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ABSTRACT 

Robertson, E.O., and I. Robertson. 1987. 
Assessment o f  t h e  va lue  o f  s t r a t i f i e d  
sampl ing  f o r  a e r i a l  surveys:  a  case s tudy 
o f  bowhead whales i n  t h e  Beau fo r t  Sea. 
Can. Tech. Rep. F ish .  Aquat. Sc i .  1500: 
i v  + 28 p. 

The r e s u l t s  o f  t h e  1981-1984 m o n i t o r i n  
surveys o f  bowhead whales (Bal aena m y s t i  ce tus  7 
i n  t h e  Beau fo r t  Sea were r e m e d  t o  assess 
t h e  f e a s i b i l i t y  o f  f u t u r e  s t r a t i f i e d  sampling. 
W i t h i n  a  s tudy area bounded by 72ON, t h e  Beau- 
f o r t  Sea coast ,  128OW and 141°W, t h e  o r i g i n a l  
whale o b s e r v a t i o n  d a t a  were used t o  a s s i g n  
s i g h t i n g s  t o  130 subareas of equal  area. C lus-  
t e r  a n a l y s i s  was chosen as t h e  method o f  i n v e s -  
t i g a t i n g  t h e  l o c a t i o n ,  d imensions, and s t a b i l i t y  
o f  t h e  d e n s i t y  p a t t e r n  o f  whale s i g h t i n g s .  
Var iance i n  annual abundance prompted t h e  t r a n s -  
f o rma t i on  of t h e  subarea d e n s i t y  da ta  t o  ranks,  
and t h e  c l u s t e r  a n a l y s i s  was under taken u s i n g  a  
c o n t i g u i t y  c o n s t r a i n t .  Th is  meant o n l y  ad jacen t  
areas cou ld  be grouped. 

C l u s t e r  a n a l y s i s  i d e n t i f i e d  a  h i g h - d e n s i t y  
s t r a t u m  c o n s i s t i n g  o f  45 subareas i n  which 89% 
o f  t h e  whales were s igh ted ,  and a  l o w - d e n s i t y  
s t r a t u m  of 67 subareas i n  which o n l y  11% o f  t h e  
whales were s ighted.  The remain ing 18 subareas 
were over  land. The h i g h - d e n s i t y  s t r a t u m  was 
d i s t r i b u t e d  app rox ima te l y  i n  an e a s t  n o r t h - e a s t  
d i r e c t i o n  f rom Herschel  I s l a n d  t o  an area n o r t h  
of  Cape Dalhous ie ,  b u t  i t s  boundar ies  w i t h  t h e  
l ow-dens i t y  s t ra tum were n o t  s t a b l e  f rom y e a r  t o  
year .  

Popu la t i on  es t ima tes  cor respond c l o s e l y  
w i t h  t hose  r e p o r t e d  i n  t h e  annual m o n i t o r i n g  
r e p o r t s .  These es t ima tes  con f i rm  t h a t  i n  1983 
and 1984 l ower  numbers of  bowhead whales used 
t h e  area e s t a b l i s h e d  i n  t h i s  study. The popu la-  
t i o n  es t ima tes  presented here  a r e  qua1 i f i e d  by 
an e s t i m a t e  of va r i ance ,  which i s  recommended as 
a  minimum requ i rement  f o r  p o p u l a t i o n  m o n i t o r i n g  
s t u d i e s .  The s tudy  a l s o  recommended t h a t  bow- 
head whale surveys shou ld  c o n t i n u e  t o  be f lown 
i n  evenly-spaced sequen t i a l  s t r i p  t r a n s e c t s ,  b u t  
t h a t  t h e  data  be regrouped by l o c a t i o n  i n t o  
app rox ima te l y  square subareas f o r  d e n s i t y  
a n a l y s i s .  

Key words: Bal aena m y s t i c e t u s :  surveys:  
W t :  p o p u l a t i o n  number: 
app rox ima t i  on. 
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Les r e s u l t a t s  des re leves  de c o n t r 8 l e  des 

pa r  Pchan t i l l onnage  s t r a t i f i e .  p a r t i r  des 
donnees i n i t i a l e s  d ' o b s e r v a t i o n  des b a l e i n e s .  
chaque cas d ' o b s e r v a t i o n  a  6 t e  s i t u e  dans une 
des 130 sous-zones d ' e g a l e  s u p e r f i c i e  qu i  con- 
s t i t u e n t  l a  zone d ' o b s e r v a t i o n ,  l i m i t e e  pa r  l e  
72ON, l a  c 6 t e  de l a  mer de Beaufor t ,  l e  12R00 e t  
l e  141°0. On a  c h o i s i  l ' a n a l y s e  de grappes pour 
E t a b l i r  l e  l i e u ,  l e s  dimensions e t  l a  s t a b i l i t e  
du modele de d e n s i t e  des cas d ' o b s e r v a t i o n  des 
ba le ines .  En r a i s o n  des v a r i a t i o n s  de 1  'abond- 
ance d 'une annee a l ' a u t r e ,  on a  dO prendre  l e s  
donnees de d e n s i t e  des sous-zones e t  l e s  e x p r i -  
mer en rangs e t  on a  procede 8 1 ' ana l yse  de 
grappes, soumise 8 une c o n t r a i n t e  de c o n t i -  
g u i t e .  A i n s i  , seu les  l e s  sous-zones ad jacentes  
o n t  pu S t r e  groupees. 

L ' ana l yse  de grappes a  permis  de m e t t r e  en 
l u m i e r e  une s t r a t e  de grande d e n s i t e  renfermant  
45 sous-zones oii 89% des b a l e i n e s  a v a i e n t  e t e  
observees e t  une s t r a t e  de f a i b l e  d e n s i t e  ren-  
fe rmant  67 sous-zones 013 11% seulement des b a l e -  
i n e s  a v a i e n t  6 t 6  observees. Les 18 a u t r e s  
sous-zones se t r o u v a i e n t  su r  l a  t e r r e  ferme. La 
s t r a t e  de grande d e n s i t e  se s i t u a i t  de facon 
genera le  dans l e  sens es t -no rd -es t  i p a r t i r  de 
1  ' i l e  Herschel  j u s q u ' i  un p o i n t  au nord  du cap 
Dalhousie,  mais ses l i m i t e s  avec l a  s t r a t e  de 
f a i b l e  d e n s i t e  v a r i a i e n t  d ' une  annee 3 1 ' au t re .  

Les e s t i m a t i o n s  de p o p u l a t i o n  cor respond-  
e n t  d ' assez  p r e s  d c e l l e s  q u i  son t  donnees dans 
l e s  r a p p o r t s  annuels de c o n t r a l e :  e l l e s  c o n f i r -  
ment qu 'en  1983 e t  1984, il y eu moins de b a l e -  
i n e s  bo rea les  dans l a  zone v i see  p a r  1  'e tude.  
L ' e s t i m a t i o n  de l a  p o p u l a t i o n  que 1  'on donne 
dans ce r a p p o r t  f a i t  l ' o b j e t  d 'une reserve,  
c e l l e  de l ' e s t i m a t i o n  de l a  va r i ance ,  qu i  e s t  
recomnandee c o m e  e x i  gence mi n ima le  pour  1 es 
e tudes de c o n t r 6 l e  de p o p u l a t i o n .  I 1  e s t  ega le -  
ment recommand6 que 1  e  con t ra1  e  des b a l  e i  nes 
bo rea les  se fasse  encore  s u i v a n t  des t ransec ts  
en bande 8 l a  s u i t e ,  egalement espaces l e s  uns 
des au t res ,  mais que l e s  donnees s o i e n t  regroup-  
ees pa r  e n d r o i t ,  dans des sous-zones a peu prPs 
ca r rees ,  aux f i n s  d ' a n a l y s e  de l a  dens i t e .  

Mots-c les :  Balaena m y s t i c e t u s :  e v a l u a t i o n s  : 
-t: nombre de l a  p o p u l a t i o n :  
app rox ima t i  on. 

b a l e i n e s  bo rea les  (Bal  aena m y s t i c e t u s )  dans 1  a 
mer de Beaufor t  q u i o n t e  e f fec tues de 1981 5 
1984 o n t  6 t e  ana lvs6s nouveau a f i n  d ' e v a l u e r  
s ' i l  s e r a i t  p o s s i b l e ,  8 1  ' a v e n i r ,  de proceder  



INTRODUCTION 

The f i r s t  s tep  i n  m o n i t o r i n g  t h e  abundance 
and d i s t r i b u t i o n  of a  r a r e  and w i d e l y  d i spe rsed  
animal over a  l a r g e  s tudy area i s  u s u a l l y  a  u n i -  
f o rm survey cove r ing  t h e  e n t i r e  area. The 
r e s u l t s  o f  t h e  p r e l i m i n a r y  i n v e s t i g a t i o n  a l l o w  
t h e  s c i e n t i s t  t o  eva lua te  t h e  e f f i c i e n c y  o f  t h e  
sampl ing method, t h e  optimum s i z e  of sample 
u n i t .  t he  l e v e l  of  e f f o r t  r e q u i r e d  t o  o h t a i n  t h e  
d e s i r e d  p r e c i s i o n  of es t ima te  (or .  o f t e n ,  t h e  
p r e c i s i o n  t h a t  can be expected w i t h i n  t h e  p r e -  
determined hudget) .  and t o  check f o r  t h e  p r e -  
sence of a  l a r g e - s c a l e  s p a t i a l  p a t t e r n  t h a t  
would make s t r a t i f i c a t i o n  des i  rah le .  Frequent-  
l y ,  t h i s  " r e f i t "  o f  t h e  surve,y methods i s  n o t  
done. P re l  i m i  nary  sampl i ng methods are  commonly 
repeated f o r  years .  o f t e n  because t h i s  cons i s -  
tency i s  seen as t h e  o n l y  means of making da ta  
comparable, o r  because t h e  l o g i s t i c s  o f  a  d i f f i -  
c u l t  f i e l d  s i t u a t i o n  are  hard t o  change. I n  t h e  
case of t r a n s e c t  sampl ing, t h e  assumptions i n  
t h e  da ta  a n a l y s i s  methods (e.g. o f  randomized 
t r a n s e c t s  w i t h i n  areas of homogeneous d i s t r i  bu- 
t i  on)  a re  common1 y  ignored. 

Hidden b i a s  and i m p r e c i s i o n  a re  o n l y  two 
of t h e  p o t e n t i a l  cos ts  of p r o j e c t  des ign f a i -  
l u r e s  i n  survey methods and da ta  ana lys i s .  I n  
t h e  case of p o p u l a t i o n  abundance and d i s t r i b u -  
t i o n  s tud ies ,  t h e  annual es t ima tes  may be con- 
s i s t e n t l y  h i g h  o r  low, t h e  conf idence l i m i t s  
i n c o r r e c t ,  and t h e  d e t e c t i o n  of s i g n i f i c a n t  
changes i n  abundance o r  s p a t i a l  d i s t r i b u t i o n  
imposs ih le .  

Our o b j e c t  i n  t h i s  s tudy has heen t o  exa- 
mine t h e  r e s u l t s  o f  o i l  i n d u s t r y  sponsored a e r -  
i a l  surveys of bowhead whales (Ralaena m s t i  
c e t u s )  i n  t h e  Reaufor t  Sea from-o* 
T h e v e r a l l  purpose of t h i s  e x e r c i s e  has heen t o  
examine t h e  f e a s i b i l i t y  of  s t r a t i f i e d  sampl ing: 
i n  a  sense. conduct ing t h a t  " r e f i t "  of survey 
methods. 

The e v o l u t i o n  of t h i s  survey program from 
t h e  f i r s t  bowhead s i g h t i n g s  i n  i nsho re  waters  i n  
1976 t o  i t s  c o n s i s t e n t  fo rmat  i n  1981 cove r ing  a  
l a r g e  p o r t i o n  of t h e  southern Beau fo r t  Sea 
r e f l e c t e d  an expanding e x p l o r a t i o n  zone o f f s h o r e  
and c o n f l i c t i n g  survey o b j e c t i v e s .  The l a t t e r  
i n c l u d e d  l i m i t s  imposed by survey l o g i s t i c s  
(e.g: a i r c r a f t  s p e c i f i c a t i o n s ,  weather, p r o j e c t  
f und ing )  and t h e  need f o r  i n f o r m a t i o n  on whale 
d i s t r i b u t i o n  and movements p a r t i c u l a r l y  as they 
r e l a t e d  t o  t h e  l o c a t i o n  and i n t e n s i t y  o f  exp lo -  
r a t i o n  a c t i v i t y .  A sys temat i c  survey des ign 
suppor ted these o b j e c t i v e s ,  w i t h  repeated su r -  
veys p r o v i d i n g  b e t t e r  i n fo rma t ion  on movements. 
There was a l s o  a  demand f o r  accurate  abundance 
es t ima tes  owing i n  p a r t  t o  t h e  r a r e  and endan- 
gered s t a t u s  of t he  bowhead whale. Est imates o f  
abundance a re  enhanced by randomizat ion of s u r -  
vey design. I n  t h i s  case, p r a c t i c a l i t y  d i c t a t e d  
t h e  sys temat ic  approach. I n  our  a n a l y s i s  da ta  
from e i g h t  surveys ( two i n  each y e a r )  have heen 
examined i n  o rde r  t o  determine i f  a  s t r a t i f i c a -  
t i o n  of t h e  s tudy area would enhance p o p u l a t i o n  
es t imates and if a cor responding new d i s t r i b u -  
t i o n  of sampl ing e f f o r t  would be a p p r o p r i a t e  f o r  
f u t u r e  surveys. S t r a t i f i c a t i o n  i n  ou r  approach 
i s  based on areas of "homogeneous" whale dens i -  

t i e s  as determined by t h e  1981-1984 surveys 
r a t h e r  than on homogeneous phys i ca l  cond i t i ons .  

SURVEY AREA AND METHODS 

STUDY AREA 

I n  1981. two se ts  o f  mod i f i ed  s t r i p  t r a n -  
sec ts  were f l own  on approx imate ly  even ly  spaced 
no r th -sou th  t r a n s e c t s  between t h e  south  shore 
and 70" 30'  t o  72" l a t i t u d e ,  and from East 
Amundsen G u l f  t o  t h e  Alaskan bo rde r  (Davis e t  
a l .  1982). The s tudy area was d i v i d e d  i n t o  f i v e  
b locks  based on ope ra t i ona l  c o n s i d e r a t  i ons, and 
these  b locks  were subsequent ly used as " s t r a t a "  
f o r  p o p u l a t i o n  es t ima t ions .  A  r a t i o  e s t i m a t i o n  
procedure was used t o  combine r e s u l t s  from t r a n -  
sec ts  o f  d i f f e r e n t  l eng ths  ( re ferenced t o  Caugh- 
l e y  and Gr igg  1981) i n  o r d e r  t o  e s t i m a t e  mean 
d e n s i t y  (pe r  km2), va r i ance  and t o t a l  number of  
animals w i t h i n  each stratum. The r e s u l t i n g  
p o p u l a t i o n  es t ima tes  were c o r r e c t e d  f o r  unseen 
( s u r f a c e )  and submerged an imals  i n  order  t o  
a r r i v e  a t  a  f i n a l  p o p u l a t i o n  es t imate.  

I n  subsequent yea rs  (1982-1984). t h e  s u r -  
veys have focused on t h e  area south  of l a t i t u d e  
72 and between 128 and 141 degrees l o n g i t u d e  
F i g .  1 Our a n a l y s i s  has been r e s t r i c t e d  t o  
s i g h t i n g s  w i t h i n  these boundaries,  though t h e r e  
has been minor  yea r  t o  yea r  v a r i a t i o n  i n  s tudy 
area dimensions ex tend ing  beyond these l i m i t s  i n  
some cases. The l a t t e r  a r e  n o t  cons idered 
here. The survey method of even ly  spaced n o r t h -  
south  t r a n s e c t s ,  f lown i n  sequent i  a1 o rde r  (west 
t o  eas t ) ,  has been repeated. Al though t h e  
l o c a t i o n s  o f  whale s i g h t i n g s  were recorded, t h e  
b a s i c  sampl ing u n i t  o f  a l l  surveys has been t h e  
t r a n s e c t .  These t r a n s e c t s  a re  approx imate ly  1.6 
km wide and up t o  330 km long. Each t r a n s e c t  
combines obse rva t i ons  i n  t h e  near-shore, she1 f -  
break and deep-water area. 

The 1982 surveys were no t  analysed t o  p r o -  
duce a  p o p u l a t i o n  es t imate.  a l t hough  t h e  raw 
data  a l l o w  comparison w i t h  o t h e r  years  (Harwood 
and Ford, 1983). No a t tempt  was made t o  i den -  
t i f y  s t r a t a  p r o p o r t i o n a l  t o  whale d e n s i t y ,  
i n d u s t r i a l  a c t i v i t y  ( i  .e. impact and c o n t r o l  
subareas), o r  oceanographic phenomena. 

S i m i l a r  methods were used aga in  i n  t h e  
1983 census (McLaren and Dav is  1984). An appa- 
r e n t  c l u s t e r i n g  of s i  gh t i ngs  i n  c l o s e  p r o x i m i t y  
t o  t h e  " s h e l f  b reak"  ( i .e.  s teep drop o f  3002 m 
w i t h i n  a  few km) was observed. and an a t tempt  
was made t o  t e s t  t h e  s i g n i f i c a n c e  of t h i s  con- 
g rega t i on .  Un fo r tuna te l y ,  an i n a p p r o p r i a t e  s t a -  
t i s t i c a l  t e s t  was employed ( i  .e. a  cont ingency 
t a b l e  based on counts  w i t h i n  depth  s t r a t a ,  
r a t h e r  t h a t  a  t e s t  f o r  d i f f e r e n t  d e n s i t y  c l o s e  
t o  t h e  s h e l f  b reak) ,  and t h e  t e s t s  f a i l e d  t o  
c o n f i r m  t h e  apparent s p a t i a l  p a t t e r n .  I t should  
be noted t h a t  i f  t h e  she l f  break i s  i n  f a c t  a  
l ocus  of c o n c e n t r a t i o n  f o r  bowheads, t hen  s t r a -  
t i f i c a t i o n  by depths would n o t  improve t h e  da ta  
ana lys i s ,  s i n c e  t h e  area of c o n c e n t r a t i o n  would 
be on t h e  border  between s t r a t a  (assuming t h a t  
t h e  no rma l l y  cha r ted  i soba ths  o f  50, 100, and 
200 m were used). 



The 1984 census has no t  y e t  been repo r ted .  
b u t  t h e  raw data  have been made a v a i l a b l e  t o  us 
(Hamood, pers.  corn. ). There has been a  grow- 
i n g  i n t e r e s t  i n  a  number of oceanographic pheno- 
mena t h a t  m igh t  he assoc ia ted  w i t h  howhead 
d i s t r i b u t i o n .  

V i sua l  examinat ion  of t h e  f o u r  y e a r s '  how- 
head s i g h t i n g s  does n o t  a t  f i r s t  g lance i n d i c a t e  
a  s p a t i a l  p a t t e r n  of whale d e n s i t y  i n  t h e  Beau- 
f o r t  Sea (F ig .  2 - 5). E l i m i n a t i n g  t hose  areas 
where whales a r e  seldom seen, t h e  m a j o r i t y  of 
s i g h t i n g s  appear t o  be c i r cumsc r i bed  i n  an e l i p -  
t i c a l  zone t h a t  l i e s  app rox ima te l y  west hy 
southwest t o  e a s t  by n o r t h e a s t .  r o u g h l y  t h e  
l o c a t i o n  of t h e  s h e l f  break. Thus most o f  t h e  
n o r t h - s o u t h  t r a n s e c t  l i n e s  pass th rough  t h i s  
h i g h  d e n s i t y  zone as w e l l  as unequal areas o f  
l ow  d e n s i t y .  The b l o c k s  e s t a b l i s h e d  i n  1981 
i n c l u d e  unequal p o r t i o n s  of t h e  h i g h - d e n s i t y  and 
l ow-dens i t y  zones. Therefore,  t h e  p o p u l a t i o n  
es t ima tes  based on t r a n s e c t  d e n s i t i e s  o r  b l o c k  
d e n s i t i e s  may be biased. 

The b a s i c  data  s e t  f o r  t h i s  i n v e s t i g a t i o n  
c o n s i s t e d  o f  l a t i t u d e  and l o n g i t u d e  f o r  each 
whale s i g h t i n g ,  t r a n s e c t  (code o r  number), num- 
b e r  of  whales i n  t h e  group, and whether t h e y  
were "on- t  r a n s e c t "  (as o p e r a t i o n a l  1  y  de f i ned  i n  
t h e  co r respond ing  y e a r  I s  r e p o r t  ) o r  "o f f  -t ran-  
sec t " .  There were e i g h t  surveys i n  t h e  s tudy  
area ( l o n g i t u d e  128 t o  141) b u t  t h e  boundar ies  
of coverage v a r i e d  from yea r  t o  year .  as d i d  t h e  
l e v e l  o f  e f f o r t .  

METHODS 

Working d i v i s i o n  o f  t h e  s tudy  area 

C l u s t e r  a n a l y s i s  was chosen as t h e  method 
of i n v e s t i g a t i n g  t h e  l o c a t i o n ,  d imensions and 
s t a b i l i t y  of t h e  d e n s i t y  p a t t e r n .  The a v a i l -  
a b i l i t y  of e i g h t  surveys made t h i s  method appro-  
p r i a t e ;  i n  a d d i t i o n ,  i t  i s  f r e e  of assumptions 
about  p h y s i c a l  i n f l u e n c e s  on animal d i s t r i  bu- 
t i o n .  I n  t h e  case of bowhead whales. t h e  u n i t s  
used f o r  c l u s t e r i n g  needed t o  be sma l l  enough t o  
g i v e  good r e s o l u t i o n  t o  t h e  s p a t i a l  p a t t e r n ,  y e t  
l a r g e  enough t o  have seve ra l  t r a n s e c t  segments 
( i .e.  suhsamples) i n  most surveys. For  p rac -  
t i c a l  reasons, t h e  a p p l i c a t i o n  of s t r a t i f i c a t i o n  
t o  a e r i a l  s u r v e y i n g  r e q u i r e s  use of l a t i t u d e  and 
l o n g i t u d e  ( o r  l o r a n )  d e f i n i t i o n s  r a t h e r  t h a n  
ocean depths  ( n o t  v i s i b l e  f rom t h e  a i r )  o r  
i r r e g u l a r  con tou rs  on cha r t s .  It was dec ided t o  
use degrees o f  l o n g i t u d e  t o  d i v i d e  t h e  s tudy  
area i n t o  13 n o r t h - s o u t h  zones and 10 east -west  
d i v i s i o n s  such t h a t  t h e  sur face area w i t h i n  each 
o f  t h e  r e s u l t i n g  130 suhareas would he equal .  
F i g u r e  6 shows t h e  h a s i c  scheme. Thc f i n a l  
wo rk ing  number of subareas i s  110. s i n c e  18 o f  
t h e  130 a r e  ove r  land, and two were never  su r -  
veyed. Each subarea covers  app rox ima te l y  350 
square  n a u t i c a l  m i l e s ,  except  f o r  t h o s e  t h a t  
o v e r l a p  t h e  sou th  shore. ( N a u t i c a l  m i l es ,  w h i l e  
t h e y  may seem q u a i n t  i n  t h i s  m e t r i c  age, l e n d  
themselves ve ry  w e l l  t o  a n a l y s i s  based on A z i -  
mutha l  p r o j e c t i o n  maps. Fo r  convers ion.  
1 n.mi. = 1.852 km, and 1 n.mi.* = 3.430 km2.) 

Whi le  t hese  110 subareas rep resen t  equal  
su r face  area, t h e  f requency w i t h  which they  were 

surveyed v a r i e d  c o n s i d e r a b l y  over  t h e  f o u r  
years .  F i g u r e  6 shows t h e  frequency of coverage 
over  t h e  e i g h t  surveys. The a c t u a l  coverage o f  
each of  t h e  e i g h t  surveys i s  shown i n  t h e  
Appendices. 

I t  shou ld  be no ted  t h a t  our a n a l y s i s  
covers  o n l y  t h e  "core"  survey area (128 th rough  
141  degrees l o n g i t u d e )  and o n l y  mid-August 
t h rough  September data .  Data from i n t e n s i v e  o r  
i r r e g u l a r  t r a n s e c t s  w i t h i n  t h i s  s tudy  area have 
been i nc luded .  The r e s u l t s  of more e a s t e r l y  
t r a n s e c t s  as f l o w n  i n  1984. a r e  no t  i n c l u d e d  i n  
t h i s  a n a l y s i s .  

Unequal sampl ing  between subareas means 
v a r i a h l e  con f i dence  l i m i t s  on es t ima ted  whale 
d e n s i t i e s  i n  each subarea. No a l t e r n a t i v e  suh- 
d i v i s i o n  o f  t h e  s t ~ l d y  area can e n t i r e l y  overcome 
i n e q u a l i t i e s  i n  t h e  o r i g i n a l  survey coverage. 
and l a r g e r  subareas would n o t  e n t i r e l y  overcome 
t h e  reduced coverage i n  t h e  n o r t h  and no r thwes t  
p a r t s  of t h e  s tudy  area. 

D e r i v i n g  and r a n k i n g  r e l a t i v e  d e n s i t i e s  

The o r i g i n a l  whale o b s e r v a t i o n  data  ( i  .e. 
l a t i t u d e ,  l o n g i t u d e ,  group s i z e .  on- o r  o f f -  
t r a n s e c t )  were used t o  ass ign  s i g h t i n g s  t o  suh- 
areas. S ince t h e  number o f  on - t ransec t  s i g h t -  
i n g ~  was ve ry  l ow  f o r  1983 and 1984, i t  was 
dec ided t o  use b o t h  on- and o f f - t r a n s e c t  s i g h t -  
i ngs .  T h i s  p r o v i d e s  b e t t e r  i n d i c a t i o n  o f  r e l a -  
t i v e  abundance p e r  subarea, a l t hough  i t  i s  
recogn i zed  t h a t  t h e  o f f - t r a n s e c t  obse rva t i ons  
a re  s u b j e c t  t o  more i n c o n s i s t e n c y  hetween s u r -  
veys. I n  p a r t i c u l a r ,  t h e r e  i s  no c l e a r l y  spe- 
c i f i e d  o f f - t r a n s e c t  survey wid th .  Davis ~t a l .  
(1982) d i scussed  l a t e r a l  d e t e c t i o n  d i s tances .  
i n c l u d i n g  s i g h t i n g s  a t  g r e a t e r  t h a t  6000 m, h u t  
i t  i s  d i f f i c u l t  t o  guess how one might  appro- 
p r i a t e l y  compensate f o r  t h e  a t t r i t i o n  of accu- 
r a c y  w i t h  d i s t a n c e .  We have ass~~med  t h a t  t h e  
p rohah i  li t y  o f  obse rv ing  an imals  o f f  - t r a n s e c t  
was equal  i n  t h e  f o u r  years .  Fo r  t h e  purpose of 
c a l c u l a t i n g  an approximate d e n s i t y  f o r  each sub- 
area f r o m  t h e s e  data ,  t h e  t r a n s e c t  w i d t h  was 
a d j u s t e d  t o  t h r e e  t imes  t h e  r e p o r t e d  on - t  r ansec t  
w i d t h .  These d e n s i t i e s  are,  t h e r e f o r e ,  r e l a t i v e  
and have no a b s o l u t e  i n t e r p r e t a t i o n .  F i g u r e  7 
shows t h e  averages o f  t hese  d e n s i t i e s  ( i . e .  t h e  
mean o f  a l l  surveyed y e a r s )  pe r  subarea. 

The average r e l a t i v e  d e n s i t i e s  shown i n  
F i g u r e  7 a r e  s t r o n g l y  i n f l u e n c e d  by t h e  1981 
s i g h t i n g s  o f  272 whales (hetween 128OW and 
141°W), w h i l e  t h e  o t h e r  t h r e e  yea rs  (combined) 
t o t a l l e d  o n l y  331 whales. S ince t h e  purpose o f  
d e f i n i n g  survey s t r a t a  i s  t o  reduce w i t h i n -  
s t r a t u m  v a r i a t i o n  independent o f  t o t a l  abundance 
( i .e .  s t a b l e  over  d i f f e r e n t  y e a r s ) ,  t h e  s t r a t i -  
f i c a t i o n  process must be based on a  d e s c r i p t i o n  
o f  r e l a t i v e  d e n s i t y  t h a t  e q u a l i z e s  t h e  yea rs  
w i t h  d i f f e r e n t  l e v e l s  of abundance. 

Transformat ion  of t h e  d e n s i t y  data  t o  
ranks was chosen as t h e  bes t  s o l u t i o n .  Ranks 
rang ing  f rom 1 t o  a  maximum o f  103 ( r e p r e s e n t i n g  
a  maximum o f  103 subareas covered i n  one su rvey )  
were ass igned t o  a l l  surveyed suhareas w i t h i n  
each of t h e  e i g h t  surveys.  w i t h  t i e s  be ing  
assigned average ranks. S ince t h e r e  were many 
subareas w i t h  zero  d e n s i t y ,  t h e  average rank 



assigned t o  zero d e n s i t y  subareas ranged from 18 
(August, 1982) t o  38 (bo th  1984 surveys) .  Aver- 
age ranks f o r  a l l  surveyed yea rs  a re  shown i n  
F ig .  8. 

C l u s t e r  a n a l y s i s  

A u s e f u l  s t r a t i f i c a t i o n  must be based on 
t h e  s t a b l e  ( i .e .  repea tab le )  p a t t e r n s  o f  r e l a -  
t i v e  d e n s i t y  over  t h e  f o u r  yea rs  as w e l l  as 
accommodating h i g h  occas iona l  observat ions.  
Whi le i t  i s  p o s s i b l e  t o  s t r a t i f y  a  s tudy area 
i n t u i t i v e l y  w i t h  t h e  guidance of d e n s i t y  maps, 
i t  i s  very  d i f f i c u l t  t o  determine t h e  s t a b i l i t y  
of t h e  s t r a t a  boundaries.  C l u s t e r  ana lys i s ,  
u s i n g  t h e  ranks i n  t h e  e i g h t  surveys as e i g h t  
s o r t i n g  keys, can be used t o  i d e n t i f y  op t ima l  
d e n s i t y  s t r a t a  and t o  t e s t  t h e i r  s t a b i l i t y  over  
t h e  fou r  d i f f e r e n t  years. 

The program OGROUP was used t o  pe r fo rm 
t h e  c l u s t e r  a n a l y s i s  (Pa t te rson  and Whi taker  
1982). OGROUP i s  a  h i e r a r c h i c a l  g roup ing  ana- 
l y s i s  which a t  each group ing s t e p  s e l e c t s  t h e  
p a i r  of i t ems  (suhareas) o r  groups w i t h  t h e  
minimum e r r o r ,  de f i ned  i n  t h i s  a p p l i c a t i o n  as: 

E r r o r  value = (sum of squared d i f f e r e n c e s  
between cor responding ranks i n  8  
surveys) / (no.  of subareas i n  t h e  
p o t e n t i a l  group).  

I n  t h i s  a p p l i c a t i o n  o f  OGROUP, a  c o n t i -  
g u i t y  c o n s t r a i n t  was employed: i .e.  o n l y  ad ja -  
cen t  subareas cou ld  be grouped. Th i s  produces 
s t r a t a  t h a t  a re  n o t  s p l i t  i n t o  d i scon t i nuous  
areas. However, t h e  process may be l i m i t e d  f rom 
i d e n t i f y i n g  t h e  most s i m i l a r  s e t s  o f  subareas 
where they are  s p a t i a l l y  separated. (Note t h a t  
t h e  same a n a l y s i s  run  w i t h o u t  t h e  c o n t i g u i t y  
c o n s t r a i n t  may be an op t ima l  method o f  i d e n t i f y -  
i n g  good c o n t r o l  areas f o r  s t u d y i n g  s p e c i f i c  
impact issues.)  

The r e s u l t s  of t h e  c l u s t e r  a n a l y s i s  can be 
examined a t  any number of groups ( i .e .  s t r a t a ) ;  
i n  t h i s  s tudy t h e  l e v e l s  o f  10, 5. 3 and 2  
s t r a t a  were examined. 

There i s  no d i r e c t  s t a t i s t i c a l  t e s t  f o r  
t h e  s t a b i l i t y  o r  r e l i a b i l i t y  o f  a  s t r a t i f i c a t i o n  
scheme. One i n d i r e c t  method of examining t h e  
s t a b i l i t y  i s  t o  use a  m o d i f i e d  " j a c k n i f e "  proce- 
dure: t h i s  newly de r i ves  a  s t r a t i f i c a t i o n  u s i n g  
t h r e e  yea rs  of data  r a t h e r  t han  four .  There are  
f o u r  p o s s i b l e  subsets o f  t h r e e  years ,  and t h e  
r e s u l t i n g  s t r a t i f i c a t i o n  p a t t e r n s  can be com- 
pared w i t h  each o t h e r  and w i t h  t h e  "op t ima l "  f i t  
based on f o u r  y e a r s '  data .  

The j a c k n i f e  s t r a t i f i c a t i o n s  can a l s o  be 
coqpared w i t h  t h e  data  f rom t h e  reserved years :  
e.g. how w e l l  would a  s t r a t i f i c a t i o n  based on 
t h r e e  years  have worked on t h e  f o u r t h  y e a r ?  

The s i g n i f i c a n c e  o f  m i g r a t o r y  movements on 
bowhead d i s t r i b u t i o n  was examined by c l u s t e r i n g  
August surveys separa te l y  from September 
surveys. 

F i n a l l y ,  t h e  f requency d i s t r i b u t i o n  o f  
whale group s i z e s  was examined t o  determine i f  
nonrandom d i s p e r s i o n  i s  a  s i g n i f i c a n t  element i n  

e s t i m a t i n g  whale p o p u l a t i o n  s ize .  S i g n i f i c a n t  
d e v i a t i o n s  from random d i spe rs ion ,  o r  d i f f e r -  
ences i n  group s i zes  i n  d i f f e r e n t  s t r a t a .  would 
a f f e c t  t h e  sampl ing e f f o r t  requ i red .  

RESULTS 

The r e s u l t s  o f  t h e  c l u s t e r  a n a l y s i s  a t  t h e  
l e v e l s  o f  10, 5  and 3 s t r a t a  were n o t  s u f f i -  
c i e n t l y  s t a b l e  t o  war ran t  f u r t h e r  i n v e s t i g a -  
t i o n .  Ins tead,  two s t r a t a  a r e  i d e n t i f i e d :  a  
"h igh -dens i t y "  s t ra tum c o n s i s t i n g  of 45 subareas 
i n  which 89% o f  t h e  whales have been observed, 
and a  " l ow-dens i t y "  s t r a t u m  o f  67 subareas i n  
which o n l y  11% o f  t h e  whales have been found 
(F ig .  9). 

The f i r s t  t e s t  of t h i s  s t r a t i f i c a t i o n  was 
t o  c a l c u l a t e  t h e  p r o p o r t i o n  of t h e  es t ima ted  
p o p u l a t i o n  t h a t  was observed i n  t h e  two s t r a t a  
i n  each o f  t h e  f o u r  years  (Tab le  1).  To a r r i v e  
a t  t hese  f i gu res ,  on - t ransec t  data  f rom each 
t r a n s e c t  i n  each yea r  was d i v i d e d  i n t o  t h e  seg- 
ment w i t h i n  t h e  "h igh -dens i t y "  s t ra tum and t h e  
one o r  two segments i n  t h e  " l ow-dens i t y "  s t r a -  
tum. These t r a n s e c t  segments were then analysed 
v i a  t h e  r a t i o  e s t i m a t i o n  procedure (Caughley and 
Gr igg  1981) t o  a r r i v e  a t  d e n s i t y  es t imates and 
var iances (Tab le  1). 

It should  he noted t h a t  t h e  h igh -dens i t y  
s t r a t u m  was surveyed very  c o n s i s t e n t l y  d u r i n g  
t h e  f o u r  years :  i n  a l l  h u t  one survey, 41 o r  
more o f  t h e  45 subareas i n  t h i s  s t ra tum were 
surveyed. The l ow-dens i t y  s t ra tum was n o t  con- 
s i s t e n t l y  covered. I n  1982, o n l y  12 (August)  
and 15 (September) o f  t h e  p o s s i h l e  67 suhareas 
i n  t h i s  s t ra tum were f lown. I n  1983. o n l y  h a l f  
o f  t h e  l ow-dens i t y  s t ra tum was surveyed. Thus, 
t h e  under sampl ing of t h e  l ow-dens i t y  s t ra tum i n  
1982 and 1983 may tend  t o  d e c e p t i v e l y  enhance 
t h e  apparent cons is tency and "fit" o f  t h e  s t r a -  
t i f i c a t i o n .  The d i f f e r e n c e  i n  whale d e n s i t i e s  
between h i g h  and l w  s t r a t a  i s  much l e s s  i n  1981 
and 1984, when more of t h e  l ow-dens i t y  s t ra tum 
was f lown.  

F igu res  10 - 13 show h i g h -  and l ow-dens i t y  
s t r a t a  as d e r i v e d  by t h e  j a c k n i f e  procedure, 
u s i n g  c l u s t e r  a n a l y s i s  on t h r e e  y e a r s '  data  i n  
each case. It i s  obvious t h a t  t h e  s t r a t a  boun- 
d a r i e s  vary  cons ide rab l y  f rom case t o  case, and 
t h u s  t h e  p r e c i s i o n  w i t h  which h i g h -  and low- 
d e n s i t y  areas can he def ined i s  low. Comparison 
w i t h  whale d e n s i t i e s  observed i n  t h e  reserved 
yea r  i n  each case (Tah le  2 )  acco rd ing  t o  t h e  
s t r a t a  d e r i v e d  f rom t h e  o the r  t h r e e  yea rs  shows 
t h a t  t h e  l ow-dens i t y  s t ra tum d i d  have lower  den- 
s i t i e s  i n  a l l  cases bu t  one (August. 1981). The 
l a c k  o f  complete coverage o f  t h e  e n t i r e  s tudy 
area i n  a l l  yea rs  p reven ts  an exact  comparison. 

The main conc lus ion  t o  be drawn f rom exa- 
m in ing  t h e  j a c k n i f e  r e s u l t s  i s  t h a t  t h e  dimen- 
s ions  and boundaries o f  h igh -  and low-dens i ty  
areas are  n o t  s t a b l e  fea tu res  of bowhead d i s t r i -  
b u t i o n  i n  t h i s  environment.  Therefore .  i t  would 
be unwise t o  p l a n  a  major r e d i ~ t r ~ i b u t i o n  of  
sampl ing e f f o r t  based on pas t  yea rs  d i s t r i b u -  



t i o n s .  Also.  t h e  use o f  d i f f e r e n t  sampl ing  
methods such as sequen t i a l  sampl ing  would be 
i n a p p r o p r i a t e .  

MIGRATORY MOVEMENTS 

Dur ing  t h e  annual survey pe r i od ,  wester1  y  
movements by bowhead whales a re  p r e d i c t e d .  T h i s  
conforms t o  t h e  pe rce i ved  p a t t e r n  o f  t h e  whales 
moving f r o m  t h e i r  mid-sumner c o n c e n t r a t i o n s  i n  
Amundsen G u l f  t o  w i n t e r  c o n c e n t r a t i o n s  i n  t h e  
B e r i n g  Sea (F rake r  e t  a l .  1978). Th i s  w e s t e r l y  
movement e x p l a i n s  t h e  t r a d i t i o n a l  p r a c t i c e  o f  
f l y i n g  t h e  t r a n s e c t s  s e q u e n t i a l l y  west t o  eas t  
(Harwood and Fo rd  1983: McLaren and Dav is  
1984). The obse rva t i ons  t o  d a t e  have n o t  shown 
h i g h e r  d e n s i t i e s  i n  t h e  western  area i n  Septem- 
b e r  surveys, and t h u s  do n o t  f it t h e  p r e d i c t e d  
pa t te rn .  

We compared t h e  August and September 
obse rva t i ons  u s i n g  c l u s t e r  a n a l y s i s  on t h e  
ranked d e n s i t y  data.  A t  t h e  l e v e l  o f  two  
groups, t h e  r e s u l t s  i n d i c a t e  a  more d i spe rsed  
and e a s t e r l y  d i s t r i b u t i o n  o f  whales i n  September 
compared t o  August (Fig.  14 and 15).  (Note  t h a t  
t h e  h i g h -  and l ow-dens i t y  s t r a t a  i n  t hese  two 
f i g u r e s  a r e  n o t  d i r e c t l y  comparable, i .e.  t h e  
d e n s i t y  i n  t h e  h i g h - d e n s i t y  s t r a t u m  i n  t h e  Aug- 
u s t  c l u s t e r  i s  h i g h e r  t h a n  t h a t  o f  t h e  September 
c l u s t e r . )  Such a  p a t t e r n  i n  a  c l o s e d  p o p u l a t i o n  
would suggest e a s t e r l y  movement, b u t  i n  t h i s  
case immig ra t i on  o f  whales i n t o  t h e  eas te rn  po r -  
t i o n ,  as w e l l  as d i s p e r s i o n  o f  t h e  August con- 
c e n t r a t i o n - n e a r  t h e  MacKenzie D e l t a ,  account f o r  
t h e  p a t t e r n .  The o n l y  i m p l i c a t i o n  o f  t h i s  f i n d -  
i n g  f o r  survey d a t a  a n a l y s i s  i s  a  c a u t i o n  
a g a i n s t  e x t r a p o l a t i n g  survey r e s u l t s  from a  p o r -  
t i o n  of  t h e  s tudy  area t o  unsurveyed ( o r  l e s s  
i n t e n s i v e l y  surveyed)  p o r t i o n s  o f  t h e  s tudy  
area, e s p e c i a l l y  i n  e a r l i e r  o r  l a t e r  surveys. 

Wi thout  tagged o r  o t h e r w i s e  i d e n t i f i e d  
an imals  t o  observe, t h e  r a t e  o f  m i g r a t i o n  and 
i t s  imp1 i c a t i o n s  t o  o v e r a l l  p o p u l a t i o n  e s t i m a t e s  
cannot  be addressed. E f f o r t s  d u r i n g  t h e  l a s t  
few yea rs  t o  e s t a b l i s h  a  pho tog raph i c  r e c o r d  of  
i n d i v i d u a l  whales w i  11 h e l p  overcome c u r r e n t  
l i m i t a t i o n s .  

WHALE GROUP SIZE 

W i t h i n  t h e  s tudy  area used i n  t h i s  r e p o r t ,  
t h e r e  were 453 whale s i g h t i n g s  (on + o f f  t r a n -  
s e c t )  d u r i n g  t h e  f o u r  years .  Of these. 363 were 
s i n g l e t o n  whales:  o n l y  10 groups numbering more 
t h a n  t h r e e  whales were observed (F ig .  16). The 
mean group s i z e  was 1.3 whales. On t h e  b a s i s  of  
t h e s e  data,  clumped d i s t r i b u t i o n  does no t  appear 
t o  be an impor tan t  f a c t o r  i n  e s t i m a t i n g  whale 
d e n s i t y .  

There a r e  two  f a c t o r s  t h a t  cannot be 
addressed by an examinat ion  o f  t h e  a v a i l a h l e  
g roup -s i ze  data :  

1. Low v i s i b i l i t y  o f  whales due t o  sub- 
op t ima l  sea s t a t e  and submergence. 
The c o r r e c t i n g  f a c t o r s  d e r i v e d  by 
Davis e t  a l .  (1982) i n d i c a t e  t h a t  l e s s  
t h a n  o n e - f i f t h  of t h e  whales p resen t  

i n  a  t r a n s e c t  a re  observed. The s u r -  
vey method makes it imposs ib le  t o  d i s -  
t i  ngu i  sh between f i v e  unassoci  a ted  
s i n g l e t o n  whales,  o f  wh ich  one i s  
seen. and a  group o f  f i v e  whales of 
which one i s  seen. I n  o t h e r  words. 
t h e  preponderance of s i n g l e t o n  ohser -  
v a t i o n s  i n  t h e  e x i s t i n g  data  does n o t  
r u l e  ou t  t h e  p o s s i b i l i t y  t h a t  whales 
may commonly a s s o c i a t e  i n  groups as 
l a r g e  as f i v e .  

2. The n o t i o n  of group i nc ludes  a  concept 
o f  space: how f a r  a p a r t  might  seve ra l  
assoc ia ted  bowhead whales be? The 
o p e r a t i v e  d i s t a n c e  f o r  t h e  1981 da ta  
was " l e s s  t han  10 body l e n g t h s "  (W.J. 
Richardson. LGL, unpub l ished da ta ) .  

Whi le clumped d i s t r i b u t i o n  does no t  appear 
t o  be an impor tan t  concern f o r  t h e  purposes o f  
p o p u l a t i o n  e s t i m a t i o n ,  t h e  t e s t i n g  o f  hypotheses 
conce rn ing  a t t r a c t i n g  t o  o r  avoidance of oceano- 
g raph i c  o r  man-made phenomena w i l l  r e q u i r e  more 
s o p h i s t i c a t e d  unde rs tand ing  o f  whale group 
behav iour .  Our c o n c l u s i o n  i s  t h a t  t h e  o rgan i za -  
t i o n  of  t h e  p r e s e n t  da ta  p robah l y  tends t o  
unde res t ima te  group s i z e  and a s s o c i a t i o n 1  
comnunicat ion  between whales. 

DATA REGROUPING 

As a  byproduct  of  t h e  reexamina t i on  o f  
d a t a  i n  t h i s  s tudy,  we have had t h e  o p p o r t u n i t y  
t o  t h i n k  about t h e  l o g i s t i c s  and e f f i c a c y  o f  
s u r v e y i n g  whales v i a  a e r i a l  t r a n s e c t s .  The 
p r a c t i c a l  advantages of f l y i n g  para1 l e l  sequen- 
t i a l  s t r i p  t r a n s e c t s  a r e  overwhelming i n  t h i s  
f i e l d  environment,  compared t o  any s t a t i s t i c a l l y  
s u p e r i o r  method (e.g. p r o p e r l y  randomized t r a n -  
s e c t s ) .  The prob lem a r i s e s  w i t h  u s i n g  each 
t r a n s e c t  as an independent sampl ing  u n i t .  Ry 
u s i n g  t r a n s e c t s  as sampl ing  u n i t s  i n f o r m a t i o n  
about s p e c i f i c  l o c a t i o n s  of whales i s  l o s t ,  and 
s i g h t i n g s  f rom d i f f e r e n t  p r o p o r t i o n s  o f  d i f f e r -  
e n t  h a b i t a t s  a re  need less l y  combined. 

The rework ing  o f  t h e  l o c a t i o n  data  t h a t  
was done t o  d i v i d e  each y e a r ' s  obse rva t i ons  i n t o  
t h e  110 subareas used f o r  c l u s t e r  a n a l y s i s  is an 
example of a  l e g i t i m a t e  a l t e r n a t i v e  f o r  a n a l y s i s  
of a e r i a l  survey data .  As l o n g  as t h e  l o c a t i o n s  
of  e f f o r t  and s i g h t i n g s  a re  known, t h e  s tudy  
area can subsequent ly  be d i v i d e d  i n t o  subareas 
of any s i z e  t h a t  s u i t s  t h e  i n v e s t i g a t i o n  a t  
hand. Square subareas a r e  f a r  more l i k e l y  t h a n  
s t r i p  t r a n s e c t s  t o  be accep tah le  homogeneous 
w i t h  respec t  t o  env i ronmenta l  f a c t o r s  and whale 
d e n s i t y .  Use of such subareas he lps  t o  p reven t  
problems i n  d e a l i n g  w i t h  smal l ,  l o c a l i z e d  areas 
of i n t e n s i v e  e f f o r t  ( i .e.  f i n d i n g s  a r e  e a s i l y  
a p p l i e d  o n l y  t o  t h e  subareas i n v o l v e d ) ,  and a l s o  
w i t h  unusual  occur rences such as t h e  group of 22 
whales observed on - t ransec t  i n  1983. Perhaps 
t h e  g r e a t e s t  advantage i s  t h a t  such data  manago- 
ment would make i t  f a r  " s a f e r "  f o r  t h e  i n v e s t i -  
g a t o r s  t o  spend more survey t i m e  cove r i ng  areas 
where whales a r e  numerous, w i t h o u t  b i a s i n g  t h e  
d e n s i t y  es t ima tes  o f  o t h e r  areas. 

Us ing t r a n s e c t  segments w i t h i n  subareas as 
sampl ing  s u b u n i t s  ( t o  e s t i m a t e  w i t h in -suba rea  



var iance) ,  and t h e  c a l c u l a t i o n  methods descr ibed 
f o r  t h e  j a c k n i f e  d e n s i t y  es t imates,  p o p u l a t i o n  
es t imates f o r  t h e  fou r  years  have been prepared 
(Tab le  3). The sma l l e r  s tandard e r r o r s  o f  these 
est imates r e f l e c t  t h e  g rea te r  homogeneity o f  t h e  
subareas as compared t o  t h e  s t r a t a  employed i n  
t h e  1981 m o n i t o r i n g  s tudy (Davis e t  a l .  1982). 
Since the  s t r i p  t r a n s e c t s  pass through unequal 
areas o f  h igh -  and low-dens i ty ,  t h e i r  h e t e r o -  
gene i t y  i s  greater .  Our p o p u l a t i o n  es t ima tes  
correspond c l o s e l y  w i t h  those  r e p o r t e d  i n  t h e  
annual m o n i t o r i n g  s tud ies .  These c o n f i r m  t h a t  
i n  1983 and 1984 lower  numbers o f  howhead whales 
used t h e  area e s t a b l i s h e d  i n  t h i s  study. One 
advantage of ou r  approach i s  t h a t  p o p u l a t i o n  
es t imates a re  q u a l i f i e d  by an es t ima te  o f  v a r i -  
ance. We recommend t h i s  as a  minimum r e q u i r e -  
ment f o r  p o p u l a t i o n  m o n i t o r i n g  s tud ies .  

We a l s o  recomnend t h a t  bowhead surveys 
c o n t i n u e  t o  be f l o w n  i n  even ly  spaced sequen t ia l  
s t r i p  t ransec ts ,  bu t  t h a t  t h e  data  be regrouped 
by l o c a t i o n  i n t o  approx imate ly  square subareas 
f o r  d e n s i t y  ana lys i s .  
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Table  1. D e n s i t i e s  o f  bowhead whales ( i n  n .mi-2)  i n  high- and low-density 
s t r a t a .  

- - - 
Percent o f  

Covered est imated 
subareas Densi ty  2 SD populat ion 

H i  gh-Densi t y  Stratum 

1981 August 
September 

1982 August 
September 

1983 August 
September 

1984 August 
September 

Low-Densi t y  Stratum 
- 

1951 August 
September 

1982 August 
September 

1983 August 
September 

1984 August 
September 



Tab le  2. n e n s i t i e s  of bowhead whales ( i n  n.mi'*) i n  study area s t r a t a .  
based on j a c k n i f e  procedure. See t e x t .  

- -- 

Number o f  Sub- Densi ty  observed 
areas i n  s t ra tum i n  "reserved" y e a r  

1981 August 
September 

1982 August 
September 

1983 August 
September 

1984 August 
September 

High - Low High Low - 



Table 3. Comparative popu la t i on  es t imates  o f  bowhead whales i n  t h e  Beaufor t  
Sea, 1981-1984. 

---- - 
E f f o r t  Whales seen Pub1 i shed Revi sed 

Survey # subareas on- t  ransec t  es t imates  es t imates  

Aug 19-29, 1981 103 108 2918 + 1015 2567 + 702 SE' 

Sept 7-14, 1981 79 44 1835 + 637 1539 + 421 

Aug 18-24, 1982 57 5 1 28312 2863 + 782 

Sept 5-13, 1982 6 0 

Aug 19-24, 1983 7 1 

Sept 6-11, 1983 7 7 

Aug 18-27, 1984 87 

Sept 6-18, 1984 88 

The s tandard e r r o r s  a re  t h e  square r o o t s  o f  var iances c a l c u l a t e d  as f o l l o w s :  

The uncor rec ted  var iance  i s  c a l c u l a t e d  as t h e  sum o f  t h e  subarea var iances 
(method developed f o r  t r a n s e c t  data by Caughley and Gr igg  (1981) as c i t e d  
i n  Davis e t  a l .  (1982) p. 41 and 42) and i s  co r rec ted  f o r  unseen and 
submerged whales us i ng  t h e  formula (Davis e t  a l .  (1982) pg. 58) :  

var(T,) = T 1 vat- ( T )  + va r  (PIP2) I 

where T  = popul  a t  i o n  es t imate  (uncor rec ted)  

P1 = 0.685; c o r r e c t i o n  f a c t o r  f o r  unseen sur face  whales 

P2 = 0.261; c o r r e c t i o n  f a c t o r  f o r  submerged whales 

var  (T )  = sum o f  t h e  subarea var iances 

var  (PIP2) = 0.002388 es t imates  i n  Davis e t  a l .  (1982) 

Est imate o f  Harwood and Ford (1983) co r rec ted  f o r  animals present  a t  t h e  
su r face  but  no t  seen, i .e. d i v i d e d  by 0.685 (Davis e t  a l .  1982). 



FIGURE 1: BEAUFORT SEA, SHOWING TYPICAL (1983) TRANSECT LINES 
FLOWN IN 1981-1984 BOWHEAD WHALE SURVEYS. 
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FIGURE 2: BOWHEAD WHALE SlGHTlNGS - SYSTEMATIC SURVEYS, 
AUGUST 19-29 AND SEPTEMBER 7-14, 1981. 
(From Davlr el. el., 1082.) 
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FIGURE 3: BOWHEAD WHALE SIGHTINGS - SYSTEMATIC SURVEYS, 
AUGUST 18-24 AND SEPTEMBER 5- 13,1982. 
(From Harwood and Ford. 1883.1 



FIGURE 4: BOWHEAD WHALE SlGHTlNGS - SYSTEMATIC SURVEYS, 
AUGUST 19-24 AND SEPTEMBER 6-1 1, 1983. 
[From McLaren and Davis. 1984.) 



FIGURE 5: BOWHEAD WHALE SIGHTINOS - SYSTEMATIC SURVEYS, 
AUGUST 18-27 AND SEPTEMBER 6-18, 1984. 
( From Harwood and Borstod, 1985) 
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FIGURE 7: AVERAGE RELATIVE DENSITY OF BOWHEAD WHALES BY SUBAREA. 
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FIGURE 8: AVERAGE RANKEO BOWHEAD WHALE DENSITIES, ALL SURVEYS. 



HlDH DENSITY 

FIGURE 9: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES, 
ALL EIGHT (8) SURVEYS - 2 STRATA.. 



HIGH DENSITY 

FIGURE 10: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES 
LEAVING OUT 1981 SURVEYS 2 STRATA 



FIGURE 11: CLUST ERlNG PATTERN OF RANKED BOWHEAD WHALE DENSITIES. 
LEAVING OUT 1982 SURVEYS - 2 STRATA. 
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FIGURE 12: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES, 

LEAVING OUT 1983 SURVEYS - 2 STRATA. 



U LOW DENSITY 

HIGH DENSITY 

FIGURE 13: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES, 
LEAVING OUT 1984 SURVEYS - 2 STRATA. 



FIGURE 14: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES, 
EARLY (AUGUST) SURVEYS - 2 STRATA. 



FIGURE 15: CLUSTERING PATTERN OF RANKED BOWHEAD WHALE DENSITIES, 
LATE ISEPTEMBERJ SURVEYS 2 STRATA. 



GROUP SlZE 

FIGURE 16: BOWHEAD WHALE GROUP SlZE FREQUENCY DISTRIBUTION, 
BASED ON AERIAL SURVEYS 1981-1984 



Appendix A .  Survey coverage, bowhead whale monitor ing p r o j e c t ,  1981. Q u a n t i f i e d  as km2 fo r  &%% 
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Appendix 0 .  Survey coverage,  bowhead whale  rnoni t o r i n g  p r o j e c t ,  1982.  Q u a n t i f i e d  a s  k m 2  f o r  

Sep t e~3be r 
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Appendix C. Survey coverage, bowhead whale lmni  t o r i n g  p r o j e c t ,  1983. ~ u a n t i  f i ed  as km2 for  lept&,,,er 



August Appendix D .  Survey coverage, bowhead whale moni t o r i n g  p r o j e c t ,  1984. Quant i f i ed  as km2 for  
September 


