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Abstract: W e examined the hypothesis that spring migration in barren-ground caribou (Rangifer tarandus) enhances access 
to high quality food, reduces predation risks or both. W e related our findings to the hypothesis that one of the conse
quences of migration is that prey populations cannot be regulated by predation because predators are unable to respond 
numerically to changes i n abundance of migratory prey. In the Northwest Territories, migration to calving grounds by 
pregnant cows reduced the risk of predation on neonates. W o l f (Canis lupus) densities o n calving grounds averaged only 
22 % o f winter range densities because most wolves denned near tree l ine. T h e quality and quantity of food that was 
available to cows that migrated to calving grounds was lower than for bulls and other caribou that lagged far behind the 
pregnant cows during spring migration. Fecal nitrogen levels were higher i n bulls than i n cows i n late M a y and early 
June but there were no differences i n m i d or late June. Areas occupied by bulls i n late M a y had a greater biomass o f live 
sedges than on the calving ground i n early June. It appears that although food i n July is abundant and nutritious, insect 
harassment prevents efficient feeding. B o d y fat reserves i n both sexes declined to almost zero by mid-July, the lowest 
level o f the year. Insect numbers declined in August and body fat levels increased to the highest level o f the year by ear
ly September. Because the t iming of caribou's return to the hunting ranges o f tree line denning wolves was related to 
caribou density, our data were inconsistent w i t h the suggested consequence of migration. Tree line denning by wolves 
and density-dependent changes i n caribou migration suggests a mechanism for population regulation i n caribou and 
wolves. W e suggest that the process is as follows; w h e n caribou numbers increase, some density-dependent factor causes 
range expansion i n August (e.g., competit ion for food) causing caribou to return earlier to the hunting ranges o f tree 
line denning wolves, more denning wolves have access to caribou, w o l f pup survival increases and w o l f numbers incre
ase. T h e effect on caribou population growth w i l l depend on the t iming and magnitude of the w o l f numerical response. 
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Introduction 
M i g r a t i o n i n large herb ivores has p r o b a b l y b e e n 
shaped b y se lec t ion to r e d u c e p r e d a t i o n risk, to 
enhance access to h i g h qua l i ty f o o d o r b o t h ( F r y x e l l 
& S i n c l a i r ; 1988, F r y x e l l et al, 1988) . W h e r e 
m i g r a t i o n reduces p r e d a t i o n r isk because predators 
are unable to f o l l o w migrants , predators m a y n o t be 
able to r e s p o n d n u m e r i c a l l y to changes i n p r e y 
a b u n d a n c e a n d migrants w i l l m o r e l i k e l y be r e g u l a 
ted at re la t ive ly h i g h densities b y c o m p e t i t i o n f o r 
f o o d rather t h a n b y p r e d a t i o n . 

T h e causes a n d consequences o f the m i g r a t i o n 
o f b a r r e n - g r o u n d c a r i b o u (Rangifer tarandus) to c a l 
v i n g g r o u n d s have b e e n debated for s o m e t i m e . 
K l e i n (1970, 1992) a n d W h i t t e n & C a m e r o n (1980) 
stated that c a r i b o u m o v e to track seasonal changes 
i n p lant n u t r i e n t c o n t e n t a n d d iges t ib i l i ty . K u r o p a t 
& B r y a n t (1980) suggested that b y m i g r a t i n g to c a l 

v i n g g r o u n d s W e s t e r n A r c t i c h e r d c o w s w e r e f o l l o 
w i n g an o p t i m a l f o r a g i n g strategy a n d E a s t l a n d et al 
(1989) a r g u e d that n u t r i e n t levels a n d d iges t ib i l i ty 
w e r e p r o b a b l y h i g h e r o n the P o r c u p i n e c a r i b o u 
herd's c a l v i n g g r o u n d d u r i n g c a l v i n g t h a n i n c o m 
ple te ly s n o w free areas fur ther s o u t h . C o n v e r s e l y , 
W h i t t e n & C a m e r o n (1980), S k o g l a n d (1989, 
1990) a n d C a m e r o n et al. (1992) f o u n d that plant 
p h e n o l o g y was later a n d that p lant biomass was 
l o w e r o n c a l v i n g g r o u n d s d u r i n g c a l v i n g t h a n i n the 
m o r e s o u t h e r l y areas o c c u p i e d b y bul l s . F o o d q u a l i 
ty (Bergerud, 1990), digestibi l i ty and biomass (Russel l 
et al, 1993) were f o u n d to be l o w e r o n ca lv ing 
grounds d u r i n g ca lv ing than i n the m o r e southerly 
areas o c c u p i e d b y bulls . A s imula t ion m o d e l indicated 
that pregnant cows w o u l d have an energetic advanta
ge i f they migrate w i t h the bulls rather t h a n m i g r a 
t i n g to c a l v i n g g r o u n d s ( R u s s e l l et al, 1993) . 
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W o l v e s (Canis lupus) a n d o t h e r predators are 
re la t ive ly rare o n c a r i b o u c a l v i n g g r o u n d s d u r i n g 
c a l v i n g ( W h i t t e n & C a m e r o n , 1980; H e a r d & 
C a l e f , 1986; B e r g e r u d , 1988; F a n c y & W h i t t e n , 
1991 ; C a m e r o n et al, 1992 ; H e a r d & W i l l i a m s , 
1992) . M e s s i e r et al. (1988) reasoned that because 
c a r i b o u migra te b e y o n d the reach o f d e n n i n g w o l 
ves, w h o s e m o v e m e n t s are largely c o n f i n e d to the 
v i c i n i t y o f the i r dens, t h e n w o l v e s c o u l d n o t s h o w a 
n u m e r i c a l response to increased c a r i b o u n u m b e r s . 
B e r g e r u d (1980), H e a r d & C a l e f (1986) a n d H e a r d 
& W i l l i a m s (1992) suggested that w o l v e s c o u l d 
s h o w a n u m e r i c a l response to c h a n g i n g c a r i b o u 
densities because c a r i b o u s h o w densi ty - d e p e n d e n t 
range e x p a n s i o n a n d c o n t r a c t i o n . A t h i g h c a r i b o u 
densities m o r e c a r i b o u r e t u r n earl ier to areas near 
tree l i n e w h e r e m o s t w o l v e s d e n . I f this results i n 
h i g h e r w o l f p u p s u r v i v a l t h e n w o l v e s m a y s h o w a 
n u m e r i c a l response to c h a n g i n g c a r i b o u densities. 
T h e t i m i n g a n d m a g n i t u d e o f the n u m e r i c a l 
response w o u l d d e t e r m i n e w h e n , o r if , p r e d a t i o n is 
inverse ly d e n s i t y - d e p e n d e n t (depensatory) o r r e g u 
la tory (see M e s s i e r , 1994) . 

I n this paper w e present data re la t ing to the p r o 
p o s e d causes a n d consequences o f the m i g r a t i o n o f 
b a r r e n - g r o u n d c a r i b o u to c a l v i n g g r o u n d s . D a t a 
w e r e c o l l e c t e d p r i m a r i l y o n the B a t h u r s t c a r i b o u 
h e r d , b u t also f r o m 3 o f the o t h e r large herds o f 
m i g r a t o r y b a r r e n - g r o u n d c a r i b o u i n the N o r t h w e s t 
T e r r i t o r i e s ; the B l u e n o s e , B e v e r l y a n d Q a m a n i r j u a q 
(prev ious ly spel led K a m i n u r i a k ; see W i l l i a m s & 
H e a r d , 1986) 

Methods 
I n M a y a n d J u n e 1990, 1991 a n d 1992 w e d o c u 
m e n t e d the genera l m o v e m e n t s o f bul ls a n d p r e g 
nant c o w s i n the B a t h u r s t h e r d d u r i n g unsystemat ic 
n ights i n Cessna 185 a n d B e l l 2 0 6 B aircraft. I n M a y 
a n d J u n e 1990 w e c o l l e c t e d feces f r o m the surface 
o f the s n o w b o t h o n the c a l v i n g g r o u n d a n d f r o m 
areas o c c u p i e d b y bul l s . I n 1991 a n d 1992 w e shot 
a b o u t 10 bul ls a n d 10 c o w s i n each o f 3 seasons; 
M a y - J u n e (28 M a y for c o w s i n 1991 , 2 9 - 3 0 M a y 
for c o w s i n 1991 , 3 -6 J u n e f o r bul ls i n 1991 , 2 5 - 2 6 
M a y f o r bul ls i n 1992) , late J u l y (27-29 J u l y i n b o t h 
years), a n d early S e p t e m b e r (4-6 Sept i n 1991 a n d 
3 -8 Sept i n 1992) . T o t a l fat was est imated f r o m 
backfat d e p t h a n d w e i g h t o f a l l fat a d h e r i n g to b o t h 
k i d n e y s a n d tota l m u s c l e was est imated f r o m gas
t r o c n e m i u s w e i g h t based o n the re lat ionships i n 
A d a m c z e w s k i et al. (1987). Fat a n d m u s c l e w e i g h t s 
w e r e d i v i d e d b y metatarsus w e i g h t to adjust f o r 
v a r i a t i o n i n b o d y size. D i e t was i n f e r r e d f r o m the 
analysis o f p lant fragments , c o l l e c t e d f r o m the 
r u m e n a n d feces o f the shot animals , that w e r e 
i d e n t i f i e d b y m i c r o h i s t o l o g i c a l analysis at the 

A A F A B C o m p o s i t i o n A n a l y s i s L a b o r a t o r y , F o r t 
C o l l i n s , C o l o r a d o , U S A . T h e c o n c e n t r a t i o n o f 
n i t r o g e n i n the feces was d e t e r m i n e d u s i n g the 
m i c r o k j e l d a h l t e c h n i q u e a n d was used as an i n d e x 
o f n i t r o g e n i n the diet . 

V e g e t a t i o n was s a m p l e d i n b o t h u p l a n d a n d 
l o w l a n d habitat . B i o m a s s was d e t e r m i n e d b y r e m o 
v i n g a l l v e g e t a t i o n , except mosses, f r o m 10 2 0 0 0 
c m 2 s a m p l i n g plots p l a c e d at r a n d o m i n each habitat 
type i n areas o c c u p i e d b y bul ls a n d c o w s i n late M a y 
a n d early J u n e , J u l y a n d S e p t e m b e r 1990 . C u t 
v e g e t a t i o n was i m m e d i a t e l y sorted i n t o the f o l l o 
w i n g categories; l i c h e n , l i v e sedge a n d o t h e r m o n o -
cots, dead sedge a n d o t h e r m o n o c o t s , l i v e forbs, l i v e 
w o o d y v e g e t a t i o n a n d o t h e r dead v e g e t a t i o n . 

W e est imated the m a g n i t u d e a n d causes o f n e o 
natal m o r t a l i t y o n the B e v e r l y herd's c a l v i n g g r o u n d 
b e t w e e n 11 a n d 16 J u n e 1993 . T h e sex, age a n d 
r e p r o d u c t i v e c o n d i t i o n o f a l l c a r i b o u o b s e r v e d w e r e 
r e c o r d e d f r o m a h e l i c o p t e r w h i l e f l y i n g a l o n g l ines 
systematical ly spaced across the c a l v i n g g r o u n d . 
T h e h e l i c o p t e r was f l o w n about 50 m above the 
g r o u n d at 100 k m h r 1 a l t h o u g h speed a n d al t i tude 
v a r i e d . C a r i b o u w e r e classified as neonates, y e a r 
l ings , t w o year o l d o r o l d e r males, a n d t w o year o l d 
o r o l d e r females. B r e e d i n g females (pregnant o r 
p o s t - p a r t u m ) w e r e i d e n t i f i e d b y the presence o f a 
d i s t e n d e d u d d e r o r h a r d antlers. Females w i t h o u t 
h a r d antlers a n d w i t h o u t a ca l f at h e e l b u t w i t h a 
d i s tended u d d e r w e r e assumed to have g i v e n b i r t h 
a n d the ca l f h a d d i e d . B a r r e n c o w s h a d n e i t h e r 
udders n o r h a r d antlers b u t they carr ied a b o u t 10 -15 
c m o f n e w antler g r o w t h . F i e l d necropsies w e r e 
car r ied o u t o n a l l dead calves f o u n d d u r i n g those 
flights. C a l v e s w i t h a ppr opr i a te l y spaced p u n c t u r e 
w o u n d s a n d associated subcutaneous h a e m o r r h a -
g i n g w e r e c o n s i d e r e d to have d i e d f r o m w o l f p r e d a 
t i o n . 

R e l a t i v e w o l f densities w e r e based o n w o l f s i g h 
t i n g rates c o l l e c t e d d u r i n g c a l v i n g g r o u n d surveys 
c o n d u c t e d b e t w e e n 1963 a n d 1993 a n d f r o m s p r i n g 
c o m p o s i t i o n surveys 1976 - 1994. 

Results 
Distribution and Movements 
S p r i n g a n d s u m m e r m o v e m e n t s o f b o t h bul ls a n d 
c o w s i n the Bathurs t h e r d w e r e s imi lar i n 1990, 
1991 a n d 1992. I n late M a y a n d early J u n e o f 1990, 
1991 a n d 1992, al l pregnant c o w s w e r e o n the c a l 
v i n g g r o u n d near Bathurs t Inlet (no neonates w e r e 
seen a n y w h e r e else) w h i l e the o n l y place w e f o u n d 
bul ls was near treel ine b e t w e e n 200 a n d 300 k m f u r 
ther s o u t h (Figs. 1 a n d 2). Because o u r s a m p l i n g for 
c a r i b o u d i s t r i b u t i o n was n o t systematic w e cannot 
ru le out the poss ib i l i ty that there w e r e n o bulls 
e lsewhere o n the t u n d r a o r sti l l w i t h i n the borea l 
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Fig . 1. Distr ibution of bulls and cows i n the Bathurst caribou herd i n June 1990. Concentr ic lines indicate the location 
of the most northerly bulls o n June 4, June 16 and June 25, the location occupied by calving cows between 4 
and 16 June and the location of the most southerly of the cows and neonates on 25 June. 

forest b u t bulls typ ica l ly m a k e u p o n l y about o n e p e r 
cent o f the animals o n c a l v i n g grounds e.g. , 1 .3% 
(23/1778) o f the o n e year o l d o r o l d e r animals clas
s i f ied o n the c a l v i n g g r o u n d o f the Bathurs t h e r d i n 
1986, 0 . 6 5 % (17/2597) i n 1990 a n d 0 . 4 9 % 
(22/4533) and 0.59% (20/3408) o n the B e v e r l y herd's 
c a l v i n g g r o u n d i n 1988 a n d 1993 respect ively . A f t e r 
c a l v i n g , c o w s m o v e d southwest a n d b y 25 J u n e 
1990, the f ront o f the c o w d i s t r i b u t i o n h a d almost 
m e t w i t h the most n o r t h e r l y bulls w h i c h had m o v e d 
n o r t h d u r i n g that p e r i o d . T h e sexes o c c u p i e d the 
same general areas i n J u l y and September (F ig . 2). 

Plant Biomass 
Sedges (Carex a n d Eriophorum spp.) are the first 
plants to p r o d u c e n e w s p r i n g g r o w t h after s n o w -
m e l t a n d they w e r e e i ther the first o r s e c o n d m o s t 
c o m m o n f o o d i t e m i n the diet o f b o t h sexes i n late 
M a y a n d early J u n e . T h e biomass o f l i v e sedges i n 
l o w l a n d habitats was h i g h e r w i t h i n the areas o c c u 
p i e d b y bul ls t h a n the biomass o f l i v e sedges i n l o w 
l a n d habitats o n the c a l v i n g g r o u n d s (Table 1; 
M a n n - W h i t n e y U - t e s t , U = 7 , n i = n 2 = 1 0 , P < 0 . 0 1 ) . 
B i o m a s s o f l i v e sedges was highest i n J u l y . 

Diet quality 
B e t w e e n 1 a n d 4 J u n e 1990, n i t r o g e n i n feces c o l 
l e c t e d f r o m areas o c c u p i e d p r i m a r i l y b y bul ls was 
greater t h a n n i t r o g e n i n feces c o l l e c t e d o n the c a l 
v i n g g r o u n d (F ig . 2 ; (=4.77, df=32, P = 0 . 0 0 0 1 ) 
T h e r e w e r e n o n i t r o g e n c o n c e n t r a t i o n differences 
i n feces c o l l e c t e d f r o m areas o c c u p i e d b y bul ls a n d 
c o w s o n 13 -15 J u n e 1990 (f=0.29, df=19, P = 0 . 7 8 ) 
o r 2 5 - 2 6 J u n e 1990 (f=0.49, J/=34, P = 0 . 6 2 ) . 
S i m i l a r l y , i n late M a y a n d early J u n e o f b o t h 1991 
a n d 1992, fecal n i t r o g e n f r o m bul ls shot near treel ine 
was s ign i f i cant ly h i g h e r t h a n i n c o w s c o l l e c t e d o n 
the c a l v i n g g r o u n d ( F i g . 3 ; P = 1 6 . 9 9 , P = 0 . 0 0 0 2 ) , 
b u t there w e r e n o differences b e t w e e n the sexes i n 
J u l y o f e i ther year w h e n they o c c u p i e d the same 
area. W e shot o n e c o w that was w i t h the bul ls i n 
J u n e 1991. P l a n t f ragment analysis o f fecal a n d 
r u m e n samples i n d i c a t e d that her diet was m o r e 
s imi lar to the bul ls c o l l e c t e d i n the same area t h a n i t 
was to the diet o f c o w s o n the c a l v i n g g r o u n d s . 
N i t r o g e n i n the feces o f that c o w (2.05%) was also 
m o r e s imi lar to the fecal n i t r o g e n o f bulls c o l l e c t e d 
i n the same area (5=2.08%) t h a n i t was to the fecal 
n i t r o g e n o f c o w s o n the c a l v i n g grounds (x=1.76%). 
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Fig. 2. Locations where we collected caribou f rom the Bathurst herd in 1991 and 1992. M a y collection sites were i n 
different places for bulls and cows. Because the sexes occupied the same general areas in July and September both 
bulls and cows could be collected at the same site. 

Body condition 
B o d y fat a n d m u s c l e decreased i n b o t h sexes f r o m 
M a y to J u l y a n d increased f r o m J u l y to S e p t e m b e r 
i n b o t h years (Table 2). Seasonal differences i n fat 
w e i g h t s w e r e s igni f icant for b o t h sexes w h e n years 
w e r e c o m b i n e d (cows, F = 2 8 . 1 3 , P = 0 . 0 0 0 1 ; bul l s , 
F = 2 9 . 9 2 , P = 0 . 0 0 0 1 ) . W h e n years w e r e c o m b i n e d , 
seasonal differences i n m u s c l e w e i g h t s w e r e s i g n i f i 
cant f o r c o w s , b u t n o t for bul ls w h e r e the sample 

size was smal l (cows, F = 2 3 . 1 3 , P = 0 . 0 0 0 1 ; bul ls , 
F = 2 . 7 2 , P = 0 . 0 8 ) . B o t h sexes h a d s ign i f i cant ly m o r e 
fat i n J u l y 1992 t h a n i n J u l y 1991 ( F = 120.31, 
P = 0 . 0 0 0 1 ) b u t years d i d n o t di f fer i n M a y o r 
S e p t e m b e r ( M a y , F = 0 . 9 2 , P = 0 . 3 4 ; September , 
F = 3 . 5 , P = 0 . 0 7 ) . 

Wolf density and prédation on neonates 
W o l f densities o n c a l v i n g g r o u n d s d u r i n g c a l v i n g , as 

Table 1. M e a n biomass (SE) of l ichen and live sedges w i t h i n 10 2000 cm- sampling plots on the Bathurst caribou herd's 
range i n 1990. 

Sampling 
location 

L ichen b 
U p l a n d 

îomass (g/m2) 
L o w l a n d 

Live sedge 
U p l a n d 

biomass (g/m2) 
L o w l a n d 

B u l l distribution, May-June 
C o w distribution, May-June 
Distr ibution of both, July 
Distr ibution of both, September 

21 (7.3) 
13 ( 1.6) 
12 ( 3.1) 

390 (69 ) 

0.2 (0.11) 
0.3 (0.30) 
3.3 (1.35) 
0.0 (0.0) 

0.1 (0.07) 
0.0 (0.0) 
1.0 (0.36) 
0.0 (0.0) 

6.6 (2.78) 
1.5 (0.66) 

12.8 (2.62) 
0.0 (0.0) 
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calves e x a m i n e d ) . B y 1 w e e k after the peak o f c a l 
v i n g 11 .4% (4,310 o f 37 ,654 par tur ient cows) o f 
neonata l calves h a d d i e d . B a s e d o n the p r o p o r t i o n 
o f n e c r o p s i e d calves that h a d d i e d f r o m w o l f preda¬
t i o n , 8 % w e r e k i l l e d b y w o l v e s (0.70 x 11.4) a n d 
3 . 4 % d i e d o f o t h e r causes. 

Discussion 
O u r data suggest that b y m i g r a t i n g to c a l v i n g 
g r o u n d s , c o w s sacr i f iced f o r a g i n g benefits w h i c h 
w o u l d have b e e n available to t h e m h a d they m i g r a 
ted as the bul ls d i d . T h e differences b e t w e e n the 
sexes, i n M a r c h to J u l y m o v e m e n t s , w e r e s imi lar to 
o t h e r m i g r a t o r y b a r r e n - g r o u n d c a r i b o u herds (e.g., 
P a r k e r , 1972; F a n c y et al, 1989) a n d o t h e r resear
chers have also n o t e d that plant p h e n o l o g y is later 
a n d that plant biomass is l o w e r o n c a l v i n g g r o u n d s , 
t h a n i n the m o r e s o u t h e r l y areas o c c u p i e d b y bul ls 
( W h i t t e n & C a m e r o n , 1980; R u s s e l l et al, 1993) . 
H o w e v e r , e v e n t h o u g h f o o d biomass o n c a l v i n g 
g r o u n d s was l o w , i t is possible that biomass was 
h i g h e n o u g h for c a l v i n g c o w s to o b t a i n f o r a g i n g 
benefits , w h e n c o u p l e d w i t h the increased d i g e s t i b i 
l i t y o f n e w plant g r o w t h . O u r data o n fecal n i t r o g e n 

Table 2. Seasonal changes i n fat and muscle weights o f bulls and cows i n the Bathurst caribou herd i n 1991 and 1992. 

Fat index Muscle index 
Sex/ 
Col lec t ion 
period 1991 1992 1991 1992 

M e a n sd n M e a n sd n M e a n sd n M e a n sd n 

C o w s 
May-June 4.6 2.2 11 6.2 3.7 10 0.19 0.02 11 0.20 0.02 10 

July -1.4 0.37 10 1.4 0.6 8 0.15 0.02 10 0.15 0.02 9 
September 22.4 12.8 8 7.0 6.8 9 0.20 0.03 8 0.18 0.02 9 

Bulls 
May-June 5.3 3.7 9 5.5 2.0 10 0.18 0.04 9 0.19 0.02 10 

July 1.1 4.6 8 2.3 1.4 10 0.16 0.03 10 0.17 0.02 9 
September 18.4 12.3 11 14.5 8.8 10 0.16 - 1 0.20 0.02 4 

Table 3. T h e number o f wolves seen per 100 hours when f lying over caribou i n M a r c h and A p r i l and on the calving 
grounds during calving i n June (number o f years o f data; number o f flying hours). 

Bluenose Bathurst Beverly Kaminuriak 

M a r c h and A p r i l 38 (11 ;507) 100 (11;483) 106 (15;655) 70 (6;589) 
June calving ground 1 ( 4;200) 8 (11;531) 45 ( 8;414) 6 (8;400) 

Weighted means: M a r c h and A p r i l = 80 
C a l v i n g ground = 17 

Fig. 3. Fecal nitrogen concentrations f rom areas occupied 
by bulls and cows i n the Bathurst caribou herd in 
1990. 

i n d e x e d b y the w o l f s i g h t i n g rate, averaged o n l y 
2 2 % o f densities o n c a r i b o u w i n t e r a n d s p r i n g r a n g 
es, i .e . , i n M a r c h a n d A p r i l . T h i s t r e n d was the same 
f o r a l l 4 herds (Table 3). O n the B e v e r l y herd's 
c a l v i n g g r o u n d i n 1993 w e saw 16 w o l v e s i n 64 .2 h 
o f f l y i n g (24.9 w o l v e s / 1 0 0 h) a n d w o l f p r e d a t i o n 
a c c o u n t e d for 7 0 % o f neonata l deaths (23 o f 33 
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MAY 1991 MAY 1992 JULY 1991 JULY 1992 

Fig. 4. Fecal nitrogen concentrations f r o m bulls and cows 
collected f rom the Bathurst caribou herd i n M a y 
and July of 1991 and 1992. 

c o n c e n t r a t i o n s h o w that this was n o t the case. 
N i t r o g e n in take b y c o w s o n the c a l v i n g g r o u n d , as 
d e t e r m i n e d f r o m fecal n i t r o g e n , was l o w e r t h a n 
n i t r o g e n in take b y bul l s . T h e di f ference i n f o o d 
q u a l i t y b e t w e e n the sexes was p r o b a b l y i m p o r t a n t 
e c o l o g i c a l l y because c o m p a r a t i v e l y smal l differences 
i n f o o d qua l i ty o r p r o t e i n in take can m a r k e d l y 
i n f l u e n c e w e i g h t g a i n a n d s u r v i v a l i n ungulates 
( A l b o n & L a n g v a t n , 1992) . M o r e o v e r the greatest 
differences m a y have o c c u r r e d i n late A p r i l a n d 
t h r o u g h o u t M a y , before o u r c o l l e c t i o n s began , n o t 
i n late M a y a n d early J u n e . A l t h o u g h green vege ta 
t i o n was rare i n early J u n e o n c a l v i n g g r o u n d s , 
be fore that i t was ent i re ly absent. T h e general p h e 
n o l o g y o f the e n v i r o n m e n t suggests that bul ls 
w o u l d have h a d g r e e n f o o d available to t h e m m u c h 
earl ier than c o w s . D i f f e r e n c e s i n fecal n i t r o g e n w e r e 
u n l i k e l y the result o f d i f ferent ia l f o r a g i n g b e t w e e n 
the sexes at that t i m e o f year because fecal n i t r o g e n 
d i d n o t di f fer b e t w e e n sexes w h e n they o c c u p i e d 
the same area. F e c a l n i t r o g e n f r o m the o n e c o w w e 
c o l l e c t e d i n J u n e 1991 was s imi la r to that o f the 
bul ls w i t h w h i c h she was associat ing a n d fecal n i t r o 
g e n d i d n o t di f fer b e t w e e n the sexes i n late M a y i n 
c a r i b o u o n S o u t h a m p t o n Island, w h e r e b o t h sexes 
o c c u p y the same area ( H e a r d & O u e l l e t , 1994), 

T h e advantage o f m i g r a t i n g to c a l v i n g g r o u n d s 
appeared to be a l o w e r p r e d a t i o n r isk for neonates. 
B e r g e r u d (1988, 1990) , F a n c y & W h i t t e n (1991) 
a n d C a m e r o n et al. (1992) also m a d e this a r g u m e n t 
b u t o u r paper p r o v i d e s data o n relat ive w o l f a b u n 
dance , based o n w o l f s i g h t i n g rates, to suppor t that 
c o n c l u s i o n . T h e r e are fewer wolves o n car ibou ca lv ing 
g r o u n d s because m o s t w o l v e s d e n near tree l i n e 
o f ten h u n d r e d s o f k i l o m e t r e s a w a y ( H e a r d & 
W i l l i a m s , 1992). R e l a t i v e l y m o r e w o l v e s d e n near 
the B e v e r l y herd's c a l v i n g g r o u n d a n d s i g h t i n g rates 
are c o r r e s p o n d i n g l y h i g h e r . W e suggest that o u r 
estimate o f 8 % w o l f p r e d a t i o n m o r t a l i t y o f al l n e o 

nates b y o n e w e e k after the peak o f c a l v i n g , i n a 
year w h e n w o l f a b u n d a n c e was close to o u r l o n g 
t e r m average, represents s t r o n g se lec t ion for c o w s to 
at tempt to r e d u c e p r e d a t i o n risks. O u r estimate o f 
7 0 % o f all neonata l m o r t a l i t y f r o m w o l f p r e d a t i o n 
was s imi la r to the m e a n w o l f p r e d a t i o n m o r t a l i t y for 
the B e v e r l y h e r d i n , 1981 , , 1982 a n d , 1983 o f 
6 8 . 5 % ( M i l l e r et al. 1988). 

W e suggest that changes i n b o d y fat a n d m u s c l e 
o v e r the s u m m e r is p r i m a r i l y re lated to the l e v e l o f 
insect harassment w h i c h affects t i m e spent f e e d i n g 
( K l e i n , 1992; R u s s e l l et al., 1993) . C a r i b o u aggrega
te i n t o dense groups a n d b o d y fat reserves d e c l i n e i n 
J u l y w h e n insect harassment is greatest. W h e n insect 
n u m b e r s d e c l i n e i n A u g u s t , the large aggregations 
break u p a n d c a r i b o u amass large a m o u n t s o f fat 
e v e n t h o u g h plants are senescing. Because the t i m e 
p e r i o d o f fat ass imi la t ion is so short , w e suggest that 
c a r i b o u at tempt to r e d u c e c o m p e t i t i o n for f o o d b y 
spac ing o u t as w i d e l y as possible . T h i s c o u l d e x p l a i n 
the d e n s i t y - d e p e n d e n t range e x p a n s i o n a n d c o n 
t r a c t i o n o b s e r v e d i n m i g r a t o r y c a r i b o u p o p u l a t i o n s 
( S i m m o n s et al, 1979; B e r g e r u d et al, 1984; H e a r d 
& Ca le f , 1986; V a l k e n b u r g & D a v i s , 1986; M e s s i e r 
et al, 1988; C o u t u r i e r et al, 1990) e v e n at the cost 
o f increased p r e d a t i o n risk. 

T h e p o t e n t i a l exists f o r w o l v e s to s h o w a n u m e 
r i c a l response to c h a n g i n g c a r i b o u densities because 
w o l f p u p s u r v i v a l appears to be re lated to c a r i b o u 
avai labi l i ty ( W i l l i a m s & H e a r d , u n p u b l . data). W e 
suggest that w h e n c a r i b o u n u m b e r s increase a n d 
c a r i b o u e x p a n d the i r s u m m e r range, m o r e c a r i b o u 
c o m e earlier w i t h i n the h u n t i n g ranges o f tree l i n e 
d e n n i n g w o l v e s , p u p s u r v i v a l increases and w o l f 
n u m b e r s increase ( H e a r d & W i l l i a m s , 1992) . T h e r e 
is l i t t le v a r i a t i o n possible i n the w o l f f u n c t i o n a l 
response because the i r diet is a lmost e x c l u s i v e l y 
c a r i b o u t h r o u g h o u t the year ( W i l l i a m s & H e a r d , 
u n p u b l . data). T h e effect o f the resu l t ing change i n 
p r e d a t i o n rate o n c a r i b o u n u m b e r s w i l l d e p e n d p r i 
m a r i l y o n the t i m i n g a n d m a g n i t u d e o f the n u m e r i 
cal response. 

O u r u n d e r s t a n d i n g o f c a r i b o u p o p u l a t i o n d y n a 
m i c s w o u l d increase i f w e k n e w m o r e about the 
t r a d e - o f f b e t w e e n f o o d in take (or s o m e o t h e r d e n s i 
t y - d e p e n d e n t cause o f range use changes) a n d p r e 
d a t i o n r isk i n A u g u s t . A test o f o u r hypothes is 
requires that p r e d a t i o n rate be m e a s u r e d a n d e v a l u a 
t e d as b e i n g e i ther i n d e p e n d e n t o f densi ty , depensa-
t o r y ( inversely dens i ty -dependent ) o r d e n s i t y -
d e p e n d e n t a n d o f suff ic ient m a g n i t u d e to stop h e r d 
g r o w t h (Messier , 1994) . T h e d y n a m i c s o f the 
G e o r g e R i v e r h e r d ( C o u t u r i e r et al, 1990) r e p r e 
sents a p o t e n t i a l test o f o u r hypothes is . A s the size 
o f the G e o r g e R i v e r h e r d has increased, c o m p e t i t i 
o n for s u m m e r f o o d has increased, as i n d e x e d b y 
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r e d u c e d fal l fat a n d p r e g n a n c y rates ( C o u t u r i e r et 
ai, 1990), c a r i b o u are e x p a n d i n g the i r s u m m e r 
range, c a r i b o u are a r r i v i n g earl ier at tree l i n e ( John 
R u s s e l l pers c o m m . ) , a n d w o l f n u m b e r s are i n c r e a 
s i n g ( T o b y A n d e r s o n a n d o t h e r N a i n hunters , pers 
c o m m . ) . H e r d size m a y sti l l be i n c r e a s i n g (see 
C o u t u r i e r these proceedings ) . T h o s e observat ions 
are consistent w i t h o u r hypothes is b u t the effect o f 
w o l f p r e d a t i o n c a n n o t be d e t e r m i n e d u n t i l p o p u l a 
t i o n g r o w t h stops. 
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