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Abstract: W e examined sites used by 73 caribou located by radio-tracking during spring migration through a forested 
travel corridor. The physical and botanical characteristics o f these sites were described to find what features (if any) dis
tinguished them from the forest at large. Raised and open aspect, sparse tree cover, free-draining soils, and a simple flo
ra w i th abundant lichens were features c o m m o n to all the sites, but were lacking i n the denser forest around. Scores for 
these attributes were ordinated by multidimensional scaling o f similarities and differences from site to site. Separate sea
rings for (i) terrain features, (ii) tree cover attributes, and (iii) floristic content each yielded a single cluster o f points w i t h 
few outliers and no particular pattern or trend. The inference is that the sites conformed to a single type w i th l imited 
variation. A profile o f the distinguishing characteristics was compiled and then applied to transects through the general 
migration area by persons unfamiliar w i t h it beforehand. Sites w h i c h matched the profile proved easy to identify, even 
though they comprised only a small proport ion o f the area. Sites w i th high scores for the most distinctive attributes had 
more caribou at the time o f radio-tracking. 
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Introduction 
T h e T w e e d s m u i r - E n t i a k o w o o d l a n d c a r i b o u h e r d 
contains about 500 animals ( C i c h o w s k i & B a n n e r , 
1993). U n t i l recent ly , these w e r e some o f the least 
s tud ied c a r i b o u i n B r i t i s h C o l u m b i a . I n the m i d -
1980s, u s ing r ad io - t r ack ing , M a r s h a l l (1986) def ined 
the range o f the h e r d and its seasonal pat tern o f use. 
T h e animals s u m m e r i n n o r t h e r n T w e e d s m u i r Pa rk , 
a n d w i n t e r i n the E n t i a k o drainage south-east o f 
T e t a c h u c k L a k e (F ig . 1). T h e Che la s l i e R i v e r d ra i 
nage serves as a c o n n e c t i n g travel route , and i n cer
ta in years part o f the h e r d m a y w i n t e r w i t h i n that 
route , rather than c o n t i n u i n g o n to the E n t i a k o 
(Steventon , 1994). 

C i c h o w s k i (1989) descr ibed habitat preferences 
o n the E n t i a k o range, bu t site se lect ion d u r i n g 
m i g r a t i o n was no t w e l l unders tood . A s l o g g i n g and 
o ther l and uses beg in to encroach o n the range o f 
this herd , the need to k n o w m o r e about habitat usa
ge was b e c o m i n g urgent. 

W e e x a m i n e d a sample o f sites used b y the h e r d 
d u r i n g spr ing m i g r a t i o n i n 1993, and c o m p a r e d 
the i r phys ica l and bo t an i ca l characteristics. T h e a i m 
was to find w h a t features, i f any, w e r e shared 
amongst these sites, a n d d i s t inguished t h e m f r o m 
o ther parts o f the t ravel c o r r i d o r . T h e s tudy was 

d o n e as part o f a forest m a n a g e m e n t p l a n for the 
area. 

Study area 
T h e Chelas l ie co r r i do r (61 000 ha) is a gent ly s lop ing 
plateau w i t h undu l a t i ng terrain, f r o m 850 m e levat i 
o n at T e t a c h u c k L a k e to 1430 m at the T w e e d s m u i r 
P a r k boundary . It lies w i t h i n the driest part (subzone 
dk) o f the Sub-borea l Spruce (SBS) b i o g e o c l i m a t i c 
zone o f B r i t i s h C o l u m b i a . T r e e l i n e (westward w i t 
h i n T w e e d s m u i r Park) is about 1600 m . T h e forest 
cove r is mos t ly lodgepo le p ine (Pinus contortd) and 
h y b r i d w h i t e spruce (Piceaglauca x engelmannii). S m a l l 
raised per iglacia l features (drumlins , eskers, and f l u v i 
al terraces) are scattered t h roughou t the area. These 
alternate w i t h numerous meande r ing sedge meadows 
and w i l l o w swamps, f r inged w i t h b lack spruce (Picea 
mariand). T h e forest co v e r has a l o n g his tory o f w i l d 
fires, resul t ing i n a p a t c h w o r k o f even-aged stands at 
various stages o f matur i ty . 

Methods 
Sample sites 
In A p r i l and M a y 1993, 42 radio-col lared c o w car ibou 
were tracked f rom the air, approximately twice week ly 
b y the B C Forest Service and B C Parks. M o s t o f the 
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Fig . 1. Project area adjoining the northeast portion o f 
Tweedsmuir Park, west-central Brit ish 
Columbia , showing the general spring migration 
route o f the caribou (arrowed band). R e d r a w n 
from Marshall (1986). Circles show the approxi
mate location o f 16 habitat sampling sites; zig-zag 
lines represent 10 habitat survey transects. 

h e r d t ravel led i n smal l groups , usual ly less than 10 
animals pe r g roup bu t somet imes u p to 20 . R a d i o 
loca t ions w e r e r e c o r d e d ei ther as G l o b a l P o s i t i o n i n g 
S y s t e m readings, or U n i v e r s a l Transverse M e r c a t o r 
coordinates . A l l w e r e cons idered accurate to w i t h i n 
200 m , and m a n y w e r e c o n f i r m e d b y direct s ight ing. 

F r o m the ful l set o f 153 radio- loca t ions 
(Steventon, 1994), w e chose a sample o f 16 to visi t 
o n the g r o u n d . These were chosen w i t h o u t regard to 
loca t ion-da te , iden t i ty o f the ca r ibou conce rned , o r 
any site attribute except that a l l 16 were f r o m places 
cons idered to he w i t h i n the m a i n path o f m i g r a t i o n 
t h r o u g h the co r r i do r ( M i n i s t r y o f Forests, 1992). 

S o m e o f the 16 sites h a d m o r e than 1 r a d i o - c o l 
la red c a r i b o u at the t ime the site was r ad io - loca t ed . 
O t h e r sites w e r e o c c u p i e d m o r e than o n c e b y diffe
rent co l l a red ind iv idua l s at different dates. T o g e t h e r 

they represented the loca t ions o f 23 co l l a red c a r i 
b o u . A further 50 u n c o l l a r e d ones w e r e s ighted 
a l o n g w i t h these, b r i n g i n g the total u p to 7 3 . 
O the r s w h i c h w e r e screened b y trees m a y w e l l have 
b e e n missed, h o w e v e r , and so this total was a m i n i 
m u m . 

W h e n m i g r a t i o n ended , the 16 sites w e r e p l o t 
ted o n t o forest c o v e r maps a n d loca t ed o n the 
g r o u n d b y compass. E a c h was descr ibed b y terrain, 
so i l , a n d f loris t ic cr i ter ia , w i t h special a t ten t ion 
g i v e n to the terrestrial l i c h e n f lora . P h y s i c a l and flo
ristic descriptors (Tables 1 and 3) w e r e f r o m the list 
b y L u t t m e r d i n g et al. (1990) for assigning sites to 
ecosys tem type w i t h i n the b i o g e o c l i m a t i c classifica
t i o n o f B r i t i s h C o l u m b i a . T h e f lora for each site was 
c o m p i l e d b y w a l k i n g the l eng th and b read th o f the 
site, r e c o r d i n g the species present a n d es t imat ing 
the i r percentage g r o u n d - c o v e r . Species represented 
b y jus t a f e w scattered plants w e r e g i v e n a c o v e r 
score o f 1. A f ew species w i t h scant c o v e r m a y have 
b e e n o v e r l o o k e d , and a f e w plants l a c k i n g f lowers 
c o u l d no t be iden t i f i ed w i t h certainty. T h e list i n 
T a b l e 3 is thus conservat ive . H o w e v e r , c o m m o n 
species t ended to be c o m m o n at mos t sites, a n d spe
cies w i t h sparse c o v e r w e r e consis tent ly sparse at 
each site w h e r e they w e r e f o u n d . 

T r e e descriptors (Table 2) w e r e as used b y the 
B C Forest Serv ice ( M i n i s t r y o f Forests, 1994). M e a n 
he ight , c r o w n closure, and l i v e c r o w n percentage 
w e r e est imated v isual ly for the stand as a w h o l e . 
D iame te r s w e r e tape-measured at 1 o r 2 large trees 
and 1 o r 2 small trees a c c o r d i n g to the range o f sizes 
i n the stand. S t e m densi ty and merchantable v o l u m e 
(a f u n c t i o n o f tree numbers and size) w e r e est imated 
b y standard t i m b e r c ru i s ing methods ( M i n i s t r y o f 
Forests, 1994). Ages w e r e taken b y i n c r e m e n t bore 
and ring c o u n t for 1-3 trees i n the stand. A s mos t 
stands w e r e o f f i r e - o r i g i n , most o f the trees w i t h i n 
t h e m were o f the same age-class (defined i n the 
N o t e s b e l o w T a b l e 2). O n e sample tree was usual ly 
e n o u g h to de te rmine age-class. 

Signs o f c a r i b o u use o f the sites (tracks, trails, 
d ropp ings etc.) w e r e n o t e d as they o c c u r r e d , as was 
the general con tex t o f the site i t se l f (ad jo in ing forest 
types; o ther habitats nearby) . ' B e a r d l i c h e n 1 loadings 
(Bryoria a n d Alectoria spp.) o n trees at the site w e r e 
scored o n a scale o f 0-5 b y the m e t h o d o f A r m l e d e r 
et al. (1992). 

Data analysis (sample sites) 
T h e data i n Tables 1-3 (for a l l tables, see A p p e n d i x ) 
w e r e c o n v e r t e d to s tandardized scores express ing 
the s imi la r i ty o r difference i n each attr ibute, site b y 
site. Scores w e r e c o m p i l e d separately for the three 
types o f at tr ibute (soil and terrain, tree cover , a n d 
flora). F o r so i l and terrain: a pa i r o f sites w i t h the 
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same at tr ibute scored 1, o r ze ro i f the t w o sites d i f 
fered. S u m m i n g these scores o v e r all attributes gave 
the net difference i n so i l and terrain for that si te-
pair . T r e e attributes w e r e scored the same w a y as 
for so i l a n d terra in . F o r the rest o f the f lora, the spe
cies list for all 16 sites c o m b i n e d was c o m p a r e d to 
the lists for each site-pair . A species w h i c h was p r e 
sent at b o t h sites scored 1. L i k e w i s e a species absent 
f r o m b o t h sites. A species w h i c h was present at one 
bu t absent at the o ther scored zero . These scores 
w e r e t h e n s u m m e d to express the net difference i n 
flora, i n the same w a y as for s o i l / t e r r a i n and trees. 
F o r each o f Tables 1-3, these steps generated a 
m a t r i x o f net differences for a l l possible si te-pair ings 
(120 pairs). 

T h e three sets o f differences w e r e o rd ina ted b y 
m o n o t o n i c m u l t i d i m e n s i o n a l sca l ing ( M D S ) for 
ind ica t ions o f c lus te r ing o r segregat ion i n t o si te-
groups , o r ev idence o f a l inea r o r o ther gradat ional 
t r end . S c a l i n g was d o n e first i n t w o d imens ions and 
t h e n i n three (where each d i m e n s i o n represents a 
different c o m b i n a t i o n o f variables i n the dataset -
here, the m a t r i x o f net-di f ference scores a m o n g the 
16 sites). D i m e n s i o n s b e y o n d 3 o r 4 s e l d o m accoun t 
for m u c h o f the v a r i a t i o n i n a dataset ( W i l k i n s o n , 
1990) . I n the present case, a d d i n g the t h i r d d i m e n s i 
o n e x p l a i n e d o n l y 5% m o r e o f the va r i a t i on i n s co 
res. The re fo re , o n l y the first t w o d imens ions are 
p l o t t e d i n Figs 2 -4 . 

Transect strips 
At t r ibu te s w h i c h best def ined the 16 sample sites 
w e r e t h e n c h e c k e d for cons is tency and o c c u r r e n c e 
i n the area at large. T e n transects (F ig . 1) to ta l l ing 
65 .4 k m w e r e r u n t h r o u g h places h a v i n g a m i x t u r e 
o f merchan tab le a n d n o n - m e r c h a n t a b l e t i m b e r 
types, so that va lue as t i m b e r and va lue to c a r i b o u 
c o u l d be c o m p a r e d . W h e n a site was f o u n d w h i c h 
fit the prof i le o f the sample sites, its size, tree dens i 
ty, c r o w n closure , and l i c h e n c ove r and moss c o v e r 
w e r e scored i n classes o f 1 to 4, c o r r e s p o n d i n g to 
quartiles o f the range o f values s h o w n b y the 16 
sample sites. O n e o f us ( B M ) su rveyed 2 o f the 
transects a n d supervised the o ther 8, w h i c h w e r e 
d o n e b y three peop le w i t h n o p rev ious k n o w l e d g e 
o f the sample sites o r the rest o f the area. T h i s a l l o 
w e d us to test the cr i ter ia i n T a b l e 4 for the i r ab i l i ty 
to ind ica te habitat sites w i t h o u t n e e d i n g p r i o r e x p e 
r ience o r data o n c a r i b o u themselves. T h e surveys 
also a l l o w e d us to r o u g h l y estimate the extent and 
d i s t r i bu t i on o f such sites t h r o u g h o u t the m i g r a t i o n 
c o r r i d o r . 

Number of caribou at the 16 sample sites 
T h e n u m b e r o f c a r i b o u seen per site d u r i n g the 
r a d i o - t r a c k i n g p e r i o d ranged f r o m 1 (5 sites) to 20 

(one site). N u m b e r s pe r site w e r e c o m p a r e d w i t h 
site attributes s ingly a n d i n c o m b i n a t i o n , u n d e r the 
assumpt ion that number s at a site w e r e a measure o f 
c a r i b o u use o f that site, and that l e v e l o f use was a 
re f lec t ion o f site sui tabi l i ty - specif ical ly, the state o f 
the forest c o v e r and l i c h e n supply . T h e analysis was 
therefore c o n f i n e d to six variables: (1) l i c h e n a b u n 
dance (all spp.), (2) percentage Cladina spp., (3) 
s tem density, (4) tree size (merchantable v o l u m e ) , 
(5) c r o w n c losure , and (6) percentage slash. T h e s e 
w e r e c o m p a r e d b y s t e p - d o w n m u l t i p l e regression. 
T h e r e was n o a priori reason to reduce these v a r i a 
bles i n any par t icular sequence, a n d so they w e r e 
de le ted b y size o f effect i n s imple regression, largest 
first. A s w e l l as to f i n d w h e t h e r c a r i b o u number s 
d i d va ry w i t h these attributes, the a i m was see 
w h i c h o f t h e m h a d mos t po ten t i a l for r a n k i n g sites 
i n va lue to c a r i b o u . 

Results 
Sample sites 
E a c h o f the 16 sample sites differed d i s t inc t ly f r o m 
its surrounds . T h i s was apparent as s o o n as the site 
was loca t ed o n the g r o u n d . T h e i r s imi la r i ty to each 
o ther was o b v i o u s as w e l l . R a i s e d a n d o p e n aspect, 
coarse f r ee -d ra in ing soils, sparse tree cover , l i t t le o r 
n o large w o o d y debris , and a s imple g r o u n d flora 
w i t h abundant l ichens w e r e characteristics shared b y 
al l . M o s t o f the sites w e r e smal l a n d n a r r o w (less 
than 100 m i n w i d t h ) , bu t some ex tended for m o r e 
than 1 k m atop eskers a n d g lac io f luv ia l terraces nex t 
to sedge m e a d o w s and w i l l o w swamps. Tables 1-3 
s h o w the attributes o f each site. T o g e t h e r , these 
attributes contrasted sharply w i t h the denser forest 
a r o u n d . Indeed: jus t the c o m b i n e d presence o f j u n i 
per , Arctostaphylos uva-ursi, Shepherdia canadensis, a n d 
a Cladina-dominant l i c h e n f lora benea th a sparse 
c o v e r o f l o d g e p o l e p ine , is sufficient to d i s t inguish 
these sites f r o m al l o ther types w i t h i n the SBSdk 
b i o g e o c l i m a t i c subzone ( D e L o n g et ai, 1993) . 

T h e results o f m u l t i d i m e n s i o n a l sca l ing c o n f i r 
m e d the s imi la r i ty o f the sites. Separate searings for 
(i) terra in features, (ii) tree cove r attributes, a n d (iii) 
g r o u n d flora each y i e l d e d a single cluster o f po in t s 
w i t h f e w outl iers and n o l inear o r o ther systematic 
t r end (Figs. 2 -4) . T h e inference is that the 16 sites 
c o n f o r m e d to a single type w i t h l i m i t e d va r i a t ion . A 
c o m p o s i t e prof i le o f the sites is s h o w n i n T a b l e 4. 

Numbers of caribou at the sites 
T o t a l l i c h e n c o v e r , percentage Cladina, tree d e n s i 
ty, c a n o p y c losure , m e r c h a n t a b l e v o l u m e , a n d 
debris c o v e r , toge ther e x p l a i n e d nea r ly 6 0 % o f the 
dif ference i n c a r i b o u n u m b e r s from site to site 
(Tab le 5). F i g . 5 compares n u m b e r s seen a n d n u m 
bers p r e d i c t e d f r o m these attributes c o m b i n e d as an 
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Dimension 1 Dimension 1 

Fig. 2 . Mult idimensional scaling ( M D S ) o f soil and ter
rain attributes at the 1 6 sample sites. Dimensions 
1 and 2 represent combinations o f attribute scores 
w h i c h account for the largest and the next largest 
amount o f variation among the sites. 

F ig . 3 . Mult idimensional scaling ( M D S ) o f tree attributes 
at the 1 6 sample sites. See note below Fig . 2 . 

-1 -OS 

Fig. 4 . Multidimensional scaling (MDS) o f floristic attri
butes at the 1 6 sample sites. See note below Fig. 2 . 

i n d e x o f the 'habitat va lue ' o f the site. W i t h o n l y 9 
degrees o f f r e e d o m avai lable , the i n d e x was n o t 
statist ically s igni f icant . I n d i v i d u a l l y , h o w e v e r , 
c r o w n c losure a n d m e r c h a n t a b l e v o l u m e h a d a 
qu i t e substantial effect: w h e n these t w o factors 
w e r e d r o p p e d f r o m the i n d e x , R 2 f e l l b y m o r e t han 
half. S t e m dens i ty a n d l i c h e n c o v e r appeared to 
have o n l y a s m a l l effect, a n d slash c o v e r n o n e at a l l , 
e v e n t h o u g h c a r i b o u t e n d to a v o i d dense t i m b e r 
c l o g g e d w i t h slash, a n d l i chens are the i r d ie tary 
mains tay . H o w e v e r , a l l b u t o n e o f the 16 sites h a d 
s t e m densit ies less than 2 0 0 0 pe r ha , a n d n o n e o f 
the sites h a d m u c h slash (Tab le 1). L i c h e n c o v e r 
varies w i t h c r o w n c losure a n d s t e m dens i ty (next 
S e c t i o n ) . 

Transect strips 
T h e 10 transects th rough the w i d e r study area i d e n t i 
fied 64 sites w h i c h fit the general profi le i n Tab l e 4. 
E v e r y transect had at least 2 such sites; the most was 

Index 

Fig . 5. Index o f site attributes / versus number o f caribou 
seen at the sites. 
1 = 1 1 + . 1 1 T L - . 0 6 C / % + 4 E X P 3 S D -.04MV-

A9CC% +AIS%, 
by multiple linear regression. TL = total l ichen 
cover, CL% = percent Cladina spp., SD = stem 
density (ha"1), MV= merchantable timber volume 
(m 3), CC/o = percent crown closure, and S% = 
percent cover o f large woody debris (as in Tables 
2 and 3 ) . 

11 (Table 6). A l l bu t one o f the 64 sites we re i n forest 
cover c o m p o s e d o f mature s emi -open lodgepole 
p ine , most ly less than 2000 trees per ha - the density 
used by the B C Forest Service to define a stand o f 
t imber w h i c h was 'passable' for travel b y this car ibou 
he rd (Min i s t ry o f Forests, 1992). A l l but three sites 
had densities less than 1500 trees per ha, and n ine ty 
percent had a canopy closure o f 2 5 % o r less. 

L i c h e n g r o u n d coverage ranged f r o m 5% to 50%, 
w i t h most sites h a v i n g 5-25%. M o s s cover (mostly 
Plemvzium schreberi) var ied inversely w i t h this 
(Kenda l l X = -0 .57) . T h e sparser the t imber and the 
m o r e o p e n its canopy overhead, the h igher was the 
ground-coverage by l ichens underneath (Kenda l l X = 
-0 .36 and -0 .35 respectively) and the l o w e r was the 
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cover b y moss (all X values significant at p <0.001). 
L ichen :moss ratios s h o w e d n o relat ionship to site size, 
and so the sites were mere ly s u m m e d rather than 
w e i g h t e d b y size w h e n calculat ing the extent o f 
' l i chen habitat' o n the transect strips. 

T h e s u m o f the w i d t h s o f the 64 sites w h e r e 
they in t e rcep ted the transects was 4 7 0 0 m . T h i s was 
7 .2% o f the total transect l eng th . M o s t o f the sites 
w e r e r o u g h l y 2.5 t imes l o n g e r than w i d e ; hence the 
s u m o f the lengths was at least 11 600 m (17.7%, 
i g n o r i n g v e r y e longa ted sites w h o s e total l e n g t h was 
u n k n o w n (pursu ing these sites to thei r fu l l l eng th 
w o u l d have r e q u i r e d l o n g devia t ions f r o m the 
transect route)) . B y s imple d i v i s i o n , the m e a n o f 
these t w o percentages was 12 .5 . 

Associations with other habitat types 
E l e v e n o f the 16 radio-sample sites we re w i t h i n 200 
m o f treeless lakeshores, meadows , o r swamps. M o s t 
o f these openings w e r e crossed b y game-trails w i t h 
c a r i bou tracks o r droppings . S o m e trails l e d f r o m one 
d ry l i c h e n site, t h r o u g h a nearby m e a d o w , to anot
her l i c h e n site nearby. A l o n g the 10 transect strips, 
sites w i t h l ichens tended to o c c u r i n scattered groups 
interspersed w i t h l o w - d e n s i t y t i m b e r and meadows 
o r swamps. T h e pattern as a w h o l e appeared to c o n 
sist o f series o r clusters o f feeding sites l i n k e d b y trails 
t h r o u g h s e m i - o p e n t imbe r and treeless g r o u n d . 

Discussion 
T h e 16 sample sites r e sembled each o the r a n d di f fe
red d i s t inc t ly from the i r surrounds . W h e n b e i n g 
approached t h r o u g h the s u r r o u n d i n g t imber , mos t 
o f the sites w e r e readi ly v i s ib le some distance ahead 
as openings i n the forest w i t h l i t t le o r n o unders to -
rey a n d a carpet o f l ichens o n the g r o u n d . 

A s s u m i n g that thei r extent o n the transects 
reflected p r o p o r t i o n b y area, sites o f this type c o m 
pr i sed at least 12 .5% o f the m i g r a t i o n c o r r i d o r -
p r o b a b l y m o r e , since the u n k n o w n l eng th o f ve ry 
l o n g sites was i g n o r e d . T h u s , any one o f the 23 
r a d i o - c o l l a r e d c a r i b o u h a d at least a 12 .5% chance 
o f f i n d i n g such a site at r a n d o m . H o w e v e r , the 
chances o f all 23 d o i n g so w e r e less than 1 i n 2 2 1 (ie, 
0 .125 2 3 ) . T h i s degree o f consis tency was no t l i k e l y 
acc identa l . ( F o u r sites h a d m o r e than one r a d i o - c o l 
la red c a r i b o u . I f these are treated as jus t one l o c a t i o n 
per site, the l i k e l i h o o d is s t i l l o n l y 1 i n 3 1 4 that c a r i 
b o u f o u n d all 16 sites b y chance (ie, 0 .125 1 6 ) ) . 

State o f the tree c o v e r was better than l i c h e n 
c o v e r at p r e d i c t i n g the n u m b e r o f c a r i b o u seen at a 
site. H o w e v e r , the estimates o f l i c h e n c o v e r w e r e 
rather c rude , w e r e cor re la ted w i t h the tree cover , 
and w e r e made after the c a r i b o u h a d already grazed 
the site. A l s o , the c a r i b o u seen at a site w e r e no t 
necessari ly a l l o f the c a r i b o u present at the t ime . 

T h u s , the coefficients i n F i g . 5 do no t necessarily 
express the actual re la t ionship b e t w e e n c a r i b o u 
numbers and site attributes. None the le s s , a t r end 
was apparent, and was s t rong e n o u g h to suggest that 
the degree o f site usage does va ry w i t h differences 
i n these attributes. ( T h e presence o f some c a r i b o u at 
a site m i g h t have attracted others to i t . H o w e v e r , i f 
' he rd behav io r ' ins tead o f site attributes d e t e r m i n e d 
the size o f the g r o u p , F i g . 5 s h o u l d no t have s h o w n 
a t rend) . 

T h e f loris t ic features i n T a b l e 3 resemble the 
'd ry l i c h e n ' a n d m i x e d ' l i c h e n / m o s s ' vege ta t ion 
types w h i c h C i c h o w s k i & B a n n e r (1993) descr ibed 
as i m p o r t a n t to this c a r i b o u h e r d o n the w i n t e r 
range. A m o n g the sites s tud ied b y us, l i c h e n c o v e r 
a n d moss c o v e r al ternated w i t h each o ther i n a g ra -
da t iona l w a y rather than discretely, a n d the sites as a 
w h o l e suggested a c o n t i n u u m o f differences rather 
than a set o f dis junct types (F ig . 4). L e v e l o f use b y 
c a r i b o u appears to va ry l i k e w i s e . 

A f t e r this s tudy h a d ended , S t e v e n t o n (1994) 
p l o t t e d the fu l l set o f 153 rad io - loca t ions o n t o forest 
c o v e r maps w h i c h rated each part o f the area i n t i m 
b e r - p r o d u c t i o n terms. H e f o u n d that the percentage 
o f loca t ions o n sites rated ' l o w ' o r ' poor ' exceeded 
the extent o f these sites o n the area. T h e oppos i te 
h e l d for sites rated ' m e d i u m ' o r ' good ' . T h e apparent 
preference o f the c a r i b o u for l e ss -p roduc t ive forest 
m a y l o w e r the r isk f r o m l o g g i n g w i t h i n the i r range. 
O n p o o r d ry sites w i t h a p p r o x i m a t e l y 2 0 0 0 stems 
per ha o r less, the t i m b e r becomes sparse e n o u g h for 
l ichens to o c c u r , bu t is usual ly t o o l o w i n v o l u m e 
for l o g g i n g to be w o r t h w h i l e . 
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Appendix: T a b l e s 1-6 

Table 1. Terrain and soil attributes o f the sample sites. 

Attribute Site 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

landform' F G M M F G M M R M F G M F G M M M F G F G M M M F G 
edatope b B 2 B 3 B 2 B 2 B 2 B 3 B 3 B l B l B 2 B 2 B l B 3 B 2 B 2 B 2 

slopeclassc G G G G G G M S G M G 5 G M G G 
aspect S S S S S S N S S S N S S N S S 

slope position 1 1 M M M U c c c c c C C C M C c c 
soil group' B P B B P B B P B B B B P B B B 

soil type 1 G G G G G C G G G G G G C G G G G 
soil texture 8 LS S C L S C L S SL SL SL SL L S L S SL SL Si S L SL 5 

coarse fragment M M H L M M H H H H H M L M M L 
content1 1 

duff type' X H X X X X H X X X X X H X X X 
duff depth (cm)1 3.5 5 2 2 4 3.5 3 3 3 4 2 2 3 3 

% woody 0 1 1 3 2 5 5 1 3 6 1 0 4 1 1 2 
debris cover1 1 

woody debris 0 10 20 20 10 20 30 10 20 30 10 0 40 30 10 20 
depth (cm)1 

Notes: (categories from Luttmerding et ah, 1990). 
* F fluvial; G glacial; M morainal; R ridge. 
b B nutrient-poor (A very poor; E very rich); Moisture 

regime: 1 xeric; 3 submesic (6 hygric). 
' G gentle; M moderate; S steep. 
d M midslope; U upper slope; C crest. 
e B brunisol; P podzol . 
' G gravel; C cobble. 

Table 2. Tree attributes at the sample sites. 

B L loam; S sand; C clay; Si silt. 
h H high; M moderate; L low. 
' X xeromor; H hemimor. 

J Depth to first mineralized horizon. 
k Logs, dead branches etc. 
1 Size (diameter) o f debris, or height elevated above 

ground surface (whichever was greater). 

Site 

Attribute* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Leading species* PI PI PI PI PI PlSx PI P lSx PI PI P lSx PI PI PI P lSx PI 

Ageclass' 5 5 3 5 8 8 8 8 8 8 6 7 4 6 3 4 
M e a n D B H ' (cm) 20 25 15 20 25 25 25 20 25 30 15 20 15 25 15 30 

Range D B H d (cm) 10 15 5 15 10 20 10 20 10 20 15 20 10 10 10 10 
M e a n Height ' (m) 15 20 10 15 20 20 20 15 15 20 20 15 15 15 15 10 

C r o w n closure 1 (%) 15 5 5 5 15 10 15 10 5 10 10 15 20 10 5 5 
Live c rown 8 (%) 40 50 60 70 30 50 50 80 60 50 80 60 40 50 80 80 

Stem density11 850 330 1000 1600 900 600 3001750 430 450 370 1500 2700 600 1800 150 
Merchantable 

volume' (m3) 150 105 110 100 225 120 90 180 140 150 60 200 170 220 115 70 

* Sample size (n) varied wi th attribute and site. Age, D B H , and height were determined from 1-3 trees w h i c h typified 
most trees i n the stand. C r o w n closure, Live c rown %, Stem density, and Merchantable volume were visual estimates 
for the entire stand. 

' The dominant/co-dominant tree species at the site. PI = 
lodgepole pine (Pinus contorta); Sx = hybrid white spruce 
(Picea glauca x engelmannii). 

' B C Forest Service age-classes: 3 = 41-60 yrs; 4 = 61-80; 
5 = 81-100; 6 = 101-120; 7 = 121-140; 8 = 141-250. 

: D B H = diameter at breast height, to the nearest 5cm. 
1 Max . minus M i n . for the sample trees, to the nearest 5cm. 

' Visual estimate for the sample trees, to the nearest 5%. 
1 Percent ground cover, to the nearest 5%. 
g Proport ion o f total stand height comprised o f live tree 

crowns, to the nearest 10% 
h N u m b e r o f live trees per hectare. 
' V o l u m e o f timber available (m 3 per ha) from sound trees 

o f commercially harvestable size and age. 
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Table 3. Plant species content (percentage cover) o f the sample sites. 

Site A l l % o f 

Species' 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 sites sites 

Arboreal lichen 
Total arboreal l ichen b 0 2 0 0 2 1 1 1 0 1 2 2 0 1 1 1 

Terrestial l ichen 
Cladina mitis 30 5 20 10 14 20 5 13 60 15 7 50 4 5 4 2 16 100 

Cladina rangiferina 1 1 1 1 1 15 1 2 1 9 100 

Cladonia cornuta 1 3 7 1 2 1 1 2 5 4 1 1 1 13 81 

Cladonia pixidata 1 1 2 13 

Cladonia bellidijlora 1 1 2 13 

Peltigera apthosa 6 3 1 2 2 5 1 10 1 3 1 10 1 3 14 88 

Stereocaulon spp. 1 1 1 1 1 1 2 1 1 1 1 1 1 1 14 88 

Tota l terrestrial l ichen 39 9 25 20 18 29 6 17 75 23 15 68 7 19 7 9 

% Cladina 80 56 80 50 78 72 83 82 81 70 47 96 71 37 57 33 

Mosses 
Pleurozium sdmheri 1 80 5 15 50 1 60 30 2 10 20 11 69 

Polytrkhmn spp. 1 1 6 

Dicranum fuscescens 1 1 2 13 

Total moss 2 80 0 0 5 15 50 0 1 60 30 3 10 20 0 1 

% Pleurozium 50 100 100 100 100 100 100 100 67 100 100 0 

Vascular plants 
Shepherdia canadensis 1 2 3 3 1 1 3 2 1 2 2 1 10 15 5 8 16 100 

Arctostaphylos uva-ursi 20 5 5 30 1 1 10 25 5 3 3 1 3 20 15 5 16 100 

Rosa acicularis 1 1 1 3 1 1 1 1 1 1 1 1 1 1 14 88 

Juniperus communis 3 3 2 1 20 5 4 3 1 1 10 63 

Spiraea betulifloria 1 2 2 2 1 1 1 1 1 9 56 

Oiyzopsis pungens 1 1 1 1 1 1 6 38 

Arnica cordifolia 2 1 1 1 1 1 6 38 

Cornus canadensis 1 1 1 1 1 1 6 38 

Lycopdium complanatum 1 1 1 1 1 5 31 

Vaccinium membranaceum 1 1 1 1 1 5 31 

Linnea borealis 1 1 1 1 1 5 31 

Empetrum nigrum 1 1 1 1 4 25 

Calamagrostis albescens 2 1 1 1 4 25 

Geocaulon lividum 1 1 1 3 19 

Vaccinium caespitosum 1 1 1 3 19 

Chimaphila umbellata 1 1 2 13 

Pyrola asarifolia 1 1 2 13 

Achillea millefolium 1 1 2 13 

Salix spp. 1 1 2 13 

Petasites palmatus 1 1 6 

Fragaria virginiana 1 1 6 

Vaccinium vitis-idaea 1 1 6 
Aster conspicuous 1 1 6 

Calamagrostis canadensis 1 1 6 

Epilobium angustifolium 1 1 6 

N o . o f vascular species 6 8 8 7 7 7 7 6 5 7 12 9 10 10 11 6 25 

Total ground flora 13 12 12 11 12 13 10 11 11 13 17 16 15 16 15 13 

' Species represented by >1 individual at a site. Species occuring as a few scattered individuals were given a score o f 1. 
b Virtually all Bryoria spp. ('horsehair lichen'), but occasionally w i th small amounts of Alectoria sarmentosa ('witch's hair 

lichen'). Scored on a geometric scale o f 0 to 5, after Armleder et al. (1992). Plant names after M a c K i n n o n et al. 
(1992). 
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Table 4. Key-feature summary o f the sample sites. 

Feature Attribute Criteria 

Landform Glacial deposition 
Terrain 

Aspect 
Slope position 

Fluve, moraine, esker, or mounded blanket till 
H u m m o c k y , undulating, ridge or bench 
Sloping or raised, giving an outlook over surrounds 
Variable, but most often SE, S, S W 
Midslope & upward 

Substrate Mineral soil 

Duf f layer 

Free-draining sandy clay loam 
Coarse fragment content (gravel or cobble) 20% or more 
Xeromor <5cm thick (occasionally hemimor) 

Tree Cove r Dominant species 
Sub-dominant species 
Age 
Crown closure 
Height 
Stem density 
Dead woody debris 

Pinus contorta 
Picea glauca x engelmannii 
Variable between (and within) sites, but usually >60 years 
<20% (usually <15%) 
Variable between (and within) sites, but seldom <15m 
<1600/ha (rarely >2000) 
Sparse to nil (usually <5% ground cover) 

Flora Terrestrial lichens 

Cladina spp. 
Arboreal l ichen 
Mosses 

>10% total ground cover (may be less i f site has been 
grazed) 

>50% of total lichen cover 
Bryoria Spp. usually present, but sparse 
Variable (0 - 90% cover); inversely related to Lichen Cove r 
Pleurozium schreberi dominant 

Vasculars Simple flora: M a x . N o . o f species = 25 
Number* at any one site is usually 12 or less 

constants: 

present at most sites: 

cover-dominants: 

Shepherdia canadensis 
Arctostaphylos uva-ursi 
Rosa acicularis 

Juniperus communis 
Spiraea betulifolia 
Arctostaphylos (up to 30%) 
Juniper (up to 20%) 
Shepherdia (up to 15%) 

Boldface type denotes the most characteristic attributes. 
* N u m b e r o f species w i th significant ground cover (1% or more). Other definitions: see Tables 1-3 and text. 

Table 5. Percentage of variance explained by the site attri
butes in Fig. 5. 

C r o w n Merch. Stem Total 
Regression closure volume Density Cladina% lichen Slash% 

simple" 31.7* IT79 376 377 l l 0~ 
multiple" 14.4 20.4 11.9 9.3 1.5 0 

" The variance explained by each attribute in simple regres
sion with caribou numbers. 

b The reduction in explained variance when the attribute was 
deleted during step-down multiple regression. 

*p<0.05. 
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Table 6. Score-frequencies o f four main site attributes on 10 survey transects. 

Strip N o . o f Tree Lichen Moss Canopy 
length sites density cover cover closure 

(m) 
Strip Score '•A 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

1 5000 11 8 3 0 0 1 10 0 0 1 9 1 0 8 3 0 0 
2 5640 2 0 1 1 0 2 0 0 0 0 0 2 0 2 0 0 0 
3 7600 7 1 0 6 0 5 1 1 0 1 1 5 0 1 5 1 0 
4 6366 3 1 2 0 0 0 2 1 0 1 2 0 0 1 2 0 0 
5 6360 5 5 0 0 0 2 3 0 0 2 3 0 0 1 4 0 0 
6 5740 4 4 0 0 0 4 0 0 0 4 0 0 0 1 2 1 0 
7 6950 11 1 8 2 0 1 8 2 0 8 2 1 0 2 9 0 0 
8 8600 5 0 2 3 0 2 3 0 0 1 1 3 0 1 3 1 0 
9 6923 9 4 5 0 0 2 5 2 0 3 3 3 0 5 4 0 0 

10 6220 7 1 5 1 0 2 4 1 0 0 2 3 2 0 5 2 0 
A l l 65399 64 

% A l l " 39 41 20 0 33 56 11 0 33 36 28 3 34 58 8 0 

Tree Lichen Moss Canopy b % A l l — percent o f the 64 sites, 
density cover cover closure 

(stems/ha) (%) (%) (%) 
"Score-classes 1 < 1 0 0 0 < 5 < 5 < 10 

2 1000-1500 5-25 5-25 10-25 
3 1500-2000 25-50 25-50 25-50 
4 >2000 >50 >50 >50 
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