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Preface 
T h e 7 t h N o r t h A m e r i c a n C a r i b o u Conference was h e l d A u g u s t 19 -21 1 9 9 6 , i n T h u n d e r B a y , O n t a r i o , 
C a n a d a where 136 registrants p a r t i c i p a t e d i n 3 days of sessions a n d subsequent field tours . T h e first day o f 
the conference p r o v i d e d a f o r u m for the presenta t ion of new k n o w l e d g e about the b i o l o g y o f w o o d l a n d c a r i 
b o u . F o u r e v e n i n g sessions p r o m o t e d d i s c u s s i o n o n selected themes i n c l u d i n g c a r i b o u as i n d i c a t o r s of ecosy
s tem hea l th o f the L a k e Super ior bas in ; G P S col lars for c a r i b o u te lemetry s tudies ; c o n s e r v i n g w o o d l a n d c a r i 
b o u i n the m a n a g e d forest; a n d c a r i b o u f o r a g i n g a n d use of second g r o w t h m a n a g e d fotests. T h e second day 
featured presentat ions o n the status a n d m a n a g e m e n t o f c a r i b o u across C a n a d a a n d the c o n t i n e n t a l U n i t e d 
States. A barbecue was h e l d i n the e v e n i n g a n d p r o m o t e d casual d i s c u s s i o n a n d n e t w o r k i n g . T h e t h i r d day 
corresponded w i t h the C a n a d i a n I n s t i t u t e of Fores try a n n u a l m e e t i n g a n d a j o i n t day w i t h the C I F p r o v i d e d 
an o p p o r t u n i t y fot a tota l audience o f over 3 5 0 people to hear presentat ions a n d arguments a b o u t w o o d l a n d 
c a r i b o u a n d forest management . 

T w o field tours f o l l o w e d the conference. A v a n - l o a d of p a r t i c i p a n t s t raveled to the A r m s t r o n g c a r i b o u w i n 
t e r i n g area a n d had m a n y va luable discuss ions about l i c h e n ecology, c a r i b o u habi ta t use i n n o r t h w e s t e r n 
O n t a r i o , forest management g u i d e l i n e s for c a r i b o u , a n d related conservat ion issues. T h i r t y people t o o k 
advantage o f a m u l t i p l e day e x c u r s i o n to the Slate Islands, h o m e o f the h i g h e s t dens i ty w o o d l a n d c a r i b o u 
herd i n the w o r l d . U n d e r the able leadership o f M r . B i l l D a l t o n , p a r t i c i p a n t s wete able to explore the u n i 
que f loral a n d faunal c o m m u n i t i e s o n the i s lands . 

T h e conference achieved a p r i m a r y object ive o f r a i s i n g the prof i le o f w o o d l a n d c a r i b o u issues i n O n t a r i o 
a m o n g the scientif ic c o m m u n i t y , the forest i n d u s t r y and the general p u b l i c . These p r o c e e d i n g s i n c l u d e 
papers that p r o v i d e a permanent record o f some o f the presentat ions a n d discuss ions f r o m the conference. 
T h e editors t h a n k the p l a n n i n g t e a m a n d the p a r t i c i p a n t s for m a k i n g the conference a success a n d the aut
hors a n d reviewers for the i t efforts i n p r o d u c i n g a n d r e v i e w i n g these papers. 
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The Seventh N o r t h American Caribou Conference, 
Thunder Bay, Ontario, Canada, 
19-21 August , 1996. 

What does it mean to put caribou knowledge into an ecosystem context? 

Fred H. Harrington 
M t . St. Vincent University, Hali fax, N o v a Scotia, Canada B 3 M 2J6 (ired.harrington@msvu.ca). 

Abstract: Ecosystems are envisioned as integrated, complex systems w i t h both l i v i n g and non- l iv ing components, that 
are l inked through processes of energy flow and nutrient cycling (Bowen, 1971; Ricklefs , 1979). The ecosystem ap
proach seeks to describe the components of this system, the pathways through which energy and nutrients move, and 
the processes that govern that movement. The goal is a better understanding of the role or effect of each component 
(abiotic or biotic) w i t h i n the system. Theoretically, the more we know, the better we can predict the future behaviour of 
the ecosystem and therefore manage the system on whatever sustainable basis we deem appropriate. Caribou (Rangifer 
tarandus) presently inhabit two ecosystems, tundra (arctic and alpine) and taiga (or boreal foresr), both characterized by 
relatively low productivity and diversity (Bowen, 1971; Bliss, 1981; Bonan, 1992a). As increased anthropogenic 
impacts are expected i n these ecosystems through the next century, our abil i ty to ensure the continued survival of cari
bou requires that we pay increasing attention to the processes that drive these systems. In this endeavour, an awareness 
of rhe effects of both spatial and temporal scale, in borh ecosystem processes and our research programs to understand 
those processes, is crirical. 

K e y w o r d s : c l i m a t e , succession, w i l d f i r e , P le is tocene, boreal forest, ta iga , t u n d r a , conservar ion , Rangifer 

tarandus. 
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T h e p r i n c i p a l d e f i n i n g feature of an ecosystem 
approach is scale, w h i c h can vary a l o n g several 
d i m e n s i o n s . Spat ia l ly , an ecosystem can range f r o m 
a s ingle o r g a n i s m (i.e., a t r o p i c a l forest tree w i t h its 
associated e p i p h y t i c flora a n d fauna) to the ent ire 
earth (i .e. , the G a i a hypothesis) (Usher , 1973) . In 
general , however, ecosystems are descr ibed at in ter 
mediate scales, def ined b y the i r d o m i n a n t p l a n t 
c o m m u n i t i e s : desert, scrub, grass land, s h r u b l a n d , 
w o o d l a n d , and forest ( C a u g h l e y & S inc la i r , 1994) . 
E a c h of these can be s u b d i v i d e d i n t o i n c r e a s i n g l y 
s i m i l a r floras (i.e., forests i n general i n t o t r o p i c a l , 
temperate and boreal forests) and these i n t u r n can 
be further d i v i d e d . T h e boundaries be tween n e i g h 
b o u r i n g ecosystems, at whatever level o f analysis , 
represent relat ive rather t h a n absolute d i v i s i o n s of 
the natura l w o r l d . 

Ecosystems also vary tempora l ly , represent ing the 
c o n t i n u i t y of t i m e f r o m yesterday to today a n d 
Ter t iary to Quaternary . A s the t i m e frame l e n g t h 
ens, change shifts f r o m stochastic to e v o l u t i o n a r y 
processes. Year to year changes i n species' a b u n 

dance due to vagaries i n r a i n f a l l g i v e w a y to longer 
t e r m successional changes w h i c h i n t u r n y i e l d to 
e v o l u t i o n a r y changes as some species become 
e x t i n c t a n d other are m o d i f i e d by n a t u r a l select ion. 
T h u s change of a d y n a m i c nature, and not stasis, is 
expected i n an ecosystem approach. 

S u b o r d i n a t e features of scale i n ecosystems i n 
c l u d e d ivers i ty , p r o d u c t i v i t y a n d s tab i l i ty . A s 
h u m a n ac t iv i t ies have increas ing i m p a c t s on a 
var ie ty of eco log ica l processes at a l l levels o f scale 
t h r o u g h o u t the earth's ecosystems, i n c o r p o r a t i n g an 
ecosystem o u t l o o k i n t o c a r i b o u science means keep
i n g an awareness of these aspects of scale, p e r i o d i 
c a l l y reassessing our current focus to a v o i d l o s i n g 
s ight o f i m p o r t a n t e c o l o g i c a l processes that m a y be 
o p e r a t i n g o n another level o f scale. 

Spatial scale 
T h e vegeta t ion c o m m u n i t i e s that d i s t i n g u i s h eco
systems are p r o d u c t s o f five factors: parent mater ia l 
(substrate), t o p o g r a p h y (especially e l e v a t i o n , aspect 
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and slope), c l i m a t e , the b i o t a , and t i m e ( V i e r e c k et 
al., 1986). T h e first three factors set the basic s p a t i 
a l boundaries of the ecosystem, i n f l u e n c i n g the b i o -
t i c poss ib i l i t i e s w i t h i n a specif ic area. These factors, 
i n essence, set the stage that is later "f leshed o u t " b y 
the b i o t a over t i m e ( K i m m i n s & W e i n , 1986) . A s 
the stage changes, o p p o r t u n i t i e s for the b i o t a also 
change. 

B o u n d a r i e s be tween adjacent ecosystems are re la 
t ive rather t h a n absolute , w i t h one r e p l a c i n g a n 
other t h r o u g h a t r a n s i t i o n of i n t e r m e d i a t e habi tats 
(Payette, 1 9 8 3 ; S i ro is , 1992) . E v e n ecosystems that 
seem re la t ive ly w e l l def ined, such as the terres t r ia l , 
aquat ic a n d m a r i n e ecosystems of arct ic t u n d r a b i -
omes m a y have unexpected in terconnec t ions . P o w e r 

6 B a r t o n (1987) proposed that c a r i b o u m a y have a 
s ign i f i cant i m p a c t on arct ic char (Salvelintts alpinus) 
p o p u l a t i o n s i n U n g a v a Bay, Q u e b e c . Areas o f s u m 
m e r range grazed heav i ly b y c a r i b o u have r e d u c e d 
l i c h e n cover a n d consequent ly re ta in less water 
d u r i n g s p r i n g m e l t and s u m m e r ra ins , c a u s i n g a 
d r o p i n g r o u n d water levels. D u r i n g d r y spel ls i n 
late s u m m e r , s t ream flows m a y be insuf f i c ient to 
a l l o w char to m i g r a t e u p s t r e a m to s p a w n . T h u s 
d u r i n g per iods of h i g h c a r i b o u n u m b e r s , char p o p u 
lat ions m a y be depressed or even lost f r o m the m o s t 
severely affected streams. 

C a r i b o u present ly i n h a b i t ecosystems a l o n g b o t h 
the n o r t h e r n l i m i t s o f l a n d a n d the h i g h e r e l e v a t i o n 
sites of m o u n t a i n s . T h u s i n one d i r e c t i o n , c a r i b o u 
have no place to go s h o u l d the boundar ies of the i r 
ecosystem m o v e n o r t h or to h i g h e r e levat ions w i t h 
g l o b a l w a r m i n g . W h i t e h e a d et al. (1982) p r o p o s e d 
that a r a p i d 7 5 % dec l ine i n the area o f boreal forest 
between 1 1 , 0 0 0 a n d 8 ,000 y r B P , l i k e l y caused b y a 

7 °C increase i n g l o b a l temperature at the end of the 
Ple is tocene ( H o f f m a n n & Taber, 1967) , s i g n i f i c a n t l y 
reduced m a s t o d o n (Mammut) p o p u l a t i o n s , m a k i n g 
t h e m v u l n e r a b l e to stochastic events a n d l e a d i n g to 
the i r eventual e x t i n c t i o n . 

C a r i b o u e x p l o i t spat ia l aspects of t h e i r arct ic a n d 
a lp ine t u n d r a ecosystems i n predator avoidance 
(Bergerud & Page , 1987). To pay off, th is strategy 
requires an adequate distance be tween c a l v i n g 
g r o u n d s a n d areas of w o l f a c t i v i t y ( H e a r d & 
W i l l i a m s , 1992) . Extens ive loss o f t u n d r a hab i ta t , 
expected i n some models of g l o b a l w a r m i n g (i .e. , 
S o l o m o n , 1992) , c o u l d m a k e this strategy less v i a 
ble . 

B orea l forest is also expected to retreat n o r t h w a r d 
w i t h g l o b a l w a r m i n g ( K u l l m a n , 1 9 8 3 ; S o l o m o n , 
1992) , d i s p l a c i n g t u n d r a i n the process (Payette , 
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1983) . S u c h change i n i t se l f does not necessarily 
m e a n a d e c l i n e i n the areal extent of the forest, a l 
t h o u g h one es t imate sees i t d e c l i n i n g b y 2 5 % 
( S o l o m o n , 1992) . A t present, however, boreal forest 
is b e i n g affected b y forestry pract ices , w h i c h at best 
r e t u r n the forest to an earl ier successional stage and 
at wors t lead to f r a g m e n t a t i o n and d e g r a d a t i o n 
t h r o u g h expor t o f b iomass ( F r e e d m a n , 1989) w i t h 
an increased r i s k of loca l e x t i n c t i o n for species w i t h 
s m a l l p o p u l a t i o n s ( D i a m o n d , 1984) . 

Space is also e m p l o y e d i n predator avoidance b y 
w o o d l a n d c a r i b o u , w h i c h disperse to reduce preda¬
t i o n o n calves ( B e r g e r u d & Page , 1987 ; F e r g u s o n et 
al., 1988) . T h e success of s p a c i n g out appears to be 
dependent o n predator densi ty , w h i c h is l i k e l y affec
ted by dis tance f r o m habi ta t used b y other u n 
gulates ( i .e . , moose a n d w h i t e - t a i l e d deer (Odocoileus 
virginianus)) ( T h o m a s , 1995) . T h u s changes i n eco
system spat ia l d i s t r i b u t i o n s can inf luence the v i a 
b i l i t y o f s p a c i n g o u t , a n d 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 as a resul t . 

Temporal scale 
T h e characterist ics o f an ecosystem at any g i v e n 
t i m e are d e t e r m i n e d b y three sets o f successional 
( temporal ) processes: a l l o g e n i c , autogenic and b i o 
genic ( K i m m i n s & W e i n , 1986) . A l l o g e n i c proces
ses are ex terna l to the b i o t a b u t have s ign i f i cant 
i m p a c t s o n i t , such as seasonal of g l o b a l c l i m a t e 
change, w i l d f i r e s or other p e r t u r b a t i o n s . S o m e m a y 
f o l l o w specif ic t i m e courses (i .e. , a n n u a l t e m p e r a 
ture a n d solar cycles) , b u t m a n y are u n p r e d i c t a b l e . 
W i l d f i r e s i n b l a c k spruce ta iga , for e x a m p l e , m a y 
occur today at 6 0 - 1 2 0 y r in terva ls , on average, b u t 
v a r i a t i o n is great (Dyrness et al., 1 9 8 6 ; Payette , 
1992) . I n the past, w i l d f i r e s have o c c u r r e d at b o t h 
s i g n i f i c a n t l y l o n g e r a n d shorter intervals ( Johnson, 
1983) . 

W i l d f i r e s release n u t r i e n t s a n d destroy a p o r t i o n 
of the above g r o u n d b iomass , a l l o w i n g earl ier suc
cessional flora to recolonize (Dyrness et al., 1986 ; 
K i m m i n s & W e i n , 1986) . S o i l t emperature , a p r i 
m a r y d e t e r m i n a n t o f p r o d u c t i v i t y i n n o r t h e r n areas 
( V a n C l e v e & Y a r i e , 1 9 8 6 ; B o n a n , 1992b) , rises for a 
n u m b e r o f years f o l l o w i n g a fire, acce lerat ing b o t h 
the g r o w t h o f a palatable post- f i re vegeta t ion 
( B r y a n t & C h a p i n , 1986) and the d e c o m p o s i t i o n o f 
its l i t t e r ( V a n C l e v e & Y a r i e , 1986) . A s D y r n e s s et 
al. ( 1986 :84 ) c o m m e n t , " i t is essential that we v i e w 
fire as i n ecosystem process i n ta iga c o m m u n i t i e s 
rather t h a n as a catastrophic event" , as " f ire can be 
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in terpre ted as an essential agent of r e n e w a l . " T h u s 
c l i m a t i c a n d a n t h r o p o g e n i c factots that inf luence 
fire rate can have far -reaching affects o n a n eco
system i n b o t h the short t e r m and the l o n g t e r m . 

A u t o g e n i c processes are those generated b y the 
b i o t a that change the p h y s i c a l e n v i r o n m e n t o f the 
ecosystem ( K i m m i n s & W e i n , 1986) . O v e r several 
decades f o l l o w i n g a fire or other ma jor d i s t u r b a n c e 
i n the boreal forest, s lower g r o w i n g p lants charac
ter ist ic o f later successional stages overtake the p i o 
neer species, and an i m p o r t a n t autogenic process 
comes i n t o play. Late successional p l a n t s invest 
m o r e heav i ly i n defense t h a n those i n the post - f i re 
flora ( G u t h r i e , 1984 ; B r y a n t & C h a p i n , 1986) . T h e 
c o m b i n a t i o n o f increased canopy cover a n d t h i c k e r 
layer of tox ic l i t t e r leads to so i l c o o l i n g , m o v e m e n t 
of permafrost t o w a r d the surface, a shorter g r o w i n g 
season, a n d decreased d e c o m p o s i t i o n of l i t t e r , thus 
l o w e r i n g p r o d u c t i v i t y and r e d u c i n g the a v a i l a b i l i t y 
o f nut r ients for future g r o w t h ( G u t h r i e , 1984) . 
W h a t e v e r g r o w t h is p r o d u c e d , b e i n g u n p a l a t a b l e , is 
largely unava i lab le to consumers . T h u s the late suc
cessional c o m m u n i t y modi f ies the e n v i r o n m e n t to 
favour its l o n g - t e r m s u r v i v a l , at least u n t i l the next 
w i l d f i r e or o ther d is turbance . 

A s Larsen (1980) noted , c a l l i n g the late successi
onal flora a ' c l i m a x ' c o m m u n i t y m a y be m i s l e a d i n g , 
as few c o m m u n i t i e s r e m a i n free f r o m d i s t u r b a n c e 
for any l o n g p e r i o d . A l s o , some s u b c l i m a x c o m m u 
nit ies r e m a i n re la t ive ly stable for l o n g per iods i n 
arct ic and boreal habitats . W h e r e the e n v i r o n m e n t 
is very harsh, c o m p e t i t i o n a m o n g p l a n t s m a y be 
u n i m p o r t a n t , so any p l a n t that gains a f o o t h o l d can 
survive , a n d succession to a c l i m a x c o m m u n i t y cha
racterist ic o f m o r e b e n i g n e n v i r o n m e n t s does not 
occur. T h e ecosystem that we see before us is thus a 
p r o d u c t of b o t h general successional rules a n d spec i 
a l h i s t o r i c a l c i rcumstances . 

B i o g e n i c processes i n v o l v e the w e b o f d i rec t 
in terre la t ionships a m o n g species w i t h i n the eco
system ( K i m m i n s & W e i n , 1986) . E c o l o g i c a l p r o 
cesses such as p o p u l a t i o n g r o w t h , c o m p e t i t i o n , 
p r e d a t i o n a n d p a r a s i t i s m , a n d species adaptat ions to 
these processes (as w e l l as failures to adapt) 
( R i c k l e f s , 1979) , g i v e a d y n a m i c f o r m to the b i o t i c 
c o m m u n i t y o f the ecosystem. 

D i a m o n d (1984) has s h o w n that e c o l o g i c a l (b io 
t ic) stasis o n re la t ive ly short t i m e scales (i .e. , years 
to decades) resides more i n the h u m a n m i n d t h a n i n 
nature. Studies o f b i rds a n d invertebrates have 
s h o w n that species c o m p o s i t i o n t y p i c a l l y varies 
f r o m year to year as some species disappear w h i l e 
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others reappear. T h e p r o b a b i l i t y that a species w i l l 
d isappear f r o m a loca l habi ta t , or an ecosystem, is 
dependent o n its p o p u l a t i o n size and area o c c u p i e d 
and is greater for carnivores t h a n hetb ivores , larger 
t h a n s m a l l e r species, a n d specialists rather t h a n 
general ists ( D i a m o n d , 1984) . T h u s r e m n a n t p o p u 
lat ions o f c a r i b o u i n f r a g m e n t e d boreal forest are 
v u l n e r a b l e to e x t i n c t i o n . O n the other h a n d , the 
smal ler p o p u l a t i o n s o f the i r predators are even m o r e 
v u l n e r a b l e , as the Isle R o y a l e m o o s e - w o l f system 
demonstrates (Peterson, 1995) . D u r i n g the late-
Ple is tocene , c a r i b o u c o m p r i s e d about 5 % of the 
large u n g u l a t e fauna i n n u m b e r s of i n d i v i d u a l s , b u t 
o n l y a f r a c t i o n i n terms of biomass ( G u t h r i e , 1968) . 
C o u l d persistent l o w d e n s i t y have a l l o w e d c a r i b o u 
t h e n , a n d today ( B e r g e r u d , 1992) , to w a i t out the i r 
predators , and see t h e m disappear first? 

O n a l o n g e r t i m e scale, ecosystems change as 
the i r b i o t a respond to stochastic and selective pres
sures. T h e a l p i n e a n d arc t i c t u n d r a b iomes are l i k e l y 
the younges t o f terres tr ia l ecosystems, o r i g i n a t i n g 
at the e n d of the Ter t iary ( H o f f m a n n & Taber, 1 9 6 7 ; 
B l i s s , 1981) . C a r i b o u appeared d u r i n g the m i d -
Ple is tocene , about 2 .0 m - y r ago, l i k e l y o r i g i n a t i n g 
i n centra l A s i a ( A n d e r s o n , 1984) i n t a i g a - t u n d r a 
e n v i r o n m e n t s ( B e r g e r u d , 1974) . U n t i l the late 
P le i s tocene , c a r i b o u shared t u n d r a , boreal forest a n d 
grass land ecosystems w i t h a var iety o f o ther of ten 
m o r e n u m e r o u s a n d larger herbivores , i n c l u d i n g 
horses (Equus caballus), moose (AIces alces) and m u s k 
oxen (Ovibos moschatus), as w e l l as the n o w e x t i n c t 
w o o l l y m a m m o t h (Mammuthus primigenius), g i a n t 
b i s o n (Bison priscus), w o o l l y r h i n o (Coelodonta) and 
g r o u n d s l o t h (Megalonyx) ( G u t h r i e , 1 9 6 8 ; C a u g h l e y 
& S i n c l a i r , 1994) . I n one n o w - v a n i s h e d ecosystem, 
the m a m m o t h steppe, they t y p i c a l l y r a n k e d a d i s 
tant t h i r d or f o u r t h i n abundance b e h i n d b i s o n , 
horses a n d m a m m o t h s ( G u t h r i e , 1 9 6 8 ; 1984 ; 
1990) . W h e r e d i d c a r i b o u fit w i t h i n th i s broad 
array o f herbivores? H o w d i d c a r i b o u fare against a 
predatoty g u i l d of wolves (Canis lupus), l ions (Felis), 
b r o w n bears (Ursus arctos) a n d the occas ional sabre-
too thed cat (Smilodon)? W h a t affect d i d the late-
Ple is tocene e x t i n c t i o n s have o n car ibou? 

T h e cause or causes o f the late P le is tocene m e g a -
faunal e x t i n c t i o n s are s t i l l debated, w i t h c l i m a t e 
change one s t rong contender p i t t e d against the 
" o v e r k i l l " hypothes is ( M a r t i n & K l e i n , 1984) . 
C l i m a t e - c e n t r e d hypotheses are u l t i m a t e l y g r o u n 
d e d i n ecosystem change , a r g u i n g e i ther massive 
changes i n p l a n t abundance or c o m p o s i t i o n (i.e., 
W h i t e h e a d et al., 1982) or changes i n the relat ive 
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i n v e s t m e n t m a d e to g r o w t h and defense as p l a n t s 
responded e v o l u t i o n a r i l y to changes i n c l i m a t e 
( G u t h r i e , 1990) . E v e n M a r t i n ' s (1984) " o v e r - k i l l " 
hypothes is is rooted i n an ecosystem change : the 
a r r i v a l o f a new predator to w h i c h a n u m b e r of spe
cies had inadequate defenses. W h a t e v e r the case, 
c a r i b o u have d i s t i n g u i s h e d themselves for another 
10,000 years by s u r v i v i n g i n the face o f th is new 
predator , even t h o u g h h i g h l y sought after t h r o u g h 
out the i r range ( A n d e r s o n , 1984). 

W e , a l o n g w i t h c a r i b o u , stand poised to witness 
what m a n y bel ieve m a y become a ma jor e x t i n c t i o n 
event ( W i l s o n , 1988) . H a b i t a t change caused 
d i r e c t l y (i .e. , deforestation) and i n d i r e c t l y (i .e. , g l o 
ba l w a r m i n g ) b y h u m a n a c t i v i t y is l i k e l y to have 
f a r - r a n g i n g effects on ecosystems w e l l i n t o the f u 
ture. H o w w i l l car ibou fare as these changes u n f o l d ' 

Caribou and their knowledge of ecosys
tems 
L i k e any species, c a r i b o u have evo lved an array of 
adaptat ions w h i c h have thus far enabled t h e m to 
meet the var ious selective chal lenges p r o v i d e d by 
the ecosystems they have i n h a b i t e d . I n a d d i t i o n to 
m o r p h o l o g i c a l and p h y s i o l o g i c a l t ra i ts , the i r be
hav iora l repertoire has been shaped by n a t u r a l selec
t ion to enable t h e m to respond a d a p t i v e l y to the 
spatial and t e m p o r a l heterogenei ty of boreal and 
t u n d r a e n v i r o n m e n t s . T h i s e n v i r o n m e n t a l v a r i a t i o n 
inc ludes b o t h the u n p r e d i c t a b l e and p a t c h y d i s t r i 
b u t i o n of food and predators a n d the stochastic 
vagaries of c l i m a t e . A n a t tempt to u n d e r s t a n d car i 
bou ecosystems f r o m a c a r i b o u perspect ive , that is, 
to u n d e r s t a n d h o w c a r i b o u m a k e decis ions about 
f o r a g i n g sites, c a l v i n g areas, and m o v e m e n t s b o t h 
l o c a l i z e d and m i g r a t i o n a l , w i l l better enable us to 
unders tand b o t h the e v o l u t i o n of the i r b e h a v i o u r 
and the consequences of ecosystem change on the i r 
future b e h a v i o u r and s u r v i v a l . 

Caribou and ecosystem management 
A recent d e v e l o p m e n t i n w i l d l i f e conservat ion is 
ecosystem management (i.e., Se ip , th is issue). 
R a t h e r t h a n d e v e l o p i n g a var ie ty of specif ic m a n 
agement p r o g r a m s focused on i n d i v i d u a l species, 

this approach seeks to preserve b i o d i v e r s i t y b y 
m i m i c k i n g the na tura l disturbances that h i s t o r i 
ca l ly were responsible for the d e v e l o p m e n t of the 
ecosystem and the e v o l u t i o n of the species in its 
b i o t a . T h u s we m i g h t hypothes ize : i f an ecosystem 
(forest, t u n d r a , etc.) cont inues to f u n c t i o n , spat ia l ly 
and t e m p o r a l l y , as i t d i d i n the past , species of that 
ecosystem, such as c a r i b o u , w i l l c o n t i n u e to exist . 
T h i s approach has great p r o m i s e , b u t t w o aspects of 
ecosystem h i s t o r y need to be kept i n m i n d w h e n 
a p p l y i n g i t . 

F i r s t , stochastic processes have l o n g been at p l a y 
i n ecosystems. If, for example , t i m b e r h a r v e s t i n g is 
to subs t i tu te for w i l d f i r e i n p e r p e t u a t i n g forest eco
system s t ructure , we m u s t realize that b e y o n d char
acterist ics o f the forest (i.e., species c o m p o s i t i o n , 
age, site) and recent c l i m a t e (i .e. , r a i n f a l l , w i n d s , 
t h u n d e r s t o r m s ) , chance played a ma jor role i n deter
m i n i n g where fires w o u l d start and h o w l o n g and 
w i d e they w o u l d b u r n once started. T h u s we m u s t 
be careful to ensure our m a n a g e m e n t plans retain 
that na tura l e lement of chance, despi te the cost in 
terms of e c o n o m i c g a i n f r o m t i m b e r harvest or 
other h u m a n endeavour. W e m u s t be w a r y about 
p l a c i n g an u n n a t u r a l h u m a n - d e r i v e d p a t t e r n o n the 
ecosystem, lest we lose i m p o r t a n t r a n d o m features, 
i n c l u d i n g local e x t i n c t i o n s , w h i c h m a y have a l 
l o w e d rare species l i k e car ibou to surv ive t h r o u g h 
the past . 

Second, we need to remember that the ecosys
tems we s tudy and seek to preserve are u n i q u e i n 
the h i s t o r y of l i fe . T h e i r present f o r m is the result of 
a l o n g series of e v o l u t i o n a r y and stochastic events 
s t r e t c h i n g far back i n t i m e and p o i s e d to c o n t i n u e 
far i n t o the future . B u t just as change has been a 
d o m i n a n t characterist ic o f ecosystem f o r m and 
f u n c t i o n i n the past, i t w i l l c o n t i n u e to be so i n the 
future . O n e factor of ten l a c k i n g f r o m o u r considera
t ions of ecosystems is change and its i n e v i t a b i l i t y , 
and a fa i lure i n th is regard is o u r e x c l u s i o n of 
h u m a n s , b o t h loca l and g l o b a l , as d r i v i n g forces i n 
th is change. T h u s i t is not suff ic ient to manage eco
systems based on the u n i q u e h i s t o r i c a l processes 
that gave t h e m the i r current f o r m . W e m u s t place 
h u m a n s i n t o the ecosystem and manage adapt ively , 
based b o t h o n past processes and a sens i t ive ly to 
h o w h u m a n s are c h a n g i n g those processes. 
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Abstract: Most aerial surveys designed to estimate numbers of caribou (Rangifer tarandus) lack clear objectives, are inac
curate and imprecise, lack applicarion, and often are doubted by the publ ic . Sources of error in surveys are bias (inaccu
racy) and sampling error (imprecision) caused largely by sampling units (strips, sections of strips, quadrats, or photo
graphs) being inappropriate for highly variable group sizes and distributions. M a n y visual strip surveys of caribou on 
calving grounds were inaccurate by 136-374%. Photographic surveys of calving caribou are more accurate but usually 
have coefficients of variation (CV) of 20-40%, whereas a C V o f about 15% is required to detect a 50% change i n popu
lation size between surveys. Extrapolation of such counts to population size produces unacceptable accuracy and pre
cision. Consequently, no conclusions can be made about changes in population numbers between or among surveys 
because even large natural fluctuations fall w i t h i n confidence l imi ts . These problems combined w i t h difficulties of 
managing caribou populations in remote areas of northern Canada indicate that scarce funds may be better allocated to 
ecological studies. 

K e y words: accuracy, bias, census, p r e c i s i o n , Rangifer tarandus, surveys. 
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Introduction 
A s a m e m b e r o f a c a r i b o u m a n a g e m e n t b o a r d , I 
became concerned that p o p u l a t i o n est imates o f t w o 
large herds o f c a r i b o u (Rangifer tarandus) were i n a 
dequate for m a n a g e m e n t . A d d i t i o n a l l y , b o a r d m e m 
bers d i d not unders tand the r e l i a b i l i t y o f survey 
results or h o w they were o b t a i n e d . A n a t t e m p t at a 
s i m p l e e x p l a n a t i o n for the b o a r d g r e w i n t o th i s 
review of c a r i b o u surveys. 

There are few e x p e r i m e n t a l studies that explore 
accuracy a n d prec i s ion o f c a r i b o u surveys because o f 
h i g h costs i n remote areas. Therefore , I use e x p e r i 
m e n t a l results for moose (Alces alces) i n forest cover 
a n d p r o n g h o r n s (Anttlocapra amerkana) i n o p e n a n d 
s h r u b habitats to most -c lose ly s i m u l a t e w h a t m a y 
be expected f r o m car ibou surveys i n those cover 
types. 

I br ie f ly review survey t e r m i n o l o g y , e x a m i n e 
accuracy a n d p r e c i s i o n o f some current m e t h o d s , 
r e c o m m e n d i m p r o v e m e n t s i n d e s i g n , a n d e x a m i n e 
alternatives to surveys. T h i s paper is not a r e v i e w o f 
a l l survey m e t h o d o l o g y . M o s t c o m m e n t s refer o n l y 

Rangifer, Spec ia l Issue N o . 10, 1 9 9 8 

to s t r ip transect a n d p h o t o g r a p h i c surveys o f the 
B e v e r l y a n d Q a m a n i r j u a q herds o f c a r i b o u . The focus 
is on problem definition and potential solutions. 

F i r s t o f a l l we m u s t define terms a n d become 
f a m i l i a r w i t h s ta t i s t i ca l terms a n d s a m p l e d e s i g n . 
B o o k h o u t (1994) p r o v i d e d a g o o d review, u s i n g 
examples f r o m w i l d l i f e s tudies . C o n s u l t s ta t i s t ica l 
texts for f u r t h e r i n f o r m a t i o n . 

Accuracy 
Accuracy is closeness o f a measured or c o m p u t e d 
va lue to its t rue va lue (Sokal & R o h l f , 1981) . 
A c c u t a c y can o n l y be measured i f the n u m b e r o f 
c a r i b o u i n a p r e s c r i b e d area is k n o w n . A n accurate 
survey m e t h o d is one that w i l l r e l i a b l y es t imate the 
actual n u m b e r o f c a r i b o u i n an area o n average w h e n 
repeated m a n y t i m e s ( E b e r h a r d t , pers. c o m m . ) . 

Bias (departure f r o m real i ty) i n c o u n t i n g , s a m 
p l i n g , a n d analysis results i n inaccuracy (Jol ly, 
1969b) . T h e r e are m a n y sources o f bias i n v i s u a l 
s t r ip surveys ( C a u g h l e y , 1974 ; H e a r d , 1 9 8 5 ; Crete 
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et al., 1 9 9 1 ; C o u t u r i e r et al., 1996) . H i g h a n d v a r i a 
ble bias causes dens i ty estimates to vary cons idera
b l y a m o n g observers i n the same aircraft ( T h o m a s , 
1 9 6 9 ; H e a r d , 1985) . 

Precision 
P r e c i s i o n tel ls us n o t h i n g about survey accuracy. 
T h e a m o u n t o f v a r i a t i o n i n n o r m a l l y - d i s t r i b u t e d 
measurements is variance or its square root , standard 
deviation (SD). I n surveys, i t is a measure of v a r i a t i o n 
i n n u m b e r s of c a r i b o u i n each of the sample u n i t s 
(areas). Precision is s a m p l i n g error as measured by 
standard error (SE). T h e SE is s tandard d e v i a t i o n 
d i v i d e d by the square root o f sample size (n) or n -1 
i f SD is ca lcula ted u s i n g n and not n-l ( B o o k h o u t , 
1994) . S a m p l i n g error is zero i f the same n u m b e r of 
c a r i b o u occur i n each sample u n i t . A k n o w l e d g e o f 
h o w p r e c i s i o n is d e r i v e d can g u i d e surveyors i n 
sample d e s i g n , i .e . , reduce v a r i a t i o n i n c a r i b o u 
n u m b e r s a m o n g s a m p l i n g u n i t s and increase sample 
size to reduce SE. F o r example , w i t h constant v a r i 
ance, SE is reduced by h a l f as n is increased f r o m 16 
to 64 . 

T h e SE, w h e n c o m b i n e d w i t h a p r o b a b i l i t y (P) 
l e v e l , y ie lds confidence limits (CL) a n d the i r i n t e r v a l , 
the confidence interval (CI). A t P = 0 . 9 0 (a lpha = 0.1), 
i t is incorrect to state that there is a 9 0 % chance 
that the actual n u m b e r of c a r i b o u i n a survey area is 
w i t h i n the CI. Rather , a s s u m i n g no bias, the CI is 
l i k e l y to c o n t a i n the true p o p u l a t i o n size i n 9 0 % of 
surveys of the same type and intens i ty . 

Survey results s h o u l d consist o f an es t imate , c o n 
fidence l i m i t s (CL), p r o b a b i l i t y l e v e l , and sample 
size. P r e s e n t i n g results as the sample m e a n ± SE is 
not m e a n i n g f u l to people w h o cannot calculate 
a p p r o x i m a t e CL f r o m SE values. 

S ta t i s t i ca l texts define confidence i n t e r v a l (CI) as 
the i n t e r v a l be tween C L s (Steele & T o r r i e , I 9 6 0 ) . 
C a r i b o u b i o l o g i s t s (e.g., G o u d r e a u l t , 1 9 8 5 ; F a r n e l l 
& G a u t h i e r , 1988 ; Crete et al, 1 9 9 1 ; C o u t u r i e r et 
al, 1996) refer to estimates ± "CI" b u t the CI is 
h a l f t ex tbook d e f i n i t i o n s . F o r e x a m p l e , the 1 9 7 6 
est imate for the G e o r g e R i v e r h e r d was 63 4 6 3 ± 
3 0 % (P = 0 .90") ( G o u d r e a u l t , 1985) . T h i s example 
p o i n t s to the need to define terms ( B o o k h o u t , 
1994) . 

P r e c i s i o n is also measured by a coeff icient o f v a r i 
a t i o n (CV). It is s tandard d e v i a t i o n d i v i d e d b y the 
est imate and u s u a l l y expressed as a percentage. To 
confuse matters , CV is also def ined as SE d i v i d e d b y 
the est imate and expressed as a f rac t ion or a percen-

16 

tage. It s h o u l d be des ignated as CVX to d i s t i n g u i s h 
i t f r o m C V s d . T h e C V s d is the preferred i n d e x of pre
c i s i o n for c o m p a r i s o n s a m o n g surveys because i t is 
re lat ive to p o p u l a t i o n size a n d i n d e p e n d e n t o f p r o 
b a b i l i t y a n d s a m p l e size. 

Randomness 
M o s t surveys are r a n d o m or systemat ic . M a n y statis
tics are based o n an a s s u m p t i o n that samples are 
d r a w n r a n d o m l y f r o m a n o r m a l d i s t r i b u t i o n . 
Sys temat ic surveys g e n e r a l l y are eff icient a n d m a y 
p r o d u c e su i tab le est imates b u t they can p r o d u c e 
biased est imates of SE (Caughley , 1 9 7 7 ; C o c h r a n , 
1977) . A l l survey statist ics a n d s a m p l i n g designs 
are based o n a s s u m p t i o n s about d i s t r i b u t i o n , v a r i 
ance, randomness , a n d independence of samples 
( E b e r h a r d t , 1978a , b). O f t e n , assumpt ions are i g n o 
red b u t rarely w i t h reason. F o r e x a m p l e , a r e c o m 
m e n d a t i o n to sample i n t w o d i rec t ions ( C o c h r a n , 
1 9 7 7 ; C o u t u r i e r et al., 1996) can c o m p l i c a t e s a m 
p l i n g des igns a n d inflate variance i f c a r i b o u are i n 
l inear g r o u p s . C o n s t r a i n t s o f c a r i b o u m o v e m e n t s , 
costs, weather , aircraft a v a i l a b i l i t y , a n d personne l 
means that the best theoret ica l s a m p l i n g d e s i g n 
m a y be i m p r a c t i c a b l e . 

Stratification 
S t r a t i f i c a t i o n is d i v i s i o n of a survey area i n t o t w o or 
m o r e parts (strata) based o n densi ty , degree o f c l u m 
p i n g , or some other a t t r i b u t e . Its purpose is to r e d u 
ce variance a n d therefore SE a n d CL. I n optimum 
allocation, s a m p l e u n i t s are p r o p o r t i o n e d to e s t i m a 
ted variance or dens i ty i n each s t r a t u m . T h e purpose 
is to get a precise c o u n t of a h i g h p r o p o r t i o n of a 
p o p u l a t i o n . Survey b i o l o g i s t s u r g e n t l y need g u i d e 
l ines r e g a r d i n g thresholds of d e n s i t y and degree of 
c l u m p i n g b e y o n d w h i c h any s a m p l i n g d e s i g n w i l l 
p r o d u c e i m p r e c i s e est imates. Pos t - survey strat i f ica
t i o n m a y be done i n cer ta in types of systemat ic sur
veys (Jol ly, 1969a ; A n g a n u z z i & B u c k l a n d , 1993) 
b u t w i t h c a u t i o n (Caughley , 1977) . Pos t - survey 
s t ra t i f i ca t ion o f systematic quadrats m i g h t p r o d u c e 
the most -prec ise est imates and be cost effective. 

S t r a t i f i c a t i o n can result i n l o w e r p r e c i s i o n i f i t 
u n d u l y p a r t i t i o n s sample size. Surveyors s h o u l d 
a t t e m p t to achieve a large s a m p l e size i n each stra
t u m because SE decreases w i t h sample size whereas 
p o w e r increases. H o w e v e r , an est imate of r e q u i r e d 
sample size is necessary to achieve a cost-eff ic ient 
survey. 
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Stra t i f i ca t ion w i t h i n systematic surveys w i t h 
5 0 % coverage p r o d u c e d some erratic est imates o f 
p r o n g h o r n s ( K r a f t et al., 1995) . C o n f i d e n c e intervals 
d i d not c o n t a i n the k n o w n p o p u l a t i o n size h a l f the 
t i m e . E v e n some precise ( C V = 13%) des igns p r o 
d u c e d C/s that d i d not c o n t a i n the k n o w n n u m b e r 
of p r o n g h o r n s . 

A m i n i m u m tota l c o u n t m a y be necessary i n par t 
o f a c a r i b o u d i s t r i b u t i o n because aggregat ions o f 
w i d e l y d i f f e r i n g n u m b e r s are u n e v e n l y d i s t r i b u t e d . 
Var iance is l i k e l y to increase sharply as c l u m p i n g 
increases. It m a y also be necessary to change the size 
and shape o f s a m p l i n g u n i t s to reduce var iance a n d 
edge bias. S t ra t i f i ca t ion is d i f f i c u l t w h e n sizes a n d 
shapes o f indiscrete c a r i b o u groups are c o n s t a n t l y 
c h a n g i n g i n response to e n v i r o n m e n t a l variables 
and a d i s t r i b u t i o n is m o v i n g over landscapes w i t h 
few d e f i n i n g l a n d m a r k s . O n e p o t e n t i a l s o l u t i o n is 
for an i n d e p e n d e n t observer to s trat i fy d i s t r i b u t i o n s 
d u r i n g a survey based on relat ive densi t ies a n d 
degree o f c l u m p i n g . T h e boundaries w o u l d be l o g 
g e d u s i n g a geographica l p o s i t i o n i n g sys tem. 

Coverage 
Coverage ( p r o p o r t i o n of area sampled) a n d sample 
size u s u a l l y are d i r e c t l y related and consequent ly 
the re lat ive effect o f each on reported C V s is unclear. 
T h a t expla ins w h y data on the effect o f coverage o n 
accuracy and p r e c i s i o n can be contradic tory . F o r 
example , coverage of 0 . 2 3 % p r o d u c e d re la t ive ly 
accurate (vs. J u l y p h o t o g r a p h y ) b u t i m p r e c i s e es t i 
mates o f p o p u l a t i o n size ( C o u t u r i e r et al, 1996) . 
Converse ly , coverage b e l o w 3 3 % p r o d u c e d accuracy 
b e l o w 8 0 % i n 1 . 6 - k m - w i d e s t r ip surveys o f c a r i b o u 
o n t u n d r a ( C a m e r o n et al., 1985) . In contrast , s tr ips 
100 m w i d e o n each side of an aircraft a n d c o v e r i n g 
< 4 . 4 % o f an area gave m u c h more accurate e s t i m a 
tes o f p r o n g h o r n s than str ips 1.6 k m w i d e a n d cove
r i n g 3 5 % of a survey area (Pojar et al., 1995) . 
H o w e v e r , C V s of p r o n g h o r n estimates decreased 
progress ive ly w i t h coverage o f 1 6 % , 3 3 % , a n d 5 0 % 
( K r a f t et al, 1995) . A c c e p t a b l e average C V s (11¬
13%) were achieved o n l y w i t h s t ra t i f i ca t ion a n d 
5 0 % coverage, s i m i l a r to surveys for m u s k o x (Ovibos 
ntoschatus) ( G r a f & Case, 1989) . If coverage o f 5 0 % 
is r e q u i r e d for precise estimates, t h e n perhaps a 
m i n i m u m tota l c o u n t s h o u l d be cons idered . 

A finite p o p u l a t i o n correc t ion factor is necessary 
where coverage is h i g h (Eberhardt , pers. c o m m . ) . 
Var iance is reduced by the coverage f r a c t i o n , i .e. , 
5 0 % i f h a l f the p o p u l a t i o n is surveyed. 
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Survey objectives 
O b j e c t i v e s m u s t i n c l u d e survey j u s t i f i c a t i o n and 
accuracy/precis ion c o m p o n e n t s . J u s t i f i c a t i o n m a y 
i n c l u d e : (1) m o n i t o r i n g , (2) m a n a g e m e n t , (3) p o p u 
l a t i o n analysis , a n d (4) hypothes i s t e s t i n g 
(Eberhardt , 1978b) . G e n e r a l l y , the need for greater 
accuracy a n d p r e c i s i o n increases i n the order l i s t e d . 

A C V of 1 2 - 1 5 % was cons idered necessary for 
m a n a g e m e n t (Gasaway et al, 1 9 8 6 ; C r e t e et al, 
1991) . H o w e v e r , a C V o f < 10 is r e q u i r e d to detect a 
3 0 % difference between t w o surveys at P = 0 .90 
( H e a r d , 1985) . O n l y a 5 0 % change w o u l d be detec
ted w i t h a C V o f 1 5 % ( H e a r d , pers. c o m m . ) . Some 
surveyors w i s h to detect a 1 5 % difference between 
surveys (Pojar et al, 1995) necess i tat ing a C V o f <5. 
A CV o f 1 3 % was cons idered precise by K r a f t et al 
(1995) , re lat ive to a m e a n C V of 2 9 % for several 
des igns . 

M u c h emphas is is n o w p laced o n p o w e r and c a l 
c u l a t i o n of r e q u i r e d sample size. T h e greatest c o n 
servat ion concern is not d e t e c t i n g a s ign i f i cant 
d e c l i n e i n n u m b e r s , w h i c h is a T y p e II error. P o w e r 
is 1 m i n u s the p r o b a b i l i t y of a T y p e II error. H e a r d 
(pers. c o m m . ) suggested that p o w e r of d e t e c t i n g 
p o p u l a t i o n change s h o u l d be 9 0 % (beta = 0 .10) . 
Surveyors s h o u l d care fu l ly define the i r objectives 
and calculate r e q u i r e d accuracy, p r e c i s i o n , p o w e r to 
detect change, a n d r e q u i r e d sample size (Eberhardt , 
1978b) . F o r e x a m p l e , 100 r a d i o - c o l l a r e d c a r i b o u are 
r e q u i r e d to detect a 2 0 % change i n m o r t a l i t y rates 
w i t h 8 0 % p o w e r ( W a l s h etal, 1995) . 

Examples of accuracy and precision from 
surveys 
V i e w e r s tend to underes t imate n u m b e r s i n large 
g r o u p s . F o r e x a m p l e , v i s u a l l y e s t i m a t e d n u m b e r s 
were l o w b y 2 1 % for 27 groups c o n t a i n i n g 114 to 
7 9 6 c a r i b o u c lear ly v i s i b l e i n large p h o t o g r a p h s 
( T h o m a s , 1969) . 

F a i l u r e to detect c a r i b o u can be a m a j o r source of 
bias b u t rarely is i t measured. A correc t ion of 2 0 % 
(estimate x 1.25) was adopted for m a n y surveys i n 
C a n a d a ( T h o m a s , 1 9 6 9 ; H e a r d , 1985) b u t case s t u 
dies i n survey l i tera ture reveal that bias often is 
m u c h higher . Intens ive searches for c a r i b o u w i t h i n 
quadrats i n forested habi ta t y i e l d e d 3 3 % and 7 4 % 
m o r e c a r i b o u t h a n " n o r m a l " searches (Farnel l & 
G a u t h i e r , 1988) . 

D a t a for moose i l lus t ra te d e t e c t i o n p r o b l e m s i n 
forest cover. F o r e x a m p l e , o n l y about a t h i r d of 
moose were seen i n n a r r o w str ips i n conifer forest 
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Table 1. A n example, selected because of unusually low 
coefficients of variation (CV), of results of visual 
strip and photographic surveys of caribou on the 
calving grounds of the Qamanirjuaq herd in 
June 1988. 

Survey Sample 
type size E s t i m a t e CV 9 0 % CV 

V i s u a l s t r i p 2 0 56 0 0 0 11 45 0 0 0 - 67 0 0 0 
P h o t o 15 160 0 0 0 13 123 0 0 0 - 197 0 0 0 

1 CL = confidence l imits = estimate : 
from Heard & Jackson (1990b). 

SE x t_n, Data 

cover (Gasaway et al., 1 9 8 5 ; A n d e r s o n & L i n d z e y , 
1996) . 

R e l a t i v e l y precise v i s u a l s t r ip a n d p h o t o g r a p h i c 
surveys o f c a r i b o u on a t u n d r a c a l v i n g g r o u n d p r o 
d u c e d concurrent estimates that d i f fered b y a factor 
of 2 .9 (Table 1). T h e average factor for seven such 
p a i r e d compar isons was 2 .34 (1 .4-3 .7) ( H e a r d & 
J a c k s o n , 1 9 9 0 a & b). V i s u a l s t r i p surveys p r o d u c e d 
c a r i b o u p o p u l a t i o n estimates about h a l f those o b t a i 
ned f r o m quadrats ( F o n g et al., 1985) . S i m i l a r l y , 
v i s u a l est imates of p r o n g h o r n n u m b e r s based o n 
t w o str ips 0.8 k m - w i d e were h a l f o f est imates f r o m 
quadrats (Pojar et al., 1995) . 

T h e C V s e s o f 13 v i s u a l s t r ip surveys over c a l v i n g 
g r o u n d s averaged 1 2 . 4 % ( H e a r d & J a c k s o n , 1990a , 
b ; H e a r d , pers. c o m m . ) . T h e CVs o f s t rat i f ied s t r ip 
surveys of t u n d r a c a r i b o u o n S o u t h a m p t o n Is land 

were 2 9 . 1 % a n d 3 4 . 7 % ; those of r a n d o m quadrats 
1 1 . 6 % a n d 1 6 . 3 % ( H e a r d & O u e l l e t , 1994) . Those 
differences i n C V s relate i n par t to a larger sample 
size for quadrats (35 & 4 8 vs. 18 & 24) . E s t i m a t e d 
C V s o f s i g h t a b i l i t y - c o r r e c t e d quadra t samples of 
t w o w o o d l a n d c a r i b o u herds i n Y u k o n were 2 4 . 2 % 
a n d 1 4 . 8 % ( F a r n e l l & G a u t h i e r , 1988) . 

S a m p l i n g errors (precision) associated w i t h p h o 
t o g r a p h i c surveys o f c a r i b o u o n c a l v i n g g r o u n d s 
o f ten are u n a c c e p t a b l y large (Table 2). W i d e C L s d o 
not p e r m i t firm conc lus ions about p o p u l a t i o n 
trends ( F i g . 1). P h o t o g r a p h i c samples o f c a r i b o u o n 
c a l v i n g g r o u n d s generate C V s o f 5 % to 3 2 % , w h i c h 
progress ive ly increased w i t h each o f three ratios 
used to est imate p o p u l a t i o n size (Table 3). I n N W T , 
l o n g - t e r m average ratios w i t h e s t i m a t e d C V s of 
1 0 % are used for the second a n d t h i r d ratios ( H e a r d 
& J a c k s o n , 1990a) . I n any 1 year, those ratios m a y 
each be inaccurate b y 1 0 % , a d d i n g fur ther uncer 
t a i n t y to est imates. P h o t o g r a p h i c surveys of c a l v i n g 
g r o u n d s have p r o d u c e d unusable p o p u l a t i o n es t i 
mates i n 2 o f 13 surveys (Table 2). 

Discussion and recommendations 
Objectives and sampling design 

Survey objectives m u s t be c lear ly stated a n d i n c l u d e 
c o m p o n e n t s o f m a n a g e m e n t , accuracy, p r e c i s i o n , 
a n d t r e n d d e t e c t i o n . Surveyors m u s t ei ther learn 
about the c o m p l e x i t i e s of survey d e s i g n or consul t a 
b i o m e t r i c i a n w i t h experience i n aerial surveys. 

B e v e r l y h e r d 
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F i g . 1. Estimated 9 0 % confidence l imits of (CL) population estimates (x 1000) for the Beverly and Qamanirjuaq herds 
derived from 1982-1994 photographic surveys of calving grounds. Data from Heard & Jackson (1990a, b) and 
G u n n (this issue). 
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Table 2. Precision of herd estimates ( X 1000) obtained 
by photographic surveys of the calving grounds 
of the Beverly and Qamanirjuaq herds from 
1982 through 1994. 

Year E s t i m a t e 1 SE2 90%CU Source" 

B e v e r l y herd 

1982 164 72 38 - 2 9 0 1 

1 9 8 4 264 81 123 - 4 0 4 1 

1988 190 71 6 6 - 3 1 3 1 

1993 87 18 56 - 118 2 

1994 277 107 91 - 4 6 2 3 
Q a m a n i r j u a q herd 

1983 2 3 0 59 126 - 3 3 4 4 

1985 272 142 22 - 5 2 2 4 
1988 221 72 9 4 - 3 4 9 4 
1994 4 9 6 105 3 1 0 - 6 8 2 3 
G e o r g e R . h e r d 5 

1 9 8 4 644 97 4 8 3 - 805 5 
1986 2 8 3 6 6 173 - 394 5 
1988 6 8 2 147 4 3 7 - 9 2 8 5 
1993 (adult m e t h o d ) 982 135 7 5 9 - 1 2 0 4 6 

1993 (calf m e t h o d ) 7 4 9 151 501 - 9 9 8 6 

1 Population estimate = caribou on calving grounds x 
proportion of parturient cows x (1/pregnancy rate) x 
(1/proportion of cows i n adult population) (Heard, 
1985). 

2 SE = standard error. It is the SE of caribou on the cal
v ing grounds and the SEs associated w i t h 3 ratios used 
to extrapolate to a population estimate (Heard & 
Jackson, 1990a, b ). 

3 Confidence l imits (CL) as mean estimate + CL at P = 
0.90 (alpha = 0.10). 

" Soutces: 1: Heard & Jackson, 1990a; 2: W i l l i a m s , 1995; 
3: G u n n , this issue; 4: Heard & Jackson, 1990b; 5: 
Ctett et al., 1991; 6: Couturier et al., 1996. 

5 Values are for all caribou in October. 

Surveyors m u s t d e s i g n surveys that are expected to 
produce acceptable accuracy and p r e c i s i o n . If costs 
do not just i fy benefits, then a survey s h o u l d be can
celed. 

Perhaps surveys of c a r i b o u s h o u l d be d e s i g n e d 
o n l y by survey specialists because the field b i o l o g i s t 
is u n l i k e l y to become competent i n th i s c o m p l e x 
m e t h o d o l o g y . S a m p l i n g d e s i g n is h i g h l y t e c h n i c a l , 
c o m p l e x , a n d controvers ia l . F o r e x a m p l e , there are 
m a n y m e t h o d s of a n a l y z i n g t rend d a t a ( H a t f i e l d et 
al., 1996) . 

D e t e c t i o n of a 1 0 % or 2 0 % difference i n p o p u l a 
t i o n size between surveys is not poss ib le w i t h c o m 
m o n survey s a m p l i n g methods . I n fact, o n l y a 

Rangifer, Specia l Issue N o . 10, 1 9 9 8 

change o f 5 0 % between surveys is detected b y most 
p h o t o g r a p h i c samples o f a l l c a r i b o u o n c a l v i n g 
g r o u n d s ( H e a r d , pers. c o m m ) . F r e q u e n t surveys are 
too cost ly a n d l o n g survey intervals are insens i t ive 
to s h o r t - t e r m fluctuations i n n u m b e r s . D e t e c t i o n o f 
a s i g n i f i c a n t change i n p o p u l a t i o n size m a y be 
de layed m a n y years i f several surveys are r e q u i r e d to 
detect a t r e n d . V a r i a t i o n is a c r i t i c a l c o m p o n e n t of 
nature a n d we m u s t recognize l i m i t a t i o n s i n 
a t t e m p t i n g to c o m p a r t m e n t a l i z e i t s tat is t ical ly . 

Counts of forest-tundra caribou 
I favor a t tempts at to ta l counts of aggregat ions 
d u r i n g J u l y ( V a l k e n b u r g et al, 1 9 8 5 ; Parker , 1 9 7 2 ; 
H e a r d & J a c k s o n , 1 9 9 0 b ; M c L e a n & R u s s e l l , 1 9 8 8 ; 
C o u t u r i e r et al., 1996) . P h o t o g r a p h y of J u l y aggre-

Table 3. Coefficient of variation ( C V = 100 S£/estimate) 
for photographic surveys of adult caribou on 
calving grounds, for parturient females on calv
ing grounds, and extrapolated total population 
size of the Beverly, Qamanirjuaq, and George 
River herds of caribou. 

Coef f i c ient o f v a r i a t i o n (%) 

P o p u l a t i o n / C a l v i n g P a r t u r i e n t T o t a l 
year o f survey g r o u n d s females p o p u l a t i o n 

B e v e r l y h e r d 1 

1982 19.5 4 1 . 7 4 4 . 0 
1 9 8 4 25 .5 27 .1 30 .6 
1 9 8 8 2 5 . 9 34 .7 37 .4 

1993 11.6 15.1 2 0 . 6 
1994 32 .3 3 5 . 9 38 .6 

Q a m a n i r j u a q h e r d 1 

1 9 8 3 17.5 2 1 . 6 2 5 . 8 

1985 12.3 50 .3 52 .3 
1988 13.0 2 9 . 6 32 .8 
1 9 9 4 N A 15.9 21 .3 

G e o r g e R i v e r h e r d 2 

1 9 8 4 4 .8 7.2 15.0 
1 9 8 6 17.9 2 1 . 0 23 .4 
1988 13.7 16.8 2 1 . 6 

1993 A 3 11.8 12.0 13.7 

1993 C 3 N A 19 .0 20 .1 

' Data from Heard & Jackson, 1990a, b; W i l l i a m s , 1995; 
G u n n , this issue. 

2 C o l u m n 3 is adult cows (not parturient females) and 
total population includes calves of the year. Data from 
Crete et al. ( 1 9 9 D and Couturier et al. (1996). 

3 A and C are esrimates based on numbers of adult fema
les and calves, respectively. 
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Table 4. Generalized and subjective rating of the accuracy and precision of some surveys used to enumerate large 
fotest-tundra herds of caribou. 

N o . Survey type A c c u r a c y P r e c i s i o n R e l a t i v e cost 

1 Systemat ic v i s u a l s t r ip (transect) O f t e n p o o r F a i r - g o o d L o w 

2 R a n d o m quadrat G o o d P o o r - f a i r M o d e r a t e 

3 P h o t o : c a r i b o u o n c a l v i n g g r o u n d G o o d G o o d H i g h 

4 P h o t o : adjust #3 results to ad . females G o o d F a i r - g o o d V e r y h i g h 

5 P h o t o : adjust #3 to p a r t u r i e n t females F a i r P o o r V e r y h i g h 

6 P h o t o : adjust #5 to tota l p o p u l a t i o n P o o r - f a i r P o o r V e r y h i g h 

7 P h o t o : t o t a l c o u n t & intens ive search E x c e l l e n t E x c e l l e n t M o d e r a t e 

8 P h o t o : p a r t i a l count + radio rat ios E x c e l l e n t G o o d E x t r e m e 

9 P h o t o : p a r t i a l count + s t r ip surveys G o o d G o o d H i g h 

10 T o t a l v i s u a l count V a r i a b l e V a r i a b l e W i d e range 

gat ions that c o n t a i n a l l sex and age classes u s u a l l y 
produces estimates of adequate accuracy a n d p r e c i s i 
o n , u n l i k e m o s t other types of surveys (Table 4) . U s e 
of a m i n i m u m real p o p u l a t i o n size is a conservat ive 
approach to m a n a g e m e n t . A c c u r a c y is h i g h and 
v a r i a t i o n is a lmost n i l i f a near-total c o u n t is achie
v e d . It is l o w i f an ad jus tment m u s t be m a d e for a 
s m a l l p r o p o r t i o n of " m i s s i n g " c a r i b o u , as the v a r i a 
t i o n m a y o n l y a p p l y to 5 - 1 0 % of the p o p u l a t i o n . 
C a r i b o u outs ide p h o t o g r a p h e d aggregat ions can be 
surveyed or es t imated b y ratios of r a d i o - c o l l a r e d 
c a r i b o u ( M c L e a n & R u s s e l l , 1988 ; C o u t u r i e r et al, 
1996) . R a d i o - c o l l a r e d c a r i b o u i n p o s t - c a l v i n g 
aggregat ions l ed b io log is t s i n A l a s k a to 8 7 - 9 0 % of 
a l l c a r i b o u f o u n d t h r o u g h extensive searching 
( V a l k e n b u r g et al, 1985) . A p h o t o g r a p h i c c o u n t of 
J u l y aggregat ions is less cost ly t h a n c a l v i n g g r o u n d s 
surveys and associated s a m p l i n g , w h i c h can cost u p 
to $ 2 0 0 0 0 0 (Crete et al, 1991) . T h a t t e c h n i q u e is 
i m p r o v e d w i t h rad io -co l la red c a r i b o u b u t I agree 
w i t h V a l k e n b u r g et al. (1985) that they are not 
essential . 

I f a CV o f 1 0 % is considered adequate for p h o t o 
g r a p h i c samples o n c a l v i n g g r o u n d s , t h e n o n l y 1 of 
12 surveys have achieved that p r e c i s i o n for e s t i m a 
tes of a l l c a r i b o u o n c a l v i n g g r o u n d s a n d for p a r t u r i 
ent females (Table 3). I f a C V o f 1 5 % is d e e m e d ade
quate , t h e n 6 of 12 surveys achieved that object ive 
for a l l c a r i b o u o n c a l v i n g grounds a n d 2 of 12 for 
p a r t u r i e n t females. H o w e v e r , C V s o f 1 0 % and 1 5 % 
s t i l l o n l y p e r m i t de tec t ion of p o p u l a t i o n changes of 
3 0 % a n d 5 0 % , respect ively ( H e a r d , pers. c o m m . ) . 
F u r t h e r m o r e , a s igni f i cant p r o p o r t i o n of a d u l t cows 
i n the G e o r g e R i v e r herd were not o n the d e s i g n a 
ted c a l v i n g g r o u n d i n 1 year ( C o u t u r i e r et al, 
1996) . It w o u l d be necessary to p u t m o r e t h a n 100 . 
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radio -co l lars o n cows to accurately adjust for those 
absent ( C o u t u r i e r et al, 1996) . I n contrast , < 4 % o f 
r a d i o - c o l l a r e d females were outs ide the "core" c a l 
v i n g g r o u n d s o f the Q a m a n i r j u a q herd f r o m 1985 
t h r o u g h 1 9 8 8 ( H e a r d & Stenhouse, 1992) . 

E x t r a p o l a t i o n o f p o p u l a t i o n size f r o m p h o t o g r a p 
h i c est imates o f c a r i b o u o n c a l v i n g g r o u n d s is not 
jus t i f i ed . T h e r e is u n k n o w n or poor accuracy a n d 
p r e c i s i o n o f three ratios used i n such ca l cu la t ions . 
F u r t h e r , there is no agreement o n w h a t s a m p l i n g 
u n i t s or scale s h o u l d be used for p h o t o surveys 
( H e a r d , 1 9 8 5 ; Cre te et al, 1 9 9 1 ; C o u t u r i e r et al, 
1996) . O n l y C r e t e et al. (1991) adjusted p h o t o 
counts for s i g h t a b i l i t y bias. 

P r e c i s i o n o f c a l v i n g g r o u n d surveys a n d others 
can be increased w i t h a t t e n t i o n to c a r i b o u d i s t r i b u 
t i o n f o l l o w e d b y ad jus tment o f s a m p l i n g u n i t s and 
s t ra t i f i ca t ion . A s a m p l i n g object ive is to s trat i fy 
o p t i m a l l y a n d to construct s a m p l i n g u n i t s w i t h i n 
strata that w i l l have the least v a r i a t i o n . I n real i ty, 
s t ra t i f i ca t ion is d i f f i c u l t and no u n i t size or shape 
w i l l a v o i d s a m p l i n g error. K r a f t et al. (1995) w a r n 
p o t e n t i a l surveyors of the danger of e s t i m a t i n g 
abundance of aggregated p o p u l a t i o n s . 

Improved visual surveys 
T h e accuracy o f v i s u a l s t r i p surveys can be i m p r o 
v e d . A l l c a r i b o u m u s t be r e a d i l y detected w i t h i n 
v i e w i n g str ips or s i g h t a b i l i t y bias m u s t be m e a s u 
red . O n e m e t h o d of c o r r e c t i n g for v i s i b i l i t y bias is 
to compare c a r i b o u d e n s i t y i n s tr ips (belts) at seve
ral distances f r o m an aircraft . D i s t a n c e of c a r i b o u 
groups can be ca lcu la ted f r o m aircraft a l t i t u d e and 
angle to the h o r i z o n , preferably measured b y a 
second observer o n each side of an aircraft . 
A d j u s t m e n t s for s i g h t a b i l i t y vary a m o n g m a n y fac-
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tors, consequent ly cor rec t ion factors s h o u l d be deve
l o p e d for average c o n d i t i o n s encountered i n each 
survey. 

F e w e r c a r i b o u are m i s s e d b y people exper ienced 
i n s c a n n i n g for a n i m a l s u n d e r survey c o n d i t i o n s . 
Observers s h o u l d be t r a i n e d to c o u n t aggregated 
c a r i b o u i n photographs before a survey. Larger 
g r o u p s m u s t be p h o t o g r a p h e d . C o u n t s o f observers 
w i t h l o w s i g h t a b i l i t y s h o u l d be ad justed to those 
w i t h h i g h s i g h t a b i l i t y . Surveys s h o u l d be c o n d u c t e d 
w h e n c a r i b o u are i n open habitats a n d contrast bet
w e e n c a r i b o u and b a c k g r o u n d is h i g h . R a d a r a l t i 
meters i m p r o v e e s t i m a t i o n of a l t i t u d e a n d coverage. 
Sample size r e q u i r e d to achieve a speci f ied C V 
s h o u l d be ca lcula ted as a survey progresses. I n rea l i 
ty, the g o a l m a y not be achievable i f the variance is 
large. 

T h e m u l t i p l i e r effect o f biases results i n some 
gross underest imates o f p o p u l a t i o n size. Surveyors 
w i l l readi ly a d m i t that they m a y miss 2 0 % o f c a r i 
b o u and they m a y u n d e r c o u n t n u m b e r s i n g r o u p s 
by 2 0 % b u t they are re luctant to increase the i r es t i 
mate b y 1.56 to account for b o t h biases. E v e r y sur
veyor s h o u l d a t tempt to measure accuracy i n several 
s a m p l i n g u n i t s i n the i r survey area. 

Credibility 
T h e 1980 v i s u a l s t r ip survey of the Q a m a n i r j u a q 
herd p r o d u c e d an est imate o f 38 0 0 0 ± 2 6 0 0 0 
( 9 0 % CL) c a r i b o u . S u c h surveys s u b s e q u e n t l y were 
f o u n d to underes t imate p o p u l a t i o n s b y an average 
of 2 3 4 % . T h e est imate e v o k e d a cris is h e r d s i t u a t i 
o n w h e n none existed a n d c r e d i b i l i t y o f b i o l o g i s t s 
was l o w e r e d . 

L o w estimates for c a r i b o u p o p u l a t i o n s also l e d 
b io log is t s to speculate w i t h o u t evidence that e m i 
g r a t i o n and c a l v i n g g r o u n d i n f i d e l i t y was the cause 
(Gates, 1985 ; H e a r d & Calef , 1 9 8 6 ; W i l l i a m s , 
1995) . M o s t female c a r i b o u i n fores t - tundra p o p u l a 
t ions r e t u r n to the same c a l v i n g g r o u n d s a n n u a l l y 
and there is l i t t l e e m i g r a t i o n or i m m i g r a t i o n 
(Parker , 1974 ; H e a r d , 1 9 8 3 ; G o u d r e a u l t , 1 9 8 5 ; 
H e a r d & Stenhouse, 1 9 9 2 ; V a l k e n b u r g , th is issue). 
E v e n w h e n bias is reduced , as i n sharp p h o t o g r a p h s 
of adequate scale, surveyors s h o u l d first suspect that 
the real p o p u l a t i o n size m a y be outs ide the c o n f i 
dence i n t e r v a l o f anomalous survey results . 

A n o t h e r p r o b l e m arises w h e n i m p r o v e d or m o r e -
intense s a m p l i n g produces h i g h e r p o p u l a t i o n es t i 
mates w h e n a dec l ine m a y be o c c u r r i n g . Past es t i 
mates are subject to venera t ion w i t h repeated u n c r i 
t i c a l use over t i m e . M o s t h is tor ic est imates o f forest-

t u n d r a c a r i b o u based o n v i s u a l s t r i p surveys were 
b iased , p r o b a b l y b y factors of 2 -3 . T h e consequen
ces o f inaccurate a n d imprec i se est imates , a n d w e a k 
a t tempts to e x p l a i n t h e m , is that a g r o w i n g n u m b e r 
of resource users s i m p l y reject survey results . 

I n remote areas o f n o r t h e r n C a n a d a , m a n a g e m e n t 
of c a r i b o u is not poss ib le unless hunters agree that a 
p r o b l e m exists. D a t a f r o m herd m o n i t o r i n g was not 
used b y the c a r i b o u b o a r d I sit o n except to r e c o m 
m e n d s l i g h t changes to resident a n d c o m m e r c i a l 
quotas . 

Because surveys are inaccurate a n d i m p r e c i s e , i t is 
m i s l e a d i n g to announce a p o p u l a t i o n est imate as say 
4 3 1 2 . R o u n d i n g is r e q u i r e d to the nearest 1 or 2 % . 

A need for ecological studies 
E v e n i f c a r i b o u n u m b e r s c o u l d be e s t i m a t e d accura
te ly a n d precisely, the data are not use fu l unless eco
l o g i c a l studies i n d i c a t e causes o f p o p u l a t i o n f l u c t u a 
t ions or there is an a b i l i t y to reduce harvest or n a t u 
ral m o r t a l i t y . T h e relat ive i m p o r t a n c e o f l i m i t i n g 
factors is not k n o w n for most p o p u l a t i o n s because 
comprehens ive e c o l o g i c a l studies are expensive a n d 
m o r t a l i t y statist ics are u n r e l i a b l e . E c o l o g i c a l studies 
genera l ly are p i e c e m e a l responses to p r o p o s e d deve
l o p m e n t s i n parts o f c a r i b o u ranges. T h e best a p p r o 
ach is to i d e n t i f y i m p o r t a n t habi tats a n d a t t e m p t to 
protect t h e m f r o m act iv i t ies that w o u l d be unaccep-
t a b l y d e t r i m e n t a l . W i t h o u t adequate safeguards o n 
habi ta t , c a r i b o u p o p u l a t i o n s w i l l d w i n d l e . A n 
u n d e r s t a n d i n g of survey inaccuracy a n d i m p r e c i s i o n 
m a y cause b i o l o g i s t s to d i rec t resources to other 
forms of p o p u l a t i o n analysis , such as est imates o f fat 
reserves, p r e g n a n c y rates, and r e c r u i t m e n t , and to 
habi ta t use a n d requi rements . 

Conclusions 
1. M a i n sources o f error i n c a r i b o u surveys based o n 
s a m p l i n g m e t h o d s are bias ( inaccuracy) a n d s a m 
p l i n g error ( i m p r e c i s i o n ) caused b y h i g h l y var iab le 
g r o u p sizes a n d d i s t r i b u t i o n s re lat ive to s a m p l i n g 
u n i t s . 

2. V i s u a l s t r ip surveys o f c a r i b o u o n c a l v i n g 
g r o u n d s were inaccurate b y an average factor o f 2.3 
relat ive to p h o t o based est imates , however , m o s t 
surveys o f c a r i b o u are of u n k n o w n accuracy. 
3 . M o s t v i s u a l a n d p h o t o g r a p h i c survey estimates 
are i m prec i se , h a v i n g coefficients o f v a r i a t i o n ( C V ) 
of 1 0 - 5 0 % , whereas 5 - 1 0 % is r e q u i r e d to detect 
changes i n p o p u l a t i o n size o f 1 5 - 3 0 % r e q u i r e d for 
m a n a g e m e n t . 
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4 . L i m i t a t i o n s of surveys m u s t be e x p l a i n e d to the 
p u b l i c a n d estimates always expressed w i t h lower 
and u p p e r confidence l i m i t s a l o n g w i t h any a d d i t i o 
nal uncer ta in ty . V a r i a b i l i t y i n nature l i m i t s o u r a b i 
l i t y to prec ise ly q u a n t i f y i t . 
5. O n l y m i n i m u m tota l counts , p a r t i c u l a r l y p h o t o 
g r a p h y o f aggregat ions i n J u l y , p r o d u c e results 
acceptable for conservative m a n a g e m e n t o f c a r i b o u . 
6. O t h e r indices of c a r i b o u p o p u l a t i o n " p e r f o r m a n 
ce" such as pregnancy rates, ca l f s u r v i v a l , a n d body 
c o n d i t i o n and g r o w t h indices m a y be preferable to 
inaccurate a n d imprec i se estimates of p o p u l a t i o n 
n u m b e r s . 

7. M a n y surveys for p o p u l a t i o n size s h o u l d be rep la 
ced b y eco log ica l studies that focus o n habi tat 
requi rements i n re la t ion to l i m i t i n g factors that 
affect r e p r o d u c t i o n and s u r v i v a l . 
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Abstract: Ecosystem management is emerging as an important concept in managing forests. A l t h o u g h the basic con
ceptual idea is not new, important defining principles are developing that elucidate some of the specific attributes of 
ecosystem management. These principles include: the maintenance of all ecosystems in the managed forest, rhe emu
lation of natural disturbance patterns on the landscape and the insurance that structure and function of forested ecosys
tems ate conserved. Forest management has an impact on woodland caribou (Rangifer tarandus caribou), although the 
presence of wolves (Cams lupus) and moose (Alces alces) in the same northern ecosystems also affects the caribou-forestry 
interacrion. Specific management for caribou as a featured species has been proposed, based on managing large landsca
pe blocks. Ecosystem management would also produce habitat in a manner that m i g h t accomplish the goal of conser
v i n g woodland caribou as wel l as maintaining other important ecosystem functions. 

K e y w o r d s : forest management , w i l d l i f e , b i o d i v e r s i t y , e c o l o g i c a l m a n a g e m e n t . 

Purpose 
T h e purpose of th is paper is to br ie f ly rev iew the 
concept o f ecosystem m a n a g e m e n t and to cons ider 
h o w ecosystem management m i g h t affect w o o d l a n d 
c a r i b o u (Rangifer tarandus caribou) habi ta t i n 
N o r t h w e s t e r n O n t a r i o . T h e idea i n this paper is a 
m a n a g e m e n t hypothesis w h i c h m u s t be tested befo
re i t is i m p l e m e n t e d . E s t a b l i s h i n g m a n a g e m e n t 
hypotheses is a v i t a l step i n effective resource 
m a n a g m e n t po l i cy . 

Meeting the needs of wildlife in forest 
management 
A major p r o b l e m faced b y forest managers concerns 
h o w to deal w i t h the c o m p l e x and v a r i e d needs for 
m a i n t a i n i n g w i l d l i f e habi ta t . T r a d i t i o n a l l y , m a n a 
gement agencies have concentrated on a few c o m 
m e r c i a l l y va luable species. T h e a s s u m p t i o n b e h i n d 
this approach is that these species have e c o n o m i c 
value and i f managed careful ly can be sustained for 
l o n g per iods of t i m e . 

A s concern for forest h e a l t h increases i n the 
p u b l i c m i n d , m o r e species get added to the m a n a g e -
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m e n t l i s t o f interest . K i m m i n s (1995) has rev iewed 
the stages o f forest m a n a g e m e n t a n d terms the cur 
rent stage " soc ia l forestry" . I n this stage, m o r e spe
cies o f p l a n t s and a n i m a l s , b o t h c o m m e r c i a l l y v a l u a 
ble or as ind ica tors o f forest h e a l t h , are a d d e d to the 
l i s t that managers m u s t a c c o m m o d a t e . 

I n O n t a r i o , the progress ion f r o m c o m m e r c i a l l y 
i m p o r t a n t species to species o f broader interest is 
w e l l und e r way . W h i t e - t a i l e d deer (Odocoileus virg-
inianus) a n d moose (Alces alces) d o m i n a t e d m a n a 
gers' t h i n k i n g for the last several decades. 
H o w e v e r , as m o r e people become interested i n 
forest m a n a g e m e n t , a n d va lue other w i l d l i f e species, 
managers have had to e x p a n d the i r c o n c e r n to i n c l u 
de a larger n u m b e r of w i l d l i f e species. 

A s the l i s t o f w i l d l i f e species o f c o n c e r n to m a n a 
gers gets longer , the c o m p l e x i t y o f m a n a g e m e n t 
increases d r a m a t i c a l l y . O n t a r i o m a n a g e m e n t p o l i c y 
n o w mandates that several species be " f e a t u r e d " i n 
forest m a n a g e m e n t p l a n s . I n N o r t h w e s t e r n O n t a r i o , 
w h i t e - t a i l e d deer, moose, A m e r i c a n m a r t e n (Martes 
americana) p i l e a t e d w o o d p e c k e r (Dryocopus pileatus) 
osprey (Pandion baliaetus) great b l u e h e r o n (Ardea 
herodias) b a l d eagle (Haliaeetus leucocephalus) b lack 
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bear (Ursus americanus) and w o o d l a n d c a r i b o u are 
a l l supposed to have habi ta t p r o v i d e d i n forest 
m a n a g e m e n t p lans . A s w e l l , pressure is m o u n t i n g 
for managers to conserve b i o d i v e r s i t y , meet sus ta i -
n a b i l i t y cer t i f i ca t ion requi rements a n d address 
habi ta t needs for a d d i t i o n a l w i l d l i f e species s u c h as 
w o o d warblers . 

T h e c o m p l e x and somet imes c o n t r a d i c t o r y h a b i 
tat requirements o f w i l d l i f e species leads to a v i r t u 
a l l y i m p o s s i b l e task. N o forest manager , however 
s k i l l e d , can d e v e l o p a forest m a n a g e m e n t p l a n that 
e x p l i c i t l y deals w i t h habi tat needs of a l l w i l d l i f e 
species. T h e best that can be a c c o m p l i s h e d , i f an 
i n d i v i d u a l species is " fea tured" , is to p r o v i d e hab i ta t 
for that featured species. S o m e benefits w i l l accrue 
to non- featured species, b u t these are b y p r o d u c t s o f 
the m a i n g o a l . 

Woodland caribou in northwestern 
Ontario 
I n N o r t h w e s t e r n O n t a r i o , a t tempts to deve lop a n d 
i m p l e m e n t specif ic habitat m a n a g e m e n t for c a r i b o u 
(Racey et al, 1991) have been f r u s t r a t i n g . T h e large 
scale l o g g i n g disturbances needed to e v e n t u a l l y cre
ate extensive tracks of o l d forest are d i f f i c u l t for the 
p u b l i c to accept. T h e issue o f w o o d s u p p l y a n d c a r i 
b o u habi tat is also d i f f i c u l t to reconci le . O t h e r c r i 
t i c i s m is based o n c a r i b o u a n d moose p a r t i t i o n i n g 
the i r habi tat ( C u m m i n g , 1996) , thus a v o i d i n g the 
predator p i t p r o b l e m espoused b y B e r g e r u d (1983) . 

R a t h e r t h a n f o c u s i n g d i r e c t l y o n w o o d l a n d c a r i 
b o u habi ta t , a n d c o n t i n u i n g to c o n t r i b u t e to the 
p iecemeal approach to m a n a g i n g w i l d l i f e hab i ta t , 
the m o r e general ecosystem m a n a g e m e n t approach 
m i g h t be m o r e successful. A l t h o u g h a genera l 
approach does not e x p l i c i t l y p r o v i d e hab i ta t for any 
species, i t m a y p r o v i d e the best o p p o r t u n i t y to meet 
the needs of a var ie ty o f w i l d l i f e species, w h i l e c o n 
serv ing b i o d i v e r s i t y and m e e t i n g the object ive o f 
susta inabi l i ty . E c o s y s t e m m a n a g e m e n t s h o u l d also 
p r o v i d e for the needs of w o o d l a n d c a r i b o u . 

The emerging concept of ecosystem mana
gement 
T h e C r o w n Forest S u s t a i n a b i l i t y A c t i n O n t a r i o and 
p o l i c y d o c u m e n t s o f the M i n i s t r y o f N a t u r a l 
Resources (e.g. O n t a r i o Forest P o l i c y P a n e l , 1993) 
have o u t l i n e d Ecosys tem M a n a g e m e n t as the new 
p o l i c y i n forest m a n a g e m e n t . A s o u t l i n e d b y C a r e y 
& C u r t i s (1996) ecosystem m a n a g e m e n t s h o u l d 

26 

h e l p conserve b i o d i v e r s i t y , m a i n t a i n v i a b l e p o p u l a 
t ions o f w i l d l i f e a n d meet reasonable needs for 
h u m a n use o f forest p r o d u c t s . 

T h e concept o f ecosystem m a n a g e m e n t o f na tura l 
resources is g a i n i n g p r o m i n e n c e w i t h na tura l 
resource m a n a g e m e n t agencies a n d i n the l i t e ra ture 
of forest m a n a g e m e n t ( G e r l a c h & B e n g s t o n , 1994 ; 
S l o c o m b e 1993) . A l t h o u g h recent discuss ions have 
increased its p r o f i l e , the f u n d a m e n t a l idea was e n v i 
saged several decades ago. G r u m b i n e (1994) l i s t e d 
A l d o L e o p o l d a n d V i c t o r S h e l f o r d as " v i s i o n a r y 
eco logis t s " w h o began a d v o c a t i n g the ecosystem 
concept i n n a t u r a l resources m a n a g e m e n t i n the 
1 9 3 0 s a n d 1 9 4 0 s . E v e n t h o u g h ecosystem m a n a 
g e m e n t is not a n e w idea , i m p l e m e n t i n g i t i n forest 
m a n a g e m e n t is new. T h e present i n t e n s i t y o f t i m 
ber harvest a n d the concern for m a i n t a i n i n g hea l thy 
forests has p r o m p t e d d e v e l o p m e n t o f n e w approa
ches to forest m a n a g e m e n t ( K i m m i n s , 1995) . 

T h e r e is no u n i v e r s a l l y accepted d e f i n i t i o n for 
ecosystem m a n a g e m e n t , a l t h o u g h the core idea 
expressed b y nearly everyone is s i m i l a r . E c o s y s t e m 
C o n s e r v a t i o n , N e w Forestry a n d N a t u r a l Landscape 
M a n a g e m e n t a l l convey the essential e lements o f a 
c o m p r e h e n s i v e approach to forest m a n a g e m e n t . F o r 
this paper, the t e r m ecosystem m a n a g e m e n t w i l l be 
used, as i t seems to be used m o s t of ten i n the l i t e r a 
ture . 

G r u m b i n e (1994) s u m m a r i z e d m u c h o f the eco
system m a n a g e m e n t l i tera ture a n d def ined ecosy
s tem m a n a g e m e n t . H i s d e f i n i t i o n is : "Ecosystem 
management integrates scientific knowledge of ecological 
relationships within a complex sociopolitical and values 
framework toward the general goal of protecting native 
ecosystem integrity over the long term." T h e U . S . Forest 
Service has been d e v e l o p i n g p o l i c y o n ecosystem 
m a n a g e m e n t for some t i m e (Salwasser & T a p p e i n e r 
II , 1988) a n d i n 1992 a d o p t e d ecosystem manage
m e n t as a p o l i c y for the Service. T h e d e f i n i t i o n 
accepted there was "The use of an ecological approach to 
achieve multiple-use management of the national forests 
and grasslands by blending the needs of people and envi
ronmental values in such a way that the national forest 
and grasslands represent diverse, healthy, productive and 
sustainable ecosystems." (Salwasser, 1992) . 

Principles of ecosystem management 
T h e f u n d a m e n t a l p r i n c i p l e s o f ecosystem manage
m e n t are s t i l l e v o l v i n g , w i t h some i m p o r t a n t ideas 
ev ident i n a l l approaches to this m a n a g e m e n t tech
n i q u e . T h e p r i n c i p l e s o f ecosystem m a n a g e m e n t 
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l i s t ed by G r u m b i n e (1994) i n c l u d e : a h i e r a r c h i c a l 
context , appropr ia te eco log ica l boundar ies , a d a p t i 
ve m a n a g e m e n t a n d m a n a g i n g for i n t e g r i t y o f eco
systems. K i m m i n s (1995) spoke o f the need to 
m a i n t a i n ecosystem hea l th and i n t e g r i t y , re ta in o l d -
g r o w t h stages, use l o w dis turbance h a r v e s t i n g sys
tems, a n d above a l l else, protect b iod ivers i ty . B o o t h 
et al. (1993) e m p h a s i z e d the need to m a i n t a i n a 
c o n t i n u i n g s u p p l y o f a l l na tura l forest ecosystem 
types, the i m p o r t a n c e of b a s i n g forest m a n a g e m e n t 
o n s o u n d k n o w l e d g e o f forest science, a n d the need 
to address a diverse range of interests i n p l a n n i n g . 

W h i l e the p r i n c i p l e s o f ecosystem m a n a g e m e n t 
are s t i l l e v o l v i n g , the u n i v e r s a l g o a l o f ecosystem 
m a n a g e m e n t is to sustain the i n t e g r i t y a n d h e a l t h 
of ecosystems, w h i l e m e e t i n g society's need for a 
sustainable s u p p l y o f forest p r o d u c t s , a n d other 
forest a t t r ibutes to w h i c h social and c u l t u r a l values 
are at tached. 

Characteristics of ecosystem management 
T h e e m e r g i n g p a r a d i g m i n forestry c lear ly inc ludes 
concern for b o t h conservat ion of b i o d i v e r s i t y and 
sustainable harvest o f forest goods a n d p r o d u c t s . 
C o n s e r v a t i o n o f b i o d i v e r s i t y and sustainable harvest 
represent conceptua l ideas that are i m p o r t a n t b u t 
d i f f i c u l t to measure. H o w e v e r some goals a n d 
objectives of ecosystem m a n a g e m e n t are measurable 
and these s h o u l d g i v e g u i d a n c e to managers w h o are 
i m p l e m e n t i n g the concepts . 

G r u m b i n e (1994) f o u n d that most o f the d iscus
s ion o f ecosystem m a n a g e m e n t focused o n five m a i n 
goals . 
1. M a i n t a i n v i a b l e p o p u l a t i o n s of a l l nat ive species 

i n s i t u . 
2. Represent w i t h i n protected areas, a l l nat ive eco

sys tem types across the i r natura l range of 
v a r i a t i o n . 

3. M a i n t a i n evo lut ionary and eco logica l processes 
(i.e. d i s turbance regimes , h y d r o l o g i c a l 
processes, n u t r i e n t cycles, etc.). 

4. M a n a g e over per iods o f t i m e l o n g e n o u g h to 
m a i n t a i n the e v o l u t i o n a r y p o t e n t i a l o f species. 

5. A c c o m m o d a t e h u m a n use and occupancy w i t h i n 
these constraints . 

These goals represent a f u n d a m e n t a l change 
f r o m the g o a l of p r o v i d i n g goods and services to 
h u m a n s to the maintenance o f the i n t e g r i t y o f eco
systems. Success is measured by the fact that eco
systems c o n t i n u e to evolve and change, b u t are not 
subject to degradat ion by h u m a n ac t iv i ty . T h e 
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i n t e g r i t y o f the forest i t se l f is m o r e v a l u e d t h a n the 
m o n e t a r y va lue o f the goods a n d services that are 
s u p p l i e d b y the forest. 

Ecosystem management and caribou habi
tat in northern Ontario 
C h a n g e s i n p o l i c y occur s lowly . A s the O n t a r i o 
M i n i s t r y o f N a t u r a l Resources moves f r o m Featured 
Species M a n a g e m e n t to Ecosys tem M a n a g e m e n t 
some di f ferent results can be expected i n the forest. 
W o u l d a forest managed u n d e r E c o s y s t e m 
M a n a g e m e n t s u p p o r t w o o d l a n d c a r i b o u p o p u l a t i 
ons i n N o r t h w e s t e r n O n t a r i o ? 

Woodland caribou in Ontario 
W o o d l a n d c a r i b o u habi ta t has been discussed exten
s ive ly i n m a n y papers , (e.g. C u m m i n g & Beange , 
1 9 9 3 ; C r i n g a n , 1957; D a r b y & P r u i t t , 1984) . 
P r e d a t i o n and its i m p a c t on w o o d l a n d c a r i b o u and 
moose has also been the subject o f intense d i s c u s s i 
o n and s p e c u l a t i o n , (e.g. B e r g e r u d , 1 9 8 3 ; Se ip , 
1 9 9 1 ; C u m m i n g , 1996) . W h i l e these are i m p o r 
tant topics , they w o u l d not be the ma jor concern i n 
an ecosystem a p p r o a c h to m a n a g i n g n o r t h e r n 
forests. Instead, managers w o u l d cons ider h o w to 
m a i n t a i n the n a t u r a l ecosystems i n the forested are
as o f concern . T h e a s s u m p t i o n is that i f na tura l eco
sys tem processes are conserved, a n d w o o d l a n d c a r i 
b o u have e v o l v e d h i s t o r i c a l l y u n d e r those c o n d i t i 
ons, they have the best o p p o r t u n i t y to c o n t i n u e to 
exist a n d r e m a i n heal thy, u n d e r these same natura l 
c o n d i t i o n s . 

Maintaining ecological processes 
T h e r e are, o f course, m a n y e c o l o g i c a l processes i n 
any ecosystem. Predator -prey r e l a t i o n s h i p s , d e c o m 
p o s i t i o n o f organic matter , d i s t u r b a n c e events o f 
several k i n d s , such as fire or w i n d s torms are a l l n o r 
m a l parts o f ecosystem process a n d f u n c t i o n . . 
H o w e v e r , o n l y a few basic processes can be affected 
b y forest m a n a g e m e n t as keys to an eco logica l 
a p p r o a c h . 

T h e k e y ecosystem processes that can be m a n i p u 
la ted b y foresters, i n m o s t cases, are: 

— U s e of l o g g i n g to m i m i c the pat terns that fire, 
w i n d , a n d insects create o n the landscape, 

- M a n a g i n g selected at t r ibutes o f b i o d i v e r s i t y to 
ensure that b i o d i v e r s i t y is conserved i n the manage
m e n t processes, 
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F i g . 1. Illustration of the different landscape patterns between a clear-cut and wildfite (Gluck & Rempel , 1996). 

— M a i n t a i n i n g the age class d i s t r i b u t i o n o f c o m 

m e r c i a l tree species s i m i l a r to natura l e v o l u t i o n of 

forests. 
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Mimic the pattern 
T h e d i s t r i b u t i o n of p l a n t species o n the landscape is 
i m p o r t a n t to w i l d l i f e species l i v i n g there. If the 

Rangifer, Specia l Issue N o . 10, 1998 



p a t t e r n o n the landscape after l o g g i n g is s i m i l a r to 
the na tura l d i s turbance pat tern , t h e n w i l d l i f e spec i 
es a n d b i o d i v e r s i t y conservat ion goals have the best 
chance o f b e i n g achieved. W h i l e the p a t t e r n left by 
l o g g i n g cannot d u p l i c a t e exactly the p a t t e r n left b y 
n a t u r a l d i s turbance events, i t s h o u l d be as s i m i l a r as 
poss ib le . 

G l u c k & R e m p e l (1996 ) c o m p a r e d the s t r u c t u r a l 
characterist ics o f p o s t - w i l d f i r e a n d clear-cut l ands
capes i n the Borea l forest near D r y d e n O n t a r i o . 
T h e y f o u n d that the clear-cut landscape tended to 
have larger, less dense patches t h a n the w i l d f i r e , the 
patches i n the clear-cut were m o r e i r r e g u l a r i n shape 
w i t h greater a m o u n t s of edge a n d core areas t h a n 
those i n the w i l d f i r e , whereas the w i l d f i r e had m o r e 
in terspers ion between p a t c h types at the broader 
scales, F i g . 1. 

U n d e r ecosystem m a n a g e m e n t , the size o f clear-
cuts is i m p o r t a n t , and the size o f w i l d f i r e s is a useful 
g u i d e to p l a n n i n g the size o f c learcuts . L i et al 
(1996) f o u n d that the size o f w i l d f i r e s was q u i t e 
v a r i a b l e , a n d d i d not always f o l l o w a p a r t i c u l a r m a t 
h e m a t i c a l d i s t r i b u t i o n . A c o m m o n p a t t e r n of w i l d 
fire size d i s t r i b u t i o n , i n N o r t h w e s t e r n O n t a r i o , 
based o n a 10 k m b y 10 k m area, is i l l u s t r a t e d i n 
F i g . 2 . H u n t e r (1993) f o u n d a s i m i l a r pa t te rn i n 
eastern Canada . F i g . 2 describes a useful g u i d e i n 
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d e v e l o p i n g l o g g i n g plans that are consistent w i t h 
the idea o f ecosystem m a n a g e m e n t . 

W i t h the advent o f remote sens ing , G I S systems 
a n d m o d e l s o f d is turbances , (e.g. O N - F I R E as des
c r i b e d i n L i et al, 1996) forest harvest p lans that 
m i m i c the p a t t e r n of n a t u r a l d is turbances are w i t 
h i n the reach o f most forest managers . I f p r a c t i c e d 
over 80 to 100 year rotat ions , and at the scale o f a 
large area such as N o r t h w e s t e r n O n t a r i o , ecosystem 
m a n a g e m e n t s h o u l d c o n t r i b u t e to m a i n t a i n i n g the 
n o r m a l e c o l o g i c a l processes that were present before 
ma jor h u m a n e x p l o i t a t i o n of the forest s tarted. 
T h i s i n t u r n s h o u l d p r o v i d e the habi ta t c a r i b o u 
need to r e m a i n healthy. 

Selected aspects of biodiversity 
T h e concept o f b i o d i v e r s i t y has come to m e a n a l l 
the aspects o f l i fe i n ecosystems. T h e species p r e 
sent, the i n t e r a c t i o n a m o n g species, the gener ic 
v a r i a b i l i t y , i n d e e d v i r t u a l l y any c o m p o n e n t o f an 
ecosystem can c o n t r i b u t e i n some w a y to the idea o f 
b i o d i v e r s i t y . Forest m a n a g e m e n t m a y change the 
b i o d i v e r s i t y o f the landscape or i t m a y not , d e p e n 
d i n g o n the harvest techniques used. 

U n d e r ecosystem m a n a g e m e n t the g o a l s h o u l d be 
to m a i n t a i n the d i v e r s i t y o f the managed area reaso
n a b l y close to the d i v e r s i t y present before m a n a g e 

m e n t began. T h i s g o a l is b o t h scale a n d 
t i m e dependent a n d m u s t be cons idered at 
r e l a t i v e l y large scales. H o w e v e r , the 
d i v e r s i t y maintenance g o a l is a p r a c t i c a l 
and real is t ic w a y to measure the i m p a c t o f 
l o g g i n g o n the landscape a n d assure the 
p u b l i c that forest m a n a g e m e n t is consis
tent w i t h b i o d i v e r s i t y conservat ion (Carey 
& C u r t i s , 1996) . 

B a k e r (1993) describes h o w one aspect 
of d i v e r s i t y can be measured i n areas d i s 
t u r b e d b y w i l d f i r e . A l t h o u g h B a k e r d i d 
not compare the w i l d f i r e landscape to a 
l o g g e d landscape, i t w o u l d not be h a r d to 
do that c o m p a r i s o n . I n Baker 's e x a m p l e , 
f r o m the B o u n d a r i e s W a t e r s Canoe A r e a 
i n n o r t h e r n M i n n e s o t a , he used p a t c h age 

_ _ _ _ _ _ _ _ _ o o o to ca lculate , u s i n g Shannon's i n d e x , the 
C D C O O C M - ^ C D C O O C M - ^ C D C O , . , , . 

T V C V C . C > J C > I C > 1 C ? C ? C ? C ? C ? d i v e r s i t y of p a t c h ages o n the landscape. 
H e d e m o n s t r a t e d h o w fire suppress ion 
increased the p a t c h age d i v e r s i t y o f the 
landscape over the prese t t lement forest. 
T h e idea that fire suppress ion w o u l d incre 
ase some measures o f d i v e r s i t y o f the 
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2. Size distribution of wildfires in Northwestern Ontario (from 
Uetal., 1996). 
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landscape m a y seem c o u n t e r - i n t u i t i v e , a n d i l l u s t r a 
tes the i m p o r t a n c e o f ac tual ly m e a s u r i n g the i m p a c t 
o f ma jor h u m a n act iv i t ies o n the landscape. 

Managing age classes of trees 
T h e t h i r d area that forest managers m a n i p u l a t e i n 
the process o f l o g g i n g a n d fire suppress ion is the age 
class s tructure o f c o m m e r c i a l trees. 
A s w i t h the other goals o f ecosystem 
m a n a g e m e n t , the g o a l is to t ry to 
a p p r o x i m a t e the age d i s t r i b u t i o n 
that has evolved i n the boreal forest. 

I n an u n m a n a g e d and u n l o g g e d 
boreal forest, w i t h forest fires 
unsuppressed, average d is turbance 
f requency is u s u a l l y i n the range o f 
7 0 to 100 years. V a n W a g n e r (1978) 
proposed that the r e s u l t i n g age class 
d i s t r i b u t i o n is e x p o n e n t i a l . B o y c h u k 
et al. (1995) rev iewed theoret ica l age 
class d i s t r i b u t i o n s i n the B o r e a l 
Forest and c o n c l u d e d that the expo
n e n t i a l m o d e l was c o m m o n , a l t 
h o u g h s ign i f i cant var iat ions can 
occur. T h e age class d i s t r i b u t i o n is 
not fixed, and w i l l vary d e p e n d i n g o n 
scale and c l i m a t i c factors. H o w e v e r , 
i n v i r t u a l l y every case i n B o y c h u k et 
al's data a larger area o f the forest is 

i n y o u n g e r age classes a n d less is i n 
o l d e r age class. Forested boreal eco
systems, e v o l v i n g i n a d i s t u r b a n c e 
e n v i r o n m e n t , t y p i c a l l y s h o w age class 
d i s t r i b u t i o n s w i t h cons iderab ly m o r e 
area i n y o u n g e r rather t h a n o lder 
forests. 

T h e m a n a g e d boreal forests o f 
O n t a r i o , i n contrast , are d o m i n a t e d b y 
o l d e r age classes. F o r e x a m p l e , i n a 
status report f r o m the O n t a r i o 
M i n i s t r y o f N a t u r a l Resources 
( O n t a r i o , 1994) the f o l l o w i n g analysis 
is g i v e n : 

I n terms o f age s t ructure , O n t a r i o ' s 
forest are d o m i n a t e d b y m a t u r e a n d 
o v e r m a t u r e forests; f u l l y three q u a r 
ters o f the province 's p r o d u c t i v e forest 
are over for ty years o l d . T h e age class 
d i s t r i b u t i o n s o f O n t a r i o ' s forests 
result f r o m 77 years o f o r g a n i z e d 
forest fire c o n t r o l i n the n o r t h and 

2 5 0 years o f p o s t - c o l o n i a l se t t lement i n the s o u t h . 
Forest fires d i s t u r b an average o f 8 0 0 0 0 hectares o f 
m a n a g e d forest every year. I n the pre - suppress ion 
(pre-set t lement) era a p p r o x i m a t e l y 7 0 0 0 0 0 hecta
res o f forest were c o n s u m e d b y fire. I f one adds the 
area harvested each year (170 0 0 0 hectares) to the 
average area b u r n e d , the t o t a l area affected is 2 5 0 
0 0 0 hectares. T h i s represents less t h a n 4 0 % o f ave-
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Age class distr ibution of commercial tree species from the N a k i n a 
management unit in Northwestern Ontario. 
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rage area d i s t u r b e d a n n u a l l y i n O n t a r i o ' s forests 
before E u r o p e a n set t lement . 

F i g s . 3 a n d 4 i l lus t ra te t y p i c a l examples of th i s 
d i s t r i b u t i o n . 

To change the age classes d i s t r i b u t i o n o f c o m 
m e r c i a l tree species towards a more e v o l u t i o n a r y 
pat tern , B o y c h u k et al. (1995) p r o v i d e some use fu l 
g u i d e l i n e s . T h e g o a l is fewer trees i n o lder age clas
ses than is there now, met e i ther b y less fire protec 
t i o n or selective l o g g i n g . 

Affects on woodland caribou habitat 
A Borea l Forest area m a n a g e d u n d e r ecosystem 
m a n a g e m e n t w o u l d have large scale d is turbances , 
somet imes dozens of square k i l o m e t e r s i n size. O l d 
forests w o u l d be re lat ively rare; perhaps 5 to 1 0 % o f 
the landscape w o u l d be i n these o l d stages. T h e 
landscape w o u l d not be as diverse , because m o s t 
h u m a n act iv i t ies tend to increase the d i v e r s i t y o f 
the landscape, (e.g. Baker , 1 9 9 3 ; G l u c k & R e m p e l , 
1996) . W i d e spread m a n a g e m e n t for moose a n d 
other p o p u l a r game animals that respond to edges 
a n d d i s t u r b e d areas, has left a m o r e f r a g m e n t e d 
forest t h a n that w h i c h evo lved u n d e r fire, insects 
a n d w i n d s torms. T h e net result w o u l d be a forest 
w i t h a t t r ibutes that resemble the forest that e v o l v e d 
before people began to i n t e n s i v e l y manage the area. 
Because c a r i b o u evolved u n d e r these c o n d i t i o n s i t 
seems l o g i c a l that the habi ta t p o r t i o n of w o o d l a n d 
c a r i b o u m a n a g e m e n t w o u l d be satisfied b y th i s 
approach . 

T h e next step s h o u l d be to use c o m p u t e r m o d e l s 
of forest m a n a g e m e n t and deve lop a specific e x a m 
ple of h o w the landscape w o u l d change f o l l o w i n g an 
ecosystem m a n a g e m e n t strategy. G o o d i n g & V a n 
D a m m e , for example , (1996) used a c o m p u t e r 
m o d e l to compare h a u l i n g costs of w o o d harvested 
i n b o t h c o n v e n t i o n a l and ecosystem m a n a g e m e n t 
regimes . T h e same approach w o u l d be benef ic ia l i n 
s t u d y i n g the p o t e n t i a l i m p a c t o f ecosystem m a n a 
gement o n c a r i b o u habi ta t . 

Summary and conclusions 
M o v i n g f r o m a featured species approach to ecosy
s tem m a n a g e m e n t is a d i f f i c u l t process that w i l l be 
hard for m a n y people to accept. T h e r e is a s t r o n g 
bias to search for specific so lu t ions to p r o b l e m s 
encountered b y selected species. W h e n any w i l d l i f e 
species is cons idered endangered, whether i t is b a l d 
eagles or w o o d l a n d c a r i b o u , there is a s t r o n g i m p e -
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tus to deve lop specif ic so lu t ions to the specif ic p r o 
b l e m . T h e p r o b l e m w i t h the species b y species 
approach is that the palate of i n d i v i d u a l p r o b l e m s 
accumulates to such a degree that i t becomes 
i m p o s s i b l e to solve i n any real is t ic sense. I n 
O n t a r i o , for e x a m p l e , there are some 30 or 4 0 " g u i 
d e l i n e s " that managers are supposed to f o l l o w i n 
d e v e l o p i n g forest m a n a g e m e n t plans . I n a d d i t i o n , 
there are several c r i t e r i a for m e a s u r i n g s u s t a i n a b i l i -
ty that managers are supposed to i n c l u d e . T h e net 
result is that managers , no mat te r h o w sincere or 
h a r d w o r k i n g , cannot f o l l o w the somet imes contra 
d i c t o r y , somet imes obscure , g u i d a n c e f r o m these 
d o c u m e n t s . I n response, they b u i l d p lans based on 
the p a r t i c u l a r biase they b r i n g to the p l a n n i n g p r o 
cess. 

In ecosystem m a n a g e m e n t , a few basic p r i n c i p l e s 
are f o l l o w e d that p r o v i d e the best o p p o r t u n i t y to 
m a i n t a i n v i a b l e p o p u l a t i o n s of a l l species o n the 
landscape, that w i l l conserve b i o d i v e r s i t y at the 
appropr ia te levels , a n d w i l l susta in the f u n d a m e n t a l 
processes that are i m p o r t a n t to ecosystem f u n c t i o n . 
In that scenario, the needs o f w o o d l a n d c a r i b o u 
w o u l d seem to be p r o t e c t e d to the best possible 
degree. 
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Abstract: In this paper, we describe the Pen Islands H e r d of caribou, the largest aggregation of caribou in Ontario (it 
also occupies a portion of northeastern Manitoba). Photographic counrs showed the herd had a m i n i m u m population of 
2300 i n 1979, 4660 in 1986, 7424 i n 1987 and 10 798 in 1994. Throughout the 1980s, the Pen Islands caribou 
exhibited population behaviour similar to migratory barren-ground caribou herds, although morphology suggests they 
are woodland caribou or possibly a mixture of subspecies. The herd had well-defined traditional tundra calving 
grounds, formed nursery groups and large mobile post-calving aggregations, and migrated ovet 400 k m between tun
dra summer habitats and boreal forest winter habitats. Its migtat ion took it into three Canadian jurisdictions (Ontario, 
Manitoba, Northwest Territoties) and it was impottant to residents of both Mani toba and Ontario. It is clear that the 
herd should be managed as a migratory herd and the critical importance of both the coastal and variable large winter 
ranges should be noted in ensuring the herd's habitat needs are secure. 

K e y words : w o o d l a n d c a r i b o u , O n t a r i o , M a n i t o b a , m i g r a t i o n , p o p u l a t i o n size, a n n u a l range. 

Introduction 
W o o d l a n d C a r i b o u {Rangifer tarandus caribou) are 
f o u n d t h r o u g h o u t n o r t h e r n O n t a r i o n o r t h of about 
5 0 ° 3 0 ' n o r t h l a t i t u d e ( D a r b y et al., 1989) . T h e 
H u d s o n B a y L o w l a n d s contains the m a j o r i t y of the 
province 's c a r i b o u , i n c l u d i n g aggregat ions that 
occur a l o n g the H u d s o n B a y coast ( F i g . 1). I n the 
late 1970s and early 1980s , evidence a c c u m u l a t e d 
about increas ing n u m b e r s of c a r i b o u s u m m e r i n g 
near the O n t a r i o - M a n i t o b a border ( T h o m p s o n & 
A b r a h a m , 1994) . It was t h o u g h t that th i s s u m m e r 
a g g r e g a t i o n m i g h t be the source of the increas ing 
n u m b e r of observations of c a r i b o u i n w i n t e r i n the 
boreal forest of extreme northeastern M a n i t o b a and 
n o r t h w e s t e r n O n t a r i o . I n a d d i t i o n to the m a n y 
quest ions of b i o l o g i c a l interest raised, the discovery 
of so m a n y c a r i b o u had several i m p l i c a t i o n s for har
vest b y the Cree people of the area, t o u r i s m and 
j u r i s d i c t i o n a l m a n a g e m e n t . These i m p l i c a t i o n s 
p r o v i d e d the i m p e t u s for the O n t a r i o M i n i s t r y of 
N a t u r a l Resources ( O M N R ) to u n d e r t a k e a 3 year 
s tud y to d o c u m e n t the characterist ics o f the h e r d . 

T h e objectives of this paper are: 1) to rev iew the 
h i s t o r y of c a r i b o u o c c u p a t i o n of the H u d s o n B a y 
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L o w l a n d s b e t w e e n F t . Severn, O n t a r i o a n d Y o r k 
Factory, M a n i t o b a ; 2) define the size of th is h e r d 
d u r i n g the 1980s a n d early 1990s , a n d 3) to d e l i n e 
ate the a n n u a l range a n d seasonal use areas. 

Study area 
East P e n I s land lies offshore f r o m O n t a r i o a n d is 
thus par t o f the N o r t h w e s t Terr i tor ies . W e s t P e n 
I s l a n d , f o r m e r l y an i s l a n d b u t n o w a p e n i n s u l a of 
the O n t a r i o coast, lies to the southwest o f East P e n 
I s l a n d , w i t h i n 5 k m of the M a n i t o b a border ( F i g . 1). 
Because these i s lands are near the l o n g i t u d i n a l cen
tre o f the c a l v i n g a n d s u m m e r range where the first 
evidence of a large s u m m e r a g g r e g a t i o n was o b 
t a i n e d , we n a m e d th i s g r o u p o f c a r i b o u the P e n 
Islands H e r d . 

T h e s tud y area c o m p r i s e d an area of a p p r o x i 
m a t e l y 80 0 0 0 k m 2 i n extreme n o r t h w e s t e r n 
O n t a r i o a n d northeastern M a n i t o b a ( F i g . 1). It is 
b o u n d e d o n the east b y the Severn R i v e r , o n the 
n o r t h by H u d s o n Bay, o n the west b y the N e l s o n 
R i v e r , and o n the s o u t h (at a p p r o x i m a t e l y l a t i t u d e 
55° N ) b y G o d ' s L a k e , E d m u n d L a k e , K i s t i g a n L a k e 
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and the u p p e r reaches of the E c h o i n g R i v e r waters
h e d . T h e m a j o r i t y of the s tu dy area is i n the H u d s o n 
B a y L o w l a n d p h y s i o g r a p h i c r e g i o n ( H u t c h i s o n , 
1982) a n d the remainder is o n the C a n a d i a n S h i e l d 
( R o w e , 1972) . W i t h i n th is broad s t u d y area, s p r i n g , 
s u m m e r and f a l l studies were concentrated between 
the N i s k i b i R i v e r , O n t a r i o and C a p e T a t n a m , 
M a n i t o b a and w i t h i n 20 k m of H u d s o n B a y (the 
F o r e s t - T u n d r a zone of R o w e , 1972) . W i n t e r r a d i o -
t r a c k i n g and aerial surveys def ined the i n l a n d extent 
of the s t ud y area. 

Methods 
H i s t o r i c a l i n f o r m a t i o n o n c a r i b o u n u m b e r s , d i s t r i 
b u t i o n a n d harvest was assembled f r o m p u b l i s h e d 
and u n p u b l i s h e d reports , O M N R a n d M a n i t o b a 
D e p a r t m e n t of N a t u r a l Resources ( M D N R ) files, 
researchers' notes and L o w l a n d residents . 
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V i s u a l and p h o t o g r a p h i c aerial surveys were 
flown i n the coastal p o r t i o n of the s tudy area to 
locate i m p o r t a n t areas and to est imate p o p u l a t i o n 
size i n s u m m e r . W e c o n d u c t e d a t o t a l o f 2 6 recon
naissance a n d p h o t o g r a p h i c aer ia l surveys o n a s u b 
ject ive schedule be tween 25 M a y 1987 a n d 13 J u n e 
1 9 8 9 . A g g r e g a t i o n s were p h o t o g r a p h e d to o b t a i n 
t o t a l p o p u l a t i o n surveys o n 11 J u l y 1986 , 2 5 - 2 6 
M a y , 2 2 - 2 3 J u n e a n d 14 J u l y 1987 and 20 J u l y 
1 9 8 8 . 

C a r i b o u were captured a n d co l lared or tagged i n 
t w o separate t i m e per iods . T h e first session was 
d u r i n g the r u t f r o m 28 September to 5 O c t o b e r 
1987 w h e n 21 females and 2 males were captured 
and fitted w i t h radio-co l lars . T h e second session 
was f r o m 7 to 14 J u n e 1988 just after c a l v i n g w h e n 
4 females (al l col lared) and 23 males (13 c o l l a r e d , 
10 ear-tagged) were captured . W e c o n d u c t e d a tota l 
of 25 te lemetry surveys between 28 O c t o b e r 1987 
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a n d 27 M a r c h 1990 , a p p r o x i m a t e l y b i - w e e k l y 
d u r i n g w i n t e r to locate co l lared c a r i b o u . T h e 
a n n u a l ranges of the 23 c a r i b o u t a g g e d d u r i n g the 
r u t i n S e p t e m b e r - O c t o b e r 1987 and the 27 c a r i b o u 
tagged d u r i n g early a g g reg a t io n p e r i o d i n J u n e 
1988 were o v e r l a p p i n g and i n d i c a t e d that b o t h sets 
of captured a n i m a l s d i d come f r o m the same p o p u 
l a t i o n . Therefore , these t w o g r o u p s are c o m b i n e d 
for analysis a n d d iscuss ion of the P e n Islands H e r d 
characterist ics . A n n u a l range was es t imated b y crea
t i n g an outer convex p o l y g o n o f locat ions of r a d i o -
m a r k e d c a r i b o u each year. 

A de ta i l ed d e s c r i p t i o n of m e t h o d s is p r o v i d e d i n 
an O M N R i n t e r n a l report b y T h o m p s o n & 
A b r a h a m (1994) . 

Historical perspective on caribou in the 
Pen Islands area 
R e l a t i v e l y l i t t l e q u a n t i t a t i v e i n f o r m a t i o n is ava i la 
ble o n the h i s t o r i c n u m b e r s , d i s t r i b u t i o n or b e h a v i 
o u r of c a r i b o u i n the H u d s o n B a y L o w l a n d , p a r t i c u 
lar ly a l o n g the H u d s o n B a y coast. T h e earliest w r i t 
t en records are f r o m the p e r i o d of H u d s o n ' s B a y 
c o m p a n y set t lement i n the 1700s . A n d r e w G r a h a m 
( i n W i l l i a m s , 1 9 6 9 : 1 4 - 1 6 ) describes " re indeer" as 
b e i n g "several k i n d s " and "very n u m e r o u s " i n the 
1770s a l o n g the H u d s o n B a y coast. H e m e n t i o n s 
their great i m p o r t a n c e i n the d ie t o f Indians a n d i n 
the loca l economy. H e also prov ides a v i v i d d e s c r i p 
t i o n of the i r " s o u t h w a r d " m i g r a t o r y m o v e m e n t i n 
M a y a l o n g the coast past the " Y o r k F o r t " (now Y o r k 
Factory) and "Severn" (now For t Severn) set t lements 
and the i r r e t u r n " n o r t h w a r d " m i g r a t o r y m o v e m e n t 
i n September. F i n a l l y , he notes t h e m as "rare ly seen 
w i t h i n e i g h t y or one h u n d r e d m i l e s of the coast" 
between N o v e m b e r and A p r i l . O t h e r early accounts 
of c a r i b o u i n th is area by S. H e a r n e , N . J e r e m i e , and 
J . B . T y r r e l l were s u m m a r i z e d i n B a n f i e l d 
(1961 :85) ; these noted m i g r a t i o n between forested 
in ter ior areas a n d coastal t u n d r a . B a n f i e l d (1961) 
also raised a q u e s t i o n of t a x o n o m i c status of " the 
herds that f o r m e r l y i n h a b i t e d the southern H u d s o n 
B a y coast f r o m C a p e H e n r i e t t a M a r i a , O n t a r i o to 
C a p e C h u r c h i l l , M a n i t o b a " . T h e q u e s t i o n he posed 
(and left unanswered) was w h e t h e r they were 
" m i g r a t o r y w o o d l a n d c a r i b o u " or the " s o u t h e r n 
m o s t t u n d r a c a r i b o u " . D e s p i t e r a p i d r e d u c t i o n of 
the herds t h r o u g h heavy k i l l i n g i n the e i g h t e e n t h 
century, apparent ly a few m i g r a t o r y bands s t i l l exis
ted as late as 1912 . T h e c a r i b o u that B a n f i e l d h i m 
self e x a m i n e d i n northeastern M a n i t o b a i n 1949 

"appeared to be w o o d l a n d c a r i b o u " b u t i n t e r e s t i n g 
ly, he noted that the area was " o v e r r u n by m i g r a t i n g 
t u n d r a re indeer " at the t i m e . D e s p i t e the obser
v a t i o n , he offered q u a l i f i e d conc lus ions that " r educ
t i o n of loca l p o p u l a t i o n s has apparent ly c u r t a i l e d 
the m i g r a t o r y h a b i t " a n d that the area was a "pos
s ib le ... area of i n t e r g r a d a t i o n between the subspec i 
es." de V o s & Peterson (1951) stated that w o o d l a n d 
c a r i b o u o c c u r r e d w i d e l y i n scattered herds b u t also 
noted that they were "absent f r o m a f r i n g e a l o n g the 
H u d s o n B a y i n the n o r t h w e s t e r n p a r t " o f O n t a r i o . 

In the 1950s and 1960s , a series of surveys of the 
H u d s o n B a y L o w l a n d was m a d e d u r i n g s u m m e r , 
f a l l a n d w i n t e r . W i n t e r surveys ( S i m k i n , 1 9 6 2 ; 
1964 ; 1 9 6 6 ; 1967) and i n t e r v i e w s w i t h Cree l i v i n g 
i n the area revealed that the coastal zone was v i r t u 
a l l y u n o c c u p i e d i n w i n t e r , just as G r a h a m had noted 
so m u c h earlier, except that there was a s m a l l g r o u p 
n o r t h o f S u t t o n L a k e t o w a r d C a p e H e n r i e t t a M a r i a 
(de V o s & Peterson , 1 9 5 1 ; D . S i m k i n , pers. c o m m . ) . 
S i m k i n f o u n d c a r i b o u i n w i n t e r (January to M a r c h ) 
5 0 - 1 0 0 m i l e s i n l a n d f r o m H u d s o n B a y and s h o w e d 
w i n t e r densi t ies i n these i n t e r i o r L o w l a n d forests to 
be s i m i l a r to densi t ies i n the b u l k of O n t a r i o ' s bore
a l forest. O c c a s i o n a l w i n t e r surveys c o n d u c t e d bet
ween 1 9 5 9 and 1982 by O n t a r i o and M a n i t o b a p r o 
v i n c i a l employees d o c u m e n t e d c a r i b o u d i s t r i b u t i o n 
and densi t ies i n parts o f o u r s tudy area. A l t h o u g h 
w i n t e r c o n c e n t r a t i o n areas were m a p p e d , nei ther 
m o n t h to m o n t h m o v e m e n t s nor a n n u a l v a r i a t i o n i n 
areas o c c u p i e d were k n o w n a n d no p o p u l a t i o n est i 
mates were m a d e that c o u l d be related to the entire 
s tudy area we def ined . T h o m p s o n (1986) presented 
results o f a survey c o n d u c t e d f r o m 1 9 8 1 - 1 9 8 3 and 
s u m m a r i z e d a l l prev ious w i n t e r c a r i b o u surveys 
f r o m the O n t a r i o H u d s o n B a y L o w l a n d . T h e 1981¬
83 surveys r e - c o n f i r m e d the absence o f c a r i b o u f r o m 
the coastal zone i n w i n t e r , a n d d o c u m e n t e d s i g n i f i 
cant w i n t e r i n g c o n c e n t r a t i o n areas at the hab i ta t 
b o u n d a r y of the H u d s o n B a y L o w l a n d s Forest and 
the N o r t h e r n B o r e a l Forest ( t e r m i n o l o g y of 
R o w e , 1 9 7 2 ) p a r t i c u l a r l y a r o u n d S t u r g e o n L a k e , 
O n t a r i o and the u p p e r reaches o f the E c h o i n g R i v e r 
near the M a n i t o b a border. 

S i m k i n ' s (1959) i n t e r v i e w s w i t h Cree residents 
p r o v i d e d accounts of c a r i b o u m o v e m e n t i n l a n d i n 
N o v e m b e r (i.e., away f r o m o p e n t u n d r a areas to 
forested areas) a n d coastward i n F e b r u a r y and 
M a r c h , a pa t te rn that appears to have h e l d t rue for 
the ent i re H u d s o n B a y coast. D u r i n g o u r c o m m u 
n i t y v i s i t s f r o m 1 9 8 7 - 9 0 , F o r t Severn hunters rela
ted the i r a c c u m u l a t e d k n o w l e d g e of c a r i b o u i n the i r 
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areas of ac t iv i ty . T h e y repor ted that c a r i b o u were 
t h i n l y scattered over th is p o r t i o n o f the L o w l a n d 
about 50 years ago. I n m o r e recent years, they 
noted the m i g r a t o r y nature of these a n i m a l s , p a r t i 
c u l a r l y an east to west m o v e m e n t to the coast i n 
A p r i l w h e n the snow is c rusted (J. Stoney, pers. 
c o m m . ) and an increase i n s u m m e r n u m b e r s o n the 
coast. F o r t Severn hunters d i s t i n g u i s h e d three types 
o f c a r i b o u w i t h i n and near t h e i r h u n t i n g g r o u n d s : 
s m a l l c a r i b o u n o r t h of the N e l s o n R i v e r ca l l ed 
" l i t t l e w h i t e ones" , the P e n Islands a n i m a l s , a n d 
larger " w o o d l a n d s " c a r i b o u . T h e i r c a r i b o u harves
t i n g habits inc orpora ted a shif t f r o m m a i n l y i n l a n d 
h u n t i n g to coastal h a r v e s t i n g i n the early 1970s . 

Independent discussions we h a d at th is t i m e w i t h 
Shamat tawa, M a n i t o b a , Cree hunters revealed s i m i 
lar i n f o r m a t i o n . T h e y also d i s t i n g u i s h e d three 
types. S h a m a t t a w a hunters began to see and h u n t 
the m i g r a t i n g c a r i b o u i n about 1 9 8 0 (poss ib ly the 
P e n Islands H e r d ) i n a d d i t i o n to the m o r e u s u a l 
resident " w o o d l a n d s " c a r i b o u a n d the C a p e 
C h u r c h i l l c a r i b o u w i t h t h i n n e r hides and "pelage 
l i k e a r a b b i t " . C o r r e s p o n d i n g reports f r o m 
M a n i t o b a D e p a r t m e n t of R e n e w a b l e Resources (S. 
Kearney , pers. c o m m . ) suggested increases i n w i n t e r 
use of the boreal forest i n extreme northeastern 
M a n i t o b a near the O n t a r i o border , i n c l u d i n g the 
S h a m a t t a w a area and the E c h o i n g R i v e r watershed, 
d u r i n g the early 1980s. M o v e m e n t patterns re
p o r t e d by S h a m a t t a w a Cree hunters were w e s t w a r d 
m o v e m e n t s i n the f a l l towards O x f o r d H o u s e ( F i g . 
1) and r e t u r n m o v e m e n t s i n w i n t e r a n d towards the 
coast i n s p r i n g . 

I n f o r m a t i o n f r o m b o t h For t Severn a n d 
S h a m a t t a w a revealed an awareness that b e g i n n i n g 
i n the early 1970s , c a r i b o u seemed to concentrate i n 
s u m m e r near the P e n Islands. In teres t ingly , ne i ther 
c o m m u n i t y was aware of the l o c a t i o n of c a l v i n g . 
T a k e n as a w h o l e , the i n f o r m a t i o n f r o m F o r t Severn 
a n d S h a m a t t a w a p o i n t e d ei ther to an i n c r e a s i n g 
h e r d i n the P e n Islands area or, al ternately, a range 
shi f t ( f rom the i n t e r i o r or fur ther n o r t h a l o n g the 
coast?) and increased use of coastal areas i n s p r i n g 
a n d s u m m e r and i n t e r i o r areas i n w i n t e r i n extreme 
nor thwes tern O n t a r i o and northeastern M a n i t o b a . 
W e cannot d i s t i n g u i s h between these al ternat ives . 

G e n e r a l l y m i s s i n g f r o m b o t h the t e c h n i c a l a n d 
N a t i v e accounts is a comprehens ive u n d e r s t a n d i n g 
of n u m b e r s , d i s t r i b u t i o n and b e h a v i o u r of c a r i b o u 
i n the L o w l a n d d u r i n g the snow-free seasons. I n 
s u m m e r surveys, S i m k i n (1959 ; 1 9 6 1 ; 1965) recor
d e d s m a l l bands a l o n g the H u d s o n B a y coast f r o m 
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C a p e H e n r i e t t a M a r i a to the M a n i t o b a border. T h e 
largest s u m m e r g r o u p he recorded was 4 1 , w i t h ave
rages f r o m 6 to 9 d e p e n d i n g o n m o n t h and year; 
these d a t a are m o s t l y f r o m the H u d s o n B a y coast 
east o f the W i n i s k R i v e r . F r o m the W i n i s k R i v e r 
west to the S h a g a m u R i v e r , he f o u n d no evidence of 
large g r o u p s , nor tracks o f m o r e t h a n 2 together. 
W e s t o f Severn, near the N i s k i b i R i v e r he f o u n d 
"heavy t rack concent ra t ions" b u t few c a r i b o u . 
S i m k i n (1965) f o u n d no specif ic coastal c a l v i n g 
g r o u n d s . 

D u r i n g 2 0 coastal p o l a r bear (Ursus maritimus) 
surveys c o n d u c t e d be tween 1963 a n d 1 9 9 0 , no 
large c a r i b o u aggregat ions were recorded ( G . 
K o l e n o s k y a n d others, u n p u b l . reports) . H o w e v e r , 
m o s t o f these surveys were c o n d u c t e d be tween late 
A u g u s t a n d early September a n d covered o n l y the 
area w i t h i n 5 k m o f the h i g h t ide l i n e . O u r s tudy 
indicates that the large aggregat ions disperse b y late 
J u l y a n d that s m a l l e r bands of c a r i b o u p r o b a b l y 
m o v e i n t o the treed r idges a n d fen areas some d i s 
tance f r o m the coast l ine . T h i s p r o b a b l y resul ted i n 
p o l a r bear surveyors seeing few c a r i b o u , even i n 
years w h e n the p o p u l a t i o n was g r o w i n g . 

I n the 1970s , observat ions and p h o t o g r a p h i c 
d o c u m e n t a t i o n of c a r i b o u i n s u m m e r a l o n g the 
H u d s o n B a y coast were o b t a i n e d by b i o l o g i s t s c o n 
d u c t i n g w a t e r f o w l surveys. T h e existence of a large 
h e r d west o f F o r t Severn was first suggested b y the 
observat ions o f H . G . L u m s d e n (pers. c o m m . ) i n 
1973 . D u r i n g J u l y w a t e r f o w l surveys, he observed 
tracks i n t i d a l m u d f l a t s a l o n g the coast s t r o n g l y 
suggest ive of large n u m b e r s of c a r i b o u . R . K . Ross 
(pers. c o m m . ) recorded m a n y s m a l l g r o u p s (1-40) 
near the P e n Islands between M a y a n d O c t o b e r 
1 9 7 7 , b u t he also f o u n d m i x e d sex g r o u p s o f 150 
and 3 0 0 i n J u l y 1977 . T h e first p h o t o g r a p h s conf i r 
m i n g large c a r i b o u aggregat ions ( t o t a l l i n g 2 3 0 0 
an imals ) i n the P e n Islands area were taken on 6 
J u l y 1 9 7 9 b y L u m s d e n near the m o u t h of the B l a c k 
D u c k R i v e r at the O n t a r i o - M a n i t o b a border. 

A s a result o f h e i g h t e n e d awareness, O M N R 
employees were encouraged to r e g u l a r l y report and 
i f poss ib le , p h o t o g r a p h c a r i b o u they observed a l o n g 
the coast. I n 1 9 8 3 , we began systemat ic a t tempts 
to co l lec t n u m e r i c a l p o p u l a t i o n data o n c a r i b o u 
s u m m e r i n g i n th is area, w i t h var iab le success. 
H o w e v e r , b y 1 9 8 5 , we k n e w u n e q u i v o c a l l y that 
s u m m e r p o s t - c a l v i n g aggregat ions c o n t a i n i n g a few 
t h o u s a n d c a r i b o u o c c u p i e d the coastal t u n d r a west 
o f F o r t Severn, b u t w e d i d not have a re l iable est i 
mate of n u m b e r s . F i n a l l y , a c o u n t of 4 , 6 6 6 c a r i b o u 
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o f b o t h sexes a n d a l l ages was o b t a i n e d f r o m p h o t o 
graphs of three large aggregates f o u n d be tween 
B l a c k C u r r a n t R i v e r and the P e n Is lands o n 11 
J u l y 1 9 8 6 . W e d i d not search west o f the K e t t l e 
R i v e r , M a n i t o b a o n this date so i t is poss ib le that 
other s i m i l a r groups were not loca ted . O n 27 
M a r c h 1 9 8 7 , a p p r o x i m a t e l y 4 0 0 - 5 0 0 a n i m a l s were 
observed i n a 4 - 6 k m area a p p r o x i m a t e l y 10 k m 
f r o m the P e n Islands ( D . M c K n i g h t , pers. c o m m . ) . 
A t th i s t i m e , we k n e w l i t t l e else about th i s p o p u l a 
t i o n of a n i m a l s , i n c l u d i n g the i r connec t ions , i f any, 
to M a n i t o b a and O n t a r i o w i n t e r concentra t ions 
( T h o m p s o n , 1 9 8 6 ) . 

T h i s was the i n f o r m a t i o n that l ed us to the w o r k 
i n g hypothes is that a g r o u p of m i g r a t o r y c a r i b o u 
o c c u p i e d coastal t u n d r a areas centered at the P e n 
Islands i n s p r i n g a n d s u m m e r and m o v e d to i n l a n d 
forested areas i n w i n t e r . T h e " h e r d " appeared to 
s traddle the O n t a r i o - M a n i t o b a border a n d seemed 
to be b o t h large a n d increas ing i n size. 

T h e in tens ive s tudy f r o m 1 9 8 7 - 1 9 9 0 a l l o w e d us 
to define the general p o p u l a t i o n b e h a v i o u r of the 
P e n Islands C a r i b o u H e r d . A l t h o u g h subsequent 
p o p u l a t i o n g r o w t h a n d other events m a y have 
changed this p i c t u r e , we offer the f o l l o w i n g i n f o r 
m a t i o n as the first d e f i n i t i v e d e s c r i p t i o n of the 
H e r d . 

Subspecies identity 
T h e subspecies i d e n t i t y of the P e n Islands c a r i b o u is 
not cer ta in . P e n Islands an imals are larger t h a n bar
r e n - g r o u n d c a r i b o u and resemble w o o d l a n d c a r i b o u 
i n external b o d y and s k u l l measurements a n d ant ler 
p o s i t i o n , b u t ant ler characteristics are m o r e s i m i l a r 
to b a r r e n - g r o u n d c a r i b o u ( T h o m p s o n & A b r a h a m , 
1994) . G e n e t i c studies m a y h e l p resolve the ques
t i o n posed b y B a n f i e l d (1961) about w h e t h e r the 
herd has a m i x e d subspecies o r i g i n . 

Population size 1987-1989 
A e r i a l p h o t o g r a p h i c surveys of s u m m e r aggrega
t ions c o n t a i n i n g b o t h sexes and a l l ages were c o n 
d u c t e d i n 1987 and 1988 to d e t e r m i n e p o p u l a t i o n 
size. W e located the aggregations b y flying p a r a l l e l 
l o w a l t i t u d e transects over the entire coastal c a l v i n g 
a n d s u m m e r range and few s ing le c a r i b o u were 
observed. O n 14 J u l y 1987 , we f o u n d a n d p h o t o 
g r a p h e d 7 d i s t i n c t groups o n i n t e r t i d a l flats a n d 
beach r idges near the coast, t o t a l l i n g 7 4 2 4 c a r i b o u . 
Surveys before a n d after th is date i n 1987 i n d i c a t e d 
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that th is was the peak of a g g r e g a t i o n a n d this sur
vey gave us the largest count o b t a i n e d d u r i n g the 
three year study. O t h e r counts at peak a g g r e g a t i o n 
y i e l d e d as few as 3 1 9 0 (20 J u l y 1988) . T h u s , w e 
recognize that the p h o t o g r a p h i c t e c h n i q u e we used 
is o n l y able to p r o v i d e a m i n i m u m p o p u l a t i o n es t i 
m a t e a n d that scattered i n d i v i d u a l s , s m a l l bands 
a n d i n some years, even large aggregates c o u l d have 
been m i s s e d . H o w e v e r , the a g g r e g a t i n g b e h a v i o u r 
was consistent a m o n g years and p r o v i d e d an a n n u a l 
o p p o r t u n i t y i n m i d J u l y to record the m a j o r i t y o f 
c a r i b o u i n the H e r d . 

Population size since 1990 
T h e techniques we establ ished were used to c o n d u c t 
p h o t o g r a p h i c counts after the in tens ive study. 
D e l e a n (1993) p h o t o g r a p h e d 5 1 1 3 c a r i b o u i n 
aggregates, p r i m a r i l y be tween K a s k a t t a m a R i v e r 
a n d C a p e T a t n a m , M a n i t o b a . S c h o l t e n (1994) p h o 
t o g r a p h e d 10 7 9 8 c a r i b o u i n 12 aggregates across 
v i r t u a l l y the ent i re descr ibed s u m m e r range f r o m 
C a p e T a t n a m , M a n i t o b a to N i s k i b i R i v e r , O n t a r i o . 
W e in terpre t the difference b e t w e e n years (a t w o 
f o l d increase) as a p r o b l e m w i t h the v i s u a l l o c a t i o n 
of aggregates i n 1 9 9 3 , s i m i l a r to o u r earl ier e x p e r i 
ence, rather t h a n real p o p u l a t i o n change. 
S i m u l t a n e o u s g r o u n d observations m a d e by us i n 
1993 i n d i c a t e d over 5 0 0 c a r i b o u a l o n g the coast 
be tween the Severn R i v e r and the W i n i s k R i v e r . 
W e have not p r e v i o u s l y associated this p o r t i o n of 
the coast w i t h the P e n Islands h e r d s u m m e r range, 
chief ly because of the lack of observat ions of c a r i b o u 
near F t . Severn be tween 1987 a n d 1 9 9 0 a n d because 
o f the p h y s i c a l barr ier to eastward t ravel that the 
large Severn R i v e r a n d the c o m m u n i t y o f F t . Severn 
m i g h t pose. H o w e v e r , i t is poss ib le that as the herd 
has g r o w n such factors as the i r o w n habi ta t i m p a c t s , 
increased h u m a n dis turbance a n d c o i n c i d e n t a l 
increases i n other herbivores (e.g. s n o w geese) m a y 
have i n d u c e d the herd to m o v e farther eastward 
t h a n d u r i n g o u r i n i t i a l study. A n a l ternat ive e x p l a 
n a t i o n is that the c a r i b o u bands near the S h a g a m u 
R i v e r a n d S h a g a m u L a k e have increased i n p a r a l l e l 
w i t h the P e n Islands H e r d . R e g u l a r observations 
have been m a d e of s m a l l s u m m e r bands near the 
r iver m o u t h a n d w i n t e r concentrat ions near the 
lake . 

I n s u m m a r y , the k n o w n n u m b e r of c a r i b o u s u m 
m e r i n g i n the P e n Islands area has r i sen s teadi ly 
f r o m at least 2 3 0 0 i n 1979 to at least 10 8 0 0 i n 
1994 . 
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Fig . 2. A n n u a l range of Pen Islands caribou herd showing calving area and summer areas and outer convex polygon of 
all fall-winter radio telemetry locations in each year (Period 1 = Sept. 1987- June 1988; Period 2 = Sept. 1988 -
Ju ly 1989; Period 3 = Sept. 1989 - M a r c h l 9 9 0 ) . 

Annual range 
Spring 
T h e P e n Islands H e r d c a l v i n g area extended f r o m 
the N i s k i b i R i v e r , O n t a r i o ( 5 6 ° 5 6 ' N , 8 9 ° 2 2 ' W ) 
w e s t w a r d to the K e t t l e R i v e r , M a n i t o b a ( 5 6 ° 3 0 ' N , 
8 8 ° 0 9 ' W ) , was a p p r o x i m a t e l y 9 0 k m i n l e n g t h and 
c a r i b o u were observed u s i n g these same g r o u n d s 
d u r i n g a l l 3 years of s t u dy ( F i g . 2). T h i s was also 
where R . K . Ross (pers. c o m m . ) noted c a l v i n g car i 
b o u i n 1977 . T h e r e was nearly c o m p l e t e segregat ion 
of the sexes d u r i n g the peak c a l v i n g p e r i o d f r o m the 
17-21 M a y . M o s t b u l l s were p r e s u m e d to be i n 
forest and fores t - tundra areas s o u t h of the c a l v i n g 
g r o u n d s . T h u s , the P e n Islands herd e x h i b i t e d a 
pa t te rn o f d i spers ion d u r i n g c a l v i n g a n d t r a d i t i o n a l 
use that is characterist ic o f m i g r a t o r y barren-
g r o u n d herds. 

Summer 
S u m m e r aggregat ions o c c u p i e d the F o r e s t - T u n d r a 
zone f r o m the B l a c k C u r r a n t R i v e r , O n t a r i o to Cape 
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T a t n a m , M a n i t o b a and were u s u a l l y f o u n d w i t h i n 5 
k m of the coast. C o w - d o m i n a t e d " n u r s e r y " g r o u p s 
f o r m e d i m m e d i a t e l y after c a l v i n g (surveys f r o m 24¬
28 M a y ) and c o n t a i n e d u p to 764 a n i m a l s . B u l l -
d o m i n a t e d g r o u p s at this t i m e u s u a l l y conta ined 10 
or fewer i n d i v i d u a l s a l t h o u g h groups of u p to 50 
were f o u n d . B e g i n n i n g i n early J u n e , a l l age and sex 
classes came together to f o r m larger, l o o s e l y - k n i t 
aggregat ions and by m i d - J u n e , these m i x e d groups 
p r e d o m i n a t e d (81%) a n d a few conta ined over 500 
a n i m a l s a n d the largest was 1465 . T h e peak aggre
g a t i o n p e r i o d occurred i n m i d J u l y each year w h e n 
v i r t u a l l y the ent ire P e n Islands p o p u l a t i o n was 
f o u n d i n a few large g r o u p s , some c o n t a i n i n g 2 0 0 0 
a n i m a l s . B y late J u l y a n d t h r o u g h o u t A u g u s t , these 
large m i x e d g r o u p s c o u l d not be f o u n d , despite 
extensive searches. A p p a r e n t l y they fractured i n t o 
s m a l l bands or so l i tary social u n i t s , i n c l u d i n g c o w -
ca l f pairs . C a r i b o u were rarely encountered i n the 
i m m e d i a t e coastal area. L i m i t e d observations of 
c a r i b o u i n the fens and bogs u p to 4 0 k m i n l a n d 
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f r o m 1993 to 1 9 9 6 suggest they retreated to the 
s p r u c e - l i c h e n r idges and w e t l a n d s of the in ter ior . 

Autumn 
Telemetry surveys i n early to m i d - S e p t e m b e r 
showed that 7 9 % of c a r i b o u were w i t h i n 30 k m of 
the coast. S m a l l groups were m o r e w i d e l y d i s t r i b u 
ted over the avai lable F o r e s t - T u n d r a a n d edge of the 
H u d s o n B a y L o w l a n d s Forest t h a n d u r i n g the ca lv
i n g and aggrega t ion per iods . T h e r u t t i n g p e r i o d of 
the P e n Islands H e r d was f r o m m i d - S e p t e m b e r to 
m i d - O c t o b e r . B a c k - d a t i n g f r o m c a l v i n g , the peak 
r u t t i n g p e r i o d i n a l l years was e s t i m a t e d to be the 
last week o f September a n d the first w e e k o f 
October . T h i s b a c k - d a t e d est imate was s u p p o r t e d 
b y observations o f behav iout a n d c o n d i t i o n d u r i n g 
t a g g i n g operat ions. 

Winter 
A f t e r s p e n d i n g a p p r o x i m a t e l y 6 m o n t h s i n the open 
t u n d r a and fores t - tundra t r a n s i t i o n near the coast, 
the P e n Islands c a r i b o u m o v e d s o u t h w a r d a n d 
i n l a n d i n late O c t o b e r . N o n a r r o w l y def ined f a l l 
m i g r a t i o n routes were detected d u r i n g the study, 
instead, the m o v e m e n t occurred across a b r o a d 
front . T h e in f requency of our radio locat ions (2-4 
weeks apart) p r e c l u d e d d e f i n i n g w h e t h e r m o v e 
ments occurred a l o n g r iver drainages . 

T h e pa t te rn i n each of the three years was for the 
herd to m o v e g r a d u a l l y i n l a n d d u r i n g N o v e m b e r 
a n d D e c e m b e r , reaching the m o s t d i s tant p o i n t s 
f r o m the coast b y m i d - J a n u a r y a n d February, t h e n 
r e t u r n i n g s l o w l y to the coast i n M a r c h a n d a r r i v i n g 
i n A p r i l . T h e y used subs tant ia l ly di f ferent areas i n 
each year: i n the 1 9 8 7 - 8 8 they s t raddled the 
O n t a r i o - M a n i t o b a border t h r o u g h o u t the f a l l a n d 
w i n t e r as they m o v e d i n l a n d a n d back t o w a r d the 
coast. I n 1 9 8 8 - 8 9 , they concentrated i n M a n i t o b a 
i n early f a l l , sh i f ted eastward i n t o O n t a r i o i n 
N o v e m b e r , m o v e d back i n t o M a n i t o b a i n D e c e m b e r 
t h r o u g h late w i n t e r , t h e n east i n t o O n t a r i o for 
s p r i n g . I n 1 9 8 9 - 9 0 , they m o v e d i n l a n d i n M a n i t o b a 
d u r i n g early f a l l b u t t h e n m o v e d eastward i n t o 
O n t a r i o i n D e c e m b e r where they r e m a i n e d for the 
rest o f the w i n t e r . T h e P e n Islands H e r d s h o w e d no 
consistent preference for ei ther the N o r t h e r n 
C o n i f e r o u s or H u d s o n B a y L o w l a n d s forest types. 
Instead, they showed a c o m p l e x m o v e m e n t a n d 
habi tat use p a t t e r n a m o n g m o n t h s a n d years. O u r 
data indica te that b u l l s and cows shared the same 
w i n t e r range over the three years. 

T h e m a x i m u m area o c c u p i e d i n each year ( i n c l u -
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d i n g a l l loca t ions for c o l l a r e d c a r i b o u p l u s s u m m e r 
observations) is s h o w n i n F i g . 2. S i m i l a r i t y of 
a n n u a l ranges is e v i d e n t , however , v a r i a t i o n i n 
extent of i n l a n d m o v e m e n t is present a m o n g years, 
p o s s i b l y associated w i t h differences i n snow f a l l or 
other e n v i r o n m e n t a l factors such as t i m i n g o f freeze 
u p o n lakes a n d r ivers , or a l tered habi ta t due to the 
prev ious s u m m e r ' s forest fires. 

Conclusion 
M i g r a t o r y c a r i b o u herds that o c c u p y t u n d r a h a b i 
tats i n s u m m e r a n d m o v e i n t o forested habi tats i n 
w i n t e r have been d o c u m e n t e d f r o m n o r t h w e s t e r n 
A l a s k a c o n t i n u o u s l y to M a n i t o b a (Baker, 1 9 8 0 : 2 0 7 ; 
Calef , 1 9 8 1 : 16-17) . T h e m i g r a t o r y 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) occupies the U n g a v a 
p e n i n s u l a i n Q u e b e c . A notable gap i n southern 
H u d s o n B a y has been filled b y o u r d o c u m e n t a t i o n 
of the range a n d b e h a v i o u r of the P e n Islands H e r d . 

T h e herd's u s u a l range has been d o c u m e n t e d b y 
this study. A l t h o u g h i t is s m a l l i n p o p u l a t i o n a n d 
range re lat ive to m o s t of the m i g r a t o r y herds , i t is 
s i m i l a r to t h e m i n behaviour , p o p u l a t i o n characte
r is t ics a n d habi ta t use a n d appears to be i n a r a p i d 
g r o w t h phase ( T h o m p s o n & A b r a h a m , 1994) . 
E x c e p t i o n a l m o v e m e n t s that p r o b a b l y i n v o l v e d the 
P e n Islands H e r d (e.g. , large n u m b e r s o f c a r i b o u 
were located west and s o u t h o f G i l l a m , M a n i t o b a i n 
w i n t e r 1 9 9 1 - 9 2 , C . E l l i o t t , pers. c o m m . ) have sub
sequent ly been noted . F u r t h e r assessments w i l l be 
r e q u i r e d to m o n i t o r a n n u a l v a r i a t i o n i n size of the 
s u m m e r a n d w i n t e r range a n d l o c a t i o n of a d d i t i o n a l 
use areas. M a n a g e m e n t p o l i c y m u s t address the 
herd's need to respond p o s i t i v e l y to a var ie ty of 
e n v i r o n m e n t a l factors a n d to vary its use of ex ten
sive p o t t i o n s o f the l a n d base. M a n a g e m e n t plans 
m u s t also account for increased h u m a n awareness, 
use and a c t i v i t y i n the herd's k n o w n range. 
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Survival, persistence, and regeneration of the reindeer lichens, Cladina stellaris, 
C. rangiferina, and C. mitis following clearcut logging and forest fire i n 
northwestern Ontario 

Abstract: The responses of the teindeer lichens (Cladina stellaris, C. rangiferina, and C. mitis) to logging and fire were 
compared i n l ichen-rich forest stands in northwestern Ontario. In the summer of 1992, reindeer l ichen cover, in total 
and by species, was visually estimated and detailed notes were taken on reindeer l ichen conditions, modes of reproduc
t ion, and substrate use on 34 undisturbed, burned, or logged sites. W h i l e virtual ly no reindeer lichens survived forest 
fire, much of the reindeer l ichen cover remained after logging. Reindeer l ichen cover increased w i t h time since fire. 
Total reindeer lichen cover was not cotrelated w i t h t ime since logging. Fragment growth was found to be an important 
mode of reproduction on logged sites, and occurred w i t h gteater frequency on logged sites than on burned sites. 
Colonization of organic substrates by reindeer lichens was observed on both logged and burned sites. 

K e y words : w o o d l a n d c a r i b o u , t i m b e r harvest , reindeer l i c h e n s , Cladina s p p . , forest fire, terres tr ia l l i chens . 
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Introduction 
F i r e - p r o d u c e d reindeer l i c h e n - r i c h forest c o m m u n i 
ties serve as late w i n t e r hab i ta t for w o o d l a n d c a r i 
b o u (Rangifer tarandus caribou), and the re indeer 
l i chens , Cladina stellaris ( O p i z ) B r o d o , C . rangiferina 
(L.) H a r m , and C . mitis (Sandst.) H a l e a n d C u l b . , are 
the i r p r i m a r y late w i n t e r fodder ( S i m k i n , 1 9 6 5 ; 
D a r b y & P r u i t t , 1984 ; C u m m i n g & B e a n g e , 1 9 8 7 ; 
M o r a s h & Racey, 1990 ; Schaeffer & P r u i t t 1991) . 
R e i n d e e r l i chens are adapted to recurrent forest fire, 
and reindeer l i c h e n - r i c h stands i n n o r t h w e s t e r n 
O n t a r i o are a lmost exc lus ive ly of fire o r i g i n ( A h t i & 
H e p b u r n , 1967) . W h e r e l o g g i n g has replaced 
forest fire as the most prevalent type of large-scale 
d i s turbance , an u n d e r s t a n d i n g of the effects o f l o g 
g i n g o n reindeer l i c h e n eco logy is relevant to issues 
of t i m b e r a n d w o o d l a n d c a r i b o u m a n a g e m e n t . 

Post- f i re g r o u n d cover succession i n reindeer 
l i c h e n - r i c h stands is w e l l d o c u m e n t e d . A l t h o u g h 
the effects of fire vary d e p e n d i n g large ly o n the 
i n t e n s i t y of the fire, i n reindeer l i c h e n - r i c h c o m m u 
ni t ies , forest fire a lmost always consumes the 
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g r o u n d cover ( V i e r e c k , 1 9 8 3 ; M o r n e a u & Payette , 
1 9 8 9 ; Schaeffer & P r u i t t , 1991) . Post - f i re l i c h e n 
a n d b r y o p h y t e succession fo l lows a genera l progres
s i o n , first descr ibed b y A h t i (1959) a n d d o c u m e n t e d 
t h r o u g h o u t the boreal forest i n C a n a d a ( M a i k a w a & 
K e r s h a w , 1 9 7 6 ; C a r r o l l & B l i s s , 1 9 8 2 ; C l a y d e n & 
B o u c h a r d , 1 9 8 3 ; Foster, 1 9 8 5 ; M o r n e a u & Payette , 
1989) . D o m i n a t i o n o f the g r o u n d cover is first by 
crustose l i chens , t h e n c u p l i chens (Cladonia spp.) , 
a n d finally, re indeer l i chens : first Cladina mitis, 
t h e n C . rangiferina, a n d u l t i m a t e l y C . stellaris. 

U n t i l recent ly there has been l i t t l e d o c u m e n t a t i 
o n o f reindeer l i c h e n s u r v i v a l a n d r e g r o w t h on l o g 
g e d sites. S p e c u l a t i o n o n the fate o f re indeer l ichens 
i n the c o m p l e x process of v e g e t a t i o n regenerat ion 
o n l o g g e d sites has o f ten been contradic tory . A h t i 
& O k s a n e n (1990) p r e d i c t that dr ier , m o r e extreme 
s o i l - l e v e l m i c r o c l i m a t e s after l o g g i n g m a y produce 
a l i c h e n - r i c h successional stage i n n o r m a l l y b r y o p -
h y t e - d o m i n a t e d forests. D a r b y et al. (1989) note 
that d e c i d u o u s trees a n d shrubs of ten increase after 
l o g g i n g , and reindeer l i chens m a y be replaced b y 
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vascular p l a n t s . Racey et al. (1992) suggest that 
c learcut l o g g i n g , l i k e fire, acts as an ecosystem rene
w a l m e c h a n i s m , a l l o w i n g y o u n g v i g o r o u s vegeta 
t i o n , i n c l u d i n g reindeer l i chens , to replace o l d e r 
forests. R e c e n t studies have d o c u m e n t e d that r e i n 
deer l i chens are abundant for m o r e t h a n 4 0 years 
after l o g g i n g i n some forest stands i n n o r t h w e s t e r n 
O n t a r i o ( H a r r i s , 1996 ; R a c e y et al, 1996) a n d that 
some of these stands are b e i n g used b y w o o d l a n d 
c a r i b o u as w i n t e r habi ta t (Racey et al., 1996) . 

O b s e r v a t i o n s o n r e p r o d u c t i v e modes a n d substra 
te use were m a d e i n an a t t e m p t to u n d e r s t a n d the 
reasons b e h i n d trends i n reindeer l i c h e n abundance . 
L i c h e n s are k n o w n to reproduce t h r o u g h f r a g m e n t 
g r o w t h , spec ia l ized r e p r o d u c t i v e structures c o n 
t a i n i n g b o t h f u n g a l and a l g a l cel ls , a n d the c o n j u n c 
t i o n of the f u n g a l and a lga l c o m p o n e n t s i n s i t u . 
L i c h e n regenerat ion i n na tura l set t ings has been 
rarely observed, a n d the re lat ive i m p o r t a n c e of each 
m o d e of r e p r o d u c t i o n i n var ious set t ings is not 
k n o w n . 

Methods 
I n the s u m m e r of 1992 , 34 stands near A r m s t r o n g 
a n d S i o u x L o o k o u t , O n t a r i o were surveyed: 12 
u n d i s t u r b e d sites, 8 sites b u r n e d 3 -16 years p r i o r to 
observat ion , a n d 14 sites l o g g e d 2 -16 years p r i o r to 
observat ion . T h e s tudy sites were i d e n t i f i e d f r o m 
aerial p h o t o g r a p h s as l i c h e n - r i c h or l i c h e n - r i c h p r i 
or to d i s turbance . T h e t imes since l o g g i n g a n d fires 
were ca lcula ted f r o m O n t a r i o M i n i s t r y o f N a t u r a l 
Resources records. S tand boundar ies as def ined o n 
O n t a r i o M i n i s t r y of N a t u r a l Resources Forest 
Resource I n v e n t o r y maps were used as s tand b o u n 
daries i n th is study. 

R e i n d e e r l i c h e n - r i c h jack p i n e {Pinus banksiana) 
and/or b l a c k spruce (Picea mariana) stands occur o n 
dry, n u t r i e n t - p o o r sites i n th is r e g i o n , m o s t c o m 
m o n l y o n s h a l l o w soils over b e d r o c k or deep sand 
dunes or o u t w a s h deposits (S ims et al, 1989) . B o t h 
s h a l l o w so i l and deep s o i l sites were i n c l u d e d . 

A t each site the percent cover o f each species o f 
reindeer l i c h e n was v i s u a l l y es t imated i n 2 0 50 X 
100 c m quadrats r a n d o m l y d i s t r i b u t e d a l o n g a 100 
m transect. E a c h transect began 10 m f r o m a s tand 
b o u n d a r y a n d its d i r e c t i o n was d e t e r m i n e d b y r a n 
d o m n u m b e r . S i x uneven percent cover classes were 
used: <2%, 2 - 5 % , 5 - 2 5 % , 2 5 - 5 0 % , 5 0 - 7 5 % , a n d 
> 7 5 % . T h e m i d p o i n t s of the percent cover catego
ries were used for s tat is t ica l analysis . T h e data 
p o i n t s i n the figures i n th is paper represent the ave-
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rage re indeer l i c h e n percent cover for each s t u d y 
site, s ince the category nature of the data does not 
l e n d i t s e l f to g r a p h i c a l representat ion of quadrat 
percent cover values . 

D e t a i l e d notes o n the g r o u n d cover o f each q u a 
drat were t a k e n , a n d p h o t o g r a p h s were t a k e n at 
m o s t sites. R e i n d e e r l i chens were p l a c e d i n 3 cate
gories : 1) u n d i s t u r b e d , 2) f r a g m e n t , or 3) new. T h e 
presence or absence o f each reindeer l i c h e n species 
i n each category was noted for each quadra t at a l l 
b u t the first f o u r sites. R e i n d e e r l i chens w h i c h had 
es tabl i shed p r i o r to l o g g i n g or fire a n d r e m a i n e d i n 
the i r p r e - d i s t u r b a n c e o r i e n t a t i o n were classif ied as 
" u n d i s t u r b e d " . R e i n d e e r l i chens g r e w ei ther i n a 
c o n t i n u o u s carpet o f 1 or m o r e species or as i n d i v i 
d u a l p o d e t i a interspersed a m o n g moss . T h e " f r a g 
m e n t " category i n c l u d e d reindeer l i chens w h i c h h a d 
es tabl ished p r i o r to l o g g i n g or fire b u t were no 
l o n g e r in tac t . T h e f ragments ranged i n size f r o m < 
1 m m to several cent imeters i n d iameter . Some 
f ragments h a d o n l y l i v e t issue; some h a d b o t h l i v e 
and dead t issue. T h i s category also i n c l u d e d pieces 
of carpet that had sh i f t ed f r o m the i r o r i g i n a l l o c a t i 
ons a n d were no l o n g e r anchored to the substrate. 
R e i n d e e r l i chens i n the " n e w " category h a d establ is
hed since d i s t u r b a n c e f r o m propagules too s m a l l to 
be seen b y eye. T h e n e w reindeer l i chens had fewer 
a n n u a l branches t h a n there were years since d i s t u r 
bance. A l t h o u g h there were no v i s i b l e l i c h e n f rag
m e n t s , the m o d e of d ispersa l was unclear . D i s p e r s a l 
m a y have occurred t h r o u g h t h a l l u s f ragments too 
s m a l l to be observed, spec ia l ized r e p r o d u c t i v e s truc
tures, or the c o n j u n c t i o n of the f u n g a l a n d a lgal 
c o m p o n e n t s in situ. U n d i f f e r e n t i a t e d p r i m a r y t h a l 
lus was apparent at the bases of m a n y o f the newer 
p o d e t i a . T h e n e w re indeer l i chens h a d fewer a n n u a l 
branches t h a n there were years since d i s turbance . 
C o l l e c t e d reindeer l i chens were e x a m i n e d u n d e r a 
d i s s e c t i n g m i c r o s c o p e for fur ther observat ions o n 
f r a g m e n t g r o w t h a n d e s t a b l i s h m e n t o f n e w p o d e t i a . 

Results 
Reindeer lichen abundance 
N o u n d i s t u r b e d reindeer l i chens were f o u n d on b u r 
ned sites. Cladina rangiferina, C. mitis a n d t o t a l r e i n 
deer l i c h e n cover increased w i t h t i m e since forest 
fire (Table 1, F i g . 1). C. stellaris was present i n s m a l l 
a m o u n t s (average of 0 . 0 5 % cover) o n o n l y t w o of 
the three sites b u r n e d 15 or m o r e years p r i o r to 
observat ion . T h e average t o t a l re indeer l i c h e n per
cent cover for the three sites b u r n e d 1 5 - 1 6 years 
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Table 1. Correlation coefficients and P values for rein
deer lichen percenr covers and years since 
disturbance. 

R e i n d e e r l i c h e n Pearson's corre la t ion 
species coefficient 

b u r n e d sites 

a l l Cladina spp. 0 .301 0 . 0 0 0 1 
C. rangiferina 0 .183 0 . 0 2 1 2 

C. mitis 0 .299 0 .0001 

l o g g e d sites 

C . rangiferina 0 .203 0 . 0 0 0 6 
C. stellaris -0 .151 0 . 0 1 1 6 
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F i g . 1. Total reindeer lichen percent cover for logged 
and burned sites versus time since logging or fire. 
Each point represents the mean of 20 percent 
cover measurements at each site. 

p r i o r to observat ion was 5 . 3 % as c o m p a r e d to 
2 5 . 2 % for a l l u n d i s t u r b e d sites and 1 9 . 7 % for the 
three sites l o g g e d 14 -16 years p r i o r to observat ion . 

L o g g i n g , u n l i k e forest fire, spares m u c h o f the 
g r o u n d cover. A l l three Cladina species were pre
sent o n 13 of the 14 l o g g e d sites. T h e average t o t a l 
reindeer l i c h e n percent cover of the t w o sites l o g g e d 
2 years p r i o r to observat ion was 3 7 . 7 % o f the avera
ge reindeer l i c h e n cover o n u n l o g g e d p o r t i o n s of the 
same stands. U n d i s t u r b e d and/or f r a g m e n t e d r e i n 
deer l ichens w h i c h predated l o g g i n g were present 
o n a l l l o g g e d s tudy sites. 

Rangifer, Special Issue N o . 10, 1998 

W h i l e t o t a l re indeer l i c h e n cover was f o u n d to be 
uncorre la ted w i t h t i m e since l o g g i n g , i n contrast to 
t i m e since fire ( F i g . 1), Cladina rangiferina cover 
increased w i t h t i m e since l o g g i n g , C . stellaris cover 
decreased, a n d C . mitis cover was uncorre la ted ( F i g . 
2 , Table 1). I f the h i g h C . mitis percent cover of site 
4 ( logged 2 years before observat ion) is considered 
to be an o u t l i e r a n d r e m o v e d f r o m analysis , t h e n C . 
mitis cover also is f o u n d to be p o s i t i v e l y correlated 
w i t h t i m e since l o g g i n g (Pearson's c o r r e l a t i o n coef
ficient 0 .254 , f < 0 . 0 0 0 1 ) . 

Undisturbed reindeer lichens on logged sites 
O n l o g g e d sites, re indeer l i chens that h a d establis
h e d p r i o r to l o g g i n g were ei ther : 1) u n d i s t u r b e d , 2) 
f r a g m e n t e d , or 3) b u r i e d beneath o v e r t u r n e d s o i l or 
d e a d f a l l . T h e b u r i e d reindeer l i chens , i n every case, 
were dead. V i r t u a l l y a l l o f the mosses i n the g r o u n d 
cover d i e d w i t h i n the first t w o years after l o g g i n g . 

W i t h the e x c e p t i o n o f heav i ly shaded reindeer 
l i chens and some unshaded Cladina stellaris, the 
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F i g . 2. Reindeer l ichen percent cover by species versus 
rime since logging. Each point represents the 
mean of 20 percent cover measurements at each 
site. 
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g r o w t h rate o f l i v i n g t issue and rate o f d e a t h of 
basal p o r t i o n s appeared unaffected b y l o g g i n g . 
A l t h o u g h the surfaces of C. rangiferina w h i c h recei
v e d the m o s t i n s o l a t i o n after t i m b e r harvest c h a n g 
ed i n co lor f r o m ash gray to a darker g r a y - b r o w n , 
the tissues r e m a i n e d firm a n d appeared heal thy, a n d 
the a n n u a l g r o w t h rate d i d not appear to be r e d u 
ced. T h e death rate of the basal p o r t i o n s o f some 
u n d i s t u r b e d C. stellaris appeared accelerated, and 
the a n n u a l g r o w t h increments appeared shortened 
w h e n c o m p a r e d to C. stellaris o n adjacent u n l o g g e d 
sites. 

Scar i f i ca t ion by barrels and chains p r o d u c e d a d i s 
t i n c t i v e p a t t e r n of d i s turbance to the g r o u n d cover 
o n several o f the deep so i l sites s t u d i e d . T h e g r o u n d 
cover o n the r idges between the scar i f i ca t ion trenc
hes was genera l ly u n d i s t u r b e d . I n the trenches was 
exposed m i n e r a l s o i l . T h e g r o u n d cover r e m o v e d to 
create the trenches was o v e r t u r n e d o n the sides of 
the r idges ; the o v e r t u r n e d g r o u n d cover, i n c l u d i n g 
re indeer l i chens , was dead. Scar i f i ca t ion r idges a n d 
trenches were w e l l def ined and r e l a t i v e l y clear of 
debr is 2 years after l o g g i n g . O v e r t i m e the scari f i 
c a t i o n r idges sett led. M i n e r a l so i l s h i f t e d d o w n slo
pe u n d e r c u t t i n g and f r a g m e n t i n g the g r o u n d cover 
mats o n the r i d g e tops. Pieces of the g r o u n d cover 
mats a n d w i n d b l o w n reindeer l i c h e n f ragments and 
organic debris co l lec ted i n the trenches. 
U n d i s t u r b e d reindeer l i chens pers is ted o n the tops 
of scar i f icat ion r idges . T h e effects o f scar i f icat ion 
were s t i l l d iscernable 14 years later. R o w s o f r e i n 
deer l i c h e n carpet as w e l l as m i c r o t o p o g r a p h y i n d i 
cated scar i f icat ion r i d g e tops. O b s e r v a t i o n s of 
r e s e t t l i n g and f r a g m e n t i n g of carpet suggest dec l ine 
i n the abundance of u n d i s t u r b e d reindeer l i chens 
over t i m e . 

M o s t o f the s h a l l o w s o i l sites surveyed were not 
scarif ied. Because of the lack of scar i f icat ion a n d the 
u n e v e n t o p o g r a p h y t y p i c a l o f these b e d r o c k o u t -
Table 2. Mean frequency per site by site disturbance 

category of reindeer lichen reproductive modes. 
The presence or absence of each reproductive 
mode for each of 3 species in each of 20 qua
drats was noted (maximum possible score = 
60). 

u n d i s t u r b e d f r a g m e n t e d n e w 

dis turbance («) l i c h e n l i c h e n l i c h e n 

fire (8) 0 3.1 23 .1 
l o g g i n g (12) 5.0 30 .0 17.5 
u n d i s t u r b e d (10) 2 6 . 6 0.7 0.4 
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crops , the patterns of g r o u n d cover d i s t u r b a n c e were 
not as s i m p l e as o n the scarif ied deep s o i l sites. O n 
s h a l l o w s o i l sites there appeared to be less u n d i s t u r 
b e d reindeer l i c h e n . T h e shortest i n t e r v a l be tween 
l o g g i n g a n d observat ion on s h a l l o w s o i l sites was 6 
years. It is poss ib le that m u c h o f the g r o u n d cover 
s u r v i v e d l o g g i n g in tac t and s u c c u m b e d to eros ion 
subsequent ly . I n some areas w i t h steep slopes r e i n 
deer l i c h e n mats had s l i d d o w n the u n d e r l y i n g rock 
u n t i l they were c a u g h t i n the branches of Vaccinium 
spp . and other d w a r f shrubs at the bases of the 
slopes. 

Colonization 
N e w Cladina mitis a n d C. rangiferina, those c o l o n i 
z i n g b y means o f p topagules too s m a l l to be seen, 
were observed o n a l l sites b u r n e d or l o g g e d 6 or 
m o r e years p r i o r to observat ion . N e w C. stellaris 
were observed, less of ten: o n t w o sites b u r n e d 15 or 
m o r e years before observat ion a n d o n three sites l o g 
g e d 6, 8, a n d 14 years before observat ion . T h e fre
q u e n c y of n e w reindeer l i c h e n occurrence o n l o g g e d 
sites was not s i g n i f i c a n t l y di f ferent f r o m that o n 
b u r n e d sites (Table 2). 

N e w reindeer l i chens were observed a lmost 
e x c l u s i v e l y o n organic substrates, i n c l u d i n g conifer 
needles, coni fer cone scales, bark pieces, and w o o d 
r a n g i n g i n size f r o m s m a l l t w i g s to logs a n d 
s t u m p s . T h e r e were some organic substrates c o l o n i 
zed o n l o g g e d sites w h i c h were n o t present o n b u r 
ned sites i n c l u d i n g : dead moss; o v e r t u r n e d g r o u n d 
cover; very fine w i n d b l o w n organic mat te r co l lec ted 
i n some scar i f i ca t ion trenches; a n d organic so i l o n 
s h a l l o w s o i l sites exposed w h e n dead g r o u n d cover 
or reindeer l i chens sh i f ted d o w n slope. R e i n d e e r 
l i chens es tabl ished d i r e c t l y o n organic substrates or 
o n crustose l i chens o n organic substrates. S m a l l e r 
pieces of organic l i t t e r o n w h i c h new reindeer 
l i chens were es tabl ished were of ten caught a m o n g 
mosses or other l i chens , especia l ly o n s h a l l o w s o i l 
sites. R e i n d e e r l i chens were not observed c o l o n i 
z i n g m i n e r a l s o i l . A few cases of C. rangiferina co lo 
n i z i n g coarsely t e x t u r e d rock faces were observed. 

Fragment growth 
R e p r o d u c t i o n b y f r a g m e n t g r o w t h was observed o n 
a l l d i s t u r b e d sites except the m o s t recent b u r n , b u t 
occurred o n l o g g e d sites s i g n i f i c a n t l y more fre
q u e n t l y t h a n i t d i d o n b u r n e d sites ( .=5.787, 
P < 0 . 0 0 0 1 ) (Table 2). Three types o f f r a g m e n t 
g r o w t h were observed: 1) c o n t i n u e d g r o w t h of the 
a p i c a l tissues, 2) f o r m a t i o n of n e w branches i n the 
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F i g . 3. N e w branches form on the internode between 
pre-disturbance branches on the surface which 
receives the most insolation in the post-distur
bance orientation of the lichen fragment. 

internodes be tween pre -d i s turbance branches, a n d 
3) g r o w t h o f new p o d e t i a f r o m u n d i f f e r e n t i a t e d 
t h a l l u s that spread f r o m the p o i n t o f contact o f a 
reindeer l i c h e n f r a g m e n t a n d organic l i t t e r . 

R e i n d e e r l i c h e n fragments c o n t i n u e d to g r o w 
f r o m those ap ica l tissues that were o r i e n t e d t o w a r d 
the sun i n the p o s t - d i s t u r b a n c e p o s i t i o n . 
A c c e l e r a t e d d e a t h o f tissues, i n c l u d i n g a p i c a l t i s s u 
es, w h i c h received less i n s o l a t i o n i n the i r p o s t - d i s 
turbance pos i t ions was observed. 

M a n y f ragments w h i c h were o n t h e i r sides f o l l o 
w i n g l o g g i n g f o r m e d new branches i n the i n t e r n o 
des between pre -d i s turbance a n n u a l branches o n the 
surface of the in ternode w h i c h received the greatest 
i n s o l a t i o n ( F i g . 3). O n o lder f ragments the t issue o f 
the o r i g i n a l f r a g m e n t was dead, i n some cases 
m a k i n g i t d i f f i c u l t to d i s t i n g u i s h between " n e w " 
a n d " f r a g m e n t " r e p r o d u c t i o n . T h i c k e n i n g of the 
i n t e r n o d a l t issue was the earliest i n d i c a t i o n o f the 
b r a n c h f o r m a t i o n . T h i s t h i c k e n i n g was m o s t n o t i 
ceable on tissue that was i n the t r a n s i t i o n a l zone 
between l i v e a n d dead tissue. T h e f o r m a t i o n o f n e w 
branches i n th is zone suggests that l a c k o f i n s o l a t i 
o n as w e l l as the age of the t issue, m a y e x p l a i n the 
death of the basal por t ions of re indeer l i c h e n p o d e 
t i a . 

T h e spread of u n d i f f e r e n t i a t e d t h a l l u s f r o m r e i n 
deer l i c h e n fragments to organic substrate at the 
p o i n t s of contact o f the f ragments a n d the substrate 
was observed. T h i s occurred w h e n a f r a g m e n t was 
l y i n g o n an organic substrate as w e l l as w h e n s m a l l 
pieces of organic mat ter were caught w i t h i n a l i c h e n 
f r a g m e n t . B y 10 years p o s t - l o g g i n g , new p o d e t i a 
had d i f ferent ia ted f r o m the tissue that spread f r o m 
fragments ( F i g . 4) . A d h e s i o n to a substrate seems 
to d i m i n i s h the l i k e l i h o o d of fur ther f r a g m e n t a t i o n 
a n d d e t e r m i n e the pa t te rn of g r o w t h b y f i x i n g the 
o r i e n t a t i o n of the f ragment . A d h e s i o n of f ragments 
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F i g . 4. Undifferentiated thallus spreads from the points 
of contact of the reindeer lichen fragment and the 
organic substrate. N e w podetia form from the 
undifferentiated thallus. 

also seems to p r o m o t e the lateral spread of l i c h e n 
g r o w t h , since n e w p o d e t i a g r o w f r o m the u n d i f f e 
rent ia ted t h a l l u s that spreads f r o m the p o i n t s of 
contact b e t w e e n the f r a g m e n t and the substrate . 

Discussion 
T h i s s t u d y f o u n d that w h e n reindeer l i c h e n - r i c h 
stands are l o g g e d , m u c h of the re indeer l i c h e n sur
vives l o g g i n g and cont inues to g r o w , a n d that 
r e p r o d u c t i o n b y f r a g m e n t g r o w t h a n d c o l o n i z a t i o n 
of organic substrates occurs , b u t that t o t a l reindeer 
l i c h e n cover is not corre lated w i t h t i m e since l o g 
g i n g . T h e di f ferent responses of the 3 reindeer 
l i c h e n species to l o g g i n g l i k e l y accounted for the 
lack of c o r r e l a t i o n between to ta l re indeer l i c h e n 
abundance a n d t i m e since l o g g i n g . T h e d e c l i n e i n 
Cladina stellaris suggests that the C. stellaris w h i c h 
survives l o g g i n g is reduced over t i m e b y erosion 
and/or accelerated d e a t h o f C. stellaris t issue a n d is 
not replaced t h r o u g h c o l o n i z a t i o n or f r a g m e n t 
g r o w t h . T h e dec l ine i n C. stellaris is l i k e l y due to 
the increase i n i n s o l a t i o n at the g r o u n d leve l as a 
result o f l o g g i n g . C. stellaris tolerates a re la t ive ly 
n a r r o w range of l i g h t c o n d i t i o n s , and is less a b u n 
dant where excessive l i g h t is avai lable such as i n 
arct ic and a l p i n e regions ( A h t i , 1961) . C. stellaris is 
the s lowest g r o w i n g o f the reindeer l i chens a n d the 
last to regenerate o n b u r n e d sites ( A h t i , 1961) . 
Increase i n C. rangiferina cover c o u l d be a t t r i b u t e d 
to c o n t i n u e d g r o w t h o f u n d i s t u r b e d or f r a g m e n t e d 
C. rangiferina a n d to c o l o n i z a t i o n of the d i s t u r b e d 
site. A s w i t h C. stellaris, the abundance of C. rangi
ferina is also reduced , b u t not as sharply, i n habitats 
w i t h intense l i g h t ( A h t i , 1961) . C. rangiferina is fast 
g r o w i n g a n d is the m o s t successful o f the reindeer 
l i chens o n h u m u s - r i c h soils ( A h t i , 1961) . T h e rela
t i o n s h i p of C. mitis cover and t i m e since l o g g i n g 
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was unclear. C. mitis is m o r e successful earl ier i n the 
successional sequence t h a n C. rangiferina or C. stella
ris, b u t later its g r o w t h rate s lows relat ive to other 
reindeer l i chens s u g g e s t i n g that C. mitis is e c o l o g i 
c a l l y su i ted to d i s t u r b e d sites ( A h t i , 1961) . Site 4 
( logged 2 years p r i o r to s tudy) was the o n l y l o g g e d 
site w i t h w e l l def ined, re la t ive ly u n s t a b l e sand 
dunes w h i c h m a y have l e d to C. mitis cover that was 
uncharac ter i s t i ca l ly h i g h before l o g g i n g for th i s set 
o f sites a n d hence a re la t ive ly h i g h C. mitis cover 
after l o g g i n g . W h e n site 4 was e l i m i n a t e d f r o m sta
t i s t i c a l analysis , t h e n C. mitis cover was p o s i t i v e l y 
correlated w i t h t i m e since d i s turbance as w o u l d be 
expected. 

N o n e of the re la t ionships be tween re indeer l i c h e n 
cover a n d t i m e since d is turbance i n th is s t u d y were 
s t rong . M u c h of the v a r i a b i l i t y l i k e l y comes f r o m : 
1) differences between the sites c o m p a r e d other 
t h a n type of d i s turbance a n d t i m e since d i s t u r b a n c e , 
and 2) a quadra t size too s m a l l to accurately capture 
reindeer l i c h e n abundance . T y p e of d i s t u r b a n c e and 
t i m e since d is turbance are o n l y t w o of m a n y factors 
such as s lope, aspect, so i l m o i s t u r e , a n d c a n o p y c l o 
sure that inf luence reindeer l i c h e n abundance . 
L o g g i n g adds variables such as t i m e of year of l o g 
g i n g , weather at t i m e of harvest, seed ing , m e t h o d 
and t i m i n g of site t reatment , a n d others, w h i c h 
affect reindeer l i c h e n compet i tors as w e l l as re indeer 
J ichens themselves . It was not poss ib le to c o n t r o l for 
or even i d e n t i f y a l l of these factors. S o i l d e p t h (deep 
sand or organic mat over bedrock) d i d not e x p l a i n 
the v a r i a t i o n i n reindeer l i c h e n abundance . T h e 
quadrat size, 50 X 100 c m , was s m a l l re la t ive to the 
size of the patches i n w h i c h mosses a n d reindeer 
l ichens g r o w ; therefore, there was h i g h v a r i a b i l i t y 
i n es t imated reindeer l i c h e n percent covers a m o n g 
quadrats w i t h i n sites. 

R e i n d e e r l i c h e n f ragment g r o w t h was f o u n d to be 
an i m p o r t a n t m o d e of r e p r o d u c t i o n on l o g g e d sites. 
R e p r o d u c t i o n b y f ragment g r o w t h was m o r e p r e v a 
lent o n l o g g e d sites t h a n o n b u r n e d sites, p r o b a b l y 
because of the greater abundance of l i c h e n f r a g 
ments on l o g g e d sites. F r a g m e n t s o n l o g g e d sites 
p r e s u m a b l y result f r o m the m e c h a n i c a l b r e a k - u p of 
e x i s t i n g re indeer l ichens by t i m b e r h a r v e s t i n g a n d 
site p r e p a r a t i o n act ivi t ies ( H a r r i s , 1996) . T h i s s t u 
d y and H a r r i s (1996) f o u n d that re indeer l i chens 
w h i c h were u n d i s t u r b e d b y t i m b e r harvest a n d site 
p r e p a r a t i o n pers is ted and were s t i l l ev ident o n the 
oldest l o g g e d sites. 

C o l o n i z a t i o n of organic substrates by propagules 
too s m a l l to be seen occurred on l o g g e d sites as i t 
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d i d o n b u r n e d sites. T h i s study, l i k e H a r r i s (1996) 
a n d R a c e y et al. (1996) , f o u n d that re indeer l i chens 
g r o w o n substrates created by l o g g i n g ac t iv i t ies 
i n c l u d i n g s t u m p s , s lash, and h a u l roads. T h e p e r s i 
stence of u n d i s t u r b e d reindeer l i chens a n d g r o w t h 
o f re indeer l i c h e n f ragments , however , l i k e l y 
a c c o u n t e d for the h i g h e r cover of re indeer l i chens o n 
b u r n e d sites t h a n o n l o g g e d sites o f the same age 
since d i s t u r b a n c e . H a r r i s (1996) f o u n d that m i c r o -
sites where m i n e r a l so i l had been exposed d u r i n g 
site p r e p a r a t i o n h a d s i g n i f i c a n t l y fewer re indeer 
l i chens t h a n where the g r o u n d cover h a d not been 
d i s t u r b e d , s u g g e s t i n g that m i n i m a l d i s t u r b a n c e to 
the g r o u n d cover o f reindeer l i c h e n - r i c h c o m m u n i 
ties d u r i n g harvest a n d site p r e p a r a t i o n w i l l p r o m o 
te re indeer l i c h e n persistence after l o g g i n g . S i m i l a r 
observat ions were m a d e i n th is study. 

R a c e y et al. (1996) , however, f o u n d i n a 4 0 year 
o l d cutover near N a k i n a , O n t a r i o , that reindeer 
l i c h e n abundance was h ighes t where the m a j o r i t y of 
the o r g a n i c m a t e r i a l had been r e m o v e d f r o m the 
m i n e r a l s o i l , for e x a m p l e o n h a u l roads. Racey et al. 
(1996) argue that w h i l e severe fire removes the feat
her mosses a n d m u c h of the h u m u s layer, the 
h u m u s , feather moss , and slash left after l o g g i n g 
create a wetter , m o r e n u t r i e n t - r i c h g r o u n d - l e v e l 
m i c r o e n v i r o n m e n t w h i c h a l lows the feather mosses 
to c o n t i n u e g r o w i n g and overtake the reindeer 
l i chens . O n the m o s t recent ly l o g g e d sites observed 
i n th is s t u d y ( logged 2 years before observat ion) , 
however , v i r t u a l l y a l l o f the feather mosses had d i e d . 
It is seems l i k e l y that the sites observed i n th is s tu 
d y a n d b y H a r r i s (1996) were d r i e r t h a n those 
observed b y Racey et al. (1996) . 

T h e r e is concern a m o n g w i l d l i f e managers , fore
sters, and others that l o g g e d sites m a y not p r o d u c e 
suff ic ient abundance o f reindeer l i chens to support 
w o o d l a n d c a r i b o u i n the w i n t e r (Racey et al., 1996) . 
A l t h o u g h some trends i n reindeer l i c h e n cover w i t h 
respect to t i m e since l o g g i n g were f o u n d , the l o n g 
t e r m fate of reindeer l i chens o n l o g g e d sites cannot 
be p r e d i c t e d f r o m this s tudy, nor is i t poss ib le to 
suggest s i l v i l c u l t u r a l treatments w h i c h w i l l u n i 
f o r m l y increase re indeer l i c h e n abundance on l o g 
g e d sites. It is i m p o r t a n t to note that the trends 
observed were o n l y for reindeer l i c h e n cover w h i c h 
is not necessarily e q u i v a l e n t to re indeer l i c h e n 
abundance . It is clear that even i n areas w h i c h were 
l i c h e n - r i c h before l o g g i n g there is no s i m p l e r e l a t i 
o n s h i p between reindeer l i c h e n abundance and t i m e 
since l o g g i n g . 
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Abstract: Data on the status of caribou {Rangifer tarandus) herds throughout the circumpolar region during the last 20 
years were obtained from the literature and personal communication w i t h researchers. Information was analysed in 
relation to ecotype (insular, montane, barren-ground, and woodland/forest), population status (increasing, stable, decre
asing), herd size, human impact, and temporal change i n number. The data support the conclusions (1) that each ecoty
pe is exposed to different ecological constraints and releases, which influence the demographic characteristics of their 
populations, (2) that subspecific (genotypic) classification does not explain the demographic characteristics of caribou 
populations, (3) that insular and montane ecotype populations are relatively stable, (4) that barren-ground ecotype 
hetds are currently experiencing synchronous population growth throughout the circumpolar region and may undergo 
population cycles, (5) that in N o r t h Amer ica , the woodland caribou subspecies (genotype) forms the largest barren-
ground ecotype herd i n the world and is not endangered nor at risk, (6) that populations of woodland/forest ecotypes are 
decl ining and threatened throughout the circumpolar region, possibly due to the interaction of human disturbance and 
predation, and (7) that no relationship exists between herd size and risk of being classified as threatened by researchers. 

K e y words: c a r i b o u , reindeer, ecology, d e m o g r a p h y , status, subspecies. 
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Introduction 
B a n f i e l d (1961) h y p o t h e s i z e d that extant c a r i b o u 
and reindeer evo lved f r o m three forms that s u r v i v e d 
i n i so la t ion d u r i n g the last W i s c o n s i n g l a c i a t i o n . 
These H o l a r c t i c subspecies i n c l u d e ; the arct ic forms 
e v o l v i n g i n t u n d r a refugia n o r t h of the c o n t i n e n t a l 
ice-sheets o n the Q u e e n E l i z a b e t h Islands a n d 
G r e e n l a n d , the c o n t i n e n t a l t u n d r a forms o r i g i n a 
t i n g i n B e r i n g i a (eastern S iber ia/Alaska/Yukon) , 
and the w o o d l a n d or forest forms that s u r v i v e d i n 
temperate re fugia , s o u t h of the c o n t i n e n t a l ice-she
ets. 

R e i n d e e r and c a r i b o u (Rangifer tarandus) have 
been d i v i d e d i n t o subspecies based o n m o r p h o l o g i 
cal ( B a n f i e l d , 1961) and genet ic analysis ( R ø e d et 

al., 1991) . T h e A r c t i c I s land subspecies i n c l u d e the 
S v a l b a r d reindeer, R. t. platyrhynchus, a n d the Peary 
c a r i b o u , R. t. pearyi f r o m Canada . T h e c o n t i n e n t a l 
t u n d r a subspecies i n c l u d e , the E u r a s i a n t u n d r a r e i n 
deer, R. t. tarandus, the A l a s k a c a r i b o u , R. t. granti, 
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a n d the C a n a d i a n b a r r e n - g r o u n d c a r i b o u , R. t. groen-

landicus. W o o d l a n d caribou/reindeer subspecies i n 
c l u d e the E u r a s i a n forest c a r i b o u , R. t. fennicus, and 
the A m e r i c a n w o o d l a n d c a r i b o u , R. t. caribou. 

A l t h o u g h these t a x o n o m i c des ignat ions m a y 
reflect e v o l u t i o n a r y events; they do not appear to 
reflect current eco log ica l c o n d i t i o n s . I n n u m e r o u s 
instances, p o p u l a t i o n s o f the same subspecies have 
e v o l v e d di f ferent d e m o g r a p h i c and b e h a v i o u r a l 
adaptat ions , w h i l e p o p u l a t i o n s f r o m separate s u b 
species have e v o l v e d s i m i l a r d e m o g r a p h i c a n d beha
v i o u r a l pat terns . 

F o r e x a m p l e , i n N o r t h A m e r i c a p o p u l a t i o n s o f 
the w o o d l a n d c a r i b o u subspecies t y p i c a l l y f o r m 
s m a l l isolated herds i n w i n t e r , b u t are re la t ive ly 
sedentary a n d m i g r a t e o n l y short distances (50 -
150 k m ) , d u r i n g the rest o f the year ( E u l e r et al., 

1976 ; Seip, 1992) . G r a v i d females m o s t of ten calve 
i n the s p r i n g o n is lands or i n bogs separate f r o m the 
rest o f the p o p u l a t i o n a n d f r e q u e n t l y r e m a i n s o l i t a -
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ry u n t i l m i d - w i n t e r . I n contrast , the c a r i b o u of the 
G e o r g e R i v e r h e r d , Q u e b e c , C a n a d a , w h i c h m o r 
p h o l o g i c a l l y a n d genet i ca l ly be longs to the w o o d 
l a n d c a r i b o u subspecies, represents the largest c a r i 
b o u herd i n the w o r l d ( W i l l i a m s & H e a r d , 1986), 
m i g r a t i n g thousands of k i l o m e t e r s f r o m boreal 
forest to o p e n t u n d r a , where m o s t females calve 
w i t h i n a three week p e r i o d (Mess ier et al., 1988). 
T h i s b e h a v i o u r is t y p i c a l o f m o s t b a r r e n - g r o u n d 
caribou/reindeer subspecies, w h i c h i n h a b i t the 
N o r t h w e s t Terr i tor ies and n o r t h e r n E u r a s i a . 

For w i l d l i f e managers d e a l i n g w i t h c a r i b o u across 
a w i d e range o f habitats a n d c o n t i n e n t s , u n d e r s t a n 
d i n g the ecotype i n r e l a t i o n to e x i s t i n g eco log ica l 

constra ints a n d releases m a y be m o r e i m p o r t a n t 
than the t a x o n o m i c re la t ionships between di f ferent 
p o p u l a t i o n s . 

F o r these reasons, the p r i m a r y objectives o f this 
s t u d y were : 

(1) to r e v i e w d e m o g r a p h i c data o n car ibou/rein
deer p o p u l a t i o n s t h r o u g h o u t the c i r c u m p o l a r 
r e g i o n , 

(2) to analyse the data i n r e l a t i o n to ecotype 
( insular , m o n t a n e , b a r r e n - g r o u n d , and w o o d l a n d / 
forest), and 

(3) to analyse the data i n r e l a t i o n to p o p u l a t i o n 
status ( increas ing , stable, decreasing), h e r d size, a n d 
t e m p o r a l change i n n u m b e r . 

Table 1 . Circumpolar herds 
T H = threatened. 

classified as insular caribou 1 ecotypes: I = increasing; S = stable; D = decl ining; 

P o p u l a t i o n 

N o . N a m e T r e n d E s t i m a t e L o c a t i o n 

1 Slate Is. D 250 O n t a r i o 
2 B e l c h e r Is. I 700 N W T 

3 Coates Is. S 2 100 
4 S o u t h a m p t o n Is. I 1 100 " 

5 B a n k s Is. s 5 000 
6 I n g l e f i e l d L a n d I <100 G r e e n l a n d 

7 O r l i k F i o r d I 300 " 
8 N i e n a v i k D , T H 400 
9 N u s u s s u a q I 300 

10 Qegertassuaq I 250 
11 N a s s u t t u u p D 3 300 
12 S i s m u t D 5 500 " 

13 N u u k D 10 200 
14 Q o o r n o q S 75 
15 A m e r a l e k S 2 000 " 

16 S e r m i l i k S 400 " 
17 Qass i t s 300 
18 N e r i a s 500 
19 T a s i i l a q s 120 
20 I ce land s 3 000 I ce land 
21 S v a l b a r d Is. s 4 500 Svalbard Is. 
22 Svalbard Is. s 500 " 

23 Svalbard Is. s 2 500 
24 A d a k Is. s 300 R u s s i a 

25 N o v a y a Z e m l y a Is. I 6 500 
26 N o v o s i b i r s k Is. I 10 000 
27 S a k h a l i n Is. D , T H 3 000 

(modified from W i l l i a m s & Heard, 1986). 
1 Subspecies: #1 R. t. caribou; #2 - 4 & 6 - 20 R. t. groenlandkus; #5 R. t. groenlandicuslpearyi; #21 - 23 R. t. plathyrhynchus; 

#24 - 26 R. t. tarandus; and #27 R. t. fennicus. 
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Methods 
D a t a were o b t a i n e d f r o m the l i t e ra ture ( D a v i s , 
1 9 8 0 ; M e l d g a a r d , 1 9 8 6 ; W i l l i a m s & H e a r d , 1 9 8 6 ; 
M e s s i e r et al., 1 9 8 8 ; Shtele & Pavlov , 1990) and b y 
c o m m u n i c a t i n g d i r e c t l y w i t h researchers l i s t e d i n 
the A c k n o w l e d g m e n t s . T h e data represent e s t i m a 
tes o f h e r d size, p o p u l a t i o n status ( increas ing , sta
b le , decreasing), a n d t e m p o r a l change i n c i r c u m p o -
lar c a r i b o u p o p u l a t i o n s d u r i n g the last 20 years. 
H o w e v e r , data o n some p o p u l a t i o n s , especia l ly f r o m 
is lands i n the C a n a d i a n H i g h A r c t i c were not a v a i 
lable . E a c h p o p u l a t i o n was classif ied as one of four 
ecotypes ( insular, m o n t a n e , b a r r e n - g r o u n d , w o o d 
land/forest) and analysed separately. 

Insular c a r i b o u ecotypes were def ined as p o p u l a t i 
ons restr ic ted to isolated s m a l l to m e d i u m s ized 
is lands {i.e. Slate Is lands; Coates Is land) w i t h p h y s i 
cal barriers l i m i t i n g m o v e m e n t . P r i m a r y predators 
a n d p o t e n t i a l c o m p e t i t o r s (other ungulates) are 
m o s t of ten absent f r o m these systems (Table 1). 

M o n t a n e c a r i b o u ecotypes were def ined as p o p u 
lat ions f o u n d i n the a l p i n e a n d boreal zones o f 
m o u n t a i n o u s regions w i t h eco log ica l barriers (va l 
leys) of ten l i m i t i n g m o v e m e n t to adjacent areas. 
P r i m a r y predators and p o t e n t i a l c o m p e t i t o r s (other 
ungulates) are m o s t of ten present i n these systems 
(Table 2). 

B a r r e n - g r o u n d c a r i b o u ecotypes were def ined as 
p o p u l a t i o n s associated w i t h large l a n d areas that 
m i g r a t e a n n u a l l y over re la t ive ly l o n g distances bet
w e e n boreal forest and open t u n d r a . P r i m a r y p r e d a 
tors and p o t e n t i a l compet i tors are present i n these 
systems (Table 3). 

W o o d l a n d or forest c a r i b o u ecotypes were def ined 
as p o p u l a t i o n s associated exc lus ive ly w i t h the boreal 
forest, w h i c h are re la t ive ly sedentary a n d of ten 
f o u n d sol i tary or i n s m a l l groups . P r i m a r y predators 
and p o t e n t i a l c o m p e t i t o r s are present i n these sys
tems (Table 4). 

E c o l o g i c a l releases were def ined as parameters 
that t e n d to p r o m o t e p o p u l a t i o n g r o w t h a n d i n c l u 
d e d ; large l a n d mass (islands or cont inents ) , no or 
few p h y s i c a l or eco logica l barriers , o p p o r t u n i t y for 
range expans ion , o p p o r t u n i t y for forage d ivers i f i ca 
t i o n (boreal and tundra) , the absence o f p o t e n t i a l 
u n g u l a t e compet i tors (moose a n d m u s k o x e n ) , 
absence o f predators (humans , w o l v e s , a n d bears), 
a n d l i m i t e d h u m a n dis turbance ( l o g g i n g , roads, 
u r b a n centres etc.). 

I n contrast , eco logica l constraints were def ined as 
parameters that t e n d to reduce or l i m i t p o p u l a t i o n 
g r o w t h and i n c l u d e d ; s m a l l l a n d mass ( smal l to 
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m e d i u m s ized is lands) , p h y s i c a l a n d eco log ica l bar
riers (water a n d val leys) , l i m i t e d o p p o r t u n i t y for 
range e x p a n s i o n , no o p p o r t u n i t y for forage d i v e r s i f i 
c a t i o n , the presence o f p o t e n t i a l u n g u l a t e c o m p e t i 
tors (moose a n d m u s k o x e n ) , the presence o f p r i m a r y 
predators ( h u m a n s , w o l v e s , a n d bears), and h i g h 
levels o f h u m a n d is turbance ( l o g g i n g , roads, u r b a n 
centres etc.). 

It is r e c o g n i z e d that di f ferent techniques were 
e m p l o y e d b y researchers t h r o u g h o u t the c i r c u m p o -
lar r e g i o n to m o n i t o r p o p u l a t i o n n u m b e r s a n d that 
these data represent broad estimates. H o w e v e r , the
se data are the best avai lable and the h i g h q u a l i t y o f 
researchers makes these estimates h i g h l y p r o b a b l e . 
I n a d d i t i o n , the authors feel that trends i n data are 
the m o r e i m p o r t a n t e lement a n d not the ac tua l data 
themselves . T h e results are discussed i n r e l a t i o n to 
current theories o n c a r i b o u d e m o g r a p h y a n d m a n a 
g e m e n t a n d the i m p a c t s o f e c o l o g i c a l releases a n d 
constra ints . 

Results 
Insular c a r i b o u ecotypes isolated o n s m a l l to m e d i 
u m is lands character is t i ca l ly exper ienced p h y s i c a l 
barriers to migra t ion/dispersa l , no o p p o r t u n i t i e s for 
range e x p a n s i o n , no o p p o r t u n i t y for forage d i v e r s i f i 
c a t i o n , no c o m p e t i t i o n f r o m other u n g u l a t e s , no or 
l i m i t e d p r e d a t i o n , and l i m i t e d h u m a n d i s t u r b a n c e . 
P o p u l a t i o n s ranged i n size f r o m 75 to 10 2 0 0 a n i 
m a l s , w i t h 7 8 % o f the herds b e l o w 4 0 0 0 i n d i v i d u 
als. Percentage o f the p o p u l a t i o n s i n c r e a s i n g , s table , 

Insular Caribou Herds (n=27; range 75 -10,200; 77.8% <4000) 

Increasi ng Decreasing 

Population Trend 

Percentage of circumpolar caribou/reindeer herds 
designated as "insular ecotypes" that have been 
identified as increasing, stable, or decreasing i n 
number. 
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Table 2. Circumpolar herds classified as montane 
T H = threatened. 

caribou 1 ecotypes: I = increasing; S = stable; D = decl ining; 

P o p u l a t i o n 

N o . N a m e T r e n d E s t i m a t e 

1 A k i n S 500 
2 K a u d y - L e v e l D 8 0 0 
3 S p a t i z i - L a w y e r s Pass D 1 2 6 0 
4 H o r s e R a n c h I 3 0 0 
5 P i n k M t . S 3 0 0 
6 L a i r d P l a t e a u s 125 
7 T e l k w a s 4 0 
8 T w e e d s m u i r I 2 0 0 

9 I t c h a - I i q a c h u z I 7 0 0 
10 C a r i b o u M t s . D 1 500 
11 S e l k i r k M t s . s 30 
12 H a r t R i v e r s 1 2 0 0 
13 L i t t l e R a n c h e r i a D , T H 4 5 0 
14 Carcross S 6 0 0 
15 A i s h i h i k s 1 5 0 0 
16 B u r w a s h s 4 0 0 
17 B i g R i v e r D 7 5 0 
18 D e l t a s 8 0 0 0 

19 D e n a l i s 2 100 
20 K e n a i L o w l a n d s 85 
21 K e n a i M t s . s 3 0 0 
22 M e n t a s t a s 3 0 0 0 
23 M u l c h a t n a I 33 0 0 0 
24 W e l c h i n a I 25 0 0 0 
25 Sunsh ine D 7 5 0 
2 6 Setesdal V e s t h e i s 2 7 0 0 
27 Saudaf jel la s 75 
28 Setesdal A u s t h e i s 2 0 0 0 
2 9 H a r d a n g e r v i d d a s 2 0 0 0 0 
30 B l e f j e l l s 130 
31 H a l l i n g s k a r v e t s 2 5 0 0 
32 R a u d a f j e l l s 30 
33 F j e l l h e i m e n s 8 5 0 
34 B r a t t f j e l l - V i n d e g g e n s 6 0 0 
35 V e s t - J o t u n h e i m e n s 7 2 0 
36 O t t a d a l e n Sor s 4 6 0 
37 O t t a d a l e n N o r d s 3 100 
38 Fordef je l la s 100 

39 S u n n f j o r d s 6 0 0 
4 0 Svar tebotnen s 130 
41 Snohet ta s 2 8 0 0 
4 2 R o n d a n e s 1 2 0 0 
43 S o l n k l e t t e n s 530 
4 4 F o r e l h o g n a s 1 8 0 0 
45 K n u t s h o s 9 1 4 
4 6 T o l g a O s t f j e l l s 2 0 0 
47 R e n d a l e n s 7 0 0 
4 8 A l t a i - S a y a n M t s . s 10 0 0 0 

4 9 W . O k h o t s k s 16 0 0 0 
50 K a m c h a t k a S , T H 4 0 0 0 

L o c a t i o n 

B r i t i s h C o l u m b i a 

Y u k o n 

A l a s k a 

N o r w a y 

R u s s i a 

(modified ftom W i l l i a m s & Heatd, 1986). 
1 Subspecies: # 1 - 1 1 , 13 R. t. caribou; #12, 14 - 25 R. t. granti; #26 - 47 R. t. tarandus; #48 - 50 R. t. f amicus. 



Table 3. Circumpolar herds classified as barren-ground caribou 1 ecotypes: I = increasing; S = stable; D = decl ining; 
T H = threatened. 

P o p u l a t i o n 

N o . N a m e T r e n d E s t i m a t e L o c a t i o n 

1 A v a l o n I 5 0 0 0 N e w f o u n d l a n d 

2 M i d d l e R i d g e I 8 0 0 0 " 

0 P o t H i l l I 4 5 0 

4 Sandy L a k e I 2 0 0 

5 G r e y R i v e r I 4 5 0 0 

6 G a f f Topsai ls I 1 5 0 0 " 

7 B u c h a n s I 2 0 0 0 

8 L a P o i l e I 8 500 

9 H a m p d e n I 4 0 0 

10 H u m b e r I 4 5 0 

11 N . P e n i n s u l a I 1 5 0 0 " 

12 M e a l y M t . I 7 0 0 L a b r a d o r 

13 W h i t e Bear L . D , T H <100 " 

14 T o r n g a t M t . I 7 5 0 0 

15 R e d W i n e M t . 7 5 0 

16 G e o r g e R i v e r I 7 0 0 0 0 0 Q u e b e c 

17 Leaf R i v e r I 7 0 0 0 0 

18 N . E . M a i n l a n d I 130 0 0 0 N W T 

19 K a m i n u r i a k 4 5 0 0 0 0 " 

2 0 Bever ley I 4 2 0 0 0 0 " 

21 B a t h u r s t I 4 5 0 0 0 0 

22 B luenose 8 0 0 0 0 " 

23 F i n l a y s o n I 2 5 0 0 Y u k o n 

24 C e n t r a l A r c t i c I 12 5 0 0 A l a s k a 

25 F o r t y m i l e I 1 6 0 0 

26 P o r c u p i n e I 150 0 0 0 

27 W . A r c t i c I 2 0 0 0 0 0 

28 A l a s k a P e n i n s u l a I 30 0 0 0 

29 B o n n e t P l u m e I 5 0 0 0 

30 W . K o l a P e n i n s u l a I , T H 2 3 0 R u s s i a 

31 E . K o l a P e n i n s u l a I , T H 2 7 0 0 " 

32 K a r e l i a S 11 0 0 0 

33 A r c h a n g e l Forest s, 14 0 0 0 

34 A r c h a n g e l T u n d r a S , T H 4 0 0 0 " 

35 K o m i Forest s 4 0 0 0 

36 Y a m a l T u n d r a S , T H 2 0 0 0 " 

37 N a d y m - P u r R i v e r D , T H 5 0 0 0 " 

38 T a i m y r I 5 3 0 0 0 0 " 

39 B u l u n S 60 0 0 0 

4 0 Y a n a - I n d i g i r R i v e r S 1 0 0 0 0 0 " 

41 S u n d r u n I 3 0 0 0 0 

4 2 C h u k o t s k T u n d r a S 5 5 0 0 

43 C h u k o t s k Forest I 4 0 0 0 

(modified from W i l l i a m s & Heard, 1986). 
1 Subspecies: #1 - 17 R. t. caribou; #18 - 23 R. t. groenlandicus; #24 - 29 R. t.granti; #30 - 43 R. t. tarandus. 

RangiSer, Special Issue N o . 10 , 1 9 9 8 53 



Montane Caribou Herds (n=49; range 30-33,000; 87.8% <4000) 
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Population Trend 

F i g . 2. Percentage of circumpolar caribou/reindeer herds 
designared as "montane ecotypes" that have been 
identified as increasing, stable, or decreasing in 
number. 

and decreasing were 30 , 4 8 , and 2 2 , respect ively 
( F i g . 1). 

M o n t a n e c a r i b o u ecotypes conf ined to the u p p e r 
zones o f m o u n t a i n s character is t i ca l ly exper ienced 
eco logica l barriers to m i g r a t i o n a n d dispersa l , l i m i 
ted o p p o r t u n i t i e s for range expans ion , o p p o r t u n i t i e s 
for forage d i v e r s i f i c a t i o n (alpine a n d boreal zones), 
p o t e n t i a l c o m p e t i t i o n f r o m other ungula tes , expo
sure to predators , and l i m i t e d h u m a n d i s t u r b a n c e . 
P o p u l a t i o n s ranged i n size f r o m 30 to 33 0 0 0 a n i 
m a l s , w i t h 8 9 % o f the herds b e l o w 4 0 0 0 i n d i v i d u 
als. Percentage o f the p o p u l a t i o n s i n c r e a s i n g , stable, 
and decreasing were 10, 7 7 , and 13, respect ively 
( F i g . 2). 

Barren-Ground Caribou Herds (n=42; range 100-400,000; 
35.7% <4000) 

Increasing 

Population Trend 

F i g . 3. Percentage of circumpolar caribou/reindeer herds 
designated as "barren-ground ecotypes" that have 
been identified as increasing, stable, or decreasing 
in number. 

B a r r e n - g r o u n d c a r i b o u ecotypes f o u n d o n large 
i s lands or c o n t i n e n t s charac ter i s t i ca l ly exper ienced 
no e c o l o g i c a l or p h y s i c a l barriers , o p p o r t u n i t i e s for 
range e x p a n s i o n , o p p o r t u n i t i e s for forage d i v e r s i f i 
c a t i o n , c o m p e t i t i o n f r o m other ungula tes , exposure 
to predators , a n d l i m i t e d h u m a n d is turbance . 
P o p u l a t i o n s ranged i n size f r o m 100 to over 7 0 0 
0 0 0 a n i m a l s , w i t h 3 6 % of the herds b e l o w 4 0 0 0 
i n d i v i d u a l s . Percentage o f p o p u l a t i o n s increas ing , 
stable, a n d decreas ing were 7 0 , 26 , a n d 5, respect i 
v e l y ( F i g . 3). 

Woodland/fores t c a r i b o u ecotypes l i m i t e d to the 
boreal forest b i o m e character is t i ca l ly exper ienced no 
e c o l o g i c a l or p h y s i c a l barriers , o p p o r t u n i t i e s for 
range e x p a n s i o n , no o p p o r t u n i t i e s for forage d i v e r 
s i f i ca t ion (boreal hab i ta t o n l y ) , p o t e n t i a l c o m p e t i t i 
o n f r o m other u n g u l a t e s , exposure to predators , and 

Woodland Caribou Herds (n=22; range 50-50,000; 
50% <4000) 

Increasing Decreasing 

Population Trend 

F i g . 4. Percentage of circumpolar caribou/reindeer herds 
designated as "woodland or forest ecotypes" that 
have been identified as increasing, stable, or 
decreasing i n number. 

h i g h levels o f h u m a n d is turbance . P o p u l a t i o n s ran
g e d i n size f r o m 50 to 50 0 0 0 a n i m a l s , w i t h 5 0 % o f 
the herds b e l o w 4 0 0 0 i n d i v i d u a l s . Percentage o f 
the p o p u l a t i o n s i n c r e a s i n g , stable, a n d decreasing 
were 9, 2 3 , a n d 68, respect ively ( F i g . 4). 

A n a l y s i s o f the percentage o f p o p u l a t i o n s o f each 
ecotype classif ied as threatened b y researchers i n d i 
cated that herds o f the m o n t a n e ecotype were least 
threatened a n d herds o f the w o o d l a n d or forest eco
type were m o s t threatened (montane 8%; barren-
g r o u n d 1 4 % ; i n s u l a r 2 6 % ; w o o d l a n d 2 7 % ) . N o 
c o r r e l a t i o n be tween percenatge o f herds b e l o w 
4 0 0 0 a n i m a l s a n d percentage o f herds classif ied as 
threatened was f o u n d ( r=0 .31 ; P > 0 . 0 5 ) . 
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Table 4. Circumpolat herds classified as woodland caribou' ecotypes: I = increasing; S = stable; D = decl in ing; 
T H = threatened. 

P o p u l a t i o n 
N o . N a m e T r e n d E s t i m a t e L o c a t i o n 

1 Lac J o s e p h D , T H <600 Q u e b e c 
2 Gaspes ie P a r k D 2 5 0 

3 N o r t h Shore D 2 0 0 0 " 

4 G r a n d J a r d i n s I 67 " 

5 V a l d ' O r D , T H 50 
6 James B a y S 4 5 0 0 " 

7 N . E . O n t a r i o D 4 5 0 0 O n t a r i o 
8 N . L a k e Super ior D <200 

9 M a n i t o b a D 5 0 0 0 M a n i t o b a 
10 Saskatchewan D , T H 2 5 0 0 Saskatchewan 
11 A l b e r t a D , T H 2 2 5 0 A l b e r t a 
12 F i n n i s h Forest I 6 0 0 F i n l a n d 

13 K o n d a - S o s v a R i v e r D 7 0 0 0 R u s s i a 
14 W . S iber ia Forest S , T H 5 0 0 0 
15 E v e n k i y s k D 50 0 0 0 " 

16 U p p e r A n g a r a R i v e r D 10 0 0 0 " 

17 I r k u t s k S 2 0 0 0 0 " 

18 E . B a i k a l S 8 0 0 0 " 

19 A m u r D 3 0 0 0 
2 0 L e n a - V i l y u i R i v e r s D 20 0 0 0 " 

21 Y u k u t s k M t . Ta iga D 30 0 0 0 
22 T a x i n g a n l i n g S 9 8 0 C h i n a 

(modified from W i l l i a m s & Heard, 1986). 
1 Subspecies: #1 - 11 R. t. caribou; #12, 15, 20, 21 R. t. fennkusl tarandus; #13, 16, 19 R. t. tarandus. 
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Figs. 5 -8 . Comparison of population growth in 4 barren-ground ecotype herds dur ing the past 5 decades. 

I n a d d i t i o n , c o m p a r i s o n o f p o p u l a t i o n g r o w t h 
d u r i n g the past 5 decades i n 4 herds classif ied as 
b a r r e n - g r o u n d ecotypes (Figs . 5 - 8 ) i n d i c a t e d that 
herds g r e w synchronous ly t h r o u g h o u t the c i r c u m -
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p o l a r r e g i o n a n d reached h i g h p o p u l a t i o n levels i n 
the 1990s, a l t h o u g h a l l represent di f ferent s u b s p e c i 
es and genotypes , as def ined b y B a n f i e l d (1961) a n d 
Røed etal. (1991) . 
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Table 5. A summary of ecological constraints (-) and releases ( + ) impacting the four caribou ecotypes. 

Insular Caribou - conf ined to s m a l l a n d m e d i u m s ized is lands -

(1) experience p h y s i c a l barriers to m i g r a t i o n / d i s p e r s a l (-), 
(2) no o p p o r t u n i t i e s for range expans ion (-), 
(3) no o p p o r t u n i t i e s for forage d i v e r s i f i c a t i o n (-), 
(4) c o m m o n l y no c o m p e t i t i o n f r o m other u n g u l a t e s (+), 
(5) l i m i t e d or no p r e d a t i o n (+), 
(6) l i m i t e d h u m a n d is turbance (+). 

Montane Caribou - conf ined to m o u n t a i n tops -
(1) experience some eco log ica l resistance to m i g r a t i o n / d i s p e r s a l (+/-), 
(2) fewer o p p o r t u n i t i e s for range expans ion (+/-), 

(3) o p p o r t u n i t i e s for forage d i v e r s i f i c a t i o n (+), 
(4) p o t e n t i a l c o m p e t i t i o n f r o m other u n g u l a t e s (-), 
(5) exposure to predators (-), 
(6) l i m i t e d h u m a n d is turbance (+) 

Barren-ground Caribou - o c c u p y i n g large is lands or cont inents -
(1) experience no or few barriers to migra t ion/dispersa l (+), 
(2) range expans ion o p p o r t u n i t i e s avai lable (+), 
(3) o p p o r t u n i t i e s for forage d i v e r s i f i c a t i o n (+), 
(4) p o t e n t i a l c o m p e t i t i o n f r o m other ungula tes (-), 

(5) exposure to predators (-), 
(6) l i m i t e d h u m a n d is turbance (+). 

Woodland!Forest Caribou - o c c u p y i n g large is lands or cont inents -
(1) experience no or few barriers to migra t ion/dispersa l (+), 
(2) o p p o r t u n i t i e s for range expans ion (+), 
(3) no or few o p p o r t u n i t i e s for forage d i v e r s i f i c a t i o n (-), 

(4) p o t e n t i a l c o m p e t i t i o n f r o m other ungula tes (-), 
(5) exposure to predators (-), 
(6) h i g h levels h u m a n d is turbance (-). 

Discussion 
Insular ecotypes conf ined to i so la ted s m a l l and 
m e d i u m sized is lands character is t ica l ly experience 
p h y s i c a l barriers to m i g r a t i o n and dispersa l ; h o w e 
ver, m o v e m e n t across ice/water barriers does occur 
o n occasion (Euler et ah, 1976 ; R . M u l d e r s , pers. 
c o m m . ) . C o m p e t i t i o n f r o m other ungula tes , such as 
moose or m u s k o x e n is f requent ly absent a n d p r e d a 
t i o n by p r i m a r y predators is most of ten absent. I n 
a d d i t i o n , h u m a n disturbances are m o s t f r e q u e n t l y 
absent or l i m i t e d i n these habitats . T y p i c a l e x a m 
ples of these types of ecosystems are the Slate 
Islands, O n t a r i o a n d Coates I s l a n d , N o r t h w e s t 
Terr i tor ies , Canada . B o t h these sites represent one 
u n g u l a t e systems (caribou) w i t h no c o m p e t i t i o n or 
in terac t ive i m p a c t f r o m other u n g u l a t e species. 
P r i m a r y predators are or have been absent i n these 
systems for l o n g per iods o f t i m e . W o l v e s have o n l y 
arr ived o n the Slate Islands d u r i n g the past few 
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years and I n u i t f r o m C o r a l H a r b o u r occas ional ly 
h u n t o n Coates I s land . In a d d i t i o n , range expans ion 
is not an o p t i o n a n d nor is forage d i v e r s i f i c a t i o n , as 
i s l a n d systems are u s u a l l y l i m i t e d to one r e l a t i v e l y 
homogeneous habi ta t type (Coates I s land- tundra/ 
Slate Islands -boreal forest). E v i d e n c e suggests that 
the p r i m a r y d y n a m i c c o n t r o l l i n g i n s u l a r p o p u l a t i 
ons and the i r d e m o g r a p h i c s is forage e x p l o i t a t i o n 
( K l e i n , 1 9 6 8 ; G a t e s et al., 1986) . Forage d e p l e t i o n 
a n d habi ta t d e g r a d a t i o n have been i d e n t i f i e d as p r i 
m a r y reasons for c a r i b o u p o p u l a t i o n decl ines o n the 
Slate Islands ( W . J . D a l t o n , pers. c o m m . ) and Coates 
I s l a n d , (Gates et al., 1986) . P o p u l a t i o n s of i n s u l a r 
c a r i b o u ranged i n size f r o m 75 to 10 2 0 0 a n i m a l s , 
w i t h 7 8 % of the herds b e l o w 4 0 0 0 i n d i v i d u a l s . 
Percentage of the p o p u l a t i o n s increas ing , stable, 
and decreasing were 30 , 4 8 , and 2 2 % , respect ively 
( F i g . 1). These data indica te that a p p r o x i m a t e l y h a l f 
o f the insular p o p u l a t i o n s are s table , w h i l e the other 
fifty percent are increas ing or d e c l i n i n g . S i m i l a r 
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d e m o g r a p h i c characterist ics have been f o u n d i n 
i s l a n d p o p u l a t i o n s of m a n y m a m m a l i a n species 
(Bonner , 1 9 5 8 ; M e c h , 1 9 6 6 ; K l e i n , 1 9 6 8 ; K r e b s & 
M y e r s , 1974 ; T a m a r i n , 1977) and this type o f n o n -
c y c l i c , re la t ive ly stable p o p u l a t i o n p a t t e r n appears 
to be t y p i c a l o f m a m m a l p o p u l a t i o n s i n i so la ted sys
tems. A s 7 8 % of these p o p u l a t i o n s are i n c r e a s i n g or 
stable, i t can be c o n c l u d e d that i n s u l a r c a r i b o u eco-
type p o p u l a t i o n s are re la t ive ly hea l thy at th i s t i m e . 

M o n t a n e ecotypes conf ined to the u p p e r f lor is t ic 
zones o n m o u n t a i n s f requent ly exper ienced e c o l o g i 
cal barriers (valleys) to m i g r a t i o n a n d d ispersa l a n d 
range expans ion is o f ten l i m i t e d . H o w e v e r , m o v e 
m e n t be tween m o u n t a i n ranges does occur a n d fora
ge d i v e r s i f i c a t i o n is an o p t i o n i n these p o p u l a t i o n s . 
P o t e n t i a l c o m p e t i t i o n f r o m other u n g u l a t e s , such as 
moose a n d p r e d a t i o n by p r i m a r y predators , such as 
wolves and bears t y p i c a l l y i m p a c t i n these p o p u l a t i 
ons (Seip, 1992) . H u m a n dis turbances are u s u a l l y 
l i m i t e d to m o r e southern p o p u l a t i o n s i n these h a b i 
tats ( D a v i s , 1 9 8 0 ; Se ip , 1992) . T y p i c a l examples of 
these types of p o p u l a t i o n s are the W e l l s G r a y herd 
i n southeastern B r i t i s h C o l u m b i a (Seip, 1992) and 
the N e l c h i n a herd i n A l a s k a (Eberhardt & P i t c h e r , 
1992) . B o t h these sites represent t w o u n g u l a t e sys
tems (car ibou a n d moose) and p r i m a r y predators 
(wolves a n d bears) represent s ign i f i cant m o r t a l i t i e s 
o n these herds. R a n g e expans ion is g e n e r a l l y l i m i 
ted due to eco logica l barriers ; however, forage d i v e r 
s i f i ca t ion does occur, as m o n t a n e systems p r o v i d e 
b o t h a l p i n e and boreal habi tats , w h i c h can suppor t 
c a r i b o u . I n contrast to insular c a r i b o u p o p u l a t i o n s , 
the p r i m a r y d y n a m i c c o n t r o l l i n g m o n t a n e p o p u l a t i 
ons a n d the i r d e m o g r a p h i c s appears to be p r e d a t i o n 
a n d the interact ive i m p a c t of other u n g u l a t e species 
(Seip, 1992) . Forage e x p l o i t a t i o n and h a b i t a t degra 
d a t i o n have not been i d e n t i f i e d as reasons for car i 
b o u p o p u l a t i o n dec l ine i n m o n t a n e regions ( D a v i s , 
1980) ; however , increased h u m a n a c t i v i t y (ie. l o g 
g i n g ) appears to be h a v i n g some inf luence , b y incre
as ing moose n u m b e r s and c a r i b o u s u s c e p t i b i l i t y to 
w o l f p r e d a t i o n ( B e r g e r u d & E l l i o t , 1 9 8 6 ; Seip, 
1992) . P o p u l a t i o n s of m o n t a n e ecotypes ranged i n 
size f r o m 30 to 33 0 0 0 an imals , w i t h 8 8 % of the 
herds b e l o w 4 0 0 0 i n d i v i d u a l s . Percentage o f the 
p o p u l a t i o n s increas ing , stable, and decreas ing were 
10 , 7 7 , a n d 13, respect ively ( F i g . 2). These data 
ind ica te that m o n t a n e c a r i b o u p o p u l a t i o n s are i n 
general m o r e stable t h a n insular p o p u l a t i o n s , a l t 
h o u g h they b o t h have s i m i l a r d e m o g r a p h i c a t t r i b u 
tes, c o m m o n to isolated p o p u l a t i o n s . T h e increased 
s t a b i l i t y associated w i t h m o n t a n e ecotype p o p u l a t i -
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ons appears to be re lated to (1) increased forage 
d i v e r s i t y , a n d (2) p r e d a t i o n b y p r i m a r y predators , 
w h i c h m i n i m i z e s the chance that n u m b e r s w i l l 
exceed the c a t r y i n g capaci ty of the range. A s 8 8 % o f 
these p o p u l a t i o n s are increas ing or stable, i t can be 
c o n c l u d e d that m o n t a n e ecotype p o p u l a t i o n s are 
heal thy, a l t h o u g h the m a j o r i t y o f these herds are 
r e l a t i v e l y s m a l l i n n u m b e r . 

B a r r e n - g r o u n d ecotypes f o u n d o n large is lands or 
c o n t i n e n t s exper ienced l o n g seasonal m i g r a t i o n s 
f r o m boreal forest to o p e n t u n d r a , have few p h y s i c a l 
or eco log ica l barriers to m o v e m e n t a n d disperse to 
ranges o f other p o p u l a t i o n s (Messier et al, 1 9 8 8 ; D . 
C . H e a r d , pers, c o m m . ; R . M u l d e r s , pers. c o m m . ) . 
A t m i n i m u m , a l l o f these ecosystems represent t w o 
u n g u l a t e systems, w i t h moose i n the boreal forest 
a n d m u s k o x e n i n the open t u n d r a . T h i s results i n 
the p o t e n t i a l for c o m p e t i t i o n a n d the interact ive 
i m p a c t of other u n g u l a t e species o n p r e d a t i o n 
( B e r g e r u d & E l l i o t , 1 9 8 6 ; Seip, 1992) . P r e d a t i o n b y 
p r i m a r y predators , such as h u m a n s , wolves a n d 
bears is c o m m o n i n these p o p u l a t i o n s (Parker , 
1 9 7 2 ; H i l l i s & M a l l o r y , 1989 ; L a m o t h e & Parker , 
1 9 8 9 ; L a m o t h e , 1991) . H u m a n dis turbances , such 
as l o g g i n g , roads, a n d u r b a n centres are u s u a l l y 
l i m i t e d ( F . F . M , pers. obs.). T y p i c a l examples of these 
types of p o p u l a t i o n s are the K a m i n u r i a k herd f o u n d 
a l o n g the west coast of H u d s o n Bay, N . W . T . 
(Parker , 1972) a n d the G e o r g e R i v e r h e r d f o u n d i n 
n o r t h e r n Q u e b e c (Mess ier et al., 1988) . B o t h these 
locat ions s u p p o r t t w o u n g u l a t e systems a n d p r i m a 
ry predators ( h u m a n s , wolves , a n d bears) represent 
constant m o r t a l i t i e s o n these p o p u l a t i o n s . R a n g e 
e x p a n s i o n has o c c u r r e d d u r i n g the last 4 0 years i n 
b o t h herds a n d forage d i v e r s i f i c a t i o n occurs ( H e a r d 
& Calef , 1 9 8 6 ; M e s s i e r et al, 1988) . T h e fact that 
these herds have o p p o r t u n i t i e s for e c o l o g i c a l release 
t h r o u g h range e x p a n s i o n and forage d i v e r s i f i c a t i o n 
m a y e x p l a i n , i n par t , the massive increase i n n u m 
bers f o u n d t h r o u g h o u t the c i r c u m p o l a r r e g i o n . I n 
contrast , p o p u l a t i o n s o f insular a n d m o n t a n e ecoty
pes s e l d o m a t t a i n e c o l o g i c a l release a n d r e m a i n re la 
t i v e l y stable, due to p h y s i c a l a n d e c o l o g i c a l barr iers , 
w h i c h l i m i t p o p u l a t i o n size. Forage e x p l o i t a t i o n 
a n d habi ta t d e g r a d a t i o n have been suggested as 
ma jor l i m i t i n g factors ef fect ing b a r r e n - g r o u n d eco
type p o p u l a t i o n d e c l i n e , w h i l e p r e d a t i o n a n d 
h u m a n a c t i v i t y appear to have m i n i m a l i m p a c t 
d u r i n g per iods of p o p u l a t i o n increase (Messier et al, 

1 9 8 8 ; R . M u l d e r s , pers. c o m m . ) . 

P o p u l a t i o n s of b a r r e n - g r o u n d c a r i b o u ecotypes 
ranged i n size f r o m 100 to over 7 0 0 0 0 0 a n i m a l s , 
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w i t h 3 6 % of the herds b e l o w 4 0 0 0 i n d i v i d u a l s . 
Percentage of the p o p u l a t i o n s i n c r e a s i n g , stable, 
a n d decreasing were 7 0 , 2 6 , a n d 5 , respect ively 
( F i g . 3). These data i n d i c a t e that m o s t barren-
g r o u n d ecotype p o p u l a t i o n s are i n c r e a s i n g s y n c h r o 
n o u s l y t h r o u g h o u t the c i r c u m p o l a r r e g i o n , i n c o n 
trast to the p o p u l a t i o n s of other ecotypes. These 
changes m a y represent synchronous p o p u l a t i o n 
cycles ( M e l d g a a r d , 1986) , as has been f o u n d i n 
m a n y other m a m m a l species ( M a l l o r y , 1987) . A s 
9 5 % of these p o p u l a t i o n s are i n c r e a s i n g or stable 
a n d the few d e c l i n i n g p o p u l a t i o n s have been over-
harvested, i t can be c o n c l u d e d that p o p u l a t i o n s o f 
b a r r e n - g r o u n d ecotypes are very heal thy, at this 
p o i n t i n t i m e . H o w e v e r , these p o p u l a t i o n s w i l l p r o 
b a b l y d e c l i n e d u r i n g the next decade, due to habi ta t 
e x p l o i t a t i o n a n d forage d e p l e t i o n . 

P o p u l a t i o n s of w o o d l a n d or forest ecotypes c o n f i 
ned to the boreal forest, charac ter i s t i ca l ly experience 
no l i m i t to range expans ion , no o p p o r t u n i t i e s for 
forage d i v e r s i f i c a t i o n , p o t e n t i a l c o m p e t i t i o n f r o m 
other ungula tes , exposure to predators (humans , 
wolves , a n d bears), a n d re la t ive ly h i g h e r levels o f 
h u m a n d is turbance . A l t h o u g h few barr iers to m o v e 
m e n t appear to exist i n t h i s habi ta t , 
woodland/forest ecotypes are re la t ive ly sedentary, 
c o m m o n l y d i s p e r s i n g o n l y short distances and 
r e t u r n i n g to the same ranges a n n u a l l y ( E d m o n d s , 
1 9 8 8 ; W . J . D a l t o n , pers. c o m m . ) . W i t h few excep
t ions , these ecotypes are part o f a t w o u n g u l a t e sys
t e m , w h i c h results i n p o t e n t i a l c o m p e t i t i o n and the 
in terac t ive i m p a c t on p r e d a t i o n o f o ther u n g u l a t e 
species ( B e r g e r u d & E l l i o t , 1 9 8 6 ; Se ip , 1992) . 
P r e d a t i o n by p r i m a r y predators , such as h u m a n s , 
wolves , and bears is c o m m o n i n these p o p u l a t i o n s 
( E d m o n d s , 1988 ; Seip, 1992) a n d fire a n d h u m a n 
dis turbances , such as l o g g i n g , roads, a n d u r b a n 
d e v e l o p m e n t m a i n t a i n large tracts of early successi-
o n a l forest idea l for moose, especial ly i n the sout
h e r n parts o f the range ( B e r g e r u d , 1 9 7 4 ; J a c k s o n et 

al, 1 9 9 D . 

T y p i c a l examples of these p o p u l a t i o n s are the 
w o o d l a n d c a r i b o u herds i n west cent ra l A l b e r t a 
( E d m o n d s , 1988) and the Q u e s n e l L a k e h e r d i n 
southeastern B r i t i s h C o l u m b i a (Seip, 1992) . B o t h 
these sites support t w o u n g u l a t e systems (car ibou 
a n d moose) and p r i m a r y predators (wolves and 
bears) represent s igni f i cant m o r t a l i t i e s o n these 
p o p u l a t i o n s ( E d m o n d s , 1988) . R a n g e expans ion is 
an o p t i o n ; however, forage d i v e r s i f i c a t i o n does not 
occur, as o n l y boreal habitats are avai lable . T h e p r i 
m a r y d y n a m i c c o n t r o l l i n g the d e m o g r a p h i c s of 
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woodland/forest p o p u l a t i o n s appears to be p r e d a t i 
o n a n d habi ta t loss due to h u m a n d is turbance 
( B e r g e r u d & E l l i o t , 1 9 8 6 ; Se ip , 1992) . W h i l e 
w o o d l a n d c a r i b o u have not been s h o w n to over g r a 
ze ranges i n boreal habitats , hab i ta t loss due to fire 
a n d l o g g i n g appear to result i n c a r i b o u p o p u l a t i o n 
d e c l i n e . E a r l y successional boreal forest appears to 
increase moose n u m b e r s and c a r i b o u s u s c e p t i b i l i t y 
to w o l f p r e d a t i o n ( B e r g e r u d & E l l i o t , 1 9 8 6 ; Se ip , 
1992) . H u n t i n g b y h u m a n s has h i s t o r i c a l l y i m p a c 
t e d this ecotype s i g n i f i c a n t l y ( B e r g e r u d , 1974) . 

P o p u l a t i o n s o f woodland/forest ecotypes ranged 
i n size f r o m 50 to 50 0 0 0 a n i m a l s , w i t h 5 0 % of the 
herds b e l o w 4 0 0 0 i n d i v i d u a l s . Percentage o f the 
p o p u l a t i o n s i n c r e a s i n g , stable, a n d decreasing were 
9 , 2 3 , a n d 6 8 , respect ively ( F i g . 4) . A s o n l y 3 2 % o f 
these p o p u l a t i o n s are increas ing or stable, i t can be 
c o n c l u d e d that p o p u l a t i o n s of woodland/forest eco
types are v u l n e r a b l e a n d s h o u l d receive in tens ive 
m a n a g e m e n t effort at th is t i m e . 

A s u m m a r y o f eco log ica l contra in ts a n d releases 
i m p a c t i n g the four c a r i b o u ecotypes is presented i n 
Table 5. These data i l lus t ra te that i n the t w o ecoty
pes w i t h re la t ive ly stable p o p u l a t i o n patterns ( i n s u 
lar & m o n t a n e ) , equa l n u m b e r s o f pos i t i ve (+) a n d 
negat ive (-) e c o l o g i c a l factors are act ive. I n barren-
g r o u n d ecotype p o p u l a t i o n s , 4 eco logica l parame
ters are p o s i t i v e (+) a n d 2 are negat ive (-) p r o v i d i n g 
o p p o r t u n i t y for e c o l o g i c a l release a n d p o p u l a t i o n 
g r o w t h u n t i l c a r r y i n g capaci ty a n d new eco logica l 
contra in ts are reached. I n contrast , i n 
woodland/forest ecotype p o p u l a t i o n s , 2 eco log ica l 
parameters are p o s i t i v e (+) a n d 4 are negative (-) 
r e s u l t i n g i n a genera l dec l ine a n d loss of p o p u l a t i 
ons. 

T h e data s u p p o r t the conc lus ions (1) that each 
ecotype is exposed to di f ferent e c o l o g i c a l constraints 
a n d releases, w h i c h inf luence the d e m o g r a p h i c cha
racterist ics o f t h e i r p o p u l a t i o n s (2) that subspecif ic 
(genotypic ) c lass i f icat ion does not e x p l a i n the 
d e m o g r a p h i c characterist ics o f c a r i b o u p o p u l a t i o n s , 
(3) that i n s u l a r a n d m o n t a n e ecotype p o p u l a t i o n s 
are re la t ive ly stable , (4) that b a r r e n - g r o u n d ecotype 
herds are c u r r e n t l y e x p e r i e n c i n g synchronous p o p u 
l a t i o n g r o w t h t h r o u g h o u t the c i r c u m p o l a r r e g i o n 
a n d m a y u n d e r g o p o p u l a t i o n cycles, (5) that i n 
N o r t h A m e r i c a , the w o o d l a n d c a r i b o u subspecies 
(genotype) forms the largest b a r r e n - g r o u n d ecotype 
h e r d i n the w o r l d a n d is not endangered or at r i s k , 
(6) that p o p u l a t i o n s o f w o o d l a n d or forest ecotypes 
are d e c l i n i n g a n d threatened t h r o u g h o u t the c i r 
c u m p o l a r r e g i o n , p o s s i b l y due to the i n t e r a c t i o n o f 
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h u m a n dis turbance and prédat ion, and (7) that no 
r e l a t i o n s h i p exists be tween herd size a n d r i s k of 
b e i n g classif ied as threatened b y researchers. 
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Abstract: The Purcel l Mountains of southeast Br i t i sh Co lu mbia suppott a population of mountain caribou near the sout
hernmost extension of their range. This ecotype is dependent upon late-successional forests, largely because such stands 
provide arboreal lichen for winter forage. Recent provincial forest ptactices legislation and land-use planning in i t ia t i 
ves have provided the impetus for developing an inter im caribou habitat assessment model for use as a planning tool. 
W e applied an H S I (habitat suitability index) model developed for a nearby population as a testable hypothesis of cari
bou habitat selection in the southern Purcells. In a srudy area of about 6000 k m 2 , 512 radiolocarions were obtained for 
22 animals from 1993 through 1995. Seasonal selectivity was assessed for the fol lowing model variables: elevation, slo
pe, habitat type/current cover type, overstory size class, canopy closure, and age of dominant overstory. Caribou were 
most selective for stand age, which the model also defined as the greatest determinant of habitat suitabil i ty. However, 
we d i d not judge overall model output to be an adequate predictor of habitat selection by southern Purcel l caribou. 
Seasonal ratings for each variable were therefore modified to better reflect selection patterns by animals i n this study, 
and subjectively adjusted to ensure that potentially l i m i t i n g habitat types were rated highly . A n evaluation of the 
adjusted model established its efficacy as an inter im decision-support tool. Selection analyses of spatial habitat dis tr ibu
tion levels indicated a preference by caribou for landscapes w i t h at least 4 0 % suitable habitat per 250 ha and per 5000 
ha. From this, it is apparent that suitable habitat is h ighly fragmented in this study area. 

K e y w o r d s : G I S , H a b i t a t S u i t a b i l i t y Index , H S I , P u r c e l l M o u n t a i n s , m o d e l , landscape, s tand. 

Rangifer, Spec ia l Issue N o . 10 , 6 1 - 7 2 

Introduction 
T h e ecotype of w o o d l a n d c a r i b o u f o u n d i n wet c o n i 
ferous forests o f southeastern B r i t i s h C o l u m b i a is 
referred to as m o u n t a i n c a r i b o u (Stevenson & 
H a t l e r , 1985) . T h i s ecotype is s t r o n g l y associated 
w i t h late-successional forests ( S i m p s o n et al., 1994 ; 
Stevenson et al. 1994) , largely because such stands 
p r o v i d e arboreal l i c h e n for w i n t e r forage (Freddy, 
1 9 7 3 ; A n t i f e a u , 1987 ; S i m p s o n & W o o d s , 1 9 8 7 ; 
R o m i n g e r & O l d e m e y e r , 1989 ; Se ip , 1990 ; Se ip , 
1992) . These habitats also tend to be associated 
w i t h h i g h t i m b e r value. 

T h e southern P u r c e l l M o u n t a i n s s u p p o r t a r e m 
nant p o p u l a t i o n of less t h a n 100 m o u n t a i n c a r i b o u 
( K i n l e y , u n p u b l . data) o c c u r r i n g near the s o u t h e r n 
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l i m i t o f the i r range. C a r i b o u are p r o v i n c i a l l y l i s t e d 
as " v u l n e r a b l e " , and p r o v i n c i a l forest pract ices leg is 
l a t i o n directs that the i r requi rements be i n t e g r a t e d 
w i t h forest m a n a g e m e n t . H o w e v e r , l i t t l e e c o l o g i c a l 
i n f o r m a t i o n exists for the southern P u r c e l l p o p u l a 
t i o n f r o m w h i c h to deve lop p r e s c r i p t i v e g u i d e l i n e s 
at strategic or opera t iona l p l a n n i n g levels . A l o n g -
t e r m research p r o g r a m establ ished i n 1992 to 
i m p r o v e basel ine i n f o r m a t i o n is s t i l l underway. 
H o w e v e r , g i v e n m o u n t i n g demands o n th i s l a n d -
base a n d the i m p e t u s o f a r e g i o n a l land-use p l a n 
n i n g process, an i n t e r i m t o o l was r e q u i r e d to i n t e 
grate the best avai lab le k n o w l e d g e of c a r i b o u r e q u i 
rements w i t h o n g o i n g p l a n n i n g i n i t i a t i v e s i n a 
t i m e l y fashion . I n th is paper we present the evalua-
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t i o n a n d a d a p t a t i o n of an e x i s t i n g m o u n t a i n c a r i b o u 
H a b i t a t S u i t a b i l i t y I n d e x . ( H S I ) m o d e l for a nearby 
p o p u l a t i o n ( A l l e n - J o h n s o n 1993) , a n d its a p p l i c a t i 
o n at b o t h s tand a n d landscape levels . 

Study area 
T h e s tudy area encompasses r o u g h l y 6 0 0 0 k m 2 near 
the southern e n d of the P u r c e l l m o u n t a i n range of 
southeastern B . C . ( F i g . 1). T h i s area is c o i n c i d e n t 
w i t h the k n o w n d i s t r i b u t i o n of the s o u t h e r n P u r c e l l 
m o n t a i n c a r i b o u p o p u l a t i o n , a n d also defines the 
area searched i n the process o f c a p t u r i n g s t u d y a n i 

m a l s . E l e v a t i o n s range f r o m 5 3 0 to 2 8 5 0 m . V e g e 
t a t i o n pat terns are affected b y e levat ion a n d a west 
to east g r a d i e n t o f decreasing p r e c i p i t a t i o n . C l i m a x 
c o m m u n i t i e s are d o m i n a t e d by western redcedar 
(Thuja plicata) a n d western h e m l o c k (Tsuga hetero-
phylla) i n m o i s t areas at l o w e r e levat ions, D o u g l a s -
fir (Pseudotsuga menziesii) i n d r y areas at l o w e levat i 
o n , a n d E n g e l m a n n spruce (Picea engelmannii) a n d 
s u b a l p i n e fir (Abies lasiocarpa) at m i d to h i g h eleva
t i o n s , a l t h o u g h fire-successional stands of l o d g e p o l e 
p i n e (Pinus contorta) are c o m m o n t h r o u g h o u t . 
A l p i n e t u n d r a occurs at the h ighes t e levat ions. 

Generalized Mountain Caribou Distribution 

j I H Southern Purcell Study Area 

MONTANA 

F i g . 1. Current generalized mountain caribou distr ibut ion and the southern Purcel l study area (adapted from 
Stevenson & Hatler , 1985). 
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Methods 
Data 

B e t w e e n 1993 a n d 1995 , 22 c a r i b o u were r a d i o c o l -
la red a n d m o n i t o r e d u s i n g s tandard aircraft t e l eme
t r y techniques ( W h i t e & G a r r o t t , 1990) . F r o m 
s e m i - m o n t h l y s a m p l i n g , 512 radio locat ions were 
o b t a i n e d a n d referenced to the nearest 100 m . 
(Because the m a j o r i t y of radio locat ions were associa
t e d w i t h v i s u a l s i g h t i n g s , they are cons idered acccu-
rate to w i t h i n 100 m) . D a t a p o i n t s f r o m a n i m a l s 
t r a v e l i n g together were dele ted such that we c o u l d 
be cer ta in that a l l radiolocat ions represented i n d e 
p e n d e n t hab i ta t choices. 

A d i g i t a l habi ta t database was assembled for the 
s t u d y area. P o l y g o n data of forest cover a t t r ibutes as 
w e l l as t o p o g r a p h i c and p l a n i m e t r i c data o r i g i n a l l y 
m a p p e d at 1 :20 0 0 0 scale were c o m p i l e d as G I S ras
ter coverages w i t h a reso lu t ion of 100 m . F r o m t h i s , 
m o d e l variables were d e r i v e d . 

Analyses 
A n u n v a l i d a t e d H S I m o d e l was d e v e l o p e d b y A l l e n -
J o h n s o n (1993) for the Idaho P a n h a n d l e N a t i o n a l 
Forest ( F i g . 2). T h i s area supports a h e r d of m o u n 
t a i n c a r i b o u i n the S e l k i r k M o u n t a i n s , a p p r o x i m a t e 
l y 50 k m f r o m the P u r c e l l s t u d y area. U s i n g a G I S 
( E a s t m a n , 1993) , we a p p l i e d this Idaho m o d e l as a 
testable hypothes is o f habi ta t se lect ion by s o u t h e r n 
P u r c e l l m o u n t a i n c a r i b o u . F o r each of four c a r i b o u 
seasons ( s p r i n g , A p r i l 1 to J u n e 15 ; s u m m e r , J u n e 
16 to O c t o b e r 2 2 ; early w i n t e r , O c t o b e r 23 to 
J a n u a r y 15 ; late w i n t e r , J a n u a r y 16 to M a r c h 31), 
m o d e l per formance was evaluated b y c o m p a r i n g 
observed c a r i b o u select ion to four s u i t a b i l i t y classes 
as p r e d i c t e d b y the Idaho m o d e l . T o i m p r o v e o u r 
u n d e r s t a n d i n g of m o u n t a i n c a r i b o u habi ta t r e l a t i 
onships , a n d to p r o v i d e a basis for m o d e l i m p r o v e 
m e n t , we also analyzed c a r i b o u se lect ion for each of 
the six m o d e l variables i n d e p e n d e n t l y . 

D a t a were p o o l e d a m o n g years a n d i n d i v i d u a l 
s tudy a n i m a l s . T h e l a n d area cons idered to be c o l -

V \ stand e levat ion 
V 2 s tand slope 
V 3 s tand habi ta t type a n d current cover type 
V 4 s tand overstory size class 
V 5 percent s tand canopy closure 
V 6 age o f d o m i n a n t s tand overstory 

S tand H S I = ( V ^ x V 2 x V 3 x V 4 x V 5 ) 1 / 6 x V , 

F i g . 2. H S I model variables and equarion structure. 
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l e c t i v e l y avai lable to a l l s tudy a n i m a l s was d e t e r m i 
ned as the c o m p o s i t e 1 0 0 % m i n i m u m convex p o l y 
g o n o f a l l rad io loca t ions . F o r each analysis , a G - s t a -
t i s t i c (Sokal & R o h l f , 1981) tested the goodness of 
fit o f hab i ta t use versus a v a i l a b i l i t y for p o o l e d r a d i o 
locat ions , a n d i n d i c a t e d w h e t h e r se lec t ion was e v i 
dent c o n s i d e r i n g a l l hab i ta t classes s i m u l t a n e o u s l y . 
H a b i t a t classes w i t h expected use values of less t h a n 
three were e x c l u d e d f r o m analysis ( i b i d . ) . 
C o n f i d e n c e intervals for " se lec t ion" or " a v o i d a n c e " 
of each hab i ta t class were t h e n es tabl i shed u s i n g 
B o n f e r r o n i Z - s t a t i s t i c s ( N e u et al., 1 9 7 4 ; Byers et 
al., 1984) . 

W h i l e r e t a i n i n g the o r i g i n a l m o d e l s t ruc ture , we 
ad jus ted Idaho H S I coefficients to i m p r o v e m o d e l 
per formance w i t h respect to observed habi ta t selec
t i o n b y s o u t h e r n P u r c e l l c a r i b o u . A t the same t i m e , 
we m a i n t a i n e d re la t ive ly h i g h rat ings for habitats 
that , a l t h o u g h were not selected a c c o r d i n g to our 
l i m i t e d data , have been establ ished b y other rese
arch as b e i n g at least seasonally i m p o r t a n t . T h u s , 
a l t h o u g h o u r ad jus tments do u t i l i z e h a b i t a t se lect i 
o n results for each m o d e l var iable , they are large ly 
subject ive . 

Adjustment of model coefficients 
Based o n past research ( S i m p s o n et al., 1994 ; 
Stevenson et al, 1994) , we felt that the Idaho H S I 
m o d e l i n c l u d e d m a c r o - h a b i t a t variables that c o n t r i 
bute to s tand s u i t a b i l i t y for m o u n t a i n c a r i b o u . W e 
therefore restr ic ted o u r analyses to o n l y these v a r i a 
bles. A l s o , because we e m p l o y e d u n i v a r i a t e analysis 
techniques , we chose not to m o d i f y the o r i g i n a l 
a lgebraic s t ructure of the m o d e l . 

R e c o g n i z i n g the l i m i t a t i o n s to d i rec t inference of 
habi ta t requi rements f r o m select ion analyses ( M a n l y 
et al, 1993) , we a d o p t e d a four-stage a p p r o a c h to 
a s s i g n i n g s u i t a b i l i t y coefficients. G i v e n the p o t e n t i 
a l consequences of d i s r e g a r d i n g i m p o r t a n t habitats 
due to a l i m i t e d data set, o u r m e t h o d s were i n t e n t i 
o n a l l y conservative f r o m the perspect ive of c a r i b o u \ 
conservat ion . I n the first stage, we assumed that the 
i m p o r t a n c e of a habi ta t a t t r ibute is p r o p o r t i o n a l to 
its observed degree o f se lect ion by c a r i b o u as i n d i c a 
t e d b y its se lec t ion rat io (use/availabi l i ty) . F o r "avo
i d e d " habi ta t classes, se lec t ion ratios (0 .0 - 0 .99) 
were s trat i f ied i n t o five g r o u p s a n d ass igned coef f ic i 
ents f r o m 0.0 to 0.4 . F o r "se lected" h a b i t a t classes, 
we i d e n t i f i e d the p o i n t where the array o f se lec t ion 
ratios began to increase e x p o n e n t i a l l y (>3.2) , a n d 
se lec t ion ratios above this p o i n t were ass igned a 
coeff icient o f 1.0. T h e range of r e m a i n i n g se lec t ion 
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ratios (1 .01 - 3.2) was s trat i f ied a n d ass igned coeff i 
c ients f r o m 0.6 to 1.0. In the second stage, w e ass ig
ned a d d i t i o n a l s u i t a b i l i t y coefficients based on the 
leve l o f s igni f icance at w h i c h each var iab le class was 
e i ther "se lected" or " a v o i d e d " . T h i s a l l o w e d for the 
effect o f sample size and the n u m b e r of habi ta t clas
ses w i t h i n each var iable to be accounted for i n the 
i n t e r p r e t a t i o n of select ion rat ios. Selected habi tats 
were rated as 1.0, 0 .9 , 0 .8, 0.7 or 0 .6 d e p e n d i n g o n 
w h e t h e r se lect ion occurred at the 9 5 , 7 5 , 5 0 , 25 or 
5 % confidence levels respectively. F o l l o w i n g these 
same confidence levels, avo ided habitats were ass ig
ned rat ings f r o m 0.0 to 0.4. I n b o t h cases, c o n f i d e n 
ce levels o f < 5 % were assigned ra t ings of 0 .5 . I n 
the t h i r d stage, we c o m p a r e d these t w o s u i t a b i l i t y 
ra t ings for each habi tat class a n d , where d i s c r e p a n 
cies occurred , adopted that w h i c h was closest to 0 .5 . 
To ensure that trends i n s u i t a b i l i t y coefficients for 
each m o d e l var iable were b i o l o g i c a l l y m e a n i n g f u l , 
we r e v i e w e d the assigned rat ings for each var iab le as 
the f o u r t h stage. G i v e n the l i m i t e d t i m e over w h i c h 
o u r data were col lec ted and the v a r i a b i l i t y i n h a b i 
tat use that m a y occur a m o n g years, we a p p l i e d s u b 
jective ad justments to ensure that coefficients of 
cer ta in habi ta t e lements , f o u n d b y other studies to 

be i m p o r t a n t and p o t e n t i a l l y l i m i t i n g , were not 
u n d e r r a t e d . 

To evaluate the overa l l veraci ty of the ad justed 
m o d e l , H S I o u t p u t was s trat i f ied i n t o four s u i t a b i l i 
ty classes i n the G I S , and c a r i b o u se lec t ion was 
assessed u s i n g the above descr ibed u n i v a r i a t e t ech
n iques . 

Landscape-level habitat distribution analysis 
M o u n t a i n c a r i b o u p o p u l a t i o n s appear to be i n f l u e n 
ced b y the a v a i l a b i l i t y o f sui table habi tat over large 
areas, w h i c h m a y be a f u n c t i o n of predator a v o i d a n 
ce (Stevenson et al., 1994) . W e therefore assessed 
c a r i b o u se lec t ion for habi ta t d i s t r i b u t i o n s at t w o 
broad scales. Because i t is a scale c o m m o n l y used i n 
local w i l d l i f e habi ta t m a n a g e m e n t g u i d e l i n e s , we 
i n i t i a l l y assessed c a r i b o u select ion for the p r o p o r t i 
o n of su i tab le habi ta t d i s t r i b u t e d per 2 5 0 ha. W e 
also ana lyzed c a r i b o u se lec t ion for the p r o p o r t i o n of 
habi ta t d i s t r i b u t e d per 5 0 0 0 ha , r o u g h l y correspon
d i n g to the average area of a core c a r i b o u h o m e 
range i n th i s s tudy area. ( M e a n 7 5 % h a r m o n i c c o n 
tour h o m e range size for 12 s t u d y a n i m a l s ( 4 M , 8F) 
w i t h a m i n i m u m 24 locat ions s a m p l e d over at least 
one year = 4 8 6 9 ha ( K i n l e y & A p p s , u n p u b l . data)). 

SPRING S U M M E R 

2 0.45 . . 

0.74 

HSI Class 

• Available 
• Used 

" Available 
• Used 

0 - 0.24 0.25- 0.49 0.50-0.74 0.75 - 1.0 

HSI Class 

EARLY WINTER LATE WINTER 

• Available 
• Used 

0-0.24 0.25- 0.49 0.50- 0.74 0.75- 1.0 0-0.24 0.25-0.49 0.50-0.74 0.75-1.0 

HSI Class HSI Class 
F i g . 3. Caribou selection for habitat suitability classes as defined by the Idaho H S I model . * indicates significance (P 

< 0.05) based on Bonferroni Z-statistics. 
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Table 1. G-test result s for each model variable by season. 
Selection is evident at the probabi l i ty levels 
indicated. 

Season Var . G - S t a t . d.f. P< 

Spring v , 79 .4 9 0 .001 

v 2 
14.8 3 0 .005 

V j 74 .9 7 0 .001 

v 4 
9 9 . 0 4 0 .001 

v , 78 .0 4 0 .001 

v 6 
168.6 2 0 .001 

Summer v , 79 .7 9 0 .001 

v 2 20.3 3 0 .001 

v 3 
69 .3 7 0 .001 

v 4 
9 0 . 0 4 0 .001 

v 5 
4 9 . 6 4 0 .001 

v 6 
103.7 2 0 .001 

E. Winter V , 13.7 9 0 .25 

v 2 
7.4 3 0 .10 

v 3 
4 0 . 9 6 0 .001 

v 4 
27.5 3 0 .001 

v 5 
18.0 4 0 .001 

v 6 
22 .4 2 0 .001 

L. Winte V , 50.5 9 0.001 

v 2 
8.8 3 0 .05 

v 3 
38.1 7 0 .001 

v 4 
85 .0 4 0 .001 

v 5 
40 .5 4 0 .001 

v 6 
33.8 2 0 .001 

T h i s may also a p p r o x i m a t e the broadest level at 
w h i c h i n d i v i d u a l c a r i b o u perceive the larger l ands
cape. 

F o r this landscape- level analysis , " su i tab le h a b i 
tat" was def ined as those H S I classes selected b y 
c a r i b o u . A G I S " m o v i n g w i n d o w " procedure was 
t h e n carr ied out to d e t e r m i n e habi ta t d i s t r i b u t i o n 
per 2 5 0 ha a n d per 5 0 0 0 ha. T h a t is, a va lue i n d i c a 
t i n g the p r o p o r t i o n of sui table habi ta t i n the sur
r o u n d i n g landscape (either 2 5 0 ha or 5 0 0 0 ha) was 
assigned to each 100 m - p i x e l . T h e r e s u l t i n g maps 
were t h e n strat i f ied i n t o six habi ta t d i s t r i b u t i o n 
classes a n d use/avai labi l i ty analyses carr ied out as 
descr ibed above. 

Results 
Stand-level suitability 
Based on results o f c a r i b o u select ion for associated 
H S I classes ( F i g . 3), we j u d g e d the o r i g i n a l Idaho 
m o d e l to be inadequate as a useful p l a n n i n g t o o l for 
our s tu dy area. T h u s , we assessed c a r i b o u se lec t ion 
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for each m o d e l var iab le i n d e p e n d e n t l y . W i t h i n each 
season, results ind ica te that c a r i b o u are select ive for 
m o d e l variables and habi ta t classes w i t h i n each 
(Table 1 & F i g . 4) , w i t h the greatest se lec t iv i ty 
b e i n g associated w i t h age class. N e w s u i t a b i l i t y 
coefficients d e t e r m i n e d for each m o d e l var iab le are 
presented i n Table 2 . E v a l u a t i o n of the m o d i f i e d 
H S I m o d e l conf i rms its i m p r o v e d per formance rela
t ive to our data ( F i g . 5). Se lec t ion is e v i d e n t for H S I 
ra t ings greater t h a n 0 .25 , w h i c h are therefore c o n s i 
dered to p r o v i d e " s u i t a b l e " habi tat . 

Landscape-level suitability 
C a r i b o u appeared to be selective for b o t h 2 5 0 ha 
a n d 5 0 0 0 ha habi ta t d i s t r i b u t i o n classes ( F i g . 6). In 
b o t h cases, se lect ion began to occur where the d i s 
t r i b u t i o n of sui table habi ta t i n the s u r r o u n d i n g 
landscape achieved 30 - 5 0 % . 

Discussion 
Resul t s o f a n a l y s i n g H S I variables were general ly 
consistent w i t h our u n d e r s t a n d i n g o f m o u n t a i n 
c a r i b o u ecology, as i n d i c a t e d b y research carr ied out 
o n other p o p u l a t i o n s ( S i m p s o n et al., 1 9 9 4 ; Steven
son et al., 1994) . T h i s was p a r t i c u l a r l y t rue w i t h 
respect to c a r i b o u se lec t ion for s u b a l p i n e fir and 
E n g e l m a n n spruce stands d o m i n a t e d b y o l d , large-
d i a m e t e r trees. H o w e v e r , we d i d observe several 
anomal ies . O u r data i n d i c a t e d an avoidance of 
m o i s t , l o w - e l e v a t i o n forests o f western redcedar and 
western h e m l o c k o n g e n t l e slopes, even i n early 
w i n t e r a n d s p r i n g w h e n such habitats are of ten hea
v i l y used b y other m o u n t a i n c a r i b o u p o p u l a t i o n s . 
Converse ly , there was genera l se lect ion for l o d g e p o -
le p i n e - d o m i n a t e d stands, p a r t i c u l a r l y i n early w i n 
ter, w h i c h has not been p r e v i o u s l y repor ted for this 
ecotype. These differences may relate to the l o c a t i o n 
of th is s tudy area at the extreme southeast corner of 
m o u n t a i n c a r i b o u d i s t r i b u t i o n , an area w i t h a dr ier 
c l i m a t e t h a n elsewhere i n m o u n t a i n c a r i b o u range. 
T h u s , there m a y have h i s t o r i c a l l y been less western 
redcedar a n d western h e m l o c k , a n d m o r e fire-sue -
cessional l o d g e p o l e p i n e avai lable t h a n elsewhere i n 
m o u n t a i n c a r i b o u range, caus ing a n i m a l s i n the 
s o u t h e r n P u r c e l l s to adapt to s l i g h t l y d i f ferent h a b i 
tats. A l t e r n a t i v e l y , the observed p a t t e r n m a y occur 
i n years w i t h n e a r - n o r m a l w i n t e r weather , b u t i n 
years of m o r e i n c l e m e n t weather c o n d i t i o n s , habi tat 
use m a y be s i m i l a r to patterns f o u n d elsewhere i n 
the i r range. A t h i r d p o s s i b i l i t y is that hab i ta t d i s 
turbances, such as w i l d f i r e s , l o g g i n g , road construe-
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Table 2. Adjusted habitat suitabil ity coefficients. 

V ! E l e v a t i o n (ft) S p r i n g S u m m e r E a r l y W i n t e r Late W i n t e r 

< 3 5 0 0 0.0 0 .0 0.1 0 .0 

3 5 0 0 - 3 9 9 9 0.0 0.0 0.1 0 .0 

4 0 0 0 - 4 4 9 9 0.0 0 .0 0.7 0 .0 

4 5 0 0 - 4 9 9 9 0.5 0 .0 0.7 0 .0 

5 0 0 0 - 5 4 9 9 0.7 0.0 0.7 0.0 

5 5 0 0 - 5 9 9 9 0.7 0.3 0.7 0.2 

6 0 0 0 - 6 4 9 9 0.7 0.8 0.7 0.7 

6 5 0 0 - 6 9 9 9 1.0 0.9 0.5 1.0 

7 0 0 0 - 7 4 9 9 0.8 0.5 0.5 0.6 
>7500 0.5 0.5 0 .9 0.5 

V 2 S l o p e (%) 

0 - 1 5 0.7 0.7 0.7 0.7 

1 6 - 3 5 0.7 0.7 0.7 0.7 
3 6 - 59 0.5 0.3 0.3 0.3 

6 0 + 0.2 0.1 0.8 0.1 

V 3 H a b i t a t / C o v e r T y p e * 

I C H wet / H , C , S, B 0.5 0.1 0.5 0. 
1 I C H w e t / A , E , L 0 .0 0 .0 0.5 0.1 
I C H d r y / H , C , S, B 0.2 0.2 1.0 0 .0 
I C H d r y / A , E , L 0.0 0.0 0 .0 0 .0 
E S S F wet / S, B 0.6 0.8 0.3 0.6 
E S S F wet / P I , L , P w 0.7 0.5 0.7 0.5 
E S S F d r y / S, B 1.0 1.0 0 .9 1.0 
E S S F d r y / P I , L , P w 0.6 0.3 1.0 0.8 
Scree/Rock 0.0 0.2 0 .0 0.2 
N o n - f o r e s t e d A l p i n e 0 .0 0.1 0.1 0.1 
A l l other habi tat types 0.1 0.0 0 .0 0 .0 

V 4 O v e r s t o r y S i z e C l a s s 

Rock/ScreeO.O 0.1 0.0 0.1 
N o n - f o r e s t ( A , M , N P , N C ) 0.7 0.5 0.5 0.6 
C l e a r c u t / B u r n 0.0 0.0 0.1 0.1 
S a p l i n g ( d b h 0 .3-12 .7 c m ) 0.2 0.1 0 .0 0.1 

m a l l ( d b h 12 .7 -22 .9 cm) 0.0 0.1 0.2 0.1 
M e d i u m ( d b h 22 .9 -35 .6 c m ) 0.7 0.8 0.7 0.6 
Large ( d b h >35.6 cm) 1.0 1.0 1.0 1.0 

V 5 C a n o p y C l o s u r e (%) 

0 0 .0 0.5 0.1 0 .0 

1 - 10 0.1 0.1 0.5 0.3 
1 1 - 4 0 0 .9 0.9 0 .9 0 .9 
41 - 70 0.2 0.3 0 .9 0.2 

71 - 100 0.1 0 .0 0 .9 0.1 

V 6 O v e r s t o r y S t a n d A g e 

0 - 80 0.1 0.1 0.1 0.1 

81 - 120 0.7 0.7 0.7 0.7 
> 120 1.0 1.0 1.0 1.0 

* ICH=Interior Cedar Hemlock zone (Meidinger «Sc Pojar, 1991); ESSF = Engelmann Spruce/Subalpine Fir zone 
(ibid.); d = dry variants; w = wet variants; H = hemlock; C = cedar; S = spruce; B = balsam fir; A = aspen; E = birch; 
L = larch; PI = lodgepole pine; P w = whitebark pine. 
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SPRING S U M M E R 

• Available 
• Used 

0-0.24 0.25-0.49 0.50- 0.74 0.75- 1.0 

HSI Class 

• Available 
• Used 

0-0.24 0.25-0.49 0.50-0.74 0.75-1.0 

HSI Class 

EARLY WINTER L A T E WINTER 

n Available 
• Used 

0 - 0.24 0.25 - 0.49 0.50 - 0.74 0.75 - 1.0 

HSI Class 

• Available 
D Used 

0-0.24 0.25 -0.49 0.50 - 0.74 0.75 - 1.0 

HSI Class 

F i g . 5. Caribou selection for habirat suitable classed as definded by the adjusted H S I model. * indicates significance 
(P < 0.05) based on Bonferroni Z-statistics. 

HABITAT DISTRIBUTION / 5000 HA 

H Available DUsed 

i n 
0 - 1 % 1-12% 12 - 30% 30 - 50% 50 - 80% 

Habitat Distribution Class 

HABITAT DISTRIBUTION / 250 HA 

HAvai lable • Used 

LLH 
F i g . 6. 

0-1% 1-12% 12-30% 30-50% 50 - 80% 80-100% 

Habitat Distribution Class 

Caribou selection for habitat distr ibut ion levels. 
Dis t r ibut ion classed reflect the proportion of sui
table habitat (HSI>0.25) at two landscape scales. 
* indicates significance (P < 0.05) based on 
Bonferroni Z-statistics. 

t i o n a n d h u m a n h a b i t a t i o n , that have o c c u r r e d d i s 
p r o p o r t i o n a t e l y at lower e levat ions, m a y have cau
sed m o u n t a i n c a r i b o u i n the P u r c e l l s to m a k e m u c h 

less use o f l o w - e l e v a t i o n cedar and h e m l o c k forests 
t h a n i n the past, such that the observed p a t t e r n m a y 
represent a recent sh i f t . T h e correct e x p l a n a t i o n is 
far f r o m clear, b u t h a v i n g sui table l o w - e l e v a t i o n 
habitats i n t o w h i c h c a r i b o u m a y m o v e i n early w i n 
ter a n d s p r i n g is p o t e n t i a l l y c r i t i c a l a n d l i m i t i n g , 
even i f such habitats are used o n l y occas ional ly or 
for short per iods . It is b y this rat ionale that we sub
jec t ive ly increased m o d e l coefficients for lower elev
a t i o n classes, cedar a n d h e m l o c k cover types, h i g h e r 
canopy closures and g e n t l e slopes, to p a r a l l e l those 
of the Idaho m o d e l . 

L i n k e d to a G I S database of habi ta t a t t r ibutes at 
the appropr ia te scale a n d r e s o l u t i o n , we consider the 
per formance of the ad justed H S I m o d e l to be ade
quate as an i n t e r i m habi ta t assessment a n d p l a n n i n g 
t o o l (e.g. F i g . 7). F r o m the consistent observed 
se lect ion against the lowest (0 - 0 .24) H S I class, we 
infer a re lat ive lack o f i m p o r t a n c e o f these habitats 
to s o u t h e r n P u r c e l l c a r i b o u . T h e l a c k of s igni f i cant 
se lec t ion for the next H S I class (0.25 - 0 .49) s u g 
gests that these habi tats m a y be " s u i t a b l e " b u t are 

* 
F i g . 7. Combined habirat suitability for the southern 

Purcel l study area. The m a x i m u m suitability 
value over each of four caribou seasons is i n d i 
cated. 
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F i g . 8. Lands w i t h i n the southern Purcel l Montains that achieve at least 40 % suitable habitat distributed per 
5000 ha and 250 ha. 
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not of e x c e p t i o n a l l y h i g h q u a l i t y . C o n s i s t e n t se lec t i 
on across a l l seasons for H S I class 0.5 - 0 .74 i l l u s t r a 
tes the re lat ive i m p o r t a n c e o f these habi ta ts , w h i l e 
we consider the s t r o n g se lect ion for H S I class 0 .74 -
1.0 d u r i n g every season except early w i n t e r as i n d i 
cat ive of e x c e p t i o n a l i m p o r t a n c e to c a r i b o u . T h e 
lack o f apparent select ion for the h i g h e s t H S I class 
d u r i n g early w i n t e r reflects subject ive ad jus tments 
to early w i n t e r s u i t a b i l i t y ra t ings . 

Based o n results o f these analyses, i t is apparent 
that landscape at tr ibutes need to be cons idered i n 
habi ta t p l a n n i n g , p a r t i c u l a r l y because s u i t a b l y - d i s 
t r i b u t e d habi tats appear to be h i g h l y f r a g m e n t e d . 
F r o m our analysis , we consider the m i d - p o i n t o f o u r 
selected hab i ta t d i s t r i b u t i o n range (40%) as a m i n i 
m u m target i n the maintenance of southern P u r c e l l 
m o u n t a i n c a r i b o u habi tat ( F i g . 8). C o n s i d e r i n g the 
large h o m e ranges t y p i c a l l y used b y m o u n t a i n c a r i 
b o u , lands w h i c h achieve 4 0 % sui tab le hab i ta t d i s 
t r i b u t e d per 5 0 0 0 ha may a p p r o x i m a t e core habi ta t 
areas i n w h i c h l o n g - t e r m use b y c a r i b o u m a y be 
poss ib le . Lands that fa l l m u c h b e l o w the l i m i t s o f 
th is d i s t r i b u t i o n m a y receive p e r i o d i c use, b u t are 
u n l i k e l y to be used consis tent ly unless they p r o v i d e 
seasonally i m p o r t a n t a t t r ibutes . T w o q u a l i f i c a t i o n s 
to this are that the m o d e l does not account for the 
inf luence of apparent ly " u n s u i t a b l e " b u t barrier-free 
m o v e m e n t routes, such as a l p i n e t u n d r a , nor does i t 
account for habi ta t that is not w i t h i n a s u i t a b l y d i s 
t r i b u t e d m a t r i x but is c o n t i g u o u s w i t h one. 
Converse ly , there are lands w i t h i n the 5 0 0 0 ha c o n 
tour that do not meet the m i n i m u m d i s t r i b u t i o n 
requirements at the 2 5 0 ha level a n d thus m a y not 
c o n t r i b u t e to core habitat . 

W e recognize that n u m e r o u s assumpt ions are at 
p lay i n o u r approach to the a d a p t a t i o n of th i s 
m o d e l . O u r i n t e n t was to p r o v i d e an i n t e r i m t o o l to 
integrate o u r best u n d e r s t a n d i n g o f c a r i b o u - h a b i t a t 
re lat ionships w i t h o n g o i n g forest p l a n n i n g u n t i l 
further i n f o r m a t i o n comes avai lable . A s l o n g - t e r m 
research cont inues , a s t r i c t ly e m p i r i c a l , m u l t i v a r i a t e 
approach w i l l be taken i n m o d e l d e v e l o p m e n t at the 
s tand leve l . S i m i l a r l y , we cannot yet be cer ta in that 
our i d e n t i f i e d core habitat areas represent habi ta t 
d i s t r i b u t i o n levels r e q u i r e d to m a i n t a i n a v i a b l e 
p o p u l a t i o n over the l o n g t e r m , b u t th is m a y also 
change as data comes avai lable and our unders tan
d i n g of the re la t ionsh ip between habi ta t d i s t r i b u t i 
o n , road access, and m o r t a l i t y r i s k i m p r o v e s . 
H o w e v e r , the exercise of H S I e v a l u a t i o n and adapta 
t i o n : 1) i l lustrates the p o t e n t i a l l y large differences 
i n habi tat use between adjacent p o p u l a t i o n s o f a 
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s ing le ecotype, 2) indicates that there m a y be 
i m p o r t a n t seasonal differences w i t h i n the p o p u l a t i 
o n , 3) h i g h l i g h t s the need to manage for habi ta t 
values at a landscape l e v e l , and 4) demonstrates that 
i n t e r i m m a n a g e m e n t tools can be deve loped and 
p u t i n t o use w i t h re la t ive ly l i m i t e d data . O b v i o u s l y , 
a conservat ive approach to forest m a n a g e m e n t is 
desired where o u r u n d e r s t a n d i n g o f hab i ta t r e l a t i 
onships is u n c e r t a i n . I n ecosystems that are b e i n g 
r a p i d l y a l tered t h r o u g h p r i m a r y m a n a g e m e n t for 
t i m b e r values , i n t e r i m m o d e l s based o n l i m i t e d data 
and i n f o r m e d conjecture m a y p r o v i d e essential tools 
for m a i n t a i n i n g hab i ta t i n t e g r i t y u n t i l m o r e c o m 
plete data becomes ava i lab le . 
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Abstract: T w o species of protostrongylid nemarodes w i t h dorsal-spined, first-stage larvae, are present in caribou and 
moose of Newfoundland. Elaphostrongylus rangiferi Mi tskevich , 1958, a parasite introduced from Scandinavia, causes 
periodic epizootics of a severe neurological disease in caribou. Sick animals exhibi t ing signs of cerebrospinal elapho-
strongylosis (CSE) were particularly noticeable i n central Newfoundland each winter between 1981 and 1985. Those 
collected for examination were mostly male calves. The disease again became prominent in caribou on the Avalon 
Peninsula in the winters of 1996 and 1997; it may have spread to that isolated part of the province as recently as 1990. 
E. rangiferi was also found in moose but no cases of neurologic disease have been reported in this host. Parelapbostrongylus 
andersoni Ptestwood, 1972, was found in caribou, both i n central Newfoundland and on the Avalon Peninsula. Moose 
may also be infected. O f 1407 terrestrial gastropod intermediate hosts examined, 9 (0.6%) contained infective, th i rd-
stage, protostrongylid larvae resembling those of E. rangiferi and P. andersoni which are indistinguishable. The small 
dark slug, Deroceras laeve, dominared gastropod collections and was the only species infected. 

K e y w o r d s : cerebrospinal e laphos t rongylos i s , m u s c l e w o r m s , l u n g w o r m s , cervidae , g a s t r o p o d i n t e r m e d i a t e 

hosts. 
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Introduction 
Elaphostrongylus rangiferi has been k n o w n for some 
t i m e f r o m c a r i b o u {Rangifer tarandus caribou) i n 
N e w f o u n d l a n d (Lankester, 1 9 7 6 ; 1 9 7 7 ; Lankester & 
N o r t h c o t t , 1979) and was p r o b a b l y i n t r o d u c e d w i t h 
reindeer (R. t. tarandus) b r o u g h t f r o m N o r w a y i n 
1908 (Lankester & F o n g , 1989) . In earl ier p u b l i c a 
t ions , we f o l l o w e d E u r o p e a n authors w h o r e c o m 
m e n d e d that this nematode f o u n d i n the centra l 
nervous system and m u s c u l a t u r e of Rangifer be c o n 
sidered a s y n o n y m of E. cervi (see K u t z e r & P r o s o l , 
1975) or be referred to as E. cervi rangiferi ( P r y a d k o 
& Boev, 1 9 7 1 ; K o n t r i m a v i c h u s et al, 1976) . H o w 
ever, we n o w defer to Scandinavian workers (Steen et 
al., 1989 ; H a l v o r s e n et al, 1989 ; G i b b o n s et al, 
1991) w h o have p r o v i d e d n e w b i o l o g i c a l a n d m o r 
p h o l o g i c a l data s u p p o r t i n g d i s t i n c t species status 
for E. rangiferi. 

I n S c a n d i n a v i a and n o r t h e r n R u s s i a , the parasite 
causes a disease cal led cerebrospinal e l a p h o s t r o n g y -
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losis ( C S E ) w h i c h is character ized b y a l a c k of fear, 
ataxia , and poster ior paralysis ( P o l y a n s k a y a , 1965 ; 
B a k k e n & Sparboe, 1 9 7 3 ; H a n d e l a n d 8c N o r b e r g , 
1992) . H e a v y losses o f y o u n g a n i m a l s less t h a n one 
year o l d p e r i o d i c a l l y occur i n late w i n t e r . D o m e s t i c 
sheep and goats that share range w i t h infec ted r e i n 
deer m a y also s u c c u m b to the disease ( H a n d e l a n d , 
1 9 9 1 ; H a n d e l a n d 8c Sparboe, 1 9 9 D - I n N e w f o u n d 
l a n d , E. rangiferi was prevalent i n c a r i b o u of the 
M i d d l e R i d g e area i n the m i d 1970s w h e n the first 
case o f C S E was d i a g n o s e d (Lankester & N o r t h c o t t , 
1979) . There have been o p p o r t u n i t i e s for E. rangi

feri to spread w i t h t ranslocated re indeer a n d c a r i b o u 
f r o m N e w f o u n d l a n d to m a i n l a n d C a n a d a b u t there 
is as yet no c o n c l u s i v e evidence that i t has become 
establ ished anywhere outs ide of N e w f o u n d l a n d 
(Lankester 8c F o n g , 1989) . 

Parelaphostrongylus andersoni, another p r o t o s t r o n g 
y l i d nematode, is w i d e l y d i s t r i b u t e d i n w o o d l a n d 
and b a r r e n g r o u n d c a r i b o u of m a i n l a n d C a n a d a 
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(Lankester & H a u t a , 1989) . T h i s s lender n e m a t o d e 
is easily o v e r l o o k e d because o f its l o c a t i o n deep w i t 
h i n muscles of the back a n d h i n d l i m b s . If, as 
Lankester & H a u t a (1989) suggested , c a r i b o u are 
the o r i g i n a l host o f P. andersoni, rather t h a n w h i t e -
t a i l e d deer (the type host , see P r e s t w o o d , 1972) , we 
p r e d i c t that i t s h o u l d also occur i n c a r i b o u o f 
N e w f o u n d l a n d a l o n g w i t h E. rangiferi. Because P. 
andersoni p r o b a b l y is not n e u r o t r o p i c ( P y b u s & 
S a m u e l , 1984) , i t is not t h o u g h t to cause n e u r o l o g i c 
disease i n w i l d cervids . H o w e v e r , i ts eggs and lar 
vae, l i k e those o f E. rangiferi, d e v e l o p i n the l u n g s 
where an intense g r a n u l o m a t o u s i n f l a m m a t o r y reac
t i o n contr ibutes to v e r m i n o u s p n e u m o n i a ( L a n 
kester & N o r t h c o t t , 1979 , A n d e r s o n & P r e s t w o o d , 
1981) . 

T h e first i n d i c a t i o n that c a r i b o u i n N e w f o u n d 
l a n d m i g h t have b o t h E. rangiferi a n d P. andersoni 

was p r o v i d e d by Lankester et al. ( 1990) f o l l o w i n g 
e x p e r i m e n t a l i n f e c t i o n o f f a l l o w deer (Dama dama) 
w i t h larvae co l lec ted off N e w f o u n d l a n d c a r i b o u 
range. F i rs t - s tage larvae were first passed 6 9 days 
after i n f e c t i o n w h i c h is consistent w i t h the shorter 
prepatent p e r i o d of P. andersoni, and f ragments o f 
w o r m s r e s e m b l i n g b o t h species were recovered at 
necropsy. Lankester & F o n g (1989) m e n t i o n e d f i n 
d i n g P. andersoni i n n a t u r a l l y infec ted c a r i b o u f r o m 
N e w f o u n d l a n d b u t specimens were not descr ibed . 

T h e purpose of th is paper is to d o c u m e n t the 
extent o f E. rangiferi i n f e c t i o n i n cervids and its role 
i n an e p i z o o t i c o f n e u r o l o g i c disease seen i n the ear
l y 1980s i n c a r i b o u o f centra l N e w f o u n d l a n d . W e 
also p r o v i d e d i m e n s i o n s of E. rangiferi co l lec ted 
f r o m moose a n d of P. andersoni f r o m c a r i b o u i n 
N e w f o u n d l a n d , a n d invest igate the role of terrest
r i a l m o l l u s c s i n the field t r a n s m i s s i o n o f these para
sites. 

F ig . 1. M a p of Newfoundland indicating the general 
areas occupied by major caribou herds from which sick 
caribou, moose, and fecal samples were collected. 
Locations 1 - 3 are sites where terrestrial gastropods 
were collected: site 1 - Avalon Peninsula (Peter's 
River R d . , 46°47 'N 54°10 'W, 24 - 29 M a y , 1984); 
sites 2 & 3 - Central Newfoundland (site 2., adjacent 
to the Buchans H w y #370 between Buchans and 
Buchans Junct ion, 48°37 'N 57°26 'W, 30 M a y - 3 
June, 1984; and site 3., Sandy Pond, 48°05 'N 
55°42 'W, 7 - 20 July, 1987). 

Materials and methods 
Examination of caribou exhibiting neurological signs 
A n i m a l s b e h a v i n g i n an a b n o r m a l w a y were co l lec 
t e d o p p o r t u n i s t i c a l l y a n d the b o d y m u s c u l a t u r e of 
the chest a n d l i m b s was inspected v i s u a l l y for 
nematodes i n the field. T h e head a n d vertebral 
c o l u m n were r e m o v e d a n d frozen a l o n g w i t h a fecal 
s a m p l e , u n t i l e x a m i n e d later i n the laboratory. T h e 
tops o f the c r a n i u m a n d vertebrae were r e m o v e d 
u s i n g a S t ryker s u r g i c a l saw. T h e b r a i n a n d sp ina l 
cord were r e m o v e d , and the surface and s u r r o u n d i n g 
m e n i n g e s checked for nematodes u s i n g a r i n g - l a m p 
m a g n i f i e r . Feces were e x a m i n e d for nematode larvae 
u s i n g the B a e r m a n n f u n n e l t e c h n i q u e . 

Herd infection levels determined by fecal examination 
C a r i b o u feces were p e r i o d i c a l l y c o l l e c t e d off snow 
over several years (1982-90 ) f r o m the t r a d i t i o n a l 
w i n t e r i n g areas o f 7 major c a r i b o u herds i n 
N e w f o u n d l a n d ( F i g . 1). Samples were k e p t frozen at 
-15 °C u n t i l e x a m i n e d u s i n g the B a e r m a n n f u n n e l 
t e c h n i q u e . Pel le ts were floated over K i m w i p e tissue 
( K i m b e r l y - C l a r k e , M i s s i s s a u g a , O n t a r i o ) i n stoppe
red , w a t e r - f i l l e d funnels (15 c m top diameter ) for 24 
hr, after w h i c h t i m e 2 0 m l were d r a i n e d i n t o a 
Syracuse w a t c h glass and e x a m i n e d for p r o t o s t r o n g -
y l i d larvae at 2 0 X u s i n g a stereoscopic microscope . 
F i rs t - s tage larvae were p i p p e t t e d o n t o a s l ide , heat 
re laxed o n a h o t - p l a t e , covered w i t h a cover s l i p and 
d r a w n a n d measured u s i n g a W i l d d r a w i n g tube at 
4 0 0 - 1 0 0 0 X . 
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F i g . 2. Male caribou calf w i t h postetiot paresis caused by Elaphostrongylus rangiferi appeared unafraid of humans and 
could be easily approached and restrained. 

Examination of wild moose 
E i g h t moose were shot and field e x a m i n e d , M a y 7¬
10, 1 9 9 0 ; 7 (2-10 yr o ld) i n the area o c c u p i e d by 
the M i d d l e R i d g e c a r i b o u herd and a male ca l f (11.5 
m o ) i n the area o f the G a f f Topsai ls h e r d ( F i g . 1). 
T h e fascia and surface of muscles beneath the s h o u l 
ders were e x a m i n e d for nematodes. Representa t ive 
nematode specimens were fixed i n g l y c e r i n - a l c o h o l 
and later d r a w n a n d measured. Fecal samples (22 -30 
pellets) t aken f r o m the r e c t u m were f rozen a n d later 
e x a m i n e d for larvae. A d d i t i o n a l moose feces were 
co l lec ted off range i n the G a f f Topsai ls area, M a r c h 
15, 1989 , f rozen, and e x a m i n e d later for nematode 
larvae u s i n g the B a e r m a n n f u n n e l t e c h n i q u e . 

Searching for P. andersoni 
T w o c a r i b o u were shot o n the A v a l o n P e n i n s u l a and 
2 i n the G a f f Topsai ls area, J u n e 2 3 - 3 0 , 1 9 8 7 . E i g h t 
m o r e were e x a m i n e d f r o m the A v a l o n P e n i n s u l a i n 
the v i c i n i t y o f Peter's R i v e r R o a d , D e c e m b e r 9 - 1 3 , 
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1989- T h e c r a n i u m a n d shoulder muscles were exa
m i n e d i n the labora tory for E. rangiferi a c c o r d i n g to 
Lankester & N o r t h c o t t (1979) a n d the l o n g i s s i m u s 
dors i muscles o f the back for P. andersoni a c c o r d i n g 
to Lankester & H a u t a (1989) . Feces were co l lec ted 
f r o m the r e c t u m o f each a n i m a l . 

Detecting infections in intermediate hosts 
Terrestr ia l gastropods were c o l l e c t e d f r o m beneath 
cardboard sheets a n d of f v e g e t a t i o n at one l o c a t i o n 
o n the A v a l o n P e n i n s u l a (Peter's R i v e r R d . , 
4 6 ° 4 7 ' N 5 4 T 0 ' W , 2 4 - 2 9 M a y , 1984) , a n d at 2 sites 
i n centra l N e w f o u n d l a n d (adjacent to the B u c h a n s 
H w y #370 be tween B u c h a n s a n d B u c h a n s J u n c t i o n , 
4 8 ° 3 7 ' N 5 7 ° 2 6 ' W , 3 0 M a y - 3 J u n e , 1 9 8 4 ; a n d 
Sandy P o n d , 4 8 ° 0 5 ' N 5 5 ° 4 2 ' W , 7 -20 J u l y , 1987) 
( F i g . 1). Snai ls and s lugs were i d e n t i f i e d w i t h the 
a i d of P i l s b u r y ( 1 9 3 9 - 1 9 4 8 ) , B u r c h (1962) , and 
M a u n d e r (1985) , d iges ted i n a r t i f i c i a l p e p s i n s o l u t i 
o n , and e x a m i n e d for p r o t o s t r o n g y l i d n e m a t o d e lar -
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vae (Lankester & Peterson, 1995) . Larvae were heat-
re laxed, stored i n 1 0 % g l y c e r i n i n 7 0 % a l c o h o l , a n d 
later d r a w n a n d measured. 

Dif ferences i n l a rva l d i m e n s i o n s were tested 
u s i n g A N O V A a n d D u n c a n ' s M u l t i p l e R a n g e test 
a c c o r d i n g to the S ta t i s t i ca l Package for the Soc ia l 
Sciences (SPSS, Inc. , C h i c a g o , I l l i n o i s , U S A ) . 

Results 
Examination of caribou exhibiting neurological signs 
A tota l o f 17 c a r i b o u e x h i b i t i n g a b n o r m a l n e u r o l o 
g i c s igns was e x a m i n e d f r o m 1981 to 1985 (Table 
1). M o s t were f r o m the B u c h a n s a n d G a f f Topsai ls 
areas o f central N e w f o u n d l a n d , a n d were reported 
between J a n u a r y and A p r i l . A l l b u t one were calves 
(<1 yr) a n d 12 of 15 sexed a n i m a l s were males . 
A f f e c t e d a n i m a l s were descr ibed as a p p e a r i n g 
" t a m e " or " s t u n n e d " . T h e y c o u l d be approached c l o 
sely ( F i g . 2). Some stood for l o n g per iods w i t h the 
head h e l d l o w a n d back arched. O t h e r s e x h i b i t e d 
m a r k e d weakness of the h i n d l i m b s , somet imes 
d r a g g i n g one or b o t h legs ( F i g . 3). T w o a n i m a l s 
were unable to s tand w h e n co l lec ted . 

A t necropsy, a l l a n i m a l s ( e x c l u d i n g nos. 4 a n d 5 
for w h i c h the b r a i n a n d s p i n a l c o r d were not ava i la 
ble) h a d a d u l t E. rangiferi associated w i t h the centra l 
nervous sys tem ( C N S ) (Table 1). T h e m a j o r i t y of 
w o r m s i n the C N S (75%) were females. M a n y were 
free i n the s u b d u r a l space or were w e a k l y at tached 
b y strands of connec t ive tissue to the o v e r l y i n g d u r a 
or u n d e r l y i n g p i a - a r a c h n o i d . S i x were l y i n g p a r t i a l 
l y or c o m p l e t e l y beneath the p i a - a r a c h n o i d w i t h u p 
to 1 c m o f t h e i r b o d y l e n g t h p e n e t r a t i n g i n t o b r a i n 
t issue ( i n c a r i b o u nos. 7, 11 , 15, a n d 16). T h e d u r a 
adhered firmly to the p i a over m u c h of the b r a i n i n 
c a r i b o u nos. 1 1 , 14, a n d 16. A d h e s i o n s a n d m e m 
branes near w o r m s were y e l l o w i s h to p i n k i n co lour . 
W o r m s i n the ver tebra l canal were a l l i n the sub
d u r a l space over the cervica l or thorac ic regions of 
the c o r d . W o r m s outs ide of the C N S were m o s t l y 
f o u n d a m o n g the muscles of the chest, f o r e l i m b s , 
a n d h i n d l i m b s . T h e n u m b e r o f first-stage larvae 
f o u n d i n the feces of 9 a n i m a l s s h o w i n g s igns 
ranged f r o m 2 to 277/g of fresh feces (Table 1). 

W i l d l i f e p r o t e c t i o n officers repor ted a n u m b e r o f 
a d d i t i o n a l a n i m a l s w i t h signs characterist ic o f e la-
p h o s t r o n g y l o s i s . I n the w i n t e r o f 1 9 8 1 , 10 were 

Table 1. Elaphostrongylus rangiferi in caribou exhibi t ing neurologic signs in Central Newfoundland, 1981-85 

N u m b e r o f E. rangiferi 
Sex o f 

N o . D a t e L o c a t i o n Sex A g e " C r a n i u m V e r t e b r a l j y f u s c l e w o r m s i n Larvae/g 
C a n a l C N S feces 

1. 3 J a n 81 B u c h a n s M ca l f 2 1 p ? p 

2 . 22 J a n 81 B u c h a n s M ca l f 24 7 15 p 

3 . 27 M a r 81 B u c h a n s p ca l f 1 1 2 0 p 

4 . 21 J a n 82 B u c h a n s M ca l f ? p 2 0 p 

5. Feb 82 B u c h a n s M ca l f '? p 21 

6. 28 J a n 84 G a f f Topsai ls M ca l f 5 0 5 3F, 2 M 6 

7. 30 J a n 84 G a f f Topsai ls F y r l g 5 6 3F, 2 M 8 

8. 30 J a n 84 G r e y R i v e r M ca l f 5 ? ? 4F, 1 M 2 7 7 

9. 21 Feb 84 G a f f Topsai ls p ca l f 4 ? p 3F, 1 M p 

10. 21 M a r 84 G a f f Topsai ls F cal f 4 4 p 8F, 0 M 35 
11 . 2 0 M a r 84 G a f f Topsai ls M ca l f 2 1 7 I F , 2 M 2 

12. 21 M a r 84 G a f f Topsai ls F cal f 8 0 14 6F, I M , 1? 104 

13. 2 9 M a r 84 G a f f Topsai ls M ca l f 6 1 20 6F, 1 M p 

14. 11 A p r 84 M i d d l e R i d g e M ca l f 2 5 0 2F, 0 M 126 

15. 24 A p r 84 G a f f Topsai ls M ca l f 5 0 21 4F, 1 M 267 
16. M a r 85 M i d d l e R i d g e M ca l f 8 1 p 6F, 2 M , 1? p 

17. 23 A p r 85 G a f f Topsai ls M ca l f 14 p p 8F, 5 M , 1? 58 

• A calf is <1 yr old, assuming a birth date of 1 June. 
b W o r m s in subdural space, beneath the pia-arachnoid or in nerve parenchyma. 
' First-stage, dorsal-spined larvae. 
? N o t available for examination. 

76 Rangifer, Specia l Issue N o . 10, 1 9 9 8 



Table 2. Prevalence and mean intensity of first-stage protostrongylid larvae in caribou feces from Newfoundland* 

Prevalence 

L o c a t i o n 1982 1983 1984 1985 1 9 8 9 1 9 9 0 

N o r t h e r n — 50 (24) — 

P e n i n s u l a M b ( l ± l ) c 

L a P o i l e R . 30 (60) 
M 

— 38 (50) 
J ( 2 ± 4 ) 

— 

G r e y R . 7 0 ( 5 6 ) 
M 

6 0 (42) 

A ( 1 9 ± 2 9 ) 
— — — 

G a f f 5 0 ( 8 1 ) _ . _ 8 6 ( 2 9 ) 7 4 ( 2 7 ) . . . — 

Topsai ls M A ( 2 4 ± 3 7 ) J ( 8 ± 9 ) 
M i d d l e (40 (95) 4 8 (27) 45 (49) 50 (50) — 
R i d g e M M ( 3 ± 4 ) J J (14 + 23) 
A v a l o n . . . 33((40) 35 (40) 31 (26) 
P e n i n s u l a M (94+150) J 

' A l l samples collected January — A p r i l . 
b Percent passing larvae, followed in brackets by sample size (»). 
' M o n t h of collection and, when aviable, mean no. larvae/g wet feces ± S . D . i n brackets. 

seen i n the B u c h a n s - B u c h a n s Jet . area; 5 were seen 
i n the w i n t e r of 1982 , and 3 i n 1983 . In the w i n t e r 
of 1984 , 17 of 28 cases reported f r o m across the cen
t ra l part o f N e w f o u n d l a n d were seen i n the G a f f 
Topsai ls area as were 11 o f 18 a n i m a l s s i g h t e d i n 
w i n t e r o f 1985 . W e were not aware o f any s ick a n i 
mals b e i n g seen i n other parts o f the P r o v i n c e 
d u r i n g this p e r i o d . 

T w o apparent ly heal thy c a r i b o u were co l lec ted 
f r o m the G a f f Topsai ls area i n late J u n e , 1 9 8 7 . T h e 
2 - 3 - y r - o l d m a l e h a d a to ta l o f 16 a d u l t E. rangiferi 
a m o n g muscles o f the chest a n d legs a n d a 1 3 - m t h -
o l d male had 22 ; no w o r m s were f o u n d i n the c r a n i 
u m of e i ther a n i m a l . N e i t h e r s h o w e d n e u r o l o g i c 
signs b u t the gross p a t h o l o g y seen at necropsy was 
u n u s u a l . Cons iderab le y e l l o w i s h - r e d , subcutaneous 
edema and caseous exudate were v i s i b l e over a l l l a r 
ge muscles of the chest, lateral a b d o m e n , and l o w e r 
l i m b s . S u c h extensive subcutaneous reac t ion was 
not seen i n infec ted car ibou e x a m i n e d d u r i n g w i n 
ter and early s p r i n g . 

Herd infection level 1982-90 

T h e prevalence o f d o r s a l - s p i n e d , p r o t o s t r o n g y l i d 
nematode larvae i n c a r i b o u feces was lowest i n s a m 
ples f r o m the L a P o i l e and A v a l o n P e n i n s u l a herds 
and highest i n the G r e y R i v e r a n d G a f f Topsai ls 
herds; i t var ied l i t t l e between years i n any p a r t i c u l a r 
h e r d (Table 2). T h e i n t e n s i t y of larval o u t p u t ranged 
f r o m 11 larvae/g (mean S . D . ) i n samples f r o m the 
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N o r t h e r n P e n i n s u l a to 9 4 ± 1 5 0 larvae/g o n the 
A v a l o n P e n i n s u l a (col lected M a y , 1985) . A t the lat 
ter site, at least 4 a n i m a l s , assumed to be calves 
because o f the i r s m a l l pe l le ts , were pass ing u p to 
580 larvae/g of fresh feces. 

P r o t o s t r o n g y l i d larvae co l lec ted f r o m c a r i b o u on 
the A v a l o n P e n i n s u l a i n 1985 a n d 1989 were shor
ter ( 3 6 6 ± 3 , 3 1 0 - 3 8 5 u r n , » = 3 0 ; and 3 5 9 ± 4 , 320¬
392 p m , » = 3 0 , respect ively) t h a n those f r o m car i 
b o u at M i d d l e R i d g e i n 1985 ( 4 2 4 ± 3 , 3 8 5 - 4 7 0 p m , 
» = 3 0 ) a n d the G a f f Topsai ls areas i n 1985 ( 4 3 9 ± 3 , 
4 0 5 - 4 5 7 p m , » = 3 0 ) (P=QM) b u t those co l lec ted 
f r o m the A v a l o n P e n i n s u l a i n 1 9 9 0 were not 
( 3 9 5 ± 5 , 3 5 2 - 4 4 5 p m , » = 3 0 ) . 

Examination of wild moose 
F o u r o f the 7 a d u l t moose f r o m M i d d l e R i d g e had 
E. rangiferi o n the surface of the l a t i s s i m u s dors i 
m u s c l e and associated fascia beneath the shoulder 
(Table 3). D o r s a l - s p i n e d larvae ( » = 9 , m e a n l e n g t h 
3 4 8 ± 8 ; 2 9 5 - 3 7 2 p m ) were present i n the feces o f 
o n l y one o f the four moose w i t h a d u l t E. rangiferi. 
L o n g i s s i m u s dors i musc les were not e x a m i n e d for P. 
andersoni. 

O n e o f 2 8 moose fecal samples c o l l e c t e d o f f snow 
i n the G a f f Topsai ls area ( A p r i l , 1989) c o n t a i n e d 2 0 
d o r s a l - s p i n e d larvae i n 15 pel le ts . T h e larvae were 
388 + 7 p m ; 3 4 0 - 4 2 0 l o n g . A l t h o u g h the m e a n 
l e n g t h o f larvae f r o m moose feces i n b o t h the G a f f 
Topsai ls a n d M i d d l e R i d g e areas were shorter than 
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Table 3. Dimensions (/im) of Elapbostrongylus rangiferi on 
chest and shoulder muscles of moose from 
M i d d l e Ridge, Newfoundland 

N o . 
measured M e a n ± S . E . R a n g e 

M a l e s 
L e n g t h ( m m ) 6 3 5 ± 1 3 1 - - 38 
W i d t h 6 1 9 9 ± 7 175- -220 
Esopha g u s 6 681 + 14 6 5 0 - -740 
N e r v e r i n g 6 132 + 11 100- -170 
E x c r e t o r y pore 4 1 5 3 ± 13 115- -175 
Spicules 7 2 2 0 ± 4 2 0 5 - -232 
G u b e r n a c u l u m 7 75 + 3 6 3 - - 85 
B u r s a ( length) 7 1 7 4 ± 8 173- -195 

( w i d t h ) 7 1 3 9 ± 5 128- -157 

Females 
L e n g t h ( m m ) 1 4 7 4 7 
W i d t h 3 2 2 3 ± 7 2 2 0 - 2 4 0 

Esophagus 4 6 9 8 ± 3 0 6 3 5 - 7 7 0 

N e r v e r i n g 4 131+ 7 1 2 0 - 1 5 0 
E x c r e t o r y pore 4 1 4 5 + 1 3 1 1 8 - 1 7 0 
V u l v a 1 3 0 0 3 0 0 
A n u s 1 68 6 8 

larvae f r o m c a r i b o u at those locat ions (P=0 .05 ) , i t is 
n o t e w o r t h y that some larvae i n the sample f r o m the 
G a f f Topsai ls exceeded 4 0 0 p m i n l e n g t h . 

Searching for P. andersoni 

O n l y 2 o f 12 c a r i b o u h a d P. andersoni (Tables 4 a n d 
5). B o t h were y o u n g a n i m a l s (7 and 13 m o o l d ) . I n 
one f r o m the G a f f Topsai ls area of centra l N e w 
f o u n d l a n d , a p o r t i o n of a male nematode (160 p m 
w i d e ) r e s e m b l i n g P. andersoni was f o u n d deep i n the 
l o n g i s s i m u s dors i m u s c l e . T h i s a n i m a l also h a d 
n u m e r o u s E. rangiferi i n muscles o f the s h o u l d e r a n d 
chest. A second, f r o m near Peter's R . R d . , A v a l o n 
P e n i n s u l a , h a d 22 P. andersoni i n the l o n g i s s i m u s 
dors i musc les o f the back and 7 i n the neck , r u m p , 
and t h i g h musc les . 

A l l spec imens of P. andersoni were f o u n d loosely 
c o i l e d , deep w i t h i n muscles . A d a r k red area o f hae
m o r r h a g e (0 .5-1 c m d i a m . ) was associated w i t h 
about o n e - h a l f o f the specimens , a n d h e l p e d i n loca 
t i n g t h e m . P e t e c h i a l haemorrhages (1-3 m m d i a m . ) 
were v i s i b l e across the ent ire surface o f the l u n g s of 
the in fec ted ca l f f r o m the A v a l o n P e n i n s u l a . 

Natural infections in intermediate hosts 
O f 1407 terrestr ia l gastropods co l lec ted , 9 (0 .6%) 
were in fec ted w i t h p r o t o s t r o n g y l i d larvae (Table 6). 
A s m a l l , d a r k s l u g , Deroceras laeve, d o m i n a t e d c o l 
lect ions i n a l l 3 areas a n d o n l y this s l u g was infec
ted. T w o s lugs had 1 and 3 recent ly -penetra ted , 
first-stage larvae ( 3 9 7 - 4 1 5 p m l o n g , »=.4) ; 7 had 1¬
15 t h i r d - s t a g e larvae ( 8 0 0 - 1 0 0 2 p m l o n g , n=\2). 
A l l measurements are o f a l c o h o l - f i x e d spec imens . 

Table 4. Examination of normal caribou from central Newfoundland (Gaff Topsails) and from the Avalon Peninsula fot 
Elapbostrongylus rangiferi and Parelaphostrongylus andersoni, 1987-89. 

E. rangiferi P .andersoni 
N o . D a t e L o c a t i o n A g e Sex c r a n i u m / l o n g , dors i Larvae/g 

m u s c l e m u s c l e feces 

1. 30/06/87 G a f f Topsai ls 2-3 yr C? 0/2 c?c? & 14 9 9 0 0.2 

2. 30/06/87 G a f f Topsai ls 13 m o . C? 0/5 C?Ö'&, 17 9 9 1C? 3 0.2 

3. 23/06/87 A v a l o n P e n . 1 2-3 yr C? 0/0 0 0 

4 . 23/06/87 A v a l o n P e n . 3-4 yr. C? 0/0 0 0 

5. 9/12/89 A v a l o n 1 P e n . 1.5 yr. c? 0/0 0 0 

6. 9/12/89 A v a l o n 1 P e n . a d u l t 9 0/0 0 0 

7. 9/12/89 A v a l o n 1 P e n . a d u l t c? 0/0 0 0 

8. 9/12/89 A v a l o n 1 P e n . 1.5 yr. 9 0/0 0 0 

9. 12/12/89 A v a l o n 2 P e n . 1.5 yr. c? 0/0 0 0 

10. 12/12/89 A v a l o n 2 P e n . 1.5 yr. c? 0/0 0 0 

11 . 13/12/89 A v a l o n 1 P e n . 1.5 yr. c? 0/0 0 0 

12. 13/12/89 A v a l o n 1 P e n . 7 m o . c? 0/0 15 etc? & 14 9 9 " m a n y 

1 Peter's River Road. 
2 M t . Misery, S. Avalon. 
3 Partial worm, 160/z wide (no spicules). 
4 2/29 in neck, rump, and high muscles. 
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Table 5. Dimensions (fim) of adult Parelapbostrongylus 
andersoni in longissimus dorsi muscle of caribou 
from the Avalon Peninsula, Newfoundland 

N o ~ 
measured M e a n ± S . E . R a n g e 

M a l e s 
L e n g t h ( m m ) 3 2 1 ± 2 1 8 - 23 
W i d t h 6 1 0 2 ± 5 9 0 - 125 
Esoph a g u s 6 8 5 3 ± 50 6 8 0 - 1 0 0 0 
Spicules 6 1 1 8 ± 2 1 1 5 - 128 
G u b e r n a c u l u m 5 64 ± 3 5 3 - • 72 

:males 
L e n g t h ( m m ) 2 3 4 ± 0 34 , 34 
W i d t h 6 1 2 5 ± 3 1 1 0 - 132 
Esopha g u s 4 895 ± 37 8 3 0 - 1000 
V u l v a 1 5 1 6 5 ± 8 1 4 0 - 180 
A n u s 1 5 5 6 ± 3 5 1 - 65 

1 Posit ion measured from posterior end. 

Discussion 
A n outbreak of C S E i n v o l v i n g calves s u c h as that 
seen i n the B u c h a n s - G a f f Topsai ls areas between 
1981 a n d 1985 has not been reported p r e v i o u s l y i n 
N e w f o u n d l a n d , despite E. rangiferi h a v i n g been 
i n t r o d u c e d i n t o the p r o v i n c e over 7 0 y r ago 
(Lankester & F o n g , 1989) . A l t h o u g h B e r g e r u d 
(1971) reported emacia ted calves s t a n d i n g a n d fee
d i n g for l o n g per iods i n central N e w f o u n d l a n d i n 
M a r c h - A p r i l o f 1 9 5 9 a n d 1 9 6 1 , the i r c o n d i t i o n was 
a t t r i b u t e d to the d i f f i c u l t y i n g e t t i n g food d u r i n g 
these t w o except iona l ly severe w i n t e r s . H i g h m o r 
ta l i ty , also p a r t i c u l a r l y i n v o l v i n g m a l e calves, was 

seen d u r i n g several s u m m e r s b u t l y n x (Lynx cana
densis) at tack a n d subsequent Pasturella i n f e c t i o n 
was p r o v e n to be the cause ( B e r g e r u d , 1971) . 

I n N o r w a y where E. rangiferi o r i g i n a t e d , ep izoo
t ics o f C S E i n v o l v i n g the loss o f m a n y a n i m a l s occur 
sporadica l ly , p r i n c i p a l l y i n d o m e s t i c a t e d reindeer 
( H a l v o r s e n et al., 1980) b u t the disease has also been 
reported i n w i l d re indeer (Bye & H a l v o r s e n , 1984) . 
T h e cause of epizoot ics has p r e v i o u s l y been a t t r i b u 
t e d la rge ly to c o n d i t i o n s associated w i t h reindeer 
d o m e s t i c a t i o n . B u t H a l v o r s e n et al. ( 1980) d e m o n 
strated that the leve l o f E. rangiferi i n f e c t i o n i n 
herds was correlated w i t h s u m m e r temperatures . A n 
e p i z o o t i c i n n o r t h e r n N o r w a y a r o u n d 1970 was pre
ceded b y a series o f u n u s u a l l y w a r m s u m m e r s . It 
s u b s i d e d as s u m m e r s coo led . E l e v a t e d m e a n s u m 
m e r temperatures at th is subarct ic l o c a t i o n (above 
7 0 ° N la t i tude) were t h o u g h t to increase the rate at 
w h i c h larvae deve loped i n gas tropods , r e s u l t i n g i n 
m o r e infec t ive larvae b e i n g avai lable to reindeer 
before freeze-up i n the f a l l . T h e l i k e l i h o o d of th is 
b e i n g the p r i n c i p a l cause of epizoot ics at a m o r e 
souther ly , m a r i t i m e l o c a t i o n l i k e centra l 
N e w f o u n d l a n d ( 4 8 ° 3 7 ' N ) remains to be tested. 

A t the t i m e o f w r i t i n g this m a n u s c r i p t , we beca
m e aware of another c luster o f cases o f C S E occur
r i n g i n c a r i b o u on the A v a l o n P e n i n i n s u l a o f 
N e w f o u n d l a n d ( M c B u r n e y et al., 1996 ; Shane 
M a h o n e y & C o n F i n l a y , pers. c o m m . ) . S i c k a n i m a l s 
were reported f r o m J a n u a r y to M a r c h o f 1 9 9 6 and 
1 9 9 7 . O v e r 100 were seen i n the v i c i n i t y o f C a p e 
Race , at the southern t i p of the p e n i n s u l a i n 1997 
( C o n F i n l a y , pers. c o m m . ) . E. rangiferi was recove
red f r o m a n i m a l s that separated f r o m the h e r d , stay-

Table 6. Numbers of terrestrial gastropods examined for prorostrongylid nematode larvae i n Newfoundland. 

A v a l o n P e n i n s u l a C e n t r a l N e w f o u n d l a n d 

Peter's R i v e r R d . 1 B u c h a n s H w y . 2 Sandy P o n d 3 

T o t a l 
Species N o . e x a m . N o . infec ted N o . e x a m . N o . infec ted N o . e x a m . N o . in fec ted infected/ 

e x a m . 

Deroceras laeve 321 2 675 2 2 9 4 5 9/1290 

Zonitoides arboreus 11 0 2 0 65 0 0/78 
Succinea ovalis 15 0 1 0 9 0 0/25 
Arion sp. 2 0 9 0 — — 0/11 
Euconulus fulvus 1 0 — 2 0 0/3 
T o t a l 3 5 0 2 687 2 3 7 0 5 9/1407 

1 Collected at site 1 (Fig. 1) 24 iMay - 3 June, 1984. 
2 Collected at site 2 (Fig. 1) 7 - 20 July , 1987. 
3 Collected at site 3 (Fig. 1) 7 - 20 Ju ly , 1987. 
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ed for days i n the same genera l l o c a t i o n , were u n a 
f r a i d o f h u m a n s a p p r o a c h i n g , a n d h a d m i l d to m a r 
k e d h i n d - l i m b paresis. M a n y o f these a n i m a l s were 
u n d e r - w e i g h t , despite a p p e a r i n g to s p e n d conside
rable t i m e e a t i n g . B o t h calves a n d o l d e r a n i m a l s 
were s h o w i n g c l i n i c a l s igns . It is p r o b a b l y w o r t h 
n o t i n g that the A v a l o n P e n i n s u l a exper ienced m i l 
der t h a n usual temperatures a n d an absence of snow 
d u r i n g m u c h of the w i n t e r s of 1 9 9 5 - 9 6 a n d 1996¬
97. A s a result , the p e r i o d d u r i n g w h i c h infec ted 
gastropods r e m a i n e d accessible to g r a z i n g c a r i b o u 
p r o b a b l y was extended considerably . D. laeve, w h i c h 
is very a b u n d a n t over m u c h of the c a r i b o u range i n 
N e w f o u n d l a n d , can r e m a i n act ive o n g r o u n d vege
t a t i o n at temperatures close to 0 °C (Lankester & 
Peterson, 1996) . 

C a r i b o u s h o w i n g n e u r o l o g i c a l s igns f r o m centra l 
N e w f o u n d l a n d were a l m o s t e x c l u s i v e l y y o u n g (< 1 
yr) a n d m a l e . H a l v o r s e n (1986) m a d e a s i m i l a r 
observat ion i n N o r w a y . A l t h o u g h no s igns o f disea
se were apparent d u r i n g his s tudy, i n f e c t i o n w i t h E. 
rangiferi was most prevalent i n the heaviest calves. 
These , i n fact, were m o s t l y males b u t larger female 
calves also were more f r e q u e n t l y in fec ted t h a n s m a l 
ler ones. T h i s was a t t r i b u t e d to the larger a m o u n t of 
food l i k e l y eaten b y the largest i n d i v i d u a l s a n d the 
a t tendant increased r i s k o f i n g e s t i n g i n f e c t e d gas
t ropods . 

It has been suspected that a n i m a l s s h o w i n g signs 
of C S E are l i k e l y those w i t h the m o s t w o r m s 
( H a l v o r s e n , 1986) . Y e t , i n o u r sample , ne i ther the 
n u m b e r o f E. rangiferi present i n the C N S , to ta l 
n u m b e r s o f w o r m s recovered, nor the n u m b e r s of 
larvae b e i n g passed i n feces, was corre lated w i t h the 
severity o f neuro log ic signs observed. H o w e v e r , th is 
m a y not be a v a l i d test o f the hypothes is since a l l 
a n i m a l s were e x a m i n e d d u r i n g w i n t e r a n d early 
s p r i n g w h e n some w o r m s were p r o b a b l y i m m a t u r e 
a n d d i f f i c u l t to find. A l s o , o n l y s i ck a n i m a l s were 
e x a m i n e d and counts o f w o r m s i n musc les m a y have 
been u n d e r e s t i m a t e d w o r k i n g u n d e r field c o n d i t i 
ons. A s w e l l , the B a e r m a n n f u n n e l t e c h n i q u e has 
recent ly been s h o w n to be u n r e l i a b l e for accurately 
e s t i m a t i n g the numbers o f p r o t o s t r o n g y l i d larvae i n 
u n g u l a t e feces (Forrester & Lankester , 1997) . 

T h e preponderance of female w o r m s f o u n d i n the 
C N S o f s i ck c a r i b o u m a y be noteworthy . Because 
they are l o n g e r and w i d e r t h a n males , they m a y 
experience m o r e d i f f i c u l t y l e a v i n g the C N S a n d the
reby p l a y a greater role i n the pathogenesis o f infec
t i o n . H o w e v e r , satisfactory i n t e r p r e t a t i o n of this 
observat ion requires m o r e comple te k n o w l e d g e of 

8 0 

the m i g r a t i o n route taken b y Elaphostrongylus spp. 
i n the course of the i r n o r m a l d e v e l o p m e n t w i t h i n 
c e r v i d hosts. A l t h o u g h the route is not c o m p l e t e l y 
u n d e r s t o o d , d e v e l o p i n g w o r m s i n i t i a l l y m i g r a t e 
i n t o the C N S to m o u l t and g r o w i n nerve t issue. 
A f t e r about 9 0 days, they b e g i n to leave the C N S 
v i a c ran ia l a n d s p i n a l nerves to reach t h e i r d e f i n i t i v e 
site a m o n g skeleta l muscles (Lankester , 1 9 7 7 ; 
H e m m i n g s e n et al. 1 9 9 3 ; H a n d e l a n d , 1994) . Infec
t i o n i n late s u m m e r a n d a u t u m n w o u l d e x p l a i n w h y 
m o s t d e v e l o p i n g w o r m s are i n the C N S over w i n t e r 
b u t i n c r e a s i n g l y i n muscles i n s p r i n g a n d s u m m e r 
as observed here. 

A m o n g the herds i n centra l N e w f o u n d l a n d , the 
prevalence a n d i n t e n s i t y of i n f e c t i o n , as i n d i c a t e d 
b y p r o t o s t r o n g y l i d larvae i n feces, were greatest i n 
a n i m a l s o f the Topsai ls area, where s i ck a n i m a l s 
were m o s t c o m m o n l y seen i n 1 9 8 1 - 8 5 . H o w e v e r , 
c a u t i o n m u s t be exercised i n c o m p a r i n g levels o f 
h e r d i n f e c t i o n measured i n th is w a y unless fecal 
samples are co l lec ted at s i m i l a r t imes of the year 
a n d p r o p o r t i o n a t e l y , f r o m a n i m a l s of s i m i l a r age 
a n d sex. M o s t p r o t o s t r o n g y l i d nematodes of cervids 
s h o w m a r k e d seasonal v a r i a t i o n i n l a rva l o u t p u t and 
y o u n g a n i m a l s t y p i c a l l y p r o d u c e the greatest n u m 
bers ( S l o m k e et al, 1995) . A s w e l l , the o u t p u t of E. 
rangiferi larvae is k n o w n to vary w i t h season of the 
year and w i t h sex o f the host; the greatest n u m b e r s 
o f larvae apparent ly b e i n g passed b y m a l e reindeer 
i n f a l l d u r i n g the r u t a n d b y females i n s p r i n g after 
p a r t u r i t i o n ( H a l v o r s e n et al., 1985) . 

D a t a reported here suggests that E. rangiferi d i d 
not spread to c a r i b o u of the A v a l o n P e n i n s u l a u n t i l 
the late 1980s . O n l y P. andersoni, was f o u n d at 
necropsy of A v a l o n c a r i b o u i n 1989- A n d , u p to th is 
t i m e , a l l p r o t o s t r o n g y l i d larvae f o u n d i n c a r i b o u 
feces were less t h a n 4 0 0 p m l o n g as is characterist ic 
o f P. andersoni (see Lankester & H a u t a , 1989) . 
H o w e v e r , first-stage larvae f r o m c a r i b o u feces c o l 
lec ted o n the A v a l o n i n the w i n t e r of 1990 were u p 
to 4 4 5 p m l o n g , s u g g e s t i n g that some c a r i b o u h a d 
b y that t i m e become infec ted w i t h E. rangiferi. Its 
presence i n the A v a l o n c a r i b o u a n d its i n v o l v e m e n t 
i n an outbreak of C S E i n late w i n t e r of 1996 was 
c o n f i r m e d b y M c B u r n e y et al. (1996) . 

T h e A v a l o n P e n i n s u l a is connected to the centra l 
par t o f N e w f o u n d l a n d b y a n a r r o w i s t h m u s of l a n d 
o n l y a few k i l o m e t r e s w i d e at i ts narrowest p o i n t 
( F i g . 1). T h i s has p r o b a b l y l i m i t e d the m o v e m e n t o f 
c a r i b o u between the centra l a n d A v a l o n herds. T h e 
w a r b l e fly, Hypoderma {Oedemagena) tarandi, another 
parasite o f c a r i b o u i n centra l N e w f o u n d l a n d , also 
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appeared i n c a r i b o u for the first t i m e o n the A v a l o n 
P e n i n s u l a a r o u n d 1990 (Shane M a h o n e y , pers. 
c o m m . ) , s u p p o r t i n g the sugges t ion that c a r i b o u 
w i t h E. rangiferi f r o m one of the e x p a n d i n g herds of 
centra l N e w f o u n d l a n d m a y have crossed the i s t h 
m u s a n d j o i n e d a n i m a l s of the isolated A v a l o n herd 
at about that t i m e . It m a y also be i n t e r e s t i n g to 
note that the A v a l o n herd has, i n past at least, c o n s i 
s tent ly s h o w n a greater rate of increase t h a n any of 
the centra l herds of N e w f o u n d l a n d ( B e r g e r u d , 
1 9 7 1 ; B e r g e r u d et al.. 1983) that have l o n g been 
in fec ted w i t h E. rangiferi. 

G a s t r o p o d s col lected on the A v a l o n P e n i n s u l a i n 
1 9 8 4 p r e s u m a b l y had larvae of o n l y P. andersoni 
w h i l e those f r o m centra l N e w f o u n d l a n d c o u l d have 
h a d b o t h P. andersoni and E. rangiferi. N o n e t h e l e s s , 
the prevalence of p r o t o s t r o n g y l i d larvae i n gastro
pods f r o m b o t h parts o f the P r o v i n c e was the same 
(0 .6%) . S u c h a l o w prevalence i n gastropods is t y p i 
cal o f th i s g r o u p of parasites. F o r e x a m p l e , i n nor 
t h e r n M i n n e s o t a where a lmost 8 0 % o f w h i t e - t a i l e d 
deer become infected w i t h P. tenuis before they are 
one year o l d ( S l o m k e et al., 1995) , the h ighes t rate 
of i n f e c t i o n i n snails and slugs was o n l y 0 . 2 % 
(Lankester & Peterson, 1996) . A h i g h prevalence of 
i n f e c t i o n by these parasites are l i k e l y achieved i n 
cerv ids , despite l o w levels i n gastropods , because of 
the large v o l u m e s of food c o n s u m e d . C a r i b o u i n 
p a r t i c u l a r take m u c h of the i r food close to the 
g r o u n d where c o n t a m i n a t i o n by gastropods is 
i m p o s s i b l e to a v o i d . 

T h e d i m e n s i o n s and m o r p h o l o g y of th i rd -s tage 
larvae recovered f r o m gastropods co l lec ted i n a l l 
loca l i t ies i n N e w f o u n d l a n d were s i m i l a r to those of 
E. rangiferi and P. andersoni b u t larvae of th i s g r o u p 
cannot be speci f ical ly i d e n t i f i e d ( P y b u s & S a m u e l , 
1981) . T h e s l u g , D. laeve, is u b i q u i t o u s and a b u n 
dant i n N e w f o u n d l a n d (pers. observ.) a n d p r o b a b l y 
is the p r i n c i p a l source of i n f e c t i o n to c a r i b o u . T h e 
same species is w i d e l y d i s t r i b u t e d i n N o r t h 
A m e r i c a (P i l sbry , 1 9 3 9 - 1 9 4 8 ) a n d , because i t is 
h i g h l y m o b i l e and active f r o m early s p r i n g u n t i l 
late f a l l , is s i m i l a r l y i m p o r t a n t i n the t r a n s m i s s i o n 
of other p r o t o s t r o n g y l i d s of cervids (Lankester & 
A n d e r s o n , 1968 ; S a m u e l et al., 1 9 8 5 ; Lankes ter & 
Peterson , 1996) . 

I n s u m m a r y , E. rangiferi was i n t r o d u c e d i n t o 
N e w f o u n d l a n d w i t h reindeer l a n d e d at St. A n t h o n y , 
on the t i p of the N o r t h e r n P e n i n s u l a i n 1908 
(Lankester & F o n g , 1989) . C e r e b r o s p i n a l e laphos-
t r o n g y l o s i s (CSE) , p r i m a r i l y af fect ing y o u n g c a r i 
b o u , was first reported i n the B u c h a n s a n d G a f f 
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Topsa i l s herds o f centra l N e w f o u n d l a n d i n the 
1970s (Lankester & N o r t h c o t t , 1979) ; a larger t h a n 
u s u a l n u m b e r o f s ick a n i m a l s were co l lec ted i n the 
p e r i o d 1981-85 a n d are descr ibed here. E v i d e n c e 
also suggests that the parasite finally spread to the 
A v a l o n P e n i n s u l a c a r i b o u herd a r o u n d 1 9 9 0 w i t h a 
large n u m b e r o f cases of C S E b e i n g seen i n calves, as 
w e l l as i n o lder a n i m a l s , i n the lat ter par t o f w i n t e r s 
of 1 9 9 6 a n d 1997. M o o s e i n centra l N e w f o u n d l a n d 
were also f o u n d infec ted w i t h E. rangiferi b u t c l i n i 
cal s igns of C S E have not been reported i n th i s host . 
O n l y 6 % of moose passed d o r s a l - s p i n e d larvae i n 
t h e i r feces b u t the m e a n lengths o f these larvae were 
s l i g h t l y shorter t h a n that expected o f E. rangiferi 
larvae. 

T h e presence of the m u s c l e w o r m , P. andersoni is 
c o n f i r m e d i n c a r i b o u of b o t h centra l N e w f o u n d l a n d 
a n d o f the A v a l o n P e n i n s u l a b u t a d u l t w o r m s c o u l d 
o n l y be f o u n d i n y o u n g a n i m a l s (< 1.5 yr) . T h e 
musc les of moose were not e x a m i n e d for P. andersoni 
b u t the shorter, d o r s a l - s p i n e d larvae (mean < 4 0 0 
p m ) f o u n d i n feces suggests that th is parasite m i g h t 
become patent i n moose. 

I n c o n c l u s i o n , th is paper p r o v i d e s a b i o l o g i c a l 
a n d h i s t o r i c a l basis for fur ther s t u d y o f C S E , a s i g n i 
ficant disease of nat ive c a r i b o u that is caused b y an 
i n t r o d u c e d parasite , E. rangiferi. F u t u r e w o r k w i l l 
be c o m p l i c a t e d b y the presence o f P. andersoni that 
does not cause n e u r o l o g i c signs b u t contr ibutes to 
v e r m i n o u s p n e u m o n i a and produces s i m i l a r d o r s a l -
s p i n e d larvae i n c e r v i d feces. 
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Simulating antler growth and energy, nitrogen, calcium and phosphorus 
metabolism in caribou 
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Abstract: W e added antler growth and mineral metabolism modules to a previously developed energetics model for 
ruminants to simulate energy and mineral balance of male and female caribou throughout an annual cycle. Body watet, 
fat, protein, and ash are monitored on a daily t ime step, and energy costs associated w i t h reproduction and body mass 
changes are simulated. In order to simulate antler growth, we had to predict calcium and phosphorus metabolism as it 
is affected by antler growth, gestation, and lactation. W e used data on dietary digest ibi l i ty , protein, calcium and phos
phorus content, and seasonal patterns in body mass to predict the energy, nitrogen, calc ium, and phosphorus balances of 
a "generic" male and female caribou. Ant ler growth i n males increased energy requirements during antler growth by 8 
to 16%, depending on the efficiency w i t h which energy was used for antler growth. Female energy requirements for 
antler growth were proportionately much smaller because of the smaller size of female antlers. Protein requirements for 
antler gtowth in both males and females were met by forage intake. C a l c i u m and phosphorus must be tesorbed from 
bone during peak antler growth i n males, when > 25 g/day of calcium and > 12 g/day of phosphorus are being deposi
ted in antlers. Females are capable of meeting calcium needs during antler growth without bone resorption, but phos
phorus was resorbed from bone during the final stages of antlet mineralization. Aftet energy, phosphorus was most 
l ikely to l i m i t growth of antlers for both males and females i n our simulations. Input parameters can be easily changed 
to represent caribou from specific geographic regions in which dietary nutrient content or body mass patterns differ 
from those in our "generic" caribou. The model can be used to quantitatively analyze the evolutionary basis for deve
lopment of antlers in female caribou, and the relationship between body mass and antlet size in the Cervidae. 

K e y w o r d s : C e r v i d a e , energetics, m i n e r a l n u t r i t i o n , m o d e l , n u t r i e n t r e q u i r e m e n t s , seasonal r h y t h m . 
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Introduction 
A n t l e r s are a m o n g the m o s t s t r i k i n g features of the 
C e r v i d a e . D e s p i t e the i m p o r t a n c e of antlers to beha
v i o r and e v o l u t i o n o f cerv ids , very l i t t l e w o r k has 
been done on the n u t r i t i o n a l p h y s i o l o g y o f ant ler 
g r o w t h (Goss , 1995) . I n part , the lack o f e x p e r i 
m e n t a l w o r k is caused by d i f f i cu l t ies i n separat ing 
m e t a b o l i s m for antler g r o w t h f r o m m e t a b o l i s m 
necessary for g r o w t h a n d tissue a n a b o l i s m i n l i v e 
a n i m a l s ( B r o w n , 1990). A further c o m p l i c a t i o n is 
that i t w o u l d be desirable to use an e x p e r i m e n t a l 
p r o t o c o l w h i c h c o u l d m o n i t o r the status of energy, 
p r o t e i n , a n d m i n e r a l m e t a b o l i s m s i m u l t a n e o u s l y o n 
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several i n d i v i d u a l s . S u c h exper iments q u i c k l y beco
m e t e c h n o l o g i c a l l y c h a l l e n g i n g a n d p r o h i b i t i v e l y 
expensive . 

S i m u l a t i o n m o d e l s are an a l ternat ive m e t h o d to 
increase o u r u n d e r s t a n d i n g of the n u t r i t i o n a l p h y s i 
o l o g y o f cervids . M o s t previous s i m u l a t i o n models 
for w i l d r u m i n a n t s have been l i m i t e d to the w i n t e r 
m o n t h s a n d dealt p r i m a r i l y w i t h energy n u t r i t i o n 
( H o b b s , 1 9 8 9 ; M t q u e l l e et al., 1992) . S o m e have 
been extended to o ther seasons ( H u d s o n & W h i t e , 
1 9 8 5 ; Fancy, 1986) a n d n i t r o g e n m e t a b o l i s m has 
been s i m u l a t e d (Swi f t , 1983) . W i t h the except ion 
o f the m o d e l d e v e l o p e d b y S w i f t , these m o d e l s have 

85 

mailto:rmoen@sage.nrri.umn.edu


been d e v e l o p e d to address specif ic quest ions about 
the m e t a b o l i s m o f a s ing le species. Swif t ' s m o d e l 
c o u l d s i m u l a t e m a n y r u m i n a n t species w i t h adequa
te p a r a m e t e r i z a t i o n , b u t d i d not i m p l e m e n t costs of 
p r o d u c t i v e func t ions such as l a c t a t i o n or ant ler 
g r o w t h . W e have deve loped and v a l i d a t e d a m o d e l 
w h i c h is s i m i l a r l y adaptable w i t h respect to r u m i 
nant species, a n d w h i c h can s i m u l a t e the energetic 
costs of ges ta t ion and l a c t a t i o n ( M o e n et al., 1997) . 

C a r i b o u are u n i q u e a m o n g cervids i n that b o t h 
males a n d females can g r o w antlers ( K e l s a l l , 1968) . 
I n a d d i t i o n , males have a m o n g the heaviest antlers 
of extant cervids i n r e l a t i o n to b o d y mass ( G e i s t , 
1987) . These features are o f interest f r o m a n e v o l u t 
ionary perspect ive , b o t h between m a l e a n d female 
c a r i b o u a n d a m o n g cervids i n genera l . O u r m o d e l 
can be used to invest igate p r e v i o u s l y unaddressable 
quest ions o n m i n e r a l m e t a b o l i s m ( B r o w n , 1990 ; 
G o s s , 1995) , a n d can be used to d e v e l o p research 
hypotheses to be tested o n l i v e a n i m a l s . I n th is 
paper we f o r m a l l y describe the equat ions r e q u i r e d 
to s i m u l a t e ant ler g r o w t h and c o m p o s i t i o n , and 
present i n i t i a l v a l i d a t i o n of the m o d e l w i t h respect 
to c a l c i u m a n d p hosp hor u s m e t a b o l i s m d u r i n g ant
ler g r o w t h . W e then use the m o d e l to demonstra te 
the energy, n i t r o g e n , c a l c i u m , a n d p h o s p h o r u s 
needs of a d u l t male and female c a r i b o u t h r o u g h o u t 
an a n n u a l cyc le . W e w o u l d l i k e to emphas ize that 
the i n p u t values for parameters such as ant ler mass, 
b o d y mass or seasonal changes i n c a l c i u m a n d phos 
phorus content o f forage can be easily c h a n g e d to 
represent the characterist ics o f c a r i b o u i n a specific 
area. 

Methods 
T h e f o u n d a t i o n for our m o d e l i n g w o r k is the 
Energet ics a n d A c t i v i t y S i m u l a t i o n E n v i r o n m e n t 
( E A S E ) , w h i c h s imulates the energetics a n d m e t a 
b o l i s m o f a f ree - ranging r u m i n a n t ( M o e n et al., 
1997) . U n l i k e previous energetics m o d e l s , the 
E A S E m o d e l was des igned to accept " p l u g - i n " 
m o d u l e s w h i c h s imula te processes other t h a n energy 
m e t a b o l i s m , such as a s p a t i a l l y - e x p l i c i t f o r a g i n g 
m o d e l ( M o e n et al., 1 9 9 7 ; 1998) , n i t r o g e n m e t a b o 
l i s m ( M o e n & D e l G i u d i c e , 1997) , a n d the ant ler 
g r o w t h m o d e l descr ibed i n this m a n u s c r i p t . T h e 
stochastic nature of m a n y m o d e l parameters i n the 
E A S E m o d e l is another u n i q u e feature that s i m u l a 
tes v a r i a b i l i t y i n real a n i m a l s . E x a m p l e s of such 
parameters i n c l u d e browse d i g e s t i b i l i t y , ef f ic iency 
of energy use for gestat ion, l ac ta t ion , a n d m a i n t e -
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nance, a n d the f a t : p r o t e i n c a t a b o l i s m rat io ( M o e n et 
a l . , 1997) . F o r parameters that are s tochast ic , para
m e t e r values are d r a w n f r o m a n o r m a l d i s t r i b u t i o n 
w i t h v a r i a t i o n such that the coeff icient o f var ia t ion 
is 5 % o f the m e a n va lue for the parameter each day. 

T h e E A S E m o d e l operates on a d a i l y t i m e - s t e p . 
E a c h day the energy balance is d e t e r m i n e d f r o m for
age i n t a k e a n d the energetic needs o f maintenance , 
a c t i v i t y costs, ges ta t ion , l a c t a t i o n , a n d antlet 
g r o w t h . I f the s i m u l a t e d a n i m a l is i n negat ive ener
g y balance , b o d y fat a n d p r o t e i n are ca tabo l ized to 
meet the energy def i c i t . I f the s i m u l a t e d a n i m a l is 
i n p o s i t i v e energy balance, fat and p r o t e i n are depo
s i ted . N i t r o g e n m e t a b o l i s m was a d d e d to the E A S E 
m o d e l a n d i t was t h e n used to p r e d i c t u r i n a r y urea 
n i t r o g e n x r e a t i n i n e ratios ( M o e n & D e l G i u d i c e , 
1997) . 

T o s i m u l a t e ant ler g r o w t h , we were r e q u i r e d to 
a d d f u n c t i o n a l i t y i n the f o l l o w i n g areas: (1) c a l c i 
u m a n d p h o s p h o r u s m e t a b o l i s m , (2) ant ler mass 
changes a n d (3) energetic requi rements for antler 
g r o w t h . M o d e l parameters are def ined i n equat ions 
1-22 w i t h parameter values we used i n the v a l i d a t i 
o n a n d m o d e l e x p e r i m e n t s i m u l a t i o n s . M o s t of 
these parameter values have been d e r i v e d d i r e c t l y 
f r o m the p u b l i s h e d l i terature o n w i l d or d o m e s t i c 
r u m i n a n t s . I n a few cases, where e x p e r i m e n t a l 
results were not avai lab le , we es t imated parameter 
values based o n re lated p h y s i o l o g i c a l processes. 
These m o d e l parameters can be easily c h a n g e d if 
n e w data s h o u l d become avai lable i n the fu ture . 

Simulation of calcium and phosphorus metabolism 
T h e E A S E m o d e l s imula tes the c a l c i u m a n d phos 
p h o r u s stored i n a n d f l o w i n g t h r o u g h the b o d y ( F i g . 
1). T h e m a j o r storage depot for b o t h c a l c i u m and 
p h o s p h o r u s is the s k e l e t o n , w h i c h conta ins about 
9 9 % of c a l c i u m a n d m o r e t h a n 7 5 % o f the phos 
p h o r u s i n the b o d y ( A g r i c u l t u r a l Research C o u n c i l , 
1980) . B o t h c a l c i u m a n d phosphor us can be resor-
bed f r o m bone w h e n m e t a b o l i c needs can not be 
m e t b y forage i n t a k e ( B r a i t h w a i t e , 1 9 8 3 ; M u i r et 
al., 1987a) . Less t h a n 2 0 % of the bone mass can be 
resorbed f r o m a replete skele ton ( H i l l m a n et al., 
1973) . A s h is 5 . 5 % o f the fat and ingesta-free b o d y 
mass i n an a n i m a l w i t h a replete ske le ton i n the 
E A S E m o d e l , and 4 . 5 % i n an a n i m a l w h i c h has 
c o m p l e t e l y deple ted the avai lable m i n e r a l s i n its 
ske le ton . C a l c i u m a n d phosphorus c o m p r i s e 6 0 % 
a n d 3 0 % o f the avai lab le skele ton mass w h i c h can 
be resorbed, respect ively (MaxBoneCa and 
MaxBonePhos, g). CaStatus and PhosStatus (unitless 
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F i g . 1. Pathways calcium and phosphorus follow from 
ingestion to excretion as implemented i n the 
simulation model. 

fract ions) range f r o m 0.0 to 1.0 a n d i n d i c a t e the 
f rac t iona l skele ton r e p l e t i o n for c a l c i u m and phos 
p h o r u s , respectively. 

C a l c i u m and phosphorus in take is d e t e r m i n e d b y 
the content o f each of these elements i n the d ie t . 
IntakeCa^ (g Ca/day) is ca lcula ted f r o m c a l c i u m 
content i n the d i e t , a n d IntakePhos^ (g P/day) is 
ca lcula ted f r o m phosphorus content i n the die t . 
A v a i l a b i l i t y o f inges ted c a l c i u m a n d p h o s p h o r u s 
depends o n type of forage, m i n e r a l needs, and m i n e 
ra l status o f the a n i m a l ( B r a i t h w a i t e , 1 9 8 3 ; 
N a t i o n a l Research C o u n c i l , 1989) . A v a i l a b i l i t y 
increases as skele ton is resorbed, we use a base value 
of 3 5 % a v a i l a b i l i t y w h e n the ske le ton is replete, 
w h i c h increases to 6 5 % m a x i m u m a v a i l a b i l i t y 
w h e n m i n e r a l stores i n the ske le ton are c o m p l e t e l y 
resorbed: 

AvailFrcCad = 0 .35 + (1 .00 - CaStatusJ (1) 
AvailFrcPhosd = 0 .35 + (1 .00 - PhosStatusd) (2) 

where AvailFrcCad and AvailFrcPhosd are the avai la 
ble f rac t ion of c a l c i u m a n d pho s pho ru s i n forage on 
day d. 

A v a i l a b l e c a l c i u m (AvailIntakeCad, g C a / day) 
a n d phosphorus (AvaillntakePhos d, g P/day) are used 
to meet d a i l y requirements : 

AvailIntakeCad = AvailFrcCad • lntakeCad (3) 
AvaillntakePhosd = AvailFrcPhosd • IntakePhosd (A) 

T h e p r e d i c t e d d a i l y requirements for endogenous 
u r i n a r y c a l c i u m (EUCad, g Ca/day) a n d endogenous 
u r i n a r y phosphorus (EUPhosd, g P/day) are: 
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EUCad = 0 . 0025 • weightKGd (5) 
EUPhosd = 0 . 0 0 0 3 • weightKGj (6) 

where weightKGj is b o d y mass i n k g ( B r a i t h w a i t e , 

1 9 8 6 ; Uuicetal, 1987a) . 
T h e c a l c i u m and phosphor us l e a v i n g the r u m e n 

v i a the i n t e s t i n a l tract is excreted i n the feces. W e 
p a r t i t i o n c a l c i u m a n d p h o s p h o r u s i n feces i n t o 
m e t a b o l i c fecal , u n a v a i l a b l e , a n d d i e t a r y surp lus 
f ract ions . T h e p r e d i c t e d d a i l y r e q u i r e m e n t s for 
m e t a b o l i c fecal c a l c i u m (AlFCa^ g Ca/day) a n d 
m e t a b o l i c fecal p h o s p h o r u s (MFPhosd, g P/day) are: 

MFCad = 0 .0065 • WetghtKGd (7) 
MFPhosd = 0 .025 • WeightKGd (8) 

T h e requi rements for c a l c i u m are l o w e r t h a n has 
been s h o w n for d o m e s t i c r u m i n a n t s ( A g r i c u l t u r a l 
Research C o u n c i l , 1980) , but s i m i l a r requi rements 
have been measured i n w i l d r u m i n a n t s ( M u i r et al., 
1987a ; G r a s m a n & H e l l g r e n , 1993) . U n a v a i l a b l e 
c a l c i u m <JJnAvaillntakeCad, g Ca/day) and phos 
p h o r u s (Un AvaillntakePhos d, g P/day) are ca lcu la ted 
f r o m dietary i n t a k e o f c a l c i u m a n d p h o s p h o r u s a n d 
a v a i l a b i l i t y : 

UnAvaillntakeCad = lntakeCad- AvaillntakeCad (9) 
U n AvaillntakePhos d = 

lntakePhosd — AvaillntakePhosd (10) 

T h e dietary surp lus is ca lcula ted by dif ference bet
w e e n in take a n d the u t i l i z a t i o n o f c a l c i u m a n d 
phosphorus for m e t a b o l i c needs d e s c r i b e d below. 

C a l c i u m a n d p h o s p h o r u s are r e q u i r e d for gesta
t i o n , l ac ta t ion , a n d ant ler g r o w t h . I f the a n i m a l is 
p r e g n a n t , ges ta t ion requi rements for c a l c i u m a n d 
ph osphor us (GestCad, g Ca/day, GestPhosd, g P/day) 
are p r e d i c t e d f r o m the n u m b e r o f fetuses, w e i g h t o f 
fetus at b i r t h (Table 1), and the day o f ges ta t ion 
( R o b b i n s & M o e n , 1975) , a s s u m i n g a c a l c i u m c o n 
tent i n the fetus of 13 g/kg and a p h o s p h o r u s c o n 
tent of 7 g/kg ( A g r i c u l t u r a l Research C o u n c i l , 
1980) . C a l c i u m and phosphorus are also r e q u i r e d 
for m i l k p r o d u c t i o n i f the a n i m a l is l a c t a t i n g 
{LactCad, g Ca/day, LactPhosd, g P/day). LactCad and 
LactPhosd are p r e d i c t e d f r o m the day o f l ac ta t ion , 
the n u m b e r o f y o u n g s u c k l e d , a m i l k p r o d u c t i o n 
curve ( M o e n et al., 1997) , i n i t i a l a n d peak m i l k p r o 
d u c t i o n per day, a n d the content o f c a l c i u m and 
phosphorus i n c a r i b o u m i l k ( R o b b i n s et al, 1 9 8 7 ; 
P a r k e r et al, 1990) . C a l c i u m a n d p h o s p h o r u s are 
incorpora ted i n t o antlers (AntlCad, g Ca/day, 
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AntlPhosd, g Ca/day) w i t h c a l c i u m content o f 3 6 % 
of ash and a phosphorus content of 1 8 % ( B r o w n , 
1990) . T h e rat io of C a : P does not vary d u r i n g ant ler 
g r o w t h ( M u i r et al, 1987b) . P r e d i c t i o n of ant ler 
mass and ash content is descr ibed b e l o w (Eqs . 17¬
22). 

T h e net c a l c i u m a n d p h o s p h o r u s balances 
(NetCad, g Ca/day, NetPbosd, g P/day) o n a d a i l y basis 
are ca lcu la ted by s u m m a t i o n of each factor: 

NetCad = AvaillntakeCad 

- (EUCad + A I F C ^ + LactCad + AntlCad) (11) 
NetPhosd = AvatllntakePhos d 

- (EUPhosd+MFPhosd+LactPbosd+AntlPhosd) (12) 

G e s t a t i o n , lac ta t ion , and ant ler g r o w t h parameters 
are 0 w h e n the a n i m a l is not p r e g n a n t , not lac ta-
t i n g , or not g r o w i n g ant lers , respectively. A very 
i m p o r t a n t i m p l i c a t i o n o f E q s . 11 a n d 12 is that ca l 
c i u m a n d phosphorus are conserved; a l l sources, 
s inks , a n d storage pools o f c a l c i u m a n d p h o s p h o r u s 
are u p d a t e d each day o n the same t i m e step to ensu
re conservat ion . 

I f NetCad is < 0.0 and CaStatusd is > 0 .0 , or i f 
NetPhosd is < 0.0 and PhosStatusd is > 0 .0 , t h e n 
resorpt ion of m i n e r a l stores to meet m i n e r a l needs 
occurs (ResorbCad, g Ca/day, ResorbPhos d , g P/day). 
W e c u r r e n t l y do not l i m i t the m i n e r a l stores avai la 
ble for resorpt ion each day, i .e . , MaxBoneCa* 
CaStatusd c o u l d be resorbed i n the m o d e l . 
A l t h o u g h i t is u n l i k e l y that the a n i m a l c o u l d resorb 
its ent ire c a l c i u m or p h o s p h o r u s reserves i n a s i n g l e 
day, i t is also u n l i k e l y , i n a b i o l o g i c a l l y accountable 
m o d e l , that an excessive a m o u n t of m i n e r a l w o u l d 
be resorbed o n a g i v e n day. 

I f NetCad is > 0.0 a n d CaStatusd is < 1.0, or 
NetPbosd is > 0.0 and PbosStatusd is < 1.0, t h e n 
r e p l e t i o n o f the m i n e r a l stores occurs (AdsorbCad, g 
Ca/day, AdsorbPbosd, g P/day). W e a l l o w u p to 5 % 
of MaxBoneCa and MaxBonePhos to be resorbed each 
day. W e do not c u r r e n t l y consider the n e g l i g i b l e 
a m o u n t s of c a l c i u m and pho s pho ru s i n fat and p r o 
t e i n d u r i n g a n a b o l i s m a n d c a t a b o l i s m o f b o d y t i s s u 
es i n the m o d e l . I f there is s t i l l c a l c i u m or phos 
p h o r u s r e m a i n i n g after a d s o r p t i o n to the bone , i t is 
excreted: 

SurplusCad = NetCad- AbsorbCad (13) 
SurplusPbosd = NetPbosd- AbsorbPbosd (14) 

where SurplusCad and SurplusPhosd are the s u r p l u s of 
each e lement (g/day). Feca l c a l c i u m and p h o s p h o 

rus (FecalCad, g Ca/day, FecalPbosd, g P/day) are c a l 

c u l a t e d as: 

FecalCad = 
UnAvaillntakeCad + MFCad + SurplusCad (15) 

FecalPbosd = 

UnAvaillntakePhosd+ MFPbosd+ SurplusPhosd (16) 

Simulation of antler mass and composition 
U n l i k e changes i n l e n g t h , changes i n ant ler mass 
d u r i n g ant ler g r o w t h are ex t remely d i f f i c u l t to m e a 
sure e x p e r i m e n t a l l y . W e are aware o f o n l y 1 e x p e r i 
m e n t i n w h i c h ant ler mass was d e t e r m i n e d t h r o u g 
h o u t the ant ler g r o w t h p e r i o d ( M u i r et al., 1987b) . 
W e used data f r o m this e x p e r i m e n t , corroborated b y 
data o n p h e n o l o g y a n d changes i n l e n g t h of antlers 
o f c a r i b o u , moose , a n d red deer ( B e r g e r u d , 1 9 7 6 ; 
V a n B a l l e n b e r g h e , 1982 ; Fennessy et al, 1992) , to 
p r e d i c t changes i n mass and c o m p o s i t i o n o f c a r i b o u 
antlers . 

A n t l e r s are m e t a b o l i c a l l y act ive u n t i l ve lvet is 
shed. F o r about 7 5 % o f the p e r i o d w h e n velvet is 
o n the antler, ant ler l e n g t h and mass is increas ing . 
R a p i d m i n e r a l i z a t i o n and d r y i n g o f the antler 
occurs d u r i n g the last 2 5 % of the p e r i o d . A n t l e r 
mass is p r e d i c t e d w i t h a l o g i s t i c e q u a t i o n d u r i n g 
the i n c r e a s i n g ant ler mass phase i n the first 7 5 % of 
the ant ler g r o w t h p e r i o d ( E q . 17), a n d w i t h a l inear 
d e c l i n e i n mass d u r i n g the p e r i o d of r a p i d m i n e r a l i 
z a t i o n i n the last 2 5 % of the ant ler g r o w t h p e r i o d 
( E q . 18): 

AntKGd = 1.25 • AntKgAnllGrmllPcrwd 

+ (1.0 + 30 .0 • r 1-0.0.0.95+AiulGrtmPiritx/) Q7) 

AntKGd = 
MaxAntlerKG + FrcMind • AntMassDecline (18) 

where AntKGd is ant ler mass i n k g o n day d, 
AntlGrowPeriod is the l e n g t h of the ant ler g r o w t h 
p e r i o d i n days, a n d MaxAntKG is ant ler mass at the 
e n d of velvet s h e d d i n g . I n E q . 18, FrcMind is the 
f rac t ion of the m i n e r a l i z a t i o n p e r i o d c o m p l e t e d , and 
AntMassDecltned is the difference between ant ler 
mass at the start o f the m i n e r a l i z a t i o n p e r i o d a n d 
MaxAntKG, a s s u m i n g antlers are 8 5 % d r y mat ter 
at the end of ve lve t s h e d d i n g ( M u i r et al, 1987b) . 
Parameters i n E q . 17 result i n a peak ant ler mass 
about 2 0 % h i g h e r t h a n antler mass at the end o f 
velvet s h e d d i n g ( M u i r et al, 1987b) . 

A n t l e r tissue is c o m p o s e d p r i m a r i l y o f water, p r o 
t e i n , a n d ash. A n t l e r ash is also p r e d i c t e d w i t h a 
l o g i s t i c equa t i on for the entire ant ler g r o w t h p e r i o d 
f r o m data of M u i r et al.: 
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AntFrcd = 1.07 • AntFrcAntlGnwPcmd 

-f (1.0 + 125 .0 • e~ 100-°'95±AntlGriwPeriod) (19) 

where AshFrcd is the ash f rac t ion of the antler , and 
AntlGrowPeriod is the l e n g t h o f the ant ler g r o w t h 
p e r i o d i n days. A n t l e r organic matter , w h i c h is 
essential ly a l l p r o t e i n ( B r o w n , 1990) is p r e d i c t e d 
f r o m data i n M u i r et al.: 

AshToOMratiod = 0 .17 + 1.46 • FnGrowPeriodd (20) 

where AshToOMratiod (unitless) is the ra t io o f ash to 
organic mat ter i n the g r o w i n g antler , a n d 
FrcGrowPeriodd is the f rac t ion o f the ant ler g r o w t h 
p e r i o d o n day d. T h e organic mat ter f r a c t i o n o f the 
g r o w i n g ant ler (0MFrcd, unit less) , can t h e n be ca l 
c u l a t e d f r o m the p r e v i o u s l y d e r i v e d ash f r a c t i o n i n 
the g r o w i n g antler : 

0Mfrcd 

AshToOMrattod 

AshFrCj 
(21) 

F i n a l l y , water content o f the g r o w i n g ant ler is ca l 
c u l a t e d by subtrac t ion : 

Waterfrcd = 1.0 - (0Mfrcd + AshFrcd) (22) 

where WaterFrcd (unitless) is f rac t ion o f water i n the 
ant ler o n day d. 

Simulation of energy and protein requirements 
D a i l y energy and p r o t e i n requi rements have been 
p r e v i o u s l y descr ibed for o u r m o d e l ( M o e n & 
D e l G i u d i c e , 1997 ; Moen etal, 1997) . B r i e f l y , ener
g y needs are es t imated i n a factorial f a s h i o n , c o n s i 
d e r i n g costs o f basal m e t a b o l i s m , ac t iv i ty , ges ta t ion , 
and l a c t a t i o n . W i t h the a d d i t i o n o f ant ler g r o w t h , 
we needed to est imate the efficiency o f energy use to 
p r o d u c e antlers , a parameter w h i c h is d i f f i c u l t or 
i m p o s s i b l e to o b t a i n e x p e r i m e n t a l l y ( B r o w n , 1990 ; 
G o s s , 1995) . Because m o s t o f the organic mat te r i n 
ant ler tissue is p r o t e i n , we used 0MFrcd to p r e d i c t 
the a m o u n t o f p r o t e i n d e p o s i t i o n i n antlers each 
day, and t h e n es t imated the eff iciency o f use o f ener
g y to be 2 5 % , w h i c h is between the 1 3 % efficiency 
of energy use for ges ta t ion a n d the 4 0 % eff ic iency o f 
energy use for lean tissue g r o w t h ( A R C , 1980) . 
A n t l e r mass was considered to be a p o r t i o n o f body 
mass w h e n antler tissue was m e t a b o l i c a l l y act ive. 
E n e r g y requirements are assumed to d e c l i n e l i n e a r l y 
to 0 d u r i n g the p e r i o d after the ant ler has s topped 
i n c r e a s i n g i n l e n g t h u n t i l the end o f velvet shed-
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d i n g . T h i s m a y underes t imate the energy r e q u i r e 
m e n t s for m i n e r a l i z a t i o n o f ant ler tissue w h i c h 
occurs after the ant ler has s topped g r o w i n g a n d 
before ve lvet s h e d d i n g . 

P r o t e i n m e t a b o l i s m is also ca lcu la ted fac tor ia l ly , 
a l t h o u g h urea n i t r o g e n r e c y c l i n g m u s t also be 
accounted fot i n a s i m u l a t i o n m o d e l . T h e r e c y c l i n g 
rate o f urea n i t r o g e n is d e t e r m i n e d b y the die t 
n i t r o g e n content a n d the animal ' s energy balance 
( M o e n & D e l G i u d i c e , 1997) . In order to s i m u l a t e 
ant ler g r o w t h , we m o d i f i e d the d a i l y n i t r o g e n 
r e q u i r e m e n t s b y a d d i n g an a d d i t i o n a l n i t r o g e n 
s i n k , the antler , a n d a s s u m i n g that ant ler p r o t e i n 
was 6 . 2 5 % n i t r o g e n . 

E n e r g y balance and b o d y mass changes are p r i 
m a r i l y d e t e r m i n e d b y forage in take a n d d i g e s t i b i l i 
ty i n p u t parameters . A c t i v i t y budgets and energe
t ic costs of d i f ferent ac t iv i t ies were set as i n ( M o e n et 
al., 1997) . I n y e a r - l o n g s i m u l a t i o n s , w e set energy 
i n t a k e to a p p r o x i m a t e l y reproduce the observed 
a n n u a l patterns o f b o d y mass changes i n free-rang
i n g c a r i b o u ( K e l s a l l , 1 9 6 8 ; A d a m c z e w s k i et ah, 
1 9 8 7 ; 1 9 9 3 ; H u o t , 1989) . W h e n s i m u l a t i n g m a l e 
c a r i b o u , we reduced i n t a k e d u r i n g a r u t t i n g season 
o f 10 days i n early O c t o b e r to 4 0 k c a l d i g e s t i b l e 
e n e r g y / k g 0 - 7 5 b o d y mass. W e d i d not increase a c t i 
v i t y costs d u r i n g the rut ( M i q u e l l e , 1990) . A l l o f 
these i n p u t parameters c o u l d be easi ly m o d i f i e d i f 
one w i s h e d to change energy costs o f the r u t or b o d y 
mass parameters i n the future . P h e n o l o g i c a l pat 
terns i n antler g r o w t h a n d r e p r o d u c t i o n were f r o m 
B e r g e r u d (1976) . W e set a n n u a l pat terns i n forage 
m i n e r a l content a n d d i g e s t i b i l i t y a c c o r d i n g to the 
p u b l i s h e d l i terature ( H y v a r i n e n et al., 1 9 7 7 ; C h a p i n 
et al, 1980 ; S taaland et al, 1 9 8 3 ; S taaland & S æ b ø , 
1 9 9 3 ; Chase et al, 1994) . D i e t d i g e s t i b i l i t y was 
highes t i n s u m m e r at 6 4 % , and d e c l i n e d i n w i n t e r 
to 4 0 % . C r u d e p r o t e i n i n the d i e t was 1 3 . 5 % i n 
s u m m e r , a n d d e c l i n e d to 6 % i n w i n t e r . C a l c i u m 
concentrat ions ranged f r o m 0 . 5 0 % i n w i n t e r to 
0 . 7 5 % i n s u m m e r , a n d phosphorus concentrat ions 
ranged f r o m 0 . 3 0 % i n s u m m e r to 0 . 6 0 % i n w i n t e r . 
D i e t d i g e s t i b i l i t y , c r u d e p r o t e i n , c a l c i u m , a n d p h o s 
p h o r u s a l l f o l l o w e d seasonal pat terns w i t h s m o o t h 
t rans i t ions be tween m i n i m u m and m a x i m u m v a l u 
es ( M o e n etal, 1997) . 

Model validation and simulation protocol 
W e v a l i d a t e d the c a l c i u m and p h o s p h o r u s c o m p o 
nents o f this m o d e l b y s i m u l a t i n g i n d e p e n d e n t 
p u b l i s h e d e x p e r i m e n t s o n m i n e r a l balances a n d ant
ler mass d u r i n g antlerogenesis and c o m p a r i n g m e a -
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sured c a l c i u m a n d p h o s p h o r u s m i n e r a l balances to 
c a l c i u m a n d p h o s p h o r u s balances p r e d i c t e d b y the 
m o d e l (Stephenson & B r o w n , 1 9 8 4 ; M u i r et al, 
1987a ; G r a s m a n & H e l l g r e n , 1993) . W e also c o m 
pared p r e d i c t e d a n d measured f rac t iona l a n d a b s o l u 
te contents o f c a l c i u m i n the antler. W e have p r e v i 
ous ly v a l i d a t e d the energetics and n i t r o g e n c o m p o 
nents ( M o e n & D e l G i u d i c e , 1997 ; M o e n et al, 
1997) . T h e exper iments used to v a l i d a t e the m o d e l 
were not used i n m o d e l d e v e l o p m e n t . W e changed 
i n p u t parameters w h i c h were specific to each e x p e r i 
m e n t (e.g. , t i m e of year, l e n g t h of e x p e r i m e n t , i n i t i 
al b o d y mass, start o f ant ler g r o w t h p e r i o d , food 
in take a n d d i g e s t i b i l i t y , d ie tary n i t r o g e n , c a l c i u m , 
and phosphorus ) for each v a l i d a t i o n s i m u l a t i o n . 
T h e same c o m p i l e d executable was used i n v a l i d a t i 
o n s i m u l a t i o n s for b o t h red deer a n d w h i t e - t a i l e d 
deer, a n d for the i n i t i a l m o d e l exper iments w i t h 
male a n d female c a r i b o u . 

W e also set u p a m o d e l e x p e r i m e n t to d e t e r m i n e 
the effect o f increased energetic costs for g r o w i n g 
antlers . I n the first e x p e r i m e n t , w e c h a n g e d the 
eff iciency o f use o f energy for ant ler g r o w t h f r o m 
0.25 to 0 . 1 3 3 , the eff ic iency w i t h w h i c h energy is 
used for gestat ion b y p r e g n a n t females 
( A g r i c u l t u r a l Research C o u n c i l , 1980) . I n the 
second e x p e r i m e n t , i n a d d i t i o n to decreas ing ef f ic i 
ency o f energy use to 0 . 1 3 3 , we increased the energy 
requi rements of the ent i re ant ler b y 10 k c a l s / k g 0 7 5 

of ant ler mass. 

W e began m o d e l exper iments o n the first day of 
ant ler g r o w t h for male c a r i b o u , a n d the first day of 
l a c t a t i o n for female c a r i b o u . M a l e c a r i b o u began 
s i m u l a t i o n s w e i g h i n g 150 k g w i t h 5 % b o d y fat o n 
J u l i a n day 120 , the first day of ant ler g r o w t h . M a l e 
a n d female antlers w e i g h e d 10 and 1 k g at the end 
of ve lvet s h e d d i n g , respectively. T h e ant ler g r o w t h 
p e r i o d {AntlGrowPeriod, eq . 17) was 125 days for 
b o t h males a n d females. Female c a r i b o u carr ied a 
s ing le fetus t h r o u g h ges ta t ion , nursed the ca l f for 
120 days, and g r e w antlers w e i g h i n g 1 k g at the 
end o f ve lvet s h e d d i n g . Females began s i m u l a t i o n s 
w e i g h i n g 80 k g w i t h 5 % b o d y fat o n J u l i a n day 
143 , the day a s ingle 5 k g ca l f was b o r n after a 2 2 0 
day ges ta t ion . T h e first day of ant ler g r o w t h for 
females was J u l i a n day 166 . R u m e n w e i g h t var ied 
seasonally ( A d a m c z e w s k i et al, 1987) f r o m 1 0 % of 
b o d y mass i n s u m m e r to 1 4 % of b o d y mass i n w i n 
ter. M i l k p r o d u c t i o n increased f r o m 1.25 1/day at 
b i r t h to 1.75 1/day at peak l a c t a t i o n 1 w e e k after 
b i r t h , t h e n d e c l i n e d e x p o n e n t i a l l y u n t i l l a c t a t i o n 
e n d e d w h e n the ca l f was 125 days o l d . M i l k was 
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part i t ioning i n adult male white-tailed deer 
throughout the year. Intake of each element in 
the model was equal to intake by experimental 
animals, and part i t ioning between urine, feces, 
and antlers was predicted. Solid symbols repre
sent model output, hollow symbols of the same 
type are experimenral resulrs. 

1 1 % fat, 7 % p r o t e i n , 0 . 3 % c a l c i u m , and 0 . 2 5 % 
p h o s p h o r u s ( R o b b i n s et al, 1 9 8 7 ; P a r k e r et al, 
1990) . CaStatus a n d PhosStatus were b o t h set to 0 .50 
at the start o f the s i m u l a t i o n s . 

E n e r g y costs of d i f ferent ac t iv i t i es , and a c t i v i t y 
budgets for each day are p r o v i d e d i n M o e n et al. 
(1997) . T h e s i m u l a t e d a c t i v i t y b u d g e t s a p p r o x i m a 
te a c t i v i t y budgets o f f r e e - r a n g i n g n o n - m i g r a t o r y 
r u m i n a n t s and resul ted i n a c t i v i t y costs of about 
2 0 % of basal m e t a b o l i c rate each day (Boert je, 
1 9 8 5 ; Fancy, 1986) . E a c h e x p e r i m e n t was r e p l i c a -
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ted 30 t imes . C o n d i t i o n s a m o n g rep l i ca t ions i n 
each e x p e r i m e n t were i d e n t i c a l except for stochastic 
v a r i a t i o n i n the E A S E m o d e l . 

Results 
Validation 
I n d e p e n d e n t v a l i d a t i o n s i m u l a t i o n s were done b y 
s i m u l a t i n g exper iments that were not used i n 
m o d e l d e v e l o p m e n t . P r e d i c t e d c a l c i u m p a r t i t i o n i n g 
of red deer and w h i t e - t a i l e d deer a n d p h o s p h o r u s 
p a r t i t i o n i n g of w h i t e - t a i l e d deer t h r o u g h o u t the 
year to u r i n e , feces, and antlers corresponded w i t h 
measured values across a w i d e range o f c a l c i u m a n d 
p h o s p h o r u s intakes ( F i g . 2). Fecal p r o d u c t i o n of c a l 
c i u m corresponded w e l l w i t h measured values ( F i g . 
2a), b u t the m o d e l s l i g h t l y o v e r - p r e d i c t e d fecal 
p h o s p h o r u s at l o w die tary phosphorus intakes ( F i g . 
2b) . W e also c o m p a r e d measured absolute a n d frac
t i o n a l contents of c a l c i u m i n g r o w i n g antlers o f red 
deer ( M u i r et al., 1987a) to those p r e d i c t e d b y E q s . 
17 - 2 2 . P r e d i c t e d a n d observed c a l c i u m fract ions i n 
the ant ler were not di f ferent (paired ?-test, ? 5 = 
0 .24 , P > 0 .81) , nor was the absolute a m o u n t o f c a l 
c i u m present i n antlers (paired f-test, £ 5 = 0 .47 , P > 
0.65) . 

Model Experiments 
A n t l e r c o m p o s i t i o n 
M o s t o f ant ler ash was depos i ted i n the lat ter h a l f o f 
the ant ler g r o w t h p e r i o d ( F i g . 3). W a t e r content 
p e a k e d about m i d w a y t h r o u g h the ant ler g r o w t h 
p e r i o d , t h e n d e c l i n e d to 1 5 % at the e n d o f velvet 
s h e d d i n g ( E q . 18). A n t l e r ash, i n c l u d i n g c a l c i u m 
a n d p h o s p h o r u s , increased t h r o u g h o u t the ant ler 
g r o w t h p e r i o d , a n d ant ler p r o t e i n d e c l i n e d s l i g h t l y 
(about 100 g i n the 10 k g male antlers) d u r i n g the 
last week of the velvet s h e d d i n g p e r i o d . W a t e r 
c o m p r i s e d > 6 0 % of ant ler mass u n t i l about the 
8 0 t h day of g r o w t h , s h o r t l y before m a x i m u m antler 
mass was reached a n d m i n e r a l i z a t i o n rate increased. 
T h e h i g h water content of d e v e l o p i n g ant ler is cor
roborated by the o n l y p u b l i s h e d report o n c o m p o s i 
t i o n of d e v e l o p i n g antlers we are aware of ( U l l r e y , 
1982) and fo l lows that measured i n the s t u d y used 
to der ive eqs. 17 - 22 (Muiretal., 1987b) . 

E n e r g y P a r t i t i o n i n g 
Peak energy requirements for ant ler g r o w t h were no 
m o r e t h a n 1200 kcal/day for the male u s i n g our i n i 
t i a l est imate eff iciency of energy use for ant ler 
g r o w t h , and far lower for the female ( F i g . 4a,b). 
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F i g . 3. Predicted antler mass and composition dur ing 
the 125 day antlet growth period for a pair of 10 
k g antlers from a caribou b u l l . 

D u r i n g the p e r i o d w h e n antlers were g r o w i n g , 
about 4 .5 a n d 25 t i m e s m o r e energy was e x p e n d e d 
o n d e p o s i t i o n of fat and p r o t e i n t h a n o n ant ler 
g r o w t h i n males a n d females, respectively. A n t l e r 
g r o w t h increased energy r e q u i r e m e n t s b y 8 . 5 % a n d 
1 . 5 % d u r i n g the ant ler g r o w t h p e r i o d for males a n d 
females, respectively. E n e r g y r e q u i r e d for ant ler 
g r o w t h by females was m u c h less t h a n energy r e q u i 
red for lacata t ion or ges ta t ion . 

T h e l o w energy requi rements for ant ler g r o w t h 
are due to o u r est imate of 2 5 % eff ic iency of energy 
use for p r o t e i n d e p o s i t i o n i n g r o w i n g antlers a n d 
maintenance m e t a b o l i s m for the r e m a i n d e r o f the 
antler . W h e n we decreased the ef f ic iency o f energy 
use to 1 3 - 3 % i n E x p e r i m e n t 1, the m a l e had to 
increase energy in take by 9 % to m a i n t a i n the same 
b o d y mass, a n d energy r e q u i r e d for ant ler g r o w t h 
increased to 1 4 % o f tota l energy r e q u i r e m e n t s 
d u r i n g the ant ler g r o w t h p e r i o d . W h e n we decrea
sed the ef f ic iency o f energy use a n d increased the 
cost o f m a i n t a i n i n g ant ler t issue i n E x p e r i m e n t 2 , 
the a n i m a l h a d to increase energy i n t a k e b y 2 3 % to 
m a i n t a i n a s i m i l a r b o d y mass, a n d energy r e q u i r e 
m e n t s for ant ler g r o w t h increased to 1 6 % o f t o t a l 
energy r e q u i r e m e n t s . I n E x p e r i m e n t 2 , the peak 
energy r e q u i r e d for ant ler g r o w t h was about 6 0 % of 
the basal m e t a b o l i c rate, and energy r e q u i r e m e n t s 
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for ant ler g r o w t h averaged 2 5 % of basal m e t a b o l i c 
rate d u r i n g the p e r i o d o f ant ler g r o w t h . 

N i t r o g e n P a r t i t i o n i n g 
M o s t o f the inges ted n i t r o g e n f r o m p l a n t m a t e r i a l is 
excreted i n e i ther feces or u r i n e o n a d i e t w h i c h is 
1 3 . 5 % p r o t e i n i n s u m m e r ( F i g . 4c ,d ) . N i t r o g e n is 
inco r pora t ed i n t o antlers a n d m u s c l e p r o t e i n i n the 
s u m m e r by males , but the to ta l a m o u n t i n c o r p o r a 
ted is < 2 0 % o f the a m o u n t o f n i t r o g e n excreted 
each day. N i t r o g e n requi rements for females are 
h i g h e r because o f requirements for ges ta t ion a n d 
lac ta t ion , b u t are s t i l l less t h a n the a m o u n t excreted 
i n s u m m e r . N i t r o g e n excre t ion decl ines i n w i n t e r 
because die tary n i t r o g e n content is l o w , forage i n t a 
ke decreases, a n d the n i t r o g e n r e c y c l i n g rate increa
ses. 

C a l c i u m P a r t i t i o n i n g 
C o n t r a r y to prev ious w o r k w i t h s m a l l e r ant lered 
cervids , a n n u a l c a l c i u m requi rements for m a l e c a r i 
b o u are m u c h larger t h a n c a l c i u m requi rements for 
gestat ion, l a c t a t i o n and ant ler g r o w t h i n female 
c a r i b o u ( F i g . 5a,b). F o r these s i m u l a t i o n s , a n n u a l 
c a l c i u m d e p o s i t i o n i n antlers was 1.9 k g i n the 
m a l e , c o m p a r e d to the 0.4 k g of c a l c i u m r e q u i r e d 
for ges ta t ion , l ac ta t ion , and ant ler g r o w t h i n f e m a 
les. C a l c i u m d e p o s i t i o n i n antlers by males was 
more t h a n 25 g/day f r o m day 66 to day 9 6 of ant ler 
g r o w t h . F r o m days 55 to 9 6 o f ant ler g r o w t h 0.1 
k g o f c a l c i u m was resorbed f r o m the ske le ton a n d 
deposi ted i n the antler, m a x i m u m r e s o r p t i o n was < 
6 g/day. T h i s represented about 5 % o f the to ta l c a l 
c i u m i n the antler , and > 2 5 % of the c a l c i u m w h i c h 
c o u l d be resorbed f r o m the ske le ton before CaStatus 
became 0.0. These resorpt ion rates are specific to 
the antler mass a n d c a l c i u m i n t a k e c o n d i t i o n s o f 
th is s i m u l a t i o n , b u t do demonstra te w h e n c a l c i u m 
is l i k e l y to be i n most d e m a n d u n d e r other c o n d i 
t ions . 

P h o s p h o r u s P a r t i t i o n i n g 
F o r these s i m u l a t i o n s , a n n u a l p h o s p h o r u s r e q u i r e 
ments for ant ler g r o w t h i n the male were 0 .95 k g , 
c o m p a r e d to the 0.25 k g of phosphorus r e q u i r e d for 
ges ta t ion , l a c t a t i o n , and antler g r o w t h i n females 
( F i g . 5c ,d) . P h o s p h o r u s d e p o s i t i o n i n antlers by 
males was m o r e t h a n 12 g/day f r o m day 65 to day 
97 of ant ler g r o w t h . T h e male resorbed 0.1 k g of 
phosphorus f r o m the skele ton and depos i ted i t i n 
the antler f r o m days 47 to 101 of ant ler g r o w t h , 
w i t h a m a x i m u m resorpt ion rate of 4 .5 g/day. T h i s 
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represented > 5 0 % of the p h o s p h o r u s w h i c h c o u l d 
be resorbed f r o m the s k e l e t o n , a n d about 1 0 % o f 
the p h o s p h o r u s i n the male's antler . M o r e r e s o r p t i 
on o f p h o s p h o r u s t h a n c a l c i u m was r e q u i r e d because 
of the l o w e r c o n c e n t r a t i o n o f p h o s p h o r u s i n the 
d ie t . A s w i t h c a l c i u m , these r e s o r p t i o n rates are 
specif ic to the ant ler mass a n d p h o s p h o r u s i n t a k e 
c o n d i t i o n s of th i s s i m u l a t i o n , b u t do demonstra te 
w h e n p h o s p h o r u s is l i k e l y to be i n m o s t d e m a n d 
u n d e r other c o n d i t i o n s . 

Discussion 
O u r results have i m p o r t a n t i m p l i c a t i o n s for u n d e r 
s t a n d i n g the p a r t i t i o n i n g o f energy a n d nutr ients to 
antler g r o w t h i n c a r i b o u , and p r o v i d e q u a n t i t a t i v e 
p r e d i c t i o n s o f the d a i l y requi rements for energy, 
n i t r o g e n , c a l c i u m , a n d p h o s p h o r u s t h r o u g h o u t the 
antler g r o w t h p e r i o d . E n e r g y r e q u i r e d by males for 
g r o w i n g antlers a n d i n c r e a s i n g b o d y mass r e q u i r e d 
an i n t a k e rate u p to 4 .5 t i m e s the basal m e t a b o l i c 
rate, d e p e n d i n g o n the eff iciency w i t h w h i c h energy 
was used for ant ler g r o w t h , a parameter that has not 
been d e t e r m i n e d e x p e r i m e n t a l l y . T h i s approaches 
the m a x i m u m p r e d i c t e d energy r e q u i r e m e n t s for 
female w h i t e - t a i l e d deer n u r s i n g 2 fawns ( M o e n , 
1978) . M o s t o f the energy in take o f males i n s u m 
mer was used to meet m a i n t e n a n c e r e q u i r e m e n t s 
a n d for d e p o s i t i o n of fat a n d p r o t e i n . E n e r g y r e q u i 
rements for ant ler g r o w t h i n females were very l o w 
relat ive to other energy r e q u i r e m e n t s . S t r o n g selec
t ive pressures for g r o w t h o f antlers i n female c a r i 
b o u w o u l d exist i f females can g r o w s m a l l antlers at 
a l o w energet ic cost i n s u m m e r , and t h e n increase 
energy i n t a k e i n w i n t e r t h r o u g h the behaviora l 
d o m i n a n c e conferred by the presence of even s m a l l 
antlers . 

T h e m o r e negat ive balance for p h o s p h o r u s t h a n 
c a l c i u m was somewhat u n e x p e c t e d , g i v e n e x p e r i 
m e n t a l w o r k w i t h w h i t e - t a i l e d deer ( G r a s m a n & 
H e l l g r e n , 1993) . H o w e v e r , as those authors sugge
sted, c a r i b o u w o u l d be the c e r v i d species m o s t l i k e 
ly to be p h o s p h o r u s l i m i t e d . T h e a n i m a l was i n a 
m o r e negat ive p h o s p h o r u s balance because p l a n t 
concentrat ions o f p h o s p h o r u s were l o w e r t h a n p l a n t 
concentrat ions o f c a l c i u m . D u r i n g the p e r i o d o f ant
ler g r o w t h i n males , the bone C a : P ra t io increased 
f r o m a n o r m a l value o f about 2 .0 to a b o u t 3.3 w h e n 
c a l c i u m and p h o s p h o r u s were u n c o u p l e d i n bone 
resorpt ion . T h i s rat io m a y be h i g h e r t h a n is p h y s i o 
l o g i c a l l y acceptable , s u g g e s t i n g that some o f the 
bone c a l c i u m s h o u l d have been resorbed a n d excre-
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ted i n o u r s i m u l a t i o n s w i t h male c a r i b o u . A n al ter
nat ive m e c h a n i s m to m a i n t a i n a constant C a : P rat io 
w o u l d be to increase the a v a i l a b i l i t y of p h o s p h o r u s 
( E q . 2 , AvailFrcPhosf) at a faster rate as bone p h o s 
p h o r u s was deple ted ( G r a s m a n & H e l l g r e n , 1993) . 

D e m o n s t r a t i n g resorpt ion of bone does not i m p l y 
that p h o s p h o r u s l i m i t a t i o n has o c c u r r e d , as resorp
t i o n of bone for ant ler g r o w t h is a n o r m a l p h y s i o l o 
g i c a l process (Banks et al., 1 9 6 8 a ; b). D a i l y balance 
of p h o s p h o r u s is less i m p o r t a n t than the seasonal 
balance, p r o v i d e d that resorpt ion r e q u i r e m e n t s o n 
any s i n g l e day o f ant ler g r o w t h can be m e t . 

T h e r e are some specific b i o l o g i c a l s i tuat ions we 
do not cons ider i n the m o d e l i n its current state, 
and other areas where a d d i t i o n a l research w o u l d 
i m p r o v e the m o d e l . F o r example , s h o u l d a n a n i m a l 
g r o w antlers w h e n i t is i n negative energy balance 
i n late w i n t e r and early s p r i n g , or s h o u l d i t just p r e 
pare antlers p h y s i o l o g i c a l l y for g r o w t h , a n d b e g i n 
g r o w i n g as soon as s p r i n g flush o f g r o w t h appears? 
T h e latter case w o u l d appear to be s u p p o r t e d b y the 
l o g i s t i c increase i n antler l e n g t h observed i n cer-
v i d s . A n t l e r c o m p o s i t i o n d u r i n g the first w e e k of 
ant ler g r o w t h is p r e d i c t e d by e x t r a p o l a t i o n i n the 
m o d e l . E x p e r i m e n t a l data f r o m the first week o f 
ant ler g r o w t h w o u l d be desirable , b u t g i v e n the 
re la t ive ly s m a l l ant ler mass d u r i n g the first w e e k of 
ant ler g r o w t h we feel that the e x t r a p o l a t i o n is 
acceptable , p a r t i c u l a r l y since the a l ternat ive is to 
" d o n o t h i n g " . T h i s is the type of data that c o u l d be 
co l lec ted o p p o r t u n i s t i c a l l y f r o m c a r i b o u that are 
a c c i d e n t a l l y k i l l e d w h i l e antlers are g r o w i n g . 

T h e m o d e l does not c u r r e n t l y adjust ant ler d e n 
sity. H o w e v e r , the m o d e l c o u l d be used to p r e d i c t 
the effects that changes i n antler d e n s i t y have o n 
overa l l m i n e r a l requirements d u r i n g ant ler g r o w t h . 
A n o t h e r unreso lved issue is h o w the a n i m a l s h o u l d 
adjust ant ler g r o w t h or lac ta t ion i f e i ther p h o s p h o 
rus or c a l c i u m are c o m p l e t e l y deple ted f r o m bone. 
A t the extremes of d e p l e t i o n , death w o u l d occur 
( H y v a r i n e n et al., 1977) . P r i o r to dea th , however , 
c o u l d the a n i m a l m o d i f y its f o r a g i n g strategy so 
that i t ate o n l y those p lants highest i n avai lable 
phosphorus? Resul t s o f the m o d e l suggest that peak 
requi rements for ant ler g r o w t h i n males w o u l d be 
shor t ly before the antler has s topped i n c r e a s i n g i n 
l e n g t h . Selective f o r a g i n g for h i g h p h o s p h o r u s 
p lants c o u l d be tested by observat ion o f food habi ts . 
A related issue is w h e t h e r c a l c i u m a n d p h o s p h o r u s 
status {CaStatus and PhosStatus) s h o u l d be c o u p l e d 
more t i g h t l y i n the m o d e l , to prevent the h i g h C a : P 
ratios i n bone that we observed i n the m o d e l as i t is 

c u r r e n t l y f o r m u l a t e d . C o u p l i n g c a l c i u m a n d phos
p h o r u s status w o u l d have l i t t l e effect o n m o d e l 
resul ts , o n l y a s m a l l r e d u c t i o n i n b o d y a n d ash mas
ses w o u l d occur. 

R e q u i r e m e n t s for ant ler g r o w t h appear to be 
genera l izable to the p o i n t that the same set o f equa
t ions can be used to p r e d i c t ant ler mass a n d c o m p o 
s i t i o n for m o s t i f not a l l c e r v i d species. E v e n 
t h o u g h data o n ant ler mass d u r i n g g r o w t h are o n l y 
avai lab le for red deer, patterns i n changes of l e n g t h 
o f g r o w i n g antlers are s i m i l a r for red deer, moose, 
a n d c a r i b o u w h e n scaled ap p r o p r ia te ly ( R . M o e n , 
u n p u b l . data). T h e set o f 6 equat ions r e q u i r e d to 
p r e d i c t ant ler mass a n d c o m p o s i t i o n (Eqs . 17-22) 
present the o p p o r t u n i t y to develop m a n y testable 
hypotheses o n ant ler c o m p o s i t i o n a n d g r o w t h for 
c a r i b o u , a n d also for cervids i n genera l . 

T h i s s i m u l a t i o n m o d e l represents a s u m m a r y of 
current k n o w l e d g e about cerv id p h y s i o l o g y , speci f i 
c a l l y energy, n i t r o g e n , c a l c i u m , a n d p h o s p h o r u s 
m e t a b o l i s m . W e used i t to p r e d i c t the a n n u a l ener
gy, n i t r o g e n , c a l c i u m , a n d p ho sp ho r us m e t a b o l i s m 
i n b o t h m a l e and female car ibou o n a d a i l y t i m e 
step. W e bel ieve that the i n t e g r a t i o n o f energy, 
n i t r o g e n , c a l c i u m , a n d phosphorus m e t a b o l i s m 
w i t h i n the same s i m u l a t i o n is a s t r o n g test of the 
b i o l o g i c a l a c c o u n t a b i l i t y of m o d e l p r e d i c t i o n s . T h e 
m o d e l i n g effort i d e n t i f i e d several areas where 
research w o u l d result i n an i m p r o v e d s i m u l a t i o n 
m o d e l , a n d also w o u l d result i n i m p r o v e d k n o w 
ledge of c a r i b o u b i o l o g y . 
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Status of woodland caribou in Ontario: 1996 
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Abstract: Over 20 000 woodland caribou were reported i n Ontario during 1966, the highest figure ever published. 
Photographic counts of the Pen Islands herd, bordering Manitoba, have shown constant increases from 2300 in 1979 to 
10 800 in 1994. Elsewhere in Ontario, estimates have been decl ining, from 13 000 in 1965 to 11 000 in 1989 to under 
10 000 in 1996, a trend that may or may not be real because of differing survey methods. O n the H u d s o n Bay Lowlands 
(excluding the Pen Islands caribou) 8600 were reported in 1965, 7200 in 1989, 5500 in 1996, an apparent decline. The 
transitional fotest populations has remained stable. Estimated caribou numbers inhabit ing the ttue boreal forest have 
dropped from nearly 4000 in 1965 to 2700 in 1996, but this decrease was not confirmed by careful within-distr ic t bre
akdowns of sub-populations by habitat types and may be an artifact of classification from distticts to regions. The shar
pest decrease was reported for the Central Region, north east of Lake Superior, where 
estimates dropped from 500 in 1965 to 475 in 1989 and to 68 in 1996. Individual caribou bands approach recognized 
m i n i m u m numbers for isolated populations, and even totals by sub-population remain low: over 1 300 i n commercial 
forests, about 500 in potentially commercial forests, and 8-900 i n parks. Due to small numbers i n widely dispersed 
band-locations, the potential for human disturbance affecting these forest dwel l ing caribou is substantial. 

K e y w o r d s : Rangifer tarandus caribou, p o p u l a t i o n , trends. 
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Introduction 
Extens ive areas, dense forests, and s m a l l , w i d e l y -
spaced bands m a k e e s t i m a t i n g n u m b e r s o f c a r i b o u 
i n O n t a r i o d i f f i c u l t . Present methods r e m a i n i m p r e 
cise, yet a t tempts m u s t be made i n order to deter
m i n e current status. W o o d l a n d c a r i b o u once ranged 
s o u t h to about 4 6 degrees l a t i t u d e i n O n t a r i o , b u t 
b y 1993 the i r c o n t i g u o u s range e x t e n d e d s o u t h 
w a r d o n l y to about 50 degrees ( C u m m i n g & 
Beange , 1993) . M o s t authors ( D e V o s & Peterson, 
1 9 5 1 ; C r i n g a n , 1957 ; S i m k i n , 1965 ; D a r b y et al, 
1989 ; C u m m i n g & Beange, 1993) have assumed 
related decreases i n c a r i b o u n u m b e r s , a n d ascr ibed 
t h e m d i r e c t l y or i n d i r e c t l y to expanded h u m a n a c t i 
v i t ies i n the forest. T h u s the q u e s t i o n of c a r i b o u 
n u m b e r s addressed i n th is paper has i m m e d i a t e 
i m p l i c a t i o n s for c a r i b o u m a n a g e m e n t and conserva
t i o n , and for forest m a n a g e m e n t i n O n t a r i o . O v e r a l l 
est imates, a l t h o u g h useful for g l o b a l p l a n n i n g , m a y 
conceal changes w i t h i n c o m p o n e n t p o p u l a t i o n s that 
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m i g h t require m a n a g e m e n t response. T h u s , i n a d d i 
t i o n to c o m p i l i n g t o t a l n u m b e r s for O n t a r i o , th is 
paper breaks d o w n the overa l l figure i n t o estimates 
for i n d i v i d u a l p o p u l a t i o n s , and suggests manage
m e n t i m p l i c a t i o n s . 

Methods 
W o o d l a n d c a r i b o u c u r r e n t l y range over the 
P r e c a m b r i a n S h i e l d i n O n t a r i o f r o m H u d s o n B a y to 
L a k e Superior , a n area that grades f r o m open m u s 
k e g to f u l l boreal forest. A h t i (1967) classif ied this 
area i n t o 7 regions a n d S i m k i n (1965) p r o v i d e d 
p o p u l a t i o n est imates for 6 o f these. I have used 
t h e m once more i n th is paper so that compar isons 
w i t h previous est imates w o u l d be poss ib le . C o a s t a l 
T u n d r a B e l t and the Sub A r c t i c L i c h e n B e l t 
( c o m b i n e d by S i m k i n , 1965) c o n s t i t u t e the H u d s o n 
B a y L o w l a n d s ; A h t i (1967) cons idered the latter the 
best l i c h e n range i n O n t a r i o . To the s o u t h lies an 
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ecotone between the m u s k e g s of the n o r t h a n d the 
true boreal forest of the s o u t h , r e c o g n i z e d b y ( A h t i , 
1967) as the N o r t h w e s t e r n R e g i o n a n d the Eastern 
S w a m p R e g i o n . In the boreal forest i t s e l f he i d e n t i 
fied the W e s t e r n R o c k R e g i o n , the N i p i g o n -
Super ior R e g i o n , a n d the C e n t r a l R e g i o n . 

C u m m i n g & Beange (1993) s h o w e d a n o r t h e r n 
l i m i t to c o m m e r c i a l forests i n O n t a r i o . T h i s l i n e 
i n c l u d e s as c o m m e r c i a l the three s o u t h e r n regions , 
except for the nor thwes tern corner o f the W e s t e r n 
R o c k R e g i o n ; on the other h a n d , i t i n c l u d e s as c o m 
m e r c i a l a s m a l l s o u t h e r n corner o f the 
N o r t h w e s t e r n R e g i o n , a n d a belt a l o n g the s o u t h e r n 
b o u n d a r y o f the Eastern S w a m p R e g i o n . T h u s the 
regions cannot be assigned exactly to the n o n - c o m 
m e r c i a l / c o m m e r c i a l s p l i t b u t the i n c l u d e d and 
e x c l u d e d areas a p p r o x i m a t e l y balance so s u m m a r i e s 
p r o c l a i m the three southern regions as c o m m e r c i a l 
forest. 

T h e i n f o r m a t i o n for th is paper was c o l l a t e d f r o m 
estimates of c a r i b o u n u m b e r s p r o v i d e d for 13 d i s 
tr icts o f the O n t a r i o M i n i s t r y of N a t u r a l Resources 
( O M N R ) by d i s t r i c t b i o l o g i s t s and other manage
m e n t personne l . O M N R personnel i n each d i s t r i c t 
were asked to examine , revise, a n d r e t u r n tables 
w i t h prev ious estimates by d i s t r i c t ( C u m m i n g & 
Beange , 1993) . N e w tables were r e t u r n e d to each 
respondent for correct ions and m o d i f i c a t i o n s . 
F i n a l l y , telephone calls and Faxes h e l p e d to sort out 
p r o b l e m areas. U n f o r t u n a t e l y , d i s t r i c t boundar ies 
have changed and personnel m o v e d so that exact 
compar isons a m o n g d i s t r i c t s are not a lways poss i 
ble . C o m p i l a t i o n s p r o v i d e d estimates for larger are
as w i t h fewer b o u n d a r y p r o b l e m s , a n d for the p r o 
v i n c e as a w h o l e . 

F i e l d survey m e t h o d s di f fered w i d e l y a m o n g d i s 
tr icts due to the d i v e r s i t y of habitat c o n d i t i o n s and 
c a r i b o u n u m b e r s . P e n Islands c a r i b o u , l i v i n g m a i n 
l y i n o p e n country, were c o u n t e d f r o m aerial p h o t o 
graphs ( A b r a h a m & T h o m p s o n , 1998) , u n d o u b t e d 
l y the m o s t re l iable m e t h o d used b y anyone c o n t r i 
b u t i n g i n f o r m a t i o n . E l s w h e r e i n o p e n country , t r a n 
sects s i m i l a r to those i n i t i a t e d b y S i m k i n (1965) 
have been c o n t i n u e d b y T h o m p s o n (1986) and 
others, b u t i n forested c o u n t r y such m e t h o d s are not 
poss ib le . D i r e c t aerial counts of c a r i b o u o n rando
m i z e d p l o t s , such as those carr ied o u t for moose i n 
O n t a r i o since 1956 ( C u m m i n g , 1 9 5 8 ; B isset & 
M c L a r e n , 1995) are not feasible for c a r i b o u , nor do 
they m a k e sense for a species so scarce a n d w i d e l y 
d i s t r i b u t e d , b u t moose surveys occas ional ly c o n t r i 
b u t e d k n o w l e d g e about c a r i b o u by l o c a t i n g ran-
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d o m l y selected survey p lo ts i n places where aircraft 
o therwise w o u l d s e l d o m fly, b u t where c a r i b o u were 
f o u n d . 

Less re l iable m e t h o d s can p r o v i d e some ideas of 
c a r i b o u n u m b e r s i n places where preferable m e t 
hods are not poss ib le . C a r i b o u can be c o u n t e d w h e n 
they m o v e onto f rozen lakes d u r i n g M a r c h a n d 
A p r i l ; however , because observed p r o p o r t i o n s of the 
bands can s e l d o m be guessed, the counts p r o v i d e 
o n l y m i n i m u m est imates , perhaps s u p p o r t e d b y 
other i n f o r m a t i o n (e.g. , C u m m i n g & Beange , 
1987) . W h e n tracks are few, n u m b e r s of a n i m a l s 
can be d e t e r m i n e d , b u t i n larger t rack complexes 
th is becomes i m p o s s i b l e . 

Recent ly , increased efforts at d e t e r m i n i n g use of 
forest stands b y c a r i b o u for forest p l a n n i n g have 
located new c a r i b o u bands i n several d i s t r i c t s . 
Subsequent efforts to f o l l o w m o v e m e n t s w i t h the 
A R G O S satel l i te t r a c k i n g sys tem ( C r a i g h e a d & 
C r a i g h e a d , 1987) have p r o v i d e d i n c r e a s i n g l y accu
rate ideas about n u m b e r s . 

Results 
C o m p i l e d 1996 data to ta led 20 7 5 7 c a r i b o u (Table 
1), the h ighes t es t imate ever p u b l i s h e d for O n t a r i o 
( compared w i t h 1 3 0 0 - 3 0 0 0 es t imated by D e V o s & 
Peterson, 1 9 5 1 ; 7 2 0 0 by C r i n g a n , 1957 ; 12 555 
b y S i m k i n , 1 9 6 5 ; a n d 15 682 b y D a r b y et a l . , 
1989) . T h e largest c o m p o n e n t p o p u l a t i o n , the P e n 
Islands h e r d e s t i m a t e d at 10 7 9 8 a n i m a l s (Table 1), 
c o n t r i b u t e d over h a l f the c a r i b o u i n O n t a r i o . 
H a v i n g increased s teadi ly i n n u m b e r s f r o m 2 3 0 0 i n 
1 9 7 9 , they also represent the o n l y O n t a r i o p o p u l a 
t i o n that is u n q u e s t i o n a b l y g r o w i n g , or i m m i g r a 
t i n g ( A b r a h a m & T h o m p s o n , 1998) . 

A p a r t f r o m these P e n Is land c a r i b o u , d i s t r i c t 
est imates ranged f r o m 12 to 4 5 0 0 c a r i b o u (Table 1). 
W i t h th is great v a r i a t i o n , to ta l n u m b e r s have l i t t l e 
m e a n i n g . E v e n d i s t r i c t compar isons are d i f f i c u l t as 
they m a y change d r a m a t i c a l l y over t i m e for reasons 
that are not a lways clear. Some, l i k e those for 
C o c h r a n e D i s t r i c t (32 for 1996 v.s. 3 7 3 b y D a r b y et 
al, 1989) m a y be d u e to m o v e m e n t s o f c a r i b o u 
across borders (see note Table 1). O t h e r s d i s t r i c t s , as 
w i t h D r y d e n (25 v.s. 7), report c h a n g e d n u m b e r s 
due to shifts i n d i s t r i c t boundar ies . M a n y d i s t r i c t 
est imates appear to vary great ly because n u m b e r s of 
c a r i b o u are so few that counts change f r o m year to 
year. A few est imates are i d e n t i c a l w i t h those o f 
D a r b y et al. (1989) because no n e w estimates are 
avai lable f r o m remote areas where expense a n d 

Rangifer, Special Issue N o . 10, 1998 



cj 
ON 
00 

aj y w ^ 
fH iJ 3J . i s 

ri "O tS ON 
G 22 0 0 • 5 Ö CA 

P H ca ^ 
w S D 

cd " a 

S 1 o g 
A ! 

o 
QH 

T 3 

c 
o C 23 

o -5 

r- ^ 
'T',. ^ 

- 3 O 
BH 

o 
J 2 

ri ' H 
E > > J H 

-fl S 

3 

o 
-a 
c 

c 
O 

W-N 

n-s 

X 

oi 
rrs 

O 

ü 3 

SS - G 

O -C 

P H 

ri 

o rt 

00 
G c8 o ~ 
6 3 ri 

NO 
00 
ON 

o % 
S. g 
6 Ö 
O G 

_G 
H c 

cj 

c 
ON CM 
O CM 

o 
00 

&0 co 

c5 S 

£ s 

r-

KjA K> K> K> rS rS rN 

X 

rS X 

O tN ^ O 
ves — fN WS 
ON 

-a 

c 

ri 
3 

Ü K W W 

O 

T3 
G 

ri 
C J r-J 
K & 
ri o ffl PH 

I/S r¬o o —i o 
+1 00 

00 ~<r 

ri 
-a 

G 
3 
o 

- D 
Es 

z 

tL) 
l 
3 

o 

00 
m ON 

- a 
G 

G 
O 
o o 

X 

_G 
Q H 

o ^ 
4-1 
o 

_G 
PH 

I/C O r- o 
CM U-N 

G 
O 
SP 

' E 

z 

c 
ES 
o 

- a 

, t« 
CM CM -a ul ert 
00 00 G "0 C/i 

ert 
ON ON 

pa
r ri 

t/: ba
n 

ar
ie

: 

;u
p 

N
R

 S' _c" CÜ 
i-l 

f— 

N
R

 

z CO 
ri 

ri CU 3 • 
ri 

UH 

CJ c/3 U H o 
n 

O
 

u0 o
n

O
 

at
io

n
 

:ry
, 

on
 

ve
ry

 o
 

G 

CU sm
al

l 

- a -a 

pu
l tu > o Ü0 cu 

t/i 
CU cn pu

l 

O 
CJ tn C ri E 

Ba
 

Ba
 

Po
 CJ CU i-t Q CJ o 

c/3 

x 

o 

x x 

x 

T3 
G t« 
2 G 
P O 

ri X 

§ ° 

3 

_0J 

ICS irs 
CCl 

ert >, 
T3 ri G CQ 
ri c/5 CU 

T3 
CU e 
ri 3 

- G 
c7) H 

ON 
1T\ 

X 

X 

x 

x 

ri 

ICS r--o 
CM 

ri ut 

RangiSer, Specia l Issue N o . 10, 1 9 9 8 101 



log is t i cs p r o h i b i t s a n n u a l estimates. A l t h o u g h m o s t 
differences can be e x p l a i n e d , they are so n u m e r o u s 
that d i s t r i c t b y d i s t r i c t c o m p a r i s o n is not very f r u i t 
f u l . 

To reduce d i f f i cu l t ies i n a s s i g n i n g counts to d i s 
t r i c t s , estimates were co l la ted w i t h i n the 6 c a r i b o u 
habi ta t regions (Table 2) used b y S i m k i n (1965) . 
E v e n i n these larger u n i t s , a s s i g n i n g est imates p r o 
v e d d i f f i c u l t , and at least some of the apparent d i f fe 
rences m a y result f r o m m i s - c l a s s i f i c a t i o n o f d i s t r i c t s 
i n t o the larger regions. To fur ther reduce classif ica
t i o n d i f f i c u l t i e s , regions were g r o u p e d i n pairs 
a c c o r d i n g to habi tat type . 

T h e S u b - A r c t i c L i c h e n B e l t appears to have p r o 
gressively decreased f r o m 6 9 7 6 i n 1965 to 3 2 7 3 i n 
1996 , o n l y h a l f o f i ts former size (Table 2). T h e 
Eastern S w a m p R e g i o n , o n the other h a n d , is at 
least h o l d i n g its o w n . H o w e v e r , the decrease i n the 
first r e g i o n is such that the t w o regions c o m b i n e d 
also s h o w a progressive decrease. E s t i m a t e s for the 
N o r t h w e s t e r n R e g i o n have increased substant ia l ly , 
w h i l e those for the W e s t e r n R o c k r e g i o n have 
decreased. These changes raise suspic ions that the 
differences m a y be due to the d i f f i c u l t y i n a s s i g n i n g 
d is t r i c t s to regions. Indeed, the c o m b i n e d t o t a l for 
these t w o regions shows no apparent t r e n d . 

In a s i m i l a r way, the N i p i g o n - S u p e r i o r R e g i o n 
shows g r a d u a l l y increased estimates w h i l e the 
C e n t r a l R e g i o n has s h o w n a remarkab le decrease. 
I n th is case, the overa l l t r e n d for the c o m b i n e d r e g i 

ons remains d o w n w a r d . F u r t h e r m o r e , the s u m for 
the T r u e B o r e a l Forest was also s l i g h t l y d o w n w a r d . 
T h e totals for O n t a r i o , e x c l u d i n g the P e n Islands 
h e r d , have also g r a d u a l l y decreased over th is p e r i o d 
(Table 2). 

M o r e precise compar isons can be m a d e over a 
shorter t e r m b y c o m p a r i n g estimates for 1 9 9 0 w i t h 
those for 1 9 9 6 (Table 3). These data s h o w increases 
i n est imates of c a r i b o u n u m b e r s : f r o m a p p r o x i m a t e 
l y 8 0 0 to 1 3 0 0 i n the c o m m e r c i a l forest, 4 0 0 to 4 8 0 
i n the p o t e n t i a l l y c o m m e r c i a l forest, a n d 6 0 0 to 
8 0 0 i n parks a n d other protec ted areas. T h e t o t a l 
es t imate for the c o m m e r c i a l p o r t i o n o f the boreal 
forest d o u b l e d d u r i n g those 6 years, p r o b a b l y due to 
increased effort at finding c a r i b o u bands . 

Discussion 
C a r i b o u near the P e n Islands m a y have m i g r a t e d 
f r o m farther n o r t h i n the early 1 9 7 0 s ( A b r a h a m & 
T h o m p s o n , 1998) , a n d they c o n t i n u e to m o v e i n 
a n d out o f M a n i t o b a , b u t they c o n s t i t u t e the largest 
a n d fastest g r o w i n g p o p u l a t i o n i n O n t a r i o . Those 
o n the H u d s o n B a y L o w l a n d s , i n contrast , m a y have 
been d e c l i n i n g . F o r the L o w l a n d s c a r i b o u , habi ta t 
d i s turbance has changed re la t ive ly l i t t l e over h u n 
dreds of years, b u t they have been subjected to rela
t i v e l y heavy h u n t i n g , a possible cause for the appa
rent dec l ine . C a r i b o u i n the t r a n s i t i o n zone face 
r e l a t i v e l y l i t t l e hab i ta t d i s turbance a n d less n u n -

Table 2. Comparisons of 3 sets of estimates (1965, 1989, 1996) in regions reported by S i m ki n (1965) (excluding Penn 
Island caribou). 

R e g i o n S i m k i n (1965) D a r b y (1989) Present (1996) 

Sub A r c t i c L i c h e n B e l t 6 9 7 6 4 5 2 8 3 2 7 3 
Eastern S w a m p R e g i o n 1 5 9 0 2 7 0 9 1761 

T o ta l H u d s o n B a y L o w l a n d s 8 5 6 6 7 2 3 7 5 0 3 4 

N o r t h w e s t e r n R e g i o n 2 3 2 2 3 2 0 2 2 5 0 
W e s t e r n R o c k R e g i o n 2 8 5 7 4 4 1820 

T o t a l W e s t e r n T r a n s i t i o n a l 3 0 8 9 2 3 6 4 4 0 7 0 

N i p i g o n - S u p e r i o r R e g i o n 4 0 0 8 0 6 787 
C e n t r a l R e g i o n 5 0 0 4 7 5 68* 

To ta l Eas tern B orea l 9 0 0 1281 855 

T o t a l c o m m e r c i a l forest b 3 9 8 9 3645 2675 

Totals for O n t a r i o 1 2 5 5 5 10882 9 9 5 9 

* See note Table 1. 
b Including the Western Rock Region, Nipigon-Superior Region, and Central Region. 
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Table 3. Estimates of caribou numbers for 1996 in the 
commercial portion of Ontario's boreal forest 
compared w i t h those reported for 1990 by 
C u m m i n g & Beange (1993). Increases were 
believed due mainly to finding additional cari
bou bands. 

R e p o r t e d for C u r r e n t 

1 9 9 0 ' 1996 

I n current c o m m e r c i a l forests 8 2 8 1328 
I n p o t e n t i a l c o m m e r c i a l forests 4 0 0 4 8 1 
I n parks a n d u n d i s t u r b e d is lands 6 0 0 8 3 9 
Tota l est imate for boreal forest 

area of O n t a r i o 1 8 2 8 2 6 4 8 b 

* C u m m i n g & Beange, 1993. 
b The difference from Table 2 is due to a finer breakdown 

among habitat categories w i t h i n districts. 

t i n g ; they seem to be h o l d i n g the i r o w n . I n the 
more souther ly por t ions of the true boreal forest, 
habi ta t d i s turbance has been w i d e s p r e a d . A l t h o u g h 
changes i n d i s t r i b u t i o n suggested subs tant ia l d e c l i 
nes p r i o r to 1965 ( C u m m i n g & Beange , 1993) , the 
evidence for c o n t i n u i n g dec l ine is less clear. T h e 
C e n t r a l R e g i o n reported fewer c a r i b o u t h a n p r e v i 
ously, b u t i n m o r e wester ly reg ions , d iscovery of 
new c a r i b o u bands offset any losses i n n u m b e r s . 

T h e fur ther b r e a k d o w n of B o r e a l Forest c a r i b o u 
i n t o 3 s u b - p o p u l a t i o n s ( C o m m e r c i a l , P o t e n t i a l 
C o m m e r c i a l , a n d Protected) p r o v i d e d s i m i l a r 
advantages. C a r i b o u estimates for the true boreal 
forest after an apparent d e c l i n e f r o m 1965 to 1 9 8 9 
showed an apparent increase, not o n l y i n the totals , 
b u t also for c o m m e r c i a l forests, p o t e n t i a l l y c o m 
m e r c i a l forests (i.e. m a y be des ignated c o m m e r c i a l 
i n the next few years) and i n parks . H o w e v e r , m o s t 
o f the increase appeared to be i n c o m m e r c i a l forests 
where increased efforts at i d e n t i f y i n g stands s u p p o r 
t i n g car ibou revealed p r e v i o u s l y u n k n o w n bands. 
Parks c o n t i n u e to harbor subs tant ia l n u m b e r s ( total 
8 3 9 - 9 6 4 c a r i b o u , w i t h over 6 0 0 o f these s u p p l i e d 
b y W a b a k i m i a n d Slate Islands parks . 

Implications for management 
T h o m a s (1998) m a i n t a i n s that estimates o f c a r i b o u 
(Rangifer tarandus) n u m b e r s c o n t r i b u t e l i t t l e t o w a r d 
s e t t i n g management goals. T h i s v i e w m a y be true 
for b a r r e n - g r o u n d c a r i b o u , b u t for w o o d l a n d c a r i 
b o u w i t h the i r modest , w i d e l y separated bands, the 
i m p o r t a n c e o f d i spers ion i n f o r m a t i o n (how m a n y 
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a n d where) can scarcely be d o u b t e d . M a n a g e m e n t 
goals for very s m a l l c a r i b o u herds, such as 2 5 - 3 0 
S e l k i r k c a r i b o u shared between B r i t i s h C o l u m b i a 
a n d n e i g h b o r i n g states (Freddy 1979) m u s t di f fer 
w i d e l y f r o m those for very large ones, e .g. the 8 0 0 
0 0 0 G e o r g e R i v e r herd ( C o u t u r i e r et al., 1996) . In 
O n t a r i o the q u e s t i o n is , " W h i c h p o p u l a t i o n s s h o u l d 
be m a n a g e d t o w a r d w h i c h goals?" . 

T h e g r o w i n g P e n Islands herd is p r o b a b l y b e i n g 
under -harves ted ; m a n a g e m e n t goals m i g h t i n c l u d e 
increased h u n t i n g to approach a susta ined y i e l d . 
O t h e r c a r i b o u i n the H u d s o n B a y L o w l a n d s show 
some evidence of decrease since 1 9 6 5 . I n th i s s i tua
t i o n , m a n a g e m e n t m u s t i n v o l v e decis ions r e g a r d i n g 
a l l o w a b l e surpluses , effects of s n o w m o b i l e s , w h e t 
her l ega l h u n t i n g by non-nat ives s h o u l d be i n t r o 
d u c e d , a n d s i m i l a r concerns. T h u s , m a n a g e m e n t o f 
b o t h the P e n I s land p o p u l a t i o n and the r e m a i n i n g 
H u d s o n B a y L o w l a n d c a r i b o u s h o u l d a i m at susta i 
ned y i e l d , b u t f r o m opposi te d i r e c t i o n s . C a r i b o u i n 
the t r a n s i t i o n forests s h o w c o n t i n u i n g g o o d p o p u l a 
t ions a n d are threatened b y ne i ther h u n t i n g nor 
habi ta t d i s t u r b a n c e . L i t t l e m a n a g e m e n t is necessary 
at the present t i m e . 

M a n a g e m e n t o f c a r i b o u i n the true boreal forest 
faces other p r o b l e m s . C a r i b o u are occas ional ly h u n 
ted b y a b o r i g i n a l people , b u t they prefer moose 
( H a m i l t o n , 1984) , a n d l e g a l h u n t i n g has not been 
p e r m i t t e d since 1929- O n the other h a n d , c a r i b o u 
bands have been lost a l o n g the s o u t h e r n l i m i t s o f 
the i r d i s t r i b u t i o n t h r o u g h o u t th i s century, appa
r e n t l y due to hab i ta t change ( C u m m i n g & Beange , 
1993) . T h e r e is w i d e s p r e a d agreement that th is 
n o r t h w a r d retreat m u s t be s topped to re ta in any 
c a r i b o u i n the c o m m e r c i a l forest. T h e c u r r e n t l y h i g 
her est imates o f c a r i b o u n u m b e r s rel ieve concern to 
some extent , b u t do not r e m o v e i t . T h e 5 0 : 5 0 0 r u l e 
(50 a n i m a l s for short t e r m s u r v i v a l , 5 0 0 for the l o n g 
t e r m , Soule , 1987) m u s t be at least d o u b l e d , per 
haps t r i p l e d , for a c a r i b o u p o p u l a t i o n to i n c l u d e the 
m a n y n o n - b r e e d i n g a n i m a l s . A t d o u b l e the e s t i m a 
tes by Soule (1987) , there r e m a i n p l e n t y o f c a r i b o u 
i n the boreal forest as a w h o l e for l o n g t e r m s u r v i 
v a l . B u t these c a r i b o u are w i d e l y dispersed i n bands 
not exceeding 5 0 0 , m o s t 150 or less. T h e y p r o b a b l y 
always have been ( S i m k i n , pers. c o m m . ) . I n the past 
genet ic exchange a m o n g c a r i b o u bands was assured 
by m o v e m e n t o f i n d i v i d u a l s be tween bands . R a d i o 
te lemetry has s u p p o r t e d this idea by s h o w i n g that 
c a r i b o u travel extensively, v i s i t i n g other c a r i b o u 
bands w i t h w h i c h they d o not r e g u l a r l y associate 
( C u m m i n g & Beange , 1987) , a n d this finding has 
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been c o n f i r m e d b y recent A R G O S t r a c k i n g ( G o l l a t , 
pers. c o m m . ) . H o w e v e r , i f the large c a r i b o u bands , 
i n a n d out of parks , become the o n l y ones i n the 
c o m m e r c i a l forest, such exchange is no l o n g e r assu
red . To guarantee future presence o f c a r i b o u i n the 
forest, a n e t w o r k of s m a l l c a r i b o u bands m u s t be 
reta ined a m o n g the larger aggregat ions to perpetua
te genet ic variety. S u r v i v a l o f even the larger bands 
a n d p a r k c a r i b o u m a y d e p e n d o n r e t a i n i n g these 
l inkages . C a r i b o u i n the boreal forest m u s t be 
m a n a g e d w i t h the g o a l o f species r ichness : no spec i 
es s h o u l d be lost f r o m the o r i g i n a l ecosystem c o m 
p l e x , least o f a l l , these s t r i k i n g , large , and h i s t o r i 
ca l ly i m p o r t a n t w o o d l a n d c a r i b o u . M a n a g e r s m i g h t 
re ly o n parks for cont inuance o f c a r i b o u presence i n 
the c o m m e r c i a l p o r t i o n s of the boreal forest o f 
O n t a r i o , b u t w i t h W a b a k i m i a n d Slate Islands 
parks c o n t r i b u t i n g over t w o t h i r d s of the a n i m a l s , 
n u m b e r s i n the r e m a i n i n g parks appear too l o w for 
any confidence of s u r v i v a l even i n the short t e r m , 
a n d the i r w i d e spac ing a lmost ensures i s l a n d - l i k e 
i s o l a t i o n . A s for resource managers , i t w o u l d be p r o 
fessional ly u n t h i n k a b l e to manage the forests of 
n o r t h e r n O n t a r i o i n ways that w o u l d result i n one 
of the most i m p o r t a n t i n d i g e n o u s species b e i n g lost 
f r o m our forests. E v e r y b a n d saved b y m a i n t a i n i n g 
sui table habi ta t helps keep these c a r i b o u a step f u r 
ther f r o m such a fate. 
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Abstract: Recent research has shown that woodland caribou i n Saskatchewan exist as relatively separate populations 
w i t h i n a metapopulation. Prel iminary analyses show that individuals w i t h i n all populations are selecting peatland habi
tat types (i.e., fens and bogs) throughout the year. Despite an absence of hunt ing, populations south of the Precambrian 
shield appear to be declining slowly, while those on the southern margin of the shield may be decl ining more rapidly. 
The apparent population decline is l ikely due to h i g h tates of predation, especially on neonates. To maintain viable cari
bou populations in the region, forestry operations must be managed to maintain adequate amounts of preferred habitat 
types and connections among populations. A t a coarse scale, preferred habitat is that w h i c h acts as a refuge from preda
tors. Addir iona l information is required to categorize specific peatland types, as data i n the existing provincial forest 
inventory are inadequate for both selection analysis and management purposes. O n g o i n g research into revisions to the 
forest inventory and analyses of bog and fen rypes selected by caribou are needed to focus future management strategies. 

K e y w o r d s : demography , forestry, h a b i t a t , m a n a g e m e n t , m e t a p o p u l a t i o n , p e a t l a n d , p o p u l a t i o n . 
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Background 
W o o d l a n d c a r i b o u (Rangifer tarandus caribou) i n 
Saskatchewan range f r o m the southern l i m i t s o f the 
ranges o c c u p i e d by the B e v e r l y a n d Q a m a n i r j u a q 
herds to the southern m a r g i n of the boreal forest 
( F i g . 1). K e l s a l l (1984) es t imated the p r o v i n c i a l 
p o p u l a t i o n at 2 5 0 0 a n i m a l s (ca. 0 .01 c a r i b o u - k m 2) 
and E d m o n d s (1991) cons idered a l l w o o d l a n d c a r i 
b o u i n the p r o v i n c e to b e l o n g to the boreal ecotype. 
F u r t h e r m o r e , R u t t a n ( I 9 6 0 ) observed few interac
t ions a m o n g i n d i v i d u a l g r o u p s of c a r i b o u i n the 
r e g i o n , suggest ive of several p o p u l a t i o n s w i t h i n a 
m e t a p o p u l a t i o n (sensu W e l l s & R i c h m o n d , 1995) . 

R o c k (1992) c o n c l u d e d that most h u m a n i m p a c t s 
o n c a r i b o u habi tat i n Saskatchewan have been 
restr ic ted to the area south of the C h u r c h i l l R i v e r , 
p a r t i c u l a r l y i n the area s o u t h of the P r e c a m b r i a n 
s h i e l d that contains the province 's c o m m e r c i a l fore
stry operat ions ( F i g . 1). I n 1 9 6 6 the province ' s first 
p u l p m i l l was constructed , a n d road b u i l d i n g began 
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i n the southern boreal forest. L o g g i n g a n d other 
habi ta t dis turbances that favour early serai stages 
are t h o u g h t to s u p p o r t h i g h e r moose (Alces alces) 
and w h i t e - t a i l e d deer (Odocoileus virginianus) d e n s i t i 
es, l e a d i n g to a subsequent increase i n w o l f (Canis 
lupus) dens i ty (e.g. , S c h w a r t z & F r a n z m a n n , 1989) . 
H o l l e m a n & S tephenson (1981) d o c u m e n t e d the 
preference of wolves for c a r i b o u a n d other s m a l l 
ungula tes w h e n they were avai lable . A n increase i n 
moose dens i ty can therefore fac i l i ta te p r e d a t i o n o n 
c a r i b o u b y wolves ( B e r g e r u d & B a l l a r d , 1988) . 
A l t h o u g h wolves have been observed p r e y i n g u p o n 
c a r i b o u t h r o u g h o u t the r e g i o n , moose a n d w h i t e -
t a i l e d deer have been t h o u g h t to be m o r e c o m m o n 
prey ( R u t t a n , I 9 6 0 ; T r o t t i e r , 1986) . 

P r i o r to the m i d 1 9 8 0 s , data avai lab le o n c a r i b o u 
d e m o g r a p h y were la rge ly l i m i t e d to i n f o r m a t i o n o n 
the success rates o f sport hunters . T h e p r o v i n c i a l 
l i censed c a r i b o u harvest peaked i n the early 1 9 7 0 s , 
a n d was f o l l o w e d b y 13 years of s teadi ly d e c l i n i n g 
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tions. 

h u n t e r success rates p r i o r to a m o r a t o r i u m b e i n g 
p u t i n place i n 1987 ( R o c k , 1992) . H u n t e r success 
rates d e c l i n e d b y an order of m a g n i t u d e d u r i n g th i s 
p e r i o d . T h o u g h the use of p o p u l a t i o n t r e n d data has 
been character ized as unre l iab le i n recent l i tera ture 
(e.g. , B r a d s h a w & H e b e r t , 1996) , the data used b y 
R o c k (1992) were col lected i n the same area b y the 
same m e t h o d over a 20 year p e r i o d a n d they show a 
clear t r e n d o f dec l ine . R o c k (1992) reported that 
h u n t i n g was the l i k e l y p r o x i m a t e cause for the 
observed dec l ine . L o c a l reports i n d i c a t e d that i n c r e 
ased h u n t i n g f o l l o w e d the increase i n l o g g i n g a c t i 
v i t y and road c o n s t r u c t i o n , a n d resul ted i n the 
dec l ine or disappearance o f m a n y loca l c a r i b o u 
p o p u l a t i o n s (Trott ier , 1988) . T h e p a t t e r n of d e c l i n e 
or e x t i r p a t i o n of w o o d l a n d c a r i b o u p o p u l a t i o n s f o l 
l o w i n g h u m a n a c t i v i t y has occurred across N o r t h 
A m e r i c a ( B e r g e r u d , 1974) . 

F r o m the l i m i t e d data avai lable , R o c k (1992) 
c o n c l u d e d that the b i r t h rate o f c a r i b o u i n the r e g i 
o n was h i g h , b u t that b o t h ca l f a n d a d u l t s u r v i v a l 
rates were l o w . M i n i m a l levels o f subsistence h u n -
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t i n g (Trot t ier , 1986) a n d the end of sport h u n t i n g 
s h o u l d have p r o d u c e d an increase i n the c a r i b o u 
p o p u l a t i o n i n the absence o f major l i m i t i n g effects 
of f o o d shortage, disease, or p r e d a t i o n . R o c k (1992) 
speculated that the n o r t h e r n p o r t i o n o f the r e g i o n 
was l i k e l y to c o n t a i n the best r e m a i n i n g c a r i b o u 
range based o n a h i s t o r y of l i m i t e d l o g g i n g a c t i v i t y 
a n d his assessment o f the q u a l i t y o f the avai lable 
habi ta t types i n the area. E d m o n d s (1991) sugge
sted that the r e q u i r e d i n f o r m a t i o n o n c a r i b o u i n 
Saskatchewan s h o u l d i n c l u d e a p r o v i n c i a l c a r i b o u 
i n v e n t o r y and the a c q u i s i t i o n of data o n the size and 
status o f var ious herds, as w e l l as the d e l i n e a t i o n o f 
c a r i b o u range. 

Recent research 
T h e first m a j o r s t u d y of w o o d l a n d c a r i b o u i n 
Saskatchewan was c o n d u c t e d between 1992 and 
1 9 9 6 w i t h the objectives of assessing hab i ta t selec
t i o n a n d d e m o g r a p h i c per formance of c a r i b o u s o u t h 
o f the C h u r c h i l l R i v e r ( F i g . 1). 

Demography 
C a r i b o u i n centra l Saskatchewan are segregated i n t o 
several p o p u l a t i o n s w i t h few interact ions a m o n g 
i n d i v i d u a l s f r o m dif ferent p o p u l a t i o n s (Re t t i e & 
Mess ier , i n press). T h i s finding supports the obser
vat ions r e p o r t e d i n R u t t a n ' s ( I 9 6 0 ) w o r k , as w e l l as 
m o r e recent results i n A l b e r t a ( S t u a r t - S m i t h et al., 
1997) . 

R e t t i e & M e s s i e r ( i n press) discussed d e m o g r a p h y 
o f the w o o d l a n d c a r i b o u m e t a p o p u l a t i o n i n centra l 
Saskatchewan and the i r findings are s u m m a r i s e d i n 
Table 1. A d u l t m o r t a l i t y o f c a r i b o u i n the r e g i o n 
was s i m i l a r to that repor ted for other p o p u l a t i o n s 
t h o u g h t to be i n d e c l i n e (e.g. , F u l l e r & K e i t h , 1 9 8 1 ; 
S t u a r t - S m i t h et al., 1997) . R e t t i e & M e s s i e r ( i n 
press) suggested that the m e t a p o p u l a t i o n was not 
f o o d l i m i t e d based o n the i r observations of early 
r e p r o d u c t i v e m a t u r i t y , a h i g h pregnancy rate, and a 
h i g h p a r t u r i t i o n rate. T h e y ca lcula ted the rate of 
increase f r o m 1 9 9 3 - 1 9 9 6 s u r v i v a l a n d r e c r u i t m e n t 
data a n d a t t r i b u t e d the l o w rate of increase to h i g h 
rates o f p r e d a t i o n o n neonates a n d a d u l t a n i m a l s . 
A l t h o u g h R o c k (1992) speculated that the m o r e 
n o r t h e r l y p o r t i o n s o f the s tudy area w o u l d c o n t a i n 
the best c a r i b o u habi ta t o w i n g to l o w e r levels o f 
h u m a n d i s t u r b a n c e , R e t t i e & M e s s i e r ( i n press) 
f o u n d the poorest d e m o g r a p h i c performance 
(r = -0 .16) a m o n g a n i m a l s i n th is r e g i o n . T h e meta 
p o p u l a t i o n does not appear to be i n c r e a s i n g despite 
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Table 1. Demographic performance of woodland caribou in central Saskatchewan based on data from 1993-1996 (from 
Rettie & Messier (in press)). 

Parameter V a l u e 1 

A d u l t s u r v i v a l rate (n = 6 3 . 6 c a r i b o u r a d i o - t r a c k i n g years) 0.84 : t 0 .05 

C o n c e p t i o n rate of females at 16 m o n t h s (n = 5 cows) 1.00 : t 0 . 0 0 

P r e g n a n c y rate (« = 51 cows) 0 .94 d t 0 .03 

M i n i m u m p a r t u r i t i o n rate (n = 28 cows) 0 .86 r t 0 .07 

C a l f x o w rat io ( M a r c h ) (n = 2 2 3 cows) 0 .28 d b 0 .03 

M e t a p o p u l a t i o n rate of increase -0 .05 , t 0 . 06 

* A l l rates and ratios presented as mean annual values ± 1 SD. 

a ban o n sport h u n t i n g and repor ted ly l o w levels o f 
subsistence h u n t i n g . R e t t i e & M e s s i e r ( i n press) 
suggested that h i g h levels o f p t e d a t i o n a r i s i n g f r o m 
(1) h i g h e r densit ies of b l a c k bear (Ursus americanus) 
and (2) an increase i n w o l f n u m b e r s i n response to 
e x p a n d i n g moose a n d deer densit ies , were the p r o x i 
mate causes of the lack of p o p u l a t i o n g r o w t h . 
Increased p r e d a t i o n , especial ly o n c a r i b o u neonates 
m a y be independent o f c a r i b o u dens i ty a n d m a y 
u l t i m a t e l y be l i n k e d to habi ta t changes f o l l o w i n g 
l o g g i n g . 

Habitat selection 

T h e d i s t r i b u t i o n of w o o d l a n d c a r i b o u p o p u l a t i o n s is 
heterogeneous i n response to habi tat characterist ics 
that m a y isolate t h e m f r o m wolves as repor ted by 
C u m m i n g et al. (1996) . R e t t i e a n d M e s s i e r ( in 
press) speculated that such behaviour m a y place c a l 
v i n g c a r i b o u i n areas w i t h h i g h e r densi t ies of b l a c k 
bears. P r e l i m i n a r y analyses (Ret t ie - u n p u b l i s h e d 
data) suggested that c a r i b o u i n centra l Saskatche
w a n preferent ia l ly select peat land habi ta t t h r o u g 
h o u t the year. Areas o n the P r e c a m b r i a n s h i e l d m a y 
be i n h e r e n t l y dif ferent i n the q u a n t i t y , q u a l i t y , of 
d i s t r i b u t i o n of pea t land habitats secure f r o m p r e d a 
tors and m a y be more sensit ive to h u m a n d i s t u r b a n 
ce than areas fur ther s o u t h . T h e p r o v i n c i a l forest 
i n v e n t o r y m a i n t a i n e d b y the Fores try B r a n c h o f 
Saskatchewan E n v i r o n m e n t and Resource M a n a g e 
m e n t places the n u m e r o u s d i s t i n c t b o g a n d fen 
c o m m u n i t i e s i n t o t w o coarse p e a t l a n d (or 
" m u s k e g " ) categories. T h e lack o f d e t a i l e d i n f o r m a 
t i o n i n the forest i n v e n t o r y has p r e c l u d e d the i d e n 
t i f i c a t i o n of specific b o g a n d fen c o m m u n i t i e s that 
w o o d l a n d car ibou m a y be se lec t ing . Researchers at 
the U n i v e r s i t y of A l b e r t a have recent ly c o m p l e t e d a 
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deta i led c lass i f icat ion of bogs a n d fens i n a 5 0 0 0 
k m 2 p o r t i o n o f centra l Saskatchewan to p r o v i d e the 
data against w h i c h to measure select ive use b y 
w o o d l a n d c a r i b o u . 

Current status of woodland caribou in 
Saskatchewan 
I n f o r m a t i o n c u r r e n t l y avai lable does not p e r m i t a 
r e v i s i o n o f K e l s a l l ' s (1984) es t imate o f w o o d l a n d 
c a r i b o u i n Saskatchewan. P o p u l a t i o n trends suggest 
that the c a r i b o u m e t a p o p u l a t i o n s o u t h of the 
C h u r c h i l l R i v e r is f r a g m e n t e d a n d l i k e l y d e c l i n i n g . 
T h e effect o f l o g g i n g a c t i v i t y i n the area has i n c l u 
d e d the p r o d u c t i o n o f habi tat w e l l s u i t e d to b l a c k 
bears, moose, e l k (Cervus elaphus), a n d w h i t e - t a i l e d 
deer, a n d hence to w o l v e s . V i a b l e c a r i b o u p o p u l a 
t ions i n h a b i t the r e m a i n i n g patches o f habi ta t that 
are extensive e n o u g h to p r o v i d e refuge f r o m p r e d a 
tors. C o n t i n u e d resource e x p l o r a t i o n a n d ex t rac t ion 
i n central Saskatchewan w i l l f u r t h e r l i m i t the 
a m o u n t of c a r i b o u habi ta t avai lable a n d w i l l result 
i n the dec l ine , and p o s s i b l y the disappearance, o f 
loca l c a r i b o u p o p u l a t i o n s . 

Research and management recommen
dations 
I f c a r i b o u are to r e m a i n v i a b l e i n the r e g i o n s o u t h of 
the C h u r c h i l l R i v e r , the persistence o f s m a l l loca l 
p o p u l a t i o n s s h o u l d be the key m a n a g e m e n t o b j e c t i 
ve as there appears to be l i t t l e m o v e m e n t a m o n g 
p o p u l a t i o n s . F u r t h e r m o r e , m o v e m e n t s a m o n g 
p o p u l a t i o n s are l i k e l y to become m o r e res tr ic ted as 
the r e g i o n becomes i n c r e a s i n g l y f r a g m e n t e d b y 
roads and l o g g e d areas, an o u t c o m e that m a y p r e -

107 



vent r e c o l o n i z a t i o n f o l l o w i n g loca l e x t i n c t i o n s . 
P r o v i d i n g habi tat to preserve the areas w i t h l o w 
densi t ies o f predators used by local c a r i b o u p o p u l a 
t ions , as w e l l as to preserve corr idors a m o n g t h e m , 
s h o u l d represent a m a n a g e m e n t p r i o r i t y . R e c e n t 
research act iv i t ies have i d e n t i f i e d some o f the re
m a i n i n g c a r i b o u p o p u l a t i o n s , and w i l l u l t i m a t e l y 
p r o v i d e i n f o r m a t i o n o n selective use o f var ious h a b i 
tat types . I n this regard, i t is l i k e l y that m o r e data 
w i l l be r e q u i r e d to q u a n t i f y the a v a i l a b i l i t y of the 
var ious types of peat lands i n the r e g i o n . These data 
are r e q u i r e d to assess the relat ive preferences o f c a r i 
b o u for di f ferent types o f bogs and fens. 

I n contrast to the p r e d i c t i o n s of R o c k ( 1 9 9 2 ) we 
do not expect current research to s u p p o r t the idea 
that the best w o o d l a n d c a r i b o u habi tat i n the r e g i o n 
is i n the areas o n , or i m m e d i a t e l y adjacent to , the 
P r e c a m b r i a n s h i e l d . D e s p i t e h i g h e r levels o f d i s t u r 
bance, the c a r i b o u p o p u l a t i o n s w h i c h are stable or 
p o s s i b l y even increas ing are to be f o u n d fur ther 
south . T h o u g h the more souther ly p o p u l a t i o n s are 
closer to act ive l o g g i n g operat ions , they m a y s t i l l 
have access to larger or h i g h e r q u a l i t y predator-free 
areas. T h e p r o x i m i t y o f l o g g i n g operat ions to 
r e m a i n i n g c a r i b o u p o p u l a t i o n s increases the need 
for p r o m p t ac t ion . 

I n s u m m a r y , we agree w i t h E d m o n d s (1991) that 
some loca l c a r i b o u p o p u l a t i o n s m a y not be v i a b l e , 
and suppor t the r e c o m m e n d a t i o n o f R o c k (1992) 
that parts o f the boreal forest w i l l need to be m a n a 
g e d for c a r i b o u i n order to ensure t h e i r persistence. 
L o n g - t e r m m o n i t o r i n g of the d i s t r i b u t i o n and 
d e m o g r a p h y of c a r i b o u i n the r e g i o n w i l l be r e q u i 
red to assess the success o f any m a n a g e m e n t strate
gies . Ef fec t ive m a n a g e m e n t w i l l require coopera
t i o n f r o m the forest indus t ry , g o v e r n m e n t , a n d abo
r i g i n a l g r o u p s as suggested b y T h o m a s & A r m -
b r u s t e r ( 1 9 9 6 ) . 
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Status of woodland caribou in Alberta 
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Abstract: A recent teview of woodland caribou {Rangifer tarandus caribou) status i n Alberta estimated that there are bet
ween 3600 and 6700 caribou occupying 113 000 k m 2 of habitat. There are two ecotypes of caribou in Alberta ; the 
mountain ecotype in the west central region and the boreal ecotype primari ly i n the norrh. Mounta in caribou populati 
ons are stable or declining and boreal populations, where data are available, appear ro be stable or decl ining slowly. A 
major iniriative in caribou management in Alberta has been the development of the Woodland Caribou Conservation 
Strategy. This document was developed over two and a half years by a committee of multi-stakeholdet representatives. 
The past five years has seen an increase i n baseline inventory and applied research jointly funded by government, indus
try and universities, addressing a wide range of management issues from caribou response to logging to interactions of 
moose, wolves and caribou in the boreal ecosystem. Land use conflicrs on caribou range remain h igh w i t h t imber har
vesting, o i l and gas development, peat moss extraction, coal m i n i n g , agricultural expansion and increasing road access 
overlapping. Cumulative effects of these disturbances are poorly understood and have received l i tt le attention to date. 

K e y w o r d s : p o p u l a t i o n size, d i s t r i b u t i o n , current research a n d m a n a g e m e n t p r o g r a m s . 
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Current status 
W o o d l a n d c a r i b o u and the i r habi ta t are threatened 
i n A l b e r t a and the Wildlife Act l is ts t h e m as an 
endangered species. T h i s means that c a r i b o u are 
l i k e l y to become endangered i n A l b e r t a i f the fac
tors c a u s i n g their r e d u c t i o n i n n u m b e r s are not 
reversed. Since 1 9 0 0 , c a r i b o u d i s t r i b u t i o n a n d 
n u m b e r s have d e c l i n e d a l o n g the southern edge of 
the i r range where h u m a n encroachment has been 
greatest. A l b e r t a has t w o ecotypes of w o o d l a n d 
c a r i b o u ; a m o u n t a i n ecotype i n west centra l A l b e r t a 
and a boreal ecotype p r i m a r i l y i n n o r t h e r n A l b e r t a . 
There are few data on past and current p o p u l a t i o n 
sizes, a n d the dec l ine i n c a r i b o u n u m b e r s a n d d i s t r i 
b u t i o n d o c u m e n t e d b y E d m o n d s (1986) has been 
c h a l l e n g e d (Bradshaw & H e b e r t , 1996) . A recent 
assessment estimates that 3 6 0 0 to 6 7 0 0 c a r i b o u 
i n h a b i t about 113 0 0 0 k m 2 o f n o r t h e r n a n d west 
centra l A l b e r t a (Alberta 's W o o d l a n d C a r i b o u 
C o n s e r v a t i o n Strategy, 1996) ( F i g . 1). 

M o u n t a i n herds are es t imated to to ta l 6 0 0 to 7 5 0 
a n i m a l s w i t h g r o w t h trends v a r y i n g f r o m stable to 
d e c l i n i n g sharply ( B r o w n et al., 1994 ; A l b e r t a 
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E n v i r o n m e n t a l P r o t e c t i o n , u n p u b l . data). D e n s i t i e s 
a n d p o p u l a t i o n trends es t imated i n t w o studies of 
boreal herds were 0 .05 c a r i b o u / k m 2 a n d stable 
( A l b e r t a E n v i r o n m e n t a l P r o t e c t i o n , u n p u b l i s h e d 
data) and 0.08 c a r i b o u / k m 2 and stable or d e c l i n i n g 
s l o w l y ( S t u a r t - S m i t h et al., 1997) . M o s t o f the bore
a l herds of A l b e r t a have not been adequate ly i n v e n 
t o r i e d . H o w e v e r , basel ine i n v e n t o r y a n d research 
studies o f A l b e r t a ' s w o o d l a n d c a r i b o u p o p u l a t i o n s 
have increased s u b s t a n t i a l l y i n the past five years so 
the k n o w l e d g e base has i m p r o v e d for u n d e r s t a n d i n g 
p o p u l a t i o n n u m b e r s , t rends, a n d l i m i t i n g factors 
( E d m o n d s & S m i t h , 1 9 9 1 ; B r a d s h a w , 1994 ; B r o w n 
etal., 1994 ; H o r n b e c k & M o y l e s , 1 9 9 5 ; B r a d s h a w et 
al, 1 9 9 5 ; S t u a r t - S m i t h ^ / . , 1997) . 

Limiting Factors 
I n A l b e r t a , sc ientists a n d managers agree that pre¬
d a t i o n b y wolves (Canis lupus) is the m a j o r cause of 
death of c a r i b o u that i n h a b i t u n d i s t u r b e d habi ta t 
( B r o w n et al, 1994 ; S t u a r t - S m i t h et al, 1997 ; 
A l b e r t a ' s W o o d l a n d C a r i b o u C o n s e r v a t i o n Strategy, 
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F i g . 1. The present distr ibution of caribou habitat in 
Alberta . 

1996) . G r i z z l y bear (Ursus arctos) p r e d a t i o n is also 
an i m p o r t a n t factor i n the m o u n t a i n c a r i b o u herds 
( E d m o n d s , 1988 ; B r o w n et al., 1994 ; A l b e r t a 
E n v i r o n m e n t a l P r o t e c t i o n , u n p u b l . data). 

D i r e c t m o r t a l i t y f r o m h u m a n s results f r o m i l l e 
g a l h u n t i n g (recreational sport h u n t i n g was closed 
i n 1981) , m i s t a k e n i d e n t i t y (car ibou shot i n m i s t a 
ke for moose, deer or e lk ) and nat ive subsistence 
harvest. Genera l ly , data o n h u m a n harvest is poor. 
I n west centra l A l b e r t a where m o n i t o r i n g has been 
longer a n d m o r e successful , a n d road access w i t h i n 
c a r i b o u range is a b u n d a n t , at least five to t en car i 
b o u a year are shot (about 1 % of the p o p u l a t i o n ) 
( A l b e r t a E n v i r o n m e n t a l P r o t e c t i o n , u n p u b l . data). 
O n e s t u d y i n northeast A l b e r t a d e t e r m i n e d that 
three of 16 r a d i o - co l lared c a r i b o u (18%) that d i e d 
d u r i n g the four year s t u d y were shot ( S t u a r t - S m i t h 
et al., 1997) . V e h i c l e c o l l i s i o n s are a serious p r o b l e m 
w i t h one m o u n t a i n c a r i b o u h e r d where as m a n y as 
17 c a r i b o u (about 1 0 % of the herd) have been k i l l e d 
i n one w i n t e r o n a h i g h w a y that bisects the i r w i n t e r 
range ( A l b e r t a F i s h & W i l d l i f e , u n p u b l . data). 

A n adequate a m o u n t of sui table hab i ta t is a k e y 
factor i n m a i n t a i n i n g v i a b l e c a r i b o u p o p u l a t i o n s i n 
A l b e r t a . T i m b e r h a r v e s t i n g , o i l a n d gas e x p l o r a t i o n 
a n d d e v e l o p m e n t , coal m i n i n g , peat moss ex t rac t i 
o n , a g r i c u l t u r a l expans ion and the p r o l i f e r a t i o n of 
access routes have and w i l l c o n t i n u e to result i n loss, 
f r a g m e n t a t i o n or a l tera t ion o f i m p o r t a n t hab i ta t 
e lements such as w i n t e r ranges, c a l v i n g areas or 
m i g r a t i o n routes. A l l c a r i b o u range i n west centra l 
A l b e r t a outs ide o f p r o v i n c i a l a n d n a t i o n a l p a r k s , 
a n d m o s t range i n n o r t h e r n A l b e r t a has been c o m 
m i t t e d to t i m b e r harves t ing t h r o u g h Forest 
M a n a g e m e n t A g r e e m e n t s or Q u o t a Licences . C o n 
f l i c t be tween t i m b e r harvest and c a r i b o u range i n 
west centra l A l b e r t a is h i g h . I n n o r t h e r n A l b e r t a 
th i s conf l i c t m a y not be as s i g n i f i c a n t , p a r t i c u l a r l y 
for the herds that r e m a i n for m u c h o f the year i n lar 
ge fens a n d peat lands . E x p a n s i o n o f coal m i n i n g i n 
west centra l A l b e r t a w i l l remove a l p i n e w i n t e r 
range and p o s s i b l y d i s r u p t seasonal m o v e m e n t s of a 
m o u n t a i n c a r i b o u h e r d . O i l and gas e x p l o r a t i o n 
a n d d e v e l o p m e n t genera l ly does not result i n m u c h 
d i rec t loss of hab i ta t b u t the associated access can be 
a s ign i f i cant d i s turbance I n c r e m e n t a l increases i n 
the abundance a n d q u a l i t y of roads, p i p e l i n e s , seis
m i c l ines , etc. w i l l result i n increased m o r t a l i t y 
f r o m h u n t i n g a n d veh ic le c o l l i s i o n s . Predator effi
c iency and seasonal m o v e m e n t s m a y also be affec
ted . P r o l i f e r a t i o n of access is one of the p r i m a r y fac
tors d e g r a d i n g the effectiveness o f c a r i b o u habi tat 
i n A l b e r t a . 

Management 
I n 1994 , the N a t u r a l Resources Service, W i l d l i f e 
B r a n c h convened a c o m m i t t e e to develop a 
P r o v i n c i a l W o o d l a n d C a r i b o u C o n s e r v a t i o n 
Strategy. T h i s c o m m i t t e e consis ted o f representat i 
ves f r o m a var ie ty of i n d u s t r i e s , conservat ion 
g r o u p s , a b o r i g i n a l g r o u p s , academic and g o v e r n 
m e n t agencies. T h e y p r o d u c e d a d o c u m e n t that 
i d e n t i f i e d and assessed the var ious factors ( b i o l o g i 
ca l , social and e c o n o m i c ) that m a y affect the overa l l 
v i s i o n of a hea l thy c a r i b o u p o p u l a t i o n i n A l b e r t a ; 
d e v e l o p e d so lut ions to deal w i t h those factors; 
r e c o m m e n d e d specif ic actions to m a k e the strategy 
effective; and o u t l i n e d the consequences of those 
act ions . M a i n t a i n i n g the effective par tnersh ips , 
cooperat ion , a n d l ines o f c o m m u n i c a t i o n that were 
deve lo p ed a m o n g the stakeholders w i l l be key to 
a c h i e v i n g the c a r i b o u p o p u l a t i o n a n d habi ta t goals 
that the c o m m i t t e e endorsed. 
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T h e C a r i b o u C o n s e r v a t i o n Strategy is p r o v i n c i a l 
i n scope a n d a m o r e specific level o f m a n a g e m e n t is 
r e q u i r e d . Present ly three r e g i o n a l c a r i b o u m a n a g e 
m e n t c o m m i t t e e s exist to develop m a n a g e m e n t 
plans for c a r i b o u i n n o r t h e r n and cent ra l A l b e r t a . 
These c o m m i t t e e s are c o m p r i s e d o f g o v e r n m e n t , 
indus t ry , u n i v e r s i t y and a b o r i g i n a l representatives. 
T h e y ; deve lop g u i d e l i n e s for h o w i n d u s t r i a l a c t i v i t y 
w i l l be c o n d u c t e d o n c a r i b o u range a n d h o w ade
quate a m o u n t s of c a r i b o u habi tat w i l l be m a i n t a i 
ned i n the short a n d l o n g t e r m ; d e t e r m i n e w h a t f u r 
ther research or i n v e n t o r y is r e q u i r e d i n order to 
assess the effectiveness of the g u i d e l i n e s and habi ta t 
s u p p l y analysis ; and develop a cost s h a r i n g agree
m e n t for the m a n a g e m e n t of c a r i b o u a n d the i r h a b i 
tat ( R i p p i n et al, 1996) . 

There are t w o m a i n chal lenges i n c a r i b o u m a n a 
g e m e n t i n the next decade: 

1. to resolve and better define the conf l i c t be tween 
t i m b e r harves t ing (wood s u p p l y for the m i l l s ) 
a n d c a r i b o u habi tat needs i n b o t h the short and 
l o n g t e r m ; 

2. to resolve a n d better define the conf l i c t be tween 
c a r i b o u habi tat and o i l and gas d e v e l o p m e n t , 
w h i c h genera l ly requires h i g h q u a l i t y access to 
extract a n d m o v e their p r o d u c t to m a r k e t s . 

R e s o l u t i o n o f these confl icts require a c o m m i t 
m e n t f r o m i n d u s t r y to t ry new approaches and to 
accept the increas ing cost of o p e r a t i n g i n a fashion 
that m a i n t a i n s the s u s t a i n a b i l i t y of a l l resources o n 
p u b l i c l a n d . T h e m a j o r i t y of industr ies i n A l b e r t a 
are m e e t i n g this chal lenge and a l o n g w i t h g o v e r n 
m e n t agencies and concerned p u b l i c g r o u p s , are 
w i l l i n g to t ry the concept o f adapt ive m a n a g e m e n t 
as a w a y to ensure the l o n g t e r m s u r v i v a l o f current 
c a r i b o u p o p u l a t i o n s . 

Current research 
T h e r e are present ly s ix research a n d i n v e n t o r y 
studies o f w o o d l a n d c a r i b o u b e i n g c o n d u c t e d i n 
A l b e r t a . Table 1 out l ines the type of s tudy, l o c a t i 
o n , d u r a t i o n , p r i m a r y inves t igator or contact per
son, and progress reports , i f any. 

Research needs 
A re la t ive ly accurate and cost effective m e t h o d of 
c a r i b o u herd i n v e n t o r y is needed. W o o d l a n d car i 
b o u herds are sparsely d i s t r i b u t e d of ten i n forested 
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hab i ta t m a k i n g s i g h t a b i l i t y l o w . F o r the m o u n t a i n 
c a r i b o u ecotype a large sample o f m a r k e d a n i m a l s is 
r e q u i r e d , and the t i m e of year w h e n c a r i b o u are 
m o s t v i s i b l e m u s t be d e t e r m i n e d . T h e r e are other 
m e t h o d s that s h o w some p r o m i s e to assess p o p u l a t i 
o n trends of the boreal ecotype such as a n n u a l 
M a r c h surveys to o b t a i n c o w ; c a l f ratios a n d s t ra t i f i 
ed t rack d e n s i t y surveys (Farne l l & G a u t h i e r , 1988) . 
T h e t e c h n i q u e of u s i n g faecal pe l l e t counts a n d 
D N A s e q u e n c i n g for a 'mark/capture ' e s t i m a t i o n of 
p o p u l a t i o n size also deserves i n v e s t i g a t i o n . 
Assessment of p o p u l a t i o n status is o f considerable 
i m p o r t a n c e to indus t r i es w o r k i n g w i t h i n c a r i b o u 
range where opera t iona l g u i d e l i n e s can be costly. 
I n d u s t r y a n d the p u b l i c are concerned about o u r 
a b i l i t y to manage v i a b l e c a r i b o u p o p u l a t i o n s i n the 
face of increas ing h u m a n and n a t u r a l i m p a c t s . 

F u t u r e studies are needed to assess the effective
ness of m i t i g a t i o n g u i d e l i n e s a p p l i e d to i n d u s t r i a l 
a n d recreat ional a c t i v i t y o n c a r i b o u range. N e w 
g u i d e l i n e s for o p e r a t i n g i n c a r i b o u range s h o u l d be 
i m p l e m e n t e d o n an e x p e r i m e n t a l basis, m o n i t o r e d 
for p o p u l a t i o n response and t h e n i f jus t i f i ed a p p l i e d 
m o r e broadly , i.e i m p l e m e n t adapt ive m a n a g e m e n t . 
C h a n g e s i n p o p u l a t i o n trends; herd d i s t r i b u t i o n and 
m o v e m e n t s i n response to d i s turbance ( p a r t i c u l a r l y 
the extensive l inear d e v e l o p m e n t s of the p e t r o l e u m 
i n d u s t r y ) ; a n d recovery of l i chens a n d other habi ta t 
a t t r ibutes after l o g g i n g are a few o f the factors nee
d i n g study. I n n o r t h e r n A l b e r t a , fur ther i n f o r m a t i 
o n o n the extent o f h u m a n harvest is needed, and 
cooperat ive approaches w i t h a b o r i g i n a l c o m m u n i t i 
es are essential a n d are b e i n g d e v e l o p e d . 

C u m u l a t i v e i m p a c t s are p o o r l y u n d e r s t o o d . 
Several i n d u s t r i a l d e v e l o p m e n t s can occur o n c a r i 
b o u range s i m u l t a n e o u s l y , c o m p l i c a t i n g our u n d e r 
s t a n d i n g o f i n d i v i d u a l l i m i t i n g factors. G o v e r n 
m e n t r e g u l a t i o n of h u m a n i m p a c t s o n the l a n d are 
dealt w i t h i n d i v i d u a l l y . There is no r e q u i r e m e n t of 
an a p p l i c a n t to assess the i r i m p a c t w i t h i n the c o n 
text of other l a n d use act iv i t ies unless the type of 
pro ject requires an e n v i r o n m e n t a l i m p a c t assess
m e n t . In A l b e r t a , th is is not r e q u i r e d for l a n d based 
forestry operat ions or o i l and gas e x p l o r a t i o n . T h e 
r e g i o n a l m a n a g e m e n t c o m m i t t e e s have recognized 
the presence a n d i m p a c t of m u l t i p l e users o n the 
l a n d and are t r y i n g to co -ordinate a n d m i t i g a t e 
the i r a c c u m u l a t e d ac t iv i t i es . T h e field o f c u m u l a t i 
ve i m p a c t assessment is a y o u n g d i s c i p l i n e i n 
A l b e r t a , b u t m o d e l s for e lk a n d g r i z z l y bears are 
b e i n g deve loped . T h e d e v e l o p m e n t o f G I S ( G e o 
g r a p h i c a l I n f o r m a t i o n Systems) g r e a t l y increases 
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Table 1. Current studies of woodland caribou being conducted i n Alberta . 

T y p e L o c a t i o n D u r a t i o n P r i m a r y 
Invest igator/Contact 

Progress R e p o r t s 
i n p r e p a r a t i o n 

W o o d l a n d c a r i b o u 
response to c learcut 
l o g g i n g o n 
w i n t e r range 

G r a n d e Cache 
- west centra l 
A l b e r t a 

1 9 9 3 - 1 9 9 7 K . S m i t h 
A l b e r t a 
E n v i r o n m e n t a l 
P r o t e c t i o n , E d s o n , 
A l b e r t a 
T 7 E 1 T 2 
k s m i t h @ e n v . g o v . a b . c a 

(goal for 
d i s t r i b u t i o n 
D e c e m b e r 1997) 

W o o d l a n d c a r i b o u 
a n d w o l f d i s t r i b u t i o n 
relat ive to l inear 
corr idors 

W a b a s c a a n d 
W i n e f r e d Lakes 
- northeastern 
A l b e r t a 

1 9 9 4 - 1 9 9 7 K . S t u a r t - S m i t h 
D e p t . o f Forest Science, 
O r e g o n State U n i v e r s i t y , 
C o r v a l l i s , O R , 
9 7 3 3 1 - 7 5 0 1 , U S A 
s t u a r t K @ f s l . o r s t . e d u 

poster p u b l i s h e d -
these proceedings 

Spat ia l re la t ionships 
d y n a m i c s of wolves , 
moose a n d c a r i b o u . 

N o r t h e a s t e r n 

A l b e r t a 
1 9 9 4 - 1 9 9 7 A . James 

A l b e r t a E n v i r o n m e n t a l 
P r o t e c t i o n , N a t u r a l 
Resources Service . 
G r a n d e P r a i r i e , A l b e r t a . 
T 8 V 6J4 

a james@env.gov.ab.ca 

P h . D . Thes i s i n p r e p . 
D e p t . o f B i o l o g i c a l 
Sciences, U n i v e r s i t y 
of A l b e r t a T 6 G 2 E 9 

W o o d l a n d c a r i b o u 
p o p u l a t i o n , 
d i s t r i b u t i o n 
and habi ta t use i n 
nor thwes tern A l b e r t a 

predator -prey and 

C a r i b o u 
M o u n t a i n s a n d 
R e d E a r t h 

1 9 9 5 - 1 9 9 9 B . W y n e s 
D i a s h o w a - M a r u b e n i 
I n t e r n a t i o n a l L t d . , 
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o u r a b i l i t y to do c u m u l a t i v e effects analysis . T h e 
next decade w i l l require the a p p l i c a t i o n o f such a 
m a n a g e m e n t t o o l i f c a r i b o u are to survive o n some 
of the m o r e heav i ly i m p a c t e d ranges. 
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Caribou in British Columbia: A 1996 status report 
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Abstract: Caribou (Rangifer tarandus) in Br i t i sh C o l u m b i a are classified inro mountain, northern and boreal ecotypes 
based on behavioural and ecological characteristics. W e recognized 12 mountain caribou herds, 27 norrhern caribou 
herds, and an area occupied by low density boreal caribou dispersed in the boreal forests of the northeast port ion of the 
province. Abundance estimates were usually based on attempts at total counts made from rhe air. Trends were based 
on repeated population estimates or the difference between recruitment and mortality rares for each herd. In 1996 the
re were approximately 18 000 caribou in B r i t i s h Columbia ; 2300 mountain and 15 600 northetn and boreal. These 
estimates suggest a slight increase in the numbers of both ecotypes over the last 18 years. Fifteen percent of the herds 
were reporredly increasing, 10% were decreasing, 3 1 % were srable, but for 4 4 % of the herds the trend was unknown. 
Historical ly caribou were found throughout 8 of the 14 biogeoclimatic zones in B . C . Cat ibou are now rarely found in 
the Sub-Boreal Spruce zone, l ike ly due ro increased predation from wolves that increased i n response to increasing moo
se numbers. Ranges of several herds in the Engelmann Spruce — Subalpine Fir and A l p i n e Tundra zones of south-eas
tern Br i t i sh Co lu m b ia are also reduced relative to historic conditions, probably because of habitat loss, habitat fragmen
tation, ptedation and hunt ing. Forest harvesting represents the greatest threat to caribou habitat and current research 
focuses on the mit igat ion of forest harvesring impacts. 

K e y w o r d s : Rangifer tarandus, c a r i b o u , d e m o g r a p h y , forestry i m p a c t s , d i s t r i b u t i o n , habi ta t , b i o g e o c l i m a t i c 

zones. 

I n t r o d u c t i o n 

C a r i b o u (Jlangifer tarandus) i n B r i t i s h C o l u m b i a are 
classif ied i n t o m o u n t a i n , n o r t h e r n a n d boreal ecoty
pes ( B e r g e r u d , 1978 ; E d m o n d s , 1 9 9 1 ; Stevenson, 
1991) based o n behavioura l and eco logica l d i f f e r e n 
ces. M o u n t a i n c a r i b o u are f o u n d i n the r u g g e d 
m o u n t a i n s i n the south-eastern p o r t i o n o f the p r o 
v ince ( F i g . 1). T h e y w i n t e r at h i g h elevat ions and 
rely a lmost exc lus ive ly o n arboreal l i chens because 
the deep snowpack restricts access to terrestr ia l 
foods (Stevenson & H a t l e r , 1985) . M o u n t a i n c a r i 
b o u have been des ignated as a b l u e - l i s t e d species by 
the B r i t i s h C o l u m b i a C o n s e r v a t i o n D a t a C e n t r e 
because o f past declines i n d i s t r i b u t i o n a n d a b u n 
dance. A s a b l u e - l i s t e d species, these c a r i b o u are 
considered vulnerab le or sensi t ive, a n d need special 
m a n a g e m e n t to ensure the i r s u r v i v a l . 

N o r t h e r n c a r i b o u , on the other h a n d , occur i n the 
m o u n t a i n o u s western a n d n o r t h e r n parts o f the p r o -
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v i n c e where s n o w f a l l is low, re lat ive to m o u n t a i n 
c a r i b o u habi ta t ( B e r g e r u d , 1978) . T h e y w i n t e r i n 
e i ther m a t u r e l o w e l e v a t i o n lodgepole p i n e or b lack 
spruce forests where they feed p r i m a r i l y o n terres
t r i a l l i c h e n and to some extent on arboreal l i c h e n , or 
also o n h i g h w i n d - s w e p t slopes where there is access 
to terrestr ia l l i chens ( B e r g e r u d , 1 9 7 8 ; Stevenson & 
H a t l e r , 1985) . 

T h e boreal ecotype occurs i n the re la t ive ly flat 
boreal forests o f the northeastern p o r t i o n of the p r o 
v i n c e . T h e y do not appear to occur i n discrete herds, 
b u t l i v e i n s m a l l , d ispersed , r e l a t i v e l y sedentary 
bands t h r o u g h o u t the year ( E d m o n d s , 1 9 9 1 ; 
Stevenson, 1991) . T h e boreal ecotype is somet imes 
l u m p e d w i t h n o r t h e r n c a r i b o u (e .g. , Seip & 
C i c h o w s k i , 1996) a n d because ne i ther are cons ide
red v u l n e r a b l e or sens i t ive , are y e l l o w - l i s t e d . 

T h e status o f c a r i b o u i n the p r o v i n c e has been 
r e v i e w e d i n w h o l e or i n part b y B e r g e r u d (1978) , 
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Stevenson & H a t l e r (1985) , W i l l i a m s & H e a r d 
(1986) , E d m o n d s (1991) , Seip & G c h o w s k i (1996) 
a n d S i m p s o n et al. (1997) . T h i s paper maps the d i s 
t r i b u t i o n o f a l l c a r i b o u herds i n the p r o v i n c e and 
s u m m a r i z e s recent est imates o f herd sizes and 
trends. 

Methods 
W e asked b i o l gists i n the p r o v i n c e to s u p p l y us 
w i t h t h e i r m o s t recent p o p u l a t i o n est imates and 
range boundar ies . M a p p e d ranges i n c l u d e the year-
r o u n d d i s t r i b u t i o n o f a l l a n i m a l s a n d for 22 of the 
herds, boundar ies were based p r i m a r i l y o n the 
m o v e m e n t s o f r a d i o - c o l l a r e d c a r i b o u (Table 1). 
A b u n d a n c e estimates i n c l u d e d calves a n d were u s u 
a l ly based o n a t tempts at to ta l counts m a d e f r o m the 
air. Trends were based o n repeated p o p u l a t i o n est i 
mates or the difference be tween r e c r u i t m e n t and 
m o r t a l i t y rates. 

Results and discussion 
Distribution 
T w o systems o f c lass i f i ca t ion have been used to des
cr ibe the ma jor ecosystems o f B r i t i s h C o l u m b i a . 
T h e B i o g e o c l i m a t i c E c o s y s t e m C l a s s i f i c a t i o n system 
( B E C ) classifies areas b y c l i m a t e a n d vegeta t ion , 
whereas the E c o r e g i o n C l a s s i f i c a t i o n sys tem ( E C ) 
defines ma jor c l i m a t e a n d p h y s i o g r a p h i c regions 
( M e i d i n g e r & Pojar , 1991) . There was no corre la t ion 
between c a r i b o u d i s t r i b u t i o n and ecoregions p o s s i 
b l y because the E C classifies the landscape i n t o c o n 
t i g u o u s g e o g r a p h i c u n i t s that c i r c u m s c r i b e a l l eleva
t ions . T h e h i s t o r i c a l a n d current d i s t r i b u t i o n o f 
c a r i b o u is closely re la ted to b i o g e o c l i m a t i c zones, 
p r o b a b l y because the B E C delineates a l t i t u d i n a l 
belts w i t h i n g e o g r a p h i c u n i t s ( M e i d i n g e r & Pojar, 
1991) , w h i c h are i m p o r t a n t c o m p o n e n t s o f c a r i b o u 
f o r a g i n g a n d a n t i - p r e d a t o r strategies ( B e r g e r u d et 
al., 1984) . 

H i s t o r i c a l l y , c a r i b o u were f o u n d i n 7 forested b i o 
g e o c l i m a t i c zones: S u b - B o r e a l Spruce (SBS), 
E n g e l m a n n S p r u c e - S u b a l p i n e F i r (ESSF) , Inter ior 
C e d a r - H e m l o c k ( I C H ) , M o n t a n e Spruce ( M S ) , S u b -
B o r e a l P i n e Spruce ( S B P S ) , S p r u c e - W i l l o w - B i r c h 
( S W B ) and B o r e a l W h i t e and B l a c k Spruce ( B W B S ) 
and the adjacent A l p i n e T u n d r a ( A T ) ( F i g . 2). 
C a r i b o u no l o n g e r o c c u p y about 1 5 % o f the i r h i s to 
r i c ranges (Seip & C i c h o w s k i , 1996) . C a r i b o u are 
n o w rarely f o u n d i n the S u b - B o r e a l Spruce zone, 
l i k e l y due to increased p r e d a t i o n f r o m w o l v e s that 
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F i g . 1. Dis t r ibut ion and range boundaries of mountain, northern and boreal caribou ecotypes in Br i r i sh Columbia . 
S t ippl ing represents the mountain caribou herds, shading the northern caribou herds, and diagonal lines the 
areas of low caribou density and, in the northeast, where caribou do not appear to occur in defined herds (i.e., 
the boreal caribou). 

increased i n response to increas ing moose n u m b e r s . 
C a r i b o u are absent f r o m the a l p i n e and adjacent 
forested areas s o u t h of the Spats iz i and E d z i z a herds , 
a n d the i r range has s h r u n k , re lat ive to h i s t o r i c c o n 
d i t i o n s , w i t h i n the other p r e v i o u s l y o c c u p i e d b i o g e -
o c l i m a t i c zones i n the southern h a l f o f the p r o v i n c e 
(F igs . 1 a n d 2), p r o b a b l y because of habi tat loss, 
habi tat f r a g m e n t a t i o n , prédation a n d h u n t i n g . 
C a r i b o u have never occurred i n the In ter ior 
D o u g l a s - f i r ( I D F ) , B u n c h g r a s s ( B G ) , Ponderosa 
P i n e ( P P ) , Coas ta l D o u g l a s - f i r ( C D F ) , C o a s t a l 
W e s t e r n H e m l o c k ( C W H ) or M o u n t a i n H e m l o c k 
( M H ) b i o g e o c l i m a t i c zones to any great extent. 

W e recognized 39 discrete herds; 12 m o u n t a i n 
and 27 n o r t h e r n c a r i b o u herds ( F i g . 1, T a b l e l ) . 
W h e r e h e r d boundar ies were based o n the m o v e 
ments of r a d i o - c o l l a r e d a n i m a l s , there was l i t t l e 
interchange between adjacent herds. T h e boreal 
c a r i b o u i n the northeast do not appear to occur i n 
discrete herds (represented by the n u m b e r 4 0 on 
F i g . 1). 

Abundance 
I n 1 9 9 6 there were about 18 0 0 0 c a r i b o u i n B r i t i s h 
C o l u m b i a ; a p p r o x i m a t e l y 2 3 0 0 m o u n t a i n c a r i b o u 
and 16 0 0 0 n o r t h e r n and boreal c a r i b o u (Table 1). 
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F i g . 2. Groupings of biogeoclimatic zones by relative importance as caribou habitat. Caribou occupy most of the ESSF, 
I C H , M S , SBPS B W B S S W B and the adjacent Alp ine Tundta and, formerly, also occupied rhe SBS. See the 
text for names of the biogeoclimatic zones. 

T h i s p r o v i n c i a l tota l is s l i g h t l y h i g h e r t h a n the 
1991 est imate of 13 8 0 0 to 17 0 0 0 a n i m a l s , o f 
w h i c h 1 9 0 0 - 2 0 0 0 were m o u n t a i n c a r i b o u 
( E d m o n d s , 1991) , and subs tant ia l ly h i g h e r t h a n 
Bergerud's p r o v i n c i a l est imate of 10 5 0 0 - 13 0 0 0 
(Bergerud , 1978) . B o t h B e r g e r u d (1978) a n d 
Stevenson & H a t l e r (1985) es t imated the n u m b e r o f 
m o u n t a i n c a r i b o u to be about 1500 . T h e r e appears 
to have been an increase i n the n u m b e r of b o t h 
m o u n t a i n and n o r t h e r n ecotypes over the last 18 
years based o n those reports. M o r e in tens ive survey 
effort m a y have c o n t r i b u t e d to the apparent increase 
i n n u m b e r s of the n o r t h e r n ecotype. 
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O f the 39 herds, 1 5 % (6) are i n c r e a s i n g , 1 0 % (4) 
are decreasing, 3 1 % (12) are stable, a n d the t r e n d 
for the r e m a i n i n g 4 4 % (17) o f the herds is u n k n o w n 
(Table 1). T h e t r e n d for boreal c a r i b o u is u n k n o w n . 

Population Dynamics 
T h e status of the f o l l o w i n g herds has changed rela
t ive to prev ious reports . In 1996 , a t o t a l o f 19 c a r i 
b o u was translocated f r o m the Y e l l o w h e a d and 
W e l l s G r a y herds to the range of the S o u t h S e l k i r k 
herd that extends i n t o W a s h i n g t o n State. Those 
a n i m a l s m a y m a k e a subs tant ia l c o n t r i b u t i o n to a 
h e r d of o n l y 50 i n d i v i d u a l s . 
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S i m p s o n et al. (1997) c o n c l u d e d that c a r i b o u 
n u m b e r s were stable i n the W e l l s G r a y a n d Q u e s n e l 
L a k e herds i n 1 9 9 6 , b u t b o t h of those herds n o w 
appear to be increas ing based o n recent counts a n d 
Seip & C i c h o w s k i ' s (1996) analysis o f b i r t h a n d 
death rates. 

E v e n t h o u g h S i m p s o n et al. (1997) cons idered the 
G e o r g e M o u n t a i n herd par t o f the i n c r e a s i n g 
Y e l l o w h e a d h e r d , we considered i t a separate h e r d 
because no r a d i o - c o l l a r e d a n i m a l s have left the 
m o u n t a i n a n d conversely no r a d i o - c o l l a r e d a n i m a l s 
f r o m the Y e l l o w h e a d or N a r r o w L a k e herds have 
t raveled there. T h e t r e n d for the G e o r g e M o u n t a i n 
h e r d is u n k n o w n . 

T h e Y e l l o w h e a d a n d I t c h a - I l g a c h u z - R a i n b o w 
M o u n t a i n s herds have increased as expected based 
on analysis o f b i r t h a n d death rates (Seip & 
C i c h o w s k i , 1996) . B u t contrary to t h e i r p r e d i c t i o n 
of a dec l ine , the T w e e d s m u i r - E n t i a k o h e r d p o p u l a 
t i o n estimates have not changed. 

T h e T e l k w a h e r d has c o n t i n u e d i ts l o n g dec l ine 
a n d w i t h o n l y 9 i n d i v i d u a l s r e m a i n i n g , is c lear ly i n 
danger of e x t i n c t i o n . 

T h e abundance of most c a r i b o u p o p u l a t i o n s 
appears to be p r i m a r i l y a f u n c t i o n of the i r a b i l i t y to 
a v o i d w o l f p r e d a t i o n ( B e r g e r u d , 1 9 7 8 ; B e r g e r u d et 
al, 1984 ; Seip & C i c h o w s k i , 1996) . C a r i b o u n u m 
bers d e c l i n e d , f o l l o w i n g the range expans ion by 
moose i n the early 1 9 9 0 s i n t o centra l B C . Because 
moose p r o v i d e al ternat ive prey for w o l v e s , th is leads 
to a w o l f p o p u l a t i o n that is not o n l y larger, b u t 
shows no negat ive feedback to d e c l i n i n g n u m b e r s of 
c a r i b o u . 

T h e expans ion of moose range m a y not o n l y 
e x p l a i n the d e c l i n e i n c a r i b o u abundance , b u t m a y 
also e x p l a i n changes i n the i r d i s t r i b u t i o n . Increased 
p r e d a t i o n was l i k e l y responsible for the e l i m i n a t i o n 
of c a r i b o u f r o m the i r former range i n the S u b -
B o r e a l Spruce b i o g e o c l i m a t i c zone because c a r i b o u 
were too far f r o m the relat ive safety o f a l p i n e a n d 
s u b a l p i n e re fugia . 

Increased moose a n d w o l f n u m b e r s are most p r o 
n o u n c e d where moose take advantage of the early 
serai habitats created by l o g g i n g . I n d u s t r i a l deve
l o p m e n t ( p r i m a r i l y l o g g i n g , b u t also m i n i n g and 
o i l d e v e l o p m e n t , and associated road b u i l d i n g for 
a l l three) also contr ibutes to p o p u l a t i o n decl ines 
a n d reduced h o m e ranges. L o g g i n g e l iminates o l d 
g r o w t h forest stands w h i c h bear arboreal l i chens . 
R o a d s p r o v i d e access for people , w h i c h increases the 
p o t e n t i a l for d is turbance f r o m increased recreat ional 
ac t iv i t ies such as s n o w m o b i l i n g a n d h u n t i n g 

(Stevenson & H a t l e r , 1985 ; S i m p s o n , 1988) . T h e 
r e s u l t i n g r e d u c e d f o r a g i n g o p t i o n s force c a r i b o u to 
seek f o o d elsewhere w h i c h m a y m a k e t h e m m o r e 
v u l n e r a b l e to w o l f p r e d a t i o n . P l o w e d roads, s k i d o o 
tra i ls a n d snowshoe trai ls also increase access b y 
wolves to c a r i b o u w i n t e r ranges w i t h c o n c o m i t a n t 
increase i n p r e d a t i o n . D e v e l o p m e n t m a y also i so la 
te a n d f r a g m e n t s m a l l herds w h i c h t h e n become 
m o r e suscept ib le to e x t i r p a t i o n f r o m r a n d o m v a r i a 
t i o n i n p o p u l a t i o n processes. 

Current Research 
M a n y landscapes i n the p r o v i n c e are c u r r e n t l y b e i n g 
m a n a g e d at a var ie ty of spat ia l scales w h i c h m a y 
m i t i g a t e the adverse effects o n c a r i b o u hab i ta t . 
Forest c o m p a n i e s have had to a v o i d some areas, 
p l a n for e x t e n d e d rotat ions , change the size a n d sha
pe of c u t - b l o c k s a n d re ta in m o v e m e n t corr idors 
(Seip, 1998) . A n i n t e r c o n n e c t i n g mosaic of t e m p o 
rary a n d p e r m a n e n t reserves a n d in tegra ted m a n a 
g e m e n t areas are r e c o m m e n d e d to m a i n t a i n the 
l o n g - t e r m v i a b i l i t y o f th is species ( S i m p s o n et al, 
1997) . 

M o s t current research is d e s i g n e d to increase 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 ecology i n order to m i t i 
gate the i m p a c t s of forest d e v e l o p m e n t . Specif ic 
studies are b e i n g carr ied out to d e t e r m i n e habi ta t 
se lect ion at var ious scales ( landscape, forest s tand 
and f e e d i n g site) and for var ious b e h a v i o u r a l p u r p o 
ses ( feeding, m i g r a t i o n and c a l v i n g ) , re la t ionships 
be tween predators a n d prey, the i m p a c t o f l o g g i n g 
practices o n the g r o w t h of arboreal and terrestr ia l 
l i c h e n a n d ca l f and a d u l t m o r t a l i t y . 

Several projects across the p r o v i n c e c o n t i n u e to 
use r a d i o t e l e m e t r y or t r a i l i n g studies to rev iew car i 
b o u behaviour , ecology, and habi ta t re la t ionships i n 
order to assist i n s e t t i n g m a n a g e m e n t r e c o m m e n d a 
t ions for l a n d use. F u t u r e research s h o u l d test those 
opera t iona l r e c o m m e n d a t i o n s . 
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Herd size, distribution, harvest, management issues, and research priorities 
relevant to caribou herds in Alaska 

Patrick Valkenburg 
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Abstract: There are presently about 960 000 caribou in 32 herds in Alaska, inc luding 4 herds shared w i t h Y u k o n and 
Northwest Territories. Since complete population data were lasr published i n the mid-1980s, Alaska's caribou popula
tion has doubled in size, largely from increases in the Western Arct ic and Mulchatna hetds. The number of recognized 
herds has increased by 6, largely because of increased use of radiotelemetry to inventory small caribou herds in inacces
sible areas, and Transplanting caribou to unoccupied ranges. A b o u t 33 000 caribou are harvesred annually in Alaska, 
mostly from the Western A r c t i c , Mulchatna, and Nelch ina herds. The primary wi ldl i fe management problem i n Alaska 
for caribou and othet species is the lack of clear management authority among state and federal agencies. Research prio
rities include work on the influence of short-term and long-term weather trends on nutrit ional ecology of caribou, and 
predation mit igat ion inc luding sterilization, translocation, and diversionary feeding of wolves during the catibou cal
v i n g petiod. 

K e y w o r d s : Rangifer, p o p u l a t i o n size. 
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P o p u l a t i o n S i z e a n d D i s t r i b u t i o n 

Since the last p u b l i s h e d status report o n c a r i b o u i n 
A l a s k a ( W i l l i a m s & H e a r d , 1986), the n u m b e r o f 
recognized herds has increased f r o m 2 6 to 32 ( F i g . 
1, Table 1). Increased use o f radiocol lars , a greater 
effort to i n v e n t o r y w i l d l i f e resources i n remote areas 
o f the state, and t r a n s p l a n t i n g c a r i b o u to u n o c c u p i 
ed ranges are p r i m a r y factors r e s u l t i n g i n the increa
se i n recognized herds. T h e herd d e f i n i t i o n based o n 
use o f discrete c a l v i n g areas, o r i g i n a l l y proposed b y 
S k o o g (1968) , cont inues to be useful a n d a p p r o 
priate for m a n a g e m e n t . A l l major c a r i b o u herds 
(those larger t h a n 5 000) are censused w i t h aerial 
p h o t o g r a p h y of p o s t c a l v i n g aggregat ions every 1 to 
3 years, and m i n o r herds are censused ( total count 
m e t h o d ) d u r i n g the p o s t c a l v i n g p e r i o d or d u r i n g 
the r u t as f requent ly as needed for m a n a g e m e n t . 

A s of the 1995 census season, there were about 
9 6 0 0 0 0 c a r i b o u i n A l a s k a i n c l u d i n g 4 herds shared 
w i t h Y u k o n ( P o r c u p i n e , C h i s a n a , N e l c h i n a , a n d 
M e n t a s t a ) , and 1 shared w i t h Y u k o n and N o r t h w e s t 
Terr i tor ies (Porcupine) ( F i g . 1, Table 1). O v e r 8 0 0 
0 0 0 o f these c a r i b o u are i n the 2 largest arct ic herds 
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( W e s t e r n A r c t i c a n d P o r c u p i n e ) , a n d the M u l c h a t n a 
H e r d (Table 1). T h e M u l c h a t n a H e r d has been 
increas ing at about 1 7 % per year since the m i d -
1970s and shows no s igns of s l o w i n g ( V a n D a e l e , 
pers. c o m m . ) . T h e W e s t e r n A r c t i c H e r d g r e w at 
about 1 3 % per year f r o m 1977 to 1 9 9 0 a n d t h e n 
began to s tab i l i ze due to decreased calf p r o d u c t i o n 
a n d r e c r u i t m e n t a n d increased a d u l t m o r t a l i t y . 
M a n y smal ler In ter ior A l a s k a c a r i b o u herds d e c l i 
ned f r o m 1 9 8 9 to 1 9 9 4 due to w a r m e r s u m m e r s , 
severe w i n t e r s , increased p r e d a t i o n of calves, a n d 
increased v u l n e r a b i l i t y o f adul t s to w o l f p r e d a t i o n 
(Boert je et al, 1996; V a l k e n b u r g et al., 1996a). 
P o p u l a t i o n size of m o s t c a r i b o u herds i n A l a s k a is 
no l o n g e r s i g n i f i c a n t l y i n f l u e n c e d b y harvest . 
H o w e v e r , the F o t t y m i l e H e r d w h i c h was once one 
o f Alaska ' s m o s t i m p o r t a n t herds, has not recovered 
f r o m a p o p u l a t i o n l o w exacerbated by o v e r h u n t i n g 
i n the early 1970s ( D a v i s et al., 1 9 7 8 ; V a l k e n b u r g et 
al, 1994) . 

T h e d i s t r i b u t i o n of most c a r i b o u herds i n A l a s k a 
has remained v i r t u a l l y u n c h a n g e d d u r i n g the last 
25 years. H o w e v e r , the p r o l o n g e d increase o f the 
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F i g . 1. Location of Alaskan caribou herds. 

M u l c h a t n a H e r d i n southwestern A l a s k a has resul 
ted i n a d o u b l i n g of range size and reoccupat ion of 
ranges, especial ly w i n t e r ranges, that have not been 
used b y c a r i b o u for over a h u n d r e d years. T h e 
W e s t e r n A r c t i c H e r d has also expanded its w i n t e r 
range s o u t h w a r d i n the area between the Y u k o n 
R i v e r a n d N o r t o n S o u n d . 

Harvest 
A b o u t 33 0 0 0 c a r i b o u are b e i n g harvested a n n u a l l y 
i n A l a s k a . A n a d d i t i o n a l 2 500 c a r i b o u are taken 
each year f r o m the P o r c u p i n e H e r d a n d about 100 
are taken f r o m the N e l c h i n a H e r d i n C a n a d a . A b o u t 
h a l f o f the c a r i b o u taken i n A l a s k a are harvested b y 
about 25 0 0 0 loca l residents i n the range of the 
W e s t e r n A r c t i c H e r d . A l a s k a n c a r i b o u herds pre
sent ly c o u l d suppor t a m u c h larger harvest, especi
a l ly the W e s t e r n A r c t i c and M u l c h a t n a herds, b u t 
these areas are largely inaccessible to m o s t hunters 
because they are roadless, aircraft l a n d i n g sites are 
l i m i t e d , a n d n a t i v e - o w n e d lands have been c losed t o 
access b y nonlocals i n nor thwes tern A l a s k a . 

A l o n g the road system i n Inter ior A l a s k a c a r i b o u 
h u n t i n g o p p o r t u n i t i e s have been l i m i t e d i n recent 
years because m a n y o f the more accessible herds 
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have d e c l i n e d f r o m natural factors (Boertje et ai, 
1 9 9 6 ; V a l k e n b u r g et al., 1996a), a n d r e c r u i t m e n t 
cont inues to be l o w . T h e N e l c h i n a H e r d w i l l cont 
i n u e to p r o v i d e m o s t o f the road-accessible c a r i b o u 
h u n t i n g o p p o r t u n i t y for the next several years, b u t 
i t has been c losed to a l l nonres ident hunters because 
o f state a n d federal subsistence p r i o r i t y laws. 

Management Issues 
Management authority 
T h e p r i m a r y w i l d l i f e m a n a g e m e n t p r o b l e m i n 
A l a s k a for c a r i b o u a n d other species is c o n f l i c t i n g 
m a n a g e m e n t a u t h o r i t y between state and federal 
agencies. I n the U n i t e d States, the states have t r a d i 
t i o n a l l y been responsible for m a n a g i n g resident 
w i l d l i f e . H o w e v e r , i n 1980 Congress p r o v i d e d for a 
federal takeover o f m a n a g e m e n t o f subsistence h u n 
t i n g o n federal p u b l i c lands i n A l a s k a i f the state 
d i d not p r o v i d e a p r i o r i t y for " r u r a l res idents . " 
Because of the " e q u a l o p p o r t u n i t y c lause" i n the sta
te c o n s t i t u t i o n the state cannot p r o v i d e a " r u r a l p r e 
ference," a n d , consequent ly , the federal l a w and sta
te c o n s t i t u t i o n are i n conf l ic t . Because w i l d l i f e 
m a n a g e m e n t for subsistence uses o n federal lands is 
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Table 1. Date of most recent census, 1995 population estimate and 1994-1995 harvest estimates for Alaskan caribou 
herds. 

1 9 9 4 - 1 9 9 5 P o p u l a t i o n t r e n d 
H e r d Year Census 1995 H a r v e s t since prev ious 
n o . 1 H e r d name of census c o u n t E s t i m a t e est imate census 

1 A d a k 1 9 9 3 661 1 500? 77 u p 
2 A n d r e a f s k y 1991 0 0 0 e x t i r p a t e d 

3 Beaver M o u n t a i n s 1 9 9 3 4 2 9 200? 2 d o w n 
4 C e n t r a l A r c t i c 1995 18 0 9 3 18 100 341 d o w n 

5 C h i s a n a 1995 7 2 3 775 0 b d o w n 
6 D e l t a 1995 4 6 4 6 4 7 0 0 0 b stable 
7 D e n a l i 1995 931 2 3 0 0 0 b stable 
8 F a r e w e l l - B i g R i v e r 1 9 8 4 7 0 0 750? 4 6 d o w n ? 

9 F o r t y m i l e 1995 22 5 5 8 22 6 0 0 338 stable 
10 F o x R i v e r 1995 83 85 0" u p 
11 G a l e n a M o u n t a i n 1 9 9 3 2 5 9 4 0 0 2 u n k n o w n 
12 K e n a i L o w l a n d s 1995 84 9 0 0 b stable? 

13 K e n a i M o u n t a i n s 1 9 9 6 4 2 5 4 2 5 28 stable 
14 K i l l e y R i v e r 1995 261 2 9 0 11 u p 
15 K i l b u c k 1 9 9 3 3 6 8 2 4 2 1 6 ' 47 d o w n 
16 M a c o m b 1995 4 7 7 500 0" d o w n 
17 M e n t a s t a 1995 7 3 9 852 0 b d o w n 
18 M u l c h a t n a 1 9 9 4 168 351 2 0 0 0 0 0 6 129 u p 

19 N e l c h i n a 1995 4 9 808 50 281 3 579 u p 
20 N o r t h e r n P e n i n s u l a 1995 11 500 12 0 0 0 1 273 d o w n 
21 N u s h a g a k P e n i n s u l a 1 9 9 3 1 007 1 5 1 9 35 u p 
22 P o r c u p i n e 1 9 9 4 146 8 0 8 152 0 0 0 3 2 6 6 J stable 

23 R a i n y Pass 1 9 9 0 231 500? 57 u n k n o w n 
24 R a y M o u n t a i n s 1995 1 727 1 7 5 0 12 u p 
25 S o u t h e r n P e n i n s u l a 1995 1 4 3 4 1 550 0 b stable 
26 Sunsh ine M o u n t a i n s 1993 553 600? 0 u n k n o w n 
27 T e s h e k p u k 1 9 9 3 27 6 3 0 28 0 0 0 0 ' u p 
28 T o n z o n a 1991 1 101 800? 25 d o w n 

29 T w i n Lakes 1995 4 8 50 0" u p 
30 W e s t e r n A r c t i c 1993 4 5 1 0 6 7 4 5 0 0 0 0 20 0 0 0 u p 

31 W h i t e M o u n t a i n s 1992 832 1 ,200 21 stable? 
32 W o l f M o u n t a i n 1992 595 625? 2 u n k n o w n 

' N u m b e t corresponds w i t h number on F i g 1. 
k N o open season. 
c M e r g i n g w i t h Mulchatna. 
d Includes Canadian harvest. 
" Included w i t h Western Arc t i c harvest. 

not separable f r o m other m a n a g e m e n t o n other 
lands , the state a n d federal agencies are i n conf l i c t . 
C o u r t s have issued contradic tory r u l i n g s s u p p o r t i n g 
o p p o s i n g v i e w p o i n t s , and the U S S u p r e m e C o u r t 
has, so far, been u n w i l l i n g or unable to address the 
issue. Congress m u s t act i n order to settle the issue, 
b u t state and federal p o l i t i c i a n s are c a u g h t be tween 

Rangifer, Special Issue N o . 10, 1998 

m a j o r const i tuencies a n d are re luc tant to take the 
lead . In response to perceived conf l ic ts a m o n g h u n 
ters, large areas of federal l a n d have been c losed by 
federal r e g u l a t i o n to c a r i b o u h u n t i n g b y " n o n r u r a l " 
residents even t h o u g h , i n most cases, data do not 
suppor t a l legat ions of conf l i c t . P r o b l e m s w i t h 
m a n a g e m e n t d e c i s i o n - m a k i n g m e a n that c a r i b o u 
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h u n t i n g o p p o r t u n i t i e s have been e l i m i n a t e d or are 
res tr ic ted to w e l l b e l o w b i o l o g i c a l l i m i t a t i o n s . 
D e c i s i o n - m a k i n g is also b e c o m i n g inef f i c ient a n d 
costly, a n d m a n a g e m e n t p l a n n i n g is i m p o s s i b l e 
a m i d the chaos. 

Herd management issues 
F o r the first t i m e the A l a s k a D e p a r t m e n t of F i s h 
and G a m e is p r o p o s i n g to c o n t r o l the size of a ma jor 
c a r i b o u h e r d to prevent a l o n g - t e r m d e c l i n e . T h e 
N e l c h i n a H e r d , w h i c h n u m b e r s 50 0 0 0 to 6 0 0 0 0 , 
w i l l be reduced to b e l o w 4 0 0 0 0 b e g i n n i n g i n fa l l 
1996 . B o d y c o n d i t i o n and b o d y size have been 
d e c l i n i n g a n d peak c a l v i n g t i m e has become r e l a t i 
ve ly late (Eberhardt & P i t c h e r , 1992 ; V a l k e n b u r g et 
al, 1996b) . T h e 1996 harvest g o a l is 10 0 0 0 cows 
and u p to 5 0 0 0 b u l l s . U n d e r an e x p e r i m e n t a l har
vest r e g i m e , most hunters w i l l be r e q u i r e d to shoot 
a c a r i b o u w i t h "6 ant ler p o i n t s or less o n 1 s ide" to 
prevent an overharvest o f large b u l l s a n d p r o m o t e 
harvest o f cows. R o a d c o r r i d o r closures w i l l be used 
to a v o i d h u n t e r c r o w d i n g and a l l o w c a r i b o u to cross 
roads re la t ive ly u n d i s t u r b e d . 

T h e A d a k c a r i b o u h e r d , was i n t r o d u c e d to a p r e 
dator-free i s l a n d i n the late 1950s to p r o v i d e emer
gency food and recreat ional h u n t i n g for the U S 
N a v y . T h e h e r d was k e p t at a re la t ive ly stable size 
for a l m o s t 30 years b y harvest, b u t s ince the base 
was d e c o m m i s s i o n e d the herd is i n c r e a s i n g r a p i d l y 
a n d w i l l soon overgraze the i s l a n d . A D F & G w o r k e d 
w i t h federal agencies, nat ive g r o u p s , a n d e n v i r o n 
m e n t a l organizat ions to remove c a r i b o u f r o m the 
i s l a n d . H o w e v e r , fear of adverse p u b l i c i t y is p r e v e n 
t i n g a l l o c a t i o n of m o n e y b y the U S Congress , and 
the d i l e m m a remains unreso lved . 

Research Priorities 
A f t e r ma jor c a r i b o u herds d e c l i n e d i n the early 
1970s , u s i n g refined survey m e t h o d s A D F & G 
intens i f ied eco logica l research on c a r i b o u i n coope
ra t ion w i t h the U n i v e r s i t y of A l a s k a a n d other 
agencies. W e in tens ive ly s t u d i e d several c a r i b o u 
herds for 15 to 20 years, i n c l u d i n g p e r i o d s of p o p u 
l a t i o n increase and d e c l i n e (c.f. A d a m s et al., 1995 ; 
G e r h a r t et al, 1996 ; V a l k e n b u r g et al, 1996a,b ; 
W h i t t e n , 1996) . Recent decl ines i n I n t e r i o r c a r i b o u 
herds were caused by increased v u l n e r a b i l i t y to w o l f 
p r e d a t i o n . N e w research pr ior i t i e s i n c l u d e : 1) 
d e t e r m i n i n g h o w short- a n d l o n g - t e r m weather pat 
terns affect c a r i b o u n u t r i t i o n and v u l n e r a b i l i t y to 
p r e d a t i o n ; 2) d e v e l o p i n g n o n l e t h a l m e t h o d s o f pre

d a t i o n m a n a g e m e n t ; and 3) m o n i t o r i n g c a r i b o u 
b o d y c o n d i t i o n . T h r e e graduate s tudent projects are 
n e a r i n g c o m p l e t i o n : 1) the inf luence of insects o n 
f e e d i n g a n d other c a r i b o u behaviors , 2) the i n f l u e n 
ce o f m o i s t u r e a n d s u n l i g h t regimes o n p l a n t n u t r i 
t i o n a n d p r o d u c t i v i t y , a n d 3) the inf luence of m i c r o 
c l i m a t e o n se lec t ion o f c a l v i n g areas. B e g i n n i n g i n 
1 9 9 8 , d o m i n a n t wolves i n the range of the 
F o r t y m i l e H e r d w i l l be neutered a n d subordinate 
wolves w i l l be translocated to increase c a r i b o u ca l f 
s u r v i v a l i n that h e r d . W e w i l l also c o n t i n u e e x p e r i 
m e n t s w i t h d i v e r s i o n a r y feeding i n the D e l t a H e r d 
to keep k e y w o l f packs f r o m f e e d i n g o n c a r i b o u c a l 
ves d u r i n g the c r i t i c a l 3-week p e r i o d after c a l v i n g 
( V a l k e n b u r g , 1997) . 
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Abstract: This paper summarizes the population trends as wel l as research and management programs for woodland cari
bou (Rangifer tarandus caribou) in Y u k o n . Most herds are stable although not all are counted regularly and systematic 
monitor ing of herds remains an essential need. Ovet the past decade the Southern Lakes, A i s h i h i k , and Finlayson herds 
have been well studied and provide valuable models for g u i d i n g Y u k o n management programs. Over harvest and the 
spread of agriculrure, forestry and m i n i n g are ongoing human activities ate of concern to caribou managers. 

K e y w o r d s : w o o d l a n d c a r i b o u , N o r t h A m e r i c a . 
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Introduction 
T h i s paper s u m m a r i z e s the most recent p o p u l a t i o n 
trends a n d research and m a n a g e m e n t p r o g r a m s for 
w o o d l a n d c a r i b o u (Rangifer tarandus caribou) i n 
Y u k o n . W o o d l a n d c a r i b o u i n Y u k o n are classif ied 
as the mountain/terres tr ia l ecotype based o n the i r 
w i n t e r f o r a g i n g behavior ( E d m o n d s , 1991) a n d re la
t ive to b a r r e n g r o u n d c a r i b o u occur at l o w e r d e n s i t i 
es, f o r m smal ler aggregat ions , m a k e less extensive 
seasonal m o v e m e n t s and disperse rather t h a n c o n 
centrate at c a l v i n g . Studies indicate that the l i k e l i 
h o o d of p o p u l a t i o n change due to i n t e r - h e r d m o v e 
m e n t is l o w , at least for present densi t ies . 

F i r s t N a t i o n harves t ing r ights are assured u n d e r 
the Y u k o n A c t a n d thus unres t r i c ted by l a w necessi
t a t i n g v o l u n t a r y restraint by F i r s t N a t i o n hunters 
where restr ic t ions are r e q u i r e d . A s w e l l , u n d e r the 
Y u k o n L a n d C l a i m A g r e e m e n t i n d i g e n o u s and sc i 
ent i f ic i n f o r m a t i o n are evaluated w i t h i n a c o - m a n a 
g e m e n t f r a m e w o r k c o m p r i s e d o f 14 loca l 
R e n e w a b l e Resource C o u n c i l s and a Y u k o n - w i d e 
F i s h a n d W i l d l i f e M a n a g e m e n t B o a r d . Fur ther , 
because Y u k o n is a T e r r i t o r y of C a n a d a the Federal 
G o v e r n m e n t re ta in j u r i s d i c t i o n over l a n d , water and 
t i m b e r resources, l i m i t i n g the a b i l i t y o f Y u k o n to 
manage c a r i b o u habitats . These factors great ly 
inf luence harvest m a n a g e m e n t o f c a r i b o u w i t h i n 
Y u k o n . 
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Caribou inventory and research 
W o o d l a n d c a r i b o u studies essent ia l ly began i n 
Y u k o n i n 1980 w h e n the first systemat ic i n v e n t o r y 
of herds was es tabl i shed. T h e p r i m a r y objectives of 
th is p r o g r a m were to i d e n t i f y d i s t i n c t seasonal 
m o v e m e n t s a n d d i s t r i b u t i o n of herds, secure r e l i a 
ble p o p u l a t i o n est imates, m o n i t o r p o p u l a t i o n 
trends t h r o u g h a n n u a l or p e r i o d i c w i n t e r census a n d 
assess herd c o m p o s i t i o n t h r o u g h f a l l b r e e d i n g sea
son surveys. 

C a r i b o u studies have increased m a r k e d l y over the 
last 3 years ( F i g . 2) i n response to p u b l i c concern for 
the welfare of w i l d l i f e exposed to e x p a n d i n g h u m a n 
set t lement and i n d u s t r i a l ac t iv i ty . A t o t a l o f 2 3 6 
a n i m a l s have been c a p t u r e d , r a d i o - c o l l a r e d and 
m o n i t o r e d since 1993 and an a d d i t i o n a l 90 have 
been col lected to p r o v i d e data o n c a r i b o u p h y s i c a l 
c o n d i t i o n a n d the presence o f c o n t a m i n a n t s 
( G a m b e r g & S c h e u h a m m e r 1 9 9 4 ; G a m b e r g 1 9 9 3 ; 
F l o r k i e w i c z , 1993) . A tota l o f 128 r e lo ca t io n sur
veys were f l o w n since 1993 p r o v i d i n g 2 2 0 0 contacts 
w i t h rad io -co l la red c a r i b o u . A s w e l l , 77 census and 
sex/age c o m p o s i t i o n surveys have been flown. 

Status of caribou 
W o o d l a n d c a r i b o u are es t imated to n u m b e r a p p r o 

x i m a t e l y 28 0 0 0 - 3 5 0 0 0 i n Y u k o n , w i t h i n 22 
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F i g . 1. The distribution of caribou herds in Y u k o n . (Numbers refer to herd numbers, Table 1). 
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NO. COLLARED 
RELOCATION FLIGHTS 

_ _ _ _ _ _ POPULATION COUNTS 
~i i i i i i i i i i i 1 1 r 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Y E A R 

F i g . 2. N u m b e r of caribou radio-collared, relocation flights, and population counts conducted to inventory Y u k o n 
woodland caribou between 1980 and 1996. 

recognized herds r a n g i n g f r o m 180 to perhaps 
10 ,000 i n d i v i d u a l s ( F i g . 1, Table 1). F i f t e e n herds 
have been surveyed d u r i n g the 1990s and of these 4 
are increas ing , 7 are stable, 1 is decreas ing, a n d 3 
are of u n c e r t a i n status. F o r the other seven herds 
o n l y crude estimates of p o p u l a t i o n size a n d t r e n d 
are avai lable . T h e latter are p o p u l a t i o n s i n remote 
local i t ies and the i r d i s t r i b u t i o n s are con jec tured 
f r o m superf ic ia l survey a c t i v i t y and/or anecdotal 
i n f o r m a t i o n f r o m people w i t h l o n g t e r m loca l 
k n o w l e d g e of the area. 

A n n u a l l i censed harvest o f c a r i b o u has d e c l i n e d 
and become m o r e erratic i n the last 5 years a n d has 
averaged 271 ( S D = 47) a n i m a l s c o m p a r e d to 3 3 6 
( S D = 28) i n the 1980s ( F i g . 3). M u c h o f th is 
change is due to increased r e s t r i c t i o n o n c a r i b o u 
harvest. H a r v e s t has been res tr ic ted to males o n l y 
since 1984 , and more recently, six herds have been 
closed to h u n t i n g (Table 1). Present ly quotas are 
b e i n g f o r m u l a t e d for l i censed outf i t ters w h o g u i d e 
non-res ident hunters . T h e average a n n u a l harvest 
by residents (« = 162) is greater t h a n non-res ident 
hunters (»= 154). F i r s t N a t i o n s harvest is u n k n o w n 
b u t is suspected to equal that o f l i censed hunters 
harvest. E n f o r c e m e n t of c o m p u l s o r y r e p o r t i n g by-
a l l l i censed hunters began i n 1994 . 

Research and management programs 
A n u m b e r of h e r d ranges are k n o w n to over lap w i t h 
adjacent j u r i s d i c t i o n s and j o i n t m a n a g e m e n t efforts 
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are u n d e r w a y w i t h A l a s k a (Chisana herd) , B r i t i s h 
C o l u m b i a (Carcross, A t l i n , and L i t t l e R a n c h e r i a 
herds) a n d w i t h the N . W . T . ( N a h a n n i herd -
N a h a n n i N a t i o n a l P a r k ) . H o w e v e r , there are no for
m a l m a n a g e m e n t agreements i n place at present. 
W h i l e these i n f o r m a l m a n a g e m e n t arrangements 
appear adequate at th is t i m e , m o r e f o r m a l manage
m e n t plans m a y be r e q u i r e d where harvest a n d l a n d 
use issues persist be tween n e i g h b o r i n g j u r i s d i c t i 
ons. T h e Reds tone h e r d remains a p o t e n t i a l m a n a 
g e m e n t p r o b l e m w i t h moderate to h i g h levels o f 
harvest and m i n i m a l p o p u l a t i o n i n f o r m a t i o n avai la
b le . 

T h e r e are present ly 3 p r o g r a m s d i r e c t e d at reco
very a n d m a i n t e n a n c e o f w o o d l a n d c a r i b o u herds i n 
the Y u k o n ( F i g . 4) . 

Southern Lakes Caribou Recovery Program 
T h e S o u t h e r n Lakes c a r i b o u p r o g r a m is a i m e d at 
r e b u i l d i n g w h a t m a y be ca l led the ' u r b a n c a r i b o u 
herds ' (Ibex, Carcross , A t l i n ) that exist near 
W h i t e h o r s e , Y u k o n ( O ' D o n o h u e , 1996) ( F i g . 4a). 
S o u t h e r n Lakes c a r i b o u had d e c l i n e d i n b o t h n u m 
bers a n d d i s t r i b u t i o n since h i s t o r i c t i m e s and the i r 
b i o l o g i c a l v i a b i l i t y h a d come i n t o q u e s t i o n . A 
m a n a g e m e n t p l a n to restore the herds was develo
p e d i n 1992 w h i c h entai ls c o - m a n a g e m e n t w i t h 6 
F i r s t N a t i o n s whose t r a d i t i o n a l t e r r i t o r y boundaries 
i n c l u d e the herd ranges. H u n t i n g was p r o h i b i t e d 
( i n c l u d i n g F i r s t N a t i o n h u n t i n g by v o l u n t a r y c o m -
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F i g . 3. N u m b e r of woodland caribou harvesred i n Y u k o n 1979 - 1995. 

pl iance) a n d m e a n i n g f u l i n p u t m a d e to l o g g i n g a n d 
a g r i c u l t u r a l l a n d use pract ices . I n i t i a l ind ica tors 
suggest that at least the Ibex and Carcross herds are 
n o w e x p e r i e n c i n g p o p u l a t i o n g r o w t h as a result o f 
th is p r o g r a m . It is recognized that loca l harvest 
d e m a n d can never be satisfied by these herds a n d 
w i l l one day be a l l o w e d for c u l t u r a l a n d t r a d i t i o n a l 
c o n s u m p t i v e uses only. Never the less , the S o u t h e r n 
Lakes c a r i b o u herds offer enormous w i l d l i f e v i e w i n g 
benefit for tour is ts and people w h o reside i n the 
area. 

Aishihik Recovery Program 

T h e A i s h i h i k Recovery P r o g r a m began i n 1993 i n 
response to b o t h scientif ic and t r a d i t i o n a l i n f o r m a 
t i o n i n d i c a t i n g that the h e r d had d r a s t i c a l l y d e c l i 
n e d , and was s h o w i n g poor ca l f r e c r u i t m e n t and a n 
i m b a l a n c e d sex rat io (Hayes , 1992) ( F i g . 4b) . A n 
intens ive research and m a n a g e m e n t p l a n was deve
l o p e d to a t t e m p t herd recovery u s i n g harvest p r o h i 
b i t i o n ( i n c l u d i n g F irs t N a t i o n harvest) a n d w o l f 
c o n t r o l f o l l o w i n g the prov is ions a n d g u i d e l i n e s set 
out i n the p u b l i c l y deve loped Y u k o n W o l f 
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C o n s e r v a t i o n a n d M a n a g e m e n t P l a n ( Y u k o n W o l f 
M a n a g e m e n t P l a n n i n g T e a m , 1992) . A n i n i t i a l 2 
year e v a l u a t i o n f o u n d s igni f i cant increase i n ca l f 
s u r v i v a l f o l l o w i n g a n 8 0 % r e d u c t i o n i n wolves 
c o m p a r e d to untrea ted (no w o l f contro l ) c a r i b o u 
herds ( W o l f L a k e , Ibex, K l a z a , and C h i s a n a , F i g . l ) 
( Y u k o n F i s h a n d W i l d l i f e B r a n c h , 1994) . Surveys 
have fur ther d o c u m e n t e d i m p r o v e d a d u l t s u r v i v a l , 
based o n reduced m o r t a l i t y o f r a d i o - c o l l a r e d c a r i 
b o u , n o r m a l i z a t i o n o f sex rat io a n d p o p u l a t i o n 
increase. W h i l e p r o v i d i n g va luable research o n p r e 
dator -prey r e l a t i o n s h i p s , the A i s h i h i k pro ject has 
nevertheless been cont rovers ia l n a t i o n a l l y a n d i n t e r 
n a t i o n a l l y because i t entai ls l e t h a l c o n t r o l o f wolves . 
L o c a l l y the herd is r e c o g n i z e d as a n i m p o r t a n t 
resource for subsistence hunters a n d as a n i n t e g r a l 
c o m p o n e n t o f one o f Y u k o n ' s most diverse large 
m a m m a l ecosystems. 

Finlayson Herd Management Program 
M a n a g e m e n t of the F i n l a y s o n h e r d is the most 
advanced of a l l Y u k o n ' s w o o d l a n d c a r i b o u p r o g r a m s 
( F i g . 4c). H a r v e s t r e d u c t i o n a n d w o l f c o n t r o l were 
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F i g . 4. Dis t r ibut ion of the Southern Lakes', Aishihik 1 ' , 
and Finlayson' caribou herds. 

used to restore this p o p u l a t i o n i n the 1 9 8 0 s 
(Farne l l et al., i n prep. ) . T h e h e r d increased f r o m 
a p p r o x i m a t e l y 1800 to 4 5 0 0 adul ts i n the span o f 7 
years ( 1 9 8 3 - 1 9 9 0 ) f o l l o w i n g an 8 0 % r e d u c t i o n i n 
wolves . T h i s was a c c o m p a n i e d by an increase i n the 
region's moose p o p u l a t i o n f r o m 3 0 0 0 to 10 0 0 0 . 
W o l v e s subsequent ly r e b o u n d e d a n d s t a b i l i z e d at 
2 5 0 , h i g h e r t h a n the p r e - r e d u c t i o n p o p u l a t i o n size 
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of 2 1 5 . M e a n w h i l e the c a r i b o u herd appears to have 
present ly s t a b i l i z e d at 4 0 0 0 adul ts . E f for ts are n o w 
di rec ted at sustainable harvest m a n a g e m e n t and 
assessment o f p o t e n t i a l d i s turbance i m p a c t s f r o m 
recent large scale m i n i n g e x p l o r a t i o n ac t iv i ty . T h e 
range o f the F i n l a y s o n herd exper ienced a record 
16 0 0 0 n e w q u a r t z c la ims registered i n 1 9 9 5 - 9 6 
f o l l o w i n g d iscovery o f massive sulf ide ore deposits 
w i t h h i g h m e t a l values o n the herd's s u m m e r range 
( D e p t . o f N o r t h e r n a n d I n d i a n A f f a i r s , 1996) . T h i s 
d e v e l o p m e n t presents a n e w chal lenge to h e r d 
m a n a g e m e n t . F i n d i n g s f r o m dis turbance assess
m e n t w o r k present ly b e i n g carr ied out cooperat ive
l y w i t h m i n i n g companies m a y shed n e w l i g h t o n 
h o w i n d u s t r i a l d e v e l o p m e n t s can be m i t i g a t e d to 
lessen or a v o i d serious i m p a c t s to c a r i b o u . 

Research priorities and management 
needs 
P r e d a t i o n , p r i m a r i l y b y w o l v e s , has been cons idered 
l i m i t i n g for Y u k o n ' s K l u a n e ( G a u t h i e r & T h e b e r g e , 
1986) , A i s h i h i k (Hayes et al., 1994) , a n d F i n l a y s o n 
herds ( F a r n e l l et al., i n prep. ) . W o l v e s occur at 
natura l densi t ies i n Y u k o n a n d therefore p l a y an 
i m p o r t a n t role i n the i n t e r a c t i o n w i t h factors such 
as h u m a n caused m o r t a l i t y , c l i m a t e , and 
forage/nutr i t ion re la t ionships . 

Y u k o n has c o n d u c t e d w o l f c o n t r o l a n d f o u n d i t 
unacceptable to m u c h of the C a n a d i a n p u b l i c . 
Research focused o n d e v e l o p m e n t of m o r e h u m a n e 
n o n - l e t h a l c o n t r o l m e t h o d s m a y p r o v i d e a p u b l i c l y 
acceptable a l ternat ive to the t r a p p i n g or s h o o t i n g of 
wolves . E x p e r i m e n t a l f e r t i l i t y c o n t r o l is present ly 
b e i n g a p p l i e d to s low the recovery of 6 selected w o l f 
packs i n the range o f the A i s h i h i k c a r i b o u herd 
( B u b e l a , 1995). T h i s involves a r t i f i c ia l ly r e d u c i n g 
b i r t h rates b y s t e r i l i z i n g wolves whose terr i tor ies 
occur i n the c o n t r o l area. T h e object ive is to reduce 
w o l f n u m b e r s b u t also w o l f i m m i g r a t i o n f r o m o u t 
side the c o n t r o l area. I f successful, th i s t e c h n i q u e 
c o u l d be a p p l i e d i n except iona l c i rcumstances w h e 
re p r e d a t i o n m u s t be addressed to susta in c a r i b o u 
herds. 

P r o b l e m s associated w i t h l o g g i n g a n d a g r i c u l t u 
ral d e v e l o p m e n t (increased access, d i rec t loss o f 
habi ta t , c h a n g i n g predator/prey re la t ionships) are 
r a p i d l y s p r e a d i n g n o r t h w a r d i n t o Y u k o n . 
F o l l o w i n g experience i n B r i t i s h C o l u m b i a a n d 
A l b e r t a , i t is expected that these ac t iv i t i es c o u l d 
prec ip i ta te decl ines i n Y u k o n c a r i b o u i f manage
m e n t act ions are not taken to m a i n t a i n p o p u l a t i o n 

Rangifer, Spec ia l Issue N o . 10 , 1998 



levels . It is therefore essential that basel ine i n v e n t o 
ry data be used to develop specific t i m b e r harves
t i n g quotas and g u i d e l i n e s , a n d to d i rec t a l l o c a t i o n 
o f a g r i c u l t u r e l a n d i n a w a y w h i c h m i n i m i z e s thre 
ats to c a r i b o u . Y u k o n ' s c a r i b o u i n v e n t o r y effort 
s h o u l d proceed i n a l l cases before c a r i b o u ranges are 
des ignated for l o g g i n g a n d a g r i c u l t u r a l d e v e l o p 
m e n t . L o n g - t e r m m o n i t o r i n g o f specif ic herds 
s h o u l d also c o n t i n u e to p r o v i d e basel ine assessment 
of changes over t i m e . 

Increased m i n i n g e x p l o r a t i o n a c t i v i t y i n centra l 
Y u k o n is cause for some concern . B e h a v i o r a l 
responses to d is turbance associated w i t h m i n i n g 
a c t i v i t y c o u l d result i n range a b a n d o n m e n t a n d 
subsequent ly c o m p r o m i s e c a r i b o u a n t i p r e d a t i o n 
tactics and/or f o r a g i n g strategies. M o r e o v e r , post 
e x p l o r a t i o n d e v e l o p m e n t a n d p r o d u c t i o n a c t i v i t y 
m a y result i n d i rec t losses of c a r i b o u where such 
a c t i v i t y traverses w i n t e r range c o n c e n t r a t i o n areas. 
Because o f the n o r m a l l y h i g h a d u l t m o r t a l i t y rates 
i n these c a r i b o u herds, any increased m o r t a l i t y 
c o u l d result i n lost h u m a n harvest o p p o r t u n i t i e s . 
W h i l e perhaps acceptable to the resident h u n t i n g 
fraternity , this w o u l d be unacceptable to loca l F i r s t 
N a t i o n s . 

P r e l i m i n a r y c a r i b o u d is turbance assessment is 
u n d e r w a y i n cooperat ion w i t h m i n i n g proponents . 
C a r i b o u d i s t r i b u t i o n , peak of c a l v i n g date, a n n u a l 
ca l f r e c r u i t m e n t levels, and p o p u l a t i o n size are 
b e i n g m o n i t o r e d to assess p o t e n t i a l behaviora l and 
d e m o g r a p h i c responses to advanced e x p l o r a t i o n 
ac t iv i ty . I n p u t to the l o n g - t e r m access a n d seasonal 
a c t i v i t y plans of m i n i n g companies is absolute ly 
essential to avo id p o p u l a t i o n dec l ine . 
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Fractal measures of female caribou movements 
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Abstract: Understanding caribou movement during short-term searches for specific habitats, potential mates, and refu¬
gia against predarors can help resolve ecological questions on how indiv idual caribou perceive their environment. W e 
used measures of fractal dimension and standardized pathlength to compare the movement pathways of female caribou. 
Satellite telemetry locarions were collected over a 2-year study, M a r c h 1994 to m i d - M a y 1996, for a caribou popularion 
in central Saskatchewan l iv ing in the southern boreal forest. Female caribou displayed more random searching behavi
our during winter and more regular dispersal movements during early winrer/spring and autumn periods. Females w i r h 
a calf showed no difference in movement pattern (fractal dimension) telative to females without a calf but their standar
dized path length was shortet. W e discuss the advantages of using fractal dimension as a measure of the tortuosity of 
movement pathways and how changes i n fractal dimension over a range of scales can define domains of consistent ecolo
gical processes. 

K e y w o r d s : fractal d i m e n s i o n , h ierarchy, landscape, m o v e m e n t pa thway, scale, space use, Rangifer tarandus. 
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I n t r o d u c t i o n 

A n u n d e r s t a n d i n g of a n i m a l m o v e m e n t b e h a v i o u r is 
centra l to the basic quest ions of d i s t r i b u t i o n a n d 
abundance ( S w i n g l a n d & G r e e n w o o d , 1984) . Soc ia l 
a n d eco logica l factors interact to create s p a t i o - t e m 
p o r a l patterns of space-use by a n i m a l s (e.g. , search 
behaviour ; B e l l , 1991) , and l o n g - t e r m dispersa l 
m o v e m e n t s (Stenseth & L i d i c k e r , 1992) . A n i m a l 
m o v e m e n t s are in f luenced by factors i n t r i n s i c to the 
a n i m a l , such as t i m i n g of the i r r e p r o d u c t i v e cycle 
and p h y s i o l o g i c a l c o n d i t i o n , as w e l l as by factors 
ex t r ins ic to the a n i m a l , such as p r e d a t i o n a n d the 
spat ia l characterist ics o f the i r habi ta t . These factors 
affect the spat ia l d y n a m i c s of p o p u l a t i o n s , metapo¬
p u l a t i o n s t ructure , and t r o p h i c d y n a m i c s of the eco
system w i t h i n a h ierarchy of space- t ime. 

A s patterns o f a n i m a l m o v e m e n t s correlate w i t h 
t i m e ( D i c k e & B u r r o u g h , 1988) , space ( W i e n s & 
M i l n e , 1989) , a n d b o d y size (Swihar t et al., 1988) , 
ecologists need to use sca le - independent measures 
of m o v e m e n t patterns. Fracta l d i m e n s i o n of a m o v e 
m e n t p a t h w a y is sca le- independent a n d provides a 
useful measure to compare dif ferent taxa as w e l l as 
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to m a k e intraspeci f ic compar i sons a m o n g p o p u l a t i 
ons or a m o n g sex-age-reproduct ive classes. W e 
expect measures o f m o v e m e n t patterns to di f fer 
w i t h a n i m a l size, c o m m u n i t y s t ructure , a n d p h y t o 
geny ( W i e n s et al., 1995) . A l s o , m o v e m e n t patterns 
are i n f l u e n c e d b y the spat ia l s t ructure o f the e n v i 
r o n m e n t a n d h o w a n i m a l s perceive habi ta t hetero
gene i ty ( W i t h , 1994) . 

T h e t e r m ' f racta l ' describes t e m p o r a l a n d spat ia l 
patterns that s h o w detai ls at a l l scales ( M a n d e l b r o t , 
1 9 8 3 ; B u r r o u g h , 1988) . F r a c t a l g e o m e t r y is an 
a l ternat ive m a t h e m a t i c s to E u c l i d e a n g e o m e t r y a n d 
uses the concepts o f s e l f - s i m i l a r i t y and p o w e r laws 
to calculate fractal d i m e n s i o n ( H a s t i n g s & S u g i h a r a , 
1993) . A n i m a l m o v e m e n t s q u a l i f y as f ractal because 
they are c o n t i n u o u s a n d d i f f i c u l t to di f ferent iate . A 
c o n t i n u o u s l i n e is d i f ferent iab le i f i t can be s p l i t 
i n t o an i n f i n i t e n u m b e r o f s t ra ight l ines . I n c o n 
trast, a c o n t i n u o u s , b u t n o n - d i f f e r e n t i a b l e l i n e , s u c h 
as an a n i m a l m o v e m e n t pa thway, cannot be s p l i t 
because the s m a l l e r parts c o n t i n u e to s h o w ' w i g g l i -
ness' (see D i c k e & B u r r o u g h , 1988) . T h e fractal 
d i m e n s i o n , D , o f a m o v e m e n t p a t h w a y is a q u a n t i f i -
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able measure of roughness or i r r e g u l a r i t y a n d varies 
be tween 1 a n d 2 ( D i c k e & B u r r o u g h , 1 9 8 8 ; 
F e r g u s o n & Mess ier , 1996) . A s D increases, the i r re 
g u l a r i t y of the t r a i l increases so that a value of D 
a p p r o a c h i n g 2 represents a w i g g l y t r a i l that fre
q u e n t l y intersects itself . 

H e r e , we use fractal measures to c o m p a r e m o v e 
m e n t patterns of female c a r i b o u (Rangifer tarandus 
caribou) w i t h a n d w i t h o u t calves over five seasons 
and 2.2 years. W e expect differences i n m o v e m e n t 
patterns to reflect differences i n r e p r o d u c t i v e cycle 
over seasons, and differences i n the r i s k o f p r e d a t i o n 
to a female and her ca l f versus a barren female. T h i s 
is part o f a s tudy of car ibou-forestry re lat ions i n the 
southern boreal forest o f central Saskatchewan. 

Methods 
Study Area 
T h e s t udy area ( F i g . 1) lies between a p p r o x i m a t e l y 
5 3 ° 3 0 ' N and 5 6 ° 0 0 ' N a n d 1 0 4 ° 0 0 ' W to 1 1 0 ° 0 0 ' W 
(see R e t d e et al., 1997) and is l a rge ly w i t h i n the 
M i d - B o r e a l U p l a n d E c o r e g i o n ( E c o l o g i c a l S t ra t i f i 
c a t i o n W o r k i n g G r o u p 1995) . T o p o g r a p h y is m a i n 
l y u n d u l a t i n g to r o l l i n g p la ins ( H a r r i s et al., 1989) . 
T h e c l i m a t e is cool a n d s u b h u m i d w i t h m e a n 
J a n u a r y and J u l y temperatures o f - 1 9 °C a n d 
+ 16 °C, respectively. M e a n a n n u a l p r e c i p i t a t i o n is 
4 5 . 6 c m , i n c l u d i n g a m e a n s n o w f a l l o f 147 c m 
( A t m o s p h e r i c E n v i r o n m e n t Service, 1993) . 
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V e g e t a t i o n i n the area is subject to f requent fires, 
a n d d o m i n a n t tree species are w h i t e spruce (Picea 
glauca), b l a c k spruce (P. mariana), jack p i n e (Pinus 
banksiand), a n d aspen (Populus tremuloides; R o w e & 
Scotter, 1973) . O t h e r ungulates i n the r e g i o n i n c l u 
de moose (Alces alces), w h i t e - t a i l e d deer (Odocoileus 
virginianus), a n d w a p i t i (Cervus elaphus). I n a d d i t i o n 
to wolves (Canis lupus), large carnivores i n c l u d e coy
otes (Canis latrans), b lack bears (Ursus americanus), 
a n d l y n x (Lynx canadensis). 

Capture and Radio-Collaring 

O v e r four w i n t e r s o f radio co l lar d e p l o y m e n t (5 i n 
1992 , 10 i n 1 9 9 2 - 9 3 , 24 i n 1 9 9 3 - 9 4 , and 13 i n 
1995) , a to ta l o f 4 0 female c a r i b o u were r a d i o - c o l l a 
red (Telonics , Inc . , M e s a , A r i z o n a , U S A ) , i n c l u d i n g 
the replacement o f 12 col lars . T h e n u m b e r of rad io -
collars f u n c t i o n i n g at the end of each w i n t e r were 
27 i n 1994 , and 31 i n 1995. I n d i v i d u a l s were trac
k e d c o n t i n u a l l y on a 2-day cyc le d u r i n g the post-
c a l v i n g season and on a 4 -day cycle for the r e m a i n 
der o f the year. O n l y c a r i b o u w i t h a lmost c o n t i n u a l 
observations were used (16-23 locat ions per season). 
Seasons were def ined as f o l l o w s : p o s t - c a l v i n g (16 
M a y to J u n e 30) , s u m m e r (1 J u l y to 15 September) , 
a u t u m n (16 September to 30 N o v e m b e r ) , early w i n 
ter (1 D e c e m b e r to 28 February) , late w i n t e r / s p r i n g 
(1 M a r c h to 15 M a y ) . I f d u r i n g a season m o r e t h a n 2 
locat ions were of poor q u a l i t y (< class 1; K e a t i n g et 
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Step Length = 3 

Step Length = 5 

F i g . 2. Example showing changes i n caribou movement 
pathway (locations every 4 t h day) according to 
changes in step length. For step length = 1, al l 
locations are used; for step length = 3, locations 
are recorded every 12* day; and for step length = 
5, locations are recorded every 20 , h day. For each 
step lengths the distances ate summed to calcula
te total length of pathway. 

al, 1991) t h e n we d i d not calculate the fractal 
d i m e n s i o n of the m o v e m e n t p a t h w a y for that sea
son. A to ta l o f 38 female c a r i b o u were used over 11 
c o n t i n u o u s seasons that resul ted i n 221 estimates o f 
fractal d i m e n s i o n . 
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T h e p r e g n a n c y rate for co l lared females c a r i b o u 
(>16 m o n t h s o ld) was 9 4 % ( u n p u b l . data). F o r the 
f o l l o w i n g compar isons we assumed a l l co l lared 
females gave b i r t h to a calf. D u r i n g M a r c h surveys, 
i f a female was seen w i t h o u t a ca l f t h e n we assumed 
she had lost her ca l f soon after g i v i n g b i r t h and she 
was des ignated " female w i t h o u t a c a l f for the ent i re 
r e p r o d u c t i v e year. 

Calculation of Fractal Dimension of Caribou Movements 
O u r focus was o n coarse-scale m o v e m e n t of female 
c a r i b o u over seasons. A t th is scale we expected the 
fractal d i m e n s i o n to reflect w e e k l y f o r a g i n g as w e l l 
as seasonal m i g r a t i o n . M o s t measures o f a n i m a l 
p a t h w a y s , s u c h as s t r a i g h t - l i n e distance f r o m b e g i n 
n i n g to e n d o f a pathway, are scale-dependent . I n 
c o m p a r i s o n , fractal d i m e n s i o n is a s c a l e - i n d e p e n 
dent measure o f the c o m p l e x i t y or t o r t u o s i t y o f a 
p a t h w a y ( W i e n s et al., 1995) . W e measured to ta l 
l e n g t h (m) o f a p a t h w a y over six di f ferent step 
lengths . F o r example ( F i g . 2), for a step l e n g t h o f 
three, and a 4 - d a y d u t y cycle , we s u m m e d the 
l e n g t h between every 3 r d l o c a t i o n , or every 12 days. 
N o t e that o n step l e n g t h of three there are three 
poss ib le s t a r t i n g p o i n t s . W e used t o t a l l e n g t h m e a 
surements for a l l three, s t a r t i n g o n l o c a t i o n one, 
l o c a t i o n t w o , a n d on l o c a t i o n three. W e t h e n t o o k 
the m e a n t o t a l p a t h l e n g t h u s i n g a l l three distances. 
T h i s same process was repeated for each step l e n g t h . 
F o r e x a m p l e ( F i g . 2), for a step l e n g t h of f ive, we 
measured by s t a r t i n g o n l o c a t i o n one, l o c a t i o n t w o , 
l o c a t i o n three, l o c a t i o n four, and l o c a t i o n five, and 
t h e n we t o o k the m e a n o f the five distances. W e 
i g n o r e d the " r e m a i n d e r " of the t o t a l distance m o v e d 
w h e n the step l e n g t h d i d not d i v i d e evenly i n t o the 
t o t a l n u m b e r o f locat ions (see C a r r & Benzer , 1991 
or H a s t i n g s & S u g i h a r a , 1993 for o p t i o n s for dea
l i n g w i t h the remainder ) . 

T h e measured l e n g t h o f a p a t h w a y (L) decreases 
as the measurement scale (5) increases a c c o r d i n g to 
the f o l l o w i n g p o w e r - l a w f u n c t i o n : 

L(S) = K-SID (1) 

where D is the fractal d i m e n s i o n ( M a n d e l b r o t , 
1983) . D is d e r i v e d by regressing l o g L o n l o g 8 
( F i g . 3), where 8 represents a measurement scale 
(see D i c k e & B u r r o u g h , 1988 ; M i l n e , 1991) . D u e to 
o u r s m a l l sample sizes (16 -23 locat ions per season) 
and h i g h l y i r r e g u l a r p a t h w a y s o f c a r i b o u (mean D = 
1.88), some l o g - l o g regressions e s t i m a t e d fractal 
d i m e n s i o n as greater t h a n 2.0 (70 of 221) . 

A n o t h e r sca le - independent measure o f c a r i b o u 
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F i g . 3- Example of regression of log L (Step Length) 
against log 8 (Total Length of Pathway) for a 
caribou movement pathway. The fractal dimensi
on is calculated as, D = (1 - slope), and the stan
dardized pathlength, K, as the y-intercept. 

m o v e m e n t s is the intercept of the l o g - l o g p l o t used 

to calculate fractal d i m e n s i o n ( M i l n e , 1992) . T h i s 

measure, K, can be considered the s tandardized 

l e n g t h of m o v e m e n t pathways ( W i e n s et al., 1995) . 

T h e fractal d i m e n s i o n , D, indexes the o v e r a l l c o m 

p l e x i t y of p a t h w a y c o n f i g u r a t i o n over a range of 

spat ia l scales, whereas, K, indexes a s tandardized 

measure of t o t a l p a t h w a y l e n g t h . 
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Statistical Analyses 

D a t a were ana lyzed u s i n g S A S ( S A S I n s t i t u t e Inc . , 

Cary , N C ) s ta t i s t i ca l software for m i c r o c o m p u t e r s . 

W e p o o l e d data a m o n g years (P > 0.15) to assess the 

seasonal p a t t e r n . S t a n d a r d i z e d p a t h l e n g t h , K, was 

n o r m a l l y d i s t r i b u t e d ( S h a p i r o - W i l k s ta t i s t ic ; 

P R O C U N I V A R I A T E i n S A S : W = 0 .98 , P = 0 .10) 

whereas fractal d i m e n s i o n , D, was not ( W = 0 .97 , P 

= 0.01) . S ince nei ther l o g - t r a n s f o r m a t i o n nor r a n 

k i n g i m p r o v e d n o r m a l i t y for D (P <0 .001) we d e c i 

d e d to use p a r a m e t r i c statistics for b o t h measures 

(see S t e w a r t - O a t e n 1995) . W e c o m p a r e d fractal 
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F i g . 5. Relationship between standardized pathlength of 
caribou movement pathways and season, and 
whether a female was w i r h a calf or not, 1994-96. 
Data are presented as mean values ± S.E. and dif
fering means are based on Tukey's mult iple com
parison test (OC=0.05). Means w i t h the same let
ter do not significantly differ. See methods for 
definirion of seasons. 

d i m e n s i o n , D, a n d intercept , K, u s i n g analysis o f 

variance (2 -way A N O V A w i t h season and r e p r o d u c 

t ive class as effects). I f differences were f o u n d w i t h i n 

the A N O V A , t h e n Tukey 's m u l t i p l e c o m p a r i s o n 

tests were p e r f o r m e d . F o r a l l tests, p r o b a b i l i t i e s gre

ater t h a n 0 .05 were cons idered not s ign i f i cant . 

V a l u e s are repor ted as m e a n ± S E . 

F i g . 4. Changes in fractal dimension of movement path
ways over seasons for radio-collared female cari
bou, 1994-96. Data are presented as mean values 
± S.E. and differing means are based on Tukey's 
mult iple comparison test (00=0.05). Means w i t h 
the same letter do not significantly differ. See 
methods for definition of seasons. 
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Results 
F r a c t a l d i m e n s i o n s of female c a r i b o u m o v e m e n t s 

v a r i e d w i t h season ( F 4 215 = 3 .08 , P < 0 .02) b u t not 

w i t h whether or not a female h a d a ca l f C F 1 2 i 5 = 1 - 5 , 

P = 0 .37) , a n d no i n t e r a c t i o n was present ( F 4 2 1 5 = 

0 .15 , P > 0 .90) . D u r i n g the s u m m e r season, c a r i -
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F i g . 6. Movement patterns for a female caribou w i t h a calf in 1994-95 and without a calf i n 1995-96, by season. 
Comparison of the fractal dimension of movement (D) and standardized pathlength (K). 
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b o u m o v e m e n t s h a d the h i g h e s t f ractal d i m e n s i o n 
i n d i c a t i n g m o r e r a n d o m a n d i r r e g u l a r m o v e m e n t s 
( F i g . 4). T h e lowest m o v e m e n t fractal d i m e n s i o n s 
were recorded d u r i n g the late w i n t e r / s p r i n g a n d 
a u t u m n per iods s u g g e s t i n g that c a r i b o u m o v e m e n t 
was more d i r e c t e d a n d less i r regular . These seasons 
c o i n c i d e d w i t h the p e r i o d w h e n c a r i b o u m o v e d 
f r o m w i n t e r hab i ta t to s p r i n g c a l v i n g h a b i t a t and 
back aga in to w i n t e r habi ta t . D u r i n g the p o s t - c a l 
v i n g and early w i n t e r per iods , c a r i b o u m o v e m e n t 
was i n t e r m e d i a t e i n terms o f fractal d i m e n s i o n . 

F o r the s tandardized measure of t o t a l p a t h w a y 
l e n g t h , K, we f o u n d differences a m o n g seasons 
( F 4 2 1 7 = 6 .39 , P < 0 .01) , and w h e t h e r or not a 
female had a ca l f ( F U 1 7 = 19.4 , P < 0 .01) w i t h a 
poss ib le i n t e r a c t i o n C F 4 2 1 7 = 2 . 3 1 , P = 0 .06) . 
O v e r a l l , the h ighes t s tandardized l e n g t h was for the 
early w i n t e r season w h i l e the lowest est imates came 
f r o m the p o s t - c a l v i n g seasons ( F i g . 5). F e m a l e c a r i 
b o u w i t h o u t a ca l f m o v e d shorter distances (standar
d i z e d measure, K) d u r i n g the a u t u m n a n d early 
w i n t e r per iods ( F i g . 5). 

F i g . 6 depic ts the m o v e m e n t p a t h w a y of a radio¬
c o l l a r d female d u r i n g 1993-94, w h e n she success
f u l l y raised a calf, and i n 1994-95 w h e n she was 
observed w i t h o u t a calf. D u r i n g the s p r i n g o f 1994 , 
w h e n she had a calf , th is female recorded her lowest 
fractal d i m e n s i o n o f m o v e m e n t and h i g h e s t standar
d i z e d p a t h l e n g t h . T h r o u g h o u t the r e m a i n d e r o f the 
year, the fractal d i m e n s i o n of m o v e m e n t was h i g h 
(ca. 2.0) w i t h the e x c e p t i o n of a u t u m n 1994 . 
G e n e r a l l y , the fractal d i m e n s i o n o f m o v e m e n t was 
h i g h e r for the female the f o l l o w i n g year w h e n she 
was observed w i t h o u t a calf. A l s o , the s t a n d a r d i z e d 
p a t h l e n g t h was h i g h e r for the female i n 1995 w h e n 
she was w i t h o u t a calf. 

Discussion 
Differences i n the fractal d i m e n s i o n o f p a t h w a y s 
m a y reflect differences i n the w a y c a r i b o u perceive 
e n v i r o n m e n t a l heterogenei ty related to differences 
i n resource a v a i l a b i l i t y and p o s s i b l y p r e d a t i o n r i sk . 
Therefore , the parameters , D and K, m a y ind ica te 
h o w an a n i m a l responds to , or perceives, e n v i r o n 
m e n t a l p a t t e r n w i t h i n the range o f spat ia l scales 
considered. F o r example , the m o v e m e n t s of a female 
c a r i b o u w i t h a ca l f are d i rec ted p r i n c i p a l l y at keep
i n g her ca l f safe f r o m predators, whereas a female 
c a r i b o u w i t h o u t a cal f directs her searching to m a x i 
m i z e energy i n t a k e (Roby, 1 9 7 8 ; Boert je , 1 9 8 1 ; 
B e r g e r u d et al, 1984 ; Ferguson et al, 1989) . I n the 
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case o f females w i t h a calf, the need to p r o v i d e p r o 
t e c t i o n f r o m predators m a y reduce t h e i r m o v e m e n t 
rates ( l o w K) a n d re la t ive ly r a p i d a n d d i rec t m o v e 
m e n t s be tween s h e l t e r i n g locat ions m a y reduce 
p a t h w a y c o m p l e x i t y ( l o w D) re lat ive to females 
w i t h o u t a calf. 

A n i m a l s w i l l m o v e i n a m o r e s t ra ight l i n e 
t h r o u g h an area w i t h an evenly d i s t r i b u t e d resource 
(i .e. , s m a l l D; W I e n s et al, 1995) . I n contrast , a n i 
mals search ing for sparse b u t h i g h l y c l u m p e d 
resources w i l l search i n a s u b r e g i o n w i t h greater 
re lat ive resources r e s u l t i n g i n a m o r e c o n v o l u t e d 
search p a t h (i .e. , large D; C r i s t & M a c M a h o n 1991) . 
F o l l o w i n g th i s a r g u m e n t , the greater l i n e a r i t y of 
female c a r i b o u p a t h w a y s i n early s p r i n g and 
a u t u m n ( lower values o f D) m a y have the effect o f 
increas ing the l i k e l i h o o d o f encounters a m o n g 
w i d e l y dispersed i n d i v i d u a l s . D u r i n g w i n t e r , the 
greater fractal d i m e n s i o n indicates a m o r e tortuous 
p a t h w a y and suggests that c a r i b o u m a y interact 
w i t h e n v i r o n m e n t a l heterogenei ty o n a f iner scale 
(smal ler g r a i n ; sensu W i e n s , 1990) . T h e fractal 
s t ructure o f a n i m a l p a t h w a y s shifts w h e n f u n d a 
m e n t a l b e h a v i o u r changes i n response to food d e n s i 
ty, social factors, p r e d a t i o n , or p h y s i o l o g i c a l stress 
( D i c k e & B u r r o u g h , 1988 ; C r i s t etal., 1992) . 

W i e n s et al. (1995) advised that researchers i n 
a n i m a l behaviour c o m p l e m e n t the use o f fractal 
d i m e n s i o n w i t h other scale-dependent measures (see 
L i & R e y n o l d s , 1995) . Patterns o f space use can be 
descr ibed b y speed of m o v e m e n t . M e a n d a i l y d i s 
tance t rave l led ranged f r o m 3-26 km/day for t w o 
b a r r e n - g r o u n d c a r i b o u herds i n A l a s k a - Y u k o n 
(Fancy & W h i t t e n , 1991) a n d 2-3 km/day for 3 
w o o d l a n d c a r i b o u p o p u l a t i o n s i n Labrador 
( H a r r i n g t o n & V e i t c h , 1991) . F o r b o t h o f these s t u 
dies , d a i l y distances of females were lowest d u r i n g 
the c a l v i n g p e r i o d , h ighes t d u r i n g s p r i n g and 
a u t u m n w h e n m o v i n g between w i n t e r a n d s u m m e r 
range, a n d also increased after a female h a d lost her 
calf. U n p u b l i s h e d results suppor t th is same pat tern , 
w i t h distances m o v e d by female c a r i b o u i n central 
Saskatchewan b e i n g s i m i l a r to other w o o d l a n d car i 
b o u p o p u l a t i o n s (data i n prep . ) . Fracta l d i m e n s i o n 
and s tandardized p a t h l e n g t h are sca le - independent 
measures o f m o v e m e n t behaviour whereas speed of 
m o v e m e n t varies w i t h changes i n scale. A l s o , the 
spat ia l p a t t e r n of m o v e m e n t b e h a v i o u r is descr ibed 
by the fractal d i m e n s i o n . 

W e s t r o n g l y urge researchers to cons ider spat ia l 
and t e m p o r a l scale careful ly w h e n c a l c u l a t i n g frac
ta l d i m e n s i o n f r o m m o v e m e n t pa thways . O n e ope-
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r a t i o n a l p r o b l e m of fractal d i m e n s i o n measurements 
relates to e s t i m a t i n g the slope o f the regression l i n e 
f r o m the l o g - l o g p l o t . T h e slope m a y change w i t h 
step l e n g t h (i.e. curved l ine) . For e x a m p l e , o u r 
results for c a r i b o u and s i m i l a r data for p o l a r bears 
(Ursus maritimus; F e r g u s o n et al., i n press), show that 
satel l i te te lemetry data ( t empora l scale based o n 4 - 6 
day intervals) for l a r g e - b o d i e d m a m m a l s est imates a 
fractal d i m e n s i o n o f m o v e m e n t of 1.5 < D < 2. In 
contrast , insect m o v e m e n t pathways measured o n a 
t e m p o r a l scale of m i n u t e s show fractal d i m e n s i o n s 
o f 1 < D < 1.5 ( W i e n s etal., 1995) . T u r c h i n (1996) 
argued that these differences are scale-dependent 
and therefore fractal theory is not a p p l i c a b l e to 
m o v e m e n t data (i.e., lack of s e l f - s i m i l a r i t y ) . 
Researchers can consider the f o l l o w i n g o p t i o n s : (1) 
test for s e l f - s i m i l a r i t y before u s i n g fractal m e t h o d s 
(see C o x & W a n g , 1993) ; (2) choose a p a r t i c u l a r 
s t ra ight sect ion of the curve for the e s t i m a t i o n of 
slope and assume that the s t ra ight segment is the 
range of scales over w h i c h fractal theory appl ies ; a n d 
(3) use s tat is t ica l methods (e.g. , " b r o k e n s t i c k " ; 
S i b l y et al., 1990) to del ineate the range of scales 
over w h i c h the l o g - l o g p l o t is l inear. 

T h e s t ruc tura l c o m p l e x i t y o f the e n v i r o n m e n t 
influences the fractal d i m e n s i o n of m o v e m e n t p r o 
cesses ( B u r r o u g h 1 9 8 1 ; 1 9 8 3 ; P a l m e r 1988) . 
R e m o t e l y - s e n s e d measurement of landscape pat 
terns can be used to est imate fractal d i m e n s i o n s 
( M i l n e 1989 ; D e C o l a 1989) and such studies can 
focus o n the consequences of heterogenei ty for the 
m o v e m e n t of an imals , resources, and energy. 
Consequences of heterogeneity p r o b a b l y result f r o m 
s i m i l a r processes for beetles as for ungulates a l t 
h o u g h a l l o m e t r i c considerat ions are necessary 
(Swihart et al., 1988) . A d d i n g to the descr ip t ive 
observations and exper iments i n m o v e m e n t p a t h 
ways i n r e l a t i o n to landscapes for a n u m b e r of p o p u 
lat ions and species w i l l h e l p to u n d e r s t a n d basic 
eco logica l processes. 

A r e differences i n m o v e m e n t patterns a t t r i b u t a 
ble to differences i n p r e d a t i o n , b o d y mass, d ie t , l i f e -
his tory , p h y s i o l o g y , v a g i l i t y , or social organiza t ion? 
C a n we relate the fractal g e o m e t r y of a n i m a l m o v e 
m e n t s to the fractal g e o m e t r y of the i r landscapes? 
These are the i m p o r t a n t quest ions we need to 
address i n the m e r g i n g fields of behav ioura l ecology 
a n d landscape ecology ( L i m a & Z o l l n e r , 1996) . W e 
need to s t ud y a n i m a l space-use patterns i n the c o n 
text of scale; p a r t i c u l a r l y a n i m a l - p e r c e i v e d scale or 
the animal 's perceptual range and not the n a r r o w 
range of h u m a n - p e r c e i v e d scale. T h i s w i l l h e l p us to 
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deve lop an u n d e r s t a n d i n g of the l i m i t s to ex t rapola 
t i o n o f the results o f a s tudy, regardless o f the scale 
of w h i c h that s tudy is c o n d u c t e d . W i e n s & M i l n e 
(1989) proposed that we adopt a m u l t i - s c a l e c o n 
c e p t u a l i z a t i o n of landscapes b y c o n d u c t i n g studies 
over a range of scales, thereby d e f i n i n g the d o m a i n s 
o f scale that a p p l y to p a r t i c u l a r patterns , processes, 
or p h e n o m e n a . O n e m e t h o d of d e t e r m i n i n g the 
d o m a i n s of scale relat ive to a p a r t i c u l a r process, is to 
analyze the fractal g e o m e t r y of patterns over a range 
of scales a n d d e t e r m i n e at w h i c h p o i n t s the fractal 
d i m e n s i o n changes (e.g. , K r u m m e l et al., 1 9 8 7 ; 
P a l m e r , 1 9 8 8 ; H o m e & Schneider , 1995) . A c o n 
stant fractal d i m e n s i o n over a range o f scales defines 
a d o m a i n w i t h i n w h i c h the pat terns , a n d perhaps 
the causative processes, are repet i t ive a n d p r e d i c t a 
ble . 

T h i s approach can be a p p l i e d to a n i m a l m o v e 
m e n t p a t h w a y s . W e w o u l d not expect a n i m a l trai ls 
ro be p u r e fractals since, i n nature , h i e r a r c h i c a l 'bre
aks ' define the d o m a i n s over w h i c h s e l f - s i m i l a r i t y 
occurs ( M a n d e l b r o t , 1990) . F o r m o v e m e n t t ra i l s , 
natura l h ie rarch ica l steps i n t e r r u p t the p a t t e r n as a 
sequence i n t i m e and space ( D i c k e & B u r r o u g h , 
1988 ; W i t h & C r i s t , 1995) . F o r e x a m p l e , we have 
es t imated fractal d i m e n s i o n of c a r i b o u m o v e m e n t 
pathways u s i n g a spat ia l and seasonal scale. A t a 
h i g h e r h ie rarch ica l l e v e l , h o m e ranges, w h i c h are 
m o v e m e n t pathways over a larger area a n d a l o n g e r 
t i m e , define another d o m a i n o f fractals. G a u t e s t a d 
& M y s t e r u d (1993) es t imated the fractal d i m e n s i o n 
of the h o m e range of d o m e s t i c sheep (Ovis aries). 
T h e y argued that f ractal d i m e n s i o n of th is a n n u a l 
t e m p o r a l measure is a p p r o x i m a t e l y 1.5, l i k e other 
p h y s i o l o g i c a l measures o f t i m e that are a l l o m e t r i c a -
l y related to b o d y mass raised to the 1/4 power . A t a 
lower h ierarch ica l l eve l , w a l k i n g gai ts , def ine anot
her d o m a i n of fractal s e l f - s i m i l a r i t y ( H a u s d o r f f et 
al., 1995) . Therefore , spa t ia l a n d t e m p o r a l pat terns , 
or trends i n r a n d o m d i r e c t i o n s , can be seen as a p r o 
cess of hierarchies : smal l -area , s h o r t - t e r m trends 
m a y be i m p o s e d u p o n larger-area, l o n g e r - t e r m 
trends, i m p o s e d o n yet larger-area, even l o n g e r - t e r m 
trends, a n d so on ( M a n d e l b r o t , 1 9 8 3 ; M i l n e , 1 9 9 2 ; 
A n n o & P i m m , 1995) . 
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Abstract: W o o d l a n d caribou habitat management in northwestern Ontario is a complex spatial problem. The Strategic 
Foresr Management M o d e l ( S F M M ) , a linear programming PC-based planning tool being developed in Ontario, was 
used to examine the impacts of alternative management strategies on caribou habitat. The management alternatives 
investigated included the cessation of t imber management and maximis ing the present value of wood production w i t h 
out any explicit concern (in the model) for caribou. Three major findings are worth noting: 1) t ty ing to maintain prime 
caribou habitat w i t h i n active Forest Management Uni t s w i l l come at a cost to wood supply but the cost w i l l depend on 
the absolute amount of area affected and the spatial configuration of that land i n relation to mi l l s . The cost of maintai
n ing catibou habitat in one management uni t at a level about 25 000 hectares is roughly $324 000 per year (about 3 
cents for each Ontatio resident). The imposi t ion of an even-flow constraint on wood production is in fact potentially 
more costly; 2) G i v e n the tegion is heavily dominated by sptuce aged 90 years and over, forest succession and fire dis
turbance w i l l l ikely cause large declines in prime caribou habitat i n the near to m e d i u m term (20 to 40 years) even i f no 
timber harvesting occurs; 3) The complexities of the trade-offs in this resource management problem highl ight the 
l imitations of any single modell ing tool to satisfactorily address all issues. Planners need to take advantage of a wide 
range of analyrical techniques to quantify the issues and formulate integrated policies. 

K e y w o r d s : c a r i b o u , habi tat , w o o d s u p p l y , e c o n o m i c analysis , forest m a n a g e m e n t . 
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Introduction 

Forest m a n a g e m e n t p l a n n i n g p r o b l e m s t e n d to be 
large a n d c o m p l e x . F o r example , w o o d g r o w t h and 
y i e l d funct ions are required across m a n y stands. 
S i l v i c u l t u r a l costs a n d s tumpage values m a y vary 
spa t ia l ly a n d stand management o p t i o n s are u s u a l l y 
n u m e r o u s . W h e n n o n - w o o d o u t p u t s (values) are 
cons idered the c o m p l e x i t y increases. A c o m m o n 
response to this p r o b l e m i n forest p l a n n i n g has been 
to use l inear p r o g r a m m i n g ( L P ) to explore the t ra 
de-offs i m p l i c i t i n forest p l a n n i n g (e.g. D a v i s , 
1 9 9 6 ; B u o n g i o r n o & G i l l e s s , 1 9 8 7 ; J o h n s o n et al., 
1 9 8 6 ; M c K e n n e y & C o m m o n , 1990) . L i n e a r p r o 
g r a m m i n g is a t o o l w h i c h can e f f i c ient ly search 
t h r o u g h the large n u m b e r of poss ib le m a n a g e m e n t 
c o m b i n a t i o n s and p e r m u t a t i o n s that are t y p i c a l i n 
forestry to i d e n t i f y a par t i cu lar scenario that m a x i -
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mises an object ive subject to cer ta in types of m a n a 
g e m e n t constra ints . 

I n th is paper, we q u a n t i f y some o f the trade-offs 
be tween w o o d s u p p l y a n d c a r i b o u habi ta t across 
n o r t h w e s t e r n O n t a r i o u s i n g a l inear p r o g r a m m i n g 
m o d e l . T h e o v e r a l l area of interest i n c l u d e s 17 
Forest M a n a g e m e n t U n i t s , a n d over 7 0 0 0 0 0 0 hec
tares of l a n d ( F i g . 1). A large g e o g r a p h i c perspect ive 
is r e q u i r e d for th i s forest m a n a g e m e n t p r o b l e m 
because of the n o m a d i c nature o f w o o d l a n d c a r i b o u 
a n d the r e l a t i v e l y l o w densi t ies of c a r i b o u r e m a i 
n i n g i n the r e g i o n ( C u m m i n g , 1992) . T h e O n t a r i o 
M i n i s t r y of N a t u r a l Resources ( O M N R ) is c o m m i t 
t e d to m a i n t a i n i n g species w i t h i n t h e i r current 
ranges a n d have deve l oped a set o f p r o p o s e d g u i d e l i 
nes for C a r i b o u m a n a g e m e n t (Racey et al., 1992) . 
C a r i b o u n u m b e r s have been d e c l i n i n g for a n u m b e r 
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of reasons b u t i n a m a n n e r that r o u g h l y paral le ls the 
n o r t h e r n extent of t i m b e r h a r v e s t i n g operat ions. 
T h e c a r i b o u g u i d e l i n e s c a l l for the maintenance of 
large tracts of o lder forest to p r o v i d e for c a r i b o u 
habi ta t . These large tracts are i d e n t i f i e d i n a mosaic 
w h i c h ensures special c o n s i d e r a t i o n of c a r i b o u w i n 
ter habi ta t , areas used for c a l v i n g and travel o p p o r 
t u n i t i e s . T h i s strategy suggests a set o f spat ia l c o n 
straints to balance w o o d s u p p l y and habi ta t c o n 
cerns that are somewhat di f ferent t h a n most resour
ce p l a n n i n g p r o b l e m s . 

L P models a l l o w the m a n a g e m e n t p r o b l e m to be 
set u p i n a n u m b e r of ways a l t h o u g h t y p i c a l l y it 
involves m a x i m i s i n g an ob ject ive such as the N e t 
Present V a l u e ( N P V ) o f m a n a g e m e n t ac t iv i t ies 
t h r o u g h t i m e . Effects o f m a n a g e m e n t on forest 
g r o w t h and y i e l d are m o d e l l e d for each l a n d u n i t . 
T h e range of p o t e n t i a l costs of m a n a g e m e n t and 
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benefits, usua l ly a measure of s t u m p a g e va lue , asso
c iated w i t h each l a n d u n i t or a c t i v i t y are d i s c o u n t e d 
by a rate of interest to der ive a net value i n today's 
dol lars . In theory, the m a n a g e m e n t strategy selected 
is the c o m b i n a t i o n of act ivi t ies t h r o u g h t i m e that 
m a x i m i s e s the N P V . I n pract ice , m a n y scenarios 
and assumpt ions are e x a m i n e d to f o r m u l a t e actual 
m a n a g e m e n t strategies. 

A l t h o u g h i t is poss ib le to d i r e c t l y i n c l u d e n o n -
w o o d values l i k e w i l d l i f e habi tat i n object ive f u n c 
t ions of L P m o d e l s , very few e m p i r i c a l studies ac tu
a l l y do so. O n e reason is the d i f f i c u l t y i n o b t a i n i n g 
w i l l i n g n e s s - t o - p a y measures (i.e. prices) for n o n -
m a r k e t goods. H e n c e n o n m a r k e t values are u s u a l l y 
i d e n t i f i e d as constraints on m a n a g e m e n t i n L P 
m o d e l s . O n e example is m a i n t a i n i n g a target to ta l 
a m o u n t of area i n p a r t i c u l a r age classes because 
some w i l d l i f e species associations prefer cer ta in age 
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classes. T h e cost o f these constraints can be d e t e r m i 
ned b y r u n n i n g the m o d e l w i t h and w i t h o u t the 
constra ints . T h e difference i n N P V represents the 
p o t e n t i a l e c o n o m i c cost o f that constra int . D e c i s i o n 
makers can t h e n use personal j u d g e m e n t and/or 
other i n f o r m a t i o n to assess w h e t h e r the cost is 
w o r t h w h i l e . 

W e e x a m i n e d changes i n c a r i b o u habi ta t for one 
p a r t i c u l a r M a n a g e m e n t U n i t i n the r e g i o n u s i n g 
three di f ferent object ive f u n c t i o n s , i .e. m a x i m i s e net 
present va lue , m a x i m i s e w o o d p r o d u c t i o n , a n d 
m a x i m i s e net present va lue subject to a constra int 
o n changes i n c a r i b o u habi ta t . A no t i m b e r manage
m e n t scenario is also presented. T h e second set o f 
analyses s imulates changes i n c a r i b o u habi ta t o n 
three far n o r t h m a n a g e m e n t u n i t s i n the r e g i o n 
a s s u m i n g no t i m b e r m a n a g e m e n t . I n th is case the 
changes i n c a r i b o u habi tat arise as a result o f fire 
regimes and natura l forest succession. D a t a a v a i l a b i 
l i t y and the nature of L P m a k e i t d i f f i c u l t to e x p l i 
c i t l y examine some of the spat ia l aspects o f this p r o 
b l e m over the ent ire r e g i o n . 

Methods and data 
T h e Strategic Forest M a n a g e m e n t M o d e l ( S F M M ) is 
a P C based interact ive forest m o d e l l i n g sys tem that 
a l lows users to represent large forested areas at a 
strategic level ( D a v i s , 1996) . S F M M has been a n d 
cont inues to be developed by the Forest Resource 
Assessment Pro ject o f the O M N R . T h e m o d e l l i n g 
system is based on l inear p r o g r a m m i n g techniques , 
and is des igned speci f ica l ly for O n t a r i o ' s forest c o n 
d i t i o n s and strategic p l a n n i n g requi rements . S F M M 
provides a flexible f r a m e w o r k to represent a forest as 
i t evolves t h r o u g h t i m e , i n response to na tura l 
d y n a m i c s and act ive i n t e r v e n t i o n . Users can evalua
te a var ie ty of forest m a n a g e m e n t objectives a n d tar
gets, a n d explore l o n g - t e r m strategies a n d trade
offs. T h r o u g h a g r a p h i c a l interface, users can: 

1. D e f i n e the current forest and non-forest l a n d 
base; 

2. S i m u l a t e the forest's na tura l d e v e l o p m e n t 
t h r o u g h t i m e ; 

3. D e s c r i b e the i r s i l v i c u l t u r a l o p t i o n s ; and 

Time Period (years) 

Age Class N o w Year 20 Year 40 Year 60 Year 80 

Renewal from 
other forest types 

F i g . 2. A simplified view of S F M M ' s model III network srructure. 
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4 . E x p l o r e m a n a g e m e n t al ternat ives a n d scenarios 
to d e s i g n a forest m a n a g e m e n t strategy that p r o 
vides an appropr ia te m i x of benefits . 

R e s u l t s o f a m o d e l r u n are p r o v i d e d t h r o u g h 
graphics and text i n seven categories: forest c o n d i t i 
o n , forest d y n a m i c s , areas treated, finances, v o l u m e s 
harvested, w i l d l i f e habi ta t a n d forest d ivers i ty . 

T h e s tructure of S F M M is k n o w n as a " M o d e l I I I " 
n e t w o r k ( F i g . 2). T h e m o d e l is b u i l t u p o n a series o f 
s i m i l a r l i n k e d ne tworks that together represent the 
var ious forest types w i t h i n a large forest l a n d base. 
T h e s i m p l i f i e d n e t w o r k s h o w n i n F i g . 2 represents a 
s i n g l e forest u n i t . E a c h box represents an age class 
w i t h i n the forest u n i t . T h e arrows represent h o w 
area transfers be tween these age classes to represent 
g r o w t h , harves t ing , a n d renewal t h r o u g h t i m e . 
L i n k a g e s w i t h other, s i m i l a r n e t w o r k s (not shown) 
can also transfer to and f r o m other forest types. L a n d 
m i g h t change i n status f r o m one forest type to anot
her t h r o u g h natura l succession, t e n d i n g treatments , 
or harves t ing and renewal t reatments that do not 
r e t u r n a l l the area harvested to the same forest u n i t . 

L i k e most p l a n n i n g p r o b l e m s , four basic types of 
i n f o r m a t i o n were r e q u i r e d for th is s t u d y : 
1. Forest Resource Inventory ( F R I ) data d e s c r i b i n g 

the forest stands w i t h i n each t o w n s h i p , base m a p 
or m a p u n i t i n general i n the r e g i o n ; 

2 . Pro jec t ions of forest d y n a m i c s , i.e. g r o w t h and 
y i e l d est imates, na tura l succession rules , a n d 
natura l d i s turbance rates ( p r o b a b i l i t y est imates) ; 

3. I n f o r m a t i o n r e g a r d i n g e l i g i b i l i t i e s a n d costs o f 
forest types for harves t ing and renewal treat
ments ; and 

4 . S t a n d i n g t i m b e r values. 

Forest Resource Inventory data 
T h e F R I contains i n f o r m a t i o n o n species c o m p o s i t i 
o n , age, s t o c k i n g and the area for each forest s tand. 
These data for nor thwes tern O n t a r i o was o b t a i n e d 
f r o m the O M N R ' s Forest Resource Assessment 
Project . It was avai lable i n s u m m a r y f o r m by m a p 
sheet for the 17 active and c u r r e n t l y inac t ive 
M a n a g e m e n t U n i t s o f interest for th is analysis . 
I n f o r m a t i o n on non-forested l a n d types, and areas 
reserved f r o m harves t ing (e.g. p r o t e c t i o n forest) 
were also i n c l u d e d as part o f this analysis . 

To s i m p l i f y the m o d e l c o n s t r u c t i o n a n d in terpre 
t a t i o n , the F R I data was aggregated as: " W h i t e 
B i r c h " w h e n i t was 6 0 % or more o f the s tand c o m 
p o s i t i o n ; " Jack P i n e " w h e n i t was 6 0 % or more ; 
" P o p l a r " w h e n 6 0 % or more ; " S p r u c e " w h e n 6 0 % 

or m o r e b l a c k or w h i t e spruce a n d ; " M i x e d " for the 
r e m a i n i n g forest types w h i c h are p r i m a r i l y c o m b i 
nat ions of these species assemblages. 

T h e r e g i o n is h e a v i l y d o m i n a t e d b y spruce age 90 
years and older . H o w e v e r there is also a large 
a m o u n t o f 5 0 - 9 0 year o l d jack p i n e and m i x e d 
forest. 

Growth & yield estimates and forest dynamics 
G r o w t h and y i e l d estimates descr ibe the changes i n 
t i m b e r v o l u m e s at di f ferent ages or t h r o u g h t i m e 
for each o f the di f ferent forest types. V e r y l i t t l e is 
k n o w n about spat ia l var iat ions i n g r o w t h rates 
across n o r t h w e s t e r n O n t a r i o , hence the same 
g r o w t h and y i e l d estimates were used for each m a p 
u n i t . A v e r a g e g r o w t h and y i e l d est imates were 
deve loped for each o f the forest types descr ibed abo
ve i n c o n s u l t a t i o n w i t h O M N R Forest Resource 
Assessment Pro jec t . These values a n d assumpt ions 
r e g a r d i n g successional p a t h w a y s , na tura l a n d fire 
d is turbance rates were d e r i v e d f r o m previous w o r k 
and h i s t o r i c a l data (see A r l i d g e , 1995) . It is i m p o r 
tant to note that v o l u m e s d e c l i n e over t i m e as these 
forests become over -mature due to successional 
change. 

Silvicultural options 
P l a n n i n g m o d e l s deve loped p r e v i o u s l y by foresters 
i n the r e g i o n were used to der ive the s i l v i c u l t u r a l 
opt ions for th is study. These i n c l u d e d specific o p t i 
ons and costs for forest h a r v e s t i n g a n d renewal tre
atments . Forest renewal opt ions were $ 1 0 per hecta
re for basic ; i n t e r m e d i a t e renewal at a cost o f $ 3 0 0 
per hectare, and intens ive renewal at a cost o f $ 1 3 0 0 
per hectare ( A r l i d g e , 1995) . 

Standing timber values 
I n most p l a n n i n g m o d e l s that i n v o l v e an e c o n o m i c 
c o m p o n e n t a va lue of s t a n d i n g t i m b e r is r e q u i r e d . 
T h e value of s t a n d i n g t i m b e r to society has l o n g 
been a subject o f debate. F o r e c a s t i n g the value 
t h r o u g h t i m e fur ther compl ica tes the p r o b l e m . T h e 
s t u m p a g e fees that are charged by the O M N R are 
a d m i n i s t r a t i v e l y set, not t h r o u g h a c o m p e t i t i v e 
m a r k e t process. T h e i m p l i c a t i o n is that these fees 
w o u l d therefore not correspond to the true va lue o f 
s t a n d i n g t i m b e r b y s tandard e c o n o m i c c r i t e r ia . 
A l t h o u g h the O M N R has recent ly changed its p r i 
c i n g p o l i c y to m o r e closely correspond to current 
m a r k e t c o n d i t i o n s , d e t e r m i n i n g the actual n u m e r i 
cal value of s t a n d i n g t i m b e r to w o o d producers 
remains a content ious and d i f f i c u l t issue. A res idual 
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value approach is c o m m o n l y used to d e t e r m i n e 
s t a n d i n g t i m b e r values and has been a p p l i e d i n 
O n t a r i o ( N a u t i y a l et ah, 1994) . T h i s approach 
quant i f ies the dif ference between the final p r o d u c t 
value a n d the cost o f p r o d u c i n g the g o o d . F o r e x a m 
p l e i n the case of l u m b e r , the s t a n d i n g t i m b e r va lue 
w o u l d be the m a r k e t value of l u m b e r less the cost o f 
h a r v e s t i n g , t r a n s p o r t a t i o n to the m i l l and an a l l o 
wance for prof i t ( N a u t i y a l et ah, 1994) . T h i s n u m 
ber represents the m a x i m u m a m o u n t the firm 
w o u l d be w i l l i n g to pay for the r i g h t to harvest the 
s t a n d i n g t i m b e r . 

A var iant of th is res idual v a l u a t i o n approach was 
used to derive s t a n d i n g t i m b e r values for the s tudy 
areas: 

M W T P = (S tar t ing M W T P - H a u l i n g Cost ) 

where M W T P stands for " M i l l W i l l i n g n e s s to P a y " 
($ per c u b i c metre) , and " S t a r t i n g M W T P " is i n t e n 
d e d to represent the m a x i m u m a m o u n t a m i l l 
w o u l d be w i l l i n g to pay for s t a n d i n g t i m b e r i f i t 
was s i tuated next to the m i l l . G i v e n the d i f f i c u l t y i n 
d e t e r m i n i n g a s ing le n u m b e r this approach enables 
dif ferent v iews o f l o n g r u n s t a n d i n g t i m b e r values 
to be cons idered. R e s u l t s presented here used a star
t i n g M W T P of $ 3 0 per cub ic metre and e x i s t i n g 
m i l l locat ions (see M c K e n n e y & N i p p e r s , 1996 for 
a d d i t i o n a l analyses). These M W T P values were 
ad justed by h a u l i n g costs for each m a p u n i t . T h e 
average of these values was t h e n ca lcu la ted to deter
m i n e the average M W T P for the ent i re 
M a n a g e m e n t U n i t . There is an inherent , t h o u g h 
debatable , a s s u m p t i o n , that harvest costs w o u l d not 
vary spatial ly . 

H a u l i n g costs are the $ costs/cubic metre o f 
t r a n s p o r t i n g w o o d f r o m the harvest site to the m i l l . 
T h e fur ther away w o o d is f r o m a m i l l , the m o r e i t 
w i l l cost to h a u l . H a u l i n g costs were ca lcula ted as 
f o l l o w s : 

H A U L I N G C O S T = (Distance to m i l l ( k m ) * 

0 .0772(cents/cubic metre/km)) 

0 . 0 7 7 2 , the t ranspor ta t ion cost factor used was 
based o n N a u t i y a l et ah (1994) and O M N R , 1994) . 
Dis tances were ca lculated u s i n g a G e o g r a p h i c 
I n f o r m a t i o n S y s t e m (GIS) a l g o r i t h m and data o n 
road locat ions and m a p u n i t s . T h e distance f r o m 
each m a p u n i t c e n t r o i d to the nearest major road 
was ca lculated for each m a p u n i t (e.g. t o w n s h i p or 
O n t a r i o Base M a p ) . T h e G I S also ca lcula ted the d i s -
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tance to the m i l l that had p r i m a r y r i g h t s to the 
s t a n d i n g t i m b e r for each Forest M a n a g e m e n t U n i t . 
T h e dis tance to the m i l l used i n the h a u l i n g cost 
ca lcu la t ions was the s u m o f these t w o values i .e. the 
" m a p c e n t r o i d to nearest p r i m a r y road d i s t a n c e " a n d 
the dis tance f r o m there to the m i l l . 

In s u m m a r y , the genera l S F M M c a r i b o u m o d e l 
t e m p l a t e t r a c k e d c a r i b o u habi ta t by u s i n g g r o w t h 
and y i e l d pro jec t ions based on other S F M M analyses 
i n the r e g i o n , i n v e n t o r y data s u m m a r i s e d at the 
M a p U n i t l eve l , s t a n d i n g t i m b e r values that were 
ad justed b y h a u l i n g distance for each M a p U n i t a n d 
poss ib le s i l v i c u l t u r e costs r a n g i n g f r o m $10/ha-
$1300/ha. P l a n n i n g per iods were 10 years a n d the 
p l a n n i n g h o r i z o n was 100 years. P r i m e c a r i b o u 
habi ta t was def ined as hectares of spruce, jack p i n e 
and m i x e d forest aged 8 0 years and older. 

Several S F M M analyses were p e r f o r m e d o n the 
Lac Seul M a n a g e m e n t U n i t represent ing di f ferent 
object ives: no t i m b e r m a n a g e m e n t ( N T M ) , m a x i 
mise N P V , m a x i m i s e t i m b e r harvest v o l u m e s 
( M T H ) , a n d m a x i m i s e N P V subject to m a i n t a i n i n g 
a specif ied a m o u n t o f c a r i b o u habi ta t i n each p l a n 
n i n g p e r i o d . T h i s U n i t was assumed to be represen
tat ive of the act ive M a n a g e m e n t U n i t s i n the r e g i 
o n . A major chal lenge i n th is type o f analysis is sif
t i n g t h r o u g h the large v o l u m e of o u t p u t to focus o n 
the major issues. T h e results presented here are par 
t i c u l a r l y sal ient . I n a d d i t i o n some no t i m b e r m a n a 
g e m e n t scenarios were r u n for 3 far n o r t h u n i t s 
w h i c h are not c u r r e n t l y b e i n g harvested (see F i g . 1). 

Results and discussion 
F i g . 3 portrays the l i k e l y aggregate changes i n c a r i 
b o u habi ta t over t i m e for the di f ferent poss ib le 
m a n a g e m e n t strategies o n the Lac Seul U n i t . I n the 
N T M scenario, c a r i b o u habi ta t fluctuated be tween 
100 0 0 0 and 150 0 0 0 hectares. In the t i m b e r 
m a n a g e m e n t strategies, c a r i b o u habi ta t d r o p p e d 
f r o m near 100 0 0 0 ha c u r r e n t l y to b e l o w 13 0 0 0 ha. 
A f t e r several t r ia l s , a set o f constraints were deve lo 
p e d that m a i n t a i n e d to ta l c a r i b o u habi ta t above 
28 0 0 0 ha . N o constraints c o u l d be f o u n d that 
w o u l d m a i n t a i n a h i g h e r level o f habi ta t . 

T h e hab i ta t results are d r i v e n by changes to the 
aggregate pro jec ted age class d i s t r i b u t i o n s . T h e 
N T M scenario skews the age classes to the o lder 
levels. T i m b e r m a n a g e m e n t scenarios result i n v e r y 
l i t t l e o f the o l d e r classes by the 5 t h decade. T h e 
m a g n i t u d e of the drops c o u l d not have been easi ly 
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F i g . 3. Lac Seul caribou habitat summaries. 

ascertained w i t h o u t this type o f m o d e l l i n g t o o l . 
S F M M makes such assessments s t r a i g h t f o r w a r d . 

T h e to ta l N P V of var ious scenarios can be used to 
gauge the cost effectiveness of d i f ferent manage
m e n t strategies. T h e cost i n terms o f N P V of the 
m a x i m i s e t i m b e r harvest object ive is a p p r o x i m a t e l y 
$ 1 2 2 . 3 m i l l i o n . T h i s is the dif ference between 
m a x i m i s e N P V scenario and the M T H r u n ($414 .5 
m i l l i o n versus $292 .1 m i l l i o n ) . T h i s a m o u n t 
s h o u l d be w e i g h e d against the dif ference i n the 
a m o u n t of c a r i b o u habi ta t between scenarios ( w h i c h 
appears re la t ive ly i n s i g n i f i c a n t - see F i g u r e 3). I n 
fact, p r i m e c a r i b o u habi ta t reaches the lowest levels 
i n the m a x i m i s e t i m b e r scenario. T h e N P V o f the 
habi ta t constra int scenario is $ 4 0 6 . 4 m i l l i o n . T h u s , 
the cost o f m a i n t a i n i n g this level o f habi ta t is $8 .1 
m i l l i o n over 100 years or r o u g h l y $ 3 2 4 0 0 0 per 
year (us ing a 4 % d i s c o u n t rate). T h i s translates i n t o 
0 .07 percent o f the N P V . T h i s va lue represents 
w h a t O n t a r i o residents w o u l d have to be w i l l i n g to 
pay to just i fy the constra int o n e c o n o m i c eff iciency 
g r o u n d s (about 3 cents per person i n O n t a r i o per 
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year). In teres t ingly , a d d i t i o n a l analyses (not shown) 
w h i c h i n c l u d e d even-f low, p l u s or m i n u s 2 0 % , t i m 
ber constraints h a d m u c h l o w e r net present values 
$ 9 0 to $115 m i l l i o n d e p e n d i n g o n harvest c o n 
straint . E v e n f l o w constraints are of ten used i n forest 
m a n a g e m e n t to t ry to reduce v o l a t i l i t y i n harvest 
levels ( B u o n g i o r n o & G i l l e s s , 1987) . In these runs 
c a r i b o u habi ta t reached l o w levels comparab le to 
the M T H scenario. 

W h e t h e r th i s 25 0 0 0 or 50 0 0 0 hectares of h a b i 
tat i n the Lac Seul U n i t are suff ic ient to susta in the 
c a r i b o u p o p u l a t i o n i n the larger r e g i o n is a n i m p o r 
tant b i o l o g i c a l q u e s t i o n b u t b e y o n d the scope o f 
th i s analysis . T h e r e m a y be a l ternat ive , m o r e cost-
effective means to m a i n t a i n a p o p u l a t i o n o f c a r i b o u 
i n the r e g i o n at large. F o r e x a m p l e , t i m b e r harves
t i n g c o u l d , i n p r i n c i p l e , be res tr ic ted i n the far-
n o r t h u n i t s . T h i s fibre is p o t e n t i a l l y less va luable to 
i n d u s t r y because of the large h a u l i n g distances 
i n v o l v e d a n d m a y therefore i n v o l v e less of a sacrifice 
i f forgone. H o w e v e r , even i f t i m b e r m a n a g e m e n t 
was e l i m i n a t e d f r o m these u n i t s , natura l forest suc-
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cession and fire patterns w i l l affect hab i ta t q u a l i t y 
a n d q u a n t i t y over t i m e . 

To invest igate th i s issue, no t i m b e r m a n a g e m e n t 
scenarios were deve loped for several far n o r t h m a n a 
g e m e n t u n i t s ( O g o k i , L a k e St. J o s e p h a n d Berens 
R i v e r u n i t s - see F i g . 1). These scenarios e x a m i n e d 
p o t e n t i a l changes i n habi tat g i v e n m i n i m a l fire 
suppress ion ac t iv i t ies and natura l succession. T h e 
fire p r o b a b i l i t y d is turbance rate was 0 .015 as c o m 
p a r e d to 0 .004 85 i n Lac Seul where fire suppress ion 
ac t iv i t ies are m o r e c o m m o n ( T i t h e c o t t , pers. 
c o m m . ) . 

F i g . 4 shows the i m p l i c a t i o n s of no t i m b e r m a n a 
g e m e n t o n 3 far n o r t h u n i t s on the expected aggre
gate a m o u n t o f c a r i b o u habi tat over t i m e . E x c e p t 
for the Berens R i v e r U n i t , c a r i b o u habi ta t substan
t i a l l y decreases over t i m e relative to current levels . 
T h i s is a t t r i b u t e d to the e x i s t i n g o l d forest c o n d i t i 
o n (age class structure) o f these u n i t s . N o t e that the 
absolute a m o u n t of c a r i b o u habi tat varies cons idera
b l y across each of the u n i t s . M o r e research is l i k e l y 
r e q u i r e d to u n d e r s t a n d the actual spat ia l v a r i a t i o n 
i n habi ta t q u a l i t y across these u n i t s . F o r e x a m p l e , 
w o u l d 50 0 0 0 hectares of " c a r i b o u h a b i t a t " i n the 
Berens R i v e r U n i t be better t h a n 100 0 0 0 hectares 
i n the L a k e St. J o s e p h U n i t because of the q u a l i t y of 
o v e r w i n t e r i n g areas? 

Conclusions 
T h i s paper demonstrates h o w a gener ic l inear p r o 
g r a m m i n g based forest p l a n n i n g m o d e l can be used 
to invest igate c a r i b o u , w o o d s u p p l y a n d forest eco
n o m i c issues. T h e i m p l i c a t i o n s of the p r o p o s e d c a r i 
b o u g u i d e l i n e s are d i f f i c u l t to q u a n t i f y i n precise 
terms over such a large reg ion . T h e r e is a c o m p l e x 
array of trade-offs between w o o d s u p p l y and the 
va lue o f s t a n d i n g t i m b e r and the spat ia l arrange
m e n t o f c a r i b o u habi ta t . M o d e l s such as S F M M a n d 
other forest p l a n n i n g tools he lp planners and stake
holders to c learly i d e n t i f y and organise w h a t is 
k n o w n a n d not k n o w n . T h i s quanti f ies trade-offs 
more clearly. W h a t makes the c a r i b o u m a n a g e m e n t 
p r o b l e m u n i q u e is the n o m a d i c nature of the a n i m a l 
hence m a n y Forest M a n a g e m e n t U n i t s c o u l d be 
affected by p o l i c y direct ives . W o o d s u p p l y issues 
m a y need to be c o - o r d i n a t e d over a m u c h larger 
geographic area t h a n is c u r r e n t l y t a k i n g place . 

T h e Lac Seul analyses presented here suggest that 

i t w i l l be d i f f i c u l t to m a i n t a i n c a r i b o u habi ta t i n a 

s ing le m a n a g e m e n t u n i t once t i m b e r harves t ing 

occurs d e p e n d i n g o n the a m o u n t of habi ta t e x p l i c i t -
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F i g . 4. Caribou habitat in far north units w i t h no t imber 
managemenr. 

l y r e q u i r e d . T h e results s u p p o r t the n o t i o n that co
o r d i n a t i o n a m o n g m a n a g e m e n t u n i t s m a y be neces
sary to m a i n t a i n c a r i b o u range across the c u r r e n t l y 
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o c c u p i e d p o r t i o n o f n o r t h w e s t e r n O n t a r i o . 
E x t r a p o l a t i n g th i s result to other Forest M a n a g e 
m e n t U n i t s i n the r e g i o n is nevertheless d i f f i c u l t . 
T h e c o m p o s i t i o n (species) and s t ruc ture (age classes) 
o f each u n i t is di f ferent . M a i n t a i n i n g s m a l l patches 
of habi ta t w i t h i n harvested areas across the ent i re 
r e g i o n m a y i n fact be a less cost effective approach 
to m a i n t a i n i n g the species (see H y d e , 1 9 8 9 for a 
s i m i l a r r e c o m m e n d a t i o n i n the context o f a forest 
d w e l l i n g b i r d species). M o r e analyses are r e q u i r e d 
to invest igate th is assert ion. 

T h e no t i m b e r m a n a g e m e n t scenarios o n the far 
n o r t h u n i t s also suggest that p r i m e c a r i b o u habi ta t 
is l i k e l y to f luctuate cons iderably over the next 100 
years regardless of t i m b e r m a n a g e m e n t ac t iv i t i es . 
T h i s is due to the preponderance o f mature/over 
m a t u r e spruce forest i n the r e g i o n that is suscept i 
ble to fire. W o o d l a n d c a r i b o u m a y be m o r e re l iant 
o n these areas t h a n they have been i n the past 
because of harves t ing act iv i t ies s o u t h of these u n i t s . 
D e s p i t e the l i k e l y decl ines i n p r i m e c a r i b o u habi ta t , 
t i m b e r harves t ing m a y not be an e c o n o m i c a l l y v i a 
ble p r o p o s i t i o n for these un i t s . R e s t r i c t i n g t i m b e r 
harves t ing i n these far n o r t h u n i t s m a y s t i l l be the 
most cost effective w a y of m a i n t a i n i n g c a r i b o u i n 
the r e g i o n at large. 

C l e a r l y maintenance of c a r i b o u habi ta t i n any 
g i v e n area that inc ludes t i m b e r h a r v e s t i n g w i l l 
require r igorous spat ia l analysis o n the layout of 
harvest patches. C o - o r d i n a t e d p l a n n i n g efforts w i t h 
s u r r o u n d i n g M a n a g e m e n t U n i t s is necessary to 
m i n i m i s e the impac ts o n b o t h w o o d s u p p l y a n d 
habi ta t . L inear p r o g r a m m i n g by i t se l f w i l l l i k e l y be 
of l i m i t e d value i n such broad scale p l a n n i n g . Forest 
p lanners w i l l need to take advantage o f a w i d e r 
range o f tools such as G e o g r a p h i c I n f o r m a t i o n 
Systems, and other s i m u l a t i o n a n d o p t i m i z a t i o n 
tools to p r o v i d e a d d i t i o n a l ins ights , (e.g. M c K e n n e y 
& N i p p e r s , 1996) . 
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Analysis of forest stands used by wintering woodland caribou in Ontario 
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Abstract: T w o summers' field surveys at 9 locations i n northwestern Ontario showed that woodland caribou (Rangifer 
tarandus caribou) wintering areas supporred jack pine and black spruce stands w i t h low tree densities (mean 1552 tre
es/ha, 39% of a ful ly stocked stand), low basal areas (mean 14.14 m2/ha), low volumes (mean 116 mVha, 6 8 % of 
N o r m a l Y i e l d Tables) and short heights (95% of stands 12 m or less). Ecologically, most sights were classed V 3 0 . 
Significantly more lichen (averaging 3 9 % lichen ground cover) was found on plots used by caribou. Three measured 
areas showed few shrubs, possibly enhancing escape possibilities and reducing browse attractive to moose. A n H I S 
model predicted known locations of caribou winter habitat from F R I data w i t h 7 6 % accuracy. Landsat imagery theme 
3 (open conifer) produced 74% accuracy. C o m b i n i n g these methods permitted prediction of all 50 test sites. The low 
volumes of timber found in caribou winter ing areas suggest that setting aside reserves for caribou winter habitat w o u l d 
not sacrifice as much wood product value as might at first appear. 

K e y w o r d s : Rangifer tarandus caribou, landsat , habi ta t , t i m b e r stands, H S I . 

Introduction 
D u r i n g the last 2 decades, forest managers have b r o 
adened the scope o f the i r ac t iv i t ies to i n c l u d e m a n y 
uses p r e v i o u s l y i g n o r e d . P r o v i d i n g habi ta t for 
w o o d l a n d c a r i b o u const i tutes a recent cha l lenge 
( C u m m i n g , 1992) . U n l i k e w h i t e - t a i l e d deer 
(Odocoileus virginianus) a n d moose (Alces alces) w h i c h 
associate p r i m a r i l y w i t h y o u n g stands a n d thus can 
t h r i v e i n a m a n a g e d forest, c a r i b o u frequent even 
earlier eco logica l stages (moss, l i chen) that paradox
i c a l l y m a y not s h o w u p u n t i l forests are o l d a n d 
somet imes b r e a k i n g u p . Forest m a n a g e m e n t for 
w o o d l a n d c a r i b o u , therefore, involves some of the 
p r o b l e m s associated w i t h m a n a g i n g o l d forests for 
other species ( C u m m i n g , 1994) . 

To meet these chal lenges , c a r i b o u b i o l o g i s t s have 
of ten r e c o m m e n d e d that por t ions o f the forest be 
reserved f r o m c u t t i n g ( Johnson et al., 1 9 7 7 ; S i m p 
son et al, 1 9 8 5 ; R i t c e y , 1988 ; Servheen & Scott , 
1 9 8 8 ; Minis tère d u Forêts . Minis tère d u L o i s i r , de l a 
Chasse et de l a Pêche , 1 9 9 1 ; C u m m i n g & Beange , 
1 9 9 3 ; C u m m i n g , 1994) . I n O n t a r i o , some b i o l o 
gists (Racey et al, 1992) have proposed c a r i b o u 
habi tat m a n a g e m e n t b y scheduled c u t t i n g i n large 
b l o c k s , rather t h a n specific reserve systems, b u t this 
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scheme also requires d e l a y i n g w o o d h a r v e s t i n g of 
o c c u p i e d w i n t e r habi ta t u n t i l al ternate hab i ta t 
becomes avai lable . T h e s i t u a t i o n is m a d e m o r e 
urgent b y the f i n d i n g that o n l y about 1800 w o o d 
l a n d c a r i b o u r e m a i n i n the c o m m e r c i a l forests o f 
O n t a r i o ( C u m m i n g , i n press). 

These considerat ions raise i m p o r t a n t quest ions 
for those w h o w i s h to manage forests to re ta in c a r i 
b o u w i n t e r hab i ta t : w h a t k i n d s o f forest do w o o d 
l a n d c a r i b o u i n h a b i t i n w i n t e r ? W h a t losses o f w o o d 
p r o d u c t s can be expected i f c u t t i n g i n c a r i b o u w i n 
t e r i n g areas is deferred? C a n p o t e n t i a l w i n t e r h a b i 
tat be p r e d i c t e d ? To answer these quest ions , w e 
a p p l i e d s tandard forest m e n s u r a t i o n techniques , 
a u g m e n t e d b y l i c h e n a n d s i g h t i n g surveys, to 9 
c a r i b o u w i n t e r i n g areas k n o w n f r o m prev ious aer ia l 
surveys to be f requented b y c a r i b o u ( C u m m i n g & 
Beange , 1987) . W e t h e n proposed a habi ta t s u i t a b i 
l i t y i n d e x ( H S I ) for p r e d i c t i n g p o t e n t i a l c a r i b o u 
habi tat i n forest p l a n n i n g . 

Study areas 
T h e R o y a l C o m m i s s i o n o n the N o r t h e r n 

E n v i r o n m e n t (1980) describes the area a r o u n d L a k e 
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F i g . 1. Locations of study areas relative to Lake N i p i g o n , i n the order they were examined. Location code: 1 E l f Lake, 2 
O ' N e i l Lake, 3 Armsrrong O l d , 4 M o l i s o n Lake, 5 Crocker Point , 6 Armstrong N o r t h , 7 Armstrong South, 8 
W a b a k i m i Lake, 9 Lamaune Lake. 

N i p i g o n ( f rom W a b a k i m i L a k e to M o l i s o n L a k e , 
F i g . 1) as C a n a d i a n S h i e l d made u p o f g r a n i t i c rock 
p a r t i a l l y covered b y lacustr ine sediments and the 
occasional g r o u n d m o r a i n e . T h e m e a n d a i l y t e m p e 
rature for J a n u a r y is - 19.5 °C. S n o w covers the 
g r o u n d for 160 to 2 0 0 days of the year. T h e area 
receives 160 to 2 8 0 c m of snow f a l l annual ly . 
D u r i n g the years i n w h i c h surveys d e t e r m i n e d loca 
t ions of c a r i b o u for th is study, m a x i m u m snow 
depths ranged f r o m 35 to 65+ c m ( C u m m i n g & 
Beange , 1987) . 

N i n e s t ud y areas were chosen f r o m results o f ear
l i e r research that d o c u m e n t e d locat ions of w i n t e r i n g 
areas over 4 w i n t e r s by te lemetry a n d aerial m a p 
p i n g of tracks ( C u m m i n g & Beange , 1987) . F o u r of 
the chosen areas h a d been used b y c a r i b o u a l l 4 w i n 
ters; 2 , 3 w i n t e r s ; 1, 2 w i n t e r s ; and 2, 1 w i n t e r ( F i g . 
1). T h e L a m a u n e L a k e s tu dy area was clear-cut i n 
1 9 6 3 , a n d another area at S p r i n g w a t e r C r e e k that 
h a d been select ively l o g g e d i n part d u r i n g W o r l d 
W a r II a n d i n part d u r i n g 1980 was i n v e s t i g a t e d for 
l i c h e n regenerat ion only . A l l other locat ions s u p p o r 
ted v i r g i n a l stands i n the boreal forest zone ( H o s i e , 
1973) . T h e s t ud y areas represent the s o u t h e r n l i m i t s 
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to the range of w o o d l a n d c a r i b o u i n the L a k e 
N i p i g o n area ( C u m m i n g & Beange , 1987) . 

Methods 
To learn w h a t s igns of c a r i b o u w i n t e r use l o o k e d 
l i k e i n s u m m e r , we m a r k e d , d u r i n g February, 1 9 8 0 , 
w i n t e r f e e d i n g craters south o f A r m s t r o n g and r e v i 
s i ted t h e m the f o l l o w i n g M a y . W e t h e n measured 
h o r i z o n t a l a n d v e r t i c a l d i s t r i b u t i o n o f trees i n the 9 
locat ions d u r i n g the s u m m e r of 1 9 8 0 . W h e n a w i n 
t e r i n g area was chosen to be s a m p l e d , its boundaries 
were located o n a m a p and o n aerial p h o t o g r a p h s . 
T h e f o l l o w i n g sample d e s i g n was used i n a l l areas 
s t u d i e d . T h r e e transect l ines (400 m l o n g a n d 100 
m apart) were l a i d o u t o n the photos before the area 
f i e l d w o r k c o m m e n c e d . T h e s t a r t i n g p o i n t was ran
d o m l y located. L i n e s were es tabl ished at r i g h t 
angles to the topography , b o t h to p r o v i d e for repre
sentative s a m p l i n g a n d to m i n i m i z e the need for 
slope correct ions. E a c h l i n e cons is ted of 14 sample 
p l o t s , 10 m l o n g a n d 20 m apart . T h i s s a m p l i n g 
i n t e n s i t y was chosen because i t m e t the g u i d e l i n e s 
o f the O n t a r i o M i n i s t r y o f N a t u r a l Resources 
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( O M N R ) for s a m p l i n g v e r t i c a l transects ( O n t a r i o 
M i n . N a t . Res . , 1980) , based o n B i c k e r s t a f f (1961) . 
Therefore , each s t u d y area conta ined 3 l ines w i t h 14 
v e r t i c a l s a m p l i n g p lo ts and 42 c o r r e s p o n d i n g 
g r o u n d l i c h e n and c a r i b o u usage p l o t s . T h e o n l y 
except ion to this s a m p l i n g d e s i g n was at L a m a u n e 
L a k e where access d i f f i c u l t i e s reduced s a m p l i n g to 
10 p l o t s located 30 m apart on a s i n g l e transect 
across the s tand. 

U p to 6 c o l l e c t i o n a n d analyses strategies were 
e m p l o y e d at each l o c a t i o n . O n t a r i o Forest Resources 
I n v e n t o r y ( F R I ) data were co l lec ted ( O n t a r i o M i n . 
N a t . Res . , 1978) for a d e t a i l e d d e s c r i p t i o n o f car i 
b o u w i n t e r i n g areas. V e r t i c a l d i s t r i b u t i o n s o f trees 
were measured u s i n g the ver t i ca l transect m e t h o d 
descr ibed by H u s c h et al. (1982) . B r i e f l y , th i s m e t 
h o d involves the t a l l y b y h e i g h t class a n d species o f 
a l l trees subtended b y a v e r t i c a l angle o f 45 degrees. 
T h e s a m p l i n g is carr ied out on a c o n t i n u o u s s t r ip 
w i t h observations at r i g h t angles to the l i n e o f t ra
v e l . I n t e n s i t y o f s a m p l i n g var ied w i t h the size and 
heterogenei ty o f the s tand. W e s a m p l e d 1 0 0 m/ha, a 
rate that had been f o u n d sui table i n the boreal forest 
(Day, pers. c o m m . ) , and agreed w i t h suggest ions b y 
H u s c h etal. (1982) . 

H o r i z o n t a l profi les o f the forest stands were exa
m i n e d i n c o n j u n c t i o n w i t h the v e r t i c a l transect 
s a m p l i n g , f o l l o w i n g A v e r y (1967) a n d H u s c h et al. 
(1982) . W e f o l l o w e d the i r r e c o m m e n d a t i o n i n 
u s i n g a s m a l l B A F p r i s m (2 m 2 ) to reduce poss ib le 
bias. F r o m the h o r i z o n t a l s a m p l i n g results s tand 
descr ip t ions s i m i l a r to those used by F R I were deve
l o p e d . 

I n 1 9 9 2 , we re-assessed these areas u s i n g the 
n e w l y deve loped N o r t h w e s t e r n O n t a r i o Forest 
E c o l o g y C l a s s i f i c a t i o n ( N W O F E C ) for s t a n d a r d i z a 
t i o n o f eco logica l site characterist ics (S ims et al., 
1989)- T e n plots were located i n each o f 8 measured 
locat ions . V - t y p e p lo ts ( N W O F E C ) were located at 
30 m intervals a l o n g the s a m p l i n g transects. T h e 
descr ipt ions o f the var ious vegeta t ion types f o u n d i n 
Stocks et a l . (1990) were used to c o n f i r m the site 
assessments. C r o w n closure was es t imated f r o m the 
g r o u n d i n accordance w i t h the g u i d e l i n e s a n d charts 
p r o v i d e d b y S ims et a l . (1989) . 

I n a d d i t i o n to the forest stand s a m p l i n g , g r o u n d 
l i c h e n a n d c a r i b o u usage were also measured as f o l 
l o w s : (1) 10 - 1 n r p lo ts were located a l o n g the l i n e 
used for ver t i ca l s tand s a m p l i n g ; (2) p l o t s 1 , 5 , 10, 
were " f r a m e d " u s i n g 4 - 1 m st icks a n d t h e n o c c u -
l a r l y assessed for the percentage o f g r o u n d l i c h e n ; 
(3) evidence o f w o o d l a n d c a r i b o u w i n t e r use, i n c l u -
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d i n g pe l le t g r o u p s , b r o w s i n g , ant lers , and b u s h 
thrashed trees, were recorded o n each p l o t . 
A l t h o u g h arboreal l i chens m a y be i m p o r t a n t to 
c a r i b o u i n some places, s u m m e r efforts at e v a l u a t i n g 
use p r o v e d too inaccurate for fur ther p u r s u i t , and 
arboreal l i chens were not i n c l u d e d i n this s tudy. 

V i s u a l s i g h t i n g measures, a n d l i c h e n regenerat i 
o n quadrat data were also co l lec ted i n the s u m m e r 
o f 1992 . To h e l p assess the i m p a c t s o f these w i n t e 
r i n g c o n d i t i o n s o n the c a r i b o u themselves , and to 
o b t a i n a r o u g h measure o f shrub a v a i l a b i l i t y , v i s u a l 
s i g h t i n g measures were taken i n c o n j u n c t i o n w i t h 
the N W O F E C p l o t s at C r o c k e r P o i n t , O ' N e i l L a k e , 
a n d M o l i s o n L a k e . A n 8 1/2" b y 1 1 " a l u m i n u m 
c l i p b o a r d was h e l d at breast h e i g h t (1.3 m ) at the 
p l o t centre. T h i s h e i g h t was chosen because i t is the 
a p p r o x i m a t e h e i g h t o f a caribou's eye ( G o d w i n , 
1990) . I n each case, we recorded the distance a l o n g 
the transect l i n e at w h i c h the c l i p b o a r d c o u l d no 
l o n g e r be seen. I f the distance was greater t h a n 30 
meters i t was recorded as 30+ m . C o m p a r a t i v e m e a 
sures i n f u l l y s t o c k e d mature b l a c k spruce stands 
were taken near S h e b a n d o w a n L a k e , 100 k m west o f 
T h u n d e r Bay, O n t a r i o . 

D u e to w i d e interest i n t imes r e q u i r e d for l i c h e n 
to g r o w aga in after trees are cut , the L a m a u n e L a k e 
s t u d y area was e x a m i n e d for l i c h e n regenerat ion 30 
years after h a r v e s t i n g . I n a d d i t i o n , the cut areas at 
S p r i n g w a t e r C r e e k were e x a m i n e d o n the g r o u n d i n 
1 9 8 0 and 1 9 9 2 . D u r i n g the second v i s i t , we ran a 
transect l i n e t h r o u g h each of the 2 cut-overs (12 , 50 
years o ld) at r i g h t angles to the i r c o m m o n b o u n d a 
ry. I n each cut area, we establ ished 10 s a m p l i n g sta
t ions spaced 5 m apart , a n d at each s ta t ion we m e a 
sured 2 side by side p l o t s , 1 m 2 i n size. 

W e b u i l t our H S I m o d e l on F R I data because o f 
the i r w i d e a v a i l a b i l i t y . O u r m o d e l was d e r i v e d f r o m 
H S I models for moose i n the L a k e Super ior R e g i o n 
( A l l e n et al., 1987) a n d for w o o d l a n d c a r i b o u year 
r o u n d habitat i n Saskatchewan ( Y u r a c h etal., 1991)-
T o test the p r e d i c t i v e a b i l i t y o f the F R I stand des
c r i p t i o n s against k n o w n w i n t e r i n g areas, we o b t a i 
ned stand d e s c r i p t i o n s for " g o o d h a b i t a t " values 
f r o m the habi ta t s u i t a b i l i t y i n d e x m o d e l and t h e n 
a t t e m p t e d to locate s i m i l a r sites i n the forest. 

A n o t h e r a p p r o a c h was m a d e poss ib le b y 
T i m m e r m a n n (pers. c o m m . ) w h o p r o v i d e d Landsat 
i m a g e r y for N o r t h w e s t e r n O n t a r i o that had been 
d e v e l o p e d , ana lyzed a n d s u m m a r i z e d i n t o 15 p o s s i 
ble themes (for forest f u e l analysis) for fire m a n a g e 
m e n t . T h e Landsat M S S data w i t h a 50 m r e s o l u t i o n 
were corrected to U T M co-ordinates a n d a s u p e r v i -
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Table 1. Forest Resources Inventory descriptions, Forest Ecosystem Classifications, and lichen ground cover percenta
ges on 9 locations where caribou repeatedly concentrated dur ing winter. 

F R I D e s c r i p t i o n L i c h e n g r o u n d cover (%) 

Survey use by W o r k i n g A g e H e i g h t C r o w n Site P l o t s u s e d b P l o t s not used 
loca t ion" c a r i b o u (%) G r o u p (m) closure Class b y c a r i b o u b y c a r i b o u 

1 31 P) 9 0 11 4 0 4 4 3 . I e 1.3.7 
2 33 Sb 6 0 6.5 50 3 27 .3 0.6 

3 21 P j 7 0 18 6 0 2 50 22 .7 
4 36 P) 9 8 15.1 4 0 3 30 .9 1.9 
5 26 Sb 9 0 12 4 0 2 24 .5 1.9 
6 4 0 P j 65 13.2 8 0 3 4 1 . 6 31.5 
7 4 0 P j 65 13.2 8 0 3 63 .1 8.9 
8 2 6 Sb 87 11.4 50 3 24 .8 2.1 

9 6 0 Sb 25 4 .2 4 0 3 4 5 . 6 29 .1 

M e a n 35 72 11.6 53 38 12 

S. D . 11 22 4 .2 0 .17 12 12 

" Area code: 1 E l f Lake, 2 O ' N e i l Lake, 3 Armstrong O l d , 4 M o l i s o n Lake, 5 Crocker Point , 6 Armstrong N o r t h , 7 
Armstrong South, 8 W a b a k i m i Lake, 9 Lamaune Lake. 

b Signs indicating caribou use of a plot included pellet groups, browsing, anrlers, and brush-thrashed trees. 
' W e used original data because square root, logarithmic and arcsin transformations d i d not substantially improve nor

mali ty plots. 

sed c lass i f icat ion was p e r f o r m e d to p r o d u c e 15 
forest fue l classes b y the O M N R . T h e dates of the 
i m a g e r y ranged f r o m 1 9 7 6 to the m i d - 1 9 8 0 s . T h e 
classif ied data (data w h i c h had already been analy
zed i n t o specific classes or themes) were d o w n l o a d e d 
onto a S u n w o r k s t a t i o n . T h e accuracy a n d r e l i a b i l i t y 
of forest fue l m a p p i n g b y Landsat was c h e c k e d by 
c o n t a c t i n g the O M N R fire c o n t r o l centres i n 
T h u n d e r B a y and S a u k Ste. M a r i e , O n t a r i o . T h e 
o n l y t e s t i n g avai lable was operat iona l . T h e m a p p i n g 
system w o r k e d very w e l l a n d met o p e r a t i o n a l r e q u i 
rements ( M r . T u r n e r & M r . C h e c k l e y , O M N R fire 
c o n t r o l officers, pers. c o m m ) . 

Test sites for these approaches were located i n the 
v i c i n i t y of W a b a k i m i L a k e , O n t a r i o , where w i n t e r 
use b y w o o d l a n d c a r i b o u was w e l l d o c u m e n t e d . 
F i f t y locat ions where w i n t e r a c t i v i t y ( f e e d i n g craters, 
t e lemetry locat ions , t rack aggregat ions , a n d v i s u a l 
s i g h t i n g s ) h a d been observed were chosen f r o m 8 
w i n t e r surveys of c a r i b o u a c t i v i t y f r o m 1 9 7 8 - 1984 
a n d 1 9 8 9 - 1 9 9 1 (no surveys were c o n d u c t e d f r o m 
1 9 8 5 - 1 9 8 8 , G o l l a t , pers. c o m m . ) to c o m p a r e w i t h 
F R I data a n d Landsat t h e m e areas. 

Results 
Three o f the 9 surveyed w i n t e r i n g areas were s i tua
ted o n deep sand, the r e m a i n d e r o n b e d r o c k . E i g h t 
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o f the 9 were of fire o r i g i n . T h e N W O F E C class V 
30 (Jack P i n e - B l a c k Spruce/Blueberry/Lichen) des
c r i b e d a p o r t i o n o f every s tudy area (hal f were e n t i 
re ly V 3 0 ) , t o t a l i n g to 8 6 % of the p l o t s . Class V 3 1 
( B l a c k Spruce- Jack P ine/Tal l Shrub/ Feathermoss) 
occurred w i t h V 3 0 o n 1 s tudy area ( 6 % of the 
p lo ts ) , a n d V 32 (Jack P i n e - B l a c k Spruce/Ericaceous 
Shrub/Feathermoss) o n another (5%) . Class V 28 
(Jack P i n e / L o w S h r u b ) shared an area w i t h V 3 0 , V 
32 (1%) , a n d V 34 ( B l a c k Spruce/Labrador 
Tea/Feather moss) w i t h V 3 0 , V 31 (1%) . N o n - V 3 0 
areas were u s u a l l y located on water ca tchments bet
w e e n h u m p s o f exposed bedrock , where the slope 
dif ference was of ten suff ic ient to change the c lassi f i 
c a t i o n o n the 1 0 m x 1 0 m sample p l o t s . T h e m e a n 
es t imated c r o w n closure ( f r o m the g r o u n d l o o k i n g 
up) was 2 5 % ( S . D . = 10). G r o u n d cover consisted o f 
3 3 % ( S . D . = 18.08) feathermoss (Pleurozium schreberi 
a n d Dicranum polysetum) and 5 2 % ( S . D . = 20 .80) 
g r o u n d l ichens (Cladina spp.) . F o r fur ther detai ls 
see A n t i o n a k (1993) . 

W o r k i n g g r o u p s (based on m o s t c o m m o n species) 
classed 5 s tudy areas as jack p i n e , 4 as b l a c k spruce. 
G r o u n d surveys u s i n g Onta r i o ' s F R I classes i n d i c a 
ted that ages of fire-origin stands ranged f r o m 60¬
98 years (Table 1); the sole h a r v e s t - o r i g i n stand at 
L a m a u n e L a k e was 30 years o l d . A p a r t f r o m 
L a m a u n e L a k e ( h e i g h t 4 .2 m ) h e i g h t s ranged f r o m 
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Table 2. Vert ical distr ibution (stems/ha) of a l l tree species by area and height class compared w i t h Plonski 's (1981) 
N o r m a l Y i e l d tables. 

N o r m a l Y i e l d Table" 
A r e a 3 m 6 m 9 m 1 2 m 1 5 m 1 8 m T o ta l V a l u e s (stems/ha) 

1 6 1 9 3 2 9 4 4 2 127 9 0 16 1623 3 5 8 4 
2 1302 627 138 28 2095 5 1 4 0 

3 2 5 0 56 151 190 2 8 3 9 3 0 1611 
4 1310 645 907 2 4 0 2 3 1 0 6 3 6 7 3 
5 5 1 6 552 8 0 9 3 6 9 3 2 2 4 9 3 0 9 9 
6 158 83 9 0 105 2 3 7 71 7 4 4 3 4 9 0 
7 143 4 8 190 333 128 8 4 4 1815 
8 333 4 9 2 7 9 6 4 3 3 16 1981 4 0 2 0 

9 190 119 85 394 9 4 9 5 

M E A N 5 3 6 328 4 0 1 2 2 8 108 4 4 1552 3 9 9 2 
S . D . 4 3 9 241 325 132 106 28 8 3 4 2 1 9 4 

' P l o n s k i (1981). 

6 .5 -15 .1 m . Forest site classes ranged f r o m 2-4 , 
c r o w n closure f r o m 4 0 - 8 0 % . W i t h i n each s tudy 
area, p lo ts s h o w i n g w i n t e r use by c a r i b o u c o m p r i s e d 
a m e a n of 3 5 % (range 21 to 60) . 

Vertical distribution of the forest 
D e s c r i p t i o n s o f forests i n c l u d e v e r t i c a l a n d h o r i z o n 
ta l measurements . Measures of v e r t i c a l d i s t r i b u t i o n s 
showed that a l l trees were re lat ively short (Table 2), 
w i t h no stands reaching the he ight -over -age ratios 
r e q u i r e d to be i n c l u d e d i n site class 1 ( P l o n s k i , 
1981) . O v e r a l l , 9 9 - 9 % of the trees were i n the 15 m 
h e i g h t class or less, and 9 5 % i n the 12 m h e i g h t 
class or less. V e r t i c a l d i s t r i b u t i o n surveys s h o w e d no 
s ign i f i cant difference between the used a n d unused 
p l o t s ( r=1.71 , d f = 8 , P>0 .1 ) . Therefore a l l p lo ts w i t 
h i n each s tudy area were c o m b i n e d for an overa l l 
d e s c r i p t i o n of the area (Table 2). Species c o m p o s i t i 
o n w i t h i n each s t u d y area and be tween s tudy areas 
s h o w e d no s igni f i cant differences ( £ = 0 . 3 2 , d f = l 6 , 
P > 0 . 5 ; r= .59 , d f = l 6 , P>0 .5 ) . A l l stands were b l a c k 
spruce a n d jack p i n e m i x e d stands. O t h e r species 
w i t h i n the s tudy areas i n c l u d e d w h i t e b i r c h , t r e m b 
l i n g aspen {Populus tremuloides), larch (Larix laricina) 
a n d ba l sam fir (Abies balsamea). N o n e o f these, nor 
any c o m b i n a t i o n i n to ta l , c o n s t i t u t e d m o r e t h a n 5 % 
of the stems i n any of the s tudy areas. W h e n stems 
per ha b y h e i g h t class and s tudy area were tested, 
the A N O V A showed no s igni f i cant dif ference bet
w e e n s tudy areas ( f = 1 . 4 l l , d f = 8 , 4 5 , P = 0 . 2 1 8 1 ) 
b u t , as suspected, a h i g h l y s ign i f i cant difference 
a m o n g h e i g h t classes w i t h i n s t u d y areas ( f=5.82, 
d f = 5 . 4 0 , P = 0 . 0 0 0 4 ) . 

V e r t i c a l d i s t r i b u t i o n of to ta l stems per h a (Table 
2) o n the p l o t s c o m p a r e d w i t h values f r o m N o r m a l 
Y i e l d Tables ( P l o n s k i , 1981) s h o w e d s t u d y areas 
always w i t h fewer stems per ha ( t=2 .75 , d.f. 8, 
P < 0 . 0 5 ) a v e r a g i n g 3 8 . 8 % of a f u l l y s tocked s tand. 
W o o d l a n d c a r i b o u w i n t e r i n a range o f s t e m d e n s i 
ties w h i c h are s i g n i f i c a n t l y fewer t h a n f u l l y s tocked 
stands (Table 2). 

Horizontal distribution 
Differences i n h o r i z o n t a l d i s t r i b u t i o n be tween p lo ts 
w i t h signs o f c a r i b o u and those w i t h no evidence of 
use were not s ign i f i cant (/= 1.32, d f = 8 , f > 0 . 2 ) . 
Therefore the data f r o m these categories were a m a l 
g a m a t e d (Table 3). O n l y 1 . 7 % o f the to ta l v o l u m e 
was c o m p o s e d o f species other t h a n b l a c k spruce or 

Table 3- Horizonta l distr ibution: volume/ha by species. 

A r e a B l a c k Spruce J a c k P i n e O t h e r s 
m V h a m V h a m V h a 

1 7 1 . 0 6 2 1 . 1 8 3 .31 
2 5 1 . 5 9 4 . 3 1 

.3 15 .22 1 2 8 . 4 8 
4 1 6 9 . 0 3 5 .79 
5 1 2 9 . 9 6 8.35 
6 19.91 9 7 . 2 7 

7 16 .28 9 2 . 5 3 
8 142 .4 5 .94 2.1 

9 37 .01 2 8 . 3 8 

M e a n 72 .5 4 7 . 9 9 4 . 5 9 
S . D . 56 .2 4 6 . 7 1 2 .34 
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Table 4. Horizonta l distribution (volume) and basal areas of plots used by caribou i n winter compared w i t h those not 
used and w i t h normal tables by Plonski (1981). 

V o l u m e (mVha) Percentage of 
C a r i b o u 

Percentage of 
C a r i b o u s i g n T o t a l n o r m a l v o l u m e 

L o c a t i o n Present N o t present V o l u m e ( P l o n s k i , 1981) 

1 51 85 9 4 61 
2 75 4 2 56 72 

3 137 150 144 4 8 

4 93 2 1 9 175 71 

5 9 9 178 138 56 

6 188 109 117 59 
7 116 164 109 55 
8 100 179 150 97 

9 32 54 65 98 

M e a n 9 9 131 116 

S. D . 43 58 37 

B a s a l area (m 2/ha) Percentage of 
C a r i b o u s i g n T o t a l n o r m a l y i e l d 

L o c a t i o n Present N o t present Basa l A r e a ( P l o n s k i , 1981) 

1 11.3 11.7 12.2 51 
2 9.7 10 .9 10.7 54 

3 16 16 9.6 37 
4 9.3 26 .3 20 .7 87 

5 12.7 21 .7 17.2 50 

6 22 12.6 17.6 78 

7 13.5 19.2 13.3 59 
8 12.7 14.7 18.7 64 

9 5.3 21 .7 7.2 51 

M e a n 12.5 17.2 14.1 

S. D . 4 .4 5 4 .4 

jack p i n e . A n A N O V A showed no s ign i f i cant d i f fe 
rence i n v o l u m e between s tudy areas (f= 1 .248, 
d f = 8 , 117 , P = 0 .2774) b u t a h i g h l y s ign i f i cant d i f 
ference between d iameter classes w i t h i n s tudy areas 
( f=7 .528 , df= 13, 104, P = 0 . 0 0 0 1 ) . T h i s is to be 
expected w i t h the larger v o l u m e s o c c u r r i n g i n the 
u p p e r d iameter classes. To ta l v o l u m e per ha f r o m a l l 
s tud y areas, c o m p a r e d w i t h v o l u m e s f r o m N o r m a l 
Y i e l d Tables ( P l o n s k i , 1981) , s h o w e d that the s tudy 
areas w o u l d y i e l d s i g n i f i c a n t l y lower v o l u m e s t h a n 
expected (*=3.91, d f = 8 , P < 0 . 0 1 ) . O n average they 
s u p p o r t e d 6 8 % o f the v o l u m e l i s t e d as N o r m a l 
Y i e l d Tables (of the same site class) a n d ranged f r o m 
4 8 % to 9 8 % of the table vo lumes (Table 4) . 

Basa l areas d i d not di f fer s i g n i f i c a n t l y (r=1.68, 
d f = 8 , P > 0 . 0 5 ) between plots s h o w i n g usage a n d 
those that d i d not (Table 4). T h e basal areas for s t u -

162 

d y locat ions w h e n were s i g n i f i c a n t l y l o w e r (r=6.42 , 
d f = 8 , P < 0 . 0 1 ) t h a n those f r o m the N o r m a l Y i e l d 
Tables ( P l o n s k i , 1981) . T h e s t u d y areas h a d a m e a n 
basal area o f 14 .14 m2/ha w h i c h is less t h a n the 
m e a n table va lue of 2 4 . 0 0 m2/ha. T h e differences 
ranged f r o m 3 7 % to 8 7 % b e l o w the table values. 

C a r i b o u s igns revealed a h i g h l y s ign i f i cant t e n 
dency to o c c u p y p lo ts w i t h a greater coverage of 
l i c h e n (r=6.54, d f = 8 , P < 0 . 0 0 1 ) . T h e average p e r 
cent of g r o u n d covered i n l i c h e n i n p lo ts that sho
w e d c a r i b o u usage was 3 9 % ( S . D . = 12.4) c o m p a r e d 
w i t h a c o v e r i n g o f 1 2 % ( S . D . = 11.7) i n the u n u s e d 
p l o t s . 

Visual sighting measures 
Standard forestry measurements do not ind ica te 
th ickness of understory, therefore, at 3 s tud y areas 
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Table 5. Lichen regeneration quadrats i n 50+ year old 
and 12 year old cutover stands at Springwater 
Creek. 

Percentage of p l o t covered w i t h l i chens 

P l o t no . O l d C u t o v e r Recent C u t o v e r 

Q u a d r a t 1 Q u a d r a t 2 Q u a d r a t 1 Q u a d r a t 2 

1 80 7 0 60 30 
2 60 8 0 0 0 

3 10 0 0 0 
4 10 4 0 0 0 

5 5 15 0 0 
6 4 0 10 0 0 

7 0 0 0 0 
8 80 50 0 0 

9 30 6 0 0 0 
10 0 0 0 0 

special measurements were taken of s i g h t i n g d i s t a n 
ces. M e a n v i s u a l s i g h t i n g s f r o m 10 measurements i n 
each l o c a t i o n were 22 .4 m ( S . D . 8.2), 24 .3 m ( S . D . 
7.0), and 19.2 m ( S . D . 5.4). T e n of the 30 d e t e r m i 
nat ions showed v i s i b i l i t y b e y o n d 30 m . Since no 
s ign i f i cant differences were f o u n d w i t h i n locat ions 
( A N O V A F= 1 .226, d f = 2 , 2 7 , P = 0 . 3 0 9 ) , they were 
c o m b i n e d to calculate a m e a n v i s u a l dis tance of 
22 .0 m ( S . D . 7.3), w h i c h p r o v e d to be s i g n i f i c a n t l y 
(r=4.76, d f = 3 8 , P < 0 . 0 0 1 ) longer t h a n i n the u n u 
sed spruce forest, m e a n of 10.8 m ( S . D . 1.9), w i t h 
w h i c h i t was c o m p a r e d 

Regeneration of lichen 
C a r i b o u use had been recorded i n parts o f a stand 
a l o n g S p r i n g w a t e r C r e e k i n 1979 that was clear-cut 
i n 1 9 8 0 . Subsequent ly , ne i ther aer ia l surveys 
( C u m m i n g & Beange, 1987) nor g r o u n d inspect ions 
s h o w e d fur ther use by c a r i b o u . O u r g r o u n d surveys 
i n 1992 f o u n d that 12 years after the 1 9 8 0 c u t t i n g , 
l i chens g r e w i n o n l y 1 0 % of the p l o t s . I n the 50 
years f o l l o w i n g the 1 9 4 0 s selective l o g g i n g , 8 0 % of 
the 2 0 plots had establ ished g r o u n d l i chens (Table 
5). 

Assignment ofHSI values 
I n f o r m i n g an H S I eq u a t ion we assumed that l i c h e n 
is the key to w i n t e r stand usage (see d iscuss ion by 
C u m m i n g , 1992) . T h e H S I values, t h e n , rate the 
a b i l i t y of F R I descriptors to p r e d i c t the l i k e l i h o o d 
of g r o u n d l i c h e n . T h e overa l l H S I va lue for each 
stand is d e t e r m i n e d by m u l t i p l y i n g a l l var iab le H S I 
values togethet, as fo l lows : 
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H S I (overall) = 
((species c o m p . HSI) (s i te class HSI) (age H S I ) ( c r o w n 
closure HSI ) ) 1 ' " 

T h e variables were m u l t i p l i e d because any 1 v a r i 
able has the p o t e n t i a l to decrease the p o s i t i v e a t t r i 
butes o f a l l o ther var iables w h e n i n d e x i n g stands for 
p o t e n t i a l w i n t e r i n g areas. T h e p r o d u c t was t h e n 
taken to the q u a d r a t i c root to e l i m i n a t e the effect o f 
4 m u l t i p l i c a n d d e c i m a l m u l t i p l i c a t i o n . A s a result , 
H S I o v e r a l l values f a l l between O o l . O . P o t e n t i a l 
w o o d l a n d c a r i b o u habi ta t can t h e n be rated o n a 
scale: 0 -0 .33 p o o r ; 0 . 3 4 - . 0 6 6 fair ; and 0 . 6 7 - 1 . 0 
g o o d . 

W i t h the e q u a t i o n i n place , results o f the field 
research were used to ass ign values . M a x i m u m H S I 
values for species age, c r o w n c losure , c o m p o s i t i o n , 
a n d site class were based o n the authors ' data a n d 
the findings of R a c e y et al. (1992) . Z e r o values were 
o m i t t e d because a s i n g l e 0 w o u l d m a k e the overa l l 
H S I value 0, a n d there is always a chance that a c a r i 
b o u can be anywhere . T h e major change p o i n t s were 
d e r i v e d f r o m the results o f th i s s tudy and f r o m 
other values i n the l i tera ture . Survey results sugge
sted that s tand age values s h o u l d be assigned as f o l 
l o w s : f r o m first e s t a b l i s h m e n t , w h e n l i t t l e or no 
l i c h e n w o u l d be present , 0 - 2 0 = 0 . 0 1 ( m i d - r a n g e 
v a l u e , F i g . 2). W h e n a s tand is fitst b e i n g establ is
hed there is l i t t l e or no l i c h e n a n d therefore a very 
l o w va lue is ass igned 0 - 2 0 = 0 . 0 1 ( m i d - r a n g e value) , 
m e d i u m age 2 0 - 6 0 = 0 . 5 ( m i d - r a n g e value) , m a t u r e 
forest, w h e n l i c h e n a v a i l a b i l i t y w o u l d be h i g h 6 0 -
100=1 .0 , and o lder stands that w o u l d have a d i m i 
n i s h i n g a m o u n t of l i c h e n over t i m e 1 0 0 - 1 5 0 = ( m i d -
range value) 0 .75 ( F i g . 2a). 

Stands r a n g i n g f r o m no c r o w n closure to the 
d e v e l o p m e n t of a canopy w o u l d be very y o u n g and 
were rated as 0 - 1 0 % = 0.5 ( m i d - r a n g e value) . 
M a x i m u m l i c h e n g r o w t h requires an open canopy, 
therefore 1 0 % - 7 0 % = 1.0. A s the canopy closes the 
a m o u n t of l i c h e n decreases w i t h the c o r r e s p o n d i n g 
values 7 0 % - 1 0 0 % = ( m i d - r a n g e value) 0 .45 ( F i g . 
2). 

Species c o m p o s i t i o n was expressed as tota l p e r 
centage of jack p i n e and b lack spruce i n the s tand. 
H S I considerat ions f o l l o w . Since no c a r i b o u w i n t e r 
a c t i v i t y was f o u n d i n m i x e d stands, a l o w value was 
ass igned to t h e m 0 - 7 0 % = ( m i d - r a n g e value) 
0 . 0 2 5 . T h e constra ints of t i m b e r m a p p i n g of ten 
d e m a n d that s m a l l pockets o f d e c i d u o u s trees be 
i n c l u d e d i n w h a t w o u l d o therwise be a p u r e coni fer 
s tand. A s the coni fer c o m p o n e n t ( sugges t ing a d r y 

163 



65 70 75 80 B5 90 95 100 10 0 1 2 3 4 5 
c. Jackplne or Spruce d. FRI Site Class 

F i g . 2. H S I relationships for places where woodland caribou winter in Ontario. H I S scales are on the verricle axes. 

site) increases there is an increase i n the l i k e l i h o o d 
of l i c h e n presence (Sims et a l 1989) a n d the f o l l o 
w i n g values were assigned: 7 0 % - 8 0 % = 0 . 0 5 ( m i d -
range value) , and 8 0 % - 9 0 % = 0 . 4 5 ( m i d - r a n g e 
value) . P u r e conifer stands were c u r r e n t l y b e i n g 
used, thus they were g i v e n the h ighes t r a t i n g 9 0 % -
1 0 0 % = 1.0 ( F i g . 2c) 

Site classes based o n the r e l a t i o n s h i p o f tree 
h e i g h t over age ( P l o n s k i , 1981) are affected b y the 
m o i s t u r e a n d nutr ients avai lable o n a site. T h e 
lower the site class the d r i e r or poorer the site w h i c h 
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makes i t m o r e su i tab le for l i c h e n . S ince no c a r i b o u 
were f o u n d i n site class X or 1 they were assigned 
the lowest values: X a n d 1= 0 .1 . S ince 2 o f the 9 
s t u d y areas were site class 2 they were assigned a 
m e d i u m value 2= 0 .5 . T h e r e m a i n i n g site classes, 3 
a n d 4 , m a d e u p 7 8 % of the s t u d y areas and were 
g i v e n the h ighes t values 3 = 14 = 1.0 ( F i g . 2d) 

Tests of FRI Data and handsat Imagery 
U s e of the H S I m o d e l w i t h F R I data p r e d i c t e d 38 o f 
the 50 k n o w n c a r i b o u w i n t e r areas. I n a to ta l area o f 
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5 1 6 0 0 0 h a for w h i c h Landsat i m a g e r y was a v a i l a 
b le , 107 0 0 0 ha (21%) was water, 3 4 6 0 0 0 h a fore
sted l a n d . I n the latter, 2 2 % was classif ied as t h e m e 
3, w h i c h p r e d i c t e d 37 of the 50 locat ions correct ly . 
H o w e v e r , these were not a l l the same locat ions as 
p r e d i c t e d w i t h F R I . W h e n b o t h approaches were 
c o m b i n e d , the k n o w n car ibou-use stands were p r e 
d i c t e d 50 t i m e s out of 50 . 

Discussion 
A n s w e r s to o u r quest ions were o b t a i n e d f r o m o u r 
results . C a r i b o u chose m a i n l y V 3 0 type forests for 
w i n t e r hab i ta t (a finding that supports M o r a s h & 
Racey, 1990) , a n d o u r F R I data c o n f i r m e d th i s conc
l u s i o n . H o r i z o n t a l d i s t r i b u t i o n analysis s h o w e d l o w 
basal areas and v o l u m e s , modest densi t ies , a n d re la
t i v e l y short he ights ( 9 5 % are 12 m or less), a l l cha
racterist ics that tend to m a k e the stands o f l i t t l e 
interest economica l ly . M a x i m u m recovery of w o o d 
products w o u l d be no m o r e t h a n 2-3 m - s a w l o g s per 
tree f r o m the tallest trees i n the stands. E v e n so, the 
q u a l i t y w o u l d be low. P o o r l y s tocked stands p r o d u 
ce trees that are heav i ly l i m b e d w i t h t a p e r i n g 
t r u n k s (S toddard , 1978) , factors that reduce the i r 
value as sawlogs . N e a r A r m s t r o n g , the forest m i g h t 
be e c o n o m i c a l to harvest because of e x i s t i n g road 
access a n d the flat sandy c o u n t r y w h i c h a l lows for 
l o w harvest costs. B u t even here l o w w o o d v o l u m e s 
m i g h t m a k e i n d i v i d u a l stands u n m e r c h a n t a b l e . 

T h e d i s t r i b u t i o n of trees across a n u m b e r o f 
h e i g h t classes suggested that these u n e v e n aged 
stands (overstory of shade i n t o l e r a n t jack p i n e , 
unders tory o f b lack spruce), once c u t , m i g h t be d i f 
ficult to replace. To insure the r e t u r n o f a s i m i l a r 
forest, the slash w o u l d have to be spread across the 
site to d i s t r i b u t e the serot inous and semi -sero t inous 
cones so that heat near the g r o u n d w o u l d o p e n t h e m 
( B u r n s , 1983) . T h i s a c t i o n w o u l d s i m u l a t e regene
ra t ion after fire better t h a n p l a n t i n g and w o u l d lea
ve l i c h e n o n site. S ims et al. (1990) suggest a r o t a t i 
on age o f 7 0 to 8 0 years o n l o w g r o w t h jack p i n e 
and b l a c k spruce stands, b u t th is w o u l d e n t a i l har
v e s t i n g d u r i n g the peak p e r i o d of c a r i b o u benefits. 
F o r c a r i b o u , the ro ta t ion age s h o u l d be ex tended to 
over 100 years. 

T h e H S I m o d e l m i g h t have a n u m b e r o f uses. It 
c o u l d be c o m b i n e d w i t h a G I S d i g i t i z e d F R I m a p to 
locate p o t e n t i a l w o o d l a n d c a r i b o u w i n t e r i n g areas 
and to p r e d i c t h o w changes i n forest s tand c o m p o s i 
t i o n w o u l d affect w o o d l a n d c a r i b o u w i n t e r habi ta t . 
T h e latter m i g h t be e x p a n d e d to m o d e l c h a n g i n g 
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forest c o n d i t i o n s o n c o m p u t e r G I S p r o g r a m s as the 
forest is " g r o w n " and "harves ted" , p e r m i t t i n g 
managers to see compare present i n v e n t o r y w i t h 
p r e d i c t e d consequences m a n a g e m e n t a c t i o n . Since 
h i g h H S I value stands i n d i c a t e c o r r e s p o n d i n g l y l o w 
e c o n o m i c w o r t h , concentrat ions o f h i g h H S I stands 
m i g h t suggest a candidate places for n o n - t i m b e r 
m a n a g e m e n t object ives , such as p a r k l a n d or w i l d l i 
fe areas. H o w e v e r , th is was a first a t t e m p t at such a 
m o d e l a n d the H S I values ass igned to the variables 
m a y require m o d i f i c a t i o n for di f ferent areas. O t h e r 
variables such as p r e d a t i o n a n d s n o w f a l l c o u l d be 
a d d e d to fur ther define the w i n t e r h a b i t a t o f w o o d 
l a n d c a r i b o u . 

T h e value of the descr ibed stands to the c a r i b o u 
remains speculat ive , b u t we suggest some p o s s i b i l i 
t ies. T h e finding o f s i g n i f i c a n t l y m o r e l i c h e n o n 
p l o t s used b y c a r i b o u supports the sugges t ion that 
l i c h e n presence m a y represent a benefit . L i c h e n 
g r o w t h is l i m i t e d b y the a m o u n t o f s u n l i g h t that 
reaches the g r o u n d . H a l e (1961) es t imated that 
l i chens c o n t a i n be tween 1 0 % and 2 5 % the c h l o r o p 
h y l l o f regular p l a n t s , a n d thus require large 
a m o u n t s of s u n l i g h t for g r o w t h . A p p a r e n t l y the 
a m o u n t o f s u n l i g h t i n the s t u d y area stands was suf
ficient for f rut icose l i chens . T h e m e a n dens i ty o f 
1552 trees per h a a l l o w e d a 3 9 % l i c h e n g r o u n d 
cover; the m a x i m u m value o b t a i n e d o f 3 1 0 6 trees 
per h a s t i l l s h o w e d 3 1 % l i c h e n cover. Y e t M o o r e 
a n d Vesrspoor (1973) f o u n d that tree densi t ies bet
w e e n 3 0 8 0 a n d 4 8 4 0 p e r ha c o n s t i t u t e d a t r a n s i t i o n 
range between l i c h e n a n d moss as g r o u n d cover, a n d 
suggested that a m i d - p o i n t o f 3 9 6 0 per h a m i g h t be 
the l i m i t i n g d e n s i t y for l i c h e n g r o w t h . F u r t h e r 
m o r e , R e n c z & A u c l a i r (1978) i n n o r t h e r n Q u e b e c 
f o u n d that a m e a n b l a c k spruce d e n s i t y o f 5 5 6 trees 
per h a resul ted i n a 9 7 % g r o u n d cover o f l i c h e n . 
T h u s , the densit ies o f trees i n o u r s t u d y areas m a y 
be near the m a x i m u m that l i c h e n can tolerate. 

F e w l i chens were recorded 12 years after l o g g i n g 
b u t some l i c h e n was present after 30 years and 
heavy l i c h e n regenerat ion was present o n sites selec
t i v e l y cut 50 years ago. A l t h o u g h the sample is 
s m a l l results agree w i t h C a r r o l & B l i s s (1982) i n 
n o r t h e r n Saskatchewan w h o f o u n d successful l i c h e n 
regenerat ion 45 years after fires. R e n c z & A u c l a i r 
(1978) i n n o r t h e r n Q u e b e c repor ted 4 7 years. I n 
n o r t h w e s t e r n O n t a r i o , W e b b (pers. c o m m . ) a n d 
H a r r i s (1996) observed that l i c h e n regenerat ion 
m a y be sooner after l o g g i n g t h a n by fire, because 
the l i c h e n is already o n the site and does not have to 
re - invade the site. R a c e y et al. (1996) f o u n d c a r i b o u 
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u s i n g stands 4 0 years after l o g g i n g , i n the same 
area. 

I f these stands are near the i r m a x i m u m , w h y do 
c a r i b o u not m o v e to m o r e o p e n areas? Perhaps there 
is a difference between l i chens o n the g r o u n d a n d 
l i chens avai lable to c a r i b o u . C o n i f e r forest canopy 
reduces the hardness and th ickness of snow cover 
(Schaefer & P r u i t , 1991) w h e n c o m p a r e d w i t h o p e n 
sites. C a r i b o u m o v e i n t o these stands i n the w i n t e r 
because of the more favourable s n o w c o n d i t i o n s 
( D a r b y & P r u i t , 1984) . Therefore these l o w d e n s i t y 
conifer areas p r o d u c e l i chens w h i c h are easier to 
access for food i n winter . T h e range of h e i g h t d i s t r i 
b u t i o n s w i t h i n our s tudy locat ions m a y alter snow 
c o n d i t i o n s d u r i n g different t i m e s o f w i n t e r a n d i n 
di f ferent years, and such a range m a y p r o v i d e o p t i 
m a l feeding t h r o u g h o u t the w i n t e r a n d over a series 
o f di f ferent w i n t e r s . C h o o s i n g a specif ic canopy d e n 
s i ty m a y not p r o v i d e the best w i n t e r habi ta t for a l l 
snow c o n d i t i o n s . A n overhead canopy w h i c h is o p e n 
e n o u g h to a l l o w l i c h e n g r o w t h i n the s u m m e r yet 
c losed e n o u g h to reduce g r o u n d s n o w depths is m a y 
be the o p t i m u m . 

A n o t h e r poss ib le benefit f r o m these forest stands 
m i g h t relate to the observed l a c k of shrubs a n d 
g o o d v i s i b i l i t y . T h e 3 measured areas s h o w e d 
a l m o s t to ta l lack of s h r u b unders tory to b l o c k 
g r o u n d v i s i o n , a c o n d i t i o n that m i g h t have several 
benefits: the g r o u n d is not shaded a l l o w i n g g o o d 
l i c h e n g r o w t h ; c a r i b o u s h o u l d be able to detect p r e 
dators (wolves) more easily; a n d , c a r i b o u escape w i l l 
not be h i n d e r e d b y understory. T h e lack of shrubs i n 
these areas also suggested a r e d u c t i o n of a m o u n t s of 
browse avai lable for moose. A l l e n et al. (1987) , 
m o d e l i n g moose habi tat , ca lcula ted that a moose 
w o u l d require 3 k g of browse per day i n concentra
ted patches to survive . A l t h o u g h browse v o l u m e s 
were not measured i n th is study, i t seems d o u b t f u l 
that our s t u d y locat ions w o u l d g r o w such browse 
densi t ies ; these areas w o u l d p r o b a b l y not s u p p o r t 
m a n y moose i n the w i n t e r ( H a r r y , 1957 ; D o d d s , 
I 9 6 0 ; Telfer, 1974 ; Crete & B e d a r d , 1 9 7 5 ; M i q u e l l e 
& v a n B a l l e n b e r g h e , 1989) . 

Implications for management 
T h e l o w v o l u m e s of t i m b e r f o u n d i n th is s tudy s u g 
gest that s e t t i n g aside reserves for w i n t e r c a r i b o u 
habi ta t w o u l d not sacrifice as m u c h w o o d p r o d u c t 
va lue as m i g h t at first appear. C u m m i n g & Beange 
(1987) f o u n d that c a r i b o u w i n t e r i n g areas to ta led 5¬
9 % of w h o l e forests. These stands o n average s u p -
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p o r t e d o n l y 6 8 % o f n o r m a l y i e l d . There fore , the 
loss i n w o o d p r o d u c t va lue f r o m r e s e r v i n g these 
stands m i g h t be i n the n e i g h b o u r h o o d of 3 - 6 % of 
to ta l v o l u m e . Loss o f d o l l a r values f r o m these v o l u 
mes s h o u l d be fur ther reduced since the t i m b e r 
values o f stands b e i n g used as w i n t e r i n g areas b y 
w o o d l a n d c a r i b o u are not h i g h . S e v e n t y - e i g h t per
cent of the stands s t u d i e d were e i ther site class 4 
(pro tec t ion forest, w h i c h is already set aside f r o m 
harvest ing) or site class 3 w h i c h is the m o s t f rag i le 
a n d least p r o d u c t i v e o f the m e r c h a n t a b l e stands. 
T h e stands are s low g r o w i n g , l o w densi ty , a n d o n 
dry, f ragi le sites (sand a n d bedrock) that w o u l d be 
h a r d or i m p o s s i b l e to regenerate to f u l l y s tocked 
stands. C o n s i d e r i n g the l o w p r o d u c t v a l u e , the cost 
of h a r v e s t i n g trees of l o w densit ies w o u l d m a k e the
se stands e c o n o m i c a l l y m a r g i n a l at best. M a n a g i n g 
such stands for c a r i b o u m a n a g e m e n t purposes 
m i g h t require that the areas b e i n g r e m o v e d f r o m 
p r o d u c t i o n because o p t i m i z i n g regenerat ion and 
g r o w t h w o u l d not be i n the best interests o f c a r i b o u 
w i n t e r hab i ta t p r o d u c t i o n . 

M a n a g i n g forests for c a r i b o u m a y require o p t i m i 
z i n g l i c h e n p r o d u c t i o n w h i l e r e t a i n i n g a sui table 
canopy to reduce s n o w depths and hardness. A t the 
same t i m e , i t appears that the stands s h o u l d have an 
o p e n canopy and unders tory to a l l o w for predator 
d e t e c t i o n a n d escape, a n d to reduce browse suppl ies 
that m i g h t attract alternate prey for wolves . 
H a r v e s t i n g of na tura l stands s h o u l d not occur 
d u r i n g the peak l i c h e n p e r i o d between age 6 0 to 
100 years. Y e t later h a r v e s t i n g m i g h t be better t h a n 
no h a r v e s t i n g . It m a y r e t u r n the areas to w i n t e r 
habi ta t for c a r i b o u i n a shorter t i m e t h a n natura l 
fires, a n d m a y accelerate l i c h e n regenerat ion, b u t 
fur ther studies are needed to ascertain i f adequate 
c r o w n closure can be d eve lo p ed to c o i n c i d e w i t h 
peak l i c h e n d e v e l o p m e n t . T h e w i n t e r i n g areas 
w o u l d require a range o f canopies to p r o v i d e ade
quate m i c r o - w i n t e r habi ta t to a l l o w for c h a n g i n g 
snow c o n d i t i o n s . 

Forest harves t ing i n k n o w n w i n t e r i n g areas 
s h o u l d occur o n l y i n locat ions where c a r i b o u have 
alternate habi tat away f r o m the d i s turbance . 
E r i k s o n (1975) r e c o m m e n d s w i n t e r h a r v e s t i n g to 
reduce l i c h e n d is turbance a n d p r o v i d e arboreal 
l i chens for f o o d , b u t these factors m a y be o u t w e i g 
h e d b y the negative aspects of w i n t e r d i s turbance . 
I n o u r v i e w , harves t ing s h o u l d be carr ied out i n late 
s u m m e r to reduce p o a c h i n g a n d road k i l l s , to e l i m i 
nate p l o w e d w i n t e r roads p r o v i d i n g easy access for 
poachers and wolves , and to m i n i m i z e i m p a c t s o n 
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other b i rds a n d m a m m a l s that m i g h t result f r o m 
harves t ing d u r i n g the s p r i n g r e p r o d u c t i v e p e r i o d 
(Telfer, pers. c o m m . ) . 
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Abstract: Woodland caribou (Rangifer tarandus caribou) are native to Minnesota but started to decline i n the m i d 1800s 
and disappeared from the state by 1940. Their demise had been attributed to extensive timber harvest and ovethunting; 
but more recently mortality from the meningeal w o r m , Parelaphostrongylus tenuis, carried by white-tailed deer (Odocoileus 
virginianus), and increased prédation by timber wolves (Canis lupus) and black bears (Ursus americanus) have been sug
gested as additional causes. W e describe a current initiative to explore feasibility of restoring caribou to the boundary 
waters region of Minnesota and Ontario. Feasibility studies have been conducted under the guidance of the N o t t h 
Central Caribou Corporarion ( N C C C ) , a non-governmental organization w i t h representation from relevant state, fed
eral, Nat ive American, and Canadian agencies. Results indicate a) W i t h i n Minnesota the most suitable site for wood
land caribou lies wi th in the eastetn sector of the Boundaty Waters Canoe Area Wilderness ( B W C A W ) , and this is 
contiguous w i t h a similarly suirable sectot of Ontario's Quetico Provincial Park: Together these comprise the re
commended 1300-km 2 Boundary Waters Car ibou Region ( B W C R ) ; b) Vegetation in the B W C R has changed l itt le 
since the 1920s when caribou were last present other than effects of fire suppression; c) Level of white-tailed deer, hence 
the meningeal worm, is so low in the B W C R that this factor is unl ikely to impede survival of re-intfoduced caribou; d) 
W h i l e wol f numbers w i t h i n the wider region are relatively h igh , their impacts may be minimized i f caribou are released 
in small , widely scattered groups; in addit ion, an abundance of lakes w i t h islands affords good summer-time prédation 
security; e) Threat to calves from black bears, probably more numerous rhan in earlier times, appears lessened by the 
security of lakeshores and islands; and f) A simulation model, combining knowledge from elsewhere w i t h the B W C R 
assessment, suggests that released animals have a 0.2 to 0.8 chance of increasing i n numbers during the first 20 years 
post-release. Strategies for maximiz ing success are identified. N C C C has concluded that the only practical approach that 
temains for determining restoration feasibility is through experimental releases or caribou. W h i l e promise of eventual 
success appears only moderate, the N C C C feels that costs and uncertainties associated w i t h the experiment are justified 
by the environmental benefits from a success. Even i f the effort fails, valuable knowledge would acctue for conservation 
biologists in general. A n action plan is outl ined, and progress and problems i n sell ing the caribou initiative are 
discussed. 

K e y w o r d s : w o o d l a n d c a r i b o u , restorat ion, M i n n e s o t a , Q u e t i c o , s u r v i v a l assessment, agency s u p p o r t . 
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Introduction: 
N a t i v e w o o d l a n d c a r i b o u of M i n n e s o t a began d e c l i 
n i n g i n the m i d 1 9 t h C e n t u r y and disappeared 
c o m p l e t e l y by the early 1940s (Fashingbauer , 
1965) . T h e species disappeared earl ier f r o m other 
regions of the northeastern states: n o r t h e r n N e w 
E n g l a n d , u p p e r M i c h i g a n , W i s c o n s i n , a n d Isle 
R o y a l e , M i c h i g a n , i n that sequence. I n the west , a 
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resident h e r d i n the S e l k i r k M o u n t a i n s o f n o r t h 
eastern W a s h i n g t o n a n d n o r t h e r n Idaho n u m b e r e d 
>100 i n the 1950s , b u t d e c l i n e d to about 25 by the 
1980s, a n d these last an imals were t rans ient be
t w e e n the U . S . a n d B r i t i s h C o l u m b i a ( U . S . F i s h & 
W i l d l i f e Service, 1994) . O v e r the past 15 years, 
w o o d l a n d c a r i b o u f r o m B r i t i s h - C o l u m b i a have been 
released i n t o b o t h Idaho and W a s h i n g t o n i n a co-

169 

mailto:paj@finsandfur.fw.umn.edu


operat ive res torat ion effort a m o n g p r o v i n c i a l , state, 
and federal agencies; b u t there has not been the 
a n t i c i p a t e d increase i n p o p u l a t i o n size ( U . S . F i s h & 
W i l d l i f e Service , 1996) . 

T h i s report updates progress i n a current effort 
to d e t e r m i n e the f e a s i b i l i t y o f r e s t o r i n g w o o d l a n d 
c a r i b o u to a s m a l l sector o f northeastern M i n n e s o t a , 
a n d , b y p r o x i m i t y , to a sector of adjacent O n t a r i o . 
T h e d r i v i n g j u s t i f i c a t i o n is a c o m m i t m e n t to restore 
b i o t a that have been lost since E u r o p e a n se t t lement . 

Background 
Disappearance of caribou from Minnesota 
A t the t i m e of the first E u r o p e a n e x p l o r a t i o n , w o o d 
l a n d c a r i b o u were fa i r ly c o m m o n i n n o r t h e r n 
M i n n e s o t a , b e i n g f o u n d as far s o u t h as M i l l e Lacs 
and K a n a b e k count ies ; however, b y the late 1800s 
they had receded to a r e g i o n near the O n t a r i o bor 
der, f r o m L a k e Super ior to R e d L a k e (Fashingbauer , 
1965 ; B e r g e r u d , 1978 ; 1988) . H u n t i n g of c a r i b o u 
was regula ted b y the state: w i t h d e c l i n i n g n u m b e r s 
i n the 1880s , l i m i t s a n d seasons were sharply r e d u 
ced, and b y 1 9 0 4 a l l h u n t i n g was p r o h i b i t e d . B y 
the late 1920s no animals r e m a i n e d i n northeastern 
M i n n e s o t a ; and the last c a r i b o u , centered a r o u n d 
R e d L a k e i n the nor thwest , d isappeared i n the early 
1940s (Fashingbauer , 1965) . D u r i n g the early 
1980s, t w o c a r i b o u were seen for about a year 
a r o u n d H o v l a n d , M i n n e s o t a , some 50 k m s o u t h of 
O n t a r i o near L a k e Super ior ( F i g . 1, inset) ( M e c h et 
al, 1982) . A t that t i m e , the closest b r e e d i n g p o p u 
l a t i o n was 2 5 0 - 3 0 0 k m n o r t h a r o u n d A r m s t r o n g 
and L a k e N i p i g o n , O n t a r i o ( F i g . 1, inset) . T h e s u b 
sequent fate o f the H o v l a n d c a r i b o u is u n k n o w n . 

D e m i s e of Minnesota ' s c a r i b o u was at first a t t r i 
b u t e d to o v e r h u n t i n g ( T r y g g , 1966 vide H e i n s e l -
m a n , 1 9 9 6 : 1 6 4 ) and to habi tat changes f r o m l o g 
g i n g , w i l d f i r e s , and c l e a r i n g for a g r i c u l t u r e 
(Fashingbauer , 1965) . M o r e recently, s t r o n g e v i 
dence indicates that a parasite m a y have been a p r i 
m a r y factor as w e l l : the nematode , 
Parelaphostrongylus tenuis or the m e n i n g e a l w o r m , is 
n o r m a l i n w h i t e - t a i l e d deer a n d t r a n s m i t t e d 
t h r o u g h an in termedia te g a s t r o p o d , b u t is fatal to 
c a r i b o u ( A n d e r s o n & Stre l ive , 1968) . T h e d e c l i n e of 
c a r i b o u c o i n c i d e d w i t h a m a r k e d n o r t h w a r d ex
tens ion o f w h i t e t a i l s d u r i n g the past century 
(Bergerud , 1974) . A l s o , the increase of deer i n 
n o r t h e r n M i n n e s o t a apparent ly expanded the prey 
base for t i m b e r wolves , l e a d i n g to a rise i n t h e i r 
numbers . T h i s i n t u r n , a c c o r d i n g to B e r g e r u d 
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(1974) , w o u l d have increased the threat to c a r i b o u , 
p a r t i c u l a r l y to p o p u l a t i o n s already stressed and 
d e c l i n i n g . A f t e r 2 decades of l ega l p r o t e c t i o n , 
wolves are n o w r e l a t i v e l y a b u n d a n t i n n o r t h e r n 
M i n n e s o t a , b u t i t is d o u b t f u l they p l a y e d a s i g n i f i 
cant role i n e x t i r p a t i o n o f c a r i b o u earl ier i n the cen
tury , because they were t h e n b o u n t i e d a n d subject 
to u n r e g u l a t e d t r a p p i n g and s h o o t i n g . A n o t h e r 
p o t e n t i a l predator was the b lack bear, whose a b i l i t y 
to i m p a c t c a r i b o u was not f u l l y u n d e r s t o o d u n t i l 
s o m e w h a t recent ly ( B a l l a r d , 1993) , as i n M a i n e 
where , d u r i n g the 1980s , a n i m a l s released i n a 
res torat ion pro jec t suffered s ign i f i cant losses f r o m 
bears ( M c C o l l o u g h & C o n n e r y , 1990) . W h e t h e r 
bears c o n t r i b u t e d to the e x t i r p a t i o n o f c a r i b o u i n 
M i n n e s o t a is u n k n o w n . 

I n s u m m a r y , the loss o f w o o d l a n d c a r i b o u f r o m 
M i n n e s o t a w i l l never be e x p l a i n e d w i t h certainty. It 
is l i k e l y that h u m a n i m p a c t s u p o n p o p u l a t i o n s a n d , 
i n some regions , u p o n habitats was the k e y factor 
d u r i n g the 1 9 t h C e n t u r y , w h i l e the m e n i n g e a l 
w o r m m a y w e l l have been the l e a d i n g cause b e h i n d 
c o n t i n u e d loss and u l t i m a t e e x t i r p a t i o n d u r i n g the 
2 0 t h C e n t u r y . 

Restoration assessment and the status of caribou elsewhere 
in the region 
C u r r e n t l y several p o p u l a t i o n s of w o o d l a n d c a r i b o u 
exist w i t h i n the L a k e Super ior r e g i o n o f O n t a r i o : 
the A r m s t r o n g - L a k e N i p i g o n h e r d , 2 2 5 - 2 5 0 k m 
n o r t h o f eastern M i n n e s o t a ( C u m m i n g & Beange , 
1987) , a n d several i n s u l a r p o p u l a t i o n s i n L a k e 
Super ior , the closest to the B W C R b e i n g o n the 
Slate Is lands some 65 k m n o r t h a n d 3 0 0 k m east o f 
M i n n e s o t a ( F i g . 1, inset) . S t a r t i n g i n 1 9 8 2 , O n t a r i o 
u n d e r t o o k several releases o n other is lands i n L a k e 
S u p e r i o r ( D a r b y et al., 1989 ; G o g a n & C o c h r a n e , 
1994) . 

F e a s i b i l i t y o f c a r i b o u restorat ion was assessed for 
t w o U . S . n a t i o n a l parks i n the r e g i o n . F o r Isle 
R o y a l e N a t i o n a l P a r k i n n o r t h w e s t e r n L a k e 
S u p e r i o r ( F i g 1, inset) , where c a r i b o u were last 
k n o w n i n 1928 , i t was c o n c l u d e d i n the early 1990s 
that , a l t h o u g h w h i t e - t a i l e d deer were absent, 
wolves were too n u m e r o u s and securi ty habi ta t i n 
adequate for c a r i b o u to succeed there (Cochrane, 
1996) . F o r V o y a g e u r s N a t i o n a l P a r k near 
I n t e r n a t i o n a l F a l l s , M i n n e s o t a , some 9 0 k m east of 
the B W C R , i t was c o n c l u d e d that abundance of 
w h i t e - t a i l e d deer, hence the threat o f m e n i n g e a l 
w o r m s , was p r o b a b l y too great for c a r i b o u to sur
v i v e ( G o g a n & C o c h r a n e , 1994) . 
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F i g . 1. The Boundary Waters Caribou Region ( B W C R ) , ly ing across the Minnesota-Ontario border, rhe southern sec
tor being wirh in the Boundary Waters Canoe Area Wilderness ( B W C A W ) of the Supetior Nat ional Forest and 
the northetn sector w i t h i n Quetico Provincial Park. The 1300-km 2 B W C R represents the estimated con
tiguous zone of favorable habitat for caribou. 

An earlier study for restoring Minnesota's caribou 
D u r i n g the 1970s , a comprehens ive assessment of 
car ibou-res tora t ion feas ib i l i ty was carr ied out b y the 
M i n n e s o t a D e p a r t m e n t o f N a t u r a l Resources 
( D N R ) i n consul ta t ion w i t h several N o r t h 
A m e r i c a n c a r i b o u experts ( K a r n s , 1 9 8 0 ; K a r n s & 
L i n d q u i s t , 1 9 8 6 ; G o g a n et al., 1990) . F r o m a survey 
of four regions of n o r t h e r n M i n n e s o t a that appa
rent ly possessed suitable vegeta t ion and topography , 
o n l y one, located i n the northeastern corner of the 
state, appeared to have a l l the r e q u i r e d hab i ta t c o m 
ponents for c a r i b o u . T h e restorat ion i n i t i a t i v e d i d 
not , however , progress further . A t that t i m e i t was 
be l ieved that i f w i l d - c a u g h t a n i m a l s were released, 
they w o u l d disperse far f r o m the i n t e n d e d r e g i o n ; 
consequent ly i t was assumed that a n i m a l s for release 
m u s t be captive-reared year l ings . F u n d i n g was not 
avai lable for es tab l i sh ing a nursery h e r d , so the 
a t tempt was t e r m i n a t e d . Subsequent ly , i t has been 
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s h o w n elsewhere that released, w i l d - c a u g h t adul ts 
w i l l r e m a i n l o c a l i z e d , as i n the M a i n e res torat ion 
a t t e m p t ( M c C o l l o u g h & C o n n e r y , 1990) . 

Progress in the current caribou-
restoration initiative 
The North Central Caribou Corporation 
I n 1 9 8 8 , a g r o u p o f M i n n e s o t a c i t izens f o r m e d the 
N o r t h C e n t r a l C a r i b o u C o r p o r a t i o n for e x p l o r i n g a 
new effort to restore c a r i b o u to the state. T h e 
C o r p o r a t i o n ' s board o f directors i n c l u d e d represen
t a t i o n f r o m relevant state, federal , N a t i v e -
A m e r i c a n , and C a n a d i a n agencies p l u s one c i t izens ' 
o r g a n i z a t i o n . W h i l e the earlier car ibo u- r es to r a t io n 
assessment ( K a r n s & L i n d q u i s t , 1986) served as an 
i m p o r t a n t g u i d e , the N C C C carr ied out i ts o w n fea
s i b i l i t y analysis . T h e w o r k was f u n d e d m a i n l y b y 
the D u l u t h Safari C l u b ( independent o f Safari 
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In ternat ional ) , w h i c h had d i s b a n d e d i n order to 
f o r m the C a r i b o u C o r p o r a t i o n . Research was done 
c o l l a b o r a t i v e l y a m o n g the U . S . Forest Service, the 
N a t u r a l Resources Research I n s t i t u t e , a n d the 
U n i v e r s i t y of M i n n e s o t a . These analyses w i t h r e s u l 
tant conc lus ions and r e c o m m e n d a t i o n s were c o m 
p i l e d as a report by the N o r t h C e n t r a l C a r i b o u 
C o r p o r a t i o n ( R a v e n , 1993) and are s u m m a r i z e d 
below. 

The Boundary Waters Caribou Region 
T h e site r e c o m m e n d e d b y the N C C C for c a r i b o u 
restorat ion ( R a v e n , 1993) covers some 1 3 0 0 k m 2 

(500 m i 2 ) a n d is referred to as the B o u n d a r y W a t e r s 
C a r i b o u R e g i o n or B W C R ( F i g . 1). It extends 
across the i n t e r n a t i o n a l border, f r o m w i t h i n the 
B o u n d a r y W a t e r s Canoe A r e a W i l d e r n e s s 
( B W C A W ) o f the Super ior N a t i o n a l Forest i n C o o k 
a n d L a k e count ies , M i n n e s o t a , to the southeastern 
p o r t i o n of Q u e t i c o P r o v i n c i a l P a r k i n O n t a r i o . T h e 
B W C R coinc ides w i t h the area i n M i n n e s o t a that 
was r e c o m m e n d e d for c a r i b o u res torat ion i n the ear
l i e r assessment ( K a r n s , 1980) , b u t i t defines m o r e 
c lear ly the extent of sui table habi ta t w i t h i n the 
O n t a r i o p o r t i o n . 

B o t h the B W C A W ( H e i n s e l m a n , 1 9 6 6 ; L e w i s et 
al., 1996) a n d Q u e t i c o P a r k ( A n d e r s o n & L i m e , 
1984) are m a n a g e d as wi lderness , a status u n l i k e l y 
to change i n the foreseeable fu ture . H u m a n presence 
w i t h i n the B W C R is c u r r e n t l y res tr ic ted to ca
noeists, skiers , and h ikers ( A n d e r s o n & L i m e , 
1984) . L o g g i n g was never in tens ive w i t h i n the 
B W C R , a n d has been c o m p l e t e l y b a n n e d for some 
decades. 

T h e C a r i b o u R e g i o n is vegetated p r i m a r i l y w i t h 
u p l a n d a n d l o w l a n d boreal forest, b u t inc ludes some 
m i d - s u c c e s s i o n a l u p l a n d aspen (Populus tremuloides) 
and paper b i r c h (Betula papyrifera). Forest s t ruc ture , 
w h i l e not s t r o n g l y affected by past l o g g i n g , has 
been al tered t h r o u g h p r e v e n t i o n o f n a t u r a l fires o n 
b o t h sides of the border ( W o o d s & D a y , 1976 , 1 9 7 7 ; 
D a y , 1990 ; H e i n s e l m a n , 1996) . W i t h i n the 
B W C A W , the Super ior N a t i o n a l Forest is n o w c o m 
m i t t e d to r e s t o r i n g the na tura l p a t t e r n of fire ( U . S . 
Forest Service, 1997) , b u t that w i l l p r o b a b l y be 
somewhat constra ined due to concern for adjacent 
c o m m e r c i a l t i m b e r . 

Suitability of vegetation and landform 
L a n d f o r m a n d vegeta t ion i n M i n n e s o t a ' s northeas
tern border r e g i o n were analyzed for presence a n d 
j u x t a p o s i t i o n of factors c r i t i c a l to w o o d l a n d c a r i b o u 
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as de f ined by B e r g e r u d (1978) a n d B e r g e r u d & 
M e r c e r (1989) . Broschar t & Pastor (1992) , w o r k i n g 
w i t h sate l l i te imagery , created a g e o g r a p h i c i n f o r 
m a t i o n sys tem (GIS) data base centered o n the 
d e s i g n a t e d B W C R b u t i n c l u d i n g several t h o u s a n d 
k m 2 o f adjacent area as w e l l . T h e y analyzed for spa
t i a l associations a m o n g m a t u r e conifers , l o w l a n d 
bogs , and lakes w i t h i s lands . T h e y c o n c l u d e d that 
the B W C R not o n l y offered a favorable landscape 
for c a r i b o u , b u t that i t met these c r i t e r ia better than 
any other area of comparab le size w i t h i n the r e g i o n . 
I n p a r t i c u l a r , the w i d e s p r e a d presence o f lakes w i t h 
s m a l l i s lands offered an abundance o f p o t e n t i a l 
summer-season p r o t e c t i o n f r o m b o t h wolves a n d 
bears. B e r g e r u d et al. (1990) state that such habi ta t 
is c r i t i c a l for the secur i ty o f y o u n g calves, as was 
f o u n d by C u m m i n g & Beange (1987) a r o u n d L a k e 
N i p i g o n , O n t a r i o . A l s o , the l a n d s c a p e - s u i t a b i l i t y 
analysis o f Broschar t a n d Pastor agrees w i t h the 
conc lus ions of c a r i b o u b i o l o g i s t s A T . B e r g e r u d a n d 
V . F . J . C r i c h t o n c o n c e r n i n g the best r e g i o n w i t h i n 
the state for c a r i b o u ( K a r n s & L i n d q u i s t , 1986) . 

Deer and the meningeal worm 
To est imate the threat o f the m e n i n g e a l w o r m to 
c a r i b o u , P i t t & J o r d a n (1995) m a d e w i d e - r a n g i n g , 
semi -sys temat i c surveys for deer a n d m e n i n g e a l -
w o r m larvae w i t h i n a n d adjacent to the B W C R . F o r 
deer presence, a l l current s i g n was recorded, b u t 
p r i m a r y emphas is was on l o c a t i n g fresh fecal d r o p 
p i n g (pellets) , since they related to b o t h deer densty 
and source of the parasite. D u r i n g s u m m e r s of 1989 
and 1 9 9 0 , > 2 5 0 k m 2 o f the B W C R w i t h i n 
M i n n e s o t a were covered, p l u s a s a m p l i n g of a d 
jacent regions . L a n d S t e w a r d and T i m m e r m a n n 
(1991) m a d e a shorter b u t s i m i l a r survey w i t h i n the 
Q u e t i c o p o r t i o n of the B W C R i n 1990 . A l l 
evidence f r o m b o t h sectors suggests that s u m m e r 
deer-densi ty w i t h i n the B W C R was < 0 . 5 / k m 2 . 
F r e q u e n c y of e n c o u n t e r i n g current-season pel lets 
outs ide the B W C R where deer d e n s i t y was 
repor ted ly a r o u n d 5 / k m 2 was about 1 group/hr, 
w h i l e i n the B W C R i t was r o u g h l y 0.1 group/hr. 
F u r t h e r m o r e , d u r i n g the snow season, deer were 
apparent ly absent f r o m the M i n n e s o t a p o r t i o n of 
the B W C R a c c o r d i n g to N e l s o n & M e c h (1992) 
w h o m a d e repeated aerial surveys for wolves there. 
T h e i r report to the N C C C was res tr ic ted to winters 
1 9 8 9 - 9 0 a n d 1 9 9 0 - 9 1 , b u t absence o f deer i n 
w i n t e r there is be l i eved to h o l d over the longer 
t e r m . 

F o r e s t i m a t i n g levels o f m e n i n g e a l - w o r m larvae, 
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deer pel lets and gastropods were co l lec ted t h r o u g h 

out the M i n n e s o t a p o r t i o n of the B W C R ; f r o m 

several sites i n w h i c h at least some o f the B W C R 

w i n t e r ; and f r o m scattered i n t e r m e d i a t e locales 

h a v i n g h i g h e r s u m m e r deer densit ies than the 

B W C R ( P i t t & J o r d a n , 1995) . Larvae were f o u n d i n 

2 7 % of 15 recent p e l l e t - g r o u p s f r o m the B W C R 

a n d i n 5 7 % o f a larger sample o f pel le ts f r o m the 

w i n t e r i n g areas. I n samples of terrestr ia l gastropods 

c o m p r i s i n g several snai l a n d s l u g species, none f r o m 

the B W C R (« = 5 6) s h o w e d of larvae, w h i l e 0,8 % o f 

those f r o m elsewhere w i t h i n the r e g i o n (72=744) d i d 

show larvae. 

It was c o n c l u d e d that the l o w d e n s i t y of deer 

f o u n d w i t h i n the B W C R , together w i t h the n e g l i 

g i b l e presence of m e n i n g e a l - w o r m larvae, i n d i c a t e d 

that m o r t a l i t y f r o m this parasite w o u l d not be great 

e n o u g h to prevent a c a r i b o u p o p u l a t i o n f r o m 

g r o w i n g w i t h i n the B W C R , b u t such w o u l d p r o 

b a b l y not be possible elsewhere i n the r e g i o n . 

F u r t h e r m o r e , there is an u n k n o w n b u t real is t ic 

p o s s i b i l i t y that habitats used by deer i n s u m m e r 

d i f fer suf f i c ient ly f r o m those of c a r i b o u , so that car i 

b o u exposure to m e n i n g e a l - w o r m larvae w o u l d be 

even l o w e r t h a n pro jec ted f r o m the survey data , 

e .g. , i f c a r i b o u cows w i t h calves are m a i n l y o n 

i s lands , w h i l e deer do not use these i s lands . F i n a l l y , 

a l l c a r i b o u b e i n g i n t r o d u c e d , p lus a n i m a l s sub

sequent ly captured for m a r k i n g or r e - m a r k i n g , 

c o u l d l i k e l y be protected t e m p o r a r i l y f r o m the 

m e n i n g e a l w o r m w i t h the a n t i - h e l m i n t h d r u g , iver 

m e c t i n , i n a f o r m d e s i g n e d for s l o w release (see 

" C a p t u r e and Release," be low) . 

Wolfpredation 

A s par t o f in tens ive , l o n g - t e r m studies o f w o l f d y 

namics i n northeastern M i n n e s o t a ( M e c h , 1 9 8 6 ; 

M e c h & G o y a l , 1995) , N e l s o n a n d M e c h (1992) 

reported that i n the early 1990s w o l f d e n s i t y w i t h i n 

the C a r i b o u R e g i o n was around 16-20/1000 k m 2 . 

W h i l e w o o d l a n d c a r i b o u elsewhere have been 

j u d g e d unable to e x p a n d the ir n u m b e r s u n d e r th is 

l eve l o f wolves ( B e r g e r u d , 1 9 8 0 ; B e r g e r u d & E l l i o t , 

1986) , i n those cases there was not an abundance o f 

lakes w i t h islands p r o v i d i n g c r i t i c a l secur i ty f r o m 

p r e d a t i o n d u r i n g s u m m e r . D u r i n g w i n t e r , ac

c o r d i n g to A . T . B e r g e r u d (pers. c o m m . ) , as l o n g as 

n u m b e r s of c a r i b o u i n a g i v e n locale r e m a i n re la

t i v e l y l o w , e.g. i n groups of < 1 0 - 2 0 , t h e n wolves 

are not l i k e l y to concentrate o n this prey. It is also 

i m p o r t a n t that other prey are not l o c a l l y a b u n d a n t 

to attract wolves . In P u k a s k w a N a t i o n a l P a r k , 
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O n t a r i o , wolves i n w i n t e r are apparent ly l o c a l i z e d 

near moose that are w i n t e r i n g some distance i n l a n d 

f r o m L a k e S u p e r i o r ; w h i l e a s m a l l n u m b e r of c a r i 

b o u reside a l o n g that lakeshore, re la t ive ly free of 

w o l f p r e d a t i o n ( G . Eason , pers. c o m m . ) . A b s e n c e o f 

deer i n the B W C R , p l u s a re la t ive ly l o w dens i ty of 

moose , m a y w e l l serve the same f u n c t i o n , w i t h 

wolves b e i n g focused m a i n l y o n the w i n t e r i n g 

g r o u n d s o f deer that l i e no closer t h a n 20 k m f r o m 

the B W C R . H o w e v e r , as p o i n t e d out be low, there 

r e m a i n no re l iab le means for d e t e r m i n i n g the 

p o t e n t i a l o f wolves to severely reduce i n t r o d u c e d 

c a r i b o u other t h a n w i t h e x p e r i m e n t a l releases. 

Before E u r o p e a n se t t lement , c a r i b o u had o b v i o u s l y 

co-exis ted w i t h w o l v e s , as w e l l as w i t h N a t i v e 

A m e r i c a n s hunters , t h r o u g h o u t th is r e g i o n . 

Bears and island security 

B l a c k bears are a p o t e n t i a l threat to c a r i b o u , p a r t i 

c u l a r l y where they have easy access to calves 

( B a l l a r d , 1993) . Secur i ty f r o m bears w o u l d p r e 

s u m a b l y be a l o n g lakeshores a n d o n is lands w h e n 

calves are i n the i r early m o n t h s . H o w e v e r , i n the 

B W C A W a n d Q u e t i c o the m a n y campsites for 

canoeists are located o n is lands and lakeshores. 

Bears r e g u l a r l y v i s i t these campsi tes , h a v i n g p r e 

s u m a b l y been c o n d i t i o n e d to the a v a i l a b i l i t y of 

campers ' food. W h i l e the effect of c a m p - f o o d o n 

bear p o p u l a t i o n s i n the B W C R r e g i o n has not been 

s t u d i e d , i n nearby n o n - w i l d e r n e s s areas. Rogers 

(1987) s h o w e d that the bear sows f e e d i n g r e g u l a r l y 

at garbage d u m p s were s i g n i f i c a n t l y m o r e p r o d u c 

t ive t h a n others. O t h e r w i s e , l ake is lands o f the 

r e g i o n s h o u l d not have food sources that w o u l d 

p a r t i c u l a r l y attract bears. A l m o s t none have been 

recent ly b u r n e d or cut -over , hence w o u l d not l i k e l y 

have a b u n d a n t berries , and none have oaks or other 

g o o d sources o f mast . 

P i t t & J o r d a n (1996) d o c u m e n t e d frequency o f 

b l a c k bears u s i n g is lands a n d lakeshores, based o n 

v is i t s to stations b a i t e d w i t h bacon . T h e y f o u n d that 

bears c o m m o n l y s w i m to is lands , b u t o n l y to those 

w i t h p e r m a n e n t c a m p sites. L i k e w i s e the o n l y 

stretches of shorel ine r e g u l a r l y v i s i t e d b y bears were 

those w i t h campsi tes . R e g u l a t i o n s i n b o t h the 

B W C A and Q u e t i c o restr ict canoeists to a l i m i t e d 

n u m b e r o f des ignated c a m p sites, a n d bears seem 

h a b i t u a t e d to these. S ince the survey i n d i c a t e d that 

bears d i d not v i s i t i s lands or segments of shore l ack 

i n g campsi tes , such areas s h o u l d be re la t ive ly safe 

for c a r i b o u calves i n s u m m e r . A n d i t is assumed that 

c a r i b o u w o u l d a v o i d the p r o x i m i t y of campers . 
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F u r t h e r m o r e , i f a n d w h e n a bear does encounter a 
c o w and ca l f a l o n g a shore l ine , the la t ter have q u i c k 
access to the lake for refuge. 

Future hunting 
Since objectives of the N C C C ' s c a r i b o u res torat ion 
do not i n c l u d e harvest o f c a r i b o u , th is source of 
m o r t a l i t y was not cons idered i n the f e a s i b i l i t y ana
lys is . T h a t some c a r i b o u i n the B W C R m i g h t be 
i l l e g a l l y k i l l e d is u n l i k e l y due to the area's relat ive 
inaccess ib i l i ty . I f some a n i m a l s do disperse i n t o 
adjacent, n o n - w i l d e r n e s s regions , they m i g h t be 
subject to p o a c h i n g . H o w e v e r , such a n i m a l s s h o u l d 
be m o r e v u l n e r a b l e to the m e n i n g e a l w o r m t h a n to 
b e i n g shot because of the h i g h deer levels outs ide 
the B W C R . 

Simulations of post-release population dynamics 
To est imate p r o b a b i l i t i e s o f s u r v i v a l a n d increase i n 
c a r i b o u after release, a d y n a m i c p o p u l a t i o n m o d e l 
was generated based o n m o r t a l i t y factors f r o m our 
f e a s i b i l i t y studies p l u s studies elsewhere. Precise 
p r e d i c t i o n s cannot be expected f r o m such m o d e l s , 
b u t they are va luable for i d e n t i f y i n g whatever m o r 
t a l i t y factor(s) m a y prove most c r i t i c a l . T h e y also 
serve to i d e n t i f y p r i o r i t i e s i n e c o l o g i c a l research 
c r i t i c a l to m a n a g e m e n t p l a n n i n g (Starf ie ld & 
B l e l o c h , 1 9 9 1 ; N o r t h & Jeffers, 1991) . 

O u r m o d e l was s t r u c t u r e d to es t imate , u n d e r 
v a r y i n g scenarios, the p r o b a b i l i t y that w i t h i n 2 0 
years after release, c a r i b o u n u m b e r s w i l l have i n 
creased ( R a v e n 1 9 9 3 ; 1994) . Several scenarios were 
used for s t a r t i n g the s i m u l a t i o n s . N u m b e r of re
leases a n d n u m b e r s of a n i m a l s per release p l u s age 
and sex ratios were set at di f ferent levels . Presence of 
wolves a n d of bears, p l u s a v a i l a b i l i t y o f sui table 
i s lands , were also v a r i e d . P r o b a b i l i t i e s o f p o p u l a t i o n 
g r o w t h pro jec ted by the m o d e l i n d i c a t e that w i t h 
b o t h bears and wolves present, p o p u l a t i o n success 
was c losely t i e d to h o w cons is tent ly c a l v i n g cows 
m o v e d to is lands or sui table shorel ines , a n d whether 
wolves w o u l d s w i m out to is lands , a behavior not 
w e l l u n d e r s t o o d . M u l t i p l e releases increased the 
es t imated p r o b a b i l i t y o f a c h i e v i n g a s e l f - s u s t a i n i n g 
p o p u l a t i o n . O v e r a l l , the m o d e l i n g suggests that 
c a r i b o u released i n t o the B W C R have a 0.2 to 0.8 
p r o b a b i l i t y of s u r v i v i n g and increas ing i n n u m b e r s 
over ther first 2 0 years. A s a pos t sc r ip t , the i n p u t s 
here do not reflect i n f o r m a t i o n s u b s e q u e n t l y d i s 
covered c o n c e r n i n g a c a r i b o u release i n G r a n d s 
J a r d i n s , Q u e b e c ( former ly ca l l ed L a u r e n t i d e s P a r k ) , 
where c a r i b o u restorat ion succeeded i n the presence 
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of b o t h wolves and bears, b u t w i t h deer b e i n g 
absent ( C a n t i n , 1991) . 

T h e m o d e l i n g for this analysis addressed the 
p o t e n t i a l for p o p u l a t i o n g r o w t h rather t h a n a q u a n 
t i f i c a t i o n of t o t a l n u m b e r s that m i g h t be s u p p o r t e d 
w i t h i n the B W C R . E s t i m a t i n g the to ta l p o t e n t i a l 
o f the B W C R to suppor t c a r i b o u w o u l d require 
k n o w l e d g e o f an average c a r r y i n g capaci ty for the 
r e g i o n , p l u s the t o t a l expanse o f sui table landscape, 
i .e. just h o w accurate the est imate o f 1300 k m 2 

a c t u a l l y is . C o n s e q u e n t l y , the model ' s estimates o f 
an increase w i t h i n the first 20 years were based s i m 
p l y o n n a t a l i t y m i n u s m o r t a l i t y , w i t h o u t regard to 
t o t a l habi ta t capacity. F o r e x a m p l e , i f 75 a n i m a l s 
were i n t r o d u c e d , a n d the area's t o t a l capaci ty was 
o n l y 7 5 , the model ' s p r e d i c t i o n s o n g r o w t h w o u l d 
not be a p p l i c a b l e . H o w e v e r , the model ' s o u t p u t can 
s t i l l be used as an i n d i c a t i o n of l o n g - t e r m v i a b i l i t y 
w i t h i n whatever expanse of hab i ta t there m a y be. 

Summary and conclusions from the feasibility studies 
D e s p i t e serious uncerta int ies about success i n re
s t o r i n g c a r i b o u to the B o u n d a r y W a t e r s C a r i b o u 
R e g i o n , the m a j o r i t y of N C C C B o a r d of D i r e c t o r s 
agreed i n 1 9 9 6 that i t was s t i l l f u l l y reasonable a n d 
w o r t h w h i l e to under take e x p e r i m e n t a l releases. 
T h e i r c o n c l u s i o n reflected the f o l l o w i n g considera
t ions : a) A f t e r the comprehens ive f eas ib i l i ty s tudies , 
the o n l y p r a c t i c a l means left for better e s t i m a t i n g 
w h e t h e r th i s res torat ion w i l l succeed is t h r o u g h 
e x p e r i m e n t a l releases and f o l l o w - u p m o n i t o r i n g ; b) 
C o n s i d e r i n g the h i g h e n v i r o n m e n t a l benefits f r o m a 
successful res torat ion , the es t imated leve l o f r i s k is 
j u d g e d f u l l y acceptable ; and c) Regardless o f o u t 
c o m e , such e x p e r i m e n t a t i o n w o u l d p r o v i d e i m p o r 
tant sc ient i f ic i n f o r m a t i o n for res torat ion efforts i n 
genera l ; a n d , s h o u l d released a n i m a l s f a i l to sus ta in 
themselves , hab i ta t d e f i c i e n c i e s - apparent ly not 
present 70 years a g o - c o u l d be i d e n t i f i e d . 

Proposed experimental restoration 
I n 1996 the N C C C prepared a draft strategy for 
e x p e r i m e n t a l release o f c a r i b o u u n d e r a set o f b r o a d 
g u i d e l i n e s : 
a) S tock for release s h o u l d come f r o m one or m o r e 

f r e e - l i v i n g c a r i b o u p o p u l a t i o n whose habi tat is 
c losely s i m i l a r to the B W C R , a n d preferably that 
has been exposed to some p r e d a t i o n ; 

b) M u l t i p l e releases s h o u l d be m a d e over 3 years, 
i n v o l v i n g u p to 2 0 m a t u r e cows a n d 5 m a t u r e 
b u l l s each year; a n d 
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c) W i t h i n and a m o n g years, releases s h o u l d be 
spaced w i d e l y , w i t h no more t h a n 4 - 6 a n i m a l s 
released at any one locale. 

Source of animals for release 

T h e most reasonable source o f w o o d l a n d c a r i b o u for 
a M i n n e s o t a release is f r o m the Slate Is lands, 
O n t a r i o , a n isolated archipe lago i n n o r t h e r n L a k e 
S u p e r i o r ( F i g . 1, inset) . E i t h e r the N C C C w o u l d 
f o r m a l l y request a d o n a t i o n o f Slate-Is lands c a r i b o u 
f r o m the O n t a r i o g o v e r n m e n t , or, m o r e l i k e l y , such 
a request w o u l d be made b y an agency o f the U n i t e d 
States g o v e r n m e n t . N C C C B o a r d m e m b e r , H . R . 
T i m m e r m a n n (pers. c o m m . , 1996) , a former 
O n t a r i o N a t u r a l Resources b i o l o g i s t , believes th is 
w o u l d be acceptable because the Slate-Is lands p o p u 
l a t i o n has l o n g been j u d g e d too n u m e r o u s for its 
forage resources (Euler et al., 1976) . 

I n w i n t e r 1 9 9 4 - 9 5 , 2-3 wolves d ispersed to the 
Slate Islands where wolves had not p r e v i o u s l y been 
k n o w n ( E u l e r et al., 1976) . F o r 1 or 2 years these 
wolves repor ted ly preyed heavi ly o n c a r i b o u , par
t i c u l a r l y calves. H o w e v e r , after w i n t e r 1 9 9 5 - 9 6 , 
none were seen there ( B i l l D a l t o n , pers c o m m . ) . 
T h u s , b e i n g exposed to w o l f p r e d a t i o n s h o u l d have 
i m p r o v e d the a d a p t a b i l i t y o f Slate-Is lands c a r i b o u 
for the B W C R e n v i r o n m e n t , b u t t h e n the s u b 
sequent disappearance o f wolves s h o u l d lead to the 
prev ious c i r cumstance o f over-abundance , hence the 
reasonableness of this h e r d b e i n g a source o f stock. 

Because c a r i b o u on the Slate Is lands have most 
l i k e l y been genet i ca l ly i so lated, at least since 1907 
( E u l e r et al., 1976) , the p o p u l a t i o n m a y n o w be 
i n b r e d . To insure satisfactory genet ic d i v e r s i t y i n 
the B W C R , c a r i b o u stock f r o m elsewhere s h o u l d be 
a d d e d . Poss ib le m a i n l a n d sources for this i n c l u d e 
the L a k e N i p i g o n - A r m s t r o n g h e r d , O n t a r i o , or, less 
l i k e l y , the Sasaginnigak L a k e p o p u l a t i o n i n s o u t h 
eastern M a n i t o b a , since that herd was recent ly g i v e n 
endangered status (V.F . J . C r i c h t o n , M a n i t o b a 
M i n i s t r y o f N a t u r a l Resources, pers. c o m m . ) . 

I n m a k i n g the request to O n t a r i o for a d o n a t i o n 
of a n i m a l s , i t w o u l d be argued that restorat ion o f 
c a r i b o u i m m e d i a t e l y s o u t h o f Q u e t i c o P r o v i n c i a l 
P a r k s h o u l d serve to create a new p o p u l a t i o n w i t h i n 
O n t a r i o as w e l l , since some a n i m a l s w o u l d u n 
d o u b t e d l y disperse across the border. T h i s is also i n 
l i n e w i t h the current p r o v i n c i a l c o m m i t m e n t to 
protect c a r i b o u i n nor thwestern O n t a r i o (Racey & 
A r m s t r o n g , 1996) , as reflected the p o l i c y statement : 
" . . th i s can be achieved b y s u p p l e m e n t i n g s m a l l 
e x i s t i n g p o p u l a t i o n s a n d e s t a b l i s h i n g new ones i n 
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areas o f former range, where they c o u l d be self-

s u s t a i n i n g , t h r o u g h re locat ion o f a n i m a l s . " ( D a r b y 

etal, 1989) . 

Capture and release 
C a r i b o u c o u l d be captured o n the Slate Islands i n 
box traps or by n e t t i n g o f s w i m m i n g a n i m a l s f r o m a 
boat ( T i m m e r m a n n , 1985) . C a p t u r e d a n i m a l s 
w o u l d be t r a n q u i l i z e d a n d , as soon as p r a c t i c a l , 
t ranspor ted by float p lane d i r e c t l y to the release 
sites. F o r capture o f adul ts o n the m a i n l a n d , proce
dures w o u l d be u n d e r advisement o f O n t a r i o or 
M a n i t o b a b i o l o g i s t s , w h o have recent ly h a d g o o d 
success w i t h h e l i c o p t e r - n e t g u n s (Carpenter & Innes, 

1995) . 
F o r i m p o r t i n g a n i m a l s f r o m C a n a d a , a p r o l o n g e d 

q u a r a n t i n e m i g h t be r e q u i r e d by the U . S . 
D e p a r t m e n t o f A g r i c u l t u r e . H o w e v e r , a w a i v e r 
w o u l d be requested o n the basis that c a r i b o u i n 
n o r t h w e s t e r n O n t a r i o or southeastern M a n i t o b a 
were u n q u e s t i o n a b l y c o n t i g u o u s w i t h those present 
i n M i n n e s o t a just 6 0 years ago, or those that appa
r e n t l y dispersed f r o m O n t a r i o i n t o northeastern 
M i n n e s o t a just 20 years ago ( M e c h et al., 1982) . It is 
s i m i l a r to the ca r i bou-r es tor a t i on project i n 
W a s h i n g t o n state where a n i m a l s were i m p o r t e d 
f r o m B r i t i s h C o l u m b i a w i t h o u t a q u a r a n t i n e -
h o l d i n g r e q u i r e m e n t ( U . S . F i s h & W i l d l i f e Service, 
1996) . A p p a r e n t l y a s i m i l a r agreement was reached 
b y the U . S . F i s h a n d W i l d l i f e Service for the recent 
" h a r d release" o f wolves f r o m western C a n a d a i n t o 
Idaho. F u r t h e r m o r e , w h e n moose f r o m O n t a r i o 
were used for res torat ion i n t o U p p e r M i c h i g a n i n 
1 9 8 5 , each a n i m a l was treated w i t h a n t i b i o t i c s 
against bacter ia l i n f e c t i o n a n d i v e r m e c t i n against 
nematodes and t i c k s ( S c h m i t t & A h o , 1988) . B l o o d 
was s a m p l e d to test for a w i d e var ie ty pathogens 
considered t h r e a t e n i n g to l i v e s t o c k . T h u s , after 
release, any a n i m a l f o u n d p o s i t i v e for a threa ten i ng 
p a t h o g e n c o u l d be relocated a n d des t royed, since a l l 
were r a d i o - c o l l a r e d - as w o u l d be the case for a l l 
releases i n this pro ject . 

T r a n s p o r t i n g o f c a r i b o u to release sites w i t h i n the 
roadless B W C A W w o u l d be p r a c t i c a l o n l y by float 
p lane . Because l a n d i n g planes is c u r r e n t l y p r o h i b i 
ted i n the B W C A W , a waiver w o u l d be needed f r o m 
the U . S . Forest Service. S h o u l d a w a i v e r for float
p lane l a n d i n g (or q u a r a n t i n e - h o l d i n g ) be d e n i e d , 
t h e n release just across the border i n C a n a d a w o u l d 
be cons idered. I n an eco log ica l sense, th is w o u l d be 
l i t t l e di f ferent f r o m a release i n M i n n e s o t a . H o w 
ever, were a l l releases made i n C a n a d a , the a b i l i t y to 
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attract needed p u b l i c a n d financial s u p p o r t c o u l d be 
cons iderab ly reduced i n M i n n e s o t a a n d elsewhere i n 
the U . S . 

To p r o v i d e some re la t ive ly s h o r t - t e r m p r o t e c t i o n 
f r o m the m e n i n g e a l w o r m , a l l a n i m a l s released or 
recaptured w o u l d be treated w i t h the a n t i - h e l m i n t h 
d r u g , i v e r m e c t i n , i n the f o r m of a slow-release 
i m p l a n t that s h o u l d be effective for over a year. 
W h i l e such t e c h n o l o g y h a d not been i n v e s t i g a t e d at 
the t i m e of th i s report , a consul tant v e t e r i n a r i a n (T. 
K r e e g e r , pers. c o m m . ) i n d i c a t e d that i t s h o u l d be 
feasible. 

Monitoring and research 
F o r c o m p r e h e n s i v e m o n i t o r i n g , a l l e x p e r i m e n t a l l y 
released c a r i b o u w o u l d be e q u i p p e d w i t h h i g h l y 
dependable radio t ransmit ters . These w o u l d be 
e q u i p p e d w i t h a m o r t a l i t y - m o d e f u n c t i o n that per
m i t s r a p i d l o c a t i o n of n e w l y dead a n i m a l s to deter
m i n e cause of death. S u c h m o n i t o r i n g s h o u l d c o n 
t i n u e at for least a decade after the last releases to 
d o c u m e n t not o n l y s u r v i v a l and m o r t a l i t y of re
leased a n i m a l s , b u t also the i r r e p r o d u c t i v e success 
a n d t h e i r seasonal use of the landscape. 

M o n i t o r i n g r a d i o - m a r k e d large m a m m a l s i n 
remote regions has i n the past i n v o l v e d p e r i o d i c 
re loca t ion b y searching for t r a n s m i t t e r s ignals f r o m 
a s m a l l aircraft , w i t h m a x i m u m range o f recept ion 
genera l ly < 25 k m . Disadvantages o f th i s m e t h o d 
i n c l u d e cost o f f requent flights, i n t e r r u p t i o n s by 
bad weather, and general i n a b i l i t y to account for 
i n d i v i d u a l s that disperse far f r o m the s t u d y r e g i o n . 
A d v a n t a g e s are re la t ive ly l o w e r cost o f e q u i p m e n t , 
g o o d p r e c i s i o n i n locat ions , and o p p o r t u n i t i e s for 
d i rec t observat ion . A newer system i n v o l v e s s ignals 
f r o m t ransmit ters b e i n g received b y satel l i tes a n d 
t h e n f o r w a r d e d as g r o u n d - l o c a t i o n p o i n t s to the 
invest igator . L o c a t i o n a l p r e c i s i o n w i t h th is sys tem 
is o n l y w i t h i n a few k m , b u t i t has the advantage of 
g i v i n g readings at a prescr ibed i n t e r v a l so, r egard
less of flying weather, m o r t a l i t y i n f o r m a t i o n is r e g u 
lar ly avai lab le . A l s o , regardless of h o w far some a n i 
mals m a y m o v e , they can always be located. 
A l t h o u g h e q u i p m e n t a n d satel l i te charges m a k e 
te lemetry costs h igher , th i s is p a r t l y offset b y great
l y reduced flying costs. A more recent a n d q u i t e 
expensive system is based o n G e o g r a p h i c 
P o s i t i o n i n g Sys tem ( G P S ) t echnology : the animal ' s 
radio a u t o m a t i c a l l y accumulates i n f o r m a t i o n that is 
received f r o m satellites a n d t h e n is conver ted i n t o 
precise l o c a t i o n coordinates . T h e a n i m a l is p e r i o d i 
ca l ly located by direct telemetry, u s u a l l y f r o m a 
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s m a l l p l a n e , a n d , u p o n r a d i o - i n t e r r o g a t i o n , the c o l 
lar t ransmi ts the stored l o c a t i o n data ( M o e n et al., 
1997) . T h i s s y s t e m provides the m o s t precise loca 
t i o n data ; however , o f greater i m p o r t a n c e i n a 
res torat ion e x p e r i m e n t is h a v i n g r a p i d access to 
m o r t a l i t y i n f o r m a t i o n and k n o w l e d g e of a n i m a l s 
m o v i n g far f r o m the s t u d y r e g i o n , as w i t h the satel
l i t e sys tem. 

To m o n i t o r r e p r o d u c t i o n , each m a r k e d c o w 
w o u l d be located for direct observa t ion d u r i n g late 
s p r i n g a n d a g a i n i n late s u m m e r to d e t e r m i n e b i r t h 
a n d subsequent early s u r v i v a l o f a calf. T h i s w o u l d 
i n i t i a l l y be f r o m the air for a genera l locale , 
f o l l o w e d b y r a d i o - t r a c k i n g o n the g r o u n d or f r o m 
canoes i n the k n o w n v i c i n i t y of each rad ioed cow. 

F o r e v a l u a t i n g the p o p u l a t i o n over a suff ic ient 
t i m e span, a sample of o f f s p r i n g s h o u l d be r a d i o -
c o l l a r e d d u r i n g the decade o f c o n t i n u e d m o n i 
t o r i n g . U n d e r B W C A W and Q u e t i c o regula t ions , 
such capture w o u l d be most p r a c t i c a l f r o m canoes. 
F r o m m i d - s p r i n g i n t o s u m m e r , locat ions of k n o w n 
radioed cows w i t h calves w o u l d be i d e n t i f i e d ; t h e n 
such a n i m a l s , p r e s u m a b l y o n i s lands or a l o n g lake 
shores, w o u l d be radio - loca ted b y a canoe party. I f 
t e l e m e t r y l o c a t i o n f r o m the water p r o v e d d i f f i c u l t , 
the search c o u l d be a i d e d b y c o m m u n i c a t i o n w i t h 
a i r b o r n te lemetry operators. T h e a n i m a l p a i r w o u l d 
be p u r s u e d o n foot i n t o the water , where the ca l f 
w o u l d be h a n d - c a p t u r e d f r o m a canoe, as done 
elsewhere f r o m m o t o r boats ( T i m m e r m a n n , 1985) , 
a n d t o w e d to shore for process ing ; i m m o b i l i z a t i o n 
s h o u l d not be necessary. 

Developing agency and public support for 
caribou restoration 
Legal status of caribou 
F o r M i n n e s o t a , the w o o d l a n d c a r i b o u is surely a 
species i n jeopardy, h a v i n g c o m p l e t e l y disappeared 
some 55 years ago. H o w e v e r , s ince there were no 
a n i m a l s extant i n 1 9 7 3 w h e n the U . S . E n d a n g e r e d 
Species A c t t o o k effect, this species is not u n d e r 
m a n d a t e to be l i s t e d . I n contrast , c a r i b o u i n 
W a s h i n g t o n a n d Idaho are " e n d a n g e r e d , " since a 
few a n i m a l s were s t i l l present i n the 1970s. I n 
M i n n e s o t a , any a n i m a l s released for restorat ion 
w o u l d be classif ied as " e x p e r i m e n t a l " u n d e r p r o v i 
sions o f the E n d a n g e r e d Species A c t ; th is c i r c u m 
vents r e s p o n d i n g to federal r e g u l a t i o n s r e q u i r i n g 
special p r o t e c t i o n or habi tat enhancement o n p u b l i c 
lands . F o r a res torat ion, the incons i s tency of not l i s 
t i n g l o c a l l y e x t i r p a t e d species has m i x e d i m p l i -

Rangifer, Specia l Issue N o . 10, 1998 



cat ions . C a r i b o u have no federal status i n M i n n e 
sota, so i t w o u l d be less c o m p l i c a t e d for b o t h state 
a n d federal agencies, since they w o u l d not be faced 
w i t h constraints a n d expendi tures associated w i t h a 
l i s ted species. O n the other h a n d , there is no l e g a l 
mandate for agencies to w o r k towards res torat ion of 
a n o n - l i s t e d species. 

Partnerships and support 
Today the p r i m a r y effort towards c a r i b o u restora
t i o n i n the B W C R has m o v e d f r o m research o n eco
l o g i c a l f e a s i b i l i t y to b u i l d i n g of par tners h ips for 
g o v e r n m e n t a l agreements and p u b l i c s u p p o r t . F i r s t , 
a m o n g k e y agencies, the M i n n e s o t a D N R a n d the 
Super ior N a t i o n a l Forest m u s t consent to r e s t o r i n g 
c a r i b o u to the B W C R . T h e n the P r o v i n c e o f 
O n t a r i o w o u l d h o p e f u l l y agree to c o n t r i b u t e the 
c a r i b o u stock. C o n c o m i t a n t p e r m i t s f r o m federal 
agencies are needed for i m p o r t a t i o n o f w i l d a n i m a l s . 
In p a r a l l e l , a major p r o g r a m w i l l be u n d e r t a k e n to 
i n f o r m the p u b l i c a n d to seek p o l i t i c a l a n d f u n d i n g 
suppor t f r o m a d i v e r s i t y o f sources. H i g h a m o n g 
such groups are N a t i v e A m e r i c a n s o f the r e g i o n , 
w h o are cons idered partners i n the c a r i b o u restora
t i o n , since th is a n i m a l was an i m p o r t a n t c o m p o n e n t 
of the i r e n v i r o n m e n t p r i o r to E u r o p e a n se t t lement . 

D e t a i l e d p l a n n i n g for the restorat ion a n d m o n i 
t o r i n g w o u l d be d i rec ted by a f u l l - t i m e coordinator . 
State and federal f u n d i n g w o u l d be s o u g h t , p a r t i c u 
lar ly since c a r i b o u restorat ion w o u l d c o n f o r m w i t h 
respons ib i l i t i es under current pol i c ies for p r o t e c t i o n 
a n d restorat ion of natura l b i o d i v e r s i t y a n d endange
red species o n p u b l i c lands. A t the same t i m e , due 
to u n c e r t a i n t y about state or federal f u n d i n g , the 
N C C C w i l l v i g o r o u s l y seek f inanc ia l s u p p o r t a n d 
vo lunteer h e l p f r o m the p r i v a t e sector. 

Issues of possible concern by government or private interests 
W h i l e a f o r m a l announc ement , a l o n g w i t h d e t a i l e d 
p u b l i c i n f o r m a t i o n about the proposed res torat ion, 
has not been released by the N C C C , some reports 
have appeared i n the m e d i a , and relevant agencies 
have been k e p t abreast t h r o u g h p a r t i c i p a t i o n o n the 
N C C C board . T h e points that f o l l o w are not i n 
response to any f o r m a l statements f r o m g o v e r n m e n t 
or pr ivate sources, b u t they d o address quest ions 
that have been i n f o r m a l l y raised or m a y be as p l a n 
n i n g proceeds: 

a) T i m b e r harvest: U n o f f i c i a l c o m m e n t s f r o m 
leaders w i t h i n the M i n n e s o t a t i m b e r i n d u s t r y 
suggest there is fear that habi tat p r o t e c t i o n for 
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restored c a r i b o u m a y e n t a i l restr ict ions o n t i m 
ber harvest , p a r t i c u l a r l y w i t h i n the S u p e r i o r 
N a t i o n a l Fotest . U n l i k e p o t e n t i a l conf l i c t bet
w e e n the forest i n d u s t r y and c a r i b o u manage
m e n t i n n o r t h w e s t e r n O n t a r i o (Racey & 
A r m s t r o n g , 1996) , th is fear has no basis. A i l -
t h o u g h release sites w o u l d be w i t h i n the 
S u p e r i o r N a t i o n a l Forest , a l l these sites p lus the 
r e g i o n i n w h i c h c a r i b o u c o u l d survive are m a n 
aged e n t i r e l y as wi lderness - o n b o t h sides o f the 
border : thus there c o u l d be no l o g g i n g or o p p o r 
t u n i t y for l o g g i n g w i t h i n the B W C R . F u r t h e r 
m o r e , the N C C C surveys clearly i n d i c a t e that , 
were c a r i b o u to disperse f r o m the B W C R i n t o 
areas o f m a n a g e d forests i n ei ther M i n n e s o t a or 
O n t a r i o , the i r s u r v i v a l w o u l d be i n jeopardy 
f r o m the m e n i n g e a l w o r m ( P i t t & J o r d a n , 1995) 
rather t h a n f r o m any possible t i m b e r pract ice . 
C o n s e q u e n t l y i t is not possible to foresee any 
a l t e r a t i o n o f t imber -harves t regula t ions regard
less o f where released c a r i b o u m a y wander . 

b) T o u r i s m I n d u s t r y : M a n y resort owners a n d o u t 
fitters i n n o r t h e r n M i n n e s o t a are a l i g n e d w i t h 
g r o u p s opposed to a l m o s t any g o v e r n m e n t r e g u 
la t ions o f n a t u r a l resources or w i l d l a n d uses. In 
the case of c a r i b o u w i t h i n the B W C R , however , 
a successful restorat ion s h o u l d have n o t h i n g but 
p o s i t i v e effects u p o n t o u r i s m . There w o u l d be 
no res tr ic t ions whatsoever u p o n tour ism's cur 
rent operat ions , w h i l e restorat ion o f a nat ive 
large m a m m a l s h o u l d m a r k e d l y increase the 
attractiveness o f these areas to canoeists. H e n c e , 
i f a n y t h i n g , t o u r i s m - r e l a t e d businesses s h o u l d 
be i m p r o v e d by successful e s tab l i shment o f c a r i 
b o u i n the b o u n d a r y waters country . 

c) Sport H u n t i n g : C o n c e r n that presence o f c a r i 
b o u m i g h t restr ict l ega l h u n t i n g w i t h i n the 
B W C R is w i t h o u t basis. F i r s t , current h u n t i n g 
i n that p o r t i o n o f the B W C A W is e x t r e m e l y 
l o w , since access requires at least 1 day of ca
n o e i n g a n d p o r t a g i n g . Second, since the l e g a l , 
large g a m e , deer a n d moose, are re la t ive ly 
sparse, the area offers l i t t l e a t t r a c t i o n to m o s t 
hunters , even those w i l l i n g to deal w i t h the w i l 
derness chal lenge . A n d , t h i r d , those few hunters 
w h o d o venture far i n t o such wi lderness tend to 
be e n v i r o n m e n t a l l y k n o w l e d g e a b l e , hence 
w o u l d be sensit ive to poss ib le d i s t u r b a n c e of 
c a r i b o u , perhaps even more t h a n m a n y n o n -
h u n t e r canoeists i n s u m m e r . F u r t h e r m o r e , any 
r e d u c t i o n o f ei ther deer or moose b y h u n t i n g 
w i t h i n the greater r e g i o n w o u l d be i n the best 
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interests of c a r i b o u , as i t w o u l d reduce b o t h the 
m e n i n g e a l w o r m and the q u a n t i t y o f prey for 
w o l v e s . F i n a l l y , there are g o o d i n d i c a t i o n s that 
M i n n e s o t a h u n t i n g groups w i l l s u p p o r t the 
r e t u r n of c a r i b o u , not as a fu ture g a m e a n i m a l , 
b u t s i m p l y to restore a nat ive large m a m m a l , 

d) T h e M i n n e s o t a D e p a r t m e n t of N a t u r a l 
Resources: T h e D N R a d m i n i s t e r s s tatewide p r o 
g rams for n o n - g a m e , natura l her i tage , sc ient i f ic 
and n a t u r a l areas, and endangered species. 
M i n n e s o t a ranks h i g h a m o n g U . S . states i n the 
scope a n d effectiveness o f conservat ion p r o 
g r a m s . A t the same t i m e , the D N R has i n d i c a 
ted s ign i f i cant reservations about c a r i b o u resto
ra t ion . T h i s hesi tancy m a y reflect one or m o r e of 
the f o l l o w i n g : 

i) Some D N R b io log is t s feel that chances o f resto
r a t i o n are poor , a n d a fa i led a t t e m p t , even i f 
i d e n t i f i e d as a necessary e x p e r i m e n t , w o u l d 
reflect b a d l y u p o n that d e p a r t m e n t despite the 
current i n i t i a t i v e b e i n g o f p r i v a t e o r i g i n . 
C i t i z e n s can a n d do m i s t a k e n l y associate the 
c a r i b o u i n i t i a t i v e as o r i g i n a t i n g w i t h the D N R 
rather t h a n the N C C C . 

i i ) In 1979 a c a r i b o u restorat ion i n i t i a t i v e b y the 
D N R was based o n the a s s u m p t i o n that rear ing 
a nursery h e r d was necessary (see " . .recent resto
r a t i o n s t u d y . . " above), and f u n d i n g for th is 
c o u l d not be raised. T h e D N R t h e n r e m o v e d 
c a r i b o u restorat ion f r o m its agenda, perhaps 
re f lec t ing f rus t ra t ion over h a v i n g n o t h i n g to 
show for a considerable i n v e s t m e n t . 

i i i ) A s m a l l herd of i n t r o d u c e d e l k or w a p i t i (Cervus 
elaphus), o r i g i n a t i n g 100 years ago w i t h a trans
p l a n t f r o m Y e l l o w s t o n e N a t i o n a l P a r k i n t o 
Itasca State P a r k i n n o r t h w e s t e r n M i n n e s o t a , 
subsequent ly m o v e d i n t o f a r m l a n d . These a n i 
mals have caused m i n o r b u t conspicuous d a m 
ages that have led to a n n o y i n g p o l i t i c a l p r o 
b l e m s for the D N R . Such experience leaves the 
D N R less t h a n enthusiast ic for e x p e r i m e n t i n g 
w i t h another u n g u l a t e res torat ion, even t h o u g h 
c a r i b o u are never l i k e l y to disperse i n t o f a r m 
areas. 

iv) W i t h f u n d i n g p r o b l e m s t y p i c a l o f most state 
agencies, the D N R assumes that l o n g - t e r m 
m a n a g e m e n t of a poss ib le c a r i b o u p o p u l a t i o n 
w o u l d become the ir respons ib i l i ty , regardless of 
the future role of the N C C C . H o w e v e r , a resto
red c a r i b o u p o p u l a t i o n s h o u l d require m i n i m a l 
m a n a g e m e n t expendi ture . T h e species w o u l d 
not be l i s ted as endangered (see " D e v e l o p i n g 

agency a n d p u b l i c . " above), hence no hab i ta t 
a t t e n t i o n w o u l d be r e q u i r e d . I n a d d i t i o n , even i f 
d e s i r e d , no habi ta t m a n i p u l a t i o n s c o u l d be done 
because c a r i b o u w o u l d be w i t h i n d e s i g n a t e d 
wi lderness areas. A l s o , as discussed above, there 
w o u l d be no h u n t i n g to a d m i n i s t e r . 
A d m i n i s t r a t i v e costs s h o u l d be c o n f i n e d to 
r e p o r t i n g whether the p o p u l a t i o n is p e r s i s t i n g 
or not . D a t a for th is m i g h t w e l l come f r o m a 
sys temat ic i n d e x generated v o l u n t a r i l y b y a 
n o n - g o v e r n m e n t a l o r g a n i z a t i o n that s o l i c i t e d 
and s u m m a r i z e d canoeists ' s i g h t i n g s o f c a r i b o u . 

O n the other h a n d , the M i n n e s o t a D N R has 
c o n t r i b u t e d extens ive ly to res torat ion o f the 
peregr ine fa lcon (Falco peregrinus) a n d the t r u m 
peter swan (Cygnus buccinator); i t has an act ive 
p r o g r a m o f r e t u r n i n g r iver otters (Lutra canaden
sis) to regions f r o m w h i c h e x t i r p a t e d ; and i n 
1993 the agency ser iously considered re leas ing 
w o l v e r i n e s (Gulo gulo), another species l o n g 
absent f r o m the state. I n a report o f the 
M i n n e s o t a E n d a n g e r e d Species T e c h n i c a l 
A d v i s o r y C o m m i t t e e ( C o f f i n & P f a n n m u l l e r , 
1988) , w o o d l a n d c a r i b o u are l i s ted as o f "spec ia l 
c o n c e r n , " b u t i t is stated that , " T h e d i f f i cu l t i es 
inherent i n m a i n t a i n i n g a p e r m a n e n t p o p u l a 
t i o n of c a r i b o u i n M i n n e s o t a m u s t be addressed 
before any serious cons idera t ion i s ' g i v e n to réin
t r o d u c t i o n . . " T h e N C C C believes i t has n o w 
addressed these concerns, 

e) T h e Super ior N a t i o n a l Forest: In genera l , U . S . 
Forest Service g u i d e l i n e s ca l l for restorat ion of 
na tura l b i o d i v e r s i t y and a natural-resource 
m a n a g e m e n t approach based o n ecosystem p r i n 
c iples . I n the m o s t recent p l a n for the Super ior 
N a t i o n a l Forest ( U . S . Forest Service, 1986) , 
w o o d l a n d c a r i b o u are l i s ted as a species of " c o n 
c e r n ; " also i n the p l a n is the statement, 
" R e i n t r o d u c t i o n o f nat ive species is desirable 
and acceptable . " 

H o w e v e r , adminis t ra tors of th is Forest have 
been re la t ive ly neutra l towards b r i n g i n g c a r i b o u 
back. T h e y m a y be concerned that establ ish
m e n t o f c a r i b o u i n the B W C A W m i g h t lead to 
r e c o m m e n d a t i o n s for r e d u c i n g c a m p g r o u n d s or 
v i s i t o r n u m b e r s . S u m m e r usage is already so 
great that reservations for entry are r e q u i r e d . 
T h e p l a n prepared b y N C C C does not r e c o m 
m e n d any change i n v i s i t o r pol icy . 

O n the other h a n d , successful restorat ion of 
c a r i b o u w i t h i n the Super ior N a t i o n a l Forest 
w o u l d attract nat iona l a t t en t ion to that forest's 
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e n v i r o n m e n t a l a c c o m p l i s h m e n t s . It w o u l d also 
a d d a new d i m e n s i o n to the experience o f v i s i 
tors i n the B W C A W . I n Idaho and W a s h i n g t o n , 
close cooperat ion by the U . S . Forest Service i n 
interagency p r o g r a m s for c a r i b o u res torat ion has 
c o n t r i b u t e d p o s i t i v e l y to the i m a g e o f that 
agency. 

d) N a t i v e A m e r i c a n s : Several bands o f N a t i v e 
A m e r i c a n s reside i n northeastern M i n n e s o t a . I n 
recent years, nat ive peoples have deve loped a 
renewed interest i n the fauna present before 
Europeans so t h o r o u g h l y al tered the i r h o m e 
r e g i o n . W h i l e N C C C has a representat ive f r o m 
one b a n d on its b o a r d , de ta i l ed discuss ions w i t h 
r e g i o n a l tr ibes need to be e x p a n d e d . It is the 
i n t e n t i o n of N C C C to ac t ive ly i n v o l v e N a t i v e 
A m e r i c a n s i n the process of r e s t o r i n g an i m p o r 
tant a n i m a l that was once part t h e i r w i l d l i f e 
her i tage. 

Summary and conclusions 
A t h o r o u g h feas ib i l i ty analysis for res torat ion of 
w o o d l a n d c a r i b o u to the B o u n d a r y W a t e r s C a r i b o u 
R e g i o n of M i n n e s o t a and O n t a r i o has been carr ied 
out . T h e N o r t h C e n t r a l C a r i b o u C o r p o r a t i o n be
lieves that an e x p e r i m e n t a l release of w o o d l a n d car i 
b o u i n M i n n e s o t a is jus t i f ied based o n t w o general 
c r i t e r ia : a) Its comprehens ive assessment indicates a 
reasonable chance for successful res torat ion ; a n d b) 
T h e va luable e n v i r o n m e n t a l benefits f r o m successful 
restorat ion of c a r i b o u to the B o u n d a r y W a t e r s re
g i o n c lear ly o u t w e i g h the uncerta int ies s u r r o u n d i n g 
this p r o p o s a l . 
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Abstract: W h e n W a b a k i m i Wilderness Park was created in 1983, conservation of woodland caribou (Rangifer tarandus 
caribou) was one of the primary considerations. Twelve years later, in A p r i l 1995, the Governmenr of Onrario announ
ced that the Patk, measuring some 155 000 ha, was to be expanded into a ca. 890 000 ha prorected area. This was done 
fol lowing 2.5 yr of deliberations of the W a b a k i m i Park Boundary Committee. The Committee tried to reach consensus 
on an expanded protected area by examining a variety of options i n terms of criteria related to a range of key values, one 
of which was woodland caribou. The analysis procedure involved d i v i d i n g the 1 .25-mil l ion-ha study area into mote 
than sixty "assessment units". These were defined pr imari ly on the basis of approximate sub-watershed boundaries. 
Each assessment unit was tanked on a five-level scale w i t h respect to goodness for each value, inc luding seasonal caribou 
habitat. High-value habitats fot winter ing, calving, and migrat ion dominated the assessment of habitat importance fot 
caribou.The ini t ia l assessment phase included six park expansion concepts ranging in size from just over 200 000 ha to 
about 1 m i l l i o n ha. One of the concepts (about 750 000 ha), was based specifically on the catibou value. In the second 
phase, four refined options wete examined, ranging from just under 600 000 to roughly a m i l l i o n ha. T w o additional 
options were added to the fout and submitted to the Ontario M i n i s t r y of N a t u r a l Resources for consideration. The 
Committee was, in the end, unable to reach f u l l consensus on which of the final options to recommend. However, upon 
consideration of the Committee's final report and other input , the Ontario Government announced i n A p r i l 1995 the 
more than five-fold expansion. The new prorecred area contains about 475 000 ha of high-value caribou habitat. 
Cat ibou were a key value i n determining both the ultimate size and configuration of the expansion. 

K e y w o r d s : Rangifer tarandus caribou, p a r k s , boreal forest, C a n a d a , c a r i b o u habi ta t . 
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Introduction 
N a t u r a l resources d e c i s i o n - m a k i n g w o r k s best w h e n 
i t is c o m p r i s e d of a p r o d u c t i v e b l e n d o f r a t i o n a l ana
lysis a n d b o u n d e d p o l i t i c s (Lee, 1993) . A n a l y s i s for 
d e c i s i o n - m a k i n g n o r m a l l y consists o f a p r o t o c o l 
i n c l u d i n g : (a) i d e n t i f i c a t i o n of c r i t e r i a a n d i n d i c a 
tors b y w h i c h p o t e n t i a l so lut ions are to be j u d g e d ; 
(b) c reat ion o f a l ternat ive p o t e n t i a l s o l u t i o n s ; (c) 
p r e d i c t i o n of the state of each i n d i c a t o r u n d e r 
i m p l e m e n t a t i o n o f each al ternat ive s o l u t i o n ; a n d (d) 
e v a l u a t i o n of a l ternat ive solut ions i n terms of the 
p r e d i c t i o n s ( D u i n k e r & B a s k e r v i l l e , 1986) . 
Se lec t ion and i m p l e m e n t a t i o n of a preferred a l terna
t ive s o l u t i o n t h e n f o l l o w . 

I n 1992 , the O n t a r i o M i n i s t r y of N a t u r a l 
Resources ( O M N R ) establ ished a p u b l i c advisory 
c o m m i t t e e - the W a b a k i m i P a r k B o u n d a r y 
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C o m m i t t e e ( W P B C ) - to review the b o u n d a r y of 
W a b a k i m i P r o v i n c i a l P a r k , located a few h u n d r e d 
k i l o m e t r e s n o r t h of T h u n d e r Bay , a n d r e c o m m e n d 
i m p r o v e m e n t s to that boundary . T h e C o m m i t t e e 
engaged i n a 2 . 5 - y r process that i n c l u d e d b o t h t ech
n i c a l analysis a n d consensus b u i l d i n g . I n the t ech
n i c a l analysis , e leven values (criteria) were chosen 
for e v a l u a t i o n of b o u n d a r y - e x p a n s i o n al ternat ives . 
A m o n g the e leven values was hab i ta t for w o o d l a n d 
c a r i b o u - Rangifer tarandus caribou. E a r l y i n the p r o 
cess, the W P B C m e m b e r s agreed that i t was one of 
the h ighest p r i o r i t y values to consider , not o n l y i n 
its o w n r i g h t b u t also because i t was felt to be close
l y l i n k e d w i t h other b i o t i c values . 

T h i s paper relates h o w c a r i b o u were treated b y 
the W P B C i n a r r i v i n g at its conc lus ions about w h a t 
expansions to r e c o m m e n d . A f t e r p r e s e n t i n g b a c k -
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F i g . 1. Location of the original W a b a k i m i Park in 
Northwestern Ontario. 

grounders on b o t h the P a r k and the W P B C , we d i s 
cuss current u n d e r s t a n d i n g of the status of c a r i b o u 
i n the W a b a k i m i area. T h e n we descr ibe the assess
m e n t p r o t o c o l used for the c a r i b o u v a l u e , a l o n g 
w i t h o u r v i e w on h o w c a r i b o u in f luenced the v a r i 
ous decis ions of the W P B C . W e c o n c l u d e w i t h 
r e c o m m e n d a t i o n s for fu ture exercises that m i g h t 
need to consider c a r i b o u i n decis ions for protec ted 
areas. 

Background to the Wabakimi Wilderness 
Park 
Overview of values in the area 

T h e W a b a k i m i area ( F i g . 1) contains a var ie ty of 
u n i q u e a n d representative features - b i o t i c , p h y s i c a l , 
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a n d c u l t u r a l - that have l o n g been o f great interest 
f r o m p a r k p r o t e c t i o n and representat ion p e r s p e c t i 
ves (Lee K a m , 1993) . W o o d l a n d c a r i b o u are f o u n d 
t h r o u g h o u t most o f the area, and were one of the 

p r i m a r y considerat ions i n the e s t a b l i s h m e n t o f the 
o r i g i n a l park ( C u m m i n g , 1987) . W i n t e r habi ta t , 
c a l v i n g sites a n d s u m m e r hab i ta t are d i s t r i b u t e d 

across the landscape (see b e l o w ) . 

A var ie ty of ear th- a n d l i fe-science 
features are f o u n d i n the area. 

•*7"t'_e*» E s p e c i a l l y s ign i f i cant i n the context of 
the b o u n d a r y review were the p r o v i n c i a l l y 

s ign i f i cant m o r a i n e s , s p i l l w a y s , a n d other g l a -
c i o f l u v i a l features associated w i t h g l a c i a l L a k e 
A g a s s i z (Teller & T h o r l e i f s o n , 1983) . A l s o f o u n d i n 
the area are var ious kames , d u n e complexes , and 
peat lands. T h e area is representative o f the boreal 
forest ( R o w e , 1972) , w i t h the p r i n c i p a l tree species 
i n c l u d i n g jack p i n e (Pinus banksiana), b l a c k spruce 
(Picea mariana) a n d t r e m b l i n g aspen (Populus tremu-
loides). 

M u c h of the area has a h i s t o r y o f t r a d i t i o n a l 
A b o r i g i n a l use, w i t h one lake c o n t a i n i n g one o f the 
h ighest k n o w n concentrat ions of nat ive p i c t o g r a p h s 
i n O n t a r i o ( D e w d n e y & K i d d , 1967) . Several c o m 
m u n i t i e s s u r r o u n d a n d m a k e use of the W a b a k i m i 
area, i n c l u d i n g four F i r s t N a t i o n s a n d the hamlets 
o f A r m s t r o n g , C o l l i n s a n d Savant L a k e . 
A r m s t r o n g , southeast o f the current W a b a k i m i 
P a r k , is the largest c o m m u n i t y and is an area base o f 
operat ions for m a n y of the fly-in remote t o u r i s m 
es tabl i shments . F i s h i n g and h u n t i n g are major uses 
of the landscape f r o m b o t h recreat ional and t o u r i s m 
perspect ives . M a n y canoeists f requent the area 
because of the var ie ty and q u a l i t y of canoe ing o p p 
o r t u n i t i e s avai lable . A l t h o u g h d i f f i c u l t to quant i fy , 
the area is considered to have h i g h va lue for remote
ness and for wi lderness experiences. 

Creation of the park 
O M N R began w o r k i n g o n the concept of a large 
wi lderness park nor thwest o f A r m s t r o n g i n the 
m i d - 1 9 7 0 s , p r i m a r i l y to o b t a i n protected-area 
representat ion of S i te R e g i o n 3 W ( H i l l s , 1976) . 
T h e W a b a k i m i P a r k concept evo lved s lowly , w i t h a 
var ie ty of names: W h i t e w a t e r L a k e C a n d i d a t e 
W i l d e r n e s s A r e a , O g o k i - A l b a n y W i l d e r n e s s , a n d , 
w h e n M i n i s t e r o f N a t u r a l Resources of the day 
A l l a n P o p e a n n o u n c e d its creat ion i n 1 9 8 3 , 
W a b a k i m i P r o v i n c i a l P a r k . E v e n w i t h p a r k esta
b l i s h m e n t , there r e m a i n e d considerable p u b l i c i n t e 
rest and controversy s u r r o u n d i n g the p a r k b o u n d a -
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ry. M a n y parks advocates felt that the p a r k was 
m u c h too s m a l l to be a s e l f - r e g u l a t i n g ecosystem, 
a n d that m a n y s ign i f i cant earth and l i fe science fea
tures r e m a i n e d outs ide its boundar ies . 

Background to the Wabakimi Park Boun
dary Committee 
Rationale 
D u r i n g the past few decades, d e c i s i o n - m a k i n g i n 
natura l resources i n N o r t h A m e r i c a has been u n d e r 
g o i n g a shif t f r o m a u t h o r i t a r i a n a n d bureaucrat ic 
approaches to democra t i c and i n c l u s i v e approaches 
( Johnson & D u i n k e r , 1993) . S u c h a shif t has been 
w e l c o m e d a n d endorsed i n forest d e c i s i o n - m a k i n g 
i n O n t a r i o (e.g. , O n t a r i o Forest P o l i c y P a n e l , 1 9 9 3 ; 
K o v e n & M a r t e l , 1994) . Indeed, o u r experience is 
that the O M N R has been e m b r a c i n g such a shi f t i n 
recent years, a n d the W P B C is a p r i m e e x a m p l e . 

P a r k advocates felt that the 1983 p a r k boundar ies 
were h i g h l y inadequate because they o m i t t e d c r i t i 
ca l c a r i b o u habi ta t , i m p o r t a n t recreat ional features, 
a n d other s i g n i f i c a n t park values. R a t h e r t h a n c o n 
d u c t i n g some classic p u b l i c - c o n s u l t a t i o n hear ings 
a n d c a l l i n g i n w r i t t e n submiss ions , O M N R d e c i d e d 
to p u t the issue i n the hands o f a g r o u p o f loca l a n d 
r e g i o n a l people , careful ly selected to represent a 
w i d e range of interests i n the area. T h e W P B C was 
thus created i n fa l l 1992 . 

Mandate and membership 

T h e mandate o f the W P B C was to rev iew the exis
t i n g b o u n d a r y a n d develop a s i n g l e , consensus-
based b o u n d a r y r e c o m m e n d a t i o n to O M N R ' s 
R e g i o n a l D i r e c t o r for the N o r t h w e s t R e g i o n . 
O M N R gave the W P B C a s m a l l secretariat and 
modest b u d g e t to support its ac t iv i t i es , a n d d i d not 
cons t ra in the W P B C as to any expected m a g n i t u d e 
or o r i e n t a t i o n o f a b o u n d a r y a d j u s t m e n t . T h e 
W P B C c o m p r i s e d 16 loca l i n d i v i d u a l s represent ing 
the f o l l o w i n g interests and organizat ions : 

- F i r s t N a t i o n s (3) 
- O M N R d i s t r i c t office (1) 
- O M N R r e g i o n a l office (parks) (1) 
- tour is t outf i t ters ( f l y - i n fishing a n d h u n t i n g , a n d 

canoe ing and e c o t o u r i s m (2) 
- anglers a n d hunters (1) 
- conservat ion a n d e n v i r o n m e n t a l g r o u p s (2) 
- p r o s p e c t i n g a n d m i n i n g interests (1) 
- r u r a l c o m m u n i t y interests (2) 
- t i m b e r companies (2) 
- o u t d o o r educat ion g r o u p (1) 
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R e g i o n a l a n d p r o v i n c i a l groups d e s i r i n g p a r t i c i 
p a t i o n i n the p a r k - e x p a n s i o n discussions were enga
g e d t h r o u g h t w o w o r k s h o p s specia l ly d e s i g n e d for 
the i r i n p u t . I n a d d i t i o n , o p p o r t u n i t i e s were exten
d e d to the general p u b l i c for c o n s u l t a t i o n a n d 
i n p u t . 

Consensus-seeking deliberations 
T h e W P B C used s tandard consensus-seeking tech
niques for i ts overa l l d e c i s i o n - m a k i n g process. 
A f t e r six m o n t h s of p r e l i m i n a r y discuss ions , a f a c i l i 
tator was reta ined to m o v e the process a l o n g more 
v i g o r o u s l y w i t h o u t l o s i n g s ight of the consensus 
g o a l . M a j o r i t y votes were avo ided as m u c h as poss i 
b le , b u t were accepted as necessary w h e n stalemate 
s i tuat ions arose. V o t i n g has the advantage of e f f ic i 
ency, at the expense of effectiveness i n the sense o f 
b u y - i n b y the parties affected by decis ions . O n the 
other h a n d , consensus b u i l d i n g is r e l a t i v e l y i n e f f i c i 
ent b u t can be h i g h l y effective. T h e c o m m i t m e n t of 
W P B C m e m b e r s (and the O M N R , to its credi t ) to 
consensus was so s t r o n g that the W P B C exceeded 
its o r i g i n a l one-year deadl ine and t o o k a l m o s t 2.5 
years to reach its c o n c l u s i o n . 

Landscape assessment units 
E a r l y o n , the W P B C was c o n s i d e r i n g an u n d e f i n e d 
s tudy area o f r o u g h l y a m i l l i o n hectares s u r r o u n 
d i n g the current park o f 15 5 0 0 0 ha. W P B C m e m 
bers were h a v i n g d i f f i c u l t i e s d e a l i n g w i t h the c o m 
p l e x i t y of such a vast landscape. A c o m m o n a p p r o 
ach was needed for r e f e r r i n g to discrete p o r t i o n s o f 
the landscape, for d e f i n i n g b o u n d a r y expans ion 
al ternat ives , a n d for m a k i n g deta i led assessments o f 
w h e t h e r any p a r t i c u l a r l o c a t i o n o f the s t u d y area 
s h o u l d be w i t h i n or outs ide a park e x p a n s i o n . T h e 
g r o u p set t led on the concept of landscape assess
m e n t u n i t s ( A U s ) , def ined as s m a l l (ca. 1 0 - 5 0 t h o u 
sand ha) land/water areas that c o u l d be used for cre
a t i n g and assessing al ternat ives . F o r the m o s t par t , 
the g r o u p def ined the A U s on the basis o f s u b w a -
tersheds, t r y i n g to m a i n t a i n a reasonably consistent 
size. T h u s , A U boundar ies f o l l o w e d h e i g h t s of l a n d 
wherever possible a n d i ncor por a ted " c o m p l e t e " 
water systems. Some 65 A U s were d e l i n e a t e d ( F i g . 
2), each n a m e d a c c o r d i n g to a d o m i n a n t lake or 
river. T h e w h o l e assemblage of A U s c o m p r i s e d an 
area of over 1.2 m i l l i o n h a ( F i g . 2). 

Option development 
O p t i o n d e v e l o p m e n t began w i t h c o n s i d e r a t i o n of 
a l ternat ive park sizes and conf igura t ions g i v e n cer-
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F i g . 2. Dis t r ibut ion of 65 assessmenr units w i t h i n the 
study area of the W a b a k i m i Park Boundary 
Committee. 

t a i n c o m b i n a t i o n s of A U s . W P B C m e m b e r s q u i c 
k l y recognized the p o l i t i c a l r a m i f i c a t i o n s o f o p t i o n 
d e v e l o p m e n t . Those w h o i n i t i a l l y favoured a large 
park expans ion were anxious to see some large alter
natives d ev e lop ed and assessed, a n d were cool 
t o w a r d s m a l l opt ions . Those w h o i n i t i a l l y favoured 
a re la t ive ly s m a l l park expans ion , or no expans ion at 
a l l , were enthusias t ic about c r e a t i n g such a l t e r n a t i 
ves but were re luctant to accept more-generous 
expans ion o p t i o n s . 

W i t h t i m e , the g r o u p d e s i g n e d a set o f s ix , first-
r o u n d p a r k - e x p a n s i o n opt ions r a n g i n g i n size f r o m 
about 2 0 0 0 0 0 ha to about 1 m i l l i o n ha . These 
opt ions were cal led "protected-area concepts" , for 
t w o reasons: (a) " p r o t e c t e d " areas rather t h a n parks , 
because parks have narrow legal d e f i n i t i o n s a n d the 
W P B C was c o n s i d e r i n g a w i d e range of o p t i o n s for 
p r o t e c t i n g areas f r o m roads, l o g g i n g , m i n i n g , and 
h y d r o - e l e c t r i c d e v e l o p m e n t ; and (b) the t e r m " c o n 
cepts" was cons idered more a p p r o p r i a t e at this early 
stage of e x a m i n i n g theoret ical expansions , whereas 
" o p t i o n s " sounds more concrete a n d poss ib le . 

O n c e the s ix concepts were assessed b y the 
W P B C , discussed i n p u b l i c f o r u m s , and rev iewed 
by m e m b e r s of an i n v i t e d sc ient i f ic p a n e l , the 
W P B C proceeded to develop four c o m p o s i t e o p t i 
ons for fur ther assessment and d i s c u s s i o n . T h e four 
opt ions ranged f r o m about 5 7 0 0 0 0 h a to 1 m i l l i o n 
ha. Essent ia l ly , t w o of the smal ler expans ion c o n 
cepts were d r o p p e d , and the larger four were rede-
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s i g n e d . O n e o f the f o u r opt ions was based u p o n a 
c o m b i n a t i o n o f earth science features a n d w o o d l a n d 
c a r i b o u hab i ta t . 

A s the W P B C ' s w o r k proceeded, f u l l consensus 
o n one n e w b o u n d a r y appeared i n c r e a s i n g l y e lus ive . 
T h e W P B C was , however , able to agree on t w o 
opt ions - one was based solely o n conservat ion 
objectives (near 1 m i l l i o n hectares), a n d the other 
was a rather conservat ive o p t i o n o f a l m o s t 6 0 0 0 0 0 
hectares. T h e r e was s t r o n g consensus that the latter 
o p t i o n s h o u l d be i n c l u d e d ent i re ly i n any n e w p r o 
tected area. 

Values assessment 
I n its early w o r k , the W P B C d e c i d e d to g r o u p rele
vant area values i n t o four classes: (a) e c o l o g i c a l a n d 
watershed i n t e g r i t y ; (b) landscape d i v e r s i t y and 
natura l her i tage ; (c) recreat ion; and (d) s u s t a i n a b i l i -
ty o f social a n d e c o n o m i c benefits. W i t h t i m e , the 
four classes gave way to the f o l l o w i n g eleven basic 
values w h i c h were used to assess b o t h the first-
r o u n d concepts and the s e c o n d - r o u n d o p t i o n s : 

- A b o r i g i n a l and t r a d i t i o n a l use 
- c a n o e i n g 
- w o o d l a n d c a r i b o u habi ta t 
- c o m m u n i t y d e v e l o p m e n t values 

- C r o w n - l a n d recreat ion 
- earth-science values 
- e c o n o m i c m i ner a l s 
- l i fe-science values 

F i g . 3. Recession of the southern l i m i t of continuous dis
tr ibution of woodland caribou in Ontario since 
1880 (source: C u m m i n g & Beange, 1993). 
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- remote t o u r i s m 

- remoteness 
- t i m b e r c a p a b i l i t y 

F o r each va lue , m u c h t i m e was spent g a t h e r i n g 
basic data and i n f o r m a t i o n o n h o w the va lue was 
d i s t r i b u t e d across the s tudy area and i n each A U . I n 
some instances, new data had to be co l l ec ted . T h e n , 
m e m b e r s created schemes, i n some cases q u a n t i t a 
t i v e , for r a t i n g the i m p o r t a n c e of each A U i n terms 
of the va lue . F o r most values, a five-class sys tem 
was used, so each A U c o u l d be rated l o w , l o w -
m e d i u m , m e d i u m , m e d i u m - h i g h , or h i g h for a 
p a r t i c u l a r va lue . M a p s s h o w i n g the d i s t r i b u t i o n o f 
these classes became a v i t a l source of i n f o r m a t i o n for 
W P B C m e m b e r s d u r i n g assessment discuss ions . 
Besides the obv ious u t i l i t y of b r e a k i n g d o w n a c o m 
p l e x task i n t o m o r e manageable b i t s , the A U a p p 
roach fac i l i ta ted greater o b j e c t i v i t y i n assessing a n d 
d e b a t i n g p r i o r i t i e s for i n c l u d i n g A U s i n an e x p a n 
d e d protec ted area. 

Caribou in the Wabakimi area 
M o s t w o o d l a n d c a r i b o u i n O n t a r i o l i v e n o r t h o f the 
n o r t h e r l y extent of roads and t i m b e r h a r v e s t i n g . 
T h e o r i g i n a l W a b a k i m i P a r k (ca. 1983) lay near the 
s o u t h e r n edge o f the l ine o f c o n t i n u o u s c a r i b o u d i s 
t r i b u t i o n (F igs . 1, 3). N o n e t h e l e s s , the o r i g i n a l p a r k 
conta ined a concentra t ion o f about 175 c a r i b o u 
( B e r g e r u d , 1989) . T h e size o f the c a r i b o u p o p u l a 
t i o n w i t h i n the c o m b i n e d area o f the proposed p a r k 
expans ion a n d adjacent c a r i b o u c o n c e n t r a t i o n areas 
such as B r i g h t s a n d , Jo jo L a k e , a n d L a k e N i p i g o n 
has been es t imated at about 500 a n i m a l s (R . G o l l a t , 
pers. c o m m . , 1996) . F r a n k e l & Soule (1981) have 
i n d i c a t e d that to a v o i d poss ib le e x t i r p a t i o n due to 
i n b r e e d i n g i n the short t e r m , a m i n i m u m p o p u l a 
t i o n o f 50 b r e e d i n g animals is r e q u i r e d ; to a v o i d 
l o n g - t e r m ex t i rpat ions , a m i n i m u m of 5 0 0 bree
d i n g a n i m a l s is t h o u g h t to be r e q u i r e d . Therefore , 
despite its large size and re la t ive ly h i g h c a r i b o u 
concentrat ions , the largest poss ib le W a b a k i m i P a r k 
c o u l d be at or b e l o w the l o w e r l i m i t s o f l o n g - t e r m 
c a r i b o u v i a b i l i t y i f the p o p u l a t i o n were i so la ted . 
H o w e v e r , exchanges of genet ic m a t e r i a l m a y occur 
w i t h c a r i b o u p o p u l a t i o n s to the west , east a n d 
n o r t h . 

T h e r e are genera l ly agreed to be three c r i t i c a l 
habitats for w o o d l a n d c a r i b o u : predator-free 
spr ing/summer c a l v i n g areas, l i c h e n - r i c h w i n t e r 
range, and corr idors l i n k i n g the t w o (Racey et al., 
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1 9 9 1 ; C u m m i n g , 1992) . T h e W a b a k i m i area is par 
t i c u l a r l y w e l l e n d o w e d w i t h b o t h w i n t e r a n d s u m 
m e r habi ta ts . A n a r m of the ancestral L a k e A g a s s i z 
extended i n t o the area n o r t h o f A r m s t r o n g , l e a v i n g 
a n u m b e r of g l a c i o f l u v i a l features that cons t i tu te 
i m p o r t a n t c a r i b o u habi ta ts , i n c l u d i n g p e a t l a n d -
d u n e f i e l d complexes , o u t w a s h p l a i n s , g l a c i a l s p i l l 
ways , m o r a i n e s , eskers, a n d extensive areas of wave-
washed b e d r o c k ( Z o l t a i , 1965) . P a r k s advocates 
have c o n t e n d e d that m a n y of the w i n t e r habi tats are 
of h i g h q u a l i t y for c a r i b o u because of the sha l low, 
d r y a n d n u t r i e n t - p o o r s o i l c o n d i t i o n s , r e s u l t i n g i n 
l o w site i n d e x and l o w s t o c k i n g , w h i c h i n t u r n fos
ters p r o l i f i c l i c h e n g r o w t h ( M o r a s h & Racey, 1990) . 
A n t o n i a k (1993) f o u n d that m a n y habi tats c o u l d be 
w e l l p r e d i c t e d u s i n g these parameters , a n d that v i r 
t u a l l y a l l ac t ive ly used c a r i b o u habitats c o u l d be 
i d e n t i f i e d u s i n g a c o m b i n a t i o n of s tandard forest 
resource i n v e n t o r y ( F R I ) data and remote sensing 
f r o m Landsat . 

W a b a k i m i ' s c o n c e n t r a t i o n of large lakes w i t h 
c o n v o l u t e d shorelines a n d n u m e r o u s i s lands offers 
m a n y ac tua l and p o t e n t i a l c a l v i n g sites a n d s u m m e r 
habi tat ( T i m m e r m a n n , 1993a). T h e h i g h d e n s i t y of 
lake chains a n d rivers cons t i tu te excel lent t rave l 
corr idors be tween w i n t e r a n d s u m m e r habi ta ts . 

P o p u l a t i o n studies o n the W a b a k i m i - a r e a c a r i b o u 
have o n l y b e g u n to become c o m p r e h e n s i v e for the 
ent ire area i n recent years. P r e v i o u s l y , several re
searchers d o c u m e n t e d the presence of some p o r 
t ions o f the p o p u l a t i o n . F o l l o w i n g u p reports b y 
canoeists and oufit ters , a n d w i t h the a d d e d i m p e t u s 
of a 1978 proposa l for a m a j o r l o g g i n g road , H a r o l d 
C u m m i n g carr ied out the first sc ient i f ic aerial sur
veys i n the late 1970s a n d early 1980s , i d e n t i f y i n g 
some of the w i n t e r habi tats n o r t h o f the C N R l i n e 
( C u m m i n g & Beange , 1987) . H o w e v e r , C u m m i n g 
carr ied out few inves t iga t ions to the west or s o u t h . 
These surveys h a d considerable inf luence u p o n the 
O n t a r i o Parks C o u n c i l a n d the M i n i s t e r o f N a t u r a l 
Resources i n e s t a b l i s h i n g the o r i g i n a l 1983 p a r k 
boundary . L i k e w i s e , surveys i n 1989 ( B e r g e r u d , 
1989) were l i m i t e d to the extant p a r k area, p l u s 
some area s o u t h of the p a r k , b u t n o r t h of the C N 
r a i l l i n e . Bergerud's (1989) p o p u l a t i o n est imate 
(mean) was 171 a n i m a l s i n the extant p a r k . 
R a n d o m aerial surveys f r o m 1990 to 1 9 9 3 ( H y e r , 
1997) s h o w e d that there were ac t ive ly used w i n t e r 
habitats a n d corr idors i n the W a p i k a i m a s k i , A l d -
r i d g e , a n d L o o p L a k e areas s o u t h of the C N R a n d 
n o r t h o f the K o p k a R i v e r . A l s o , a t rave l c o r r i d o r 
f r o m the A r m s t r o n g a i r p o r t a n d J o j o L a k e w i n t e -
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r i n g range e x t e n d i n g n o r t h v i a the P i k i t i g u s h i 
R i v e r to the O g o k i R i v e r was d o c u m e n t e d at th is 
t i m e ( H y e r , 1997) . 

A d d i t i o n a l studies on c a r i b o u p o p u l a t i o n s a n d 
habi tats i n the W a b a k i m i area were c o n d u c t e d b y 
O M N R , b o t h d u r i n g the years that O M N R was 
c o n s i d e r i n g a b o u n d a r y change a n d w h i l e the 
W P B C was d e l i b e r a t i n g . These surveys a d d e d 
m a n y va luable data o n w i n t e r h a b i t a t ( m u c h o f 
w h i c h appeared to be u n o c c u p i e d ) , and o n c a r i b o u 
w i n t e r presence, i n c l u d i n g M a r c h m i g r a t i o n routes 
( 1992-94 ) and l inkages between W a b a k i m i a n i m a l s 
a n d those i n the B r i g h t s a n d , K o p k a , and Savant 
L a k e areas. S ince the a n n o u n c e m e n t of the p a r k 
expans ion i n A p r i l 1 9 9 5 , a d d i t i o n a l w o r k i n the 
s u m m e r s of 1995 and 1996 has i d e n t i f i e d yet m o r e 
c r i t i c a l habitats outs ide the a n n o u n c e d expans ion 
areas to the west , s o u t h and east. C o l l a r e d a n i m a l s 
have c o n f i r m e d that i n 1995 and 1 9 9 6 c a r i b o u w i n 
t e r i n g south of the tracks used W a b a k i m i habi tats 
n o r t h of the C N l i n e i n a l l seasons ( R . G o l l a t , pers. 
c o m m . , 1996) . 

Incorporating the caribou habitat value in 
Wabakimi expansion deliberations 
Assessment Protocol 
T h e tota l area u n d e r cons idera t ion consis ted o r i g i 
n a l l y o f 65 A U s r a n g i n g i n area f r o m 1 6 0 0 to over 
50 0 0 0 hectares, and averaging ca. 17 5 0 0 hectares. 
T h i s i n c l u d e d five A U s represent ing the o r i g i n a l 

| | No A s s e s s m e n t 

r~~| Low 

Low-Med ium 

|;:::;:;:|::| Med ium 

Med ium-H igh 

• • High 

p a r k . T h e larger A U s were genera l ly to the n o r t h 
( F i g . 2), where c a r i b o u habi ta t values were c o n 
s idered r e l a t i v e l y low. 

I n f o r m a t i o n o n c a r i b o u habi ta t values was c o m p i 
l e d for the ent i re s tudy area. T h i s i n c l u d e d i n f o r 
m a t i o n o n w i n t e r habi ta t s i g h t i n g s , t r a d i t i o n a l l y 
used w i n t e r i n g areas, s u m m e r s i g h t i n g s , c a l v i n g 
sites, a n d d o c u m e n t e d and suspected t ravel c o r r i 
dors (between w i n t e r and s u m m e r range). T h e 
i n f o r m a t i o n came f r o m a var ie ty o f sources u s i n g 
var ious techniques , e .g. w i n t e r c a r i b o u surveys, 
i n c i d e n t a l c a r i b o u s i g h t i n g s d u r i n g moose surveys , 
c a r i b o u research projects , c a l v i n g site surveys o n 
specific lakes, i n c i d e n t a l reports o f c a r i b o u s i g h t i n g s 
f r o m forest users, T i m b e r M a n a g e m e n t P l a n values 
maps , a n d p u b l i s h e d a n d u n p u b l i s h e d reports (e.g. , 
C u m m i n g 1 9 8 7 ; B e r g e r u d , 1989) . D a t a coverage 
was not u n i f o r m , m a k i n g q u a n t i t a t i v e c o m p a r i s o n s 
d i f f i c u l t - the s tud y area spanned four a d m i n i s t r a 
t ive d i s t r i c t s a n d five W i l d l i f e M a n a g e m e n t U n i t s 
as def ined b y O M N R . M u c h o f the i n f o r m a t i o n was 
recent, due to an increas ing interest i n c a r i b o u 
i n v e n t o r y a n d management i n recent years. L i t t l e 
i n f o r m a t i o n was avai lable for w i n t e r habi ta t u t i l i z a 
t i o n for large por t ions o f the s tud y area, p a r t i c u l a r l y 
to the n o r t h a n d the east; specif ic w i n t e r c a r i b o u 
surveys were c o n d u c t e d i n these areas to col lec t data 
u s i n g general transect survey m e t h o d s ( T i m m e r ¬
m a n n , 1993b) . 

T h e overa l l va lue of each A U as c u r r e n t l y u t i l i z e d 
c a r i b o u habi ta t was evaluated - habi ta t p o t e n t i a l , 

current or fu ture , was not r a n k e d . I n some 
cases, the habi tat was p r o v i d e d i n o n l y a p o r t i o n 
of the A U , b u t the ent i re A U received the same 
r a n k i n g . A n effort was m a d e to p r o v i d e consis
tent j u d g e m e n t s across a l l A U s . A U s were 
r a n k e d a c c o r d i n g to the f o l l o w i n g q u a l i t a t i v e 
scale: 

H i g h : 

F i g . 4. Caribou habitat values ranked for each assessment unit 
w i t h i n the study area of the W a b a k i m i Park Boundary 
Committee. 

M e d . - H i g h : 

M e d i u m : 

repeated w i n t e r use, or 
essential c a l v i n g lake , or 
w i n t e r use and h e a v i l y 
used/linear 
t ravel corr idor , or 
favoured habi ta t type a n d 
d e m o n s t r a t e d use; 
a va lue j u d g e d to be 
m i d - w a y 

be tween h i g h and m e d i u m ; 
s ign i f i cant w i n t e r use, or 
w i n t e r use and l ight/di f fuse 
travel corr idor , or 
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Table 1. Relative abil i ty of four park concepts ( G to J) and the proposed expansion to incorporate assessment units con
taining crit ical woodland caribou habitats. A l l figures include the area of the original park. 

P a r k C o n c e p t * T o t a l A r e a (ha) A r e a of A U s A r e a of A U s A r e a of A U s P r o p o r t i o n o f 
w i t h H i g h w i t h M - H w i t h M e d i u m c r i t i c a l c a r i b o u 

c a r i b o u habi ta t c a r i b o u habi ta t c a r i b o u habi ta t area w i t h i n 

values (ha) values (ha) values (ha) habi ta t is s t u d y 
the concept (%) 

O r i g i n a l P a r k 155 7 0 0 123 2 5 0 0 32 4 2 0 23 
C o n c e p t G 571 2 0 0 2 1 8 8 0 0 57 7 0 0 6 0 7 0 0 50 
C o n c e p t H 7 6 3 6 0 0 2 8 4 4 0 0 8 0 4 0 0 134 7 0 0 74 
C o n c e p t I 8 4 6 2 0 0 321 8 0 0 109 5 0 0 146 8 0 0 86 
C o n c e p t J 1 0 3 8 6 0 0 312 5 0 0 153 3 0 0 149 0 0 0 91 
S t u d y A r e a 1 2 0 4 0 0 0 3 5 9 5 0 0 158 0 0 0 158 100 100 
E x p a n s i o n 891 500 2 4 3 500 114 5 0 0 118 7 0 0 71 

* O r i g i n a l Park = W a b a k i m i Provincial Park as originally established in 1983. 
Concept G = concept based on maintaining some h i g h quality timber and mineral opportunities. 
Concept H = concept based on tourism and recreation. 
Concept I = concept based on landscape and biological diversity ( including woodland catibou). 
Concept J = concept based on maintaining ecological integrity. 
Study area = total area considered by the W a b a k i m i Park Boundary Committee . 
Expansion = territory included in the protected-area expansion announced by the Govetnment of Ontario in A p r i l 
1995. 

— habi ta t type w i t h occasional 
use; 

M e d . - L o w : - a value j u d g e d to be 
m i d - w a y be tween m e d i u m 
a n d l o w ; 

L o w : — occasional or no w i n t e r use, and 
— no k n o w n c a l v i n g sites or t ravel 

corr idors , and 
- unfavourable habi ta t type . 

Assessment outcomes 
T h e r a n k i n g of c a r i b o u habi tat values for a l l the 
A U s resul ted i n a r a n k i n g c lass i f icat ion as f o l l o w s : 
h i g h - 18 A U s ; m e d i u m - h i g h - 8 A U s ; m e d i u m -
10 A U s ; m e d i u m - l o w - 14 A U s ; a n d l o w - 15 A U s 
( F i g . 4) . Three A U s were sp l i t and each sect ion was 
r a n k e d separately, because of the c l u m p e d spat ia l 
d i s t r i b u t i o n of c a r i b o u habi tat features. 

C a r i b o u habi ta t values for each of the four ref ined 
concepts (concepts G , H , I, J - F i g . 5) were c o m p a 
red to d e t e r m i n e h o w w e l l each concept i n c o r p o r a 
ted c a r i b o u habi ta t values. C r i t i c a l c a r i b o u habi ta t 
was considered to i n c l u d e the m e d i u m , m e d i u m -
h i g h and h i g h r a n k i n g s . T h e four p a r k concepts 
incorpora ted f r o m 50 to 9 1 % of the c r i t i c a l c a r i b o u 
habi ta t considered to be w i t h i n the a p p r o x i m a t e l y 
1.2 m i l l i o n hectare s t ud y area (Table 1). Some q u a -
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l i t a t i v e assessments of the var ious concepts were 
also u n d e r t a k e n , to d e t e r m i n e h o w w e l l they i n c o r 
porated specif ic hab i ta t needs such as t ravel c o r r i 
dors to adjacent habi ta ts , and l i n k a g e s w i t h L a k e 
N i p i g o n (a m a j o r c a l v i n g / s u m m e r i n g lake) . C o n 
cept I was j u d g e d to meet these q u a l i t a t i v e needs 
best, an expectable result since d e v e l o p m e n t of th is 
o p t i o n m o s t c lose ly cons idered a l l seasonal c a r i b o u 
habi tat values. 

A s part o f the selective sc ient i f ic review, respon
ses were rece ived f r o m ten of 24 i n v i t e d scientists . 
F i v e reviewers c o m m e n t e d spec i f i ca l ly o n c a r i b o u 
habi ta t cons iderat ions re lat ive to p a r k expans ion , 
and most were s u p p o r t i v e (see s u m m a r y i n Table 2). 
R e v i e w e r s genera l ly d i d not c o m m e n t speci f ica l ly 
o n the relat ive m e r i t s o f the var ious p a r k concepts , 
b u t rather p r o v i d e d c o m m e n t s o n c a r i b o u habi ta t 
p r o t e c t i o n a n d b i o d i v e r s i t y conservat ion . 

Subsequent to the d e v e l o p m e n t of the four c o n 
cepts, the W P B C created t w o a d d i t i o n a l concepts 
( K and L) for O M N R to consider . These t w o c o n 
cepts were fur ther assessed b y O M N R to d e t e r m i n e 
the i r a b i l i t y b o t h to protect p a r k - r e l a t e d values a n d 
p r o v i d e resource -deve lopment o p p o r t u n i t i e s . 
C a r i b o u hab i ta t concerns were aga in cons idered i n 
th i s assessment, w i t h regard to h o w they s u p p l e 
m e n t e d the c a r i b o u habi ta t i n c o r p o r a t e d w i t h i n the 
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F i g . 5. Phase-2 options for protected-area expansion as derermined by the W a b a k i m i Park Boundary Committee. 

e x i s t i n g park . T h e 577 100 ha C o n c e p t K added 
about 150 0 0 0 h a of c r i t i c a l (i .e., seasonal h i g h -
value) habi tat to the e x i s t i n g p a r k , a n d w i t h the 
current park represented about 4 5 % of such habi ta t 
w i t h i n the s tudy area. C o n c e p t L , w h i c h was over a 
m i l l i o n hectares, a d d e d a lmost h a l f a m i l l i o n hec
tares of c r i t i c a l habi ta t to the e x i s t i n g p a r k , a n d 
a l o n g w i t h the current p a r k represented a lmost 
9 5 % of the c r i t i c a l habi ta t w i t h i n the s t u d y area. 

I n A p r i l 1995 , M i n i s t e r o f N a t u r a l Resources 
H o w a r d H a m p t o n announced that W a b a k i m i P a r k 
was b e i n g expanded to an area of a p p r o x i m a t e l y 891 
5 0 0 h a ( F i g . 6). T h i s i n c l u d e d 4 7 5 0 0 0 h a of c r i t i 
ca l w o o d l a n d c a r i b o u habi ta t , or 7 1 % o f the c r i t i c a l 
hab i ta t i d e n t i f i e d w i t h i n the s tudy area. 

Influence in boundary redefinition 
I n the process o f d e v e l o p i n g and assessing p a r k 
expans ion o p t i o n s , the W P B C m o v e d t h r o u g h three 
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d i s t i n c t phases. I n the first phase, s ix opt ions were 
used to s t i m u l a t e response, b u t w i t h o u t c o n c l u s i o n . 
I n second phase, four ref ined o p t i o n s emerged, a n d 
these m o v e d the process ahead e n c o u r a g i n g l y . T h e 
final phase f o u n d general consensus o n a m i n i m u m 
core expans ion , b u t consensus c o u l d not be reached 
o n a s ing le n e w boundary . C a r i b o u values r e m a i n e d 
k e y i n a l l three phases. 

Indeed, c a r i b o u were always centra l to a l l the 
W P B C de l ibera t ions , for t w o reasons. F i r s t , the 
evidence is clear that whatever factors m a y be 
i m p l i c a t e d i n the c o n t i n u i n g n o r t h w a r d regression 
of c a r i b o u range, the n o r t h e r n b o u n d a r y of c o n t i n u 
ous c a r i b o u habi ta t coincides w i t h the n o r t h e r n 
t i m b e r cut l i n e . Consequent ly , the p r o v i n c i a l p o l i c y 
that no species o f f lora or fauna be a l l o w e d to de
c l i n e p e r m a n e n t l y i n tota l n u m b e r s across the p r o 
v i n c e as a result o f forest m a n a g e m e n t d i c t a t e d that 
W a b a k i m i be cons idered an i m p o r t a n t c a r i b o u re fu -
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F i g . 6. Proposed boundary of a protected-area expansion at 
W a b a k i m i as announced by the Government of Ontario 
in A p r i l 1995. 

g i u m . P r o t e c t e d areas are i m p o r t a n t i n m a i n t a i 
n i n g w o o d l a n d c a r i b o u w i t h i n O n t a r i o ' s forests, as 
a p p r o x i m a t e l y one t h i r d of the d o c u m e n t e d c a r i b o u 
w i t h i n the boreal forest are f o u n d w i t h i n parks 
( C u m m i n g & Beange, 1993) . Second, p a r k e x p a n 
s ion advocates unders tood w e l l the i m p o r t a n c e o f 
p u b l i c o p i n i o n associated w i t h such a p o l i c y where 
an a n i m a l as a p p e a l i n g as the c a r i b o u is concerned. 

Space is be l i eved by m a n y b i o l o g i s t s to be the 
m o s t i m p o r t a n t overal l c a r i b o u habi ta t r e q u i r e m e n t 
( B e r g e r u d , 1992) . W i t h i n that space m u s t be cer
t a i n forested sites i n a sequence o f age classes re
newed over t i m e by d is turbance ( t r a d i t i o n a l l y w i l d 
fire). A s Table 1 shows, the larger the e x p a n s i o n 
o p t i o n , the greater the i n c l u s i o n of h i g h - q u a l i t y 
space for c a r i b o u . O p t i o n J , i n a d d i t i o n , was a i m e d 
at p r o v i d i n g sufficient area such that na tura l fire-
d is turbance reg imes c o u l d operate a n d thus create a 
r e g i o n a l fire-renewing ecosystem. P r e s e r v i n g a 
remnant o f the boreal forest as a b e n c h m a r k area 
was also a k e y p r i o r i t y i n W a b a k i m i expans ion , b u t 
i t m a y be o n l y w i t h i n such a large area that w o o d 
l a n d c a r i b o u can survive over t i m e . 

W e bel ieve that the prospect o f w i d e p r o v i n c i a l , 
na t iona l and i n t e r n a t i o n a l interest i n the c a r i b o u 
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issue had a p r o f o u n d effect u p o n the final 
expans ion d e c i s i o n . T h a n k f u l l y , promises of 
m i t i g a t i o n of area and w o o d s u p p l y losses 
b r o u g h t the forest -products i n d u s t r y ons ide , 
as i t is d o u b t f u l the companies w o u l d have 
m o v e d based u p o n c a r i b o u a n d other p a r k 
values alone. M o s t p a r t i c i p a n t s a n d observers 
w o u l d agree w i t h the statement m a d e by P a u l 
G a g n é , A v e n o r ' s C E O , at the A p r i l 1995 
a n n o u n c e m e n t of the proposed e x p a n s i o n of 
the W a b a k i m i protec ted area: " T h e expans ion 
o f W a b a k i m i w i l l create a w o r l d - c l a s s p a r k 
a n d ensure the c o n t i n u e d p r o t e c t i o n of u n i q u e 
l a n d f o r m s and w i l d l i f e habi tats i n d i g e n o u s to 
the r e g i o n . " W e are h a p p y to report that the 
e x p a n d e d park was o f f i c ia l ly regula ted i n J u l y 
1 9 9 7 . 

Conclusions 
C a r i b o u habi ta t was one of e leven k e y values 
that c o m m a n d e d m u c h a t t e n t i o n d u r i n g the 
de l ibera t ions o f the W P B C . It was f o r t u i t o u s 
f r o m a p a r k - e x p a n s i o n p o i n t o f v i e w that seve
ra l p a r k values (as opposed to resource-use 
values such as t i m b e r harvest a n d m i n i n g ) 
o v e r l a p p e d spat ia l ly i n r o u g h l y the same areas 
s u r r o u n d i n g the former , 155 0 0 0 - h a W a b a 

k i m i P r o v i n c i a l P a r k . M o r e o v e r , areas w i t h favour
able seasonal c a r i b o u habi ta t were also genera l ly 
i m p o r t a n t i n terms o f earth-science, c a n o e i n g a n d 
r e m o t e - t o u r i s m values. 

W P B C m e m b e r s were firm i n t h e i r c o n v i c t i o n 
that a reasonable o u t c o m e c o u l d be achieved 
t h r o u g h a c o m b i n a t i o n of p r i n c i p l e d consensus-
b u i l d i n g a n d ra t iona l analysis o f a l ternat ive p a r k 
sizes a n d b o u n d a r y conf igura t ions . A n a l y t i c a l p r o 
gress was s t r o n g once the W P B C w o r k e d o u t the 
assessment-unit approach and m e t h o d s to assess the 
values ob ject ive ly , e i ther q u a n t i t a t i v e l y or q u a l i t a 
t ive ly . T h e c a r i b o u perspect ive was i n c o r p o r a t e d 
i n t o the t echnica l analysis a l o n g w i t h a l l the other 
key values, a n d p l a y e d a v i t a l role i n s h a p i n g the 
new W a b a k i m i protec ted area. 

W e offer the f o l l o w i n g advice for p a r t i c i p a n t s i n 
fu ture exercises where c a r i b o u (or any o ther featured 
species, for that matter) m a y be a v i t a l v a l u e i n crea
t i n g protec ted areas: 

1. I n f o r m a t i o n w i l l a lways be inadequate , a n d 
decis ions w i l l a lways have to be m a d e despi te 
inadequate i n f o r m a t i o n . A s early as poss ib le , 
assemble extant i n f o r m a t i o n , analyze i t , i d e n t i f y 
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Table 2. Summary of key points raised by five scientific reviewers regarding woodland caribou habitat values. 

Park expansion 

P a r k expans ion to the south r e q u i r e d to i n c l u d e a d d i t i o n a l w i n t e r a n d s u m m e r habi ta t . 

B o u n d a r y m u s t i n c l u d e i m p o r t a n t hab i ta t a n d l i n k a g e s for seasonal m i g r a t i o n . 

C a r i b o u s h o u l d be g i v e n top p r i o r i t y i n r e - d e f i n i n g the p a r k b o u n d a r y - require a n e t w o r k of v i a b l e c a r i b o u 

areas across n o r t h e r n O n t a r i o . 

To ensure l o n g - t e r m v i a b i l i t y of the c a r i b o u p o p u l a t i o n , m u s t protec t an area of suff ic ient size to m a i n t a i n 

n a t u r a l fire patterns . 

To ensure the l o n g - t e r m s u r v i v a l o f the h e r d , i t is i m p o r t a n t to incorporate l a n d f o r m s that w i l l p r o v i d e f u t u 

re habi ta t . 

Adjacent land use 
E c o l o g i c a l l y sustainable l a n d use s h o u l d be i m p l e m e n t e d o n the landbase outs ide the expanded p a r k to 
m a i n t a i n landscape l inkages . 

Human disturbance 

H u m a n use of is lands not cons idered a p r o b l e m . 

W i n t e r s n o w m o b i l e access s h o u l d be res tr ic ted i n some c r i t i c a l areas to a v o i d d i s turbance of c a r i b o u . 

Park management 

M a y w i s h to consider less res tr ic t ive p a r k m a n a g e m e n t po l i c i es that a l l o w for vegeta t ion m a n a g e m e n t to 

m a i n t a i n c a r i b o u habi tat (eg. L i g h t l y s tocked stands, p r e s c r i b e d burns ) . 

M a y w i s h to consider o p t i o n of d i r e c t l y m a n a g i n g other w i l d l i f e p o p u l a t i o n s to a i d i n c a r i b o u s u r v i v a l , e .g. 

w o l f c o n t r o l , moose h u n t i n g . 

c r i t i c a l i n f o r m a t i o n needs, get the n e w r e q u i r e d 
i n f o r m a t i o n , a n d use the assembled i n f o r m a t i o n 
base fu l ly . 

2. S i m p l e a n a l y t i c a l approaches are eff ic ient , and 
l i k e l y suff ic ient for strategic d e c i s i o n m a k i n g . 
D e t a i l e d a n d site-specific i n f o r m a t i o n s h o u l d be 
compressed i n t o more-usable forms at a r e g i o n a l 
scale. 

3. H a s t y a n a l y t i c a l w o r k i n suppor t o f i m p o r t a n t 
decisions s h o u l d be a v o i d e d . U s e f u l analysis , 
s u p p o r t e d b y careful i n f o r m a t i o n g a t h e r i n g and 
inc i s ive d i scuss ion , takes t i m e , not to m e n t i o n 
the negot ia t ions i n w h i c h a n a l y t i c a l results are 
used. T h e W P B C overran f o u r process d e a d 
l ines , r e q u i r i n g substant ia l a m o u n t s of t i m e to 
reach its conc lus ions . T h e b i o p h y s i c a l l y sensible 
and p o l i t i c a l l y feasible o u t c o m e that was 
reached w o u l d have been e lus ive , i f poss ib le at 
a l l , i n a m o r e rushed exercise. 
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Abstract: Locational data collected over a one year period from 10 female woodland caribou, Rangifer tarandus caribou, 
collared w i t h Argos satellite collars i n northwestetn Ontario, Canada were superimposed on supervised Landsat images 
using Geographical Information System (GIS) technology. Landscape parameters, land cover classifications, and draina
ge were ut i l ized to create the basemap. U s i n g A R C V I E W software, al l digi ta l fixes from collared caribou w i t h infor
mation of date, t ime, and activity status were overlain on the basemap to facilitate a prel iminary analysis of habitat use 
i n this species. Results supported the conclusions (1) that woodland caribou in northwestern Ontario select habitats 
containing h igh to moderate conifer cover and avoided disturbed areas and shrub-rich habitats, (2) that seasonal chang
es in habitat ut i l izat ion occurs in females of this species, and (3) that satellite telemetry technology can be employed in 
the boreal forest ecosystem to assess habitat ut i l izat ion by large ungulate species. 

K e y w o r d s : seasonal ac t iv i ty , habi ta t use, Landsat i m a g e r y 
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Introduction 
Recent cooperat ive in i t i a t ives be tween the forestry 
i n d u s t r y a n d p r o v i n i c a l g o v e r n m e n t to i m p r o v e the 
i m a g e and eff iciency of forest resource m a n a g e m e n t 
has lead to the d e v e l o p m e n t of an in tegra ted forest 
m a n a g e m e n t p o l i c y , w h i c h considers the i m p a c t o f 
forest h a r v e s t i n g practices o n s u s t a i n i n g w i l d l i f e 
p o p u l a t i o n s , a n d e n h a n c i n g forest regenerat ion a n d 
harvest r o t a t i o n t i m e . I n th is regard , e x p e r i m e n t a t i 
o n w i t h new c u t t i n g practices has been i n i t i a t e d 
a n d research o n regenerat ion a n d w i l d l i f e p o p u l a t i 
ons has been o n g o i n g for the past few years. I n n o r 
theastern O n t a r i o , c o m p a r i s o n of the i m p a c t of d i f 
ferent c u t t i n g methods i n the b l a c k spruce-
lichen/moss forest c o m m u n i t y has i n d i c a t e d that 
s m a l l m a m m a l species d i v e r s i t y and biomass can be 
m a i n t a i n e d , i f in termedia te i m p a c t c u t t i n g p r a c t i 
ces ( l i g h t res idua l and heavy residual) were e m p l o y 
ed ( C o u r t i n & B e c k e r t o n , 1994) . I n a d d i t i o n , e a r l i 
er forest regenerat ion a n d shorter r o t a t i o n per iods 
between h a r v e s t i n g have been associated w i t h these 
techniques . 
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H o w e v e r , the i m p a c t of var ious c u t t i n g practices 
on the a c t i v i t y a n d s u s t a i n a b i l i t y of larger boreal 
m a m m a l s is present ly unclear. Research has s h o w n 
that w o o d l a n d c a r i b o u , Rangifer tarandus caribou, are 
the least tolerant of current l o g g i n g pract ices and 
have been e x t i r p a t e d over m u c h o f t h e i r former 
range ( S t a r d o m , 1 9 7 7 ; C h u b b s et al., 1993) . A n 
o v e r v i e w of habi ta t u t i l i z a t i o n by th i s species i n 
n o r t h w e s t e r n O n t a r i o w o u l d p r o v i d e g o v e r n m e n t 
and the forest i n d u s t r y w i t h i n f o r m a t i o n r e q u i r e d to 
manage and sustain th i s species. I n a d d i t i o n , an 
u n d e r s t a n d i n g of the interact ions associated w i t h 
current forest h a r v e s t i n g pract ices , u n g u l a t e p o p u 
la t ions , a n d the i r p r i m a r y predators w o u l d also a i d 
i n the d e v e l o p m e n t o f sustainable forest manage
m e n t p o l i c y and e x p a n d our k n o w l e d g e of the 
p o p u l a t i o n d y n a m i c s a n d behaviour o f these i m p o r 
tant species ( E d m o n d s , 1988 ; Se ip , 1992) . 

R e c e n t advances i n remote sens ing technologies 
have presented new o p p o r t u n i t i e s a n d chal lenges for 
researchers w o r k i n g o n u n g u l a t e species i n h a b i t i n g 
large diverse ranges i n regions w i t h l i m i t e d accessi-
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b i l i t y . To date, few studies have e x a m i n e d the 
advantages a n d l i m i t a t i o n s of satel l i te t e l e m e t r y i n 
assessing habi ta t u t i l i z a t i o n a n d m o v e m e n t patterns 
i n ungula tes i n the boreal forest ecosystem 
( T h o m p s o n et al, 1980 ; F e r g u s o n , 1 9 9 1 ; Pearce, 
1992) and o n l y one s tudy has been c o n d u c t e d o n 
w o o d l a n d c a r i b o u ( E l l i s & W h i t e , 1992) . T h e a p p l i 
c a t i o n of G I S technology to research o n w o o d l a n d 
c a r i b o u has been c o n d u c t e d i n A l b e r t a ( B e r g e r u d , 
1 9 8 9 ; C h i c h o w s k i & Banner , 1992) a n d has b e g u n 
to be a p p l i e d i n nor thwestern O n t a r i o ( A n t o n i a k , 
1 9 9 3 ; C u m m i n g etal., 1996) . 

T h e objectives of this s tudy were : (1) to o b t a i n 
p r e l i m i n a r y estimates of a n n u a l a n d seasonal hab i ta t 
u t i l i z a t i o n b y female w o o d l a n d c a r i b o u i n n o r t h 
western O n t a r i o , (2) to assess v a r i a t i o n i n seasonal 
a c t i v i t y patterns i n females of th is species, a n d (3) to 
assess w h e t h e r satell i te t e l emetry t e c h n o l o g y was 
able to i d e n t i f y habitat u t i l i z a t i o n b y u n g u l a t e s i n 
the boreal forest ecosystem. 

Methods 
T h r e e classif ied Landsat t h e m a t i c m a p images w i t h 
25 x 25 m pixe l s were s u p p l i e d b y the O n t a r i o 
R e m o t e Sens ing Of f i ce , T o r o n t o , O n t a r i o . Landsat 
i m a g e areas chosen represented locat ions where c a r i 
b o u fitted w i t h Telonics A r g o s satel l i te col lars 
occurred . N i n e t e e n l a n d cover classes were present 
o n each i m a g e . Images were pro jec ted i n p s e u d o -
c o l o u r and c o l o u r - t h e m e d u s i n g Image L e g e n d 
E d i t o r , A R C V I E W 2.1 (Stafford, 1994). 

D a t a were col lected w e e k l y f r o m 10 female c a r i 
b o u m i n i m i z i n g autocorre la t ion p r o b l e m s ( N a u et 
al, 1974) . C a r i b o u te lemetry data were separated 
i n t o four seasons: (1) S p r i n g : M a r c h 1 - M a y 3 1 , (2) 
S u m m e r : J u n e 1 - A u g u s t 3 1 , (3) F a l l : September 1 
- N o v e m b e r 3 1 , and (4) W i n t e r : D e c e m b e r 1 -
D e c e m b e r 3 1 . T h e n values were as f o l l o w s ; S p r i n g , 
n = 7; S u m m e r , n = 11 ; F a l l , n = 11 ; W i n t e r , n = 
10. T e l e m e t r y locat ions classif ied b y Service A r g o s 
as L Q ( L o c a t i o n Q u a l i t y Index) 1 (+/- 1000 m ) , L Q 
2 (+/- 3 5 0 m ) , a n d L Q 3 (+/- 150 m ) were used. It 
was assumed that this approach p r o v i d e d a m o r e 
accurate representat ion of c a r i b o u b e h a v i o u r as s a m 
p l e size was increased a n d levels o f error w o u l d over
lap and cancel each other (F. Mess ier , pers. c o m m . ) . 
L o c a t i o n p o i n t s were used to create the b o u n d a r y of 
each p o l y g o n . H a b i t a t use ins ide each p o l y g o n was 
establ ished b y associat ing the l o c a t i o n p o i n t o f each 
a n i m a l w i t h the c o r r e s p o n d i n g 25 x 25 m Landsat 
c lass i f icat ion p i x e l ( L i t v a i t i s et al, 1994) . A l l l a t i -
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tudes a n d l o n g i t u d e s were t r a n s f o r m e d f r o m d e c i 
m a l degrees to U n i v e r s a l Transverse M e r c a n t o r 
( U T M ) u n i t s to correspond to basemap p o i n t l o c a t i 
ons. T h e n u m b e r o f satel l i te co l lared c a r i b o u l o c a t i 
ons i n each habi ta t were t rans formed i n t o percenta
ges to est imate trends i n seasonal hab i ta t use. T h e 
Landsat l a n d cover classif ications were : Water/Ice, 
Shore l ine , W e t l a n d s , O p e n F e n , S h r u b - R i c h F e n , 
Treed B o g , Dense D e c i d u o u s Forest/Shrub, Dense 
C o n i f e r P i n e , Dense C o n i f e r Spruce , M i x e d Forest 
D e c i d u o u s , M i x e d Forest C o n i f e r , Sparse C o n i f e r , 
Sparse D e c i d u o u s C o v e r , Recent C l e a r c u t s , Recent 
B u r n s , O l d B u r n s / C u t o v e r s , Bedrock/Sand, M i n e 
T a i l i n g s , a n d U r b a n / R o a d s . 

Seasonal changes i n a c t i v i t y patterns were deter
m i n e d f r o m the t e lemetry i n f o r m a t i o n p r o v i d e d b y 
A r g o s Service and a n i m a l s were classif ied as res t ing 
(0 - 5), f e e d i n g (6 - 30) , w a l k i n g (31 - 36) , a n d r u n 
n i n g (> 37). 

Resul ts 
Spring 
D u r i n g the s p r i n g ( M a r c h 1 - M a y 31), c a r i b o u were 
f o u n d p r e d o m i n a t e l y i n 5 habi ta t types: Treed Bogs 
(22%) , O l d B u r n s (17 .1%) , Sparse C o n i f e r areas 
(15 .3%) , M i x e d Forest D e c i d u o u s areas (11 .2%) , 
a n d Dense Spruce areas (10 .2%) . These c lass i f icat i 
ons represented 7 5 . 8 % o f the habi ta t used by c a r i 
b o u d u r i n g this p e r i o d . 

I n contrast , the 5 m o s t u n d e r u t i l i z e d habitats 
consis ted of: U r b a n / R o a d s (0%), M i n e T a i l i n g s 
(0%) , Bedrock/Sand (0%), Dense D e c i d u o u s 
Forest/Shrub areas (0%) , S h r u b - R i c h Fens (0%), 
and W e t l a n d s (0%). These classif ications were not 
used b y c a r i b o u i n the s p r i n g and represent habitats 
created by d i s turbance or c o n t a i n i n g a heavy d e c i 
duous s h r u b c o m p o n e n t ( F i g . 1). 

O t h e r habi tat types used b y c a r i b o u ranged bet
ween 7 . 7 % a n d 1 % a n d i n c l u d e d : Shore l ine (7 .7%) , 
Dense C o n i f e r o u s P i n e areas (5 .5%) , Sparse 
D e c i d u o u s C o v e r e d areas (3 .4%) , R e c e n t Clearcuts 
(2 .6%) , O p e n Fens (2%) , Water/Ice (1 .4%) , M i x e d 
Forest C o n i f e r areas (1 .2%) , and R e c e n t B u r n s 
(0 .4%) . 

Summer 
D u r i n g the s u m m e r (June 1 - A u g u s t 31), the 5 
m o s t c o m m o n l a n d classif ications u t i l i z e d b y c a r i 
b o u were: Treed B o g s (18 .7%) , M i x e d Forest 
D e c i d u o u s areas (16%) , Dense C o n i f e r Spruce areas 
(14 .8%) , Shore l ine (13 .3%) , and D e n s e C o n i f e r 
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F i g . 1. Percentage of point locations in different Landsat 
land cover classes for woodland caribou during 
the spring of 1995 (March 1 - May 31) in north
western Ontario ( D D = dense deciduous; M F = 
mixed forest; SD = sparse deciduous; and D C = 
dense conifer). 

F i g . 2. Percentage of point locations in different Landsat 
land cover classes for woodland caribou during 
the summer of 1995 (June 1 - August 31) in 
northwestern Ontario ( D D = dense deciduous; 
M F = mixed forest; SD = sparse deciduous; and 
D C = dense conifer). 

P i n e areas (10 .2%) . These classif ications represen
ted 7 3 % of the habitats u t i l i z e d by c a r i b o u d u r i n g 
the s u m m e r ( F i g . 2) and i n d i c a t e d c a r i b o u used 
b o t h dense canopy cover a n d open sites d u r i n g this 
p e r i o d . 

I n contrast , the 5 least i m p o r t a n t l a n d classif ica
t ions used were: M i n e T a i l i n g s (0%), Bedrock/Sand 
areas (0%) , Recent B u r n s (0%) , Dense D e c i d u o u s 
Forest/Shrub areas (0%), and S h r u b - R i c h Fens 
(0%). These habi tat types were not used b y c a r i b o u 
d u r i n g the s u m m e r and represent habi tats created 
b y d i s t u r b a n c e or c o n t a i n i n g a heavy dec iduous 
shrub c o m p o n e n t ( F i g . 2). 

O t h e r habi ta t types u t i l i z e d by c a r i b o u i n s u m 
m e r ranged between 7 . 5 % and 0 . 3 % a n d i n c l u d e d ; 
Sparse C o n i f e r areas (7 .5%) , O l d Burns/Cutovers 
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(5 .1%) , Water/Ice (5 .2%) , W e t l a n d s (1 .8%) , 
U r b a n / R o a d s (0 .8%) , M i x e d Forest C o n i f e r areas 
(0 .8%) , O p e n Fens (0 .5%) , a n d R e c e n t Clearcuts 
(0 .5%) . 

Fall 
I n the f a l l (September 1 - N o v e m b e r 31) , c a r i b o u 
were f o u n d i n D e n s e C o n i f e r P i n e areas (29%) , 
Dense C o n i f e r Spruce areas (9-9%) , Recent 
C learcuts (9 .9%) , Treed B o g s (8 .4%) , a n d 
Shorel ines (7%). These classif ications represented 
6 4 . 2 % of the habi tats used by c a r i b o u i n the f a l l 
( F i g . 3). 

I n contrast habi tats where c a r i b o u were f o u n d 
least i n c l u d e d : M i n e T a i l i n g s (0%) , U r b a n / R o a d s 
(0%) , Recent B u r n s (0%) , S h r u b - R i c h Fens (0%), 
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Fig . 3- Percentage of point locations in different Landsat 
land cover classes for woodland caribou during 
the fall of 1995 (September 1 - November 31) in 
northwestern Ontario ( D D = dense deciduous; 
M F = mixed forest; SD = sparse deciduous; and 
D C = dense conifer). 

F i g . 4. Percenrage of point locations in different Landsat 
land cover classes for woodland caribou during 
the winter of 1995 (Decembet 1 - December 31) 
i n northwestern Ontario ( D D = dense deciduous; 
M F = mixed forest; SD = sparse deciduous; and 
D C = dense conifer). 

and Dense D e c i d u o u s Forest/Shrub areas (0%). 
These habitats were areas of d i s turbance a n d areas of 
dense dec iduous shrubs ( F i g . 3). 

O t h e r habitats used b y c a r i b o u d u r i n g the fa l l 
ranged between 7 % a n d 0 . 1 % a n d i n c l u d e d : M i x e d 
Forest D e c i d u o u s areas (7%) , O l d Burns/Cutovers 
(6 .9%) , W e t l a n d s (5 .2%) , Sparse C o n i f e r (5 .1%) , 
O p e n Fens (4 .9%) , Bedrock/Sand (2 .3%) , Water/Ice 
(1 .8%) , Sparse D e c i d u o u s C o v e r areas (1 .6%) , and 
M i x e d Forest C o n i f e r areas (1%). 

Winter 
D u r i n g w i n t e r ( D e c e m b e r 1 - 31) , the 5 Landsat 
classif ications most u t i l i z e d b y c a r i b o u were : Sparse 
C o n i f e r areas (14 .6%) , Treed B o g s (14 .3%) , Dense 
C o n i f e r P i n e areas (13 .2%) , M i x e d Forest C o n i f e r 
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areas (13 .2%) , a n d Dense C o n i f e r Spruce areas 
(11 .9%) . These classif ications represent 6 7 . 2 % of 
the habi ta t u t i l i z e d b y c a r i b o u d u r i n g w i n t e r 
( F i g . 4) . 

I n contrast , c lassif ications not used by c a r i b o u 
d u r i n g w i n t e r were S h r u b - R i c h Fens (0%) , M i n e 
T a i l i n g s (0%), Bedrock/Sand areas (0%), Recent 
B u r n s (0%), Sparse D e c i d u o u s areas (0%), and 
Dense D e c i d u o u s Forest/Shrub areas (0%). These 
classif ications represented areas of d i s turbance or 
c o n t a i n e d heavy d e c i d u o u s s h r u b components 
( F i g . 4). 

O t h e r l a n d classif ications u t i l i z e d ranged betwe
e n 1 1 . 6 % and 0 . 2 5 % and i n c l u d e d : M i x e d Forest 
D e c i d u o u s areas (11 .6%) , W e t l a n d s (10 .8%) , 
Water/Ice (3 .5%) , O l d Burns/Cutovers (3%), O p e n 
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Fens (1 .9%) , Shorel ines (1 .1%) , U r b a n / R o a d s 
(0 .8%) , a n d Recent Clearcuts (0 .1%). 

Activity 
A n n u a l a c t i v i t y patterns o f 10 females are represen
ted i n F i g u r e 5. M e a n a n n u a l percentages for the 
four behaviours were: res t ing ( 2 5 . 4 % ) , f e e d i n g 
(37 .6%) , w a l k i n g (11 .5%) , a n d r u n n i n g (25 .5%) . 
R e s t i n g a c t i v i t y ranged f r o m 1 7 % to 3 9 % , r e a c h i n g 
a peak d u r i n g the s u m m e r m o n t h s ( June, 3 9 % a n d 
J u l y , 3 3 % ) a n d aga in i n w i n t e r (December , 3 3 % ) . 
F e e d i n g represented the h ighest recorded a c t i v i t y 
r a n g i n g f r o m 2 6 % to 4 5 % and was greatest i n 
M a r c h (45%) and M a y (45%) and lowest i n J u n e 
(26%) . W a l k i n g was less frequent a n d ranged bet
w e e n 6 - 2 2 % . R u n n i n g was most c o m m o n d u r i n g 
the f a l l ( A u g u s t - O c t o b e r ) a n d ranged f r o m 1 6 % to 
3 5 % of the to ta l ac t iv i ty . 

100-1 

80 -

El Running £31 Feeding 

• Walk ing • Rest ing 

F i g . 5. A n n u a l activity patterns of woodland caribou 
dur ing 1995. Mean annual percentages for the 
four behaviours assessed were: resting - 25.3%, 
feeding - 37.6%, walk ing - 11.5%, and running -
25.4%. 

Discussion 
A l t h o u g h o n l y p r e l i m i n a r y data were avai lab le , 
w o o d l a n d c a r i b o u i n nor thwes tern O n t a r i o d u r i n g 
1995 appeared to u t i l i z e specific Landsat l a n d cover 
classif icat ions m o r e , w h i l e others were a v o i d e d . T h e 
f o u r Landsat l a n d cover classes m o s t used t h r o u g 
h o u t the year i n order o f i m p o r t a n c e were ; Treed 
B o g s (15 .9%) , D e n s e C o n i f e r P i n e ( 1 4 . 5 % ) , Dense 
C o n i f e r Spruce ( 1 1 . 7 % ) , a n d M i x e d Forest 
D e c i d u o u s areas ( 1 1 . 5 % ) . These habitats were u t i l i 
zed d u r i n g a l l seasons of the year a n d received 
5 3 . 6 % o f a l l p o i n t locat ions . S i m i l a r findings have 
been reported b y B e r g e r u d & B u t l e r (1975) a n d 
C u m m i n g s & Beange (1987) for w o o d l a n d c a r i b o u 
herds associated w i t h the Lake N i p i g o n r e g i o n . I n 
th is area, w i n t e r c o n c e n t r a t i o n areas were f o u n d to 
occur o n sandy flats c o n t a i n i n g 9 0 % jack p i n e a n d 
1 0 % w h i t e b i r c h , w i t h a l i c h e n understory . F u r t h e r 
analysis b y D a r b y et al. (1989) a n d H y e r s (1997) 
i n d i c a t e d that the ent i re w i n t e r range o f a p p r o x i m a 
te ly 180 k m 2 was e s t i m a t e d to be c o m p o s e d of 6 1 % 
conifer , 1 7 % m i x e d forest, 1 1 % d e c i d u o u s forest, 
7 % m u s k e g a n d o p e n habi ta t , a n d 4 % water. 
S t a r d o m (1997) w o r k i n g i n M a n i t o b a c o n c l u d e d 
that w o o d l a n d c a r i b o u preferred o p e n l a r c h or b lack 
spruce bogs and i n t e r m e d i a t e to m a t u r e jack p i n e 
stands o n r o c k y r idges or sand p l a i n s . 

I n contrast , the three Landsat l a n d cover classes 
never or m i n i m a l l y u t i l i z e d were ; M i n e T a i l i n g s 
(0%) , S h r u b - R i c h Fens (0%), D e n s e D e c i d u o u s 
Forest/Shrub areas (0%) , a n d Recent B u r n s (0 .1%) . 
These habitats were a v o i d e d d u r i n g a l l seasons of 
the year and o n l y rece ived 0 . 1 % o f the p o i n t l o c a t i 
ons. A l t h o u g h data o n habi ta t a v a i l a b i l i t y were not 
a n a l y z e d , the results suppor t the c o n c l u s i o n that 
w o o d l a n d c a r i b o u i n th i s r e g i o n select habitats c o n 
t a i n i n g h i g h to modera te conifer cover a n d avo ided 
d i s t u r b e d areas ( M i n e T a i l i n g s ) a n d s h r u b - r i c h h a b i 
tats, such as S h r u b - R i c h Fens, Dense D e c i d u o u s 
Forest/Shrub areas, a n d Recent B u r n s . Recent 
C learcuts w h i c h are k n o w n to s u p p o r t heavy s h r u b 
layers also appeared to be avo ided a n d received o n l y 
3 - 3 % of the p o i n t locat ions . I n contrast , O l d 
Burns/Clearcuts rece ived 8 % of a l l p o i n t locat ions . 
H y e r s (1997) s t u d y i n g a c a r i b o u h e r d i n n o r t h w e s 
tern O n t a r i o i m p a c t e d b y w i n t e r l o g h a u l i n g a n d 
roads c o n c l u d e d that c a r i b o u t e m p o r a r i l y a v o i d d i s 
turbance a n d h u m a n d e v e l o p m e n t , b u t r e t u r n once 
d e v e l o p m e n t is c o m p l e t e d . S i m i l a r results were 
f o u n d b y H i l l (1985) s t u d y i n g c a r i b o u i n 
N e w f o u n d l a n d associated w i t h the c o n s t r u c t i o n of a 
hydroe lec t r i c d e v e l o p m e n t . I n th is s tudy, na tura l 
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a n d m a n - m a d e s h r u b - r i c h habitats w i t h h i g h levels 
o f broad- leaf browse have been s h o w n to be a v o i d e d 
b y c a r i b o u , w h i c h is suppor ted b y the l i t e ra ture 
( D a r b y & D u q u e t t e , 1986 ; G o d w i n , 1990) . These 
habitats favour moose and consequent ly increased 
w o l f a n d b l a c k bear n u m b e r s , w h i c h m a y m a k e c a r i 
b o u m o r e v u l n e r a b l e to prédation. B e r g e r u d ( 1 9 8 3 a , 
1983b) a n d Seip (1992) have b o t h presented data 
s u p p o r t i n g this hypothes is . 

A l t h o u g h seasons were o n l y def ined b r o a d l y w i t 
h i n this s tudy, trends i n Landsat l a n d cover class 
u t i l i z a t i o n were observed (F igs . 1 - 4) . D u r i n g the 
s p r i n g p e r i o d , Treed B o g s , O l d B u r n s / C u t o v e r s , and 
Sparse C o n i f e r habitats were most c o m m o n l y used. 
These habitats have been f o u n d to be associated 
w i t h c a l v i n g females b y other researchers a n d are 
t h o u g h t to a l l o w c a r i b o u to separate themselves 
f r o m moose and associated predators ( S h o e s m i t h & 
Story, 1977 , F u l l e r & K e i t h , 1 9 8 1 , B r o w n et al., 
1 9 8 6 , Parker , 1997) . 

D u r i n g the s u m m e r p o s t - c a l v i n g p e r i o d , Treed 
B o g s r e m a i n e d i m p o r t a n t , w h i l e O l d 
Burns/Cutovers and Sparse C o n i f e r habitats d e c l i 
ned i n i m p o r t a n c e and were replaced b y M i x e d 
Forest D e c i d u o u s areas, Dense C o n i f e r Spruce and 
P i n e areas, a n d Shorel ines . I n is i n t e r e s t i n g that the 
use of Shorel ines was m a x i m a l d u r i n g th i s p e r i o d , 
w h e n b i t i n g insects reach the i r greatest n u m b e r s . 
D u r i n g the f a l l p e r i o d , Dense C o n i f e r P i n e and 
Spruce areas were m u c h m o r e u t i l i z e d t h a n any 
other habi ta t type ; however, Treed B o g s and Recent 
Clearcuts were a poor second. T h i s c o m b i n a t i o n o f 
dense cover a n d open habi ta t m a y be associated 
w i t h the ru t , w h i c h occurs d u r i n g this p e r i o d . 
W i n t e r habitats selected appeared to be more v a r i a 
ble t h a n f a l l l a n d classif ications and i n c l u d e d ; Sparse 
C o n i f e r areas, Treed B o g s , Dense C o n i f e r P i n e a n d 
Spruce areas, and M i x e d Forest C o n i f e r areas. 
W e t l a n d s also became i m p o r t a n t d u r i n g this p e r i o d 
w h e n the substrate was f rozen. A s s i m i l a r a n n u a l 
and seasonal habi ta t use have been reported by other 
researchers ( B e r g e r u d & B u t l e r , 1975 ; S h o e s m i t h & 
Story, 1977 ; F u l l e r & K e i t h , 1 9 8 1 ; E d m o n d s & 
B l o o m f i e l d , 1984 ; B r o w n et al., 1 9 8 6 ; C u m m i n g s & 
Beange , 1987 ; B e r g e r u d , 1989 ; R o m i n g e r & 
O l d e m e y e r , 1 9 8 9 ; H y e r s , 1997 ; Parker , 1997) , i t 
was c o n c l u d e d that satel l i te te lemetry t e c h n o l o g y 
can be e m p l o y e d to assess habi ta t u t i l i z a t i o n b y lar 
ge ungulates i n the boreal forest ecosystem. 

M e a n a n n u a l percentages for the four behaviours 
were: res t ing (25 .4%) , feeding (37 .6%) , w a l k i n g 
(11 .5%) , a n d r u n n i n g (25 .5%) . A l t h o u g h these 
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a c t i v i t y data were not c a l i b r a t e d , some trends were 
apparent . R e s t i n g reached a peak d u r i n g m i d - s u m 
m e r (June, 3 9 % and J u l y , 3 3 % ) , w h e n l a c t a t i o n a l 
r e q u i r e m e n t s w o u l d be greatest and aga in i n w i n t e r 
(December , 3 3 % ) , w h e n l o w q u a l i t y forage a n d 
severe weather c o n d i t i o n s w o u l d require the conser
v a t i o n of energy. S tudies ind ica te that w h e n forage 
i n t a k e dec l ines , re indeer respond b y r e d u c i n g m e t a 
b o l i c rate a n d energy expendi ture (Fancy et a l . , 
1989) . In contrast , f e e d i n g r e m a i n e d re la t ive ly c o n 
stant and the most f requent a c t i v i t y t h r o u g h o u t the 
year ( C o l l i n s & S m i t h , 1989) . W a l k i n g a n d r u n 
n i n g were m o r e f requent d u r i n g the f a l l ( A u g u s t -
O c t o b e r ) , w h e n b u l l s spend most of the i r energy 
c h a s i n g a n d h e r d i n g females ( W . J . D a l t o n , pers. 
c o m m . ) . 

I n s u m m a r y , the results suppor t the conc lus ions 
(1) that w o o d l a n d c a r i b o u i n n o r t h w e s t e r n O n t a r i o 
select habitats c o n t a i n i n g h i g h to moderate conifer 
cover and a v o i d e d d i s t u r b e d areas and s h r u b - r i c h 
habi tats , (2) that seasonal changes i n hab i ta t u t i l i z a 
t i o n occurs i n females o f th is species, and (3) that 
satel l i te te lemetry t e c h n o l o g y can be e m p l o y e d i n 
the boreal forest ecosystem to assess habi ta t u t i l i z a 
t i o n b y large u n g u l a t e species. 

Acknowledgements 
Funding was provided by Northwest Region Science & 
Technology, Ontario M i n i s t r y of Natura l Resources, 
Abi t ib i -Consol idated Inc., Avenor Inc., Buchanan Forest 
Products L t d . , Domtar Forest Products L t d . , and 
K i m b e r l y - C l a r k Forest Products Inc. The authors thank: 
M i k e Cleverdon and Michael Court in , E l l io t Lake 
Research Fie ld Station; Randy Staples, Ontat io Min is t ry 
of Natura l Resources (Sudbury), K e r i Brennan, 
Department of Geography, Laurentian Universi ty , D a v i d 
W h i t e and Andrew Jano, Ontario Remote Sensing 
Office, and M a r t i n Healey and M a r t i n Roy, 
Environmental Systems Research Institute Inc. (ESRI). 
Drs. G . M . Court in and G . Bagatto reviewed the manus
cript. 

References 
A n t o n i a k , K . J . 1993. Forest analysis and modeling of win

tering areas of woodland caribou in northwestern Ontario. 
M.Sc. F. Thesis, Lakehead Universi ty, Thunder Bay, 
Ontario. 

B e r g e r u d , A . T . 1983a. Prey switching in a simple eco
system. -Sci. Amer. 249: 130-141. 

B e r g e r u d , A . T . 1983b. The natural population control 
of caribou. - In: Bunnel l , F .L . , Eastman, D.S . & Peek, 
J . M . (eds.). Symposium on Natural Regulation of Wildlife 
Populations., pp. 14-61 . 

Rangifer, Specia l Issue N o . 10, 1998 



Bergerud, A . T . 1989- Aerial census of caribou and wolves 
in Wabakimi Provincial Park. Bergerud and Associates, 
Fulford Harbour, B . C . , U n p u b l . Rep. 41 pp. 

Bergerud, A . T . & Butler, H . E. 1975. Some rambling 
thoughts on caribou distribution and abundance in the 
Armstrong-Nipigon region. U n p u b l . Rep. , Ont . M i n . 
Natt . Res., Thunder Bay, Ontario. 

Brown, W . K . , Huot, J., Lamothe, P., Luttich, S., 
Pare, M . , St. Martin, G . & Theberge, J. B. 1986. 
The distr ibution and movement patterns of four 
woodland caribou herds in Quebec and Labrador. - In: 
G u n n , A . , M i l l e r , F .L . & Skjenneberg, S. (eds.). Proc. 
4th Int. Reindeer/Caribou Symp. - Rangifer Special Issue 
N o . 1: 43—49-

Chichowski, D . B. & Banner, A . 1992. U s i n g ecosy
stem mapping and GIS as tools for managing winrer 
range for woodland caribou. - In : Ingram, B . & Moss, 
M . R . (eds.). Landscape approaches to wildlife and ecosystem 
management. Polyscience P u b l . Inc., M o r i n Heights , 
Canada, pp. 47-59-

Chubbs, T . E., Keith, L. B., Mahoney, S. P. & 
McGrath, M . J . 1993 • Responses of woodland caribou 
(Rangifer tarandus caribou) to clear-cutting in eastcen-
tral Newfoundland. - Can. J. Zool. 71: 4 8 7 - 4 9 3 . 

Collins, W . B. & Smith, T . S. 1989- Twenty-four hour 
behaviour patterns and budgets of free-ranging rein
deer in winter. - Rangifer 9 (1): 2 -8 . 

Courtin, G . M . & Beckerton, J. E . 1994. Does the prac
tice of careful cutt ing maintain biodiversity? - In: 
Proc. 76th Ann. Meeting Woodlands Section Canadian 
Pulp/Paper Assoc. Montreal. Quebec. 

Cumming, H . G . & Beange, D . B. 1987. Dispersion 
and movements of woodland caribou near Lake 
N i p i g o n , Ontario. -J. Wildl. Manage. 51 (1): 69-79-

Cumming, H . G . , Beange, D . B. & Lavoie, G . 1996. 
Habitat parti t ioning between woodland catibou and 
moose in Ontario: the potential role of shared predati¬
on risk. - Rangifer Special Issue N o . 9: 81 -94 . 

Darby, W . R . & Duquette, L. S. 1986. W o o d l a n d cari
bou and forestry in northern Onrario, Canada. -
Rangifer Special Issue N o . 1: 87 -93 . 

Darby, W . R. , Timmermann, H . R . , Snider, J. B. , 
Abraham, J. B., Stefanski, R . A . & Johnson, C. A . 
1989- Woodland caribou in Ontario: background to policy. 
Ont . M i n . Natr . Res., U n p u b l . Rep. 38 pp. 

Edmonds, E. J. 1988. Population status, distr ibution 
and movements of woodland caribou in west central 
Alberta . - Can. J. Zool. 66: 817-826 

Edmonds, E. J. & Bloomfield, M . 1984. A study of 
woodland caribou, Rangifer tarandus caribou, in westcen-
tral Alberta, 1979 - 1983- A l t a . Energy & N a t . Res. 
Fish and W i l d l . D i v . , U n p u b l . Rep. , Edmonton, 
Alberta. 203 pp. 

Ellis, T . J. & White, D . B. 1992. W i l d l i f e habitat map
p i n g - O C R S case studies 1980 - 1990. A decade of 
refinement. - In: Hornsby, J . K , K i n g , D . J . & Prout, 
N . A . (eds.). Proc. 15th Can. Sympo. on Remote Sensing. 
June 1-4. Toronto, Ontario, pp. 35—40. 

Rangifer, Specia l Issue N o . 10, 1 9 9 8 

Fancy, S. G . , Pank, L. F., Whitten, K . R. & Regelin, 
W . L. 1989. Seasonal movements of caribou in arctic-
Alaska as determined by satellite. — Can. J. Zool. 67: 
644-650 . 

Ferguson, R. S. 1992. Detection and classification of 
muskox habitat on Banks Island, Northwest Terr i 
tories, Canada, using Landsat thematic mapper data. -
Arctic 44 (1): 66 -74 . 

Fuller, T . & Keith, L. B. 1981. W o o d l a n d caribou 
dynamics in northeastern Alberta . - J. Wildl. Manage. 
45: 197-213. 

Godwin, L. 1990. Woodland caribou in northern Ontario: 
Why are they so different? U n p u b l . Rep. , O n t . M i n . 
Natr . Res., 7 pp. 

H i l l , E. L. 1985. A preliminary examination of the beha
vioural reacrion of caribou to the Upper Salmon 
hydroelectric development in Newfoundland. — In: 
Meredith , T . C . & Marre l l , A . M . (eds.). Proc. 2nd North 
American Caribou Workshop, V a l M o r i n , Quebec, pp. 
85-94 . 

Hyers, B. T . 1997. Effects of roads and log hauling on wood
land caribou use of a traditional wintering area near 
Armstrong, Ontario. M.Sc .F . Thesis, Lakehead 
Universi ty, Thunder Bay, Ontario. 

Litvaitis, J. A . , Titus, K . & Anderson, E. M . 1994. 
Measuring vertebrate use of terrestrial habitats and 
foods - In: Bookhout, T . A . (ed.). Research and 
Management Techniques for Wildlife Habitats (5th ed.). 
The W i l d l i f e Society, Berthesda, Maryland, pp. 
254-274. 

Neu, C . W . , Byers , C . R., Peek, J. M . & Boy, V . 1974. 
A technique for analysis of uti l ization-availabil i ty 
data . - J . Wildl. Manage. 38: 541-545 . 

Parker, B. H . 1997. Description of calving grounds of wood
land caribou, Rangifer rarandus caribou, in the Red Lake 
and Sioux Lookout Districts, northwestern Ontario. B.Sc. 
(Hons.) Thesis, Laurentian University, Sudbury, 
Ontario. 

Pearce, C . M . 1992. M a p p i n g muskox habitat in the 
Canadian H i g h Atc t ic w i t h S P O T satellite data. -
Arctic 44 (1): 4 9 - 5 7 . 

Rominger, E. M . & Oldemeyer, J. L. 1989- E a r l y - w i n -
rer diet of woodland caribou in relation to snow accu
mulat ion, Selkirk Mountains, Br i t i sh C o l u m b i a , 
Canada. - Can. J. Zool. 68: 2691-2694. 

Seip, D . R. 1992. Factors l i m i t i n g woodland caribou 
populations and their interrelationships w i t h wolves 
and moose i n southeastern Br i t ish Columbia . - Can. 
J. Zool. 70: 1494-1503. 

Shoesmith, M . W . & Story, D . R. 1977. Movements 
and associated behaviour of woodland caribou in cen-
rral Manitoba. - Proc. Int. Congr. Game Biol. 13: 
51-64. 

Stafford, W . M . 1994. Process for developing a caribou habi
tat stratification model using ARC/INFO and forest fuel 
maps. N R S T U . Ont . M i n . Natr . Res., Thunder Bay, 
Ontatio, U n p u b l . Rep. 9 pp. 

201 



S t a r d o m , R . R . P . 1977. Winter ecology of woodland cari
bou (Rangifer tarandus caribou) and some aspects of the 
winter ecology of moose (Alces alces andersoni) and white-
tailed deer (Odocoileus virginianus dacotensis) [Mam
malia: Cervidae) in southeastern Manitoba. M.Sc . Thesis, 
U n i v . Manitoba, W i n n i p e g , Manitoba. 

T h o m p s o n , D . C , K l a s s e n , G . H . & C i h l a r , J . 1980. 
Caribou habitat mapping in the southern Distr ic t of 
Keewatin, N . W . T . : an application of d ig i ta l Landsat 
data . - J . Appl. Ecol. 17: 125-138. 

202 Rangifer, Specia l Issue N o . 10, 1998 



The Seventh N o r t h American Caribou Conference, 
Thunder Bay, Ontario, Canada, 
19-21 August , 1996. 

Ecosystem management and the conservation of caribou habitat in Brit ish 
Columbia 
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Abstract: Woodland caribou (Rangifer tarandits caribou) in Br i t i sh Co lumbia inhabit a wide variety of forest ecosystems. 
Numerous research projects have ptovided information that has been used to develop caribou habitat management 
recommendations for different areas. Recenrly, the province has implemented guidelines to protect biodiversity rhat are 
based on an ecosystem management strategy of m i m i c k i n g natural forest conditions. There is a great deal of similarity 
between caribou management recommendarions and biodiversity recommendacions w i t h i n different forest types. In 
mountain caribou habitat, both approaches recommend maintaining a landscape dominated by old and mature forests, 
uneven-aged management, small cutblocks, and maintaining mature forest connectivity. In notthern caribou habitat, 
both approaches recommend maintaining some older stands on the landscape (but less than for mounrain caribou), 
even-aged management, and a mosaic of large harvest units and leave areas. The ecosystem management recommenda
tions provide a useful foundation for caribou habitat conservation. More detailed information on caribou and orher 
management objectives can then be used to fine-tune those recommendations. 

K e y w o r d s : Rangifer tarandus caribou, hab i ta t m a n a g e m e n t , forestry, b i o d i v e r s i t y . 
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I n t r o d u c t i o n 

W o o d l a n d c a r i b o u (Rangifer tarandus caribou) conser
v a t i o n has been a h i g h prof i le resource m a n a g e m e n t 
issue i n B r i t i s h C o l u m b i a ( B . C . ) for m a n y years, p r i 
m a r i l y because o f the conf l i c t between forest harves
t i n g and conservat ion of c a r i b o u habi ta t . T h a t c o n 
cern resul ted i n a large n u m b e r of s tudies d e s i g n e d 
to p r o v i d e i n f o r m a t i o n o n h o w to integrate c a r i b o u 
habi ta t p r o t e c t i o n and forest h a r v e s t i n g . T h o s e rese
arch results l ed to the d e v e l o p m e n t o f n u m e r o u s 
sets o f g u i d e l i n e s and r e c o m m e n d a t i o n s that have 
been i m p l e m e n t e d to various degrees t h r o u g h o u t 
the p r o v i n c e (e.g. C i c h o w s k i & Banner , 1 9 9 3 ; 
Stevenson et al., 1994) . Fores t ry/wi ld l i f e g u i d e l i n e s 
have also been developed for var ious other h i g h p r i 
o r i t y species i n B . C . such as m u l e deer (Odocoileus 
hemionus hemionus) ( A r m l e d e r et al., 1986) , a n d coas
ta l b l a c k - t a i l e d deer (0. h. columbianus) and Roose
vel t e l k (Cervus elaphus roosevelti) ( N y b e r g & J a n z , 
1990) . 

M o r e recently there has been increased p u b l i c 

concern about the i m p a c t s o f forest m a n a g e m e n t 
pract ices o n the f u l l range of n a t u r a l b iod ivers i ty . 
Forest managers m u s t n o w a t t e m p t to manage 
forests i n a w a y that w i l l m a i n t a i n a l l nat ive species, 
i n c l u d i n g vertebrates, invertebrates , vascular a n d 
non-vascular p l a n t s , a n d m i c r o - o r g a n i s m s . G i v e n 
this c o m p l e x task, r e l y i n g o n s i n g l e species g u i d e l i 
nes is no l o n g e r a feasible a p p r o a c h . T h e habi ta t 
requirements o f m a n y native species are u n k n o w n , 
and even i f they were , i t w o u l d be i m p o s s i b l e to 
integrate the i n d i v i d u a l requi rements o f thousands 
o f di f ferent species, m a n y of w h i c h have hab i ta t 
requi rements that are i n c o m p a t i b l e w i t h the r e q u i 
rements o f others. C o n s e q u e n t l y , an ecosystem 
m a n a g e m e n t approach has been a d o p t e d as a m o r e 
appropr ia te strategy to conserve n a t u r a l b i o d i v e r s i t y 
w i t h i n m a n a g e d forests i n B . C . E c o s y s t e m m a n a g e 
m e n t provides the f r a m e w o r k for the B r i t i s h 
C o l u m b i a Forest Pract ices C o d e B i o d i v e r s i t y 
G u i d e b o o k ( B r i t i s h C o l u m b i a M i n i s t r y o f Forests, 
1995) . 
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The British Columbia forest practices 
code biodiversity guidebook 
T h e basic a s s u m p t i o n o f the B i o d i v e r s i t y G u i d e 
b o o k is that the m o r e closely m a n a g e d forests 
resemble na tura l forests, the greater the p r o b a b l i l t y 
that a l l nat ive species a n d eco log ica l processes w i l l 
be m a i n t a i n e d . A s na tura l ecosystems become incre 
a s i n g l y m o d i f i e d b y h u m a n ac t iv i t i es , n a t u r a l pat 
terns o f b i o d i v e r s i t y become i n c r e a s i n g l y a l tered, 
a n d the r i s k of l o s i n g nat ive species ( i n c l u d i n g c a r i 
bou) increases. Forest b i o d i v e r s i t y is re lated to the 
age class d i s t r i b u t i o n , p a t c h size d i s t r i b u t i o n (i.e. 
the size of c o n t i g u o u s , s i m i l a r - a g e d areas o f forest), 
a n d s tand s t ructure of the forest ( H u n t e r , 1990) . In 
na tura l forests, those factors were d e t e r m i n e d p r i 
m a r i l y b y the frequency, scale and characterist ics o f 
na tura l dis turbances such as fires, insects a n d disea
se. T h u s , the B i o d i v e r s i t y G u i d e b o o k uses natura l 
d i s turbance regimes as a m o d e l for forest m a n a g e 
m e n t pract ices . 

T h e degree to w h i c h na tura l b i o d i v e r s i t y can be 
m a i n t a i n e d w i t h i n m a n a g e d forests depends o n 
h o w c losely managed forests resemble n a t u r a l forest 
c o n d i t i o n s . A s the forest age class d i s t r i b u t i o n , 
p a t c h size d i s t r i b u t i o n , a n d stand s t ruc ture become 
m o r e l i k e na tura l forests, the pa t te rn of b i o d i v e r s i t y 
w i l l also approach more na tura l levels . H o w e v e r , 
m o v i n g a l o n g that c o n t i n u u m towards n a t u r a l 
forest c o n d i t i o n s u s u a l l y has t i m b e r s u p p l y a n d eco
n o m i c consequences. W h e r e we choose to be o n 
that c o n t i n u u m becomes a social va lue j u d g e m e n t 
that considers the trade-off between b i o d i v e r s i t y 
conservat ion a n d e c o n o m i c values. T h e B i o d i v e r s i t y 
G u i d e b o o k out l ines three dif ferent o p t i o n s a l o n g 
that c o n t i n u u m , d e p e n d i n g o n whether b i o d i v e r s i t y 
conservat ion has a h i g h , i n t e r m e d i a t e , or l o w p r i o r i 
ty i n a g i v e n area. T h e p r i m a r y difference between 
those three opt ions is the a m o u n t o f o l d a n d m a t u r e 
forest r e t e n t i o n . T h e H i g h o p t i o n m a i n t a i n s 7 5 % , 
the In termedia te o p t i o n m a i n t a i n s 5 0 % , a n d the 
L o w o p t i o n m a i n t a i n s 2 5 % o f natura l levels o f o l d 
and m a t u r e forest i n an area. 

T h e B i o d i v e r s i t y G u i d e b o o k r e c o m m e n d a t i o n s 
are i n t e n d e d to be a p p l i e d at a landscape p l a n n i n g 
leve l . Forest D i s t r i c t s are s u b d i v i d e d i n t o landscape 
uni ts that are general ly f r o m 50 0 0 0 - 100 0 0 0 hec
tares i n size. Landscape u n i t s m u s t be q u i t e large to 
represent the scale at w h i c h natura l age classes and 
p a t c h sizes were spat ia l ly d i s t r i b u t e d . T h e 
B i o d i v e r s i t y G u i d e b o o k provides r e c o m m e n d e d age 
class, p a t c h size, and stand s tructure objectives for 
each landscape u n i t . Those r e c o m m e n d a t i o n s vary 
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d e p e n d i n g o n the n a t u r a l forest characterist ics (i.e. 
b i o g e o c l i m a t i c subzones; M e i d i n g e r & Pojar , 1991) 
a n d the b i o d i v e r s i t y emphasis o p t i o n for each lands
cape u n i t . T h e b i o d i v e r s i t y emphasis o p t i o n for 
each landscape u n i t is d e t e r m i n e d u s i n g a c o m b i n a 
t i o n o f eco log ica l c r i t e r i a , g o v e r n m e n t p o l i c y o n 
a l l o w a b l e t i m b e r s u p p l y i m p a c t s , a n d p u b l i c i n p u t 
f r o m strategic l a n d use p l a n n i n g processes. 

Ecosystem management and caribou habi
tat 
W o o d l a n d c a r i b o u i n B . C . l i v e i n a w i d e var ie ty o f 
ecosystems, b u t they can be b r o a d l y d i v i d e d i n t o a 
" m o u n t a i n eco type" a n d a " n o r t h e r n ecotype" ( F i g . 
1); (Stevenson & H a t l e r , 1985) . H a b i t a t manage
m e n t r e c o m m e n d a t i o n s for the di f ferent c a r i b o u 
ecotypes have been deve l oped based on specif ic 
i n f o r m a t i o n about c a r i b o u ecology i n di f ferent are
as. H o w e v e r , as w i l l be discussed be low, very s i m i l a r 
r e c o m m e n d a t i o n s w o u l d result f r o m s i m p l y a p p l y 
i n g an ecosystem m a n a g e m e n t strategy of t r y i n g to 
m i m i c the na tura l forest c o n d i t i o n s i n the areas 
where they l i v e . T h e purpose of th is paper is to d i s 
cuss the value of an ecosystem m a n a g e m e n t strategy 
for p r o t e c t i n g c a r i b o u habi ta t . 

Mountain caribou 
M o u n t a i n c a r i b o u l i v e i n the southeastern par t o f 
the p r o v i n c e ( F i g . 1). T h e habi tat use of m o u n t a i n 
c a r i b o u has been the subject o f n u m e r o u s studies 
i n c l u d i n g S i m p s o n et al. (1987) , Servheen & L y o n 
(1989) , Seip ( 1 9 9 0 ; 1992a) , Terry (1994) , and A p p s 
& K i n l e y (this v o l u m e ) . M o u n t a i n c a r i b o u spend 
most of the year at h i g h elevations (general ly above 
1500 m ) i n a l p i n e areas and s u b a l p i n e forests o f 
E n g e l m a n n spruce (Picea engelmannii) and s u b a l p i n e 
fir (Abies lasiocarpa). D u r i n g the w i n t e r , snow depths 
are too great to a l l o w cra ter ing and the c a r i b o u feed 
a l m o s t e x c l u s i v e l y o n arboreal l i chens . In some are
as, c a r i b o u use l o w e r e levat ion forests of western 
redcedar (Thuja plicata) a n d western h e m l o c k CVsuga 
heterophylla) d u r i n g early w i n t e r ( N o v e m b e r -
D e c e m b e r ) , b u t m o v e to h i g h e r elevations as w i n t e r 
progesses. 

These wet , m o u n t a i n o u s landscapes had a very 
l o w frequency o f s tand d e s t r o y i n g w i l d f i r e s , and 
w h e n fires d i d occur, m o s t were re la t ive ly s m a l l i n 
size. T h u s , the landscape was n a t u r a l l y d o m i n a t e d 
by c o n t i g u o u s o l d forests, w i t h early serai habitats 
re la t ive ly u n c o m m o n a n d s m a l l i n size. W i t h i n 
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F i g . 1. The distribution and relative abundance of the mountain catibou ecotype, and the northern caribou ecotype, of 
woodland caribou in Br i t i sh Co lu mbia (Brit ish Columbia M i n i s t r y of Environment, 1979; Stevenson & Hatler , 
1985). 

o lder stands, the death o f i n d i v i d u a l trees or s m a l l 
groups o f trees f r o m s m a l l scale n a t u r a l d i s t u r b a n 
ces, such as insects or disease, created gaps i n the 
forest canopy. Those gaps a l l o w e d trees to regenera
te a n d g r o w i n the unders tory r e s u l t i n g i n the deve
l o p m e n t o f uneven-aged stands. 

A r b o r e a l l i chens are most a b u n d a n t i n o l d forests 
( A n t i f e a u , 1987) a n d are e l i m i n a t e d w h e n those 
forests are clearcut or b u r n e d . T h u s , m a i n t a i n i n g 
o l d forests that p r o v i d e arboreal l i c h e n is an essenti
al c o m p o n e n t o f c a r i b o u habi tat p r o t e c t i o n i n these 
areas. W o l f (Cams lupus) p r e d a t i o n is a ma jor l i m i 
t i n g factor o f some m o u n t a i n c a r i b o u p o p u l a t i o n s , 
and c a r i b o u appear to be m o r e v u l n e r a b l e to p r e d a 
t i o n w h e n they l i v e i n close p r o x i m i t y to moose 
(Alces alces) because moose p r o v i d e an a l ternat ive 
prey that sustains increased w o l f n u m b e r s (Seip, 
1992b) . A s i m i l a r s i t u a t i o n p r o b a b l y occurs i n the 
southern S e l k i r k s and M o n a s h e e m o u n t a i n s where 
cougar (Felis concolor) p r e d a t i o n is a ma jor m o r t a l i t y 
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factor for w o o d l a n d c a r i b o u , a n d cougar abundance 
is associated w i t h deer numbers ( C o m p t o n et al., 
1 9 9 0 ; S i m p s o n etal., 1994) . 

M o o s e , deer a n d e l k n u m b e r s u s u a l l y increase i n 
response to the crea t ion o f early serai habitats b y 
c l e a r c u t t i n g a n d fires. Increased u n g u l a t e n u m b e r s 
m a y sustain increased p o p u l a t i o n s o f predators. 
T h e r e is concern that f r a g m e n t i n g c a r i b o u habi tat 
i n t o a p a t c h w o r k o f m a t u r e a n d early serai forests 
w i l l b r i n g c a r i b o u a n d early serai u n g u l a t e species 
i n t o close p r o x i m i t y , sustain increased predator 
p o p u l a t i o n s i n the area, and thereby lead to an 
increase i n p r e d a t i o n o n the c a r i b o u (Seip, 1 9 9 1 ; 
Stevenson et al., 1994) . C o n s e q u e n t l y , m a i n t a i n i n g 
large , c o n t i g u o u s tracts o f o l d forest is genera l ly 
seen as preferable to m a i n t a i n i n g f r a g m e n t e d pat 
ches o f mature forest interspersed w i t h clearcuts. 

A var ie ty of strategies have been i m p l e m e n t e d to 
m a i n t a i n large c o n t i g u o u s areas o f o l d forest for 
m o u n t a i n c a r i b o u i n southeastern B . C . M a n y exis-
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t i n g p a r k s , especial ly W e l l s G r a y P r o v i n c i a l P a r k , 
p r o v i d e hab i ta t for a subs tant ia l n u m b e r o f m o u n 
t a i n c a r i b o u . B r i t i s h C o l u m b i a is i n the process o f 
increas ing the a m o u n t o f p a r k l a n d to 1 2 % o f the 
p r o v i n c i a l area ( A n o n y m o u s , 1993) . M a n y of the 
new parks w h i c h are proposed for southeastern B . C . 
w i l l p r o v i d e a d d i t i o n a l p r o t e c t i o n of c a r i b o u h a b i t a t 
so that i n the future , a subs tant ia l p r o p o r t i o n of the 
to ta l m o u n t a i n c a r i b o u habi ta t w i l l be p r o t e c t e d b y 
parks . 

C a r i b o u habi ta t is also b e i n g protec ted i n areas 
outs ide o f parks . I n some forest d i s t r i c t s , the h i g 
hest q u a l i t y c a r i b o u habi ta t has been i d e n t i f i e d a n d 
is unavai lab le for harvest. T h e areas have been r e m o 
ved f r o m the t i m b e r h a r v e s t i n g landbase a n d the 
a l lowable a n n u a l cut has been reduced a c c o r d i n g l y 
(e.g. P r i n c e G e o r g e T i m b e r S u p p l y A r e a , R o b s o n 
V a l l e y T i m b e r S u p p l y A r e a ) . M o s t o f the h ighes t 
q u a l i t y c a r i b o u habi tat is h i g h e levat ion s u b a l p i n e 
forest that has re la t ive ly l o w t i m b e r p r o d u c t i v i t y so 
these areas can often be protec ted w i t h r e l a t i v e l y 
modest i m p a c t s o n t i m b e r supply . I n some other 
areas, forest age class constraints are a p p l i e d to c a r i 
b o u habi ta t to ensure that a subs tant ia l p r o p o r t i o n 
of the habi ta t is o l d e n o u g h to p r o v i d e arboreal 
l i chens . F o r example , w i t h i n m e d i u m q u a l i t y c a r i 
b o u habi ta t i n the R o b s o n V a l l e y T i m b e r S u p p l y 
A r e a , no more t h a n 1/3 o f the c o m m e r c i a l t i m b e r 
v o l u m e can be harvested every 80 years. I f c learcut-
t i n g is b e i n g used, the constra int w i l l ensure that at 
least 1/3 o f the forest is greater t h a n 160 years o f 
age. A l t e r n a t i v e l y , p a r t i a l c u t t i n g systems c o u l d be 
used to remove 1/3 o f the v o l u m e f r o m the ent ire 
habi ta t area every 80 years so l o n g as the s i l v i c u l t u -
ral p r e s c r i p t i o n m a i n t a i n s c a r i b o u habi ta t a t t r i b u 
tes. I n some areas, i f c l e a r c u t t i n g is to be used i n 
areas of c a r i b o u habi ta t , s m a l l c u t b l o c k s less t h a n 
15 hectares i n size are r e c o m m e n d e d ( S i m p s o n et al., 
1994). Some Forest D i s t r i c t s also require that 
mature forest corr idors be m a i n t a i n e d across val leys 
to p r o v i d e c o n n e c t i v i t y between u p p e r e levat ion 
areas o f c a r i b o u habi tat . 

Those c a r i b o u habitat m a n a g e m e n t r e c o m m e n d a 
t ions are very s i m i l a r to the B i o d i v e r s i t y G u i d e b o o k 
r e c o m m e n d a t i o n s for those forest types. I f a lands
cape u n i t is to be m a n a g e d w i t h a "high emphasis" o n 
conserv ing b i o l o g i c a l d ivers i ty , the B i o d i v e r s i t y 
G u i d e b o o k recommendat ions for these forests 
i n c l u d e : 

I) A t least 5 4 % o f the u p p e r e levat ion forest s h o u l d 

be >120 years o f age (i.e. at least 7 5 % o f n a t u r a l 
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levels) . L o w e r e levat ion forest types that h a d a grea
ter f requency of na tura l w i l d f i r e s have a l o w e r target 
for o l d a n d m a t u r e forest re tent ion , b u t the target 
s t i l l represents 7 5 % of n a t u t a l levels. 

II) N o m o r e t h a n 1 7 % of the u p p e r e l e v a t i o n forest 
s h o u l d be <40 years o f age (i.e. no m o r e t h a n 1.5 
t i m e s the n a t u r a l level) . M o r e early serai hab i ta t is 
a l l o w e d i n l o w e r e levat ion forests, b u t the target is 
s t i l l <1.5 t i m e s n a t u r a l levels. 

III) P a r t i a l c u t t i n g a n d uneven-aged s i l v i c u l t u r a l 
systems are preferred i n the u p p e r e l e v a t i o n forests 
to m i m i c the natura l pa t te rn of s m a l l d is turbances 
w i t h i n stands. 

I V ) I f c l e a r c u t t i n g is used, a range o f c u t b l o c k sizes, 
u p to 2 5 0 hectares i n size, is r e c o m m e n d e d to 
m i m i c the size d i s t r i b u t i o n of n a t u r a l s t a n d -
d e s t r o y i n g dis turbances i n these forests. 

V ) A b o u t 1 0 % of the tota l area w i t h i n each c u t -
b l o c k m u s t be reta ined as mature forest remnants to 
m i m i c the s t ruc tura l features left b e h i n d by natura l 
d is turbances . Those remnants w i l l p r o v i d e habi tat 
a t t r ibutes , such as large d iameter snags a n d arboreal 
l i chens , w i t h i n the regenerat ing s tand. 

V I ) M a t u r e forest corr idors m u s t be m a i n t a i n e d to 
keep stands of m a t u r e and o l d forest connec ted i n t o 
a c o n t i g u o u s "Forest E c o s y s t e m N e t w o r k " . 

These b i o d i v e r s i t y r e c o m m e n d a t i o n s are i n t e n 
d e d to m a i n t a i n a re la t ive ly na tura l age class and 
p a t c h size d i s t r i b u t i o n w i r h i n the landscape u n i t . 
T h e s tand m a n a g e m e n t r e c o m m e n d a t i o n s are d e s i g 
ned to m a i n t a i n n a t u r a l s tand s t ructure and habi ta t 
a t t r ibutes such as snags and l i chens . T h e "Forest 
E c o s y s t e m N e t w o r k " is i n t e n d e d to p a r t i a l l y m a i n 
t a i n the c o n t i g u o u s d i s t r i b u t i o n of o l d a n d m a t u r e 
forests o n the landscape. 

B y m a i n t a i n i n g m a n y of the characterist ics o f 
na tura l forests, i t is assumed that r e l a t i v e l y natura l 
levels o f b i o d i v e r s i t y , a n d re la t ive ly n a t u r a l p o p u l a 
t i o n levels o f a l l nat ive species w i l l be m a i n t a i n e d . 
In r e l a t i o n to m o u n t a i n c a r i b o u , i m p l e m e n t a t i o n of 
these b i o d i v e r s i t y r e c o m m e n d a t i o n s w o u l d m a i n 
t a i n a landscape d o m i n a t e d by c o n t i g u o u s o l d and 
m a t u r e forest that w o u l d p r o v i d e arboreal l ichens 
for w i n t e r f o o d , a n d a l l o w c a r i b o u to m a i n t a i n spa
t i a l separat ion f r o m early serai habitats a n d thereby 
reduce the r i s k of p r e d a t i o n . T h u s , the ecosystem 
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m a n a g e m e n t r e c o m m e n d a t i o n s p r o v i d e a use fu l 
approach to c o n s e r v i n g c a r i b o u hab i ta t . 

I f a landscape u n i t is m a n a g e d w i t h an i n t e r m e 
diate or l o w emphas is o n b i o d i v e r s i t y conservat ion , 
the m a t u r e and o l d forest r e q u i r e m e n t w o u l d be 
reduced (ie. 5 0 % or 2 5 % of n a t u r a l levels respect i 
ve ly) . M o v i n g f r o m h i g h , to i n t e r m e d i a t e , to l o w 
emphasis b i o d i v e r s i t y r e c o m m e n d a t i o n s w o u l d 
increase the t i m b e r a v a i l a b l i l i t y , b u t w o u l d result i n 
a greater i m p a c t o n na tura l b i o d i v e r s i t y , a n d increa
se the threat to var ious nat ive species s u c h as c a r i 
b o u . 

Northern caribou 
N o r t h e r n c a r i b o u i n h a b i t the n o r t h e r n a n d west -
centra l areas o f B . C . ( F i g . 1). H i s t o r i c a l l y the d i s 
t r i b u t i o n was c o n t i g u o u s , b u t i t became frac tured 
d u r i n g the past century due to the disappearance of 
c a r i b o u f r o m p o r t i o n s of the i r range ( B e r g e r u d , 
1978) . H a b i t a t studies of n o r t h e r n c a r i b o u are p r e 
sented i n H a t l e r (1986) , C i c h o w s k i (1993) , a n d 
W o o d (1996) . These c a r i b o u u s u a l l y l i v e i n a l p i n e 
habitats d u r i n g the s u m m e r m o n t h s b u t use l o w e r 
e levat ion lodgepole p i n e (Pinus contorta) forests for 
at least part o f the w i n t e r . D u r i n g w i n t e r the c a r i 
b o u feed p r i m a r i l y b y c ra ter ing for terrestr ia l 
l i chens . T h e p r i m a r y conf l ic t w i t h forest h a r v e s t i n g 
occurs o n the l o w e levat ion w i n t e r ranges. 

T h e l o w e levat ion forest types that p r o v i d e c a r i 
b o u w i n t e r range experienced n a t u r a l w i l d f i r e s o n 
average every 1 0 0 - 1 5 0 years. Those fires were of ten 
thousands of hectares i n size. H o w e v e r , w i l d l f i r e s 
d i d not b u r n 1 0 0 % o f the area, b u t rather, left 
s m a l l , u n b u r n e d remnants of m a t u r e forest that 
c o n s t i t u t e d 5 - 1 5 % of the to ta l b u r n area (Eberhart 
& W o o d a r d , 1 9 8 7 ; D e l o n g & Tanner , 1996) . 
C o n s e q u e n t l y , the na tura l landscape was a mosaic of 
large, even-aged stands of p i n e that regenerated f o l 
l o w i n g w i l d f i r e s . W i t h i n those stands there were 
remnants of o lder forest that had s u r v i v e d the fires. 

Terrestr ia l l i chens were u s u a l l y des t royed b y fires, 
b u t reco lon ized d i s t u r b e d sites and became a b u n 
dant i n m i d - a g e d to mature stands ( B r u l i s a u e r et al., 
1 9 9 6 ; D . C o x s o n , pers. c o m m . ) . X e r i c g r o w i n g sites 
s u p p o r t a b u nda nt terrestr ial l ichens for h u n d r e d s of 
years (Bru l i sauer et al., 1996) . H o w e v e r , o n m o r e 
p r o d u c t i v e sites, terrestr ial l i chens m a y be a b u n d a n t 
i n m i d - a g e d stands b u t are replaced b y mosses i n 
o l d e r stands and thus require p e r i o d i c d i s turbance 
to be perpetuated ( D . C o x s o n , pers. c o m m . ) . V e r y 
p r o d u c t i v e sites are usua l ly d o m i n a t e d b y vascular 

Rangifer, Spec ia l Issue N o . 10, 1998 

p l a n t s a n d never p r o d u c e subs tant ia l a m o u n t s of 
terrestr ia l l i chens . 

H a b i t a t m a n a g e m e n t strategies for these c a r i b o u 
m u s t ensure that suff ic ient a m o u n t s o f o lder forest 
are m a i n t a i n e d to p r o v i d e terrestr ia l l i c h e n s . 
H o w e v e r , o n sites that n a t u r a l l y u n d e r g o a successi
o n to moss cover, p e r i o d i c d is turbances of o l d stands 
are r e q u i r e d to reestabl ish l i chens . I n a d d i t i o n , s u i 
table f o r a g i n g hab i ta t s h o u l d be m a i n t a i n e d i n lar 
ge, u n f r a g m e n t e d patches to keep the c a r i b o u spa
t i a l l y separated f r o m early serai hab i ta t where they 
w o u l d encounter increased exposure to moose a n d 
wolves . 

Forest h a r v e s t i n g w i t h i n the w i n t e r ranges of 
n o r t h e r n c a r i b o u i n B . C . has been q u i t e l i m i t e d 
u n t i l now, b u t increased a c t i v i t y i n those areas is 
a n t i c i p a t e d . I n response, a n u m b e r o f strategies have 
been i m p l e m e n t e d to protect w i n t e r hab i ta t . 
H a b i t a t for m a n y n o r t h e r n c a r i b o u herds is c o n t a i 
ned w i t h i n e x i s t i n g and proposed p a r k s . There is an 
a p p r e c i a t i o n a m o n g M i n i s t r y of P a r k s b i o l o g i s t s 
that maintenance of that hab i ta t m a y require fire 
m a n a g e m e n t p lans that perpetuate n a t u r a l w i l d f i r e 
regimes ( D . C i c h o w s k i , pers. c o m m . ) . In areas o u t 
side of parks , forest age class constra ints have been 
i m p l e m e n t e d i n some Forest D i s t r i c t s to m a i n t a i n 
o l d and m a t u r e forests that p r o v i d e terrestr ia l 
l i chens . F o r e x a m p l e , w i t h i n c a r i b o u w i n t e r hab i ta t 
i n the M a c k e n z i e Forest D i s t r i c t , 2 5 % of the forest 
m u s t be o lder t h a n 150 years. S i m i l a r l y , i n F t . St. 
J o h n Forest D i s t r i c t 4 0 % of the forest that p r o v i d e s 
l o w e levat ion c a r i b o u w i n t e r hab i ta t m u s t be o lder 
t h a n 100 years. Those areas are avai lable for harves
t i n g , b u t o n a r o t a t i o n p e r i o d that is l o n g e n o u g h to 
p r o v i d e terrestr ia l l i chens for c a r i b o u . W h e n har
v e s t i n g is c o n d u c t e d , large harvest b locks of h u n 
dreds or thousands of hectares, offset w i t h s i m i l a r 
s ized leave areas, are r e c o m m e n d e d to reduce h a b i 
tat f r a g m e n t a t i o n ( C i c h o w s k i & B a n n e r , 1993) . 

A g a i n , these c a r i b o u habi ta t r e c o m m e n d a t i o n s 
are a lmost i d e n t i c a l to the B i o d i v e r s i t y G u i d e b o o k 
r e c o m m e n d a t i o n s w h i c h are based o n m i m i c k i n g 
the na tura l d i s t u r b a n c e r e g i m e . W i t h i n landscape 
u n i t s that are m a n a g e d w i t h a "high emphasis" o n 
conserv ing b i o d i v e r s i t y , the B i o d i v e r s i t y G u i d e b o o k 
r e c o m m e n d a t i o n s for the forest types that p r o v i d e 
l o w e levat ion w i n t e r habi ta t for n o r t h e r n c a r i b o u 
vary ( d e p e n d i n g o n the b i o g e o c l i m a t i c subzone a n d 
natura l fire r e t u r n interval ) as f o l l o w s : 

I) A t least 2 8 - 3 9 % s h o u l d be greater t h a n 100 years 

o f age (i.e. 7 5 % of n a t u r a l levels) . 
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II) N o m o r e t h a n 3 5 - 5 0 % s h o u l d be harvested w i t 
h i n a 4 0 year p e r i o d (i.e. 1.5 t i m e s the natura l 
level) . 

III) C l e a r c u t t i n g w i t h reserves is g e n e r a l l y the pre
ferred s i l v i c u l t u r a l system to m i m i c the s tand stuc-
ture p r o d u c e d b y stand d e s t r o y i n g w i l d f i r e s that 
conta ined u n b u r n e d mature forest remnants . 
G e n e r a l l y , about 1 0 % of the to ta l area w i t h i n each 
c u t b l o c k s h o u l d be re ta ined as m a t u r e forest r e m 
nants , s i m i l a r to the pa t te rn o f w i l d f i r e s . 

I V ) A range of c u t b l o c k sizes is r e c o m m e n d e d , b u t 
the m a j o r i t y s h o u l d be re la t ive ly large (i.e 250¬
1 0 0 0 hectares). T h i s size d i s t r i b u t i o n under - repre -
sents the f requency of m u c h larger n a t u r a l w i l d f i r e s 
i n these forest types, b u t the object ive o f m i m i c k i n g 
n a t u r a l patterns was balanced w i t h p u b l i c concern 
about large clearcuts. 

B y p r o v i d i n g a re la t ive ly na tura l forest age class 
d i s t r i b u t i o n , p a t c h size d i s t r i b u t i o n a n d stand 
s t ructure , i t is assumed that re la t ive ly n a t u r a l levels 
o f b i o d i v e r s i t y w i l l be m a i n t a i n e d . F o r n o r t h e r n 
c a r i b o u , i m p l e m e n t a t i o n of these g u i d e l i n e s w o u l d 
p r o v i d e a perpe tua l s u p p l y o f re la t ive ly large pat
ches o f m a t u r e forest that w o u l d p r o v i d e terrestr ial 
l i chens for f o o d , and some spat ia l separat ion f r o m 
early serai habitats where p r e d a t i o n risk is p r o b a b l y 
greater. I f a landscape u n i t is m a n a g e d w i t h an 
i n t e r m e d i a t e or l o w emphasis on b i o d i v e r s i t y con
servat ion , the mature and o l d forest r e q u i r e m e n t 
w o u l d be reduced , a n d the r i s k to c a r i b o u a n d other 
nat ive species associated w i t h o l d forest w o u l d be 
greater. 

Roads and disturbance 
I n a d d i t i o n to the forest m a n a g e m e n t issues discus
sed above, there are concerns r e g a r d i n g i m p a c t s of 
roads, l inear corr idors , and d is turbance o n c a r i b o u . 
R o a d s a n d l inear corr idors c learly p r o v i d e i m p r o v e d 
access to c a r i b o u for hunters and poachers , b u t m a y 
also increase access for predators. D i s t u r b a n c e s such 
as s n o w m o b i l e s can displace c a r i b o u and force t h e m 
i n t o m o r e r u g g e d habitats where they p r o b a b l y face 
increased energy expenditures a n d m o r t a l i t y r i sk 
f r o m avalanches ( S i m p s o n , 1 9 8 7 ; o w n obs.). 
H o w e v e r , these i m p a c t s can be q u i t e subt le and 
a lmost i m p o s s i b l e to demonstrate c o n c l u s i v e l y w i t h 
research a n d m o n i t o r i n g . A l t h o u g h the c u m u l a t i v e 
effects o f s m a l l increases i n p o a c h i n g , energy expen

d i t u r e s , veh ic le c o l l i s i o n s , avalanche deaths, a n d 
p r e d a t i o n associated w i t h increased d i s turbance 
m a y have a m a j o r i m p a c t o n a c a r i b o u p o p u l a t i o n 
over the years, i t m a y be i m p o s s i b l e to d e f i n i t i v e l y 
s h o w a direct cause a n d effect r e l a t i o n s h i p . A n eco
system m a n a g e m e n t strategy w o u l d assume that 
because roads, s n o w m o b i l e s etc. are not part o f the 
n a t u r a l ecosystem, the more prevalent they become, 
the greatet the p r o b a b l i l i t y that n a t u r a l levels o f 
b i o d i v e r s i t y w i l l be d i s r u p t e d . T h u s i t w o u l d be 
p r u d e n t to m i n i m i z e or p r o h i b i t roads and other 
dis turbances i n areas where m a i n t a i n i n g n a t u r a l 
levels o f b i o d i v e r s i t y , i n c l u d i n g c a r i b o u p o p u l a t i 
ons, is a p r i o r i t y , even i f there is no conc lus ive rese
arch i n f o r m a t i o n that demonstrates a deleter ious 
effect. 

Predator control 
P r e d a t i o n is o f ten a ma jor l i m i t i n g factor o f c a r i b o u 
p o p u l a t i o n s a n d predator c o n t r o l can s i g n i f i c a n t l y 
increase c a r i b o u s u r v i v a l ( B e r g e r u d & E l l i o t , 1 9 8 6 ; 
F a r n e l l & M c D o n a l d , 1988 ; Se ip , 1992b) . H o w 
ever, use of predator c o n t r o l to increase c a r i b o u or 
other ungulates to u n n a t u r a l l y h i g h levels is a 
d i s r u p t i o n of n a t u r a l b iodivers i ty . It m a y be a p p r o 
pr ia te to manage predators i n areas where society 
has dec ided to enhance na tura l u n g u l a t e p o p u l a 
t ions at the expense o f natura l b iod ivers i ty . A l s o , i t 
m a y be desirable to manage predators i n areas where 
past h u m a n pract ices have reduced c a r i b o u p o p u l a 
t ions , and predator c o n t r o l is to be used to restore 
na tura l c a r i b o u n u m b e r s . H o w e v e r , predator c o n 
t r o l to increase c a r i b o u herds to u n n a t u r a l l y h i g h 
levels is i n a p p r o p r i a t e i n areas where there is a p r i o 
rity to m a i n t a i n n a t u r a l l y f u n c t i o n i n g ecosytems 
and b iod ivers i ty . 

A general ecosystem management strategy 
T h e f o l l o w i n g p o i n t s o u t l i n e the basic steps that are 

r e q u i r e d to i m p l e m e n t an ecosystem m a n a g e m e n t 

strategy to conserve b i o d i v e r s i t y i n managed forests: 

I) D e l i n e a t e p l a n n i n g u n i t s that are large e n o u g h to 
a l l o w landscape level p l a n n i n g objectives for age 
class and p a t c h size to be a p p l i e d . I f the f u l l range of 
forest age classes a n d patch sizes are to be m a i n t a i 
ned w i t h i n a landscape p l a n n i n g u n i t i t w i l l have to 
be tens of thousands of hectares i n size ( B . C . 
B i o d i v e r s i t y G u i d e b o o k r e c o m m e n d s 50 0 0 0 -
100 0 0 0 hectares). 
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II) D e t e r m i n e the management object ives for each 
landscape u n i t . I f m a i n t a i n i n g a h i g h leve l o f n a t u 
ra l b i o d i v e r s i t y , i n c l u d i n g c a r i b o u , is the p r i o r i t y , 
th is w i l l u s u a l l y have a greater i m p a c t o n t i m b e r 
p r o d u c t i o n . A l t e r n a t i v e l y , an ob jec t ive o f m a x i m i 
z i n g t i m b e r p r o d u c t i o n w i l l have m a j o r i m p a c t s o n 
natura l b i o d i v e r s i t y and c a r i b o u . A n object ive o f 
e n h a n c i n g early serai ungulates such as moose and 
elk m a y have negative consequences for some other 
c o m p o n e n t s o f na tura l b iodivers i ty , i n c l u d i n g c a r i 
b o u . 

III) Set forest age class and p a t c h size objectives for 
each landscape u n i t . If there is a desire to m a i n t a i n 
re la t ive ly na tura l levels of b i o d i v e r s i t y w i t h i n a 
landscape u n i t , the age class a n d p a t c h size ob jec t i 
ves s h o u l d be as close to na tura l values as poss ib le . 
M e e t i n g other c o m p e t i n g resource m a n a g e m e n t 
p r i o r i t i e s such as t i m b e r p r o d u c t i o n or moose 
enhancement m a y require a s ign i f i cant departure 
f r o m natura l forest characterist ics . T h a t departure 
f r o m natura l forest c o n d i t i o n s w i l l resul t i n s i g n i f i 
cant changes i n na tura l b iodivers i ty , a n d an increa
sed r i s k to c a r i b o u . 

I V ) U s e s i l v i c u l t u r a l systems that m i m i c the d o m i 
nant na tura l disturbances i n the area, and reta in 
s tand at t r ibutes left by natura l d is turbances . F o r 
e x a m p l e , clearcuts w i t h reserves can be used to 
m i m i c s tand d e s t r o y i n g w i l d f i r e s that c o n t a i n e d 
u n b u r n e d m a t u r e forest remnants . 

V ) M i n i m i z e other habitat a l terat ions w h i c h were 
not part o f the na tura l landscape such as roads, other 
l inear d e v e l o p m e n t s , and dis turbance . 

Fine-tuning ecosystem management 
guidelines for caribou 
A l t h o u g h a coarse-filter ecosystem m a n a g e m e n t 
strategy s h o u l d p r o v i d e suitable hab i ta t c o n d i t i o n s 
to m a i n t a i n m o s t nat ive species, some species m a y 
require a d d i t i o n a l , more specific m a n a g e m e n t prac
tices to ensure the i r s u r v i v a l . S i m i l a r l y , i t m a y be 
desirable to p r o v i d e m o r e d e t a i l e d m a n a g e m e n t 
practices for species such as c a r i b o u that are a h i g h 
m a n a g e m e n t p r i o r i t y . In ei ther case, however , there 
is no need to deve lop a c o m p l e t e l y n e w set o f m a n a 
g e m e n t g u i d e l i n e s . Rather , the coarse-f i l ter ecosy
s t e m m a n a g e m e n t g u i d e l i n e s s i m p l y need to be 
" f i n e - t u n e d " to better meet the needs o f those spec i 
es o f special concern . 
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In areas o f c a r i b o u habi ta t , landscape u n i t age 
class objectives c o u l d be m o d i f i e d to p r o v i d e m o r e 
m a t u r e forest t h a n is r e c o m m e n d e d for m o r e gene
ral b i o d i v e r s i t y conservat ion (e.g. m a i n t a i n 1 0 0 % of 
na tura l levels o f m a t u r e forest rather t h a n 2 5 - 7 5 % ) . 
A l s o , the l o c a t i o n of m a t u r e forest r e t e n t i o n w i t h i n 
a landscape u n i t m a y be targeted towards sites that 
have the greatest p o t e n t i a l to p r o v i d e c a r i b o u h a b i 
tat. A s o m e w h a t larger p a t c h size ob ject ive m a y also 
be r e q u i r e d . A s m e n t i o n e d above, the B . C . 
B i o d i v e r s i t y G u i d e b o o k r e c o m m e n d s p a t c h sizes u p 
to 1000 hectares i n size w i t h i n n o r t h e r n c a r i b o u 
habi ta t . T h a t size m a y be adequate for m o s t species 
that require larger patches o f forest, b u t for c a r i b o u 
habi ta t , a 10 0 0 0 hectare p a t c h size mosaic as p r o 
posed for n o r t h e r n O n t a r i o (Racey & A r m s t r o n g , 
1996) m a y be m o r e appropr ia te . S i m i l a r l y i n m o u n 
t a i n c a r i b o u hab i ta t , i n areas where p a r t i a l c u t t i n g 
is not feasible, c u t b l o c k s at the u p p e r end of the 
r e c o m m e n d e d size range (up to 2 5 0 hectares) m a y 
be preferred to reduce f r a g e m e n t a t i o n effects a n d 
access concerns. 

E a r l i e r g u i d e l i n e s for n o r t h e r n c a r i b o u often 
r e c o m m e n d e d s m a l l c learcuts , w h i c h was i n c o n s i s 
tent w i t h the size of natura l d is turbances i n those 
forests. F u r t h e r research and u n d e r s t a n d i n g has s u p 
p o r t e d a m o v e to more natura l s ized dis turbances to 
reduce p r e d a t i o n r i sk . T h i s is an example of w h y 
one s h o u l d be caut ious if habi ta t r e c o m m e n d a t i o n s 
for a species are very di f ferent f r o m the n a t u r a l h a b i 
tat p a t t e r n . 

A t the s tand leve l , spec ia l ized site p r e p a r a t i o n 
g u i d e l i n e s m a y be appropr ia te i n areas of c a r i b o u 
habi tat . N a t u r a l wi ldf i res of ten destroyed m o s t o f 
the terrestrial l i c h e n g r o u n d c o v e r whereas careful 
h a r v e s t i n g and site p r e p a r a t i o n m e t h o d s have the 
p o t e n t i a l to m a i n t a i n m u c h of the terrestr ia l l i c h e n 
cover ( H a r r i s , 1996) . A l t h o u g h an ecosystem m a n a 
g e m e n t strategy w o u l d suggest that site p r e p a r a t i o n 
m e t h o d s s h o u l d m i m i c the na tura l p a t t e r n (i.e. b r o 
adcast b u r n i n g ) , c a r i b o u m a n a g e m e n t c o n s i d e r a t i 
ons m a y favour practices that re ta in the terrestr ia l 
l i c h e n groundcover . C a u t i o n is r e q u i r e d , however , 
because o n sites where terrestr ia l l i chens are rep la 
ced by mosses over t i m e , p e r i o d i c d is turbances m a y 
be required to m a i n t a i n l i chens . O n those sites, 
m o r e aggessive site p r e p a r a t i o n techniques that 
reduce organic mat ter a c c u m u l a t i o n s m a y be r e q u i 
red to prevent succession by mosses f r o m r e p l a c i n g 
l i chens i n the s tand over t i m e . D e s t r o y i n g l i chens i n 
the s h o r t - t e r m m a y be necessary to m a i n t a i n t h e m 
i n the l o n g - t e r m (Schaefer & P r u i t t , 1991) . T h i s 
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s i t u a t i o n is another example of w h y habi ta t m a n a 
g e m e n t r e c o m m e n d a t i o n s that grea t ly d i f fe t f r o m 
n a t u r a l patterns s h o u l d be v i e w e d caut iously . 
D i v e r g i n g f r o m n a t u r a l patterns m a y have u n a n t i c i 
p a t e d , negat ive consequences that o n l y become 
apparent after fur ther study. 

N a t u r a l l y regenerat ing p ine stands of ten had 
dense s t o c k i n g w h i c h p r o b a b l y shaded o u t m u c h of 
the l i c h e n cover. It m a y be desirable to d iverge f r o m 
that na tura l pa t te rn a n d use s p a c i n g to enhance 
l i c h e n g r o w t h i n regenerat ing stands. 

Summary of ecosystem management and 
caribou habitat 
I) E c o s y s t e m m a n a g e m e n t r e c o m m e n d a t i o n s to 
conserve b i o d i v e r s i t y are based o n the a s s u m p t i o n 
that the m o r e closely managed forests resemble 
n a t u r a l forest c o n d i t i o n s (ie. age class d i s t r i b u t i o n , 
p a t c h size d i s t r i b u t i o n , stand s tructure) , the greater 
the p r o b a b i l i t y that re lat ively n a t u r a l p o p u l a t i o n s 
o f a l l nat ive species w i l l be m a i n t a i n e d . 

II) E c o s y s t e m m a n a g e m e n t g u i d e l i n e s that have 
been des igned to m a i n t a i n the f u l l range of nat ive 
species i n B . C . also p r o v i d e m a n y o f the habi ta t 
requirements for c a r i b o u , and a s t r o n g f o u n d a t i o n 
for the d e v e l o p m e n t of mote d e t a i l e d c a r i b o u h a b i 
tat m a n a g e m e n t g u i d e l i n e s . 

III) W h e n the i m p a c t of a certain h a b i t a t a l tera t ion 
is u n k n o w n (e.g. l inear corr idors) , and d i f f i c u l t to 
resolve b y research, the most p r u d e n t approach 
w o u l d be to assume that m a i n t a i n i n g the habi ta t i n 
a m o r e na tura l c o n d i t i o n is the best strategy to 
m a i n t a i n a l l species. 

I V ) I f habi ta t m a n a g e m e n t r e c o m m e n d a t i o n s for a 
species are very dif ferent f r o m n a t u r a l hab i ta t cha
racterist ics , one s h o u l d be caut ious . D i v e r g i n g f r o m 
n a t u r a l patterns m a y appear benef ic ia l o n the surfa
ce, b u t have u n a n t i c i p a t e d , negative consequences 
that o n l y become apparent after we have a better 
u n d e r s t a n d i n g of habi tat re la t ionships (eg. patch 
size a n d p r e d a t i o n r isk) . 

V ) D e t a i l e d u n d e r s t a n d i n g of the h a b i t a t require 
ments of i n d i v i d u a l species, such as c a r i b o u , need 
not be used to deve lop an ent i re ly n e w set o f " s ing le 
species" habi ta t m a n a g e m e n t r e c o m m e n d a t i o n s , 
b u t rather can be used to " f i n e - t u n e " ecosystem 
m a n a g e m e n t recommendat ions that have been 

d e v e l o p e d to m a i n t a i n the f u l l range o f na tura l b i o 

d ivers i ty . 
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Abstract: M u c h of Alberta's woodland caribou (Rangifer tarandus caribou) range outside protected areas is subject to com
mercial forest management. In this papet, I discuss some perspectives of the forest industry regarding caribou-relared 
issues. Six foresr companies holding Forest Management Agreements ( F M A s ) in Alberta wete polled. Fotest managers 
were most concerned about 2 aspects of caribou management: reductions of annual allowable cut ( A A C ) that may be 
necessary to provide for caribou habitat needs; and management of public access. Perceived information gaps fell into 3 
categories: caribou demographics (population size, trends and densities); primary l i m i t i n g factors of caribou popula
tions ( including the influence of human activity); and caribou habitat tequirements ( including the effects of t imber har-
vesr on caribou habitat). Increased costs associated w i t h consideration of caribou have been incurred at the planning and 
operational levels. Howevet, those costs have been low, primari ly because much proposed harvesr in caribou ranges has 
been deferred. Costs are expected to increase substantially in the future as t imber from caribou ranges is required to 
meet harvest objectives. Other issues identified included: the desire for an adaptive management approach to caribou-
forestry interactions; the need to incorporate natural-disturbance-regime models into forest planning; consideration of 
the cumulative effecrs on caribou of all industrial and recreational activities; and unmanaged harvest by Firsr Nations 
people. A list of caribou-related projecrs conducred or supported by forest companies in Alberta during the past 5 years 
is provided. 

K e y w o r d s : w o o d l a n d c a r i b o u , Rangifer tarandus, forestry, forest m a n a g e m e n t . 
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Introduction 
T h e w o o d l a n d c a r i b o u (Rangifer tarandus caribou) 
was des ignated as an endangered species i n A l b e r t a 
i n 1985 . S ince t h e n , extensive n a t u r a l resource 
d e v e l o p m e n t (forestry, o i l a n d gas, m i n i n g , recreat i 
o n , peat harvest ing) has caused managers to become 
i n c r e a s i n g l y concerned about c a r i b o u p o p u l a t i o n s 
t h r o u g h o u t the p r o v i n c e . 

M u c h of A l b e r t a ' s w o o d l a n d c a r i b o u range o u t 
side protec ted areas is subject to c o m m e r c i a l forest 
m a n a g e m e n t ( F i g . 1). Forestry has the p o t e n t i a l to 
alter large areas o f c a r i b o u habitat t h r o u g h t i m b e r 
harvest and the creat ion of access routes. To l i m i t 
p o t e n t i a l i m p a c t s , the p r o v i n c i a l g o v e r n m e n t has 
r e q u i r e d forest companies to i m p l e m e n t measures 
d e s i g n e d to reduce p o t e n t i a l impac ts to c a r i b o u a n d 
c a r i b o u range. C o m p a n i e s also have recognized the 
i m p o r t a n c e of m a i n t a i n i n g c a r i b o u as a c o m p o n e n t 
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of the province ' s ecosystem, a n d have started p r o 
grams to learn more about c a r i b o u a n d the i r h a b i 
tat. 

T h e forest i n d u s t r y is an i m p o r t a n t sector that 
w i l l h e l p to d e t e r m i n e the d i r e c t i o n o f w o o d l a n d 
c a r i b o u research and m a n a g e m e n t i n A l b e r t a . I n 
th is paper, I discuss the perspect ive o f forest c o m p a 
nies h o l d i n g Forest M a n a g e m e n t A g r e e m e n t s 
( F M A s ) r e g a r d i n g car ibou-re la ted issues, i n c l u d i n g 
perce ived k n o w l e d g e gaps , studies done to fill those 
gaps , the opera t iona l a n d financial costs o f i n t e g r a 
t i n g c a r i b o u needs i n t o forest pract ices , a n d other 
m a n a g e m e n t - r e l a t e d concerns. 

A n F M A a l lows a c o m p a n y to harvest t i m b e r o n a 
sustainable basis o n a des ignated p o r t i o n o f p u b l i c 
forest l a n d ( A l b e r t a E n v i r o n m e n t a l P r o t e c t i o n , 
1996) . A s par t o f the agreement , the c o m p a n y m u s t 
consider the i m p a c t of l o g g i n g o n other forest 
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F i g . 1. Caribou distribution and forest lands i n Alberta . 

Responses u n d e r each h e a d i n g are not necessarily 
ranked b y i m p o r t a n c e , a l t h o u g h those g i v e n m o r e 
t h a n once are l i s t e d i n i t i a l l y i n each category. I n 
some cases, I have a d d e d a n n o t a t i o n to s u m m a r i z e 
remarks a n d to c o n t r i b u t e an a d d i t i o n a l perspect ive . 

Results 
R e p l i e s to the ques t ionnai re were received f r o m a l l 

6 companies ( A p p e n d i x 1). Responses are presented 

b e l o w b y i n d i v i d u a l q u e s t i o n . 

1. Approximately what proportion of your FMA is consi
dered caribou range? 

There was a w i d e range a m o n g F M A s i n the p r o p o r 
t i o n cons idered as c a r i b o u range: 

• 5 - 1 0 % (n = 2 F M A s ) ; 
• 3 0 % (n = 3 F M A s ) ; a n d 
• 7 5 % (n = 1 F M A s ) . 

T h e p r o p o r t i o n o f the a n n u a l a l l o w a b l e cut 
( A A C ) c o n t a i n e d w i t h i n c a r i b o u range m a y be grea
ter t h a n the p r o p o r t i o n of the F M A cons idered as 
c a r i b o u range because o f the rel iance o f c a r i b o u o n 
older -aged stands w h i c h have greater t i m b e r v o l 
umes per area o f l a n d t h a n y o u n g e r - a g e d srands. 
C o m p a n i e s w i t h 3 0 % or m o r e of the i r F M A w i t h i n 
c a r i b o u range have c o m m i t t e d m o r e resources to 
studies o f c a r i b o u , b u t a l l a c k n o w l e d g e the i m p o r 
tance of c a r i b o u issues a n d related inves t iga t ions . 

2. What are the 3 most important issues regarding caribou 
and forestry in your FMA ? 

O f the issues i d e n t i f i e d , the 3 most c o m m o n l y c i t e d 

values such as fisheries, w i l d l i f e , a n d e n v i r o n m e n t a l 
qua l i ty . M a i n t a i n i n g adequate q u a l i t y a n d q u a n t i t y 
of c a r i b o u habi tat is one c o m p o n e n t o f that 
respons ib i l i ty . 

P o t e n t i a l reduct ions of A A C (n = 3 
responses); 
F i n d i n g ways to m a i n t a i n l o n g - t e r m habi tat 
s u p p l y (n = 4 responses); 

Access m a n a g e m e n t (n = 4 responses). 

Methods 
I sent a quest ionnaire to i n d i v i d u a l s responsible for 
c a r i b o u m a n a g e m e n t for 6 forest c o m p a n i e s h o l d i n g 
F M A s i n A l b e r t a . T h e quest ionnaire was i n t e n d e d 
to p r o v i d e i n f o r m a t i o n o n the percept ions of forest 
managers about c a r i b o u m a n a g e m e n t a n d its effects 
o n forest p l a n n i n g and operat ions. R e s u l t s were not 
analysed stat ist ical ly . A l l i n f o r m a t i o n p r o v i d e d is 
i n c l u d e d . Some answers were e d i t e d for b r e v i t y or 
c o m b i n e d w i t h others that were s i m i l a r , w h i l e 
a t t e m p t i n g to retain the substance o f the response. 
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T i m b e r harvest has been deferred i n k n o w n c a r i 
b o u range b y m o s t companies i n an a t t e m p t to l i m i t 
p o t e n t i a l i m p a c t s . Deferra ls reduce the effective 
l a n d base for harvest and m a y require reduct ions i n 
the A A C i n b o t h the short (annual) and l o n g (rota
t ional) terms. A s an a l ternat ive strategy, harvest has 
been reduced i n some parts o f c a r i b o u range to l i m i t 
habi tat change. T h e rel iance of c a r i b o u o n older-
aged stands has the p o t e n t i a l to in tens i fy the effects 
of deferrals or reduced harvest. R e d u c t i o n s i n A A C 
represent a d d i t i o n a l p l a n n i n g costs, a loss o f logs to 
the m i l l , a n d reduced capacity. 
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F i n d i n g ways to m a i n t a i n l o n g - t e r m habi ta t s u p 
p l y for c a r i b o u i n c l u d e d d e v e l o p i n g a better u n d e r 
s t a n d i n g of: c a r i b o u habi tat needs; c a r i b o u use o f 
m e r c h a n t a b l e t i m b e r stands; a n d the effects o f t i m 
ber harvest on habi ta t . R e l a t e d opera t iona l q u e s t i 
ons i n c l u d e d " w h a t harvest patterns are most a p p r o 
p r i a t e ? " and " w h e n is i t appropr ia te to a p p l y s u m 
m e r vs. w i n t e r l o g g i n g ? " 

R o a d s and associated access genera l ly are recog
n i z e d as an i m p o r t a n t i m p a c t o f n a t u r a l resource 
d e v e l o p m e n t . F o r c a r i b o u , the i n t r u s i o n of roads can 
m e a n increased h u n t i n g , b o t h l e g a l (by F i r s t 
N a t i o n s people) a n d i l l e g a l , a n d habi ta t f r a g m e n t a 
t i o n . T h e r e also is concern that c o m p a c t e d snow on 
trai ls or p l o w e d roads can m a k e c a r i b o u w i n t e r i n g 
areas m o r e accessible to wolves . H o w roads are used 
once they are developed is c r u c i a l i n d e t e r m i n i n g 
the i r i m p a c t . M a n a g i n g access is d i f f i c u l t a n d can be 
expensive. 

O t h e r i m p o r t a n t issues i n c l u d e d the f o l l o w i n g 
p o i n t s : 

• T h e effects o f forestry o n l a r g e - m a m m a l p r e d a 
tor-prey re la t ionships ( in A l b e r t a these systems 
m a y be c o m p l i c a t e d , i n v o l v i n g u p to 7 u n g u 
late species and 6 p o t e n t i a l predators) ; 

• T h e effects o n c a r i b o u o f d i s turbance associa
t e d w i t h d e v e l o p m e n t , i n c l u d i n g l o g g i n g , o i l 
and gas, m i n i n g , and recreat ional use; a n d 

• P u b l i c p e r c e p t i o n r e g a r d i n g s t e w a r d s h i p o f 
c a r i b o u and c a r i b o u habi ta t . 

I n genera l , there is a concern by forest managers 
about the level o f scientif ic k n o w l e d g e avai lable 
r e g a r d i n g caribou/forestry re la t ionships . I m p o r t a n t 
i n f o r m a t i o n gaps are considered b e l o w u n d e r ques
t i o n 3. Studies are u n d e r w a y to answer some ques
t ions (see q u e s t i o n 4); however, results and c o n c l u 
sions are s l o w to be real ized. 

3. What are the 3 most important information gaps regar
ding caribou in your FMA? 

T h e answers to this q u e s t i o n f e l l i n t o o n l y 3 catego
ries, i n c l u d i n g : 

• C a r i b o u p o p u l a t i o n size, t rends and densit ies 
(n = 6 responses); 

• P r i m a r y l i m i t i n g factors and h o w those i n t e r 
act to inf luence c a r i b o u p o p u l a t i o n s (n = 4 
responses); 

• C a r i b o u habi tat requirements (n = 6 respon
ses), i n c l u d i n g the effects o f t i m b e r harvest on 
c a r i b o u habi tat (n = 2 responses). 
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T h e r e was a consensus that a better 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 sizes and trends is c r u 
c i a l . T h i s r e q u i r e m e n t creates an i m p o r t a n t d i l e m 
m a . T h e success o f m a n a g e m e n t efforts u l t i m a t e l y 
w i l l be j u d g e d b y the presence or absence of v i a b l e 
c a r i b o u p o p u l a t i o n s . H o w e v e r , b i o l o g i s t s have been 
a t t e m p t i n g for years, w i t h l i m i t e d success, to devise 
adequate techniques for s u r v e y i n g c a r i b o u p o p u l a 
t ions u n d e r dense forest cover. P o p u l a t i o n n u m b e r s 
or trends are d i f f i c u l t or i m p o s s i b l e to d i s c e r n 
( T h o m a s , 1998) . E v e n the natura l v a r i a b i l i t y i n 
c a r i b o u p o p u l a t i o n sizes is d i f f i c u l t to d e t e r m i n e i n 
m a n y instances. T h e m a n a g e m e n t g o a l o f m a i n t a i n 
i n g v i a b l e p o p u l a t i o n s w i l l be d i f f i c u l t to real ize i f 
we cannot u n d e r s t a n d h o w m a n a g e m e n t measures 
affect p o p u l a t i o n change. 

In a re lated aspect, forest companies w i s h to 
k n o w w h a t factors are a c t i n g to l i m i t c a r i b o u p o p u 
la t ions . Forest managers w o u l d prefer to manage 
those e lements over w h i c h they have d i rec t c o n t r o l , 
such as hab i ta t change, d i s t u r b a n c e , a n d access. 
T h e y have no mandate to deal w i t h factors such as 
p r e d a t i o n a n d no a b i l i t y to deal w i t h factors such as 
c l i m a t e . H o w e v e r , because m o s t l i m i t i n g factors 
( p r e d a t i o n , f o o d , c l i m a t e , insects and parasites, h u n 
t i n g , and h u m a n d e v e l o p m e n t ; K l e i n , 1991) relate 
to habi ta t i n some way, i t is i m p o r t a n t that forest 
managers u n d e r s t a n d h o w those factors operate and 
h o w they are in terre la ted . F o r e x a m p l e , at least one 
c o m p a n y has changed the i r cut b l o c k d e s i g n to 
reduce enhancement o f moose hab i ta t , thereby 
r e d u c i n g the p o t e n t i a l o f a l t e r i n g predator -prey 
re la t ionships . 

E v e r y respondent i n c l u d e d habi ta t r e q u i r e m e n t s 
of c a r i b o u as an i m p o r t a n t k n o w l e d g e gap . T h i s 
i n f o r m a t i o n is f u n d a m e n t a l to u n d e r s t a n d i n g the 
impacts o f forestry on c a r i b o u . T h e habi ta t r e l a t i o n 
ships o f w o o d l a n d c a r i b o u have been the subject o f 
systematic s t u d y for less t h a n 20 years. I n A l b e r t a , 
the first d e t a i l e d e x a m i n a t i o n o f ranges o n p r o v i n 
c i a l lands began i n 1979- O t h e r studies have been 
started since (see q u e s t i o n 4 , b e l o w ) , b u t progress 
has been s l o w due to the c o m p l e x nature o f c a r i b o u 
habi ta t se lec t ion , the inherent l o w densit ies o f the 
a n i m a l s , a n d e n v i r o n m e n t a l v a r i a b i l i t y . Studies 
(e.g. , B r o w n et al, 1994 ; E d m o n d s , 1 9 8 8 ; S tuar t -
S m i t h et al., 1997) have s h o w n that due to the w i d e 
range o f m o v e m e n t a n d habi ta t -use patterns e x h i 
b i t e d b y c a r i b o u across the p r o v i n c e , basic habi ta t 
re la t ionships for each herd s h o u l d be d e t e r m i n e d 
before the results o b t a i n e d i n other areas are a p p 
l i e d . 
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4- What caribou-related projects have you undertaken or 
funded during the past 5 years to fill those, or any other, 
gaps? 
• M u c h of the recent research c o n d u c t e d i n the 

p r o v i n c e has been related to c a r i b o u habi ta t 
se lect ion, p r i m a r i l y i n response to the i n f o r m a 
t i o n gaps discussed i n q u e s t i o n 3 . 

A l i s t o f projects suppor ted by forestry companies 
d u r i n g the past 5 years is p r o v i d e d i n A p p e n d i x 2 . 
Several studies based o n r a d i o - t e l e m e t r y a n d back
t r a c k i n g have been i n i t i a t e d recent ly to d e t e r m i n e 
basic aspects o f c a r i b o u habi tat use. M a n y f u n d a 
m e n t a l quest ions r e m a i n r e g a r d i n g c a r i b o u habi ta t 
needs at the landscape a n d stand levels , c a r i b o u food 
habi t s , influences o f e n v i r o n m e n t a l variables o n 
c a r i b o u habi tat se lect ion, and the short - and l o n g -
t e r m effects o f t i m b e r harvest o n c a r i b o u habi ta t 
use. 

T h e advent of reg iona l s t a n d i n g c o m m i t t e e s has 
been i m p o r t a n t to c a r i b o u research p r o g r a m s i n the 
p r o v i n c e , and a l l o f the F M A holders ques t ioned 
have been supporters a n d active p a r t i c i p a n t s . T h e 
first m u l t i - s e c t o r c o m m i t t e e was o r g a n i z e d i n west -
centra l A l b e r t a i n 1989 to increase k n o w l e d g e and 
c o m m u n i c a t i o n a m o n g i n d u s t r i e s , g o v e r n m e n t 
managers , p u b l i c interest groups a n d researchers, 
and to p r o v i d e a f r a m e w o r k for research a n d i n f o r 
m a t i o n g a t h e r i n g . F o r m a l i z e d s t a n d i n g c o m m i t t e e s 
t h e n were f o r m e d across the p r o v i n c e i n the early 
1990s , p r i m a r i l y i n response to p r o v i n c i a l g o v e r n 
m e n t p o l i c y for o i l and gas d e v e l o p m e n t o n c a r i b o u 
range ( A l b e r t a Forestry, Lands and W i l d l i f e , 1991) . 

T h e s t a n d i n g commit tees have come to c o o r d i 
nate m u c h of the car ibou-re la ted research i n the 
p r o v i n c e . Three c o m m i t t e e s c u r r e n t l y are act ive i n 
separate regions. Recent ly , the research s u b c o m m i t 
tees i n the northeast a n d nor thwest have cooperated 
to coordinate research efforts. 

P a r t i c i p a n t s i n the s t a n d i n g c o m m i t t e e s i n c l u d e 
representatives o f g o v e r n m e n t agencies ( w i l d l i f e 
m a n a g e m e n t , forestry a n d m i n e r a l resources), and 
resource industr ies (forestry, o i l a n d gas, and p i p e 
l ines) . O t h e r representatives o n some c o m m i t t e e s 
i n c l u d e other industr ies (peat e x t r a c t i o n , m i n i n g ) , 
p u b l i c interest g r o u p s , t rapper a n d out f i t te r o r g a n i 
zat ions , and researchers. D i s s a t i s f a c t i o n r e g a r d i n g 
the c o m m i t t e e process was expressed b y one respon
dent . H o w e v e r , the d e v e l o p m e n t o f a f o r u m that 
involves most sectors w i t h an interest i n the l a n d 
has been i m p o r t a n t i n o b t a i n i n g f u n d i n g , s h a r i n g 
i n f o r m a t i o n , r e d u c i n g unnecessar i ly repet i t ive re-
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search, a n d r e a c h i n g agreements about c a r i b o u 
m a n a g e m e n t measures. 

A l t h o u g h m u c h i m p o r t a n c e was p l a c e d o n g a i n 
i n g m o r e i n f o r m a t i o n about p o p u l a t i o n n u m b e r s , 
p o p u l a t i o n t rends , and l i m i t i n g factors (see ques
t i o n 3), forest companies have u n d e r t a k e n o n l y a 
few studies to address those issues (e.g. , S tuar t -
S m i t h et al., 1997) . T h i s is la rge ly because the 
r e s p o n s i b i l i t y for p o p u l a t i o n m a n a g e m e n t rests 
w i t h the p r o v i n c i a l g o v e r n m e n t , a n d forest c o m 
panies have cons idered those i n v e s t i g a t i o n s b e y o n d 
the i r mandate . B y p a r t i c i p a t i n g i n the s t a n d i n g 
c o m m i t t e e s , forest companies w i l l b e g i n to c o n t r i 
bute to p o p u l a t i o n studies . 

5. How has planning been affected by trying to incorporate 
caribou needs? 

Measures have i n c l u d e d : 
• D e f e r r a l o f harvest o n c a r i b o u range; 
• Changes i n c u t b l o c k s e q u e n c i n g ; 
• Changes i n the t i m i n g o f harvest to a v o i d w i n 

ter ranges or c o n d e n s i n g the harvest p e r i o d to 
ensure l o g g i n g is c o m p l e t e d before l a t e - w i n 
ter; 

• Increas ing c u t b l o c k sizes to reduce t h e i r 
attractiveness to moose; 

• D e v e l o p m e n t o f access m a n a g e m e n t p l a n s ; a n d 
• In one case, the d e v e l o p m e n t o f a specif ic " c a r i 

b o u p r o t e c t i o n p l a n . " 

To date, these measures have been cons idered easy 
to incorporate i n t o p l a n n i n g . C h a n g e s i n c u t b l o c k 
locat ions suggested by m a n a g e m e n t agencies late i n 
the review process have caused some c o m p l i c a t i o n s 
for at least one company. H a r d e r decis ions related to 
deferrals a n d reduct ions i n A A C m a y be yet to come 
as m o r e is learned about the w o o d l a n d caribou's 
need for habi ta t a n d space. 

O n e c o m p a n y has started a re la t ive ly new ap
p r o a c h to t i m b e r m a n a g e m e n t o n c a r i b o u ranges. 
F o r the purposes o f p l a n n i n g , i n d i v i d u a l w i n t e r 
ranges w i l l be treated as separate, s u s t a i n e d - y i e l d 
u n i t s (i.e., each range w i l l have its o w n A A C ) , w i t h 
c u t t i n g sequences developed to ensure that intact 
" c h u n k s " o f habi ta t adequate i n size and c o m p o s i 
t i o n for c a r i b o u needs are m a i n t a i n e d . T h e approach 
is i n the early stages o f d e v e l o p m e n t , and other fac
tors such as relat ive geographic l o c a t i o n , vegeta t ion 
c o m p o s i t i o n , a n d stand s t ructure , have not yet been 
integrated . U n t i l the c r i t i c a l characterist ics o f w i n 
ter ranges can be def ined, p lanners are d e s i g n i n g 
harvest p r o g r a m s to m o r e - c l o s e l y resemble the 
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n a t u r a l landscape patterns o f forest s tand size, 
shape, and age. 

6. What have the real effects been on operations, and how 
difficult have those changes been to implement? 

A l l b u t one c o m p a n y has, at some t i m e , de layed 
harvest i n c a r i b o u range on the i r F M A . O n at least 
one c a r i b o u w i n t e r range, the second harvest pass 
has been c o n d u c t e d earl ier t h a n o r i g i n a l l y p l a n n e d . 
T h a t strategy was taken to a v o i d ent ry i n t o the 
r e m a i n d e r of the range, a n d to create a large b l o c k 
of a p p r o x i m a t e l y even-aged stands that w i l l be a v a i 
lab le to c a r i b o u as the forest matures . T h e m o d i f i c a 
t i o n of l o g g i n g techniques by i m p l e m e n t i n g m e a 
sures such as selective l o g g i n g is b e i n g cons idered , 
d e p e n d i n g on the effects o f those measures o n l i c h e n 
regenerat ion tr ia ls (see A p p e n d i x 2). I m p l e m e n t a 
t i o n o f these measures has been cons idered s t r a i g h t 
f o r w a r d . 

7. Please describe where additional costs have been incur
red as a result of changes to planning and operations 
due to caribou-related concerns. 

There are d i rec t costs associated w i t h measures to 
integrate c a r i b o u needs and forestry. Some areas i n 
w h i c h a d d i t i o n a l costs have been i n c u r r e d i n c l u d e : 

• A c t i v e harvest by 2 companies has been s top
p e d by g o v e r n m e n t order; 

• Increased a n n u a l and l o n g - t e r m p l a n n i n g costs 
and a d d i t i o n a l t i m e have been r e q u i r e d to 
a c c o m m o d a t e deferrals, to m a k e changes i n 
road and c u t b l o c k d e s i g n , and to i d e n t i f y effec
t ive harvest al ternatives ; 

• M o v e m e n t s o f a d d i t i o n a l l o g g i n g e q u i p m e n t 
and loaders i n t o the c a r i b o u zone has been 
necessary to ensure harvest is c o m p l e t e d 
d u r i n g the avai lable o p e r a t i n g w i n d o w ; 

• Seasonal res tr ic t ions have been p laced on t i m 
ber s u p p l y due to w i n t e r - o n l y harvest; 

• C a r i b o u - r e l a t e d research has r e q u i r e d d i rec t 
f u n d i n g ; 

• Access m a n a g e m e n t measures have been 
i m p l e m e n t e d ; 

• A d d i t i o n a l road access has been b u i l t i n t o areas 
outs ide of c a r i b o u range to replace deferrals; 

• S i l v i c u l t u r a l costs have increased due to 
restr icted access f o l l o w i n g the r e c l a m a t i o n o f 
roads for access-management purposes ; and 

• Signs have been developed a n d i n s t a l l e d to 
i n f o r m the p u b l i c about c a r i b o u a n d the need 
for road closures. 

8. Are there any other issues that you would like to have 
addressed or resolved with respect to caribou and timber 
harvest in your FMA ? 

O t h e r issues that respondents w i s h e d to raise i n c l u 
d e d the f o l l o w i n g p o i n t s : 

• A n a d a p t i v e - m a n a g e m e n t approach ( W a l t e r s , 
1986) to c a r i b o u was cons idered necessary. 
There exist no d e f i n i t i v e answers about the 
l o n g - t e r m impacts o f t i m b e r h a r v e s t i n g o n 
c a r i b o u . Therefore , i m p a c t s m u s t be m o n i 
tored a n d approaches m o d i f i e d w h e n necessary. 
A n i m p o r t a n t issue a r i s i n g f r o m the a d o p t i o n 
of an adapt ive approach is the q u e s t i o n o f 
r e s p o n s i b i l i t y for the r e q u i r e d m o n i t o r i n g . 
T h e forest c o m p a n y representative w h o raised 
this issue believes that the r e s p o n s i b i l i t y is 
j o i n t l y government ' s and indus t ry ' s . 

• T h e use o f m o d e l s for forest p l a n n i n g based o n 
n a t u r a l - d i s t u r b a n c e reg imes (i .e. , a t t e m p t i n g 
to more-c lose ly emula te the natura l range of 
v a r i a b i l i t y o f the ages, shapes a n d sizes, c o m 
p o s i t i o n , s t ruc ture , and d i s t r i b u t i o n of forest 
stands) is b e i n g i n v e s t i g a t e d . T h i s approach 
w o u l d a l l o w pos i t ive m a n a g e m e n t a c t i o n be
fore a c o m p l e t e u n d e r s t a n d i n g of c a r i b o u h a b i 
tat requi rements is d e v e l o p e d , a n d w o u l d 
address fores t -management issues such as the 
conservat ion of b i o d i v e r s i t y . 

• Several respondents stressed that the c u m u l a 
t ive effects to c a r i b o u o f a l l i n d u s t r i a l a n d 
recreat ional ac t iv i t ies s h o u l d be cons idered 
w h e n d e v e l o p i n g m a n a g e m e n t plans . T h e y 
cons idered that to focus o n forestry issues i n a 
v a c u u m u l t i m a t e l y w i l l be d e t r i m e n t a l to the 
c a r i b o u p o p u l a t i o n s . 

• O n e respondent i n d i c a t e d a need for m o r e 
i n f o r m a t i o n o n sensory d i s t u r b a n c e of c a r i b o u 
and the a b i l i t y o f c a r i b o u to habi tuate to p r e 
d ic tab le i n d u s t r i a l ac t iv i ty . 

• O n e respondent cons idered access manage
m e n t to be a " B a n d - A i d " s o l u t i o n , and that 
e d u c a t i o n to ensure that the p u b l i c recognizes 
the need a n d role o f access m a n a g e m e n t m a y 
be a better i n v e s t m e n t . 

• A l t h o u g h recreat ional h u n t i n g of c a r i b o u has 
been p r o h i b i t e d since 1 9 8 1 , c a r i b o u s t i l l m a y 
be harvested, w i t h o u t l i m i t or t i m i n g restr ic
t ions , b y F i r s t N a t i o n s people . Forest c o m 
panies recognize that h u n t i n g b y F i r s t N a t i o n s 
c o u l d negate other m a n a g e m e n t i n i t i a t i v e s . 

• O n e respondent suggested that c o n s i d e r a t i o n 
be g i v e n to a l l o w i n g no f u r t h e r coniferous t i m -
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ber a l l o c a t i o n u n t i l issues such as c a r i b o u h a b i 

tat s u p p l y are resolved. 

C l e a r l y , some o f these issues are c o n t r o v e r s i a l , b u t 
the responses reflect the w i d e d i v e r s i t y of o p i n i o n 
a m o n g forest managers . 

Conclusions 
T h e forest i n d u s t r y a n d p r o v i n c i a l agencies a l ike are 
concerned about m a i n t a i n i n g w o o d l a n d c a r i b o u i n 
A l b e r t a . Forest companies are a t t e m p t i n g to f i n d 
means of i n c o r p o r a t i n g c a r i b o u h a b i t a t needs i n t o 
forestry practices w i t h o u t e x p e r i e n c i n g serious 
reduct ions i n A A C . P l a n n i n g a n d o p e r a t i o n a l costs 
have been increased by i m p l e m e n t i n g measures to 
reduce the impac ts of t i m b e r harvest o n c a r i b o u and 
by c o n d u c t i n g b i o l o g i c a l research. T h o s e costs are 
expected to increase subs tant ia l ly as m o r e is learned 
about the p o p u l a t i o n b i o l o g y and habi ta t r e l a t i o n 
ships o f c a r i b o u . 

Specific concerns of forest companies relate to 
p o t e n t i a l loss of A A C t h r o u g h deferrals or changes 
to harvest practices w i t h i n c a r i b o u range, such as 
the a l terat ion o f seasonal t i m i n g , c u t pat terns , and 
ro ta t ion l e n g t h . Access m a n a g e m e n t w i t h i n opera
t i n g areas is o f p a r t i c u l a r concern . A p p l i e d research 
projects that are u n d e r w a y relate p r i m a r i l y to car i 
b o u habitat requi rements . H o w e v e r , forest m a n a 
gers also have a need for i n f o r m a t i o n o n c a r i b o u 
p o p u l a t i o n status, d y n a m i c s and p r i m a r y l i m i t i n g 
factors, a l l o f w h i c h are d i f f i c u l t a n d expensive to 
study. L i m i t e d a v a i l a b i l i t y of funds makes research 
i n t o those aspects more d i f f i c u l t . T h e f o r m a t i o n of 
reg iona l c o m m i t t e e s that i n c l u d e a w i d e range of 
l a n d users has been i m p o r t a n t i n d e a l i n g w i t h that 
issue by o b t a i n i n g f u n d i n g f r o m a range o f sources, 
s h a r i n g i n f o r m a t i o n , r e d u c i n g unnecessar i ly repet i 
t ive research, a n d reaching agreements about car i 
b o u m a n a g e m e n t measures. 

W o o d l a n d c a r i b o u o c c u p y a w i d e range of h a b i 
tats across the p r o v i n c e , l e a d i n g to a diverse p a t t e r n 
of habi ta t use a n d m o v e m e n t patterns . Respondents 
agreed that the transfer of i n f o r m a t i o n d i r e c t l y f r o m 
h e r d to herd s h o u l d not be done u n c r i t i c a l l y . 
A l t h o u g h there m a y be m a n y s i m i l a r i t i e s between 
p o p u l a t i o n s , var iat ions i n habi tat types and avai la 
b i l i t y , d i s t r i b u t i o n of other ungulates a n d predators , 
a n d e n v i r o n m e n t a l variables such as s n o w f a l l can 
have substant ia l effects o n c a r i b o u behaviour . 

Forest companies accept that adapt ive -manage
m e n t models m a y be useful i n d e a l i n g w i t h c a r i b o u 

because m a n y i m p o r t a n t quest ions r e m a i n u n a n 
swered r e g a r d i n g car ibou-fores try re la t ionships . I f 
adapt ive m a n a g e m e n t is to be a p p l i e d t o w a r d c a r i 
b o u i n c o m m e r c i a l forests, managers m u s t ensure 
that p r o p e r e x p e r i m e n t a l d e s i g n and adequate 
m o n i t o r i n g are i n c l u d e d i n p r o g r a m s . T h e re lat ive 
r e s p o n s i b i l i t y be tween the g o v e r n m e n t a n d p r i v a t e 
sectors for that m o n i t o r i n g m u s t be resolved. Some 
companies also are c o n s i d e r i n g the use of n a t u r a l 
d i s turbance m o d e l s and c u m u l a t i v e effects analyses 
as m a n a g e m e n t tools . 
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A p p e n d i x 1. Q u e s t i o n n a i r e respondents . 

G r e g B r a n t o n , A l b e r t a N e w s p r i n t C o m p a n y , P O 
B a g 9 0 0 0 , W h i t e c o u r t , A B , T 7 S 1 P 6 . 
D a n i e l G i l m o r e , C a n a d i a n Forest P r o d u c t s L t d . , 

P O B a g 100 , G r a n d e P r a i r i e , A B , T 8 V 3 A 3 . 
R a n d y P o o l e , Weyerhaeuser C a n a d a L t d . , P O B a g 
1 0 2 0 , G r a n d e P r a i r i e , A B , T 8 V 3 A 9 . 
G o r d o n S t e n h o u s e , W e l d w o o d of C a n a d a L t d . , 
7 6 0 S w i t z e r D r i v e , H i n t o n , A B , T 7 V 1 V 7 . 
S h a w n W a s e l , A l b e r t a Paci f ic Forest Industr ies 

Inc . , P O B o x 8 0 0 0 , B o y l e , A B , T 0 A 0 M 0 . 
B o b W y n e s , D a i s h o w a - M a r u b e n i I n t e r n a t i o n a l 
L t d . , P O B a g 2 2 0 0 , Peace R i v e r , A B , T 8 S 1 Y 4 . 

A p p e n d i x 2 . C a r i b o u - f o r e s t r y projects u n d e r t a k e n 
by forest companies d u r i n g the past 
5 years i n A l b e r t a . 

Alberta Newsprint Company 
• H a b i t a t s u i t a b i l i t y i n d e x ( H S I ) m o d e l d e s i g 

ned to p r e d i c t the occurrence o f l i c h e n o n the 
basis o f forest cover and soils. 

• S u p p o r t for the W e s t - c e n t r a l A l b e r t a C a r i b o u 
S t a n d i n g C o m m i t t e e to encourage i n f o r m a t i o n 
exchange and to f u n d research. 

Alberta Pacific Forest Industries, Inc. 
• D i s t r i b u t i o n and seasonal m o v e m e n t s , i n c l u 

d i n g habi tat preference and use of recent ly d i s 
t u r b e d sites based o n an intens ive radio- te le 
m e t r y p r o g r a m . 

• 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 . 
• Response o f c a r i b o u to i n d u s t r i a l d i s t u r b a n c e . 
• Access m a n a g e m e n t and c a r i b o u d i s t r i b u t i o n 

relat ive to l inear corr idors . 
• S u p p o r t for the N o r t h - e a s t R e g i o n S t a n d i n g 

C o m m i t t e e o n C a r i b o u to encourage i n f o r m a 
t i o n exchange and to f u n d research. 

Canadian Forest Products Ltd. 
• S u p p o r t for the W e s t - c e n t r a l A l b e r t a C a r i b o u 

S t a n d i n g C o m m i t t e e to encourage i n f o r m a t i o n 
exchange a n d to f u n d research. 

Daishowa-Marubeni International Ltd. 
• R a d i o - t e l e m e t r y studies o f c a r i b o u to deter

m i n e c a r i b o u d i s t r i b u t i o n a n d m o v e m e n t s . 
• B a c k - t r a c k i n g a n d fecal pe l l e t analyses o n c a r i 

b o u w i n t e r range to assess hab i ta t use pat terns . 
• C a r i b o u h a b i t a t analysis u s i n g G I S . 
• P e a t l a n d c lass i f i ca t ion for c a r i b o u habi ta t ana

lyses. 
• S u p p o r t for the N o r t h w e s t R e g i o n S t a n d i n g 

C o m m i t t e e for C a r i b o u to encourage i n f o r m a 
t i o n exchange a n d to f u n d research. 

Weldwood of Canada Ltd. 
• Effects o f forest h a r v e s t i n g o n l i c h e n g r o w t h to 

assess l i c h e n response after var ious h a r v e s t i n g 
strategies. 

• R e v i e w of c a r i b o u habi ta t s u p p l y for west -
centra l A l b e r t a . 

• C a r i b o u habi ta t select ion a n d the effects o f 
l o g g i n g o n c a r i b o u d i s t r i b u t i o n as a c o m p o 
nent o f the F o o t h i l l s M o d e l Forest . 

• S u p p o r t for the W e s t - c e n t r a l A l b e r t a C a r i b o u 
S t a n d i n g C o m m i t t e e to encourage i n f o r m a t i o n 
exchange a n d to f u n d research. 

Weyerhaeuser Canada Ltd. 
• D e t a i l e d hab i ta t assessments o f 3 c a r i b o u w i n 

ter ranges. 
• C a r i b o u d i s t r i b u t i o n surveys o n 2 w i n t e r 

ranges. 
• C a r i b o u h a b i t a t se lect ion a n d the effects o f 

l o g g i n g o n c a r i b o u d i s t r i b u t i o n as a c o m p o 
nent o f the F o o t h i l l s M o d e l Forest . 

• S u p p o r t for the W e s t - c e n t r a l A l b e r t a C a r i b o u 
S t a n d i n g C o m m i t t e e to encourage i n f o r m a t i o n 
exchange a n d to f u n d research. 
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The Seventh N o r t h American Caribou Conference, 
Thunder Bay, Ontario, Canada, 
19-21 August , 1996. 

Integration of woodland caribou habitat management and forest management 
in northern Ontario - current status and issues 

Ted (E.R.) Armstrong 
Ontario M i n i s t r y of Natural Resources, 435 James Streer South, Suite 221, Thunder Bay, Ontario P 7 E 6S8, Canada 
(armstrte@epo.gov.on.ca). 

Abstract: W o o d l a n d caribou {Rangifer tarandus caribou) range across northern Onrario, occurring in both the H u d s o n Bay 
Lowlands and the Boreal Forest. W o o d l a n d caribou extend south wel l into the merchantable fotest, occurring in 
licensed and/or actively managed Forest Management Uni t s (FMU's ) across the province. Caribou range has gradually 
bur continuously receded northward over the past centuty. Since the early 1990's, the Ontario M i n i s t r y of Natura l 
Resources ( O M N R ) has been developing and implemenring a woodland caribou habitat management straregy in north
western Ontario. The purpose of the caribou habitat strategy is to maintain woodland caribou occupancy of currently 
occupied range in northwestern Ontario. Long-term caribou habitat needs and predator-prey dynamics form rhe basis of 
this strategy, which requires the development of a landscape-level caribou habitat mosaic across the region w i t h i n cari
bou range. This represents a significant change from Traditional forest management approaches, which were based 
partially upon moose (Akes alces) habitat management principles. A number of issues and concerns regarding impl ica 
tions of caribou management to the forest industry are being addressed, inc luding short-tetm and long-term reduc
tions in wood supply and wood quality, and increased access costs. Other related concerns include the abil i ty to re
generate foresrs to pre-harvest stand conditions, remore tourism concerns, implications for moose populations, and 
required information on caribou biology and habitat. The forest industry and other stakeholders have been actively 
involved w i t h the O M N R in attempting to address these concerns, so that caribou habitat requirements are met while 
ensuring the maintenance of a viable t imbet industry, other forest uses and the forest ecosystem. 

K e y w o r d s : Rangifer tarandus caribou, forest m a n a g e m e n t p l a n n i n g , forestry, l o g g i n g , ecosystem m a n a g e 
m e n t . 

Rangifer, Spec ia l Issue N o . 10, 2 2 1 - 2 3 0 

Introduction 
W o o d l a n d c a r i b o u occur i n l o w densi t ies a n d a d i s 
persed d i s t r i b u t i o n across a l l o f n o r t h e r n O n t a r i o , 
w i t h i n the n o r t h e r n p o r t i o n of the boreal forest 
( R o w e , 1972 ). Some isolated or r e m n a n t p o p u l a 
t ions s t i l l exist a l o n g the is lands a n d shorel ine o f 
L a k e Superior . I n nor thwes tern O n t a r i o , the 
O M N R has been i n v o l v e d i n the d e v e l o p m e n t of a 
w o o d l a n d c a r i b o u habitat m a n a g e m e n t strategy for 
the past several years. T h e object ive of th is strategy 
is to m a i n t a i n current w o o d l a n d c a r i b o u range 
occupancy i n nor thwestern O n t a r i o b y s u s t a i n i n g a 
sui table landscape for the p r o v i s i o n o f y e a r - r o u n d 
c a r i b o u hab i ta t needs. T h i s i n i t i a t i v e was u n d e r 
taken because o f the progressive loss of c a r i b o u 
range and habi ta t over the past cen tury - w o o d l a n d 
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c a r i b o u range has g r a d u a l l y b u t s teadi ly receded 
n o r t h w a r d since the late 1800's ( D a r b y et a l . , 1 9 8 9 ; 
C u m m i n g & Beange , 1993) . W h i l e m a n y factors 
are l i k e l y i n v o l v e d i n th i s range recession, recent 
range loss appears to c o i n c i d e d i r e c t l y w i t h the 
habi ta t d i s r u p t i o n a n d h u m a n d i s t u r b a n c e associ
ated w i t h the n o r t h w a r d expans ion o f t i m b e r 
h a r v e s t i n g i n the boreal forest. Progress o n the 
d e v e l o p m e n t o f habi ta t m a n a g e m e n t g u i d e l i n e s for 
O n t a r i o , a n d o n the d e v e l o p m e n t o f a habi ta t 
m a n a g e m e n t strategy, have been repor ted at 
previous sessions of the N o r t h A m e r i c a n C a r i b o u 
Conference (Racey et al., 1 9 9 1 , R a c e y & A r m s t r o n g , 
1996) . 

T h e forest i n d u s t r y a n d the O M N R have been 
g r a d u a l l y i m p l e m e n t i n g this strategy. T h e p r a c t i c a l 
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real i t ies o f p l a n n i n g and field i m p l e m e n t a t i o n 
focused a t t e n t i o n on further issues a n d quest ions 
r e q u i r i n g r e s o l u t i o n , w i t h i n an a d a p t i v e m a n a g e 
m e n t f r a m e w o r k . T h e i n t e n t of this paper is to s u m 
m a r i z e the current status of c a r i b o u habi ta t 
m a n a g e m e n t w i t h i n O n t a r i o , o u t l i n i n g m a j o r 
chal lenges and issues that have arisen, a n d h o w they 
are b e i n g dealt w i t h . 

Background 
T h e n o r t h w a r d recession of w o o d l a n d c a r i b o u range 
w i t h i n O n t a r i o has been w e l l d o c u m e n t e d ( D a r b y et 
al., 1 9 8 9 ; C u m m i n g & Beange , 1993) . T h e current 
s o u t h e r n l i m i t o f c o n t i n u o u s c a r i b o u range n o w c l o 
sely approx imates the n o r t h e r n l i m i t o f t i m b e r 
m a n a g e m e n t operat ions i n n o r t h e r n O n t a r i o . T h e r e 
is a great v a r i a t i o n i n topography , dra inage , s o i l 
c o n d i t i o n s , c l i m a t e and fire patterns be tween nor 
theastern and nor thwes tern O n t a r i o . D u e to th i s 
v a r i a t i o n , there is substant ia l ly greater over lap bet
w e e n the southern l i m i t o f c a r i b o u range and the 
area of l i censed a n d act ive ly m a n a g e d F M U ' s i n 
n o r t h w e s t e r n O n t a r i o t h a n i n northeastern O n t a r i o 

( F i g . 1). Because of th is s i t u a t i o n , the d e v e l o p m e n t 
of a c a r i b o u habi ta t m a n a g e m e n t strategy to i n t e 
grate c a r i b o u habi ta t needs w i t h those o f the forest 
i n d u s t r y has been focused p r i m a r i l y i n n o r t h w e s t e r n 
O n t a r i o . G r e a t e r emphasis has recent ly been p l a c e d 
o n c a r i b o u m a n a g e m e n t i n northeastern O n t a r i o , 
address ing m a n y of the same issues b e i n g addressed 
to the west . 

W o o d l a n d c a r i b o u have been the subject o f rese
arch a n d m a n a g e m e n t interests since the 1 9 6 0 s , 
a l t h o u g h that interest has been sporadic a n d not 
focused o n the d e v e l o p m e n t of m a n a g e m e n t p lans 
for the species. W o o d l a n d c a r i b o u studies essen
t i a l l y began w i t h S i m k i n ' s (1965) p r e l i m i n a r y 
report on c a r i b o u i n O n t a r i o and the habi ta t s tudies 
of A h t i & H e p b u r n (1976) . A considerable a m o u n t 
of w o o d l a n d c a r i b o u research, focused o n c a r i b o u 
that s u m m e r e d o n the is lands of L a k e N i p i g o n , was 
c o n d u c t e d t h r o u g h o u t the 1 9 8 0 s ( C u m m i n g & 
Beange , 1987) . O n t a r i o began d e v e l o p m e n t of a 
p r o v i n c i a l c a r i b o u p o l i c y and p r o v i n c i a l hab i ta t 
g u i d e l i n e s i n the m i d - 1 9 8 0 s . There is as yet no p r o 
v i n c i a l c a r i b o u p o l i c y i n place , a l t h o u g h a draf t 
p o l i c y and draft habi ta t m a n a g e m e n t g u i d e l i n e s 

Southern Limit of Caribou Range 

1 I Forest Management Units 

F i g . 1. The southern l i m i t of continuous woodland caribou range i n northern Ontario in relation to designated Forest 
Management Uni t s . 
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have been deve loped ( O M N R , 1994a) , a n d back
g r o u n d i n f o r m a t i o n c o m p i l e d ( D a r b y et al., 1989) . 

M u c h o f the early i n f o r m a t i o n o n w o o d l a n d c a r i 
b o u i n O n t a r i o resul ted i n c i d e n t a l l y f r o m surveys of 
moose. M o r e intensive i n v e n t o r y efforts, focused 
speci f ica l ly o n w o o d l a n d c a r i b o u d i s t r i b u t i o n a n d 
seasonal hab i ta t use, genera l ly began i n forested 
areas d u r i n g the late 1 9 8 0 s a n d have c o n t i n u e d 
t h r o u g h the 1 9 9 0 s . E a r l i e r w o r k occurred o n c a r i 
b o u i n the H u d s o n B a y L o w l a n d s d u r i n g the 1 9 7 0 s 
and 1 9 8 0 s (e.g. T h o m p s o n & A b r a h a m , 1994) . 
There is a m u c h more c o m p r e h e n s i v e i n v e n t o r y a n d 
data base for w o o d l a n d c a r i b o u i n n o r t h e r n O n t a r i o 
n o w t h a n there was even a decade ago (e.g. S m i t h , 
M i l l e r & Associates , 1 9 9 5 a & 1995b) , a l t h o u g h 
m u c h m o r e needs to be done. T h e r e was no c o n 
sistent or coord ina ted a t t e m p t to address c a r i b o u 
habi tat needs w i t h i n Forest M a n a g e m e n t P lans 
u n t i l the late 1 9 8 0 s a n d early 1 9 9 0 s . H a b i t a t 
i n v e n t o r y i n f o r m a t i o n was l i m i t e d or l a c k i n g , and 
there was no corporate d i r e c t i o n o n h o w to address 
c a r i b o u habi ta t needs. L o c a l staff d i d a t t e m p t to 
address specific k n o w n c a r i b o u habi ta t values w i t h 
w h a t they considered to be appropr ia te p r o t e c t i v e 
p r e s c r i p t i o n s ; i n m a n y cases these were unsuccess ful 
(eg. Brousseau , 1979) . 

A t the same t i m e that there was i n c r e a s i n g i n t e 
rest i n address ing w o o d l a n d c a r i b o u needs w i t h i n 
Forest M a n a g e m e n t P lans , changes were o c c u r r i n g 
w i t h i n the t i m b e r m a n a g e m e n t p l a n n i n g process to 
better ensure i n t e g r a t i o n a n d e n v i r o n m e n t a l p r o t e c 
t i o n . A f t e r several years of hearings a n d i n p u t , the 
report o n the Class E n v i r o n m e n t a l Assessment for 
T i m b e r M a n a g e m e n t on C r o w n Lands i n O n t a r i o 
was d e l i v e r e d , w i t h a to ta l o f 115 terms a n d c o n d i 
t ions ( O n t a r i o E n v i r o n m e n t a l Assessment B o a r d , 
1994) . Later i n 1994 , the C r o w n Forest 
S u s t a i n a b i l i t y A c t was enacted to " p r o v i d e for the 
s u s t a i n a b i l i t y o f C r o w n forests", where s u s t a i n a b i l i 
ty was def ined as l o n g - t e r m forest h e a l t h 
( G o v e r n m e n t o f O n t a r i o , 1994) . O n e of the p r i n c i 
ples i d e n t i f i e d for forest m a n a g e m e n t p l a n n i n g was 
that forest pract ices s h o u l d , where feasible, " e m u 
late na tura l disturbances a n d landscape pat terns" . 
These t w o events were f o l l o w e d by the d e v e l o p m e n t 
of a new Forest M a n a g e m e n t P l a n n i n g M a n u a l for 
O n t a r i o ( O M N R , 1996) , and a n u m b e r o f associ
ated m a n u a l s a n d g u i d e l i n e s . These were d e v e l o p e d 
to ensure that forest p l a n n i n g and operations are 
c o n d u c t e d i n a m a n n e r that a t tempts to susta in the 
forest ecosystem. W o o d l a n d c a r i b o u needs were 
speci f ica l ly addressed i n the Forest O p e r a t i o n s a n d 
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S i l v i c u l t u r e M a n u a l ( O M N R , 1995) , w h i c h p r o 
v i d e d for w o o d l a n d c a r i b o u habi ta t g u i d e l i n e s to be 
a p p l i e d where " t r a d i t i o n a l forest m a n a g e m e n t prac
tices are l i k e l y to reduce p e r m a n e n t l y the a m o u n t of 
su i tab le hab i ta t for w o o d l a n d c a r i b o u a n d the i r 
p o p u l a t i o n i n that p a r t i c u l a r d i s t r i c t " . A l l o f these 
d e v e l o p m e n t s t o o k place against the broader in ter 
n a t i o n a l b a c k d r o p of i n t e r n a t i o n a l agreements to 
conserve b i o d i v e r s i t y , m o v e m e n t i n b o t h the p u b l i c 
and p r i v a t e sectors towards ecosystem-based ap
proaches to resource m a n a g e m e n t , a n d progress o n 
the e n v i r o n m e n t a l cer t i f i ca t ion o f the forest i n d u 
stry (e.g. C a n a d i a n C o u n c i l o f Forest M i n i s t e r s , 
1995) . 

T h e c a r i b o u habi ta t m a n a g e m e n t approach is a 
s ign i f i cant departure f r o m past m a n a g e m e n t p r a c t i 
ces w i t h i n c a r i b o u range, w h i c h saw the broad 
d e s i g n a t i o n o f moose as the featured u n g u l a t e spec i 
es, a n d the a p p l i c a t i o n of the moose habi tat 
m a n a g e m e n t g u i d e l i n e s ( O M N R , 1988) . Ontar io ' s 
" M a n a g e m e n t G u i d e l i n e s for W o o d l a n d C a r i b o u 
H a b i t a t " ( O M N R , 1994a) have the object ive o f 
s u s t a i n i n g a sui table landscape for the p r o v i s i o n of 
y e a r - r o u n d c a r i b o u habi ta t needs. C a r i b o u habi ta t 
m u s t be m a n a g e d o n a very large t e m p o r a l a n d spa
t i a l scale, s p a n n i n g the ent ire r o t a t i o n age of the 
forest a n d across the ent ire F M U . V e r y general ly , the 
c a r i b o u habi ta t g u i d e l i n e s require that the forest be 
m a n a g e d at the b r o a d landscape l e v e l , w h i l e s t i l l 
c o n s i d e r i n g s i te-specif ic habi ta t needs. T h u s , 
c u r r e n t l y used w i n t e r hab i ta t , c a l v i n g sites a n d t ra
v e l corr idors are i d e n t i f i e d a n d p r o t e c t e d w i t h i n a 
broader forest mosa ic . T h i s mosaic consists o f large 
b locks of m a t u r e , u n d i s t u r b e d habi ta t that can p r o 
v i d e a c o m b i n a t i o n of w i n t e r a n d s u m m e r habi ta t , 
escape cover, a n d areas o f l o w moose a n d w o l f d e n s i 
ties, as w e l l as adjacent b locks o f y o u n g , regene
r a t i n g (harvested or b u r n t ) habi ta t that can p r o v i d e 
future c a r i b o u hab i ta t . T h i s mosa ic p a t t e r n is i n 
tended to c r u d e l y e m u l a t e the n a t u r a l d i s turbance 
patterns that result f r o m w i l d f i r e , rather t h a n the 
m o r e progress ive , c o n t i n u o u s c u t t i n g of smal ler 
harvest b l o c k s of ten associated w i t h t r a d i t i o n a l 
t i m b e r h a r v e s t i n g . W h i l e i t is not a p p r o p r i a t e to 
specify r i g i d m i n i m u m or m a x i m u m sizes for these 
deferred and harvested b l o c k s , they w o u l d genera l ly 
be i n the range of 100 square k m ; however th is is 
not a c o n t i n u o u s c lear-cut . It is also necessary to 
integrate plans so that c a r i b o u habi ta t needs are 
considered across several adjacent F M U ' s . A s w e l l as 
p r o v i d i n g for sui table habi ta t , the c a r i b o u habi ta t 
m a n a g e m e n t g u i d e l i n e s are i n t e n d e d to m a i n t a i n a 
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predator-prey balance o n the landscape s i m i l a r to 
that w h i c h occurred before t i m b e r h a r v e s t i n g . T h e 
object ive is to not s i g n i f i c a n t l y enhance the q u a l i t y 
of moose habi ta t , w h i c h c o u l d lead to increas ing 
n u m b e r s of moose, c o r r e s p o n d i n g increases i n gray 
w o l f (Canis lupus) densi t ies , and f ina l ly , increased 
p r e d a t i o n levels o n c a r i b o u by w o l v e s . T h e rat ionale 
and basis for these g u i d e l i n e s have been descr ibed i n 
de ta i l by Racey et al. (1991) . 

T h e N o r t h w e s t R e g i o n o f the O M N R has been 
d e v e l o p i n g a r e g i o n a l c a r i b o u habi ta t strategy. 
A l t h o u g h no p r o v i n c i a l p o l i c y a n d a p p r o v e d g u i d e 
l ines are yet i n place , resource managers b e l i e v e d i t 
was necessary to ei ther b e g i n to cons ider c a r i b o u 
habi tat needs w i t h i n forest m a n a g e m e n t p l a n s , or 
accept that there w o u l d be the f u r t h e r p r e d i c t a b l e 
and p e r m a n e n t loss of c a r i b o u h a b i t a t , and a corres
p o n d i n g c o n t i n u e d recession of c a r i b o u range 
n o r t h w a r d . Progress o n the i n i t i a t i o n of this strate
g y was reported at the last N o r t h A m e r i c a n C a r i b o u 
Conference (Racey & A r m s t r o n g , 1996) . I n that 
paper we repor ted o n the i n i t i a t i o n o f the strategy, 
major issues raised t h r o u g h p u b l i c c o n s u l t a t i o n , and 
steps that were b e i n g taken to address these issues. 
T h e balance o f th is paper w i l l report o n fur ther p r o 
gress that has been made as the strategy has been 
i m p l e m e n t e d , and as we have a t t e m p t e d to i n t e g r a 
te c a r i b o u habi ta t requirements w i t h the forest 
m a n a g e m e n t p l a n n i n g cycle a n d forest i n d u s t r y 
constraints . 

Current status and issues regarding imple
mentation of the caribou habitat strategy 
Timber management implementation 
C a r i b o u habi ta t mosaics have been deve lo ped for 
each act ive ly m a n a g e d F M U w i t h i n c a r i b o u range 
i n n o r t h w e s t e r n O n t a r i o . I n m o s t cases, these 
mosaics were deve loped j o i n t l y b y O M N R b i o l o 
gis ts and foresters, and c o m p a n y foresters, a l t h o u g h 
the degree o f i n v o l v e m e n t o f c o m p a n y represen
tatives v a r i e d . These mosaics i d e n t i f y the general 
leave and d i s turbance b locks across the landscape, 
a n d the pro jected p e r i o d o f h a r v e s t i n g (20 year har
vest periods) t h r o u g h o u t the r o t a t i o n age of the 
forest. P lans for ten F M U ' s that were a p p r o v e d 
d u r i n g the 1 9 9 4 - 9 7 p e r i o d have considered c a r i b o u 
habi ta t needs d u r i n g their d e v e l o p m e n t , a n d plans 
for the r e m a i n i n g three u n i t s w i t h i n c a r i b o u range 
w i l l be f i n a l i z e d i n 1998 . 

T h e N o r t h w e s t R e g i o n of the O M N R issued 
" I n t e r i m D i r e c t i o n " i n 1994 to g u i d e forest m a n a -
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gers i n c o n s i d e r i n g c a r i b o u habi ta t needs u n t i l the 
final r e g i o n a l strategy and/or g u i d e l i n e s are ap
p r o v e d a n d i n place ( O M N R , 1994b) . T h i s d i r e c t e d 
resource managers to manage for w o o d l a n d c a r i b o u 
as " l o c a l l y featured species" i n F M U ' s w i t h i n c a r i 
b o u range, a n d to manage i n such a w a y so as to 
a v o i d adversely a f fec t ing c a r i b o u hab i ta t . H a r v e s t 
areas were a l located w i t h a c a r i b o u habi ta t mosa ic 
i n m i n d (i .e. w i t h i n the larger harvest or " d i s t u r 
bance" b locks ) , and w i t h specif ic c a r i b o u habi ta t 
g u i d e l i n e s a p p l i e d for the p r o t e c t i o n of w i n t e r h a b i 
tat, c a l v i n g sites and travel corr idors . M o o s e h a b i 
tat is not spec i f ica l ly m a n a g e d n o r t h of the c a r i b o u 
l i n e , except i n loca l areas where there is h i g h p o t e n 
t i a l for moose p r o d u c t i o n a n d very l i m i t e d capa
b i l i t y for c a r i b o u habi ta t . H a r v e s t b l o c k s are larger 
t h a n u n d e r the moose g u i d e l i n e s , and are c o n s o l i 
dated w i t h i n larger " d i s t u r b a n c e b l o c k s " consistent 
w i t h the o v e r a l l c a r i b o u mosaic . T i m b e r a l locat ions 
a v o i d large deferral or " leave" areas w i t h i n the 
mosaics , w h i c h p r o v i d e for current and/or future 
c a r i b o u habi ta t . T h e " I n t e r i m D i r e c t i o n " was issued 
to ensure that current h i g h value c a r i b o u habi ta t 
and f u t u r e c a r i b o u habi ta t m a n a g e m e n t o p p o r t u n i 
ties were m a i n t a i n e d . I n a l l F M U ' s , the c a r i b o u 
mosaic has been cons idered but there has been v a r i 
a b i l i t y i n the degree to w h i c h i t has been ac t ive ly 
a p p l i e d . I n some cases, the mosaic f o r m e d a back
g r o u n d check to ensure that the harvest pa t te rn was 
consistent w i t h the mosaic . I n some other u n i t s the 
c a r i b o u mosa ic is b e i n g m o r e d i r e c t l y a p p l i e d , w i t h 
strategic decis ions on harvest areas, access n e t w o r k s , 
and unharves ted areas b e i n g made o n the basis o f 
the mosaic . 

Interest i n w o o d l a n d c a r i b o u has increased 
recent ly i n northeastern O n t a r i o , where proposed 
l o g g i n g areas are b e g i n n i n g to overlap m o r e w i t h 
areas of k n o w n c a r i b o u occurrence. A c a r i b o u h a b i 
tat strategy is c u r r e n t l y u n d e r d e v e l o p m e n t for 
northeastern O n t a r i o . H a b i t a t c o n d i t i o n s di f fer 
m a r k e d l y between northeastern and n o r t h w e s t e r n 
O n t a r i o , and i t is l i k e l y that the final habi tat 
m a n a g e m e n t strategies w i l l be cons iderab ly d i f fe 
rent for the t w o regions . 
Wood supply 

P o t e n t i a l i m p a c t s of the c a r i b o u m a n a g e m e n t stra
tegy, and i n p a r t i c u l a r the a p p l i c a t i o n o f the c a r i b o u 
habi ta t mosaic , were the most c o m m o n l y raised 
concerns f r o m the forest indust ry . A s tudy was 
u n d e r t a k e n to compare avai lable w o o d s u p p l y u n d e r 
a c a r i b o u mosaic approach to that u n d e r a m o r e t ra
d i t i o n a l t i m b e r h a r v e s t i n g approach (i.e. a p p l i c a t i -
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on of moose habi ta t g u i d e l i n e s w i t h i n a progress ive 
cut approach) ( A l d r i d g e , 1995). T h e r e were nega
t ive impac ts of the c a r i b o u g u i d e l i n e s o n avai lable 
w o o d s u p p l y over the first ro ta t ion p e r i o d of the 
forest: i) a r e d u c t i o n of a p p r o x i m a t e l y 2 3 % i n the 
sustainable conifer harvest as c o m p a r e d to the 
b e n c h m a r k scenario, and i i ) an increase i n the d i s t r i 
b u t i o n of ba l sam fir (Abies balsamea) m i x e d w o o d 
forest u n i t s over t i m e due to increased (deferral) 
m o r t a l i t y and natura l succession ( A l d r i d g e , 1995) . 

T h e b e n c h m a r k case considered l a n d base reduc
t ions due to r i p a r i a n reserves and expected q u a n t i 
ties o f inoperable areas. 

These results m u s t be careful ly i n t e r p r e t e d . 
C u r r e n t m a n a g e m e n t d i r e c t i o n to m o r e c losely 
e m u l a t e na tura l d is turbance pat terns (e.g. 
G o v e r n m e n t of O n t a r i o , 1994) , a n d to adopt an 
ecosystem-based approach to resource m a n a g e m e n t , 
w i l l c lear ly place spat ia l and t e m p o r a l constra ints 
o n the landscape even i n the absence of c a r i b o u 
m a n a g e m e n t . A l d r i d g e ( 1995) c o n c l u d e d that the 
w o o d v o l u m e r e d u c t i o n that can be a t t r i b u t e d spe
c i f i c a l l y to c a r i b o u m a n a g e m e n t w i l l be less t h a n 
the 2 3 % i n d i c a t e d b y this study. These results s u g 
gest w o o d s u p p l y losses can be r e d u c e d by careful 
analysis a n d ref inement of c a r i b o u habi ta t mosaic 
o p t i o n s . In fact, par t i c ipants i n th is s tu dy c o n c l u 
d e d that " t h o u g h t f u l mosaic d e v e l o p m e n t can be 
one of the m o s t s igni f i cant steps i n m i t i g a t i n g any 
r e d u c t i o n i n w o o d supply , p r o v i d e d the mosaic is 
s t i l l b e i n g d r i v e n b y the b i o l o g y o f w o o d l a n d c a r i 
b o u " ( A l d r i d g e , 1995). T h i s experience has been 
a f f i rmed by experience i n other F M U ' s , w h i c h has 
s h o w n that the impac ts can be s u b s t a n t i a l l y reduced 
by careful and t h o u g h t f u l p l a c e m e n t of mosaic 
b locks and harvest schedules, w h i l e also c o n s i d e r i n g 
landscape characterist ics such as l a n d f o r m s , d i s t u r 
bance history, a n d forest u n i t d i s t r i b u t i o n (J. 
M a c k e n z i e , pers. c o m m . ) . W o o d s u p p l y i m p a c t s 
w i l l c lear ly vary w i t h the age class s t ructure and 
species c o m p o s i t i o n of the forest, w i t h greater 
i m p a c t s i n o lder-aged forests and forests w i t h a 
heavy preponderance of s h o r t e r - l i v e d species. 
D e f e r r i n g harvest areas for an ex tended p e r i o d be
y o n d the n o r m a l operable l i f e - span o f the s tand 
results i n reduced stand v o l u m e s as trees decay a n d 
die . W o o d s u p p l y impacts also appear to increase i n 
F M U ' s w h i c h have a longer h i s t o r y of h a r v e s t i n g 
and access d e v e l o p m e n t ; there are fewer opt ions for 
the deferral of large habi tat tracts, a n d m a t u r e trees 
that were not cut d u r i n g the same p e r i o d as the rest 
of the harvest b l o c k are not avai lable to harvest 

d u r i n g the deferral p e r i o d (J. M a c k e n z i e , pers. 
c o m m . ) . 

W o o d s u p p l y impacts have also been e x a m i n e d 
f r o m a r e g i o n a l perspect ive ( M c K e n n e y & N i p p e r s , 
1996) . I m p l e m e n t i n g a f o r m o f spat ia l adjacency 
r e q u i r e m e n t s , such as w i t h the c a r i b o u mosa ic , was 
es t imated to decrease the w o o d harvest values b y 
1 6 - 3 2 % of the " u n c o n s t r a i n e d " va lue . T h e r e were 
also i m p l i c a t i o n s to l o n g e r t e r m w o o d s u p p l y ; har
vest targets d i d not appear to be achievable b e y o n d 
5 0 - 6 0 years w i t h o u t any constra ints , and b e y o n d 30 
years w i t h c a r i b o u habitat constra ints . Intens ive s i l 
v i c u l t u r e , a l t h o u g h expensive, was r e c o g n i z e d as a 
key to r e a c h i n g harvest targets. 

I n b o t h s tudies , the r e d u c t i o n i n pro jec ted ava i la 
ble w o o d s u p p l y was l i k e l y an over-est imate . T h e 
b e n c h m a r k case was d e t e r m i n e d aspat ial ly , where 
every stand i n the F M U c o u l d be theore t i ca l ly c o n 
s idered for harvest at any t i m e regardless o f spat ia l 
a n d opera t iona l constraints such as access, adjacent 
stands or m i n i m u m area. 

Road access costs 
T h e forest i n d u s t r y has also raised concerns about 
access d e v e l o p m e n t costs (Racey & A r m s t r o n g , 
1996) . T h e spat ia l e lement of the c a r i b o u mosa ic 
requires that road d e v e l o p m e n t p r o g r a m s be accele
rated to bypass some deferred b l o c k s of m a t u r e t i m 
ber and to access i d e n t i f i e d harvest b l o c k s . T h e c o n 
cern is that th is m a y have an associated increased 
cost, fur ther c o m p o u n d e d b y the fact that road c o n 
s t r u c t i o n costs cannot be s u b s i d i z e d b y h a r v e s t i n g 
w o o d f r o m leave b locks that the road m u s t bypass. 
T h e r e were fur ther concerns related to road 
maintenance costs - a larger p r i m a r y road n e t w o r k 
m a y be r e q u i r e d than u n d e r a t r a d i t i o n a l h a r v e s t i n g 
pat tern , a l t h o u g h roads w i t h i n i d e n t i f i e d future 
w i n t e r habi ta t b locks w i l l l i k e l y be a b a n d o n e d a n d 
regenerated soon after harvest. R o a d access costs 
r e m a i n a s ign i f i cant issue w i t h the forest i n d u s t r y , 
b u t as yet there have been no d e t a i l e d pro jec t ions or 
estimates o f a d d i t i o n a l costs that m a y be i n c u r r e d 
by the a p p l i c a t i o n of the c a r i b o u mosa ic . T h e r e g i o 
nal analysis o f w o o d s u p p l y tradeoffs suggested that 
road costs m a y not di f fer great ly a m o n g var ious 
m a n a g e m e n t scenarios ( M c K e n n e y & N i p p e r s , 
1996) . T h e actual costs w i l l d e p e n d o n the w a y i n 
w h i c h the c a r i b o u g u i d e l i n e s are i m p l e m e n t e d 
reg ional ly . I f p o r t i o n s of the r e g i o n were harvested 
m o r e h e a v i l y i n some decades, w i t h w o o d f l o w 
agreements between c o m p a n i e s , t h e n road costs 
w o u l d not necessarily be h i g h e r . H o w e v e r , road 
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costs w i l l l i k e l y be h i g h e r i f companies are restr ic
t e d to o b t a i n i n g the i r ent ire w o o d v o l u m e f r o m 
w i t h i n the i r o w n m a n a g e m e n t u n i t s . 

Silviculture and forestry 

C o n s i d e r a b l e use has been m a d e of the Forest 
E c o s y s t e m C l a s s i f i c a t i o n system to a i d i n i d e n t i f y 
i n g and regenerat ing h i g h value c a r i b o u habi tat 
(Racey et al., 1989 ; M o r a s h & Racey, 1990) . T w o 
issues have been raised r e g a r d i n g the a b i l i t y of 
resource managers to successfully regenerate w i n t e r 
c a r i b o u habi ta t : i) the regenerat ion o f l i c h e n i n 
second g r o w t h forests, and i i ) evidence of c a r i b o u 
re-use of second g r o w t h managed forests as w i n t e r 
habi ta t . L i c h e n s a m p l i n g at a n u m b e r o f mature 
stands, cutovers and burns s h o w e d that cutovers 
that f o r m e r l y s u p p o r t e d l i c h e n - r i c h forest are l i k e l y 
to regenerate to s i m i l a r c o n d i t i o n s ( H a r r i s , 1992) . 
R e s i d u a l Cladina spp. f ragments o f ten surv ive i n 
the cutover after harves t ing , and b iomass recovery 
m a y a c t u a l l y be m o r e r a p i d after l o g g i n g t h a n after 
a fire due to the presence of th is r e s i d u a l l i c h e n . 
C a r i b o u use of a second g r o w t h l o g g e d forest has 
been d o c u m e n t e d a p p r o x i m a t e l y 4 0 years after har
vest (Racey et al., 1996) . 

A n u m b e r of a d d i t i o n a l s i l v i c u l t u r a l issues 
r e m a i n to be addressed. A s igni f i cant concern relates 
to the p o t e n t i a l increase i n the h a r d w o o d c o m p o 
nent , at the landscape leve l , after l o g g i n g . A s i g n i f i 
cant increase i n the p r o p o r t i o n o f h a r d w o o d and 
m i x e d w o o d stands m a y decrease the q u a l i t y o f car i 
b o u habi ta t a n d increase the s u i t a b i l i t y for moose 
p r o d u c t i o n , u l t i m a t e l y l e a d i n g to changes i n the 
predator -prey balance. T h i s is o f spec ia l concern 
a l o n g the southern l i m i t o f c a r i b o u range, where 
moose densit ies m a y be h i g h e r a n d where there w i l l 
be less o p p o r t u n i t y for c a r i b o u to re -co lon ize y o u n g 
stands that are c u r r e n t l y unsui tab le . I n some ins tan
ces h e r b i c i d e treatments w i l l l i k e l y be necessary to 
c o n t r o l h a r d w o o d regenerat ion. Ef for ts can also be 
m a d e to m o d i f y h a r v e s t i n g and s i l v i c u l t u r a l p r a c t i 
ces to c o n t r o l hardwoods i n other ways . T h e harves
t i n g or " h i g h g r a d i n g " of conifers w i t h i n m i x e d -
w o o d stands is also of s i m i l a r concern because of the 
p o t e n t i a l for convers ion to hardwoods . 

Remote tourism impacts 

Some concerns have also been raised b y the remote 
t o u r i s m indust ry . Some outfit ters perceive that 
i m p l e m e n t a t i o n of the car ibou habi ta t g u i d e l i n e s 
w i l l have impacts i n t w o major areas - larger cut 
sizes and the increased d e v e l o p m e n t of road net-
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w o r k s . T h e concern about cut size relates to the 
p o t e n t i a l negat ive aesthetic i m p a c t o f larger cuts o n 
remote t o u r i s m guests. A R e m o t e T o u r i s m D e c i s i o n 
S u p p o r t M o d e l was ' used to c o n d u c t a p r e l i m i n a r y 
e v a l u a t i o n of th i s concern , c o m p a r i n g the aesthetic 
i m p l i c a t i o n s o f i m p l e m e n t i n g moose and c a r i b o u 
habi ta t g u i d e l i n e s (Line & Racey, 1997) . 
P r e l i m i n a r y results i n d i c a t e d that the evidence o f 
l o g g i n g i t s e l f has the major i m p a c t o n tour is t aes
thetics a n d user preferences, w i t h l i t t l e dif ference 
between the moose a n d c a r i b o u g u i d e l i n e s . R e m o t e 
t o u r i s m c l ients w o u l d c lear ly prefer outposts w i t h 
no evidence o f l o g g i n g . T h u s i t appears that some 
c r i t i c i s m s b y the t o u r i s m i n d u s t r y m a y reflect m o r e 
genera l concerns about l o g g i n g , rather t h a n c o n 
cerns spec i f i ca l ly about c a r i b o u habi ta t m a n a g e 
m e n t . I n th is s t u d y large shorel ine buffers, such as 
those that c o u l d be used a r o u n d c a l v i n g lakes, were 
effective i n m i n i m i z i n g the negat ive percept ions of 
l o g g i n g ac t iv i ty . O v e r the r o t a t i o n age of the ent i re 
forest, the c a r i b o u g u i d e l i n e s m a y a c t u a l l y have 
s l i g h t l y less effect u p o n aesthetics t h a n the moose 
g u i d e l i n e s , p r i m a r i l y because l o g g i n g w o u l d occur 
i n a more res t r ic ted t i m e p e r i o d , a n d t h e n not occur 
for an ex tended p e r i o d of t i m e . 

A n o t h e r t o u r i s m issue raised was the p o t e n t i a l for 
accelerated d e v e l o p m e n t of an access road n e t w o r k , 
a n d the poss ib le earl ier c o n s t r u c t i o n of l o g g i n g 
roads near remote t o u r i s m fac i l i t i es . T h e r e is a re la
ted i m p r e s s i o n that the c a r i b o u mosa ic is n o w for
c i n g roads i n t o p r e v i o u s l y remote areas. O n the 
short t i m e scale, this m a y be t rue . In other s i t u a 
t ions , remote t o u r i s m fac i l i t ies w i t h i n a harvest 
deferral b l o c k m a y m a i n t a i n t h e i r remote status 
m u c h longer t h a n u n d e r a c o n v e n t i o n a l l o g g i n g 
strategy. H o w e v e r , a l l l i censed F M U ' s are i n t e n d e d 
to be accessed and harvested b y the forest i n d u s t r y 
over t i m e , so the net effect o f the c a r i b o u g u i d e l i n e s 
m a y be to accelerate access to some specific p o r t i o n s 
o f the u n i t earl ier t h a n u n d e r a m o r e t r a d i t i o n a l 
"progressive road c o n s t r u c t i o n a n d harvest" scen
ar io . T h i s issue u l t i m a t e l y p o i n t s o u t the need for 
strategic access road p l a n n i n g for each F M U , to 
ensure that access roads are p l a n n e d p r o p e r l y to 
have the least i m p a c t on the t o u r i s m i n d u s t r y a n d 
other forest uses, over the ent ire r o t a t i o n age o f the 
forest. 

Moose management implications 
O n e of the object ives o f the c a r i b o u m a n a g e m e n t 
strategy is to reduce the enhancement of moose 
habi ta t p o t e n t i a l after l o g g i n g , i n order to a v o i d 
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increases i n predator n u m b e r s . T h e i n t e n t is to not 
enhance hab i ta t for moose to the degree that w o u l d 
occur w i t h a p p l i c a t i o n of the moose hab i ta t g u i d e l i 
nes ( O M N R , 1988) . T h i s object ive has been i n t e r 
pre ted b y some m e m b e r s o f the p u b l i c , i n c l u d i n g 
some hunters , as m a n a g i n g "against moose" , w i t h 
the perce ived g o a l o f a r e d u c t i o n or even the e l i m i 
n a t i o n o f moose p o p u l a t i o n s . Resource managers 
general ly bel ieve that moose habi tat p o t e n t i a l w i l l 
s t i l l increase after l o g g i n g even u n d e r the c a r i b o u 
g u i d e l i n e s , a l t h o u g h the increase w i l l not be as 
great as i f the moose habi ta t g u i d e l i n e s had been 
a p p l i e d . 

Knowledge base 
G a p s i n k n o w l e d g e base i d e n t i f i e d d u r i n g p u b l i c 
c o n s u l t a t i o n i n c l u d e d i n c o m p l e t e i n f o r m a t i o n o n 
w o o d l a n d c a r i b o u p o p u l a t i o n s , habi tat use a n d p r e 
dator-prey re la t ionships . I n response to these c o n 
cerns, a n d to p r o v i d e more deta i led i n f o r m a t i o n to 
Forest M a n a g e m e n t P l a n s , a r a d i o - c o l l a r i n g pro ject 
was u n d e r t a k e n across n o r t h w e s t e r n O n t a r i o . 
F i f teen w o o d l a n d c a r i b o u were captured and e q u i p 
p e d w i t h A R G O S satell i te collars d u r i n g 1995 a n d 
1996 . T h i s s t ud y is c o n t i n u i n g , and f u r t h e r a n i m a l s 
are b e i n g captured and f i t ted w i t h col lars . T h e p r o 
ject i n c l u d e d u n i v e r s i t y research partners to broa
den its sc ient i f ic basis and appl i ca t ions ( H i l l i s et al., 
1998) . A considerable a m o u n t o f i n f o r m a t i o n 
d i r e c t l y relevant to forest m a n a g e m e n t p l a n n i n g has 
already resul ted f r o m this study, and is b e i n g 
a p p l i e d . T h e large-scale m o v e m e n t s o f c a r i b o u 
observed i n this s tudy have re inforced the need to 
consider c a r i b o u m a n a g e m e n t at the landscape 
level , rather t h a n the stand or w o r k i n g c i rc le l e v e l . 

Increased emphasis is b e i n g p laced u p o n habi ta t 
i n v e n t o r y a n d d i s t r i b u t i o n surveys , i n c l u d i n g w i n 
ter habi tat surveys and s u m m e r c a l v i n g site surveys 
( T i m m e r m a n n , 1 9 9 3 a & 1993b) . W o o d l a n d c a r i b o u 
c o n t i n u e to be the species w i t h the h ighes t p r i o r i t y 
i n f o r m a t i o n needs for forest m a n a g e m e n t p l a n n i n g 
across the nor thwest . 

A c o m p r e h e n s i v e b i b l i o g r a p h y of c a r i b o u related 
i n f o r m a t i o n for n o r t h e r n O n t a r i o , w i t h emphas is o n 
northeastern O n t a r i o , has been deve lo ped ( S m i t h , 
M i l l e r & Associates , 1995a & 1995b). 

P u b l i c e d u c a t i o n and awareness o f c a r i b o u occur 
rence a n d b i o l o g y cont inues to be an area where 
more effort is required . There has been a g r a d u a l l y 
increas ing p u b l i c awareness o f the presence o f 
w o o d l a n d c a r i b o u i n nor thwestern O n t a r i o , and of 
the ir spec ia l ized l i fe h i s t o r y and habi ta t require -
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m e n t s . Forest i n d u s t r y staff have become m u c h 
more f a m i l i a r w i t h c a r i b o u habitat requi rements as 
they have a t t e m p t e d to address c a r i b o u habi ta t c o n 
cerns i n forest m a n a g e m e n t p l a n n i n g , incorporate 
c a r i b o u mosaics i n t o harvest a l l o c a t i o n dec is ions , 
and deal w i t h o p e r a t i o n a l harvest and s i l v i c u l t u r a l 
issues re lated to c a r i b o u m a n a g e m e n t . W o o d l a n d 
c a r i b o u have featured p r o m i n e n t l y i n forest m a n a 
g e m e n t p l a n n i n g open houses, another m e c h a n i s m 
for i n c r e a s i n g p u b l i c awareness and u n d e r s t a n d i n g . 

Stakeholder advisory panel 
T h e r e cont inues to be b o t h some m i s u n d e r s t a n d i n g 
and some concern about the basis for a n d a p p l i c a 
t i o n of the c a r i b o u habi ta t m a n a g e m e n t strategy. A t 
the same t i m e , there has been no p u b l i c consensus 
o n the best approach to c a r i b o u m a n a g e m e n t ; for 
e x a m p l e , some stakeholders c learly w a n t c a r i b o u to 
be p r o t e c t e d b u t have concerns w i t h the manage
m e n t strategy, w h i l e others have less concern about 
c a r i b o u conservat ion b u t are very concerned about 
specific aspects o f the strategy that c o u l d i m p a c t 
u p o n t h e i r use o f the forest (see R a c e y et al., 1996) . 

A n advisory p a n e l was establ ished to review the 
strategy and m a k e r e c o m m e n d a t i o n s on i m p r o v e 
ments a n d i m p l e m e n t a t i o n . T h i s p a n e l h a d r e g i o n a l 
representat ion f r o m a l l major forest c l i e n t g r o u p s , 
i n c l u d i n g b o t h the p u l p a n d paper a n d the l u m b e r 
i n d u s t r y , tour is t outf i t ters , anglers a n d hunters , 
e n v i r o n m e n t a l i s t s , natura l i s ts , t rappers , l abour and 
local c i t izens . T h e i r discussions a n d r e c o m m e n d a 
t ions t o o k place w i t h i n the context o f three 
" g i v e n s " : 

i) m a i n t e n a n c e of c a r i b o u p o p u l a t i o n s w i t h i n c u r 
rent range; 

i i ) maintenance o f v i a b l e forest-based indus t r i es ; 
and 
i i i ) c o n s i d e r a t i o n o f the p r i n c i p l e s o f eco logica l 
s u s t a i n a b i l i t y and forest hea l th . 
A series o f four fa c i l i t a ted w o r k s h o p s was h e l d at 

var ious locat ions across n o r t h w e s t e r n O n t a r i o 
d u r i n g 1995 and 1 9 9 6 . 

W h i l e th is g r o u p c o u l d not achieve consensus, 
they d i d m a k e a n u m b e r of very v a l u a b l e r e c o m 
m e n d a t i o n s i n t h e i r final report ( G r e i g & D u i n k e r , 
1997) . O f p a r t i c u l a r s igni f icance were r e c o m m e n d a 
t ions o n the s t ruc ture o f a reg iona l c a r i b o u manage
m e n t strategy. These i n c l u d e d c o m p o n e n t s o n c o m 
m u n i c a t i o n s a n d e d u c a t i o n , increased k n o w l e d g e 
a n d awareness, d e c i s i o n - m a k i n g p r o t o c o l s , habi ta t 
m a n a g e m e n t , o ther (non-habi ta t ) m a n a g e m e n t c o n 
s iderat ions , and adequate support for i m p l e m e n t a -
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t i o n . T h i s report w i l l p l a y an i m p o r t a n t role i n the 
future d e v e l o p m e n t o f the c a r i b o u strategy. 

A giant experiment? 
A r e c u r r i n g c r i t i c i s m o f any proposa l to manage 
c a r i b o u habi ta t is that th is is i n effect a " g i a n t expe
r i m e n t " that has not been tested before, a n d the suc
cess o f w h i c h w i l l not be k n o w n for several decades. 
T h i s same c r i t i c i s m can s i m i l a r l y be d i r e c t e d at 
other past approaches to w i l d l i f e h a b i t a t manage
m e n t w i t h i n the forest m a n a g e m e n t p l a n n i n g p r o 
cess, such as a p p l i c a t i o n of moose hab i ta t g u i d e 
l ines . It can also be argued that past m a n a g e m e n t 
efforts, n a m e l y sequent ia l l o g g i n g a n d a p p l i c a t i o n 
of moose hab i ta t g u i d e l i n e s to p r o v i d e a f r a g m e n t e d 
habi ta t , have also been an e x p e r i m e n t w i t h a clear 
result - the loss o f c a r i b o u f r o m p r e v i o u s l y o c c u p i e d 
range. 

T h i s d i l e m m a was h i g h l i g h t e d e l o q u e n t l y b y 
Sample (1994) i n an essay o n the chal lenges o f sus
t a i n i n g forest ecosystems: " . . . we don ' t yet - and 
m a y never - have the scienti f ic k n o w l e d g e to m a i n 
t a i n or restore a l l the i m p o r t a n t pieces o f a c o m p l e x 
forest e c o s y s t e m . . . 'adaptive m a n a g e m e n t ' means 
we are a l l part of an i m m e n s e , h i g h stakes e x p e r i 
m e n t , the o u t c o m e of w h i c h w i l l r e m a i n u n k n o w n 
for the foreseeable future 

T h e c r i t i c i s m of a " g i a n t e x p e r i m e n t " can not be 
c o m p l e t e l y refuted to the sat isfact ion o f those c o n 
cerned. A s for other forest m a n a g e m e n t g u i d e l i n e s , 
th is m a n a g e m e n t strategy has been based u p o n a 
substant ia l f o u n d a t i o n of scienti f ic l i t e ra ture a n d a 
k n o w l e d g e of loca l (i.e. O n t a r i o ) c a r i b o u b io logy . 
H o w e v e r the rea l i ty is that i t w i l l be several decades 
before the success of the c a r i b o u m a n a g e m e n t p r o 
g r a m can be c o m p l e t e l y assessed. W h a t is i m p o r 
tant is to m o n i t o r and evaluate s h o r t e r - t e r m results 
w i t h i n an adapt ive m a n a g e m e n t f r a m e w o r k , so that 
ref inements and i m p r o v e m e n t s can be m a d e to the 
p r o g r a m as new i n f o r m a t i o n is o b t a i n e d . T h i s is the 
o n l y reasonable o p t i o n to consider where t i m b e r 
h a r v e s t i n g is c u r r e n t l y u n d e r w a y w i t h i n c a r i b o u 
range - take ac t ion now, and m o d i f y as sc ient i f ic 
k n o w l e d g e a n d m a n a g e m e n t i n f o r m a t i o n i m p r o v e s . 

Conclusion and future direction 
T h e issues associated w i t h i m p l e m e n t a t i o n o f the 
c a r i b o u habi ta t m a n a g e m e n t strategy i n n o r t h w e s 
tern O n t a r i o are many. H o w e v e r , s ign i f i cant p r o 

gress is b e i n g m a d e i n m a n y areas, a n d c a r i b o u 
h a b i t a t needs are b e i n g g i v e n m o r e r igorous c o n s i 
d e r a t i o n i n forest m a n a g e m e n t p l a n n i n g a n d opera
t ions . 

Resource m a n a g e m e n t w i t h i n O n t a r i o is b e i n g 
u n d e r t a k e n m o r e a n d more w i t h i n a n ecosystem 
m a n a g e m e n t context . C a r i b o u hab i ta t m a n a g e m e n t 
w i l l c o n t i n u e to be i m p o r t a n t , b u t hab i ta t needs 
w i l l be addressed w i t h i n a broader ecosystem frame
w o r k that a t tempts to emulate n a t u r a l d i s turbance 
pat terns . T h i s approach is very consis tent w i t h the 
c a r i b o u mosa ic approach . Spat ia l a n d t e m p o r a l c o n 
straints o n t i m b e r harves t ing can be expected to 
result f r o m any a p p l i c a t i o n of ecosystem m a n a g e 
m e n t approaches, w h e t h e r or not c a r i b o u needs are 
speci f ica l ly addressed. 

A c a r i b o u strategy is s t i l l seen as v e r y i m p o r t a n t , 
to address and integrate the var ie ty o f re lated h a b i 
tat a n d n o n - h a b i t a t issues that affect c a r i b o u . 
Ef for ts m u s t c o n t i n u e to be made to find ways to 
address the concerns o f and reduce the i m p a c t s o n 
the forest i n d u s t r y a n d other users, w i t h o u t loss o f 
c a r i b o u range. F o r e x a m p l e , greater i n v o l v e m e n t o f 
the forest i n d u s t r y i n the i n i t i a l stages of mosaic 
d e v e l o p m e n t w i l l h e l p to reduce w o o d s u p p l y 
i m p a c t s . 

W o o d l a n d c a r i b o u are a key c o m p o n e n t o f the 
fauna of the n o r t h e r n boreal forest i n O n t a r i o , a n d 
maintenance of c a r i b o u p o p u l a t i o n s a n d range is 
c r i t i c a l to any b i o d i v e r s i t y conservat ion strategy i n 
the r e g i o n . There w i l l cont inue to be chal lenges to 
i m p l e m e n t i n g any c a r i b o u strategy that requires 
s ign i f i cant changes to t r a d i t i o n a l t i m b e r h a r v e s t i n g 
pract ices . H o w e v e r , O n t a r i o resource managers be
l ieve i t is feasible to achieve the ob ject ive o f m a i n 
t a i n i n g c a r i b o u w i t h i n their c u r r e n t l y o c c u p i e d 
range w i t h i n the m a n a g e d forest. 
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Abstract: This paper describes the history and current status of N E R S C (Northeast Region Standing Committee on 
W o o d l a n d Caribou), a government/industry partnership established to address issues related to industrial developmenr 
and the conservation of woodland caribou {Rangifer tarandus caribou) in northeastern Alberra . In m i d 1991, N E R S C 
was established w i t h broad participation from the o i l and gas and forestry indusrries and relevant government agencies. 
Its ptimaty role has been as an advisory body to the government through the regional environmental resource manage
ment committee. Since its inception, it has become an open forum for the annual review of industrial operating guide
lines based on adaptive management. N E R S C has been highly successful at attracting financial support from various 
sponsors and co-ordinating appropriate research and monitor ing programs. Key achievements include: 1) greatly 
enhanced understanding of problems, issues and positions among its diverse membership related ro resource develop
ment and caribou management; 2) greatly enhanced delineation of imporrant caribou habitats, and improved under
standing of population status and l i m i t i n g factors; 3) modified and more effective land use straregies; and 4) a recog
nized collaborative partnership. 

K e y w o r d s : Rangifer tarandus caribou, o i l a n d gas indus t ry , forestry, i n d u s t r i a l d e v e l o p m e n t , e n v i r o n m e n t a l 
i m p a c t s , m i t i g a t i o n . 
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Introduction 

T h e d i s t r i b u t i o n of w o o d l a n d c a r i b o u {Rangifer 
tarandus caribou) i n N o r t h A m e r i c a has s h r u n k s u b 
s tant ia l ly since E u r o p e a n set t lement ( B e r g e r u d , 
1974) . V a r i o u s causes have been suggested a n d 
debated, b u t i t appears l i k e l y that h u m a n ac t iv i t i es 
such as l o g g i n g , a g r i c u l t u r e , i n f r a s t r u c t u r a l deve
l o p m e n t a n d sett lement have genera l ly been c o n t r i 
b u t i n g factors. I n A l b e r t a , sport h u n t i n g for c a r i 
b o u was ended i n 1981 due to concerns that the 
p o p u l a t i o n was d e c l i n i n g . Ex tens ive o i l a n d gas 
d e v e l o p m e n t t h r o u g h o u t the 1980s , a l o n g w i t h 
major c o m m i t m e n t s of t i m b e r , h e i g h t e n e d concern 
a n d created an e n v i r o n m e n t i n w h i c h g o v e r n m e n t 
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agencies fel t o b l i g e d to adopt a m o r e res t r ic t ive 
posture towards r e g u l a t o r y approvals . 

T h e p r i m a r y emphas is was o n r e d u c i n g m i d - to 
l a t e - w i n t e r d i s turbance b y p l a c i n g t i m i n g r e s t r i c t i 
ons o n i n d u s t r i a l ac t iv i t ies i n k n o w n c a r i b o u ranges. 
O t h e r measures i n c l u d e d l i m i t i n g the u s a b i l i t y o f 
new se ismic l ines for p u b l i c or predator t ravel b y 
" r o l l i n g b a c k " w o o d y debr i s and r e d u c i n g s n o w p l o -
w i n g , l i n e w i d t h s , l ines of s i ght , etc. I n d u s t r i a l 
operators t y p i c a l l y saw these restr ic t ions as onerous 
and costly, r e s u l t i n g i n n u m e r o u s d isagreements . I n 
1 9 9 1 , the A l b e r t a G o v e r n m e n t a p p r o v e d a 
" P r o c e d u r a l G u i d e for O i l and G a s A c t i v i t y o n 
C a r i b o u R a n g e " ( I n f o r m a t i o n Let ter 91-17) w h i c h 
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establ ished a p o l i c y f r a m e w o r k a l l o w i n g for a m o r e 
cons t ruc t ive approach . Its m o s t i m p o r t a n t p r i n c i 
ples were: 

1. I n d u s t r i a l d e v e l o p m e n t c o u l d occur o n c a r i 
b o u range, p r o v i d e d that the i n t e g r i t y of the hab i ta t 
was m a i n t a i n e d to support its use b y c a r i b o u . 

2. G o v e r n m e n t and i n d u s t r y s h o u l d co-operate 
i n finding a n d a p p l y i n g so lut ions w h i c h satisfacto
r i l y addressed the concerns of b o t h part ies . I n p a r t i 
cular , r e g i o n a l l y - b a s e d c o m m i t t e e s s h o u l d be esta
b l i s h e d to p r o v i d e a f o r u m for m o v i n g f o r w a r d . 

Formation of NERSC 
F o l l o w i n g a series of preparatory m e e t i n g s a n d d i s 
cussions i n 1 9 9 1 , N E R S C ( N o r t h e a s t R e g i o n 
S t a n d i n g C o m m i t t e e o n W o o d l a n d C a r i b o u ) was 
f o r m a l l y es tabl ished w i t h a five-year m a n d a t e to be 
an advisory b o d y to the r e g i o n a l e n v i r o n m e n t a l 
resource m a n a g e m e n t c o m m i t t e e . Its o r i g i n a l 
m e m b e r s represented e ight o i l a n d gas c o m p a n i e s , 
one forestry c o m p a n y and s ix g o v e r n m e n t agencies. 
Its objectives were: 

1) to foster co -opera t ion between g o v e r n m e n t and 
indust ry . 

2) to share i n f o r m a t i o n o n e n v i r o n m e n t a l and 
i n d u s t r i a l needs. 

3) to i d e n t i f y issues, define p r o b l e m s , a n d seek reso
l u t i o n . 

4) to r e c o m m e n d effective a n d p r a c t i c a l opera t iona l 
g u i d e l i n e s . 

5) to deve lop area-specific p lans to achieve c a r i b o u 
conservat ion w h i l e m e e t i n g the needs of i n d u s 
try. 

6) to i d e n t i f y and address research a n d i n f o r m a t i o n 
p r i o r i t i e s . 

N E R S C is co-chaired by one i n d u s t r y representa
t ive and one g o v e r n m e n t ( w i l d l i f e agency) represen
tat ive. T y p i c a l l y , i t has m e t t w i c e per year. Its cen
t ra l focus has been o n c o n s i d e r i n g advice f r o m v a r i 
ous s u b c o m m i t t e e s and m a k i n g r e c o m m e n d a t i o n s 
r e g a r d i n g opera t iona l g u i d e l i n e s for the u p c o m i n g 
w i n t e r field season. D e c i s i o n - m a k i n g is b y consen
sus, and r e c o m m e n d a t i o n s are b r o u g h t f o r w a r d to 
the g o v e r n m e n t e n v i r o n m e n t a l resource managers ' 
c o m m i t t e e for a d o p t i o n and i m p l e m e n t a t i o n . 

Achievements 
N E R S C has been considered a s ign i f i cant success by 
its p a r t i c i p a n t s i n three p a r t i c u l a r areas: 1) research 
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a n d i n f o r m a t i o n a c q u i s i t i o n ; 2) c o m m u n i c a t i o n and 
i n f o r m a t i o n s h a r i n g ; 3) co -opera t ion a n d i m p r o v e d 
u n d e r s t a n d i n g a m o n g its m e m b e r s . 

1) Research 
T h e m o s t i m p o r t a n t issue for N E R S C has always 

been the search for effective, eff icient opera t iona l 
g u i d e l i n e s . T h e rules i n place p r i o r to 1993 had 
focused o n t e r m i n a t i n g i n d u s t r i a l a c t i v i t y i n i d e n t i 
fied c a r i b o u ranges after J a n u a r y 15 i n order to 
m i n i m i z e m i d - to l a t e - w i n t e r d is turbance . D e b a t e 
on the reasonableness of th is approach d e m o n s t r a t e d 
that new i n f o r m a t i o n f r o m field research w o u l d be 
r e q u i r e d to jus t i fy changes. W o r k of th is type , i n 
t u r n , w o u l d cost a s ign i f i cant a m o u n t of money. 
N E R S C establ ished a f u n d i n g s u b c o m m i t t e e to gat
her and manage f u n d s , a n d a research s u b c o m m i t t e e 
to p r i o r i z e a n d oversee research ac t iv i t ies . S ince its 
i n c e p t i o n , N E R S C has been able to attract a t o t a l o f 
$ 1 , 2 0 0 , 0 0 0 for research related to w o o d l a n d c a r i 
b o u . T h e source of these c o n t r i b u t i o n s has been 
r o u g h l y : i n d u s t r y (54%) ; A l b e r t a g o v e r n m e n t 
(16%) ; N S E R C and other f u n d i n g agencies (30%) ; 
n o n - g o v e r n e n t organizat ions (<1%). 

M a j o r research i n i t i a t i v e s have i n c l u d e d : 1) a 
s tudy of c a r i b o u behaviour i n response to d i s t u r b a n 
ce f r o m s i m u l a t e d se ismic e x p l o r a t i o n (Bradshaw, 
1995) ; 2) habi ta t se lect ion b y c a r i b o u , as d e t e r m i 
ned by r a d i o - t e l e m e t r y (Bradshaw et al., 1995) ; 3) 
an e x a m i n a t i o n of p o p u l a t i o n s tructure a n d status 
i n r e l a t i o n to di f ferent landscape types (Stuart-
S m i t h et al., 1997) . I n a d d i t i o n , w o r k is c u r r e n t l y 
u n d e r w a y o n habi ta t use by moose (Alces alces), w o l 
ves {Canis lupus) and c a r i b o u i n re la t ion to roads and 
se ismic l ines i n c a r i b o u range. 

T a k e n together, these and other i n f o r m a t i o n - g a t 
h e r i n g efforts have resul ted i n : m u c h m o r e precise 
c a r i b o u range maps for northeastern A l b e r t a ; a bet
ter u n d e r s t a n d i n g of d i s turbance effects a n d p o p u l a 
t i o n status; a s igni f i cant re laxat ion o f t i m i n g 
restr ict ions (to M a r c h 1). 

2) Communication 
N E R S C has m a d e a p o i n t o f k e e p i n g its m e m b e r s 
and a l l other interested parties i n f o r m e d of its a c t i 
vi t ies a n d achievements . It produces an a n n u a l 
newsletter , an occasional research newsletter , and 
has p r o d u c e d t w o p a m p h l e t s , an in ternet h o m e 
page, and three videos for general p u b l i c use. 
Presentat ions and posters have been p r o v i d e d at 
conferences a n d other f u n c t i o n s , and i n f o r m a t i o n 
sessions have been h e l d w i t h senior c o m p a n y and 
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g o v e r n m e n t off ic ials . N E R S C m e e t i n g s have been 
o p e n to n o n - m e m b e r s , and m e m b e r s h i p i t se l f has 
e x p a n d e d to i n c l u d e representat ion f r o m the h o r t i 
c u l t u r a l peat i n d u s t r y and several a d d i t i o n a l energy 
a n d forestry companies . 

3 ) Co-operation 
T h e most s ign i f i cant achievement o f N E R S C is that 
i t has p r o v i d e d a f o r u m for co-operat ive p r o b l e m 
s o l v i n g for g o v e r n m e n t and i n d u s t r y . In its five-
year history, N E R S C has seen the n u m b e r of c o n 
fl icts great ly d i m i n i s h e d a n d replaced b y a s i g n i f i 
cant level o f t rust and openness a m o n g s t its m e m 
bers. D i s c u s s i o n has been c a n d i d and p r o b l e m s 
have u s u a l l y been addressed d i rec t ly . M o s t m e m 
bers have been impressed b y the c o m m i t m e n t 
w h i c h has been demonst ra ted by the w h o l e m e m 
bersh ip i n c o n t i n u a l l y m o v i n g towards w o r k a b l e 
so lut ions . A t the end of its five-year m a n d a t e e a r l i 
er i n 1 9 9 6 , the m e m b e r s h i p agreed that N E R S C 
h a d been a substant ia l success and that i t s h o u l d be 
c o n t i n u e d to the end of 1999. 

Challenges 
E v e n t h o u g h N E R S C has so far been seen as a p o s i 
t ive effort, i t has not been w i t h o u t d i f f i c u l t i e s . 
These i n c l u d e : 

1 ) Time commitment 

N E R S C relies o n consensus d e c i s i o n - m a k i n g a n d 
requires t h o r o u g h c o n s u l t a t i o n a n d c o m m u n i c a t i o n 
between m a n y i n d i v i d u a l s represent ing n u m e r o u s 
agencies a n d interests. T h i s requires w h a t f requent
l y seems to be an inord ina te a m o u n t of t i m e to get 
t h i n g s done. A l t h o u g h this can be a source o f f r u 
s t ra t ion , i t has to be kept i n perspect ive . T h e al ter
nat ive w o u l d l i k e l y be a s i m i l a r a m o u n t o f t i m e 
engaged i n repet i t ive confl icts w i t h o u t the benefit 
o f new i n f o r m a t i o n or p r o d u c t i v e d i s c u s s i o n . M o s t 
N E R S C m e m b e r s seem to have reached s i m i l a r 
conc lus ions , since they f requent ly d i s p l a y a s u r p r i 
s i n g level o f c o m m i t m e n t to the w h o l e endeavour. 

2) Compliance 
N E R S C has focused on d e v e l o p i n g p r a c t i c a l , effect i 
ve opera t ing g u i d e l i n e s to accomodate the needs of 
w o o d l a n d c a r i b o u w i t h those of i n d u s t r y . E v e n 
t h o u g h a l l m e m b e r s are i n v o l v e d on a n a n n u a l basis 
i n r e v i e w i n g and r a t i f y i n g these g u i d e l i n e s , not a l l 
companies have demonstra ted an equal c o m m i t 
m e n t to a p p l y i n g t h e m consc ien t ious ly at a l l t imes . 

Rangifer, Spec ia l Issue N o . 10, 1998 

T h i s has s t ra ined the fabric o f N E R S C f r o m t i m e to 
t i m e , b u t i t has also b r o u g h t out one o f its 
s trengths . N E R S C is an advisory b o d y w i t h no 
p o w e r to enforce c o m p l i a n c e . H o w e v e r , peer pres
sure f r o m w i t h i n its tanks has f r e q u e n t l y been suc
cessful i n b r i n g i n g t h i n g s back i n t o l i n e and m a i n 
t a i n i n g a l eve l p l a y i n g field for a l l operators. F r o m 
a g o v e r n m e n t perspect ive , th is has been one of the 
m o r e s u r p r i s i n g and g r a t i f y i n g features o f the w h o l e 
e x p e r i m e n t . 

3) Access management 
Access m a n a g e m e n t was recognized as a p r i o r i t y 
even before N E R S C ' s es tab l i shment . M o r e access 
encourages m o r e p o a c h i n g and a b o r i g i n a l h u n t i n g , 
m o r e veh ic le co l l i s ions and m o r e d i s t u r b a n c e . 
A l t h o u g h the g u i d e l i n e s c a l l for effective access 
m a n a g e m e n t as a key c o m p o n e n t of i n d u s t r i a l ope
rat ions i n c a r i b o u range, i t has never been easy or 
s t r a i g h t f o r w a r d to achieve this g o a l . N a t i v e and 
n o n - n a t i v e m e m b e r s of the p u b l i c t y p i c a l l y resent 
restr ic t ions o n the i r use of C r o w n l a n d , a n d fre
q u e n t l y ignore s igns, gates and other access m a n a 
g e m e n t measures. In a d d i t i o n , there is a real re luc 
tance to create new rules a n d res tr ic t ions , p a r t i c u 
lar ly i f s t r o n g p u b l i c suppor t cannot be d e m o n s t r a 
ted. N E R S C has not f o u n d a s i m p l e s o l u t i o n , ( i t is 
not alone i n th is regard) , b u t i t has n o w r e c o g n i z e d 
this as its most press ing chal lenge . 

4) Funding 
A l t h o u g h its a b i l i t y to f u n d a n d c o n d u c t research 
has been one of N E R S C ' s most notable successes, i t 
is n o w at a p o i n t where its m e m b e r s , p a r t i c u l a r l y o n 
the i n d u s t r i a l s ide, are express ing a g r o w i n g r e l u c 
tance to c o n t i n u e c o n t r i b u t i n g m o n e y at prev ious 
levels. T h e t y p i c a l concern is that N E R S C m i g h t 
become s i m p l y a source o f funds for graduate s t u 
dents and other researchers, and that research m u s t 
bear some clear re la t ion to s o l v i n g the p r o b l e m s o f 
the N E R S C m e m b e r s h i p . These are r e c o g n i z e d as 
l e g i t i m a t e concerns, a n d steps are b e i n g t a k e n to 
ensure that the research p r o g r a m , and its r e q u i r e d 
f u n d i n g , are unders tood and s u p p o r t e d by the 
m e m b e r s . 

New directions 
1) Research program 
Several new deve lopments are c h a n g i n g the research 
p r o g r a m . F i r s t , i t has recent ly been a m a l g a m a t e d 
w i t h the research p r o g r a m of the N o r t h w e s t R e g i o n 
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S t a n d i n g C o m m i t t e e , so that there w i l l be a co
o r d i n a t e d approach and more eff icient use o f resour
ces across the boreal c a r i b o u range o f A l b e r t a . 
Second, a c o - o r d i n a t o r has been h i r e d u n d e r an 
i n d u s t r i a l p o s t - D o c t o r a l f e l l o w s h i p p r o g r a m to: i) 
co -ord ina te the a m a l g a m a t e d research p r o g r a m s ; i i ) 
c o n d u c t research; i i i ) manage the research b u d g e t ; 
a n d iv) become a central source o f i n f o r m a t i o n 
r e g a r d i n g the research p r o g r a m a n d i ts b u d g e t . 

It is too early to t e l l h o w this w i l l w o r k o u t , b u t 
these measures were adopted to address several c o n 
cerns, i n c l u d i n g : p o t e n t i a l d u p l i c a t i o n of effort 
be tween t w o regions ; confus ion r e g a r d i n g status of 
i n d i v i d u a l projects or o f the overa l l d i r e c t i o n of the 
w h o l e p r o g r a m ; and excessive d e m a n d s o n a few 
i n d i v i d u a l s to manage large budgets " i n the i r spare 
t i m e . " 

Summary 
I n s u m m a r y , the 5-year N E R S C e x p e r i m e n t has 
achieved some s ign i f i cant successes, especia l ly i n 
d e v e l o p i n g u n d e r s t a n d i n g between g o v e r n m e n t a n d 
i n d u s t r y a n d i n d e v e l o p i n g co-operat ive approaches 
to s o l v i n g p r o b l e m s . F o l l o w i n g a r e v i e w o f its m a n 
date, the m e m b e r s agreed that i t h a d been subs tan
t i a l l y w o r t h w h i l e , a n d felt that i t was w o r t h c o n t i n 
u i n g for another five years. 

There have been stresses a n d strains , b u t the 
overa l l c o n c l u s i o n is that this p a r t n e r s h i p approach 
has p r o v e n h i g h l y benef ic ia l to its m e m b e r s , especi 
a l l y i n contrast to the c o n f r o n t a t i o n a l approach 
w h i c h preceded i t . 

2) Community participation 
I n response to the five-year review b y N E R S C of its 
object ives , access management was i d e n t i f i e d as a 
p r i o r i t y area w h i c h had not been successful ly 
addressed. To meet th is chal lenge , a n e w s u b c o m 
m i t t e e has been created w i t h a m a n d a t e to explore 
ways o f d e v e l o p i n g direct i n v o l v e m e n t i n N E R S C 
b y a b o r i g i n a l c o m m u n i t i e s and other s takeholders . 
T h i s i n i t i a t i v e has just n o w started, so i t is i m p o s s i 
ble to p r o v i d e m o r e detai ls . It is l i k e l y that any suc
cessful expans ion of N E R S C b e y o n d its t r a d i t i o n a l 
m e m b e r s h i p (government and i n d u s t r y ) w i l l f u n d a 
m e n t a l l y change i t i n ways that cannot be p r e d i c 
ted . It is also l i k e l y (and desirable) that s t a k e h o l 
ders f r o m the general p u b l i c w i l l be interested i n 
m o r e t h a n access m a n a g e m e n t . 
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Developing a woodland caribou habitat mosaic on the Ogoki -Nakina N o r t h 
Forests of northwestern Ontario 
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Abstract: The O g o k i - N o r t h N a k i n a Forests consist of (10 638 k m 2 ) unroaded boreal forest approximately 400 k m nor
theast of Thundet Bay, Ontario (lat 50° - 5 1 ° 3 1 ' N , long 8 6 ° 3 0 ' - 8 9 ° W ) . W o o d l a n d caribou (Rangifer tarandus caribou) 
inhabit discrete portions w i t h i n these forests based on m i n i m a l current and past historical data. As part of the Forest 
Management Planning process, for the period 1997-2097, a woodland caribou habitat mosaic has been developed to 
cootdinate present and furure foresr management activities w i t h the retention and development of current and furure 
woodland caribou habitat. Several criteria inc luding , past fire history, forest structute, age, species composition, proxi
mity to current road access and location of existing and potential caribou habitat, helped identify and delineate 50 
mosaic harvest blocks. Each harvest block w i l l be logged in one of five 20 year periods over a 100 year rotation (1997¬
2097). The harvest blocks have been developed to simulate a pattern of past wildfire history in an area that has not been 
subjected to past forest management activities, while managing for woodland caribou, a locally featured species. 

K e y w o r d s : forest m a n a g e m e n t p l a n n i n g , harvest b l o c k s , C a n a d a . 
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Introduction 
T h e O g o k i - N a k i n a N o r t h Forest (10 6 3 8 k m 2 o f 
largely u n r o a d e d boreal forest) is located 4 0 0 k m 
northeast o f T h u n d e r B a y i n the nor thwest r e g i o n of 
O n t a r i o ( F i g . 1). Sustainable Forest Licences (SFL) 
for b o t h forests have recently been awarded to L o n g 
L a k e Forest P r o d u c t s L t d . M a t u r e a n d over m a t u r e 
coniferous species, p r i m a r i l y b l a c k spruce (Picea 
mariana M i l l ) , and jackpine (Pinus banksiana L a m b ) 
occupy 8 7 % of the p r o d u c t i v e forest l a n d base. B o t h 
species w i l l s u p p l y fibre to a spruce/pine/fir d i m e n 
s ional l u m b e r m i l l i n L o n g l a c a n d a " S m a l l W o o d 
M a x i m i z e r " m i l l i n N a k i n a O n t a r i o . 

T h e O g o k i Forest was first establ ished i n 1 9 7 4 
and was l i c e n c e d to K i m b e r l y C l a r k Forest P r o d u c t s 
Inc. as a Forest M a n a g e m e n t U n i t . T h e first 20 year 
m a n a g e m e n t p l a n (1986 -2006 ) was prepared i n 
accordance w i t h the T i m b e r M a n a g e m e n t P l a n n i n g 
M a n u a l for C r o w n Lands i n O n t a r i o ( O M N R , 
1985) . 

T h e N a k i n a N o r t h Forest was o r i g i n a l l y par t o f 
the N a k i n a Forest establ ished i n 1985 a n d l i c e n c e d 
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Geraldtfm 

F i g . 1. Location of the O g o k i - N a k i n a N o r t h Forests i n 
northwestern Ontario. 

to K i m b e r l y C l a r k Forest P r o d u c t s Inc . u n d e r a 
Forest M a n a g e m e n t A g r e e m e n t ( F M A ) . A S F L was 
issued to L o n g L a k e Forest P r o d u c t s i n M a r c h 1996 
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and the current u n i t contains 382 132 ha of l a n d 
a n d water. 

L o n g L a k e Forest P r o d u c t s L t d . is c u r r e n t l y p r e 
p a r i n g a Forest M a n a g e m e n t P l a n for b o t h the 
O g o k i a n d N a k i n a N o r t h Forest i n accordance w i t h 
the new Forest M a n a g e m e n t P l a n n i n g M a n u a l for 
O n t a r i o ' s C r o w n Forests ( O M N R , 1996) . T h e p l a n 
w i l l be r e w r i t t e n and u p d a t e d every five years for 
subsequent 2 0 year per iods . I n c l u d e d u n d e r s i g n e d 
terms a n d c o n d i t i o n s is a c o m p r e h e n s i v e renewal 
and maintenance p r o g r a m . 

B o t h moose (Alces alces) a n d w o o d l a n d c a r i b o u are 
c o m m o n l y f o u n d w i t h i n the area ( W h i t l a w et al., 
1 9 9 3 ; D a r b y et al., 1989) . M o o s e densi t ies are c o n 
sidered l o w (< 0 .10 per k m 2 ) , a n d w o o d l a n d c a r i b o u 
densit ies are es t imated at 0 .06 per k m 2 or l o w e r 
based on dens i ty estimates i n the nearby W a b i k i m i 
W i l d e r n e s s P a r k (Bergerud , 1989) . T h e O g o k i -
N a k i n a N o r t h Forests are located i n the n o r t h e r n 
p o r t i o n o f the c o m m e r c i a l forest w h i c h also i n c l u d e s 
the southern p o r t i o n of the present -day c o n t i n u o u s 
c a r i b o u d i s t r i b u t i o n . 

T h i s paper describes the m e t h o d s used to deve lop 
a c a r i b o u habi ta t mosaic o n the O g o k i - N a k i n a 
N o r t h Forests for the p e r i o d 1 9 9 7 - 2 0 1 7 . T h e objec
t ive is to deve lop and coordinate present a n d future 
forest m a n a g e m e n t act ivi t ies w i t h the r e t e n t i o n a n d 
d e v e l o p m e n t of current a n d future w o o d l a n d c a r i 
b o u habi ta t . 

Forest description 
B o t h forests are located w i t h i n the arct ic watershed 
and c o n t a i n a p p r o x i m a t e l y 1 1 - 1 2 % water. 
P r o d u c t i v e forest l a n d consists o f 8 9 3 8 1 2 ha , 
w h i l e the balance is classified as non-fores ted l a n d 
(120 877 ha) a n d n o n - p r o d u c t i v e forest l a n d (123 
598 ha). M a j o r waterbodies d r a i n n o r t h to James 
B a y t h r o u g h the O g o k i - A l b a n y r iver systems and 
create f o r m i d a b l e barriers to road c o n s t r u c t i o n a n d 
access. B o t h u n i t s are located i n the C e n t r a l P l a t e a u 
(B8) sect ion o f the Borea l Forest R e g i o n ( R o w e , 
1972) w i t h i n H i l l ' s Site R e g i o n 3 w a n d 2 w ( H i l l s , 
1959) . T h e y are considered part o f a n a t u r a l w i l d f i 
r e - d r i v e n ecosystem character ized b y short , hot 
s u m m e r s a n d l o n g , c o l d , d r y w i n t e r s . C u r r e n t forest 
c o n d i t i o n s are be l ieved to be s i m i l a r to h i s t o r i c 
forest c o n d i t i o n s as m i n i m a l fire suppress ion a n d 
l o g g i n g ac t iv i t ies have been carr ied out i n the past . 
P r e d o m i n a n t tree species are b l a c k spruce ( ± 7 4 % ) , 
j a c k p i n e ( ± 1 5 % ) a n d t r e m b l i n g aspen (Populus tre-
muloides M i c h x ) ( ± 1 0 % ) . W h i t e b i r c h (Betula papy-
rifera M a r s h ) , w h i t e spruce (Picea glauca ( M o e n c h ) 

236 

Voss) , b a l s a m fir (Abies balsamea (L.) M i l l ) , eastern 
w h i t e cedar (Thuja occidentalis L . ) a n d tamarack 
(Larix laricina ( D u R o i ) K . K o c h ) are also f o u n d 
i n t e r m i t t e n t l y t h r o u g h o u t these forests. Forest age 
c o m p o s i t i o n is p r e d o m i n a n t l y m a t u r e ( 7 0 - 1 2 0 
years) to overmature (120+years) stands of p r e d o m i 
n a n t l y coniferous forest o r i g i n a t i n g f r o m large even-
age w i l d f i r e r a n g i n g i n size f r o m several h u n d r e d to 
100 0 0 0 hectares. 

T h e g r o w i n g season genera l ly lasts f r o m 145-155 
days w i t h a m e a n frost-free p e r i o d of 7 0 - 8 0 days 
( C h a p m a n & T h o m a s , 1968) . M e a n a n n u a l p r e c i p i 
t a t i o n is 7 3 7 m m w h i c h inc ludes an average a n n u a l 
s n o w f a l l o f 2 6 6 0 m m ( E n v i r o n m e n t C a n a d a , 1973) . 

G e o l o g i c a l l y , the area lies i n the northeast p o r t i 
o n of the P r e c a m b r i a n s h i e l d w i t h bare a n d p a r t i a l l y 
bare b e d r o c k e x h i b i t i n g l o w to moderate re l ie f 
( O n t a r i o G e o l o g i c a l Survey, 1991) . T h e m o s t c o m 
m o n sur f i c ia l depos i t is a g r o u n d m o r a i n e of var ia 
ble d e p t h w i t h a d i s c o n t i n u o u s layer of b o u l d e r y s i l -
ty sand t i l l o v e r l y i n g the b e d r o c k (Cooper , 1983) . 
L o c a l patches o f s i l t y sand lacustr ine p l a i n deposits 
a n d pockets of organic s o i l are c o m m o n i n l o w l y i n g 
areas. G l a c i a l f l u v i a l k a m e deposits w i t h some o u t -
wash deposi ts f o r m the b u l k of b o t h ma jor m o r a i 
nes; the A u g u t u a a n d N i p i g o n M o r a i n e (Prest, 
1 9 6 3 ; Cooper , 1983) located o n these forests. 

Past and current use - a regional perspective 
H i s t o r i c a l l y the area was set t led b y the ancestors of 
loca l nat ive people w h o deve loped t h r o u g h a n u m 
ber of h u n t i n g , g a t h e r i n g , fishing and t r a d i n g c u l 
tures (Bray & E p p , 1984) . I n the late 1700s the 
H u d s o n s B a y C o m p a n y establ ished posts o n W a s i 
and E a b a m e t lakes based o n the fur trade. T r a p p i n g 
for beaver (Castor canadensis), m i n k (Mustela vison), 
m a r t e n (Martes americana), otter (Lutra canadensis), 
fisher (Martes pennanti), l y n x (Lynx canadensis), wea
sel (Mustela spp. ) , gray w o l f (Canis lupus) a n d red fox 
(Vulpes fulva) is s t i l l act ive i n these forests and c o n 
t r ibutes to the loca l nat ive economy. I n a d d i t i o n a 
nat ive c o m m e r c i a l fishery is based o n the A l b a n y 
R i v e r a l o n g the n o r t h e r n boarder and o n A r a and 
M e t lakes a l o n g the forest's southern boundary . 
R e m o t e t o u r i s m actvi t ies offer f l y - i n a n g l i n g and 
h u n t i n g o p p o r t u n i t i e s . T h e area c u r r e n t l y boasts 
119 m a i n base t o u r i s m lodges , remote outpost 
camps and l a n d use p e r m i t s that c o n t r i b u t e to the 
loca l economy. In a d d i t i o n several parks i n c l u d i n g 
S e d g m a n P r o v i n c i a l P a r k , W a b i k i m i P a r k a n d the 
A l b a n y R i v e r W a t e r w a y s P a r k p r o v i d e h i g h q u a l i t y 
remote f l y - i n fishing a n d canoe ing o p p o r t u n i t i e s . 
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R o a d access to the the southern b o u n d a r y of the 
O g o k i Forest a n d to p o r t i o n s o f the N a k i n a N o r t h 
Forest is c u r r e n t l y restr ic ted to the O g o k i road 
w h i c h terminates at the O g o k i R i v e r ( F i g . 1). 

Woodland caribou habitat mosaic 
W o o d l a n d c a r i b o u i n this area are m a n a g e d as a 
l o c a l l y featured species ( O M N R , 1994) for the p u r 
poses o f T i m b e r M a n a g e m e n t P l a n n i n g . T h e c a r i 
b o u habitat/forest mosaic (Racey et al., 1991) is the 
basic approach c u r r e n t l y suggested for a l l Forest 
M a n a g e m e n t U n i t s w i t h i n c a r i b o u range. E c o 
sys tem m a n a g e m e n t des igned to m i m i c the habi ta t 
r e s u l t i n g f r o m large n a t u r a l l y o c c u r r i n g fire is the 
current habi ta t m a n a g e m e n t focus. O n t a r i o t i m b e r 
m a n a g e m e n t g u i d e l i n e s for the p r o v i s i o n of w o o d 
l a n d c a r i b o u habi ta t ( O M N R , 1994 ) assume that 
l o g g i n g can replace fire as a means o f regenerat ing 
w i n t e r habi ta t a n d re-establ ish terrestr ia l l i chens 
{Cladina spp.) i n boreal forest cutovers ( H a r r i s , 
1992; Racey et al., 1996). A l l o c a t i o n o f harvest are
as over a 100 year ro ta t ion are to be concentra ted 
w i t h i n w h a t w o u l d become a large d i s t u r b a n c e to 
p r o v i d e future habi tat b locks (+40 years), w h i l e 
cuts w i l l a v o i d large deferral b l o c k s o f c u r r e n t l y 
i d e n t i f i e d h i g h value seasonal c a r i b o u habitats 
( T i m m e r m a n n , 1993a; 1993b). 

Specif ic g u i d e l i n e s for m a n a g e m e n t o f c a l v i n g 
sites, t ravel corr idors and p r o t e c t i o n of w i n t e r i n g 
areas are descr ibed ( O M N R , 1994). Cr i t i ca l/core 
c a r i b o u w i n t e r i n g areas or " v i r t u a l refuges" 
( C u m m i n g , 1996) are to be a v o i d e d i n T i m b e r 
M a n a g e m e n t P l a n al locat ions a n d road corr idors . I n 
a d d i t i o n an u n c u t buffer s h o u l d be cons idered 
a r o u n d large or c o n t i g u o u s , c lear ly def ined areas o f 
w i n t e r i n g habi ta t ( C u m m i n g , 1992; C u m m i n g & 
Beange , 1993). C a r i b o u habi ta t m a n a g e m e n t p r e 
scr ipt ions w i l l m i n i m i z e edge habi ta t a n d d e v e l o p 
patterns o f c u t t i n g that do not favour moose as a 
means of c o n t r o l l i n g w o l f n u m b e r s . 

Methods 
T h e d e v e l o p m e n t o f the c a r i b o u habi ta t mosa ic for 
the O g o k i - N a k i n a N o r t h Forest was consistent 
w i t h those o u t l i n e d i n Ins t ruct ions for D e v e l o p i n g 
C a r i b o u H a b i t a t Mosa ics ( Y o u n g , 1995) a n d 
O n t a r i o T i m b e r M a n a g e m e n t G u i d e l i n e s F o r T h e 
P r o v i s i o n O f W o o d l a n d C a r i b o u H a b i t a t ( O M N R , 
1994). 

T h e f o l l o w i n g five steps were used i n d e v e l o p i n g 
the mosaic : 

Data collection 
A l l avai lable data r e l a t i n g to w o o d l a n d c a r i b o u a n d 
the i r hab i ta t use was c o m p i l e d . T h i s i n c l u d e d c a r i 
b o u seasonal observations (both recent a n d h i s t o r i 
cal), i d e n t i f i c a t i o n of current and p o t e n t i a l future 
c a r i b o u habi ta t ( T i m m e r m a n n , 1993a) , current and 
suspected c a l v i n g sites ( T i m m e r m a n n , 1993b) and 
e x i s t i n g t rave l corr idors or m i g r a t i o n routes. These 
data were co l lec ted f r o m recent O n t a r i o M i n i s t r y o f 
N a t u r a l Resource aerial c a r i b o u surveys, current and 
past repor ted s i g h t i n g s f r o m tour is t operators and 
the ir c l i ente le , c a r i b o u i n f o r m a t i o n co l lec ted d u r i n g 
past moose aerial surveys, and file reports a n d plans 
( e.g. O M N R , 1983) that made reference to w o o d 
l a n d c a r i b o u a n d the i r l o c a t i o n w i t h i n these forests. 

O t h e r sources used to h e l p i d e n t i f y p o t e n t i a l are
as o f c a r i b o u habi ta t were N O E G T S ( N o r t h e r n 
O n t a r i o E n g i n e e r i n g G e o l o g y and T e r r a i n S tudy) 
maps i n c o m b i n a t i o n w i t h N W O F E C ( N o r t h 
western O n t a r i o Forest E c o s y s t e m Class i f i ca t ion) 
g u i d e ( O n t a r i o G e o l o g i c a l Survey, 1 9 9 1 ; S i m s et al, 
1989) . A l l sources were h e l p f u l i n i d e n t i f y i n g l a n d 
f o r m s , s o i l types, forest age, s tructure , a n d c o m p o s i 
t i o n , a n d vegetat ive cover, that are c o m m o n l y asso
c iated w i t h w o o d l a n d c a r i b o u habi ta t . 

Forest disturbance history and patterns 
R e c o r d e d w i l d f i r e size ( 1 5 0 0 to 130 0 0 0 ha) a n d 
d i s t r i b u t i o n p a t t e r n f r o m 1928 to the present was 
o b t a i n e d f r o m the O n t a r i o M i n i s t r y o f N a t u r a l 
Resources R e g i o n a l F i r e C e n t r e i n T h u n d e r Bay. 

Large areas o f even aged forest exist a n d these are
as were used to deve lop a forest u n i t e l i g i b i l i t y m a p 
based o n Forest Resource I n v e n t o r y ( F R I ) . A n 
a t t e m p t was m a d e to m a p these areas o n the 
a s s u m p t i o n that the i r size and pa t te rn w o u l d reflect 
the p r e - s u p p r e s s i o n fire history. C r i t e r i o n for s tand 
i n c l u s i o n was that the ages between stands c o u l d 
not vary b y m o r e t h a n 20 years. T h i s p e r i o d was 
consistent w i t h the T i m b e r M a n a g e m e n t 
G u i d e l i n e s for the P r o v i s i o n of C a r i b o u H a b i t a t 
( O M N R , 1994) that requires a mosa ic b l o c k to be 
harvested w i t h i n a 2 0 year t i m e frame. W e bel ieve 
this c r i t e r i o n c o u l d p o t e n t i a l l y create a 2 0 year v a r i 
a t i o n between age classes w i t h i n that m o s a i c b l o c k 
as a result o f y o u n g e r stands w i t h i n the b l o c k b e i n g 
harvested towards the e n d of the 20 year t i m e fra
me . Isolated stands o f spruce l o w l a n d (site class 3) 
d i d not have to meet the above c r i t e r i a to be i n c l u 
d e d i n the fire area. T h i s was done to reflect those 
stands that m a y have been bypassed d u r i n g a fire 
a n d h e l p e d e x p l a i n the somet imes s u b s t a n t i a l d i f f e -
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rence i n age be tween these i so la ted l o w l a n d sites 
a n d s u r r o u n d i n g u p l a n d sites. A n o t h e r approach 
used to d e t e r m i n e fire size a n d p a t t e r n was to i d e n 
t i f y those features that act as n a t u r a l fire breaks such 
as water, w e t l a n d ecosites, forest u n i t types ( l o w l a n d 
b l a c k spruce), a n d t o p o g r a p h i c features. W e bel ieve 
these features assist i n e s t a b l i s h i n g m o s a i c b l o c k 
boundar ies that c losely emula te n a t u r a l fire pat 
terns. 

Forest eligibility and maturity criteria 
M a t u r i t y Class maps were used to i d e n t i f y stands 
based on forest u n i t and age class a n d p l a c e d i n t o 
one of four m a t u r i t y classes. T h e y are: J u v e n i l e , 
M a t u r i n g , P r i m e P r o d u c t , a n d D e c l i n i n g . T h i s bre
a k d o w n helps i d e n t i f y forest areas where m a t u r e 
and over -mature w o o d exists and thus delineates 
preferred forest d e v e l o p m e n t areas w i t h i n the 
mosaic . S u c h a m a t u r i t y class m a p is also use fu l for 
i d e n t i f y i n g areas that m a y be p o t e n t i a l preferred 
w i n t e r c a r i b o u habi tat such as c o n i f e r o u s - d o m i n a 
ted V 3 0 sites (S ims et al., 1989) . E l i g i b i l i t y maps 
were created to i d e n t i f y current a n d future stands 
that are considered e l i g i b l e for c o m m e r c i a l harvest 
and each e l i g i b i l i t y m a p was b r o k e n d o w n b y forest 
u n i t at a s tand l e v e l . 

Other forest values 
D u r i n g mosaic d e v e l o p m e n t c o n s i d e r a t i o n was also 
g i v e n to other e x i s t i n g forest values. These i n c l u d e 
areas that c o u l d receive some A r e a O f C o n c e r n 
( A O C ) p r o t e c t i o n that m a y p r e c l u d e Forest M a n a 
g e m e n t O p e r a t i o n s (e.g. remote t o u r i s m , p a r k s , and 
nat ive values) . A l t h o u g h these values are not c o n s i 
dered a major p r i o r i t y i n mosaic d e v e l o p m e n t at the 
landscape l e v e l , they do require some c o n s i d e r a t i o n 
i n as far as the p o t e n t i a l impac ts that the mosaic 
m a y have o n values at the opera t iona l l eve l (e.g. 
mosaic b locks c o n t a i n i n g m a n y h i g h va lue t o u r i s m 
lakes). 

Other considerations 
Several a d d i t i o n a l key p o i n t s were cons idered such 
as: w h e t h e r the mosaic d e v e l o p m e n t was consistent 
w i t h the Forest M a n a g e m e n t P l a n object ive for 
w o o d l a n d c a r i b o u as developed for the O g o k i -
N a k i n a N o r t h 1 9 9 7 - 2 0 1 7 Forest M a n a g e m e n t 
P l a n . T h e object ive for w o o d l a n d c a r i b o u is as f o l 
l o w s : " T o manage for the maintenance o f w o o d l a n d 
c a r i b o u range a n d habi tat t h r o u g h habi ta t m a i n t e 
nance and species range conservat ion" ( A r m s t r o n g , 
1997) . To h e l p achieve this object ive i t was i m p o r -
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tant to ensure that the mosa ic p r o v i d e d g o o d h a b i 
tat (preferred & suitable) d i s t r i b u t i o n t h r o u g h o u t 
the forest over t i m e , especial ly at the s o u t h e r n p o r 
t i o n of current c a r i b o u range. H e r e c a r i b o u have the 
o p p o r t u n i t y to r e m a i n so they can repopulate areas 
that become e l i g i b l e as sui table habi ta t . 
D i s t r i b u t i o n o f hab i ta t was d e t e r m i n e d b y e n t e r i n g 
the F R I i n f o r m a t i o n f r o m each mosaic b l o c k i n t o 
the Strategic Forest M a n a g e m e n t M o d e l ( O M N R , 
1995) a n d a p p l y i n g the N o r t h w e s t R e g i o n w i l d l i f e 
m a t r i x to d e t e r m i n e the type of w o o d l a n d c a r i b o u 
habi ta t (preferred/marginal) present, i f any a n d its 
l o c a t i o n w i t h i n the mosa ic . 

C o n s i d e r a t i o n s were g i v e n towards i d e n t i f y i n g 
e c o n o m i c a n d l o g i s t i c a l l i m i t a t i o n s d u r i n g mosaic 
d e v e l o p m e n t . It is i m p o r t a n t to ensure that the 
access road d e v e l o p m e n t p r o g r a m associated w i t h 
the mosaic is w i t h i n the e c o n o m i c capabi l i t i es o f 
the C o m p a n y , and that forest u n i t s w i t h i n mosaic 
b locks a l l o w for a balance of s u m m e r a n d w i n t e r 
o p e r a t i n g areas. A l t h o u g h these considerat ions were 
not a ma jor p r i o r i t y , they were cons idered to h e l p 
achieve an operable mosa ic . I n a d d i t i o n we e x a m i 
ned the p a t t e r n of p l a n n e d harvest b l o c k s after 4 0 
years to evaluate the p r o t e c t i o n of c u r r e n r l y k n o w n 
habi ta t , r e m a i n i n g hab i ta t a n d travel c o r r i d o r l i n k a 
ges be tween u n c u t a n d l o g g e d mosaic b l o c k s . T h e 
final c o n s i d e r a t i o n was to develop a mosa ic that 
c o m p l e m e n t e d c a r i b o u mosaics deve loped o n the 
adjacent forests o f A r m s t r o n g , A u d e n , a n d N a k i n a 
F M U s . 

Results and discussion 
A tota l o f 50 mosaic harvest b locks to be l o g g e d i n 
one o f five-20 year per iods over a 100 year r o t a t i o n 
( 1 9 9 7 - 2 0 9 7 ) were de l inea ted ( F i g . 2). W a t e r s h e d 
boundar ies were used to del ineate the m a j o r i t y o f 
harvest b l o c k s w h i l e the balance used past fire 
boundar ies . T h e d i s turbance cut pa t te rn (mean size 
2 0 - 2 5 0 0 0 ha.) was u n i f o r m l y d i s t r i b u t e d , p r o v i 
d i n g a balance of b o t h s u m m e r a n d w i n t e r opera
t i n g areas. B l o c k c o n f i g u r a t i o n was southwest to 
northeast , consistent w i t h p r e v a i l i n g w i n d s a n d p r e 
v i o u s fire his tory. O n l y several large lakes had m o r e 
t h a n one b l o c k e l i g i b l e for harvest i n a s i m i l a r t i m e 
p e r i o d ; thus m i n i m i z i n g d i s turbance i m p a c t . C u t 
patterns were d e s i g n e d to i m p a c t o n l y p o r t i o n s of 
i n d i v i d u a l t rapl ines w i t h i n each 20 year p e r i o d . T h e 
object ive b e i n g to p r o v i d e a range of age classes w i t 
h i n each t r a p l i n e to a c c o m m o d a t e the hab i ta t r e q u i 
rements o f a w i d e var ie ty o f furbearers a n d other 
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F i g . 2. Location of 50 mosaic harvest blocks w i t h i n the 
O g o k i - N a k i n a N o r t h Forests of northwestern 
Ontario. Shaded blocks represents the pattern of forest 
logging disturbance after 40 years. 

w i l d l i f e . E x a m i n a t i o n o f p l a n n e d forest d i s t u r b a n 
ce suggests a s o l i d p a t t e r n of travel c o r r i d o r l i n k a 
ges r e m a i n e d between seasonal c a r i b o u habitats 
after 4 0 years. In a d d i t i o n t o u r i s m a n d p a r k values 
were i d e n t i f i e d as areas of concern a n d were w i t h 
d r a w n f r o m harvest e l i g i b i l i t y . 

T h e i m p a c t o f d is turbance o n w o o d s u p p l y was 
m i n i m i z e d by s t ra tegica l ly l o c a t i n g i n d i v i d u a l 
mosaic b l o c k s . E v e r y effort was m a d e , however to 
i d e n t i f y m a t u r e a n d overmature w o o d i n e l i g i b l e 
b l o c k s . I n some cases o l d w o o d avai lable o n a defer
red b l o c k was left and considered a lost o p p o r t u n i t y 
and i n its place y o u ng er -aged w o o d was cons idered 
e l i g i b l e for harvest before reaching m a x i m u m y i e l d 
p o t e n t i a l . 

T h e mosaic p a t t e r n requires an extensive road 
n e t w o r k to access the i n i t i a l 20 year cut b l o c k s . A 
h i g h e r i n i t i a l road cost is p a r t i a l l y compensated by 
b o t h a short and l o n g - t e r m w o o d f low p a t t e r n f r o m 
these des ignated cut b locks . In a d d i t i o n , a t tempts 
were m a d e to d e s i g n road locat ions that m i n i m i z e 
i m p a c t s o n deferral b l o c k s , a l l o w for l o n g - t e r m 
ex t rac t ion use and p r o v i d e m a n a g e m e n t flexibility. 
F i n a l l y , mosaic b l o c k d e s i g n recognized establ ished 
mosaic patterns o n adjacent southern forests and 
a t t e m p t e d to reduce d is turbance i m p a c t a l o n g 
m u t u a l boundar ies . 

It is be l ieved that the O g o k i - N a k i n a N o r t h 
Forests are somewhat u n i q u e i n p r o v i d i n g an o p p o r 
t u n i t y to a p p l y a c a r i b o u habi tat mosaic . T h e a p p l i 
ed m e t h o d o l o g y a l l o w e d flexibility i n c o n s i d e r i n g 
other objectives i n c l u d i n g a sustainable s u p p l y of 
w o o d and other soc io -economic benefits associated 

w i t h t o u r i s m a n d w i l d l i f e values . H o w e v e r , th is 
approach m a y not be d i r e c t l y a p p l i c a b l e to other 
forests where c a r i b o u are c u r r e n t l y f o u n d ; hence fle
x i b i l i t y , i n n o v a t i o n a n d m o d i f i c a t i o n s w i l l l i k e l y be 
needed to meet specif ic resource-based object ives . 

A d v a n t a g e s o f the mosa ic approach i n c l u d e f a c i l i 
t a t i n g a l o n g - t e r m p l a n n i n g and a p p l i c a t i o n a p p r o 
ach to the ent ire m a n a g e m e n t u n i t over a 100 year 
r o t a t i o n . T h i s replaces past pract ices w h i c h o n l y 
i n c l u d e d those areas f a l l i n g u n d e r a 2 0 year a l l o c a t i 
on and a 5 year c u t t i n g cycle . C u r r e n t k n o w n seaso
n a l presence o f w o o d l a n d c a r i b o u was large ly left 
u n d i s t u r b e d i n the first 4 0 years o f p l a n n e d l o g g i n g , 
w h i l e p r o v i s i o n was m a d e to create f u t u r e habi ta t 
b y m i m i c k i n g the p a t t e r n of large n a t u r a l l y occur
r i n g w i l d f i r e s . T h e r e s p o n s i b i l i t y o f h a r v e s t i n g and 
regenerat ing 100 years f r o m n o w is assumed by the 
sustainable forest l icence (SFL) holder . P e r i o d i c 
assessment a n d i n c o r p o r a t i o n of n e w i n f o r m a t i o n 
t h r o u g h adapt ive m a n a g e m e n t w i l l be r e q u i r e d to 
ensure b i o l o g i c a l a n d e c o n o m i c object ives are achie
v e d . W e bel ieve th i s ecosystem based approach w i l l 
a l l o w for b o t h a l o n g - t e r m sustainable w o o d s u p p l y 
w h i l e p r o v i d i n g a c o n t i n u o u s s u p p l y o f w o o d l a n d 
c a r i b o u habi ta t . 

Some concerns however r e m a i n a n d w i l l need to 
be addressed. These i n c l u d e reduced flexibility to 
manage for a susta ined y i e l d because the harvest 
level for each mosa ic b l o c k is d e t e r m i n e d by the 
need to manage c a r i b o u i n large b l o c k s and not 
necessarily o n forest characterist ics . L a r g e cut b locks 
are a sensit ive issue a n d may p r o d u c e a negat ive 
i m p a c t i n the m a r k e t i n g of forest p r o d u c t s . I n a d d i 
t i o n there is less i n c e n t i v e to pract ice in tens ive s i l 
v i c u l t u r e because those areas treated i n t e n s i v e l y w i l l 
not be avai lable for harves t ing w h e n they reach 
the i r m a x i m u m g r o w t h and y i e l d p o t e n t i a l (i.e. 60 
years o f age). T h i s is a direct result o f the 100 year 
cycle or r o t a t i o n age d i c t a t e d by the w o o d l a n d c a r i 
b o u habi ta t mosa ic . 
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Experimental log hauling through a traditional caribou wintering area 
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Abstract: A 3-year field experiment (fall 1990-spring 1993) showed that woodland caribou (Rangifer tarandus caribou) 
altered their dispersion when logs were hauled through rheir traditional wintering area. U n l i k e observations in control 
years 1 and 3, radio-collated caribou that had returned to the study area before the road was plowed on January 6 of the 
experimental year 2, moved away 8-60 k m after logging activities began. Seasonal migrat ion to Lake N i p i g o n islands 
usually peaked in A p r i l , but by February 22 of year 2, 4 of the 6 had returned. The islands provide summer refuge from 
predarion, but not when the lake is frozen. Tracks in snow showed that some caribou remained but changed locations. 
They used ateas near the toad preferentially i n year 1, early year 2, and year 3, but moved away 2-5 k m aftet the road 
was plowed i n year 2. In a nearby undisturbed control area, no such changes occurred. Caribou and moose partitioned 
habitat on a small scale; tracks showed gray wol f (Canis lupus) remote from caribou but close to moose tracks. N o pre¬
dation on caribou was observed wirh in the winter ing area; 2 k i l l s were found ourside it . Due to the possibil i ty of dis
placing caribou from winter refugia to places w i t h higher predation risk, log hauling through important caribou winter 
habitat should be m i n i m i z e d . 

K e y w o r d s : Rangifer tarandus caribou, d i s t u r b a n c e , moose, gray w o l f , p r e d a t i o n . 
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Introduction 
Increas ing concern for the v i a b i l i t y of r e m n a n t 
w o o d l a n d c a r i b o u (Rangifer tarandus caribou) herds 
a l o n g the s o u t h e r n l i m i t s o f their range i n N o r t h 
A m e r i c a has l e d to r e c o m m e n d a t i o n s for m o r e 
restr ic t ive forest h a r v e s t i n g practices where these 
c a r i b o u s t i l l occur (e.g., Freddy, 1979 ; B l o o m f i e l d , 
1980 ; R i t c e y , 1988) . I n O n t a r i o , where the geo
g r a p h i c range of c a r i b o u has been d r a m a t i c a l l y 
reduced over the last h u n d r e d years ( F i g . 1), s i m i l a r 
concern has been expressed ( D e V o s & Peterson, 
1 9 5 1 ; C r i n g a n , 1957 ; D a r b y et al, 1989 ; R a c e y et 
al., 1 9 9 1 ; C u m m i n g & Beange , 1993) . T h e w i d e 
spread c a r i b o u decl ines have t r a d i t i o n a l l y been 
a t t r i b u t e d to habi tat d i s turbance or d i rec t m o r t a l i t y 
factors. A t h i r d factor, d i s turbance of c a r i b o u 
themselves b y h u m a n ac t iv i t i es , has been less t h o 
r o u g h l y inves t iga ted . Several studies have e x a m i n e d 
effects o f h u m a n dis turbance on b a r r e n - g r o u n d c a r i 
b o u m o s t l y i n c o n n e c t i o n w i t h o i l p i p e l i n e c o n 
s t ruc t ion (e.g. K l e i n , 1 9 7 9 ; C a m e r o n & W h i t t e n , 
1980; Fancy, 1 9 8 3 ; C u r a t o l o & M u r p h y , 1986) , b u t 
the relevance o f these studies to w o o d l a n d c a r i b o u is 
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ques t ionable . R e l a t i v e l y few studies have concentra
ted o n d is turbance o f w o o d l a n d c a r i b o u . 

Those that have been reported have proven 
s o m e w h a t contradic tory . M o s t have concerned c a r i 
b o u i n N e w f o u n d l a n d . B e r g e r u d ( 1 9 7 4 b ) m a i n t a i 
ned that c a r i b o u have no avers ion to h u m a n deve
l o p m e n t s , roads, or ra i l roads , b u t N o r t h c o t t (1985) 
repor ted that c a r i b o u a v o i d e d d e v e l o p m e n t areas i n 
N e w f o u n d l a n d , a n d t h e i r m o v e m e n t s were d i s r u p 
ted b y v e h i c u l a r traffic d u r i n g a c o n s t r u c t i o n p e r i 
o d ; c a r i b o u re turned to p r e - c o n s t r u c t i o n locat ions 
after the d e v e l o p m e n t was c o m p l e t e d . H i l l (1985) 
f o u n d c a r i b o u i n N e w f o u n d l a n d m o r e alert and less 
i n c l i n e d to in take energy w h i l e c o n s t r u c t i o n of a 
hydroe lec t r i c d e v e l o p m e n t was i n progress , t h o u g h 
they eventua l ly became sensi t ized to the c o n s t r u c t i 
o n . M e r c e r et al. (1985) c o n c l u d e d that the d i s t r i b u 
t i o n o f c a r i b o u o n the A v a l o n P e n i n s u l a , F o g o 
I s land , and R a n d o m Is land relat ive to the road net
w o r k s i m p l i e d avoidance of these structures . H e 
p o i n t e d out that despi te large n u m b e r s o f c a r i b o u , 
o n l y 1 has ever been recorded k i l l e d by vehicles on 
N e w f o u n d l a n d h i g h w a y s c o m p a r e d w i t h 2 0 0 - 3 0 0 
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F i g . 1. Study area in relation to the historic lines of continuous distributi
on for woodland caribou in Ontario (aftet Darby & Duquette 
1986). 

moose (Alces alces) k i l l e d annual ly . H e suggested 
that c a r i b o u m a y a v o i d the roads. M e r c e r et al. 
(1985) also d r e w a t tent ion to the fact that centres o f 
year - round ranges for a l l c a r i b o u herds, especia l ly 
c a l v i n g g r o u n d s , are at m a x i m u m distances f r o m 
roads and p o p u l a t i o n centres, and that d i s t r i b u t i o n s 
of several herds have changed w i t h the p l a c e m e n t of 
h i g h use roads and ra i lways w i t h i n the i r ranges. 
B e r g e r u d (1974b) suggested that a road c o u l d be a 
barr ier i f v e h i c u l a r a c t i v i t y was perce ived c o n t i n u 
ously ; perhaps deve lopments and road traffic have 
increased i n N e w f o u n d l a n d since B e r g e r u d (1974b) 
made his observations. M e r c e r et al. (1985) reported 
that b o t h f l u s h i n g and f l i g h t distances have been 
reduced o n the A v a l o n P e n i n s u l a since the 1 9 6 0 s . 

In B r i t i s h C o l u m b i a , J o h n s o n et al. (1977) f o u n d 
that m o u n t a i n car ibou near K o o t e n a y Pass became 
habi tua ted to the presence of h i g h w a y traffic a n d 
c o n t i n u e d to use t r a d i t i o n a l routes, b u t S i m p s o n 
(1985) discovered that m o u n t a i n c a r i b o u i n sout
hern B r i t i s h C o l u m b i a avo ided s i n g l e s n o w m o b i l e 
trai ls a n d left areas where recreat ional s n o w m o b i -
l i n g was extensive, p r o b a b l y due to the presence of 
h u m a n scent and large g r o u p m o v e m e n t s . 

Based o n c o n t e m p o r a r y k n o w l e d g e , the O n t a r i o 
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M i n i s t r y o f N a t u r a l Resources 
( O M N R ) v i e w e d w i t h concern plans 
b y a loca l forest company , B u c h a n a n 
Forest P r o d u c t s L i m i t e d ( B F P L ) , to 
h a u l logs t h r o u g h a k n o w n c a r i b o u 
w i n t e r i n g area w h i l e the c a r i b o u 
were present (the c u t t i n g c o u l d not 
be carr ied out at any other t i m e of 
year). To answer some o f the q u e s t i 
ons r e g a r d i n g poss ib le effects o n c a r i 
b o u , a research p a r t n e r s h i p was for
m e d i n 1 9 9 0 a m o n g O M N R , B P F L , 
a n d Lakehead U n i v e r s i t y . 

T h e ma jor g o a l o f the three-year 
s tud y was to examine the d i rec t and 
i n d i r e c t effects of l o g h a u l i n g o n 
c a r i b o u use of th is t r a d i t i o n a l w i n t e 
r i n g area. T h e hypothes is to be tested 
was that t r a n s p o r t i n g m a c h i n e r y and 
logs t h r o u g h a t r a d i t i o n a l w o o d l a n d 
c a r i b o u w i n t e r i n g area w o u l d cause 
c a r i b o u to leave, or to m o d i f y the i r 
m o v e m e n t s a n d d i s p e r s i o n w i t h i n 
the w i n t e r i n g area i n measurable 
ways. W e i d e n t i f i e d 2 n u l l - h y p o t h e 
ses: (1) c a r i b o u w i l l not measurably 
alter t h e i r occupancy, d i s p e r s i o n , or 

m o v e m e n t s w h e n logs are h a u l e d t h r o u g h the i r t ra 
d i t i o n a l w i n t e r i n g area; (2) c a r i b o u w i l l al ter these 
parameters c o i n c i d e n t w i t h l o g h a u l i n g , b u t by 
chance - the changes w i l l be caused by c o n c o m i t a n t 
al terat ions i n other e n v i r o n m e n t a l inf luences , most 
l i k e l y i n v i e w of prev ious s tudies , w o l f presence 
(e.g. , S i m k i n , 1965 ; B e r g e r u d , 1974a ; B e r g e r u d , 
1985a; B e r g e r u d , 1 9 8 5 b ; E l l i o t t , 1985 ; Page , 1985 
E d m o n d s , 1 9 8 8 ; A r c h i b a l d , 1989 ; B e r g e r u d , 1989 
E l l i o t t , 1 9 8 9 ; Gasaway, 1 9 8 9 ; H a y e s et al., 1989 
Seip, 1991) , or snow depths (e.g. , F o r m o z o v , 1 9 4 6 
P r u i t t , 1959 ; B e r g e r u d , 1974 ; L e n t , 1 9 7 9 ; D a r b y & 
P r u i t t , 1984 ; E d m o n d s & B l o o m f i e l d , 1985 ; Fancy 
& W h i t e , 1 9 8 5 ; S i m p s o n et al, 1 9 8 5 ; V a n d a l & 
Barret te , 1985) . 

Study area 
T h e s tud y r e q u i r e d several re lated s t u d y areas, sur
veyed at v a r y i n g in tens i t ies . O v e r a l l S t u d y A r e a 
(2500 k m 2 ) i n c l u d e d a l l forested l a n d w i t h i n a r a d i 
us o f 32 k m f r o m the A r m s t r o n g a i r p o r t ( 2 0 0 k m 
n o r t h of T h u n d e r Bay, O n t a r i o ) a n d is lands i n the 
n o r t h h a l f o f L a k e N i p i g o n (nor th of 50 degrees 
la t i tude) , w h i c h lies 2 0 - 7 0 k m east o f the P r i m e 
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F i g . 2. Movement of radio-collared caribou dur ing the winter of experimental log 
haul ing from Dec. 10 u n t i l A p r . 17. For date details see Table 3. 

S tudy A r e a ( F i g . 2). I n the O v e r a l l S t u d y A r e a , 
sand, grave l a n d t i l l t h i n l y cover the A r c h e a n g r a n i 
t ic u p l a n d s , t y p i c a l o f the h e a v i l y g l a c i a t e d 
P r e c a m b r i a n s h i e l d . S u m m e r temperatures are cool 
(mean d a i l y temperature 16 °C), w i n t e r s c o l d (mean 
d a i l y J a n u a r y temperature -20 °C). T o t a l p r e c i p i t a 
t i o n ( 7 5 0 mm/year) a n d snow depths are moderate 
(highest w e e k l y average d e p t h d u r i n g the s tudy 7 6 

c m ) . W i l d f i r e s have left a 
mosaic o f stands, p r i m a r i l y 
b lack spruce {Picea mariana) 
and jack p i n e , (Pinus banksi-
ana) w i t h a few m i x e d 
stands i n c l u d i n g t r e m b l i n g 
aspen [Populus tremuloides) 
and w h i t e b i r c h {Betula 
papyrifera). Mosses , such as 
Pleurozium schreberi cover 
m u c h of the forest floor, b u t 
patches o f g r o u n d l i chens , 
e .g. , Cladonia mitis, C. 
rangiferina, a n d C. alpestris, 
g r o w u n d e r p o o r l y s tocked 
stands o f jack p i n e s o n sand 
flats and u n d e r scattered 
spruce o n rock outcrops . 
Tree l i chens , e. g . , Usnea 
comosa a n d tV. dasypoga, are 
c o m m o n b u t n o t especial ly 
abundant ( A h t i & H e p b u r n 
1967) . G r o u n d access is 
p r o v i d e d b y an east-west 
ra i lway, h i g h w a y 527 f r o m 
T h u n d e r Bay, the a l l -
weather P i k i t i g u s h i R o a d 
r u n n i n g n o r t h f r o m the r a i l 

way, a n d the seasonal (exper imenta l ) W a b i n o s h 
R o a d r u n n i n g s o u t h . T h e forest has been cut back 
some 10+ m f r o m the r a i l w a y a n d h i g h w a y , b u t 
a l o n g other roads i t g r o w s w i t h i n about 3 - 7 m . 

A P r i m e S t u d y A r e a , centered o n A r m s t r o n g a i r 
por t a n d Jo jo L a k e , encompassed 2 8 0 k m 2 , 14 k m 
w i d e f r o m V a l l e e L a k e o n the west to M o u n t St. 
J o h n o n the east a n d 2 0 k m l o n g f r o m M t . St. J o h n 

Table 1. Design of log-hauling experiment: yeats 1, 3 served as controls; in year 2 logs were experimentally hauled 
through a traditional caribou winrer ing area during January 14-March 10. 

P e r i o d Before D e c 11 D e c 11 - Jan 5 J a n 6-7 J a n 1 4 - M a r 10 M a r 1 1 - A p r i l 30 

Year 1 

Year 2 

Year 3 

C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d 

C o n t r o l p e r i o d C o n t r o l p e r i o d R o a d p l o w e d L o g h a u l i n g 
e x p e r i m e n t 
car r ied out 

N o l o g h a u l i n g 

C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d C o n t r o l p e r i o d 

Poss ib le h u m a n S n o w m o b i l e s 
d i s turbance 
i n year 2 

S n o w p l o w Large machines 
t r u c k s , p r i v a t e 
m o v i n g i n , 
vehic les 

P r i v a t e vehic les 
o n l y 

RangiSer, Specia l Issue N o . 10, 1998 2 4 3 



o n the s o u t h to W h i t e s a n d L a k e o n the n o r t h . I n 
th is area deep b u t poor sands s u p p o r t w i d e l y spaced 
jack p i n e w i t h a g r o u n d cover r i c h i n l i chens 
( A n t o n i a k & C u m m i n g , 1998) . A N o r t h e r n 
E x t e n s i o n o f th i s P r i m e S t u d y A r e a was b o r d e r e d b y 
B i g L a k e o n the west and P i k i t i g u s h i L a k e o n the 
east, c o v e r i n g an a d d i t i o n a l area of a p p r o x i m a t e l y 
8 0 0 k m 2 . A Southern E x t e n s i o n , a p p r o x i m a t e l y 4 0 0 
k m 2 , i n c l u d e d W a w e i g , W a b i n o s h a n d Cas t l e Lakes . 

Methods 
Experimental design 
Since the nearest p o t e n t i a l c o n t r o l area was 25 k m 
dis tant ( W a b a k i m i P r o v i n c i a l P a r k ) , a l o c a t i o n that 
di f fered i n soils a n d l a n d f o r m , we t u r n e d to a c o n 
t r o l i n t i m e rather than space. Year 1 o f the e x p e r i 
m e n t c o n s t i t u t e d a c o n t r o l year d u r i n g w h i c h a c t i 
vi t ies o f c a r i b o u were m a p p e d t h r o u g h o u t the i r 
w i n t e r o c c u p a t i o n of the s tu dy area w h i l e the road 
r e m a i n e d c losed and l i t t l e d i s turbance o c c u r r e d 
(Table 1). Year 2 was the e x p e r i m e n t a l year d u r i n g 
w h i c h c a r i b o u act ivi t ies were recorded before, 
d u r i n g and after a p e r i o d w h e n t r u c k s h a u l e d logs 
t h r o u g h the c a r i b o u w i n t e r i n g area. Year 3 p r o v i d e d 
a second c o n t r o l year d u r i n g w h i c h the road was not 
p l o w e d a n d d is turbance was m i n i m i z e d . H o w e v e r , 
the p i c t u r e was changed w h e n f ie ld w o r k d u r i n g the 
first w i n t e r revealed a second (at least p a r t i a l l y 
segregated) aggrega t ion of c a r i b o u o n l y 6 k m n o r t h 
of the d i s turbance area. T h i s second a g g r e g a t i o n 
p r o v i d e d a sui table c o n t r o l i n space a n d was added 
to the s tud y as such. 

Field data collection 
C a p t u r e techniques f o l l o w e d m e t h o d s reported by 
C u m m i n g & Beange (1987) . C a r i b o u were c a p t u r e d 
b y crews o f u p to 6 m e n and 1 or 2 dogs d r i v i n g 
t h e m f r o m is lands i n t o the water where they were 
approached by boat, lassoed, and tagged . F o u r t e e n 
c a r i b o u (one c o w i n 1990 ; 1 b u l l , 6 cows, a n d 6 c a l 
ves i n 1991) were f i t ted w i t h battery p o w e r e d radio 
t r a n s m i t t e r col lars (adults) or solar ear tags (calves), 
f r o m A d v a n c e d Te lemetry Systems, r u n n i n g at 164 
M h . 

H i g h leve l w i n t e r f l ights to search for c a r i b o u 
covered the ent ire s tudy area (or the area b e i n g used 
b y the a n i m a l s ac t ive ly t r a n s m i t t i n g , i f smal ler ) ; w e 
d i d not search for m i s s i n g signals b e y o n d the b o r 
ders of the s t ud y area, b u t recept ion range f r o m 
h i g h a l t i tudes covered a substant ia l s u r r o u n d i n g 
b a n d . A i r c r a f t i n c l u d e d a Cessna 185 , a D e H a v i l a n d 
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Turbo-beaver , and an A e r o n c a C h a m p i o n . A l t i t u d e s 
ranged f r o m ca. 1800 to 6 0 0 0 m above g r o u n d leve l 
( A G L ) . W e used a transect w i d t h o f 10 k m at 1 8 0 0 
to 3 0 0 0 m A G L , w i d e r at h i g h e r a l t i t u d e s . T w i n 
d i r e c t i o n a l y a g i antennas were attached to the w i n g 
s truts , a n g l e d o u t w a r d and d o w n w a r d (as per 
G i l m e r et al., 1981) . W e f lew w e e k l y at t imes of 
l i k e l y s ign i f i cant m o v e m e n t (i.e. m i g r a t i o n t i m e s , 
d i s t u r b a n c e t imes) a n d at intervals o f 1-3 weeks i n 
m i d - s e a s o n w h e n m o v e m e n t s were expected to be 
fewer. W h e r e v e r poss ib le , c a r i b o u that were r o u g h l y 
" f o u n d " d u r i n g h i g h leve l te lemetry were located as 
exact ly as poss ib le , b y " d r o p p i n g l o w e r " a n d c i r 
c l i n g , w h i l e s w i t c h i n g f r o m one antenna to the 
other to "zero i n " o n the a n i m a l s . Prac t i ce tr ials 
d e m o n s t r a t e d that t ransmit ters c o u l d be located 
w i t h i n a radius of about 2 0 0 - 5 0 0 m . 

R a d i o t ransmiss ions were also m o n i t o r e d d u r i n g 
l o w level transect f l ights to l o o k for tracks i n snow. 
A L o t e k scanner was connected to a s m a l l (20 c m ) 
w h i p antenna , w h i c h scanned the 14 frequencies (al l 
V H F i n the 164 M H z range) of co l lared or tagged 
a n i m a l s , a n d fed the a u d i o beeper i n t o the aircraft 
i n t e r c o m . W i t h a d e t e c t i o n range (at that a l t i t u d e , 
w i t h just a w h i p antenna) o f o n l y about 2 k m , any 
co l lared c a r i b o u were noted a n d recorded as to loca
t i o n . T h i s was a s u p p l e m e n t to , not a replacement 
for, h i g h leve l te lemetry searches u s i n g t w i n y a g i 
antennae. 

T h e m a i n tools for m a p p i n g tracks i n the P r i m e 
S t u d y A r e a a n d E x t e n s i o n A r e a were fixed w i n g 
aircraft , u s i n g m e t h o d s descr ibed b y C u m m i n g & 
Beange (1987) . E x c e p t i n year 3 w h e n lack o f a ir 
craft and personnel reduced effort, f l i g h t s were 
m a d e at 1-2 week intervals , f r o m before the freeze-
u p of L a k e N i p i g o n (late N o v e m b e r or D e c e m b e r ) 
to whenever the c a r i b o u left the i r w i n t e r ranges to 
r e t u r n to the i r s u m m e r c a l v i n g g r o u n d s , always 
before i ce -out . N o r t h - s o u t h transects f l o w n at 300¬
6 0 0 m ( A G L ) a i m e d at to ta l coverage of the P r i m e 
S t u d y A r e a . F o r the E x t e n s i o n Areas , transect w i d t h 
was 3 k m , at a h i g h e r a l t i t u d e (600 to 1200 m 
A G L ) to ensure transect coverage. A C h a m p i o n 7 E C 
p r o v i d e d excel lent v i s i b i l i t y on b o t h sides for t w o 
people , a pi lot/spotter a n d a spotter/recorder, seated 
fore a n d aft. T h e air speed of 90 k m / h r to 155 
k m / h r p r o v i d e d suff ic ient t i m e for careful inspec
t i o n of tracks. O n e observer spot ted to the r i g h t , the 
other to the left , a n d c o m m u n i c a t e d v i a a t w o way 
i n t e r c o m . D a t a recorded o n a 1:50 0 0 0 scale topo
g r a p h i c m a p s , i n c l u d e d l i v e c a r i b o u , c a r i b o u tracks, 
c a r i b o u beds, c ra te r ing , moose, moose t racks , moose 
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beds, wolves , w o l f t racks , vehic le t racks , a n d s n o w -
shoe tracks . W h e r e h e l p f u l and poss ib le (e.g. o n 
lakes) l a n d i n g s were m a d e to c o n f i r m track types. 
Tracks were also e x a m i n e d on the g r o u n d where 
accessible, e.g. a l o n g the roads i n the a i rpo r t area. 

I n v i e w of the n u l l - h y p o t h e s i s that c a r i b o u m i g h t 
m o v e due to changes i n w o l f behaviour , we recorded 
tracks of wolves as w e l l as c a r i b o u . S u s p e c t i n g that 
moose d i spers ion a n d m o v e m e n t s m i g h t inf luence 
w o l f behaviour w h i c h i n t u r n m i g h t affect c a r i b o u 
d i s p e r s i o n , we recorded moose tracks a l o n g w i t h 
c a r i b o u and w o l f tracks. T h r e e types o f t rack records 
were recorded: i n d i v i d u a l , aggregate and l inear. 
I n d i v i d u a l tracks were recorded as discrete c a r i b o u , 
moose, or w o l f tracks. H o w e v e r , i n m a n y places 
tracks were too n u m e r o u s to be recorded i n d i v i d u a l 
ly. I n these places, track aggregates were recorded as 
c a r i b o u , moose, or w o l f tracks, w i t h a l i n e d r a w n 
a r o u n d the per imeter of the aggregate, a pract ice 
that has become c o m m o n i n studies o f moose (e.g. , 
M c N i c o l & G i l b e r t , 1980) . L i n e a r tracks were 
d r a w n as l ines , w i t h d i r e c t i o n noted b y a n arrow 
where poss ib le (e.g. after g r o u n d t r u t h i n g , or where 
the a n i m a l was seen m a k i n g the track) . 

T h e p r i o r i t i e s for w i n t e r aerial surveys were first, 
the P r i m e S t u d y A r e a ; second, the N o r t h a n d S o u t h 
E x t e n s i o n Areas ; t h i r d , the O v e r a l l S t u d y A r e a . 
Tempera ture , w i n d , a n d s u n were recorded o n days 
of flights or g r o u n d surveys. 

Ground surveys 
A l t h o u g h the most i m p o r t a n t means o f c o l l e c t i n g 
data was by surveys w i t h aircraft , we also e x a m i n e d 
the W a b i n o s h R o a d , the P i k i t i g u s h i R o a d , a n d 
snow m a c h i n e trai ls o n the g r o u n d to v e r i f y tracks 
spot ted f r o m the air, as to l o c a t i o n , species, and 
completeness . 

Tracks u n d e r heavy canopy cover were e x a m i n e d 
o n snowshoes where they lay close to a road. 

To examine the n u l l - h y p o t h e s i s that s n o w depths 
w o u l d affect c a r i b o u m o v e m e n t s , we measured s n o w 
d e p t h a n d consistency t h r o u g h o u t the s tudy. B u t 
the remote l o c a t i o n of the s tudy area m a d e any 
in tens ive (e.g. , week ly ) i n v e s t i g a t i o n o f s n o w c o n d i 
t ions i m p o s s i b l e . Instead we d u g s n o w p i t s late i n 
each w i n t e r ; i n th is n o r t h e r n l o c a t i o n where snow 
m e l t s rarely occur, snow pi ts i n late w i n t e r record 
the ent i re snow h i s t o r y to that date each year. A 
N a t i o n a l Research C o u n c i l snow k i t was used to 
measure snow depths , hardness and densi ty . P l o t s 
were located i n clear-cuts 7 k m s o u t h o n the 
W a b i n o s h R o a d , a n d u n d e r jack p i n e stands used by 
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the c a r i b o u as w i n t e r habi ta t about 1 k m s o u t h of 
the A r m s t r o n g a i r p o r t . U n d e r the jack p i n e s , t w o 
p i t s per v i s i t were d u g ; one d i r e c t l y beneath tree 
cover (1 meter f r o m the bole) , a n d one i n a s m a l l 
" o p e n " (unstocked) space m i d w a y be tween trees. 
T w o p i t s per o u t i n g were d u g i n the o p e n clear-cuts . 

To s u p p l e m e n t these data, s n o w d e p t h i n f o r m a t i 
o n was o b t a i n e d f r o m the O M N R snow s ta t ion at 
F l a t L a k e , near the centre o f the s t u d y area. T h e sta
t i o n is located i n a t r e m b l i n g aspen s tand to m e a 
sure i n t e r m e d i a t e c o n d i t i o n s b e t w e e n those i n o p e n 
areas a n d those u n d e r conifers . A t each l o c a t i o n , 10 
m e a s u r i n g rods were placed i n p o s i t i o n before 
s n o w f a l l and m e a n snow depths for the s ta t ion were 
recorded each M o n d a y m o r n i n g t h r o u g h o u t the 
w i n t e r . D u e to the c o m p l e x i t i e s of m e a s u r i n g s n o w 
hardness and densi ty , they were reported i n o n l y 3 
classes: A - no crust , B - l i g h t crust , C - crust heavy 
e n o u g h to h o l d a m a n o n snowshoes. 

T o d o c u m e n t the nature of any perce ived d i s t u r 
bance f r o m the l o g g i n g t rucks we a t t e m p t e d to 
record traffic on the e x p e r i m e n t a l road . Traff ic c o u n 
ters were p laced o n the W a b i n o s h R o a d i n year 2, 
a n d o n the W a b i n o s h a n d P i k i t i g u s h i Roads i n year 
3. H o w e v e r , these counters d i d not d i s t i n g u i s h 
types of vehic les . O n the other h a n d , m o v e m e n t s 
recorded by B F P L ( R o b i n s o n & B o d i e , 1992) i d e n 
t i f i ed a l l types o f forest harves t ing e q u i p m e n t . S ince 
these data were j u d g e d superior they were reported 
here. 

I m p o r t a n t also for e v a l u a t i o n o f the second n u l l -
hypothesis were records of c a r i b o u k i l l e d by wolves 
or as a result o f deep snow. R e c e p t i o n o f a " m o r t a l i 
ty s i g n a l " ( r a p i d beat) i n i t i a t e d a search b y aircraft , 
f o l l o w e d by g r o u n d search (us ing a scanner and y a g i 
d i r e c t i o n a l antenna) to recover the co l lar or tag , and 
to i d e n t i f y means of death i f poss ib le . 

GIS and statistical analyses 
R e s u l t s f r o m m a p p i n g tracks were first e x a m i n e d 
m a n u a l l y . Subsequent ly , they were d i g i t i z e d i n t o a 
M a c i n t o s h c o m p u t e r r u n n i n g a rastor based 
G e o g r a p h i c I n f o r m a t i o n Sys tem (GIS) ca l l ed M a p 
Factory . O r i g i n a l m a p p i n g error was e s t i m a t e d to 
be w i t h i n 1 0 0 - 1 0 0 0 m for te lemetry locat ions , 30¬
100 m for l o w leve l m a p p i n g of tracks i n the P r i m e 
S t u d y A r e a , and 3 0 - 3 0 0 m i n the extensive s t u d y 
areas. D u e to the f requency of c a r i b o u aggregates i n 
th i s s m a l l , h e a v i l y used w i n t e r i n g area, analysis o f 
tracks as p o i n t s ( C u m m i n g et ah, 1996) was not 
poss ib le . Instead, the rastor p i x e l size was set at 30 
m a n d the c o m p u t e r c o u n t e d n u m b e r s of p i x e l s 
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Table 2. Chronological t ime chart of traffic on haul road dur ing experiment. 

D a t e Year 2 E q u i p m e n t m o v e m e n t Persona l veh ic le t ravel 
- i m p l i e d by n u m b e r o f s h i f t s * 

J a n 0 6 S n o w p l o w opens W a b i n o s h R o a d 
J a n 07 G r a d i n g begins , fe l ler b u n c h e r floated i n 
J a n 0 8 - 1 3 G r a p p l e sk idder , d e l i m b e r , b u l l d o z e r floated i n 
J a n 15 H a u l t rucks b e g i n , sand t r u c k begins 

s a n d i n g road; loader, f ront e n d loader floated i n 

J a n 17 Loader , h a u l b u l l d o z e r , f ront e n d loader floated 
out ; sand t r u c k moves o u t 

J a n 23 2 loaders, f ront end loader, h a u l b u l l d o z e r 
floated i n ; sand t r u c k d r i v e n i n ; h a u l t r u c k s 

b e g i n aga in 
Feb 0 1 - 1 1 F i v e slashers floated i n 
Feb 21 C u t t i n g ceases 
Feb 2 9 - M a r 1 S k i d d i n g , g r a d i n g cease 

4 slashers, g rapple s k i d d e r floated out 
M a r 02 D e l i m b i n g ceases 
M a r 0 4 S l a s h i n g ceases, d e l i m b e r f loated out 
M a r 0 6 - 1 0 Slasher, fel ler buncher , 2 b u l l d o z e r s 

floated out ; grader, sand t r u c k , 
f ront end loader out 

1 

5 

7 

13 
25 h a u l t rucks M o n d a y - F r i d a y 
u n t i l J a n u a r y 16, h a u l i n progress 24 hrs . 
10 N o h a u l i n g u n t i l J a n 23 

13 H a u l i n g i n progress once m o r e . 

15 -21 
18 
14-12 

10 
7 
H a u l opera t ion personnel o n l y 

M a r 11 2 loaders floated out 
H a u l t rucks finish 

H a u l operat ions cease 

From: Robinson, L . & B . Bodie, 1992. 
* Since no accomodation was available at the cutt ing location, workers used personal vehicles to go on and off shift. 

s h o w i n g presence or absence of t racks . O b s e r v e d 
track frequencies were then c o m p a r e d u s i n g c h i -
square. Spat ia l relat ions a m o n g c a r i b o u , moose and 
wolves were e x a m i n e d b y e s t a b l i s h i n g 9 0 0 m buf 
fers (the closest to 1 k m that M a p Fac tory c o u l d 
easily handle) a round each species and c o u n t i n g 
n u m b e r s of pixels w i t h i n the buffer s h o w i n g fresh 
tracks o f other species. 

Results 
D i s t u r b a n c e d u r i n g year 1 consis ted of a few s n o w 
m o b i l e s o n special trai ls a n d a l o n g the W a b i n o s h 
h a u l road , m a i n l y d u r i n g the early w i n t e r w h e n 
snow depths were not excessive. T h e early part of 
year 2 was s i m i l a r . O n J a n u a r y 6 o f year 2 , the road 
was p l o w e d and o n J a n u a r y 7 c o m p a n y workers 
began to m o v e i n heavy e q u i p m e n t (Table 2). T h e 
h a u l consisted of 25 t rucks h a u l i n g 24 hours/day, 
M o n d a y - Fr iday. T h e sounds p r o d u c e d by the har
v e s t i n g e q u i p m e n t used i n the actual l o g g i n g ope
r a t i o n c o u l d not be heard by h u m a n s f r o m the car i -
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b o u w i n t e r i n g area, as they were too far s o u t h ; 
however, large t rucks a n d other pieces o f e q u i p m e n t 
c o u l d be heard for several k i l o m e t e r s , d e p e n d i n g o n 
temperature a n d w i n d , and these passed r i g h t 
t h r o u g h the o c c u p i e d area. A m o n g the sounds p r o 
d u c e d by these t r u c k s l o w frequencies p r e d o m i n a 
ted. T h e h ighest frequencies recorded f e l l b e l o w 10 
0 0 0 H z ( H y e r , 1997) . In a d d i t i o n to this w o r k -
related traffic, some people l i v i n g nearby t o o k 
advantage of the p l o w e d road for w i n t e r o u t i n g s , 
b u t they were not c o u n t e d . 

Telemetry < 
A l l 14 of the c a r i b o u fitted w i t h r a d i o t ransmit ters 
o n western is lands o f L a k e N i p i g o n were relocated 
i n or near the P r i m e S t u d y A r e a d u r i n g year 2 . 
H o w e v e r , o n l y 6 o f these c a r i b o u a c t u a l l y re turned 
close to the h a u l road p r i o r to the e x p e r i m e n t a l h a u 
l i n g i n year 2 . A l l 6 left aga in after i n i t i a t i o n of l o g 
g i n g act ivi t ies ( F i g . 2). C a r i b o u 1 m o v e d far n o r t h 
before r e t u r n i n g to L a k e N i p i g o n i s lands . C a r i b o u 2 
m o v e d to the c o n t r o l area, t h e n to the is lands. 
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Table 3. Locations of radio collared caribou during 2 winters. 

C a r i b o u co l lar f requency 

Year D a t e c o w 9 0 3 1 0 3 5 4 533 2 5 3 3 3 3 

Y e a r 2 D e c . 10/91 W L . N i p W L . N i p W L . N i p W L . N i p 
p r e - D e c 19/91 E x p t . area E x p t . area E x p t . area E x p t . area E . E x p t . area W L . N i p 
h a u l D e c 28/91 E . E x p t . area E x p t . area E x p t . area E x p t . area E x p t . area 
p e r i o d J a n 4/92 E . E x p t . area E x p t . area E x p t . area 
h a u l i n g J a n 7/92 E x p t . area E x p t . area E x p t . area E x p t . area 

p e r i o d J a n 14/92 E x p t . area E . E x p t . area E . E x p t . area C o n t r o l area 

J a n 24/93 E . E x p t . area E . E x p t . area 

Feb 22/92 Islands E x p t . area Islands Islands Is lands 
M a r 1/92 E x p t . area W L . N i p Islands Islands 
M a r 10/92 Islands E x p t . area Islands Islands 

p o s t - h a u l M a r 30/92 Islands E x p t . area Islands Is lands 
p e r i o d A p r 17,18/92 Islands Islands W shore Islands Islands 

Y e a r 3 O c t 22/92 Islands Islands Islands Islands Islands 

p r e - h a u l D e c 22/92 Islands Islands Islands Islands Is lands 

h a u l i n g J a n 7/93 E x p t . area 
p e r i o d J a n 14/93 E x p t . area 

J a n 19/93 E x p t . area C o n t r o l area C o n t r o l area Islands Islands 

J a n 27/93 E x p t . area C o n t r o l area C o n t r o l area Islands Is lands 

Feb 4/93 E x p t . area C o n t r o l area C o n t r o l area 

M a r 3/93 E x p t . area C o n t r o l area C o n t r o l area 

p o s t - h a u l M a r 18/93 E x p t . area 

p e r i o d A p r 1/93 E x p t . area N W L . N i p C o n t r o l area Islands Islands 

N o t e - abbreviations indicate the fo l lowing: 
Expr . area - the experimental area south of the railway w i t h i n 8 k m of the road on which logs were hauled. 
Control area - the undisturbed winter area north of the airport near Jojo Lake. 
Islands - the islands of Lake N i p i g o n used as calving and summet habitat. 
E . , N E . Expt. area - w i t h i n the prime study area but beyond 8 k m from the haul road. 
W . , N W L. N i p - on the indicated shores of Lake N i p i g o n where they are usually found enroute to or from calving or 
winter ing areas. 

C a r i b o u 3 m o v e d to a l o c a t i o n 2-8 k m east o f the 
e x p e r i m e n t a l area, t h e n to the west shore of L a k e 
N i p i g o n (a c o m m o n s tag ing l o c a t i o n o n the w a y to 
the w i n t e r i n g area), t h e n to the is lands c o n s t i t u t i n g 
s u m m e r habi ta t . C a r i b o u 4 , 5 , and 6 m o v e d a l m o s t 
d i r e c t l y to the is lands. F o u r o f the 6 c a r i b o u retur
n e d to L a k e N i p i g o n islands before F e b r u a r y 22 
(Table 3), an except iona l early date, for a prev ious 
s tudy d u r i n g a p e r i o d w h e n the h a u l road was not 
o p e n i n w i n t e r , f o u n d that s p r i n g m o v e m e n t f r o m 
the A r m s t r o n g area began i n early M a r c h a n d rea
ched a peak i n A p r i l ( C u m m i n g & Beange , 1987) . 

Mapping tracks 
M a p s of tracks i n the P r i m e S t u d y A r e a s h o w e d 
c a r i b o u close to the h a u l road d u r i n g the p r e - h a u l , 
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and h a u l i n g per iods o f year 1 (tracks were not recor
d e d for the p o s t - h a u l p e r i o d of the first year). 
C a r i b o u re turned to m u c h the same areas i n year 2 , 
l e a v i n g m a n y tracks close to the road d u r i n g the 
p r e - h a u l p e r i o d ( F i g . 3). O n the day w h e n the road 
was p l o w e d , m a n y l inear tracks were recorded o r i e n 
t e d at r i g h t angles to the road. C a r i b o u tracks cont 
i n u e d to be f o u n d i n the P r i m e S t u d y A r e a , even 
t h o u g h a l l c o l l a r e d a n i m a l s h a d left , b u t they were 
f o u n d spaced away f r o m the road > 9 0 0 m d u r i n g 
the h a u l p e r i o d of year 2 . E x c e p t for one s m a l l 
a g g r e g a t i o n of tracks 3 0 0 m f r o m the r o a d , c a r i b o u 
c o n t i n u e d to use o n l y areas remote (>900 m ) f r o m 
the h a u l road t h r o u g h the p o s t - h a u l p e r i o d o f year 
2. I n year 3 , c a r i b o u a r r i v e d later t h a n i n p r e v i o u s 
years, b u t d i d r e t u r n to areas near the u n p l o w e d 
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Y e a r 3 

road a n d c o n t i n u e d to track these places t h r o u g h o u t 
the w i n t e r ( F i g . 3). T h e fewer tracks recorded i n 
year 3 c o u l d have been due to reduced effort due to 
p r o b l e m s w i t h aircraft ava i lab i l i ty . 

Y e a r 2 

F i g . 3- "Contour" maps of track densities showing pro
portions of pixels w i r h caribou tracks dur ing the 
mid-winter period (Jan 7 - M a r 11) wven logs 
were hauled in year 2. The darker the area, the 
denser the tracks. The very l ight gray outer area 
indicates the extent of the prime study area. 
Conrour w i d t h 300 m . 

" C o n t o u r " m a p s of c a r i b o u tracks s h o w e d p r o p o r 
t ions of o c c u p i e d c o m p u t e r cells concentrated i n 3 
preferred areas i n year 1: the area d i r e c t l y s o u t h of 
the a i rpor t , f r o m the h a u l road to 2 4 0 0 m west ; an 
area 1 2 0 0 - 5 4 0 0 m east o f the h a u l road a l o n g the 
out le t f r o m B e a c o n L a k e ; and an area 2 1 0 0 - 9 9 0 0 m 
east o f the road a l o n g the W h i t e s a n d R i v e r ( F i g . 3). 
T h e same area west o f the h a u l road c o n t i n u e d to be 
used d u r i n g year 2 , except for a s t r ip 6 0 0 m w i d e 
adjacent to the h a u l road w h i c h was used o n l y l i g h t 
ly. T h e c a r i b o u v i r t u a l l y abandoned this s t retch by 
late w i n t e r . A r e a s east o f the h a u l road were o c c u 
p i e d later i n years 2 and 3. I n year 2 , c a r i b o u tracks 
showed l i t t l e use of the area w i t h i n 9 0 0 m o f the 
h a u l road once l o g g i n g began; some m o v e d closer to 
the r a i l w a y tracks . I n the p o s t - h a u l p e r i o d largest 
t rack aggregat ions were located 2-3 k m f r o m the 
road. C a r i b o u began to use the area a l o n g the 
Beacon L a k e o u t l e t i n early w i n t e r , b u t d i s c o n t i n u 
ed its use d u r i n g l o g g i n g . I n contrast , they c o n t i n u 
ed to leave tracks i n the W h i t e s a n d s R i v e r area, far-
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PRE-HAUL PERIOD 
YEAR 1 

- Y E A R 2 
- Y E A R 3 

6 7 8 9 10 1 1 1 2 

BUFFER NUMBER FROM ROAD 

1 7 

HAULING PERIOD 

6 7 8 9 10 1 1 1 2 

BUFFER NUMBER FROM ROAD 

1 7 

POST-HAUL PERIOD 

0.25 

6 7 8 9 10 1 1 1 2 

BUFFER NUMBER FROM ROAD 

K g - 4. Proportions of 300x300 m cells showing presence of caribou for 3 winters in buffers 
numbered east and west from the Wabinosh Road. 

ther f r o m the h a u l road , even i n t o late w i n t e r . In 
year 3 , c a r i b o u used the area west o f the h a u l road i n 
ways s i m i l a r to year 1 t h r o u g h o u t the w i n t e r . 
H o w e v e r east o f that road, the Beacon L a k e area was 
used very l i g h t l y , and c a r i b o u left tracks i n o n l y a 
n o r t h e r n sect ion o f the W h i t e s a n d s R i v e r area, a 
sect ion that was not favoured i n years 1 or 2 . M o s t 
c a r i b o u left b o t h eastern areas by late w i n t e r i n year 
3. 
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P r o p o r t i o n s o f 
o c c u p i e d c o m p u t e r 
cel ls were g r a p h e d 
u s i n g data f r o m 3 0 0 
m buffer zones east 
and west o f the road. 
D u r i n g year 1, the 
c o n t r o l year, c a r i b o u 
tracks were f o u n d o n 
the road or close to 
the road t h r o u g h o u t 
the w i n t e r ; presence 
o f tracks decreased 
w i t h dis tance f r o m 
the road ( F i g . 4) . I n 
year 2, the h a u l i n g 
year, o n l y s m a l l p r o 
p o r t i o n s o f t racked 
cells were located 
w i t h i n 1 2 0 0 m of 
the r o a d . D u r i n g 
year 3 , a pa t te rn 
s i m i l a r to year 1 was 
re-es tabl i shed. C h i -
square tests showed 
s i g n i f i c a n t d i f fe ren
ces a m o n g years for 
each o f the 3 i m p o r 
tant per iods o f the 
e x p e r i m e n t - before 
J a n u a r y 6 (pre-haul) , 
J a n u a r y 7 - M a r c h 11 
( h a u l i n g i n year 2), 
a n d after M a r c h 11 
(post -haul ) (Table 4). 
N o s i g n i f i c a n t d i f fe 
rences i n c a r i b o u d i s 
p e r s i o n appeared 
b e t w e e n the p r e - h a u l 
a n d h a u l i n g per iods 
of year 1, b u t h i g h l y 
s i g n i f i c a n t d i f fe ren
ces were f o u n d before 

a n d after the e x p e r i m e n t a l h a u l i n g i n year 2. These 
differences i n d i c a t e d that c a r i b o u c h a n g e d the i r d i s 
p e r s i o n patterns about the t i m e the road was 
p l o w e d . A s i m i l a r s ign i f i cant di f ference i n year 3 
p r o b a b l y arose f r o m the later r e t u r n o f m a n y c a r i 
b o u to the p r i m e s t u d y that year, m a k i n g the early 
p e r i o d dif ferent f r o m the p e r i o d after the m a i n b o d y 
a r r i v e d . P o s t - h a u l dispers ions d i d not d i f fer s i g n i f i 
cant ly f r o m the e x p e r i m e n t a l h a u l i n g p e r i o d i n year 
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Table 4. Chi-square values and probabilities for proportions of cells o c c u p i e d by c a r i b o u or c a r i b o u tracks i n 1-9 
3 0 0 m G I S buffers f r o m " the W a b i n o s h R o a d , near A r m s t r o n g , O n t a r i o . S i x east-west rows of 
ce l l s " were chosen to a v o i d inf luences o f n o r t h a n d s o u t h habi ta t changes. I n "year 2 , t r u c k s h a u l e d 
logs t h r o u g h the c a r i b o u w i n t e r i n g area. Years" "1 ,3 were c o n t r o l s . " 

Test results W i n t e r per iods a n d years 

C o m p a r i s o n o f C o m p a r i s o n of C o m p a r i s o n of 

p r e - h a u l per iods h a u l i n g per iods p o s t - h a u l per iods 
over a l l 3 years over a l l 3 years over years 2,3 

C h i - s q u a r e 39 .31 3 1 . 6 6 88 .2 

P r o b a b i l i t y 0 . 006 0 .047 <0.001 

P r e - h a u l per iods - H a u l per iods -

c. f. years 1,2 c. f. years 1,2 

C h i - s q u a r e 13 .79 19 .13 
P r o b a b i l i t y 0 .183 0 . 0 3 9 

P r e - h a u l p e r i o d P r e - h a u l p e r i o d P r e - h a u l p e r i o d 

c. f. h a u l p e r i o d c. f. h a u l p e r i o d c. f. h a u l p e r i o d 

i n year 1 i n year 2 i n year 3 

C h i - s q u a r e 5.5 50 .92 2 7 . 3 2 
P r o b a b i l i t y 0 . 856 <0.001 0 .002 

H a u l p e r i o d H a u l p e r i o d 

c. f. p o s t - h a u l c. f. p o s t - h a u l 

p e r i o d i n year 2 p e r i o d i n year 3 

C h i - s q u a r e 16 .63 2 7 . 1 6 
P r o b a b i l i t y 0 .083 0 .003 

1) A l l 3-year comparisons showed significant differences ( including others not shown). 
2) Dispersion i n the periods before and during the first (control year), bur it d i d dur ing the experimental year. 
3) The hauling period d id not differ significantly from the post-haul period in year 2, but d id in year 3. 
4) Pre-haul dispersion d id not differ berween years 1, 2, but dur ing the hauling period it d i d . 

2. T h i s lack of s igni f i cant suggests that the m o r e 
remote ( f rom the road) dispers ions es tabl ished by 
c a r i b o u d u r i n g the h a u l p e r i o d o f year 2 carr ied 
t h r o u g h i n t o the p o s t - h a u l p e r i o d . I n contrast , t rack 
locat ions d i d dif fer s i g n i f i c a n t l y be tween the h a u 
l i n g and p o s t - h a u l i n g per iods of year 3, perhaps due 
to the change f r o m n o r m a l l y heavy track densit ies 
d u r i n g the J a n u a r y 6 - M a r c h 11 p e r i o d to reduced 
densit ies i n the p o s t - h a u l p e r i o d as c a r i b o u began to 
m o v e t o w a r d s u m m e r locat ions . C o m p a r i s o n s of 
p r e - h a u l per iods between years showed no s i g n i f i 
cant differences between years 1 a n d 2, b u t s i m i l a r 
compar isons for the h a u l i n g p e r i o d d i d show a s i g 
ni f icant difference, s u p p o r t i n g the idea that the 
change d i d not occur u n t i l h a u l i n g began. 

A t the c o n t r o l area i n year 1, t tacks i n d i c a t e d 
ingress o f c a r i b o u a l o n g a water course f r o m a start 
at least 10 k m n o r t h . S i m i l a r m o v e m e n t s were trac-
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k e d i n each succeeding year s u g g e s t i n g that th is 
m i g h t be a t r a d i t i o n a l travel route. A t the same 
t imes , r a d i o - t e l e m e t r y showed that some c a r i b o u 
also m o v e d there f r o m the L a k e N i p i g o n is lands. 
T h u s , the c a r i b o u i n the C o n t r o l A r e a appeared to 
come f r o m at least 2 w i d e l y spaced s u m m e r l o c a t i 
ons. D u r i n g w i n t e r , cracks o f c a r i b o u i n the C o n t r o l 
A r e a showed s i m i l a r patterns for a l l 3 years ( F i g . 5). 
T h e o n l y obvious shi f t i n track d i s p e r s i o n u n i q u e to 
year 2 c o n s t i t u t e d a filling-in o f w h a t h a d p r e v i o u s 
l y been an u n o c c u p i e d s t r i p near the n o r t h e r n end. 
T h u s track locat ions o f c a r i b o u i n the c o n t r o l area 
changed l i t t l e d u r i n g the e x p e r i m e n t a l year 2 c o m 
pared w i t h other years. 

Possible alternative explanations 
M o o s e tracks were not usua l ly f o u n d near locat ions 
of c a r i b o u tracks ( F i g . 6). A s m a l l e x c e p t i o n occur-
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I I VOID 90147 No tracks 

F i g . 5. Locations of caribou tracks at the control area (north of the failway and west of the P ik i t igush i Road) dur ing 3 
winters. N o t e that the largest single area was that used by caribou in both year 1 and year 2 (light grey). Year 2 
(black) was uniquely used in only a few small places. Thus changes from year to year were small . C o l u m n 2 
indicates grey scale of category. C o l u m n 3 provides a pixel count indicat ing area. 

Table 5. Association of wolves w i t h moose and caribou as indicated by numbers of pixels showing wol f presence w i t h i n 
900 m buffers of prey species. 

Year Prey species W o l v e s N o wolves Totals % used b y wolves C h i - s q u a r e P r o b a b i l i t y 

1 moose 3 0 9 9 8 1 3 4 1 1 2 3 3 2 7 . 6 
c a r i b o u 9 8 6 4 2 8 8 3 4 3 8 6 9 2 .2 

T o t a l 4 0 8 5 5 1 0 1 7 5 5 1 0 2 7.4 8 3 6 6 . 7 P < 0 . 0 0 1 

2 moose 11382 4 5 8 0 1 5 9 6 2 7 1 . 3 
c a r i b o u 4 0 6 4 4 1 1 5 9 4 5 2 2 3 9 .0 

T o t a l 1 5 4 4 6 4 5 7 3 9 6 1 1 8 5 2 5 . 2 2 4 2 7 9 . 9 P < 0 . 0 0 1 

3 moose 1362 1 1 0 6 4 1 2 4 2 6 11.0 
c a r i b o u 2 5 0 3 2 1 2 9 4 2 3 7 9 7 10.5 

T o t a l 3865 3 2 3 5 8 3 6 2 2 3 10 .6 1 .679 P = 0 . 1 9 5 1 

red i n year 2, w h e n a s o u t h w e s t w a r d extens ion of 
c a r i b o u tracks remote f r o m the h a u l road c o i n c i d e d 
w i t h a n o r t h w a r d shif t i n moose tracks p r o d u c i n g a 
s m a l l area near R a n d o p h L a k e where c a r i b o u a n d 
moose tracks over lapped , the o n l y such place i n the 
3-year study. East o f the h a u l road, c a r i b o u a n d 
moose were occasional ly recorded i n the same loca 
t i o n , b u t i n dif ferent years. A p a r t f r o m s n o w m o b i l e 
t ra i ls f o l l o w e d by wolves i n p o r t i o n s of b o t h the 
P r i m e S t u d y A r e a and the C o n t r o l A r e a , w o l f tracks 
were f o u n d close to those o f moose. F e w w o l f tracks 
were observed at any t i m e d u r i n g the course o f the 
s tud y i n the parts o f the P r i m e S t u d y A r e a t racked 
by c a r i b o u , b u t they were f requent ly f o u n d i n other 
parts where the moose tracks were located. 
Dis tances to nearest w o l f were s i g n i f i c a n t l y greater 
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for c a r i b o u t h a n for moose i n years 1, 2 , b u t not s i g 
n i f i c a n t l y di f ferent i n year 3 (Table 5). B o t h aerial 
a n d g r o u n d inves t iga t ions located moose tracks a n d 
w o l f tracks, b u t not c a r i b o u tracks , i n a n d a r o u n d 
the c u t t i n g area 2.8 k m to the s o u t h . 

In three w i n t e r s o f in tens ive flying, o n l y 2 c a r i 
b o u were f o u n d fed on b y wolves . T h e first c a r i b o u , 
#233, d i e d 100 m f r o m a s n o w m o b i l e t r a i l be tween 
J o j o and W h i t e s a n d Lakes s o m e t i m e be tween J a n . 7 
and J a n . 24 , 1992 . In terv iews w i t h a loca l 
hunter/trapper l ed to s u s p i c i o n that the a n i m a l 
m i g h t have been shot , a n d the remains scavenged 
by wolves . S u p p o r t for this bel ief , i n a d d i t i o n to the 
i m p r e s s i o n g a i n e d f r o m the i n t e r v i e w a n d the p r o 
x i m i t y o f the s n o w m o b i l e t r a i l , came f r o m c a r i b o u 
#293, the ca l f o f c a r i b o u #233 , w h i c h was not k i l l e d 
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F i g . 6. Three years' combined track data showing habitat part i t ioning by caribou and moose, w i t h wolves, traveling 
roads and snowmobile tracks, mostly associated w i t h moose rather than caribou. 
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b u t l i v e d t i l l the e n d of the study. I f wolves had 
been d o i n g the k i l l i n g , the calf w o u l d l i k e l y have 
been k i l l e d first. 

T h e o n l y other dead c a r i b o u was f o u n d on D e c . 
2 2 , 1 9 9 2 , on the travel route used b y c a r i b o u a p 
p r o a c h i n g the C o n t r o l A r e a f r o m the n o r t h . Unsafe 
ice c o n d i t i o n s made l a n d i n g to ver i fy the i d e n t i f i 
c a t i o n i m p o s s i b l e , b u t the carcass l y i n g o n its back 
w i t h intest ines r e m o v e d , out s t r o n g l y suggested a 
w o l f k i l l . 

N o t a s i n g l e instance was observed o f wolves , or 
w o l f t racks , f o l l o w i n g l i v e c a r i b o u or c a r i b o u tracks, 
a l t h o u g h some w o l f tracks m a y have been m i s s e d , as 
J a c k s o n (1990) suggested after a p r e v i o u s w i n t e r of 
g r o u n d surveys i n the area. W o l f t racks were fre
q u e n t l y f o u n d w i t h i n 3 k m of c a r i b o u tracks i n the 
a i r p o r t area, yet we never observed any tendency for 
wolves to depart f r o m h u m a n a n d moose trai ls to 
f o l l o w c a r i b o u . 

I n contrast , wolves and w o l f tracks were recorded 
c losely associated w i t h l i v e moose a n d moose tracks 
o n m a n y occasions ( F i g . 6). D u r i n g the 3 years, w o l 
ves were seen o n 3 fresh moose k i l l s i n the P r i m e 
S t u d y A r e a , but always at locat ions remote f r o m 
areas o c c u p i e d by c a r i b o u . 

S n o w p i t s showed s l i g h t l y deeper s n o w i n year 2 
(mean open d e p t h on 16 M a r c h of 64 c m ) t h a n i n 
years 1 ( 6 0 cm) a n d 3 (50 c m , Table 6). Fur ther , 
records f r o m the O M N R snow s ta t ion at F l a t L a k e 
s h o w e d greater snow depths i n year 2 also ( m a x i 
m u m d e p t h 76 c m , compared w i t h 63 i n year 1 and 
59 i n year 2). To find i f the second year d e p t h was 
u n u s u a l i n the area, O M N R records for 1989 were 
also e x a m i n e d ; these depths equaled or exceeded 
( m a x i m u m 7 9 c m ) snow depths i n year 2 (Table 6). 

T h e heaviest crusts were i n year 1 w h e n some lay
ers of pure ice resul ted f r o m a b r i e f r a i n f a l l ; crusts 
were l i g h t e s t i n year 3. Dens i t ies also averaged c o n 
s is tent ly h ighest i n year 1. S t a r d o m (1975) deter
m i n e d c r i t i c a l levels (i.e. levels that i n i t i a t e d e m i 
g r a t i o n f r o m an area) for w o o d l a n d c a r i b o u . S n o w 
depths at the s tudy area never exceeded Stardom's 
(1975) c r i t i c a l snow d e p t h level o f 65 c m . T h e snow 
hardness thresho ld was exceeded i n u p to 4 layers 
d u r i n g year 1, but rarely i n the other years. Lowest 
dens i ty thresholds were exceeded i n 2 s n o w p i t s i n 
year 1, a n d 1 snow p i t i n year 2. 

Discussion 
A n e x p e r i m e n t requires c h a n g i n g some aspect of a 
s i t u a t i o n and c o m p a r i n g consequences w i t h an u n c -
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h a n g e d c o n t r o l . B u t e s t a b l i s h i n g c o n t r o l areas for 
operat ional -s ize field exper iments i n v o l v i n g w i l d l i f e 
is n o t o r i o u s l y d i f f i c u l t (Wal ters & H o l l i n g , 1990) . 
E v e n the m o s t careful ly chosen contro ls i n nearby, 
apparent ly c o m p a r a b l e , areas can di f fer s i g n i f i c a n t l y 
f r o m treatment areas i n ways u n r e l a t e d to the treat
m e n t s ( C u m m i n g , 1989) . For th is reason, the expe
r i m e n t was set u p w i t h controls i n t i m e rather t h a n 
space. W e e x a m i n e d the status q u o , changed the 
v e h i c u l a r traffic pa t te rn and observed consequences; 
t h e n we a l l o w e d traffic to re turn to its o r i g i n a l , 
m i n i m a l l y d i s t u r b i n g c o n d i t i o n , once more obser
v i n g results. T h i s c o n t r o l w o r k e d w e l l . C a r i b o u sho
w e d behaviour i n year 2 di f ferent f r o m ei ther o f the 
other 2 years. T h e discovery o f a p r e v i o u s l y u n k 
n o w n a d d i t i o n a l c a r i b o u w i n t e r i n g area n o r t h of the 
r a i l w a y tracks, p r o v i d e d an o p p o r t u n i t y to a d d a 
spat ia l c o n t r o l as w e l l . T h e changes f o u n d i n the 
e x p e r i m e n t a l area were not observed i n the c o n t r o l 
area. Therefore the evidence seems subs tant ia l that 
the change i n c a r i b o u behaviour o c c u r r e d o n l y at 
the t i m e o f l o g h a u l i n g and o n l y near the road o n 
w h i c h the logs were hauled . F u r t h e r , d u r i n g the 
e x p e r i m e n t a l p e r i o d of year 2 , the 6 r a d i o - c o l l a r e d 
c a r i b o u a l l left the e x p e r i m e n t a l area; fresh r rack 
aggregates of r e m a i n i n g c a r i b o u c o u l d be f o u n d 
o n l y beyond 2-5 k m f r o m the h a u l road. C a r i b o u 
dispers ions di f fered s i g n i f i c a n t l y between per iods of 
l o g h a u l i n g a n d no h a u l i n g . N o s i m i l a r changes 
were observed i n the c o n t r o l area, nor near the c o n 
t i g u o u s l y used r a i l w a y and a l l weather road. N u l l -
hypothes is #1 that there w o u l d be no change was 
d i s p r o v e d , a n d the hypothesis at least to some 
degree s u p p o r t e d . 

T h e most l i k e l y a l ternat ive e x p l a n a t i o n for 
changes i n c a r i b o u d i spers ion and m o v e m e n t s was 
the presence o f wolves . P r e s u m a b l y , c a r i b o u haras
sed by wolves w o u l d be sensit ive to changes i n 
b e h a v i o u r or abundance of the lat ter a n d m i g h t 
have m o v e d out d u r i n g year 2 for that reason c o i n c i 
dent w i t h the l o g h a u l i n g . Yet results i n d i c a t e d that 
wolves d i d not i n any year spend apprec iable t i m e 
i n areas o c c u p i e d by the c a r i b o u , rather the i r tracks 
were f o u n d i n areas f requented b y moose, and these 
areas were u s u a l l y spaced some dis tance f r o m those 
used by c a r i b o u . T h e s m a l l over - lap between areas 
s h o w i n g tracks o f c a r i b o u and moose i n year 2 appe
ared to result f r o m i n d e p e n d e n t changes i n d i s p e r s i 
o n by each species that b r o u g h t t h e m closer toget 
her. In the most i n t e n s i v e l y used a n d observed areas 
near the W a b i n o s h R o a d w o l f tracks were v i r t u a l l y 
absent. F u r t h e r m o r e , no evidence suggested that 
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Table 6. Snow depths from the Min is t ry of Narural Resources snow station at Flat Lake, Ontario, and f rom" snow pits 
dug in this study. Data for rhe log hauling experimental year are shown in bold. 

Years 1 9 8 9 - 9 0 1990-91 1991-92 1 9 9 2 - 9 3 

S n o w depths recorded b y O M N R personnel at F l a t L a k e snow s ta t ion 

W e e k 13 -14 " ( inc ludes J a n u a r y 6 ,7)" 

A v e r a g e d e p t h (cm) 57 47 59 55 
C r u s t A A C B 

W e e k 2 2 - 2 3 ( inc ludes M a r c h 11) 

A v e r a g e d e p t h (cm) 6 6 57 71 57 
C r u s t C C C B 

E n t i r e w i n t e r 

F i r s t recorded snow d e p t h 6 - N o v 2 6 - N o v 4 - N o v 9 - N o v 

N o . o f weeks snow d e p t h >65 c m 8 0 10 0 

Greatest d e p t h (cm) 7 9 63 76 59 

Last recorded snow d e p t h 2 3 - A p r 1 5 - A p r 2 5-May 1 2 - A p r 

S n o w p i t data 

Dates 1 6 - M a r (Mar 11) A p r 8 1 1 - M a r 

S n o w d e p t h 

O p e n locat ions S n o w p i t 1 60 (68) 58 4 8 
S n o w p i t 2 58 79 53 

Forested l o c a t i o n S n o w p i t 1 61 55 55 
S n o w p i t 2 60 50 

C o m p a r a b l e O M N R reported depths Dates 11/18-Mar 9/16-Mar 8/15-Mar 

D e p t h s 57/46 71/73 57/59 

S n o w hardness 

O p e n l o c a t i o n S n o w p i t 1 M e a n g/sq. c m . 2 3 0 (54) 74 38 
M a x . g/ s q . c m . 7 5 0 (78) 100 75 
N o layers > 80 4 (0) 2 0 

S n o w p i t 2 M e a n g/sq. c m . 1814 47 8 

M a x . g/ s q . c m . 6 5 0 0 70 10 
N o layers > 80 4 0 0 

Forested l o c a t i o n S n o w p i t 1 M e a n g/sq. c m . 233 35 2 9 
M a x . g/ s q . c m . 6 0 0 67 65 
N o layers > 80 3 0 0 

S n o w p i t 2 M e a n g/sq. c m . 1771 n/a 12 

M a x . g/ s q . c m . 7 0 0 0 n/a 35 
N o layers > 80 1 n/a 0 

M e a n densi ty per snow p i t 

O p e n locat ions S n o w p i t 1 0 .22 0.30 0 .12 

S n o w p i t 2 0 .26 0.16 0.11 

Forested locat ions S n o w p i t 1 0.25 0.13 0 .16 

S n o w p i t 2 0 .12 n/a 0.12 

1) Road was plowed and log hauling began on January 6,7, 1991-92. H a u l i n g ceased March 11. 
2) 65 cm was found to be a critical snow depth for caribou in Manitoba (Stardom, 1975). 
3) A crust is very l ight , B medium, C heavy enough to hold a man on showshoes. 
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w o l f abundance or behaviour had c h a n g e d not i cea 
bly . Therefore , the results make i m p a c t of wolves an 
u n l i k e l y a l ternat ive e x p l a n a t i o n for c a r i b o u m o v e 
ments . 

S n o w depths were greater i n year 2 , t h a n i n e i ther 
the previous or subsequent year, s u p p o r t i n g the 
n u l l - h y p o t h e s i s that c a r i b o u m i g h t have m o v e d i n 
year 2 because of the snow. H o w e v e r , depths never 
exceeded c r i t i c a l thresholds that i n i t i a t e m o v e m e n t 
for c a r i b o u i n M a n i t o b a ( S t a r d o m , 1975) . N o r c o u l d 
they be cons idered u n u s u a l for the s t u d y area; s i m i 
lar snow depths were recorded at F l a t L a k e the year 
before the s t ud y began, and were reported p r e 
v i o u s l y i n the general area by C u m m i n g a n d Beange 
(1987) . L i k e w i s e , changes i n snow consis tency d i d 
not appear to be a factor since heaviest crusts , h a r d 
ness values, a n d densit ies , factors that m i g h t m a k e 
d i g g i n g i n s n o w m o r e d i f f i c u l t a n d so spur c a r i b o u 
to m o v e , were m o s t adverse i n year 1, not i n year 2 . 
F u r t h e r m o r e , s i m i l a r behaviora l changes were not 
detected a m o n g c a r i b o u at the n o r t h e r n c o n t r o l area 
d u r i n g year 2 where snow depths c o u l d be p r e 
s u m e d to be s i m i l a r to those i n the nearby s t u d y 
area (they were not measured because of inaccessi 
b i l i t y ) . T h u s a l l evidence suggested that differences 
i n snow c o n d i t i o n s w o u l d not l i k e l y e x p l a i n the 
e x p e r i m e n t a l results . 

O t h e r factors not measured m i g h t have affected 
the c a r i b o u . A l t h o u g h habi tat change due to fire 
occurred some 5 k m dis tant d u r i n g the s u m m e r o f 
1 9 9 1 , none occurred i n the o c c u p i e d w i n t e r range. 
N o other habi ta t changes that c o u l d have accounted 
for the c a r i b o u m o v e m e n t s were recorded. N o 
changes i n p o a c h i n g or nat ive h u n t i n g were n o t e d . 
S n o w m o b i l e s showed dis turbance p o t e n t i a l b y d i s 
p l a c i n g c a r i b o u u p to 2 0 0 - 3 0 0 m . F u r t h e r m o r e , 
K l e i n (1971) reported s n o w m o b i l e d i s turbance of 
reindeer (Rangifer tarandus tarandus) i n Sc andinav ia , 
s t a t i n g that i f approached too c losely the re indeer 
m a y panic a n d become unmanageable . B u t i n th i s 
s tudy the s n o w m o b i l e s stayed o n roads a n d esta
b l i s h e d trai ls where the i r effects o n c a r i b o u seemed 
s i m i l a r to b u t less t h a n i m p a c t f r o m roads. A p a r t 
f r o m l o g h a u l i n g , the h u m a n a c t i v i t y most l i k e l y to 
have affected results was use of the h a u l road by 
pr ivate vehic les . W e considered use o f pr ivate 
vehicles d u r i n g the h a u l i n g p e r i o d as part o f the 
overa l l i m p a c t o f the h a u l i n g opera t ion . B u t use of 
pr ivate vehicles after the h a u l i n g p e r i o d i n year 2 
m i g h t have extended the l e n g t h of d i s turbance 
t i m e . W e c o n c l u d e d that i n th is instance , h a u l i n g 
logs t h r o u g h a c a r i b o u w i n t e r i n g area caused c a r i -
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b o u to change t h e i r b e h a v i o u r b y s h i f t i n g the i r w i n 
ter d i s p e r s i o n f r o m areas near the road to locat ions 
farther f r o m the h a u l road , some r e t u r n i n g a l l the 
way to s u m m e r habi ta t . J a c k s o n (1990) reported 
s i m i l a r m o v e m e n t s of c a r i b o u f r o m the same w i n t e 
r i n g area d u r i n g D e c e m b e r 1 9 8 9 , a t i m e w h e n 
t rucks were also h a u l i n g logs . 

L o n g t e r m effects o f the l o g h a u l i n g c o u l d not be 
d e t e r m i n e d f r o m this study. Poss ib le h a b i t u a t i o n 
was suggested by the c o n t i n u e d presence of c a r i b o u 
i n the area despi te the presence of the r a i l w a y and 
p e r m a n e n t a l l -weather roads. F u r t h e r , the r e t u r n of 
c a r i b o u to the P r i m e S t u d y A r e a the t h i r d year s u g 
gested some degree o f resi l ience after d i s t u r b a n c e . I f 
the road were t rave led every w i n t e r , the observed 
d i s p l a c e m e n t of c a r i b o u m i g h t d e c l i n e or the car i 
b o u c o n t i n u e to o c c u p y more remote areas i n a way 
s i m i l a r to c a r i b o u i n the c o n t r o l area. A l t h o u g h 
s m a l l g r o u p s o f c a r i b o u some t i m e cross the 
P i k i t i g u s h i R o a d where they are s i g h t e d by local 
people a n d t ruckers , o u r aerial surveys showed 
major concentra t ions 2-3 k m remote f r o m the road, 
perhaps a v o i d i n g i t i n a w a y s i m i l a r to c a r i b o u i n 
N e w f o u n d l a n d ( M e r c e r et al., 1985) . B e r g e r u d 
(1974b) suggested that c a r i b o u m i g h t e x h i b i t adap
t ive m o d i f i c a t i o n to h u m a n ac t iv i t ies w h e n food or 
weather were the p r i m a r y influences o n the i r beha
v i o u r . Perhaps that c o u l d h a p p e n here i f h a u l i n g 
c o n t i n u e d . S t i l l th is p o s s i b i l i t y is not reason for 
c o m p l a c e n c y about the i m p a c t s o f roads o n c a r i b o u . 
T h e n u m b e r o f c a r i b o u that became h a b i t u a t e d to 
d is turbance aftet several w i n t e r s of d i s p l a c e m e n t 
f r o m favoured w i n t e r re fug ia m i g h t be considerable 
fewer t h a n the n u m b e r of c a r i b o u o r i g i n a l l y d i s p l a 
ced. 

W i t h o u t d i s p u t i n g the v a l i d i t y o f e i ther or b o t h 
of the ma jor theories a t t e m p t i n g to e x p l a i n c a r i b o u 
decl ines , w e speculate that a t h i r d p o s s i b i l i t y - seve
re or c h r o n i c d i s t u r b a n c e to c a r i b o u - m i g h t also 
cause range r e d u c t i o n or p o p u l a t i o n d e c l i n e . W h e n 
c a r i b o u o c c u p y t r a d i t i o n a l w i n t e r habi ta ts , they 
m a y be very sensi t ive to p r e d a t i o n , or to the perce i 
v e d r i s k o f p r e d a t i o n . C o n s e q u e n t l y , they m a y also 
be e x t r e m e l y sensi t ive to s ights and sounds that are 
u n f a m i l i a r , sounds that m a y cover the approach of 
wolves . Therefore , h a b i t u a t i o n such as that reported 
i n B r i t i s h C o l u m b i a ( Johnson & T o d d , 1977) and 
N e w f o u n d l a n d ( H i l l , 1985) m a y be m o r e l i k e l y 
where predators o n w i n t e r range are rare or nonexis 
tent. W h e r e predators are present , c a r i b o u m a y 
a b a n d o n , t e m p o r a r i l y or p e r m a n e n t l y , o therwise 
sui table w i n t e r hab i ta t i f stressed c h r o n i c a l l y by 
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noise or other s t i m u l i (e.g. s i g h t , s m e l l ) that may-
p u t t h e m on "predator a ler t " . T h e y w o u l d also be 
less l i k e l y to m o v e adjacent to d i s t u r b a n c e areas 
d u r i n g the i r n o r m a l patterns o f w i n t e r habi ta t use. 
T h u s , they m a y be forced i n t o habi tats w i t h increa
sed m e t a b o l i c d e m a n d , decreased q u a l i t y or q u a n t i 
ty of f o o d , and increased s u s c e p t i b i l i t y to p r e d a t i o n . 
C a r i b o u d i sp lacement f r o m w i n t e r i n g areas m a y 
result f r o m various agents: h u m a n s , predators , c l i 
mate , fires; the fact o f d i s p l a c e m e n t m a y be m o r e 
i m p o r t a n t t h a n the absolute effect o f a s i n g l e cause. 

Management implications 
It m i g h t be argued that shifts i n w i n t e r l o c a t i o n 
w o u l d be of l i t t l e consequence for m a n a g e m e n t of 
a n i m a l s as notable for the i r w a n d e r i n g as c a r i b o u , 
b u t sui table w i n t e r i n g areas m a y not be i n u n l i m i 
ted s u p p l y ( C u m m i n g etal., 1996) . T h i s sugges t ion 
is s u p p o r t e d b y a c o m p a r i s o n of the p o p u l a t i o n est i 
mates by S i m k i n (1965) w i t h c o n t e m p o r a r y e s t i m a 
tes of p o p u l a t i o n p o t e n t i a l b y A h t i & H e p b u r n 
(1967) . C a r i b o u n u m b e r s i n the H u d s o n B a y 
L o w l a n d regions a m o u n t e d to o n l y 1 9 % and 3 2 % 
of the i r es t imated c a r r y i n g capacity. B u t i n the 
N i p i g o n - S u p e r i o r and C e n t r a l R e g i o n s they reached 
8 0 % and 5 0 % o f the i r habi ta t potent ia l s . H a b i t a t 
loss i n the former case p r e s u m a b l y w o u l d be of l i t t l e 
consequence, b u t i n the forest loss o f w i n t e r habi ta t 
t h r o u g h l o g g i n g or d is turbance m i g h t result i n 
decreased c a r i b o u numbers . T h e m e c h a n i s m c o u l d 
be s i m p l e food shortage, b u t i t seems m o r e l i k e l y to 
i n v o l v e the need for w i n t e r re fugia f r o m p r e d a t i o n . 
E v e n w i t h i n the s tudy area, m o v e m e n t s of c a r i b o u 
and moose d u r i n g the t i m e of l o g h a u l i n g b r o u g h t 
the t w o species together, poss ib ly i n c r e a s i n g p r e d a 
t i o n r i s k for the c a r i b o u . T h e finding o f c a r i b o u k i l 
l e d or scavenged by wolves outs ide the ma jor w i n t e 
r i n g areas suggests that i m m u n i t y to p r e d a t i o n m a y 
not extend b e y o n d the t r a d i t i o n a l w i n t e r range 
boundar ies . M o v e m e n t s of r a d i o - c o l l a r e d c a r i b o u 
suppor t th is sugges t ion . T h e c a r i b o u that m o v e d to 
the c o n t r o l area m i g h t have been e q u a l l y safe once 
there, b u t the 2 co l lared c a r i b o u that traveled n o r t h , 
p r o b a b l y i n t o areas w i t h m o r e moose a n d wolves , 
w o u l d l i k e l y face h i g h e r p r e d a t i o n r i sks as a result . 
C a r i b o u that r e t u r n e d to L a k e N i p i g o n is lands d i d 
so i n the face o f p o o r w i n t e r habi tat c o n d i t i o n s and 
increased w o l f presence (Bergerud et ah, 1990) . A 
c a r i b o u f o u n d k i l l e d b y wolves near one o f the 
is lands d u r i n g the w i n t e r of 1989 (Beange, pers. 
c o m m . ) p r o v i d e d s u p p o r t i n g evidence. C u m m i n g & 
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Beange (1993) suggested that the best e x p l a n a t i o n 
for disappearance o f c a r i b o u bands i n O n t a r i o was 
d i s p l a c e m e n t b y l o g g i n g f r o m t h e i r w i n t e r i n g areas 
that forced t h e m i n t o places w i t h reduced p r o t e c t i 
on f r o m w o l v e s , p o a c h i n g , and accidents . T h e 
results o f th is s tud y suggest that d i s p l a c e m e n t o f 
c a r i b o u b y w i n t e r traffic m i g h t have s i m i l a r effects. 

T h e observa t ion of recreat ional d r i v i n g o n the 
l o g g i n g road suggests poss ib le consequences for 
roads t h r o u g h c a r i b o u w i n t e r i n g areas b e y o n d 
direc t d i s t u r b a n c e . T h e presence of m o r e roads m a y 
p r o v i d e better access for wolves ; m o r e vehicles 
increase the r i sk of c a r i b o u b e i n g k i l l e d i n road acc i 
dents ; m o r e people h e i g h t e n the r i s k that some m a y 
be poachers. E v e n w h e n c a r i b o u are not d i s p l a c e d , 
the presence of roads m a y increase a l l usua l hazards. 

T h e m u l t i p l e increased r isks to c a r i b o u f r o m the 
use o f w i n t e r roads, w h e t h e r for l o g g i n g or o t h e r w i 
se, argues for a c o m p l e t e b a n o n roads t h r o u g h c a r i 
b o u w i n t e r i n g areas. I n O n t a r i o c a r i b o u have been 
threatened b y h u m a n ac t iv i t ies t h r o u g h o u t th is 
century. N o w even s m a l l bands are i m p o r t a n t to 
re ta in l i n k a g e s for genet ic exchange. Increased m o r 
t a l i t y due to d i s p l a c e m e n t f r o m favoured w i n t e r i n g 
areas s h o u l d be a v o i d e d . H o w e v e r , a c o m p l e t e ban 
m a y not a lways be poss ib le e .g . , i n places where 
roads have already been b u i l t ; i n these cases, w i n t e r 
use of roads s h o u l d be reduced as m u c h as poss ib le . 
I n s u m m a r y , m a n a g e m e n t a c t i o n s h o u l d a i m at 
m i n i m i z i n g l o c a t i o n of roads t h r o u g h c a r i b o u w i n 
t e r i n g areas, a n d r e s t r i c t i n g w i n t e r where there are 
such roads. 
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Incorporating spatial scale into ecological studies of Rangifer 
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K e y w o r d s : m e t h o d o l o g y , s tudy area. 
Rangifer, Specia l Issue N o . 10 , 2 5 9 - 2 6 0 

F i g . 1. 

Spat ia l scale is i n t e g r a l to d e s c r i p t i o n i n 
ecology, i n c l u d i n g the ecology of 
Rangifer. Increasingly, we are aware that 
observations i n ecology m a y be f u n d a 
m e n t a l l y a l tered, or even reversed, as a 
result o f s e e m i n g l y t r i v i a l changes i n sca
le ( W i e n s , 1989) . Scale has been l a b e l l e d 
b y some as the u n i f y i n g feature of ecolo
g y ( A l l e n & H o e k s t r a , 1992) . 

P a r t i c u l a r l y i m p o r t a n t are changes i n 
the bounds o f the s tudy area (i .e. , the 
extent) or the size o f i n d i v i d u a l s a m p l i n g 
u n i t (i .e. , the gra in) . A s an e x a m p l e , c o n 
sider species associations. S u c h p a i r - w i s e 
re la t ionships , as between c a r i b o u and 
moose, are t y p i c a l l y c o n d u c t e d by n o t i n g 
the presence or absence of species i n a 
quadrat . T h e results m a y be scale-depen
dent : the choice o f g r a i n , i n the f o r m of quadrat 
size, can dictate the d i r e c t i o n of species associations, 
i .e . , whether pos i t ive or negative (e.g. , Schaefer & 
Messier , 1994) . 

S i m i l a r l y , the choice of extent m a y s t r o n g l y affect 
s t u d y conc lus ions . Suppose, for instance , that an 
a n i m a l selects s t r o n g l y for a p a r t i c u l a r resource 
type , such as forest ( F i g . 1). A s tudy c o v e r i n g a lar 
ge extent m a y i n d e e d detect th is p a t t e r n , whereas a 
s tud y c o n d u c t e d u s i n g a smal ler extent w i l l l i k e l y 
conc lude that no such pa t te rn o f se lect ion exists 
( F i g . 1). 

U n f o r t u n a t e l y , current decis ions r e g a r d i n g g r a i n 
and extent i n studies of c a r i b o u ecology are t y p i c a l 
l y relegated to w h i m . 

Rangifer, Specia l Issue N o . 10, 1 9 9 8 

Hypothetical habitat selection by an ungulate studied using 
small (A) and large (B) study areas. 

A n o r g a n i s m - c e n t r e d approach represents a r i g o 
rous m e t h o d o l o g y for i n c o r p o r a t i n g scale. F o r 
example , i n the s tud y of c a r i b o u resource se lec t ion , 
a na tura l h ierarchy of scales exists, f r o m choice o f 
h o m e range to choice o f p l a n t species (e.g. , Schaefer 
& Mess ier , 1995) . A n e q u a l l y useful approach is to 
a p p l y the techniques o f spat ia l p a t t e r n analysis . 
Large ly the d o m a i n of p l a n t ecologists , these s i m p l e 
m e t h o d s , such as p a i r e d - q u a d r a t variance ( F i g . 2), 
can i n d i c a t e scales of p a t t e r n for f u r t h e r s t u d y 
( L u d w i g & R e y n o l d s , 1988) . 

C a r i b o u carry out the i r e c o l o g i c a l f u n c t i o n s 
s i m u l t a n e o u s l y o n m a n y scales. T h i s i m p l i e s that 
no one scale o f s tud y is u n i v e r s a l l y appropr ia te . A t 
the same t i m e , larger scales m a y offer constra ints , 
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F i g . 2. Spatial pattern analysis of a hypothetical orga
nism using paired-quadrat analysis (Ludwig & 
Reynolds, 1988). (A) Organism abundance is 
quantified using a set of contiguous quadrats. (B) 
Variance between pairs of quadrats is calculated 
and plotted as a function of inter-quadrat distan
ce; peaks in the graph represent the scales of the 
clumped pattern. 

and l o w e r scales, explanat ions , for any scale of i n t e 
rest ( A l l e n & H o e k s t r a , 1992) . T h i s suggests that a 
m i n i m u m of three scales is needed i n research. F o r 
e x a m p l e , i n the s tud y of p o p u l a t i o n d y n a m i c s , one 
m i g h t examine patterns on the levels o f s u b - p o p u l a 
t i o n , p o p u l a t i o n , and m e t a - p o p u l a t i o n ( W e l l s & 
R i c h m o n d , 1995) . F u l l e r u n d e r s t a n d i n g of c a r i b o u 
ecology m a y come f r o m descr ipt ions that e m p l o y a 
h ierarchy of spat ia l scales. 
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A u t u m n foraging dynamics of woodland caribou in experimentally mani
pulated habitat 
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Abstract: U n l i k e other N o r t h American cervids, woodland caribou (Rangifer tarandus caribou) i n the Selkirk ecosystem 
do not forage on browse. Therefore, dur ing autumn as forbs become senescent and deciduous shrubs defoliare, caribou 
foraging decisions are narrowed. Shallow snow depths preclude a diet shift to arboreal lichen (Ascomycetes) i n standing 
trees, as is observed in lare winter. The objecrive of this research was to determine the importance of the two principal 
forage irems previously reported in autumn diets: (1) arboreal lichen on windthrown trees and (2) the evergreen shrub 
myrtle boxwood (Pacbistima myrsimtes). Foraging ttials were conducted w i t h three tame woodland caribou i n six 5000 
m 2 pens experimentally manipulated to either remove all windthrown trees and myrrle boxwood or retain extant myrt
le boxwood and add "windthrown" trees by fel l ing trees. Addi t iona l ly , the pen design was such that half was i n an o l d -
growth stand of western red cedar (Thuja plicata)! wesrern hemlock (Tsuga heteropbylla) and half was in an adjacenr 
clear-cut. 

Arboreal l ichen, as a result of a large bite size, had the greatest influence on intake tate. Caribou in pens w i t h l ichen 
bearing windthrown trees had significantly higher intake rates (P<0.0()6) and significantly lower (P<0.01) eating bite 
rate (exclusive of search time between plants). Foraging bite rate (inclusive of search time between plants) d i d not dif
fer (P<0.20) due ro treatment. Intake rates (P<0.005) and foraging bite rates (P<0.03) of caribou were significantly 
greater in timbered portions of pens. Search time was significantly greater (P<0.005) i n clear-cut portions of pens. In 
the timbered portion of treatment pens, l ichen comprised 34% of the total bites and 6 7 % of the dry matter intake and 
arboreal lichen from windthrown ttees comprised 2 7 % of the total bites and 5 2 % of the dry matter intake. These data 
suggest that arboreal lichen is an important dietary component earlier i n autumn than previously reported and extends 
the period that woodland caribou subsist pr imari ly or solely on arboreal l ichen 30-60 days in h i g h snowpack ecosysrems 
of wesrern N o r t h America . 

Tame caribou aurumn diets were comprised of <1% myrtle boxwood, in apparent conflict w i t h observations of w i l d 
caribou in timbered habitats w i t h myrtle boxwood. However, in these trials >95% of the myrtle boxwood occurred in 
the clear-cut porrion of trial pens, and forages in clear-cuts have been reported to have significantly higher levels of 
secondary plant compounds. Total phenolics i n myrtle boxwood samples collected from the clear-cut portion of tr ial 
pens and from clear-cuts in Br i t i sh C o l u m b i a were 3-times grearer than levels in myrtle boxwood samples collected 
from old-growth stands in Br i t i sh Columbia . In addition, snow depths underneath the forest canopy never covered the 
primary forage species. I hypothesize that these woodland caribou foraged very l i tt le on myrtle boxwood because of (1) 
the availability of other forage species, and (2) the h igh level of phenolics present in myrrle boxwood dur ing these trials. 
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The Seventh N o r t h American Caribou Conference, 
Thunder Bay, Ontario, Canada, 
19-21 August , 1996. 

Workshop: Conserving woodland caribou in the managed forest 

A w o r k s h o p was h e l d A u g u s t 19 to foster d i scuss ion 
a n d debate o n issues related to conservat ion o f 
w o o d l a n d c a r i b o u i n the m a n a g e d forest. S ix pane
l ists were i n v i t e d to m a k e b r i e f presentat ions o n 
the i r p o i n t s of v i e w on this subject . T h e y were D o n 
T h o m a s ( C a n a d i a n W i l d l i f e Service) ; H a r t l e y 
M u l t i m a k i ( B u c h a n a n Forest P r o d u c t s ) ; C o l i n E d e y 
( N O V A C o r p o r a t i o n ) ; J e r ry E n g l i s h ( O n t a r i o 
M i n i s t r y of N a t u r a l Resources - re t i red) ; D a l e Seip 
( B r i t i s h C o l u m b i a M i n i s t r y of Forests) a n d H a r o l d 
C u m m i n g (Lakehead U n i v e r s i t y - ret i red) . 

F o l l o w i n g some quest ions and d i s c u s s i o n w i t h 
m e m b e r s of the audience , a " m i n i - d e b a t e " was set 
u p between D o n T h o m a s and D a l e Seip to discuss 
i n m o r e d e t a i l the roles of the coarse vs. fine filter 
approaches i n d e a l i n g w i t h w o o d l a n d c a r i b o u . T h e 
coarse filter i m p l i e s a focus o n p r o t e c t i n g n a t u r a l 
processes and other at tr ibutes of the w h o l e ecosy
s t e m as a means of a c h i e v i n g a range o f conservat ion 
goals . T h e fine filter approach focuses o n m a n a g i n g 
i n d i v i d u a l species or address ing specif ic e n v i r o n 
m e n t a l concerns. T h e r e had i n i t i a l l y been an i n t e n t 
to r u n several such debates, and to i n v i t e audience 
p a r t i c i p a t i o n i n t h e m , b u t th is p l a n was al tered due 
to t i m e constraints a n d subs tant ia l agreement 
a m o n g the panel l i s t s r e g a r d i n g most p o i n t s . 

T h e m a i n p o i n t s e m e r g i n g f r o m the w o r k s h o p 
were s u m m a r i z e d as: 

1. C a r i b o u s h o u l d be conserved. ( T h i s m a y seem 
obvious , b u t i t s h o u l d not be assumed that every
one w i l l a lways agree w i t h this .) 

2 . T h e focus o f c a r i b o u conservat ion efforts s h o u l d 
be o n m a i n t a i n i n g or m a n a g i n g habi ta t . 
( P r i m a r i l y , th is w i l l m e a n m a i n t a i n i n g the i n t e 
g r i t y of the habi ta t to support car ibou. ) 

3 . A n ecosystem or landscape approach s h o u l d be 
adopted , as a b a c k d r o p for c o n s e r v i n g c a r i b o u , 
and also for conserv ing the f u l l range of b i o d i v e r 
s i ty o n the landscape. 

4 . T h e r e w i l l a lways be a need for fine filter a p p r o a 
ches, b o t h for c a r i b o u , and for the m u l t i t u d e of 
other species o n the landscape. 

5. E f fec t ive conservat ion i n i t i a t i v e s require the 
i n v o l v e m e n t a n d suppor t o f the broader c o m m u 
ni ty , i n c l u d i n g a l l relevant e c o n o m i c interests. 

D i s c u s s i o n / I d e n t i f i c a t i o n o f I n f o r m a t i o n G a p s 

A . T h e ecosystem approach was seen as a c o m m o n -
sense strategy for c o n s e r v i n g na tura l systems 
t h r o u g h m a i n t a i n i n g or m i m i c k i n g n a t u r a l p r o 
cesses. H o w e v e r , there is a need for ecosystem-
leve l research: 

- to define ranges of na tura l v a r i a b i l i t y and to ref i 
ne o u r a b i l i t y to es tabl i sh acceptable t reatments , 
- to explore a n d m o r e f u l l y u n d e r s t a n d the i m p l i 
cations o f var ious spat ia l a n d t e m p o r a l scales, 
- to p r o v i d e better a n d m o r e f lexible t rea tment 
o p t i o n s . 

B . T h e r e was a clear r e c o g n i t i o n that the coarse fil
ter approach w i l l never be suff ic ient . Research 
w i l l a lways be needed to c o n t i n u e m o n i t o r i n g 
various species for undes i rab le effects o f m a n a g e 
m e n t , a n d to better u n d e r s t a n d l inkages between 
various ecosystem c o m p o n e n t s . 

C . W e m u s t a c k n o w l e d g e l i m i t a t i o n s to landscape 
approaches. F o r e x a m p l e , roads and other deve
l o p m e n t s are i n place a n d w i l l c o n t i n u e to be 
deve loped ; these f u n d a m e n t a l l y alter the lands
cape. W e m u s t be real is t ic i n w h a t can be achie
v e d . M o n i t o r i n g and s tudy o f the i m p l i c a t i o n s of 
these a r t i f i c i a l e lements w i l l be r e q u i r e d . 

D . M a n a g e m e n t i m p l i e s u n d e r l y i n g assumpt ions 

and object ives. 
- O u r research a n d m a n a g e m e n t s h o u l d a c k n o w 
ledge " g i v e n s " such as t i m b e r a l locat ions and 
other h u m a n uses. 
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- O u r objectives s h o u l d be e x p l i c i t , and they 
s h o u l d enjoy the s u p p o r t o f the broader c o m m u 
ni ty . 
- W e m u s t incorporate c o m m u n i t y and economic 
interests i n d e v e l o p i n g strategies w h i c h can ac tu
a l l y be i m p l e m e n t e d . T h e p a r t n e r s h i p approach 
was r e c o m m e n d e d as a means for d o i n g th i s . 

I n s u m m a r y , the cha l lenge here is to deal w i t h 
soc ia l a n d e c o n o m i c self- interests e x p l i c i t l y and p l a 

ce t h e m i n a context of larger conservat ion goals . 
T h i s is needed to overcome fear and natura l resis
tance to change. 

T h i s report was prepared by G e o r g e H a m i l t o n 
( A l b e r t a E n v i r o n m e n t a l P r o t e c t i o n ) , K a t h e r i n e 
P a r k e r ( U n i v e r s i t y o f N o r t h e r n B r i t i s h C o l u m b i a ) 
and B i l l D a l t o n ( O n t a r i o M i n i s t r y of N a t u r a l 
Resources) . 
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