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Abstract: The Peary caribou population (excluding calves) o n Banks Island declined from 6 970 (± 1133) i n 1982 to 897 
(± 151) i n 1991. The 1992 estimate was 1 005 (± 133). Percent calves i n the population varied among years (range 3.2¬
31.1%). M e a n group sizes dropped from 5.0 i n 1985 to a l o w o f 2.0 i n 1989 and 1991. M e d i a n group sizes were signi­
ficantly larger between 1982 and 1987 than between 1989 and 1992 (P<0.001). Large post-calving aggregations preva­
lent on the N W portion o f Banks Island i n the early 1980's were absent by the 1990's. T h e muskox population (exclu­
ding calves), increased from 29 168 (± 2104) i n 1985 to 52 959 (± 2240) i n 1992. Percent calves i n the population var i ­
ed among years, (range 11.8-17.1%). These values may be underestimates, because calves are small and muskox groups 
sometimes form defensive circles i n response to aircraft. M u s k o x e n were distributed throughout the island during all 
surveys; however, the greatest increase i n density occurred i n the southern parts o f the island. 
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Introduction 
Peary c a r i b o u (Rangifer tarandus pearyii) and m u s k o x 
(Ovibos moschatus) are an i m p o r t a n t subsistence f o o d 
source for the residents o f Sachs H a r b o u r , B a n k s 
Island. These ungula te popu la t ions have b e e n syste­
mat i ca l ly m o n i t o r e d b y the D e p a r t m e n t o f 
R e n e w a b l e R e s o u r c e s , G o v e r n m e n t o f the 
N o r t h w e s t Te r r i t o r i e s since 1982. 

D u r i n g the past decade, c a r i b o u numbers dec re ­
ased. Severe w i n t e r wea the r is b e l i e v e d to be the 
major cause o f d e c l i n i n g c a r i b o u numbers (Parker et 
ah, 1975; G u n n , 1992). A n n u a l die-offs o f 6 0 - 3 0 0 
c a r i b o u w e r e r e c o r d e d f o l l o w i n g the win te r s o f 
1 9 8 7 - 8 8 , 1 9 8 8 - 8 9 , and 1990-91 w h e n f reez ing 
rains o c c u r r e d . I n response to decreasing c a r i b o u 
numbers , the Sachs H a r b o u r H u n t e r ' s a n d Trapper ' s 
C o m m i t t e e established a quo ta o f 150 animals i n 
1990 a n d 30 males i n 1991 . I n 1992 , the quo ta was 
increased to 36 males to a l l o w each fami ly to ha r ­
vest one c a r i b o u . 

O v e r the same p e r i o d m u s k o x number s i n c r e a ­
sed. T h e residents o f Sachs H a r b o u r harvest 
m u s k o x e n to suppor t a l o c a l subsistence e c o n o m y 
a n d c o n d u c t g u i d e d sport hunts for non- re s iden t 
hunters . I n a d d i t i o n , a c o m m e r c i a l harvest p r o g r a m 
has b e e n i n place since 1981 . D u r i n g the quo ta 
years 1980-81 to 1 9 8 9 - 9 0 , the average c o m m e r c i a l 
take was 124 m u s k o x e n / y e a r (range 0 to 260) . T h e 
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first large-scale harvest was c o n d u c t e d d u r i n g 1990¬
91 w h e n 494 m u s k o x e n were taken. D u r i n g the q u o ­
ta year 1991-92, 2 031 m u s k o x e n were taken. T h e 
annual quota has been 5 000 m u s k o x e n since 1991. 

Scat analysis indicates that b o t h m u s k o x and 
c a r i b o u are t aken b y w o l v e s (Canis lupus); h o w e v e r , 
data o n w o l f number s a n d p r e d a t i o n rates are l a c k ­
i n g . I nuv ia lu i t i n Sachs H a r b o u r harvest w o l v e s for 
subsistence use. F e w e r than 10 w o l v e s w e r e h a r v e ­
sted annua l ly f r o m 1 9 8 8 - 8 9 to 1 9 9 1 - 9 2 ; h o w e v e r , 
50 w o l v e s w e r e harvested i n w i n t e r 1 9 9 2 - 9 3 (Larter 
& C l a r k s o n , 1994) . 

T h i s paper summarizes a l l B a n k s Island survey 
data for c a r i b o u and m u s k o x co l l e c t ed d u r i n g the 
10-year p e r i o d 1 9 8 2 - 9 2 . W e d o c u m e n t changes i n 
p o p u l a t i o n size a n d d i s t r i bu t i on o f the t w o arct ic 
ungula te popu la t i ons and, w h e r e m e t h o d o l o g i e s 
pe rmi t , w e c o m p a r e changes i n g roup size a n d the 
p r o p o r t i o n o f calves i n each p o p u l a t i o n . 

Study Area 
Banks Island is the most western is land i n the 
C a n a d i a n A r c t i c A r c h i p e l a g o w h i c h covers an area o f 
approx imate ly 70 000 k m 2 (F ig . 1). T h e cl imate is 
A r c t i c M a r i t i m e a long coastal areas t end ing t o w a r d 
A r c t i c Deser t i n l and . W i n t e r s are l o n g and c o l d ; 
summers are short and c o o l . P r e c i p i t a t i o n is l o w , 
w i t h an annua l m e a n o f 9 c m ( Z o l t a i et ah, 1980) . 
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Sachs H a r b o u r is the o n l y pe rmanen t set t lement o n 
the Island ( 7 1 ° 59 ' N . , 1 2 5 ° 17' W . ) . A general 
o v e r v i e w o f the g e o l o g y a n d glacial h i s to ry can be 
f o u n d i n Z o l t a i et al. (1980). 

H a b i t a t types w e r e adapted f r o m K e v a n (1974), 
W i l k i n s o n et al. (1976), a n d F e r g u s o n (1991). W e 
r e c o g n i z e d four major terrestrial habitats: i) W e t 
Sedge M e a d o w , ii) U p l a n d B a r r e n , i i i ) H u m m o c k 
T u n d r a , and iv) S t o n y barren . W e t Sedge M e a d o w s 
are genera l ly l e v e l h y d r i c l o w l a n d s d o m i n a t e d b y 
Carex aquatilis, Eriophorum scheuchzeri, a n d Dupontia 

fisheri. U p l a n d Barrens are mois t w e l l - d r a i n e d sites 
f o u n d o n the u p p e r a n d m i d d l e slopes. V e g e t a t i o n is 
d o m i n a t e d b y Dryas integrifolia a n d Salix arctica. 
H u m m o c k T u n d r a is f o u n d o n mode ra t e ly steep 
slopes charac ter ized b y i n d i v i d u a l h u m m o c k s v e g e ­
tated p r i m a r i l y b y d w a r f shrubs ( D . integrifolia, S. 
arctica, and Cassiope tetragona). S t o n y Barrens are g ra ­
v e l l y areas that are sparsely vegetated; t yp i ca l ly these 
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Fig . 1. The study area, Banks Island, Northwest 
Territories, Canada. 

F ig . 2. Banks Island dehneated into the 8 strata: A , B , C , 
D , Egg, Masik, Parker, and Thomsen. 

are w i n d - b l o w n ridges, and sand bars. A m o r e 
deta i led desc r ip t ion o f the flora o f B a n k s Island can 
be f o u n d i n P o r s i l d (1955), W i l k i n s o n et al. (1976), 
and Z o l t a i et al. (1980). 

W o l v e s , arct ic foxes (Alopex lagopus), a n d po la r 
bears (Ursus maritimus) also i nhab i t B a n k s Island. 

Methods 
Population Estimates 
P o p u l a t i o n surveys w e r e c o n d u c t e d u s i n g f i x e d -
w i n g aircraft i n 1982 (Latour , 1985) , 1985 ( M c L e a n 
et al, 1986) , 1987 ( M c L e a n , 1992), 1989 ( M c L e a n 
& Fraser, 1992) , 1991 (Fraser et al, 1992), a n d 1992 
( N a g y , J . & Fraser, P . , u n p u b l . data) u s i n g s t r ip-
transect techniques ( N o r t o n - G r i f f i t h s , 1978) . 
C o v e r a g e v a r i e d cons iderab ly , l owes t b e i n g i n 1985 
w h e n some b locks w e r e su rveyed w i t h para l le l l ines 
20 k m apart ( M c L e a n et al, 1986) , and highest i n 
1992 w h e n some b locks w e r e su rveyed w i t h l ines 
2.5 k m apart ( N a g y , J . & Fraser, P . , u n p u b l . data). 

Surveys w e r e c o n d u c t e d i n J u n e a n d early J u l y , 
except i n 1992 w h e n the survey was i n late A u g u s t . 
T h e ent ire i s land was surveyed , except i n 1982 
w h e n an area o f h i g h m u s k o x densi ty was o m i t t e d . 
A s a result, w e be l i eve the 1982 m u s k o x p o p u l a t i o n 
estimate is l i k e l y an underes t imate . W e est imated 
c a r i b o u and m u s k o x number s each year, except 
1987 w h e n m u s k o x e n w e r e n o t su rveyed . T h e 
n u m b e r o f calves (bo th species) w e r e c o u n t e d o n 
transect a n d the i r percentage i n the p o p u l a t i o n was 
calculated. 

Verification of Original Survey Data 
W e ve r i f i ed the area o f each s t ra tum flown b y d i g i ­

t i z i n g 1:250,000 scale maps o f B a n k s Island, en te­
r i n g the coordinates o f the s t ra tum boundar ies , a n d 
ca lcu la t ing the resu l t ing areas us ing a L a m b e r t 
A z i m u t h a l E q u a l A r e a p r o j e c t i o n i n the Spans 
G e o g r a p h i c a l I n f o r m a t i o n Sys t em ( G I S ) . T h e a c c u ­
racy o f the Spans G I S was ve r i f i ed b y en te r ing the 
coordinates o f an area o f k n o w n size a n d t hen c o m ­
pa r ing i t to the G I S area estimate. These resu l t ing 
areas w e r e t hen used to recalculate the survey es t i ­
mates us ing the o r i g i n a l observat ions and the J o l l y 
(1969) m e t h o d for u n e q u a l s ized s a m p l i n g units 
( N o r t o n - G r i f f i t h s , 1978) . T h e i s l a n d - w i d e estimates 
o f b o t h c a r i b o u a n d m u s k o x are repor ted . Because 
w e reca lcula ted survey areas, the estimates w e 
repor t m a y differ f r o m those f o u n d i n the o r i g i n a l 
survey reports. 

Post-survey Stratification 
I n o rde r to examine i n m o r e deta i l the changes i n 
m u s k o x density, especial ly i n r e l a t ion to harvest, w e 
reana lyzed the 1985 and 1991 survey data. W e p l a ­
c e d the o r i g i n a l observat ions f r o m these surveys 
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i n t o the 8 strata that w e r e used for the 1989 and 
1992 surveys (F ig . 2). W e reca lcula ted the estimates 
for each o f the 8 strata and the i s l a n d - w i d e p o p u l a t i ­
o n , a n d repor t b o t h values for 1985 , 1989, 1991 , 
a n d 1992 . 

Growth Rate 
T o t a l estimates for the i s land p o p u l a t i o n and for 
each s t ra tum w e r e c o m p a r e d w i t h c o r r e s p o n d i n g 
data f r o m each subsequent year u s i n g t w o - t a i l e d 
Student 's £-tests. F o r c a r i b o u , w e c o m p a r e d al l es t i ­
mates d e r i v e d f r o m 1982 to 1992. F o r m u s k o x e n , 
w e c o m p a r e d estimates d e r i v e d for each o f the 8 
strata f r o m 1985 to 1991 . F o r total i s land p o p u l a t i o n 
compar i sons w e also i n c l u d e d the 1992 estimate. 
W e ca lcula ted the instantaneous rate o f p o p u l a t i o n 
g r o w t h (r) for i s land and strata popu la t ions b e t w e e n 
surveys f o l l o w i n g C a u g h l e y (1977). 

Group Size and Distribution 
W e used the K r u s k a l - W a l l i s ( K - W ) test ( G i b b o n s , 
1985) to assess differences i n g r o u p size for c a r i b o u 
a m o n g years (1982, 1985 , 1987, 1989, a n d 1991) . 
W h e n K - W tests i n d i c a t e d s ignif icant (P<0.05) 
results, m u l t i p l e compar i sons ( G i b b o n s , 1985) w e r e 
c o n d u c t e d o n m e a n class ranks to ident i fy s i g n i f i ­
cant ly different p o p u l a t i o n subsets. W e used an 
ove ra l l s igni f icance l e v e l o f 0.25 for m u l t i p l e c o m ­
parisons. M e d i a n and m e a n g r o u p sizes are r e p o r ­
ted. 

T h e p o s t - c a l v i n g d i s t r i bu t i on o f c a r i b o u a n d 
m u s k o x e n observed d u r i n g the 1982 to 1991 sur­
veys was p l o t t e d for v i sua l compar i sons . 

Results 
Verification of Original Survey Data 
T h e accuracy o f the Spans G I S measurement was 
± 0 . 0 2 6 % . I n general , the difference b e t w e e n areas 

repor t ed i n the o r i g i n a l surveys and those measured 
us ing the Spans G I S ranged b e t w e e n ± 8% for strata 
f l o w n for c a r i b o u and f r o m -7 to ± 6% for strata 
f l o w n for m u s k o x e n . T h e mos t notable differences 
w e r e found for strata B , C and T h o m s e n R i v e r 
(F ig . 2) . I n 1985 the areas for strata B a n d T h o m s e n 
R i v e r w e r e underes t imated b y 10 and 2 9 % respec t i ­
v e l y , w h i l e s t ra tum C was overes t imated b y 3 5 % . 
T h e s e errors c o n t i n u e d t h r o u g h 1992. 

A c o m p a r i s o n o f p o p u l a t i o n estimates presented 
i n the o r i g i n a l survey reports and those generated 
b y o u r analyses indicates that c a r i b o u number s w e r e 
overes t imated b y 5.0, 0 .3 , a n d 5.6% i n 1982 , 1985 , 
and 1987, respect ive ly . C o n t r a s t i n g l y , number s 
w e r e underes t imated b y 1.8, 1.0, a n d 1.7% i n 1989, 
1991 , and 1992 respect ively . M u s k o x number s 
w e r e underes t imated b y 11.9, 7 .5, 2 . 1 , and 7.4% i n 
1985 , 1989, 1991 , and 1992 , respect ively . 

Caribou 
T h e Pea ry c a r i b o u p o p u l a t i o n ( e x c l u d i n g calves) 
decreased f r o m 6 970 ( ± 1133) i n 1982 to 897 ( ± 
151) i n 1991 (F ig . 3a). T h e c o r r e s p o n d i n g densities 
decreased f r o m 0.11 to 0.01 c a r i b o u / k m 2 (Table 1). 
S ign i f i can t decl ines o c c u r r e d d u r i n g the per iods 
1982 to 1987 (P<0.03) , 1985 to 1989 (P<0.03) , a n d 
1989 to 1991 (P<0.001) (F ig . 3a) (Table 1). T h e 
1991 a n d 1992 estimates w e r e n o t s ign i f i candy d i f ­
ferent (P>0 .05) . T h e instantaneous rate o f g r o w t h 
f r o m 1 9 8 2 - 1 9 9 2 was - 0 . 1 9 4 . T h e g r o w t h rate d e c l i ­
n e d f r o m - 0 . 0 9 9 b e t w e e n 1982 a n d 1987 , to - 0 . 2 3 8 
b e t w e e n 1987 a n d 1989 , and to - 0 . 5 4 0 b e t w e e n 
1989 a n d 1991 . T h e p r o p o r t i o n o f calves i n the 
total c a r i b o u p o p u l a t i o n va r i ed f r o m a l o w o f 3 .2% 
i n 1991 to a h i g h o f 3 1 . 1 % i n 1992 (Table 1). 

M e d i a n g r o u p size decreased f r o m a h i g h o f 2 
(mean o f 5.0) i n 1985 to a l o w o f 1.0 (mean o f 2.0) 
i n 1991 (Table 1). G r o u p sizes d u r i n g 1982 , 1985 , 

Table 1. Population estimates (excluding calves, +SE), w i t h corresponding density, median and mean group sizes, and 
the percent calves o f Banks Island caribou from 1982-1992. 

Year Area Estimate Density N u m b e r M e d i a n M e a n Percent 

(km 2) (+SE) (km 2) o f Groups Group Size Group Size Calves 

1982' 61 237 6 9 7 0 ± 1 1 3 3 0.11 337 2.0 4.2 18.8 
1985 2 70 266 4 9 3 1 ± 9 1 4 0.07 169 2.0 5.0 14.5 
1987 3 70 266 4 2 5 1 ± 6 6 3 0.06 156 2.0 2.9 20.7 

1989 4 70 266 2 6 4 1 ± 3 3 4 0.04 172 2.0 2.0 23.0 

1991 5 70 266 8 9 7 ± 1 5 1 0.01 43 1.0 2.0 3.2 

1992" 70 266 1 0 0 5 ± 1 3 3 0.01 94 2.0 2.1 31.1 

1 Latour (1985), 2 M c L e a n et al. (1986), 3 M c L e a n (1992), 4 M c L e a n & Fraser (1992), 5 Fraser et al. (1992), 
6 Nagy, J . & Fraser, P . (unpubl. data). 
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Fig. 3. Estimated population size (+ SE) for (a) Peary 
caribou and (b) muskox from the originally f lown 
surveys. T h e arrows i n (a) point to winters wh ich 
had freezing rains. The numbers above the arrows 
correspond to the recorded number o f dead cari­
bou. The 1982 value for muskox (b) is l ikely an 
underestimate. 

a n d 1987 w e r e s igni f icant ly (P<0.001) larger than 
those obse rved d u r i n g 1989 and 1991 . 
C o n c o m i t a n t w i t h the p o p u l a t i o n dec l ine and 
decreasing g roup sizes, was the disappearance o f 
p o s t - c a l v i n g aggregations that had b e e n prevalent 
o n the no r thwes t p o r t i o n o f B a n k s Island i n the ear­
l y 1980's (F ig . 4). 

Muskoxen 
T h e m u s k o x p o p u l a t i o n ( e x c l u d i n g calves) i n c r e a ­
sed f r o m 29 168 ( ± 2104) to 52 959 ( ± 2240) be t ­
w e e n 1985 and 1992 (F ig . 3b) w i t h an ove ra l l 
g r o w t h rate o f 0 .085 . C o r r e s p o n d i n g densities 
increased f r o m 0.42 to 0.75 m u s k o x e n / k m 2 (Table 
2). S ign i f ican t increase i n g r o w t h o c c u r r e d b e t w e e n 



Table 2. Estimates and densities o f muskox based upon original transect flight lines and strata, 1985 to 1992. 

1985 1989 1991 1992 

Stratum Area Estimate Density Area Estimate Density Area Estimate Density Area Estimate Density 
(km2) (±SE) (/km2) (km2) (±SE) (/km2) (km2) (±SE) (/km2) (km2) (±SE) (/km2) 

A 57 550 12 524±1839 0.22 10 319 4353±1287 0.42 14 331 17 49512818 1.22 10319 751711082 0.73 
B n/a n/a 0.27 14 396 5191±1300 0.36 16 266 8474+1565 0.52 14 396 6637+549 0.46 
C n/a n/a 0.32 11 584 4282±652 0.37 21 237 18 471±2187 0.87 11 584 5560+726 0.48 
D n/a n/a 0.09 18 409 4835±651 0.26 18 432 4263±809 0.23 18 409 75461755 0.41 
Egg n/a n/a n/a 2662 2411±439 0.91 n/a n/a n/a 2262 4354+332 1.64 
Masik 766 766±185 1.00 1372 2524±965 1.84 n/a n/a n/a 1372 2684+261 1.96 
Parker 3 437 2995+585 0.87 3011 2193±271 0.73 n/a n/a n/a 3011 2929+416 0.97 
Thomsen 8 513 12 883±818 1.51 8513 11 257±712 1.32 n/a n/a n/a 8513 15 733+1448 1.85 

T O T A L 70 266 29 168±2104 0.42 70 266 37 046±2429 0.53 70 266 48 70413979 0.69 70 266 52 95912240 0.75 

Table 3. Estimates (1SE) and densities o f muskoxen (excluding calves) based upon restratified data from 1985, 1989, 
1991, and 1992 population surveys. 

1985 1989 1991 1992 

Stratum Area Estimate Density Estimate Density Estimate Density Estimate Density 
(km 2) (±SE) (/km 2) (1SE) (/km 2) (+SE) (/km 2) (1SE) (/km 2) 

A 10 319 2 2 8 8 ± 1 0 8 1 0.21 435311287 0.42 9128+1675 0.88 7517+1082 0.73 
B 14 396 3 9 5 7 ± 2 1 1 7 0.27 5191 + 1300 0.36 6136+848 0.43 6637+549 0.46 
C 11 584 3613+1678 0.31 42821652 0.37 28371431 0.24 5560+726 0.48 
D 18 409 1 7 2 7 ± 9 1 0 0.09 48351651 0.26 42581606 0.23 7546+755 0.41 

Egg 2 662 1 3 4 2 ± 9 2 4 0.50 2411+439 0.91 4120+616 1.55 43541332 1.64 
Masik 1 372 9 3 3 ± 3 6 6 0.68 2524+965 1.84 3923+476 2.86 26841261 1.96 
Parker 3 011 265011184 0.88 2193+271 0.73 3940+639 1.31 29291416 0.97 
Thomsen 8 513 12 88312322 1.51 11 257+712 1.32 13 03011070 1.53 15 737+1448 1.85 

T O T A L 70 266 29 294+4132 0.42 37 046+2429 0.53 47 37412497 0.67 52 959+2240 0.75 

1985 a n d 1989 ( r=0.059, P < 0 . 0 5 ) , 1989 and 1991 
( r=0.123, P < 0 . 0 0 3 ) , bu t n o t b e t w e e n 1991 and 
1992 ( r=0 .111 , P > 0 . 0 5 ) . 

T h e rate o f g r o w t h o f the i s l a n d - w i d e p o p u l a t i ­
o n increased d u r i n g this t i m e p e r i o d (1985-92) , bu t 
g r o w t h rates w e r e diss imilar across strata (Table 3). 
Cons i s t en t pos i t ive g r o w t h o c c u r r e d i n strata A , B , 
E g g a n d M a s i k , whereas strata C , D , P a r k e r and 
T h o m s e n s h o w e d b o t h pos i t ive and negat ive 
g r o w t h d u r i n g per iods b e t w e e n surveys. A l l strata 
except for C h o w e v e r , s h o w e d an ove ra l l t r end for 
pos i t ive g r o w t h d u r i n g the p e r i o d 1985 to 1991 
(Table 3). 

T h e p r o p o r t i o n o f calves i n the to ta l m u s k o x 
p o p u l a t i o n was less var iable than i n c a r i bou : 11 .8% 
i n 1985 , 14 .5% i n 1989, 14 .0% i n 1991 , and 1 7 . 1 % 
i n 1992. Because calves are smal l a n d m u s k o x 
groups t e n d to f o r m defensive circles i n response to 

the aircraft, the n u m b e r o f calves a n d therefore the i r 
p r o p o r t i o n i n the p o p u l a t i o n are l i k e l y underes t i ­
mated . 

M u s k o x e n w e r e d i s t r ibu ted t h r o u g h o u t the 
i s land d u r i n g a l l surveys d u r i n g 1982 -1991 (F ig . 5); 
h o w e v e r the greatest increases i n densi ty o c c u r r e d 
i n strata A , D , E g g a n d M a s i k (Table 3). H i g h , bu t 
stable, densities o f m u s k o x e n w e r e observed i n the 
T h o m s e n R i v e r strata d u r i n g the p e r i o d 1985 to 
1991 (Table 3). Dens i t i es w e r e var iable , bu t gene ­
ral ly l o w , i n the r e m a i n i n g strata. 

Discussion 
Caribou 
B a s e d o n cur ren t a n d h i s tor ica l data, w e cannot 
attribute the dec l ine o f the Peary c a r i b o u p o p u l a t i ­
o n o n B a n k s Island to any one cause. O u r r e v i e w 
indicates that some o f the apparent dec l ine i n c a r i -
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Fig. 5. Changes i n distribution o f Banks Island muskoxen from 1985 to 1991. The hatched areas on the 1982 map 
were not surveyed. See fig. 2 for strata boundaries. 
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b o u number s was due to errors i n ca lcu la t ing p o p u ­
l a t i o n estimates. H u m a n harvest a n d wea the r caused 
m o r t a l i t y d o no t fu l ly accoun t for the dec l ine . 

A c o m p a r i s o n o f the J u l y 1987 a n d J u n e 1989 
p o p u l a t i o n estimates indicates that n o n - c a l f c a r i b o u 
d e c l i n e d b y 1610 animals . A to ta l harvest o f 615 
n o n - c a l f c a r i b o u was r epo r t ed d u r i n g that p e r i o d 
(Fabijan, u n p u b l . data), a c c o u n t i n g for 3 8 % o f 
dec l ine i n number s . T h e average annua l harvest 
b e t w e e n 1987 a n d 1989 was 7 .2% o f the 1987 
p o p u l a t i o n estimate. A loss o f 400 c a r i b o u due to 
wea the r caused w i n t e r m o r a l i t y was d o c u m e n t e d 
d u r i n g that p e r i o d ( M c L e a n & Fraser, 1992; 
M c L e a n , B . , u n p u b l . data), a c c o u n t i n g for an a d d i ­
t i ona l 2 5 % o f animals lost. T h e loss o f 595 n o n - c a l f 
c a r i b o u (37%) cannot be exp la ined . 

S i m i l a r l y b e t w e e n J u n e 1989 a n d J u n e 1991 the 
p o p u l a t i o n estimate for n o n - c a l f c a r i b o u d e c l i n e d 
b y 1744 animals . A total harvest o f 361 n o n - c a l f 
c a r i b o u was r epo r t ed d u r i n g that p e r i o d (Fabijan, 
u n p u b l . data), a c c o u n t i n g for 2 1 % o f the dec l ine i n 
numbers . T h e average annua l harvest b e t w e e n 1989 
a n d 1991 was 6 .8% o f the 1989 p o p u l a t i o n estimate. 
A loss o f 60 animals due to wea the r caused w i n t e r 
mor t a l i t y was d o c u m e n t e d (Fraser et al, 1992) , 
a c c o u n t i n g for an add i t i ona l 3% o f the animals lost. 
H o w e v e r , the loss o f 1342 n o n - c a l f c a r i b o u (76%) 
canno t be exp la ined . 

D u r i n g b o t h per iods i t is u n l i k e l y that the u n e x ­
p l a i n e d losses w e r e a result o f u n r e p o r t e d harvest o r 
w i n t e r mor t a l i t y . T h e annua l subsistence harvest b y 
residents o f Sachs H a r b o u r ranged f r o m 2 1 1 - 3 5 4 
adul t c a r i b o u d u r i n g the late 1980's (Fabijan, 
u n p u b l . data), a n d was s imi la r to that r epor t ed 
d u r i n g 1 9 6 2 - 7 2 (Urquha r t , 1973) . T h e t rad i t iona l 
w i n t e r range is l oca t ed i n southwes t B a n k s Island 
(Urquha r t , 1973) . The re fo re , substantial die-offs o n 
the w i n t e r range w o u l d have b e e n detec ted b y res i ­
dents o r others t r ave l l i ng i n the area. 

T h e cur ren t i m p a c t o f w o l f p r eda t ion is u n k ­
n o w n . T h e v u l n e r a b i l i t y o f the p r i m a r y p rey re la t i ­
ve to an alternate p rey determines the i m p a c t o f 
p r e d a t i o n (Messier , 1994) . I n some areas o f wes te rn 
N o r t h A m e r i c a , m o o s e popu la t ions are the m a i n 
p rey for w o l f popu la t ions w h i c h can r e m a i n at 
levels h i g h e n o u g h to deplete c a r i b o u popu la t ions 
(Rangifer tarandus) popu la t ions . T h i s scenario has 
been used to e x p l a i n decl ines i n the h u n t e d 
N e l c h i n a c a r i b o u p o p u l a t i o n ( B e r g e r u d & B a l l a r d , 
1988) , a n d var ious w o o d l a n d c a r i b o u popu la t ions 
( B e r g e r u d & E l l i o t , 1986; E d m o n d s , 1988) . Se ip 
(1992) d o c u m e n t e d that a w o o d l a n d c a r i b o u p o p u ­
l a t i o n that l i v e d apart f r o m w o l v e s a n d m o o s e 
d u r i n g s u m m e r , was therefore less vu lne rab le to 
w o l f p reda t ion , h a d a l o w e r adult m o r t a l i t y rate and 
h i g h e r ca l f su rv iva l than a s imi la r w o o d l a n d c a r i b o u 

p o p u l a t i o n that l i v e d w i t h w o l v e s and moose . 
W h e t h e r o r n o t one o r b o t h popu la t ions w e r e h u n ­
ted was no t i nd i ca t ed . La r t e r et al. (1994) d o c u m e n ­
ted increas ing w o l f p r e d a t i o n o n moose caused b y 
an increas ing w o o d b i s o n p o p u l a t i o n w h i c h p r o v i ­
d e d a substantial alternate p rey source that m a i n t a i ­
n e d h i g h w o l f popu la t ions capable o f dep le t i ng the 
m o r e vu lne rab le p rey p o p u l a t i o n . W o l f p r eda t ion 
has a greater i m p a c t o n m o o s e popu la t ions w h e n 
the m o o s e p o p u l a t i o n is d e c l i n i n g (Gasaway et al, 
1983) . 

P e a r y c a r i b o u o n B a n k s Is land m a y be i n a s i t u ­
a t i o n s i m i l a r to that desc r ibed fo r s o m e h u n t e d 
m o o s e a n d c a r i b o u p o p u l a t i o n s , w h e r e a h i g h b i o -
mass o f m u s k o x e n supports an i n c r e a s i n g w o l f 
p o p u l a t i o n . W o l f n u m b e r s w e r e r e d u c e d o n B a n k s 
Is land d u r i n g p o i s o n i n g p r o g r a m s c o n d u c t e d 
d u r i n g the 1950's ( Z o l t a i et al, 1980) . L o c a l r e s i ­
dents b e l i e v e w o l f n u m b e r s o n B a n k s Is land have 
inc reased d u r i n g the 1990's. T h e an n u a l n u m b e r o f 
w o l v e s harves ted inc reased d rama t i ca l ly f r o m an 
average o f a p p r o x i m a t e l y 4 / w i n t e r d u r i n g 1 9 8 8 - 8 9 
to 1 9 9 1 - 9 2 to 5 0 d u r i n g the w i n t e r o f 1 9 9 2 - 9 3 
(Larter & C l a r k s o n , 1994) . A l t h o u g h avai lable die t 
data are l i m i t e d , they i nd i ca t e that c a r i b o u a n d 
m u s k o x are c o n s u m e d b y w o l v e s ( Z o l t a i et al, 
1980; Lar te r , N . & N a g y , J . , u n p u b l . data). 
H u n t e r s t r a v e l l i n g o n the l a n d have f o u n d c a r i b o u 
k i l l e d b y w o l v e s (Esau, E . & L u c a s , J . , pers. 
c o m m . ) . E v e n i f p r e d a t i o n rates o n c a r i b o u are 
l o w , the i m p a c t m a y be s igni f icant especia l ly g i v e n 
t he i r r ecen t l o w n u m b e r s . A s s u m i n g that there 
w e r e o n l y 50 w o l v e s a n d 1005 adul t c a r i b o u o n 
B a n k s Is land d u r i n g the w i n t e r o f 1 9 9 2 - 9 3 , a p r e ­
d a t i o n rate o f 1 adul t c a r i b o u pe r w o l f pe r yea r 
represents an a p p r o x i m a t e an n u a l adul t c a r i b o u 
m o r t a l i t y due to p r e d a t i o n o f 5%. A l l w o l v e s o n 
B a n k s Is land w e r e n o t harves ted d u r i n g the w i n t e r 
o f 1 9 9 2 - 9 3 , thus adul t c a r i b o u m o r t a l i t y due to 
p r e d a t i o n m a y be h i g h e r . 

T h e i m p a c t o f disease i n u n k n o w n . T h e r e have 
b e e n n o r epo r t ed inc idences o f harvested animals 
appear ing diseased, bu t studies have n o t b e e n c o n ­
d u c t e d to d i rec t ly address the issue. 

In te r - i s land m o v e m e n t o f Pea ry c a r i b o u m a y 
have c o n t r i b u t e d to d e c l i n i n g number s . M i l l e r & 
G u n n (1978, 1980) d o c u m e n t e d m o v e m e n t s be t ­
w e e n islands i n the P r i n c e o f W a l e s - S o m e r s e t Island 
c o m p l e x . R es id en t s o f H o l m a n ( V i c t o r i a Island) 
a n d Sachs H a r b o u r (Banks Island) and observat ions 
f r o m w i l d l i f e surveys suggest that c a r i b o u cross i n 
smal l groups b e t w e e n B a n k s Island a n d V i c t o r i a 
Island i n fall a n d w i n t e r (Jingfors, K . , pers. c o m m . ) . 
Res id en t s o f Sachs H a r b o u r r epor t ed large numbers 
o f c a r i b o u t r ave l l ing past Sachs H a r b o u r and ou t 
o n t o the sea ice sou th o f B a n k s Island i n 1951 
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( M a n n i n g & M a c p h e r s o n , 1958). T h i s m o v e m e n t 
appears to have o c c u r r e d w h e n available forage was 
scarce (Urquha r t , 1973) . T h e y n o t e d that some o f 
the animals r e tu rned later i n the w i n t e r o n l y to star­
ve a l o n g w i t h c a r i b o u that r e m a i n e d o n the i s land. 
D u r i n g this t i m e p e r i o d Pea ry c a r i b o u w e r e obser­
v e d o n the m a i n l a n d coast near B a i l l i e Island a p p r o ­
x i m a t e l y 160 k m sou th o f B a n k s Island (Carpenter , 
A . & W o l k i , F . , pers. c o m m . ) . T h e c a r i b o u w e r e 
w e a k a n d c o v e r e d i n ice . 

These observat ions suggest that Peary c a r i b o u 
m a y n o r m a l l y m o v e b e t w e e n B a n k s and V i c t o r i a 
Island as part o f an in te r - i s l and p o p u l a t i o n as sugge­
sted b y M i l l e r (1985, c i t ed i n M c L e a n , 1992) . 
H o w e v e r , large scale m o v e m e n t s f r o m B a n k s Island 
m a y be d r i v e n b y r e d u c e d forage avai lab i l i ty d u r i n g 
episodes o f severe w i n t e r weather . T h i s w o u l d have 
a net negat ive effect o n the is land p o p u l a t i o n i f t he ­
se w e r e one w a y m o v e m e n t s . 

W h e t h e r o r no t range c o n d i t i o n s have de t e r i o ­
rated d u r i n g 1 9 8 2 - 1 9 9 2 is u n k n o w n . L i c h e n has 
neve r b e e n abundant ( W i l k i n s o n & Shank , 1974; 
Z o l t a i et al, 1980) . C u r r e n t research is e x a m i n i n g 
range c o n d i t i o n s i n areas o f h i g h and l o w m u s k o x 
densi ty o n and adjacent to the core c a r i b o u w i n t e r 
range. P r e l i m i n a r y ind ica t ions are that l i c h e n b i o -
mass is l o w t h r o u g h o u t the range. 

A l t h o u g h , c o m p e t i t i o n b e t w e e n m u s k o x and 
c a r i b o u has b e e n cons ide red u n l i k e l y i n the past 
( K e v a n , 1974; W i l k i n s o n et al, 1976; Pa rker , 1978; 
V i n c e n t & G u n n , 1981 ; B i d d l e c o m b , 1992), r e c o n ­
s idera t ion o f c a r i b o u a n d m u s k o x e c o l o g y and 
recent research indicates they m a y i n fact c o m p e t e 
for forage resources especial ly d u r i n g w i n t e r o r 
w h e n m u s k o x densities are h i g h ( M c K e n d r i c k , 
1981 , W h i t e et al, 1981 ; K l e i n & Staaland, 1984) . It 
is general ly agreed that l i c h e n is an i m p o r t a n t w i n ­
ter f o o d for c a r i bou , bu t i n areas s u p p o r t i n g l o w 
l i c h e n biomass c a r i b o u s w i t c h to o ther forages, e i t ­
her w i l l o w o r m o n o c o t s ( R e i m e r s et al, 1980; 
K l e i n , 1992; Staaland & O l e s e n , 1992) . M u s k o x can 
clear ly m a k e use o f h i g h p r o t e i n foods ( W h i t e et al, 
1984), and e v e n t h o u g h they s h o w m a n y attributes 
o f a classic grazer can be qui te select ive i n thei r fee­
d i n g (Oakes et al, 1992) . T h i n g et al. (1987) s h o ­
w e d w i l l o w as a major c o m p o n e n t o f the s u m m e r 
diet o f m u s k o x i n G r e e n l a n d . 

Because o f l o w l i c h e n biomass o n B a n k s Island, 
i t is no t surpr is ing that w i l l o w s , sedges, and forbs 
m a k e up mos t o f the c a r i b o u diet . T h e m u s k o x diet 
is d o m i n a t e d b y sedge, bu t i n h i g h densi ty areas 
w i l l o w becomes an i m p o r t a n t dietary c o m p o n e n t i n 
late w i n t e r (Larter, N . & N a g y , J . , u n p u b l . data). 

T h e area b e t w e e n the K e l l e t and B i g rivers and 
centered a r o u n d the E g g R i v e r was i den t i f i ed as the 
core o f the c a r i b o u w i n t e r range o n B a n k s Island 

Table 4. T h e instantaneous rates o f growth (r) for each 
stratum, and the total island for the periods 
1985-1989, 1989-1991, and 1985-1991. Rates 
followed by * indicate a significant (P<0.05) 
difference between population estimates from 
wh ich the growth rate was calculated. 

Stratum 1985-89 1989-91 1985-91 

A 0.1608 0.3702 * 0.2306* 
B 0.0679 0.0836 0.0731 
C 0.0425 -0.2058 -0.0403 
D 0.2574* -0.0635 0.1504* 

Egg 0.1465 0.2679 0.1869 
Masik 0.2488 0.2205 0.2394* 
Parker -0.0473 0.2930 * 0.0661 
Thomsen -0.0337 0.0731 0.0019 
Overal l 0.0587* 0.1230 * 0.0801* 

(Urquha r t , 1973) . F r o m J u l y 1985 to J u l y 1991 
m u s k o x densities o n the sou thern h a l f o f B a n k s 
Island increased f r o m 0 . 1 9 / k m 2 to 0 . 6 5 / k m 2 . I n the 
E g g R i v e r strata, w h i c h overlaps i n excess o f 6 0 % o f 
the core c a r i b o u w i n t e r range, m u s k o x densities 
increased f r o m 0 . 5 / k m 2 to 1 . 5 5 / k m 2 d u r i n g that 
p e r i o d (Table 4). Because m u s k o x e n are n o n -
mig ra to ry , and seasonally u t i l i ze to a var ious extent 
forage c o n s u m e d b y ca r i bou , there exists the p o t e n ­
t ia l for f o o d c o m p e t i t i o n i n the core c a r i b o u w i n t e r 
range. I f this is the case, some c a r i b o u m a y be d i s ­
p l aced to less preferred w i n t e r ranges o r m a y m o v e 
to o ther areas o n o r o f f B a n k s Island i n search o f 
m o r e adequate w i n t e r ranges. C o m p e t i t i o n for f o o d 
cannot be r u l e d ou t as a factor c o n t r i b u t i n g to the 
c a r i b o u p o p u l a t i o n dec l ine . 

T h e dec l ine was l i k e l y caused b y the c u m u l a t i v e 
effects o f a c o m b i n a t i o n o f factors i n c l u d i n g h u m a n 
harvest, severe win te r s , w o l f p r eda t ion , i n t e r - i s l and 
m o v e m e n t and poss ib ly c o m p e t i t i o n f r o m the 
e x p a n d i n g m u s k o x p o p u l a t i o n . 

Muskoxen 
T h e is land m u s k o x p o p u l a t i o n increased d u r i n g the 
p e r i o d 1985 to 1992. R e c e n t data ind ica te that 
r e p r o d u c t i o n has b e e n de layed f r o m 2-year o l d to 
3-year o l d females ( N a g y , J . , et al, u n p u b l . data) 
possibly i n d i c a t i n g some densi ty dependen t feed­
back m e c h a n i s m . H o w e v e r , these data are l i m i t e d 
to animals i n h a b i t i n g the E g g and M a s i k strata. 
T h e s e t w o strata h a d c o n t i n u o u s pos i t ive p o p u l a t i ­
o n g r o w t h , h a d the highest o r a m o n g the highest 
densities o f m u s k o x e n since 1985 (Table 3), a n d are 
the t w o areas w h e r e c o m m e r c i a l m u s k o x harvests 
have b e e n c o n d u c t e d . A g e o f first r e p r o d u c t i o n 
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m a y n o t be increas ing i n o ther strata w h e r e m u s k -
o x e n densities are l o w e r . 

P o p u l a t i o n increase and consistent ca l f p r o p o r t i ­
ons c o n t i n u e d i n b o t h the E g g and M a s i k strata even 
t h o u g h 2 525 m u s k o x e n were harvested f r o m these 
areas be tween 1990 and p r i o r to the 1992 survey. 
A p p r o x i m a t e l y ha l f o f the m u s k o x e n were harvested 
f r o m each strata. Because age o f first r e p r o d u c t i o n 
has increased, harvest ing has no t created an increased 
n u m e r i c a l response o f m u s k o x e n i n these areas. 
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