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Abstract: After growing continuously for nearly 15 years, the Delta caribou herd began to decline i n 1989. M o s t other 
Interior Alaskan herds also began declining. In the Delta herd, and i n other herds, the declines were caused primarily by 
high summer mortality o f calves and increased natural mortality of adult females. Other minor causes included increased 
winter mortality of calves, and reduced parturition rates o f 3-year-old and older females. T h e decline i n the Delta herd 
also coincided w i t h increased w o l f (Canis lupus) numbers, winters w i t h deeper than normal snow, and w a r m summers. 
M e a n body weight of annual samples of 10-month-o ld female calves was consistently l o w during the decline. Except i n 
some of the smallest Interior Alaskan herds, we conclude that evidence for population regulation i n Alaskan caribou is 
weak, and that herds are l ikely to fluctuate w i t h i n a wide range o f densities due to complex interactions o f predation 
and weather. Unless w o l f numbers are influenced by man, the size of a caribou herd i n a given year is l ikely to be large
ly a function of its size during the previous population l o w and the number of years of favorable weather i n the interim. 
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Introduction 
C a r i b o u herds i n A l a s k a a n d e lsewhere have fluctu
ated i n size o v e r t i m e , a n d the factors i n v o l v e d i n 
these fluctuations have b e e n w i d e l y debated 
( L e o p o l d & D a r l i n g , 1953 ; S k o o g , 1968; V a n 
B a l l e n b e r g h e , 1985; M e s s i e r et ah, 1988; B e r g e r u d 
& B a l l a r d , 1989; Se ip , 1991 ; E b e r h a r d t & P i t c h e r , 
1992; B e r g e r u d , 1993) . Severa l c a r i b o u herds i n 
A l a s k a w e r e i n t e n s i v e l y s t u d i e d d u r i n g late 1970s 
a n d 1980s w h e n herds w e r e general ly i n c r e a s i n g 
(Davis et ah, 1991 ; C a m e r o n et ah, 1993 ; A d a m s et 
ah, 1994; W h i t t e n , 1994) . T h i s paper reports results 
o f a c o n t i n u i n g s tudy o f l i m i t i n g a n d r e g u l a t i n g fac
tors i n the D e l t a c a r i b o u h e r d , d u r i n g the p e r i o d o f 
p o p u l a t i o n d e c l i n e f r o m 1979 to 1993 a n d c o m p a 
res m o r e l i m i t e d data f r o m o t h e r A l a s k a n herds. 

Study area and population 
T h e D e l t a c a r i b o u h e r d is o n e o f 31 herds c o m p o 
s ing a tota l p o p u l a t i o n o f a b o u t 880 ,000 c a r i b o u i n 
A l a s k a (Table 1, A D F & G files). A b o u t 750 ,000 o f 
these c a r i b o u o c c u r i n the 3 largest herds: W e s t e r n 
A r c t i c (29), P o r c u p i n e (22), a n d M u l c h a t n a (19) 
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F ig . 1. Distr ibution o f 31 caribou herds i n Alaska. 

( N u m b e r s c o r r e s p o n d to h e r d n u m b e r s i n F i g . 1 
a n d T a b l e 1). M o s t o f the o t h e r herds o c c u r i n the 
m o u n t a i n o u s areas o f I n t e r i o r A l a s k a a n d range i n 
size f r o m a f e w h u n d r e d to a b o u t 40 ,000 c a r i b o u . 
T h e D e l t a h e r d (9) o c c u p i e s an area o f about 
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Table 1. Estimated size and crude density o f Alaskan caribou herds. 

Total 
1993 range C r u d e Population 

H e r d population size density trend since 
no." H e r d name estimate (km 2) caribou/km 1989 

1 Adak (western Aleutians) k 750 376 2.0 up 
2 A k . Peninsula (north) 18,000 33,500 0.5 d o w n 
3 A k . Peninsula (south) 2,500 4,900 0.5 stable 
4 Andreafsky <50 u n k n o w n — u n k n o w n 
5 Beaver Mountains 649 6,000 0.1 u n k n o w n 
6 B i g R i v e r 750 11,500 <0.1 u n k n o w n 
7 Central Arct ic 23,444= 54,000 0.4 stable 
8 Chisana 850 9,000 <0.1 d o w n 
9 Delta 3,661 12,500 0.5 d o w n 
10 Denal i 1,890 10,000 0.2 d o w n 
11 Fortymile 21,884 c 50,000 0.4 d o w n 
12 Fox R i v e r 75 500 0.2 up 
13 Galena M o u n t a i n 275 10,500 <0.1 up 
14 Kenai Lowlands 100 1,500 <0.1 stable 
15 Kenai Mountains 300 1,000 0.3 stable 
16 K i l b u c k Mountains 2,500 10,000 0.3 up 
17 M a c o m b 500 3,500 0.1 d o w n 
18 Mentasta 880 25,000 <0.1 d o w n 
19 Mulchatna 110,000 103,000 1.1 up 
20 Nelch ina 40,361 75,000 0.5 stable 
21 Nushugak Peninsula 750 2,000 0.4 up 
22 Porcupine 165,000 335,000 0.5 stable 
23 R a i n y Pass 500-1,000 9,000 0.1 u n k n o w n 
24 R a y Mountains 700 17,000 <0.1 up 
25 Sunshine Mountains 800 8,000 0.1 u n k n o w n 
26 Teshekpuk 27,630 24,000 0.9 up 
27 Tonzona 800 6,500 0.1 d o w n 
28 K i l l e y R i v e r 100 500 0.2 up 
29 Western Arct ic 450,000 350,000 1.5 up 
30 W o l f M o u n t a i n 650 8,500 <0.1 stable 
31 W h i t e Mountains 1,000 8,000 0.1 up 

T O T A L (approximate) 880,000 

" Numbers shown on fig. 1. 
b N o t shown on fig. 1. 
c 1992 estimate. 
d Stablilized through harvest. 

12 ,000 k m 2 o f the n o r t h c e n t r a l A l a s k a R a n g e . Its 
c a l v i n g , s u m m e r , a n d a u t u m n ranges are a lpine t u n 
dra a n d its w i n t e r range is a lp ine t u n d r a , m u s k e g , 
l o w l a n d b l a c k spruce (Picea mariana) a n d w h i t e s p r u 
ce (Picea qlauca) forest. A d j a c e n t herds i n c l u d e the 
M a c o m b h e r d (17) to the east, D e n a l i h e r d (10) to 
the west , W h i t e M o u n t a i n s h e r d (31) to the n o r t h , 
a n d N e l c h i n a h e r d (20) to the s o u t h . 

U n t i l the early 1970s the D e l t a h e r d was c o n s i 
d e r e d o n e o f m a n y rather i n s i g n i f i c a n t groups o f 

c a r i b o u i n A l a s k a . It was re la t ive ly smal l i n size, h a d 
a n inaccessible range, a n d m a n a g e m e n t a n d research 
efforts w e r e c o n c e n t r a t e d o n the larger, road-acces 
sible F o r t y m i l e a n d N e l c h i n a herds. H o w e v e r , after 
the d e c l i n e o f the F o r t y m i l e a n d N e l c h i n a herds i n 
the early 1970s, the D e l t a h e r d r e c e i v e d m o r e a t ten
t i o n f r o m hunters , a n d c o n s e q u e n t l y , f r o m the 
A l a s k a D e p a r t m e n t o f F i s h a n d G a m e ( A D F & G ) . 
Ef for ts to d e t e r m i n e p o p u l a t i o n i d e n t i t y a n d r e c r u 
i t m e n t h a d b e g u n i n the late 1960s, b u t the first sys-
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temat ic census was n o t d o n e u n t i l 1973 . I n 1979 
A D F & G i d e n t i f i e d the n e e d for a l o n g - t e r m p o p u 
l a t i o n d y n a m i c s s tudy o f an I n t e r i o r c a r i b o u h e r d , 
a n d b e g a n in tens ive research o n the D e l t a h e r d . 
I n i t i a l studies w e r e to d e t e r m i n e the causes o f l o w 
cal f p r o d u c t i o n and/or s u r v i v a l preva lent i n the 
h e r d from 1971 to 1974. H o w e v e r , after a w o l f 
c o n t r o l p r o g r a m p r i m a r i l y to benef i t m o o s e (Alces 
alas), the D e l t a h e r d increased r a p i d l y (Gasaway et 
al., 1983), a n d data c o l l e c t e d t h r o u g h 1989 was 
representat ive o f a g r o w i n g p o p u l a t i o n . 

F r o m 1979 to 1989 the D e l t a h e r d g r e w c o n t i n 
u o u s l y from 4,191 to 10 ,690 (Davis et al, 1991) . 
F r o m 1979 to 1982 the h e r d g r e w r a p i d l y (k = 
1.20), because harvest was l i g h t , adult female m o r 
tal i ty was l o w , a n d natal i ty a n d ca l f s u r v i v a l w e r e 
h i g h (Davis & V a l k e n b u r g , 1985) . F r o m 1982 to 
1985 the h e r d g r e w s l o w l y from 7,335 to 8 ,083 
c a r i b o u (k = 1.03) because i t was l i m i t e d p r i m a r i l y 
b y harvest, b u t also b y increased adult 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 , a n d decreased ca l f s u r v i v a l 
(Davis et al, 1987) . F r o m 1985 to 1989 the h e r d 
g r e w at a m o d e r a t e rate (k = 1.07) p r i m a r i l y b e c a u 
se o f h i g h natura l m o r t a l i t y o f adul t females a n d 
h i g h ca l f m o r t a l i t y (Davis et al, 1991) . S i n c e 1989 
the D e l t a h e r d has b e e n i n a r a p i d d e c l i n e . I n this 
paper w e r e v i e w recent data o n the D e l t a h e r d a n d 
o t h e r I n t e r i o r herds i n the l i g h t o f current m o d e l s o f 
p o p u l a t i o n r e g u l a t i o n a n d l i m i t a t i o n i n c a r i b o u . W e 

c o n s i d e r the i n f l u e n c e o f the f o l l o w i n g factors i n 
c a r i b o u p o p u l a t i o n decl ines : genera l densi ty d e p e n 
d e n c e , n u t r i t i o n , p r e d a t i o n , weather , harvest, 
i m m i g r a t i o n , a n d habitat loss. 

Methods 
W e a n n u a l l y es t imated p o p u l a t i o n size, r e c r u i t m e n t 
o f calves to a u t u m n , a n d age-speci f ic natal i ty rates 
o f females i n the D e l t a h e r d . I n m o s t years w e also 
c o l l e c t e d data o n w e i g h t s o f 1 0 - m o n t h - o l d female 
calves, a n d m o r t a l i t y rates a n d causes o f death o f 
r a d i o c o l l a r e d females o l d e r t h a n 10 m o n t h s . S tar t ing 
i n 1991 w e also b e g a n w e i g h i n g a n d c o l l a r i n g 4 -
m o n t h - o l d females. M o v e m e n t s a n d d i s t r i b u t i o n o f 
r a d i o c o l l a r e d c a r i b o u i n the D e l t a h e r d a n d s u r 
r o u n d i n g herds w e r e m o n i t o r e d to detect i m m i g r a 
t i o n or e m i g r a t i o n . 

P o p u l a t i o n censuses (total counts) w e r e c o n d u c 
t e d d u r i n g m i d J u n e to m i d J u l y each year a n d f o l 
l o w e d techniques d e s c r i b e d b y D a v i s et al. (1979) 
a n d V a l k e n b u r g et al (1985). W e est imated ca l f 
r e c r u i t m e n t to S e p t e m b e r / O c t o b e r a n d A p r i l w i t h 
h e l i c o p t e r surveys. A l l o c a t i o n o f s a m p l i n g effort was 
based o n the d i s t r i b u t i o n o f r a d i o c o l l a r e d females. 
N a t a l i t y rates o f r a d i o c o l l a r e d females w e r e e s t i m a 
t e d b y l o o k i n g f o r d i s t e n d e d udders , h a r d antlers, o r 
calves at h e e l f r o m a P i p e r S u p e r C u b o r B e l l a n c a 
S c o u t a i rcraf t d u r i n g t h e c a l v i n g p e r i o d (15 M a y 
1 Jun) (Bergerud, 1964; D a v i s et al, 1991). W e i g h t s 

Table 2. Harvest, adult natural mortality, natality and recruitment i n the Delta caribou herd, 1976-1993. 

Estimated Mortality* o f Natality' rate o f 
harvest females >1 year females >2 years Sept. -Oct . A p r i l 

Year M F % dying (n) % parturient (n) c a l f x o w (n) calficow (n) 

1976 0 0 - - 45 (258/572) -
1977 0 0 - - 42 (319/756) -
1978 0 0 - - 39 (126/324) -
1979 0 0 0 (11) - 65 (115/177) -
1980 104 0 0 (29) - 49 (288/585) -
1981 268 73 0 (39) 77 (13) 41 (319/776) -1982 274 77 7 (47) 70 (10) 37 (318/860) 29 (205/708) 
1983 1,302 234 4 (55) 77 (22) 46 (307/665) 49 (194/396) 
1984 507 191 4 (50) 90 (31) 36 (222/613) 51 (256/499) 
1985 614 117 22 (48) 93 (41) 36 (232/629) 44 (302/694) 
1986 841 183 10 (39) 83 (40) 29 (329/1141) -
1987 644 38 10 (43) 89 (28) 31 (320/1026) 29 (285/976) 
1988 555 22 15 (46) 88 (32) 35 (631/1802) 21 (161/774) 
1989 681 18 11 (48) 83 (30) 36 (432/1218) 16 (84/651) 
1990 552 83 15 (40) 72 (39) 17 (265/1567) 9 (97/1082) 
1991 456 22 23 (40) 71 (35) 8 (102/1245) -
1992 0 0 20 (30) 96 (28) 11 (99/918) -
1993 0 9 47 30 (23) 4 (46/1113) -

1 Data f r o m radiocollared females. 
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Fig . 2. Linear regression of crude caribou density versus 
annual average population growth rate (k). 

o f 4 - a n d 1 0 - m o n t h - o l d female calves w e r e s a m p l e d 
b y i m m o b i l i z i n g 9 -15 animals f r o m a h e l i c o p t e r i n 
O c t o b e r o r A p r i l , respect ive ly . M o r t a l i t y rates o f 
female c a r i b o u w e r e est imated w i t h r a d i o c o l l a r e d 
i n d i v i d u a l s . W h e n a m o r t a l i t y was detected, w e 
used a h e l i c o p t e r o r g r o u n d t ranspor ta t ion to i n v e 
stigate the cause o f death. 

Because w e a t h e r data w e r e n o t available w i t h i n 
the range o f the D e l t a h e r d , w e used a m e t h o d o f 
spatial i n t e r p o l a t i o n (universal b l o c k k r i g i n g ; 
Cress ie , 1991:155) to calculate 3 w e a t h e r variables 
( s n o w d e p t h o n 1 M a r a n d 1 A p r , m e a n J u n , J u l a n d 
A u g temperature , a n d tota l ra infa l l d u r i n g 15 J u n -

15 A u g ) fo r the range o f the D e l t a h e r d u s i n g sur 
r o u n d i n g c l imate a n d s n o w stations ( N a t i o n a l 
O c e a n i c a n d A t m o s p h e r i c A d m i n i s t r a t i o n , 
C l i m a t o l o g i c a l D a t a — A l a s k a ; U . S . D e p t . A g r i c , 
S o i l C o n s e r v a t i o n S e r v i c e — A l a s k a S n o w Surveys) . 
T h e s e w e a t h e r variables w e r e p l o t t e d a n d c o m p a r e d 
w i t h data o n c a r i b o u p a r t u r i t i o n (natality) rates a n d 
S e p t e m b e r / O c t o b e r c a l f x o w ratios. 

Results and discussion 
Immediate causes of the decline in the Delta herd 
T h e p r o x i m a t e o r i m m e d i a t e causes o f d e c l i n e o f 
the D e l t a h e r d f r o m 1989 to 1993 are clear. I n 
o r d e r o f i m p o r t a n c e they w e r e : 1) h i g h natura l 
m o r t a l i t y o f calves f r o m b i r t h to late S e p t e m b e r 
d u r i n g 1 9 9 0 - 1 9 9 3 , 2) h i g h natura l m o r t a l i t y o f 
females o l d e r t h a n calves p r i m a r i l y f r o m w o l f preda¬
t i o n , 3) h i g h m o r t a l i t y o f r a d i o c o l l a r e d calves f r o m 
S e p t e m b e r / O c t o b e r to A p r i l d u r i n g 1 9 9 1 - 1 9 9 3 , 
a n d 4) re la t ive ly l o w natal i ty rates o f adult females 
d u r i n g 1990, 1991 , a n d 1993 (Table 2) . 

Density-dependent resource limitation 
E v i d e n c e for d e n s i t y - d e p e n d e n t resource l i m i t a t i o n 
i n the D e l t a a n d o t h e r I n t e r i o r A l a s k a n herds was 
a m b i g u o u s . A l t h o u g h there was a w e a k re la t ionship 
b e t w e e n densi ty a n d p o p u l a t i o n g r o w t h rate b e t w e 
e n 1989 a n d 1993 (F ig . 2). S o m e l o w densi ty herds 
(e.g., D e n a l i a n d Mentasta) d e c l i n e d , w h i l e others 
that h a d as h i g h o r e v e n h i g h e r densities t h a n the 
D e l t a h e r d d i d n o t d e c l i n e (Table 3). H o w e v e r , the 
greatest d e c l i n e o c c u r r e d i n the D e l t a h e r d w h i c h 
also h a d the highest densi ty o f c a r i b o u . 

Table 3. Recruitment (fall cal f lOO cow ratio) in 7 Interior Alaska caribou herds f rom 1980 to 1993. 

H e r d calf: 100 cow ratio i n fall 
Year Chisana Denal i Fortymile M a c o m b Mentasta Nelch ina W h i t e M t n s . 

1980 23' 61" 13 42 42 — 

1981 - - 31 33 40 43 -

1982 21 - 27 26 39 54 -
1983 - - 33 24 28 27 31 
1984 - 41 - 40 29 34 -

1985 - 28 36 31 46 46 31 
1986 33 38 28 - - 42 -
1987 28 37 37 - 12 51 -
1988 31 33 30 32 18 48 33 
1989 15" 30 24 34 15 39 36 
1990 11 17 29 17 - 33 -

1991 1 7 16 9 2 45 13 
1992 0 16 30 14 6 40 23 
1993 2 6 28 18 4 24 22 

* F ixed w i n g count only. 
b C o u n t probably not representative of herd. 
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Fig . 3. M e a n weight and standard error bars of samples o f 
female calves weighed i n A p r i l 1979-1993. 

Nutrition as a limiting factor 
N u t r i t i o n i n the D e l t a h e r d apparent ly was p o o r e r 
f r o m 1990 to 1993 t h a n i n m o s t p r i o r years. 
H o w e v e r , i t is n o t clear h o w decreased n u t r i t i o n 
m a y have c o n t r i b u t e d to r e d u c e d p o p u l a t i o n p e r 
f o r m a n c e . B o d y w e i g h t s o f 1 0 - m o n t h - o l d D e l t a 
calves have general ly b e e n l o w e r s ince 1989 (F ig . 
3), a n d the p a r t u r i t i o n rate o f females was s i g n i f i 
cant ly l o w e r i n 1990 a n d 1991 t h a n f r o m 1984 
t h r o u g h 1989 {%2 = 9 .99 , P < 0.01) (Table 2). I n 
1993 natal i ty was v e r y l o w . S i n c e 1979 b o d y w e i g h t 
o f 1 0 - m o n t h - o l d calves ( w h i c h p r e s u m a b l y reflects 
o v e r a l l b o d y c o n d i t i o n i n the D e l t a herd) has b e e n a 
reasonably g o o d p r e d i c t o r o f ca l f s u r v i v a l to a u t u m n 
(F ig . 4). T h i s c o r r e l a t i o n m a y reflect increased v u l 
n e r a b i l i t y o f calves to m o r t a l i t y factors d u r i n g the i r 
first s u m m e r o f l i fe i n years w h e n o v e r a l l h e r d 
n u t r i t i o n is s u b o p t i m a l p r i o r to c a l v i n g ( A d a m s et 
al, 1994) . P o o r s u r v i v a l o f o f f spr ing i n p o p u l a t i o n s 
o f animals w i t h s u b o p t i m a l n u t r i t i o n has b e e n 
w i d e l y r e p o r t e d ( S k o g l a n d , 1985) . 

It is t e m p t i n g to c o n c l u d e that the r e d u c e d 
nata l i ty rate i n the D e l t a h e r d i n 1 9 9 3 , a n d perhaps 
i n 1990 a n d 1 9 9 1 , c o n t r i b u t e d to the c a r i b o u 
d e c l i n e . H o w e v e r , i n 1993 nata l i ty rates i n the 
adjacent D e n a l i h e r d a n d i n the C h i s a n a h e r d w e r e 
at least t w i c e as h i g h as i n the D e l t a h e r d , a n d 
a u t u m n c a l f x o w ratios w e r e s i m i l a r (6 :100 i n the 
D e n a l i , 4 : 1 0 0 i n the D e l t a , a n d 2 : 1 0 0 i n the 
C h i s a n a ) ( A d a m s , pers. c o m m u n . ; V a l k e n b u r g , 
1993) . I n a d d i t i o n , i n 1992 nata l i ty i n the D e l t a 
h e r d was the h ighes t r e c o r d e d , a n d the a u t u m n 
c a l f x o w rat io was a m o n g the l o w e s t r e c o r d e d 
( T a b l e 2) . 

T h e cause o f the l o w natal i ty i n the D e l t a h e r d 
i n 1993 is u n k n o w n , h o w e v e r , w e a t h e r i n M a y a n d 
S e p t e m b e r 1992 was u n u s u a l a n d the g r o w i n g sea
s o n was short . Persistent c o l d a n d s n o w i n M a y 
resul ted i n the latest l ea f o u t ever r e c o r d e d i n 
Fa irbanks (25 M a y ) , a n d Eriophorum flowers w e r e 
n o t available to c a r i b o u i n the A l a s k a R a n g e u n t i l 
after 15 M a y . Subsequent ly , o n 11 S e p t e m b e r an 
arctic s t o r m system m o v e d i n t o I n t e r i o r A l a s k a f r o m 
the n o r t h w e s t a n d b y 15 S e p t e m b e r there was o v e r 
60 c m o f heavy , w e t s n o w o n the g r o u n d t h r o u g 
h o u t the range o f the D e l t a h e r d . T h e D e l t a h e r d 
left the A l a s k a R a n g e e n masse, a n d together w i t h 
m a n y h u n d r e d s o f c a r i b o u f r o m the D e n a l i h e r d , 
they a r r i v e d near Fa i rbanks about 27 S e p t e m b e r . 
M a n y o f these c a r i b o u w i n t e r e d n o r t h o f the n o r 
m a l range o f the D e l t a h e r d i n b l a c k spruce forest 
i m m e d i a t e l y adjacent to E i e l s o n A i r F o r c e Base a n d 
i n areas n o r t h o f Fa i rbanks . D u r i n g w i n t e r 1992¬
1993 m a n y D e l t a a n d s o m e D e n a l i c a r i b o u w e r e 
m i x e d w i t h W h i t e M o u n t a i n s c a r i b o u i n the W h i t e 
M o u n t a i n s n o r t h o f Fa irbanks a n d w i t h N e l c h i n a 
c a r i b o u i n the C h u l i t n a M o u n t a i n s southeast o f 
C a n t w e l l . I n late A p r i l a n d M a y , c a r i b o u f r o m these 
4 herds b e g a n separating a n d b y m i d J u n e al l r a d i o -
c o l l a r e d c a r i b o u h a d r e t u r n e d to the i r respect ive 
herds. N a t a l i t y rates o f the D e l t a , D e n a l i , a n d 
N e l c h i n a herds w e r e all l o w e r t h a n n o r m a l , b u t 
natal i ty i n the W h i t e M o u n t a i n s h e r d r e m a i n e d 
h i g h ( V a l k e n b u r g , 1993) . S n o w c o n d i t i o n s w e r e 
severe i n all a u t u m n a n d w i n t e r ranges f r o m 
S e p t e m b e r t h r o u g h D e c e m b e r . A f t e r D e c e m b e r 
s n o w r e m a i n e d deep i n the forested w i n t e r ranges 
n o r t h o f the A l a s k a R a n g e , b u t was r e d u c e d b y 
w i n d a n d w a r m temperatures i n the A l a s k a R a n g e 

T 
FEMALE CALF WEIGHT (KG) 

Fig. 4. Linear regression of female calf weight i n A p r i l on 
September-October c a l f x o w ratio (data f rom 
Table 2). 
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w h e r e m o s t o f the D e n a l i h e r d a n d about h a l f o f the 
D e l t a h e r d w i n t e r e d . 

Predation 
T h e r e is c o m p e l l i n g e v i d e n c e that p r e d a t i o n b y 
w o l v e s has b e e n a m a j o r i n f l u e n c e o n the D e l t a 
h e r d o v e r t i m e . A f t e r w o l f c o n t r o l i n the m i d - 1 9 7 0 s 
the D e l t a h e r d b e c a m e the m o s t r a p i d l y g r o w i n g 
c a r i b o u h e r d i n the state (Davis et al, 1983 ; 
G a s a w a y et al, 1983) . I n the m i d - 1 9 8 0 s , as w o l f 
densi ty a p p r o a c h e d p r e c o n t r o l levels , r e c r u i t m e n t o f 
c a r i b o u calves decreased a n d m o r t a l i t y o f adults 
increased (Table 2) . D u r i n g 1 9 8 3 - 1 9 9 3 i n the D e l t a 
h e r d , w o l v e s w e r e i m p l i c a t e d i n 23 o u t o f 26 cases 
w h e r e the cause o f death o f adult r a d i o c o l l a r e d 
female c a r i b o u c o u l d be d e t e r m i n e d . I n 26 a d d i t i o 
n a l cases, the precise cause o f death c o u l d n o t be 
d e t e r m i n e d p r i m a r i l y because m a n y o f these c a r i b o u 
d i e d d u r i n g s u m m e r . I n s u m m e r i t was d i f f i cu l t 
to f i n d e v i d e n c e o f h e m o r r h a g i n g , so e v e n i f the 
k i l l site h a d b e e n v i s i t e d b y bears o r w o l v e s , i t was 
n o t possible to d e t e r m i n e i f the predators w e r e sca
v e n g i n g o r w h e t h e r they k i l l e d the c a r i b o u . L o n g 
bones w e r e r e c o v e r e d at about 5 0 % o f the w i n t e r 
k i l l sites, a n d i n n o case was m a l n u t r i t i o n (as i n d i c a 
t e d b y m a r r o w fat c o n t e n t o f less t h a n 20%) d o c u 
m e n t e d as a possible c o n t r i b u t i n g o r d i rec t cause o f 
death. 

I n the recent d e c l i n e , w e d i d n o t d e t e r m i n e 
causes o f n e o n a t a l ca l f m o r t a l i t y . H o w e v e r , i n the 
adjacent D e n a l i h e r d (10) a n d the nearby M e n t a s t a 
h e r d (18), w o l f a n d g r i z z l y bear p r e d a t i o n w e r e the 
m a j o r causes o f h i g h ca l f m o r t a l i t y ( A d a m s , pers. 
c o m m . ; J e n k i n s , pers. c o m m . ) . G r i z z l y bear d e n s i 
ties are l o w e r a n d w o l f densities are h i g h e r i n 
the range o f the D e l t a h e r d t h a n i n the D e n a l i 
h e r d ( D e a n , 1987; M e c h et al, 1991 ; B o e r t j e , 
1993 ; R e y n o l d s , 1993) a n d it therefore appears 
p r o b a b l e that w o l v e s are m o r e i m p o r t a n t as p r e d a 
tors o f calves i n the D e l t a h e r d t h a n i n the D e n a l i 
h e r d . 

P r i o r to s u m m e r 1989 o u r data suggests that 
m o o s e w e r e the p r i m a r y p r e y o f w o l v e s , b u t s h o r t l y 
thereafter, w o l v e s s w i t c h e d to ea t ing c a r i b o u . I n 
F e b r u a r y - M a r c h 1989, just p r i o r to the c a r i b o u 
d e c l i n e , w e invest igated p r e y se lec t ion i n 4 w o l f 
packs i n the D e l t a herd's r a n g e - b y t r a c k i n g c o l l a r e d 
i n d i v i d u a l s 2 - 3 t imes da i ly . C a r i b o u a n d m o o s e 
w e r e ab u ndant w i t h i n the ranges o f all packs . B y 
w e i g h t , m o o s e c o m p r i s e d t w o - t h i r d s a n d c a r i b o u 
o n e - t h i r d o f the w o l v e s ' diet (assuming 1 average 
m o o s e = 3 average c a r i b o u ) . D u r i n g the 3 0 - d a y 
p e r i o d , the 4 w o l f packs s t u d i e d k i l l e d 16 m o o s e , 23 
c a r i b o u , a n d 2 sheep. T h e smal l w o l f packs k i l l e d as 
m a n y c a r i b o u as the larger ones. A t that t i m e c a r i 
b o u a n d m o o s e w e r e b o t h i n c r e a s i n g ( M c N a y , 

1990; B o e r t j e , 1993) . Subsequent ly , c o i n c i d e n t 
w i t h severe w i n t e r weather , w o l v e s increased, c a r i 
b o u d e c l i n e d a n d m o o s e c o n t i n u e d to increase u n t i l 
1992 (Boert je , 1993) . C o m p a r a t i v e data f r o m r a d i o -
c e s i u m ( C S - 1 3 7 ) concentra t ions i n w o l v e s c o r r o b o 
rated this b e h a v i o r a l s w i t c h i n p r e y se lec t ion o v e r 
t i m e (Boert je et al, 1992) . I n a d d i t i o n , M e c h et al. 
(1994) presented e v i d e n c e that w o l v e s i n c l u d e d a 
h i g h e r p r o p o r t i o n o f c a r i b o u i n the i r diet after 1989 
i n the range o f the D e n a l i h e r d . 

Because m u c h o f the e v i d e n c e f o r w o l f p r e d a t i 
o n as the m a i n l i m i t i n g factor i n the D e l t a h e r d is 
c i r cumstant ia l , w e c a n n o t be absolute ly cer ta in that 
the D e l t a h e r d w o u l d n o t have d e c l i n e d i f w o l f 
n u m b e r s h a d b e e n substantially l o w e r . I f w o l v e s are 
ef fec t ive ly r e m o v e d f r o m the c a l v i n g a n d s u m m e r 
ranges o f the D e l t a h e r d d u r i n g the o n g o i n g c o n t r o l 
p r o g r a m (winters 1 9 9 3 - 1 9 9 4 a n d 1994-1995) a n d 
the h e r d fails to r e c o v e r , w e w i l l accept this as 
s t r o n g e v i d e n c e that w o l v e s w e r e n o t the cause o f 
the h i g h ca l f m o r t a l i t y . 

A n o t h e r i m p o r t a n t q u e s t i o n is w h e t h e r w o l v e s 
c o u l d have caused a d e c l i n e i n c a r i b o u w i t h o u t the 
presence o f adverse w e a t h e r . F r o m 1985 o n , w o l v e s 
w e r e an i m p o r t a n t l i m i t i n g factor . T h e A p r i l 1988 
a n d 1989 c a l f x o w ratios suggested increased o v e r 
w i n t e r m o r t a l i t y o f calves p r i o r to the onset o f seve
re w i n t e r s . H o w e v e r this p r o b a b l e decrease i n 
r e c r u i t m e n t , p r i o r to the onset o f severe weather , 
was insuf f i c ient to cause the h e r d to d e c l i n e . I n 
a d d i t i o n , w o l v e s d i d n o t s h o w a c o n c u r r e n t n u m e 
r i ca l r e s p o n s e — w o l f n u m b e r s r e m a i n e d re la t ive ly 
stable f r o m 1985 to 1989 p r i o r to the onset o f b a d 
w e a t h e r (Boert je , 1993). 

Wolf predation as a density dependent limiting factor 
B e r g e r u d (1993) p r o p o s e d a c o n c e p t u a l m o d e l o f 
p o p u l a t i o n r e g u l a t i o n i n w o o d l a n d c a r i b o u w h e r e 
w o l f p r e d a t i o n acts i n a densi ty d e p e n d e n t w a y a n d 
mainta ins c a r i b o u densi ty at l o w levels (i.e., 
<0 .1/km 2 ) because c a r i b o u lose the ab i l i ty to effec
t i v e l y 'space o u t ' f r o m w o l v e s at h i g h e r densi ty . 
A l t h o u g h this m o d e l m a y f i t some o f the smallest 
A l a s k a n herds, c lear ly there are m a n y herds w h i c h 
s u r v i v e for l o n g per iods at m o d e r a t e densities a n d 
n e i t h e r 'space o u t ' n o r 'space a w a y ' f r o m w o l v e s . 
F u r t h e r m o r e , w e f o u n d n o clear re la t ionship b e t 
w e e n c a r i b o u : w o l f rat io o r c a r i b o u e q u i v a l e n t s : w o l f 
rat io a n d c a r i b o u g r o w t h rate (Table 4 , F igs . 5 a n d 
6). It appears that In ter ior A l a s k a n c a r i b o u herds 
u n d e r g o e x t e n d e d per iods o f s l o w g r o w t h p u n c t u a 
t e d b y short per iods o f r a p i d d e c l i n e . S u p e r f i c i a l l y , 
this m a y appear to be d e n s i t y - d e p e n d e n t p r e d a t i o n , 
b u t g r o w t h rate o f c a r i b o u m a y be m o r e sensit ive to 
i n f l u e n c e o f stochastic e n v i r o n m e n t a l factors rather 
t h a n c a r i b o u densi ty . 
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Table 4. Characteristics o f 6 Interior Alaska caribou herds, 1980-1993. 

Size i n 1989 
Crude relative to M e a n annual M e a n annual 1989 
density existing population population 1989 fall 1989 fall caribou 

H e r d (Herd N o . , caribou/km 2 historical growth growth car ibouiwolf caribou population 
F ig . 1) 1989, 1993 estimates 1980-89$,) 1989-93$) ratio equiv . :wol f size 

Chisana (8) 0.2, 0.1 m o d 1.07 0.85 u n k n o w n u n k n o w n 1,540 
Delta (9) 0.9, 0.3 high 1.11^ 0.77 56:1 230:1 10,690 
Denal i (10) 0.3, 0.2 l o w 1.09 0.87 b 20:1 55:1 3,250 
Fortymile (11) 0.5, 0.5 l o w 1.09 0.97 85:1 150:1 22,766 h 

M a c o m b (17) 0.2, 0.1 m o d 1.04 0.88 27:1 120:1 686' 
Mentasta (18) 0.2, 0.1 m o d LOO1 0.77 3 4 : l f 62:1= 2,687 
Nelch ina (20) 0.8, 0.8 m o d 1.09' 1.03' 73:1 235:1 40,317 
W h i t e M t n s . (31) 0.1, 0.1 n . a. c 1.10d 1.05 18:1 76:1 930 

* G r o w t h rate reduced by harvest. 
b T h e population peak actually occurred i n 1990. 
c This area was formerly considered part o f the range of the Fortymile herd, the herd was first recognized in the late 1970s. 
d G r o w t h rate is approximate because the 1980 population estimate was poor. 
1 Population estimates during the period ranged f rom 2,393 to 2,697 but no trend was apparent. 
f Assuming a fall population o f 80 wolves w i t h i n the range of the herd (data f rom Tobey, 1991). 
8 Assuming about 750 moose w i t h i n the caribou range (data f rom Tobey, 1990). 
h 1990 population estimate. 
' Interpolated between 1988 and 1990 estimates. 

Weather as a cause of declines 
Because the decl ines o f I n t e r i o r A l a s k a n c a r i b o u 
herds w e r e near ly s imul taneous , a n d because there 
appeared to be a n u t r i t i o n a l l i n k i n the D e l t a a n d 
D e n a l i herds (i.e., r e d u c e d b o d y w e i g h t a n d r e d u 
c e d natal i ty rate), i t appeared l i k e l y that a w i d e s p r e 

ad factor s u c h as w e a t h e r was i n v o l v e d i n the d e c l i 
nes. W e e x a m i n e d 3 w e a t h e r variables : w i n t e r s n o w 
d e p t h as a c o n t r i b u t i n g factor to adul t m o r t a l i t y a n d 
s u m m e r ca l f s u r v i v a l , a n d s u m m e r tempera ture a n d 
ra infa l l as factors c o n t r i b u t i n g to l o w e r natal i ty (pre
s u m a b l y t h r o u g h r e d u c e d b o d y c o n d i t i o n d u r i n g 
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Fig. 5. Scatter plot o f annual average population growth 
rate (A.) versus caribou:wolf ratio for 6 Interior 
Alaska caribou herds. 
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the rut) a n d decreased ca l f s u r v i v a l the f o l l o w i n g 
s u m m e r ( t h r o u g h r e d u c e d b o d y c o n d i t i o n o f calves 
at b i r t h ) . T h e c a r i b o u d e c l i n e i n the D e l t a h e r d was 
c o i n c i d e n t w i t h 4 o f the m o s t severe w i n t e r s s ince 
1972 a n d f o l l o w e d 3 w a r m s u m m e r s (F ig . 7). T h i s 
was p r o b a b l y also t rue for the M a c o m b a n d D e n a l i 
herds w h e r e w e a t h e r was s imi lar . H o w e v e r , i n east 
centra l A l a s k a o n the w i n t e r ranges o f the C h i s a n a , 
M e n t a s t a , a n d N e l c h i n a herds o n l y the w i n t e r o f 
1 9 8 9 - 1 9 9 0 was severe, a n d s n o w d e p t h bare ly e x c e 
e d e d 70 c m (snow data f r o m N o r t h w a y ) . T h e 
C h i s a n a a n d M e n t a s t a herds d e c l i n e d r a p i d l y (Table 
3) b u t the N e l c h i n a h e r d c o n t i n u e d to g r o w e v e n 
t h o u g h b o t h w i n t e r e d i n c o n t i g u o u s a n d o v e r l a p 
p i n g areas. 

Harvest, emigration, and habitat destruction 
H a r v e s t , e m i g r a t i o n , a n d d e s t r u c t i o n o f w i n t e r 
range b y f ire a n d i n d u s t r i a l d e v e l o p m e n t w e r e 
p o t e n t i a l factors that w e r e e i ther p r o p o s e d as p r e v i 
ous o r p o t e n t i a l causes o r d o c u m e n t e d as c o n t r i b u 
t i n g factors i n p r e v i o u s decl ines o f A l a s k a n o r o t h e r 
c a r i b o u ( L e o p o l d & D a r l i n g , 1953; S k o o g , 1968; 
B e r g e r u d , 1974) . T h e s e factors c a n be c o m p l e t e l y 
r u l e d o u t as factors i n the current decl ines o f the 
D e l t a a n d o t h e r I n t e r i o r herds. I n s o m e herds 
( D e n a l i a n d M a c o m b ) harvest d i d n o t o c c u r d u r i n g 
the d e c l i n e . I n o t h e r herds, harvest was restr icted to 
l o w levels a n d p r i m a r i l y to bul ls (Chisana , D e l t a , 
M e n t a s t a , F o r t y m i l e ) . D e s p i t e the i n c l u s i o n o f 
about 200 radiocol lars i n In ter ior c a r i b o u herds 
a n n u a l l y d u r i n g the 1980s a n d 1990s a n d the o c c u r 
rence o f i n t e r m i n g l i n g o n w i n t e r ranges d u r i n g 
1 9 8 9 - 1 9 9 3 , o n l y 2 1 0 - m o n t h - o l d c o l l a r e d females 
w e r e d o c u m e n t e d as d ispers ing ( b o t h dispersed 
f r o m the M a c o m b h e r d ; 1 to the N e l c h i n a h e r d a n d 
1 to the F o r t y m i l e herd) . F r o m 1980 to 1993 n o 
m a j o r fires o c c u r r e d o n I n t e r i o r c a r i b o u w i n t e r 
ranges, a n d s o m e l o w densi ty herds d e c l i n e d . L a r g e -
scale h u m a n d e v e l o p m e n t s have n o t o c c u r r e d o n 
I n t e r i o r c a r i b o u ranges i n A l a s k a . T w o herds, 
N e l c h i n a a n d C e n t r a l A r c t i c , have h a d the i r ranges 
b isec ted b y the T r a n s - A l a s k a P i p e l i n e . C e n t r a l 
A r c t i c c a r i b o u have b e e n displaced f r o m the i r f o r 
m e r c a l v i n g areas ( W h i t t e n & C a m e r o n , 1985); 
h o w e v e r , p o p u l a t i o n consequences o f this d isp lace 
m e n t have n o t b e e n c lear ly d o c u m e n t e d . T h e 
N e l c h i n a h e r d crosses the p i p e l i n e each s p r i n g a n d 
a u t u m n w i t h o u t i n c i d e n t . 

Conclusion 
E v i d e n c e gathered d u r i n g the current decl ines o f 
the D e l t a a n d o t h e r In ter ior herds has l e d us to 
c o n c l u d e that c h a n g e d w e a t h e r patterns increased 
v u l n e r a b i l i t y o f c a r i b o u to p r e d a t i o n a n d resul ted i n 
a n u m e r i c a l a n d b e h a v i o r a l response i n w o l v e s 

Fig. 7. Plot o f parturition rate and autumn cal fxow ratio i n 
relation to snow depth, summer precipitation, and 
summer temperature in the range of the Delta herd. 

w h i c h i n t u r n resul ted i n decl ines i n m a n y c a r i b o u 
herds. W e therefore p r o p o s e a c o n c e p t u a l m o d e l for 
In ter ior A l a s k a n herds that incorporates stochastic 
w e a t h e r events that interact w i t h p r e d a t i o n a n d 
n u t r i t i o n to l i m i t h e r d size w i t h i n a w i d e range o f 
densities. T h e u p p e r a n d l o w e r b o u n d s o f p o p u l a t i 
o n size w o u l d be a f u n c t i o n o f the a m o u n t o f su i ta 
b le habitat , the l e n g t h o f g o o d o r b a d c l i m a t i c p e r i 
ods, a n d interact ions b e t w e e n predators a n d a l terna
te p r e y . O n l y i n rare c i rcumstances w o u l d absolute 
f o o d shortage b e c o m e a m a j o r l i m i t i n g factor . F o o d 
avai lab i l i ty c o u l d be a l i m i t i n g factor i n s o m e cases 
a n d m a y have a s t rong re la t ionship w i t h w e a t h e r 
a n d p r e d a t i o n because w e a t h e r c o u l d m a k e f o o d 
unavai lab le a n d w o l v e s c o u l d p r e v e n t c a r i b o u f r o m 
f o r a g i n g o p t i m a l l y . V u l n e r a b i l i t y o f c a r i b o u to p r e 
d a t i o n w o u l d v a r y largely i n d e p e n d e n t o f densi ty , 
a n d the size o f a par t i cu lar h e r d at a g i v e n t i m e 
w o u l d p r i m a r i l y be a f u n c t i o n o f the size to w h i c h 
i t was r e d u c e d d u r i n g the last d e c l i n e a n d the n u m 
b e r o f i n t e r v e n i n g years w i t h favorable w e a t h e r . 
A d d i t i o n a l stochast ic i ty c o u l d result f r o m , as yet , 
large ly u n p r e d i c t a b l e b e h a v i o r a l responses o f w o l v e s 
to n u m b e r s a n d v u l n e r a b i l i t y o f a l l m a j o r p r e y spe
cies. I n the recent A l a s k a n decl ines , there w e r e n o 
clear re lat ionships b e t w e e n the rate o f p o p u l a t i o n 
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d e c l i n e , densi ty , and n u m b e r s o f alternate p r e y 
(Figs. 2, 5 , a n d 6; T a b l e 4). 
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