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SUMMARY 

Four assumptions  a r e  i m p l i c i t  i n  t h e  A e r i a l  Photo-Direct  Count-Extra-
p o l a t i o n  (APDCE) c a r i b o u  census  t echn ique :  1 )  a l l  of t h e  a d u l t  f emales  
p r e s e n t  i n  t h e  he rd  a r e  p r e s e n t  i n  p o s t - c a l v i n g  a g g r e g a t i o n s ,  2) t h e  
a d u l t  f emales  a r e  randomly d i s t r i b u t e d  th roughout  t h e  p o s t - c a l v i n g  
a g g r e g a t i o n s ,  3) t h e  age  and s e x  c o h o r t s  a r e  randomly d i s t r i b u t e d  
throughout  t h e  he rd  d u r i n g  f a l l  and 4) m o r t a l i t y  of a d u l t  f emales  from 
t h e  t ime  of t h e  p o s t - c a l v i n g  a g g r e g a t i o n  i n  midsummer t o  t h e  t ime  of t h e  
composi t ion count  i n  f a l l  i s  z e r o .  We t e s t e d  t h e  f i r s t  t h r e e  o f  t h e s e  
assumptions  u s i n g  t h e  1978 APDCE census  of t h e  Western A r c t i c  Car ibou 
Herd (WAH), and found assumptions  1 and 2  t o  b e  t r u e .  V a r i a b i l i t y  of t h e  
f a l l  composi t ion c o u n t s  l e d  t o  ex t remely  wide c o n f i d e n c e  i n t e r v a l s  f o r  
a l l  segments of t h e  p o p u l a t i o n .  O b t a i n i n g  a c c u r a t e  f a l l  compos i t ion  
d a t a  i s  d i f f i c u l t  and remains  a major problem w i t h  t h e  t echn ique .  It  
may b e  more a c c u r a t e  and economical  t o  conduct  a thorough,  range-wide 
sampling scheme d u r i n g  t h e  photocensus  t h a n  t o  conduct and r e l y  on 
t r a d i t i o n a l  composi t ion s u r v e y s  d u r i n g  t h e  r u t .  

We a l s o  i n v e s t i g a t e d  t h e  accuracy  of pho to  i n t e r p r e t a t i o n  by having 
a second o b s e r v e r  r e c o u n t  s e l e c t e d  photographs .  Counts of c a r i b o u  from t h e  
same photograph by t h e  two o b s e r v e r s  v a r i e d  between 0  and 34 p e r c e n t  
from t h e  h i g h  t o  t h e  low, b u t  t h e  d i f f e r e n c e  between t h e  f i r s t  and 
second c o u n t s  f o r  a l l  photographs  was on ly  4.6 p e r c e n t .  T h i s  problem may 
be more s e r i o u s  t h a n  p r e v i o u s l y  b e l i e v e d ,  and we recommend t h a t  i t  be  
cons idered  by o t h e r s  u s i n g  t h e  APDCE techn ique .  

A probab le  minimum of 93,931 and a  maximum of 102,500 c a r i b o u  were 
counted on t h e  a e r i a l  photographs .  The a r e a s  surveyed by t r a n s e c t  and 
q u a d r a t  methods con ta ined  a n  e x t r a p o l a t e d  t o t a l  of 8 , 3 3 3  a d d i t i o n a l  
c a r i b o u .  C a l c u l a t i o n s  of p o p u l a t i o n  s i z e  u s i n g  t h e  t r a d i t i o n a l  APDCE 
census  r e s u l t e d  i n  an  e s t i m a t e  of 106,635 f o r  t h e  WAH p o p u l a t i o n  i n  J u l y  
1978. The J u l y  p o p u l a t i o n  s i z e  c a l c u l a t e d  from a v i s u a l  census  of cows 
on t h e  c a l v i n g  ground w a s  93,802. 
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BACKGROUND 

S i n c e  s t u d i e s  of North American c a r i b o u  (Rangifer  t a r a n d u s )  began, 
i n v e s t i g a t o r s  have been deve lop ing  and improving c e n s u s i n g  p rocedures .  
Perhaps  t h e  f i r s t  major achievement came i n  t h e  l a t e  1 9 4 0 ' s  when a i r c r a f t  
were f i r s t  u t i l i z e d  ( S c o t t  e t  a l .  1950, B a n f i e l d  1954) .  A m u l t i t u d e  of 
d i f f e r e n t  a e r i a l  census ing  p rocedures  f o r  w i l d l i f e  have evolved and 
Parker  (1972) h a s  c l a s s i f i e d  t h e s e  i n t o  s i x  g e n e r a l  c a t e g o r i e s :  1 )  
l i n e a r  s t r i p  t r a n s e c t  s u r v e y ,  2) s t r a t i f i e d  random sampling s u r v e y ,  3) 
t o t a l  count c e n s u s ,  4) a e r i a l  photography, 5) i n f r a - r e d  and h e a t - s e n s i t i v e  
photography and 6) h a b i t a t  sampling survey .  Techniques r e p r e s e n t a t i v e  of 
t h e s e  c a t e g o r i e s  have been a p p l i e d  t o  c a r i b o u  w i t h  v a r i a b l e  s u c c e s s .  No 
s i n g l e  census  t e c h n i q u e  h a s  proven p e r f e c t  because  t h e  problems encountered 
a r e  many and v a r i e d ,  and t h e s e  problems f r e q u e n t l y  app ly  on ly  t o  s p e c i f i c  
h e r d s  and s i t u a t i o n s .  

The r e c e n t  t r e n d  among Alaskan c a r i b o u  b i o l o g i s t s  h a s  been toward 
r e l i a n c e  on a e r i a l  photography t e c h n i q u e s .  Lent (1966) u t i l i z e d  a e r i a l  
photography of p o s t - c a l v i n g  groups  i n  1961 a s  a  b a s i s  t o  census  t h e  
Western A r c t i c  Car ibou Herd (WAH). Hemming and Glenn (1968) developed 
an " A e r i a l  Photo-Direct  Count-Extrapola t ion"  (APDCE) t e c h n i q u e  i n  t h e  
l a t e  1 9 6 0 1 s ,  and f i r s t  used i t  s u c c e s s f u l l y  on t h e  Nelchina  Herd i n  
1967. Hemming r e f i n e d  and t e s t e d  t h e  t e c h n i q u e  on t h e  WAH i n  1970 
(Pegau and Hemming 1972) .  S i n c e  t h e n  t h e  APDCE o r  m o d i f i c a t i o n s  of t h i s  
t echn ique  have been used w i t h  v a r i a b l e  s u c c e s s  on s e v e r a l  Alaskan c a r i b o u  
p o p u l a t i o n s  (Bos 1973, 1975; McIlroy 1975; LeResche 1975; I r v i n e  1976; 
Bente and Koseneau 1978; Davis  and Valkenburg 1978; Davis e t  a l .  1978; ADF&G f i l e s ) .  

Because of i n c r e a s i n g  r e l i a n c e  upon t h e  APDCE t e c h n i q u e  f o r  census ing  
c a r i b o u  and t h e  i d e n t i f i c a t i o n  of a p p a r e n t  shor tcomings  i n  t h e  t e c h n i q u e  
(Bente  and Roseneau 1978; Doerr 1979; S. Harbo, p e r s .  comm.), we h e l d  a 



1-day workshop t o  d i s c u s s  i t .  The mee t ing  was h e l d  i n  Fa i rbanks  i n  
e a r l y  1978 and was a t t e n d e d  by most peop le  who have used o r  a r e  u s i n g  
t h e  APDCE techn ique  ( s e e  Appendix I f o r  l i s t  of a t t e n d e e s ) .  The consensus  
of t h e  meet ing a t t e n d e e s  was t h a t ,  a s  p r e s e n t l y  used,  t h e  t e c h n i q u e  h a s  
s i g n i f i c a n t  shor tcomings .  Although most workers  i n  t h e  p a s t  concluded 
t h a t  t h e  t echn ique  produced a v a l i d  minimum p o p u l a t i o n  e s t i m a t e ,  i t  was 
emphasized t h a t  t h i s  was n o t  n e c e s s a r i l y  t r u e  and e i t h e r  over- o r  under-
e s t i m a t i o n  can  occur .  

The d i s c u s s i o n  i d e n t i f i e d  f o u r  major  assumptions  i m p l i c i t  i n  t h e  
t e c h n i q u e ,  a s  fo l low:  1 )  a l l  a d u l t  f emales  i n  t h e  he rd  a r e  counted i n  
t h e  pos t -ca lv ing  a g g r e g a t i o n s ,  2 )  a d u l t  f emales  a r e  randomly d i s t r i b u t e d  
th roughout  t h e  post -calv$ng a g g r e g a t i o n s ,  3 )  a g e  and s e x  c o h o r t s  a r e  
randomly d i s t r i b u t e d  throughout  t h e  he rd  d u r i n g  f a l l  and 4 )  m o r t a l i t y  of 
a d u l t  f emales  from t h e  t ime  of t h e  p o s t - c a l v i n g  a g g r e g a t i o n  i n  midsummer 
t o  t h e  t ime  of t h e  composi t ion count  i n  f a l l  is  z e r o .  P a r t i c i p a n t s  a t  
t h e  workshop agreed  t h a t  t h e  f i r s t  t h r e e  assumptions  may c o n t r i b u t e  t o  
c o n s i d e r a b l e  e r r o r  i n  p o p u l a t i o n  e s t i m a t e s ,  and t h a t  improvements i n  t h e  
t e c h n i q u e  may b e  p o s s i b l e .  Although s u p p o r t i v e  d a t a  a r e  n o t  a v a i l a b l e ,  
i t  was agreed t h a t  t h e  f o u r t h  assumption was probably  n o t  c o n t r i b u t i n g  
a p p r e c i a b l y  t o  e r r o r .  

We have encountered s e r i o u s  l o g i s t i c s  problems i n  pho tocensus ing  
t h e  l a r g e  A r c t i c  h e r d s  ( i . e .  t h e  WAH and Porcupine Herd) i n  t h e  p a s t .  
Many of t h e s e  problems were d i r e c t l y  o r  i n d i r e c t l y  a s s o c i a t e d  w i t h  t h e  
photo  p l a n e s  used.  These p l a n e s  were c o n t r a c t e d  from p r i v a t e  i n d u s t r y  
o r  f u r n i s h e d  by t h e  Bureau of Land Management (BLM) on c o o p e r a t i v e  
census  e f f o r t s  and a l l  have been l i g h t ,  twin-engine models. Of ten  they 
could  n o t  l and  a t  unimproved, b u t  s t r a t e g i c a l l y  l o c a t e d ,  a i r f i e l d s  where 
t h e  census  o p e r a t i o n s  were based ,  where f u e l  was c l o s e s t  and where a l l  
census  e f f o r t s  cou ld  be  c o o r d i n a t e d .  Also,  p r o h i b i t i v e l y  expens ive  
s tandby  r a t e s  have p reven ted  us  from having t h e s e  a i r c r a f t  p r e s e n t  w h i l e  
a w a i t i n g  o p t i m a l  photo  c o n d i t i o n s .  On s e v e r a l  o c c a s i o n s  when optimum 
l i g h t  c o n d i t i o n s  and c a r i b o u  a g g r e g a t i o n s  were p r e s e n t ,  poor communication 
p reven ted  u s  from c o n t a c t i n g  t h e  photo  p l a n e  a t  a n o t h e r  a i r p o r t .  Ready 
2 v a i l a b i l i t p  of a s u i t a b l e  a e r i a l  camera i n  a high-wing "bush" t y p e  
a i r c r a f t  throughout  t h e  census  i s  r e q u i s i t e  t o  r e l y i n g  on t h e  APDCE 
t e c h n i q u e  f o r  c e n s u s i n g  many Alaska c a r i b o u  h e r d s .  

OBJECTIVES 

To t e s t  t h e  v a l i d i t y  of assumptions  i m p l i c i t  i n  t h e  APDCE c a r i b o u  
census  t echn ique ;  t o  i d e n t i f y  s o u r c e s  of e r r o r  i n h e r e n t  i n  t h e  t echn ique  
and,  where p o s s i b l e ,  t o  c a l c u l a t e  t h e  c o n f i d e n c e  i n t e r v a l  of each sample.  

To r e f i n e  t h e  APDCE c a r i b o u  census  t e c h n i q u e ;  t o  p rov ide  g r e a t e r  
accuracy  and p r e c i s i o n  i n  p o p u l a t i o n  e s t i m a t e s .  

PROCEDURES 

The o b j e c t i v e s  were addressed  by conduc t ing  a  modif ied APDCE 
census  of t h e  WAH d u r i n g  1978. We modif ied s l i g h t l y  t h e  b a s i c  APDCE 
t e c h n i q u e  p rocedure  t h a t  Hemming and Glenn (1968) f i r s t  d e s c r i b e d  and 



LeResche (1975) and Bente and Roseneau (1978) f u r t h e r  d i s c u s s e d .  The 
b a s i c  t e c h n i q u e  i n c l u d e s  p recensus  r e c o n n a i s s a n c e ,  a e r i a l  photography of 
p o s t - c a l v i n g  a g g r e g a t i o n s  (and enumerat ion o r  e s t i m a t i o n  of p e r i p h e r a l  
a n i m a l s ) ,  c l a s s i f i c a t i o n  of an imals  i n  t h e  p o s t - c a l v i n g  c o n c e n t r a t i o n  
and c l a s s i f i c a t i o n  of an imals  d u r i n g  r u t .  From t h e s e  d a t a  a f i n a l  
e s t i m a t e  of c a r i b o u  numbers i s  c a l c u l a t e d .  

P recensus  Reconnaissance 

T h i s  r e c o n n a i s s a n c e  occur red  i n  two phases .  We conducted a c a l v i n g  
ground census  i n  mid-June which a l s o  se rved  a s  a p recensus  r e c o n n a i s s a n c e .  
F u r t h e r ,  o c c a s i o n a l  r e c o n n a i s s a n c e  f l i g h t s  from Driftwood a i r s t r i p  f i e l d  
camp d u r i n g  l a t e  June preceded t h e  f i e l d  work f o r  t h e  APDCE census  which 
began on 4  J u l y  1978. Using two P i p e r  Super Cubs, a B e l l a n c a  Scou t ,  a 
P i p e r  Super C r u i s e r  (PA-12) and a DeHavilland Beaver,  we thoroughly  
sea rched  a l a r g e  a r e a  of t h e  n o r t h e r n  f o o t h i l l s  of t h e  w e s t e r n  Brooks 
Range l i k e l y  t o  c o n t a i n  p o s t - c a l v i n g  a g g r e g a t i o n s .  From 4 through 6 
J u l y  abou t  25 hours  of r e c o n n a i s s a n c e  f l i g h t s  were flown. 

A e r i a l  Photography 

On 6 J u l y  t h e  c a r i b o u  were s u i t a b l y  aggrega ted  and photography began. 
Two of t h e  f ixed-wing a i r c r a f t  d i r e c t e d  t h e  camera-equipped Beaver t o  
n i n e  groups of c a r i b o u  which were photographed w i t h  a F a i r c h i l d  T-11 
9x9-inch a e r i a l  camera ( c o u r t e s y  of Naval A r c t i c  Research Labora to ry ,  
Barrow, A l a s k a ) .  One a d d i t i o n a l  group was photographed w i t h  a hand-held 
35-mm camera; a n o t h e r  s m a l l  group,  n o t  photographed,  was counted d i r e c t l y  
from a  Super Cub. 

A n a l y s i s  and coun t ing  of t h e  304 b l a c k  and w h i t e  9x9-inch a e r i a l  
photographs and t h e  20, 35-mm c o l o r  s l i d e s  began 5 September and took 
approximately  3  weeks t o  complete .  An a d d i t i o n a l  2  weeks were s p e n t  
c r o s s  checking t h e  a e r i a l  photographs  and c a l c u l a t i n g  e s t i m a t e s  of he rd  
s i z e .  S c a l e  of t h e  9x9-inch photographs  ranged from 1:3000 t o  1:6000, 
and a l l  photographs  were of adequa te  q u a l i t y  t o  permit  c o u n t i n g .  Counting 
was done by group; a l l  t h e  photographs  of a group were l a i d  o u t  on a 
f l a t  s u r f a c e ,  and o v e r l a p  l i n e s  were drawn on t h e  t r a n s e c t s  t h a t  were 
used f o r  coun t ing .  Only abou t  two- th i rds  of t h e  photographs  were a c t u a l l y  
counted because  s i d e l a p  was e x t e n s i v e ,  and because  many photographs  a t  
t h e  end of t h e  t r a n s e c t  r u n s  c o n t a i n e d  no c a r i b o u .  A f t e r  a l l  photographs  
were counted once,  a  sample was s e l e c t e d  from each group and recounted  
by a second o b s e r v e r .  The second o b s e r v e r  a l s o  rechecked t h e  o v e r l a p  
l i n e s  on photographs  and checked f o r  c a r i b o u  t h a t  had moved from one 
t r a n s e c t  t o  a n o t h e r  d u r i n g  t h e  photo  r u n s .  The 35-mm c o l o r  s l i d e s  were 
p r o j e c t e d  o n t o  w h i t e  paper  on which a  3 .0- inch g r i d  had been drawn. Car ibou 
w i t h i n  s q u a r e s  of t h e  g r i d  were i n d i v i d u a l l y  coun ted ,  and ,  i f  t h e  d e n s i t y  
of c a r i b o u  i n  each  s q u a r e  were h i g h ,  a  0 .4- inch g r i d  of c l e a r  a c e t a t e  
p l a s t i c  was t aped  t o  t h e  l a r g e r  g r i d  t o  a i d  i n  coun t ing .  

E s t i m a t i o n  of Car ibou Not P r e s e n t  i n  Post -Calving Aggregat ions  

We a t t empted  t o  de te rmine  t h e  number of a d u l t  f emales  i n  t h e  herd 
t h a t  were no t  i n  t h e  pos t -ca lv ing  a g g r e g a t i o n s  ( i . e .  t e s t  assumption 1, 



s e e  Background) by sampling t h e  e n t i r e  range  of t h e  he rd  ( s e e  Davis  and 
Valkenburg 1978) .  T h i s  would improve t h e  accuracy  of t h e  census  by 
p r o v i d i n g  a n  e s t i m a t e  of t h e  number of c a r i b o u  ( p a r t i c u l a r l y  a d u l t  
f emales )  o u t s i d e  t h e  pos t -ca lv ing  a g g r e g a t i o n s .  

I n  o r d e r  t o  make t h i s  d e t e r m i n a t i o n ,  we d i v i d e d  t h e  A r c t i c  C o a s t a l  
P l a i n  n o r t h  of 6g030'N i n t o  46,800 t r a n s e c t  l i n e s ,  each be ing  1 second 
of l o n g i t u d e ,  and used a random number t a b l e  t o  s e l e c t  1 5  of t h e s e  f o r  
sampling.  These 1 5  t r a n s e c t s  (F ig .  1 )  were f lown between 3  and 1 5  J u l y ,  
and a l l  c a r i b o u  w i t h i n  a h a l f  m i l e  on e i t h e r  s i d e  of t h e  a i r c r a f t  were 
counted and c l a s s i f i e d  by age  and s e x  from t h e  a i r c r a f t  ( s e e  Davis and 
Valkenburg 1978 f o r  a d d i t i o n a l  d e t a i l ) .  We assumed a 100 p e r c e n t  
s i g h t a b i l i t y  of c a r i b o u  i n  t h e  t r a n s e c t s .  

The a r e a  s o u t h  of 6g030'N was d i v i d e d  i n t o  q u a d r a t s ,  each b e i n g  1 
d e g r e e  of l o n g i t u d e  by 30 minutes  of l a t i t u d e  ( F i s .  1 ) .  The s i z e  of 
each q u a d r a t  v a r i e d  s l i g h t l y  (922 m i 2  t o  1 ,044  m i  ) because  l i n e s  of 
l o n g i t u d e  converge toward t h e  p o l e s .  T h i s  c r e a t e d  122 p o s s i b l e  q u a d r a t s  
which we subd iv ided  i n t o  two s t r a t a .  The n o r t h e r n  s t r a t u m  (Brooks Range 
North) was c o n s i d e r e d  more l i k e l y  t o  have female  c a r i b o u  and was t h e r e f o r e  
sampled more i n t e n s i v e l y .  Seven of 4 1  p o s s i b l e  Brooks Range North 
q u a d r a t s  were s e l e c t e d  f o r  sampling.  Of t h e  remaining 8 1  p o s s i b l e  
q u a d r a t s  i n  t h e  s o u t h e r n  s t r a t u m  (Brooks Range S o u t h ) ,  6  were s e l e c t e d  
f o r  sampling.  Most q u a d r a t s  were sea rched  by o b s e r v e r s  i n  f ixed-wing 
a i r c r a f t  between 3  and 1 5  J u l y ,  b u t  one q u a d r a t  i n  t h e  s o u t h e r n  s t r a t u m  
was n o t  sea rched  u n t i l  4  August and a n o t h e r  was n o t  sea rched  u n t i l  
20 August because  of poor weather  and l o g i s t i c a l  problems. We assumed 
t h a t  l i t t l e  movement t o  o r  from t h e  a r e a s  occur red  d u r i n g  J u l y  and 
August. The v a r i a n c e  and c o n f i d e n c e  l i m i t s  of t h e  e s t i m a t e  of c a r i b o u  
numbers w i t h i n  t h e  t r a n s e c t s  and q u a d r a t s  were c a l c u l a t e d  u s i n g  s t a n d a r d  
s t a t i s t i c a l  p rocedures  ( S t u d e n t ' s - t  d i s t r i b u t i o n )  and assuming 100 
p e r c e n t  s i g h t a b i l i t y  of c a r i b o u  p r e s e n t .  

Sex and Age Composit ion of Car ibou i n  Post-Cal-ving Aggregat ions  

We conducted composi t ion c o u n t s  of each group a s  soon a s  p r a c t i c a l  
a f t e r  photography t o  t e s t  assumption 2  ( s e e  Background) and t o  a s c e r t a i n  
t h e  v a r i a n c e  of s e x  and age  composi t ion w i t h i n  and among p o s t - c a l v i n g  
groups.  A l l  c o u n t s  were done from t h e  ground u s i n g  s p o t t i n g  scopes  and 
a h e l i c o p t e r  was used t o  p l a c e  o b s e r v e r s  i n  s t r a t e g i c  p o s i t i o n s  i n  f r o n t  
of moving c a r i b o u .  These c o u n t s  were  conducted on 6  and 7  J u l y .  We 
summarized and recorded  t h e  d a t a  from each group a t  10-minute i n t e r v a l s .  
Within- and among-group means and v a r i a n c e  were t h e n  c a l c u l a t e d .  

Sex and Age Composition d u r i n g  Rut 

We conducted f a l l  composi t ion c o u n t s  from 12 t o  20 October .  A l l  
c o u n t s  were done from a  h e l i c o p t e r  because  c a r i b o u  were aggrega ted  i n  
s m a l l  groups .  For t h e  f i r s t  t i m e ,  we o b t a i n e d  composi t ion c o u n t s  from 
groups  n o r t h  of t h e  Brooks Range. To t e s t  assumption 3 ( s e e  Background) 
and t o  de te rmine  t h e  v a r i a n c e  of s e x  and age  composi t ion w i t h i n  and 
among r u t t i n g  assemblages ,  we sampled t h e  composi t ion of each major 
r u t t i n g  assemblage which was l o c a t e d ,  and recorded  t h e  d a t a  a t  10-minute 
i n t e r v a l s .  



F i g u r e  I .  Loca t ion  o f  t r a n s e c t s  and q u a d r a t s  f lown d u r i n g  J u l y  1978 t o  d e t e r m i n e  t h e  number of  
WAH c a r i b o u  n o t  p r e s e n t  i n  p o s t - c a l v i n g  a g g r e g a t i o n s .  



RESULTS 

Photocensus  

During t h e  r e c o n n a i s s a n c e  conducted on 5  through 7 J u l y ,  11 p o s t -
c a l v i n g  groups  were l o c a t e d  and 1 0  of t h e s e  were photographed. Loca t ions  
and r e s u l t s  of t h e  a n a l y s i s  and c o u n t i n g  of t h e s e  groups  a r e  p r e s e n t e d  
i n  Tab le  1. 

We recounted  s e l e c t e d  photographs  t o  de te rmine  t h e  p r e c i s i o n  of t h e  
photo  a n a l y s i s  (Table  2 ) .  Although t h e  d i f f e r e n c e  i n  t h e  number of 
c a r i b o u  counted on each  photograph by t h e  two o b s e r v e r s  v a r i e d  between 
0 .0  and 24 .1  p e r c e n t  from t h e  h i g h  t o  low c o u n t ,  t h e  o v e r a l l  d i f f e r e n c e  
between t h e  f i r s t  and second count  t o t a l s  was 4 . 6  p e r c e n t  (30,780 v s .  
32,169) .  Time l i m i t a t i o n s  p rec luded  r e p e a t e d  c o u n t s  which could  have 
been used t o  c a l c u l a t e  v a r i a n c e  and c o n f i d e n c e  l i m i t s .  

D i f f e r e n c e s  i n  c o u n t s  between o b s e r v e r s  on sample photographs  ( s e e  
Tab le  2) w i t h i n  each group were used t o  g e n e r a t e  h i g h  and low e s t i m a t e s  
of group s i z e  (Table  3 ) .  The low e s t i m a t e  was a l s o  t h e  complete  count  
i n  seven  of t h e  n i n e  groups  i n  which r e c o u n t i n g  was done.  T h i s  occur red  
because  e x t r a p o l a t i o n s  from r e c o u n t s  lowered t h e  e s t i m a t e d  number of 
c a r i b o u  i n  o n l y  two groups  and r a i s e d  t h e  number i n  seven  groups .  The 
e x t r a p o l a t e d  t o t a l  of 99,329 compares t o  t h e  a c t u a l  ( i . e .  f i r s t  o b s e r v e r ' s )  
t o t a l  count  of 95,656. The a r i t h m e t i c  mean of t h e  two i s  97,492.5 .  

Composit ion Counts 

R e s u l t s  of t h e  J u l y  composi t ion c o u n t s  a r e  p r e s e n t e d  i n  Tab les  4  
and 5 .  P e r c e n t  cows i n  t h e  h e r d  was c o n s i s t e n t l y  t h e  l e a s t  v a r i a b l e  
s t a t i s t i c  b o t h  w i t h i n  and among groups .  There  was no s i g n i f i c a n t  
d i f f e r e n c e  (P ) .05)  i n  p e r c e n t  cows among t h e  t h r e e  g roups ,  and t h e  
wi thin-group s t a n d a r d  e r r o r  of t h e  mean ranged from 3.72 t o  1 .09 .  
F u r t h e r  a n a l y s i s  of t h e s e  compos i t ion  c o u n t s  i s  i n  p r o g r e s s  and w i l l  
be  r e p o r t e d  upon f u r t h e r  i n  a  manuscr ip t  f o r  p u b l i c a t i o n .  

F a l l  composi t ion c o u n t s  were ana lyzed  i n  much t h e  same way a s  t h e  
J u l y  c o u n t s  (Tab les  6  and 7 ) .  Both t h e  wi th in -  and among-group v a r i a n c e  
of t h e  r a t i o  of b u l l s ,  y e a r l i n g s  and c a l v e s  p e r  100 cows i n  f a l l  composi t ion 
were r a t h e r  l a r g e .  Also,  a c c o r d i n g  t o  t h e  c o u n t s ,  t h e  numbers of b u l l s ,  
y e a r l i n g s  and c a l v e s ,  r e s p e c t i v e l y ,  p e r  100 cows on t h e  A r c t i c  S lope  
were much lower t h a n  on t h e  s o u t h  s i d e  of t h e  Brooks Range. The s i g n i f i c a n c e  
of t h e s e  d i f f e r e n c e s  is  unknown because  of t h e  v a r i a b i l i t y  of t h e  sample.  
F u r t h e r  a n a l y s i s  of t h e s e  r e s u l t s  is  i n  p r o g r e s s .  

R e s u l t s  of t h e  t r a n s e c t  and q u a d r a t  sampl ing a r e  p r e s e n t e d  i n  
Tab les  8 and 9. We c a l c u l a t e d  t h a t  1 , 9 9 6  cows were p r e s e n t  o u t s i d e  t h e  
p o s t - c a l v i n g  a g g r e g a t i o n s  o r  about  5 p e r c e n t  of t h e  t o t a l  cows i n  t h e  
range  of t h e  WAH. The m a j o r i t y  of t h e s e  cows were found on t h e  A r c t i c  
C o a s t a l  P l a i n ,  i n c l u d i n g  t h e  Teshekpuk Lake a r e a .  Although t h e y  a r e  w i t h i n  
t h e  range  of t h e  WAH, most c a r i b o u  i n  t h e  v i c i n i t y  of Teshekpuk Lake 
appear  t o  be  s e d e n t a r y  and probably  comprise  a  d i s c r e t e  he rd  (Davis and 
Valkenburg 1978) .  I f  cows counted on a l l  t r a n s e c t s  w i t h i n  t h e  p robab le  
range  of t h e  Teshekpuk Lake were n o t  c o n s i d e r e d  t o  be  members of t h e  



Table  1. Summary of i n f o r m a t i o n  g a t h e r e d  from p o s t - c a l v i n g  groups  photographed d u r i n g  t h e  1978 WAH APDCE census .  

Car ibou Car ibou  
Group S c a l e  of R e a d a b i l i t y  of Counted 

No. L o c a t i o n  Pho tographs  Photographs  on Pho tos  Remarks 

Noluck Lake 1:4000 good 21,295 
Upper C o l v i l l e  R iver  1:4400 f a i r  8,699 s t e e p  s l o p e s ,  d e n s e  clumps 
Kidney Creek 1:4400 poor  9 ,645 s t e e p  s l o p e s ,  d e n s e  clumps 
E. Fork  Kidney Creek 1:6000 poor  1 ,452 s m a l l  s c a l e ,  dense  clumps,  poor  l i g h t  
Upper Dr,if twood Creek 1:6000 v e r y  poor 4 ,777 s m a l l  s c a l e ,  dense  clumps,  poor  l i g h t  
Upper Kukpowruk R i v e r  1:3000 good 3 ,560 
Upper I l i g l u r u k  Creek 1:3500 good 2,316 
N i l i k  Creek 1:4000 good 10 ,570  
L i s b u r n e  H i l l s  1:4000 good 25,309 
Elbow Creek v a r i a b l e 1  v e r y  poor 7 ,533 d i f f i c u l t  t o  d e l i n e a t e  o v e r l a p  
Mount K e l l y  v i s u a l l y  enumerated 500 

T o t a l  95,656 

35-mm pho tographs  



Table 2.  	 Resu l t s  of counts  and recounts  of i nd iv idua l  a e r i a l  photographs 
of WAH aggrega t ions ,  J u l y  1978. 

Percent  
Di f fe rence  

Caribou Photograph I n i t i a l  Count Recount from High 
Group Number Number (Valkenburg) (OIConnor) t o  Low 

1 	 17-20 
21 
22 
2 3 
24 
25 
26 
27-32 

Transec t  1 T o t a l  
3 3 

3 4 

35 

3 6 

37 

3 8 

39 

40-43 


Transec t  2 T o t a l  

40-46 

4 7 

48 

49 

50-54 


Transec t  3 T o t a l  

60-62 

6 3 

6 4 

6 5 

6 6 

67 

68-71 

72 

73 


Transec t  4 T o t a l  




Table 2. Continued. 

Caribou 
Group Number 

Photograph 
Number 

Initial Count 
(Valkenburg) 

Recount 
(OIConnor) 

Percent 
Difference 
from High 
to Low 



Table 2. Continued. 

Percent  
Di f fe rence  

Caribou Photograph I n i t i a l  Count Recount from High 
Group Number Number (Valkenburg) (0 'Connor) t o  Low 

5* A l l  odd-numbered photos were n o t  counted, except  f o r  197. 
19 7 1228 1253 

223-229 
2 30 
231 
232 

233-234 
2 35b 
235 T o t a l  
236-240 

* Overlap of photo coverage was excess ive ,  so  a l l  car ibou  appeared on t h e  
photos l i s t e d .  



Table 2. Continued. 

Percent  
Di f fe rence  

Caribou Photograph I n i t i a l  Count Recount from High 
Group Number Number (Valkenburg) (O'Connor) t o  Low 

2-4 
5 
6 
7 
8 
9 

10 
l l b  
11 Tota l  
12 
1 3  
14-24 

10 (35 mm) 



Table 3. Ext rapola ted  number of ca r ibou  on census photos from 1978 
WAH APDCE census.  

T o t a l  Caribou 
Caribou Counted on Photos 

Group No. a (Observer i l l)  

S u b t o t a l  95,156 
11 ( v i s u a l  count)  500 

T o t a l  95,656 

T o t a l  Caribou 
Ext rapola ted  t o  Average No. 

b e  on Photos from Caribou 
P a r t i a l  Recount of Ext rapola ted  

Photos (Observer #2) from ill and 2 

99,329 97,242.5 
500 500.0 

99,829 97,742.5 

a See Table  1 f o r  group i d e n t i t y .  
I f  t h e s e  v a l u e s  a r e  t ransposed ,  then  a h igh  and low photo count 

v a l u e  can b e  c a l c u l a t e d  t o  b e  102,500 and 93,931. 



T a b l e  4. R e s u l t s  of  c o m p o s i t i o n  c o u n t s  of p o s t - c a l v i n g  a g g r e g a t i o n s  of t h e  WAH, 6-7 J u l y  1978.  

T o t a l  B u l l s  Y r l g s  C a l v e s  Y r l g  C a l f  Cow B u l l  
I D a t e  and P e r  P e r  P e r  % i n  ( T o t a l  % i n  ( T o t a l  % i n  ( T o t a l  % i n  ( T o t a l  Sample 

L o c a t i o n  100  Cows 100  Cows 1 0 0  Cows Herd Y r l g )  Herd C a l v e s )  Herd Cows) Herd B u l l s )  S i z e  

6 J u l y  1978: 

Ipewik  R i v e r  20.0 21.7 66 .4  1 0 . 4  (542) 31 .9  (1656) 48.0 (2494) 9 .6  (500)  5192 

L i s b u r n e  H i l l s  37 .8  14 .4  60 .8  6 . 8  (100) 28 .6  (422)  47.0 (694) 17 .7  (262)  14  7 8 

7 J u l y  1978: 

An i sak  R i v e r  63.0 23 .9  54 .0  9 . 9  (660) 22.4 (1490) 41.5 (2760) 26.2 (1740) 6650 

C h e r t  Chip  C r e e k  26 .6  9 . 3  6 9 . 1  4 .5  (333) 33 .7  (2486) 48 .8  (3596) 1 3 . 0  (955)  7370 

Weighted Mean: 36 .2  1 7 . 1  63.4 7 .9  (1635) 2 9 . 3  (6054) 46 .1  (9544) 16 .7  (3547)  20 ,690 

t-' 

W 



Table 5.  Analys i s  of post-calving 
10-minute i n t e r v a l .  

group composition of t h e  WAH i n  1978 by 

B u l l s  Calves Year l ings  Cows T o t a l  

Anisak River ,  Chert  Chip Creek: 

Sample S i z e  
Weighted Mean 
Standard E r ro r  

of Mean (2) 
F 

Number of 10-Minute 

2695 
4 2 . 4 / 1 0 0 ~  

12.40 

I n t e r v a l s  (n) 

3976 
62.31100C 

2.99 

= 40 

N i l i k  Creek: 

Sample S i z e  
Weighted Mean 
Standard Er ror  

of Mean ( s )  

n = 26 
r 

500 
20.0/10OC 

2.90 

1656 
66.41100C 

4.53 

Lisburne H i l l s :  

Sample S i z e  
Weighted Mean 
Standard E r ro r  

of Mean (2) 
'K 

2 62 
37.8/100C 

42 2 
60.811OOC 



c 

Table  6 .  R e s u l t s  of f a l l  composi t ion counts  of t h e  WAH, 1978. 

T o t a l  B u l l s  Yr lg s  Calves  Yr lg  Calves  Cows Bu l l s  
Per  Per  Per  % i n  ( T o t a l  % i n  ( T o t a l  % i n  (To t a l  % i n  ( T o t a l  Sample 

Date  100 Cows 100 Cows 100 Cows Herd Yr lg s )  Herd Calves)  Herd Cows) Herd B u l l s )  S i z e  

Herd Mean 47.6£ 20.6£ 47.7£ 

a Rep re sen t a t i ve  of 1 ,500 ca r i bou  s o u t h  of  t h e  C o l v i l l e  R ive r ,  between t h e  K i l l i k  River  and Gunsight Mountain. 
Rep re sen t a t i ve  of about  50,000 ca r i bou  (rough gues s )  w i n t e r i n g  n o r t h  of t h e  Brooks Range. Mean, weighted 

by sample s i z e ,  was used t o  c a l c u l a t e  t h e  herd  mean. 
R e p r e s e n t a t i v e  of about  2,000 ca r i bou  i n  t h e  S q u i r r e l  River  v a l l e y .  
Rep re sen t a t i ve  of about  1 ,000  ca r i bou  i n  lower Salmon and Hunt River  v a l l e y s .  
R e p r e s e n t a t i v e  of about  30,000 c a r i b o u  (rough guess )  i n  t h e  Selawik F l a t s .  
These numbers are c a l c u l a t e d  by weigh t ing  t h e  composi t ion coun t s  f o r  a p a r t i c u l a r  a r e a  by t h e  number of 

c a r i b o u  thought  t o  b e  i n  t h e  a r e a .  



Table  7. A n a l y s i s  of f a l l  composi t ion c o u n t s  of t h e  WAH i n  1978 by 10-minute i n t e r v a l .  

Number of 
Sample 10-Minute a Yrlgs /100 Calves/100B U ~ ~ S / ~ O O  

Area S i z e  I n t e r v a l s  Cows ( s .  e. ) Cows ( s .  e . ) a  Cows ( s . e .  ) a 

South of C o l v i l l e  River  92 
North of Umiat 874 
Upper C o l v i l l e  River  213 
Wainwright -1058 

T o t a l  (North S lope)  2237 

Selawik a r e a  1903 
S q u i r r e l  R iver  880 
Salmon River  -7 7 

T o t a l  (South S lope)  2860 

a These f i g u r e s  a r e  weighted by sample s i z e .  



T a b l e  8. R e s u l t s  of t r a n s e c t  and q u a d r a t  s u r v e y s  of t h e  r a n g e  of t h e  WAH, J u l y  1978. 

E x t r a p o l a t e d  
No. No. E x t r a p o l a t e d  Area T o t a l  

2No. T r a n s e c t s  Cows Car ibou  Area T o t a l  ( T o t a l  No. P l i 2  No. M i  i n  
Area o r  Quadra t s  Seen Seen (cows) (80%C. I . ) c a r i b o u )  (80%C. I . ) Surveyed Survey Area 

- 1312 

North  Brooks Range 7  q u a d r a t s  1 3  120 - 675+843- 6542 36,825 

A r c t i c  C o a s t a l  P l a i n  1 5  t r a n s e c t s  9  5  389 1810+1502 7413+3513 25,000 

73+67 

Sou th  Brooks Range 6  q u a d r a t s  6  19  - 5965 77,0427  7+101 2452547 



Table 9. Density of car ibou on t r a n s e c t  l i n e s  and quadra ts  determined 
during d i s t r i b u t i o n  surveys of t h e  WAH i n  1978. 

Survey Date and Area 

7 -11  J u l y  1978 
A r c t i c  Coas ta l  P l a i n  

5 July-9 ~ i ~ u s t1978 

Transect  Line or  

Sec tor  Numbera 


- Transec ts  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 

Brooks Range North - Quadrats 

Brooks Range South - Quadrats 

a Refer t o  Figure 1, i n  t e x t .  

caribou/mi2 

Ave 

Ave 

Ave 

0.0449 
0.2965 -+ 0.141.4' 

0.0128 
0.0183 + 0.229'-

0.0000 
0.0000 
0.0053 
0.0000 
0.0137 
0.0000 
0.0032 -+ 0.0071' 

These f i g u r e s  a r e  c a r r i e d  t o  four  p laces  t o  preclude l i s t i n g  zero 

cariboulmi2 where some were observed. 

A l l  f i g u r e s  f o r  t h e  80% confidence l e v e l .  




WAH, t h e n  more t h a n  95 p e r c e n t  of t h e  cows were p r e s e n t  i n  p o s t - c a l v i n g  
a g g r e g a t i o n s .  

S e v e r a l  p o p u l a t i o n  e s t i m a t e s  of t h e  WAH f o r  1978 a r e  shown i n  Tab le  
10.  Three  d i f f e r e n t  methods (two of which a r e  independent)  were used t o  
c a l c u l a t e  p o p u l a t i o n  s i z e .  One e s t i m a t e  i s  based on a  c a l v i n g  ground 
census  and t h e  o t h e r  two a r e  from photo c o u n t s  of t h e  p o s t - c a l v i n g  
a g g r e g a t i o n s .  The h i g h  pho to  count  and h i g h  APDCE e s t i m a t e s  were d e r i v e d  
by u s i n g  t h e  h i g h e s t  count  from t h e  photographs  (Table  3 ) .  Likewise ,  
t h e  low c o u n t s  were d e r i v e d  by u s i n g  t h e  low count  from t h e  photographs .  
The h i g h  and low APDCE e s t i m a t e s  a l s o  i n c l u d e  t h e  h i g h  and low e s t i m a t e s ,  
r e s p e c t i v e l y ,  of p e r c e n t  cows determined from t h e  J u l y  compos i t ion  
s u r v e y s .  The "most probable"  e s t i m a t e  was c a l c u l a t e d  from t h e  unextrapo-  
l a t e d  count  of photographs  and t h e  mean p e r c e n t  cows from t h e  J u l y  
composi t ion coun t .  Due t o  t h e  v a r i a b i l i t y  of t h e  f a l l  composi t ion 
c o u n t s ,  no a t t e m p t  was made t o  g e n e r a t e  e s t i m a t e s  i n c o r p o r a t i n g  t h i s  
v a r i a b i l i t y .  R a t h e r ,  w e  assumed t h a t  t h e  weighted mean composi t ion was 
r e p r e s e n t a t i v e  of t h e  p o p u l a t i o n .  

DISCUSSION AND RECOMMENDATIONS 

I n  p a s t  d i s c u s s i o n s  of t h e  APDCE t e c h n i q u e  ( s e e  Background),  
r e s e a r c h e r s  have assumed e i t h e r  t h a t  t h e r e  was no e r r o r  invo lved  i n  
coun t ing  t h e  photographs  o r  t h a t  t h e  e r r o r  was minimal. Our p r e l i m i n a r y  
r e s u l t s  show t h a t  p o t e n t i a l l y  s e r i o u s  d i f f e r e n c e s  between c o u n t s  by 
d i f f e r e n t  i n d i v i d u a l s  e x i s t .  D i f f e r e n c e s  i n  c o u n t s  d i d  n o t  appear  t o  be  
r e l a t e d  t o  t h e  s c a l e  of t h e  photographs ,  b u t  were c o r r e l a t e d  w i t h  a 
s u b j e c t i v e  e v a l u a t i o n  of t h e  r e a d a b i l i t y  of t h e  photograph.  R e a d a b i l i t y  
involved s e v e r a l  v a r i a b l e s ,  i n c l u d i n g  d e n s i t y  of t h e  c a r i b o u ,  topograph ic  
r e l i e f ,  speed of movement of t h e  an imals  and c l a r i t y  of t h e  photographs .  
Because we do n o t  know t h e  a c t u a l  number of c a r i b o u  on t h e  photographs ,  
i t  i s  d i f f i c u l t  t o  draw c o n c l u s i o n s  about  t h e  d i f f e r e n c e s  between counts  
by d i f f e r e n t  o b s e r v e r s  and t h e  accuracy  of t h e  coun t ing .  V a r i a b i l i t y  
between r e p e a t  c o u n t s  made by t h e  same and independent  o b s e r v e r s  may 
g i v e  some q u a n t i t a t i v e  i n d i c a t i o n  c f  t h e  q u a l i t y  of t h e  pho tographs ,  and 
t h e r e f o r e  t h e  r e l i a b i l i t y  of a p a r t i c u l a r  census .  We recommend t h a t  
t h i s  problem be  cons idered  by o t h e r s  u s i n g  t h e  APDCE techn ique .  

Our p r e l i m i n a r y  a t t e m p t s  t o  a t t a c h  c o n f i d e n c e  l i m i t s  t o  f a l l  
composi t ion c o u n t s  y i e l d  conf idence  i n t e r v a l s  t h a t  a r e  t o o  wide t o  be  
u s e f u l .  V a r i a b i l i t y  of t h e  f a l l  composi t ion c o u n t s  t h e r e f o r e  remains a 
major problem. 

We recommend t h a t  sampl ing from a h e r d ' s  e n t i r e  range  be  an  i n t e g r a l  
p a r t  of any APDCE census .  T h i s  w i l l  s e r v e  a s  a  q u a n t i t a t i v e  r e c o n n a i s s a n c e  
and w i l l  make e s t i m a t e s  more a c c u r a t e  and add conf idence  t o  e s t i m a t e s  of 
he rd  s i z e .  Although t h i s  sampl ing i s  t ime  consuming and expens ive ,  i t  
may r e d u c e  t h e  amount of n e c e s s a r y  pre-photography r e c o n n a i s s a n c e  and 
a l l o w  omiss ion of expens ive  r u t  composi t ion s u r v e y s .  
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Table 10. Popula t ion  e s t ima te s  f o r  t h e  WAH, J u l y  1 9 7 8 . ~  

Most 
High Probable  Low 

Bas is  f o r  Es t imate  Est imate  Es t imate  Est imate  

Count of photos and ex t r apo la t ed  115, 647b 104, 95Oc 99, 491d 
number from t r a n s e c t s  and quad ra t s  

APDCE 126,167~ 1 0 6 , 6 3 5 ~  95,267g 

Census of ca lv ing  ground 9 3 , 8 0 2 ~  

a These e s t ima te s  must be  reduced t o  exc lude  Teshekpuk Lake t!,erd car ibou  a n d  
t o  a l low f o r  c a l f  l o s s  t o  October t o  a l low d i r e c t  comparison wi th  p a s t  e s t ima te s  
of herd s i z e .  

Based on h igh  photo count and h igh  e s t i m a t e s  from t r a n s e c t s  and quadra t s .  
Based on a c t u a l  photo count ( i . e .  exc ludes  e x t r a p o l a t i o n )  and mid-point of 

80% C . I .  f o r  t r a n s e c t s  and quad ra t s .  
Based on low photo count and low es t ima te s  from t r a n s e c t s  and quadra t s .  
Same assumptions a s  f o o t n o t e  2  and h igh  e s t i m a t e  of cows i n  J u l y  composition 

and mean f a l l  composition, 
f Same assumptions a s  f o o t n o t e  3  and mean J u l y  and f a l l  composition va lues .  
g Same assumptions a s  f o o t n o t e  4  and low e s t i m a t e  of cows i n  Ju ly  composition 
and mean f a l l  composition. 

Based on b e s t  e s t i m a t e  of a d u l t  females  on t h e  ca lv ing  ground and mean Fa11 
composition used f o r  ex t r apo la t i on .  
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and o p e r a t i o n  of our  a e r i a l  c a m e r a - a i r c r a f t  sys tem.  J.  Mel lo r  was 
i n s t r u m e n t a l  i n  o b t a i n i n g  and u s i n g  t h e  a e r i a l  camera used f o r  t h i s  s t u d y .  
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O'Connor a i d e d  i n  photo  a n a l y s i s .  
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McKnight . 
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Appendix I. 	 Attendees of a workshop t o  d i scuss  t he  APDCE caribou census 
technique he ld  i n  Fairbanks,  1978. 

Name 	 Af f i l i a t i o n  

P. Bente 	 Renewable Resources Consulting Serv ices ,  Ltd. 
G .  Bos 	 Alaska Department of F i sh  and Game 
R. Cameron Alaska Department of F i sh  and Game 
J. Coady Alaska Department of F ish  and Game 
J .  Davis 	 Alaska Department of F i s h  and Game 
J .  	Doerr Alaska Cooperative W i l d l i f e  Research Unit ,  Univers i ty  

of Alaska 
S. Eide 	 Alaska Department of F i sh  and Game 
S. Harbo, J r .  Univers i ty  of Alaska 
J .  Hemming Dames and Moore Consulting Engineers 
D .  Roseneau Renewable Resources Consul t ing Se rv i ces ,  Ltd. 
M. Sp indler  U.S. F i sh  and W i l d l i f e  Serv ice  
P .  Valkenburg Alaska Department of F i s h  and Game 
K. Whitten Alaska Department of F i s h  and Game 
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