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Abstract: W e examined the foraging habits of the northern woodland caribou ecotype {Rangifer tarandus caribou) at the 
scale of the individual feeding site. F ie ld data were collected in north-central Br i t i sh C o lumbia over two winters (Dec 
1996-Apr 1998). W e trailed caribou and measured vegetation characteristics (species composition and percent cover), 
snow conditions (depth, density, and hardness), and canopy closure at terrestrial and arboreal feeding sites, and at ran­
dom sites where feeding had not occurred. Logistic regression was used to determine the attributes of feeding sites that 
were important to predicting fine scale habitat selection i n forested and alpine areas. In the forest, caribou selected feed­
ing sites that had a gteater percent cover of Cladina mitts and Cladonia spp, lower snow depths, and a lower percentage 
of debris and moss. Biomass of Bryoria spp. at the 1-2 m stratum above the snow significantly contributed to predict ing 
what trees caribou chose as arboreal feeding sites. In the alpine, caribou selected feeding sites w i t h a gteater percent cov­
er of Cladina mitis, Cladina rangiferina, Cetraria cucullata, Cetraria nivalis, Thamnolia spp., and Stereocaulon alpinum as 
wel l as lower snow depths. 
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Rangifer, Special Issue N o . 12, 1 5 9 - 1 7 2 

Introduction 
T h e habi tat requirements of the n o r t h e r n w o o d l a n d 
c a r i b o u ecotype o f B r i t i s h C o l u m b i a are largely 
u n k n o w n ( H a r r i s o n & Surgenor, 1996) . T h i s eco­
type has been the subject of few studies , b u t is 
k n o w n to i n h a b i t areas of l o w to moderate snow 
depths i n l o w e levat ion forests, a n d to forage p r i ­
m a r i l y on terrestr ia l l ichens d u r i n g w i n t e r ( H a t l e r , 
1 9 8 6 ; C i c h o w s k i , 1993 ; Lance & M i l l s , 1996 ; 
W o o d , 1996) . M o s t car ibou research i n B r i t i s h 
C o l u m b i a has focused on the m o u n t a i n c a r i b o u eco­
type w h i c h spends l i t t l e t i m e i n l o w e levat ion areas 
d u r i n g the w i n t e r , b u t forages instead o n arboreal 
l i chens at h i g h elevations (Servheen & L y o n , 1 9 8 9 ; 
Terry, 1994) . 

F u r t h e r u n d e r s t a n d i n g of the l i fe h i s t o r y strate­
gies of the n o r t h e r n w o o d l a n d c a r i b o u ecotype is 
i m p o r t a n t i n v i e w of increas ing d e m a n d s for t i m b e r 
i n the prov ince . W i n t e r i n g p o p u l a t i o n s of th is eco­
type use l o w e levat ion forests that are v a l u e d for 
c o m m e r c i a l w o o d products ( C i c h o w s k i , 1 9 9 3 ; 
W o o d , 1996) . Consequent ly , they are l i k e l y to be 
negat ive ly affected b y habitat a l te ra t ion , f r a g m e n t a ­
t i o n , and increased road access. 

Rangifer, Specia l Issue N o . 12, 2 0 0 0 

A s part o f a larger research project to define the 
processes that affect the m o v e m e n t s and d i s t r i b u ­
t i o n of n o r t h e r n w o o d l a n d c a r i b o u across the l a n d ­
scape, we inves t iga ted the inf luence of forage 
species, abundance , and access ib i l i ty o n the selec­
t i o n of i n d i v i d u a l f e e d i n g sites d u r i n g w i n t e r . 
Speci f ical ly , we e x a m i n e d : 

1. the inf luence o f snow d e p t h , density, a n d h a r d ­
ness as w e l l as vegeta t ion c o m p o s i t i o n a n d a b u n ­
dance o n the select ion o f terrestr ia l f e e d i n g sites 
at s m a l l spat ia l scales i n forested and a l p i n e h a b i ­
tats; and 

2. the inf luence o f l i c h e n biomass o n the se lec t ion of 
arboreal f e e d i n g sites. 

Study Area 
T h e g r o u p of c a r i b o u chosen for th i s s tud y is k n o w n 
as the W o l v e r i n e herd ( H e a r d & V a g t , 1998) , and 
ranges t h r o u g h o u t a 5 1 0 0 - k m 2 area, a p p r o x i m a t e l y 
2 5 0 k m nor thwest o f P r i n c e G e o r g e , B r i t i s h 
C o l u m b i a ( F i g . 1). Terra in varies, f r o m va l ley b o t ­
toms at a p p r o x i m a t e l y 9 0 0 m to a lp ine s u m m i t s at 
2 0 5 0 m , and is characterised b y n u m e r o u s vegeta­
t i o n associations r e s u l t i n g f r o m diverse topography , 
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F i g . 1. Forest transects and alpine quadrats located across the winter range of the Wolverine herd (Dec 1996-Apr 
1998). 

soi ls , a n d succession. Forest types b e l o w 1100 m 
have been in f luenced extensively b y w i l d f i r e s a n d 
are d o m i n a t e d b y lodgepole p i n e {Pinus contorta), 
w h i t e spruce (Picea glauca), h y b r i d w h i t e spruce (P. 
glauca x P. engelmannii) and s u b a l p i n e fir {Abies lasio-
carpa). B e t w e e n 1100 and 1600 m , a m o i s t c o l d c l i ­
mate prevai ls w i t h forest types c o n s i s t i n g p r i m a r i l y 
of E n g e l m a n n spruce {P. engelmannii) and s u b a l p i n e 
fir {A. lasiocarpa). E levat ions greater t h a n 1600 m 
are a lp ine t u n d r a and are d i s t i n g u i s h e d by gent le to 
steep w i n d s w e p t slopes vegetated b y shrubs, herbs, 
bryophytes , a n d l ichens w i t h occasional trees i n 
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k r u m m h o l z f o r m ( M a c K i n n o n et al, 1 9 9 0 ; D e L o n g 

etal., 1993) . 

Materials and methods 
F i e l d inves t igat ions occurred at t w o to three week 
intervals be tween D e c e m b e r a n d A p r i l , 1 9 9 6 - 1 9 9 7 
and 1 9 9 7 - 1 9 9 8 . A f t e r l o c a t i n g recent tracks of 
G P S - c o l l a r e d c a r i b o u or g r o u p s o f n o n - c o l l a r e d c a r i ­
b o u i n the forest b y air or g r o u n d survey, we 
assessed the i m m e d i a t e area for signs o f f o r a g i n g 
behaviour . Terrestr ia l f eeding sites were charac-
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terised by m e a n d e r i n g tracks, craters, and/or sniff ­
i n g holes. A r b o r e a l f eeding sires were character ised 
b y t r a m p l i n g , b r o k e n t w i g s , a n d fa l l en arboreal 
l i c h e n at the base of trees. I f some s i g n o f f o r a g i n g 
behaviour was present, we selected a r a n d o m start­
i n g p o i n t i n the s n o w a l o n g the c a r i b o u tracks 
greater t h a n or equa l to 20 paces f r o m any ecotone 
border. F o l l o w i n g th is , we p l a c e d a m e a s u r i n g tape 
a l o n g a sect ion of t rack that traversed a re la t ive ly 
h o m o g e n o u s s tand or vegeta t ion type , and a l l ter­
res tr ia l (craters) a n d arboreal f e e d i n g sites f o u n d o n 
a 1 0 0 - m segment of track (transect) were c o u n t e d . 
U s i n g a r a n d o m n u m b e r table, a m a x i m u m of 12 
sites were r a n d o m l y selected o n the transect for 
measurement : 3 sites where there h a d not been ter­
restr ial f eed ing , 3 trees where there were no s igns o f 
arboreal f eed ing , a n d , i f present, 3 c r a t e t i n g sites 
a n d 3 arboreal f e e d i n g sites ( F i g . 2). 

F o r s tat is t ical analyses, measures at f e e d i n g a n d 
n o n - f e e d i n g sites wete p o o l e d across ttansects. To 
m i n i m i s e the l i k e l i h o o d of r e c o r d i n g the b e h a v i o u r 
o f the same a n i m a l more t h a n once (i .e. , pseudo-
r e p l i c a t i o n ; H u r l b e r t , 1984) , we l i m i t e d the n u m ­
ber of samples to not exceed the observed or, where 
a n i m a l s were not s i g h t e d , the average n u m b e r of 
c a r i b o u t y p i c a l l y o c c u r r i n g w i t h i n a g r o u p d u r i n g 
the w i n t e r (H=9; W o o d , 1 9 9 6 ; C . J . J o h n s o n , 

F i g . 2. Schematic representation of the sampling design 
used along a 100-m segment of recent caribou 
tracks in the snow. 
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u n p u b l . ) . F u r t h e r m o r e , because we w a n t e d to s a m ­
p l e a l l co l lared a n i m a l s a n d v i s i t as m a n y g e o g r a p h ­
i c a l l y u n i q u e locat ions as poss ib le , w e restr ic ted the 
m a x i m u m n u m b e r of 1 0 0 - m transects s a m p l e d at 
one l o c a t i o n to 3 , regardless o f the n u m b e r o f a n i ­
mals observed. To fur ther reduce the effects o f spa­
t i a l autocorre la t ion a n d a l l o w an o p p o r t u n i t y for 
changes i n b e h a v i o u r across space, and p r e s u m a b l y 
t i m e , successive transects were separated b y a d i s ­
tance of 100 m . Therefore , at a l o c a t i o n , we s a m p l e d 
a m a x i m u m o f 9 terrestr ial and 9 arboreal f e e d i n g 
sites a n d the 18 associated r a n d o m sites across 3 
transects. 

In the a l p i n e , safety concerns a n d the aggregated 
d i s t r i b u t i o n of the f e e d i n g sites r e q u i r e d us to use a 
50 X 5 0 - m quadrat rather t h a n a 1 0 0 - m segment of 
track. A l l craters i n the quadrat were c o u n t e d , and 
we r a n d o m l y selected 3 to 6 craters for measure­
ments , d e p e n d i n g on t i m e and weather constra ints . 
T h e c o r r e s p o n d i n g n o n - f e e d i n g sites were located at 
a r a n d o m compass bear ing and r a n d o m n u m b e r o f 
paces (1 -20 paces) f r o m rhe s a m p l e d craters, regard­
less o f the quadrat boundar ies . F o r s ta t i s t ica l analy­
ses, measures at f e e d i n g a n d n o n - f e e d i n g sites were 
p o o l e d across quadrats . 

A t a l l te trestr ia l f eeding and r a n d o m sites, snow 
d e p t h was measured to the nearest 0.5 c m , a n d the 
p e n e t r a b i l i t y (i .e. , hardness) o f the u p p e r layer was 
esr imated w i t h an i n s t r u m e n t of o u t o w n d e s i g n 
w h i c h was s i m i l a r to the R a m m s o n d e penetrometer . 
A B r i t i s h C o l u m b i a M i n i s t r y of E n v i r o n m e n t , 
L a n d s , a n d Parks (1981) S n o w Survey S a m p l i n g K i t 
was used to measure snow dens i ty b y i n s e r t i n g a 
c y l i n d e r of k n o w n v o l u m e v e r t i c a l l y i n t o the snow, 
r e c o r d i n g the d e p t h m i n u s the s o i l p l u g , and 
w e i g h i n g the contents . Because the scale used to 
measure the mass of the cored snow is insens i t ive at 
l o w snow depths , dens i ty c o u l d not be r e l i a b l y ca l ­
cu la ted for a l p i n e sites. F o r cratered sites, the least 
d i s t u r b e d edges were used for s a m p l i n g . F o l l o w i n g 
snow measurements , the s n o w was cleared a n d the 
percent cover of g r o u n d vegeta t ion was assessed 
w i t h a 0.5 m X 0 . 5 - m p o i n t f rame c o n s i s t i n g of 16 
ver t i ca l p i n s ( B o o k h o u t , 1994) . L i c h e n a n d moss 
were i d e n t i f i e d to species, genus or m o r p h o l o g i c a l 
g r o u p , d e p e n d i n g on ease and r e l i a b i l i t y o f field 
c lass i f icat ion. Species that occurred at fewer t h a n 10 
sample sites were p o o l e d w i t h the next m o s t s i m i l a r 
species or genus g r o u p , or were e x c l u d e d . Percent 
cover of evergreen d w a r f shrubs , grasses (Poaceae), 
and sedges were also recorded. H o w e v e r , w i t h the 
except ion o f grass at a l p i n e sites, there was no e v i -
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dence o f g r a z i n g o n those p l a n t types, so they were 
exc luded f r o m the analysis . A t forested terrestr ia l 
sites, a m o o s e h o r n coverscope ( M o o s e h o r n 
Coverscopes, M e d f o r d , O r e g o n , U S A ) was used to 
assess percent canopy closure b y r a k i n g one measure 
d i r e c t l y above each s a m p l e d site. 

A t each arboreal f eeding a n d associated r a n d o m 
site, a l i c h e n c l u m p (Bryoria spp.) w i t h a predeter­
m i n e d o v e n - d r i e d w e i g h t was used as a S tandard 
L i c h e n U n i t to v i s u a l l y est imate arboreal l i c h e n b i o -
mass ( A n t i f e a u , 1 9 8 7 ; Stevenson & E n n s , 1993) . 
T h e n u m b e r of s i m i l a r U n i t s that occurred w i t h i n 
the reach o f a t y p i c a l c a r i b o u (1-2 m above the 
snow) was c o u n t e d and m u l t i p l i e d by the mass o f 
the S tandard L i c h e n U n i t to o b t a i n to ta l b iomass 
w i t h i n the 1 - 2 - m s t r a t u m . Tree species a n d d i a m e ­
ter at breast h e i g h t were also recorded. 

W e used m u l t i p l e l o g i s t i c regression analyses to 
est imate the inf luence of percent cover of vegeta­
t i o n , snow c o n d i t i o n s , and canopy closure o n the 
select ion of terrestr ial f e e d i n g sites by c a r i b o u i n 
foresred and a lp ine areas. To assess the se lect ion o f 
atboreal f eeding sites, we tested a s i m p l e l o g i s t i c 
regression m o d e l , c o n s i s t i n g o f foraged versus r a n ­
d o m trees as the dependent var iab le and grams of 
arboreal l i c h e n i n the 1-2 m s t r a t u m as the i n d e p e n ­
dent var iab le . 

For the m u l t i p l e l o g i s t i c regression m o d e l s (ter­
restrial forest and a lp ine) , the W a l d b a c k w a r d e l i m -
i n a r i o n procedure (SPSS V e r s i o n 8.0) was used to 
i d e n r i f y the most p a r s i m o n i o u s m o d e l for descr ib ­
i n g site se lect ion of c r a t e r i n g locat ions ( M e n a r d , 
1995). A s r e c o m m e n d e d b y B e n d e l & A f i f i (1977) , 
the a o f 0.05 was relaxed to 0 .15 d u r i n g the back­
w a r d e l i m i n a t i o n procedures to reduce the l i k e l i ­
h o o d of e x c l u d i n g i m p o r t a n t var iables . W e used 
Pearson corre la t ion values a n d tolerance scores w i t h 
a c o l l i n e a r i t y thresho ld of 0 .20 ( M e n a r d , 1995) to 
diagnose the presence of m u l t i c o l l i n e a r i t y a m o n g s t 
the i n d e p e n d e n t variables . C o l l i n e a r i r y is the p r o d ­
uct o f t w o or more h i g h l y correlared variables . It is 
an i n d i c a t i o n o f redundancy w i t h i n the s ta t is t ica l 
m o d e l a n d can lead to inf la ted error terms and i n 
extreme cases render m a t r i x i n v e r s i o n unstable 
(Tabachnick & F i d e l l , 1996) . A l t h o u g h l o g i s t i c 
regression is robust to most m u l t i v a r i a t e assump­
t ions, data and m o d e l screening procedures were 
e m p l o y e d as r e c o m m e n d e d by M e n a r d (1995) a n d 
T a b a c h n i c k & F i d e l l (1996) ; procedures were repor­
ted o n l y i f m o d e l v a l i d i t y was threatened. 

F o r b o t h terrestrial and arboreal feeding sites, we 
used the p r o p o r t i o n a l r e d u c t i o n i n the Jj s tat is t ic 
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(R 2l) to i n d i c a t e h o w m u c h the i n c l u s i o n of each 
s ign i f i cant explanatory var iable i m p r o v e d m o d e l fit; 
the h i g h e r the value , the better the measured v a r i ­
ables e x p l a i n the differences between selected and 
r a n d o m sites (i .e. , analogous to the l i n e a r regression 
R 2) ( H o s m e r & L e m e s h o w , 1989) . O d d s ratios were 
used to in terpre t the effect o f each explanatory v a r i ­
able o n the response var iable and are m o r e i n t u i t i v e 
t h a n the regression coefficient w h e n d i s c u s s i n g the 
re lat ive s t r e n g t h of each explanatory var iable . 
U n i v a r i a t e l o g i s t i c f u n c t i o n p lo ts were used to 
g r a p h i c a l l y present the re la t ionships between statis­
t i c a l l y s ign i f i cant vege ta t ion , debr is , a n d snow v a r i ­
ables a n d the p r e d i c t e d p r o b a b i l i t y of a c a r i b o u 
se lec t ing a feeding site (Tabachnick & F i d e l l , 1996). 

T o p r o v i d e a relat ive measure of the a v a i l a b i l i t y 
of forage species, we used B o n f e r r o n i corrected 9 5 % 
confidence intervals to test differences i n m e a n per­
cent cover of l i c h e n , mosses, grass, and debris 
between feeding a n d r a n d o m sites, and a m o n g 
species ( N e t e r et al., 1990) . T h e r e l a t i o n s h i p 
between tree d iameter at breast h e i g h t and a m o u n t 
of arboreal l i c h e n was inves t iga ted w i t h a s i m p l e 
l inear regression e q u a t i o n . A n (X of 0 .05 was used 
for a l l tests of s tat is t ica l s igni f icance . 

Results 
O v e r the t w o w i n t e r s we e x a m i n e d c a r i b o u feeding 
sites a l o n g 85 forest transects and 23 a lp ine 
quadrats ( F i g . 1). W e s a m p l e d 461 terrestr ial (206 
f eed ing , 255 r a n d o m ) and 3 5 6 arboreal (102 feed-

35 , 

F i g . 3. Percent ground cover of lichens at random 
(» = 255) and cratered (n = 2Q6) sites in forested 
locations. Vert ical lines represent a half w i d t h of 
a Bonferroni-corrected 9 5 % confidence interval 
and asterisks designate statistically significant 
differences between corresponding sites. 
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Table 1. Lichen and moss species and groups identified at terrestrial feeding and random sites; classification is based on 
ease and reliability of field identification, and frequency of occurrence in north-central Br i t i sh Columbia (Dec 
1996-Apr 1998). 

G r o u n d C o v e r D e s c r i p t i o n L o c a t i o n 

Cladina mitis D i s t i n c t l i c h e n class. F o r e s t / A l p i n e 

Cladina rangiferina D i s t i n c t l i c h e n class. F o r e s t / A l p i n e 

Cetraria islandica D i s t i n c t l i c h e n class. A l p i n e 

Cetraria ericetorum D i s t i n c t l i c h e n class. Forest 

Cetraria nivalis D i s t i n c t l i c h e n class. A l p i n e 

Cetraria cucullata D i s t i n c t l i c h e n class. A l p i n e 

Peltigera aphthosa D i s t i n c t l i c h e n class. Forest 

Peltigera malacea D i s t i n c t l i c h e n class. Forest 

Cladonia uncialis D i s t i n c t l i c h e n class. Forest 

Cladonia spp. C o m p o s i t e class c o n s i s t i n g of rarely f o u n d a n d u n i d e n t i f i e d Cladonia F o r e s t / A l p i n e 

species; compos i te o f C . uncialis, C. ecmocyna, C, gracilis, C. cenotea, 
C. chlorophaea, C. cornuta, C. crispata, C, deformis, C. fimbriata. 
C. multiformis, C. pyxidata, a n d C. sulphurma. 

Cladonia ecmocyna C o m p o s i t e class c o n s i s t i n g o f C. ecmocyna w i t h a lesser c o m p o n e n t of Forest 

Cladonia gracilis (J. M a r s h , pers. c o m m . ) . 
Stereocaulon alpinum C o m p o s i t e class c o n s i s t i n g p r i m a r i l y of S. alpinum w i t h a s m a l l F o r e s t / A l p i n e 

c o m p o n e n t o f S. glareosum, S. tomentosum, and S. paschale 
(J. M a r s h , pers. c o m m . ) . 

Thamnolia spp. C o m p o s i t e class c o n s i s t i n g of T. vermicularis and T. subultformis. A l p i n e 

L i e h e n spp. C o m p o s i t e class c o n s i s t i n g of u n i d e n t i f i e d l i c h e n species. A l p i n e 
Peltigera spp. C o m p o s i t e class c o n s i s t i n g of P. aphthosa and P. malacea. A l p i n e 
Cladina stellaris Rare and o m i t t e d f r o m analysis . Forest 

Nephroma areticum Rare and o m i t t e d f r o m analysis . Forest 

Solorina crocea Rare and o m i t t e d f r o m analysis . Forest 

Dactylina aretica Rare and o m i t t e d f r o m analysis . A l p i n e 
Pleurozium schreberi C o m p o s i t e class c o n s i s t i n g p r i m a r i l y of P. schreberi w i t h a lesser Forest 

c o m p o n e n t o f Hylocomium splendens and Ptilium crista-castrensis. 

M o s s spp. C o m p o s i t e class c o n s i s t i n g of u n i d e n t i f i a b l e or rare moss species F o r e s t / A l p i n e 

and l i v e r w o r t s . 

10 20 30 40 50 60 70 80 90 100 110 
VEGETATION/DEBRIS (%) OR SNOW DEPTH (cm) 

F i g . 4. Predicted probability of caribou cratering at ter­
restrial forest sites relative to the percent cover of 
vegetation or debris (measured in units of 6 .25% 
cover) and snow depth (cm). Symbols illustrate 
the range of data collected in this study. 
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i n g , 251 r a n d o m ) sites i n the forest and 136 sites 
(70 f e e d i n g , 6 6 r a n d o m ) i n the a l p i n e . N i n e d i s t i n c t 
species of Cladina, Cladonia, Cetraria, and Peltigera 
l i chens a n d 8 compos i te g r o u p i n g s of l i c h e n and 
moss types were r e g u l a r l y observed at a l p i n e and 
forested terrestr ia l f eeding sites (Table 1). Cladina 
stellaris, Nephroma arcticum, Solorina crocea, a n d 
Dactylina arctica were also n o t e d , b u t because they 
occurred at <10 feeding sites and c o u l d not be easi­
l y g r o u p e d w i t h another l i c h e n species, they were 
e x c l u d e d f r o m the analysis . Bryoria spp. were the 
d o m i n a n t arboreal l i chens . 

Feeding Sites in Forest Locations 

Average snow depths at cratered sites ranged f r o m 
2 3 - 9 7 c m a n d at r a n d o m sites f r o m 2 7 - 1 0 2 c m . 
Average snow hardness at cratered and r a n d o m sites 
ranged f r o m 0 . 2 7 - 3 . 1 9 g/cm 2 and 0 .25 -4 .2 g/cm 2 

163 



Table 2. Summary of mult iple logistic regression model derived using the W a l d backward el imination procedure for 
terrestrial and arboreal feeding sites in forested locations in north-central Br i t ish C o l um bi a (Dec 1996-Apr 
1998). 

T E R R E S T R I A L F E E D I N G S I T E S ( « = 4 6 0 ; m o d e l %2= 1 2 8 . 5 7 6 , df=6, P<0.001) 

Var iab les R e t a i n e d i n M o d e l B S E P O d d s R a t i o 

M o s s spp. - 0 . 0 3 0 0 .011 0 .007 - 3 . 0 % 
D e b r i s - 0 . 0 2 6 0 .008 0 .002 - 2 . 5 % 
Pleurozium schreberi -0 .023 0 . 0 0 6 <0.001 - 2 . 3 % 
S n o w D e p t h -0 .021 0 .007 0 .002 - 2 . 0 % 
Cladina mitis 0 .024 0 .008 0 .003 + 2 . 4 % 

Cladonia spp . 0 .042 0 .011 <0.001 + 4 . 3 % 
C o n s t a n t 1 .173 0 .565 0 . 0 4 0 

Var iab les E x c l u d e d F r o m M o d e l 

C a n o p y C l o s u r e 0 .289 
S n o w H a r d n e s s 0 .174 

S n o w D e n s i t y 0 .325 
Cladina rangiferina 0 .165 
Cladonia ecmocyna 0.155 
Cladonia uncialis 0.961 
Cetraria ericetorum 0 .996 
Stereocaulon alpinum 0 .862 

Peltigera aphthosa 0 .456 
Peltigera malacea 0 .642 

A R B O R E A L F E E D I N G S I T E S («= = 3 5 6 ; m o d e l % z = 4 7 . 0 0 9 , df=\,. P < 0 . 0 0 1 ) 

V a r i a b l e B S E P O d d s R a t i o 

Bryorta spp. (g/1-2 m ) 0 .095 0 .026 <0.001 + 9 . 9 % 

C o n s t a n t - 1 .183 0 .145 <0.001 

and snow dens i ty f r o m 5-46 .97 g/cm 3 and 6.25 - 4 0 
g/cm 5 , respectively. 

Percent cover of a l l o f the l i c h e n species was 
greater at cratered sites, b u t n o n - o v e r l a p p i n g conf i ­
dence intervals revealed differences o n l y for Cladina 
mitis and Cladonia spp. ( F i g . 3). A t cratered sites C. 
mitis and Cladonia spp. averaged 2 4 . 7 % (standard 
error of the m e a n ± 1 . 4 0 ) a n d 1 4 . 0 % ( ± 0 . 9 0 ) , 
respectively, relat ive to 1 2 . 9 % ( ± 1 . 0 4 ) a n d 7 . 1 % 
( ± 0 . 6 0 ) at r a n d o m sites. I n contrast , r a n d o m sites 
had a greater percent cover of mosses and debris 
than crater sites. Pleurozium schreberi was the o n l y 
n o n - l i c h e n var iable to di f fer s ign i f i cant ly , h a v i n g an 
average percent cover of 1 0 . 6 % ( ± 1 . 2 5 ) and 2 6 . 2 % 
( ± 2 . 1 9 ) for cratered and r a n d o m sites, respectively. 
C a n o p y closure ranged f r o m an average o f 2 7 . 1 % 
( ± 1 . 8 5 ) at cratered sites to 2 8 . 8 % ( ± 1 . 6 1 ) at ran­
d o m sites. 
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T h e m u l t i p l e l o g i s t i c regression m o d e l used to 
describe site select ion of terrestr ial f e e d i n g sites i n 
the forest, correct ly classified 7 1 . 2 % of the cases as 
crarered or r a n d o m sires and e x p l a i n e d 2 0 . 2 % 
( # 2

L = 0 . 2 0 2 ) o f the between feeding site v a r i a t i o n 
(Table 2). S n o w d e p t h , percent cover o f debr is , C. 
mitis, Cladonia spp. , and the t w o moss classes s ign i f ­
i c a n t l y c o n t r i b u t e d to the stat is t ical d i f f e r e n t i a t i o n 
of cratered a n d r a n d o m sites ( F i g . 4) . Cladonia spp. 
had the h ighes t odds rat io at + 4 . 3 % a n d the great­
est inf luence o n the select ion of c ra ter ing sites by 
c a r i b o u (Table 2, F i g . 4). S n o w d e p t h had the least 
inf luence o n select ion of a feeding site; i n th is case, 
the odds rat io i m p l i e s that a 1 c m increase i n snow 
d e p t h w i l l reduce the l i k e l i h o o d that a c a r i b o u w i l l 
crater by 2 % (Table 2 , F i g . 4). 

A l t h o u g h tolerance scores for each var iab le i n the 
m o d e l were greater than 0 .20 , several o f the v a r i ­
ables were s i g n i f i c a n t l y b ivar iate correlated. Cladina 
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BRYORIA SPP. (g per 1-2 m stratum) 

F i g . 5. Predicted probability of caribou choosing an 
arboreal feeding site relative to the grams of 
Bryoria spp. w i t h i n the 1-2 m stratum above the 
snow. Symbols illustrate the range of data col­
lected in this study. 

mitis was negat ive ly correlated w i t h debr is (r=-

0.227) , P. schreberi {r=- 0 .403) , and moss spp . ( r=-

0 .155) , a n d Cladonia spp. was correlated w i t h P. 

schreberi (r=- 0 .370) . T h i s indicates that there m a y 

n o t be a d i rec t re la t ionsh ip between site se lect ion 

a n d the presence or absence of these moss a n d l i c h e n 

species. 

W h e n c h o o s i n g to browse arboreal l i c h e n , c a r i ­

b o u selected those trees w i t h a greater b iomass o f 

Bryoria spp . than f o u n d i n r a n d o m l y avai lab le trees. 

O n average, selected trees h a d 4 .9 g ( ± 0 . 7 4 ) i n the 

1-2 m s t r a t u m versus 2.3 g ( ± 0 . 2 4 ) for r a n d o m 

trees. Pinus contorta was the d o m i n a n t tree species at 

b o t h selected (81%) a n d r a n d o m sites ( 9 0 % ) . T h e 

s i m p l e l o g i s t i c regression m o d e l i n d i c a t e d that the 

a m o u n t o f Bryoria spp . was a m e a n i n g f u l p r e d i c t o r 

of w h a t trees c a r i b o u chose to browse (Table 2 , F i g . 

5). T h e m o d e l accounted for o n l y a s m a l l a m o u n t of 

the v a r i a t i o n berween feeding and r a n d o m sires 

( R 2 L = 0 . 0 3 9 ) ; however , 7 2 . 2 % of the cases were cor­

rect ly classif ied as f e e d i n g or r a n d o m sites. T h e odds 

rat io i n d i c a t e d that a 1 g increase i n the a m o u n t o f 

Bryoria spp. w o u l d increase the l i k e l i h o o d of a c a r i ­

b o u f o r a g i n g by 9 . 9 % . T h e r e was a s i g n i f i c a n t , b u t 

weak l inear r e l a t i o n s h i p between tree d i a m e t e r and 

arboreal l i c h e n abundance (F= 1 7 . 4 9 5 , df=250, 

P < 0 . 0 0 1 , 7 v 2 = 0 . 0 6 6 ) . 

Feeding Sites in Alpine Locations 
A v e r a g e snow d e p t h per quadrat ranged f r o m 3-37 
a n d 0 - 6 9 c m , and s n o w hardness b e t w e e n 0.54¬
2 8 . 8 9 and 0 -30 .38 g/cm 2 for cratered a n d r a n d o m 
sites, respectively. Percent cover o f l i c h e n classes 
was t y p i c a l l y greater at cratered sites, b u t not s i g -

Table 3. Summary of multiple logistic regression model derived using the W a l d backward el imination procedure for 
terrestrial feeding sites in alpine locations i n north-central Br i t i sh C o l u m b i a (Dec 1996-Apr 1998). 

T E R R E S T R I A L F E E D I N G S I T E S ( « = 1 3 6 ; m o d e l % 2 = 5 8 . 7 4 8 , df=9, P < 0 . 0 0 1 ) 

Var iab les R e t a i n e d i n M o d e l B S E P O d d s R a t i o 

Cetraria islandica - 0 . 1 0 6 0 .062 0 .085 - 1 0 . 1 % 

S n o w D e p t h -0 .071 0 .023 0 .002 - 6 . 8 % 

Stereocaulon alpinum 0 .036 0 .015 0 .014 ± 3 . 7 % 
Cetraria nivalis 0 . 0 6 0 0 .026 0 .022 + 6 . 2 % 

S n o w H a r d n e s s 0 .064 0 .040 0 .112 + 6 . 6 % 

Cladina mitis 0 .087 0 .023 <0.001 + 9 . 1 % 
Cetraria cucullata 0 .095 0 .033 0 .004 + 1 0 . 0 % 

Cladina rangiferina 0 . 1 5 9 0 .052 0 .002 + 1 7 . 2 % 

Thamnolia spp . 0 . 2 4 0 0 . 1 1 9 0 .044 + 2 7 . 1 % 

Cons tant - 1 .888 0 . 6 9 9 0 .007 

Var iab les E x c l u d e d F r o m M o d e l 

D e b r i s 0 . 626 

Cladonia spp. 0 .146 

Peltigera spp . 0 . 9 0 0 

L i c h e n spp . 0 .464 

M o s s spp. 0 . 7 0 0 

Poaceae 0 .216 
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mm Random 

mm Craters 

c / y y 4f .4? 

F i g . 6. Percent ground cover of lichens at random (72 = 66) 
and cratered (« = 70) sites in alpine locations. 
Vert ical lines represent a half w i d t h of a 
Bonferroni-corrected 9 5 % confidence interval 
and asterisks designate statistically significant 
differences between corresponding sites. 

n i f i c a n t l y so, w i t h C. mitis, Stereocaulon alpinum, and 
Cladina rangiferina d e m o n s t r a t i n g the largest d i f fer ­
ences ( F i g . 6). D e b r i s was the o n l y var iable to i l l u s ­
trate a s igni f i cant difference i n percent cover, b e i n g 
m o r e p r o m i n e n t at r a n d o m ( m e a n = 3 7 . 3 % ± 3 . 3 0 ) 
t h a n cratered sites ( m e a n = 2 0 . 0 % ± 1 . 9 9 ) . 

T h e m u l t i p l e l o g i s t i c regression m o d e l used to 
describe site select ion o f terrestr ia l f e e d i n g sites i n 
the a l p i n e accounted for 3 1 % of the between site 
v a r i a t i o n , a n d correct ly classified 7 6 . 5 % of the 
cratered and r a n d o m sites (Table 3). S ta t i s t i ca l ly 

F i g . 7. 
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LICHEN (%) OR SNOW DEPTH (cm) 

Predicted probability of caribou cratering at 
alpine sites relative to the percent cover of vege­
tation or debris (measured i n units of 6 .25% cov­
er) and snow depth (cm). Symbols illustrate the 
range of data collected i n this study. 

s i g n i f i c a n t variables were snow d e p t h , percent cover 
o f C. mitis, C. rangiferina, Cetraria cucullata, Cetraria 
nivalis, Thamnolia spp . , a n d S. alpinum ( F i g . 7). 
Thamnolia spp. h a d the h ighes t odds rat io at 
+ 2 7 . 1 % a n d the greatest inf luence o n the se lect ion 
o f f e e d i n g sites f o l l o w e d b y C. rangiferina, and C. 
cucullata at +17.2 a n d + 1 0 % , respect ively (Table 3 , 
F i g . 7). Cladina mitis and C. rangiferina (r=+ 0 .171) 
a n d C. rangiferina a n d C. nivalis (r=- 0 .239) were 
the o n l y s ign i f i cant b ivar iate corre lat ions for v a r i ­
ables i d e n t i f i e d as i m p o r t a n t by the l o g i s t i c regres­
s i o n m o d e l . M o s t cover types were h i g h l y correlated 
w i t h debr is , w i t h the h ighest c o r r e l a t i o n o c c u r r i n g 
w i t h S. alpinum (r=- 0 .453) . 

Discussion 
Past studies have f o u n d that most c o n t i n e n t a l p o p u ­
la t ions o f c a r i b o u a n d reindeer (R. t. tarandus) forage 
p r i m a r i l y o n frut icose l ichens t h r o u g h o u t the w i n ­
ter (Pegau, 1968 ; H e l l e & Saastamoinen, 1 9 7 9 ; 
W h i t e & T r u d e l l , 1980 ; K l e i n , 1 9 8 2 ; Boert je , 
1 9 8 4 ; S k o g l a n d , 1984 ; C i c h o w s k i , 1 9 9 3 ; Terry, 
1994) , a n d that s n o w c o n d i t i o n s m a y restrict access 
to th is food source (Laperriere & L e n t , 1977 ; 
S k o g l a n d , 1978 ; D u q u e t t e , 1 9 8 8 ; B r o w n & 
T h e b e r g e , 1990) . H o w e v e r , w i t h few exceptions 
(e.g. , B e r g e r u d , 1974 ; T h i n g , 1984 ; F r i d , 1998) , 
m o s t invest igators fa i led to classify forage beyond 
food type or genus or to consider the i n t e r a c t i o n 
between snow c o n d i t i o n s and forage select ion. 
F u r t h e r m o r e , the lack of c o m p a r i s o n c o n t r o l sites 
has f requent ly resul ted i n the analysis o f forage 
a v a i l a b i l i t y as opposed to select ion b y the an imals . 
W e a t t e m p t e d to i m p r o v e u p o n these studies b y 
i n v e s t i g a t i n g the inf luence of l i c h e n species i n c o m ­
b i n a t i o n w i t h the l i m i t i n g effects o f snow on the 
fine scale select ion o f f eeding sites i n forested a n d 
a l p i n e areas. 

Selection of Feeding Sites by Caribou 
U s i n g data co l lec ted over t w o years across a broad 
geographic area, we developed s ta t i s t i ca l ly s i g n i f i ­
cant models to p r e d i c t the se lect ion b y w o o d l a n d 
c a r i b o u of terrestr ia l and arboreal f e e d i n g sites i n 
forested locat ions , a n d terrestr ial f e e d i n g sites i n 
a l p i n e areas. A l l three of the models h a d re la t ive ly 
l o w explanatory p o w e r ( iv 2

L ) i n d i c a t i n g that the 
i n d e p e n d e n t variables (i.e., g r o u n d cover and snow 
c o n d i t i o n ) captured o n l y a s m a l l p r o p o r t i o n of the 
differences between selected and r a n d o m sites. W e 
bel ieve that this is a consequence o f four sources o f 
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error i n o u r s a m p l i n g d e s i g n a n d analysis . F i r s t , i t is 
l i k e l y that we d i d not recognise , measure, or 
i n c l u d e a l l o f the variables that are i m p o r t a n t to the 
c o g n i t i v e processes that c a r i b o u use w h e n c h o o s i n g 
where to feed. F o r instance, we a l l o w e d the back­
w a r d e l i m i n a t i o n procedure to d e t e r m i n e the m o s t 
p a r s i m o n i o u s m o d e l . T h i s e x c l u d e d cer ta in v a r i ­
ables that c o n t r i b u t e d re la t ive ly l i t t l e new s t a t i s t i ­
cal i n f o r m a t i o n , b u t w h i c h m a y have been of some 
i m p o r t a n c e to e x p l a i n i n g overa l l differences 
between the selected and r a n d o m sites. It is also 
poss ib le that m o d e l aptness was affected b y aggre­
gate var iables , such as Cladonia spp . , w h i c h m a y 
have m a s k e d or c o n f o u n d e d i n d i v i d u a l l i c h e n 
species that were h i g h l y selected or avo ided b y c a r i ­
b o u . F r i d (1998) i d e n t i f i e d a s i m i l a r l i m i t a t i o n 
w i t h i n his s t ud y of crater site se lect ion b y w o o d l a n d 
c a r i b o u . 

Second, a l t h o u g h we are conf ident i n o u r a b i l i t y 
to i d e n t i f y f e e d i n g sites, i t is poss ib le that some 
sites were incorrec t ly classif ied. C a r i b o u m a y have 
cratered b u t not fed at cer ta in terrestr ia l sites, or 
trees m a y have been incorrec t ly classified as browsed 
w h e n they were not . S a m p l i n g error also m a y have 
been i n t r o d u c e d by c l a s s i f y i n g o u r r a n d o m sites as 
non-selected sites w h e n i n ac tua l i ty c a r i b o u d i d not 
m a k e a choice , b u t passed by that l o c a t i o n for rea­
sons not d i r e c t l y related to a f o r a g i n g d e c i s i o n (e.g. , 
sa t ia t ion , m i n o r dis turbance) . F u r t h e r m o r e , because 
c a r i b o u r e m a i n i n an area for some p e r i o d of t i m e , 
our r a n d o m samples m a y c o n t a i n a p r o p o r t i o n of 
sites that w o u l d have been cratered at a later date. 
To reduce this source of error, we s h o u l d have cho­
sen r a n d o m sites where i t c o u l d be c o n f i r m e d that a 
c a r i b o u had m a d e a dec i s ion not to crater, such as 
unexcavated s n i f f i n g holes (e.g. , H e l l e , 1984) . 
Because snow c o n d i t i o n s of ten made the i d e n t i f i c a ­
t i o n o f s n i f f i n g sites d i f f i c u l t , this approach was 
abandoned i n favour of s a m p l i n g r a n d o m locat ions 
a l o n g the tracks. 

T h i r d , we assumed that the l ichens r e m a i n i n g at 
a s a m p l e d f e e d i n g site were representative of the 
p t e - c r a t e r i n g l i c h e n cover, a l t h o u g h the f o r a g i n g 
and d i g g i n g actions of c a r i b o u m a y have resul ted i n 
our u n d e r e s t i m a t i n g the percent cover of l i c h e n at 
f eeding sites. To m i n i m i s e th is bias, we chose per ­
cent cover, as opposed to b iomass , as our measure o f 
relative l i c h e n ava i lab i l i ty . C a r i b o u rarely c r o p p e d 
the ent ire l i c h e n thalus, thus u s i n g a p o i n t f tame 
w i t h 6 . 2 5 % increments we were able to accurately 
and precise ly measure percent cover by species at 
f eeding sites. 
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F o u r t h , se lect ion strategies of the c a r i b o u m a y 
have c h a n g e d d u r i n g or between w i n t e r s , c o n f o u n d ­
i n g the i m p o r t a n c e o f i n d i v i d u a l var iables . F o r 
e x a m p l e , n u t r i t i o n a l requirements m a y va ty over 
t i m e or abundance o f l i c h e n species m a y vary spa­
t ia l ly , r e s u l t i n g i n t e m p o t a l l y variable se lec t ion pat­
terns. T h i s , and the sources of error l i s t e d above d i d 
not i n v a l i d a t e our resul ts , b u t rather forced us to 
test a m o r e conservative m o d e l ( w h i c h m a y have 
decreased the l i k e l i h o o d o f o b t a i n i n g s ign i f i cant 
differences) . 

Influence of Vegetation on Feeding Site Selection 
N u m e r o u s conc lus ions , i n some cases contradic tory , 
have been reported b y researchers u s i n g field studies 
or cafeteria-type exper iments to invest igate prefer­
ence a n d select ion of l i c h e n species by c a r i b o u and 
reindeer (see D e s M e u l e s & H e y l a n d , 1969) . 
B e r g e r u d & N o l a n (1970) c o n c l u d e d that c o m p a r ­
i n g food l ists be tween areas or p o p u l a t i o n s is o f l i t ­
t le value because c a r i b o u are adapred to eat most 
species of p lants a n d , therefore, loca l i sed studies 
reflect o n l y w h a t is avai lable rather t h a n universa l 
se lect ion cr i ter ia b y Rangifer. W e also recognise that 
there m a y be i n t e r - p o p u l a t i o n v a r i a b i l i t y , b u t feel 
that o u r results p laced i n the cor text o f other w o r k s 
add to the u n d e r s t a n d i n g of the s i m i l a r i t i e s and 
p l a s t i c i t y i n f o r a g i n g habi ts o f these a n i m a l s . 

O u r data ind ica te that n o r t h e r n w o o d l a n d car i ­
b o u select c ra ter ing sites based o n the percent cover 
of several l i c h e n species. I n most cases our results 
agree w i t h other s tudies . F o r e x a m p l e , C. mitis is 
c o m m o n l y reported as b e i n g preferred or selected 
by c a r i b o u and reindeer ( H e l l e & Saastamoinen, 
1 9 7 9 ; H e l l e , 1984 ; Lance & M i l l s , 1996) . Cafeter ia-
type exper iments have c o n c l u d e d that c a r i b o u (R. t. 
caribou) preferred a m i x r u r e of C. stellaris, C. mitis, 
and Cladonia uncialis, f o l l o w e d by C. rangiferina, 
Cetraria islandica, a n d Stereocaulon spp . ( D e s M e u l e s 
& H e y l a n d , 1969) ; and that reindeer e x h i b i t e d a 
preference for C . stellaris, C. rangiferina, Stereocaulon 
paschale, Cetraria richardsonii, and Peltigera aphthosa, 
i n that order ( H o l l e m a n & L u i c k , 1977) . A n a l y s i s of 
faecal samples f r o m the P o r c u p i n e c a r i b o u herd (R. 
t. granti) i n d i c a t e d that the i r w i n t e r d i e t consisted 
p r e d o m i n a n t l y of Cladonia and Cladina spp . , f o l ­
l o w e d by Stereocaulon, Cetraria and Peltigera spp . ; the 
p r o p o r t i o n s of these species, however , m a y have 
been more related to a v a i l a b i l i t y t h a n to se lect ion 
( R u s s e l l et al, 1993) . D a n e l l et al. (1994) assigned 
h i g h preference r a n k i n g s to Cladina arbuscula, 
w h i c h is m o r p h o l o g i c a l l y i n d i s t i n g u i s h a b l e f r o m C. 

167 



mitis, C. rangiferina, a n d S. paschale a n d a l o w r a n k ­
i n g to P. schreberi. Research b y F r i d (1998) i n the 
southern Y u k o n is the m o s t comparab le to ours i n 
m e t h o d a n d species d e s i g n a t i o n . H e reported that 
the p r o b a b i l i t y of a w o o d l a n d c a r i b o u d i g g i n g a 
crater increased as the percent cover o f Cladonia 
s p p . , C. mitis, C. cucullata, a n d C. islandica 
increased, b u t the a m o u n t of C. rangiferina, C. 
nivalis, Peltigera s p p . , a n d Stereocaulon spp . had no 
effect. W i t h a few except ions , m o s t l y b e i n g the 
l i chens selected i n the a l p i n e , those results are i n 
accordance w i t h the f i n d i n g s o f o u r study. 

T h r o u g h o u r conc lus ions we do not infer causal 
re la t ionships between f e e d i n g site se lec t ion and the 
i m p o r t a n c e of i n d i v i d u a l l i c h e n a n d moss species. 
W e emphasise this caveat because of the h i g h corre­
la t ions between several o f the s ign i f i cant l i c h e n and 
moss species. For e x a m p l e , where the m o d e l shows a 
s t r o n g effect for l i c h e n and mosses at forested sites, 
c a r i b o u m a y be se lec t ing for l i chens or m a y be 
a v o i d i n g mosses; the s ta t is t ica l i m p o r t a n c e o f one 
m a y be the p r o d u c t o f the presence or absence of the 
other. Pleurozium schreberi m a y be an i m p o r t a n t d i s ­
c r i m i n a t i n g var iable o n l y because i t occurs where C. 
mitis and Cladonia spp. are not f o u n d , not because 
c a r i b o u a v o i d sites where i t is f o u n d . H i g h negative 
correlat ions l i k e l y occur because these species of 
moss a n d l i c h e n have d i s t i n c t l i g h t and m o i s t u r e 
requi rements a n d , therefore, g r o w i n di f ferent loca­
t ions ( R o b i n s o n et al, 1989 ; A h t i & O k s a n e n , 
1990) . 

In terpre ta t ion of our results is c o m p l i c a t e d b y the 
inconsistencies i n selected l i c h e n species across 
forested and a lp ine sites. M o s t notably , C. rangiferi­
na a n d S. alpinum, w h i c h were i m p o r t a n t d i s c r i m i ­
n a t i n g variables at a l p i n e sites, were not selected, 
even t h o u g h avai lable , b y c a r i b o u at forested sites. 
O u r results f r o m the forested sites agree w i t h most 
of the above c i t e d studies that have s h o w n that 
these species, especial ly Stereocaulon s p p . , are rela­
t i v e l y less palatable . T h i s discrepancy suggests that 
d e p e n d i n g o n l o c a t i o n , forest or a l p i n e , a n i m a l s 
m a y have differenr f o r a g i n g strategies. 

W e observed that the m a j o r i t y o f the l ichens 
f o u n d i n forested areas appeared m o r e v i g o r o u s and 
o c c u r r e d i n greater abundance t h a n those i n the 
a l p i n e (F igs . 3 & 6; C . J . J o h n s o n , u n p u b l . ) . 
F u r t h e r m o r e , at a l p i n e sites c l u m p s o f l i c h e n were 
m o r e u n e v e n l y d i s t r i b u t e d , b e i n g separared b y bare 
areas of rock or debris , as reflecred b y the h i g h nega­
t ive corre la t ion between debris a n d S. alpinum. 
C a r i b o u i n the less p r o d u c t i v e a lp ine areas m a y be 
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less selective, t a k i n g advantage of those sites w i t h 
the greatest a m o u n t of l i c h e n regardless of palata-
b i l i t y . T h e use of a larger n u m b e r o f species and less 
palatable yet m o r e prevalent l i chens , such as S. 
alpinum, m a y be an adapta t ion to a less p r o d u c t i v e 
e n v i r o n m e n t where f o r a g i n g decis ions are based 
large ly o n a v a i l a b i l i t y . T h i s is consistent w i t h the 
hypothes is o f B e r g e r u d & N o l a n (1970) that c a r i b o u 
are adapt ive a n d f lex ib le i n the forage species they 
select. 

I n o u r s tudy area, w o o d l a n d c a r i b o u i n the forest 
fed o n b o t h terrestr ia l and arboreal l i chens ; a l ­
t h o u g h , based o n f e e d i n g site frequency, i t appeared 
that c ra ter ing is the p r e d o m i n a n t a c t i v i t y ( C . J . 
J o h n s o n , u n p u b l . ) . C o m p a r a b l e findings were 
reported for our s t u d y a n i m a l s b y W o o d (1996) a n d 
for other 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 ( C i c h o w s k i , 
1993) . Se lec t ion o f arboreal l i c h e n m a y increase f o l ­
l o w i n g some t h r e s h o l d i n access ib i l i ty or a v a i l a b i l i ­
ty o f terrestr ia l l i c h e n ( B e r g e r u d , 1974 ; S u l k a v a & 
H e l l e , 1 9 7 5 ; H e l l e & Saastamoinen, 1979 ; H e l l e , 
1984 ; V a n d a l & Barre t te , 1985) . 

O u r s tudy a n i m a l s selected trees, p r i n c i p a l l y P. 
contorta, that s u p p o r t e d the greatest biomass o f 
arboreal l i c h e n . A c r o s s the transects we s a m p l e d , 
w h i c h occurred m a i n l y i n P. contorta or m i x e d P. 
contorta - P. glauca x P. engelmannii stands, the p r e ­
d o m i n a n t e p i p h y t e was Bryoria spp. w i t h o n l y trace 
a m o u n t s of Alectoria sarmentosa. Bryoria spp. has 
been reported as a h i g h l y pala table food type 
( D a n e l l et al, 1994) and studies o f the m o u n t a i n 
c a r i b o u ecotype have revealed preference for th is 
l i c h e n g r o u p over other a l e c t o r i o i d species 
( R o m i n g e r & R o b b i n s , 1996) . T h e lack of a s t r o n g 
l inear r e l a t i o n s h i p between a m o u n t of l i c h e n w i t h i n 
the 1-2 m s t r a t u m a n d tree d i a m e t e r suggests that 
l i c h e n g r o w t h and the select ion of arboreal f eeding 
sites is related to factors orher t h a n tree size. 

Influence of Snow Conditions and Canopy Closure on Site 
Selection 
A l t h o u g h c a r i b o u are w e l l adapted to deep s n o w 
e n v i r o n m e n t s (Telfer & K e l s a l l , 1984) , snow can 
h i n d e r b o t h the access ib i l i ty a n d detec t ion of for ­
age. Previous studies i d e n t i f i e d the t h r e s h o l d d e p t h 
for c ra ter ing b y c a r i b o u and reindeer to range f r o m 
5 0 - 8 0 c m (Formozov , 1946 ; P r u i t t , 1959 ; S t a r d o m , 
1 9 7 5 ; L a P e m e r e & L e n t , 1 9 7 7 ; H e l l e & 
Saastamoinen, 1 9 7 9 ; D a r b y & P r u i t t , 1984) , 
a l t h o u g h craters as deep as 123 c m have been 
reported ( B r o w n & Theberge , 1990) . T h e a b i l i t y to 
crater is also in f luenced by other s n o w c o n d i t i o n s 
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i n c l u d i n g hardness a n d ice layers (Formozov , 1 9 4 6 ; 

S k o g l a n d , 1978 ; H e l l e & Tar va inen , 1984 ; 

A d a m c z e w s k i et ah, 1 9 8 8 ; B r o w n & T h e b e r g e , 

1990) . B e r g e r u d & N o l a n (1970) c o n c l u d e d that 

N e w f o u n d l a n d c a r i b o u c o u l d not s m e l l terrestr ia l 

l i chens u n d e r snow exceeding 25 c m i n d e p t h , b u t 

H e l l e (1984) reported that reindeer i n F i n l a n d 

detected l i chens t h r o u g h a s n o w thickness o f 91 c m . 

O v e r our two-year s tud y p e r i o d , the m a x i m u m 

crater depths we observed were 97 and 50 c m for 

forested a n d a lp ine sites, respectively. 

C a n o p y closure increases snow i n t e r c e p t i o n and 

c o r r e s p o n d i n g l y reduces s n o w d e p t h and the effort 

necessary to expose l ichens (Schaefer, 1996) . Across 

the range o f the W o l v e r i n e h e r d , canopy c losure d i d 

not affect the select ion of c ra ter ing sites. I n c o n ­

trast, C i c h o w s k i (1993) and Lance & M i l l s (1996) 

f o u n d that c ra ter ing occurred most often i n forested 

areas w i t h more open canopies . In b o t h cases, h o w ­

ever, there was an i n t e r a c t i o n w i t h the presence of 

terrestr ial l i c h e n s u g g e s t i n g that open canopy 

stands were m o r e p r o d u c t i v e . O u r analysis used a 

m o o s e h o r n coverscope as opposed to a v i s u a l es t i ­

mate of canopy closure ( C i c h o w s k i , 1 9 9 3 ; Lance & 

M i l l s , 1996) . T h e latter est imates closure o f a m u c h 

larger p o r t i o n o f the canopy (i.e., scale of the stand) 

t h a n the coverscope (i.e., scale of the f e e d i n g site). 

T h i s l i k e l y accounts for rhe differences between our 

results a n d other studies. 

I f a c a r i b o u a t t e m p t e d to forage o p t i m a l l y b y 

e x p e n d i n g as l i t t l e energy as possible w h e n crater­

i n g , t h e n select ion of sites w i t h shal lower , softer, 

and less dense snow w o u l d be expected as l o n g as 

the a d d i t i o n a l search t i m e d i d not exceed the cost of 

f i n d i n g m o r e accessible l i chens (Fancy & W h i t e , 

1985) . I n agreement w i t h th is premise , LaPerr ie re 

& L e n t (1977) f o u n d snow depths and hardness to 

be less i n feeding areas relative to adjacent 

uncratered areas. A t the i n d i v i d u a l f e e d i n g sites we 

surveyed, c a r i b o u appeared to p a r t i a l l y meet these 

cr i ter ia b y se lect ing locat ions to crater where snow 

depths were shal lower t h a n r a n d o m sites. T h e great­

est effect, as i n d i c a t e d by the odds rat io a n d u n i v a r i ­

ate l o g i s t i c p lo ts ( F i g . 4 , 7), was i n the a l p i n e where 

because of uneven t o p o g r a p h y and d r i f t i n g snow, we 

observed snow depths to be m u c h m o r e var iable . 

N e i t h e r snow hardness nor dens i ty appeared to 

inf luence crater site se lect ion. In other s tudies , F r i d 

(1998) f o u n d no effect of snow d e p t h or p e n e t r a b i l i ­

ty o n crater site select ion, b u t a t t r i b u t e d th i s to the 

re la t ive ly l o w snow depths of his s t u d y area 

(mean=31.5 c m , s tandard d e v i a t i o n = 5.8). 

C i c h o w s k i ( 1 9 9 3 ) f o u n d that crater sites h a d greater 

s n o w depths , b u t r e d u c e d p e n e t r a b i l i t y w h e n c o m ­

p a r e d to r a n d o m sites. D u q u e t t e (1988) s t u d y i n g 

the P o r c u p i n e h e r d , reported that snow depths were 

deeper a l o n g m i g r a t i o n tra i ls than w i t h i n adjacent 

f e e d i n g areas, a n d s n o w hardness d i d not di f fer 

be tween the t w o areas. 

Management Implications 

O u r research suggests that p a r t i c u l a r scale-specific 

hab i ta t characterist ics m a y be i m p o r t a n t to manage 

for, or consider d u r i n g an assessment o f the w i n t e r 

range of the n o r t h e r n w o o d l a n d c a r i b o u o f B r i t i s h 

C o l u m b i a . Forested areas s h o u l d be m a n a g e d to 

c o n t a i n terrestr ia l l i c h e n mats w i t h a h i g h percent 

cover of C. mitis, Cladonia spp. , and a h i g h biomass 

of arboreal l i c h e n (Bryoria spp.) . Cladina mitts, C. 

rangiferina, C. cucullata, C. nivalis, S. alpinum, a n d 

Thamnolia spp. are i m p o r t a n t species that s h o u l d be 

cons idered w h e n assessing and m a n a g i n g a lp ine 

areas. Because snow m a y l i m i t access to forage, and 

restr ict use to specif ic areas of the range, snow 

depths s h o u l d be cons idered i n c o n j u n c t i o n w i t h 

the a v a i l a b i l i t y o f l ichens w h e n assessing the su i t ­

a b i l i t y and a v a i l a b i l i t y of c a r i b o u w i n t e r range. 

O u r results descr ibe select ion o f f o r a g i n g sites b y 

c a r i b o u at one e x p l i c i t l y def ined scale, the i n d i v i d ­

u a l f e e d i n g site. H o w e v e r , the r e l a t i o n s h i p between 

an o r g a n i s m and its e n v i r o n m e n t is o f ten c o m p l i c a t ­

ed by m u l t i s c a l e inf luences . Factors f r o m b o t h finer 

a n d broader scales m a y act i n u n i s o n to e l i c i t 

responses that m a y not be detected b y measure­

ments des igned to record responses at one p a r t i c u l a r 

scale. To a c c o m m o d a t e the r e c o r d i n g a n d u n d e r ­

s t a n d i n g of these interact ions , a m u l t i s c a l e hierar­

c h i c a l approach s h o u l d be p u r s u e d (Senft et ah, 

1 9 8 7 ; K o t l i a r & W i e n s , 1990 ; W i e n s et ah, 1993) . 

T h i s s tudy was des igned to measure just one of 

m a n y scales that m a y be televant to h o w c a r i b o u 

perceive and respond to the i r e n v i r o n m e n t 

( Johnson, 1980) . T h e results and conc lus ions m u s t , 

therefore, be v i e w e d w i t h i n the context of other 

scale-sensit ive influences on m o v e m e n t and d i s t r i b ­

u t i o n across the landscape (e.g., large scale d i s t r i b u ­

t i o n of snow, habi ta t p a t c h c o n f i g u r a t i o n , p r e d a t i o n 

r i sk) w h i c h are necessary considerat ions w h e n m a n ­

a g i n g the w i n t e r range of w o o d l a n d c a r i b o u 

( C u m m i n g , 1992) . W e are c u r r e n t l y i n v e s t i g a t i n g 

the affects of those influences on the f o r a g i n g behav­

iour , 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 w o o d l a n d 

c a r i b o u at stand and landscape scales. 
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