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Abstract: T h e D e l t a and Y a n e r t c a r i b o u (Rangifer tarandus granti) herds apparently mainta ined discrete ca lving 
areas f r o m 1979 t h r o u g h 1983 (as determined b y radio telemetry studies), even t h o u g h substantial i n t e r m i x i n g 
occurred d u r i n g other seasons. A l s o , the D e l t a herd apparently used a single t radi t iona l ca lv ing area f r o m the 
1950's t h r o u g h 1983, based o n results of aerial surveys and 1979-83 telemetry studies. C a l v i n g d i s t r i b u t i o n in 
1984 changed d r a m a t i c a l l y ; 5 of 25 rad io -co l la red D e l t a herd cows ^ 3 years o l d and 5 of 24 rad io -co l la red D e l t a 
herd cows < 3 years o l d were located i n the ca lv ing area of the Yaner t herd , 72 k m west -southwest of the 
t radi t ional D e l t a herd ca lv ing area. U s e of t radi t ional , separate ca lving areas resumed for the t w o herds in 1985. 
O n e i m p l i c a t i o n of these data is that the current de f in i t ion of a car ibou herd m a y not always a p p l y . A second 
i m p l i c a t i o n is that current models of car ibou soc ioecology, based largely o n the concepts of t radi t iona l use of 
calving grounds , herd ident i ty/f ide l i ty , and dispersal , inadequately predict or expla in all empir i ca l observations. 
A n e v o l v i n g m o d e l of o p t i m a l and d y n a m i c use of space can help refine current models of car ibou soc ioeco logy . 
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Introduction 

W e b e l i e v e t h e t o p i c o f c a r i b o u (Rangifer 
tarandus) s o c i o e c o l o g y necess i ta tes c o m b i n i n g 
e m p i r i c a l a n d t h e o r e t i c a l s c i e n c e . T h e p u r p o s e o f 
t h i s p a p e r is t h r e e - f o l d : (1) w e p r e s e n t 
s o c i o l o g i c a l d a t a f r o m the D e l t a ( D C H ) a n d 
Y a n e r t c a r i b o u h e r d s ( Y C H ) , (2) w e c i te 
e x a m p l e s t o s h o w t h a t the D C H a n d Y C H d a t a 
are n o t s o l e e x c e p t i o n s t o w o r k i n g c o n c e p t u a l 
m o d e l s o f c a r i b o u s o c i o e c o l o g y , a n d (3) w e 
d i s c u s s t h e o r e t i c a l c o n s i d e r a t i o n s f o r a m o r e 
c o m p l e t e m o d e l o f c a r i b o u s o c i o e c o l o g y . 

A c o n c e p t u a l m o d e l o f c a r i b o u s o c i o e c o l o g y 
has n e v e r b e e n c o n c i s e l y a r t i c u l a t e d a n d t e s t e d . 
I n d e e d , e x i s t i n g m o d e l s are o n l y i n the m i n d s o f 
c a r i b o u w o r k e r s . W e b e l i e v e that m o s t o f these 
m o d e l s e n c o m p a s s l i t t l e m o r e t h a n the f o l l o w i n g 
c o n c e p t s : (1) caribou herds a n d (2) traditional 
calving grounds ( S k o o g , 1 9 6 8 ; T h o m a s et aly 

1968) , (3) dispersal ( S k o o g , 1968) , a n d (4) basic 
caribou social structure d e s c r i b e d b y L e n t (1965) 
as a « t e m p o r a r y t e n u o u s a s s o c i a t i o n ( s ) o f 

i n d i v i d u a l s » a n d b y B e r g e r u d (1974a) as « o p e n 
s o c i a l u n i t s . » I n c o n t r a s t , P a r k e r (1972) a n d 
M i l l e r (1974) v i e w e d t h e b a s i c s o c i a l s t r u c t u r e as 
c o n s i s t i n g o f p e r s i s t e n t n o n r a n d o m a s s o c i a t i o n s 
o f a d u l t c a r i b o u r e s u l t i n g f r o m s o c i a l a t t a c h 
m e n t . 

C o n s o l i d a t i n g the a b o v e c o n c e p t s i n t o m o d e l s 
has r e s u l t e d i n e x i s t i n g m o d e l s b e i n g m o s t l y 
d e s c r i p t i v e a n d f o c u s e d p r i m a r i l y o n t h e l a r g e r 
p a t t e r n s o f c a r i b o u s o c i o e c o l o g y . T h e f o c u s o n 
l a r g e r p a t t e r n s is s y m p t o m a t i c o f an e m e r g i n g 
d i s c i p l i n e ( A u s t a d a n d H o w a r d , 1984) . W e 
b e l i e v e i t is n o w t i m e t o r e d i r e c t the f o c u s o n 
c a r i b o u s o c i o e c o l o g y t o i n c l u d e the f u l l r a n g e o f 
e m p i r i c a l o b s e r v a t i o n s a n d t o e x p a n d c o n c e p t u a l 
m o d e l s t o i n c l u d e e x p l a n a t i o n s o f the m e c h a 
n i s m s a n d f u n c t i o n s i n v o l v e d i n c a r i b o u 
s o c i o e c o l o g y . W e d i s c u s s a f r a m e w o r k o f 
m e c h a n i s m s a n d f u n c t i o n s ( B e r g e r u d , 1974^), 
w h i c h has b e e n a v a i l a b l e b u t n o t w i d e l y 
i n c o r p o r a t e d i n t o c o n c e p t u a l m o d e l s , to h e l p 
e x p l a i n e x c e p t i o n s to the l a r g e r p a t t e r n s o f 
c a r i b o u s o c i o e c o l o g y . 
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B y m o n i t o r i n g m o v e m e n t o f r a d i o - c o l l a r e d 
c a r i b o u i n t h e r a n g e o f A l a s k a ' s D C H f r o m 1979 
t h r o u g h 1985 , w e e m p i r i c a l l y t e s ted the c o n c e p t s 
o f h e r d i d e n t i t y , t r a d i t i o n a l c a l v i n g g r o u n d s , a n d 
d i s p e r s a l . T h e s e c o n c e p t s h a v e b e e n i n t e r t w i n e d 
f o r d e c a d e s . S k o o g (1968) a n d T h o m a s et al. 
(1968) c o n c e p t u a l i z e d h e r d s b a s e d o n c a l v i n g 
g r o u n d s . S k o o g (1968) d e f i n e d «a h e r d o f 
c a r i b o u » as a n y g r o u p w h i c h e s t a b l i s h e s a c a l v i n g 
area d i s t i n c t f r o m t h a t o f a n y o t h e r g r o u p a n d 
uses the area r e p e a t e d l y o v e r a p e r i o d o f y e a r s , 
w i t h s l i g h t m o d i f i c a t i o n w h e n d e e p s n o w 
p e r s i s t s . H e e l a b o r a t e d t h a t m i x i n g b e t w e e n 
h e r d s at o t h e r seasons m a y o c c u r o c c a s i o n a l l y , 
b u t t h i s m i x i n g is n o t c o n s i d e r e d c o n t r a d i c t o r y 
t o h i s h e r d d e f i n i t i o n . F u r t h e r , h e b e l i e v e d tha t 
the h e r d s i n v a r i a b l y s e p a r a t e a n d r e t u r n t o 
a n c e s t r a l c a l v i n g g r o u n d s e a c h s p r i n g , e v e n 
t h o u g h g a i n s o r losses i n a n i m a l n u m b e r s m a y 
h a v e o c c u r r e d . S k o o g ' s h e r d d e f i n i t i o n a p p l i e s 
t h r o u g h o u t t h i s p a p e r . 

G u n n a n d M i l l e r (1986) r e v i e w e d the c o n c e p t 
o f t r a d i t i o n a l c a l v i n g g r o u n d s , so w e d o n o t 
a t t e m p t a n e x p l i c i t d e f i n i t i o n o f « t r a d i t i o n a l » 
c a l v i n g g r o u n d s h e r e . F o r t h i s p a p e r , w e d e f i n e 
t r a d i t i o n a l o r a n c e s t r a l c a l v i n g g r o u n d s o n l y b y 
w h a t the t e r m s i m p l y . 

W e c o n s i d e r d i s p e r s a l i n the c o n t e x t o f 
e m i g r a t i o n / i m m i g r a t i o n as u s e d b y S k o o g 
(1968) . M o r e s p e c i f i c a l l y , f o r t h i s d i s c u s s i o n w e 
d e f i n e d i s p e r s a l as a n y m o v e m e n t b y a p a r t u r i e n t 
f e m a l e t h a t r e s u l t s i n (1) h e r c a l v i n g o u t s i d e the 
d i s t r i b u t i o n a l r a n g e o f the h e r d w h o s e c a l v i n g 
area she u s e d i n t h e p r e c e d i n g y e a r , a n d / o r (2) 
h e r c a l v i n g o n a n y t r a d i t i o n a l c a l v i n g g r o u n d 
o t h e r t h a n t h a t o f t h e h e r d u s e d i n the p r e c e d i n g 
y e a r . 

I n r e c e n t y e a r s t h e n e e d f o r e n l i g h t e n e d a n d 
m o r e i n t e n s i v e m a n a g e m e n t o f c a r i b o u ( B e r g e -
r u d , 1974/?, 1 9 8 0 ; K l e i n a n d W h i t e , 1 9 7 8 ; M i l l e r , 
1982) a n d a n i n c r e a s i n g n e e d t o p r e d i c t i m p a c t s 
o f d i s t u r b a n c e a n d d e v e l o p m e n t o n c a r i b o u a n d 
t h e i r h a b i t a t s ( M a r t e l l a n d R u s s e l l , 1985) h a v e 
g e n e r a t e d a c r i t i c a l r é é v a l u a t i o n o f c u r r e n t 
c o n c e p t s o f c a r i b o u s o c i o e c o l o g y . 

Methods 
Radio-collaring caribou 

B e t w e e n 1979 a n d 1985 , the D C H c o n t a i n e d 
4 0 0 0 t o 8000 c a r i b o u a n d the Y C H c o n t a i n e d 500 
t o 1000 , a n d the h e r d s o c c u p i e d a d j a c e n t o r 
o v e r l a p p i n g ranges ( F i g . 1). P e r t i n e n t î n f o r m a -
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t i o n o n the h i s t o r y a n d ranges o f b o t h h e r d s is 
s u m m a r i z e d o r r e f e r e n c e d i n D a v i s a n d V a l k e n -
b u r g (1985) . 

F r o m 1979 t h r o u g h 1984 , w e c a p t u r e d a n d 
r a d i o - c o l l a r e d 63 f e m a l e c a r i b o u f r o m the D C H 
a n d Y C H (60 o f these 63 p r o v i d e d d a t a f o r th is 
p a p e r ) . 

Relocating radio-collared caribou 

R a d i o - c o l l a r e d c a r i b o u w e r e r e l o c a t e d f r o m 
f i x e d - w i n g a i r c r a f t ( B e l l a n c a S c o u t a n d P i p e r 
S u p e r C u b ) e q u i p p e d w i t h t w o Y a g i a n t e n n a s . 
I n m o s t y e a r s o n e o r m o r e r e l o c a t i o n f l i g h t s w e r e 
m a d e e a c h m o n t h . A l l r a d i o c o l l a r s w e r e 
m o n i t o r e d a u d i b l y d u r i n g e a c h f l i g h t a n d an 
a t t e m p t w a s m a d e t o d e t e r m i n e the g e n e r a l 
l o c a t i o n o f e a c h s i g n a l t h a t w a s h e a r d . W e 
a t t e m p t e d t o v i s u a l l y r e l o c a t e a l l c o l l a r e d c a r i b o u 
o n e a c h f l i g h t d u r i n g t h e f i r s t s e v e r a l y e a r s w h e n 
f e w e r t h a n 30 c a r i b o u w e r e c o l l a r e d a n d i n 
s u b s e q u e n t y e a r s w h e n l o g i s t i c s p e r m i t t e d . O n 
f l i g h t s w h e n l o g i s t i c a l c o m p l i c a t i o n s p r e c l u d e d 
v i s u a l r e l o c a t i o n o f a l l c o l l a r e d c a r i b o u , t h o s e 
i n d i v i d u a l s w h i c h w e r e n o t r e c e n t l y l o c a t e d w e r e 
g i v e n f i r s t p r i o r i t y . S o m e c o l l a r e d c a r i b o u w e r e 
s i g h t e d f r o m t h e g r o u n d d u r i n g J u n e a n d J u l y 
1979 b y 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 
p e r s o n n e l c o n d u c t i n g s h e e p (Ovis dalli dalli) 
s t u d i e s a n d c a r i b o u c o m p o s i t i o n c o u n t s . F o r 
e a c h s i g h t i n g , w e a t t e m p t e d t o r e c o r d g r o u p s i z e , 
l o c a t i o n , p r e s e n c e o r a b s e n c e o f a ca l f , a n d g r o u p 
c o m p o s i t i o n . W e r e c e i v e d s o m e r e p o r t s f r o m the 
p u b l i c , i n c l u d i n g h u n t e r s , o n the l o c a t i o n s o f 
c o l l a r e d c a r i b o u t h a t w e r e o b s e r v e d o r s h o t . 

Calving 

A n n u a l l y f r o m 1979 t h r o u g h 1984, c a l v i n g 
d i s t r i b u t i o n w a s m o n i t o r e d i n the ranges o f the 
D C H a n d Y C H u s i n g f i x e d - w i n g a i r c r a f t to 
r e l o c a t e r a d i o - c o l l a r e d f e m a l e s a n d to c o n d u c t 
o c u l a r r e c o n n a i s s a n c e . G e o g r a p h i c s e p a r a t i o n o f 
c a l v i n g g r o u n d s o f t h e t w o h e r d s w a s assessed. 

M e t h o d s u s e d t o m o n i t o r c a l v i n g d i s t r i b u t i o n 
i n 1984 are o f p a r t i c u l a r i n t e r e s t b e c a u s e o f the 
u n e x p e c t e d r e s u l t s . F i x e d - w i n g a i r c r a f t w e r e 
u s e d t o r e l o c a t e r a d i o - c o l l a r e d c a r i b o u o n 10, 14, 
16, 18, a n d 26 M a y 1 9 8 4 ; a 2 - p e r s o n g r o u n d c r e w 
c l a s s i f i e d c a r i b o u o n t h e t r a d i t i o n a l « c o r e » 
c a l v i n g area o n 20 - 23 M a y 1984 ; a n d a h e l i c o p t e r 
w a s u s e d o n 26 M a y 1984 f o r a c o m p o s i t i o n 
c o u n t i n the u p p e r W o o d R i v e r area ( F i g . 1). 
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F i g . 1. S tudy area and d i s t r i b u t i o n and ca lving areas of the D e l t a and Yaner t C a r i b o u herds. 

Herd identities and fidelity 

D i s c r e t e n e s s o f the D C H a n d the Y C H , a n d 
the s p a t i a l r e l a t i o n s h i p s to o n e a n o t h e r a n d t o 
n e i g h b o r i n g N e l c h i n a , M a c o m b , F o r t y m i l e , a n d 
D e n a l i h e r d s , w e r e d e t e r m i n e d b y m o n i t o r i n g 
m o v e m e n t s a n d c a l v i n g d i s t r i b u t i o n o f c a r i b o u 
t h a t w e r e r a d i o - c o l l a r e d w i t h i n the r a n g e o f the 
D C H o r Y C H . 

Results 

Calving distribution 

B a s e d o n r e s u l t s o f a e r i a l s u r v e y s a n d 1979-83 
t e l e m e t r y s t u d i e s , the D C H a p p a r e n t l y u s e d a 
s i n g l e c a l v i n g area ( i . e . , o n e c o n t i g u o u s g e o g r a 
p h i c area s e p a r a t e d f r o m the 1 9 8 0 - 8 5 Y a n e r t 
c a l v i n g area) f r o m the 1950 's t h r o u g h 1983 ( F i g . 
1). T h e s u r v e y s p r i o r t o 1970 w e r e n o t i n t e n s i v e 
a n d m a y n o t h a v e l o c a t e d a l l c a l v i n g f e m a l e s ; 
h o w e v e r , the s u r v e y s d i d d e m o n s t r a t e a n n u a l use 
o f the t r a d i t i o n a l D C H c a l v i n g area . T h e D C H 

a n d Y C H m a i n t a i n e d d i s c r e t e c a l v i n g areas f r o m 
1979 t h r o u g h 1983 , as d e t e r m i n e d b y r a d i o -
t e l e m e t r y , b u t s i g n i f i c a n t i n t e r m i x i n g o c c u r r e d 
d u r i n g o t h e r seasons ( D a v i s a n d V a l k e n b u r g , 
1985). 

N u m b e r s o f r a d i o - c o l l a r e d f e m a l e s tha t u s e d 
the D e l t a a n d Y a n e r t c a l v i n g areas f r o m 1979 
t h r o u g h 1985 are l i s t e d i n T a b l e 1. C a l v i n g 
d i s t r i b u t i o n i n 1984 w a s o f p a r t i c u l a r i n t e r e s t 
b e c a u s e 2 0 % (10/49) o f t h e r a d i o - c o l l a r e d D C H 
f e m a l e s c a l v e d a n d / o r w e r e d i s t r i b u t e d d u r i n g 
c a l v i n g w i t h Y C H f e m a l e s i n the Y a n e r t c a l v i n g 
area . O f these 10 D C H f e m a l e s , f i v e w e r e ^ 3 6 
m o n t h s a n d f i v e w e r e < 3 6 m o n t h s o l d . A t 
c a l v i n g t i m e i n 1984 , t h e r e w a s a t o t a l o f 49 
r a d i o - c o l l a r e d f e m a l e s i n the D C H , i n c l u d i n g 25 
^ 3 6 m o n t h s o l d a n d 24 < 3 6 m o n t h s o l d . 

D u r i n g c a l v i n g i n 1985 , a l l r a d i o - c o l l a r e d 
f e m a l e s , e x c e p t o n e , r e s u m e d c a l v i n g i n t h e i r 
r e s p e c t i v e t r a d i t i o n a l c a l v i n g g r o u n d s . T h e s i n g l e 
e x c e p t i o n ( T a b l e 1) w a s a c a r i b o u r a d i o - c o l l a r e d 
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Table 1. T h e n u m b e r of female car ibou radio--collared annual lv f r o m the D e l Ita and Yanert h erds and then 
ca lv ing range loca t ion , 1979-85. 

D e l t a h e r d " Y a n e r t h e r d h 

N u m b e r D e l t a Y a n e r t N u m b e r D e l t a Y a n e r t 

r a d i o - c a l v i n g c a l v i n g r a d i o - c a l v i n g c a l v i n g 

Y e a r c o l l a r e d r a n g e r a n g e c o l l a r e d r a n g e r a n g e 

1979 11 11 0 0 _ -

1980 0 11 0 0 - -
1981 10 18 0 8C 0 7 

1982 11 28 0 0 0 7 

1983 12 39 0 0 1 6 

1984 11 38 10 0 1 6 

1985 0 44 0 0 1 7 

a A l l rad io -co l la red females were col lared in the range of the D e l t a C a r i b o u herd and assumed to be D C H 
members . 

b A l l rad io -co l la red females were col lared in the range of the Yaner t C a r i b o u herd and assumed to be Y C H 
members . 

0 A h u m a n r e c o r d i n g error of radio frequencies caused one of the eight car ibou col lared in 1981 to not be located 
u n t i l 1985. 

i n A p r i l 1981 o n the Y C H ' s w i n t e r r a n g e . She 
c a l v e d i n 1981 a n d 1982 o n the Y a n e r t c a l v i n g 
g r o u n d , b u t c a l v e d o n the D e l t a H e r d ' s c a l v i n g 
g r o u n d i n 1983 , 1984 , a n d 1985 . 

Dispersal/herd identity 

F r o m 1979 t h r o u g h 1985 , o n l y o n e o f 60 
r a d i o - c o l l a r e d f e m a l e s « p e r m a n e n t l y » s w i t c h e d 
b e t w e e n the D C H a n d Y C H c a l v i n g g r o u n d s , 
s u g g e s t i n g a 9 8 % (59/60) f i d e l i t y o f f e m a l e s to 
t h e i r c a l v i n g g r o u n d . H o w e v e r , i n 1984, 2 1 % 
(10/43) o f the r a d i o - c o l l a r e d D C H f e m a l e s 
c a l v e d i n the Y C H ' s c a l v i n g g r o u n d . T h e 
« d i s p e r s a l » o f D C H f e m a l e s i n 1984 w a s 
a p p a r e n t l y o n l y a 1 - y e a r p h e n o m e n o n b e c a u s e 
a l l 10 D C H c o w s r e t u r n e d t o the D e l t a c a l v i n g 
g r o u n d i n 1985 . 

E v e n c o n s i d e r i n g the r e l a t i v e l a c k o f c a l v i n g 
g r o u n d f i d e l i t y i n 1984 , o v e r a l l f i d e l i t y to 
r e s p e c t i v e c a l v i n g g r o u n d s has b e e n h i g h . B a s e d 
o n « c a l v i n g - g r o u n d - y e a r s » f o r c a r i b o u ^ 2 4 
m o n t h s o l d , the o b s e r v e d f i d e l i t y rate d u r i n g t h i s 
s t u d y has b e e n 9 6 % (206/214) . 

Discussion 
O u r o b s e r v a t i o n s o f r a d i o - c o l l a r e d D e l t a a n d 

Y a n e r t c a r i b o u are p a r t i a l l y c o n s i s t e n t w r i t h 
c o n v e n t i o n a l d e f i n i t i o n s a n d c o n c e p t s o f h e r d s , 
t r a d i t i o n a l c a l v i n g g r o u n d s , a n d d i s p e r s a l . 

H o w e v e r , s e v e r a l o f o u r o b s e r v a t i o n s i n d i c a t e 
the n e e d t o e x p a n d a n d r e f i n e c o n c e p t s a n d 
d e f i n i t i o n s t o a d e q u a t e l y d e s c r i b e a n d p r e d i c t 
p h e n o m e n a r e l a t e d t o h e r d i d e n t i t y a n d f i d e l i t y 
t o c a l v i n g areas . 

F o r e x a m p l e , w e b e l i e v e that the e x i s t i n g 
m o d e l ( s ) o f c a r i b o u s o c i o e c o l o g y i n a d e q u a t e l y 
p r e d i c t e d : ( i ) the 1 - y e a r « a b a n d o n n a n t » , i n 
1984, o f the t r a d i t i o n a l D C H c a l v i n g g r o u n d b y 
2 0 % (10/49) o f the r a d i o - c o l l a r e d D C H f e m a l e s , 
a n d (2) the p e r m a n e n t a b a n d o n m e n t o f t h e Y C H 
c a l v i n g g r o u n d b y t h e o n e f e m a l e . E v e n i f w e 
w e r e t o c o n c e d e t h a t the e x i s t i n g m o d e l ( s ) 
i m p l i e s p r e d i c t i o n s t o a c c o u n t f o r the o b s e r v a 
t i o n s , the e x i s t i n g m o d e l ( s ) c e r t a i n l y d o n o t 
i n c l u d e c r e d i b l e t r i g g e r i n g a n d f u n c t i o n a l 
m e c h a n i s m s t o e x p l a i n the o b s e r v a t i o n s . R a t h e r , 
the p r e s e n t m o d e l ( s ) l a b e l s o u r o b s e r v a t i o n s as 
e x c e p t i o n s o r a n o m a l i e s . 

H o w e v e r , o u r o b s e r v a t i o n s m a y n o t be 
e x c e p t i o n s . T h e y m a y be i n f r e q u e n t events tha t 
are t y p i c a l f o r s i z a b l e « a s s o c i a t i o n s » o f c a r i b o u 
o b s e r v e d f o r a p r o t r a c t e d p e r i o d . R a d i o - t e l e 
m e t r y has p r o v i d e d t h e f i r s t o p p o r t u n i t y to test 
the c o n v e n t i o n a l s o c i o e c o l o g y m o d e l ( s ) f o r 
c a r i b o u , a n d r e s u l t s are just n o w b e c o m i n g 
a v a i l a b l e . A l r e a d y , the s t u d i e s h a v e r e v e a l e d 
m a n y « e x c e p t i o n s » o r « a n o m a l i e s » . G a u t h i e r 
(1984) d o c u m e n t e d t e m p o r a r y egress f r o m t h e 
B u r w a s h h e r d s t u d y area b y 3 o f 26 r a d i o -
c o l l a r e d c a r i b o u i n 1982 . I n a d d i t i o n , m o n i t o r i n g 
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r a d i o - c o l l a r e d c a r i b o u h e l p e d d e t e r m i n e that 
a p p r o x i m a t e l y 1 6 - 1 9 % (62-72/387) o f the a d u l t s 
a n d s u b a d u l t s i n t h e 1981 r u t t i n g p o p u l a t i o n d i d 
n o t c a l v e i n t h e t w o t r a d i t i o n a l c a l v i n g areas f o r 
the B u r w a s h h e r d i n s p r i n g 1982 ( i . e . , d i s p e r s a l ) . 

S i m i l a r l y , m o n i t o r i n g r a d i o - c o l l a r e d c a r i b o u 
h e l p e d to d o c u m e n t t h e d i s p e r s a l o f s e v e r a l 
h u n d r e d c a r i b o u f r o m t r a d i t i o n a l r a n g e o f the 
B i g R i v e r H e r d i n A l a s k a , a n d s u b s e q u e n t 
c a l v i n g i n n o n t r a d i t i o n a l c a l v i n g areas ( P e g a u 
1985) . M o r e q u e s t i o n s t h a n a n s w e r s h a v e 
a c c r u e d r e g a r d i n g h e r d i d e n t i t y a n d t r a d i t i o n a l 
c a l v i n g areas f o r c a r i b o u r a d i o - c o l l a r e d o n the 
A r c t i c C o a s t a l P l a i n o f A l a s k a b e t w e e n the 
c a l v i n g g r o u n d s o f t h e W e s t e r n A r c t i c (see D a v i s 
(1980) f o r h e r d l o c a t i o n s ) a n d T e s h e k p u k h e r d s 
( D a v i s a n d V a l k e n b u r g , u n p u b l i s h e d data ) . 
R a d i o - t e l e m e t r y has a l s o a i d e d i n d o c u m e n t i n g 
f r e q u e n t s h i f t s i n c a l v i n g d i s t r i b u t i o n i n the 
F o r t y m i l e ( V a l k e n b u r g a n d D a v i s , 1986) a n d 
D e n a l i h e r d s ( T r o y e r , 1981) . A n d t e l e m e t r y has 
h e l p e d s h o w t h a t s h a r i n g a c o m m o n c a l v i n g 
g r o u n d is a n i n a p p r o p r i a t e c r i t e r i o n f o r d e f i n i n g 
h e r d s i n s o m e s i t u a t i o n s i n v o l v i n g w o o d l a n d 
c a r i b o u (R. t. caribou) ( E d m o n d s a n d B l o o m f i -
e l d , 1 9 8 4 ; R . F a r n e l l , p e r s . c o m m . , Y u k o n 
W i l d l i f e B r a n c h ) . 

O n e i m p l i c a t i o n o f these « e x c e p t i o n s » o r 
« a n o m a l i e s » is t h a t c o n v e n t i o n a l c o n c e p t s o f 
t r a d i t i o n a l c a l v i n g g r o u n d s , h e r d f i d e l i t y , a n d 
d i s p e r s a l ( i . e . , c a r i b o u s o c i o e c o l o g y ) are i n c o m 
p l e t e . W e b e l i e v e t h a t c u r r e n t c o n c e p t s m u s t be 
e x p a n d e d , r e f i n e d , a n d / o r r e v i s e d t o b e t t e r 
e x p l a i n d i s p e r s a l t o a d j a c e n t c a l v i n g areas a n d 
e x c e p t i o n s t o c a r i b o u c a l v i n g i n a « t r a d i t i o n a l » 
m a n n e r . 

C u r r e n t l y , t h e r e is m a j o r d e b a t e o v e r the 
c o m p l e x s u b j e c t o f c a r i b o u s o c i o e c o l o g y . T h e 
d e b a t e f o c u s e s o n t h r e e i s s u e s : (1) the bas is f o r 
d e f i n i n g c a r i b o u h e r d s , (2) B e r g e r u d ' s (\974a) 
w o r k i n g h y p o t h e s i s t h a t c a r i b o u o p t i m a l l y a n d 
d y n a m i c a l l y use space ( i n c l u d i n g s h o r t - t e r m 
s h i f t s i n c a l v i n g d i s t r i b u t i o n ) v s . the c o n c e p t o f 
l o n g - t e r m s e l e c t i o n f o r c a l v i n g g r o u n d s ( i n c l u d e s 
o p t i m a l f o r a g i n g t h e o r y ) , a n d (3) the t h e o r e t i c a l 
m e c h a n i s m s c o n t r i b u t i n g t o d i s p e r s a l a n d / o r 
m a i n t e n a n c e o f h e r d d i s c r e t e n e s s ( H a b e r a n d 
W a l t e r s , 1980) . 

B e r g e r u d (1974^ :582) i n t r o d u c e d the c o n c e p t 
o f o p t i m a l a n d d y n a m i c use o f space i n a 
d i s c u s s i o n as f o l l o w s : « H o w e v e r , th is t e m p o 
r a l - s p a c e o p t i m u m w i l l s o o n be a l t e r e d a n d it w i l l 
be m o r e a d v a n t a g e o u s t o be e l s e w h e r e . » I n 

d i s c u s s i n g c a r i b o u s o c i o e c o l o g y , B e r g e r u d 
(1974a) d i s c u s s e d m a n y o f the t e r m s a n d 
c o n c e p t s w e b e l i e v e i n t e g r a l t o a n y m o d e l that 
s a t i s f a c t o r i l y d e p i c t s c a r i b o u s o c i o e c o l o g y . 

B e r g e r u d (1974a) d i s c u s s e d the r o l e of 
f a c u l t a t i v e a n d o b l i g a t e b e h a v i o r i n the p h y t o 
g e n y a n d o n t o g e n y o f c a r i b o u , a n d s u g g e s t e d 
that 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 m o v e m e n t a n d 
a g g r e g a t i n g b e h a v i o r w o u l d be g r e a t l y e n h a n c e d 
i f w e k n e w h o w h e r d s r e t u r n t o s p e c i f i c 
l o c a t i o n s . H e o f f e r e d t h r e e h y p o t h e s e s , w h i c h 
m a y n o t be m u t u a l l y e x c l u s i v e , t o e x p l a i n th is 
p h e n o m e n o n : (1) t h a t the a b i l i t y o f a n i m a l s to 
« h o m e » t o a s p e c i f i c area i n v o l v e s l e a r n i n g a n d 
t r a d i t i o n ; (2) t h a t a n i m a l s are f u n n e l e d b y 
t o p o g r a p h i c a l f e a t u r e s a n d r e c o g n i z e the c a l v i n g 
g r o u n d s b a s e d o n p h y l o g e n i c i m p r i n t i n g ; a n d (3) 
tha t a n i m a l s h a v e a n o r i e n t a t i o n d i r e c t i o n w h i c h 
o f t e n r e s u l t s i n the a n i m a l r e a c h i n g the s a m e 
g e n e r a l area . S o c i a l f a c i l i t a t i o n is c o n t i n u a l l y 
i n t e r a c t i v e w i t h a l l t h r e e p o s s i b i l i t i e s . A n t i c i p a 
t o r y a d a p t a t i o n w a s a l s o d i s c u s s e d b y B e r g e r u d 
(1974a), b u t s i te a f f i n i t y w a s n o t (a lbe i t site 
a f f i n i t y o v e r l a p s w i t h l e a r n i n g a n d t r a d i t i o n ) . 
H e r d d e f i n i t i o n w a s l a c k i n g i n B e r g e r u d ' s 
d i s c u s s i o n . 

S o c i a l f a c i l i t a t i o n ( a n d / o r c o n t a g i o u s b e h a 
v i o r ) seems i n e s c a p a b l y i n v o l v e d i n the m o v e 
m e n t a n d d i s t r i b u t i o n b e h a v i o r o f c a r i b o u . W e 
e n v i s i o n a c o n s t a n t t u g - o f - w a r i n the c a r i b o u ' s 
m i n d b e t w e e n y i e l d i n g t o l e a r n e d / t r a d i t i o n a l 
m o v e m e n t a n d y i e l d i n g to « g r o u p p r e s s u r e » to 
d o o t h e r w i s e w h e n the t r a d i t i o n s d i f f e r a m o n g 
i n t e r a c t i n g i n d i v i d u a l s . 

S t u d i e s o f d i v e r s e spec ies h a v e s h o w n that 
b i m o r p h i s m o r p o l y m o r p h i s m is c o m m o n i n 
p o p u l a t i o n s . T h e l i t e r a t u r e o n i n v e r t e b r a t e s is 
r e p l e t e w i t h s t u d i e s o f m o r p h i s m ( e . g . , I w a n a g a 
et al., 1 9 8 5 ; B o r o w s k y , 1985) a n d r e c e n t 
p u b l i c a t i o n s , r e g a r d i n g b i - o r p o l y m o r p h i s m , 
are c o m m o n f o r b i r d s ( e . g . , R a t t i , 1985) , f i s h 
( e . g . , J u r s s et al.y 1985) , a n d t h e r e is i n c r e a s i n g 
c o g n i z a n c e o f b i - o r p o l y m o r p h i s m c o n t r i b u t i n g 
t o v a r i a t i o n i n l a r g e m a m m a l p o p u l a t i o n s . F o r 
e x a m p l e , B u n n e l l a n d H a r e s t a d (1983) c o n c l u d e d 
tha t o b s e r v e d m o v e m e n t p a t t e r n s o f b l a c k - t a i l e d 
d e e r (Odocoileus hemionus columbianus) s u g g e 
s t e d the e x i s t e n c e o f t w o p h e n o t y p e s - - « n o n d i s -
p e r s e r s » a n d « d i s p e r s e r s . » T h e y s ta ted f u r t h e r 
t h a t , « . . . c o m p e t i t i o n f o r m a t e s is an i m p o r t a n t 
f o r c e g o v e r n i n g the p r o p o r t i o n s o f « d i s p e r s e r s » 
t o « n o n d i s p e r s e r s . » 

G i v e n tha t b i - o r p o l y m o r p h i s m is c o m m o n 
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i n m a n y spec ies a n d c a n f r e q u e n t l y a c c o u n t f o r 
o b s e r v e d v a r i a t i o n w i t h i n p o p u l a t i o n s , i t d o e s 
n o t s e e m i m p r o b a b l e t h a t m o r p h i s m i n c a r i b o u 
c o u l d a c c o u n t f o r s o m e o b s e r v e d b e h a v i o r a l 
d i f f e r e n c e s . E d m o n d s a n d B l o o m f i e l d (1984) 
r e c e n t l y d e s c r i b e d t w o d i f f e r e n t a n n u a l m o v e 
m e n t s t ra tegies f o r w o o d l a n d c a r i b o u i n A l b e r t a . 
M i g h t the t w o s t ra teg ies s t e m f r o m b e h a v i o r a l 
b i m o r p h i s m ? S i m i l a r l y , t h e c a l v i n g b e h a v i o r tha t 
w e o b s e r v e d i n t h e D C H a n d Y C H c a r i b o u , 
b e h a v i o r w h i c h d i d n o t c o n f o r m t o the 
c o n v e n t i o n a l m o d e l ( s ) o f c a r i b o u s o c i o e c o l o g y , 
m a y be p a r t l y e x p l a i n a b l e b y b e h a v i o r a l 
m o r p h i s m . 

T o c o n c l u d e , w e b e l i e v e t h a t c o n f u s i o n has 
r e s u l t e d f r o m l a c k o f s t a n d a r d i z e d t e r m i n o l o g y 
a n d d e f i n i t i o n s r e g a r d i n g c a r i b o u s o c i o e c o l o g y . 
A d v a n c e s i n t h e f i e l d o f s o c i o e c o l o g y h a v e n o t 
b e e n t i m e l y s y n t h e s i z e d b y c a r i b o u w o r k e r s a n d 
h a v e n o t b e e n i n c o r p o r a t e d i n t o the c o n v e n t i o n a l 
m o d e l ( s ) o f c a r i b o u s o c i o e c o l o g y . W e b e l i e v e the 
c o n v e n t i o n a l m o d e l ( s ) o f c a r i b o u s o c i o e c o l o g y 
is i n c o m p l e t e a n d w a r r a n t s m o d i f i c a t i o n . 

I n c o r p o r a t i n g B e r g e r u d ' s (1974a, 1 9 8 5 ; B e r -
g e r u d et a l , 1984) e v o l v i n g m o d e l o f « o p t i m a l 
a n d d y n a m i c use o f s p a c e » i n t o o t h e r e x i s t i n g 
m o d e l s w o u l d c o n t r i b u t e t o w a r d d e v e l o p i n g a 
s a t i s f a c t o r y m o d e l . F u r t h e r s y n t h e s i s o f the 
l i t e r a t u r e o n t h e s o c i o e c o l o g y o f o t h e r spec ies 
w i l l i d e n t i f y c o m p o n e n t s r e q u i r e d f o r a v a l i d 
m o d e l o f c a r i b o u s o c i o e c o l o g y . I m p l i c a t i o n s o f 
the f o l l o w i n g c o n c e p t s w i l l u n d o u b t e d l y c o n t 
ribute t o t h e e v o l v i n g m o d e l : (1) i n t r a s p e c i f i c 
v a r i a t i o n i n s o c i a l s y s t e m s ( L o t t , 1984) ; (2) 
e v o l u t i o n a r i l y s t a b l e s t r a t e g y ( M a y n a r d - S m i t h 
a n d P r i c e , 1 9 7 3 , c i t e d i n A u s t a d a n d H o w a r d , 
1984) ; a n d (3) a l t e r n a t i v e r e p r o d u c t i v e b e h a v i o r s 
( A u s t a d a n d H o w a r d , 1984) . 

Acknowledgements 

T h i s s tudy was f u n d e d by Federal A i d in W i l d l i f e 
Res tora t ion Projects W - 2 1 and W - 2 2 . E . G r a i n , S. 
D u B o i s , L . J ennings , P . K a r c z m a r c z y k , T . M c C a l l , 
L . M c M a n u s , C . N u c k o l s , W . Rege l in , and D . 
S i m p s o n helped in one or m o r e aspects of f ie ld w o r k . 
V i s i t i n g scientists, A . T . Bergerud and H . But ler , 
p r o v i d e d refreshing s t i m u l a t i o n , obtained ca lv ing-
related data in 1984, and directed us to pertinent 
l iterature. R . C a m e r o n and K . W h i t t e n cr i t iqued the 
manuscr ipt , and suggestions by them and reviewers 
D . G a u t h i e r and R . F a r n e l l i m p r o v e d the manuscr ipt . 

References 
Austad, S. N . , and H o w a r d , R. D . 1984. I n t r o d u c t i o n 

to the s y m p o s i u m : alternative reproduct ive tactics. 

— American Zoologist 24: 307 - 308. 

Bergerud, A . T . 1974a. T h e role of the environment 
i n the aggregation, m o v e m e n t , and disturbance 
behavior of c a r i b o u . — In: Geist, V., and Walther, 
F. (eds.). The behavior of ungulates and its relation 
to management. Volume 2. IUCN New Series 
Publication 24, Morges, Switzerland. 552 - 584. 

Bergerud, A . T . 1974b. D e c l i n e of car ibou in N o r t h 
A m e r i c a f o l l o w i n g settlement. — J o u r n a l of Wildlife 
Management 38: 757 - 770. 

Bergerud, A . T . 1980. A review of the p o p u l a t i o n 
d y n a m i c s of c a r i b o u and w i l d reindeer in N o r t h 
A m e r i c a . — In: Reimers, E., Gaare, E., and 
Skjenneberg, S. (eds.). Proceedings of the Second 
International Reindeer/Caribou Symposium, Røros, 
Norway, 1979. Trondheim: Direktoratet for vilt og 
ferskvannsfisk. 556 - 581. 

Bergerud, A . T . 1985. A n t i p r e d a t o r strategies of 
c a r i b o u : d ispers ion a long shorelines. — Can. J. 
Zool. 63: 1324 - 1329. 

Bergerud, A . T . , Butler, H . E . , and Miller, D . R. 
1984. A n t i p r e d a t o r tactics of ca lv ing c a r i b o u : 
d ispers ion i n m o u n t a i n s . — Canadian Journal of 
Zoology 62: 1566 - 1575. 

Borowsky, B. 1985. Dif ferences i n reproduct ive 
behavior between t w o male m o r p h s of the a m p h i p o d 
crustacean Jassa folcata M o n t a g u . — Physiological 
Zoology 58 (5): 497 - 502. 

Bunnell, r . L . , and Harestad, A . S. 1983. Dispersa l 
and dispers ion of b lack- ta i l ed deer: models and 
observations. — Journa l of Mammalogy 64 (2): 201 
- 209. 

Davis, J. L . 1980. Status of Rangifer i n the U . S . A . — 
In: Reimers, E., Gaare E., and Skjenneberg, S. (eds.). 
Proceedings of the Second International Reindeer/ 
Caribou Symposium, Røros, Norway, 1979. Trond
heim: Direktoratet for vilt og ferskvannsfisk. 793 -
797. 

Davis, J . L . and Valkenburg, P. 1985. D e m o g r a p h y 
of the D e l t a C a r i b o u H e r d under v a r y i n g rates of 
natural m o r t a l i t y and harvest b y humans . — A l a s k a 
Department of Fish and Game. Federal Aid in 
Wildlife Restoration. Final Report Projects W-21-2, 
W-22-2, W-22-3, and W-22-4. Juneau, Alaska. 50 p. 

Edmonds, E . J. , and Bloomfield, M . 1984. A study 
of w o o d l a n d car ibou (Rangifer tarandus caribou) in 
West C e n t r a l A l b e r t a , 1979 - 1983. — Alberta 
Energy and Natural Resources, Fish and Wildlife 
Division. 203p. (Available Alberta Fish and Wildlife 
Division, 6909-116 Street, Edmonton.) 

Gauthier, D . A . 1984. P o p u l a t i o n l i m i t a t i o n in the 
B u r w a s h C a r i b o u H e r d , Southwest Y u k o n . — 
Ph.D. Thesis. University of Waterloo. Waterloo, 
Ontario. 247 p. 

108 Rangifer, Special Issue N o . 1, 1986 



G u n n , A . , and Miller, F. L . 1986. T r a d i t i o n a l 
behaviour and f ide l i ty to car ibou calving grounds by 
b a r r e n - g r o u n d c a r i b o u . Rangifer, Special Issue 
No 1, 1986. 

Haber, G . C . , and Walters, C . J. 1980. D y n a m i c s of 
the A l a s k a - Y u k o n c a r i b o u herds and management 
impl i ca t ions . — In: Reimers, E.y Gaare, E., and 
Skjenneberg, S. (eds.). Proceedings Second Interna
tional Reindeer/Caribou Symposium, Røros, Nor
way, 1979. Trondheim: Direktoratet for vilt og 
ferskvannsfisk. 645 - 663. 

Iwanaga, K . , Tojo, S., and Nagata, T . 1985. 
I m m i g r a t i o n of the b r o w n p lanthopper , Nilaparvata 
lugens, e x h i b i t i n g var ious responses to density in 
relat ion to w i n g m o r p h i s m . — Entomologia 
experimentalis et applicata 38 (2): 101 - 108. 

Jurss, K . , Bittorf, T . , Volker, T . , Wacke, R., and 
Bastrop, R. 1985. E x p e r i m e n t a l studies of b ioche
mica l and p h y s i o l o g i c a l differences between the 3 
m o r p h s of the 3 -spined st ickleback, Gasterosterus 
aculeatus L . 3. L i v e r - s o m a t i c index and e n z y m e 
activities at different times of the year. — 
Zoologische Jahrbücher 89 (4): 441 - 452. 

Klein, D . R., and White, R. G . 1978. Parameters of 
car ibou p o p u l a t i o n eco logy i n A l a s k a . — Procee
dings of Symposium and Workshop, Biological Papers 
of University of Alaska, Special Report No. 3. 49 p. 

Lent, P. C . 1965. R u t t i n g behavior i n a b a r r e n - g r o u n d 
car ibou p o p u l a t i o n . — Animal Behavior 13: 259 -
264. 

Lott, D . F. 1984. Intraspecif ic var ia t ion in the social 
systems of w i l d vertebrates. — Behaviour 88 (3 - 4): 
266 - 325. 

Martell, A . E . , and Russell, D . E . (eds.) 1985. C a r i b o u 
and h u m a n ac t iv i ty . — Proceedings First North 
American Caribou Workshop, Whitehorse, Yukon, 
28 - 29 September 1983. Canadian Wildlife Service 
Special Publication, Ottawa. 68 p. 

Miller, F. L . 1974. B i o l o g y of the K a m i n u r i a k 
p o p u l a t i o n of b a r r e n - g r o u n d c a r i b o u . Part 2 : 
D e n t i t i o n as an indica tor of age and sex; 
c o m p o s i t i o n and soc ia l iza t ion of the p o p u l a t i o n . — 
Canadian Wildlife Service Report Series No. 31. 
Queen's Printer, Ottawa. 88 p. 

Miller, F. L . 1982. C a r i b o u (Rangifer tarandus). — In: 
Chapman, ]. A., and Feldharn er, G. A. (eds.). Wild 
Mammals of North America: biology, management, 
and economics. The Johns Hopkins University Press, 
Baltimore. 923 - 959. 

Parker, G . R. 1972. B i o l o g y of the K a m i n u r i a k 
p o p u l a t i o n of b a r r e n - g r o u n d c a r i b o u . Part 1: T o t a l 
numbers , m o r t a l i t y , recrui tment and seasonal 
d i s t r i b u t i o n . — Canadian Wildlife Service Report 
Series No. 20. Queen's Printer, Ottawa. 95 p. 

Pegau, R. E . 1985. C a r i b o u S u r v e y - I n v e n t o r y 
Progress R e p o r t : G M U 19 and 21. — In: Seward, 
A. (ed.). Caribou Survey-Inventory Progress Report. 
Vol. XVI. Federal Aid in Wildlife Restoration Project 
W-22-4. 29 - 31. 

Ratti, T . T . 1985. A test of water depth niche 
p a r t i t i o n i n g b y W e s t e r n G r e b e c o l o r m o r p h s . — 
Auk 102 (3): 635 - 636. 

Skoog, R. O . 1968. E c o l o g y of the car ibou (Rangifer 
tarandus granti) i n A l a s k a . — Ph. D. Thesis, 
University of California, Berkeley. 699 p. 

Thomas , D . C . , Parker, G . R., Kelsall, J . P., and 
Loughrey, A . G . 1968. P o p u l a t i o n estimates of 
b a r r e n - g r o u n d c a r i b o u o n the C a n a d i a n main land 
f r o m 1955 to 1967. — Canadian Wildlife Service 
Progress Note No. 3. Ottawa. 5 p. 

Troyer, W . 1981. M o v e m e n t s of the D e n a l i C a r i b o u 
H e r d . — N a t i o n a l Park Service. Anchorage, Alaska. 
19 p. (Available from National Park Service, 2525 
Gambell Street, Anchorage, 99703.) 

Valkenburg, P., and Davis, J . L . 1986. C a l v i n g 
d i s t r i b u t i o n of A l a s k a ' s S teese-Fortymile H e r d : A 
case of in f ide l i ty? — Rangifer, Special Issue No 1, 
1986. 

Rangifer, Special Issue N o . 1, 1986 109 


