000 kg

TABLE 3
C o m p a ra t iv e  A n n u a l P rim ary  P ro d u c tio n  in V a r io u s  M a r in e  W a te rs.

A re a g  C /m 2»yr* R e fe re nce

O p e n  O c e a n L o n g  Is la n d  S o u n d 470.0 C r isp  1975;
S a r g a s s o  S e a 134.0 P latt a n d  S u b b a  R a o  1975
G u lf  o f M e x ic o 175.2
Be d fo rd  B a s in 219.0
O f f  B a rb a d o s 105.8
A n ta rc t ic  O c e an 5475.0
O ff  Peru 3650.0
In d ian  O c e a n 73-182

A rc t ic  O c e a n * * 1 E n g lis h  1959
R e s o lu te  B ay 32 W e lch  an d  K a lff  1975
O ff  Barrow , A la s k a  — H orn e r 1977

E p o n tic  C o m m u n ity 5

N e a rsh o re  B e n th ic F u c u s  B e d s, W o o d s  H ole, 
M a s s .

7300 K a n w is h e r 1966

L a m i n a r i a ,  N o v a  S c o t ia 1750 M a n n  1972
C o ra l R e e f 4200 O d u m  a n d  O d u m  1955

‘units are grams of carbon fixed by photosynthesis per m2 each year.
**English (1959) worked from a drifting ice-island in the central arctic basin.
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o u ts id e  C a n a d a  are a ls o  very lim ited. T h u s  it is  not 
p o s s ib le  to p rov ide  a  p re c ise  e s tim a te  of tota l net pri­
m ary  p rod u ctiv ity  in C a n a d ia n  a rc tic  w ate rs, or to p ro ­
v ide  a n y  re liab le  in fo rm a tion  ab o u t  g e o g ra p h ic  or 
h ab ita t related d iffe re n c e s  in productiv ity.

R e g io n a l variab ility  is  im po rtan t b e c a u se  m arine  m a m ­
m a ls  a n d  o ther c o n s u m e r s  are co n c e n tra te d  in certa in  
a re a s  an d  hab ita ts ; it is  the p rodu ctiv ity  in th e se  
s p e c if ic  areas, c o u p le d  w ith  an y  la rge -sc a le  tran sfer  
p r o c e s s e s  that m ay  e x ist, that is  im po rtan t in any  
d is c u s s io n  o f fo o d  availab ility.

TABLE 4
S u m m a ry  of P rim ary  P ro d u c t io n  M e a su re m e n ts  in the C a n a d ia n  A rctic .

Location No. of Stations Date Productivity Reference

So u th e rn  B e au fo rt  S e a 9 5 Ju ly -9  A ug. 0.10-1.19 g  C /m 2*day H s ia o  e t  a l .  (1977)

R e so lu te  Bay, N.W .T. 9 Ju ly -O ct. 32 g  C /m 2»yr W e lc h  a n d  K a lff
0.45 g  C /m 2»day  (max.) (1975)

F ro b ish e r  Bay, N.W .T. 30 1967-1976 42 g  C /m 2»yr (ave.) G ra in g e r  (1971)
(•<0.001-1.545 g  C /m 2« c o m p u te d  by W e lc h  &

day) K a lf f  (1975)

Alert, N.W .T. 11 10 Ju ly-12  A u g. 9 g  C /m 2»yr A p o llo n io  (1976a)

1957 0.550 g  C /m 2»day  (max.)

J o n e s  S o u n d , N.W .T. 11 Ju ly -A u g. 1961 35-40 g  C /m 2»yr A p o llo n io  (1976b)

8

1.97 g  C /m 2»d ay  (max.)

20 g  C /m 2«yr
1.16 g  C /m 2*d a y  (max.)

Ju n e -Ju ly  1963

TABLE 5
Prim ary  P rod u ctiv ity  of C a n a d ia n  A rc t ic  M a r in e  W a te rs.

Area (km2)

Productivity

gC/m2»yr* 10® t C/yr**

Planktonic
C h a n n e ls  a m o n g  A rc t ic  Is la n d s  

N  o f 7 8 “ 120,000 9 1.1

C h a n n e ls  a m o n g  A rc t ic  Is la n d s  

S  of 78" 790,000 30 23.7

H u d so n  B a y  a n d  Str., F o x e  

B a s in , U n g a v a  Bay 1,000,000 40 40.0

Be au fo rt  S e a  (C an ad ian ) 280,000 40 11.2

B a ffin  B a y  (C anad ian ), 
D a v is  Str. 500,000 40 20.0

Epontic 2,690,000 5 13.5

T ota l 109.5

*Based on sources cited in Tables 3 and 4. 
**1 metric tonne (t) = 1000 kg.



L IM IT S  TO S E C O N D A R Y  P R O D U C T IO N

P lan t t is su e  is  co nverted  into a n im a l t is s u e  by herb iv­
o ro u s  a n im a ls, w h ic h  are in turn eaten by  ca rn ivo ro u s  
a n im a ls  and  s o  o n  up the fo o d  chain. T h is  tran sfer  
from  o n e  c o n s u m e r  level to  a n o th e r in vo lve s a  lo s s  of 
ap p ro x im a te ly  70 to  9 0 %  of the energy  per tran sfe r  at 
low er trop h ic  le ve ls (R yther 1969), and  over 9 9 %  in  the 
fina l tran sfe r to m arine  m am m a ls . In th is  se n se  the 
sh o rte st  food  c h a in s  are the m o s t  effic ient. How ever, 
m an y  m arine  fo o d  c h a in s  are lo n g ; for exam ple , the 
tran sfe r  from  d ia to m s  th rou gh  c o p e p o d s, arctic  cod  
an d  s e a ls  to po lar b e a rs  (F igu re  5) in vo lve s four energy  
tran sfe rs. O ve r the lo n g  term, m o s t  of the  prim ary pro-

PELAGIC FOOD CHAINS

MAJOR PELAGIC GROUPS
Th e  m ain  c o m p o n e n ts  o f p e la g ic  food  c h a in s  in the 
A rctic  are a s  fo llo w s:

d u c t io n  in the se a  is  eve n tu a lly  utilized  by  other o r g a ­
n is m s  and  o ften  recyc led  se ve ra l t im e s; how ever, 
m u ch  of the p ro d u ctio n  m ay  be routed  th ro u gh  food  
c h a in s  that d o  not lead  to vertebrate  g r o u p s  (m arine  
m am m a ls , se ab ird s, fish).

F o r  co nve n ie nce , p e la g ic  a n d  be n th ic  fo o d  c h a in s  are  
treated se p ara te ly  In the fo llo w in g  se c t io n s .  H ow ever, 
there is  a  tran sfe r of en e rgy  be tw een  th e se  tw o  food  
c h a in s. Ice  b io ta  are c o n s id e re d  to b e  part o f the 
p e la g ic  food  w eb  in the fo llo w in g  se c t io n s .

P rim ary  P ro d u ce rs P rim ary  C o n s u m e r s P rim ary  C a rn iv o re s

D ia to m s C o p e p o d s C h a e to g n a th s

D in o fla g e lla te s T h e c o s o m a to u s  p te ro p o d s H yp eriid  a m p h ip o d s

M ic ro f la g e lla te s L arv a ce an s G y m n o s o m a to u s  p te ro p o d s
O th e r ph y to p lan k to n B e n th ic  larvae P e la g ic  c n id a r ia n s

M y s id s C te n o p h o re s
E u p h a u s iid s C o d

C a p e lin

F igu re  6 s h o w s  re p re se n tat ive s of so m e  of th e se  
g ro u p s  d iagram m atica lly .

C o p e p o d s  are the prim ary c o n s u m e rs  o f p h y to p lan k ­
ton  in m o st  o f the o c e an ic  re g io n s  of the world. In  the 
A rctic , c o p e p o d s  o f  the ge n e ra  Calanus an d  Pseudo- 
calanus are d om in an t. T h ey  are e ffic ie n t filter feeders  
w ith  m ou th  p arts a dap te d  to g n a w in g  the hard frus- 
tu le s  o f  d ia to m s  (A nraku  an d  O m o r i 1963). M u c h  effort 
h a s  been  e x p e n d e d  in a tte m p tin g  to q u an tify  the pro­
du ctiv ity  of c o p e p o d s  by m e a su r in g  ra te s of feed ing, 
resp ira tion , a s s im ila t io n , reproduction  an d  grow th, 
an d  b y  s tu d y in g  life  h is to r ie s  an d  p o p u la t io n  d y n a m ic s  
of natura l p o p u la t io n s. In sp ite  o f the v o lu m in o u s  liter­
a ture  o n  c o p e p o d s, so m e  im portant a s p e c t s  are still 
poo rly  know n. F o r  exam ple , it h a s  on ly  recently  been  
sh o w n  that c o p e p o d s  can  su rv ive  on de tritu s a lo n e  
(R o m a n  1977) and o ften  feed on it ex te n sive ly  in nature  
(Pou le t 1976).

In tem perate  w aters, an  a cce p te d  figu re  for z o o p la n k ­
ton p ro d u ctio n  is  ab o u t  2 0 %  of ph y to p lan k to n  p ro d u c ­
tion  (M u llin  1969). H ow ever, th is f igu re  m ay  be too  h igh  
fo r a rc tic  w ate rs (M c L a re n  1969). A s  a n  ad a p ta t io n  to 
a rctic  co n d it io n s, arctic  zo o p lan k te rs  reach  a la rge  
s ize  a n d  have lo n ge r life c y c le s  than  their tem perate

co unterparts. A ve rag e d  over th e  year, a rc t ic  z o o p la n k ­
ters u se  p rop o rtion a te ly  m ore  e n e rgy  fo r  m a in te n an ce  
and  le s s  for g row th  than  re lated  tem pe rate  g ro u p s.  
H ow ever, d u r in g  p e r io d s  o f fo o d  availab ility, en e rgy  
co n v e rs io n  e ff ic ie n c ie s  m u st  be qu ite  h igh . Lee (1974) 
h a s  sh o w n  that Calanus hyperboreus s t o r e s  lip id s  du r­
in g  su m m e r  for utilization  d u r in g  the w inter. C o n o v e r  
(1962) fou n d  that C. hyperboreus h ad  h ig h  g row th  e ffi­
c ie n c y  (52 to  9 0 % )  w h ile  g ro w th  w a s  tak in g  p la ce  and  
that it w a s  a dap te d  to  take a d v a n ta g e  o f  p e r io d s  of 
food  a b u n d a n c e  that o c c u p ie d  le s s  than  2 0 %  o f it s  life  
span . D u r in g  the sh o rt  period  of p h y to p la n k to n  a b u n ­
d an c e  d u r in g  su m m e r, z o o p la n k to n  p rodu ctiv ity  m u st  
be very h igh  and, d u r in g  the re st  o f the year, very low.

E n e rgy  p a s s e s  from  h e rb ivo ro u s z o o p la n k to n  to  verte­
b ra te s both  d irectly  an d  th ro u gh  in te rm ed iate  g ro u p s.  
M y s id s ,  e u p h a u s iid s , p te ro p o d s  a n d  la rge  Calanus 
spp . are eaten  by vertebrates. M y s id s  are  eaten  by  
r inged  se a ls  at so m e  p la c e s  a n d  tim es, a n d  herb ivor­
o u s  z o o p lan k to n  of v a r io u s k in d s  are ea te n  by bow - 
head w h a le s. H ow ever, e n e rg y  m u st  u su a lly  p a s s  
th rou gh  at le a st  o n e  m ore c o n s u m e r  level before  b e in g  
p a s se d  on  to m arine  m a m m a ls . T h e  m a in  vec to rs  for 
th is  tran sfe r are the hyperiid  a m p h ip o d s , e sp e c ia lly  
Parathemisto libellula (D u n b a r 1957), a rc t ic  c o d  (Ba in
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F IG U R E  6  S o m e  A n im a ls  Im portan t in A rc t ic tø a r in e  F o o d  C h a in s .
S iz e s  q u o te d  are le n g th s  o f  in d iv id u a ls  typ ic a lly  ea te n  b y  vertebrates  
(ad ap te d  from  Brad stre e t 1976).

Calanue hyperboreue 
(Copepod)
3-8 mm

Clione limaaina 
(Pteropod) 
5-10 mm

Parathemieto libellula 
(Amphipod)
15-35 mm

Mysie oaulata 
(Mysid) 
12-30 mm
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a n d  S e k e ra k  1978) a n d  c a p e lin  (Lalli e t  a l .  1973). P .  

l i b e l l u l e  is  a  p e la g ic  a m p h ip o d  that c o n s u m e s  co p e -  
p o d s  and, to a  le s se r  degree, c h a e to gn a th s, f ish  larvae, 
e u p h a u s iid s ,  o ther c ru s ta c e a n s , p o ly c h a e te s  a n d  
p n /to p la n k to n  (D u n b a r 1957; W in g  1976). A v a ilab le  
d ata  from  a  w id e  varie ty  o f a rc tic  a re as in d icate  that 
p ost- la rva l a rc tic  co d  feed in a  variety o f h a b ita ts  in ­
c lu d in g  ben th ic, n e a rsh o re  an d  under-ice  areas, an d  
c o n s u m e  m a in ly  a m p h ip o d s , c o p e p o d s, m y s id s  a n d  
d e c a p o d s  (review ed by  B a in  a n d  Se k e rak  1978; se e  
a ls o  C r a ig  an d  G r iff ith s  1978; F ro s t  e t  a l .  1978). In the  
C a n a d ia n  A rctic , c a p e lin  are c o m m o n  on ly  in the  
so u th e a s te rn  part a n d  H u d so n  B a y  (T em p lem an  1968); 
they  feed  p rim arily  on  c o p e p o d s, e u p h a u s iid s  and  to  a  
le s se r  d e g re e  a m p h ip o d s  (C orle tt 1968; P rokh o rov  
1968).

S o m e  p e la g ic  invertebrate s that c o n s u m e  he rb ivo ro u s  
z o o p la n k to n  d o  not a p p e a r  to be  im portant, e ither  
d irectly  o r ind irectly , to m arine  m am m a ls . C te n o -  
p h o re s  a n d  p e la g ic  cn id a r ia  are v o ra c io u s  p red ato rs  
a n d  o ften  de p le te  the s ta n d in g  s t o c k s  of h erb ivo ro u s  
zo o p la n k to n  (F ra se r  1962), but are not k n ow n  to be im ­
portant fo o d s  for m arine  m a m m a ls . S im ilarly , c h a e to g ­
n a th s  a re  a ls o  m ajo r p re d a to rs  o f c o p e p o d s, but are  
not a  m ajo r so u rc e  of fo o d  for vertebrates. M o s t  en e rgy  
f lo w in g  th ro u gh  c te n o p h o re s, cn id a r ia  an d  c h a e to g ­
n a th s  d o e s  not a p p e a r to reach  m arine  m am m a ls .

AMOUNT OF FOOD AVAILABLE TO 
MARINE MAMMALS
Th e  a m o u n t  o f fo o d  ava ilab le  to p e la g ic -fe e d in g  
m arine  m a m m a ls  m ig h t  be  e s tim ate d  e ither by d irect  
m e asu re m e n t  o f  s ta n d in g  s t o c k s  an d  turnover ra te s of 
o r g a n is m s  kn o w n  to  be c o n su m e d , or by trac in g  the  
route  o f the  p re v io u s ly  e s tim ate d  total p e la g ic  prim ary  
p ro d u c t io n  o f the C a n a d ia n  A rc t ic  th rough  the fo o d  
w eb. U nfortunate ly , k n o w le d g e  o f the stru ctu re  of the  
fo o d  w e b  an d  of the va r io u s  rates, e ff ic ie n c ie s  an d  
lo s s e s  i s  in ad e q u ate  to  perm it m e an in g fu l e s t im a te s  
from  e ither ap p ro ach . A s  a n  in d icat ion  of the d iff ic u l­
tie s, w e lis t  b e lo w  so m e  o f the  u n ce rta in t ie s  invo lved  
in a  c a lc u la t io n  of fo o d  ava ilab ility  from  net prim ary  
p rodu ction .

— H o w  ac c u ra te  is  the  e s t im a te  of 110 x 10® kg  C/yr  
net prim ary  p rodu ction , w h ich  is  b a se d  on  a  very  
few  m e a su re m e n ts  (T ab le s 4, 5)?

— H o w  m u ch  p rim ary  p ro d u ctio n  b e c o m e s d e tr itu s?  
M o re  gene ra lly , w hat are  the nature an d  m a g n i­
tude of e x c h a n g e s  betw een  the ben th ic  an d  p e la ­
g ic  f o o ^ w e b s ?

— W h a t  is  the  e ff ic ie n cy  o f en e rgy  tran sfe r to her­
b iv o re s ?  from  h erb ivo re s to su b se q u e n t  troph ic  
le v e ls ?

— W h a t  frac tion  o f the herb ivore  p rod u ction  is  d i­
verted to g ro u p s  u n im p o rtan t to  m arine m a m m a ls  
(c te no p h o re s, cn idaria , c h a e to g n a th s )?

— W h a t  frac tion  o f the herb ivore  p rodu ction  is  c o n ­

su m e d  d irectly  by m arin e  m a m m a ls ?  by o r g a ­
n is m s  that are c o n su m e d  b y  m a m m a ls ?

— M o re  generally, w hat is  th e  a llo c a t io n  of e n e rgy  
a m o n g  short, e ffic ie n t p a th w a y s  a n d  lo n g  p a th ­
w a y s  that are o ften  le s s  e f f ic ie n t?  

e.g. H erb ivore  ►  M a m m a l

H erb ivore  ►  A rc t ic  c o d  ►  M a m m a l 

H erb ivore  ►  P a r a t h e m l s t o  ►  M a m m a l  

Herb ivore  ►  P a r a t h e m l s t o  ►  A rc t ic  c o d  ►  
M a m m a l

— H o w  m u ch  overlap  is  there  in u se  o f  fo o d  by  
m arin e  m am m a ls , se ab ird s, and  f is h  an d  inverte­
b rate  p re d a to rs?

In  a d d it io n  to th e se  u n ce rta in t ie s  ab o u t  the fu n c tio n ­
in g  o f the  p e la g ic  fo o d  web, tw o  other d a ta  g a p s  pre­
vent a n y  p re c ise  e va lu a tio n  o f  the d e g re e  to  w h ic h  
m arin e  m am m a l p o p u la t io n s  o f  the C a n a d ia n  A rc t ic  
are lim ited  by food.

1. W e  d o  not kn ow  w hat p ro p o rtio n  o f the theore ti­
ca l se co n d a ry  p rod u ctiv ity  is  a c tu a lly  a c c e s s ib le  
to m arine  m a m m a ls  (se e  ‘A va ilab ility  of F o o d ’ 
se c tio n , below).

2. W e  d o  not have a ccu ra te  in fo rm a tio n  ab o u t fo o d  
req u irem en ts of the  e x is t in g  m am m a lia n  p o p u la ­
t io n s, s in c e  p o p u la t io n  s iz e s  a n d  ind iv idua l 
e n e rgy  requ irem ents are b o th  im p re c ise ly  k n o w n  
fo r m o st  sp e c ie s.

BENTHIC FOOD CHAINS

T h e  b e n th ic  a n im a ls  o f the C a n a d ia n  A rc t ic  A rc h ip e l­
a g o  have  received re lative ly  little  sc ie n t if ic  a ttention . 
M o s t  o f the w ork  that h a s  been  co n d u c te d  c o n c e rn s  
o n ly  tax o n o m y  and  d istr ib u tio n , not e c o lo g ic a l re la ­
t io n sh ip s .  A s  yet no  co m p re h e n s iv e  treatm ent o f  the  
p o ly c h a e te s  a n d  a m p h ip o d s , tw o  of the  m o st  im p o r­
tant g ro u p s, e x is t s  fo r  the v a s t  m arin e  a re a  betw een  
U n g a v a  an d  A la sk a .

MAJOR BENTHIC GROUPS
In the  A rctic , the m o st  d iv e rse  and  r ich e st  b e n th o s  

i s  fo u n d  in sh a llo w  w ate rs b e lo w  the 'barren  z o n e ’ but 
le s s  th an  50 m  d eep  (E llis  1960; T h o m s o n  e t  a l .  1975; 
S e k e ra k  e t  a l .  1976a; B u c h a n a n  e t  a l .  1977). B e n th ic  
a n im a ls  in s u c h  relatively  s h a l lo w  a re a s  are  the pri­
m ary fo o d  so u rc e  for w a lru se s  a n d  b e arded  se a ls ,  an d  
are  a ls o  taken by w h a le s. T h e  b e n th ic  a n im a ls  that are  
m o st  im p o rtan t a s  fo o d  for w a lru se s, bearded  s e a ls  
a n d  b e lu g a s  are  the c la m  M y a  t r u n c a t e ,  the c o c k le  S e r -  

r i p e s  g r o e n l a n d l c u s ,  a n d  d e c a p o d  c ru s ta c e a n s. In  a d ­
d ition  to  these, b en th ic  fish , s e a  u rch in s, p o lyc h ae te  
w o rm s, o ther b ivalves, a m p h ip o d s  a n d  is o p o d s  are  
a ls o  taken. O th e r b e n th ic  a n im a ls  c o m m o n  in the A r c ­
tic  in c lu d e  v a r io u s cn id a r ia n s  (h yd ro id s, a n e m o n e s)  
an d  se vera l a dd it io n a l g ro u p s  of c r u s ta c e a n s  an d  
e c h in o d e rm s.



F e e d in g  H a b its  o f  B e n th ic  A n im a ls

TABLE 6

Feeding Mode Major Groups

S c ra p e rs  o f A lg a l F ilm s C h ito n s , G a s t ro p o d s ,  A m p h ip o d s
F ilter F e e d e rs S e rp u lid  an d  S a b e ll id  P o ly ch a e te s, B iv a lv e s
Se d im e n t  Fe e de rs P o ly ch a e te s, B iva lve s, O p h iu ro id s
S c a v e n g e r s A m p h ip o d s ,  D e c a p o d s
C a rn iv o re s Errant P o ly ch a e te s, F ish
H e rb ivo re s on  M a c ro p h y te s S e a  U rc h in s

B e c a u se  o f  ice s c o u r  and  flu c tu a tio n s  in tem perature  
a n d  sa lin ity , b e n th ic  a re a s  le s s  than  tw o or three  
m etre s d e e p  and  the  intertidal zone  are e s se n t ia lly  ba r­
ren of se de n ta ry  in fau n a  and  e p ifau n a  (E ll is  1960; Lee  
1973). M o b ile  e p ib e n th ic  a m p h ip o d s , m y s ld s  and  
is o p o d s  d o  m ove  into  th e se  a re a s  w hen  c o n d it io n s  
perm it. M y s id s  so m e t im e s  form  d e n se  s h o a ls  a lo n g  
the sh o re lin e  in sh a llo w  w ater and  are a ls o  ab u n d a n t in 
deepe r w a te r u n d e r the fro n d s  of ke lp  (G riffith s and  
C ra ig  1978; T h o m s o n  e t  a l .  1978). M y s id s  are an  im p o r­
tant food  for r in ge d  s e a ls  (M c La re n  1958a). M y s id s  are  
a ls o  ea te n  by a rc tic  co d  (B a in  an d  Sekeraft 1978; C ra ig  
a n d  G r iff ith s  1978), w h ich  are in turn im portant to  
vertebrates. The littoral a m p h ip o d s  d o  not ap p e a r to  be 
a  m ajor fo o d  so u rc e  for m arin e  m am m a ls , but they too  
are oaten  by  a rc tic  cod  (B a in  an d  Se k e rak  1978) and  
th u s  enter vertebrate fo o d  ch a in s.

FOOD OF BENTHIC ORGANISMS
B e n th ic  a n im a ls  have  d ive rse  h ab its  an d  h a b ita ts  and  
derive the ir  food  fro m  m an y  d ifferent so u rc e s  (Tab le  6).

M u c h  of th e  b e n th o s  derive s its  food  from  d e tritu s and  
o rg a n ic  m atte r in the  se d im e n ts. M o s t  of the b iva lve s  
(L u b in sk y  1972) a n d  d e c a p o d s  (S q u ire s  1968) are se d i­
m ent or d e tr itu s feeders, and  m o st  o f the a rc tic  po ly- 
c h a e te s  (m a ld an id s, terebe llid s, cap ite llid s , am phare- 
tid s ) are se d im e n t  feeders. M a n y  of the ben th ic  filter  
feed ers ap p are n tly  in ge s t  m aterial o f ben th ic  rather 
than  p e la g ic  o r ig in  (M a rsh a ll 1970). T h e  fo o d s  of th e se  
m acro b e n th ic  o r g a n is m s  are the m ic rob ia l hetero- 
tro p h s that live in  the se d im e n t  and  d e c o m p o se  the  
o rg a n ic  m atte r (W ild ish  1977).

T h e  u lt im ate  so u rc e  of fo o d  for ben th ic  o r g a n is m s  is  
the prim ary  productiv ity  of the p h ytop lan k ton  and b e n ­
th ic  p lan ts, and  o rg a n ic  m atte r of terrestrial o rigin . 
M o s t  of th e  p roductiv ity  o f be n th ic  m acro p h y te s m ay  
enter the ben th ic  fo o d  w eb. A lth o u g h  all o f the a v a il­
a b le  p h y to p la n k to n  m ay in itia lly  enter the p e la g ic  fo o d  
w eb, the m ajority  is  recycled  a s  faeces, excreta, ec- 
d y sa l w a s te  and  fo o d  killed  but not eaten. M o s t  of th is  
e ven tu a lly  m ak e s it s  w ay  into  ben th ic  food  ch a in s.

PRODUCTIVITY OF THE BENTHOS
In su ffic ie n t  data  e x is t  at th is  tim e  to m ake  an  e stim ate  
o f b e n th ic  p roductiv ity  in the C a n a d ia n  A rctic . The  
sta n d in g  c ro p  of ben th ic  a n im a ls  is  ce rta in ly  qu ite

high. In the A rc t ic  Is la n d s  and  F o x e  B a s in ,  b e n th ic  
b io m a s s  is  ab ou t 100 to  400 g  w et w t/m 2 (E llis  1960; 
B u c h a n a n  e t  a l .  1977). V a lu e s  are lo w er in the w e ste rn  
Be au fo rt S e a  (C arey  e t  a l .  1974).

S tu d ie s  of life c y c le s  a n d  grow th  ra te s of b e n th ic  a n i­
m a ls  a s  w ell a s  z o o p lan k to n  in d ic a te  that a rc tic  p o p ­
u la t io n s  exh ib it s lo w e r ave rage  g ro w th  ra te s than  the ir  
tem perate  co u n te rp a rts (D u n b a r 1968). A n d re w s  (1972) 
found, for exam ple , that the g ro w th  ra te s o f three  

s p e c ie s  o f a rc tic  b iva lve s w ere ab o u t  three to  five  
m m /year a n d  that gro w th  w a s  fa s te r  in the  su b a rc t ic .  
C u r t is  (1977) h a s  recently  sh o w n  that w e s t  G re e n lan d  
p o ly c h a e te s  have s lo w  grow th  rates. S lo w  g ro w th  
rates im p ly  that the a rc tic  b e n th o s  h a s  a  low  p ro d u c ­
tivity to b io m a s s  ratio.

AVAILABILITY OF FOOD 
TO MARINE MAMMALS

O u r ab ility  to ca lc u la te  the n u m b e rs  o f m arin e  m a m ­
m a ls  that theore tica lly  c o u ld  be su p p o rte d  by p ro d u c ­
tion p r o c e s s e s  in the C a n a d ia n  A rc t ic  is  lim ited  n o t  
onjy by u n ce rta in t ie s  a b o u t  p ro d u c tio n  rates, but a l s o  
by u n ce rta in t ie s  ab ou t the  p rop o rtion  o f th is  p ro d u c ­
tion that is  a va ilab le  to m arine  m am m a ls . C o m p e t it io n  
w ith o ther c o n su m e r  g r o u p s  is  p re su m a b ly  a  factor, 
but s o  are  p h y s ic a l fac to rs , e sp e c ia lly  ice  an d  w a te r  
depth, that lim it a c c e s s ib il it y  to fo o d  re so u rce s . M u c h  
of the se c o n d a ry  p roductiv ity  of th e  A rc t ic  is  in a c c e s ­
s ib le  to m arine  m a m m a ls  for m u c h  or even  a ll o f the  
year.

COMPETITION
Large  p e la g ic  f ish  are a b se n t  in p o la r  se a s ,  p o s s ib ly  
b e c a u se  their n ic h e s  have  been fille d  by m arin e  m a m ­
m a ls  (D u n b a r  1959). T h u s , the u ltim ate  p re d a to rs  in 
p e la g ic  fo o d  c h a in s  of th e  A rct ic  a re  the m arin e  m a m ­
m a ls  an d  se ab ird s. Th ere  a p p e a rs to  be  c o n s id e ra b le  
overlap  in the feed in g  a re a s  and d ie t s  of se a b ird s  a n d  
m arine  m a m m a ls  fe e d in g  p e la g ic a lly  an d  e sp e c ia lly  
a lo n g  ice -ed ges; a rctic  c o d  and  P a r a t h e m i s t o ,  fo r e x ­
am ple, are im portant to bo th  b ird s an d  m am m a ls .

B e n th ic -fe e d in g  m a m m a ls  p ro b ab ly  d o  n o t co m p e te  
with be n th ic -fe e d in g  f ish  and se a b ird s  s in c e  m o st  o f
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the latter are to o  sm a ll to take a d v a n ta g e  of the m ain  
fo o d  re so u rc e s  of b e n th ic -fe e d in g  m a m m a ls  (e.g., 
la rge  b u rrow in g  bivalves).

FAST ICE
M o s t  c h a n n e ls  In  the H ig h  A rc t ic  a n d  nearsh o re  a re a s  
th rou gh o u t the A rc t ic  are co vered  by lan d fa st  ice  for 
se ve n  to 12 m o n th s  o f the year. Se ve ra l sp e c ie s  o f am - 
p h ip o d s  have been  reported  to be  a s so c ia te d  w ith  the 
ice -a lga l c o m m u n ity  d u r in g  sp r in g  (Barnard  1959; 
T h o m s o n  e t  a l .  1975, 1978; B u c h a n a n  e t  a l .  1977). 
T h e se  a n im a ls  appare n tly  g raze  on  the ice a lg a e  
(A p o llo n io  1961; A le x an de r e t  a l .  1974; H orner 1977). 
The a rctic  co d , w h ich  is  a  m ajo r link in the tran sfe r of 
e n e rgy  to vertebra te s (F igu re  5), ap p are n tly  a ls o  c o n ­
ce n tra te s u nder ice at ce rta in  t im e s  and  lo ca tion s. The  
e c o lo g y  of a rc t ic  co d  h a s  been  review ed by B a in  and  
S e k e ra k  (1978), but is  a s  yet not w e ll know n. P lan k to n ic  
and  b en th ic  invertebrate s a ls o  o c c u r  u nder fast ice  a s  
w ell a s  in o p e n  water.

The  ringed  se a l is  the  on ly  s p e c ie s  o f arctic  m arine  
m am m a l that i s  well a d a p te d  to utilize  fo o d  re so u rc e s  
under e x te n sive  a re a s  of fa s t  ice. A m p h ip o d s  (ice- 
a s so c ia te d  a n d  p lan k ton ic ) a n d  a rc tic  co d  are taken  
under the ice  (F in ley  1978). H ow ever, the d istr ib u tion  
and  d e n s ity  o f r in ged  s e a ls  are  ap p are n tly  lim ited  in 
m o st  c ir c u m sta n c e s  by ice  type  (M c La re n  1958a). 
W h e re  ice type is  a  lim itin g  factor, under-ice fo o d  re­
s o u r c e s  m ay  n o t be u tilizab le  even  by th is  ice-adapted  
sp e c ie s .  O th e r s p e c ie s  of m arin e  m a m m a ls  are g e n ­
era lly  unab le  to  reach under-ice  fo o d  re so u rce s  excep t  
near ice -e d ge s  a n d  p o lyn ia s . A n  u n k n o w n  fraction  of 
the se c o n d a ry  p ro d u c tio n  u nder fa s t  ice  m ay b e co m e  
a c c e s s ib le  later w hen  it is  carried  to  open  w ater by cu r­
rents o r after the  ice m elts. N o n e th e le ss ,  the p re se n ce  
of ice  c learly  re d u ce s  the  p rop o rtion  of th is  se co n d a ry  
productiv ity  that m arine  m a m m a ls  ca n  co n su m e .

WATER DEPTH
W a lru s e s  and  bearded  s e a ls  feed  o n  b en th ic  an im a ls.  
T h e se  p in n ip e d s  are be lieved  to  feed  o n ly  in relatively  
sh a llo w  w ater (to  80 m  in the c a s e  o f the w a lru s —  V ib e  
1950), s o  b e n th ic  p rodu ctiv ity  in de e p e r a reas is  in ­
a c c e s s ib le .  S o m e  deep -w ater re g io n s  o f the A rc t ic  
su p p o rt  su b s ta n t ia l p o p u la t io n s  of be n th ic  a n im a ls  
(e.g., C a re y  a n d  Ru ff 1977). S o m e  of th is  deep-w ater 
prod u ction  is  u se d  by de e p e r-d iv in g  sp e c ie s  (e.g., nar­
whal), but d eep -d iv in g  s p e c ie s  d o  not o c c u r  in all a rc tic  
w aters, and  even  w here they d o  o c c u r  they  appare n tly  
c o n s u m e  on ly  so m e  o f  the typ e s o f b en th ic  a n im a ls  
p resen t (e.g., V ib e  1950:85). T h u s  so m e  o f the ava ilab le  
be n th ic  p ro d u ctio n  is  not utilized  b y  m arine  m am m a ls .

Sh a llo w -w a te r  n e a rsh o re  a re a s  tend  to rem ain  covered  
by fa s t  ice for m ore  of the year than  deepe r areas, fur­
ther re str ic t in g  lo c a t io n s  a n d  t im e s  w hen  b en th ic  
a n im a ls  are a c c e s s ib le .  W a lru s  d is tr ib u tio n  m ay  a ls o  
be lim ited  by the  ava ilab ility  o f su itab le  ice  p a n s o r ter­
restria l s i te s  fo r hau l-out; b e n th ic  a n im a ls  o c cu r in g  in 
sh a llow -w ate r a re a s  far from  su ita b le  w a lru s hau l-out 
s ite s  w ou ld  not be exp lo itab le .

It is  uncerta in  w hat p ropo rtion  of the  z o o p la n k to n  that 
m arine  m a m m a ls  c o n s u m e  o c c u r s  c lo s e  e n o u g h  to  the  
su r fa c e  to be  utilized. T h e  p lan k to n ic  a m p h ip o d  P a r a -  

t h e m l s t o  is  an  im portant fo o d  of r in ge d  se a ls ,  w h ic h  
are  reported to  be sh a llo w -w a te r  fe e d e rs (to a b o u t  90  m  
—  M a n s f ie ld  1967a). H ig h  d e n s it ie s  o f P a r a t h e m l s t o ,  

e sp e c ia lly  P .  a b y s s o r u m ,  c a n  o c c u r  b e lo w  100 m  (e.g., 
Se k e ra k  e t  a l .  1976b). S o m e  of th is  p ro d u ctio n  m ay  
b e co m e  a c c e s s ib le  w hen  P a r a t h e m l s t o  m o ve  upw ard  
tow ard  the su rfa ce , w h ich  they  d o  in late su m m e r  (D u n ­
bar 1946). A lso ,  the m ax im u m  d e p th s  a tta in a b le  by a r c ­
tic  m arine  m a m m a ls  are not w ell know n, an d  for s o m e  
s p e c ie s  m ay  b e  grea te r than  h a s  b e e n  a ssu m e d . H o w ­
ever, so m e  z o o p la n k to n  a s  w e ll a s  b e n th o s  i s  like ly  to  
rem ain  in a c c e s s ib le  b e c a u se  of w a te r depth.

GEOGRAPHIC VARIATION
T o o  few  in te n sive  s tu d ie s  have  been  c o n d u c te d  in the  
C a n a d ia n  A rc t ic  to  d o c u m e n t  the  a m o u n t  of g e o ­
gra p h ic  varia tio n  in se c o n d a ry  productiv ity , but a v a il­
a b le  m e a su re m e n ts  of s t a n d in g  c ro p  s u g g e s t  that the  
ran ge  is  c o n s id e ra b le  (for review s, se e  B a in  e t a l .  1977; 
B u c h a n a n  e t  a l .  1977). T h is  further c o m p lic a te s  a n y  
attem pt to c a lc u la te  food  ava ilab ility , s in c e  the in d i­
v idual ch a ra c te r is t ic s  of e a ch  a c c e s s ib le  a re a  m u st  be  
taken in to  a c c o u n t  in order to  ob ta in  a  p re c ise  overa ll 
estim ate.

CONCLUSIONS

A v a ilab le  d ata  are  in ad e q u ate  to  perm it m e a n in g fu l 
ca lc u la t io n  o f the  am o u n t  o f  se c o n d a ry  p ro d u c tio n  in 
the C a n a d ia n  A rc t ic  o r to perm it c o m p a r is o n s  of fo o d  
ava ilab ility  w ith  food  re qu irem en ts o f e x is t in g  m arine  
m am m a l p o p u la t io n s. In general, se c o n d a ry  p ro d u c t iv ­
ity in a rc tic  s e a s  ca n  be e xp e c te d  to  be  low  re lative  to  
other o c e a n s  b e c a u se  of the low  p rim ary  p rodu ctiv ity  
of a rc tic  m arin e  w aters. H ow ever, in favo u rab le  c o n d i­
t io n s  the short-te rm  p ro d u ctio n  rate ca n  be s u b s ta n ­
tial. S ta n d in g  c ro p s, p articu larly  o f be n th ic  a n im a ls,  
ca n  a lso  be  large; th is  is  a  re fle ctio n  o f the s lo w  grow th  
rates an d  h igh  b io m a s s  to p ro d u c tio n  ra tio s  that are  
ch a ra c te r is t ic s  o f c o ld  a rc tic  w aters.

In a dd it io n  to the  rate o f se c o n d a ry  p rod u ction , a c c e s ­
s ib ility  is  a  m ajo r fac to r  a ffe c t in g  the a m o u n t  of fo o d  
ava ilab le  to m arine  m am m a ls . M o s t  im portantly, the  
e x c lu s io n  of m o st  sp e c ie s  from  la rge  p arts o f  the A r c ­
tic by ice  d u r in g  m o st  o f the year lim its  the p rop o rtion  
of the se c o n d a ry  p ro d u ctio n  that ca n  be  u tilized  b y  
m arine m am m a ls .
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IM P O R T A N T  F O O D C H A IN S  IN V O L V IN G  M A R IN E  M A M M A L S

In  th is se c t io n  w e  first su m m a rize  the ava ilab le  litera­
ture c o n c e rn in g  the d ie ts of the  m arine  m am m a l s p e ­
c ie s  d is c u s s e d  in th is  report, an d  then ou tline  w hat is  
know n  a b o u t  the fe e d in g  d e p e n d e n c ie s  of so m e  of the 
key  food  sp e c ie s.

S p e c if ic  in fo rm a tion  ab ou t the propo rtion  of en ergy  
ob ta in e d  from  the  va r io u s food  o r g a n is m s  is  not a v a il­
a b le  for a n y  of the  m arine m a m m a ls  d is c u s se d .  For  
so m e  sp e c ie s  there  is  in fo rm a tion  ab o u t  the relative  
v o lu m e s or w e ig h ts  of v a r io u s  fo o d s  fou n d  in mam>:nal 
s to m a c h r ,  but th e se  data  are im p re c ise  b e c a u se  of d if ­
fe re n ce s a m o n g  fo o d  taxa in d ig e s t io n  rate and  energy  
content. F o r  exam p le , f ish  are o ften  repre sen ted  on ly  
b y  their o to lith s , a n d  sq u id  on ly  by the ir beaks. In su c h  
c a s e s  it is  invariab ly  u n c le ar  h ow  lo n g  the o to lith s  or 
b e a k s  h ad  been a ccu m u la t in g , an d  h o w  m u ch  the food  
o r g a n is m s  had w e igh e d  w hen  they w ere in ge ste d . In 
m an y  rep o rts of fo o d  hab its, the on ly  in fo rm ation  g iven  
i s  a  list o f  sp e c ie s  or g ro u p s  p re sen t or, on ly  s l ig h t ly  
better, the  p ropo rtion  of the  s t o m a c h s  in w h ich  each  
fo o d  taxon  w a s  found. B e c a u se  of th e se  in ad e q u ac ie s  
in the ava ilab le  data , food  h a b its  of m arin e  m a m m a ls  
from  the C a n a d ia n  A rc t ic  can n o t be  de fine d  q u a n ti­
tative ly  a t present.

BELUGA (WHITE WHALE)

T h e  b e lu g a  fe e d s  o n  a  w id e  variety o f f ish  an d  inverte­
b ra te s o f be n th ic  a n d  p e la g ic  o r ig in  (K le in e n b e rg  e t  a l .  

1964). In  arctic  w ate rs, a rc tic  c o d  ( B o r e o g a d u s  s a l d a )  

ap p e a r to be very im portant to  b e lu g a s  (V ibe  1950; 
K le in e nb e rg  e t  a l .  1964; M e d ve d e v  1971; F in le y  1976). 
V ib e  a ls o  lis ts  the  G re e n lan d  ha libu t ( R e l n h a r d t l u s  h i p -  

p o g l o s s o i d e s )  a s  an  im portant food. In H u d so n  Bay, 
cap e lin  ( M a l l o t u s  v i l l o s u s )  and  other f ish  are ap p are n t­
ly im portant (D o an  and  D o u g la s  1953; S e rg e an t  1973a). 
D e c a p o d  c ru s ta c e a n s  a n d  sq u id  are  a ls o  taken  over 
m u ch  of the ran ge  (K le in en b erg  a t  a l .  1964; Se rg e an t  
1973a; F in le y  1976). How ever, q uan tita tive  d a ta  on  the  
fo o d  h a b its  of b e lu g a s  in the C a n a d ia n  A rc t ic  are la c k ­
ing. R e s u lt s  from  e lsew h ere  in d icate  that diet va rie s  
w ith  a g e  and  se a s o n ,  but there are few  corroborative  
d a ta  from  the C a n a d ia n  A rctic . M . F raker (pe rsona l 
co m m u n ic a t io n ) fo u n d  that m o st  b e lu g a s  taken in the  
M a c k e n z ie  e stu a ry  had e m p ty  s to m a c h s ,  w h ich  in ­
d ic a te s  that they m ay  fa s t  for the three to four w eek  
period  w h e n  they  are in that area. Se rg e an t  (1969) 
e stim ate d  that cap tive  b e lu g a s  e a t in g  f ish  c o n s u m e  an  
average  o f ab o u t five per cent of the ir b ody  w e igh t  
e ach  day.

' S e e  a l s o  P i v o r u n a s  ( A m e r .  S c i .  6 7 :  4 3 2 - 4 4 0 ,  1 9 7 9 ) .

NARWHAL

Q u a lita tive  a s s e s s m e n t s  of the  diet o f narw ha l ind i­
ca te  that a rc t ic  co d , sq u id , d e c a p o d  c ru s ta c e a n s  and  
the G re e n lan d  h a libu t are  taken. There i s  co n s id e rab le  
qua litative  e v id e n ce  that a rc tic  co d  are s ig n if ic a n t  In 
the d ie t of n a rw h a ls. In  E c lip s e  So u n d , northern  Ba ffin  
Is la n d , D egerbO l a n d  F re u c h e n  (1935) n o ted  that nar­
w ha l fed v o ra c io u s ly  on  'sm a ll tom  c o d ' (p re su m ab ly  
a rc tic  cod). M a n s f ie ld  e t  a l .  (1975a) fo u n d  re m a in s  of 
a rc t ic  cod  a n d  sq u id  in 10 n a rw h a ls  take n  in the sa m e  
area. V ibe (1950) s u g g e s te d  that a rc tic  c o d  are the  prin­
c ip a l food  in w e st  G re e n lan d  w aters, a n d  a ttem p ted  to  
re late  the d is tr ib u t io n  and  m o v e m e n ts  o f na rw ha l to 
the d istr ib u t io n  of a rc tic  cod. K. H ay  (A rct ic  B io lo g ic a l  
Station ), H. S ilv e rm a n  (M c G il l  U n ive rsity ) an d  K. J. 
F in le y  (L G L  Ltd.) have  e x a m in e d  the d ie t of n a rw h a ls  
taken  from  1974 to 1978 in the  v ic in ity  o f P o n d  Inlet 
(pe rsona l co m m u n ic a t io n ). P re lim in a ry  e v id e n ce  c o n ­
f irm s the im p o rta n ce  of a rc tic  c o d  in the  diet; va ry in g  
a m o u n ts  o f d e c a p o d  c ru s ta c e a n s , s q u id  and G re e n ­
land ha libut are a ls o  eaten. W o rk  in R u s s ia n  w a te rs  In ­
d ic a te s  that n a rw h a ls  feed  o n  a  w ide  varie ty  o f fo o d s  
but prim arily  take c e p h a lo p o d  m o llu sc s ;  f is h  and  
c ru s ta c e a n s  w ere o f se c o n d a ry  Im p o rtan ce  (T om ilin  
1957).

Th ere  is  n o  in fo rm a tion  on  th e  diet o f  n a rw h a ls  in 
C a n a d ia n  w a te rs  for the  m o n th s  of O c to b e r  th ro u gh  
M ay. T h us, fo o d s  taken  d u r in g  m ig ra t io n  an d  in w inter 
are not know n.

BOWHEAD

Th e  b o w h e ad  is a  sk im m in g -ty p e  b a le e n  w hale , and  
th u s  is  a dap te d  to feed  by s t ra in in g  sm a ll a n im a ls  from  

la rge  v o lu m e s of w ate r (N e m o to  1970)’. B ro w n  (1868) 
reported that zo o p lan k ton , m a in ly  c o p e p o d s  a n d  to a  
le s se r  degre e  p te rop od s, w ere im po rtan t c o m p o n e n ts  
of the  diet in the D a v is  S tra it  and  B a ff in  B a y  area. 
M itc h e ll (1975c) s t a te s  that b o w h e a d s  c o n s u m e  
m y s id s , a m p h ip o d s  a n d  v a r io u s  sm a ll to  m e d iu m  size  
zo o p lan k ton . In the w este rn  A rctic , b o w h e a d s  c o n ­
su m e  e u p h a u s iid s  (9 0 .3 %  of s u b s a m p le  v o lu m e  in  tw o  
sp e c im e n s ), ga m m ar id  a m p h ip o d s , the hyperiid  am p h i-  
pod  P a r a t h e m i s t o  l i b e l l u l e ,  c o p e p o d s ,  a n d  o c c a s io n a l  
sm a ll s c u lp in s  (D urham , c ite d  by M a rq u e tte  1977; 
Low ry  e t  a l .  1978). T h e  p re se n c e  of g a m m ar id  a m p h i­
p o d s  and s c u lp in s ,  p lu s  a  report of p o ly c h a e te s, g a s ­
tropods, e c h in o id e an s , rep tantian  d e c a p o d s , s a n d  and  
grave l in o n e  b o w h e ad  from  th e  C h u k c h i S e a  (J o h n so n  
e t  a l .  1966), s u g g e s t  that b o w h e a d s  s o m e t im e s  feed  
near o r on the bottom , at le ast in n ea rsh o re  w aters.

W h e n  stru ck  by a  harpoon, the  b o w h e ad  is  c a p a b le  of 
d iv in g  to d e p th s  o f 500 to 600 m. H ow ever, it s p e n d s  
m o st  of its t im e  fe e d in g  c lo s e  to  the su r fa c e  w ith  d ive s  
of five  to 10 m in u te s du ration  (S c o re s b y  1820; S c a m -  
m on  1874).



WALRUS

The w a lru s is  a  b o tto m  feeder that c o n c e n trâ te s  on  
b ivalve  m o llu sc s .  V ib e  (1950) fo u n d  that in sh a llo w  
w ate rs (-440 m ) off n o rth w est G reen lan d , w a lru se s  fed  
preferentially  o n  the feet of c o c k le s .  In de e p e r w aters, 
s ip h o n s  of the sm a lle r  b iva lve s M y a  a n d  S a x l c a v a  

d o m in a te d  the diet; th e se  tw o  s p e c ie s  w ere m ore  
ab u nd an t In  the deepe r w aters. O th e r b iva lve s  
( M a c o m a ,  A s t a r t e ) ,  cé p h a lo p o d e , p r iap u lid s  an d  ho lo- 
th u ro id e a n s c o m p r ise d , on  a  b io m a s s  b a s is ,  on ly  a 
sm a ll part o f the  diet. M a n s f ie ld  (1958) o b ta in e d  s im ila r  
re su lts  in the H u d so n  Bay, F o x e  B a s in  a n d  F ro b ish e r  
B a y  re g io n s ; c o c k le s  a n d  the b iva lve s M y a  an d  S a x l  

c a v a  w ere the  m o st  frequent fo o d s. H ow ever, g a s t r o ­
p o d s  w e re a l s o  co m m o n , an d  h o lo th u ro fd e ans, sq u id ,  
priap u lid s, d e c a p o d s , iso p o d s ,  p o ly c h a e te s  an d  f ish  
o to lith s  w ere p re sen t In  a  m ino rity  of the  s to m ac h s.  
A la sk a n  a n d  S o v ie t  s tu d ie s  have p rov ided  s im ila r  
re su lts  (B u ck le y  1958; K ry lov  1971). M a n s f ie ld  (1958) 
su g g e s te d  that w a lru se s  feed  on  g ro u p s  o ther than  
m o llu s c s  w h e n  m ig ra t in g  th ro u gh  a re a s  w here m o l­
lu s c s  are not a c c e s s ib le .

In the  m o st  co m p re h e n s iv e  q uan tita tive  s tu d y  of w a l­
rus d ie ts, F a y  a t  a l .  (1977) fou n d  that over 60 ge n e ra  of 
be n th ic  o r g a n is m s  w ere  taken  by P a c if ic  w a lru se s  in 
the B e r in g  S e a  but that a  few  k in d s  o f b iva lve  m o llu sc s  
( M y a ,  S p l s u l a ,  S e r r l p e s ,  C l i n o c a r d i u m  a n d  H i a t e l l a )  

form e d  the b u lk  of the  diet. F a y  a t  a l .  fo u n d  that w a l­
ru se s  fed se le c tive ly  o n  th e se  b iva lve s but in w in ter  
took other o r g a n is m s  in  a re a s  w he re  b iva lve s w ere u n ­
co m m on .

F ish  are o c c a s io n a lly  taken  (D u n b a r 1949). M a n s f ie ld  
(1958) fou n d  f ish  o to lith s  in o n e  o f 19 w a lru s  s to m ­
a c h s , and  he  a n d  K ry lov  (1971) c ite  tw o  re c o rd s  of w a l­
ru se s  from  S o v ie t  w a te rs  that co n ta in e d  la rge ly  a rc tic  
cod.

F ra g m e n ts  o f sk in  a n d  b lu b b e r of se vera l s p e c ie s  of 
p in n ip e d s (m o s t  c o m m o n ly  the r inged  se a l)  and  ce ta ­
c e a n s  have o ften  been  fou n d  in w a lru s s t o m a c h s  (for 
review, se e  F a y  1960; a ls o  D u n b a r  1949; L ou gh re y  
1959). S o m e  is  taken from  carrion , but w a lru se s  are  
be lieved  to a tta c k  liv in g  r inged  se a ls .  V ib e  (1950) s u g ­
g e s te d  that w a lru se s  take  s e a ls  d u r in g  the lo n g  m ig ra ­
t io n s  a c r o s s  the  se a  or a lo n g  ic e -e d ge s  w here  there are  
no su itab le  fo ra g in g  g ro u n d s . W a lru s e s  a re  be lieved to 
fo ra ge  on ly  to  d e p th s  o f ab o u t 80 to  90 m  (V ibe  1950; 
B u c k le y  1958). O c c a s io n a l ro gu e  m ale  w a lru se s  m ay  
ad o p t a  se a l-fe e d in g  hab it even  w hen  o th er food  is  
a c c e s s ib le  (F ay  1960).

HARBOUR SEAL

T h e  food  h a b its  of th is  s p e c ie s  have  not been  stu d ie d  
In the  C a n a d ia n  A rctic , w here it is  o n e  o f the le s s  c o m ­
m o n  se a l sp e c ie s .  E lse w h e re , h a rb o u r s e a ls  c o m m o n ly  
eat a  w id e  varie ty  o f f ish  sp e c ie s , sq u id  and  o c to p u s ;  
le s s  frequent food  ite m s In c lu d e  c ru s ta c e a n s  and, 
rarely, se a b ird s  (D u n b a r 1949; S p a ld in g  1964; K e n yo n  

1965; M a n s f ie ld  1967a; K o s y g in  and  G o l 't s e v  1971; 
Low ry  e l  a l .  1977).

HARP SEAL

F o o d  h a b its  o f  harp s e a ls  w h ile  they  are In the C a n a ­
d ian  A rc t ic  d u r in g  su m m e r  are poo r ly  know n. S e rg e an t  

(1973b) reported  the frequ en cy  o f o c cu rre n ce  of var­
io u s  food  Ite m s In a  tota l o f 16 harp  s e a ls  co lle c te d  
there; in d e sc e n d in g  order o f frequency, im portant  
fo o d  taxa  w ere a rc tic  co d , m y s ld s ,  a m p h ip o d s  (prim ar­
ily P a r a t h e m i s t o  l l b e l t u l a )  an d  e u p h a u s iid s . Te m p le - 
m an  and  H u n te r  (in B la c k e r  1968:137) an d  A n d e rs  a t  a l .  

(1967) m en tion  that th e  a rc tic  c o d  i s  an  im portan t fo o d  
of harp  s e a ls  In  D a v is  S tra it  a n d  C u m b e r la n d  So u n d .  
H alibut, sq u id  and  o c c a s io n a lly  lu m p f ish  w ere fo u n d  
in sp e c im e n s  from  S m ith  S o u n d  (Degerbtfl an d  Freu- 
ch e n  1935). O f f  w e s t  G re e n lan d , a rc tic  co d  an d  
e u p h a u s iid s  a re  a ls o  taken, but ca p e lin  are  be lie ved  to  
be e sp e c ia lly  im p o rtan t (D u n b a r 1949; S e rg e a n t  1973b). 
N o n e  of the s tu d ie s  to  d ate  h a s  taken  a c c o u n t  o f the  
d iffe re n c e s in size  o f  the  v a r io u s  prey item s. If th is  
w ere done, f ish  w o u ld  p ro b ab ly  a s s u m e  even greater  
p ro m in e n ce  in the diet.

In the n o rth w e st A tlan tic , harp  s e a ls  eat p e la g ic  f ish  
(e sp e c ia lly  cape lin ) a n d  p e la g ic  a n d  be n th ic  c ru s ta ­
c e a n s  (e u p h au s iid s , m ys id s , a m p h ip o d s , d e cap o d s), 
w ith  sm a lle r  q u a n tit ie s  of b e n th ic  f ish  and  c é p h a lo ­
p od e  (Se rge an t 1973b). A d u lt  harp  s e a ls  m ay  be  a b le  to 
d ive  to a s  m u ch  a s  250 m.

HOODED SEAL

T h e  food  h a b its  of th is  s p e c ie s  have  not been  stu d ie d  
in the C a n a d ia n  A rctic , or in w e st  G reen land , an d  are  
p oorly  know n  in the  A tlan t ic  O c e an . S t o m a c h s  of 
h oo d e d  s e a ls  k illed  w h ile  they are  hau led  ou t in the  
w h e lp in g  and m o u lt in g  a re a s  are u su a lly  em pty. Red - 
f ish  ( S e b a s t e s  m a r i n u s ) ,  G re e n lan d  ha libu t an d  sq u id  
have  been  fo u n d  in s t o m a c h s  (M a n s f ie ld  1967a; S e r ­
ge a n t 1976a). T h e  h o o d e d  se a l is  be lieved to  feed at 
greater d e p th s  than  the other se a l sp e c ie s  d is c u s s e d  
below.



RINGED SEAL

T h e  r in ge d  se a l Is  ab le  to  m ain ta in  b re a th in g  h o le s  
th ro u gh  the Ice  th ro u gh o u t the winter, a n d  th u s  ca n  
overw in ter In m u c h  o f the A rc t ic  that i s  in a c c e s s ib le  to  
oth er m arine  m a m m a ls  excep t In  sum m e r. Th e  d ie t of 
th e  r in ged  se a l h a s  been  stu d ie d  off so u th e rn  B a ffin  
Is la n d  a n d  Ig lo o llk  an d  near Ba th u rst  Is la n d  a s  w e 'l a s  
in Sov ie t, A la sk a n  an d  G re e n lan d  a rc tic  w aters.

R in g e d  s e a ls  u su a lly  eat p rim arily  c ru s ta c e a n s, f ish , or 
both. O f f  e a ste rn  Ba ffin  Is la n d  in late su m m e r, D u n b a r  
(1941) fou n d  c ru s ta c e a n s , particularly^the p e la g ic  am - 
p h ip o d  P a r a t h e m l s t o  ( =  T h e m l s t o )  h b e l l u l a  a n d  the  
m ye ld  M y s l s  o c u l a t a ,  to  predom inate , but o n e  se a l had  
eaten  m ain ly  the  p te ropod  L l m a c l n a  h e l i o l n a .  D u n b ar  
(1949) m e n tio n s  that H ild e b ran d  fo u n d  that r in ge d  
s e a ls  o f  U n g av a  B a y  a te  m ain ly  M y a l a  a n d  e u p h a u s l ld s  
( T h y s a n o e s s a ) .  O f f  so u th e rn  B a ffin  Is la n d , M c L a re n  
(1958a) found  that P a r a t h e m l s t o ,  M y s l s  a n d  a rc tic  co d  
w ere the  m o st c o m m o n  fo o d s. M y s id s ,  f ish  an d  d e c a ­
p o d s  p re d o m in ate d  in sh a llo w  w aters, but P a r a  t h e ­

m l s t o  w a s  m ore  im portan t In o ffsh o re  de e p e r w aters. 
S im ila r ly , F in le y  (1978) fo u n d  that at F re e m a n s  Co ve , 
B a th u rs t  Is lan d , du r in g  June, r in ged  s e a ls  c o n su m e d  
m a in ly  m y s id s ,  a m p h ip o d s  ( P a r a t h e m l s t o  a n d  
O n l s l m u s }  an d  a rc tic  co d , w ith o c c a s io n a l sc u lp in s ,  
g a s t r o p o d s  a n d  d e c a p o d s , w h e re as in o ffsh o re  a re a s  
o f  Ba rro w  Stra it  d u r in g  m id -w inter they fed  heav ily  on  
P a r a t h e m l s t o  l i b e l l u l e .

In  co n tra st  to th e  re su lts  o f  M cL a re n  (1958a) an d  F in le y  
(1978), V ib e  (1950) reported  (w ithout d e ta ils ) that in 
w e st  G re e n lan d  the a rc tic  co d  i s  the p rin c ip a l fo o d  in 
p la c e s  w here the r inged  se a l fo ra g e s  a t  grea t d ep th s, 
w h ile  a m p h ip o d s  and  d e c a p o d s  are  the  p r in c ipa l fo o d s  
near the  c o a s t s .  M y s id s ,  a m p h ip o d s , a rc tic  c o d  and  
a ls o  sq u id  are taken  o ff e a s t  G re e n lan d  (J o h a n se n  in 
D u n b a r  1949).

R e s u lt s  from  sh a llo w  c o a s ta l w a te rs  o ff w este rn  
A la s k a  in d icate  that fish , m a in ly  a rc tic  c o d  w ith  so m e  
s c u lp in s ,  d o m in a te  the d ie t in w in ter (N o ve m b e r to  
February) w h e re as invertebrates, m a in ly  sh rim p, c ra b s  
a n d  a m p h ip o d s , d o m in a te  in sp r in g . K u m lie n  (1879) 
reported  that in C u m b e r la n d  S o u n d  rin ge d  s e a ls  s u b ­
s is te d  m ain ly  o n  f ish  (cod, sc u lp in s , s e a s n a i ls )  d u r in g  
winter, an d  S m ith  (1973c) sta te d  (w ithout d e ta ils ) that 
the ir d ie t c o n s is te d  m o st ly  of fish , pa rticu larly  a rc tic  
co d, d u r in g  w in te r and  early  sp r in g . H ow ever, f is h  d o  
not invariab ly  d o m in a te  the w inter d iet ( c f .  F in le y  
1978). #

S in c e  r inged  s e a l s  co lle c te d  from  the ice  d u r in g  the  
period  o f hau l-out an d  m ou lt in sp r in g  u su a lly  have  
em p ty  s to m a c h s ,  it h a s  been  s u g g e s te d  that they fast  
a t th is  tim e (M c La re n  1958a; S m ith  1973a). H ow ever, 
s e a ls  that have been h au le d  out for lo n g  p e r io d s  are  
e a s ie r  to  co lle c t  than th o se  that have recently  hau led  
ou t (V ibe  1950), an d  the appare n t a b se n c e  o f fo o d  m ay  
re fle ct the h ig h  g a s t ro in te s t in a l c le a ra n c e  rate  
(genera lly  five to  n ine h o u rs  —  P a r s o n s  1977) rather

than long-term  fa stin g . P lkh a re v  (1946, c ited  b y  Low ry  

e t  a l .  1977) fou n d  that d u r in g  the m o u lt  period  the on ly  
s e a ls  that c o n ta in e d  fo o d  w ere th o se  In the w ate r o r  
that had  ju st h au led  out. S im ila r ly , S h u a to v  (1970) 
fo u n d  that s to m a c h  c o n te n ts  b e c a m e  e ither w ell 
d ig e s te d  or u n d e te ctab le  w ith in  o n e  h o u r a fte r r in ged  
s e a ls  hau led  out. F in le y  (1978) fo u n d  that faeca l 
sa m p le s  taken from  the Ice  d u r in g  the  hau l-out period  
co n ta ine d  typ ica l fo o d  ite m s. T h is  e v id e n ce  s h o w s  
that at least so m e  rin ge d  s e a ls  d o  eat d u r in g  the haul- 
out period, but lo s s  of w e igh t  an d  o th er c h a n g e s  at 
th is  tim e (M c L a re n  1958a) s u g g e s t  that le s s  fo o d  is  
c o n su m e d  then than  at o ther t im es.

Low ry  e t  a l .  (1977,1978) have  review ed the A la s k a n  and  
So v ie t  literature o n  d iet of the  r in ge d  se a l. T h e  ch ie f 
c o m p o n e n ts  are g a m m a r id  a n d  hyperild  a m p h ip o d s ,  
m y s id s ,  e u p h a u s lld s , sh r im p  a n d  f is h  (often  In c lu d in g  
a rctic  cod). P ro p o rt io n s  o f th e se  taxa  vary m arkedly . 
Low ry  e t  a l .  (1978) c o n c lu d e  that 'it a p p e a rs  that fo o d  
c o n su m e d  by  R in g e d  S e a ls  at a n y  g iv e n  p la ce  a n d  tim e  
w ill c o n s is t  o f the m o st  a b u n d a n t  a n d  a v a ila b le  su it ­
a b le  s p e c ie s  . . .'. S u ita b le  s p e c ie s  th ro u gh o u t the  
ran ge  appare n tly  in c lu d e  v a r io u s  p e la g ic  a n d  ben- 
th o n ic  f ish  a n d  c ru s ta c e a n s  fou n d  w ith in  100 m  (M c ­
Lare n  1958a) of the su rface . T h e  a rc t ic  co d  a n d  P a r a ­

t h e m l s t o  l i b e l l u l e  are  o fte n  m ajo r c o m p o n e n t s  o f the  
diet.

BEARDED SEAL

T h e  bearded  se a l i s  p rim arily  a  b e n th ic  feeder w ith  a  
very d ive rse  diet that ap p are n tly  va r ie s  w ith  lo ca tio n  
an d  tim e  of year (for review s, se e  C h a p s k i l  1938; K o s y ­
g in  1971; Low ry  e t  a l .  1977). F o o d  h a b its  have  been  
stu d ie d  ex ten sive ly  in the  So v ie t  A rc t ic  a n d  w e ste rn  
A la sk a , but there is  very little in fo rm a tio n  from  C a n a d a  
( c f .  D u n b ar 1941; B e a u b ie r  e t  a l .  1970; F in le y  1976).

M a jo r  invertebrate fo o d s  can  in c lu d e  v a r io u s  g a s t r o ­
pod  (e sp e c ia lly  B u c c i n  u r n ) ,  b iva lve  a n d  ce p h a lo p o d  
m o llu sc s , c r a b s  a n d  sh r im p s. O th e r invertebrate  fo o d s  
in c lu d e  a m p h ip o d s , iso p o d s ,  h o lo th u ro id e a n s, ech iu - 
rids, sp o n g e s ,  p r iap u lid s  an d  p o ly c h a e te s  (C h a p sk il 
1938; V ibe  1950; J o h n so n  e t a l .  1966; B u rn s  1967; B e a u ­
b ier e t  a l .  1970; K o s y g in  197t; F in le y  1876; L o w ry  e t  a l .  

1977).

A rc t ic  cod  a n d  va r io u s b e n th ic  f ish  fo rm  a  va riab le  por­
tion  o f the diet. C h a p s k i l (1938), c it in g  s tu d ie s  from  

se vera l parts o f the S o v ie t  A rctic , c o n c lu d e s  that a rc tic  
co d  p lay  a m ajo r role in the life  of th is  sp e c ie s .  B u rn s  
(1967) found  that a rc tic  c o d  a s s u m e d  grea te r im po rt­
a n c e  in the d ie ts  of the  m ore  northerly-co llec te d  
an im a ls ,  but that s c u lp in s  were, overall, the m o s t  c o m ­
m o n ly  taken fish . N e a r  Thule, G re e n lan d , V ib e  (1950) 
reported  that bearded  s e a ls  are  n orm a lly  o m n iv o ro u s  
be n th ic  feeders, but so m e t im e s  eat e x c lu s iv e ly  a rc tic
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co d  w he n  w ater d e p th s excee d  100 m. In  th e se  c ir ­
c u m s ta n c e s  the s e a ls  w ere p re su m a b ly  unable  to  
reach  the botto m . W here  bearded  s e a ls  ca n  reach th e  
botto m , th e y  have been fo u n d  to take  s c u lp in s  a n d  
other d e m e rsa l f is h  su c h  a s  ha libut, ee lp ou ts, lu m p ­
su c k e r s  a n d  se a s n a l ls  (D unbar 1941; V ib e  1950; 
J o h n so n  e t  a l .  1966; B u rn s  1967; K o s y g in  1971; F in le y  

1976; Low ry  e t  a i  1977).

Th ere  h a s  b e e n  no  attem pt to d e te rm in e  the p ropo rtion  

of tota l e n e rg y  In p u t contribu te d  by the v a r io u s  fo o d  
ite m s taken  by  bearded se a ls .

MAJOR FOOD GROUPS

O n  the b a s is  of th e  availab le  literature, ce rta in  m ajo r  
food  g r o u p s  for a rc t ic  m arine  m a m m a ls  can  be id e n ti­
fied. Th e  p re c ise  s ig n if ic a n c e  of e a c h  g ro u p  re m a in s  
uncerta in, how ever, b e ca u se  o f the sc a rc ity  o f q u a n ti­
tative data, particu larly  from  m o st  of the C a n a d ia n  
A rctic , an d  the p au city  o f d a ta  a b o u t  s e a s o n a l a n d  
g e o g ra p h ic  d iffe re n c e s in diet. W ith  th e se  lim ita tio n s,  
F igu re  7 su m m a r iz e s  the probab le  m ajo r fe e d in g  d e ­
p e n d e n c ie s  o f m arine  m a m m a ls  in the  C a n a d ia n  A r c ­
tic, a n d  the fo llo w in g  se c t io n s  d i s c u s s  the troph ic  re la ­
t io n sh ip s  o f  the m ajo r fo o d  taxa.

ARCTIC COD
T h is  f ish  (F igu re  6) is  o ften  the m ain  food  fo r b e lu g a s ,  
n arw ha ls, r in ged  se a ls  and  harp se a ls ,  an d  it i s  
o c c a s io n a lly  an  im portant food  for bearded  s e a ls  an d, 
le s s  frequently , w a lru se s. It is  a ls o  a  m ajor fo o d  so u rc e  
for se vera l o f th e  abundan t se ab ird  sp e c ie s  in th e  
C a n a d ia n  A rc t ic  (B rad stre e t 1976, 1977; se e  F igu re  8). 
O f the  m arin e  m a m m a ls  d is c u s s e d  here, the h o o d e d  
se a l an d  b o w h e ad  are the  on ly  s p e c ie s  not know n to  
c o n s u m e  a rc tic  co d . The se a s o n a l d istr ib u t io n  of th e  
a rctic  co d  is  poo r ly  u n d e rsto o d  (B a in  and  S e k e ra k  
1978), and  m ay  have  a m ajo r in flu e n ce  on  the d is t r ib u ­
tion a n d  s u c c e s s  o f the m arine  m am m a l s p e c ie s  fo r  
w h ich  it is  a  m ajo r food (V ibe  1950).

F o o d  ite m s of a rc tic  co d  from  the R u s s ia n  A rctic  in ­
c lu d e  c o p e p o d s, sm a ll bo tto m  c ru s ta c e a n s  (shrim p, 
a m p h ip o d s , la rvaceans, f ish  e g g s ,  and  young-o f-th e - 
year f ish  (A n d iya sh e v  1954; H o g n e s ta d  1968; K le ine n- 
berg e t  a l .  1964). P o n o m are n k o  (1967) fou n d  that c o d  
larvae and  fry, a s  they grew , fed su c c e s s iv e ly  on c o p e -  

pod e g g s ,  n aup lii and  c o p e p o d ite s.

Few  s tu d ie s  of the  food h a b its  of a rc tic  co d  have b e e n  
perform ed  in the C a n ad ia n  A rctic . Y o u n g-o f-th e -year  
(13) from  W e llin g to n  C h an n e l had eaten  d ia to m s a n d  
co p e p o d  n aup lii (B a in  e t  a l .  1977). A rc t ic  c o d  (83) from  
the n e a rsh o re  bo tto m  of S t ra th c o n a  S o u n d  w ere e a tin g  
m o st ly  c o p e p o d s ,  a m p h ip o d s  and  d e c a p o d s  (Bohn  a n d  
M c E lro y  1976). B a in  and Se k e rak  (1978) q u an tita tive ly  
exam in e d  th e  su m m e r  d ie t of 252 a rc tic  c o d  c o lle c te d  
in sh a llo w  n e a rsh o re  w ate rs of C o rn w a llis  Is lan d ; n e a r ­
sh o re  c ru s ta c e a n s  —  O n i s i m u s  l l t t o r a l i s  (6 0 %  of w e t

w eight), G a m m a r u c  c c t o c u s  ( 5 % )  an d  M y s i s  spp . (5 % )  
—  w ere particu larly  im portant.

O ff northern  A la sk a , C ra ig  a n d  G r iff ith s  (1978) a lso  
noted  that in n ea rsh o re  w ate rs a rc tic  co d  fed prim arily  
on c ru s ta ce a n s, m a in ly  m y s id s  (over 7 1 %  of d ietary  
wet w eight). F ro st  e t  a t .  (1978) co lle c te d  157 a rc tic  co d  
from  A la sk a n  o ffsh o re  w aters, m an y  from  the bo tto m  
in w ate rs near the e d g e  of the p o la r  pack  ice. T h e  m o st  
im portant food  ite m s w ere zo o p lan k to n : the c o p e p o d s  
C a l a n u s  h y p e r b o r e u s ,  C .  g l a c l a l l s  and  P a r e u c h a e t a  

g l a c l a l l s ,  an d  the a m p h ip o d s  A p h e r u s a  g l a c l a l l s  and  

P a r a t h e m i s t o  l i b e l l u l e .

In su m m ary , a va ilab le  data  in d ic a te  that larval c o d  feed  
on d ia to m s  and the early  (sm a ll) s t a g e s  of c o p e p o d s,  
w h e re as la rger c o d  feed  prim arily  on  c o p e p o d s  and  a  
variety of larger c ru s ta c e a n s  in c lu d in g  am p h ip o ds,  
m y s id s  a n d  d e c a p o d s . The  a rc tic  co d  is  a  m ajor link in 
the tran sfe r of fo o d  en ergy  from  low er troph ic  le ve ls to 
m arine m a m m a ls  an d  se a b ird s  (F igu re  4). A va ilab le  
ev idence  s u g g e s t s  that th is e n e rg y  can  c o m e  from  in­
vertebrates in h ab it in g  the b e n thon ic, p e la g ic  and  
e p o ntic  co m m u n it ie s , s in c e  a rc tic  co d  c a n  be found, at 
one  tim e o r  another, in each  of th e se  hab ita ts.

CAPELIN
T h is  fish  s p e c ie s  is  c o m m o n  in the so u th e a s te rn  part 
of the C a n a d ia n  A rctic , in c lu d in g  p arts o f  H u d so n  Bay, 
and  is  know n  to  be im portant to  b e lu g a s  a n d  harp  
se a ls .  C a p e lin  feed  prim arily  on  co p e p o d s, euphau - 
s i id s  and  to a le s se r  degre e  a m p h ip o d s  (Corle tt 1968; 
Prokho rov  1968).

BENTHONIC FISH
Bo tto m -d w e llin g  f ish  are  taken  at le ast o c c a s io n a lly  by  
ail o f the m arine m a m m a ls  d is c u s s e d ,  b u t none of the  
m a m m a ls  se em  to depend  prim arily  o n  th e se  fish. 
Even  the bo w h e ad  h a s  been fo u n d  to c o n s u m e  s c u l­
p in s, a lth o u gh  it is  uncerta in  that they w ere  taken  from  
the bottom . Q uan tita tive  d a ta  are sc a rc e , but ep iben- 
th ic c ru s ta c e a n s  (am p h ip o d s, m y s id s , is o p o d s )  ap p e a r  
to be the m ain  fo o d  so u rc e  fo r  s c u lp in s  (Sekerak  e t  a l .  

1976a; C ra ig  and  G r iff ith s  1978).

PARATHEMISTO LIBELLULA
T h is  p e la g ic  hyperiid  a m p h ip o d  (F igu re  6) is  a  m ajor 
food  for r in ged  se a ls ,  and  is  a ls o  taken b y  harp se a ls,  
b o w h e ad s  and p e rh a p s  other m a m m a ls  a s  w ell a s  by  
va rio u s se a b ird s  (B rad stre et 1976, 1977). P .  l i b e l l u l a  

fe e d s m ain ly  on h erb ivo ro u s zo o p lan k to n , and D u n b ar  
(1957) c o n s id e re d  it to  be very im po rtan t in the tran sfe r  
of food  en ergy  from  low er trop h ic  le ve ls to  vertebrates  
(see  F igu re  8). C o p e p o d s  w ere  the m o s t  co m m o n ly  
found  fo o d  item s in the g u ts  o f P .  l i b e l l u l a  co lle c ted  off 
B a ffin  Is la n d  (D u n b a r 1946). W in g 's  (1976) de ta iled  
stu d y  of the  fe e d in g  h a b its  of th is  s p e c ie s  in A la s k a  in ­
d ica te s  that c o p e p o d s  were the d o m in a n t  food  ite m s  
but ch a e to gn a th s, f ish  larvae, e u p h a u s iid s ,  o ther c ru s ­
taceans, p o ly c h a e te s  and p h y to p la n k to n  w ere a lso  
eaten.
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F IG U R E  7  S u s p e c te d  M a jo r  T ro p h ic  R e la t io n s h ip s  o f  M a r in e  M a m m a ls  
in th e  C a n a d ia n  A rctic . (B a s e d  o n  s o u r c e s  cited  in  text.)
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OTHER CRUSTACEANS
O th e r b e n th ic  and p e la g ic  c ru s ta c e a n s  im portant to 
m arine  m a m m a ls  in c lu de

d e c a p o d s  —  p robab ly  take n  at le a st  o c c a s io n a lly  by 
all sp e c ie s  d is c u s s e d  (in the c a s e  of 
the h o o d e d  seal, sp e c if ic  ev idence  
s e e m s  to b e  lack ing);

m y s id s  —  im portant t o  ringed  se a ls ;  a l s o  taken 
by harp  s e a l s  and  bo w h e ad s;  

e u p h a u s iid s  —  im portant t o  b o w h e ad s ; a lso  take n  by 
harp and r in ge d  se a ls ;

a m p h ip o d s  —  r in ged  and bearded  se a ls ,  bow h eads.

A rc t ic  d e c a p o d s  a p p e a r to b e  prim arily  d e tritu s eaters; 
they m ay  a l s o  eat o th er c ru s ta c e a n s  a n d  foram in ifera  
(S q u ire s  1967).

M y s id s  feed w hile  sw im m in g  a n d  co lle c t  fo o d  par­
t ic le s  on  th e ir  fine ly  sp a c e d  se tae. T h e  fe e d in g  hab its  
of a rc t ic  s p e c ie s  have  not b e e n  stu d ie d  but m y s id s  are 
kn ow n  to fe e d  on p h y to p lan k to n  a n d  su s p e n d e d  detri­
tu s  in  other re g io n s.

E u p h a u s iid s  a re  p e la g ic  sh r im p -like  c ru s ta c e a n s .  M o st  
are filter feeders.

Se ve ra l s p e c ie s  of a m p h ip o d s  are  c lo se ly  a s so c ia te d  
with the  u n d e rsu r fa ce  of th e  ice, a n d  m o s t  of th e se  ap ­
paren tly  g raze  on ice -a lgae  (A p o llo n io  1961; A le xan de r  
e t  a l .  1974; H o rn e r 1977; W e lc h  a n d  K a lff  1975). W hen  
Ice  co ver i s  ab se n t, so m e  of th e se  sp e c ie s  occur  
p lan k to n ica lly , w h e re as o th e rs  a s s u m e  a  benth ic  
habitat.

Th e  m ajo r ‘b e n th ic ’ a m p h ip o d s  are  O n l s l m u s  l l t t o r a l i s ,  

A n o n y x  spp . an d  G a m m a r u s  s e t o s u s ,  each  o f  w hich  
so m e t im e s  c lo se ly  a s s o c ia t e s  w ith  the  undersu rface  
o f ice  in n e a rsh o re  a reas. A t  su c h  t im e s  they appare n t­
ly g raze  on ic e -a lga e  (B u ch a n an  e t  a l .  1977). In ice-free  
p e riod s, 0. l l t t o r a l i s  and A n o n y x  n u g a x  are u su a lly  
b e n th ic  s c a v e n g e r s  (D u n b a r 1954a; M a c G in it ie  1955; 
S te e le  1961; G reen  and  S te e le  1975) a n d  G a m m a r u s  

s e t o s u s  m ay  b e  a  g razer o f  a lg a e  f ilm s  (S tee le  1961).

MOLLUSCS
B iva lve  m o llu s c s  a re  the p rim ary  fo o d  of the w alrus; 
b iva lve s a n d  g a s t ro p o d s  a re  im portan t fo o d s  fo r  the 
bearded  se a l.  L u b in sk y  (1972) noted  that in arctic  
C a n a d a  8 6 %  o f the  b ivalve  fau n a  are se d im en tation  
(dep osit) fe e d e rs  (i.e. in g e s t  the substra te ). How ever, 
so m e  b iv a lv e s are filte r feeders, a n d  m ay  utilize  m a­
terial o f  b e n th ic  (e.g., bacteria, p h y to b e n th o s) rather 
than  o f  p e la g ic  (e.g., p h ytop lan k ton ) orig in . A m o n g  the 
c o m m o n  f ilte r-feed in g  m o llu s c s  are  m e m b e rs  o f the 
ge n e ra  A s t a r t e ,  C l i n o c a r d i u m ,  M y a ,  M y t l l u s ,  S e r r l p e s  

and  T h l r a s i r a ;  c o m m o n  d e p o s it  fe e d e rs  are m e m b e rs  
o f the  ge n e ra  M a c o m a ,  N u c u l a ,  N u c u l a n a ,  P o r t l a n d i a  

and  Y o l d i a  (O c k e lm a n n  1958).

CONCLUSIONS

T h e  m arine m a m m a ls  of th e  C a n a d ia n  A rc t ic  eat m an y  
typ e s o f  fo o d s, but a  few  g r o u p s  a re  of sp e c ia l s ig n if i ­
ca n c e  (F igu re  8). T h e  a rc tic  c o d  is  im p o rtan t not o n ly  to  
severa l sp e c ie s  of m arin e  m a m m a ls ,  but a ls o  to num e r­
o u s  se ab ird s. P a r a t h e m l s t o  Is  d ire ct ly  im p o rtan t to  
r inged  s e a ls  a n d  p ro b ab ly  h arp  se a ls ,  but i s  a ls o  Im p o r­
tant b e c a u se  it is  a  fo o d  so u rce  fo r  a rc tic  cod. Ice- 
a s so c ia te d  a m p h ip o d s  d o  not s e e m  to b e  of m ajo r  
direct s ig n if ic a n c e  to  m am m a ls , w ith  the p o s s ib le  ex ­
ce p tio n  of the  r in ge d  se a l,  but th e y  too  are  a  food  
so u rc e  fo ra rc t lc  co d . M o l lu s c s  are m ajo r fo o d  so u rc e s  
fo r  w a lru se s  an d  b e arded  se a ls ;  a c c e s s ib i l i t y  to  m o l­
lu s c  b e d s  in sh a llo w , ne a rsh o re  w a te rs  i s  p robab ly  

crit ica l to  th e se  sp e c ie s.



F IG U R E  8  P re lim in ary  S u m m a ry  o f  F o o d  W e b  R e la t io n s h ip s  in O ffsh o re
A rc t ic  W ate rs. B a s e d  on  so u r c e s  c ite d  in text fo r  m arin e  m am m a ls ,  
and o n  B rad stree t (1976,1977) an d  D iv o k y  (1976) for se ab ird s.
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IN F O R M A T IO N  R E Q U IR E D  FO R  M A N A G E M E N T

GENERAL CONCEPTS

A  centra l ob jective  o f  w ild life  m an a ge m e n t  is to  d e v ise  
an d  im p le m e n t p o lic ie s  that a llo w  w ild life  re so u rc e s  to 
be u se d  w h ile  at th e  sa m e  tim e e n s u r in g  the ir c o n ­
tinued  e x is te n c e  in a  sta te  that w ill perm it o n g o in g  
use. T h is  is  the  c o n c e p t  of 's u s ta in e d  y ie ld '. S u s ta in e d  
y ie ld  is  p o s s ib le  b e c a u se  of th e  m an n e r in w h ich  m o st  
w ild life  p o p u la t io n s  are  lim ited. L o w  d e n sity  p o p u la ­
t io n s  in c re a se  in s iz e  b e c a u se  the birth rate e x c e e d s  
the tota l d e a th  r a te /  H ow ever, the in c re a se  d o e s  not 
co n t in u e  indefin ite ly . In stead , m o st  p o p u la t io n s  u lti­
m ate ly  ‘level o ff ' at a  p o p u la t io n  s iz e  determ ined  by  
one  or m o re  lim itin g  fa c to rs  (e.g., a va ilab le  food  s u p p ­
ly, su ita b le  space ). In  a  p o p u la t io n  of c o n s ta n t  size , the 
a ve rage  b irth  and  d e a th  ra te s over a  period o f tim e  
m u st  be  the sam e. A c c o r d in g  to th is  concept, if the 
p o p u la t io n  s iz e  so m e h o w  e x c e e d s  the ca rry in g  c a ­
p ac ity  of the  environm ent, th e  death  rate w ill e xcee d  
the birth rate  until the  p o p u la t io n  s iz e  is  reduced  to the 
ca rry in g  cap ac ity .

Th e  re la t io n sh ip s  m e n tio n e d  a b o ve  can  be su m ­
m arized  a s  fo llow s:

P o p u la t io n  S ize

In an  u n e x p lo ite d  a n d  s ta b le  p o p u la t io n  w h o s e  s iz e  is  
d e te rm in e d  by the ca rry in g  c a p a c ity  of th e  env iron ­
m ent, b irth s a re  b a lan ce d  by natura l d e a th s . A n y  in ­
c re a se  in  de a th s, su c h  a s  by h u n ting , w ill c a u se  the 

to ta l d e a th  rate to  e x ce e d  the b irth  rate, a n d  the p o p u ­
la tion  s iz e  w ill d ec line . H ow ever, a t  a  low er p o p u la t io n  
s iz e  the natural dea th  rate i s  le s s  th an  the b irth  rate. A t 
a n y  p articu lar p o p u la t io n  s iz e  b e lo w  the ca rry in g  c a ­
pacity, th e  an n u a l n u m b e r o f b irth s e x c e e d s  the an nu a l 
n u m b e r of natura l d e a th s  by (in theory) a  sp e c if ic  
a m o u n t / *  If the  an n u a l n u m b e r o f  d e a th s  c a u se d  by  
h u n t in g  is  a d ju ste d  to  e q u a l that e x c e s s ,  a n d  it o th er  
fa c to r s  rem ain  co n sta n t, the  p o p u la t io n  s iz e  w ill s t a ­
b ilize  a n d  the take  by  h u n te rs c a n  be su s ta in e d  from  
ye a r to ye a r (su s ta in e d  y ie ld ) w ith o u t fu rther c h a n g e s  
in p o p u la t io n  size . If the  s u s ta in e d  p o p u la t io n  s iz e  is  
that at w h ich  a n n u a l b irth s e x ce e d  natural d e a th s  by  
the  m ax im u m  p o s s ib le  am ou n t, th e  a llo w a b le  kill by  
h u n te rs  is  the m a x im u m  su s ta in a b le  yield  (M S Y ).  T h u s,  
a c c o r d in g  to th is  s im p le  m od e l there  Is  a  su s ta in a b le  
y ie ld  fo r  each  p o p u la t io n  size  u p  to th e  ca rry ing  
c a p a c ity

but there  is  o n ly  one  p o p u la t io n  s iz e  at w h ic h  M S Y  is  
a tta in ab le . T h e se  c o n c e p t s  and  their lim ita tio n s  are  
d is c u s s e d  in de ta il in Eb erhardt (1969), E m le n  (1973), 
R ick e r  (1975) a n d  G u llan d  (1977).

*In this context, birth and death rates are the numbers oi individuals born and dying each year divided by the population size.
*It is possible that if the population is reduced to an extremely low density, birth rate may not exceed death rate, since reproduction 
may be impaired by rarity of encounters among individuals or perhaps lack of social facilitation.



COMPLICATIONS

If the  sh a p e  an d  p a ram e te rs  of the  curve sh o w n  ab o ve  
w ere kn o w n  an d  stab le , then  the su s ta in a b le  y ie ld  for 
e a ch  p op u lat ion  s iz e  w o u ld  be know n, and  q u o ta s  
co u ld  be se t  b a se d  on p re sen t p o p u la t io n  s ize  an d  a  
m an age m e n t s tra te g y  (i.e. i s  the p o p u la t io n  s iz e  to be  
in creased, he ld  c o n s ta n t  o r  reduced). How ever, the  
d e ta ils  o f the cu rve  are  rarely know n, s in c e  su c h  
k n o w le d ge  w ou ld  require o n e  to k n o w  birth rate (b) an d  
natural dea th  rate (d) a s  fu n c t io n s  of p o p u la t io n  size  
(N). T h is  c a n  on ly  be  d o n e  if th e se  param eters ca n  be  
m easu red  a ccu ra te ly  at a  w ide varie ty  o f p o p u la t io n  
s iz e s  (rarely p o s s ib le ) o r  if the d e n sity -depen den t  
m e c h a n ism s  c o n tro llin g  b  a n d  d c a n  be s tu d ie d  experi­
m enta lly  (a lso  rarely p o ss ib le ). D e n sity -d e p e n d e n t p ro ­
c e s s e s  a s so c ia te d  w ith reduce d  p o p u la t io n  s iz e  m igh t  
in c lu de  (A llen  an d  C h a p m a n  1977; Eberhardt 1977) 

— low ered a g e  o f se xu a l m aturity;

— in cre a se d  gro w th  rate;

— in c re a se d  rate o f  ovu la tion  an d/o r s u c c e s s fu l  
p re gn an c ie s;

— low er dea th  rate a m o n g  im m atu res and/o r adu lts.

B e s id e s  the  d iff icu ltie s  inherent In  d e fin in g  an y  of 
th e se  re la t io n sh ip s, the re su ltan t k n o w le d g e  ca n  on ly  
be ap p lie d  if p re sen t p o p u la t io n  size , a g e  stru ctu re  an d  
se x  ra tio s are  know n.

A  s im p le r  s tra te g y  is  to a ttem pt to  m ain ta in  the p re s ­
ent p o p u la t io n  size , even if it is un certa in  w hether th is  
is  ab o ve  o r  be low  M S Y .  T h is  s im p le r  s tra te gy  requ ire s  
k n o w le d ge  of p re sen t b irth  rate (b), natural dea th  rate
(d) a n d  p o p u la t io n  s ize  (N). A s s u m in g  that b ^ d ,  s u s ­
ta inab le  y ie ld  is  S Y  =  (b-d) N .

Even  th is s tra te g y  ca n  be d iff icu lt  to  im p lem ent, s in c e  
all three o f the required p a ram e te rs  are u su a lly  d iff i­
cu lt to  estim ate . S o m e  o f the  c o m m o n  c o m p lic a t io n s  
are that

1. b and  d  d e p e n d  on  the  a ge  of the  an im a ls, o ften  in 
the fo llo w in g  m anner.

T h u s , overa ll b  and  d  m u st  be e s tim a te d  tak in g  
in to  a cco u n t  the a g e  an d  se x  stru ctu re  o f  the 
popu lation .

2. A g e  an d  se x  stru ctu re  are u su a lly  d iff icu lt to  e s t i­
m ate  b e c a u se  a g e  an d  se x  re lated  d iffe re n c e s  In 
c a tc h a b ility  a n d  h u n ting  m orta lity  resu lt in  b ia s ­
e d  sa m p le s .

3. M o s t  m e th o d s  for e s t im a t in g  b  a n d  d from  sex  
a n d  a g e  stru ctu re  d a ta  a s s u m e  that p o p u la t io n  
s iz e  h a s been  s ta b le  over m an y  years. T h is  i s  rare­
ly tested  and  often  untrue. Year-to -year f lu c tu a ­
t io n s  in e n v iron m en ta l c o n d it io n s  and  h u n t in g  
p re ssu re  a ffe ct  p o p u la t io n  size.

4. H u n t in g  is  like ly  to a ffe c t  s o m e  a g e  a n d  sex  
c a te g o r ie s  m ore  than o thers. If o n ly  the o ld e r  an i­
m a ls  are hunted, the recru itm e nt rate in to  the 
h u n tab le  po p u la t io n  (rather th an  birth rate) 
sh o u ld  be  b a lan ce d  by  tota l m orta lity  of the hunt- 
a b le  popu lation .

5. T h e  a g e  an d  se x  stru ctu re  of the p o p u la t io n  m ay  
b e  b ia se d  by year-to-year d iffe re n c e s  In h u n tin g  
pressu re .

6. B e c a u s e  o f (4) and  (5), d e n sity -d e p e n d e n t va r ia ­
t io n s  in b an d  d are like ly  to  o c c u r  even w h e n  the 
‘s im p le r ’ s tra te g y  of m a in ta in in g  p re sen t p o p u la ­
tio n  size  is  in use .

In recent years a tte m p ts  have been  m ad e  to c o n s tru c t  
p o p u la t io n  m o d e ls  that a llo w  for a s  m an y  a s  p o s s ib le  
of the ab o ve  c o m p lic a t io n s. B a s ic  p r in c ip le s  of p o p u la ­
tion d y n a m ic s  are u se d  to d e fine  the n atu re  of re la t ion ­
sh ip s . A ll a va ilab le  d a ta  ab o u t p o p u la t io n  size, harvest, 
a ge  a n d  se x  structure , a g e -sp e c if ic  reproductive  rates, 
a g e -sp e c if ic  an d  se x -sp e c ific  m orta lity  rates, and  
d en sity -d ep en d en t fu n c t io n s  are  u se d  to  q u an tify  the 
re la t io n sh ip s. W ill ia m s  (1977) p o in ts  ou t that the v a lid ­
ity of s u c h  in c re a s in g ly  so p h is t ic a te d  ana ly t ica l te ch ­
n iq u e s d e p e n d s  on  the qua lity  of the b a s ic  data. S o m e  
of th e se  data  are  u su a lly  unavailab le . In  these  c a s e s  
the m o d e l is  c lea rly  an in co m p le te  d e sc r ip t io n  of 
p o p u la t io n  p ro c e ss e s ,  an d  c a n n o t be  e xp e c te d  to



re liab ly  pred ict su s ta in a b le  y ie ld  or other param eters  
for m ore  than  a  brief period  or in c ir c u m sta n c e s  d if­
ferent from  th o se  in w h ich  th e  data  w ere co lle c ted . In ­
fo rm a t io n  a b o u t  d e n s ity -d e p e n d e n t  fu n c t io n s  is  
e sp e c ia lly  h ard  to obta in , a n d  in it s  a b se n c e  p re d ic ­
t io n s  abou t M S Y  are very q u e s t io n a b le  (Eberhardt and  
S in iff  1977; Lett a n d  B e n ja m in se n  1977). H ow ever, in 
c a s e s  w here h is to r ic a l data  a re  ava ilab le  ab ou t p o p u la ­
tion  trends w h e n  h a rv e sts  o f kn o w n  s iz e s  w ere taken  
from  p o p u la t io n s  o f know n  size s, e s t im a te s  of s u s ­
ta in ab le  y ie ld  o r even m ax im u m  su s ta in a b le  y ie ld  m ay  
b e  p o s s ib le  (G u lla n d  1971).

A n  a d d it io n a l c o m p lic a t io n  c o m m o n  to a ll m a n a g e ­
m ent s t ra te g ie s  Is  that p o p u la t io n s  or ‘s t o c k s ' to  be 
m a n a g e d  m u st  be defined; a ll p a ram eters d is c u s s e d  
a b o ve  refer to  a  particu lar p o p u la t io n . P o p u la t io n s  are 
often  not read ily  defined. A  sm a ll am o u n t  of in te rm ix­
in g  m ay  o c c u r  b etw een  s t o c k s  that are u su a lly  se p ­
arate. In  so m e  sp e c ie s ,  s t o c k s  are se p a ra te  at one  tim e  
o f year (w h ich  m ay  o r m ay  n o t in c lu d e  the b reed ing  
se a s o n )  and  m ixed  at other t im e s o f year. In m o st  
s itu a t io n s  the a n im a ls  and  th e  h u n tin g  p re ssu re  are 
both  uneven ly  d istr ib u te d  ove r  the ra n ge  of the stock ; 
h u n t in g  m orta lity  In  certa in  loca l a re a s  (e.g., near 
se tt le m e n ts) m a y  m arke d ly  e x ce e d  that e lsew here, and  
the lo ca l re s p o n se  o f the a n im a ls  w ill depend  on  their 
s ite  tenacity, s o c ia l stru ctu re  a n d  p o p u la t io n  ge n e tic s .  
In  s o m e  s p e c ie s  there is  p ro n o u n c e d  se g re g a tio n  of 
se x  and/o r a g e  c la s s e s  at ce rta in  t im e s  of year. A s  a 
resu lt, h u n t in g  m orta lity  for d ifferent a g e  an d  sex  
c l a s s e s  can  vary  m arke d ly  a m o n g  a reas.

T h e  a b o ve  d i s c u s s io n  h a s  d e a lt  w ith  a  s in g le  sp e c ie s  
in iso la tion . H ow ever, c h a n g e s  In the  p op u lat ion  size  
o f one  sp e c ie s  are like ly  to a ffe c t  the p o p u la t io n s  o f its 
fo o d  o r g a n ism s ,  c o m p e t ito rs  and  p re d a to rs.1 T h e se  
d irect e ffe c ts  c o u ld  lead  to ind ire ct e ffe c ts  e lsew h ere  
in the troph ic  w eb. T h u s , a ch ie v e m e n t  of M S Y  o f  one  
s p e c ie s  m ay have  u n d e s ira b le  b io lo g ic a l e ffects, and  
m ay  u ltim ate ly  a ffe ct  the su s ta in a b le  y ie ld  o f the 
s p e c ie s  in q u e s t io n  o r of o th e r  sp e c ie s  va lu ab le  to 
m an. T h e  'o p tim a l' su s ta in a b le  y ie ld  in an  e c o sy s te m  
s e n s e  m ay  d iffe r  from  the m ax im u m  su s ta in a b le  yield. 
T h e  op tim a l s u s ta in a b le  y ie ld  is  d iff icu lt  to  de fine  or 
dete rm in e  (R o e d e l 1975; La rk in  1977; Eberhardt 1977), 
but the fo llo w in g  ge n e ra l p r in c ip le s  have  recently  been  
fo rm u late d  b y  an  in te r-a ge n cy  w o rk sh o p  co n c e rn in g  
m an a ge m e n t  a n d  c o n se rv a tio n  of liv ing re so u rce s  
(H o lt  a n d  T a lb o t  1978:14):

‘1. T h e  e c o sy s te m  sh o u ld  b e  m ain ta ined  in a  d e s ir ­
a b le  sta te  su c h  that

a. c o n s u m p t iv e  a n d  n o n c o n su m p t iv e  v a lu e s  
co u ld  b e  m ax im ized  o n  a  co n t in u in g  b a s is ,

b. p re sen t and  fu ture  o p t io n s  a re  ensured, an d

c. r isk  o f irreversib le  c h a n g e  or long-term  adve rse  
e ffe c ts  a s  a  re su lt  o f u s e  is  m in im ized.

2. M a n a g e m e n t  d e c is io n s  sh o u ld  in c lu d e  a  sa fe ty
fac to r  to a llo w  fo r  the fa c t s  that k n o w le d ge  is  lim ­
ited and in s t itu t io n s  are im perfect.

3. M e a su re s  to c o n se rv e  a  w ild  liv ing re source

sh o u ld  be fo rm u la te d  a n d  a p p lie d  s o  a s  to a v o id  
w aste fu l u s e  of o th er re so u rce s.

4. S u rv e y  or m o n ito r in g , a n a ly s is ,  a n d  a s s e s s m e n t  
sh o u ld  precede  p lan n e d  u se  a n d  a c c o m p a n y  a c ­
tual u se  o f  w ild  liv ing  re so u rce s . T h e  re su lt s  
sh o u ld  be m ad e  a va ilab le  p ro m p tly  fo r c r it ica l 
p u b lic  review.'

INFORMATION REQUIRED

D a ta  required for m an a ge m e n t d e p e n d  o n  the go a l o f  
m an a ge m e n t  an d  the c h a ra c te r is t ic s  of the  sp e c ie s. In  
general, so m e  o f the n e c e ssa ry  d a ta  are u n ava ilab le  o r  
b iased , a n d  gen e ra l p r in c ip le s, in co m p le te  d a ta  and  in ­
d irect ev id en ce  m u st  o ften  be u se d  In ste ad . Th us, th e  
lis t  o f pa ram e te rs  that m ay  be u se fu l is  lo n g e r  than th e  
m in im u m  n u m b e r that, if a ccu ra te ly  know n, w ou ld  s u f ­
fice. The fo llo w in g  se c t io n s  su m m a r iz e  the data  th at  
are required  or that o ften  prove to  be  u se fu l.

DISTRIBUTION
T h e  se a s o n a l d istr ib u t io n  o f e a ch  se p a ra te  s t o c k  
sh o u ld  be  know n, at le a st  in a  ge n e ra l w ay, s o  that th e  
lo c a t io n s  a n d  t im e s  w he n  it is  su b je c t  to  h ig h  natura l 
m orta lity  a n d  h u n tin g  c a n  be eva luated. In fo rm a tio n  
ab o u t  the c irc u m sta n c e s  an d  d e g re e  o f  e x c h a n g e  
a m o n g  partia lly  d is t in c t  s t o c k s  is  Im portan t In order to  
a s s e s s  th e  e ffe c ts  of lo ca lized  harvests.

STATUS AND SIZE OF POPULATIONS
‘S t a tu s ' here  re fers to tre n d s in p o p u la t io n  size. Is  it 
de c lin in g , s ta b le  o r  in c re a s in g ?  I s  the trend a cce le ra t­
in g  o r is  th e  p o p u la t io n  s ta b il iz in g ?  Is  the  trend s im ila r  
th ro u gh o u t the ra n ge  o f the s t o c k ?  In fo rm a tio n  a b o u t  
s t a tu s  ca n  in d icate  w he the r p re sen t m an a ge m e n t  p o l­
ic ie s  (if a n y ) are h av in g  the d e sire d  e ffe ct  o n  p o p u la ­
tion  size; e.g., h a s  su s ta in e d  y ie ld  been  ach ieved . 
S t a tu s  is  o ften  e a s ie r  to  m e asu re  than  p o p u la t io n  size , 
s in c e  tre n d s can  be  identified  by in co m p le te  su rv e y s  
or index m e th o d s  a s  lo n g  a s  the  fraction  o f  the  s to c k  
co u nte d  e ither is  k n ow n  o r re m a in s co n s ta n t.

P o p u la t io n  size  is  a n  e s se n t ia l param eter fo r  an y  form  
of m an age m e n t o th e r th an  ‘trial a n d  error' reaction  to  
h isto r ica l trends. In  general, a  ‘trial an d  error' s y s te m  
for se tt in g  q u o ta s  or h u n tin g  re g u la t io n s  is  su itab le  
o n ly  if exp lo ita tio n  is  at a  low  an d  re lative ly  s ta b le  rate, 
a n d  even then tre n d s m u st  be  m on itored. A n y  m ore  
so p h is t ic a te d  m a n a ge m e n t  s tra te g y  req u ire s an  e s t i­
m ate  of p o p u la t io n  size. A n a ly t ica l m e th o d s  m ay  per­
m it c a lc u la t io n  of a n  a llo w ab le  harvest a s  a  p e rc e n tage  
of p o p u la t io n  size, but th is  can  on ly  be tran s la te d  in to  
a  q u o ta  if p o p u la t io n  s iz e  is  know n.

' S e e  M a y  et al. ( S c i e n c e  2 0 5 : 2 6 7 - 2 7 7 , 1 9 7 9 )  f o r a  r e c e n t  

d i s c u s s i o n .



POPULATION STRUCTURE AND DYNAMICS
A n a ly s is  o f p o p u la t io n  stru ctu re  an d  d y n a m ic s  is  
severe ly  lim ited  u n le s s  a  re liab le  m e th o d  for de te rm in ­
in g  th e  a g e  o f  a  sp e c im e n  is  ava ilab le . A ll sp e c ie s  of 
arctic  m arine  m a m m a ls  breed  and  g iv e  birth at know n  
sp e c ie s -sp e c if ic  t im e s  of year. T h u s  the p rob lem  is  to  
determ ine  the a g e  in w h o le  years. S e a ls  c a n  ge n e ra lly  
be a g e d  by c o u n t in g  an n u a l layers in the can in e  teeth, 
and  ba leen  w h a le s  can  be  a ge d  b y  la ye rs  in th e  ear 
plug. T o o th e d  w h a le s  have  layers in  the ir teeth, bu t the 
n u m b e r of layers d e p o s ite d  a n n u a lly  is  so m e t im e s  un ­
certa in. M o s t  a g e in g  m e th o d s  that d o  e x is t  are of re­
cent o r ig in  (s in ce  1950), a n d  o lder s tu d ie s  often  d id  not 
provide  a g e -sp e c if ic  data.

R e levan t d a ta  ab o u t reproductive  b io lo g y  in c lu d e  the 
type o f  m a t in g  sy ste m , a g e  at first b re e d in g  (for m a le s  
and  fe m a le s  separate ly), p rop o rtion  o f  the m ature  
fe m a le s  o v u la t in g  a n d  g iv in g  b irth  e a c h  year, age- 
sp e c if ic  ra te s of o vu la t io n  an d  g iv in g  birth, frequency  
of m u ltip le  b irth s a n d  du ration  of la c ta tion . The type  of 
m atin g  sy s te m  is  im portan t in d e te rm in in g  the relative  
e ffe c ts  of h a rve st in g  m a le s  and  fe m a le s; if a  few  m a le s  
have h a re m s an d  o th e rs d o  not repro duce , it i s  p rob ­
ab le  that the latter g ro u p  ca n  s u s ta in  h igh  m orta lity  
with little e ffect o n  the repro ductive  poten tia l o f  the  
popu lation . A ll p a ram e te rs listed  a b o v e  a re  invo lved  in 
c a lc u la t io n s  of recruitm ent. S o m e  o f  th em  can b e  den ­
s ity  dependent. In fo rm a tio n  ab ou t th is  d e n s ity  d e p e n ­
d e n ce  is  not n e c e ssa r ily  im portan t if the m an age m e n t  
go a l i s  to m ain ta in  the  p re sen t p o p u la t io n  size, bu t it is  
of c rit ica l im p o rtan ce  w h e n  the g o a l is  m ax im u m  or 
‘o p t im u m ’ su s ta in a b le  yield.

The m orta lity  rate is  an  e s se n t ia l p a ram eter in a n y  ca l­
c u la t io n  c o n c e rn in g  p op u lat ion  d y n a m ic s .  In  m o st  
c a s e s  it is  im portan t to k n o w  the m orta lity  ra te s for 
juvenile, im m ature  an d  a d u lt  a n im a ls  se parate ly , s in c e  
th e se  ra tes are  u su a lly  different. T h e  re la t io n sh ip s  be ­
tw een m orta lity  ra te s a n d  p o p u la t io n  d e n s ity  are  
needed  in order to  ca lc u la te  m ax im u m  su s ta in a b le  
yield. In fo rm ation  ab o u t the c a u s e s  of natural m orta l­
ity a n d  ab o u t  fa c to rs  lim itin g  p o p u la t io n  size  is  va l­
uab le  for in te rpreting o r p re d ic t in g  tem poral c h a n g e s ,  
re s p o n se s  to  c h a n g e d  c o n d it io n s  an d  in te rsp e c ific  
e ffects.

HARVEST AND UTILIZATION
A ccu ra te  in fo rm a tion  a b o u t  cu rrent a n d  h isto r ica l 
harvest le ve ls  ( in c lu d in g  h u n ting  lo s s )  i s  e s se n t ia l for  
any act ive  m an a ge m e n t  p rogram . T h is  in fo rm ation  is  
needed  to de te rm ine  harvest level re lative  to  su s ta in e d  
yield  o r  any  q u o ta s  that m ay  exist. T h e  m orta lity  du e  to  
harvesting, to ge th e r w ith  natural m ortality, is  a  key  
c o m p o n e n t o f any  ca lc u la t io n  c o n c e rn in g  p opu lation  
d y n am ic s. T h e  a g e  an d  se x  stru ctu re  o f  the a n im a ls  
killed is  im portant, s in c e  th is  a ffe c ts  the  c o m p o s it io n  
of the  rem ain ing  popu lation .

N u m b e rs  of a n im a ls  k illed  but not retrieved m u st  be in ­
c lu d e d  in h u n t in g  m orta lity  figu re s. Unretrieved an i­
m a ls  in c lu d e  th o se  that s in k  b e fo re  they  can  be re­

trieved, an d  th o se  that are w o u n d e d  a n d  d ie  la ter be­
c a u s e  of the ir w o u n d s. Unre trieved  a n im a ls  are  not 
n orm ally  reported  o r recorded  at p resent. Th e  few  cor­
rection  fa c to rs  for non-retrieva l that have  been  derived  
arc  ge n e ra lly  b a se d  on  s m a ll s a m p le s  and  m ay  not 
a p p ly  in a ltered  c irc u m sta n c e s .  T h e  p e rc e n ta ge  non ­
retrieval o ften  d e p e n d s  on  th e  type of hun t (e.g., from  
fa s t  Ice  or from  b o a t?  rifle o r  h a rp o o n ?  w ere a n im a ls  
driven in to  sh a llo w  w ater b e fo re  b e in g  sh o t? )  a n d  on  
the tim e  of year. In fo rm a tio n  ab o u t th e se  fa c to r s  is  

n eeded  in o rd er to e s t im a te  non-retrieval.

Th e  g e o g ra p h ic  d istr ib u t io n  of the  h arvest sh o u ld  be 
know n. H u n t in g  p re ssu re  is  like ly  to  be  co ncen trated  
near se tt le m e n ts, a n d  the ha rve st  m orta lity  ra te s In 
th o se  a re a s  w ill e xce e d  the rate e lse w h e re  in the  A rc ­
tic. E ffe c ts  o f  th is uneven  h a rve st  pattern  on  a  p o p u la ­
tion  w ill d e p e n d  on  the  d e g re e  of e x c h a n g e  o f a n im a ls  
a m o n g  lo ca l a reas. T h is  fa c to r  is  o f p a rticu lar co nce rn  
in the  c a se  o f s p e c ie s  that a re  non -m igrato ry. H ow ever, 
it c o u ld  be im p o rtan t even in  the c a s e  o f a  m igrato ry  
sp e c ie s ,  s in c e  d ifferent a g e  an d  se x  c l a s s e s  so m e ­
t im e s  have d ifferen t m ig ra t io n  rou te s o r  s e a s o n a l d is ­
tribution  patterns; a  lo ca lize d  harvest m ig h t  th u s  take  
an un represen tative  fraction  of the tota l n u m b e r of 
so m e  p a rticu lar a g e  o r se x  c la s s .

Long-te rm  tre n d s In  h arvest level are o ften  the  only  
ava ilab le  d a ta  c o n c e rn in g  p re v io u s p o p u la t io n  size, 
an d  are an  im p o rtan t too l fo r  m o n ito r in g  cu rrent trends  
in p o p u la t io n  size. T re n d s in h arvest level are m uch  
m ore  va lu ab le  a s  in d ic a to rs  of tre n d s in pop u lat ion  
s iz e  if in fo rm ation  ab o u t h u n t in g  effort is  a ls o  ava il­
ab le. F ish e r ie s  b io lo g is t s  have  de ve lo p e d  n u m e ro u s  
a n a ly t ica l m e th o d s  b a se d  o n  ‘ca tch  per un it e ffort' 
d ata  (R icker 1975; G u lla n d  1977). T h e se  m e th o d s  co u ld  
be ap p lie d  to  m arine  m a m m a ls  if ca tch , non-retrieval 
an d  effort w ere  know n.

Th e  m anner in  w h ich  each  s p e c ie s  of m arin e  m am m a l 
is  utilized  b y  the In u it is  re levant in a s s e s s in g  the  im ­
portance  o f the  sp e c ie s  to  Inu it a n d  in p re d ic t in g  
future  tre n d s in h u n tin g  level. U tiliza tion  o f so m e  
sp e c ie s  h a s  c h a n g e d  c o n s id e ra b ly  s in c e  so u th e rn  
m ate ria ls w ere  in tro du ced  to  the A rctic , a n d  s in c e  
m otorized  t o b o g g a n s  b e ga n  to  reduce  th e  need  fo r  d o g  
food. T h u s  in fo rm a tio n  a b o u t  u tilization  is  like ly  to  be 
in accu ra te  if it w a s  o b ta in e d  m ore th an  a  few  years  
ago .



B E L U G A  O R  W H ITE  W H A L E

DISTRIBUTION

B e lu g a s  o c c u p y  a  d is c o n t in u o u s  c irc u m p o la r  ran ge  in 
a rc t ic  a n d  su b a rc t ic  w ate rs. A t le a s t  five se p ara te  
p o p u la t io n s  are th o u gh t  to e x is t  in th e  C a n a d ia n  A rc t ic  
(S e rg e a n t  an d  B ro d ie  1975) a lth o u g h  the e v id e n ce  is  
w eak. In  su m m e r, th e se  p o p u la t io n s  o c c u r  in the B e a u ­
fort Sea , L a n c a s te r  So u n d , C u m b e r la n d  So u n d , U n g a v a  
B a y  and  H u d s o n  B a y  areas. M o s t  k n o w le d g e  of th e se  
p o p u la t io n s  h a s  c o m e  from  s tu d ie s  c o n d u c te d  du r in g  
th e  sh o rt  su m m e r  p eriod  (genera lly  J u ly  an d  A u g u st )  
w h e n  b e lu g a s  frequent c o a s ta l a re as (D oan  a n d  D o u g ­
la s  1953; S e rg e a n t  a n d  B ro d ie  1969; B ro d ie  1971; S e r ­
g e a n t  a n d  H o e k  1974; F in le y  1976; Fraker 1977a). 
K n o w le d g e  of the  w in te r d istr ib u tio n  a n d  h a b its  of the  
b e lu g a  i s  m eager.

B e lu g a s  u su a lly  b e g in  to  arrive at the su m m e r in g  a re a s  
d u r in g  M a y  a n d  June. C e rta in  sp e c if ic  co a s ta l a re a s  
w ith in  th e  gen e ra l su m m e r in g  a re as are  trad itio na lly  
o c c u p ie d  d u r in g  m id -sum m er, ge n e ra lly  from  late Ju ly  
o r early  A u g u s t  to late  A u g u s t  (S e rge a n t  1973a; F in le y  
1976; F rake r 1979). B y  the  end  o f Sep tem ber, a s  freeze- 
u p  o c c u rs, m o st  b e lu g a s  have  vacate d  their su m m e r­
in g  g ro u n d s  (S e rge a n t  an d  H o e k  1974; J o h n so n  e t  a l .  

1974; F in le y  a n d  J o h n sto n  1977).

B e lu g a s  that su m m e r  in the Be au fo rt  S e a  m ake  lo n g  
m ig ra t io n s  to  the  B e r in g  S e a  (Fraker 1979), w he re  they  
w in te r  in a n d  a lo n g  th e  front o f  the s e a s o n a l ice  p a ck  
a n d  p e rh a p s  in p e rs is te n t  natura l open-w ater a re a s  far­
ther north  (K le in e n b e rg  e t  a l .  1964). How ever, from  
O c to b e r  to  M a y  there a re  few  o b se rv a t io n s  o f b e lu ga s .  
O c c a s io n a l ly  they are  trapped  by the ice  an d  attem pt  
to  m a in ta in  b re a th in g  h o le s  (K u m lie n  1879; P o rs ild  
1918; V ib e  1967; F re e m an  1968; F in le y  and J o h n sto n  
1977; K a p e l 1977). A t le a s t  s o m e  b e lu g a s  from  w este rn  
H u d s o n  B a y  ap p are n tly  overw inter in  the north w e st  
part of th e  bay  (S e rge a n t  1973a) but d e ta ils  a n d  n u m ­
b e r s  are u nknow n. Se ve ra l b e lu g a s  w ere  o b se rve d  in 
e x te n s iv e  le a d s  in the ice  betw een  L a k e  H a rb o u r a n d  
C o ra l H a rb o u r  in J an u a ry  1975 (S te p h a n s so n  1975). It 
h a s  been  s u g g e s te d  that b e lu g a s  from  L a n c a s te r  
S o u n d  m a k e  lo ca l m ig ra t io n s  and overw in te r in L a n ­
c a s te r  S o u n d  o r  the ‘N o rth  W a te r ' o f  Ba ffin  B a y  (S e r­
g e a n t  a n d  H o e k  1974; S e rg e a n t  and B ro d ie  1975). H o w ­
ever, o n ly  the e a s te rn m o st  part of L a n c a s te r  S o u n d  is  
free  of la n d fa s t  ice in ce rta in  ye a rs  (L in d sa y  1975; L G L  
Ltd. u n p u b lish e d  data), and  recent la te  w inter su rv e y s  
there  a n d  in the N o rth  W a te r  (L G L  Ltd. u n p u b lish e d  
d ata ) revealed  on ly  s m a ll n u m b e rs o f  b e lu gas. It is  
p ro b a b le  that m o st  o f  the b e lu g a s  from  L a n c a s te r  
S o u n d  a n d  a ls o  C u m b e r la n d  S o u n d  overw in ter a lo n g  
th e  e d g e  o f  the p ack  ice  in D a v is  Stra it  a n d  in the D is k o  
B a y  re g io n  of w e st  G re e n lan d  (Kapel 1975a). B e lu g a s  
fro m  north e a ste rn  H u d s o n  B a y  and U n g a v a  B a y  are  
a ls o  th o u gh t  to  overw inter in the D a v is  S tra it  a rea  
( J B N Q N H R C  1976) a n d  o f f  n o rth ern  L a b ra d o r  
(D e g e rb d l an d  F re u c h e n  1935). Aerial su rv e y s  in M a rch  
1978 fo u n d  ab o u t  400 b e lu g a s  in e a ste rn  D a v is  S tra it

an d  75 In  F ro b ish e r  B a y  (M c L a re n -M are x  Inc. 1979). 
T h u s, p o p u la t io n s  of b e lu g a s  that su m m e r  se p ara te ly  
in the ea ste rn  A rc t ic  an d  H u d s o n  B a y  m ay  m in g le  d u r­
in g  w inter.

C u rre nt k n o w le d g e  of the d istr ib u t io n  of b e lu g a s  in the  
C a n a d ia n  A rct ic  i s  su m m a riz e d  in F ig u re s  9 a n d  10.

STATUS AND SIZE OF POPULATIONS

B e c a u se  b e lu g a s  co nce n tra te  in la rge  n u m b e rs  in tra­
d itio n a l c o a s ta l a re a s  d u r in g  part o f the su m m e r, ae ria l 
c e n s u s e s  are  g re a t ly  fac ilita te d . T h e  m ain  lim ita tio n  Is  
that w ate r turb id ity  m ay  im p a ir  v is ib ility  in ce rta in  
a re a s  s u c h  a s  th e  M a ck e n z ie  a n d  C h u rc h ill R ive r e s ­
tuaries. R o u g h ly  24,000 to  28,000 b e lu g a s  are k n o w n  to  
su m m e r  in the C a n a d ia n  A rctic , b a se d  o n  a  few  s u r ­
v e y s o f the  kn ow n  su m m e r  c o n c e n tra t io n  a re a s  (Tab le  
7). In  a d d it io n  b e lu g a s  a re  kn o w n  to o c c u r  in J a m e s  
B a y  a n d  ea ste rn  H u d so n  B ay  (Jonke l 1969) an d  in the  
St. L aw re n ce  R ive r (about 500 —  S e rg e a n t  an d  B ro d ie  
1975).

S e rg e a n t  an d  B ro d ie  (1969,1975) s u g g e s t  that b e lu g a s  
in the  C a n a d ia n  A rc t ic  form  d isc re te  p o p u la t io n s. Th e ir  
e v id e n ce  is  b a se d  on  d iffe re n c e s  in b o d y  le n g th s  of 
b e lu g a s  from  d ifferent a re a s  a n d  a ls o  on  the s u p p o s e d  
g e o g ra p h ic  iso la t io n  of p o p u la t io n s. W h ile  the b e lu g a s  
of the Be au fo rt  S e a  are iso la te d  from  th o se  in the  
ea ste rn  A rctic , the  d is c re te n e s s  o f p o p u la t io n s  in the  
e a ste rn  A rc t ic  is  not w ell su b s ta n tia te d . S e rg e a n t  a n d  
B ro d ie  (1969) c o m b in e  s t a t i s t ic s  from  b e lu g a s  c a p ­
tured at S o m e r s e t  and  E lle sm e re  Is la n d s  an d  s u g g e s t  
that th is  p o p u la t io n  is  iso la te d  from  p o p u la t io n s  in 
w e st  G re e n lan d  an d  C u m b e r la n d  S o u n d . T h e  L a n ­
c a s te r  S o u n d  p o p u la t io n  w a s  e s tim a te d  at 10,000 
a n im a ls  b y  S e rg e a n t  and  B ro d ie  (1975).

B ro d ie  (1971) prov ided  e v id e n ce  that the b e lu g a s  of 
C u m b e r la n d  S o u n d  had d e c lin e d  du e  to  o ve re xp lo ita ­
tion  from  co m m e rc ia l a n d  n o n -co m m e rc ia l hu n ting , 
w h ic h  took  a p p ro x im a te ly  1 0 %  o f the p o p u la t io n  a n ­
n u a lly  d u r in g  the 1950’s. S e rg e a n t  and  B ro d ie  (1975) 
note  that th is  p o p u la t io n  h a s  s te a d ily  d im in ish e d  over  
a  lo n g  period. A  k ill of 177 b e lu g a s  in 1977 repre sen ted  
2 2 %  o f the  p op u lat ion  of 810 e s t im a te d  to  be  p re se n t
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TABLE 7
M a x im u m  N u m b e r s  of B e lu g a s  O b se rv e d  at V a r io u s  L o c a t io n s  in th e  C a n a d ia n  A r c t ic 1.

Area

Estim ated
Num ber Source

W e ste rn  H u d so n  B ay

U n g a v a  B a y  (northe aste rn  H u d so n  Bay )

Be au fo rt S e a  (M ack e n z ie  R ive r delta)

L an c a s te r  S o u n d  an d  a d jac e n t c h a n n e ls

C u m b e r la n d  S o u n d

10,000

1,000
4.000- 6,000

8.000- 10,000 

750

S e rg e a n t  (1973a)

S e rg e a n t  a n d  B ro d ie  (1975) 

Fraker (1977b), S e rg e a n t  and  
H o e k  (1974)

S e rg e a n t  a n d  B ro d ie  (1975), 
F in le y  (1976)

B ro d ie  (1971)

T o ta l 24,000-28,000

1Table adapted largely from Sergeant and Brodie (1975), with the addition ot more recent estimates.

(Im perial O il Ltd. e t  a l .  1978). T h e  b e lu g a  po p u la t io n  of 
C u m b e r la n d  S o u n d  co u ld  be  c o n s id e re d  in je opardy  
g iven  the e x c e s s iv e  kill, e sp e c ia lly  if there  is little  or no  
recru itm ent from  other p o p u la t io n s  a s  s u g g e s te d  by 
S e rg e an t  a n d  B ro d ie  (1975). Th e  p o p u la t io n  w a s  e sti­
m ated  to n u m b e r ab o u t 500 a n im a ls  In 1978 (B. 
Kem per, p e rso n a l co m m u n ica t io n ).

S e rg e an t  a n d  B ro d ie  (1975:1052) sta te  that lo n g  term  
c a tc h e s  o f 500 b e lu g a s  per a n n u m  at C h u rc h ill ‘had  no  
e ffect on p o p u la t io n  over d e c a d e s ’, bu t they a l s o  m en­
tion  (p. 1052) that ‘w h ite  w h a le s  of the  C h u rc h ill River 
have a lread y  been  red u ce d  h is to r ic a lly  by trad ing, 
h u n tin g  a n d  port d e ve lopm en t'. S e rg e a n t  and  B ro d ie  
(1975) sta te  that there is  n o  ev id e n ce  o f any d e c lin e  in 
the n u m b e rs  of b e lu g a s  in the  B e au fo rt  Sea.

Th ere  Is  n o  h isto r ica l in fo rm a tion  o n  the s iz e  o f the 
L an c a s te r  S o u n d  p o p u la t io n  of b e lu g a s .  T h e s e  an i­
m a ls  w ere exp lo ite d  by the  w h a le rs  in Ba ffin  B a y , Lan­
c a s te r  S o u n d  and  P rin ce  R e g e n t  Inlet. L u b b o c k  (1937) 
re c o rd s over 15,000 b e lu g a s  taken  In th e se  a r e a s  from  
1868 to 1910. S in c e  L u b b o c k  reports o n  the take  of 
on ly  a  variab le  p rop o rtion  o f the w h a lin g  s h ip s  and  
s in c e  d a ta  are  la c k in g  fo r  se vera l years, it is p rob ab le  
that the to ta l take  w a s  c lo s e r  to 30,000 b e lu g a s . The  
L an c a s te r  S o u n d  p o p u la t io n  h a s  b e e n  on ly  ligh tly  
hunted  in recent y e a rs  a n d  S e rg e a n t  a n d  B ro d ie  (1975) 
th o u gh t the  p op u lat ion  w a s  p rob ab ly  s ta b le  at th e  cur­
rent level o f  ab o u t 10,000 b e lu gas .

POPULATION STRUCTURE 
ANDDYNAMICS

T h e  a g e  stru ctu re  o f  b e lu g a  p o p u la t io n s  h a s  b e e n  
d e d u c e d  prim arily  from  a n a ly s e s  o f tooth  layers. T w o  
d e n tin e  la y e rs  and  o n e  m an d ib u la r  layer a re  be lie ved  to  
be  d e p o s ite d  a n n u a lly  (B rod ie  1969; S e rg e a n t  1973a) 
a lth o u g h  d irect p roo f is  la ck in g . S e rg e a n t  (1973a) m e n ­
t io n e d  that layers w ere  d iff icu lt  to  co u n t  b e c a u se  o f  
th e ir  irregu larity  In m an y  a n im a ls ,  their c lo s e  s p a c in g  
a n d  c o n vo lu te d  sh a p e  in the o ld e r  fe m a le s, a n d  w e a r in 
the  o lder a n im a ls, e sp e c ia lly  m a le s. In m o s t  c o l le c ­
t io n s  there w a s  the  further p rob lem  that th e  cap tu re  
m e th o d  re su lted  in se le c tiv ity  for size  a n d  se x . F rake r  
(1977a) fo u n d  that there co u ld  b e  d iffe re n c e s  o f  at 
le a s t  10 gro w th  la ye rs  in d ifferen t teeth fro m  the s a m e  
b e lu ga , p re su m a b ly  d u e  to  d ifferen tia l ra te s  of w ear.

O b v io u s ly , the te ch n iq u e  fo r  a g e in g  b e lu g a s  n e e d s  to  
be  verified  an d  im proved. M is in te rp re ta t io n s  of a g e  
c a n  lead to  su b s ta n t ia l e rrors in a s s e s s m e n t  of p o p u la ­
tio n  stru ctu re  and, u ltim ate ly, s u s ta in a b le  y ie ld s  o f  
b e lu g a  p o p u la t io n s. F o r  exam p le , Fraker (1977a) s u g ­
g e s te d  that a  re a so n a b le  e s t im a te  of the m ax im u m  life  
s p a n  of b e lu g a s  fro m  the B e au fo rt  S e a  w a s  ab o u t 50  
y e a rs  w h e re as S e rg e a n t  (1973a) s u g g e s t e d  that m a x i­
m u m  a g e s  w ere 25 to  30 years.

REPRODUCTIVE BIOLOGY
A lth o u g h  there is  n o  in fo rm a tion  on  the  m a t in g  b e ­
h av io u r  o f b e lu g a s , lim ited  d a ta  from  o th e r too th e d  
w h a le s  s u g g e s t  th at the b e lu g a  m ay be  p o ly g y n o u s  
(i.e. one  m a le  b re e d s severa l fe m a le s) (K le in e n b e rg  e t  

a l .  1964).

B ro d ie  (1971) fou n d  that se x u a l m aturity  o f fe m a le  
b e lu g a s  in C u m b e r la n d  S o u n d  w a s  a tta in ed  w hen  n in e  
to  10 tooth  layers w ere p re sen t (be lieved to  be five  
years). M a le s  a tta in ed  se xu a l m atu rity  by e ig h t  y e a rs  o f  
a ge . S e rg e a n t  (1973a) fou n d  a g e s  (b a se d  on  to o th
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laye rs) of se x u a l m atu rity  to b e  s im ila r  for b e lu g a s  
from  w este rn  H u d s o n  Bay.

C o n c e p t io n  o c c u r s  in early  M a y , g e s ta t io n  la s t s  14.5 
m o n th s, an d  c a lv in g  o c c u r s  in late July a n d  early  
A u g u s t  at C u m b e r la n d  S o u n d  (B ro d ie  1971). Lac ta t io n  
la s t s  abou t tw o  y e a rs  a n d  m o s t  fe m a le s  p ro d u ce  a  
s in g le  ca lf o n c e  in  three y e a rs  (B ro d ie  1971; S e rg e a n t  
1973a). Se rg e an t  (1973a) fo u n d  that 4 1 %  of a ll m ature  
fe m a le s  taken  at W h a le  C o v e  w ere  p re gnan t In  late 
su m m e r  w h e n  c o n c e p t io n s  h ad  c e ase d . At th is  rate 
m ature  fe m a le s  b e c o m e  p re g n a n t  o n c e  in 2.4 y e a rs  on  
average. Th e  a c tu a l birth rate w o u ld  be so m e w h a t  le s s  
than  0.41 per m atu re  fe m a le  per ye a r an d  B ro d ie  (1971) 
a s s u m e s  it to  be  a b o u t  0.33 c a lv e s  per fem a le  per year.

MORTALITY FACTORS
A p art  from  m an , the  b e lu g a  h a s  few  predato rs. K iller  
w h a le s  are kn o w n  to  kill b e lu g a s  o c c a s io n a lly  (K lein- 
e n b e rg  e t  a l .  1964) a n d  there are a  few  reports o f po lar  
b e a rs  k illin g  b e lu g a s  (K le in e n b e rg  e t  a t .  1964; H ey lan d  
and  H a y  1976). The  e f fe c ts  of th e se  tw o  p re d a to rs  ap ­
pear to  be in s ig n if ic a n t  to  the b e lu g a  p o p u la t io n s.

H e rd s  of b e lu g a s  a re  o c c a s io n a l ly  trapped  in ice  and  
can  su ffe r  h ig h  m orta lity  (P o rs ild  1918; V ib e  1967; Free­
m an  1968; F in le y  a n d  J o h n sto n  1977).

The rates o f  natura l m orta lity  h a s  not been  q u a n ­
tified.

AGE AND SEX STRUCTURE
S e rg e a n t  (1973a) rev iew s the  se x  ratio  o f b e lu g a s  s a m ­
pled in a  varie ty  o f w a y s  from  se ve ra l areas. Th ere  is 
gre a t variab ility  in se x  ra tio s  a m o n g  sa m p le s . T h is  Is  
due  to  sa m p lin g  b ia s e s  a n d  to n on -ran d o m  d istr ib u tion  
of s iz e  and s e x  a m o n g  the  herds. S e rg e a n t  (1973a) and  
B ro d ie  (1971) c o n c lu d e  that the se x  ratio  at birth is  1:1 
and  th is  ratio  c o n t in u e s  th ro u gh  adu lth o o d . How ever, 
F raker (1977a) fo u n d  that the a n n u a l harvest In  the 

M a ck e n z ie  d e lta  w a s  ab o u t  8 0 %  m a le s  an d  he believed  
that the  adu lt se x  ra tio  w a s  no  ra n ge r  1:1.

S e rg e a n t  (1973a) c o n s tru c te d  a ge -fre q u e n cy  d is tr ib u ­
tio n s. Extrem e  a g e s  w ere 25  to 30  years; 20 to 21 years  
w a s  c o n s id e re d  to b e  the a g e  at la st  birth for fe m a le s  
(B ro d ie  1971; S e rg e a n t  a n d  B ro d ie  1975).

O n  th e  b a s is  o f a  s a m p le  of 234 b e lu g a s  from  C h u r­
ch ill, S e rg e a n t  (1973a) s u g g e s t e d  that m orta lity  rates 
of a d u lt s  w ere relatively  u n ifo rm  until the a g e  of 15 to 
20 y e a r s  w h e n  m orta lity  w a s  rather h igh . T h is  trend 
w a s  not ev iden t in  a  sm a lle r  s a m p le  (116) from  the 
M a ck e n z ie  d e lta  (S e rge a n t  1973a).

B e c a u se  of th e  sm a ll sa m p le  s iz e s  an d  b ia s e s  in s a m ­
p lin g  te c h n iq u e s  n o  re liab le  m orta lity  ra te s have  been  
ca lc u la te d  fo r  b e lu ga s .

POPULATION DYNAMICS
B ro d ie  (1971) and  S e rg e a n t  (1973a:1065) s ta te  that 
m ature  fe m a le  b e lu g a s  p ro d u ce  a  ca lf  o n ce  in three 
years; a  birth rate o f  0.33. H ow ever, S e rg e an t  (1973a:

1084) s t a te s  that fre q u e n b y  of c a lv in g  Is  o n c e  In  three  
ye a rs  for 7 5 %  of th e  fe m a le s  and o n c e  In tw o  y e a r s  fo r  
2 5 %  o f  the  fe m a le s, re su lt in g  in  a  birth rate o f  0.38. 
T h e  p re g n a n c y  rate w a s  0.41 (Se rge an t 1973a).

S e rg e a n t  (1973a) c a lc u la te d  the a n n u a l recru itm e nt o f  
c a lv e s  to b e  1 2 %  o f  the p o p u la t io n . T h is  f ig u re  is  in  
a gre e m e n t w ith  o b se rv e d  fre q u e n c ie s o f  n e w b o rn  
c a lv e s  at S o m e r s e t  Is la n d  a fte r  c a lv in g  w a s  th o u gh t  to  
be c o m p le te  (F in ley  1976). B ro d ie  (1971) ro u g h ly  c a l­
cu la te d  the recruitm ent ra te  of c a lv e s  to  the p o p u la ­
tion to  be 0.09 by u s in g  an  a g e  of f ir s t  birth o f s ix  years, 
se x  ra tio  o f  unity, o n e  c a lf  every three years, a n d  a n  
a ge  o f  la st b irth  a s s u m e d  to  be 21 years.

The  m orta lity  rate fo r  c a lv e s  and im m atu re  a n im a ls  is  
unknow n. T h e se  a g e  c l a s s e s  were u n derrepre sen ted  in  
the s a m p le s  review ed by S e rg e a n t  (1973a). S e rg e a n t  
(1973a) co m p are d  s a m p le s  from  R u s s ia  a n d  G re e n lan d  
and  c a lc u la te d  that ca lf m orta lity  w a s  a b o u t  1 0 %  b e ­
tw een the a g e s  o f  tw o a n d  e igh t m on th s. H ow ever, 
there are n o  e s t im a te s  of th e  rate o f  recru itm e nt in to  
the a d u lt  b re e d in g  p o p u la t io n  nor o f  an n u a l v a r ia t io n s  
in th is  rate.

A g e -s p e c if ic  and se x -sp e c if ic  a d u lt  m orta lity  ra tes  
have not b e e n  ca lcu la ted .

The rate o f  recruitm ent o f  c a lv e s  to the p o p u la t io n  
(nine to  1 2 % )  sh o u ld  not b e  e q u a te d  w ith the  p o ten tia l 
su s ta in a b le  yield  o f  the p o p u la t io n . N a tu ra l m orta lity  
of c a lv e s  a n d  su b -ad u lts  o c c u r s  a n d  the recru itm e nt o f 
b e lu g a s  to the b re e d in g  p o p u la t io n  is  u n d o u b te d ly  
le s s  than  n in e  to 1 2 % .

HARVEST AND UTILIZATION

B e c a u se  o f their h a b it  of g a th e r in g  in  la rge  n u m b e rs  in  
c o a s ta l a re as, b e lu g a s  h ave  been su b je c t  to  h e avy  ex ­
p lo ita tion  b y  drive f is h e r ie s  in the past. T h e  p o ten tia l 
for su c h  e x p lo ita tio n  w a s  f irs t  realized b y  the  
H u d s o n 's  B a y  C o m p a n y  in e a ste rn  H u d so n  B a y  but a s  
w ith  m an y  su c h  f is h e r ie s  the e n te rp r ise  c o lla p se d  
after a  sh o rt  period  of h e avy  exp lo ita tio n  (L o w  1906; 
A n d e rso n  1934).

A s  the  b o w h e ad  w h a le  f ish e ry  d e c lin e d  tow ard  th e  end  
of the  1800 's, s o m e  w h a le rs  tu rned  the ir  a tten tio n  
tow ard  b e lu g a s  a n d  large  n u m b e rs  w ere driven  on  
sh o re  in s o m e  of th e  trad itional su m m e r in g  a re a s . In  
E lw in  Bay  o n  So m e rse t  Is la n d  at le a st  3,300 b e lu g a s  
w ere k illed  b e tw een  1888 a n d  1895, w ith the la rge s t  
ca tch  o f 1,424 in 1895 (L u b b o c k  1937). L a rg e  n u m b e rs  
o f b e lu g a s  w ere  k ille d  at C a p e  S p a r b o  in J o n e s  S o u n d ;  
in 1911 ,750  w ere take n  (D e g e rb il a n d  F re u c h e n  1935). 
In C u m b e r la n d  S o u n d , la rge  n u m b e rs  of b e lu g a s  w ere  
killed  from  1923 to  1925; o v e r  800 w ere k ille d  in  1924 
(A n d e rso n  1934).

C o m m e rc ia l f ish e r ie s  e s ta b lish e d  in  w este rn  H u d so n  
B ay  typ ic a lly  have op e rated  for b rie f p e r io d s  before  
they w ere s h u t  d ow n. A  f ish e ry  at C h u rc h ill, M an ito b a ,
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n a ve rage  o f  450 b e lu g a s  per a n n u m  b etw een  
I9 6 0 . A  lo c a l net f ish e ry  run b y  native  p e o p le  
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A N N l AL HARVEST
Harvet t s t a t is t ic s  f o r  b e lu g a s  a re  very in c o m p le te  for 
the 1870*8 (S m ith  a n d  T ay lo r  1977). In 1973, th e  last 
year fo r  w h ic h  c a tc h  s ta t is t ic s  a re  g ive n  by S e rg e an t  
an d  B  od le  (1975), th e  ca tc h  fo r the e n tire  C a n a d ia n  
A rc t ic  w a s  g iv e n  a s  538 b e lu ga s . T h is  f ig u re  is  certain*  
ly a n  underestim ate  s in c e  In U n g av a  B a y  an d  north* 
e a ste rn  H u d s o n  B a y , the to ta l c a tc h  w a s  e stim ate d  at 
nearly  600 b e lu g a s  ( J B N Q N H R C  1976). T h e  m o s t  com *  
p lete  s t a t is t ic s  for recent y e a rs  co m e  from  th e  M a c ­
kenzie! de lta  w here h a rv e s t s  have  averaged  a b o u t  150 
b e lu g a s  p er a n n u m  from  1972 t o  1976 (B rake l 1977; 
Fraker ef a/. 1978).

K i ll s  o f  b e lu g a s  In th e  h igh  a rc tic  i s la n d s  are ge n e ra lly  
low  a n d  re stricted  prim arily  to  the c o m m u n it ie s  o f 
Q r ls e  F iord  a n d  R e so lu te  (B ls s e t t  1967a; R le w e  1977). 
R ie w e  (1977) e s tim ate d  that 40 b e lu g a s  w ere  take n  per 
year a t G r is e  F iord  a lth o u g h  the ca tch  c o u ld  b e  quite  
variab le  w ith  none c a u g h t  In b a d  Ice y e a rs  s u c h  a s  
1972 and  a s  m a n y  a s  118 c a u g h t  in  go o d  years s u c h  a s  
1967.

A n d e r s  a t  a l .  (1967) e stim ate d  th a t the a v e rag e  kill in  
C u m b e r la n d  S o u n d  w a s  6 0  b e lu g a s . S m ith  a n d  Tay lor  
(1977) sta te d  that Inu ft at P an gn ir tu n g  h ave  re stricted  
the ir ca tch  t o  a  m ax im u m  o f  40 w h a le s  fo llo w in g  m an ­
a ge m e n t re c o m m e n d a t io n s  by f ish e r ie s  b io lo g is t s .  
H ow ever, in  1977, th e  kill w a s  178 w h a le s  (F ish e r ie s  
an d  M a r in e  Se rv ice , Ye llow kn ife ), w h ic h  i s  clearly  
h ig h e r  than  the  su s ta in a b le  y ie ld  for th is  sm a ll p o p u la ­
tion.

R e c e n t  e s t im a te s  o f  b e lu ga  h a rve sts  a r e  p resented  In  
T a b le  8. T h e s e  e s t im a te s  w ere  ga th ered  b y  N.W .T. 
G a m e  O ff ic e r s  and  federal F ish e r ie s  O f f ic e r s  a n d  c o m ­
p ile d  by F ish e r ie s  a n d  M a r in e  Se rv ic e  In  Y e llow kn ife  
(d a ta  su p p lie d  by D . D o w le r  a n d  B. W o n g ). It  Is  not 
k n o w n  w h a t  proportion  o f  the a c tu a l ha rve st  i s  repre­
se n te d  in T a b le  8, but it i s  believed t o  be h igh . The  
ha rve st  at C h u rc h ill,  M an itoba , i s  not in c lu d e d  In the  
tab le. The h a rvest b y  Q u e b e c  c o m m u n it ie s  b a se d  o n  
J B N Q N H R C  (1976) i s  included.

In  a d d it io n  to  the C a n a d ia n  ca tch , a n n u a l c a tc h e s  o f  
561 to  1,509 b e lu g a s  (m ean 937) were reported  in  w e st  
G re e n lan d  in  1966-74 w ith  an  a d d it io n a l 125 to 150 
take n  in T h u le  D is tr ic t  (K ape l 1977). In A la sk a ,  th e  total 
rem ova l o f  b e lu g a s  w as 215 (p lu s  100 to  115 lost) in  
1977 and  16 5  (p lu s 80 to 90  lo st )  in 1978 (G. Se a m a n ,  
A la s k a  D ept, of F i s h  and  G am e , I n  l l t t .  to M . Fraker, 
L G L  Ltd.). It  is  not know n  w hat p ro p o rtio n  of t h is  kill i s  
from  the p o p u la t io n  that in h ab its  th e  M a c k e n z ie  
estuary.

SEASONAL AVAILABILITY
H u n t in g  of b e lu g a s  in  the C a n a d ia n  A rct ic  i s  restricted  
p rim arily  to th e  sh o rt  su m m e r  p e r io d  of J u n e  to  S e p ­
tem ber. In  f a c t  m o st  o f  the  h u n t in g  Is  re str ic te d  to  a 
very brie f In terval in  m id  to  la te  su m m e r  a fte r  th e  ice  
h a s  c lea red  fro m  the sh ore . H u n te r s  at R e so lu te  u s u a l­
ly  d e p e n d  o n  a  brief ap p e a ran ce  o f  la rge  n u m b e rs  of 
b e lu g a s  in la te  A u g u s t  or e a rly  S e p te m b e r  just b e fo re  

freeze-up. At G r ise  F io rd , b e lu g a s  u su a lly  m ak e  a  brie f  
ap p e a ran ce  ju s t  b e fo re  freeze-up a lth o u g h  in s o m e  
ye a rs  su c h  a s  1968,1969 a n d  1972, heavy Ic e  kept th em  
aw ay  (R le w e  1977). In  the M a c k e n z ie  de lta , w h a lin g  
u su a lly  re a c h e s  a  p e a k  in th e  first ha lf o f  Ju ly  a n d  is 
In te n s ive  for a  period  typ ica lly  o f three w e e k s  w h e n  
b e lu g a s  are co nce n tra te d  in  the  e s tu a r ie s  (F rake r  
1977a).

TABLE 8
R e p o rte d  H a rve st  o f  B e lu g a s  in th e  C a n a d ia n  A rct ic .

C o m m u n ity 1976 ' 19 77 ' 1975»

R e so lu te  B a y 11 17
G r ise  F iord 15 11
P an gn ir tu n g 120 178
F ro b ish e r  B a y 10 __3

Lako  H a rb o u r 41 2 6
C a p e  D o rse t 10 7
H a ll B e a c h 10 18
Ig lo o lik 22 15
Sa n lk llu a q — 14
C o ra l H a rb o u r 42 5 2
R e p u la e  B a y 34 4 0
C h e ste r f ie ld  Inlet 20 18
R a n k in  In let 25 12
W h a le  C o v e 5 3 0
E s k im o  P o in t 20 3 9
M a ck e n z ie  D e lta 154 148
G reat W h a le  River 2 6
Inyk jttfq 9 7
Akudr.vik 5
S u g lu q 122
W a k e h am  B a y 162
K o a rtak 31
P ayn e  B ay 43
Leaf B a y 7
Fort C h im o 53
G e o rg e  R ive r 19
Port Bu rw e ll 8

T o ta ls 539 6 2 5 57 3

'Based on data from Fisheries and Marine Service, 
Yellowknife.

•Based on data from JBNQNHRC (1976) (excludes 
Povungnltuk)

•No harvest or harvest not reported.



In  the C a n a d ia n  A rctic , the  m o st c o m m o n  p re se n t-d ay  
te ch n iq u e  of h u n t in g  b e lu g a s  i s  to fo rce  them  in to  
sh a llo w  w ater w ith  a  m o to r  b oa t and  then to s h o o t  
them  w ith  a  m ed iu m -c a lib re  rifle  su c h  a s  a  .303 o r  
.30/30. In  the M a c k e n z ie  delta, b e lu g a s  are  p u rsu e d  in  
the  sh a llo w  e s tu a r ie s  w ith  b o a ts  p ow ered  by ou tb oa rd  
m o to rs  o f  20 to 80  hp (F rake r e t  a l .  1978). T h e  a n im a ls  

u su a lly  a re  first w o u n d e d  b y  g u n s h o ts ;  the  ob jective  is  
to perm it c lo se  a p p ro a c h  but, in o rder to prevent s in k ­
in g  in th e  turbid water, not to kill the a n im a l outright. 
T h e  b e lu g a s  are then  h a rp oon e d  a n d  fin a lly  d isp a tc h e d  
w ith  m ore  sh o ts . T h e  h a rp o o n  Is  a tta c h e d  by a  line to  a  
10 g a llo n  fuel barrel —  the  rep lacem e nt for the  trad i­
tional se a ls k in  b u o y  ( a a v l t u k ) .  A t C re sw e ll Bay, S o m e r ­
se t  Is la n d , a  s u c c e s s fu l  hun t w a s  ob se rve d  in 1975; 
three h u n te rs  in a  fre igh te r c a n o e  pow ered  b y  a  20 h p  
ou tb oa rd  m otor d rove  a  herd o f  ap p rox im a te ly  100  
b e lu g a s  c lo s e  to  sh o re  a n d  su c c e e d e d  In k illin g  14 
(L G L  Ltd., u n p u b lish e d  data).

HUNTING LOSS
T h e  n u m b e r o f b e lu g a s  k illed  b u t not recovered i s  
u su a lly  h igh . In the  M a c k e n z ie  d e lta  lo s s e s  are  variab ly  
e st im a te d  a s  one-th ird  to  one-ha lf o f the  w h a le s  s h o t  
(Fraker e t  a l .  1978; S m ith  a n d  T ay lo r  1977). H u n t  (1976’ 
cited  in Fraker e t  a l .  1978) noted se vera l fa c to rs  that  

co n tr ib u te d  to the  h igh  lo s s  rate. Se ve ra l b e lu g a s  a re  
s o m e t im e s  w o u n d e d  d u r in g  in d isc r im in a te  sh o o t in g .  
W o u n d e d  a n im a ls  are  o fte n  lo st in  the c o n fu s io n  a n d  
turbid ity, an d  a n im a ls  that are m orta lly  w o u n d e d  m a y  
s in k  to  th e  b o tto m  before  they  are harpoone d. S e p a ra ­
tio n  of th e  y o u n g  from  th e ir  m o th e rs re su lt s  in c a lf  
m orta lity. S o m e  h u n te rs  are  n e g lige n t  ab o u t retrieving  
the w h a le  after it i s  sh o t. L o s s e s  in  o ther a re a s  of th e  
A rc t ic  a re  variab le . In  w e ste rn  H u d so n  B a y  the lo s s e s  
are th o u gh t  to be  in s ig n if ic a n t  b e c a u se  m o st  a n im a ls  
are se c u re d  by harpoon . In  C u m b e r la n d  S o u n d  the h a r­
p o o n  is  le s s  frequently  u se d  and  lo s s e s  m ay  b e  h igh e r  
(Sm ith  a n d  T ay lo r  1977).

S h o o t in g  o f b e lu g a s  is  not w ide ly  p ract ise d  in th e  
U .S.S.R . s in c e  it i s  e s t im a te d  that a t  le a st  5 0 %  of the  
a n im a ls  a re  lo st in th is  w ay. In ste ad  net f ish e r ie s  a re  
the m o st  c o m m o n  w ay  o f  c a tc h in g  b e lu g a s  (K le inen - 
b erg  e t  a l .  1964).

O c c a s io n a l ly  h u n t in g  is  c o n d u c te d  o p p o rtu n is t ica lly  
from  the sh ore . F o r  exam p le , at R e so lu te  in early  S e p ­
tem ber o f  1976 b e lu g a s  w ere  se e n  c lo s e  to  the  sh ore. 
A b o u t  10 o r  12 p e o p le  at the  se ttlem en t w ere a lerted  
an d  d rove  to  the sh ore . M a n y  s h o ts  w ere fired from  th e  
b e ach  a n d  a t  le ast five  b e lu g a s  w ere hit. N o n e  w ere re­
trieved b e c a u se  a  b o a t w a s  not im m e d ia te ly  a va ila b le  
(L G L  Ltd. u n p u b lish e d  data).

N e tt in g  h a s  proven to be  a  very e ffective  m eth od  o f  
c a tc h in g  b e lu g a s  in the p a s t  (M c La re n  a n d  M a n s f ie ld  
1960; S e rg e a n t  1968) but u se  o f th is  m eth od  a p p e a rs  to  
have  d e c lin e d  in recent y e a r s  b e c a u se  the  ava ilab ility  
of o u tb o a rd  m o to rs  ‘h a s  g re a t ly  reduced  th e  a m o u n t o f  
p atien ce  a n d  w ork  required  fo r  w h a lin g ’ (F raker 1977a).

HUNTING TECHNIQUES
M atu re  b e lu g a s  w e ig h  from  540 to  765 k g  a n d  a p p ro x i­
m ate ly  6 0 %  o f th is  I s  co n s id e re d  p o te n tia lly  e d ib le  
(Brake! 1977). H ow ever, m u ktu k  (sk in  a n d  th in  layer of 
blubber), w h ic h  c o m p r is e s  1 8 %  of the  b o d y  w e igh t  
(B rakel 1977), is  o ften  the o n ly  p ro d u c t taken. In  the  
M a c k e n z ie  delta, b e lu g a  m eat is  a ls o  take n  a n d  dried  
for u se  but it is  n o t c o n s id e re d  a  p rim e fo o d  (B rakel 
1977). In  su m m a r iz in g  the  so c io -e c o n o m ic  im p o rtan ce  
o f b e lu g a s  in the M a c k e n z ie  d e lta  area, B rake l (1977) 
s u g g e s t e d  that the ir cu rrent im p o rtan ce  to  the Inuit 
‘m ay  b e  m ore  a  m atte r o f  p re ference  th an  n e c e s s it y ’. 
H ow ever, Fraker (1977a) s t re s se d  the h ig h  cu ltu ra l and  
so c ia l v a lu e s  o f th e  hunt.

UTILIZATION

' P u b l i s h e d  a s  H u n t  ( C a n .  F i s h .  M a r .  S e r v .  T e c h .  R e p t .  

N o .  7 6 9 ,  1 9 7 9 ) .
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N A R W H A L

DISTRIBUTION

T h e  narw hal i s  fo u n d  p rim arily  in ea ste rn  C a n a d ia n  and  
G re e n lan d  a rc tic  w ate rs. It i s  a  m igrato ry  s p e c ie s  that 
v a c a te s  m o st  of its  C a n a d ia n  range  du r in g  the w inter  
fa s t  ice  period. Th e  w inter ra n ge  o f the narw ha l is  po o r­
ly kn o w n  but it is  th o u gh t  to in c lu d e  the  so u th  e d g e  of 
the  w inter p a ck  ice  in D a v is  S tra it  a s  w ell a s  the D is k o  
B a y  a re a  of w e st  G re e n lan d  (V ibe  1967; K ap e l 1975a,
1977) . M ’C lin to c k  (1859) frequently  o b se rve d  n arw h a ls  
m ig ra t in g  northw ard  th ro u gh  the  pack  ice  in late  M a rc h  
o f 1858 in the  m id d le  of D a v is  S tra it  (about 6 8 e3 0 ’N). 
M a n s f ie ld  e t  a l .  (1975a) th o u gh t  that so m e  n a rw h a ls  
p ro b ab ly  w in tered  in the 'no rth  w ater' a t  the north  end  
o f B a ffin  Bay; how ever, a  recent su rve y  (L G L  Ltd. 1978; 
unpub l. data ) d id  not co n firm  th is.

M o s t  n a rw h a ls  m ig rate  north  in to  B a ffin  B a y  in sp r in g  
but a  sm a ll,  undeterm ined  n u m b e r m o ve  th rou gh  H u d ­
s o n  S tra it  in to  northern  H u d s o n  B ay  and  F o x e  B a s in  
(B an fie ld  1974; M a n s f ie ld  e t  a l .  1975a). The northw ard  
m ig ra t io n  in B a ffin  B a y  b e g in s  in M a rch  an d  m o st  
a n im a ls  fo llo w  the re c e d in g  ice  up the  w e st  c o a s t  of 
G re e n lan d  to  M e lv ille  B ay  a n d  the T h u le  area. S o m e  
a n im a ls  co n tin u e  north  in to  S m ith  S o u n d  but m o st  
turn w e s t  a n d  so u th w e st  a n d  enter J o n e s  S o u n d  and  
L a n c a s te r  S o u n d  in  Ju n e  a n d  J u ly  (K a p e l 1975a; M a n s ­
fie ld  e t  a l .  1975a; J o h n so n  e t  a l .  1976). It is  not kn ow n  
w h e th e r o th er northw ard  ro u te s th ro u gh  B a ffin  B a y  are  
a ls o  u se d .1

L a rg e  n u m b e rs  of n a rw h a ls  su m m e r  in A d m ira lty  In let 
a n d  E c lip s e  S o u n d . B. K e m p e r  (in M iln e  a n d  S m ile y
1978) e s t im a te d  10,000 n a rw h a ls  in A d m ira lty  In le t in 
1975. N a rw h a ls  a ls o  m ove  w e s t  into the A rc t ic  A rc h i­
p e la g o  v ia  Ba rro w  Stra it. S m a l l  n u m b e rs of th e se  a n i­
m a ls  m ove  north  o f B a rro w  Stra it in to  M c D o u g a ll  
S o u n d  a n d  W e llin g to n  C h an n e l. How ever, su b s ta n tia l 
n u m b e rs  m o ve  so u th  in to  P e e l S o u n d  (over 1,000 a n i­
m a ls  —  F in le y  a n d  J o h n sto n  1977) and  p re su m a b ly  
in to  P r in ce  R e g e n t  In le t a n d  G u lf  o f Bo o th ia .

T h e  au tu m n  m ig ra t io n  ge n e ra lly  re traces the  sp r in g  
a n d  su m m e r  m o v e m e n ts  in  the  a rch ip e lago . S o u t h ­
w ard  m ig ra t io n  in B a ffin  B a y  is  not w ell u n d e rstood .  
N a rw h a ls  leave  the A rc t ic  A rc h ip e la g o  in Se p te m b e r  to 
O c to b e r  (J o h n so n  e f a l .  1976; F in le y  and J o h n sto n  
1977). A  so u th w ard  m o ve m e n t h a s  been observed  
a lo n g  the e a s t  c o a s t  of B a ffin  Is la n d  du r in g  O c to b e r  
a n d  N o v e m b e r (A n d e rs e t  a l .  1967; Free m an  1976). V ib e  
(1967) sta te d  that so u th w ard  m ig ra t in g  n a rw h a ls fo llo w  
the  border o f  the C a n ad ia n -G re e n lan d  current in Ba ffin  
Bay. T h e  p r in c ipa l so u th w ard  m ig ra t io n  rou te s are  not 
know n. ’

C u rre n t k n o w le d ge  o f d is tr ib u tio n  of n a rw h a ls  is  s u m ­
m arized  in F igu re  11.

' R e c e n t  s t u d i e s  ( 1 9 7 8 - 7 9 )  b y  L G L  L t d .  f o r  t h e  P e t r o -  

C a n a d a  E A M E S  P r o j e c t  h a v e  c l a r i f i e d  m i g r a t i o n  r o u t e s  

o f  n a r w h a l s  i n  B a f f i n  B a y  ( i n  p r e p . ) .

STATUS AND SIZE OF POPULATIONS

E s t im a te s  of n u m b e rs o f o ffsh o re  sp e c ie s  su c h  a s  the  
narw ha l have, until recently, been  b a se d  o n  o b se rv a ­
t io n s  from  s h ip s  an d  c o a s ta l v a n ta ge  p o in ts. R e c e n t  
in d u str ia l a c t iv it ie s  in the  north  have  grea tly  in c re a se d  
aeria l su rve y  co v e rag e  o f  o ffsh o re  w a te rs  a n d  not s u r ­
p r is in g ly  the d ifferent te c h n iq u e s  y ie ld  d ifferent 
re su lts.

It h a s  recen tly  been  e s tim ate d  that b etw een  20,000 an d
30,000 n a rw h a ls  entered L a n c a s te r  S o u n d  in 1976  
(D a v is  e t  a l .  1978a). T h is  e s t im a te  is  b a se d  o n  a  c o m ­
b in a tio n  o f sh o re -b a se d  o b se rv a t io n s  (G ree n da le  a n d  
B ro u sse a u -G re e n d a le  1976) a n d  in te n sive  aerial s u r ­
v e y s  d e s ig n e d  fo r  b ird s (J o h n so n  e t  a l .  1976) a n d  in ­
v o lv e s  a  co m p le x  se r ie s  of a s s u m p t io n s  a n d  e x tra ­
p o la t io n s. Th e  e s t im a te s  need to  b e  verified  w ith s u r ­
v e y s  d e s ig n e d  sp e c if ic a l ly  for narw ha ls. It i s  im po rtan t  
that in c re a se s  in e s t im a te s  o f p o p u la t io n  s iz e s  d u e  to  
im pro ved  su rve y  te ch n iq u e s  not be  interpreted a s  real 
in c re a se s  in po p u la t io n  size s.

T h e  narw ha l a ls o  su m m e rs  in J o n e s  S o u n d  (n u m b e rs  
u n k n o w n  but th o u gh t to  be low), in T h u le  D is tr ic t  o f  
n o rth w e st G re e n lan d  (abou t 2,500 a n im a ls  —  B ru e m - 
m er in M a n s f ie ld  e t  a l .  1975a) a n d  in northern  H u d s o n  
B a y  an d  F o x e  B a s in  (n u m b e rs u n kn o w n  but th o u gh t  to  
be  low  —  M a n s f ie ld  e t  a l .  1975a). C learly , a va ila b le  
in fo rm a tio n  on  the size  of the  narw ha l p o p u la t io n  is  
inadeq uate . Th e  ran ge  (10,000) for the  e s t im a te  for L a n ­
c a s te r  S o u n d  e x c e e d s  the  n u m b e rs  th o u gh t to  be p r e s ­
ent in e a ch  o f the other su m m e r in g  a re a s  a n d  p e rh a p s  
a ll o f them  co m b in e d l

T h ere  is  n o  in fo rm ation  ab ou t the in te rre la tio n sh ip s  
a m o n g  the v a r io u s  su m m e r in g  p o p u la t io n s  of n a r­
w h a ls . It is  not know n  w he the r they  represent se m i-  
iso la te d  s t o c k s  w ith  restr icted  ge n e tic  in te rch a n ge  or 
w he the r a ll o f the a n im a ls  b e lo n g  to a  s in g le  free ly  
in te rb reed in g  pop u lat ion . B a se d  o n  the m e ag e r a v a il­
a b le  in fo rm ation  on  m ig ra t io n  a n d  w in te rin g  a reas, it 
s e e m s  like ly  that the a n im a ls  in Thule, J o n e s  S o u n d



FIGURE 11 Distribution and Migration Routes of Narwhals in the Canadian 
Eastern Arctic. (Based on sources cited in text.)
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a n d  L a n c a s te r  S o u n d  are, at least, poten tia lly  inter- 
breed ing. T o o  little is  k n ow n  a b o u t  the m o v e m e n ts  of 

B ay -F o xe  B a s in  p o p u la t io n  to  determ ine  
w he the r it i s  partia lly  iso la te d  from  the B a ffin  B ay  
a n im a ls.

POPULATION STRUCTURE 
AND DYNAMICS

T h e  p o p u la t io n  stru ctu re  o f the narw ha l is  very poo r ly

î i ĩ r u í n n i 11, K ;«H £ y 0 f A rc t ic  B ,o l° 0 |cal S ta t io n  and  
M c G il l  U n ive rsity  h a s  recen tly  (1974-1976) c o n d u c te d  a
stu d y  o f  a s p e c t s  o f the repro ductive  b io lo g y  of the nar- 
w h a l but h ie  d ata  are not yet fu lly  analyzed. N a rw h a l 
reproductive  b io lo g y  i s  a s s u m e d  to b e  s im ila r  to  that 
o f  the c lo s e ly  related b e lu g a  (M a n s f ie ld  e t  a l .  1975a) 
a n d  current m an a ge m e n t  is  b a se d  o n  th is  unproven  
a ssu m p t io n . K

REPRODUCTIVE BIOLOGY
A lth o u g h  there is  no  in fo rm a tio n  on  the b re e d in g  be- 
h av lo ur o f th e  narw hal, H a y  a n d  S e rg e a n t  (1976) su g -  
ge e t that th e  s p e c ie s  i s  p o ly g a m o u s .  P o ly gy n y  i s  im ­
p lie d  from  fe a tu re s s u c h  a s  se x u a l d im o rp h ism  (m a le s  
a rge r  than  fem a le s), later a tta in m e n t o f se xu a l m atu r­

ity In the m a le s  than  in the fe m a le s, a n d  the p re se n ce  
o f a  tu sk  on  the  m ale  narw hal.

B re e d in g  o c c u r s  ab o u t m id-April, g e s ta t io n  la s t s  ab o u t  

14T « 0Z,th8 a n d  ca ,v ln 9 o c c u r s  a b o u t  m id -Ju ly  (B e st

?enr l u « her 1? 7i : lylan8,,eld e t  a l - 1975a). A s s u m in g  a  
la c ta tio n  p e riod  o f 20 m on th s, a s  in the b e lu ga  (Se r­
ge a n t  1973a), fe m a le s m ay  p ro d u ce  a  ca lf  every third

K  (Р и 9Л Ги Л1 a n d  F r0 u ch e n  1935; M a n s f ie ld  e t  a l .  
1975a) but th e  propo rtion  that d o  is  unknow n. Th e  a g e  
o f se x u a l m atu rity  In  the  narw ha l is  a s su m e d  to  be  
s im ila r  to that In the b e lu ga, w h ic h  m atu re s at five  
y e a rs  (fe m a le s) and  e ig h t  to n ine  y e a rs  (m a le s) (B rod le
1У» 1/.

AGE STRUCTURE
T h e  u s e  o f  tooth  a n d  m an d ib u la r  layering for 
e v a lu a tin g  th e  a g e  stru ctu re  o f  narw ha l p o p u la t io n s  
a p p e a rs  to b e  o f lim ited  va lue  (K. H a y  p e rson a l co m -  
m unication ). A s  w ith  b e lu g a s  there are  d iff icu lt ie s  in 
in te rpreting the  n u m b e r o f too th  layers in o lder  
a n im a ls  a n d  d e te rm in in g  the n u m b e r of layers la id  
d o w n  p er year. There is  n o  in fo rm a tio n  on  a g e -sp e c if ic  
m orta lity, a g e -s p e c if ic  reproductive  variab ility  or 
reproductive  longevity.

MORTALITY FACTORS
A p art  from  h u n t in g  (d is c u s s e d  later) there is  little  
qu an tita tive  in fo rm a tion  ab o u t natura l m ortality.

K ille r  w h a le s  are kn o w n  to  take  n a rw h a ls  (D egerbd l 
a n d  F re u c h e n  1935); how ever, k ille r w h a le s  are not 
n u m e ro u s  w ith in  the ra n ge  o f the  narw ha l and  it is

d o u b tfu l whether they have a  s ig n if ic a n t  effect o n  nar­
w ha l p o p u la t io n s.

There are  se vera l a c c o u n t s  o f  n a rw h a ls  b e in g  trappe d  
n the Ic e  w here  they m ay  su ffe r  h ig h  m orta lity, par­

ticu la rly  w hen  fo u n d  b y  Inu il h u n te rs  (B ro w n  1868' Por- 
s l id  1918; V ib e  1950; K ap e l 1977). In  the w inter o f 1924 
aro u n d  600 n a rw h a ls  w ere trappe d  in the ice in  A d ­
m ira lty  In let a n d  a  tota l o f 203 tu s k s  w ere  taken b y  the 
Inuit (D e ge rb d l a n d  F re u ch e n  1935).

POPULATION DYNAMICS
Th ere  are  too  few  d a ta  on n a rw h a ls  to  m ake  re liab le  
s ta te m e n ts  ab o u t  the p o p u la t io n  d y n a m ic s  o f  the 
sp e c ie s. T h e  a va ila b le  in fo rm a tio n  o n  the c lo s e ly  
re lated  b e lu g a  w a s  review ed in the a c c o u n t  o f  that 
sp e c ie s.

There is  no  in fo rm a tio n  ab o u t the natura l re gu la t io n  
m e c h a n ism s  that a c t  o n  narw ha l p o p u la t io n s  an d  there  
i s  no  in fo rm ation  a b o u t  the po te n tia l ca rry in g  c a p a c ity  
for narw ha ls, o f a rc tic  m arine a reas. '

HARVEST AND UTILIZATION

H isto r ic a l re c o rd s in d icate  that in the la te  1800’s  an c  
early  1900 s  e ither relatively fe w  n a rw h a ls  were taker, 
o r few  w ere reported  b y  w h a le rs  (L u b b o c k  1937). H ow -  
ever, W ill iam  D u va l to ld  S o p e r  (1928) that the w h a le rs

EcSpseSound13073 8 2,8° ° narwhals in o n eУ0а гfrom 

ANNUAL HARVEST
A t p re sen t the k il lin g  o f  n a rw h a ls  is  restr icted  p rim ar-

c L , ? J he 5a s ,tern C a n a d ia n  A rc t ic  (particu larly  B a f f in  
Is la n d ) an d  a lo n g  the w e st c o a s t  o f G reen land . C o n -

0h  n u m b 0 rs  ° f a n im a ls  are taken b y  tw o  
north  B a ffin  c o m m u n it ie s  -  P o n d  In let a n d  A rct ic  Bay.

in n tCh ° r iih e ! e tw o  c o m m u n itie s w a s  e s t im a te d  

? Í 77?° c a n nUally  f rum  1973' 1975 (S m ith  and  T a y lo r  
1977). S m a lle r  n u m b e rs  are take n  regu larly  at G r is e  
F io rd  a n d  C ly d e  River. N u m b e rs  taken  b y  other c o m ­
m u n it ie s  are o ften  q u ite  va riab le  from  ye a r  to year a n d  
o c c a s io n a lly  m ay  be  u n u su a lly  h igh  (e.g., 73 at C a o e  
D o rse t  in 1966 —  H ig g in s  1968; 90 at P an gn ir tu n p  hi 
early  1960’s  —  S m ith  a n d  T a y lo r  1977). 9

very ln c o m P l0 te. M a n s f ie ld  e t  a l .  

finn7 n n H Si i m a t̂ed that the a n n u a l take  m ay  be 500  to  
600 (in c lu d in g  a  G re e n lan d  c a tc h  o f 100 to 135 nar-

ordflrSn ? ! di S at í,he a n n u a l m ax im u m  ki|l m ay  be in  the  
° rd e r.ofJ ’i 50 wihen  a  rou gh ly  e s t im a te d  lo s s  of 5 0 %  is  

S i  n K \ pe  (1,975a) e s t im ate d  that the an nu a l har- 
a h n  ? Rí n rw ^  s . n W 0St G r00 n lan d  w a te rs  is  a c tu a lly
iQ 77\ am °  S Ĩ  ? ’ but h is  m o re  r0C0nt f ig u re s  (K a p e l 
1977) are  s l ig h t ly  lower. A b o u t  125 to  250 are  taken an-
nua lly  in T h u le  D is tr ic t  in su m m e r, a n d  107 to 474 
(m ean 221) w ere taken  a n n u a lly  e lse w h e re  a lo n g  the  
w e s c o a s t  of G re e n lan d  in 1967-1974. M o s t  of the nar  
w h a ls  taken  in G re e n lan d  so u th  o f T h u le  D istr ic t  are



taken  in fall, w in ter a n d  sp r in g , an d  p ro b ab ly  in c lu d e  
n a rw h a ls  that enter C a n a d ia n  w ate rs in sum m e r.

Th e  C a n a d ia n  harvest o f  n a rw h a ls  is  now  re gu late d  by  
a  c o m m u n ity  q u o ta  sy s te m . Th e  a llo w a b le  harvest in 
e a ch  c o m m u n ity  w ith a  q u o ta  is  p re se n te d  in T a b le  9. 
Th e  re g u la t io n s  (e sta b lish e d  in 1976) proh ib it the k ill­
in g  o f c a lv e s  a n d  fe m a le s  a c c o m p a n ie d  b y  a  calf.

TABLE 9
A n n u a l Q u o ta  (1978) fo r  H arve st  o f N a rw h a ls  in tho  
C a n a d ia n  A rctic .

Se tt le m e n t A re a Q u o ta

R e s o lu te  B ay 20
C re sw e ll B ay 12
G r ise  F iord 20

A rc t ic  B ay 100

P o n d  In let 100

C ly d e  R iver 50

B ro u g h to n  Is la n d 50

P an g n ir tu n g 15
F ro b ish e r  B a y 10
Lak e  H a rb o u r 10

C a p e  D o rse t 10

C o ra l H a rb o u r 10

R e p u lse  B ay 15

H a ll B e a c h 10
Ig lo o lik 10

P e lly  B a y 10
S p e n c e  B ay 10
G jo a  H ave n 10

T ota l 472

HUNTING LOSS
L o s s e s  of n a rw h a ls  du e  to s in k in g  a n d  w o u n d in g  are  
very h igh . M a n s f ie ld  e t  a l .  (1975a) e s t im a te  the  lo s s  at 
5 0 % .  In  w e st  G re e n lan d  the  lo s s  at the  ice -e d ge  hunt is  
a ls o  e s t im a te d  at up  to 5 0 %  (B ru em m er c ite d  by M a n s ­
fie ld  e t  a l .  1975a). H ay  (1976) found  s in k in g  lo s s e s  to  be  
ab o u t 2 0 %  d u r in g  late su m m e r; how ever, he  noted  that 
lo s s e s  at the  ice -ed ge  hunt, w here m o st  o f the nar­
w h a ls  are taken, w ere h igh e r but not quan tifiab le . 
O b se rv a t io n s  o f the 1978 ice -edge  hunt at P on d  In let  
have not yet been  tabu lated , but cu rso ry  e x am in atio n  
in d ic a te s  that a  5 0 %  lo s s  is  an  u n d e re stim ate  (L G L  
Ltd. u n p u b lish e d  data).’

SEASONAL AVAILABILITY
Th e  m ajority  o f  the n a rw h a ls  are taken  d u r in g  the brief 
su m m e r  period  o f late J u n e  to  Se p te m b e r. At P o n d  
In let a n d  A rc t ic  B a y  the Inu it d e p e n d  on  the  p re se n ce  
of n a rw h a ls  a t the  ic e -e d ge s  of P o n d  In let a n d  A d m ira l­
ty In le t in J u n e  an d  Ju ly. It is  d u r in g  th is  period, par­
t icu la rly  late J u n e  to early  July, w he n  the h u n ting  is  
m o st  c o n c e n tra te d  an d  la rge  n u m b e rs of n a rw h a ls  are  
taken.

N a rw h a ls  penetrate  q u ick ly  in to  a re a s  w here ice  is  
b re ak in g  up  an d  in favo u rab le  y e a rs  they have  been  
know n  to  penetrate  far in to  th e  a rc h ip e la go , a c c o u n t ­
in g  for the  o c c a s io n a l hunt n e a r se tt le m e n ts  s u c h  a s  
S p e n c e  B a y  an d  P e lly  Bay. F o r  e xam p le , in  the  late 
su m m e r  o f 1975, th e  p e o p le  o f  P e lly  B a y  m a n a g e d  to  
kill se ve n  of ab o u t 50 n a rw h a ls  that a p p e a re d  n ear the 
se ttlem ent; th is  w a s  an  u n u su a l o c c u rre n c e  (D. D ow - 
1er, p e rso n a l c o m m u n ic a t io n ).

HUNTING TECHNIQUES
Th e  ice -e d ge  hunt is  an  im portan t h u n t in w h ich  m any  
n a rw h a ls  are taken  b y  the In u it  o f P o n d  In let a n d  A rc t ic  
Bay. A t  P o n d  Inlet, a  few  tent c a m p s  are  u su a lly  e s ta b ­
lish e d  a lo n g  the ice -e d ge  in early  J u n e  a n d  the  ice- 
e d g e  is  o ften  p a tro lle d  on  s n o w m o b ile s  until n a rw h a ls  
are sp o tted . N a rw h a ls  that a p p ro a c h  the ice -edge  
w ith in  50  m  are s h o t  at w ith  .303 an d  .3006 rifle s lo aded  
w ith  hard  tip  bu lle ts. If the  a n im a l i s  k ille d  a n d  re m a in s  
a flo a t  it ca n  be retrieved w ith  a  boat. T h e  hunt retreats  
w ith the ice -edge  a n d  the h u n te rs  a n x io u s ly  aw a it  the  
a p p e a ran ce  of n a rw h a ls  in the  s m a ll h o le s  a n d  ice  
c ra c k s  a s  n a rw h a ls  p u sh  in to  the d is in te g ra t in g  fast  
ice. N a rw h a ls  in ic e  c ra c k s  a re  fa ir ly  e a sy  to  p u rsu e  
an d  kill.'

Later in the su m m e r  n a rw h a ls  are  u su a lly  fo u n d  in 
fio rds. T h e se  n a rw h a ls  are  driven  b y  b o a ts  (equ ipped  
w ith  20 to  60 hp e n g in e s )  in to  sh a llo w  w ate r a n d  are  
sh o t. A  few  exp e rie n ce d  h u n te rs  m a y  h a rp o o n  the  
w h a le s  a s  is  rou tine ly  d o n e  in the T h u le  D is tr ic t  o f 
n o rth w e st G reen lan d . In  1977, th is  te ch n iq u e  w a s  e m ­
p loyed  s u c c e s s fu l ly  at C re sw e ll B a y  (L G L  Ltd., un ­
p u b lish e d  data). T h e  a n im a l w a s  u su a lly  h a rp o o n e d  
a fter it h ad  been sh o t  once ; a  se a ls k in  b u o y  ( a a v l t u k )  

an d  a  d ra g  d ev ice  s lo w e d  the a n im a l d o w n  until it w a s  
d isp a tc h e d  w ith m ore  sh o ts .

UTILIZATION
Th e  narw ha l h a s  a lw a y s  been  prized  for its  sk in  
(m uktuk), w hich, in  the raw  sta te , i s  reputed  to  b e  h igh  
in V itam in  C  conten t. T h e  w h a le  m eat h a s  trad itio nally  
been  u se d  a s  d o g  fo o d  but th e  Im p o rta n ce  o f th is  h a s  
been  d e c lin in g  w ith  the d e c re a se  in the n u m b e r of 
d o g s  (M a n sf ie ld  e t  a l .  1975a). R e c e n tly  there h a s  been  
co nce rn  that h igh  p r ic e s  p a id  for ivory  m ay  in d u ce  
h unters to  kill m an y  m ore m a le s  for the ir t u s k s  (M a n s ­
fie ld  é t a l .  1975a). In u it at C re sw e ll B a y  k illed  o n ly  large  
m a le s  in the h u n ts  o b se rve d  in 1976 a n d  1977. A ll m eat 
w a s  sto re d  for u se  a s  d o g  fo o d  d u r in g  the w in ter (L G L  
Ltd. u n p u b lish e d  data). R ie w e  (1977) sta te d  that nar­
w ha l ivory so ld  fo r  $44 per k g  (as m u ch  a s  $300 per 
tusk) in 1972 at G r is e  F iord. L o n g  tu s k s  (180 to  250 cm ) 
are p re sen tly  s e llin g  for ab o u t  $75 p er k g  ($350 to  $450 
per tu sk ) at P on d  Inlet. S m a l le r  tu s k s  are in gre a te r  d e ­
m an d  a s  so u v e n irs  an d  are s o ld  for a b o u t  $100 per kg.

' T o  b e  p u b l i s h e d  a s  F i n l e y  et al. ( R e p t .  I n t .  W h a l .  C o m -  

m n  3 0 ,  1 9 8 0 ) .  L o s s  r a t e  a t  i c e - e d g e  h u n t  w a s  6 9 % ,  b a s ­

e d  o n  a  s m a l l  s a m p l e .  ( N  =  1 6 ) .



K IL L E R  W H A L E
1

DISTRIBUTION

T h e  Killer w h a le  Is  d istr ib u te d  th ro u gh o u t the w o r ld 's  
o c e a n s  but is  m o st  ab u n d a n t  in the  co o le r  tem perate  
a n d  a rc tic  w a te rs  of bo th  h em isp h e res.

In  late  su m m e r, the kille r w ha le  m ay  be fo u n d  in the  
ea ste rn  C a n a d ia n  A rc t ic  in B a ffin  Bay, e a ste rn  L a n ­
c a s te r  S o u n d , D a v is  S tra it  and  at the  en tran ce  of H u d ­
s o n  S tra it  (L u b b o c k  1937; M ille r  1955; B is se t t  1967b; 
Im peria l O il e t  a l .  1978). There are c o n f lic t in g  a c c o u n t s  
re ga rd in g  its o c cu rre n ce  in H u d so n  B ay  (D e ge rb d l an d  
F re u ch e n  1935; L o u gh re y  1959; S e rg e a n t  1968), w here  
it m u st  b e  at m o st  sp o ra d ic  in it s  occu rre n ce  d u r in g  
the su m m e r  se a s o n .  S im ila r ly  i t s  occu rre n ce  in the  
w este rn  C a n a d ia n  A rc t ic  is  not w e ll d ocum ented .

T h e  k iller w h a le  u su a lly  a rrive s in arctic  w a te rs  du r in g  
su m m e r  a fter the p a c k  ice  d isp e r se s . It a p p e a rs  to  
a vo id  a re a s  o f heavy ice  an d  co n se q u e n t ly  it d o e s  not 
penetrate  far in to  the  A rc t ic  A rch ip e la g o .

STATUS AND SIZE OF POPULATIONS

N o th in g  is  kn ow n  ab o u t  d isc re te n e ss  o f s t o c k s  a l­
th o u g h  it a p p e a rs  that p o p u la t io n s  in the northern  
h e m isp h e re  a re  se p ara te d  from  th o se  in the so u th .

L itt le  is  kn o w n  ab o u t the n u m b e rs of k iller w h a le s, in 
the A tlan tic , the  la rge s t  n u m b e rs ap p e a r to  o c c u r  in 
the n o rth easte rn  se cto r, pa rticu larly  a lo n g  the c o a s t  of 
N o rw ay  ( j8 n s g a r d  a n d  L y sh o e l 1970). in the e a ste rn  
C a n a d ia n  A rctic , k ille r w h a le s  are  in frequently  seen , 
an d  then on ly  in sm a ll n u m b e rs (D e g e rb il a n d  F re u ­
c h e n  1935; R R C S  1977; Im peria l O il e t  a l .  1978).

POPULATION STRUCTURE 
AND DYNAMICS

N o th in g  is  kn o w n  of the  p o p u la t io n  stru ctu re  of k ille r  
w h a le s.

T h e  birth s e a s o n  h a s not been de fine d  c learly  a lth o u gh  
it a p p e a rs  that relatively  m ore c a lv e s  are born  in late  
au tu m n  a n d  w inter ( jô n sg a rd  an d  L y sh o e l 1970; M it ­
ch e ll 1975b). T h e  g e s ta t io n  period  is  th o u gh t to  be  at 
le a st  12 m o n th s  (M itch e ll 1975a). F e m a le s  an d  m a le s  
se e m  to a tta in  se x u a l m aturity  w h e n  ab ou t 16 and  19 
feet (4.9 a n d  5.8 m) long, re spective ly  (J o n sga rd  a n d  
L y sh o e l 1970). N o th in g  is  know n  o f  the a g e  o f se x u a l 
m aturity  o r reproductive  rate.

HARVEST AND UTILIZATION

M itc h e ll (1975b) h a s  review ed the  in te rnational fish e ry  
for k ille r w h a le s. R e la t ive ly  s m a ll n u m b e rs  are taken. 
T h e  k iller w h a le  is  not regu la r ly  take n  by C a n a d ia n  
Inuit.

Fou rteen  kille r w h a le s  w ere o b se rv e d  by b io lo g is t s  

from  M a c L a re n  A tlan tic  Ltd. at the head  o f  C u m b e r ­
land  S o u n d  in m id -A u g u s t  1977; the a n im a ls  w ere  
s ig h te d  a ga in  in Se p te m b e r  w h e n  they w ere trappe d  in 
a  sm a ll sa ltw a te r  lake (Im peria l O il Ltd. e t  a l .  1978). A ll 
14 of th e se  w h a le s  w ere  sh o t  b y  lo ca l re s id e n ts  (D. 
Dow ler, F ish e r ie s  a n d  M a r in e  Se rv ice , Y e llow kn ife , 
p e rso n a l co m m u n ica t io n ). N o  u se  w a s  m ad e  o f the  
d e ad  a n im a ls. A  lo ca l G a m e  O ff ic e r  w a s  proh ib ited  by 
the h un ters from  c o lle c t in g  b io lo g ic a l s a m p le s  from  
the de ad  a n im a ls  (T. C h o w n s ,  p e rso n a l c o m m u n ic a ­
tion).

Th ere  is  an  u n su b s ta n tia te d  report of tw o  k ille r w h a le s  
that appeared  in B a k e r Lak e  in the la te  su m m e r  of 
1978. A p p are n tly  both  a n im a ls  w ere k ille d  by native  
h u n te rs (N u n a ts ia q  N e w s, A u g u s t  1978).

T h e  kille r w ha le  is  w ell k n ow n  to  m an y  Inu it c o m m u n i­
t ie s  in the  ea ste rn  C a n a d ia n  A rct ic . U ntil very recently  
there h a s  been no  attem pt, a s  far a s  w e  know , to  kill 
th e se  a n im a ls. N u m e ro u s  a c c o u n t s  m e n tio n  the b e n e ­
f it s  ga in e d  by Inu it h u n te rs w h e n  k ille r w h a le s  a re  in 
the  vicin ity; o th er s p e c ie s  o f  m arine  m a m m a ls  are  
reported  to take  sh e lte r  a m o n g  the  ice  f lo e s  or in near­
sh o re  w ate rs w here they  b e c o m e  e a s y  prey fo r the 
Inu it (B row n  1868; L o w  1906; D e ge rb d l an d  F reu ch en  
1935; B is se t t  1967b; H ig g in s  1968).



B O W H E A D  O R  G R E E N L A N D  R IG H T  W H A L E

T h e  b o w h e ad  is  a  m e d iu m -s ize  b a leen  w hale ; it 
re a c h e s  le n g th s  of over 20 m.

DISTRIBUTION

B o w h e a d s  o c c u p y  a  d is c o n t in u o u s  c irc u m p o la r  ran ge  
in a rc tic  w ate rs, p rim arily  north  o f 6 0 aN. T w o  iso la te d  
p o p u la t io n s  are  fo u n d  in the  C a n a d ia n  A rctic .

In  the w este rn  A rctic , b o w h e a d s  su m m e r  in the  
A m u n d se n  G u lf  area, w h ich  w a s  an  o ld  w h a lin g  g ro u n d  
(F rake r 1979). B o w h e a d s  w inter in the B e r in g  S e a  and  
m igra te  p a st  P o in t Barrow , A la sk a ,  into  the Be au fo rt  
S e a  in late  April, M a y  an d  early  June; m o st  in d iv id u a ls  
p a s s  P o in t  Ba rro w  d u r in g  the first ha lf o f M a y  (F is c u s  
a n d  M a rq u e tte  1975; B ra h a m  e t  a l .  1977a; M arqu ette  
1977). F ro m  P o in t Ba rro w  m o st  are th o u gh t to head  
n o rth e a st  th ro u gh  the  so u th e rn  p o la r  p a ck  ice  to reach  
the  B a n k s  Is la n d  region ; they  are then th o u gh t  to m ove  
so u th  o ff  the w e st c o a s t  o f B a n k s  Is la n d  in to  A m u n d ­
se n  G u lf  (F igu re  12) (F raker 1979). Late  m ig ra t in g  in ­
d iv id u a ls  p rob ab ly  travel further so u th  in the Be au fo rt  
S e a . V e ry  little is  kn o w n  ab o u t  the fall m o v e m e n ts  of 
b o w h e a d s  ou t of the  e a ste rn  Be au fo rt S e a  (Fraker  

1979).

In  the e a ste rn  A rct ic , m u c h  o f o u r k n o w le d g e  o f the  
d istr ib u t io n  a n d  m ig ra t io n s  of b o w h e a d s  c o m e s  from  
h isto r ic a l a c c o u n t s  o f the  19th ce ntu ry  w h a le rs  w h o  
p u rsu e d  the b o w h e ad  to  the far re ach e s o f its  ran ge  
a n d  b ro u gh t  it to  n ear ex tin c tion . M a n s f ie ld  (1971) h a s  
su m m a r iz e d  recent s ig h t in g s  o f  b o w h e a d s  to sh o w  
that they  c o rre sp o n d  to form e r w h a lin g  g ro u n d s . R o s s  
(1974) h a s  re c o n stru c te d  the su m m e r  d istr ib u t io n  of 
the  b o w h e ad  in H u d so n  B a y  b a se d  on  lo g b o o k s  and  
jo u rn a ls  of w h a le rs  from  1860 to  1915. R o s s  d is c u s s e d  
th e  p o s s ib il it y  that the b o w h e a d s  of northw este rn  
H u d s o n  B a y  w ere a  re s id e n t p o p u la t io n  se p a ra te  from  
that in D a v is  S tra it  a n d  B a ffin  Bay. E v id e n c e  of w in ter  
re s id e n c e  w a s  in c o n c lu s iv e  (R o s s  1974); how ever, Low  
(1906) sta te d  that b o w h e a d s  entered H u d so n  Stra it  a s  
early  a s  A p ril an d  la te  in the fall b o w h e a d s  m oved  e a s t ­
w ard  th ro u gh  H u d s o n  Stra it. A  few  b o w h e a d s  m ay  
overw in ter in H u d so n  B a y  (Low  1906; D e ge rb ü l and  
F re u c h e n  1935).

In  reference to  the b o w h e ad  p o p u la t io n  of D a v is  Stra it- 
B a ffin  Bay, M a n s f ie ld  e t  a l .  (1975b:13) sta te d  that the  
m ig ra t io n s  ‘are  not w ell know n, if indeed  they o c ­
curred '. In fac t there are n u m e ro u s  a c c o u n t s  of th e se  
m ig ra t io n s  b a se d  o n  the w h a le rs ' in tim ate  k n o w le d ge  
o f  th is  a n im a l (F ig u re  13).

T h e  first m ajo r w h a lin g  g ro u n d  in D a v is  Strait, the 
‘S o u th  W e s t  F ish e ry ’, w a s  lo ca te d  a lo n g  the e d g e  of 
the  p a c k  ice o ff C u m b e r la n d  S o u n d  (B row n  1868; K u m - 
lien  1879; L u b b o c k  1937). T h is  f ish e ry  w a s  ope rationa l 
a s  early  a s  M a rch . B o w h e a d s  w intered  a lo n g  the e d ge  
o f the p a c k  ice  in D a v is  Stra it, o ff the m o u th s  of C u m ­
berland  S o u n d  a n d  H u d so n  Strait, and  a ll a lo n g  the  
north  c o a s t  o f Lab rad o r (B row n  1868; L o w  1906).

B o w h e a d s  ap p e a re d  a lo n g  the  w e s t  c o a s t  o f  G re e n ­
land  in M a y  in the v ic in ity  of 6 5 s to  7 0 eN  (B ro w n  1868). 
F ro m  here they  m oved  north  d u r in g  early  J u n e  a lo n g  
the w e st G re e n lan d  c o a s t  to M e lv il le  B a y  w here  they  
c r o s s e d  the northern  e d g e  o f  the  'm id d le  p a c k ’ to  
n orth w est B a ffin  B a y  (Low  1906). B ro w n  (1868) sta te d  
that the b o w h e a d s  c r o s s e d  th e  ‘m id d le  p a c k ’ near lati­
tu de  7 r 3 0 'N .  T h e  w h a le rs  w ere u n a b le  to  penetrate  
the ice  in B a ffin  B a y  a n d  c o n tin u e d  their jo u rn e y  a lo n g  
the c o a s t  o f G re e n lan d  until they  re ach e d  M e lv il le  B a y  
d u rin g  June. T h e  w h a le rs  c r o s s e d  the north  end  o f  
B a ffin  B a y  a n d  a g a in  m et w ith  the b o w h e ad  in Ju ly  on  
the la st  m ajo r w h a lin g  g r o u n d s  in n orth w e ste rn  Ba ffin  

Bay, particu larly  aro u n d  L a n c a s te r  S o u n d  (B ro w n  1868; 
L u b b o ck  1937). A lth o u g h  m an y  w h a le s  penetrated  
w e stw ard  in to  B arrow  S tra it  a n d  P r in c e  R e g e n t  Inlet, 
the la rge s t  n u m b e rs  w ere  fo u n d  in the  v ic in ity  o f P on d  
In let and  E c lip s e  S o u n d  (B row n  1868).

D u r in g  S e p te m b e r  a n d  O c to b e r  b o w h e a d s  m oved  
so u th w ard  a lo n g  the e a s t  c o a s t  of B a ffin  Is la n d . Large  
n u m b e rs o f  b o w h e a d s  en tered  C u m b e r la n d  S o u n d  in 
Se p te m b e r  a n d  O c to b e r  a n d  re m ain e d  there until 
D ecem ber.

STATUS AND SIZE OF POPULATIONS

M itc h e ll (1973) sta te d  that 'a n y  e s t im a te  o f the  s ta tu s  
of b o w h e ad  w h a le s  is  la rge ly  g u e s sw o rk ;  it is  pre­
su m e d  that in the e a ste rn  A rctic , a t  least, the p o p u la ­
tion  is  very low '. T h e  b o w h e ad  p o p u la t io n s  o f the e a st ­
ern A rc t ic  had  a  m u ch  lo n ge r  h isto ry  o f e xp lo ita tion  
than  th o se  in the w e st  a n d  ap p are n tly  s h o w  few  s ig n s  
of recovery a fter h a v in g  been  b ro u gh t to  near e x tin c ­
tion  at the  b e g in n in g  o f  th is  ce ntu ry  (M c V a y  1973). 
M a n s f ie ld  (1971), o n  the b a s is  o f recent s ig h t in g s ,  s u g ­
g e s te d  that the b o w h e ad  p o p u la t io n  of C a n a d a  is  re­
co ve r in g  w ell. It se e m s  like ly  that th e  n u m b e r o f recent 
s ig h t in g s  is  partly  a  fu n c tio n  of in c re a se d  activ ity  in 
the north d u r in g  the la st  d e c a d e  an d  m ay  not represent  
a s ig n if ic a n t  in c re a se  in the popu lation .
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T h e  p o p u la t io n  of b o w h e a d s  that frequented  n o rth ­
w e s t  H u d so n  B a y  w a s  re lative ly  sm a ll co m p a re d  to  the  
p o p u la t io n  In  D a v is  S tra it  a n d  B a ffin  B ay . R o s s  (1974) 
e stim ate d  that 688 b o w h e a d s  w ere  taken in n orth w est  
H u d s o n  B a y  d u r in g  th e  w h a lin g  period from  1880 to  
1915. There h a s  been  n o  s im ila r ly  th o ro u gh  review  o f  
the w h a lin g  re c o rd s  fo r  D a v is  S tra it  an d  B a ffin  B a y . '

T h e  u se fu l b u t  very in co m p le te  record s o f L u b b o c k  
(1937) in d ic a te  that w h a lin g  in te n sity  w a s  m u c h  
gre a te r  in D a v is  S tra it  a n d  B a ffin  Bay. In  1823,782 b ow - 
h e a d s  w ere taken  b y  29  w h a lin g  sh ip s; over 41 s h ip s  
w ere  p re sen t but th e  ca tch  b y  the o th e rs  w a s  not 
recorded  by  L u b b o ck . T h is  w a s  the  be st  year for w h a l- 
In g  in the a re a 2 but o th er la rge  ca tc h e s  are a ls o  re- 
ported. In 1828, over 55 0  b o w h e a d s  were take n  by 30  of 
over 50 s h ip s  present. In  1830 ,100  w h a lin g  s h ip s  w ere  
p re se n t in B a f f in  B a y  (L u b b o c k  1937). T h e  w ha le  f is h ­
ery  In  D a v is  S tra it  b e g a n  In the  early 1700 's; pen etra ­
tion  In to  the n o rth w e st Ba ffin  B a y  w a s  f irst ach ie ve d  
by  the w h a le rs  in 1817. C o m m e rc ia l w h a lin g  in B a ffin  
B a y  a n d  D a v is  S tra it  h a d  v itu a lly  c e a se d  b y  1915.

F raker (1977b, c ite s  R ic e  (1974) a s  e s t im a t in g  that the  
north  P a c if ic  p o p u la t io n s  o f b o w h e a d s  m ay  have num *  

bered  b etw een  4,000 an d  5,000 a n im a ls  prior to  e x ­
p lo ita tion . It i s  not kn ow n  w h a t  p roportion  o f  the  
p o p u la t io n  entered  C a n a d ia n  w aters. T h e  current  
p o p u la t io n  In  the  e a ste rn  B e au fo rt  S e a  w a s  e s tim ate d  
to  b e  In the ‘lo w  h u n d re d s’ (S e rge an t a n d  H o e k  1974). 
T h e  current ‘b e s t  e s t im a te ’ o f  the  num be r o f  b o w h e a d s  

p a s s in g  the northw este rn  c o a s t  of A la s k a  is  2  264 
(B rah am  e t  a l .  1979).3

HARVEST AND UTILIZATION

Th e  native  hun t o f b o w h e a d s  In  the  e a ste rn  A rc t ic  c o n ­
tinued  until the  1940's, b a se d  p rim arily  ou t o f  P an gn lr-  
tu n g  (M a n s f ie ld  e t  a l .  1975b). B o w h e a d s  have  not been  
taken In  the C a n a d ia n  p ortion  o f  the  B e au fo rt  S e a  In  re­
ce nt years, but they are  h u n te d  b y  Inu it d u r in g  the  
m ig ra t io n s  near the A la s k a n  c o a s t.  T h e  b o w h e ad  
w h a le  w a s  de c la re d  an  ‘e n d a n ge re d  s p e c ie s ' b y  the  
U.S. go ve rn m e n t in 1970. In  1977, the In te rn a tio n a l 
W h a lin g  C o m m is s io n  m ove d  to  e x ten d  th e  b a n  on  
co m m e rc ia l h u n tin g  o f b o w h e ad  w h a le s  to  a p p ly  a ls o  
to h u n tin g  b y  natives. T h is  p o s it io n  w a s  m o d if ie d  In 
1978 a n d  a sm a ll q u o ta  h a s  b e e n  a s s ig n e d  to  n a tive s in 
A la s k a 1 in C a n ad a , b o w h e a d s  ca n  be  take n  o n ly  by  
Inu it a n d  on ly  If a  perm it h a s  b e e n  is s u e d  b y  the M in i s ­
ter o f Env ironm ent. N o  p e rm its  w ere  is s u e d  in 1978 
an d  n o n e  w ere requested.

Th e  la s t  record o f a  b o w h e ad  b e in g  taken  In  the  C a n a ­
d ian  A rc t ic  w a s  an  a n im a l k ille d  n ear R e p u lse  B a y  in 
1975 (D. Dow ler, p e rso n a l c o m m u n ic a t io n ).

1 R e c e n t  p u b l i c a t i o n s  c o n c e r n i n g  b o w h e a d s  o f f  A l a s k a  

I n c l u d e  B r a h a m  et al. ( R e p t .  I n t .  W h a l .  C o m m n  2 9 :  

2 9 1 - 3 0 6 ,  1 9 7 9 )  a n d  M a r q u e t t e  ( R e p t .  I n t .  W h a l .  C o m m n  

2 9 : 2 8 1 - 2 8 9 ,  1 9 7 9 ) .

4  M a t i n g  m a y  o c c u r  I n  s p r i n g  ( E v e r i t t  a n d  K r o g m a n ,  

A r c t i c  3 2 : 2 7 7 - 2 8 0 ,  1 9 7 9 ) .

POPULATION STRUCTURE 
AND DYNAMICS

K n o w le d g e  o f  th e  repro ductive  b io lo g y  o f b o w h e a d s  is  
lim ited  to  h is to r ica l a c c o u n ts .  M a t in g  w a s  th o u gh t to  
o c c u r  in su m m e r  and  th e  y o u n g  w ere  born  in M a rc h  o r  
A p ril a fte r a  g e s ta t io n  o f  n ine or ten  m o n th s  (S c o re sb v  
1820; B ro w n  1868).'

T h ere  are no  d a ta  on  th e  p o p u la t io n  d y n a m ic s  of b o w ­
he ad  w h a le s. E v iden tly , they are  long-lived  w ith a  lo w  
reproductive  rate. E s t im a te s  o f  th e  m ax im u m  s u s ta in ­
ab le  y ie ld  of th e  p re -harve sting  s t o c k s  o f  other la rge  
b a leen  w h a le s  are o n ly  tw o to  fou r per ce nt o f the  
s t o c k  (A llen  a n d  C h a p m a n  1977).

' R o s s  ( A r c t i c  3 2 : 9 1 - 1 2 1 , 1 9 7 9 )  h a s  n o w  p u b l i s h e d  s u c h  

a  r e v i e w .  O v e r  2 8 , 0 0 0  b o w h e a d s  w e r e  s e c u r e d  h e r e  b e t ­

w e e n  1 7 1 9  a n d  1 9 1 1 ,  a n d  t h e  t o t a l  k i l l  w a s  c o n ­

s i d e r a b l y  l a r g e r .

’ R o s s  ( 1 9 7 9 )  l i s t s  f o u r  y e a r s  w h e n  o v e r  1 , 0 0 0  

b o w h e a d s  w e r e  s e c u r e d  I n  t h e  D a v i s  S t r a i t / B a f f i n  B a y  

a r e a ,  i n c l u d i n g  1 , 6 3 2  b o w h e a d s  i n  1 8 3 3 .
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W A L R U S

DISTRIBUTION

Th e  w a lru s o c c u p ie s  a  d is c o n t in u o u s  c ircu m p o la r  
range, prim arily  north  o f 6 0 *N  latitude. Th e  P a c if ic  
race  o f the w a lru s  o c c u r s  in the B e r in g  and  C h u k c h i 
S e a s  an d  form erly  the  Be au fo rt  S e a .  O n ly  o c c a s io n a l  
in d iv id u a ls  have  straye d  In to  the C a n a d ia n  se c to r  of 
the Be au fo rt S e a  a n d  ad jacen t ch a n n e ls  in recent 
t im e s  (F ay  1957; B u c k le y  1958; Y o u n g m a n  1965; Har- 
in g to n  1966; U sh e r  1966).

Th e  A tlan tic  w a lru s o c c u r s  In the ea ste rn  A rctic , Foxe  
B a s in  a n d  H u d so n  B a y  (M a n s f ie ld  1967a) (F igu re  14). In  
northern  Foxe  B a s in , the p re se n c e  of sh a llo w  w ater  
an d  year-round ice  a llo w s  m o st  o f  the w a lru se s  to  re­
m ain  there a ll year (M a n s f ie ld  1958). In  sp r in g  a s  the 
ice  re c e d e s a n d  b re a k s  up, the w a lru s e s  are fou n d  in 
the v ic in ity  of the  S p ic e r  Is la n d s  in  centra l F o x e  B a s in  
and  a lo n g  the c o a s t  o f M e lv ille  P e n in su la , so u th  of 
tg loo llk . In  la te  su m m e r  o f so m e  years, w a lru se s  drift 
so u th  o n  ice p a n s  a n d  reach  so u th e a s te rn  S o u th a m p ­
ton  Is la n d  an d  th e  C a p e  D o rse t, N o tt in g h a m  Is la n d  and  
S a lisb u ry  Is la n d  a re a s  a t  the w e st  e n d  of H u d so n  Stra it  
(L o u gh re y  1959). T h u s , there i s  a t le a s t  poten tia l m ix ­
in g  w ith  the a n im a ls  o f  the S o u th a m p to n  Is la n d  area  
an d  w ith  the w a lru s e s  that m ig ra te  th rou gh  H u d so n  
Strait.

W a lr u s e s  re s id e  year-round  in north w e st H u d so n  Bay, 
p rin c ip a lly  in the  w a te rs  a lo n g  th e  so u th  an d  w est  
c o a s t s  o f S o u th a m p to n  Is la n d  a n d  the w e st  sh o re  of 
H u d so n  B a y  so u th  to  E s k im o  P o in t  (M a n sf ie ld  1958). 
M o s t  o f the w a lru s e s  in th is  p o p u la t io n  are th o u gh t  to  
overw inter in the  le a d s  a n d  ope n  w a te r a re a s  fou n d  in 
n orth w est H u d so n  Bay. H ow ever, it is  not know n  
w he the r m ig ran ts  from  H u d s o n  Stra it  reach  the  
So u th a m p to n  Is la n d  a re a  in su m m e r  a s  s u g g e s te d  by  
D e ge rb d l and  F re u c h e n  (1935).

Th ere  is  a  re gu la r  w e stw ard  m ove m e n t of w a lru se s  
a lo n g  the so u th  c o a s t  o f H u d s o n  Stra it  in the early  
su m m e r. T h e se  a n im a ls  s to p  at A k p a to k  Is la n d  in Ju n e  
an d  then p roceed  w e st  n o rth w e st reach in g  S a lisb u ry  
Is la n d  (fe m a le s an d  c a lv e s) an d  N o tt in gh a m  Is la n d  
(bu lls ) in A u g u s t  (D e g e r b i l  a n d  F reuchen  1935; 
L o u gh re y  1959). A n  e a stw a rd  m ig ra t io n  a lo n g  the north  
sh o re  an d  o ffsh o re  w a te rs  o f H u d s o n  Stra it o c c u r s  in 
au tum n. S o m e  w a lru s e s  overw in te r in H u d so n  Stra it  
(e.g., M id d le  S a v a g e  Is la n d s  —  M a n s f ie ld  1958) bu t the  
n u m b e rs and lo c a t io n s  are p oo rly  know n.

A  sm a ll p o p u la t io n  o f w a lru s e s  in h a b it s  so u th e aste rn  
H u d so n  B a y  a ro u n d  the  Be lch er, S le e p e r  and  O ttaw a  
Is la n d  g ro u p s. It is  th o u gh t  that th e se  a n im a ls  w inter 
in the perm ane nt le a d s  near th e se  is la n d s  (Loughrey  

1959).

Th e  eastw ard  m o ve m e n t of w a lru s e s  th rough  H u d so n  
Stra it  in O c to b e r  ap p are n tly  s p l it s  up  w ith  so m e  m ov­
in g  so u th  d o w n  the northern  L ab ra d o r  c o a s t  and  
o th e rs fo llo w in g  the B a ffin  c o a s t  north  to  the m ou th  of 
F ro b ish e r  B a y  (L o u g h re y  1959). W a lru s e s  p robab ly

w inter a lo n g  the  e d g e  of the  fa s t  ic e  an d  in th e  p a ck  ice  
o ff so u th e a s te rn  B a ffin  Is la n d  a n d  a lo n g  th e  so u th e rn  
m arg in  o f the p a c k  ice  a c r o s s  D a v is  S tra it  (L o u gh re y  
1959; V ib e  1987). H a n se n  (n o  date ) c ited  b y  D u n b a r  
(1949) s t a te s  that w a lru se s  breed  o n  the p a c k  ice, over  
d e e p  water, o f fsh o re  In D a v is  S tra it  in M a y  a n d  June. It 
se e m s  like ly  that H a n se n  w a s  referring to  c a lv in g  
rather th an  co p u la tio n . L o u gh re y  (1959) n o te s  that they  
ca lve d  there in s p r in g  of 1951.

T h e  w a lru s  p o p u la t io n  in B a ffin  B a y  is  d iff icu lt  to  
a s s e s s  s in c e  it h a s  been  h ig h ly  ex p lo ite d  c o m m e rc ia l­
ly  an d  re lative ly  sm a ll n u m b e rs  rem ain. M a jo r  w in ter­
in g  g ro u n d s  fo rm e rly  o ccu rre d  o n  the w e st  c o a s t  o f  
G re e n lan d  b etw een  66* a n d  69 * N  (F re u ch e n  1921) a n d  
a lo n g  the  so u th  m arg in  o f the  D a v is  S tra it  p ack  ice  
(L o u g h re y  1959; V ib e  1967). W a lr u s e s  m o ve d  north  
a lo n g  the w e st  G re e n lan d  c o c s t  in M a y  a n d  Ju n e  a n d  
few  occurred  so u th  o f U pernav ik  (7 2*N ) d u r in g  the  
su m m e r. T h e  m ig ra n ts  p a s s  M e lv ille  B a y  a n d  arrive In  
th e  T h u le  D is tr ic t  o f  n o rth w e st G re e n lan d , w here  th e y  
m eet the su b s ta n t ia l p o p u la t io n  that overw in te rs in 
th is  a rea  (V ibe  1950). S o m e  w a lru s e s  penetra te  north  
th ro u gh  S m ith  S o u n d  a n d  o th e rs c r o s s  to  so u th e rn  
E lle sm e re  Is lan d . In  au tu m n  a  so u th w ard  m ig ra t io n  
o c c u r s  a lo n g  the Ba ffin  Is la n d  c o a s t .  A  northw ard  
sp r in g  m ig ra t io n  a lo n g  the B a ffin  c o a s t  h a s  not been  
d o cu m e n te d  a n d  m ay  not be  p o s s ib le  du e  to  e x te n sive  
fa s t  ice a n d  heavy  p a ck  ice  no rm a lly  p re sen t a lo n g  th is  
c o a s t  in sp r in g  a n d  early su m m e r. T h e  e v id e n ce  fo r  
th is  c ircu lar m ig ra t io n  a ro u n d  the m a rg in s  o f  B a ffin  
B a y  an d  northern  D a v is  S tra it  is  s t ill c irc u m stan t ia l 
a n d  is b a se d  o n  o b se rv a t io n s  w hen  there w a s  a  m u c h  
la rge r p o p u la t io n  th an  is  currently  extant. B e c a u s e  o f  
the  lo n g  d is ta n c e s  involved, F reu ch en  an d  S a lo m o n -  
se n  (1958) and  V ib e  (1967) be lie ved  that tií® m ig ra t io n  
to o k  m ore than o n e  year. H ow ever, it sh o u ld  be  noted  
that the P a c if ic  w a lru s u n d e rtak e s a n n u a l m ig ra t io n s  
that, in so m e  c a s e s ,  cover round-trip  d is t a n c e s  o f at 
le a s t  3,200 km  (B u rn s  1965).

W a lr u s e s  penetrate  in to  the centra l A rc t ic  A rc h ip e la g o  
th ro u gh  L a n c a s te r  S o u n d  a n d  J o n e s  S o u n d . A  sm a ll  
p o p u la t io n  overw in te rs in the ce ntra l h ig h  A rc t ic



FIGURE 14 Distribution and Migration Routes of Walruses In the Canadian 
Eastern Arctic. (Based on sources cited in text.)
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(Figure 14) and comes In contact with the migrants 
entering from Baffin Bay (Davis at al. 1978b; Kiliaan 
and Stirling 1978).
Current knowledge of walrus distribution is unsyste­
matic and has been pieced together from a variety of 
sources and from observations over a period of many 
years. Wintering areas, migration routes and inter­
relationships among geographic populations are not 
known with any certainty.

STATUS AND SIZE OF POPULATIONS

Information on the present size of the various eastern 
North American geographic populations of the walrus 
is basically lacking. Similarly, data on commercial pre­
exploitation levels are unavailable; hence the potential 
carrying capacity of the eastern arctic marine environ­
ment cannot be estimated. Several linos of evidence 
suggest that most walrus populations have been de­
pleted in the past few hundred years and present 
populations have not recovered these losses.

HISTORIC POPULATIONS
The initial onslaught on walruses began as popula­
tions of the bowhead whale decreased and the whaling 
fleets began taking other marine mammal species. The 
Pacific walrus population was estimated at 200,000 
animals during the period 1650 to 1860. The American 
Bering Sea whalers began taking walruses In about 
1860 and took approximately 100,000 animals in the 
decade 1870 to 1880 (Fay 1957). Brooks (1954) and Fay
(1957) estimated that the population was only 45,000 
walruses during the period 1930 to 1950. These figures 
are not particularly accurate (Buckley 1958; Burns 
1965) but they indicate the extent of the decline. The 
population has recovered and again numbers about
200,000 animals (Estes and Qol'tsev cited by Fay at ai
1977).
There are no estimates of the size of the eastern arctic 
walrus populations in the pre-whaling era. Whaling 
began in southern Davis Strait in the early 1700's and 
the whalers first penetrated into northern Baffin Bay in 
1817 (Lubbock 1937). Whaling in northern Hudson Bay 
began in 1860 (Ross 1975). Most whaling had ceased in 
the eastern Arctic by 1910 to 1915 but commercial ex­
ploitation of walruses continued periodically until 
1952 (Anderson 1934; Mansfield 1973). Kill statistics 
are very incomplete but a few examples will illustrate 
the extent of the kill. Burwash (cited by Anderson 
1934:79) indicates that the largest terrestrial haul-out 
site in eastern Canadian Arctic occurred at Padlei 
south of Padloping Island, northeast of Cumberland 
Sound; at this site one company 'took over 4,000 
[walrus] skins per year'. It is not known when this take 
occurred, for how long it occurred, or whether other 
'companies' were involved. Ross (1975), on the basis of 
whaling records, states that whalers in northern Hud­
son Bay took 2,750 walruses in the period 1900 to 1915. 
Burwash (cited by Anderson 1934) believed that these

whalers (primarily the Dundee steamer Activa) re­
trieved only one of every four to five walruses killed 
and the Hudson Bay population was much reduced. 
Over 3,200 walruses were taken by the whalers In Davis 
Strait and Baffin Bay In the four year period 1907 to 
1910 (Lubbock 1937).
Commercial exploitation of walruses In Canada was 
banned in 1928 (Mansfield 1973). The last commercial 
exploitation of walruses in the eastern Arctic occurred 
between 1949 and 1952, when Norwegian vessels took 
over 2,000 animals in Davis Strait. This hunt was 
banned in 1957 (Mansfield 1973).
In addition to commercial harvests, many authors 
beginning with Freuchen (1921) noted that the intro­
duction of firearms and motorized boats led to in­
creased Inuit harvests (and hunting loss) of walruses 
to satisfy demands of European traders and to support 
increased numbers of dog teams needed for trapping 
of arctic foxes for the Hudson's Bay Company and 
other traders.
The above facts Indicate that eastern arctic walrus 
populations were probably much reduced by a variety 
of human agents. The extent of the reduction is un­
known but probably was most severe In Baffin Bay and 
Davis Strait and least severe in Foxe Basin wheré little 
exploitation occurred.
CURRENT POPULATIONS
The current sizes of walrus populations are virtually 
unknown. Loughrey (1959) and Mansfield (1986) cal­
culated that a total population of about 23,000 to
25.000 walruses would be necessary to support the an­
nual native kill of the mid-1950's in the eastern Arctic. 
This calculation assumed that the populations were 
stable and no convincing evidence was or is available 
on this question. Unfortunately, this estimate of 25,000 
walruses has recently been considered by some 
authors to be a population estimate rather than a 
figure derived for discussion purposes only.
The walrus population In the Southampton Island area 
of northwest Hudson Bay was studied by Mansfield
(1958) and Loughrey (1959). An aerial survey of the 
terrestrial haul-out sites in this area detected about
3.000 walruses at these sites. A repeat survey In 1981 
found a similar number of animals and the population 
was thought to be ‘undiminlshed' (Mansfield 1973:75).
The walrus population in Foxe Basin is apparently 
larger than that in the Southampton Island area (Mans­
field 1973) but no surveys of Foxe Basin have been 
conducted. The population in southeast Hudson Bay 
(Belcher, Sleeper and Ottawa Islands) is not large 
(Loughrey 1959; Manning 1976) but again no syste­
matic data are available. Loughrey (1959) cites C. H. D. 
Clarke as observing 1,000 walruses hauled out at Cape 
Henrietta Maria on the Ontario coast in 1955. In fact, 
Clarke (personal communication) was reporting an 
observation made by someone else. Since the 1960's, a 
small haul-out site has been occupied, in September, 
at Cape Henrietta Maria; this site contained about 300



animal* In 1978 (J. P. Pr*v*tt and H. Q. Lumsden, On­
tario Mlnlatry of Natural Raaourcaa, personal com­
munication).
Tftv ftWTtbvf ùî w à ltu im  uvîny  H u d so n  Strait is un­
known. Currie (1968) estimated that about 1,500 wal- 
ruaea used the Ungava Bay area in the late 1960'e but it 
Is not known what proportion of the Hudeon Strait 
population regularly usee Ungava Bay.
There Is no current quantitative information on the size 
and etatus of the walrus population In Baffin Bay and 
northern Davis etralt. Judging by the fragmentary In­
formation on the commercial harvest, this population 
was probably among the largest In the eastern Arctic. 
Vibe (1950,1987) documente the movements and dis­
tribution of the overwintering population In Thule 
District of northwest Greenland but he gives no 
numbers.
Recent studies in the central high Arctic found that 
200 to 300 walruses overwintered at the west end of 
Jones Sound and In Penny Strait In 1976 to 1977 and 
that the summer population In the central archipelago 
numbers at least 1,000 animals (Davis ef at. 1978b). 
This study was baaed on aerial surveys of terrestrial 
haul-out sites and of the Intervening coastal waters; 
less than half of the animals recorded were actually 
using the haul-out altee. Continuous observations of a 
haul-out site on the east coast of Bathurst Island re­
vealed that the numbers of walruses using the site 
throughout the season were highly and unsystemati­
cally variable (Salter 1978).' Thus caution should be 
exercised In the Interpretation of the results of single 
surveys of haul-out sites such as the surveys con­
ducted near Southampton Island.
To summarize, the numbers of walruses In most parts 
of the eastern Arctic are not known.
Management of a species requires knowledge of 
stocks or sub-populations within the species. If semi- 
Isolated stocks exist, then each stock should be man­
aged and harvest levels adapted to the size of the 
stock. Mansfield (1958) and Loughrey (1959) suggest 
that walruses In Foxe Basin and northwest Hudson 
Bay are at least semi-isolated from each other and 
observations from Loughrey (1959) and JBNQNHRC
(1976) suggest that the walruses In southeast Hudson 
Bay are semi-lsolated from other groups. The status of 
the Hudson Strait walruses Is unclear; some may mix 
with animals from Southampton Island, Foxe Basin 
and Davis Strait (Anderson 1934; Degerbdl and 
Freuchen 1935; Loughrey 1959). The status of groups 
of walruses that overwinter in areas (e.g., west end 
Jones Sound, Thule District, Hudson Strait) that are on 
migration routes for other segments of the population 
is unknown.

* Published as Salter (Can. J. Zool. 57:11691180,1979).

POPULATION STRUCTURE 
AND DYNAMICS

The reproductive biology of the Atlantic walrue was 
studied in northwest Hudson Bay and Foxe Basin by 
Mansfield (1958) and Loughrey (1959). These pioneer­
ing studies provide most of our knowledge of popula­
tion structure and reproductive biology of the walrus In 
the eastern Arctic. More Intent?'e studies have been 
conducted on the Pacific race of ífĸv walrus (see Bums 
1965) and this information is use£ where appropriate 
below.
Walruses can be relatively accurately aged by counting 
annual cementum layers of the teeth (Mansfield 1958; 
Burns 1985; Krylov 1965). Due to tooth wear, this 
method slightly underestimates the age of walruses, 
especially the older animals (Burns 1965).

REPRODUCTIVE BIOLOGY
The walrus Is apparently polygamous (Brooks 1954; 
Loughrey 1959) with the male breeding several fe­
males. The breeding season of the Pacific walrus ex­
tends from December through early June (Brooks 1954) 
with a peak of activity during February and March; the 
breeding season In the eastern Arctic Is probably 
similar. Implantation is delayed until May or June and 
the single calf Is born In May or June of the following 
year (Mansfield 1958; Burns 1965). The calf Is depen­
dent on the female and lactation lasts for about 18 
months to two years (Brooks 1954; Mansfield 1958; 
Burns 1985).
Most males become sexually mature and capable of 
breeding at six or seven years of age (Mansfield 1958) 
or six to eight years of age In the Pacific population 
(Burns 1965). M isfield (1958) found that the age of 
first breeding in tamale Atlantic walruses ranged from 
five to 11 years with an effective average (based on 15 
specimens) of eight years. Bums (1965) found that age 
of first breeding In Pacific walruses ranged from four 
to 10 years with most breeding for the first time be­
tween their fifth and eighth year of life.
Based on a sample of 17 mature females from South­
ampton Island, Mansfield (1958) calculated an annual 
birth rate of 0.35 or one calf every 2.9 years. In a larger 
sample (227 mature cows) of the Pacific walrus, Burns
(1965) found that the average annual birth rate per 
mature female was 0 43 or one calf every 2.3 years. 
Burns (1965) suggested that 80% of mature cows calve 
every two years; 15% bear calves every third year and 
the remainder calve less frequently; the last group con­
sists of older cows. Harbo (cited by Burns 1985) found 
that only 85% of the conceptions resulted in live births 
in the Pacific population.
It is not known whether the lower birth rate observed 
for the Atlantic walrus is real or whether it is an artifact 
of the small sample from the eastern Arctic.
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AGE A ND SEX STRUCTURE
Information on age and sex structure of walrus popula­
tions has been derived primarily from hunter-killed 
specimens. Many workers have commented on the 
potential for biases in such samples. Hunters do not 
select animals randomly and, in most cases, rarely 
take small calves. In many populations of walruses 
there is a marked sex and age segregation at certain 
times of the year and hunters from a particular com­
munity concentrate on certain classes of animals 
because they are the only ones accessible to them. 
Thus, great care must be exercised when interpreting 
the results from hunter-killed walruses.
The sex ratio of newborn calves is approximately 1:1. 
There is little information on the sex ratio of adult 
walruses in the eastern Arctic. In Alaska and Siberia, 
more females were taken by hunters in some areas. 
However, recent quotas on females have shifted hunt­
ing pressure to males. In a polygynous population, the 
under-representation of adult males Is not considered 
to affect the production of the population and Alaskan 
hunting regulations are designed to reduce hunting 
pressure on adult females (Burns 1965).
Mansfield (1958) found walruses up to 28 years of age 
in northwest Hudson Bay and Burns (1965) found the 
oldest animals to be 33 years in the Alaskan samples. 
Few animals reached these maximum ages in either 
population. Samples from the eastern Arctic are too 
small to construct life tables or meaningful represen­
tations of the age structure of the population. Burns 
(1965) combined several samples (total of 1,651) of 
male walruses taken in Alaska and summarized the 
age composition. Burns (1965) stated that the female 
segment of the herd is subject to extremely biased 
sampling as a result of migration patterns, herding 
tendencies and hunting vulnerability; he concluded 
that the age composition of the female segment could 
not be reliably determined from hunter samples in 
Alaska. This is a potentially serious problem since it is 
the female segment that determines the reproductive 
rate in a polygynous species. It is implicitly assumed, 
but it has not been demonstrated, that the age com­
position of the females is similar to that of males.

MORTALITY FACTORS
Natural mortality to walruses has not been quantified 
but most workers assume it to be low. The only natural 
predators are polar bears and killer whales. Neither is 
thought to take large numbers of walruses regularly 
(Loughrey 1959). Accidents at terrestrial haul-out sites 
cause some mortality, usually to smaller animals 
(Loughrey 1959; Burns 1965). Severe winter conditions 
could freeze areas that usually retain open water, and 
thus force walruses into deep water areas where feed­
ing would be difficult. Several instances of single 
walruses being trapped away from open water by ice 
have been recorded. Large scale mortality from this 
source has not been recorded but it could occur un­
noticed in the northern wintering areas.

The principal source of walrus mortality is from hunt­
ing, which is discussed later.

POPULATION DYNAMICS
The annual birth rate per adult female was calculated 
at 0.43 for the Pacific race and 0.35 for the eastern 
Arctic population. Burns (1965) estimated (methods 
not stated) that 36% of the Pacific population was 
younger than six years and hence were non-breeders. 
Assuming a 1:1 sex ratio of adults, the annual incre­
ment of calves to the population was approximately 
14%. Mansfield (1973) estimated the annual Increment 
of calves for eastern Arctic walruses to be 11 %. There 
are no quantitative estimates of mortality rates for 
calves and immature walruses. Mansfield (1958) as­
sumed that calves had a high survival rate prior to 
weaning because of the constant parental care by the 
female.
Estimates of mortality rates have been derived for 
adult walruses and then compared to the annual Incre­
ment to determine the status of the population. Burns 
(1965) used the data on male walruses from Alaska to 
derive a ‘catch-curve’, from which he estimated that 
annual mortality for males aged 13 to 27 years was 
about 13%. This mortality Includes both natural and 
hunting mortality. Because more males than females 
are taken by hunters, Burns (1965) believed that the 
mortality rate for females was somewhat lower. Appli­
cation of the 13% mortality rate to all ages and sexes 
in the population and comparison of this rate to the an­
nual increment of calves (14%) suggests that the pop­
ulation should be increasing slightly (Burns 1965).
The most serious gap in the above argument concerns 
the assumption that walrus calves and immatures have 
the same mortality rate as do full grown adult males. 
This assumption is unlikely to be true. In many spe­
cies, adults have much higher survival rates than do 
young and sub-adults. On the other hand, the adult 
males were subjected to higher hunting mortality than 
were other segments of the population. The key 
parameters that need to be determined are the annual 
increment to the breeding population (rather than the 
annual increment of calves), and the mortality rate of 
adult females.
There are no direct estimates of mortality rates of calf 
and immature walruses for any population and there 
are no direct estimates of mortality of adult walruses 
for the eastern Arctic populations. It is not known 
whether the Alaskan estimates are applicable to Cana­
dian populations. Similarly, it is not known what pro­
portion of the Alaskan mortality is due to natural 
causes as opposed to hunting. The former are as­
sumed to be insignificant.
It should be noted that Russian workers studying the 
Pacific walrus have arrived at a figure of 6.3% as the 
annual increment of calves into the population (Krylov 
1965). Burns (1965) discussed the Russian data and 
points out several problems with their techniques.
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Therefore, in the present report, we have used the data 
from the American studies.

LIM ITING FACT0R8
There Is no information about the natural population 
regulating mechanisms affecting walrus populations. 
Virtually all populations have been subjected to com­
mercial and native exploitation and many populations 
are known or suspected to be smaller now than in 
historical times. The population of walruses in Foxe 
Basin was not heavily exploited by commercial hunt­
ers and may be close to its historical size.
In the absence of man, walrus populations probably 
depend on the following:

1. The availability of large areas of shallow water 
(60 m or less) with a suitable bottom substrate to 
support a productive bivalve community.

2. The presence of reliable open water over rich 
feeding areas, particularly in winter when access 
to many feeding areas is denied due to ice cover.

3. The presence of haul-out areas in close proximity 
to feeding areas; haul-out platforms are usually 
ice-pans and Ice-edges although terrestrial sites 
are used in the Ice-free summer period.

The role of social behaviour in population regulation 
by walruses is not known and the effects of increased 
densities of walruses on age structure and reproduc­
tive rates are also not known. The capacity of the ben- 
thonic food resources to support increased walrus 
populations has only recently been studied. Pioneer­
ing quantitative comparisons of walrus diets and 
standing crops of bivalves were made by Vibe (1950) in 
Thule District, Greenland. Fay et al. (1977) have deter­
mined that the large Pacific walrus population is a sig­
nificant predator of Bering Sea mollusc populations. 
They suggest that this predation is very close to the 
annual net production of molluscs and in some local 
areas may be exceeding it. No similar studies have 
been conducted in the Canadian Arctic.
To sum up, the carrying capacity for walruses of arctic 
marine waters can be estimated when information 
about food availability and habitat requirements is 
available. However, It is not currently possible to pre­
dict the number of walruses that can be supported by 
the marine system in arctic Canada.

CURRENT HARVEST AND UTILIZATION

The harvest of walruses In the eastern Arctic has fluc­
tuated greatly. The heavy commercial exploitation that 
ended In 1952 was discussed previously. The native 
harvest of walruses is believed to have declined in the 
late 1960's due to the replacement of dog teams by 
snowmobiles. Recent harvest levels may be increasing 
due to the increased market for walrus tusks (Friesen
1975).

ANNUAL HARVEST
As with other marine mammal species, the available 
harvest data are extremely difficult to Interpret. The 
following discussion ignores hunting losses. These 
are discussed later.
Loughrey (1959) estimated that the annual take of 
walruses in the Canadian Arctic was about 1,200 In the 
early 1950's; the take In Greenland was 550 to 750. 
Over half of the Canadian harvest was from the Foxe 
Basin and northwest Hudson Bay populations. The 
available evidence suggests that walruses taken in 
western Greenland are part of the Baffin Bay popula­
tion that frequents Canadian waters.
Mansfield (1973) estimated that the average annual 
walrus kill in the 1960's was about 500 In eastern Can­
ada, plus about 200 in western Greenland. Smith and 
Taylor (1977) present data taken from R.C.M.P. game 
reports for the years 1962 to 1971 which give an aver­
age annual take of 544 walruses excluding northern 
Quebec and Greenland. However, the accuracy of the 
figures for the 1960's is doubtful. Anders (1965) stated 
that the annual take in Foxe Basin alone was between 
500 and 600 animals in 1965 and 700 in 1962. The 
R.C.M.P. game reports for this area give an average 
take of 103 with a maximum of 125 during the period 
1962 to 1971 (Smith and Taylor 1977).
Reliable estimates of the annual walrus harvest in the 
1970’s are not available. Stephansson (personal com­
munication, cited by Friesen 19751 suggested that the 
take in 1974 was over 400 animals. The most reliable 
recent information concerns the walrus take by north­
ern Quebec communities. These communities took 
about 110 walruses per year in a two year period — 
1973-74 and 1974-75 (JBNQNHRC 1976). The west 
Greenland take was about 200 to 250 animals in 1974 
(Kapel in Reeves 1978).
Based on information in Friesen (1975), Usher (1975), 
Freeman (1976) and Smith and Taylor (1977), the follow­
ing communities in N.W.T. still hunt walruses on a 
more or less regular basis: Igloolik, Hall Beach, Coral 
Harbour, Rankin Inlet, Belcher Islands, Cape Dorset, 
Lake Harbour, Frobisher Bay, Pangnirtung, Broughton 
Island, Clyde River, Pond Inlet, Grise Fiord and 
Resolute Bay.



The problem of non-retrieval of killed and wounded 
walruses has been recognized for a long time and 
traces from the advent of the use of firearms to hunt 
walrus (Freuchen 1921; Dunbar 1954b). The loss rate 
varies with area, season and type of hunt. Loughrey
(1959) arrived at an average loss rate of about one-third 
for the eastern Arctic. Thus, only 67% of the animals 
killed were retrieved. Freeman (1974/75) found that the 
retrieval rate was 70 to 50% for walruses taken during 
two open water hunts near Walrus Island, south of 
Southampton Island. These hunts were conducted 
from Peterhead boats In 1970 and the walruses were 
driven Into shallow water before being killed. Smith 
and Taylor (1977) observed a retrieval rate of only 30 to 
50% during a similar open water hunt (location not 
stated). In Alaska the retrieval rate Is only about 50% 
(Buckley 1958; Burns 1965). Clearly, the loss rate Is 
high and the harvest figures discussed in the pre­
ceding section need to be adjusted to account for 
these losses before the impact of hunting on walrus 
populations can be determined.
Another source of bias in the harvest figures pre­
sented above Is the non-reporting of kills. Freeman 
(1969/70) found that calves taken in the Southampton 
Island area were not reported even when they were re­
trieved. In the 1961 hunt, calves constituted 20% of the 
kill; thus the reported kill of 153 should have been 183 
(Freeman 1969/70). Also, the death of a lactating fe­
male can result In the death of her calf even though the 
calf is not directly harmed (Burns 1965) although Eley 
(1978) documents a case of adoption of an apparently 
orphaned calf Pacific walrus.

HUNTING TECHNIQUES
A variety of techniques was used for hunting walruses. 
The key factor determining hunting methods is that 
walruses sink when dead. Thus, the outright killing of a 
walrus In open water results in loss of the animal un­
less It has been harpooned or killed In shallow water 
where it can be retrieved off the bottom.
The technique of driving walruses into shallow water 
before killing is used during open water hunts from 
Peterheads in the Coats Island area (Freeman 1974/75). 
In other open water situations, walruses are wounded 
to slow them down and to allow a harpoon with a float 
to be attached to the animal before it is killed. Hunts of 
walruses on pan ice, floe-edges and newly-forming ice 
involve killing the animal Instantly so that it cannot 
reach the water. Wounded animals can often be har­
pooned in the water if boats are present. The most suc­
cessful hunts involve the use of fully-decked Peter­
head boats to visit the waters near large terrestrial 
haul-out sites in late summer and early autumn (Mans­
field 1973).

HUNTING LOSS
Apart from the social values accruing to  successful 
walrus hunters, the historic principal use of the animal 
was as a source of high quality dog food. The Ivory and 
the blubber and meat for human consumption were 
clearly of secondary Importance (Freeman 1969/70). 
With the decline in use of dog teams, the demand for 
dog food has decreased although It Is still Important In 
some localities (e.g., Coral Harbour —  Freeman 
1974/75). Frleeen (1975:92) notes that much hunting Is 
now conducted for the tusks; each animal produces 
‘6 to 10 lbs of ivory which can be sold for $8-10 per 
pound'. Walrus Ivory sold for $12 to $15 per pound In 
1977 (D. Oowler, Fisheries and Marine Service, per­
sonal communication).
The average weight of adult male Atlantic walruses is 
900 kg; adult females average 570 kg. By the end of the 
first year, calves weigh about 200 kg (Mansfield 1973). 
Adult weights were quite variable and the averages 
given above were not reached before 10 years of age 
(Mansfield 1958). Freeman (1969/70) gives an average 
adult weight of 512 kg (28 specimens) for walruses 
(both sexes included) taken at Southampton Island; 
averages were 305 kg for sub-adults and 103 kg for 
calves.

UTILIZATION
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HARBOURSEAL

DISTRIBUTION

This widely distributed and relatively sedentary spe­
cies occurs along the coasts of western Europe, east­
ern and western North America, and northeast Asia.
The subspecies in eastern North America, Phoca 
vltullna concolor, is often called the ranger seal. It 
occurs in small numbers north and west along the 
coasts of eastern Baffin Island, southwest Greenland, 
Ungava Bay, Hudson Strait, and Hudson and James 
Bays (Mansfield 1967b). It occasionally occurs in 
northern Foxe Basin (Anders 1965), around Pond Inlet 
(Tuck 1957; Bissett 1967b), and along eastern Elles­
mere Island (Alexandra Fiord — Mansfield 1967b; 
Smith and Taylor 1977), and there is a questionable 
record from the Thule District of northwest Greenland 
(Vibe 1950). The harbour seal is believed to remain in 
these areas throughout the year, overwintering at loca­
tions where currents maintain open water through the 
winter (Mansfield 1967b). However, there are very few 
winter records, and the extent of movements is un­
known.
Harbour seals often wander Into rivers, and there are 
records from rivers and lakes (1) southwest of Ungava 
Bay, (2) east of Richmond Gulf (Hudson Bay), (3) along 
the Thlewiaza and other rivers west of Hudson Bay and
(4) In Foxe Peninsula of Baffin Island (Mansfield 1967b; 
Beck et ai 1970; McLaren at al. 1977). The second of 
these groups has been described as a separate, iso­
lated subspecies, P. v. mellonae. However, the degree 
and duration of isolation of all the freshwater groups 
from the marine concolor js uncertain.
Pacific harbour seals occur rarely in the southern 
Beaufort Sea (Mansfield 1967b; Abrahamson 1968). 
McLaren (1966a) suspected that these seals are mem­
bers of the western North American subspecies, P. v. 
richardsl. However, they might also be the ice-inhabit­
ing form P. v. largha (or P. largha) of northeast Asia and 
the Bering Sea; both forms occur off western Alaska 
(Fay 1974). Serological evidence suggests that the two 
forms are biochemically very similar (Shaughnessy
1975), but their behavioural and physiological differ­
ences suggest that largha is a separate species (Mc­
Laren 1966a; Shaughnessy and Fay 1977).'

Burns (pp. 192-205 In: D. Haley [ed.), Marine mammals 
of eastern North Pacific and arctic waters, Pacific 
Search Press, Seattle, 1978) gives more Information 
about largha, which Is commonly called the spotted
coo/ ~

STATUS AND SIZE OF POPULATIONS

The harbour seal is sparsely and locally distributed 
throughout its arctic range. No estimates of popula­
tion sizes are available for the Canadian Arctic. Anders 
at al. (1967) report that it was formerly common in 
Cumberland Sound but is now ‘only an occasional vis­
itor’. Mansfield (1967b) notes that because of its local­
ized distribution the Inuit often know where to find it, 
and that In Ungava Bay, southern Baffin Island and 
southern Southampton Island it has been eliminated 
from some localities. Any isolated populations that are 
permanent residents of freshwater would be especially 
susceptible.
This species is normally considered quite sedentary, 
but the extent to which iucal populations are isolated 
from one another is unknown. The localized move­
ments that are often reported appear to be related to 
migrations of prey fish. The Ice-Inhabiting form largha 
of the Bering (and perhaps Beaufort) Sea appears to be 
more mobile than the other groups (Johnson at al. 
1966; Fedoseev 1971; Nalto and Nishiwaki 1975).1

POPULATION STRUCTURE

There have been no studies of the reproductive biol­
ogy, age and sex structure, or population dynamics of 
harbour seals in the Canadian Arctic. Specimens have 
been collected opportunistically during the course of 
other work by personnel of the Arctic Biological Sta­
tion (Mansfield et at. 1975b). An ageing method based 
on analysis of layers in the cementum of the canine 
teeth exists for this species (Mansfield and Fisher 
1960), and some aspects of reproductive status can be 
evaluated by histological analyses (e.g., Bigg 1969). 
Thus the population biology is amenable to study if It 
is possible to overcome biases resulting from age and 
sex differences in collectability. Because of the minor 
economic importance of the harbour seal in the Cana­
dian Arctic (Friesen 1975), the biology of this species 
in other areas has not been summarized here (see Biaa 
1969, Bigg and Fisher 1974, Boulva 1975 and Pitcher 
and Calkins 1977 for reviews and references).



CURRENT HARVEST AND UTILIZATION

Based on Incomplete R.C.M.P. game reports from 1962 
to 1071, Smith and Taylor (1077) reported that the mean 
annual harvest of harbour seals In the Northwest Terri­
tories (apparently excluding Port Burwell) was 42, with 
17 of these being at Frobisher Bay, 13 at Coral Har­
bour, four at Eskimo Point and zero to two at other set­
tlements. However, Kemp (107S) states that hunters in 
the North Bay area near Lake Harbour normally take 
five to ten annually. At Frobisher Bay 13 to 17 were 
traded annually at the Hudson's Bay Co. store In the 
mld'1960's (Meldrum 1975). The 'best estimate' of the 
annual take In the Port Burwell area in 1973 to 1975 
was 44 (JBNQNHRC1976) — the highest figure for any 
settlement In the N.W.T. Elsewhere along the coasts of 
northern Quebec the ‘best estimate' was 65 per year, 
with 58 of these being from Ungava Bay.
The figures quoted above are probably Imprecise and 
are not current. Both Smith and Taylor (1977) and 
Blssett (1967b) caution that harbour and ringed seals 
are not always recorded separately. In addition, seals 
used domestically may not be reported.
Figures listed above do not Include harbour seals 
wounded or killed but not retrieved. No estimates of 
hunting losses are available for the Arctic. Bigg 
(1969:30) estimates that during the periods when a 
bounty was offered for harbour seals killed along the 
British Columbia coast, only 50% of those killed were 
recorded In the bounty files.
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HARPSEAL

DISTRIBUTION
The three largely distinct stocks of harp seals whelp 
and moult near Newfoundland, near Jan Mayen Island 
(north of Iceland) and in the White Sea during late 
winter and early spring. They then migrate northward 
to spend the summer. The Newfoundland stock moves 
north to the Canadian Arctic and west Greenland 
(Figure 15); other stocks do not enter this area, and are 
not discussed here. This species has been studied in­
tensively since 1949 in the Newfoundland area, where 
it is the main object of the controversial seal hunt.
The 'Newfoundland stock' whelps and moults in two 
sub-areas — In the Gulf of St. Lawrence and on the ice 
'front' east of the Strait of Belle Isle. There is some ex­
change between these areas (Mansfield 1970; Ser­
geant 1971). Adults migrate north in April and May; the 
young-of-the-year or ‘beaters’ follow separately (Ser­
geant 1965a). Harp seals are deflected eastward 
across Davis Strait by the ice. The vanguard of adults 
reaches south and southwest Greenland in May, and 
the peak catch In this area is in June (Kapel 1975b). The 
young apparently do not begin to arrive until June 
(Sergeant 1965a). Very few harp seals of the 'New­
foundland stock' move east beyond Cape Farewell, the 
southern tip of Greenland (Sergeant 1965a, 1973d).
Some harp seals remain in Davis Strait and off south­
west Greenland in summer, but many continue to the 
west or north. Some move west into Hudson Strait, 
Frobisher Bay and Cumberland Sound. Some, includ­
ing juveniles, continue west along Hudson Strait and 
south to James Bay (Mansfield 1968; Sergeant 1976a). 
Harp seals are rare In northern Foxe Basin (Anders 
1965). Considerable numbers of harp seals continue up 
the west coast of Greenland and reach northwest 
Greenland (Umanak, Upernavik) and Thule District in 
June and July. Only small numbers reach Smith Sound 
end Inglefield Land (Degerbdl and Freuchen 1935; Vibe 
1950). However, many cross Baffin Bay to the Bylot 
Island area, Lancaster and Jones Sounds, and adja­
cent channels (Figure 15). Migration into the Canadian 
high Arctic occurs mainly in July and August (Tuck 
1957; Finley 1976; Greendale and Brousseau-Green- 
dale 1976; Johnson et al. 1976; Riewe 1977). Those 
entering Cumberland, Lancaster and Jones Sounds 
have been reported to be mainly adults (Anders et al. 
1967; Greendale and Brousseau-Greendale 1976; 
Riewe 1977).
Harp seals begin to leave the Canadian high Arctic in 
September, although a few remain in Lancaster Sound 
in October (Miller 1955; Sergeant 1965a; Bissett 1967a; 
Finley and Johnston 1977). Some remain in Cumber­
land Sound to mid-January and a few may winter in the 
area (Anders et al. 1967. A considerable number remain 
along the west coast of Greenland until February 
(Kapel 1975b). Most adults apparently migrate south 
close to the Labrador coast in October to December 
(Anderson 1934; Sergeant 1965a; Evans 1968), and it is

only a fraction of the immatures and especially the 
young-of-the-year that tend to lag behind and, in some 
cases, to overwinter in the Davis Strait area (Fisher 
1955; Sergeant 1965a; Imperial et al. 1978).
There have been a few isolated records of harp seals In 
the western Arctic (western Alaska, Wrangel Island, 
Aklavik, Cambridge Bay — Anderson 1934; Dunbar 
1949; Smith and Taylor 1977). However, eastern Vis­
count Melville Sound and Peel Sound are the western 
margin of the normal range In the high Arctic (Finley 
and Johnston 1977; Smith and Taylor 1977).

STATUS AND SIZE OF POPULATIONS

The western Atlantic harp seal population is believed 
to have included several million animals before the 
period of heavy exploitation in the 19th and 20th cen­
turies. Numbers had declined by the early 1900's, but 
increased during a period of limited exploitation be­
tween and during World Wars I and II. The first surveys 
by aerial photography, conducted in 1950-51, indicated 
that about 645,000 pups were produced annually by a 
total population (excluding pups) of about 3,300,000 
seals (Fisher 1952,1955). More recent studies of poten­
tial biases indicate that the 1950-51 estimates may 
have been low by about 20% (Sergeant 1965b).
The western Atlantic population has declined since 
1950-51 (Sergeant 1975). At present it includes about
1.250.000 seals (excluding pups), and produces about
300.000 pups each year. The precise values and current 
trends of these parameters have been and are the ob­
ject of much study and controversy (for reviews, see 
Allen 1975; Sergeant 1975,1976a, c; Lett and Benjamin- 
sen 1977; Winters 1978). Prevailing opinion Is that the 
hunting quotas and regulations have now been ad­
justed such that the decline has been stopped and a 
slow increase in stock initiated. This is the intent of 
the management strategy adopted by the Canadian 
Government and the International Commission for the 
Northwest Atlantic Fisheries.
The number of harp seals that enter the Arctic each 
summer is determined primarily by the historical 
trends in harvest of the stock in more southern areas.



FIGURE IS  Distribution and Migration Routas of Harp Seals in the Canadian 
Eastern Arctic. (Based on sources cited in text.)
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The reported harvest in Greenland, which is small 
relative to the harvest farther south, declined rather 
steadily from 1948 to 1971 (Kapel 1975b). Records from 
the Canadian Arctic, where the harvest la even smaller 
then In Greenland, are too incomplete to permit a simi­
lar assessment. Assuming that the decline In the 
breeding population has been arrested,' the availability 
of the harp seal in the Canadian Arctic should also 
stabilize and then increase. Since those entering the 
Canadian high Arctic are apparently mainly adults (see 
above), population trends there may lag behind those 
in more southerly regions.
On a long-term basis, tho summer distribution of harp 
seals in the Arctic seems to be correlated with climatic 
conditions. In western Greenland, harp seals tended to 
move farther north before 1810 and after 1910 than In 
the Intervening colder years (Vibe 1987). If this correla­
tion represents a direct climatic effect, future climatic 
changes may affect the local status of harp seals in 
the Arctic.
Numbers of harp seals occurring in various parts of the 
Canadian Arctic in summer are poorly known. Tuck 
(1957:36) counted about 150,000 migrating west along 
the north coast of Bylot Island into Lancaster Sound 
from late June to early August of 1957. Greendale and 
Brousseau-Greendale (1976) saw only about 16,000 
migrating west In the same area In July 1976. The aerial 
surveys of Johnson ef e l .  (1976) provide good evidence 
that there was little westward migration through the 
area In June or August 1976, and that most of the 1976 
migration into Lancaster Sound was along the south 
shore past the observation site. The reason for the 
apparent 89% decline between 1957 and 1976 is un­
clear, since the overall decline of age 1 +  harp seals In 
the western Atlantic population during the period was 
only about 32% (Lett and Benjaminsen 1977). Maxi­
mum numbers seen or estimated to be present in Bar- 
row Strait and Peel Sound In various periods during 
1974 to 1976 have not exceeded about 2,500 (Finley 
1976; Finley and Johnston 1977). Duvall and Handley 
(1946) saw ‘thousands' in Broe [Brae?] Bay, North 
Devon Island, on 2 September 1946, and Sergeant 
(1965a) lists an estimate of 10,000 east of Coburg 
Island on 28 September 1963. The maximum reported 
annual kills of 2,071 at Pangnirtung, 677 at Frobisher 
Bay and 1,939 at Lake Harbour (see below) place lower 
limits on the numbers that sometimes occur in these 
general areas.

' R e c e n t  r e v i e w s  o f  h a r p  s e a l  s t a t u s  i n c l u d e  L u v i g n e  

( Q u e e n ' s  Q u a r t e r l y  8 5 :  3 7 7 - 3 8 8 ,  1 9 7 8 ) ,  L a v i g n e  et al. 
( P o l a r  R e c .  1 9 :  3 8 1 - 3 8 5 ,  1 9 7 9 ) ,  M o h n  ( J .  F i s h .  R e s .  

B o a r d  C a n .  3 6 : 4 0 4 - 4 1 0 , 1 9 7 9 )  a n d  M o h n  a n d  W i n t e r s  ( J .  

F i s h .  R e s .  B o a r d  C a n .  3 6 :  1 5 2 7 - 1 5 3 2 ,  1 9 7 9 ) .

POPULATION STRUCTURE 
AND DYNAMICS

The ages of harp seals can be determined by counting 
annual layers in the dentine of the canine teeth, al­
though ages beyond 15 or 20 years are often difficult to 
determine precisely (Fisher 1952; Rasmussen 1957).

REPRODUCTIVE BIOLOGY
Harp seals of the western Atlantic whelp on ice-pans 
30 to 60 cm thick northeast and west of Newfoundland 
(Sergeant 1963), mainly in early March. Whelping tends 
to be a few days later on the ‘Front* than in the Gulf of 
St. Lawrence (Sergeant 1965a). The single pup (twins 
are very rare) is nursed for about two weeks, during 
which time its weight Increases from about nine to 35 
kg (Sergeant 1973b). The males, which have been In the 
area, approach the females at the end of lactation, and 
females reportedly mate with one or more males, 
usually In the water (Sergeant 1965a, 1976a). Implanta­
tion is delayed, so development of the foetus takes 
less than the apparent gestation period of about 11.5 
months. In April and May, before migrating north, the 
adult and immature (ages 1 + years) harp seals haul 
out on the ice to moult. The adult females tend to do so 
later than other groups (Sergeant 1965a).
The age at which female harp seals become physio­
logically mature (i.e. ovulate for the first time) has been 
found to vary from three to nine years, with the mean 
value being positively correlated with population size 
(Fisher 1955; Sergeant 1973c, 1976c; Lett and Ben­
jaminsen 1977). The mean age of first ovulation for the 
western Atlantic population was 5.5 years in 1951-54, 
about 4.5 years in 1961-65, about 4.8 years in 1966-71, 
and 3.6 years (Front only) in 1976. Fewer data concern­
ing age of physiological maturity are available for 
males, and the values are even more variable. Testes 
appeared to become mature at an average age of 7.5 
years in 1952-57 and 5.5 years In 1971 in the western 
Atlantic population, and at 4.0 years in 1958-64 in the 
White Sea population (Sergeant 1973c).
In 1976 at least 95% of the mature females from the 
Front ovulated (Sergeant 1976c). Data from the White 
Sea suggest that a much lower percentage of the 
mature females ovulated, but these data may be 
biased by failure to recognize some follicles that did 
ovulate (Nazarenko 1975). Nazarenko's data do show 
that a higher proportion of the old (22 to 29 years) than 
of the younger mature females fail to ovulate.
Fisher (1952) found in 1951-52 that 80% of 70 mature 
females were pregnant in January, shortly before 
whelping. More recent estimates of pregnancy rates 
are higher — generally over 90%. However, Winters 
(1978) suggested that Fisher's sample was anomalous, 
and that there is no clear evidence of an increase in fer­
tility rate as the population size declined.



AQE AND SEX STRUCTURE
Many samples of harp seals have been studied to de 
termine age and sex structure. However, because of 
age and sex-related differences In seasonal distribu­
tion and catchability, it has been very difficult to esti­
mate the structure of the population. Furthermore, this 
structure has changed from year to year because of 
variable hunting intensity and the variable age and sex 
structure of the kill. Sergeant (1971, 1976c) and Lett 
and Benjaminsen (1977) have summarized the available 
data and have estimated the probable age and sex 
structure at various places and times. The natural sex 
ratio is believed to be 1:1 and a few harp seals reach 
the age of 30 or even 35 years (Sergeant 1965b, 1973b). 
Because of the historical development of the annual 
hunt, the proportion of females in the breeding popula­
tion is believed to have become as high as 54.9% in 
1971, and to have declined to 52.9% In 1976 (Lett and 
Benjaminsen 1977).
Samples of harp seals killed near Baffin Island in 1967 
and 1969 contained fewer zero to two year olds than 
one would expect on the basis of the estimated pop­
ulation composition (Sergeant 1971; of. Lett and Ben­
jaminsen 1977). In contrast, many samples from 
western Greenland contain many zero to two year olds 
(Kapel 1975c). These results are consistent with 
previously cited evidence that harp seals entering the 
Canadian high Arctic are mainly adults.

MORTALITY FACTORS
The main source of mortality to the western Atlantic 
harp seal population is man. Both young-of-the-year 
and older animals are taken during the annual harvest 
off Newfoundland. In the mid-1970's about 40 to 45% 
of the pups and two to three per cent of the older 
animals (1 + years) were harvested annually (Sergeant 
1976a; Lett and Benjaminsen 1977).
Known natural sources of mortality include killer 
whales (DegerbOl and Freuchen 1935), ice movements 
(Popov 1975; Sergeant 1976a) and presumably disease. 
Ice rafting in storm conditions can kill large numbers 
of young, and occasionally adults are also crushed 
(Sergeant 1976a). However, natural mortality rates in 
the ‘first week or so' after birth are reportedly very low 
(0.01 or less — Sergeant 1971). Natural mortality rates 
for age zero to one and one to two harp seals are not 
accurately known; the rate for adults was estimated as
0.08 to 0.10 by Sergeant (1976a) and 0.10 by Winters 
(1978). Lett and Benjaminsen (1977) estimated the 
natural adult mortality rate of age 2 + harp seals to be
0.114.

POPULATION DYNAMICS
Various parameters of harp seal populations are be­
lieved or suspected to be density dependent, and thus 
to be part of a population regulation mechanism. The 
positive correlation between age of sexual maturity 
and population size is the best documented. Earlier at­

tainment of sexual maturity when the population size 
Is reduced has also been reported In several other spe­
cie» uf пшпгш uwiiiniais (Guliand 1971; Sthgwni 
1973c). Eberhardt and Sfniff (1977) have evaluated the 
effects of such an adjustment on the birth rate. Sec­
ond, the natural mortality rate of pups may be density 
dependent, but the evidence Is inconclusive (Lett and 
Benjaminsen 1977:1166). Third, it has been suggested 
that the proportion of mature females producing a calf 
each year is higher when the population size Is low 
than when it Is high, but this is not proven (of. Winters
1978).
The dynamics of western Atlantic harp seals have been 
intensively studied and are comprehensively dis­
cussed by Sergeant (1975, 1976a, b). Allen (1975) de­
veloped a linear model of the population, and Lett and 
Benjaminsen (1977) developed a more comprehensive 
model Incorporating more recent data, certain density- 
dependent functions and a stochastic element. The 
latter model, which takes harvest In Greenland and 
arctic Canada into account, predicts that the maxi­
mum sustainable yield would be about 200,000 pups 
and 40,000 older seals (age 1 + years) annually, and 
would be achieved if the population size of age 1 + 
seals were about 1,600,000, including about 375,000 
breeding females. Winters (1978) gives slightly higher 
values.
It is beyond the scope of this report to review the 
details of the models. However, the significance of the 
Canadian Arctic catch to the population is considered 
here. Lett and Benjaminsen (1977:1181) assume a 
mean catch of 1,294 age 1 + years seals and no juve­
niles in the Canadian Arctic. In fact, a few percent 
of the harp seals taken in the Canadian Arctic are 
juveniles (Sergeant 1971,1976a). Also, the current an­
nual kill of age 1 + years harp seals In the Canadian 
Arctic, allowing for sinking losses, is several thousand 
(see below). Furthermore, adults are apparently over­
represented in the age 1 + kill in the Canadian Arctic 
(Sergeant 1971).
Adult harp seals, especially young adults, are more 
valuable than pups in terms of future reproductive 
potential (Allen 1975). Lett and Benjaminsen (1977: 
1185) found that an increase of 10,000 in the assumed 
annual take of 1 + years seals would have a dramatic 
effect on the future size of the harp seal population. 
Thus the apparent underestimation of the current 
arctic kill of adults should be assessed and taken into 
account in the models, and the potential effects of any 
increase in the arctic kill should be carefully evaluated. 
Assuming that the population is now increasing, the 
effects of any increased arctic harvest would depend 
on the year in which the increase occurred, and could 
be partially compensated for by a downward adjust­
ment of the southern kill. It is important to note, how­
ever, that the reduction in harvest of pups would have 
to exceed the increase in the arctic harvest of adults.in 
order to prevent a population decline.
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CURRENT HARVEST ANO UTILIZATION

ANNUAL HARVEST
The western Atlantic harp seals have been harvested 
on the whelping and moulting areas near Newfound* 
land eince about 1750 (for reviews, sea Fisher 1952, 
1955; 8ergeant 1953,1955b, 1975a). The peak kills were 
in 182040, with a one-year maximum of 587,000 seals 
(including a email proportion of hooded seals) In 1831, 
when 300 ships and 10,000 men took part In the 
harvest. The Newfoundland area harvest of harp seals 
Increased In the late 1940's after the wartime lull, with 
a peak of about 450,000 In 1951 (Sergeant 1975a). 
Thereafter, the harvest declined gradually and aver­
aged 143,000 (52% pups) In 1972-75. The total per­
mitted kill was 170,000 In 1977 and 150,000 In 1978 In­
cluding allowance fora take of about 10,000 harp seals 
in western Greenland and tho Canadian Arctic.
The annual harvest of harp seals In western Greenland 
was estimated as about 24,000 In 1948,20,000 In 1953, 
8,550 in 1982 and 5,000 from 1959-71 (Kapel 1975b). 
These figures are derived from the community ‘catch 
of gams' lists, which are believed to be reasonably ac­
curate, at least for the central west and northwest 
Greenland districts where most of the harp seals are 
taken.
The most recent available figures for reported harvest 
In the Canadian Arctic are given In Table 10. Values for 
northern Quebec are 'best estimates' of take and are 
believed to be reasonably accurate. However, as many 
as 1,500 harp seals were reportedly taken in nets at 
Port Burwell annually during the 1950's (JBNQNHRC
1975). Values for the Northwest Territories are from the 
Fur Export Tax Returns, which underestimate actual 
numbers taken (for discussion, see ringed seal ac­
count). According to these figures, by far the largest 
harvest In the Canadian Arctic comes from Cumber­
land Sound (as represented in the Pangnlrtung rec­
ords).
Peak annual harvests In some other communities dur­
ing the 1952-71 period (Smith and Taylor 1977) were 
considerably higher than those in 1975-76. The Port 
Burwell net fishery has already been mentioned. At 
Frobisher Bay, 337, 577 and 573 harp seal skins were 
traded at the Hudson's Bay Co. store in 1963-64, 
1954-65 and 196566 (Meldrum 1975). A total of 1,939 
harp seals were reported in one year at Lake Harbour, 
but the average figure was much lower (Smith and 
Taylor 1977). At Grise Fiord, a maximum of 677 harp 
seals were taken in one year, according to R.C.M.P. 
game records summarized by Smith and Taylor. How­
ever, Riewe (1977) does not mention this figure, and in­
stead reports a maximum of 70 in each of 196263 and 
196465 at Grise Fiord. Smith and Taylor (1977) also list 
peak reported harvests of 30 at Resolute, 32 at Clyde 
River, and 125 at Cape Oorset. The changing total 
population size of the harp seal further complicates in-

TABLE 10
Reported Harvest of I iarp Seats In tha Canadian Arctic.

Community 19751-1 1975'
Resolute Bay 1
Grise Fiord 142 109
Arctic Bay 19 4
Pond Inlet 5 48
Clyde River 8
Broughton Island 35 35
Pangnlrtung 2071 1515
Frobisher Bay 218 112
Lake Harbour 8 58
Cape Dorset 3
Hall Beach 2
Igloolik 4
Coral Harbour 5 —m

Eskimo Point 3
Petty Bay 10
Great Whale River 3 No Data
Inukjuaq 16 it

Akudlivik 8 • •

Sugluq 134 it

Wakeham Bay 153 H

Koartak 12 H

Payne Bay 7 ♦»

Fort Chimo 40 H

George River 16 It

Port Burwell 353 It

Totals 3265 (1916)
' U p p e r  p a r t  o f  t a b l a  f r o m  d a t a  a u p p l l a d  b y  F l a h a r l e a  a n d  

M a r i n a  S e r v i c e  b a s e d  o n  d a t a  f r o m  F u r  E x p o r t  T e x  R e t u r n s  

g a t h e r e d  b y  N . W . T .  g o v e r n m e n t .

• L o w e r  p a r t  o f  t a b l e  f r o m  J B N Q N H R C  ( 1 9 7 6 ) .

terpretation of the 1962-71 figures compiled by Smith 
and Taylor.
The current total annual harvest in the Canadian Arctic 
Is not accurately known. The estimate of 3,000 to 4,000 
mentioned by Frlesen (1975) and Mansfield et af. 
(1975b) does not appear to include much allowance for 
hunting losses or domestic use.
HUNTING LOSS
The buoyancy of harp seals is very low when they first 
arrive in the Arctic and increases gradually through the 
summer. This is evident both indirectly from Ser­
geant’s (1973b) seasonal measurements of blubber 
thickness and condition factor (girth x 100/length), 
and directly from hunting losses (e.g., Degerbdl and 
Freuchen 1935; Anders et al. 1967; Bissett 1967a). 
When the lean seals first arrive, most sink within a few 
seconds after being shot; during the break-up hunt in 
Cumberland Sound about 65% of a sample of 46 killed 
were lost (Anders et al. 1967). During the open water 
hunt, 50% of 34 were lost during late July, and 37% of 
38 were lost in August. Sinking losses continued to
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decline in September end October (Anders e f «/. 1067). 
Riewe end Amsden (in press) found the loss rite to be 
61 % In e sample of 61 harp seals shot during the open 
water eaaiùn in Jones Sound. The overall toss rate Is 
unclear, since the above samples are small end the 
seasonal distribution of the kill is only approximately 
known. If the average annual harvest In the Canadian 
Arctic is 3,000 and the loss rate Is 40% to 60%, the 
annuel kill could be 5,000 to 7,500. This does not In­
clude wounded animals that die later.
Hunting losses in Greenland are unknown. However, 
most of the harp seals are killed among the drift Ice or 
In open water (Kapel 1975b), and significant losses 
seem Inevitable.
Losses In the harvest near Newfoundland are rarely 
mentioned. The harvest figures for the take of 1 + year 
old seals on the moulting areas represent only those 
recovered, and in the past the percentage loss was 
'quite high' (Fisher 1955). According to Sergeant 
(1963), this percentage has been lowered by better 
marksmanship and one observer in 1962 estimated ft 
at about seven per cent.

SEASONAL AVAILABILITY
Availability of harp seals In the Canadian Arctic Is 
determined by the timing of migration Into and from 
the various areas (see 'Distribution' section, above). In 
most areas harp seals appear soon after break-up of 
ice and remain until freeze-up begins. Some harp seals 
remain in the southeastern Baffin Island area until 
January or later, but even there most of the harvest ie 
in July to October (Anders ef a/. 1967). At Port Burwell, 
most harp seals taken are obtained during the south­
ward migration in October to December (Sergeant 
1965a; Evans 1968).

HUNTING TECHNIQUES
Anders ef el. (1967) have described the hunting meth­
ods used for harp seals in Cumberland Sound, the area 
of the Canadian Arctic where the largest numbers of 
harp seals are taken. During break-up, harp seals sur­
facing in small areas of open water are shot by Inuit on 
the ice and retrieved by boat. When possible, the seal 
is wounded, approached and finally dispatched from 
close range; this reduces sinking losses. In the open 
water period harp seals are shot from a boat. Early in 
the season, when harp seals sink rapidly after death, 
only those that surface near the boat (**90 m away) are 
shot. In Greenland kayaks and harpoons are occasion­
ally still used (Kapel 1975b).
In the Port Burwell area harp seals are captured in nets 
during the southward migration in late autumn (Ser­
geant 1965a; Evans 1968). Nets were also used in 
Greenland in earlier years (Kapel 1975b).

Mature harp seals weigh an average of 135 kg, with 
n tt ln  being only slightly heavier than females. One 
year olds weigh 40 to 65 kg (Sergeant 1973b). In the 
Canadian Arctic, the skins are both traded and used 
domestically; the proportion traded varies with prfoe 
(Riewe 1977). In 1976, there was no market for harp seal 
skins at Grise Fiord and many seals wars left unskinn­
ed (LQL Ltd. unpubl. data). The meet la used for dog 
food, but the importance of this has no doubt declined.

UTILIZATION
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HOODED SEAL
The hooded «Ml It not of significant importance to 
Inult In the Northwest Territories (Fritaen 1975; Smith 
«nd Taylor 1977). However, offshore waters of Oavis 
Strait are an Important breeding and migration area (or 
this species.

DISTRIBUTION

Hooded seals are closely associated with the edge of 
the pack ice from Newfoundland through Oavis Strait, 
southwest, south and southeast Greenland, Denmark 
Strait and Jan Mayen Island to Spitsbergen. Hooded 
seals assemble during March in heavy pan ice at three 
main whelping areas — near Jan Mayen (eland north of 
Iceland, In Davis Strait, and near Newfoundland. The 
Davis Strait whelping area was known In the 19th cen­
tury and rediscovered In 1974; in various years Its 
latitude has varied from that of northern Labrador to 
that of Cumberland 8ound (Sergeant 1974,1976b; Im­
perial et a/. 1976). Most of the Newfoundland popula­
tion whelps on the 'Front* east of northern New­
foundland and southern Labrador, but a few whelp In 
the Gulf of St. Lawrence.

In April, after whelping and breeding, Newfoundland 
hooded seals start to migrate north to Davis Strait and 
southwest Greenland. Migrating hooded seals begin to 
reach coastal waters off southwest and central west 
Greenland In early April (Rasmussen 1960; Kapel 
1975b), but these early arrivals are probably from the 
Davis Strait group, not from Newfoundland. Young-of- 
the-year begin to arrive about 10 days after the older 
animals (Rasmussen i960). From southwest Green­
land, most apparently migrate southeast to south 
Greenland, where the main catch is in May and early 
June (Kapel 1975b). However, the catch per hunter is 
much higher In south than southwest Greenland, 
which suggests that hooded seals approach south 
Greenland from the southwest or west as well as the 
northwest.
From south Greenland, many hooded seals apparently 
migrate northeast to their main moulting area in Den­
mark Strait between Greenland and Iceland (Ras­
mussen 1960; Kapel 1975b). There Is only one pub­
lished record of a hooded seal marked near New­
foundland being caught off eastern Greenland 
(Sergeant 1974), but distributional evidence and obser­
vations of migrating animals provide substantial 
evidence that many Davis Strait and/or Newfoundland 
seals do move to Denmark Strait (Rasmussen 1960). 
Seals from the Jan Mayen whelping group also migrate 
to the Denmark Strait area and moult there in late June 
and early July.
Some hooded seals of the Davis Strait and/or New­
foundland stocks remain off southern or western 
Greenland during the moulting period, especially in 
heavy Ice years, and those that moulted in Denmark 
Strait begin to return to Davis Strait by late July (Ras­

mussen 1960; Kapel 1975b). Their distribution in late 
summer and fall la poorly known. The few seen and 
hunted off northwest Greenland and the Thule District 
are recorded In June through September (Vibe 1950; 
Kapel 1975b).
There are also occasional summer records from the 
Canadian aide of Baffin Bay, particularly from the 
Bylot Island area (Low 1906; Anderson 1934; DegerbSI 
and Freuchen 1935; Miller 1955; Tuck 1957; Blaeett 
1967b; Johnson ef *1. 1976). One individual has been 
found as far west ae Radetock Bay, southwest Devon 
Island (Stirling and Archibald 1977). There have been a 
few records in Jones Sound (Riewe 1977) and off 
eastern Ellesmere Island and in Kane Basin (Vibe 
1950). There have also been occasional records in 
Cumberland Bound (Kumlien 1679; Anders at a/. 1967) 
and In eastern Hudson Strait (Dunbar 1949). Mansfield
(1966) and Bruemmer (1972) mention single sightings 
in southwest and east Hudson Bay.
Southward migration parallel to the Labrador coast 
has been recorded in late September (Rasmussen 
1960), but some hooded seals, probably mainly of the 
group that whelps in Davis Strait, remain there through 
the winter (Kapel 1975b; Imperial a t at. 1976).
There have been several extrallmita! records of the 
hooded seal in the western Canadian Arctic —  near 
Herschel Island and Tuktoyaktuk (Porsild cited by Dun­
bar 1949), near Sachs Harbour (Usher 1966) and at Read 
Island off southwest Victoria Island (Smith and Taylor 
1977). In general, however, this species does not move 
appreciably west from Davis Strait or Baffin Bay.
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8TATU8 AND SIZE OF POPULATIONS

Hooded Mali have boon hunted commercially at the 
Newfoundland and Jan Mayen whelping areas for over 
150 years, and were also taken at the Denmark Strait 
moulting area up to 10S1. The Denmark Strait harvest 
presumably took eeale from ail three whelping areas. 
There has also been a smaller harvest along the Green­
land coast for a similarly prolonged period. The Impré­
cise Information about population sizes and trends 
that Is available is almost all derived from hunt statis­
tics.

The catch of hooded seals off Newfoundland, south 
and southwest Greenland and eastern Baffin Island 
declined sharply In the 1020's (Rasmussen 1060; 
Anders ef a/. 1067; Vibe 1067; 8ergeant 1074). The 
number whelping near Jan Mayen Island apparently in­
creased around the same time, perhaps because of a 
réallocation of seals among whelping areas In 
response to the climatic amelioration than in progress 
(Rasmussen 1060). 8ergeant (1074) has argued that 
such a réallocation la feasible because all three 
groups whelp simultaneously in March, because all ap­
parently mix In Denmark Strait In early summer, and 
because at least a few of the Juveniles wander wldbly. 
Since 1065 the catches in Greenland and Newfound­
land have Increased again (Kapel 1975b; Sergeant 
1076b), perhaps due to the heavier ice present In re­
cent years, the cessation of the Denmark Strait hunt in 
1061, or both (Sergeant 1976a, b). Off Newfoundland, 
the catch per ship as well as the total catch averaged 
higher In the 1066 to 1073 period than In 1029 to 1065 
(Sergeant 1974).
Rasmussen (1060) suggested that the total population 
in the late 1950's was about 500,000 to 750,000, with 
about 10% of these breeding near Newfoundland. This 
crude estimate was based on the facts that about
75,000 hooded seals were then being harvested an­
nually, exclusive of the small Greenlandic and Soviet 
catches, and that the total population was apparently 
declining slowly. A moulting group of 230,000 was 
recorded In Denmark Strait In 1959, but this was be­
lieved not to represent all seals in the area.
The recently rediscovered Davis Strait whelping pop­
ulation included roughly 50,000 adults in 1974 and 
possibly a similar number in 1977 (Sergeant 1974; Im­
perial et al. 1978) but fewer were found in 1976 
(Sergeant 1976b) and 1978 (about 34,000 — MacLaren 
Marex Inc. 1979). None of these estimates was based 
on comprehensive coverage.
The number of hooded seals whelping near Newfound­
land has not been estimated directly. This group № 
estimated to have produced about 27,000 young an­
nually in 1971 to 1976 (Sergeant 1976b). This estimate 
is derived from an indirect method involving several 
assumptions, a regression analysis based on only five 
points, and extrapolation of the regression line beyond 
the range of the data. If the estimate Is correct, the

number of adulte near Newfoundland would be about 
54,000, assuming a 1:1 sex ratio and 100% fertility. 
АгЦ МЦмий immature animals would also be peasant.

In summary, the statue of the ‘populations' of hooded 
seals Is unclear because estimates of population sixes 
are Imprecise and because the degree and causes of 
exchange among populations are uncertain. If ex­
change is extensive, year-to-year trends In catch in one 
area cannot be interpreted without knowledge of 
trends in other areas. The fact that the Davis Strait 
group was not accounted for until 1074 makes Inter­
pretation of trends especially difficult. In the absence 
of a reliable estimate of the size of the Newfoundland 
stock, it Is Impossible to evaluate the conclusion by 
Sergeant (1974) that this heavily exploited stock is 
maintained by immigration of seals from the little- 
exploited Davis Strait stock.

POPULATION STRUCTURE 
AND DYNAMICS

Hooded seals have not been studied in the Northwest 
Territories. 8amples of the animals from the New­
foundland and Jan Mayen whelping populations, the 
Denmark Strait moulting aggregation and the Green­
land coastal catch have been examined at various 
times. In general, the population biology of the hooded- 
seal Is lees well known than that of the harp seal or the 
ringed seal. Hooded seals can be aged by counting 
layers in the dentine or cementum of the canine teeth. 
Ageing can be very reliable for ages zero to 10 years, 
but there is an uncertainty of ± 1 year for ages 11 to 15 
(Kapel 1075b) and presumably also for older animals.
The hooded seal has been said to be monogamous, but 
may be to some degree polygynous (Miller and Boness
1979). The male remains on the ice with the female dur­
ing the whelping period In March (Rasmussen 1057; 
Mansfield 1967a). The single pup is nursed for less 
than two weeks (variously reported as eight to 12 days
— Rasmussen 1957; Mansfield 1967a; Sergeant 1976a) 
and then Is abandoned. Copulation occurs at the end 
of lactation, so the total gestation period Is about 11.5 
months. However, Implantation is delayed.
Age of first breeding by females is usually three years 
off Newfoundland ((Dritsland and Benjaminsen 1975) 
but was usually four years off Jan Mayen in the 1950's 
(Rasmussen i960); the first pup Is produced one year 
later. Thereafter breeding is usually annual. Males ap­
parently become mature considerably later (10 years
— Sergeant 1976b).
Age and sex structure has been studied using animals 
from the commercial and native seal hunts. Such sam­
ples are usually biased. For example, females asso­
ciate more closely with the pups than do males, so sex 
ratios in kills at whelping patches are biased. The sex 
ratios in samples of hooded seals (excluding young-of- 
the-year) from Greenland and Denmark Strait, where



М м  1« tou likely, ara cloat to 1:1 (Rasmussen i960; 
Kapel 1979b). Similarly, th# ratio la noar 1:1 for pupt 
OU Newfoundland (Qrftsland and Ban)aminaan 1979). 
Age atiuety»»i« dWtøuH toassesa because Immatures 
ara Infraquant in the whelping агем and Ьесаим 
young-of-the-year apparently do not migrate to the 
Denmark Strait moulting area (Rumuaeen i960; 
Sergeant 1978b). However, few hooded aaala live 
beyond 19 to 20 yeara; old hooded aeala are propor- 
tionatefy rarer than old harp aeala. The mean age of the 
moulting animale In Danmark Strait named to be 
decreasing In the late 1990'e juat before the hunt there 
waa abollahed (Rumuann i960). All theae reeulta 
come from heavily exploited population!; the age and 
eex atructure of pre-exploitation population! and of 
the lightly exploited (aee below) Davla Strait popula­
tion are unknown.
The main aource of mortality to adult and young 
hooded aaala le doubtleae hunting. The average annual 
take of pupa off Newfoundland in iees-75 waa 7,369, or 
27% of the eatlmatod 27,000 pupa produced annually 
In 1971*78. Natural pup and Immature mortality are 
unknown; few immature! (one to three yeara) are 
harvested. Natural mortality ratea for adults are 
unknown, since hunting Is a major factor In all popula­
tions that have been studied. Widely varying and often 
Inoonsietent estimate» (nine to 23%) of total annual 
adult mortality have been quoted for various locations, 
years and sex classes (Sergeant cited In Kapel 1975b; 
©ritsland and Benjaminsen 1975; Sergeant 1976a). 
Neither natural nor total mortality of any age or eex 
category of the Davis Strait population is known; total 
mortality Is presumably lees than for the New­
foundland and Jan Mayen populations (see below).
Dynamics of the populations whelping near Jan Mayen 
Island and Newfoundland have not been examined in 
detail, and the Davis Strait group la unstudied. De- 

. tailed analysis will remain difficult until the extent of 
exchange among populations Is known. The signifi­
cance of current harvests Is uncertain since total pop­
ulation sizes are poorly known.

CURRENT HARVE8T AND UTILIZATION

Extremely few hooded seals are harvested by Inult in 
the Canadian Arctic (Friesen 1979; Smith and Taylor 
1977), and there la no evidence that the harvest w m  ap­
preciably greater In the past. Pond Inlet accounts for 
moat of the catch; in 1978, about 1Q hooded seals ware 
taken — all were males (LQL Ltd. unpublished data).
Hooded seals that whelp In Davis Strait are presum­
ably exploited In Greenland during spring and summer, 
but it Is not known what proportion of the total Green­
land catch is from this population. The south and west 
Greenland catch, presumably from both the Davis 
Strait and Newfoundland populations, was relatively 
high before 1919 (6,600 to 7,500 annually In Juliana- 
haab district atone In 1916-18), low thereafter, and 
higher again since 1965 (about 2,000 annually) (Ras­
mussen 1960; Kapel 1975b). The number of seals killed 
but not retrieved or reported Is unknown but potential­
ly slgnflcant because of the difficult drift-ice condi­
tions (Kapel 1975b). In addition, up to 1961 the then- 
unrecognized Davis Strait population was presumably 
exploited while moulting In Denmark Strait.
Harvests of the Jan Mayen and Newfoundland popula­
tions were summarized by Raamussen (1960) and Ser­
geant (1965b, 1974,1976a, b). The Denmark Strait hunt 
ended In 1961, and Increasing restrictions have been 
placed on the Jan Mayen and Newfoundland hunts 
(annual quotas of 30,000 and 15,000, respectively, by 
1972-74). From 1966-75, the average annual harvest off 
Newfoundland waa 7,369 pur. and 5,370 older hooded 
seals — the latter being predominantly breeding fe­
males (Sergeant 1976b).
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R IN G E D  SE A L

T h is  s m a l l  se a l Is  w id e sp re ad  In  ih e  C a n a d ia n  A rc t ic  
w here It fo rm s the b a s is  o f the  re so u rce -h a rve st ing  
e c o n o m ic s  of m o st o f  the c o a s ta l Inu it c o m m u n it ie s  
T h e  r in ge d  se a l is  the b e s t  s tu d ie d  of the  a rctic  m arine  
m a m m a ls .  B e c a u se  o f  its  e c o n o m ic  im p o rta n ce  and  
the q u an tity  a n d  qua lity  o f in fo rm ation  availab le , the 
fo llo w in g  d is c u s s io n  is  n e c e ssa r ily  so m e w h a t  m ore  
d eta iled  than a re  the a c c o u n t s  o f  the o th er s p e c ie s  of 
m arine  m am m a ls .

DISTRIBUTION

T h e  r in ge d  se a l is  the  m o st  w id e sp re ad  s p e c ie s  of 
m arine m a m m a l in the C a n a d ia n  A rctic . It o c c u rs  in  all 
m arine  w a te rs  so u th  to  J a m e s  B a y  an d  northern N e w ­
fo u n d la n d  and  north to the A rc t ic  O c e an , north  of 
E lle sm e re  Is la n d  (D u n b ar 1949; M a n s f ie ld  1967a). The  
r inged  s e a l h a s  a  s im ila r  w ide  ran ge  th ro u gh o u t c ir­
c u m p o la r  a rctic  reg ion s.

T h e  r in ge d  se a l is  u su a lly  a  perm an e n t re s id e n t in 
m o st  o f it s  range; it overw in te rs u n der the s e a  ice  
th rou gh  w h ich  it m a in ta in s b rea th in g  h o le s  (D e ge rb d l 
a n d  F re u ch e n  1935; V ib e  1950; M c L a re n  1958a; M a n s ­
fie ld  1967a; S m ith  1973a). T h ro u gh o u t  m o st  o f  its 
C a n a d ia n  range  it is  th o u gh t to be  sedentary, u n d e r­
tak in g  o n ly  lo ca l m o ve m e n ts in re s p o n se  to c h a n g in g  
ice  co n d it io n s. How ever, in the w e ste rn  A rc t ic  there  is 
so m e  e v id e n ce  that regu lar, a n n u a l m o ve m e n ts o c c u r  
a lo n g  the  northern  c o a s t  of A la s k a  (B u rn s  1970; B u rn s  
a n d  H a rb o  1972) and in the C a n a d ia n  se c to r  o f the  
Be au fo rt  S e a  (Sm ith  1976a; S m ith  and  S t ir lin g  1978).

T h e  d istr ib u tio n  o f r in ged  s e a ls  is  h ig h ly  d e p e n d e n t on  
the p re se n ce  o f s ta b le  fast  ice  w here  a d u lt s  m a in ta in  
bre a th in g  h o le s  th rou gh o u t the w inter. T h u s, the s p e ­
c ie s  te n d s  to b e  co a s ta l in d istr ib u tio n  w ith  sm a lle r  
n u m b e rs o c cu rr in g  o ffsh o re  in z o n e s  o f  m o v in g  p a c k

STATUS AND SIZE OF POPULATIONS

T h ere  is  n o  sy ste m at ic , quan titative  in fo rm a tion  on  
h isto r ic  le ve ls o f  harvest o f r in ged  se a ls .  There h a s  
b een  no co m m e rc ia l (non-native) exp lo ita tio n  fo r  at 
le a st  50 y e a rs  a n d  current p o p u la t io n  le ve ls are b e ­
lieved to b e  s im ila r  to h isto r ic  levels.

Th ere  h a s  been a  great dea l of recent research  on  
m e th o d s  o f  e s tim a t in g  the s iz e s  o f r in ged  se a l p o p u la ­
t io n s  (M c La re n  1958b, 1961, 1966b; B u rn s  an d  H a rb o  
1972; S m ith  1973a, b, 1975a; F in le y  e t  a l .  1974; S t ir lin g  
e t  a l .  1975, 1977; F in le y  1976, 1978; B ra h a m  e t  a l .  

1977b). S in c e  p o p u la t io n  e s t im a te s  derived  from  s o m e  
o f th e se  s tu d ie s  have been u se d  to determ ine  the  
potential su s ta in a b le  harvest le ve ls of r in ge d  s e a ls  in 
va r io u s g e o g ra p h ic  reg ion s, it is  im po rtan t to e va lu a te  
the a c c u ra c y  an d  c o n s is te n c y  of the  p ro ce d u re s th at  
have  been  used. It w ill be noted  that a lth o u gh  the

m e th o d s  are ap p are n tly  sim ila r, there are im portant  
d iffe re n c e s th a t g rea t ly  a ffe ct  the co m p a rab ility  o f  the 
stu d ie s. The fo llo w in g  e va lu a tio n  c o n s id e r s  the ce n ­
s u s  te c h n iq u e s  that a re  u se d , the b a s ic  a s s u m p t io n s  
im p lic it  in the te ch n iq u e s, th e  e s tim atio n  p ro c e d u re s  
u se d  a n d  the p o p u la t io n  e s t im a te s  that have  been  
derived.

CENSUS TECHNIQUES
T w o  b a s ic  su rv e y  te c h n iq u e s  have b e e n  u se d  to  c e n ­
s u s  r inged  s e a ls :

1. b oa t su rv e y s  d u r in g  the o p e n  w a te r  se a so n , an d

2. aerial su rv e y s  d u r in g  sp r in g .

S u rv e y s  from  b o a ts  w ere  co n d u c te d  a n d  e va lu a te d  by 
M c L a re n  (1961) and  have  b e e n  u se d  in R u s s ia  by 
P ote lov  (1975a). H ow ever, b e c a u se  o f  the sh o rt  op e n  
w ater se a so n ,  the  la rge  a re a s  to  be su rve ye d  a n d  the  
c o s t s  a n d  lo g is t ic  p ro b le m s a s s o c ia t e d  w ith op e ra t in g  
in ice -in fe ste d  w aters, boat su rv e y s  o f  r in ged  s e a ls  
have not been w id e ly  u se d  a n d  are  not d is c u s s e d  here.

Aerial su rv e y s  have been  w id e ly  u se d  and  o ffe r the  
a d v a n ta g e s  of h ig h  sp e e d  a n d  lo n g  range; thus, la rge  
a re a s  ca n  be su rve ye d  and  rep licate  su rv e y s  can  be  
co n d u c te d  to de te rm in e  c o n f id e n c e  lim its. R in g e d  
s e a ls  hau l out o n to  the su r fa c e  o f fa st  ice  in late M ay, 
June  a n d  early J u ly  to m ou lt th e ir  pe lage . A t th is  tim e  
they are c o n s p ic u o u s  o n  the ligh t-co lou red  ice an d  
they can  be e a s i ly  counted.

The p roportion  o f the se a ls  o n  ice th at are co u n te d  
du rin g  aerial su rv e y s  d e p e n d s  o n  a  varie ty  o f fac tors. 
T h e se  fac to rs  in c lu d e  type  of su rve y  a ircraft, its  sp e e d  
and altitude, th e  p o s it io n s  of th e  o b se rve rs  in the a ir­
craft, the w idth  o f  the tran se ct that is  b e in g  surveyed, 
and the experience, co n c e n tra t io n  and  v isu a l a c u ity  of 
the observers. T h e  b ia s e s  of the  aeria l su rve y  te c h ­
n ique have not rece ived  e n o u g h  a tten tio n  and  su rv e y s  
by d ifferen t in v e s t ig a to r s  have not been  stan da rd ize d  
A  few  e x a m p le s  w ill illu strate  th e se  p o in ts.

Su rvey  a lt itu d e s  have varied from  30  m (M c L a re n  
1966b) to  152 m  (S tir lin g  e t  a l .  1977). Su rve y  sp e e d s  
have varied  from  170 km /h (F in le y  e t  a l .  1974) to  240  
km/h (S tirlin g e t  a l .  1977) or are  not sta te d  (S m ith  
1975a). T ra n se c t  w id th s have varie d  from  0.4 km  (F in ley  
e t  a l .  1974; J o h n so n  e t  a l .  1976) to  1.6 k m  (S tir lin g  e t  a l
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1975) or to  the lim it o f  v is ib ility  (M c La re n  1966b). 
S u rv e y s  have  b e e n  co n d u c te d  by the pilot an d  an  
o b se rve r  in the tw o  front s e a t s  (B u rn s  a n d  H a rb o  1972), 
o n e  o b se rve r In th e  front and  o n e  in the rear (Sm ith  
1975a; F in le y  1976), and tw o  o b se rv e rs  in rear se a ts  
(S tir lin g  e t  a l .  1977). In a se r ie s  of s tu d ie s  by L G L  Ltd., 
It w a s  fo u n d  that o b se rv e r  d iffe re n ce s in d e tection  of 
s e a l s  ca n  am o u n t  to  4 0 %  in extrem e c a s e s  a n d  that 
o b se rv e rs  in front se a t s  s e e  11 to 1 5 %  m ore s e a l s  than  
o b se rv e rs  in rear se a ts  a t  sp e e d s  o f 210 km /h  and  
a lt itu d e s  o f 90 m (F in ley  1976). W h e n  an  above -average  
o b se rve r  is  in the front se a t  an d  su rve y  s p e e d s  are  
s lo w  (170 km/h), th e  co m b in e d  e ffe c ts  o f  o b se rve r  b ia s  
a n d  se a t  p o s it io n  c a n  be su b s ta n t ia l (about 6 0 %  in one  
s tu d y  —  J o h n so n  e t  a l .  1976). T h e se  b ia s e s  d o  not 
o c c u r  w ith  a ll o b se rve rs  a n d  se a t in g  a rra n g e m e n ts  but 
they  can  be su b s ta n tia l a n d  sh o u ld  be  e xam in e d  in 
e a c h  study.

ESTIMATION PROCEDURES
T h e  q u e stio n  of w h a t  proportion  o f r in ged  s e a ls  hau led  
o u t  on the Ice  a re  a c tu a lly  co u nted  w a s  d is c u s s e d  
above. O f  m ore  co n c e rn  i s  w hat p ropo rtion  of th e  se a ls  
presen t in an  area a re  a c tu a lly  hau led  ou t on th e  ice at 
the  tim e o f  the  su rve y. R in g e d  s e a ls  exh ib it d iu rn a l and  
s e a s o n a l pa tte rn s o f  haul ou t w ith p e a k s  d u r in g  m id ­
d a y  (10:00 to  16:00 h) and  m id  to late Ju n e  (M c La re n  
1966b; B u rn s  and H a rb o  1972; S m ith  1973a, b; F in ley
1976). H ow ever, F in le y  (1978) has sh o w n  that t im in g  of 
hau l-out beh av io u r  i s  a co m p le x  fu n c tio n  of location , 
d iu rn a l a n d  s e a s o n a l patterns, a n d  w eather. F in ley  
(1978) a ls o  s u g g e s t s  that m uch  o f the su p p o se d  in ­
c re a se  in fre q u e n c y  of hau l-out in late Ju n e  is, in fact, 
c a u se d  by the in flu x  of ad d it io n a l (p re su m ab ly  su b ­
adu lt) s e a ls  from  a d jac e n t areas rather than by in­
c re a se d  haul-out b e h a v io u r  o f resident se a ls.

S m ith  (1973a) e stim ate d  that du r in g  peak haul-out  
period s, o n ly  5 0 %  o f  the s e a ls  p re sen t were a ctu a lly  
h au le d  out on  the ice . F in le y  (1978) e stim ate d  that over 
7 0 %  of the  se a ls  a re  hau led  out d u r in g  p eak  p e r io d s  in 
the centra l h igh  A rc t ic . F e d o se e v  (1971) c ite s  S h u s to v  
to  th e  e ffect that 83  to  8 4 %  are hau led  ou t at o n e  time. 
T h u s , co rrectio n  fa c to r s  to a c c o u n t  for s e a ls  u n d e r the 
ice  ran ge  from  1.2 t o  2.0. O b v io u s ly , m ore  w ork  is  re­
q u ired  to refine th e s e  e stim ates.

M c L a re n  (1958b, 1966b) n o te d  that n u m b e rs a n d  d istr i­
b u tio n  of r in ged  s e a l s  in J u n e  w ere in gene ra l deter­
m in e d  by  the type a n d  am o u n t  of fa s t  ice  p re sen t in an  
area. F a s t  ice  a lo n g  co m p le x  c o a s t s  su p p o rte d  h ighe r  
d e n s it ie s  o f s e a ls  th a n  did ic e  a lo n g  s im p le  c o a s t s  and  
ice  c lo se  to  sh ore  su p p o r te d  m ore s e a ls  than d id  ice 
further from  shore. Thus, h e  ex trapo lated  d e n s it ie s  
from  a  sm a ll n u m b e r  of a e r ia l su rve ys o f v a r io u s ice 
ty p e s  a lo n g  so u th e a s te rn  B a ff in  Is la n d  to  ice d is tr ib u ­
tion  p a tte rn s in o th e r  a re a s  to de te rm ine  p opu lation  
s iz e s. T h e se  e s t im a te s  w ere intended a s  first ap p ro x i­
m a t io n s  but have s in c e  been  used  to a s s e s s  potential 
y ie ld s  (see  va rio u s A re a  E c o n o m ic  S u rv e y s  p roduce d  
by D .I.A .N .D . and  a l s o  J B N Q N H R C  1976).

S m ith  (1973a, b) h a s  p o in te d  ou t se vera l p ro b le m s  w ith  
M c L a re n 's  (1958b, 1966b) pre lim inary  ex trap o la tio n s.  
In add ition , recent w o rk  (S tir lin g  e t  a l .  1975, 1977; 
F in le y  1976, 1978; S m ith  and S t ir lin g  1978) h a s  sh o w n  
that s e a ls  a re  not d istr ib u te d  o n ly  a c c o rd in g  to  s im p le  
ice type  n o r  is  d istr ib u t io n  n e c e s sa r i ly  s im ila r  from  
year to  year, at le a st  in th e  w e ste rn  A rctic .

The e s t im a te s  by M c L a re n  (1958b) are not su ff ic ie n tly  
p re c ise  for u se  in de te rm in a tion  o f poten tia l harvest- 
ab le  yield o f  r in ged  se a ls .  H ow ever, the m e th o d  o f  
re la tin g  se a l d e n s ity  to ic e  type p ro b a b ly  can  b e  m od i­
fied to  provide m ore re liab le  e s t im a te s.

POPULATION ESTIMATES
M c L a re n  (1958b) e s t im a te d  a p o p u la t io n  of n e arly  one  
m illio n  se a ls  in the e a ste rn  A rc t ic  so u th  of L a n c a s te r  
S o u n d  but in c lu d in g  H u d so n  Bay. A s  n o ted  ab ove , th is 
e stim a te  Is su sp e c t .

S m ith  (1973a) e s tim ate d  the p o p u la t io n s  o f ringed  
s e a ls  in H o m e  Bay, H o a re  Bay  a n d  C u m b e r la n d  S o u n d  
on th e  east c o a s t  o f  B a ff in  Is la n d  to be  ab o u t 71,000,
36.000 and 59,000, respective ly . T h e se  e s t im a te s  are 
b a se d  on a co rre ct io n  fa c to r  of 2 X  to a c c o u n t  fo r  an i­
m als  under th e  ice d u r in g  the su rv e y s  a n d  a  co rrectio n  
fac to r of +0 .1 14 9  to a c c o u n t  fo r  su b -adu lt a n im a ls  
that w ere  be lieved to be p re sen t in o ffsh o re  a re a s . The  
uncorrected  e s t im a te s  fo r  the three a re a s  are  about  
33,000, 17,000 and 27,000.

S m ith  (1975a) e stim ate d  that H u d s o n  B a y  su p p o rte d
455.000 ringed  s e a ls  and  J a m e s  B a y  su p p o rte d  61,000.
T h e se  e s t im a te s  in c lu d e  a  co rrectio n  fac to r  o f 2  X  for 
a n im a ls  under the ice. S m ith  u se d  un w e igh te d  ave rage  
d e n s it ie s  for h is  e x trap o la t io n s  o f  n um be rs. If the 
e x trap o la tio n s are w e ig h te d  for le n g th  o f  tran se ct, the 
pop u lation  e s t im a te s  are 407,000 a n d  56,000. T h e  un­
co rrected  e s t im a te s  from  w e igh te d  d a ta  are 203  000 
and 28,000. '

S t ir lin g  e t  a l .  (1975,1977) have m a d e  the m o st  s y s te m ­
atic  e s t im a te s  of r in ge d  se a l n u m b e rs. B a se d  on  a 
large  n um be r o f  aerial su rv e y s  a n d  a  partia lly  stra tifie d  
d e s ig n , they e s tim ate d  th e  p o p u la t io n  o f  r in ged  se a ls  
in the C a n a d ia n  Beau fort S e a  to b e  41,983 (9 5 %  co n fi­
d e n ce  interval o f ±8 ,152 ) in  1974 a n d  21,661 (9 5 %  co n ­
f id e nc e  interval of ±4 ,9 1 9 ) in 1975. T h e se  e s t im a te s  
were n o t corrected  for s e a l s  u n der the ice. T h e  large  
sa m p le  size a n d  carefu l d e s ig n  o f  th e se  su rv e y s  m ake  
these  e s t im a te s  m u ch  m o re  re liab le  than  th o se  cited  
above, w hich were b a se d  on fe w  aeria l su rve ys. It 
sh o u ld  be noted  that even th is su rve y  o f  the Be au fo rt  
S e a  p ro d u ce d  a  9 5 %  c o n f id e n c e  interval o f abou t  
± 20%.

STOCKS

There i s  no ev id e n ce  to s u g g e s t  th at iso la te d  s t o c k s  of 
ringed  se a ls  e x is t  in the C a n a d ia n  A rctic . La rg e -sca le  
m o ve m e n ts o f  s e a ls  have  been d o cu m e n te d  in  the 
B e au fo rt  Se a  (S tir lin g  e t  a l .  1977). L o ca l m o ve m e n ts  
a lo n g  the  e a st  c o a s t  of Ba ffin  Is la n d  have b e e n  in­



ferred fo r  the C u m b e r la n d  S o u n d  area. S m ith  (1973a) 
be lie ve s that the heavily  e x p lo ite d  C u m b e r la n d  S o u n d  
'p o p u la t io n ' Is m a in ta in e d  by im m igra tio n  of s e a l s  
from  su rro u n d in g  areas.

POPULATION STRUCTURE 
AND DYNAMICS

T h e  a g e  o f  ringed s e a ls  c a n  Ьь - term ined by e x a m in a ­
tion  of can in e  teeth  from  the low er jaw. M c L a re n  

(1958a) a n d  S m ith  (1973a) co u n te d  d en tin a l annu li to  
d e te rm in e  the a g e  of the  an im al. M cL a re n  (1958a) re­
ported  th at this m eth od  w a s  u n re liab le  for so m e  a n i­
m a ls  over 10 y e a rs  of a g e  and  fo r  m o st  a n im a ls  over 20  
b e c a u se  the d e n tin a l an n u li w ere  h igh ly  co m p a c te d .  
S t ir lin g  e t  a l ,  (1975) a ged  r inged  s e a ls  by s ta in in g  a n d  
c o u n t in g  ce m e n tu m  laye rs  in the teeth. T h ey  fo u n d  
th is  techn ique  to  be  very accurate .

REPRODUCTIVE BIOLOGY
N o th in g  i s  know n  about the so c ia l s y s te m  of r in ge d  
s e a ls  but they are  a s s u m e d  to be  p ro m isc u o u s  (S tir lin g  
1975). A d u lt  r in ge d  s e a ls  m ain ta in  b re a th in g  h o le s  in 
s ta b le  f a s t  ice a n d  the s in g le  p u p  is born  on  the ice  in 
the  la st  ha lf of M a rc h  o r  the first ha lf of April (V ibe  
1950; M c L a re n  1958a; F e d o se e v  1965a; J o h n so n  e t  a l .  

1966; S m ith  1973a; Sm ith  and S t ir lin g  1975) in all a re a s  
stu d ied . T h e  p u p s  are b o rn  in birth la irs  h o llow ed  ou t  
o f sn o w d r ifts  in th e  lee o f p re ssu re  r id g e s  and  h u m ­
m o c k s  in the f a s t  ice (D e g e rb d l and F reuchen  1935; 
M c L a re n  1958a; Sm ith  a n d  S t ir lin g  1975). L ac ta t io n  
la s t s  fo r 1.5 to tw o  m o n th s  a fte r w h ic h  the  fe m a le  
a b a n d o n s  the p u p  (M cLa re n  1958a; S m ith  1973a). T h e  
du ration  o f  lacta tion  is partly  a  fu n c tio n  of ice  stab ility . 
F e d o se e v  (1975) found that ringed  s e a ls  in h a b it in g  
drift ice  in the S e a  of O k h o t sk  nurse d  for on ly  three  
w eeks.

T h e  b re e d in g  s e a s o n  e x te n d s from  m id -M a rch  to m id -  
M ay; co p u la tio n  o c c u rs  in w ate r under the ice ( M c ­
Laren  1958a; S m ith  1973a; S t ir lin g  1975). M a n y  fe m a le s  
w ith  p u p s  ovu la te  du rin g  lactation. Im p lan tation  is  
d e layed  fo r  abou t three m o n th s  and o c c u r s  in A u g u s t  
(M c L a re n  1958a).

S e x u a l m aturity i s  atta ined  by m a le s at a g e s  s ix  to  
e igh t  y e a r s  w ith  m ost b e co m in g  m ature  in the ir  
se ve n th  ye a r (M c La re n  1958a; F e d o se e v  1965a, 1968, 
1975; J o h n so n  e t  a l .  1966; S m ith  1973a). F e m a le s  are  
c o n s id e re d  to b e  se xu a lly  m ature  w hen  they f ir s t  
ovulate. If b re e d in g  occurred, the first pup  w ou ld  be  
p ro d u ce d  in the fo llo w in g  year. M c L a re n  (1958a) fo u n d  
that 1 2 %  o f the fo u r  year-o lds ( =  in fifth  year), 2 2 %  of 
five year-o lds, 7 8 %  of s ix  year-o lds an d  1 0 0 %  of se v e n  
ye a r-o ld s had ovu lated  (N  = 6 5 ) a lo n g  so u th w e st  B a ffin  
Is lan d . T h e  c o rre sp o n d in g  f ig u re s  for the  C h u k ch i S e a  
c o a s t  of A la sk a  a re  8 % ,  6 0 % ,  5 5 %  a n d  9 3 %  (N =  45) 
(J o h n so n  e t  a l .  1966) a n d  for the  ea st  c o a s t  of B a ffin  
Is la n d  (H o m e  B a y )  they a re  4 1 % ,  5 9 % ,  8 5 %  and 8 6 %

(N =  225) (Sm ith  1973a). F ig u re s  fo r  R u s s ia n  p o rt io n s  o f  
the C h u k c h i Sea, B e r in g  S e a  a n d  S e a  o f  O k h o tsk  are  

s im ila r  (F e d o se e v  1965b, 1975).

R in g e d  s e a ls  are an n u a l b reeders. H ow ever, not a ll 
adu lt fe m a le s  ovu late  o r are  p re gnan t every  year. T h u s  
the e ffective  birth rate p e r  adu lt fem a le  i s  le s s  than  1.0 
and ca n  be  quite variab le . T h e re  is  c o n fu s io n  in the  
literature ab ou t the  ovu la t io n  rate o f r in ged  se a ls .  
S m ith  (1973a, 1975b) c a lc u la te d  that th e  m ean  o v u la ­
tion rate w a s  0.80 for a  sa m p le  of 665 fe m a le s  from  
H o m e  Bay, Ba ffin  Is lan d . S t ir lin g  e t a l .  (1977) a d ju ste d  
th is f igu re  to  0.92 by e x c lu d in g  the in co m p le te ly  m a ­
ture fou r a n d  five year-o ld  a g e  c la s s e s .  In  a c tua l fac t  
the m ean  ovu la t io n  rate o f  th is  la rge  s a m p le  (four and  
over) is  0.87 w hen  the a g e  d istr ib u t io n  o f  the a ctu a l 
sa m p le  is  co ns id e re d . T h is  rate r ise s  to 0.91 if fo u r  and  
five y e a r-o ld s are e x c lu d e d . M c L a re n  (1958a) fo u n d  that 
the o vu la t io n  rate in six  y e a r-o ld s from  so u th w e s t  B a f ­
fin Is la n d  w a s  0.78; how ever, the  rate for 42 o lder  
fe m a le s  from  va r io u s a re a s  in th e  e a ste rn  A rc t ic  w a s
0.93 (M c La re n  1958b). T h e  ovu la t io n  rate f o r a  sa m p le  
of 280  s e a ls  o lder than  s ix  y e a rs  from  th e  C h u k c h i S e a  
off A la s k a  w as 0.94 (J o h n s o n  e t  a l .  1966 a s  re­
ca lcu la te d  b y  S t ir lin g  1971). A  sm a ll s a m p le  (27) from  
the B e au fo rt  S e a  in 1972 y ie ld e d  an o vu la t io n  rate o f  
0.74 (S tir lin g  e t a l .  1977).

Tw o  typ e s o f  variation  in the o vu la t io n  rate  have been  
found: a g e -sp e c if ic  and  ye ar-spe c ific . M o s t  w o rk e rs  
have found  that y o u n g  fe m a le s  (five, s ix  and  se ven  
year-o lds) have a  low er ovu lation  ra te  than o lder  
fe m a le s (e.g., M cL a re n  1958b; S m ith  1973a). M c L a re n  
(1958b) th ou gh t th at old  fe m a le s  (over 3 0  years) had  a  
reduced  ovu lation  rate but S m ith  (1973a) fo u n d  no  
ev idence  o f this. S tu d ie s  in the  B e au fo rt  S e a  (S tir lin g  
e t  a l .  1975,1977) have  d o c u m e n te d  m ajo r  year-to-year 
d iffe re n ce s in the ovu lation  ra te  of m atu re  fe m a le s:  
0.74 (N  =  27, 1972), 0.49 (N  =  80, 1975) a n d  0.39 (N  =  23, 
1974). T h is  an nu a l variab ility  w ill b e  d is c u s s e d  later but 
it is  noted  here that lo n g  term  s tu d ie s  in  other a re a s  
have not fou n d  s im ila r  v a r ia t io n s  (F e d o se e v  1968 —  
S e a  o f O k h o tsk ; S m ith  1973a —  e a ste rn  B a ffin  Island).

S m ith  (1973a) a s su m e d  that v irtua lly  a ll fe m a le s  that 
ovu lated  d id  b e co m e  p regnan t a n d  h e n ce  he an d  other  
w ork ers have  u se d  the o vu la t io n  rate a s  a  g o o d  ap p ro x ­
im atio n  of p re g n a n cy  rate and b irth  rate. S tu d ie s  that 
have exam in e d  p re g n a n c y  rates have  fo u n d  them  to be  
so m e w h at low er th an  the av e rag e  o vu lat io n  ra tes cited  
above. P re gn a n c y  rates after im p lan ta tio n  w ere 0.86 
(Jo h n so n  e t  a l .  1966) an d  0.73 (F e d o se e v  1975) in the 
C h u k ch i S e a , 0.73 in the B e r in g  S e a  (F e d o se e v  1975) 
and 0.85 in the S e a  of O k h o t sk  (F e d o se e v  1968). Th e  
last o f  th e se  s tu d ie s  w a s  b a se d  on a  s a m p le  o f 481 
fe m a le s  taken  over three ye a rs  and  th e  an nu a l rate  
varied from  0.83 to  0.87.



AGE AND SEX STRUCTURE
T h e  a ge  stru ctu re  of r in ged  s e a l  p o p u la t io n s  is fa irly  
w ell kn o w n  b a se d  on  the w o rk  of M c L a re n  (1958b), 
F e d o se e v  (1968), and  the  deta iled  s tu d ie s  by S m ith  
(1973a, 1975b). T h e se  s tu d ie s  s h o w  that ap prox im ate ly  
h a lf of the  fe m a le  p o p u la t io n  c o n s is t s  o f  m ature  
fe m a le s  a n d  h a lf of Im m ature  a n im a ls. It is  extrem e ly  
d iff icu lt  to  co lle c t  u n b ia se d  s a m p le s  of r in ged  s e a ls  
s in c e  there  are m ajo r d iffe re n c e s  in the  d istr ib u tio n  of 
b re e d in g  and  n on -b re e d in g  a g e  c la s se s ,  so m e  d iffe r­
e n c e s  In  d istr ib u tio n  o f  se xe s, and d iffe re n c e s in the  
e a s e  of c o lle c t in g  the v a r io u s  a ge  c la s s e s .  M cL a re n  
(1958b) a n d  S m ith  (1973a) g iv e  go o d  d is c u s s io n s  of 
th e se  p o ten tia l b ia se s.

T h e  m ax im u m  lo n ge v ity  of r in ge d  s e a ls  in the wild h a s  
b e e n  d iff icu lt  to  eva lu a te  b e c a u se  of the  d iff icu lt ie s  of 
‘re a d in g ’ the d en tin a l la ye rs  in teeth from  o ld  a n im a ls.  
M c L a re n  (1962) re c o rd s one m a le  that w a s  at le ast 43 
y e a rs  o ld  but very  few rin ge d  s e a l s  live p ast  30 ye a rs  of 
a g e  (M cLa re n  1958b; S m ith  1973a).

T h e  sex  ratio  o f  r in ged  se a ls  i s  1:1 in a ll a g e  c la s s e s  
(M c L a re n  1958a; F e d o se e v  1965a, b; J o h n so n  e t  a l .  

1966; S m ith  1973a).

MORTALITY FACTORS
T h e  ringed  se a l i s  the b a s i s  for su b s ta n tia l native h u n t­
in g  e c o n o m ie s  th ro u gh o u t m o s t  of it s  c ircu m p o la r  
a rc t ic  range. A s p e c t s  o f  m orta lity  th rough  h u n ting  are  
d is c u s s e d  in la ter se c t io n s .

P re d ation  by p o la r  b e a rs  and a rc t ic  fo x e s  appare n tly  is  
th e  p rincipa l so u rc e  o f  natura l m orta lity  to  r in ged  
se a ls .  O th e r  poten tia l s o u r c e s  identified  by M c L a re n  
(1962) in c lu d e  p a ra s ite s  and d is e a s e s  (unim portant), 
to o th  w e a r in o ld  a n im a ls  that m a y  c a u s e  death  before  
p h y s io lo g ic a l m ax im u m  lo n ge v ity  is reached  (p o ss ib ly  
im p o rtan t in unhunted  p o p u la t io n s  —  I. A. M cL a re n ,  
pers. com m .),,and  for im m a tu re s  on u n sta b le  pack  ice  
a c c id e n ta l death  by b e in g  c ru sh e d  or trappe d  w ithout 
a c c e s s  to  a ir (no  quantitative  data).

A rc t ic  fo x e s  h ave  lo n g  been kn o w n  to  m ove  onto  the  
s e a  ice in  w in ter an d  s c a v e n g e  a t  the re m a in s  of s e a ls  
k ille d  by po lar bears. H ow ever, recent s tu d ie s  in the  
w e ste rn  A rc t ic  (A m u n d s e n  G u lf, so u th  o f  B a n k s  Is lan d )  
h ave  sh o w n  that arctic  fo x e s  a re  s ign if ica n t  p re d a to rs  
o f ringed  se a l p u p s  (S m ith  1976b). In a  three year study , 
S m ith  (1976b) e s t im a te d  that a n  average  of 2 6 %  of the  
r in ged  s e a l p u p s  were take n  by a rctic  foxes, w h ich  d u g  
th ro u gh  the  s n o w  co ve rin g  th e  seal birth lairs; the  
an n u a l ra te s  w ere  9 % ,  4 0 %  a n d  3 4 % . T h e  re a so n s  for  

4 h e  variab ility in fox p re d a tion  rates are unclear. A  
poten tia l b ia s  o f  th is  s tu d y  is th a t  the d o g  u se d  to f in d  
th e  birth la irs o f  se a ls  m ay h ave  been  attracted  to  
th o se  la ir s  that had  a lread y  b e e n  found  an d  m arked  
(w ith  urine  and  s c a t s )  b y  the fo x e s  (S tir lin g  a n d  S m ith
1977). N o n e th e le ss ,  predation  b y  arctic fo x e s is  c learly  
a n  im portant so u rc e  of m orta lity  to r inged  se a l p u p s  in 
th e  w este rn  A rctic . Th ere  are n o  data o n  the extent of 
t h is  predation  in other parts o f  the C a n a d ia n  A rctic ,

but arctic  fo x e s  o c cu r  th ro u gh o u t  the a re a  an d  there is  
no  re a so n  to  a s s u m e  th at su b s ta n t ia l p re d a tion  d o e s  
not occur.

T h e  polar bear is  p rob ab ly  th e  p r in c ip a l s o u rc e  o f  
natura l m orta lity  of r in ge d  se a ls .  S t ir lin g  an d  A rc h ib a ld
(1977) exam in ed  ringed  s e a ls  k ille d  b y  b e a rs  a n d  fo u n d  
that bears prim arily to o k  Im m ature , n o n -b re e d in g  
r in ge d  se a ls .  O ver 8 0 %  o f  the r in ge d  s e a ls  k illed  in the  
sp r in g  w ere tw o years o ld  or le s s  in n o rm al p o p u la t io n  
y e a rs  (S tir lin g  an d  S m ith  1977). H ow ever, in the  w e s t ­
ern A rct ic  in 1974 and 1975 w h e n  se a l n u m b e rs  a n d  
re p ro du c tion  rates w ere  very low, m ore  a d u lt s  w ere  
taken.

S m ith  (1975a) h in ts at th e  potential im p o rta n ce  o f bear  
predation  o n  se a ls .  H e  e s tim ate d  that there w ere
516,000 r inged  s e a ls  in H u d so n  a n d  J a m e s  B a y  (sh o u ld  
be 463,000 —  se e  p re c e d in g  se c t io n )  a n d  that the e s t i ­
m ate d  600 b e a rs  o c c u p y in g  the d e n n in g  area  in s o u th ­
ern H u d so n  Bay  c o n s u m e d  be tw een  5,000 a n d  21,000  
r in ge d  s e a ls  per year, b a se d  o n  the a s s u m p t io n  that 
the b ears o c c u p y  se a  ic e  for h a lf the  year. T h e  h igh e r  
e stim a te  w a s  b a se d  o n  the f in d in g  b y  S t ir lin g  (1974) 
that one  se a l w a s  k illed per five be a r  d a y s  in R a d s to c k  
Bay, so u th w e st  D evon  Is land , in the early  su m m e r.  
S m ith  (1975a), c it in g  C. Jonkel, s u g g e s t s  that the  p o p ­
u la t io n  of b e a rs  in H u d s o n  and  J a m e s  B a y s  c o u ld  be  
a s  h ig h  a s  2,000 to  3,000 a n im a ls. If there a re  3,000 
b e a rs  in the area an d  if e a c h  d o e s  take  o n e  se a l per five  
d a y s  in the  se a  ice, th e n  the kill o f s e a ls  b y  b e a rs  
w o u ld  be ab o u t  110,000. S in c e  m o s t  p red ation  (abou t  
8 5 % )  in norm al years i s  on su b -ad u lt  ( le s s  th an  s ix  
y e a rs  old) s e a S  (S tir lin g  an d  A rc h ib a ld  1977) a n d  s in c e  
a b o u t  5 0 %  o f the p o p u la t io n  a re  su b -a d u lts  (M c L a re n  
1958b; S m ith  1973a), then  about 4 0 %  o f  the su b -a d u lts  
are taken a n n u a lly  by polar b ears. O b v io u s ly , th is  
c o u ld  not h ap p en  on a  long-term  b a s is ,  an d  o n e  or  
m ore  of the ab ove  v a lu e s  is  p ro b ab ly  se r io u s ly  in error.

The  above  e xerc ise  illu stra te s  se ve ra l im p o rtan t  
po in ts. T h e  po lar bear is  an im p o rtan t p redato r o f  
r in ge d  se a ls .  M a n a g e m e n t  of r in ge d  s e a ls  re q u ire s a  
k n o w le d ge  o f  the n u m b e rs  of b e a r s  p re y in g  on  the  se a l 
po p u la t io n  a n d  the n u m b e r of s e a l s  per year requ ired  
by b e a r s  o f d ifferent a g e  and se x  c la s s e s .  (The a n n u a l 
rate o f  e igh t to 35 se a ls  p e r bear u se d  by S m ith  [1975a] 
n e e d s  to b e  refined.) M a n a g e m e n t  o f r in ged  s e a l s  re­
q u ire s  that the  co m b in e d  e ffe c ts  of p redation  by  p o la r  
bears, a rctic  fo x e s  .«' d In u it  be c o n s id e re d . C learly , the  
three predato rs are in a  sta te  o f  po te n tia l co n f lic t  fo r  
the a va ilab le  su rp lu s  o f ringed se a ls .  T h e  c o n flic t  is  
further co m p lic a te d  by th e  fact that In u it  are a ls o  p red ­
a to r s  of p o la r  b ears and  arctic  fo x e s. Fu tu re  m a n a g e ­
m ent will have  to b a la n c e  the re lative  In u it  d e m an d  fo r  
r in ge d  se a ls, po lar b ears and a rc tic  fo x e s  w ith  the d e ­
m an d  for r in ged  se a ls  b y  polar b e a r s  a n d  a rc tic  fo x e s.

POPULATION DYNAMICS
E v a lu a t io n s  o f the po p u la t io n  d y n a m ic s  of r in ged  s e a ls  
have been co n fo u n d e d  b y  the d iff icu lty  of o b ta in in g  
u n b ia se d  a g e  sa m p le s  from  the p o p u la t io n s. V a r io u s
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in v e st ig a to rs  (M cLa re n  1958b; S m ith  1973a) have tried  
to  correct for th e se  b ia s e s  b u t it is  not Know n h o w  
accu ra te  the co rre c t io n s  have been. Th e  m o st  im p o r­
tan t b ia s e s  have been in the e s t im a t io n  o f n u m b e rs  
a n d  surviva l of p u p s  a n d  su b -ad u lt  c la s se s .

T h e  annua l increm ent o f  pu p s in to  the popu lation  h a s  
b e e n  e stim ate d  at 1 8 .2 %  (so u th w e st Ba ffin  Is la n d  —  
co rrected  for a  1:1 se x  ratio —  M c L a re n  1958b) an d  
19 .5 1%  (H o m e  Bay, ea ste rn  B a ffin  Is la n d  —  S m ith  
1973a). T h e se  e s t im a te s  a s s u m e  that p re g n a n cy  
(M cLa re n ) or ovu lation  (Sm ith ) ra te s eq u a l birth rates. 
T h e  increm ent of p u p s  in to  the S e a  o f O k h o t sk  r inged  
s e a l popu lation  a ve rag e d  2 1 %  per year over a  six year  
period  b a se d  on o b se rv e d  p re gn an cy  ra te s (range 1 9 %  
to  2 3 %  —  F e d o se e v  1968).

E s t im a te s  o f first year m orta lity  (in c lu d in g  h un ting ) are  
0.31 (M cLare n  1958b) a n d  0.41 (S m ith  1975a). How ever, 
b e c a u se  o f  b ia se d  sa m p lin g  o f pups, th e se  e s t im a te s  
a re  based  on  c o m p a r is o n s  of th e  num be r o f p u p s in ­
ferred from  ovu lation  ra te s  w ith the n um be r o f  s e a ls  in 
th e  1 +  y e a r  c la s s .  F e d o se e v  (1968) fou n d  a n  average  
m orta lity  rate of 0.35 fo r  se a ls  in  their first year b a se d  
o n  c o m p a r iso n s  o f  the n u m b e rs  o f s e a ls  in the  0 +  a n d  
1 +  age  c la s s e s .  H e  felt that h is  data  w ere free of a g e -  
sp e c ific  s a m p lin g  b ia se s .  M c L a re n  (1958b) e stim ate d  
th a t the natura l m orta lity  (e xc lu sive  of h u n ting ) of p u p s  
w a s  2 5 % .

M orta lity  ra tes in re lation  to a g e  are typ ica lly  U -sh ap ed  
w ith  high m orta lity  to p u p s  but low  m orta lity  to o ld e r  
a g e  c la s se s .  M orta lity  ra te s are  a s su m e d  to grad u a lly  
in cre a se  fo r  s e a ls  over 15 years o f  a ge  (M c La re n  1958b; 
S m ith  1973a). F e d o se e v  (1968) fo u n d  an  ave rage  an nu a l 
natura l m orta lity  rate o f 0.11 for a n im a ls  a ge d  one to  12 
years. M c L a re n ’s  (1958b) e stim ate  of natura l m orta lity  
fo r  these c la s s e s  w a s  0.06. S m ith  (1975b) co n s tru c te d  
a m odel o f  a  h yp o th e tica l u n h u n te d  popu lation  a n d  
fo u n d  that the cru de  d e a th  rate ( =  natural m ortality) 
fo r  the p o p u la t io n  w a s  0.08. Th e  overa ll m ean  m orta lity  
rate  for the  popu lation  a t  H o m e  Bay, B a ffin  Is land , w a s  
0.17 (in c lu d es hunter kill).

Seve ra l a u th o rs  have e s tim a te d  the poten tia l s u s ta in ­
a b le  y ie ld s  of r in ged  se a l p op u lat ion s. M c L a re n  (1958b, 
1962) ca lcu la te d  that th e  total h u n t in g  kill o f  his p o p ­
u la tio n  w a s  7,000 per year. H e  then co n stru c te d  a  
h yp oth e tica l life tab le  u s in g  d a ta  from  sp e c im e n s  from  
th e  area and  severa l a s su m p t io n s .  The life tab le  
a s s u m e s  a  b a lan ce d  p o p u la t io n  o f s ta b le  s iz e  and a g e  
d istr ib u tio n  and  that kill w a s  at the  m ax im u m  su s ta in ­
a b le  level. The su s ta in a b le  y ie ld  w a s  7 -1 0 %  of the  
p o p u la t io n  (pup s in c lu de d) an d  8 %  w a s  thought the  
b e s t  approx im ation . It is  im portan t to note  that there is  
n o  ev idence  to co n firm  o r  deny that the 7,000 a n im a ls  
w e re  b e in g  taken from  a  stab le  popu lation . If the p o p ­
u la tion  w a s  d e c lin in g  then  8 %  is  an o vere stim ate  of 
su s ta in a b le  yield.

S m ith  (1973a), w h o  had larger s a m p le s ,  c o n s tru c te d  a 
h yp oth e tica l life table fo r  an u n e xp lo ite d  p o p u la t io n  
a n d  found that the  m ax im u m  su s ta in a b le  yield w a s  
ab o u t  1 1 %  of the popu lation . S m ith  felt that this e s t i ­

m ate  w a s  to o  h igh  and  w a s  in part c a u s e d  by th e  arb i­
tra r in e ss  o f the a g e -s p e c if ic  su rv iva l ra te s  a s s ig n e d  to  
the m odel. S m ith  (1973a) ca lc u la te d  th e  a n n u a l s u s ­
ta in ab le  y ie ld  of th e  p o p u la t io n  hunted  at H o m e  Bay, 
B a ffin  Is lan d , to be  7 .2 % . T h is  a g a in  a s s u m e d  that the  
p o p u la t io n  w a s  b a la n c e d  and that th e  o b se rve d  kill 
w a s  equal to  the m ax im u m  su s ta in a b le  kill. T h e  e s t i­
m ated  y ie ld  of 7 .2 %  w a s  determ ined  b y  d iv id in g  the  
tota l an nu a l kill by the p o p u la t io n  size. T h is  e s t im a te  is  
n o w  u se d  fo r  m an a ge m e n t  p u rp o se s  s o  it is  im po rtan t  
to eva lua te  poten tia l so u rc e s  o f  error in  the e stim ate .

T h e  kill f ig u re s  u se d  by S m ith  (1973a) w ere  derived  by  
a d ju st in g  th e  n u m be r o f  p e lts traded to  a c c o u n t  for  
s in k in g  lo s s  and  p e lts  n o t traded to arrive  at a n  e s ti­
m ate  of tota l kill. A  co rrectio n  fac to r o f  5 %  w a s  a p ­
p lie d  to the n u m be r of p e lts  traded  to a c c o u n t  fo r  s in k ­
in g  lo s s  d u r in g  the w in te r and p e lts  not traded. S in k in g  
lo s s  in w in te r has, in fact, been fou n d  to  be b etw een  7 
an d  1 0 %  (M c La re n  1958b; A n d e rs  e t  a l .  1967; H ig g in s  
1968) and the  n u m b e r o f pe lts n o t traded  w a s  a s  h igh  
a s  3 3 %  in o n e  year at H o lm a n  (S m ith  a n d  T a y lo r  1977). 
C learly , there co u ld  be su b s ta n t ia l e rro rs  in th e  e s t i­
m a te s  of to ta l kill.

T h e  e s tim a te  of p o p u la t io n  size  u se d  to  c a lc u la te  s u s ­
ta in ab le  y ie ld  m ay a ls o  b e  inaccurate . T h e  e s t im a te s  
of n u m b e rs (70,684) arrived at in th is  in v e s t ig a t io n  only  
in d icate  the ap p ro x im a te  size  o f  the rea l p o p u la t io n s ’ 
(S m ith  1973a:31). In  the m o st c o m p re h e n s iv e  aerial 
su rv e y s  of ringed  s e a ls  c o n d u c te d  to date, S t ir lin g  e t  

a l .  (1977) h ad  a  9 5 %  c o n f id e n c e  interval o f ± 2 0 %  
a rou n d  their p opu lation  e st im a te s. T h e  le s s  s y s te m ­
a tic  and  co m p re h e n s iv e  su rv e y s  by S m ith  (1973a) 
sh o u ld  have at le a s t  a s  b road  a  c o n fid e n ce  interval. 
T h u s , there i s  a  9 5 %  ch a n c e  (at m ost) that the actua l 
p op u lat ion  w a s  betw een  56,500 a n d  84,800. In add ition , 
S m ith  (1973a) u se d  a  co rrectio n  fac to r  o f  2 X  to a c c o u n t  
for a n im a ls  under the ice  d u r in g  the su rve ys. T h is  fac ­
tor is  a lso  a n  e stim ate  a n d  h a s  u n k n o w n  c o n fid e n ce  
lim its  a s so c ia te d  w ith  it.

T h e  co m b in e d  9 5 %  c o n fid e n ce  lim its  th at ap p ly  to  the 
e stim a te  o f 70,684 s e a ls  c a n n o t be  de te rm ined  a t  th is  
tim e, but are  p robab ly  at least ± 3 0 % .  S in c e  th is  e s t i­
m ate  and  the  im p re c ise  e s tim a te  of an nu a l k ill are 
u se d  to de te rm ine  the su s ta in a b le  y ie ld , the co n fi­
d e n c e  lim its  for the  su s ta in a b le  yield  e s t im a te  w ou ld  
a ls o  be at le a st  ±  3 0 % .  T h u s , th e  p o ten tia l a n n u a l s u s ­
ta in ab le  y ie ld  co u ld  be a s  little a s  5 %  o r a s  m u c h  a s  
1 0 %  of the popu lation , b a se d  o n  the a b o v e  a rgu m e n ts.  
W h ile  the ab o ve  d iffe re n c e s  am o u n t  to  o n ly  a  fe w  per­
c e n ta g e  p o in ts, they are qu ite  s ig n if ic a n t  w hen  tran s­
lated  into a llo w a b le  ca tch e s. F o r  exam ple , the  d iffer­
e n ce  betw een 5 an d  1 0 %  a m o u n ts  to 50,000 s e a l s  in a  
p op u lat ion  o f one m illion .

S m ith ’s  (1973a) e s t im a te s  have been d is c u s s e d  in 
deta il b e c a u se  they are c lea rly  the b e s t  in fo rm ation  
availab le . H ow ever, the e s t im a te s  will n eed  to b e  refin­
ed if the harvest of r in ged  se a ls  in c re a se s  s ig n if ic a n t ­

ly.

F e d o se e v  (1968,1975,1976) estim ate d  that the s u s ta in ­
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a b le  y ie ld  of r in ge d  se a l p o p u la t io n s  w a s  ab ou t 4 % .  
H ow ever, th is e s tim a te  a p p e a rs  to be  b a se d  on o ve r­
s im p lif ic a t io n s  c o n c e rn in g  the e s t im a te s  an d  Interpre­
ta t io n s o f the p rop o rtion  of o n e  year o ld  s e a ls  in the  
p o p u la t io n  (1 5 % )  and  the  a ve rag e  an nu a l m orta lity  rate  
(0.11) o f the p o p u la t io n  (e xc lu d in g  young-of-the-year).

F ina lly, the a s su m p t io n  that a  s in g le  rate o f  s u s ta in ­
ab le  y ie ld  can b e  a p p lie d  e q u a lly  to a ll p o p u la t io n s  in 
a ll ye a rs  needs to  be re -exam ined. S t ir lin g  e t  a l .  (1975, 
1977) have  do cu m e n te d  major, n a tu ra lly -occu rrin g  f lu c ­
tu a tio n s in the n u m b e rs, d istr ib u tio n  a n d  reproductive  
ra te s of ringed s e a ls  a n d  b earded  s e a ls  in the Be au fo rt  
Se a . T h e y  note that 'q u o ta s  that w ere sa fe  for a  healthy  
p o p u la t io n  co u ld  be d e v a s ta t in g  to a  red u ce d  p o p u la ­
tion  w ith  low ered p rodu ctiv ity ’.

LIMITING FACTORS
M c L a re n  (1958a, 1962) th o u gh t that b e c a u se  r inged  
s e a ls  feed  on m an y  p a rts  of th e  food  w eb a n d  on  at 
le a st  tw o  different trop h ic  leve ls, the ir nu m b e rs a n d  
d istr ib u tio n  w ere  not lim ited  by fo o d  availab ility. 
R in g e d  se a l p o p u la t io n s  m ay b e  lim ited  by the  am o u n t  
of s ta b le  fast ic e  a va ilab le  to  b reed ing  adu lts. T h e  
o ld er b reed ing a d u lt s  o c c u p y  th e  m o st s ta b le  fast ice  
found  in bays, f io rd s  a n d  a lo n g  co m p le x  c o a s ts .  In the  
le s s  s ta b le  Ice a lo n g  s im p le  c o a s t s  a n d  o ffsh o re  from  
co m p le x  c o a s t s  the d e n s it ie s  o f  se a ls  are low er a n d  
m o st  o f the a n im a ls  a re  im m ature  o r y o u n g  adu lts; 
s e a ls  at the f loe -edge  a re  Im m atu re s (M c L a re n  1958a, 
1962; V ib e  1967; S m ith  1973a, b; S m ith  a n d  S t ir lin g  
1975). M cL a re n  (1958a) fo u n d  th at ringed  s e a ls  born in 
le s s  s ta b le  ice w ere  sm a lle r  a n d  often starved. D eger- 
bdl and  F reu ch en  (1935) found  that s e a ls  a lo n g  outer, 
e x p o se d  c o a s t s  tended to be sm a lle r  than th o se  in 
f io rd s in G reen land, a n d  F e d o se e v  (1975) fo u n d  that  
r inged  s e a ls  in p o p u la t io n s  o c c u p y in g  drift ice  w ere  
sm a lle r  than  th o se  on fa s t  ice.

The  fa c to rs  that determ ine  th e  num be rs o f  r in ged  
se a ls  that o c cu r  on s ta b le  f a s t  ice are not know n  
(M c La re n  1962). F in ley  (1978) found  that b re a th in g  
h o le s  w ere rando m ly  d isp e r s e d  in bays. S t ir lin g  a n d  
M c E w a n  (1975) noted  that m a le  ringed  s e a ls  are a g ­
g re s s iv e  under the  ice a n d  th is m ay  reduce under-ice  
m ovem en t or e x c lu d e  su b -ad u lt  s e a ls  from  sta b le  fa s t  
ice a reas. It is not kn o w n  if the  m a le s m ain ta in  terri­
to rie s under the ice (S tir lin g  1975). B u rn s  a n d  H a rb o  
(1972) a n d  F in le y  (1978) s u g g e s t  that ava ilab le  fo o d  
under the fast ice  m ay de te rm in e  the n u m b e rs of s e a ls  
that can  o c cu p y  th e se  a re as. T h e  num be r of b re e d in g  
se a ls  that can e s ta b lish  birth la ir s  is  in part de te rm ined  
by tiie p re se n ce  o f sn o w d r ifts  in  the lee of p re ssu re  
r id ge s a n d  h u m m o c k s  in the f a s t  ice (Sm ith  an d  S t ir ­
lin g 1975).

T h us, a lth o u gh  the  am o u n t  a n d  stab ility  of fast ice  
d e te rm in e s the theore tica l u p p e r s ize  lim it of se a l 
po p u la t io n s, a  variety o f  other fa c to rs  are a lso  in ­
volved. There is  a  need  for s tu d ie s  of the natural 
p o p u la t io n  regu lation  m e c h a n is m s  of ringed  s e a ls  a n d

the m anner in w h ic h  th e se  m e c h a n ism s  act in va r io u s  
ice  type s a n d  g e o g ra p h ic a l a reas.

CURRENT HARVEST AND UTILIZATION

ANNUAL HARVEST
R in g e d  s e a ls  are h a rve ste d  at v irtua lly  all c o a s ta l c o m ­
m u n it ie s  in the A rctic . M a n s f ie ld  (1967a) e s t im a te d  
that the an nu a l harvest in the m id -1960 's w a s  abou t
70.000 r in ged  se a ls .  Cu rre nt harvest in fo rm a tion  is  
su m m a riz e d  in T a b le  11. T h e  f ig u re s  fo r  1975 a n d  1976 
are b a se d  o n  ‘Fur Expo rt T ax  R e tu rn s ’ a n d  in d ic a te  that 
the annua l n u m b e r of raw  p e lts  exported  from  the  
N o rth w e st Te rrito rie s w a s  ab o u t 35,000 in 1975 and
46.000 in 1976. A n  add it io n a l 15,500 se a ls  w ere  har­
ve s te d  by native c o m m u n it ie s  in Q u e b e c  (T ab le  11).

T h e  Fur E xpo rt Tax  R e tu rn s  w ere not d e s ig n e d  e x p lic it ­
ly to  m e asu re  the harvest of se a ls .  T h e  re tu rn s under­
e s t im a te  the  a c tu a l harvest o f r in ged  s e a ls  for the  
fo llo w in g  re a so n s :

1. retention  of p e lts  fo r d o m e st ic  u se ,

2. in co m p le te  rep o rtin g  from  se tt le m e n ts  (se e  Tab le  
11 —  e.g., C a p e  D o rse t  a n d  R e p u lse  Bay),

3. u se  of pe lts fo r  h an d ic ra fts, and

4. pe lts d a m a g e d  and not traded.

T h e se  b ia s e s  have been re co gn ize d  a n d  d is c u s s e d  by 
m an y  a u th o rs  (S te p h a n s so n  1975; U sh e r  1975; Be rger  
1977; Sm ith  and  T a y lo r  1977) a n d  w ill not be  p u rsu e d  
here. N o  m e a n s  of a d ju s t in g  o r co rre ct in g  the F u r  E x ­
port Tax  R e tu rn s to  in d icate  a ctua l ha rvest h ave  been  
deve loped. T h us, th e  figu re  of 46,000 p e lts  e xp orted  in 
1976 repre sen ts a n  un kn ow n  frac tion  of the  total 
harvest. It is  of s o m e  in te rest that if the m ax im u m  
a n n u a l reported h a rv e sts  from  e ach  c o m m u n ity  in the
N.W .T. for the  period  1940 to 1972 a re  su m m e d  then 
a b o u t  100,000 rin ge d  s e a ls  w o u ld  have  been  taken. 
S m ith  (1975a) u se d  th is  a p p ro a c h  to in d ica te  poten tia l 
h a rvest of r in ged  s e a ls  in H u d so n  Bay.

T h e  figu re s p re sen te d  for the Q u e b e c  c o m m u n it ie s  
(T ab le  11) a re  b a se d  on  in te rv ie w s w ith h un ters in each  
co m m u n ity  a n d  are th o u gh t to be  re liab le  e s t im a te s  of 
a n n u a l harvest levels.

HUNTING LOSS

Th e  propo rtion  of r in ge d  s e a ls  that a re  killed bu t not 
retrieved is p ro b ab ly  low er than for so m e  of th e  other 
se a ls .  How ever, the n u m b e rs lo st  can  be su b s ta n tia l.  
M c L a re n  (1958b) e x am in e d  se a s o n a l v a r ia t io n s  in the 
a m o u n t  of b lubbe r o n  r inged  s e a ls  and  fou n d  that b lu b ­
ber th ic k n e s s  (and b u oyancy) d e c lin e d  in M a y  and  
Ju n e  during  the m o u lt  and  then s lo w ly  in c re a se d  dur­
ing J u ly  and A u g u st .  D u r in g  break-up in June  a n d  July, 
m e lt in g  ice a n d  fre sh w ater in flo w s lo w er w ater sa lin ity  
and  reduce w ater de n sity . The low er d e n s ity  o f se a ­
w ater and  reduced  b u o y a n c y  of the s e a l s  in J u n e  and  
Ju ly  lead to h igh  s in k in g  lo s s e s  (M c La re n  1958b) and
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TABLE 11
Harvest of R in ge d  S e a ls  in the C an ad ian  Arctic.

Community
Arctic  B ay  
Bro ughton  Is land  
C a p e  D orse t  
C lyd e  R iver 
Frob isher Bay  
G rise  Fiord  
H all Be ach  
Ig loo lik  
Lake H arbour  
Pangn irtung  
Pond  Inlet 
R eso lu te  Bay  
San ik iluaq

Bathurst Inlet 
C am b rid ge  Bay  
C h esterfie ld  Inlet 
Copperm ine  
C o ra l Harbour  
E sk im o  Point 
G jo a  Haven  
H olm an  
Pelly  Bay  
Rankin  Inlet 
R e p u lse  Bay  
Sp e nce  B ay  
W hale  C o ve

Paulatuk  
S a c h s  Harbour  
Tuktoyaktuk

Sub -tota ls

Quebec Communities and Port Burwell4

Fur'Export Tax Returns1
1975

1773
4673

218
2165
2295
688
392

2133
1866
7168
1627

109
1728

105
101

1869
1008
406
375

2384
835

87

496
195

61

4

34,781

1976

1161
8050
2034
3392
2612

598
127

3079
2020
9688
1674
243
212

105 
126 
175

2279
574
206
140

4971
683
106 

1072
117

96

72
298

18

45,928

Peak Annual 
Harvest 

1940-1972*

2917
7425
5716
2700
3137
1000
444

3914
4053

13091
4000

670
2351

900
1759
950

8068
2340
3000

550
5500

289
1441
1896
2401
1200

2186
850

Akudlivik  
Fort C h im o

1973-75»

1207
752Fort G eorge 388

G eorge  R iver
635

1210
2322

235
Great W ha le  River —

Inukjuaq 3446
Koartak 3977
Leaf Bay 895

213
1123
789

—

Payne  Bay —

Port Burwell 1092
Povungn ltuk —

Su g lu q
1583
4809

1395
W akeh am  Bay  

Sub-total

3862
2366

Game fíepoMsa/m m l19BzĩotÍ 9 n ! WStannUa' ftarvesf ũasetf recof0s Horn Hudson's Bey Company lot 1940to 1972endR.C.M.P.
1 indicates no report for community.
•Data from JBN Q N H R C  (1976).

‘Best estimate of annual harvest during the two-year period 1973-74 and 1 9 7 4 -75.
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T A B L E  12

L o ss  of R inged  S e a ls  Through S inking.

D a te T y p e  o f H u n t
N u m b e r

K ille d
P e r  c en t 

lo s t S o u rc e
F e b ru a ry b re a th in g  h o le 12 8 .3 H ig g in s  1968
M a rc h -A p ril fa s t-ic e ? 4 0 7.5 M c L a re n  1958b
M a y -J u n e fa s t-ic e 31 9.7 A n d e rs  e l  a l. 1 9 6 7
Ju ly fa s t- ic e 2 6 23.1 R le w e  a n d  A m s d e n  (in  press)
F e b ., M a rc h , J u n e flo e -e d g e 19 47 .4 H ig g in s  1968
J u n e -J u ly b rea k-u p 2 0 6 16.0 A n d e rs  e l  a l. 1 9 6 7
J u ly -S e p t. o p e n  w a te r 5 9 5 0 .8 R ie w e  a n d  A m s d e n  (in  press)
Ju ly o p e n  w a te r 4 2 52 .4 M c L a re n  1958b
Ju ly o p e n  w a te r 10 4 0 .0 H ig g in s  1968
J u n e -J u ly o p e n  w a te r 3 4 4 27 .9 A n d ers  e t  a l. 1 9 6 7
A u g u s t o p e n  w a te r 11 3 15.9 A n d e rs  e t  a l. 1967
A u g u s t o p e n  w a te r 5 8 15.5 M c L a re n  1958b
S e p te m b e r o p e n  w a te r 1 12 3 .6 M c L a re n  1958b
Ju ly -A u g u s t s h o re lin e * 6 9 4.3 R iew e  a n d  A m s d e n  (in  press)
Ju n e o p e n  w a te r n s * * 38 . S m ith  a n d  T a y lo r  1 977
Ju ly o p e n  w a te r ns 52 . S m ith  a n d  T a y lo r  1977
A u g u s t-S e p t. o p e n  w a te r n s * 1 0 . S m ith  a n d  T a y lo r  1977

Seals are shot In shallow water from shore ■ “ ns = sample she not staled.

h u n t in g  is  reduce d  in so m e  c o m m u n it ie s  at th is  time. 
T h e  few  s tu d ie s  of ra te s of s in k in g  lo s s  a re  review ed in  
T a b le  12. T h ere  is  q u ite  g o o d  a g re e m e n t  a m o n g  the  
e s t im a te s  a lth o u gh  la rge r  sa m p le  s iz e s  w o u ld  b e  d e s ir ­
ab le.

C learly , s in k in g  lo s s  i s  an  im po rtan t co m p o n e n t  of the  
tota l kill o f r in ge d  se a ls .  S in c e  the lo s s  rate va r ie s  w ith  
se a s o n ,  any a d u s tm e n t s  of h a rvest f ig u re s  to a c c o u n t  
for s in k in g  lo s s  need to  he b a se d  on harvest f ig u re s  
that include  d a ta  on the  se a s o n a lity  o f  the harvest. 
M c L a re n  (1958b) presented  a  m od e l for p re d ic t in g  the  
rate o f s in k in g  lo s s  for va r io u s  a re a s  and  se a s o n s .  T h is  
m o d e l sh o u ld  b e  updated  w ith  the in fo rm ation  in  T ab le  
12 a n d  with n e w  Inform ation.

T h ere  are no  d a ta  on lo s s  o f a n im a ls  that are w o u n d e d  
an d  d ie  at a  la te r date.

HUNTING TECHNIQUES
Se v e ra l te ch n iq u e s are  currently  u se d  to  hunt ringed  
se a ls .  They h ave  been d e sc r ib e d  in g rea t de ta il by  
m an y  au th o rs (D e ge rb d l an d  F reu ch en  1935; V ib e  1950; 
M c L a re n  1958b; A n d e rs 1965; A n d e rs  e t  a l .  1967; B is -  
se tt 1967a, b; H ig g in s  1968; B e a u b ie re f  a l .  1970; Kape l 
1975b; Treude 1977). Brie fly, the te ch n iq u e  u se d  d e ­
p e n d s  on  se a s o n .  R in ge d  s e a ls  are sh o t a t  their b reath ­
ing h o le s  ( a g l u i t )  or c r a c k s  in the fa s t  ice. N e ts  are o c ­
c a s io n a lly  u se d  in cracks. ‘S e t -g u n s ’ w h ic h  are tripped  
by th e  se a l w h e n  it su r fa c e s  to breathe in the b rea th in g  
ho le  are u se d  b y  a few  Inuit. R in g e d  s e a ls  are hunted  
on th e  fast  ice  during the hau l-ou t p eriod  in M a y  and  
June. M o s t  h u n te rs u se  a  sc re e n  to h ide  their a p p ro a ch  
from  the se a ls  bu t a p p ro a c h e s  a m  often m ad e  w ithou t  
a sc re e n . A  su b s ta n t ia l hunt in m any  a re a s  i s  c o n ­
d u cte d  a lo n g  th e  edge  o f the fa s t  ice  (floe-edge). The  
s e a ls  are sh o t in the w ate r from  the ic e  and are re­
trieved by m e a n s  of a  sm a ll boat. D u r in g  the  open  
w ater se ason , se a ls  a re  sh o t  from  ca n o e s , larger  
d e ck e d  b o a ts  a n d  shore. N e ts  are o c c a s io n a lly  used.

UTILIZATION
R in g e d  s e a ls  w e ig h  abou t 4.5 k g  at birth. A d u lt  m a le s  
average  65 to 70 k g  and a d u lt  fe m a le s  s lig h t ly  sm a lle r  
(M a n sf ie ld  1967a). H a rv e s t s  o ften  co n c e n tra te  on  
yo u n ge r  a n im a ls  a n d  R le w e  (1977) fo u n d  that the  aver­
a ge  r inged  se a l k ille d  at G r is e  F io rd  w e igh e d  48  kg.

The im po rtan ce  o f the r in ge d  se a l to the  Inuit e x te n d s  
beyond  e c o n o m ic  c o n s id e ra t io n s  in to  so c ia l a n d  c u l­
tural m atte rs (R a s m u s s e n  1931 c ite d  b y  W e n ze l 1978). 
In e c o n o m ic  term s, it is  th e  b a s is  for the  su b s is t e n c e  
e c o n o m ie s  of m o st  co m m u n it ie s. T h e  r inged  se a l is  a  
principa l so u rc e  o f  food  a n d  the sk in  is  u se d  for a  
variety of c lo th in g  a n d  h an d ic ra ft  ite m s. R in g e d  s e a ls  
are a ls o  an  im po rtan t so u rc e  of d o g  fo o d  in s o m e  c o m ­
m unities.

R in g e d  se a l pe lts have  recen tly  b e c o m e  an im po rtan t  
so u rc e  of c a s h  incom e. M o s t  c o m m u n it ie s  b e g a n  s i g ­
n ifican t trad ing  o f se a l p e lt s  in the  1950’s  a n d  the in ­
cre a se  in fu r p r ic e s  in the 1960’s  in cre a se d  th e  trade  
(Sm ith  an d  Tay lor 1977). W e n ze l (1978) rev iew s the  
average  p r ice s  p a id  to h u n te rs  for m atu re  r in ge d  se a l 
pelts:

1963 $12.25 1977 (June) $14.00

1967 $2.50 1977 (Aug.) $10.00
1971 $13.00 1977 (Nov.) $1.00

The price  fo r  top qu a lity  p e lt s  w a s  $10.00 in th e  w inter  
of 1978-79 at P o n d  Inlet. H ow ever, m o s t  p e lts  b ring  
low er re turns or a re  unsa le ab le . T h e  price  of fu rs  h a s  
fluctua ted  s ign if ica n t ly . F u r  p r ice s a ffe ct  the n u m b e rs  
of s e a ls  k illed  and  the propo rtion  o f th o se  k ille d  that 
are traded. R iew e (1977) fo u n d  that the p roportion  o f  
the harvest that w a s  traded a s  s k in s  varied  from  1 3 %  
to 61 %  an d  ave rag e d  3 7 %  a t  G r ise  F io rd  betw een  1965 
and 1972. It is not know n w he the r th e se  f ig u re s  are  
typ ical of other c o m m u n it ie s  o r w hether they  still 
app ly  in G r ise  Fiord.
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B E A R D E D  S E A L

DISTRIBUTION

Th e  bearded  se a l o r  sq u are flip p e r is  a la rge, so lita ry  
se a l fou n d  th ro u gh o u t the C a n a d ia n  and E u ra s ia n  A r c ­
tic  (M a n s f ie ld  1967a; B e n ja m in se n  1973). In  C a n a d a  it 
o c c u r s  so u th  into J a m e s  B a y  and  a lo n g  th e  Labrador  
co a s t, and  north  a s  far a s  the lim it of the perm anent  
ice  (M a n s f ie ld  1967a).

T h e  bearded  se a l is  p rim arily  a  b o tto m  feeder a n d  its  
d istr ib u tio n  i s  so m e w h a t  d e te rm in ed  by th e  p re se n ce  
o f relatively sh a llo w  water. H ow ever, the  depth  to 
w h ich  bearded  s e a ls  can  d ive  is  a  su b je ct of so m e  
debate. V ibe  (1950) g iv e s  the m ax im u m  d e p th  a s  80  m  
w h e re a s  B rah am  e t  a l .  (1977b) list 200 m a s  the m a x ­
im u m  depth. S t ir lin g  e t  a l .  (1977) found  that bearded  
s e a ls  in the Be au fo rt S e a  preferred w aters 25 to 75 m 
deep. T h e  bearded  se a l is  s t ro n g ly  a s so c ia te d  w ith  
m o v in g  pack  ice  and  pan  ice w here it is  w ide ly  d isp e r s ­
ed  (B u rn s  1970; B u rn s  an d  E le y  1977). A lth o u gh  b e a rd ­
ed  s e a ls  can  m ain ta in  b rea th in g  h o le s  in fa s t  ice, they  
rarely d o  s o  (V ibe  1950; B u rn s  1967).

In  m an y  areas, bearded  s e a ls  are q u ite  se de n tary  an d  
m ake  on ly  lo ca l m o ve m e n ts in re sp o n se  to  ice -co n d i­
t io n s  (V ibe 1950; M c L a re n  1962; F e d o se e v  1973). in 
so m e  areas, regu lar lo n g -d is tan c e  m ig ra t io n s are  
undertake n  bu t a ga in  th e se  are in re s p o n se  to m o v e ­
m e n ts  o f ice f ie ld s (B u rn s  1967; B e n ja m in se n  1973; 
S t ir lin g  e t  a l .  1977). There is  so m e  ev id e n ce  for d if ­
ferentia l d istr ib u tio n  a n d  m o v e m e n ts  of va r io u s a g e  
g ro u p s  (B e n jam in se n  1973; P o te lo v  1975a).

STATUS AND SIZE OF POPULATIONS

Th ere  is  very little in fo rm a tion  ab o u t  the n u m b e rs  of 
bearded  s e a ls  in the C a n a d ia n  A rctic . The sp e c ie s  o c ­
c u r s  in sm a ll n u m b e rs in v irtua lly  all co a s ta l a re as an d  
it is  extrem e ly  d iff icu lt to c e n s u s .  Th ere  are m any  ref­
e re n c e s  to bearded s e a ls  b e in g  m ore  c o m m o n  in o n e  
are a  than  in an o th er a rea  but th e se  d iffe re n c e s have  
not been  quantified. F o r  exam ple , bearded s e a ls  have  
been  reported  to be  e sp e c ia lly  c o m m o n  in J o n e s  
S o u n d  (D e ge rb d l and  F re u ch e n  1935), in U n g a v a  B a y  
(D u n b a r 1949), a lo n g  the w e st c o a s t  of H u d so n  B a y  
(M a n s f ie ld  e t  a l .  1975b), in northern F o x e  B a s in  (M a n s ­
fie ld  1967a) a n d  off the  w e st c o a s t  o f B a n k s  Is la n d  
(M a n s f ie ld  e t  a l .  1975b).

M c L a re n  (1958b) ro u gh ly  e stim ate d  the n u m b e rs of 
bearded  se q js  in the e a ste rn  A rc t ic  by  de te rm in ing  the  
ratio  of bearded  s e a ls  to  ringed  s e a ls  ob se rve d  du rin g  
sh ip b o a rd  su rv e y s  an d  a p p ly in g  that ratio to  the n u m ­
b e rs of r in ged  s e a ls  e s tim a te d  to o c c u r  on the  sp r in g  
fa s t  ice. T h e se  e s t im a te s  of r in ged  s e a ls  w ere  th e m ­
se lv e s  ex trap o la tio n s (see  r inged  se a l account). T h e  
re su lts  o b ta in e d  from  so u th e rn  B a ffin  Is lan d  w ere then  
extrapo lated  to  the rest of the e a ste rn  A rct ic  so u th  o f  
L a n c a s te r  S o u n d  but in c lu d in g  H u d so n  a n d  U ngava

B a y s. T h e  derived  p o p u la t io n  e s t im a te  w a s  186,000 
a n im a ls .  T h is  e s tim a te  i s  ex trem e ly  crude  (M c L a re n  
1958b), bu t there are  no  o th e r p o p u la t io n  e s t im a te s  fo r  
the  ea ste rn  C a n a d ia n  A rctic .

R e c e n t aeria l su rv e y s  in  the C a n a d ia n  Be au fo rt S e a  
p ro d u ce d  e s t im a te s  of 2,757 (9 5 %  c o n f id e n c e  interval: 
±  728) bearded  se a ls  in 1974 a n d  1,197 ( ±  239) 
bearded  s e a ls  in 1975 (S t ir lin g  e t  a l .  1977). T h e se  e s t i ­
m a te s  a p p ly  to a n  area o f  a b o u t  143,000 k m 2 and  are  
n ot co rrected  fo r  u n se e n  a n im a ls  s in c e  no  s u c h  c o r ­
rection  fa c to rs  ex ist.

T h e  B e r in g  S e a  p o p u la t io n  of be a rd e d  s e a ls  i s  th o u gh t  
to  be 300,000 to 450,000 (B ra h a m  e t  a l .  1977b) and  the  
S e a  of O k h o tsk  p o p u la t io n  w a s  e s t im a te d  at 180,000 to
200,000 a n im a ls  (F e d o se e v  1973).

POPULATION STRUCTURE 
AND DYNAMICS

It h a s  o n ly  recently  been co n firm e d  that bearded  s e a ls  
c a n  be a g e d  by c o u n t in g  the a n n u a l c e m e n tu m  layers 
o n  the ro o ts  of th e  upper c a n in e  teeth  (B e n jam in se n  
1973). P re v io u s w o rk e rs u se d  g ro w th  r id ge s  on  the  
c la w s  fo r a g e in g ; th is te ch n iq u e  ga v e  re liab le  re su lts  
o n ly  up to  n ine to  16 ye a rs  d e p e n d in g  o n  the sp e c im e n  
(M c L a re n  1958c; B u rn s  1967).

T h e  on ly  s tu d ie s  o f  bearded  s e a l s  in C a n a d a  (M c L a re n  
1958c; S t ir lin g  e t  a l .  1977) w ere c o n d u c te d  a s  s id e lin e s  
to s tu d ie s  o f r in ge d  s e a ls  and  p o la r  bears; there  have  
b e e n  no  C a n a d ia n  s tu d ie s  sp e c if ic a l ly  of bearded  
s e a ls  (M a n sf ie ld  e t  a l .  1975b).

REPRODUCTIVE BIOLOGY
T h e  m atin g  s y s te m  of b earded  s e a ls  i s  not w e ll know n  
but the m a le s  are p ro b ab ly  p o ly g a m o u s  (B u rn s  1967). 
T h e  s in g le  y o u n g  i s  born o n  the ice  in la te  April o r  early  
M a y  a lth o u gh  a  fe w  are b o rn  in early  A p r il and  late  M a y  
(C h a p sk ii 1938; D u n b a r  1949; M c L a re n  1958c; B u rn s  
1970; P o te lo v  1975b). The la c ta tio n  period  is brief, la s t ­
in g  on ly  12 to  18 d a y s  d u r in g  w h ic h  t im e  the y o u n g  in ­
c re a se s  in w e igh t from  a b o u t  34  kg  to  85 k g  (B u rn s  
1967,1970). The p u p  is a b a n d o n e d  by th e  fe m a le  at the  
en d  of the la c ta tio n  period (C h a p sk ii  1938). Th e  peak of 
m atin g  o c c u r s  fro m  m id -April to  m id -M ay  a lth o u g h
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so m e  o c c u r s  before  an d  a fte r th is  period in so m e  a re a s  
(C h ap sk ii 193B; M c L a re n  1958c; B u rn s  1967). Im p la n ta ­
tion is  de laye d  for ab ou t 2.5 m o n th s  (M c L a re n  1958c).

M o s t  fe m a le s  in the e a ste rn  A rc t ic  reach se xu a l m atu r­
ity (ovu late ) at a g e  s ix  y e a r s  (M c La re n  1958c) a lth o u g h  
a  few  w ere m ature  at five. B u rn s  (1967) fo u n d  that 6 0 %  
ovu lated  at a g e  five y e a rs  in the B e r in g  S e a  an d  
P ote lov  (1975b) fou n d  that 8 0 %  o f the five ye a r-o ld s  
w ere m ature  in the Ba re n ts, K a ra  an d  W h ite  S e a s .  
M a le s  reach  m aturity  at s ix  or se ve n  y e a r s  (M c L a re n  
1958c; B u rn s  1967; P o te lo v  1975b).

M c L a re n  (1958c), b a se d  o n  a  sm a ll sam p le , th o u gh t  
that m atu re  fe m a le s  ga v e  birth in a lte rnate  years in the  
e a ste rn  A rctic . C h a p s k ii  (1938) s u g g e s t e d  a  tw o-year  
c y c le  but d id  not have e n o u g h  d a ta  to b e  co n c lu s ive .  
R e c e n t s tu d ie s  s u g g e s t  that bearded  s e a l s  are an n u a l 
breeders. B u rn s  (1967) fo u n d  an  o vu la t io n  rate o f 0.84 
(N =  133) an d  a  p re g n a n c y  rate of 0.85 (N =  26) in 
m ature fe m a le s  from  the  B e r in g  Sea. T h e  p re g n a n cy  
rate in bearded  s e a ls  (over n ine y e a r s  o ld ) in the S e a  of 
O k h o tsk  w a s  0.84 (N  =  19) (F e d o se e v  1973). S t ir lin g  e t  

a l .  (1977) s u g g e s t  that there can  be  Im portan t an nu a l 
d iffe re n c e s in ovu la tion  ra te s in th e  Be au fo rt S e a  (1974 
—  o vu la t io n  rate 1.00 — ■ N  =  9; 1975 —  ovu la t io n  rate
0.46 —  N =  24).

It is  p re su m e d  that bearded  s e a ls  are an n u a l b reeders  
in C a n a d ia n  w a te rs  but M c L a re n ’s  (1958c) f in d in g s  re­
m ain  unexp la ined . There have  been  no o th e r s tu d ie s  in 
the ea ste rn  C a n a d ia n  A rctic . M a n n in g  (1974) h a s  
sh o w n  that bearded  s e a ls  in the easte rn  and w este rn  
C a n a d ia n  A rc t ic  are  d is t in c t  su b sp e c ie s .

AGE AND SEX STRUCTURE
The se x  ra tio  of bearded  s e a ls  is  1:1 at birth (B u rn s  
1967) and  re m a in s the s a m e  th ro u gh  a d u lth o o d  (C h a p ­
sk ii 1938; B u rn s  1967; F e d o se e v  1973).

The a g e  stru ctu re  of p o p u la t io n s  h a s not been deter­
m ined. T h is  is  in part d u e  to  the la c k  of a n  a g e in g  te ch ­
n ique  for o ld e r  a n im a ls  at the t im e s  w h e n  the la rge  
sa m p le s  o f  the earlier s tu d ie s  w ere co lle c ted . Ben- 
ja m in se n  (1973) g iv e s  the a g e  d is tr ib u tio n  for a  b ia se d  
sa m p le  of 175 a n im a ls  from  S v a lb a rd  (S p itsbe rgen ). 
The o ld e s t  m a le  that he fo u n d  w a s  25 y e a r s  of a g e  and  
the o ld e s t  fe m a le  w a s  31. B u rn s  (1967), in a  sa m p le  of 
390, fo u n d  that 4 6 %  w ere s ix  y e a r s  old  o r  over; h o w ­
ever, he th o u gh t that the  adu lt c la s s e s  were under­
repre sen ted  in h is  s a m p le  and  that a d u lt s  (s ix  years  
or m ore) a c tu a lly  c o m p r ise d  55 to  6 0 %  o f  the p o p u la ­
tion.

MORTALITY FACTORS
Little  is  kn ow n  ab o u t m orta lity  o f bearded  s e a ls  apart 
from  h unting , w h ic h  is  d is c u s s e d  later. C h a p s k ii  (1938) 
th o u gh t that natura l pup  m orta lity  w a s p ro b ab ly  h igh  
and that po la r  b e a rs  w ere the  p rim ary  so u rc e  of m orta l­
ity. S o m e  bearded  se a ls  w ere  lo st  to  k iller w h a le s and  
parasite s. S t ir lin g  and  A rch ib a ld  (1977) e x am in e d  the 
c a r c a s s e s  o f 15 bearded  s e a ls  k illed  by b ears in the

Be au fort S e a  and fo u n d  that m o st  of th e se  s e a ls  w ere  
su b -ad u lts . H ow ever, m ore a d u lt s  w ere taken in  ye a rs  
w hen the se a l p opu lation  w a s  low.

There h a s  been n o  quan titative  a s s e s s m e n t  o f  the  
rates o f predation  b y  polar b e a rs. There i s  a lso  n o  in fo r­
m ation  a b o u t  m orta lity  to b e a rd e d  s e a ls  w hile  th e y  in ­
habit the sh ift in g  p a c k  ice w h e re  there m ay b e  a  s i g ­
n ifican t r isk  of b e in g  c ru sh e d  or trappe d  and  d row ned .

POPULATION DYNAMICS
K n o w le d g e  o f the d y n a m ic s  of be a rd e d  seal p o p u la ­
t io n s is  very sk e tch y . Bu rn s (1967) th o u g h t  that m atu re  
fe m a le s  c o m p r ise d  27  to 3 0 %  of the  p re -w h e lp in g  p o p ­
ulation. S in c e  the p re g n a n c y  rate w a s  0.80 to 0.85, the  
an nu a l increm ent o f  pu p s in to  the p o p u la t io n  w a s  b e ­
tw een 22 a n d  2 5 %  o f  the B e r in g  S e a  pop u lat ion . F e d o ­
seev  (1973) e s t im a te d  that o n ly  1 9 %  o f th e  p re -w he lp ­
ing p o p u la t io n  (S e a  o f  O k h o tsk ) c o n s is t e d  of p re g n an t  
fem ale s.

B u rn s  (1967) be lieved  that th e  pup  m orta lity  ra te  w a s  
h igh  but c o u ld  not qu an tify  it. F e d o se e v  (1973, 1976) 
determ ined  m orta lity  in the firs t  year o f life  to b e  0.22 
to 0.25.

F e d o se e v  (1973, 1976) c a lc u la te d  the ave rage  a n n u a l 
m orta lity  rate for a n im a ls  o ve r  o n e  ye a r of a g e  to be  
0.14. B e n ja m in se n  (1973) fo u n d  that the ave rage  a n n u a l 
m orta lity  o f bearded  se a ls  over e igh t  y e a rs  o ld  w a s  
a lso  0.14.

F e d o se e v  (1973) s ta te d  that th e  an nu a l s u s ta in a b le  kill 
of bearded  s e a ls  in th e  Se a  o f  O k h o t sk  is  le s s  th an  5 % .  
M cL a re n  (1958c) su g g e s te d  th at a  sa fe  f ir s t  ap p ro x im a ­
tion o f  m ax im u m  su s ta in a b le  y ie ld  in the e a ste rn  C a n a ­
d ian  A rc t ic  w a s  a l s o  5 % .  H o w ever, th is  e s t im a te  w a s  
b a se d  p rim arily  on  a  c o m p a r iso n  w ith  h i s  e s tim a te  of 
8 %  fo r  r in ge d  se a ls  w ith  in tu itive  c o rre c t io n s  fo r  a lter­
nate year b re e d in g  and lo w e r  m orta lity  ra te s for 
bearded  s e a ls  (M c La re n  1962). H ow ever, the latter tw o  
p o in ts  have not b e e n  proven. S in c e  the e s t im a te s  of 
p op u lat ion  s iz e  in th e  C a n a d ia n  A rc t ic  a n d  of p e rc e n ­
tage  su s ta in a b le  y ie ld  are b o th  very im p re c ise , the 
actua l su s ta in a b le  y ie ld  c a n n o t  be  estim ated .

LIMITING FACTORS
There is  too  little in fo rm a tio n  ab o u t bearded  s e a l s  to 
determ ine  the fa c to rs  that lim it  the s ize  o f  u nexp lo ited  
p o p u la t io n s. The n u m b e rs a re  th o u gh t to  be re lated  to 
the p re se n c e  of re a so n a b ly  sh a llo w , productive  b a n k s  
that a re  free of fast ic e  in w in te r  (M c L a re n  1962). H o w ­
ever, b e arded  se a ls  d o  o c c u p y  p a ck  ic e  over deep  
w ate rs in so m e  a re a s  during winter.

M a le  b e arded  se a ls  are a g g r e s s iv e  a n d  often fight  
(C h ap sk ii 1938; B u rn s  1967). H ow ever, th e  ‘s t ro n g  evi­
d en ce  of territo ria lity ’ (M a n sf ie ld  e t  a i  1975b:7) h a s  not 
been p u b lish e d . T h e  latter a u th o r s  (p. 7) s u g g e s t  that 
‘predation  b y  polar b e a rs  a p p e a rs  to be an  im portant 
fac to r in c o n tro llin g  the p o p u la t io n  s iz e  in so m e  
a re a s ’. Th ere  are, a s  yet, no p u b lis h e d  q u an tita tive  data  
on th is  q uestio n .
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CURRENT HARVEST AND UTILIZATION

ANNUAL HARVEST
F e w  d a ta  are  a va ila b le  on  the h a rve st  of b earded  s e a ls  
in  the  C a n a d ia n  A rct ic . The F u r  Exp o rt  T a x  R e tu rn s  d o  
not d is t in g u is h  be tw een  b e arded  an d  o th e r se a ls .  In  
add ition , a  h ig h  propo rtion  o f the  s k in s  are retained for 
d o m e s t ic  u s e  and  th u s  are n o t traded ( J B N Q N H R C

1976).

S m ith  an d  T a y lo r  (1977) su m m a r iz e d  the harvest rec­
o rd s  from  R .C .M .P . G a m e  R e p o r ts  for the period  1962 
to  1971. B e ard e d  s e a l s  are take n  in sm a ll n u m b e rs  in 
m o st  c o a s ta l c o m m u n it ie s. Se t t le m e n ts  that have  
take n  over 100 be a rd e d  se a ls  in a  s in g le  year d u r in g  
th e  period  in c lu d e  P a n gn ir tu n g , F ro b ish e r  Bay, Lak e  
H arbour, C a p e  D o rse t, E s k im o  Point, Ig lo o llk  an d  
S a c h s  H a rb o u r  (Sm ith  and  T a y lo r  1977).

In u it  c o m m u n it ie s  a lo n g  the Q u e b e c  c o a s t  were e s t i ­
m ate d  to  h arvest a b o u t  1800 b e a rd e d  se a ls  per ye a r  in 
th e  m id -1970’s  ( J B N Q N H R C  1976). S e tt le m e n ts  a lo n g  
H u d s o n  S tra it  took a b o u t  600 o f th e se  a n d  c o m m u n i­
t ie s  in U n g a v a  B ay  to o k  675. It is  o f  in te rest that the  
curren t H u d s o n  Stra it harvest i s  ab o u t  d o u b le  the s u s ­
ta in a b le  y ie ld  e s t im a te d  by M c L a re n  (1958b).

In fo rm a tio n  o n  the ha rve st  le v e ls  o f  bearded  s e a ls  in 
th e  N.W .T. i s  not b e in g  co lle c te d  a t the p re sen t tim e.

HUNTING LOSS
B e a rd e d  s e a ls  are ge n e ra lly  le s s  b u oyan t th an  r in ge d  
s e a l s  a n d  lo s s e s  th ro u gh  s in k in g  c a n  be h ig h  at all s e a ­
s o n s  (M c L a re n  1958b; Sm ith  a n d  T ay lo r  1977). T h ere  
a re  few  qu an tita tive  data . B u rn s  (1967) n o te d  that re­
trieval o f  k ille d  bearded  s e a ls  in  A la s k a  m ay  be a s  low  
a s  4 0 %  in o p e n  w ater hun ts. H i g g in s  (1968) in a  s m a ll  
s a m p le  (four k illed) fro m  so u th e rn  Ba ffin  Is la n d  fo u n d  
a  lo s s  rate o f  2 5 % .  R ie w e  and A m s d e n  (in p re s s )  fo u n d  
a  lo s s  rate o f 7 0 %  in a  sm a ll s a m p le  (10) fro m  J o n e s  
S o u n d . C learly , m any  m ore  q uan tita tive  d a ta  are re­
q u ire d  to  e va lu a te  the extent o f  the  h u n ting  lo ss.

HUNTING TECHNIQUES
B e ard e d  s e a ls  are  s h o t  w hen they  haul o u t  on  th e  Ice, 
e ither from  b o a t s  or fro m  the ice  itse lf. L o s s  o f  th e se  
a n im a ls  can  b e  h igh  a s  they  o ften  re ach  the w ater  
be fo re  d y ing . A  few In u it  in T h u le  D is tr ic t  o f  G re e n lan d  
take  bearded  s e a ls  w ith  h a rp o o n s  at b re a th in g  h o le s  

(V ibe  1950).

D u r in g  the o p e n  w ate r s e a s o n  there is  m u c h  h u n t in g  
from  b o a ts . R if le s  are  u se d  a n d  the lo s s  rate th ro u gh  
s in k in g  i s  h igh . S in c e  be a rd e d  s e a l s  u su a lly  s in k  sh o r t ­
ly a fte r death, the  h u n te rs  a tte m p t to  w o u n d  th e m  s o  
that they  ca n  b e  ap p ro ach e d  c lo s e  e n o u g h  to b e  har­
p o o n e d  an d  th e n  d isp a tc h e d .

T h e  h u n ting  o f  b e arded  s e a ls  requ ires co n s id e ra b le  
sk il l a s  d e m o n stra te d  by the  fac t  that 9 2 %  o f  the 
harvest in Q u e b e c  c o m m u n it ie s  w a s  o b ta in e d  b y  o lder  

h u n te rs  ( J B N Q N H R C  1976).

UTILIZATION
A d u lt  bearded  s e a ls  c a n  reach  340 k g  w e igh t  (M a n s ­
fie ld  1967a) bu t m o st  o f  th o se  take n  are sm a lle r  (e.g., 
236 k g  for 25 taken  in  su m m e r  in A la s k a  —  B u r n s  

1967).

M o s t  s k in s  are re ta ined  for d o m e s t ic  u se . H id e s  are  
u se d  fo r  m a k in g  boot so le s ,  d o g  team  trace s, w h ip  
la sh e s, strap s, h a rp o o n  lines, k a y a k s  an d  u m ia k s . Th e  
c a r c a s s  p ro v id e s  food  fo r  h u m a n s  a n d  d o g s  a n d  for­
m erly  o il for la m p s  (D u n b a r 1949; V ib e  1950; M c L a re n  
1958c, 1962; S m ith  and  T a y lo r  1977).

N o t e  a d d e d  i n  p r o o f :  N e w  d a t a  c o n c e r n i n g  b e a r d e d  

s e a l s  o f f  A l a s k a  a r e  c o n t a i n e d  i n  B u r n s ,  J .  J .  a n d  K .  J .  

F r o s t .  1 9 7 9 .  T h e  n a t u r a l  h i s t o r y  a n d  e c o l o g y  o f  t h e  

b e a r d e d  s e a l ,  Erignathus barbatus. F i n a l  R e p t . ,  O C S E A P  

C o n t r a c t  0 2 - 5  0 2 2 - 5 3 ,  A l a s k a  D e p t .  F i s h  a n d  G a m e ,  

F a i r b a n k s .  7 7  p .



C O N C E P T S  O F  S U S T A IN A B L E  Y IELD

MAXIMUM SUSTAINABLE YIELD

The b a s i s  fo r  the c o n c e p t  o f  su s ta in a b le  yield  i s  that, 
at p o p u la t io n  s iz e s  be low  the ca rry in g  ca p a c ity  o f  the 
environm ent, a v e ra g e  birth rate n o rm a lly  e x c e e d s  aver­
a ge  d ea th  rate. T h e  's u r p lu s ’ o f  a n n u a l b irth s over 
d e a th s  represen ts the n u m b e r of a n im a ls  that, in 
theory, can b e  cro pped  w ithou t re d u c in g  the p o p u la ­
tion s ize . M a x im u m  su s ta in a b le  y ie ld  i s  a tta in ab le  at 
the o n e  particu lar p o p u la t io n  s iz e  w here the su rp lu s  is 
la rgest.

The su s ta in a b le  y ie ld  from  a  p a rticu lar p o p u la t io n  size  
can, in  theory, be c a lc u la te d  if p o p u la t io n  size  a n d  the 
birth a n d  natura l dea th  ra te s at that p o p u la t io n  s iz e  are 
know n. A s  p re v io u s ly  sh o w n , th e se  p a ram e te rs are 
rarely well d e f in e d  for p o p u la t io n s  o f  a rc tic  m arine  

.m am m als. Furtherm ore, w he n  h a rv e st in g  tak e s d is ­
proportionate  n u m b e rs  of ce rta in  a g e  o r  se x  c la s se s ,  
the s im p le  c a lc u la t io n  m eth od  b e c o m e s  inapp licab le .

The s u s ta in a b le  y ie ld  from  a  g ive n  p o p u la t io n  can  a lso , 
in theory, be a c h ie v e d  by trial an d  error —  if p opu lation  
size d e c re a se s ,  reduce  the harvest; if it in c re a se s , In­
c re ase  the harvest. T h is  a p p ro a c h  requ ire s a  re liab le  
index o f  popu lation  size . A v e rag e  ‘ca tc h  per unit e ffort' 
over se vera l y e a r s  w o u ld  be  an  ap p ro p ria te  s ta t is t ic  to 
use, b u t  at p re se n t ne ither ca tch  n or un it effort i s  a c ­
cu ra te ly  recorded  fo r  m o st  sp e c ie s .  A  further c o m p li­
cation  w ith th e  ‘trial an d  error' m e th o d  is  that the har­
vest i s  often taken prim arily  from  the o lder a ge  
c la s s e s .  An a d ju stm e n t  in harvest level w ill rap id ly  
affect rate of p ro d u c tio n  o f  y o u n g, but there will b e  a 
tim e la g  of se ve ra l y e a rs  be fo re  the  ad ju stm e n t i s  re­
flected  in rate o f  recru itm ent of a n im a ls  in to  the older, 
h arvestab le  p o p u la t io n . If o n ly  the latter is  m onitored, 
the 'iteration  t im e ' in the trial a n d  error p ro c e ss  m u st  
be se ve ra l y e a r s  In du ration . T h is  se ve re ly  lim its  re­
sp o n s iv e n e s s  to  c h a n g e s  in  p o p u la t io n  size, en v iron ­
m enta l co nd it io n s, h a rvest patterns, utilization, etc. 
‘Trial a n d  error’ m an a ge m e n t m ay  be ade q u a te  w he n  
h u n ting  p re ssu re  Is  ligh t  a n d  relatively  co nstan t, b u t It 
i s  not su f f ic ie n tly  re sp o n s iv e  to e n su re  m ain te n an ce  
o f p o p u la t io n s  w hen h u n t in g  p re ssu re  is  s tro n g e r  or 
m ore variable, or w h e n  e n v iron m en ta l or s o c io ­
e c o n o m ic  c o n d it io n s  are rap id ly  c h a n g in g .

M a x im u m  su s ta in a b le  y ie ld  (M S Y ) is  m u ch  m ore d iff i­
cu lt to ach ieve  o r c a lc u la te  than  i s  su s ta in a b le  yield. 
Trial a n d  error m e th o d s  a re  an  im p ractica l w ay  to 
ach ieve  M SY ; m a n y  d e c a d e s  w ou ld  be required to e v a l­
uate th e  su s ta in a b le  y ie ld  from  v a r io u s  p op u lat ion  
size s. Be fo re  M S Y  c o u ld  be e stim ated , it w ou ld  like ly  
c h a n g e  b e c a u se  of c h a n g e s  in e n v iron m en ta l or o th er  
c o n d it io n s.

Th e  ce ntra l p ro b le m  in c a lc u la t in g  M S Y  is  that M S Y  
d e p e n d s  on th e  fu n ctio na l re la t io n sh ip s  betw een the 
p o p u la t io n  s iz e  (N) a n d  the  birth an d  death  rates. 
D en sity -d e p e n d e n t ra te s have  proven to be  very d iff i­
cu lt to determ ine.

Furtherm ore, th e  re la t io n sh ip  betw een  M S Y ,  N  a n d  the 
c a rry in g  c a p a c ity  is  uncerta in . M o s t  m o d e ls  s u g g e s t  
that M S Y  w o u ld  be  a ch ie ve d  w h e n  N  i s  a ro u n d  or 
s l ig h t ly  ab ove  5 0 %  of the ca rry in g  ca p a c ity  (R ic k e r  
1975; G u lla n d  1977). H ow ever, a  recen t a n a ly s is  s u g ­
g e s t s  that M S Y  w o u ld  o c c u r  w hen  N  is  on ly  s l ig h t ly  
le s s  th an  ca rry in g  ca p a c ity  and  w e ll a b o v e  th e  5 0 %  
level (Eberhard t an d  S in lff  1977; s e e  a ls o  R o y c e  1975). 
E ve n  th is  ge n e ra liz at ion  is  d iff icu lt  to  u s e  a s  a  b a s is  
fo r  d e f in in g  M S Y ,  s in c e  th e  size  o f  the unexp lo ited  
p o p u la t io n  (w h ich  p re su m a b ly  a p p ro x im a te s  the carry­
in g  cap ac ity ) i s  not know n  a c cu ra te ly  for an y  m arine  
m a m m a l b re e d in g  in the C a n a d ia n  A rctic .

OPTIMUM SUSTAINABLE YIELD

T h is  c o n c e p t  w a s  in tro du ce d  in th e  ‘In fo rm a tio n  R e ­
q u ired  fo r  M a n a g e m e n t ’ se c tio n . T h e  b a s ic  idea i s  that 
the  c o n c e p t  o f  M S Y  is  o ve rs im p lif ie d  b e c a u se  it c o n ­
s id e r s  o n e  s p e c ie s  in iso la t io n , and  b e c a u se  it f a i ls  to 
take  in to  a c c o u n t  ind irect e f fe c ts  o n  o th er sp e c ie s  and  
the  in ve stm e n t o f re so u rc e s  n e c e s sa ry  for the harvest. 
A n  o p tim u m  s u s ta in e d  popu lation , a n d  the a s so c ia te d  
o p t im a l su s ta in a b le  yield, w o u ld  re p re se n t the leve ls  
‘a t w h ic h  the s p e c ie s  co n tr ib u te s m o s t  to the  well 
b e in g  o f  the e c o s y s te m ' (E berh ard t an d  S in lf f  1977).

In te ra c t io n s  a m o n g  s p e c ie s  are a  m ajo r re a so n  w hy  
th e  M S Y  c o n c e p t  is  a n  u n d e sira b le  o ve rs im p lif ica t io n  
in the  c a s e  of a rc t ic  m arine  m a m m a ls .  A s  d i s c u s s e d  in 
the  r in ge d  se a l accou n t, th e  e ffe c ts  of a  c h a n g e  in 
p o p u la t io n  s iz e  an d  harvest c a n  o n ly  be  a n tic ip a te d  if 
the re s p o n se s  o f  c o m p e t ito r s  and  p re d a to rs  (w h ich  
m ay  a ls o  be s ig n if ic a n t  to m an ) are take n  in to  accou n t.

A  fu rther lim ita tio n  o f the M S Y  co n c e p t  that sh o u ld  be 
c o n s id e re d  in d e f in in g  an o p tim u m  su s ta in a b le  y ie ld  is 
that n o  sp e c if ic  a llo w a n c e  is  m ade  fo r  a  sa fe ty  factor. 
A s  H o lt  and  T a lb o t  (1978) p o in t  out, k n o w le d g e  i s  lim ­
ited  a n d  m an a ge m e n t  p r o c e s s e s  —  even if b a se d  on  
re liab le  data  —  are im perfect. T h u s , a  co n se rva tive  
p o lic y  sh o u ld  b e  ado p te d  to  e n su re  that o p t io n s  are 
m ain ta in e d  an d  the r isk  of irrevers ib le  c h a n g e  o r lo n g ­
term  adve rse  e f fe c ts  i s  m in im ized.

I ne  year-io -year variab ility  o f  arctic  c o n d it io n s  a n d  of 
p o p u la t io n  re s p o n se s  thereto is  an im p o rtan t fa c to r  in 
m an age m e n t. E x is t in g  data  fo r  s o m e  of the better- 
stu d ie d  sp e c ie s  sh o w  that b irth  a n d  m orta lity  ra te s  
can  vary, p ro b ab ly  d ram atica lly , from  year to  year (see  
S t ir lin g  e t  a l .  1977). T h us, recru itm e nt ra te s m u st  be 
variab le , and  th e  s iz e  an d  a g e  stru ctu re  of the  p o p u la ­
tion  m u st  be un even  a n d  va riab le  over time, even in  the 
a b se n c e  of a harvest. A s  a  resu lt, su s ta in a b le  harvest  
w ill vary, p e rh a p s  d ram atica lly , from  y e a r  to year In  the 
a b se n c e  of a n y th in g  m ore than  the  p re sen t va q u e  
k n o w le d g e  of th is  variability, a  co n se rva tive  m an aqe - 
m ent s tra te gy  w o u ld  clearly  b e  prudent. T h e  o p tim a l 
su s ta in a b le  y ie ld  of each  sp e c ie s  w ou ld , in th e se  
term s, be  ach ie ve d  at a  p o p u la t io n  s iz e  so m e w h e re  
betw een  the M S Y  level and th e  ca rry in g  cap ac ity .



S U M M A R Y  O F  G A P S  IN M A N A G E M E N T  IN F O R M A T IO N

In o rd e r to a c t ive ly  m a n a g e  a  s p e c ie s  o r p o p u la t io n  to 
perm it su s ta in a b le  h a rve sts, it i s  n e c e ssa ry  to  know  
the s iz e  of th e  p o p u la t io n  and th e  su s ta in a b le  yield 
(e ither present, m ax im u m  or o p tim u m ) o f  that p o p u la ­
tion. The n u m b e rs  o f in d iv id u a ls  a va ila b le  for harvest 
ca n  then be determ ined. T h e  fo re g o in g  is  a  s im p lif ic a ­
tion. In  p ractica l te rm s se ve ra l ty p e s  of in fo rm a tio n  are 
required. T h e se  inc lude

1. D istr ib u tio n  —  It is  n e c e ssa ry  to k n o w  the  su m ­
m er a n d  w inter ra n g e  of th e  s p e c ie s  a n d  the 
routes u se d  d u r in g  s e a s o n a l m ove m e n ts. A  
m igrato ry  sp e c ie s  m a y  be hunted  in d ifferent 
areas a n d  m ay be su b je c t  to  d ifferent natura l and 
m an-induce d  s t r e s s e s  in d ifferent p arts o f its 
range. In  m igratory  s p e c ie s  the  su s ta in a b le  yield 
m ust b e  ap p o rt io n e d  a m o n g  the va r io u s harvest­
in g  a reas.

2. S ta tu s  a n d  S iz e  of P o p u la t io n s  —  M a n y  sp e c ie s  
co nta in  m ore o r le s s  se m i-iso la te d  p o p u la t io n s  or 
sto c k s. It is  im p o rtan t to  k n o w  w hether a s to c k  is 
iso la te d  and  re c e ive s little o r  n o  recru itm ent from  
n e igh b o u rin g  s t o c k s  (e.g., b e lu g a s  in C u m b e rlan d  
So u n d ) o r  w hether th e  su b -p o p u la t io n  is  n o t iso ­
lated a n d  is  re p le n ish e d  w ith  su rp lu s  in d iv id u a ls  
from  ad jac e n t a re a s  (e.g., r in ge d  s e a ls  in C u m b e r­
land So u n d ). T h e  n u m b e rs  and  b o u n d a r ie s  of 
s to c k s  a re  d e te rm in ed  by a  c o m p le x  of env iron ­
m ental fa c to rs  and  vary  from  s p e c ie s  to sp e c ie s.  
M a n a ge m e n t  sh o u ld  be b a se d  on  the  co n c e p t  of 
s to c k s  a n d  the n u m b e r of a n im a ls  in e ach  sto ck  
sh o u ld  b e  a ccu ra te ly  determ ined.

3. P o p u la t io n  S tru c tu re  and D y n a m ic s  —  Severa l 
b io lo g ic a l p rop e rtie s of a  sp e c ie s  c o m b in e  to 
determ ine  the productiv ity  an d  m orta lity  rates 
an d  h e n c e  the p o ten tia l y ie ld  for that sp e c ie s.  
T h is  c o m p le x  of p ro p e rtie s  co m b in e d  w ith  the 
size  of s to c k  and  im m ig ra t io n  a n d  em igration  
rates fo r  the s to c k  d e te rm in e  the a llo w a b le  har­
vest leve ls. M a n y  of the  inherent b io lo g ic a l prop­
erties o f  the p o p u la t io n  can  c h a n g e  in re sp o n se  
to  h a rve st in g  and  a s  part o f  density -dependent  
p o p u la t io n  re g u la t io n  m e c h a n is m s .  T h e se  
c h a n g e s  can, in turn, c a u se  c h a n g e s  in the levels 
o f a llo w ab le  harvest. Ideally, the p o p u la t io n  dy­
n a m ic s  o f  the p o p u la t io n s  sh o u ld  be  w ell under­
stood; in  practice, s u c h  u n d e rsta n d in g  is  ex­
trem ely d iff icu lt  to obtain .

4. K ill S t a t is t ic s  —  R a tio n a l m an a ge m e n t  requires 
that a ccu ra te  data  o n  the n u m b e rs of a n im a ls  
killed d u r in g  the h u n t be know n. T h e  kill in c lu d e s  
the n u m b e r h arvested , the n u m b e r killed  a n d  not 
retrieved, and the n u m b e r that are w o u n d e d  and  
d ie  after the hunt. K ill s t a t is t ic s  sh o u ld  include  
in fo rm ation  on  the a g e  and  se x  of the a n im a ls  
killed s in c e  c o n c e n tra t io n  o n  certa in  a g e s  or 
se xe s  c a n  c h a n g e  the  d y n a m ic s  an d  potential 
y ie ld s o f  the sp e c ie s .  In add ition , if the  kill 
s ta t is t ic s  in c lu de  in fo rm a tio n  on  the  ca tc h  per

un it e ffort then  in fo rm ation  o n  c h a n g e s  in  the 
s ta tu s  o r  d istr ib u tio n  o f  the p o p u la t io n  c a n  be 
derived.

T h e  a m o u n t a n d  q u a lity  of th e  in fo rm ation  requ ired  for 
m an a ge m e n t  w ere review ed  in s o m e  detail in the  pre­
c e d in g  sp e c ie s  a cco u n ts . In  the re m ain d e r o f  the  p re s­
ent se ctio n , w e  su m m arize  th e  m ajo r  g a p s  in  the m an ­
a g e m e n t  in fo rm a tion  for e a c h  of th e  im portant sp e c ie s  
o f m arin e  m am m a ls . N o t all o f  the g a p s  are o f  e q u a l im ­
p o rta n c e  for p ra c t ic a l m an a ge m e n t  o f  the v a r io u s  sp e ­
c ie s  o f  a rc tic  m arine  m am m a ls . Fu rtherm ore, ce rta in  
d a ta  g a p s  c a n  be fille d  In e ither o f  tw o  w a y s, a n d  the 
s e c o n d  type o f  in fo rm ation  i s  not e s se n t ia l (a lth o ugh  
u se fu l for co rrobora tion ) if th e  first type h a s  b e e n  ob ­
tained. H ow ever, if future m a n a g e m e n t  Is  to  b e c o m e  
predictive, then  m o s t  of th e  fo llo w in g  g a p s  sh o u ld  be 
filled.

BELUGA (WHITE WHALE)

DISTRIBUTION
K n o w le d g e  o f  the su m m e r  d istr ib u tio n  o f  b e lu g a s  is  
q u ite  g o o d  a lth o u g h  m ore in fo rm a tio n  is  requ ired  for 
e a ste rn  H u d so n  Bay , H u d s o n  Stra it, U n g av a  B a y  and  
F o x e  B a sin . T h e  m ig rat io n  rou te s a n d  m a in  w intering  
a re a s  for the  L an c a s te r  S o u n d  p o p u la t io n  a re  un ­
know n. It is  n o t kn ow n  if m o re  than a  sm a ll p roportion  
o f the H u d so n  B ay  p o p u la t io n  a c tu a lly  w in te rs  in  the 
bay. S im ila r ly , the w in te r in g  a re a s  of C u m b e r la n d  
S o u n d  and U n g a v a  B a y  p o p u la t io n s  are o n ly  gen e ra lly  
know n.

STATUS AND SIZE OF POPULATIONS
E s t im a te s  of the b e lu g a  p o p u la t io n s  in th e  Be au fo rt  
Se a , L a n c a s te r  S o u n d  and C u m b e r la n d  S o u n d  a re  be­
lieved to  be q u ite  a c c u ra te  a lth o u g h  the n u m b e rs  of 
a n im a ls  in J o n e s  a n d  S m ith  S o u n d s  and the ir re lation ­
sh ip  to  the L a n c a s te r  S o u n d  a n im a ls  are p o o r ly  u n der­
sto o d .

S e rg e a n t  and  B ro d ie  (1975) e s t im a te d  that there were
10,000 b e lu g a s  in H u d so n  B a y  and 1,000 in U n g a v a  B ay  
a n d  H u d so n  Strait. Th e  re la t io n sh ip s  betw een  th e se  
tw o  g ro u p s, a n d  a m o n g  th e se  g r o u p s  a n d  th o se  in 
F o x e  B a s in  a n d  ea ste rn  H u d so n  B ay , are  unknow n. 
T h e  current e s t im a te s  c a n n o t  be correct s in c e  the 
Q u e b e c  c o m m u n it ie s  a lo n g  H u d so n  Stra it a n d  U n g a v a  
B a y  currently  take ab o u t 4 5 0  b e lu g a s , or 4 5 %  o f  the 
e st im a te d  po p u la t io n , annua lly . C learly , e ither the 
H u d s o n  Stra it p opu lation  i s  larger than  e s tim a te d , or 
m an y  o f  the b e lu g a s  from  H u d so n  B a y  m igrate  th rou gh  
H u d s o n  Strait, or both . K n o w le d g e  o f s to c k  d isc re te ­
n e ss , n u m b e rs  and m o v e m e n ts  of b e lu g a s  in H u d so n  
Bay, F o x e  B a s in  an d  H u d s o n  Strait i s  in com p le te .
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Th e  a g e  o f b e lu g a s  I s  determ ined  b y  c o u n t in g  den tina l 
la y e rs  of th e  teeth a n d  b y  a s s u m in g  that tw o  layers  
co rre sp o n d  to  one year o f  age . T h is  a s s u m p t io n  h a s  
not been proven  a n d  is  currently  th e  su b je ct of debate. 
U ntil an  a g e in g  tech n iq u e  h a s  b e e n  verified, In fo rm a ­
tion on  p o p u la t io n  d y n a m ic s  m u s t  b e  treated w ith  
gre a t cau tio n . A ll a ge -re la te d  p rope rtie s o f  the p o p u la ­
tion (e.g., a g e  at f ir s t  breed ing, a g e -s p e c if ic  m ortality, 
reproductive  longev ity) are su s p e c t .

If the  a g e in g  tech n iqu e  is  verified  then the ava ilab le  
d ata  are very  use fu l. H ow ever, la rge r s a m p le  s iz e s  are  
needed  to refine  s o m e  e s t im a te s  s u c h  a s  birth rate and  
reproductive  longevity. T h ere  are  no a d e q u a te  e s t i­
m a te s  of se x - sp e c if ic  and a g e -s p e c if ic  m orta lity  rates, 
particu larly  c a lf  m ortality.

The a ssu m p t io n  that m a le s  are p o ly g a m o u s  n e e d s  to 
be verified s in c e  s o m e  h u n t s  c o n c e n tra te  o n  large  
m a le s  and  m ay  b ia s  the s e x  ra tio  to w ard s fem a le s. 
T h is  b ia s  w ill not n e c e s sa r i ly  d e c re a se  p rodu ctiv ity  if 
m a le s  are p o ly g a m o u s  a n d  breed m ore than o n e  fe ­
m ale. H ow ever, it h a s  been s u g g e s te d  that d isru p tio n  
of d o m in a n c e  p a tte rn s In vo lv in g  su p re m a c y  of o n e  or a  
few  m a le s co u ld  c a u s e  re d u c t io n s  in reproductive  
ra te s and su rv iva l (H o lt  and  T a lb o t 1978).

The rate of recru itm e nt of c a lv e s  in to  the total p o p u la ­
tion h a s  been  e s tim ate d  at 0.09 to 0.12. H ow ever, in the  
a b se n c e  o f  u n b ia se d  In fo rm ation  ab o u t  a g e -sp e c if ic  
natura l m orta lity  ra te s  th e se  e s t im a te s  c a n n o t  be  
tran sla ted  in to  e s t im a te s  o f su s ta in a b le  y ie ld  o f a d u lts  
and  large  im m atu re s. The d e n s ity -d e p e n d e n c e  o f the 
p op u lat ion  p a ram e te rs  h a s not b e e n  stud ied .

KILL STATISTICS
H a rve st  s t a t is t ic s  h a v e  been in adeq u ate  a n d  m ay  have  
u n d e re stim ate d  the tota l h a rvest in  the C a n a d ia n  A rc ­
tic ( in c lu d in g  Q u e b e c  and M a n ito b a ) by half. In  a d d i­
tion, the  harvest d a ta  e x c lu d e  a n im a ls  lo s t  by s in k in g .  
The lo s s  rate  in s o m e  a re a s  can  e xce e d  5 0 %  o f the 
b e lu g a s  k ille d  but i s  m uch  low er in  o th er a reas. E s t i­
m a te s  of lo s s  rate n eed  to b e  d e te rm ined  for va r io u s  
a re a s  and  h u n ting  te ch n iq u e s. R e c e n t  harvest s t a t is ­
t ic s  are  th o u gh t to  be  im proved  but the ir re liab ility  
sh o u ld  be verified.

A n  e s t im a te d  500 to  1,000 b e lu g a s  are h arvested  an ­
n u a lly  in w e s t  G re e n lan d  bu t it is  n o t  k n ow n  w hat pro­
portion  of th e se  a n im a ls  are from  p o p u la t io n s  that a lso  
frequent C a n a d ia n  w aters.

POPULATION STRUCTURE AND DYNAMICS
NARWHAL

DISTRIBUTION AND NUMBERS
There is  no  in fo rm a tio n  on  the n u m b e rs and  m o v e ­
m e n ts  o f n a rw h a ls  that frequent northern H u d so n  B a y  
an d  F o x e  B a s in . The cu rren t e s t im a te  of th e  n um be r of 

n a rw h a ls  in th e  e a ste rn  h igh  A rc t ic  is  20,000 to 30,000  
an im a ls .  T h is  e s t im a te  is  u n a c c e p ta b ly  vague  and  
n e e d s to  be verified. T h e  su m m e r  d is tr ib u tio n  of th is  
p o p u la t io n  is  on ly  p artly  kn o w n  and  th e  m igration  
rou te s an d  w in te rin g  a r e a s  have o n ly  been su r m is e d  on  
the b a s is  of a  few  record s.

POPULATION STRUCTURE AND DYNAMICS
N o  sa t is fa c to ry  te ch n iq u e  for a g e in g  n a rw h a ls  h a s  
been  found. T h e  b a s ic  b io lo g y  a n d  p o p u la t io n  d y n a m ­
ic s  of n a rw h a ls  have b een  a s s u m e d  to b e  s im ila r  to 
b e lu g a s . In v ie w  of the  in c o m p le te n e ss  of th e  in fo rm a­
tion  ab o u t  b e lu g a s  a n d  the la c k  o f  e v id e n ce  a b o u t  
p oten tia lly  im po rtan t in te rsp e c if ic  d iffe rences, it is 
prudent to c o n s id e r  that the poten tia l su s ta in a b le  
yie ld  o f  na rw h a l p o p u la t io n s  is  unknow n.

There i s  no  in fo rm a tio n  ab ou t the ca rry in g  c a p a c ity  of 
a rctic  m arine w ate rs fo r  n a rw h a ls  o r n a tu ra l lim iting  
fa c to rs  that w o u ld  p la c e  upper lim its  on narw ha l p o p ­
u la tion  size.

KILL STATISTICS
R e c e n t  h arvest s t a t is t ic s  are th o u g h t  to b e  fairly re­
liab le  a n d  the recent Im p o s it io n  o f  a  quota  sy s te m  m ay  
further im prove  the reliability. H ow ever, period ic  
e v a lu a tio n s  o f  the d a ta  c o lle c t io n  s y s t e m s  sh o u ld  be  
perform ed. A s s e s s m e n t s  of h a rve st  le ve ls  for C a n a ­
d ian  narw ha l p o p u la t io n s  m u st in c lu d e  the  proportion  
o f the G re e n lan d  kill th at  c o m e s  from  C a n a d ia n  p o p ­
u la t io n s. S u c h  in fo rm a tio n  is  not ava ilab le .

T h e  lo s s  ra tes (due to  s in k in g )  o f n a rw h a ls  killed d u r ­
in g  s o m e  h u n ts  can  b e  e x c e e d in g ly  high. L o s s  ra te s  
fo r  v a r io u s typ e s  of h u n t s  need to  b e  qu an tif ie d  s o  that  
the h arvest s t a t is t ic s  c a n  be a d ju s te d  to re fle ct the a c ­
tual kill. In form ation  o n  the p rop o rtion  of th e  harvest  
taken  b y  each  type of h un t is  not ga th ered  but w o u ld  
be  u se fu l for re fin em e n t of kill e stim ate s.

C u rre nt h a rv e sts  are co n c e n tra te d  in a  fe w  restricted  
areas. It is  not know n  w he the r the  a g e  a n d  se x  s t r u c ­
ture o f a n im a ls  killed in  th e se  a re a s  are typ ic a l of the  
w h o le  p o p u la t io n  or if ce rta in  a g e  or sex  c la s s e s  are  
b e in g  inadvertently  overh arve ste d . It is th o u gh t  that  
the hu n ters se le c t  a d u lt  m a le s  b e c a u se  of the ir t u s k s  
but it i s  not kn o w n  h o w  effective  th is  se le c t io n  is.
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BOWHEAD WHALE

DISTRIBUTION AND NUMBERS
Th e  h isto r ic  ran ge  and m o v e m e n ts  of b o w h e a d s  are  
know n  in a  very ge n e ra l s e n s e  but there is  n o  In fo rm a ­
tion  on the current po p u la t io n  level in an y  part of the 
C a n a d ia n  A rctic . T h e  p o p u la t io n s  have been  a s su m e d  
to be recovering  frein  the se vere  overe xp lo ita tion  by  
the co m m e rc ia l w h a le rs  but th is  a s su m p t io n  h a s  not 
been  proved. Th e  In terna tional W h a lin g  C o m m is s io n  
c o n s id e r s  th is  s p e c ie s  to be  e n d an gered , in v iew  of the 
lik e lih oo d  of In c re a se d  p re s su re  on  the M in is te r  of 
F ish e r ie s  to Is s u e  p erm its for the kill o f b o w h e a d s  by  
natives, the  lack  of any  sy s te m a t ic  d ata  o n  current 
b ow h ead  n u m b e rs  Is  very un fo rtunate  b e c a u se  It 
m ak e s  ra tiona l d e c is io n s  ab o u t Is su a n c e  of perm its  
Im p o ss ib le .

POPULATION DYNAMICS
Th ere  Is  n o  In fo rm a tio n  ab ou t the po p u la t io n  d y n a m ic s  
of b o w h e a d s  and  n o  e s t im a te s  of su s ta in a b le  y ie ld  can  
be  m ade. T h e  p o s s ib ility  that the b ow h e ad  p op u lat ion  
is  d istr ib u te d  to o  sp a rse ly  to perm it the e x c e s s  of 
b irth s over d e a th s  norm ally  e xp e c te d  in a  dep lete d  
p o p u la t io n  sh o u ld  be co ns id ered .

WALRUS

DISTRIBUTION AND NUMBERS
T h e  gen e ra l ran ge  o f  the w a lru s Is  w ell know n  but there 
are  m ajor g a p s  in k n o w le d ge  o f the lim its  of lo ca l p o p ­
u la t io n s  a n d  in te rch an ge  a m o n g  th e se  s to c k s . There  
are  quan titative  e s t im a te s  from  on ly  tw o  restricted  
a re a s  in the ea ste rn  A rct ic  and  one  of th e se  e s t im a te s  
(from  n orth w est H u d so n  Bay) is  u n d o u b te d ly  low. The  
current s t a tu s  of the  Ba ffin  B a y  p op u lat ion  (form erly  
very large) is  u n k n o w n  and  there are n o  e s t im a te s  of 
the  size  o f .th e  F o x e  B a s in  p opu lation , w h ich  is  be ­
lieved to b e  large. T h e  size  an d  m o ve m e n ts of the  H u d ­
s o n  Stra it g ro u p  are  poorly  know n  a n d  the re lation ­
s h ip s  of th is  g ro u p  to  p o p u la t io n s  In F o x e  B a s in  and  
H u d so n  B a y  are not understood .

POPULATION STRUCTURE AND DYNAMICS
K n o w le d g e  of the reproductive  b io lo g y  of the w a lru s  in 
the easte rn  A rc t ic  is  b a se d  on  sm a ll sa m p le s .  Larger  
sa m p le s  o f the P a c if ic  w a lru s sh o w  s o m e  d iffe re n ce s  
from  the easte rn  A rc t ic  sa m p le s .  The  birth rate w as
0.43 in A la s k a  v e r s u s  0.35 in the C a n a d ia n  A rctic . It is  
not know n  w he the r th is  d iffe ren ce  of 2 3 %  is real or is  a  
fu nctio n  o f the s m a ll sa m p le  s iz e  (N =  17) from  the 
eastern  A rctic . N a tu ra l m orta lity  ra te s are u nknow n  
a n d  no a g e -s p e c if ic  m orta lity  ra tes have  been c a lc u ­
lated for ea ste rn  A rc t ic  w a lru se s. E s t im a te s  o f the  a n ­
nua l increm ent of ca lv e s  in to  the w a lru s p o p u la t io n  are

1 1 %  for the  ea ste rn  A rc t ic  v e r s u s  1 4 %  for A la sk a ;  
a g a in  th is d iffe re n c e  m ay  be  a  s a m p lin g  artifact. The  
la ck  of a g e -s p e c if ic  a n d  se x -sp e c if ic  m orta lity  e s t i­
m ate s, pa rticu larly  fo r  c a lv e s  an d  su b -ad u lts , m a k e s  It 
im p o s s ib le  to c a lc u la te  a c c u ra te  e s t im a te s  of s u s ta in ­
ab le  yield. T h e  d e n s ity -d e p e n d e n c e  of the  p o p u la t io n  
p a ram eters is  not know n.

Th e  n u m b e rs an d  d istr ib u t io n  o f w a lru s e s  are p rob ab ly  
u ltim ate ly  lim ited  by the ava ilab ility  o f p ro d u ctive  feed­
in g  a re as In  sh a llo w  w ater ( le s s  th an  80 m). H ow ever, 
there are very few  qu an tita t ive  d a ta  on  the s ta n d in g  
c ro p s  of the  b o tto m -d w e llin g  fo o d  o r g a n is m s  and  
there are n o  d ata  o n  the p ro d u ctiv ity  o f th e se  o rga ­
n is m s  In the C a n a d ia n  A rctic . T h u s, ca rry in g  c a p a c ity  
o f th e se  a re a s  c a n n o t  be  determ ined.

KILL STATISTICS
H arve st  s t a t is t ic s  are not c o n s id e re d  re liab le  a lth o u g h  
recent e s t im a te s  m ay  be m ore  accura te . The lo s s  rate 
for k illed w a lru s e s  Is  va riab le  but c a n  be  h igh . There  
are  few  q uan tita tive  d a ta  on  lo s s e s .  T y p ica l lo se  rates 
for va r io u s k in d s  of h u n ts  need  to be  d e te rm in ed  s o  
that reported  harvest s t a t is t ic s  c a n  be  a d ju ste d  to  
reflect the a c tu a l kill. M a n a g e m e n t  of the  B a ff in  Bay  
‘s t o c k ' sh o u ld  reflect the kill o f th e se  a n im a ls  in 
G reen land.

HARBOUR SEAL

T h e  h arbour se a l h a s  a  lo ca lized  d istr ib u tio n  in  the 
e a ste rn  A rctic . It w a s  form erly  m od e rate ly  c o m m o n  In 
ce rta in  a re a s  but there are no  q u an tita tive  e s t im a te s  of 
its  current o r  form er sta tu s . S m a ll n u m b e rs a re  har­
v e s te d  but it is  not kn o w n  w he the r p o p u la t io n s  a re  cur­
rently over o r  under h arvested . Th e  s p e c ie s  h a s  ap p ar­
en tly  been e lim in a te d  from  s o m e  lo ca lit ie s . Th ere  have  
been  no  s tu d ie s  of the  b io lo g y  of th is  sp e c ie s  in the 
C a n a d ia n  A rctic .
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HARPSEAL

DISTRIBUTION AND NUMBERS
Th e  n u m b e rs of harp  s e a ls  that enter C a n a d ia n  A rct ic  
w ate rs e a ch  su m m e r  are not k n ow n  a n d  o b se rve d  a n ­
nual va r ia t io n s (e.g., 150,000 v s  16,000 o b se rve d  enter­
in g  L a n c a s te r  S o u n d ) are unexp la ined . Th e  d istr ib u tio n  
o f harp se a ls  in the C a n a d ia n  A rc t ic  is  kn ow n  in on ly  a 
gen e ra l s e n se  an d  the n u m b e rs p re sen t in m o st  a re as  
are unknow n.

POPULATION STRUCTURE AND DYNAMICS
T h e  p o p u la t io n  d y n a m ic s  of harp  s e a ls  have been  the 
su b je ct of in te n sive  s tu d ie s  d u e  to the co m m e rc ia l 
se a l fish e ry  o ff e a ste rn  C a n ad a . The crit ica l m a n a g e ­
m ent d e c is io n s  are currently  m ad e  In co n ju n c t io n  w ith  
th is  fishery. T h e  kill o f harp s e a ls  in the  A rct ic  is  c o m ­
parative ly  sm a ll but is  not w ell d o cu m e n te d . A ccu ra te  
in fo rm ation  on  a rc tic  harvest leve ls is  needed  for the 
m an a ge m e n t m o d e ls  b e in g  u sed.

S ig n if ic a n t  in c re a se s  in the kill of harp  s e a ls  in the 
A rctic  w ill have Im p lic a t io n s  for the hunt o ff ea ste rn  
C a n a d a  and  w o u ld  require re -a llocation  of harvest  
q u ota s. The a g e  stru ctu re  of the  harp  se a l kill in the 
A rctic  is  not ade q u a te ly  know n, but d iffe rs  from  that 
off ea ste rn  C a n ad a . T h is  in fo rm a tion  is  needed  to 
determ ine  the e f fe c ts  of in c re a s in g  the  arctic  kill.

O f  the m arine m am m a l sp e c ie s  co n s id e re d  here, the 
harp se a l is  the on ly  one  for w h ich  s o m e  in fo rm ation  
ab ou t the d e n s ity  d e p e n d e n c e  of ce rta in  p op u lat ion  
param eters is  ava ilab le .

KILL STATISTICS
Th e  m agn itu d e  an d  a g e  stru ctu re  of the  current har­
vest o f  harp s e a ls  in the A rc t ic  arc  not w ell d o c u ­
m ented. Th e  F u r  E xpo rt Tax  R e tu rn s  u n derestim ate  
the harvest but it is  not know n  by h o w  m uch.

M o re  in fo rm a tion  o n  non-retrieval o f harp  s e a ls  is  re­
quired. S in c e  s in k in g  lo s s  ra te s d e c re a se  p ro g re ss iv e ­
ly d u r in g  the su m m e r  and  au tu m n  h un t period, in fo r­
m ation  on  the s e a s o n a l d istr ib u tio n  o f the kill is  re­
quired.

HOODEDSEAL

A lth o u g h  la rge  n u m b e rs  of h o o d e d  s e a l s  u se  C a n a d ia n  
a rctic  w ate rs, m o st  rem ain  o f fsh o re  in the p a c k  ice  
w here they are  in a c c e s s ib le  to c o a s ta l ha rve st in g . Few  
are taken by Inuit an d  few  are like ly  to be  taken  in 
future w ithou t la rge  se a lin g  v e s se ls .

RINGED SEAL

Th e  ringed  se a l is  the  m o st  a b u n d a n t  m arine  m am m a l 
in the C a n a d ia n  A rc t ic  and  in so m e  re sp e c ts  it is  the 
e a s ie s t  s p e c ie s  to study. T h e  a va ila b le  d a ta  abou t  
r inged  s e a ls  are su p e r io r  in q u an tity  a n d  h ence  q u a lity  
to the d ata  a va ila b le  for an y  other m arin e  m am m a l in 
the A rctic . H ow ever, there a re  d iff ic u lt ie s  in de te rm in ­
in g  su s ta in a b le  y ie ld  levels. In  add it io n , the long-term  
s tu d ie s  of r in ged  s e a ls  and  the ir ch ie f  p re d a to rs  (po lar  
b e a rs an d  a rc tic  fo x e s) are ra is in g  im p o rtan t q u e s t io n s  
that are centra l to  the m an a ge m e n t  o f a rc tic  m arine  
m a m m a ls  but have  p re v io u s ly  b e e n  u n reco gn ized . 
T h e se  q u e s t io n s  invo lve  the h igh  a n n u a l variab ility  in 
a rctic  m arine  e c o s y s te m s  a n d  the c lo s e  e c o lo g ic a l  
in te rre la tio n sh ip s a m o n g  at le ast s o m e  s p e c ie s  of 
m a m m a ls  and, by im p lica tio n , the In u it  a s  predato rs.

DISTRIBUTION
Th e  d istr ib u tio n  of r in ge d  s e a ls  is  w e ll kn o w n  a lth o u gh  
lo n g  d is ta n c e  and  lo ca l m ig ra t io n s  h ave  not been  well 
d o cu m e n te d . The d e g re e  to  w h ich  a r e a s  o f o ffsh o re  
p a ck  ice are u se d  b y  b re e d in g  s e a ls  is  p oorly  u n der­
s to o d  but g ive n  the  la rge  a re a s  invo lved, the n u m b e rs  
co u ld  be s ign if ic a n t.

STATUS AND SIZE OF POPULATIONS
Th ere  is  th o u gh t to  be re a so n a b ly  free  in te rch an ge  
a m o n g  r in ge d  se a l p o p u la t io n s  in a d jac e n t  a re a s  a l­
th o u gh  se de n tary  adu lt su b -p o p u la t io n s  m ay  exist. 
Th ere  is  ev id en ce  that loca l p o p u la t io n s  can  b e  over­
h arvested  a n d  B ra d le y  (1970) h a s s u g g e s t e d  that in ­
te n se  h u n tin g  ca n  c a u se  r in ge d  s e a l s  to  a lte r their 
beh av iou r a n d  d istr ib u tio n  in so m e  a re a s . T h is  h a s  not 
been  co n c lu s iv e ly  d e m o n stra te d  but h a s  im p lic a t io n s  
for the derivation  o f  harvest s tra te g ie s .

R in g e d  s e a ls  can  b e  relatively  e a s i ly  co u n te d  d u r in g  
sp r in g  w he n  they h au l out o n  fast  ice. A lm o s t  a ll p o p ­
u la tio n  e s t im a te s  a re  b a se d  on  the re su lt s  o f aerial 
su rve ys. M o s t  s u c h  e s t im a te s  are b a se d  on  in ad e q u ate  
d e s ig n , in adeq u ate  a n a ly s e s  of su rv e y  b ia s e s  and  
q u e s t io n a b le  co rrectio n  fa c to rs  for u n se e n  an im a ls .  
Th ere  is  a  p re s s in g  need fo r  de ve lo p m e n t an d  s ta n ­
dard ization  o f su rve y  te ch n iq u e s  an d  fo r  b io lo g ic a l re­
se a rc h  to d e te rm in e  ap propria te  co rre ct io n  fac to rs.



Th e  b a s ic  repro ductive  b io lo g y  an d  d y n a m ic s  of r in ged  
se a l p o p u la t io n s  are  q u ite  w ell know n. H ow ever, the  
d iff icu lty  of o b ta in in g  u n b ia se d  a ge  s a m p le s  h a s  p re ­
vented de te rm in a tion  o f m orta lity  ra te s of p u p s  an d  
y o u n g  im m atures. E s t im a te s  o f m ax im u m  su s ta in a b le  
yie ld  are s t ill Im p re c ise  a n d  are b a se d  on  In ad e q u ate  
c e n s u s  te ch n iq u e s  an d  little in fo rm a tion  ab o u t  
den sity -d e p e n d e n t p ro c e ss e s .  O n e  cu rrent e s tim a te  
h a s  9 5 %  c o n f id e n c e  lim its  of m ore th an  ± 3 0 % .

in theory, k n o w le d g e  of the c h a ra c te r is t ic s  of fast- ice  
co ver an d  o f the fa c to rs  that contro l se a l n u m b e rs on  
fa s t  ice  ca n  be co m b in e d  to pred ict m ax im u m  p o p u la ­
t io n s  that c a n  e x ist  in an  area. M ore  in fo rm a tion  is  re­
qu ired  to d e ve lop  a  re liab le  p red iction  sy ste m .

T h e  la rge  s c a le  year-to-year variab ility  in num be rs, 
d istr ib u tio n  an d  p rodu ctiv ity  o f r in ged  s e a ls  in the  
Be au fo rt S e a  m a k e s  it e s se n t ia l that variab ility  be  
exam in ed  by long-term  s tu d ie s  in o th er parts o f the  
Arctic .

KILL STATISTICS
Curre nt harvest s t a t is t ic s  underestim ate , by an  u n ­
know n  am ount, the n u m b e r of ringed  s e a ls  harvested. 
T h is  u n d e re stim atio n  r a n  be qu ite  se ve re  in ce rta in  
s itu a t io n s  a n d  sh o u ld  be quantified . M o re  d ata  on  
se a s o n a l va r ia t io n s in s in k in g  lo s s  are a ls o  required in 
order to  refine the co rrectio n  fac to rs  to  be  ap p lie d  to  
reported harvest.

POPULATION STRUCTURE AND DYNAMICS
BEARDED SEAL

A lth o u g h  th is  la rge  se a l I s  q u ite  c o m m o n  a n d  w id e ­
sp re ad , an d  is  u tilized  by Inult, it h a s  not been  sp e c if i­
ca lly  s tu d ie d  in C a n ad a .

DISTRIBUTION AND NUMBERS
Th e  gen e ra l ran ge  o f the bearded  se a l is  w ell know n  
but re liab le  e s t im a te s  of a b u n d a n c e  are la c k in g  for vir­
tua lly  all a reas. M o v e m e n ts  of bearded  s e a ls  are  p oorly  
u n d e rsto o d  in m o st  areas.

POPULATION STRUCTURE AND DYNAMICS
M o s t  in fo rm ation  o n  bearded  s e a ls  c o m e s  from  A la s ­
kan  and  So v ie t  p o p u la t io n s  and  it is  not know n  
w he the r e a ste rn  A rc t ic  p o p u la t io n s  are  sim ila r. For  
exam ple , the  bearded  se a l i s  an a n n u a l b reeder in 
A la s k a  but the re su lt s  from  a  sm a ll s a m p le  in the  e a s t ­
ern A rc t ic  s u g g e s t  a  tw o-year b re e d in g  cyc le . T h is  
q u e s t io n  n e e d s  to be  e x a m in e d  in m ore  detail. The  
ge n e ra l lack  o f d a ta  from  C a n a d ia n  p o p u la t io n s  m ak e s  
it Im p o s s ib le  to d e te rm in e  current, m ax im u m  o r  op ti­
m u m  su s ta in a b le  y ie ld  levels.

KILL STATISTICS
Th ere  is  no  in fo rm a tio n  on  the  current harvest le ve ls of 
bearded  se a ls .  E s t im a te s  o f  the p e rc e n ta ge  non ­
retrieval o f k illed  a n im a ls  are  inadeq uate .

75



C O N C L U S IO N S  A N D R E C O M M E N D A T IO N S

T h e  b a s ic  c o n c lu s io n  of th is  report is  that w ith  current 
le ve ls  of in fo rm ation  it is  not p o s s ib le  to determ ine  the  
m ax im u m  or o p t im u m  su s ta in a b le  y ie ld  of a n y  sp e c ie s  
o f m arine m am m a l in the C a n a d ia n  A rctic . T h e  ‘ad h o c ' 
m an a ge m e n t p o lic ie s  u se d  to date  have been  re a so n ­
ab ly  u se fu l in the recent past, w h ich  h a s  been  a  period  
o f ge n e ra lly  d e c lin in g  h arvests. H ow ever, d e m o ­
g ra p h ic  tre n d s In d icate  that the current g ro w th  (about 
a  20-year d o u b lin g  tim e) in Inu it p o p u la t io n s  w ill c o n ­
tinue.

T h e  Inuit have c learly  sta te d  their d e sire  to retain  c lo se  
t ie s  w ith  the land  a n d  to  m a in ta in  a  v iab le  m arin e  m a m ­
m al h a rve st in g  co m p o n e n t  in their w ay  of life. It se e m s  
c le a r  that so m e  p o p u la t io n s  o f m arine  m a m m a ls  can  
su p p o rt  in cre a se d  h a rv e sts  re su lt in g  from  in c re a se s  in 
the  n u m b e rs o f hunters. H ow ever, it is  a ls o  c lea r that 
su s ta in a b le  harvest le ve ls m ay  be le s s  than  the future  
d e m an d  by inuit. It is  not currently  p o s s ib le  to  c a lc u ­
late  the poten tia l su s ta in a b le  y ie ld s  of m arin e  m a m ­
m a ls  in the C a n a d ia n  A rctic . N e ve rth e le ss, th e se  data  
are n e c e ssa ry  for m a n a ge m e n t  of the m arine  m am m al 
re so u rc e s  an d  to perm it ra tiona l ju d ge m e n ts  ab o u t the  
future  of the  re sou rce  h a rve st in g  c o m p o n e n t  in Inuit 
so c ie ty .

CURRENT MANAGEMENT

L ittle  m an age m e n t-o rie n te d  re search  is  n o w  b e in g  
c o n d u c te d  o n  m arine  m a m m a ls  (other than  po lar  
b ears) in the C a n a d ia n  A rctic . Th e  near-term  future of 
m an a ge m e n t  re search  a p p e a rs  b leak  d u e  to m ajor re­
o rgan iza tio n  an d  b u d ge t  re d u c tio n s w ith in  the federal 
D e p a rtm e n t o f  F ish e r ie s  an d  Env ironm ent. Internal 
go ve rn m e n t c o m m itte e s  have re co m m e n d e d  that the 
A rc t ic  B io lo g ic a l S ta t io n , w h ic h  h a s re sp o n s ib ility  for 
m an a ge m e n t  re search  on  a rc tic  m arine  m am m a ls , be 
c lo se d . It is  not c le a r  w he the r the re search  fu nctio n  
w ill be transferred  to F ish e r ie s  and  M a rin e  Se rv ic e  in 
W in n ip e g  w here  a d m in istra t ive  re sp o n sib ility  for m an ­
a g e m e n t  currently  re s id e s . R e g a rd le s s  o f o rga n iza ­
t io n a l c h a n g e s  and up h e ava ls , it is  c le a r  that a  m ajor  
c h a n g e  in gove rn m e n ta l p riorit ie s w ill be n e c e ssa ry  to 
a llo w  for ad e q u a te ly  funded, longer-term  research  
n e c e ssa ry  to m a n a g e  a rc tic  m arine m am m a ls .

ROLE OF INUIT

E ffective  m an a ge m e n t of m arine  m a m m a ls  req u ire s  
that the u se r s  (Inuit) o f the re so u rce  be  fu lly  in fo rm ed  
an d  agre e  w ith the  g o a ls  o f m a n a ge m e n t  p ro g ram s.  
M a n a g e m e n t  Is  further c o m p lic a te d  by  Inu it land  
c la im s  n e g o tia t io n s  and  Inu it d e s ire s  to  a s s u m e  ce r­
tain  re sp o n s ib ilit ie s  in the m a n a ge m e n t  of m arine  
m am m a ls . In  our experience, m any  Inu it are sk e p t ic a l 
of gove rn m en t s c ie n t is t s  a n d  there is  s t ro n g  o p p o s i­
tion  to the recently  e n acted  q u o ta s  on  the h arvest o f  
n a rw h a ls  and  w a lru se s. T h e  recen tly  e s ta b lish e d  
N o rth w e st  Territories G a m e  A d v iso ry  C o u n c il is  d e ­
s ign e d , in part, to  a llo w  in te rch an ge  b etw een  the g a m e  
m a n a g e rs  an d  the Inuit. It is  p e rh a p s  to o  early  to deter­
m in e  w he the r the c o u n c il w ill ach ie ve  its  ob jectives.

M a n a g e m e n t  m u st be  a  co o p e ra tive  e ffort an d  the Inu it 
sh o u ld  have  an e ffe ct ive  v o ice  in the d e c is io n -m a k in g  
p ro c e ss . C o ncu rren tly , so m e  inuit s h o u ld  receive  train­
in g  in w ild life  b io lo gy . S m a ll- s c a le  p ro g ra m s  cu rren tly  
ex ist, but these  p rov ide  tra in in g  o n ly  at the te ch n ica l 
level. U n ive rsity  level tra in in g  is  a ls o  needed  a lth o u g h  
the full s la te  of c o u r s e s  tau gh t at so u th e rn  u n ive rs it ie s  
is  p rob ab ly  u n n e ce ssa ry .

MANAGEMENT PRIORITIES

T h e  fo llo w in g  s e c t io n s  d i s c u s s  ge n e ra l p riorit ie s for  
m arine  m am m a l research . D e ta ils  o f s tu d ie s  o f par­
t icu la r sp e c ie s  o r p ro b le m s are  not o u tlin e d  a s  they are  
b eyon d  the sc o p e  o f th is  report.

RELIABLE HARVEST DATA
M a n a g e m e n t  of hun ted  a n im a l p o p u la t io n s  requ ire s  
that a ccu ra te  kill s t a t is t ic s  be  availab le . M a n y  w o rk e rs  
have  co m m e n te d  o n  the in a d e q u a c ie s  in the kill s t a t i s ­
t ic s  that have been  gath ered. Th e  co lle c t io n  s y s te m  
h a s  appare n tly  im pro ved  but its  a c c u ra c y  h a s  not been  
tested. T h e  sy s te m  n e e d s  to  be  refined an d  ad d it io n a l 
d ata  co lle c te d  from  at le a st  so m e  c o m m u n it ie s . In fo r­
m ation  on  the g e o g ra p h ic  an d  s e a s o n a l d istr ib u t io n  of 
the kill an d  on  the se x  and  a g e  stru ctu re  of the  kill c a n  
provide im portant in s ig h t s  in to  the d istr ib u t io n  and  
hea lth  o f the hun ted  p opu lation . S e a s o n a l d a ta  are  
needed  to  a s s e s s  h u n ting  lo s s e s  and, in so m e  c a se s ,  
the part of the p o p u la t io n  that is  hunted.

A  jo in t p rogram  by F ish e r ie s  a n d  M a r in e  Se rv ice , C a n a ­
d ian  W ild life  Se rv ic e  and  the  N o rth w e st  T e rrito rie s  
G o ve rn m e n t is p lan n e d  to  ga th e r so m e  but not all o f 
the required in form ation . Th e  future o f th is  p ro g ram  (in 
the p lan n in g  s t a g e s  s in c e  a u tu m n  1977) is  uncerta in . 
Th e  B a ffin  R e g io n  Inu it A s s o c ia t io n  h a s  p la n s  for re­
so u rc e  ha rve st in g  s tu d ie s  in each  of the Ba ffin  Is la n d  
c o m m u n it ie s  but a g a in  not a ll of the  in fo rm a tion  re­
qu ired  w o u ld  be gathered. A n  in d u stry -fu n d e d  re-
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so u rc e  harvest stu d y  cu rren tly  b e in g  co n d u c te d  in 
P o n d  Inlet a n d  p lanned  to be e xp an de d  to G r ise  F iord  
a n d  C ly d e  R ive r will p rov ide  a  fu lle r co m p le m e n t  of 
u se fu l m an age m e n t data. The  key  to s u c c e s s  of an y  of 
th e se  p ro jects Is  the invo lve m ent an d  su p p o rt  of the In ­
uit hunters. T h is  type of p ro g ram  can  provide in ­
va lu ab le  d a ta  for o n g o in g  m an a ge m e n t re search  p ro ­
g r a m s  (d is c u s se d  later).

HUNTING LOSS
A  crit ica l co m p o n e n t  of any  m an a ge m e n t  s tra te gy  is  
k n o w le d ge  o f the n u m b e rs o f a n im a ls  that are killed  
but not retrieved. T h e se  lo s s e s  can  be s ig n if ic a n t  (see  
p re c e d in g  se c t io n s  of th is  report). S tu d ie s  to a ccu ra te ­
ly de te rm ine  lo s s  rates a n d  the fa c to rs  a ffe c t in g  th e se  
ra te s are required. E x p e r im e n ts  to test m e th o d s  to  
redu ce  the lo s s  rate sh o u ld  be  co nd u c te d . Be tter h un t­
in g  te ch n iq u e s  co u ld  s ig n if ic a n t ly  in c re a se  h a rve sts  
w ith ou t in c re a s in g  the kill or the  s t r e s s  on  the p o p u la ­
tion.

IMMEDIATE MANAGEMENT PROBLEMS
It is  w ith  gre a t trep idation  that w e d i s c u s s  p ro b le m s of 
Im m ed iate  concern . Th e  ava ilab le  k n o w le d ge  of a rctic  
m arin e  m a m m a ls  is in su ffic ie n t  to identify  all o f the  
s p e c ie s  or p o p u la t io n s  that are b e in g  overharvested . 
O v e rh arve st in g  is  a lm o st  ce rta in ly  o c cu rr in g  in several 
s itu a t io n s  that are p re sen tly  un reco gn ized . T h us, the  
fo llo w in g  d is c u s s io n  of im m e d ia te  m an a ge m e n t  p ro b ­
le m s in c lu d e s  on ly  th o se  that are recogn ized. There  
are  u n d o u b te d ly  o thers! A b s e n c e  from  th is  d is c u s s io n  
sh o u ld  not be  co n stru e d  to im p ly  that a  particu lar  
p o p u la t io n  is  not b e in g  overharvested .

T h e  appare n tly  iso la te d  b e lu g a  p o p u la t io n  in C u m b e r­
land  S o u n d  s h o w s  s ig n s  o f se vere  overh arve sting. S u r ­
v e y s  in 1978 in d icate  a  d e c lin e  in n u m b e rs of over 3 0 %  
in the  p ast  tw o  years to  a  tota l o f ab ou t 500 a n im a ls  
(B. K e m p e r pe rso n a l c o m m u n ic a t io n ). Th e  d e c lin e  w a s  
p re su m a b ly  related to  the  extrem e ly  h igh  kill in 1977.

T h e  s ta tu s  o f the b e lu g a s  in h a b it in g  H u d so n  Strait, 
U n g a v a  Bay  a n d  n ortheastern  H u d so n  B a y  is  a  m atter 
of concern . S e rg e an t  a n d  B ro d ie  (1975) e stim ate d  th is  
p o p u la t io n  at 1,000 an im a ls .  H ow ever, the an nu a l kill 
of th e se  a n im a ls  is  600 ( J B N Q N H R C  1976). T h e  harvest  
d ata  are th o u gh t to be reliable; thus, the pop u lat ion  
e stim a te  m u st  be w rong. It s e e m s  likely that b e lu g a s  
from  w este rn  H u d so n  B a y  are u s in g  H u d so n  Stra it du r­
in g  m igration . Even so , the  total an n u a l kill ( in c lu d in g  a  
g u e s s  at h u n ting  lo ss )  fo r all o f H u d so n  Bay, H u d so n  
Stra it  and U n g a v a  B ay  is  greater than  the p u b lish e d  
e s t im a te s  of su s ta in a b le  y ie ld  (m ax im u m  1 0 % )  for th is 
popu lation . In  add ition , the e s t im a te s  of su s ta in a b le  
yie ld  are th o u gh t to be u n re a list ica lly  h igh . A  further 
co n c e rn  is  that the m ajo r hydroe lectric  pro jects in 
M a n ito b a  a n d  Q u e b e c  w ill p ro b ab ly  a ffect c o a s ta l 
hab ita t u se d  by b e lu gas. N o  s tu d ie s  of th is  potential 
im p act are b e in g  co nducted .

Th e  s ta tu s  of the L an c a s te r  S o u n d  narw hal p op u lat ion  
is  unclear. R e c e n t e s t im a te s  of 20,000 to  30,000 a n i­

m a ls  are  b a se d  on  e x trap o la t io n s  a n d  need  to  be ve ri­
fied. Th e  retrieval rate of n a rw h a ls  k illed  at P o n d  In let 
and  A rc t ic  B ay  is  not fu lly  know n  bu t recent s tu d ie s  at 

the P o n d  In let ice  e d g e  in d ica te  that on ly  ab o u t 3 0 %  of 
the n a rw h a ls  k illed  are a c tu a lly  retrieved (L G L  Ltd. u n ­
p u b lish e d  data). T h us, the  e x is t in g  q u o ta s  o f 100 for  
e ach  se ttlem en t co u ld  lead  to  the k illin g  of over 600  
narw h a ls. If the a n im a ls  k illed  at o ther h igh  A rc t ic  s e t ­
tle m e n ts an d  in G re e n lan d  are take n  from  th is  p o p u la ­
tion, then overh arve stin g  m ay  be occu rrin g . A lso ,  the  
h a rve sts  are c o n c e n tra te d  In a  few  a reas; if s u b ­
p o p u la t io n s  occur, so m e  of th e se  co u ld  be  u n der  
severe  pre ssu re . C learly , better k n o w le d g e  of the L a n ­
ca s te r  S o u n d  narw hal p o p u la t io n  is  u rgen tly  required.

C o n c e rn  h a s  been  e x p re s se d  ab o u t  the s ta tu s  of 
w a lru s p o p u la t io n s  in w e ste rn  F o x e  B a s in . H ow ever, 
s o  little is  know n  ab o u t th is  p o p u la t io n  that it is  im ­
p o s s ib le  to a s s e s s  its  p re sen t co nd ition .

FUTURE MANAGEMENT PRIORITIES
B a s ic  m an a ge m e n t re se arch  p ro g ra m s  sh o u ld  be in s t i­
tuted im m ediate ly. H a rve st  le ve ls w ill In c re a se  a s  Inu it  
p o p u la t io n s  increase. T h is  w ill lead to very heavy h u n t­
ing p re ssu re  a round  c o m m u n it ie s  a n d  w ill u n d o u b te d ­
ly lead  to loca l d e p le tio n  o f m am m a l po p u la t io n s. Inu it  
hu n ters w ou ld  then have  to travel farther at grea te r  
co st. T h is  co u ld  be a  se r io u s  h a rd sh ip  for th o se  Inu it  
trying to fa sh io n  a  w ay  o f life that c o m b in e s  partia l 
w a g e  e m p lo ym e n t w ith  re so u rce  h arvestin g. Th e  c u r ­
rent gove rn m e n t p ro g ram  to  su p p o rt  the e s ta b lis h ­
m ent of o u tp o s t  c a m p s  w ill tend to  d isp e rse  the h u n t­
ing  p re s su re  a w ay  from  the m ajo r co m m u n it ie s . H o w ­
ever, it is  not kn ow n  h o w  p o p u la r  the o u tp o s t s  w ill be.

S o u n d  m arine  m am m a l m a n a ge m e n t  in c lu d in g  k n o w l­
e d ge  o f su s ta in a b le  y ie ld s  is  c lea rly  n e c e ssa ry  to  a llo w  
rational d e c is io n s  ab o u t the s iz e  a n d  d istr ib u tio n  of 
harvest that ca n  be su s ta in e d  at e a ch  se tt le m e n t o r  
o u tp o st  cam p. T h e  d e g re e  of iso la t io n  o f heav ily  e x ­
p lo ited  p o p u la t io n s  from  le s s  e xp lo ite d  p o p u la t io n s  is  
of sp e c ia l im portance. S u c h  p red ictive  m an a ge m e n t  
in fo rm a tion  is  not currently  ava ilab le .

Th e  p r in c ipa l g a p s  in required  in fo rm ation  fo r e a c h  
s p e c ie s  w ere d is c u s s e d  in deta il in p re ce d in g  s e c t io n s  
of th is  report. W e  d i s c u s s  here th o se  sp e c ie s  that w ill 
m o st  like ly  be su b je c t to in c re a se d  harvest le ve ls  in 
the near future. T h e se  are the s p e c ie s  on  w h ic h  m a n ­
a ge m e n t re search  is  required im m ediate ly.

The r in ged  se a l is  the m o st  im po rtan t sp e c ie s  har­
ve ste d  by Inuit. H u n te rs  in m an y  c o m m u n it ie s  (e.g., 
P on d  In let and Ig lo o lik ) have a lre ad y  noted  that they  
m u st travel farther from  the c o m m u n it ie s  to  hun t  
ringed  se a ls .  T h is  is  an  in d ic a t io n  o f loca l ove rh arve st­
ing. P re ssu re  on  r inged  se a l p o p u la t io n s  w ill in cre a se .

Be arded  se a ls  are taken w h e n ever they are e n c o u n ­
tered an d  are im portant to  the Inuit. V ery  little is  kn ow n  
about the b io lo g y  of th is  sp e c ie s .  P o p u la t io n  s iz e s  a n d  
su s ta in a b le  y ie ld s  are  u nknow n. It is  probab le , h o w ­
ever, that d e m an d  for the sp e c ie s  w ill in crease .

77



D e m a n d  for w a lru se s  h a s  d e c lin e d  recently  w ith the  
d e m ise  o f d o g  team s. H ow ever, there are  s ig n s  that the  
kill is  n ow  in c re a s in g  b e c a u se  of h igh  p r ice s pa id  for 
w a lru s ivory. M a n y  a n im a ls  are now  b e in g  taken  so le ly  
for their ivory w ith  no  o r little u se  m ad e  of the  rest o f  
the c a rc a ss .  Th e  d e m an d  is  like ly  to further in c re a se  
a n d  w ill p la c e  p re ssu re  on  w a lru s p o p u la t io n s, at le ast  

in lo ca l a reas.

S im ilarly , the va lue  of n arw ha l t u s k s  h a s  c a u se d  an  in ­
cre ase d  d e m an d  for th e se  an im a ls .  T h e  current q u o ta  
sy s te m  is  extrem e ly  u n p o p u la r  w ith  the Inu it an d  p re s­
su re  for in c re a se d  h a rv e sts  w ill be  in tense. P ro b le m s  
a s so c ia te d  w ith  narw hal m an a ge m e n t  w ere d is c u s s e d  

prev iously .

S o m e  p o p u la t io n s  of b e lu g a s  are a lready  b e in g  over­
h arvested  an d  p re ssu re  on  o th e rs  w ill in c re a se  a s  Inu it 
p o p u la t io n s  increase. C u rre nt k n o w le d ge  is  not s u f f i ­
c ien t for sa fe  m an a ge m e n t  of b e lu g a  s to c k s .

T h e  five sp e c ie s  o f m arine  m a m m a ls  d is c u s s e d  ab ove  
sh o u ld  receive  top  priority  in an y  p ro g ram  of m a n a g e ­
m ent research . T h is  re search  is  by  n e c e ss ity  a  lo n g ­
term  p ro p o sitio n , e sp e c ia lly  in the A rc t ic  w here m ajor  
year-to-year f lu c tu a tio n s  in repro duction  and, to a  
le s se r  degree, p o p u la t io n  le ve ls ca n  be c a u se d  by  
natural e nv ironm enta l co n d it io n s. T h e se  s tu d ie s  
sh o u ld  b e g in  so o n . W ith o u t  th is  in fo rm ation , m ajor  
p ro b le m s an d  d e c lin e s  se e m  a lm o st  inev itab le  in the  
not to o  d is ta n t  future. T h e se  p ro b le m s w ill be m o st  
p ro n o u n c e d  in ce rta in  lo ca l a reas, but p o p u lation -w ide  

p ro b le m s can  be an tic ipa te d.

T w o  o th er sp e c ie s  de se rve  c o m m e n t here. The  e n ­
d an g e re d  b o w h e ad  w h a le  is  extrem e ly  poorly  know n  in 
the  C a n a d ia n  A rctic . Th ere  is  v irtua lly  no  u se fu l in fo r­
m ation  o n  the s ta tu s  of th is  sp e c ie s  in the  easte rn  
A rctic . T h e  prudent c o u rse  is  to a llo w  no  e xp lo ita tion  
o f the b ow h ead . H ow ever, there w ill p ro b ab ly  be re­
q u e s ts  b y  Inu it to  take b o w h e ad s. If th e se  re q u e sts  are  
to  be se r io u s ly  en terta ined  then m ore  w ork  on  b o w ­
head  p o p u la t io n s  sh o u ld  be undertaken.

T h e  kill o f harp s e a ls  in the C a n a d ia n  A rc t ic  a p p e a rs  to  
be  un d e re stim ate d  in m o d e ls  u se d  to e s ta b lish  q u o ta s  
fo r  co m m e rc ia l exp lo ita tio n  off ea ste rn  C a n ad a . If the  
kill by Inu it in c re a se s  su b s ta n tia lly ,  c o rre sp o n d in g  
c h a n g e s  in the c o m m e rc ia l q u o ta s  off ea ste rn  C a n a d a  

w ill be n e ce ssa ry .

IMPACT ASSESSMENT v s  

MANAGEMENT OF POPULATIONS
In  recent years, a  n um be r of m ajo r in du stria l act iv it ie s  
have been  p lanned  for the C a n a d ia n  A rctic . M a n y  of 
th e se  have  d irect im p lic a t io n s  for m arine  m am m a l 
p o p u la t io n s. T h e se  p ro je cts have gene rated  m an y  
im pact-re la ted  s tu d ie s  fu n de d  by go ve rn m e n t and  in ­
dustry. S o m e  of th e se  s tu d ie s  have  prov ided  in fo rm a ­
tion  u se fu l for m an age m e n t. H ow ever, it s e e m s  to u s  
that gove rn m e n t re s p o n se s  to in du stria l p ro p o sa ls  
have been  la rge ly  at the  e x p e n se  of m an age m e n t re­
se arch . M a n p o w e r  and  fu n d s  have been diverted to im ­

p ac t a s se s sm e n t ,  a n d  m a n a g e m e n t  re se arch  is  o ften  
o n ly  p o s s ib le  if it is  d is g u is e d  a s  an  im pact-re la ted  

stu dy . T h is  h a s  led to s o m e  s tu d ie s  that are not a d e ­
q u a te  for e ither m a n a ge m e n t  o r  im pact-re la ted  pur­

p o se s.

B a s ic  b io lo g ic a l k n o w le d g e  is  n e c e ssa ry  for b o th  m a n ­
a ge m e n t  an d  im p a c t  a s s e s s m e n t  p u rp o se s. H ow ever, 
s u c h  k n o w le d ge  c a n n o t  be  g a in e d  if in v e s t ig a to r s  
m u st  re loca te  their s tu d y  a re a s  in re s p o n se  to e ach  
new  in du stria l project. Se ve ra l y e a r s  are requ ired  for a  
th o ro u gh  stu d y  o f an y  p o p u la t io n . A p p ro p ria te  in fo r­
m ation  can n o t be  g a in e d  by  s tu d y in g  a  d ifferent p o p ­
u la tio n  every year or two. Im p a c t  a s s e s s m e n t  re search  
is  very im portant but re liab le  im p a c t  p re d ic t io n s  an d  
m itiga tio n  m e a s u re s  are on ly  p o s s ib le  if g o o d  b io lo g i­
ca l in fo rm ation  is  a va ilab le . In m an y  c a s e s  go ve rn m e n t  
im p a c t  s t u d ie s  have  d u p lic a te d  in d u stry -fu n d e d  
s tu d ie s  and  prov ided  very little n ew  or a d d it io n a l in fo r­
m ation .

In  the lo n g  term, the m ajo r id en tif iab le  threat to m arine  
m am m a l p o p u la t io n s  in the  C a n a d ia n  A rc t ic  w ill p ro b ­
a b ly  be  the in c re a se d  h u n t in g  p re ssu re  by Inuit. In 
m an y  w ays, th is  w ill a ls o  be  the m o st  d iff icu lt  p rob lem  
to deal with. A  so u n d  k n o w le d g e  of the p o p u la t io n  
d y n a m ic s  o f e ach  m ajo r s p e c ie s  of m arine  m am m a l is  
a  prere qu isite  for ra tiona l d e c is io n -m a k in g  an d  p ro b ­
le m  avo idance . T h is  k n o w le d g e  can  on ly  be  a tta in ed  
th ro u gh  su s ta in e d , long-term  m an age m e n t-o r ie n te d  
research. W e  be lieve  that it is  im pe rative  that th is  type  
of m an age m e n t re se arc h  be c o n d u c te d . Im p a c t  a s ­
s e s sm e n t  s tu d ie s  of in d u str ia l p ro je c ts  sh o u ld  be  c o n ­
d u c te d  i n  a d d i t i o n  t o  b a s ic  m an a ge m e n t  re search , n o t  

i n s t e a d  o f  i t .

T h e  fo llo w in g  ge n e ra l c o m m e n t  by K re b s  (1972:361) is  
p articu larly  ap p rop ria te  to  the m a n a g e m e n t  o f m arine  
m a m m a ls  in the C a n a d ia n  A rctic :

" M a n a g e m e n t  o f  f o r e s t ,  f i s h e r y ,  a n d  w i l d l i f e  r e ­

s o u r c e s  i s  p r e s e n t l y  b a s e d  m o r e  o n  r u l e s  o f  

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

k n o w l e d g e  a n d  f o r e c a s t i n g ,  a n d  o n e  o f  t h e  g r e a t  

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

s o u r c e  m a n a g e m e n t  o n  a  s c i e n t i f i c  b a s i s .  W e  

c a n  a l l  b e  v e r y  g o o d  a t  m a n a g i n g  y e s t e r d a y ' s  

p o p u l a t i o n s .  W h e n  w i l l  w e  b e  e q u a l l y  a d e p t  a t  

m a n a g i n g  t o m o r r o w ' s ? "
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