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Abstract: Initial long term planning for logging on the Tweedsmuir-Entiako caribou winter range began i n the early 
1980's. Because little information was available on w h i c h to base winter range management, the Bri t ish C o l u m b i a Fish 
and Wild l i fe Branch began studies on radio-collared caribou i n 1983, and an intensive study on caribou winter habitat 
requirements was conducted from 1985 to 1988. Terrestrial lichens were identified as the primary winter food source 
for the caribou, and i n 1987, caribou winter range ecosystem maps, w h i c h emphasized abundance o f terrestrial lichens, 
were produced. The ecosystem maps and information from the caribou study, including potential direct and indirect 
effects o f timber harvesting on the caribou population, were used to develop a management strategy for the winter 
range. T h e management strategy comprised two levels o f management: a landscape level (Caribou Management 
Zones); and a site-specific level (caribou habitat/timber values). T imber information associated w i t h B C Minis t ry o f 
Forests forest cover maps was integrated using a Geographic Information System. Six winter range management opt i 
ons were proposed ranging from harvesting l o w value caribou habitats only throughout the winter range to total pro
tection o f the entire winter range. Impacts o f those options o n both the caribou population and on the timber supply 
were evaluated. The options were reviewed through a public planning process, the Entiako Local Resource Use Plan, 
and recommendations from that process were forwarded to the Bri t ish Co lumbia Protected Areas Strategy. 
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Introduction 
W e s t - c e n t r a l B r i t i s h C o l u m b i a has b e e n iden t i f i ed 
as a h i g h p r i o r i t y m a n a g e m e n t area for w o o d l a n d 
c a r i b o u (Rangifer tarandus) i n B r i t i s h C o l u m b i a 
(Stevenson & H a t l e r , 1985) . T w o popu la t ions o f 
c a r i b o u l i v e i n wes t -cen t ra l B r i t i s h C o l u m b i a . T h e 
I t c h a - I l g a c h u z - R a i n b o w he rd , w h i c h consists o f 
about 1500 ca r ibou , summers i n the I tcha, I lgachuz 
a n d R a i n b o w M o u n t a i n s , a n d win te r s p r i m a r i l y i n 
l o w e leva t ion forested habitat to the west o f the 
I tcha M o u n t a i n s , a n d to a lesser extent , i n the n o r 
the rn I lgachuz and R a i n b o w M o u n t a i n s (F ig . . 1). 
T h e T w e e d s m u i r - E n t i a k o he rd , w h i c h consists o f 
about 4 0 0 c a r i b o u , summers i n n o r t h e r n 
T w e e d s m u i r P a r k a n d win te r s i n l o w e leva t ion 
forested habitat i n the E n t i a k o L a k e area to the east 
o f the park . T h e ranges o f the t w o popu la t ions 
o c c u p y o v e r 1 500 000 ha o f p r o v i n c i a l forest and 
p r o v i n c i a l park l a n d and are m a n a g e d t h r o u g h c o o 
p e r a t i o n b e t w e e n B C E n v i r o n m e n t , B C Parks , a n d 
B C Forest Se rv ice , w i t h i n v o l v e m e n t f r o m p u b l i c 
and interest groups. 

Because c a r i b o u i n b o t h areas w i n t e r p r i m a r i l y 
i n l o w e r e l eva t ion forested areas outs ide o f 
T w e e d s m u i r Pa rk , po ten t i a l conf l ic ts w i t h l o g g i n g 
w e r e ant ic ipa ted . Increasing c o n c e r n o v e r cur ren t 

p o p u l a t i o n status, habitat dis turbance b y l o g g i n g 
and increased accessibi l i ty p r o m p t e d the i n i t i a t i o n 
o f studies o n r a d i o - c o l l a r e d c a r i b o u b y the B r i t i s h 
C o l u m b i a W i l d l i f e B r a n c h . C a r i b o u i n b o t h the 
T w e e d s m u i r - E n t i a k o area a n d the I t cha - I lgachuz -

Fig. 1. Locat ion o f the study area i n west-central Brit ish 
Columbia . 
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R a i n b o w area w e r e r a d i o - c o l l a r e d b e t w e e n 1983 
a n d 1985 a n d basic i n f o r m a t i o n o n habitat use, sea
sonal m o v e m e n t s and p o p u l a t i o n dynamics was c o l 
l ec ted (Marsha l l , 1983, 1984, 1985, 1986; S m i t h & 
H e b e r t , 1986) . Because issues and study object ives 
w e r e s imi lar for b o t h w i n t e r ranges, the t w o p r o 
jects w e r e c o m b i n e d i n 1985 a n d expanded to 
i n c l u d e m o r e in tens ive invest igat ions o f w i n t e r e c o 
l o g y and p o p u l a t i o n parameters o f the c a r i b o u . T h e 
w i n t e r f i e ld invest igat ions w e r e c o n d u c t e d for 3 
years ( C i c h o w s k i , 1989), a n d w i n t e r habitat maps 
were d e v e l o p e d for b o t h w i n t e r ranges (Br i t i sh 
C o l u m b i a M i n i s t r y o f Forests, 1987a, 1987b) . A 
w i n t e r range m a n a g e m e n t strategy was t hen d e v e l o 
p e d for the T w e e d s m u i r - E n t i a k o c a r i b o u w i n t e r 
range based o n the w i n t e r habitat map a n d the 
results f r o m the w i n t e r e c o l o g y study ( C i c h o w s k i & 
B a n n e r , 1993) . A s imi lar process was also used to 
summar i ze c a r i b o u w i n t e r range characteristics a n d 
to deve lop 5 p r o p o s e d scenarios for managemen t o f 
the I t c h a - I l g a c h u z - R a i n b o w c a r i b o u w i n t e r range. 
W i n t e r range managemen t p l a n n i n g for b o t h areas 
is cu r ren t ly b e i n g c o n d u c t e d t h r o u g h p u b l i c l and 
m a n a g e m e n t p l a n n i n g processes. 

T h e avai lab i l i ty o f b o t h a c a r i b o u w i n t e r habitat 
m a p and a s tudy o n c a r i b o u w i n t e r habitat r e q u i r e 
ments was a k e y factor i n d e v e l o p i n g a m a n a g e m e n t 
strategy for c a r i b o u w i n t e r range i n wes t -cen t ra l 
B r i t i s h C o l u m b i a . Because the e c o l o g y and issues o f 
b o t h herds w e r e s imi la r and the w i n t e r range m a n a 
gemen t strategy was in i t i a l l y d e v e l o p e d for the 
T w e e d s m u i r - E n t i a k o he rd , this paper summarizes 
the e v o l u t i o n o f the current state o f managemen t 
for the T w e e d s m u i r - E n t i a k o w i n t e r range, and 
inc ludes : 

1. the i n i t i a l c a r i b o u w i n t e r range s tudy 
2. the c a r i b o u w i n t e r e c o l o g y study a n d w i n t e r 

habitat m a p p i n g 
3. the w i n t e r range managemen t strategy and o p t i 

ons; and 
4. l a n d use p l a n n i n g processes a n d w i n t e r range 

management . 

Study area 
T h e T w e e d s m u i r - E n t i a k o c a r i b o u w i n t e r range is 
loca ted i n wes t -cen t ra l B r i t i s h C o l u m b i a , 200 k m 
sou th o f Smithers (F ig . 1). M o s t o f the w i n t e r range 
lies b e t w e e n 850 and 1300 m o n the N e c h a k o 
Pla teau and is charac ter ized b y flat o r gent ly r o l l i n g 
terrain ( H o l l a n d , 1976) . T h e r o u n d - t o p p e d F a w n i e 
M o u n t a i n s i n the eastern p o r t i o n o f the study area 
rise up f r o m the N e c h a k o Pla teau to 1920 m . M o s t 
o f the s tudy area is i n c l u d e d w i t h i n the mo i s t c o l d 
subzone o f the S u b - B o r e a l P i n e - S p r u c e ( S B P S m c ) 
B i o g e o c l i m a t i c Z o n e (Pojar er al, 1988). A dry, 
c o o l subzone o f the S u b - B o r e a l Spruce Z o n e 

(SBSdk) occurs i n the n o r t h e r n p o r t i o n o f the study 
area and the 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 Z o n e 
(ESSF) occurs above 1200 m i n the F a w n i e 
M o u n t a i n s , b e l o w the A l p i n e T u n d r a Z o n e ( A T ) . 
O n l y the S B P S and S B S zones w e r e m a p p e d b e c a u 
se they encompass mos t o f the forested terrestrial 
l i c h e n c a r i b o u w i n t e r habitat. 

L o w e leva t ion forests consist m o s t l y o f l o d g e p o -
le p i n e (Pinus contortd) o r m i x e d l o d g e p o l e 
p i n e / w h i t e spruce (Picea glauca) stands. Spruce 
stands o c c u r p r i m a r i l y o n we t te r seepage sites and as 
bands a l o n g lake shorel ines and wet lands . B l a c k 
spruce (Picea mariana) is general ly restr icted to fo re 
sted wet lands , as w e l l as to c o o l e r n o r t h and east 
fac ing u p l a n d sites. Suba lp ine f ir (Abies lasiocarpa) 
occurs o n l y at h ighe r elevat ions i n the eastern and 
( t ho ugh rarely) n o r t h e r n - m o s t part o f the s tudy 
area. D e c i d u o u s stands o f t r e m b l i n g aspen (Populus 
trcmuloides) are n o t extensive except i n the n o r t h e r n 
p o r t i o n o f the study area. Lakes and sedge fens are 
c o m m o n and often o c c u r i n mosaics o f lakes, fens, 
and fringe forests o f spruce. 

M o s t o f the p ine and p i n e / s p r u c e stands that 
d o m i n a t e the study area have p o o r l y d e v e l o p e d 
shrub a n d herb layers. C o m m o n unders to ry vascular 
plant species are Shepherdia canadensis, Spiraea betuli-

folia, Rosa acicularis, Arctostaphybs uva-ursi, Linnaea 
borealis, Cornus canadensis, a n d Vaccinium caespitosuin. 
D r i e r stands o n coarser t ex tu red tills a n d g l a c i o f l u v i -
al sands and gravels t yp i ca l ly have f r o m 30 to 5 0 % 
c o v e r o f g r o u n d l ichens (main ly Cladina and 
Cladonia spp. and Stcreocaulon spp.). A r b o r e a l l i chens 
(pr imar i ly Bryoria spp.) o c c u r t h roughou t the forested 
habitats, bu t are especially abundant i n forested w e t 
lands and spruce fringes su r round ing lakes and fens. 

T h e s tudy area lies w i t h i n the r a inshadow o f the 
C o a s t M o u n t a i n s a n d is charac ter ized b y a d ry c o n 
t inenta l c l imate . S u m m e r s are typ ica l ly c o o l , short, 
and dry , and win te r s are ve ry c o l d , l o n g and dry . 
Soils t h r o u g h o u t the w i n t e r range are p r e d o m i n a n t 
l y B r u n i s o l i c G r a y L u v i s o l s and D y s t r i c B r u n i s o l s o n 
m o r a i n a l and g lac io f luv ia l deposits (Lewis et al., 
1986; B . C . M i n i s t r y o f Forests, 1987b) . 

F i r e is an in tegra l part o f the vege ta t ion landsca
pe i n wes t -cen t ra l B r i t i s h C o l u m b i a . F i r e in te rva l 
for the S B S and S B P S averages 100 to 175 years and 
fire size averages 50 to 500 ha (Parminter , 1992). 

D u r i n g w i n t e r , m o o s e (Alces alces) and w o l v e s 
(Canis lupus) also o c c u p y the c a r i b o u w i n t e r range, 
h o w e v e r , n o data are available o n popu la t ions d e n 
sities o f those species. 

Initial caribou winter range study 
(1982-1985) 
C o n c e r n o v e r the T w e e d s m u i r - E n t i a k o c a r i b o u 
w i n t e r range began i n the late 1970's w h e n l o g g i n g 
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was first p r o p o s e d for the area. A l t h o u g h specific 
w i n t e r ranges h a d no t yet b e e n iden t i f i ed , i nc iden t a l 
observat ions o f c a r i b o u suggested that c a r i b o u w i n 
t e r ing areas o c c u r r e d outs ide o f T w e e d s m u i r Pa rk , 
w i t h the E n t i a k o area i den t i f i ed as a major w i n t e 
r i n g area (Hatter , 1979) . H i s t o r i c a l l y , c a r i b o u w i n 
tered n o r t h o f the O o t s a L a k e area, b u t the f l o o d i n g 
o f the O o t s a L a k e c o m p l e x b y the K e n n y D a m i n 
the early 1950's, l i k e l y c o n t r i b u t e d to the a b a n d o n 
m e n t o f those w i n t e r ranges (Hatter , 1979), thus 
increas ing the s ignif icance o f the w i n t e r ranges east 
o f T w e e d s m u i r Pa rk . 

I n N o v e m b e r 1983 , the B C W i l d l i f e B r a n c h , 
w i t h c o o p e r a t i o n f r o m the T w e e d s m u i r R o d and 
G u n C l u b , captured and r a d i o - c o l l a r e d 13 c a r i b o u 
as they m o v e d sou th across T e t a c h u c k L a k e d u r i n g 
fall m i g r a t i o n (Marsha l l , 1983) . A n add i t i ona l 6 
c a r i b o u w e r e co l l a red i n N o v e m b e r 1984 (Marsha l l , 
1984) . T h e B C W i l d l i f e B r a n c h began l o c a t i n g 
r a d i o - c o l l a r e d c a r i b o u o n a m o n t h l y basis to deter
m i n e general seasonal m o v e m e n t s and habitat use 
(Marsha l l , 1984, 1985 , 1986) . 

D u r i n g s u m m e r , c a r i b o u w e r e f o u n d i n n o r 
the rn T w e e d s m u i r P a r k i n a var ie ty o f habitats. I n 
N o v e m b e r , c a r i b o u mig ra t ed ou t o f T w e e d s m u i r 
P a r k a n d sou th across T e t a c h u c k L a k e to l o w e leva
t i o n forests o n the N e c h a k o Pla teau. D u r i n g w i n t e r , 
c a r i b o u used p r i m a r i l y mature p i n e forests at l o w 
elevations i n the E n t i a k o and L a i d m a n lakes area. 

Caribou winter ecology study and winter 
habitat mapping (1985-1988) 
I n A p r i l 1985, the W e s t - c e n t r a l B . C . C a r i b o u 
R e s e a r c h Pro jec t was in i t i a t ed to investigate the 
po ten t i a l effects o f l o g g i n g o n c a r i b o u ( C i c h o w s k i , 
1989). T h e focus o f the study was to de te rmine 
habitat use and forag ing strategies. 

R a d i o - c o l l a r e d c a r i b o u w e r e loca t ed o n a w e e 
k l y basis f r o m D e c e m b e r to M a r c h to m o n i t o r w i n 
ter habitat use a n d m o v e m e n t s and to ident i fy areas 
for g r o u n d invest igat ions o f f eed ing sites. Resu l t s 
i n d i c a t e d that c a r i b o u w e r e se lect ing mature p ine 
forests o n l o w p r o d u c t i v i t y sites, and w e r e feed ing 
p r i m a r i l y o n terrestrial l i chens . Se l ec t i on o f feed ing 
sites w i t h i n forested areas d e p e n d e d p r i m a r i l y o n 
l i c h e n presence a n d abundance; s n o w characteristics 
w e r e less impor t an t . A r b o r e a l l i chens w e r e used to a 
lesser extent than terrestrial l ichens , and w e r e mos t 
heav i ly used w h e r e arboreal l i chens w e r e abundant 
(trees i n forested wet lands and o n the margins o f 
wet lands and lakes). 

F r o m this i n i t i a l i n f o r m a t i o n , a w i n t e r range 
habitat map was d e v e l o p e d for the study area (1: 50 
0 0 0 scale) based o n terrestrial l i c h e n abundance ( B C 
M i n i s t r y o f Forests, 1987a). S e v e n site uni ts w e r e 
descr ibed: D r y L i c h e n , L i c h e n M o s s , M o s s , Seepage 

Forest , A s p e n F o r b , and Fores ted and N o n f o r e s t e d 
W e t l a n d s . D r y L i c h e n sites c o n t a i n the greatest 
abundance o f terrestrial l i chens f o l l o w e d b y L i c h e n 
M o s s sites. M o s s , Seepage Forest , A s p e n F o r b and 
W e t l a n d sites general ly con t a in f e w o r n o terrestrial 
l i chens . Because terrestrial l i chens are p o o r c o m p e 
titors against vascular plants (Ker shaw, 1977; H a l e , 
1983; R o w e , 1984) , terrestrial l i c h e n abundance 
was c lose ly associated w i t h site p r o d u c t i v i t y . D r y 
L i c h e n and L i c h e n M o s s sites are less p r o d u c t i v e 
than M o s s , Seepage Forest a n d A s p e n Forest sites 
( C i c h o w s k i & B a n n e r , 1993) . L i c h e n s are also v e r y 
s l o w g r o w i n g ( A h t i , 1977; J o h n s o n , 1981) and are 
mos t abundant late i n succession. I n the 
T w e e d s m u i r - E n t i a k o w i n t e r range, Cladina spp. 
o n l y start b e c o m i n g abundant i n stands o f 50 years 
and greater. 

Because o f the scale o f m a p p i n g , each m a p p o l y 
g o n c o n t a i n e d several site units resu l t ing i n a large 
n u m b e r o f p o l y g o n s w i t h u n i q u e c o m b i n a t i o n s o f 
site units . T o facilitate use o f the m a p , p o l y g o n s 
w e r e aggregated in to C a r i b o u Hab i t a t T y p e s based 
o n site u n i t c o m b i n a t i o n s . T h e resu l t ing C a r i b o u 
H a b i t a t T y p e s , i n descend ing o rde r o f terrestrial 
l i c h e n abundance , we re : 
- D r y L i c h e n / L i c h e n M o s s ( D L L M ) 
- L i c h e n M o s s ( L M ) 
- D r y L i c h e n / L i c h e n M o s s E c o m o s a i c ( D L L M 

M O S A I C ) 
- M o s s - D r y L i c h e n / L i c h e n M o s s ( M D L L M ) 
- M o s s / Seepage Forest - A s p e n F o r b ( M S F / A F ) 
- W e t l a n d s / M o s s - Seepage Forest W e t l a n d s 

( W / F W ) 

T h e D r y L i c h e n / L i c h e n M o s s E c o m o s a i c c o n 
sisted o f po lygons w h i c h con ta ined a D r y L i c h e n or 
L i c h e n M o s s un i t associated w i t h a W e t l a n d , 
Forested W e t l a n d or Seepage Forest uni t . These 
po lygons con ta ined a c o m b i n a t i o n o f b o t h abundant 
terrestrial l ichens ( D r y L i c h e n and L i c h e n M o s s 
units) and abundant arboreal l ichens (Wetlands , 
Forested Wet l ands , and Seepage Forest units). 

R a d i o - c o l l a r e d c a r i b o u loca t ions w e r e t hen 
used to ver i fy the p red ic t ive capabi l i ty o f the c a r i 
b o u w i n t e r habitat m a p . L o c a t i o n s w e r e p lo t t ed 
o n t o the map a n d f requency o f use o f each C a r i b o u 
Hab i t a t T y p e , and the avai labi l i ty o f each C a r i b o u 
H a b i t a t T y p e w e r e d e t e r m i n e d a n d c o m p a r e d . T h e 
analysis i n d i c a t e d that c a r i b o u p r i m a r i l y used m a t u 
re D L L M and L M C a r i b o u Hab i t a t T y p e s and use 
o f those habitats exceeded the i r ava i lab i l i ty 
( C i c h o w s k i , 1989) . C o n s e q u e n t l y , the w i n t e r range 
habitat map was d e t e r m i n e d to be a g o o d p r e d i c t o r 
o f c a r i b o u habitat va lue . 

I n f o r m a t i o n was also co l l e c t ed o n p o p u l a t i o n 
status o f the T w e e d s m u i r - E n t i a k o ca r ibou . L o w ca l f 
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r e c r u i t m e n t and h i g h adult mor t a l i t y suggested that 
the p o p u l a t i o n was d e c l i n i n g ( C i c h o w s k i , u n p u b l . 
data). W o l f and bear p r e d a t i o n was d o c u m e n t e d , 
m o s t l y d u r i n g s u m m e r mon ths , h o w e v e r , the p o p u 
l a t i o n h m i t i n g factor has no t ye t b e e n d e t e r m i n e d 
( C i c h o w s k i , u n p u b l . data). Because o f the d e c l i n i n g 
p o p u l a t i o n t rend, i t was necessary for the w i n t e r 
range managemen t strategy to address the po ten t i a l 
impacts o f forest harves t ing o n the c a r i b o u p o p u l a 
t i o n as w e l l as o n c a r i b o u habitat. 

Winter range management strategy and 
options 
Potential Impacts 
W i t h the c o m p l e t i o n o f the c a r i b o u w i n t e r e c o l o g y 
s tudy a n d the c a r i b o u w i n t e r range habitat m a p , 
e n o u g h i n f o r m a t i o n was available to ident i fy 
i m p o r t a n t habitats for w i n t e r range m a n a g e m e n t 
purposes. Because terrestrial l i chens are h i g h l y sus
cept ib le to m e c h a n i c a l damage, and regenera t ion 
c o u l d take 5 0 - 1 0 0 years (Hale , 1983; R o w e , 1984) , 
a conservat ive approach is necessary to ensure an 
adequate w i n t e r f o o d supply for the c a r i b o u . 
H o w e v e r , because terrestrial l i chens are mos t a b u n 
dant w h e r e c o m p e t i t i o n f r o m vascular plants is l o w 
(ie. w h e r e site p r o d u c t i v i t y is l o w ) , the best c a r i b o u 
habitat ( D L L M ) occurs o n p o o r g r o w i n g sites for 
t imber . P o t e n t i a l confl ic ts w i t h forest harves t ing 
w i l l o c c u r m o s t l y o n L M habitat types w h e r e c a r i 
b o u w i n t e r habitat va lue is h i g h and g r o w i n g 
po ten t i a l for t i m b e r is adequate. 

Iden t i fy ing and m a n a g i n g for i m p o r t a n t c a r i b o u 
habitat o n l y considers the po ten t i a l d i rec t effects o f 
l o g g i n g o n c a r i b o u (i.e. r e d u c t i o n o f the w i n t e r 
f o o d source). H o w e v e r , po ten t i a l i n d i r e c t impacts 
o f l o g g i n g o n c a r i b o u m a y also s igni f icant ly affect 
the c a r i b o u he rd . P o t e n t i a l i nd i r ec t impacts o f l o g 
g i n g i n c l u d e increased h u m a n dis turbance, h u n t i n g 
a n d p o a c h i n g as a result o f i m p r o v e d access, a n d 
al tered p reda to r -p rey relat ionships. 

A l t e r i n g the mosa ic o f forested stand areas and 
ages m a y favour habitat for o ther ungula te species 
such as m o o s e . C u r r e n t l y , the landscape is d o m i n a 
ted b y large scale dis turbance patterns. E x t e n s i v e 
stands o f even-aged l o d g e p o l e p i n e have b e e n sha
p e d i n the past b y stand des t roy ing fires. A l o g g i n g 
scenario cons i s t ing o f smal l clearcuts w i t h lots o f 
edge habitat, m a y be m o r e favourable to m o o s e 
than to c a r i b o u . A n increase i n the n u m b e r o f m o o 
se m a y result i n an increased n u m b e r o f w o l v e s 
w h i c h i n t u r n c o u l d result i n increased p r e d a t i o n 
pressure o n the c a r i b o u p o p u l a t i o n (Be rge rud et al, 
1984; R a c e y et al, 1991). W o l f p r e d a t i o n has b e e n 
i m p l i c a t e d as the major l i m i t i n g factor o f w o o d l a n d 
c a r i b o u popu la t ions i n A l a s k a , the Y u k o n , wes te rn 
A l b e r t a a n d southeastern B r i t i s h C o l u m b i a 

(Gasaway et al, 1983; Fa rne l l & M a c D o n a l d , 1987; 
E d m o n d s , 1988; Se ip , 1992) . I n southeastern B r i t i s h 
C o l u m b i a , p r e d a t i o n pressure o n c a r i b o u was l o w e r 
i n W e l l s G r a y P a r k w h e r e c a r i b o u w e r e spatially 
separated f r o m m o o s e , than i n the Q u e s n e l 
H i g h l a n d s , w h e r e less spatial separat ion exis ted 
(Seip, 1992) . 

O n e an t i -preda tor strategy o f c a r i b o u is to space 
ou t o v e r large areas and to exist at l o w densities so 
that i t is harder for predators to f i n d t h e m ( B e r g e r u d 
et al, 1984; B e r g e r u d & Page, 1987) . I f the available 
mature forested habitat for c a r i b o u is r educed , the i r 
densi ty w i t h i n that habitat w i l l increase w h i c h c o u l d 
result i n increased predator efficiency. Predator eff i
c i ency may also be i m p r o v e d i f p l o u g h e d roads or 
s n o w m o b i l e tracks p r o v i d e easier travel routes for 
wo lves (Edmonds & B l o o m f i e l d , 1984). 

T h e r e f o r e , b o t h po ten t i a l d i rec t a n d ind i r ec t 
effects o f l o g g i n g o n c a r i b o u w e r e cons ide red w h i l e 
d e v e l o p i n g a managemen t strategy for the 
T w e e d s m u i r - E n t i a k o c a r i b o u w i n t e r range. 

Management Strategy 
T o cons ider b o t h po ten t i a l d i rec t and ind i r ec t 
impacts i n the T w e e d s m u i r - E n t i a k o C a r i b o u 
W i n t e r R a n g e M a n a g e m e n t Strategy, a t w o l e v e l 
m a n a g e m e n t approach was d e v e l o p e d ( C i c h o w s k i 
& B a n n e r , 1983) . A t the landscape l eve l , the w i n t e r 
range was d i v i d e d i n to C a r i b o u M a n a g e m e n t Z o n e s 
based o n c a r i b o u habitat va lue and use. A t the site 
specif ic l e v e l , b o t h c a r i b o u habitat and t i m b e r v a l u 
es w e r e cons idered . T h e advantage o f the dua l l e v e l 
approach was that site specif ic managemen t strategi
es c o u l d va ry b e t w e e n zones, d e p e n d i n g o n the 
zone's s ignif icance to the c a r i b o u p o p u l a t i o n a n d 
w i n t e r range. 

T h i r t e e n C a r i b o u M a n a g e m e n t Z o n e s w e r e 
de l inea ted based o n areas o f s imi lar c a r i b o u habitat 
va lue , consistent use b y r a d i o - c o l l a r e d ca r i bou , a n d 
special considera t ions such as t ravel co r r idor s a n d 
late w i n t e r ranges (F ig . 2, T a b l e 1). C a r i b o u habitat 
va lue was v i sua l ly d e t e r m i n e d f r o m the w i n t e r h a b i 
tat m a p , w h i c h was c o l o u r - t h e m e d b y C a r i b o u 
Hab i t a t T y p e . E a c h z o n e was rated as l o w , m e d i u m 
o r h i g h va lue c a r i b o u w i n t e r range. Z o n e 4 was 
de l inea ted as the core o f the w i n t e r range and was 
cons ide red the mos t i m p o r t a n t z o n e i n terms o f 
w i n t e r range value . 

F o r the site specific l eve l , the P A M A P 
G e o g r a p h i c I n f o r m a t i o n Sys t em ( P A M A P Graph i c s 
L t d . , 1989) was used to over lay the C a r i b o u H a b i t a t 
T y p e map w i t h the M i n i s t r y o f Forests forest c o v e r 
m a p . T h e resu l t ing m a p was c o l o u r - t h e m e d based 
o n a c o m b i n a t i o n o f c a r i b o u habitat and t i m b e r 
va lue . T h e c o l o u r - t h e m e d m a p c o u l d t hen be used 
to de te rmine w h i c h stands h a d the lowes t po ten t i a l 
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Fig. 2. Locat ion o f 13 Car ibou Management Zones (solid lines) i n the Tweedsmuir-Entiako caribou winter range. 
Car ibou winter habitat value is indicated by H - high, M - medium, and L - l ow. T imber Supply Area bounda
ry is indicated by a dashed line. 

Table 1. Summary o f Car ibou Management Zones ( C M Z s ) o f the Tweedsmuir-Entiako caribou winter range. 

C M Z 
Area 
(ha) 

Percent o f 
study area 

Car ibou winter 
habitat value Special values 

1 8 412 2.5 l o w 
2 14 329 4.2 moderate -late winter range 
3 12 475 3.7 moderate -migration corridor 
4 43 982 13.0 high -core winter range, migration corridor 
5 45 452 13.5 l o w 
6 5 467 1.6 moderate 
7 9 969 3.0 moderate 
8 18 697 5.5 l o w -adjacent to Tweedsmuir Park 
9 28 310 8.4 high -early winter/late winter range 
10 11 300 3.4 moderate -late winter/early spring range 
11 59 786 17.7 l o w -spring migration route 
12 43 801 13.0 moderate -not mapped; alpine and high elevation forests; 

mid-winter range; may be important during 
deep or extreme crusty snow years 

13 35 554 10.5 moderate -Tweedsmuir Park; early winter range 

Total area = 337 534 ha 
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for conf l ic ts b e t w e e n c a r i b o u habitat and t i m b e r 
values (i.e. h i g h c a r i b o u habitat va lue o n l o w va lue 
t i m b e r stands, h i g h va lue t i m b e r stands o n l o w 
va lue c a r i b o u habitat). 

Options 
W i t h the t w o l e v e l managemen t approach , a t i m b e r 
harves t ing strategy c o u l d be d e v e l o p e d for the w i n 
ter range w h i c h considers b o t h direct and ind i r ec t 
impacts o n c a r i b o u . A t the landscape l e v e l , a harves
t i n g strategy c o u l d be p resc r ibed for each C a r i b o u 
M a n a g e m e n t Z o n e based o n its u n i q u e characteris
tics. Si te specific managemen t is a c h i e v e d b y res t r ic
t i n g t i m b e r harves t ing to specific C a r i b o u Hab i t a t 
T y p e s o r site units . 

Table 2. Management options for the Tweedsmuir-
Entiako caribou winter range. 

1. N o harvesting. 

2. N o harvesting i n C M Z 1 2, 4, 9, 10. 
- Other moderate value zones: harvest i n M S F / A F 2 , 

M D L L M 3 , E S S F 4 

- L o w value zones: harvest i n M S F / A F , M D L L M , 
ESSF 

3. N o harvesting i n C M Z 4, 9. 
- Moderate value zones: harvest i n M S F / A F , 

M D L L M , ESSF 

- L o w value zones: harvest in M S F / A F , M D L L M , 
ESSF 

4. N o harvesting i n C M Z 4. 
- Other high value zones ( C M Z 9): harvest i n 

M S F / A F , E S S F 
- Moderate value zones: harvest i n M S F / A F , 

M D L L M , ESSF 
- L o w value zones: harvest i n M S F / A F , M D L L M , 

ESSF 

5. Restricted harvesting. 
- H i g h value zones: harvest i n M S F / A F , ESSF 
- Moderate value zones: harvest i n M S F / A F , M D L L M 

ESSF 
- L o w value zones: harvest i n all habitat types 

6. Restricted harvesting. 
- A l l zones: harvest i n M S F / A F , M D L L M , ESSF 

1 Car ibou Management Zone . 
2 Moss/Seepage Forest - Aspen Forest Car ibou Habitat 

Type . 
3 Moss - D r y L i chen /L ichen Moss Car ibou Habitat Type . 
4 Engelmann Spruce-Subalpine Fi r Biogeoclimatic Zone . 

F o r the T w e e d s m u i r - E n t i a k o area, to best m i m i c 
his tor ic fire disturbance patterns that ca r ibou e v o l v e d 
w i t h , part ial re ten t ion t imbe r harvest ing was r e c o m 
m e n d e d . O p e n i n g sizes o f 200 to 300 ha were sugge
sted w i t h islands o f trees w i t h i n the openings and 
stringers o f trees a long wetlands and creeks. 

S i x management opt ions were p roposed w h i c h 
va r i ed f r o m total p ro t ec t i on o f the w i n t e r range i n 
O p t i o n 1 to a modera te l e v e l o f harvest ing t h r o u g 
h o u t the w i n t e r range (Table 2). O p t i o n s 1 to 4 v a r i 
ed b y the n u m b e r o f C a r i b o u M a n a g e m e n t Z o n e s 
f r o m w h i c h harvest ing was restricted. A l l had the 
c o m m o n e lement o f p ro t ec t i on o f Z o n e 4, the core 
o f the w i n t e r range. P r o t e c t i o n o f the core o f the 
w i n t e r range was cons idered a m i n i m u m requ i re 
men t for ca r ibou management . O p t i o n s 5 and 6 a l l o 
w e d harvest ing i n a l l zones and va r i ed i n the in t ens i 
ty o f harvest ing w i t h i n several C a r i b o u M a n a g e m e n t 
Z o n e s . In o p t i o n 6, the C a r i b o u M a n a g e m e n t Z o n e 
classification system was igno red ; the same harvest ing 
strategy was appl ied to all zones, a l though h i g h q u a l i 
ty ca r ibou habitat was pro tec ted i n all zones. 

T h e impacts o f each o p t i o n o n the c a r i b o u 
p o p u l a t i o n and o n the t i m b e r supply w e r e evaluated 
a n d c o m p a r e d . A l t h o u g h absolute impacts o n c a r i 
b o u c o u l d no t be de t e rmined , each successive o p t i 
o n a l lows harves t ing i n an increas ing n u m b e r o f 
zones and w i l l l i k e l y result i n progress ively i n c r e a 
s ing impacts o n the c a r i b o u . T h e i m p a c t o f each 
o p t i o n o n the t i m b e r supply was evaluated u s i n g the 
forest i n v e n t o r y database associated w i t h the forest 
c o v e r map , w h i c h was o v e r l a i d on to the c a r i b o u 
habitat m a p . T h e T w e e d s m u i r - E n t i a k o c a r i b o u 
w i n t e r range encompasses po r t ions o f t w o T i m b e r 
S u p p l y Areas ( T S A s ) , the Lakes T S A and the P r i n c e 
G e o r g e T S A (F ig . 2). Because t i m b e r supply c a l c u 
lat ions differed b e t w e e n the t w o T S A s , the impacts 
o n the t i m b e r supply h a d to be evaluated separately. 
T o s impl i fy the analysis, i t was assumed that c learcut 
harves t ing w o u l d o c c u r w i t h i n the C a r i b o u Hab i t a t 
T y p e s w h e r e harves t ing was p e r m i t t e d . 

T h e impacts general ly decreased for b o t h 
T i m b e r S u p p l y Areas f r o m o p t i o n 1 to o p t i o n 6 
(Table 3). T h e mos t s ignif icant change i n i m p a c t 
o c c u r r e d b e t w e e n op t ions 1 a n d 2 for the 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 and b e t w e e n op t ions 2 
a n d 3 for the Lakes T i m b e r S u p p l y A r e a , s ince the 
Lakes T i m b e r S u p p l y A r e a c o n t a i n e d mos t o f the 
h i g h and modera te value C a r i b o u M a n a g e m e n t 
Z o n e s (F ig . 2). T h e impacts o f O p t i o n 6 o n the 
t i m b e r supply w e r e s imi lar to those o f op t ions 3, 4 
and 5 i n the P r i n c e G e o r g e T S A and op t ions 4 and 
5 i n the Lakes T S A . A l t h o u g h the impacts to the 
t i m b e r supply w e r e s imi lar for those op t ions , the 
imp l i ca t i ons to the c a r i b o u p o p u l a t i o n differ s i g n i f i 
cant ly. Because O p t i o n s 3 and 4 offer some degree 
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Table 3. Relative effects o f management options (as a 
percentage o f O p t i o n 1 [no harvesting]) for the 
Tweedsmuir-Entiako caribou winter range on 
the harvestable forest land base o f the Prince 
George and Lakes T imber Supply Areas. 

P R I N C E G E O R G E T S A L A K E S T S A 
Reduc t ion to Reduc t ion to 

harvestable land base harvestable land base 
Options % ha % ha 

1 100.0 81 856 100.0 39 412 
2 38.5 31 477 97.9 38 587 
3 36.7 30 064 69.1 27 246 
4 36.7 30 064 60.6 23 890 
5 28.4 23 254 60.3 23 763 
6 33.2 27 180 54.1 21 311 

o f p r o t e c t i o n to the w i n t e r range, they w i l l have 
f ewer impacts o n the c a r i b o u p o p u l a t i o n than 
O p t i o n 6 w h i c h ignores the z o n a t i o n scheme. 
O p t i o n 2 was r e c o m m e n d e d as the best o p t i o n for 
c a r i b o u g i v e n some l e v e l o f harves t ing i n the c a r i 
b o u w i n t e r range ( C i c h o w s k i & B a n n e r , 1993) . 

Because some harves t ing was p roposed , a d d i t i o 
na l r e c o m m e n d a t i o n s i n c l u d e d p r o h i b i t i n g access to 
the w i n t e r range o n forest access roads, m o n i t o r i n g 
c a r i b o u m o v e m e n t s a n d habitat use i n re la t ion to 
first pass forest harvest ing, d e v e l o p i n g a fire m a n a 
gemen t p l a n for that p o r t i o n o f the w i n t e r range 
that w i l l be p ro tec ted , a n d c o n d u c t i n g research o n 
harves t ing techniques that w o u l d m i m i c dis turbance 
to terrestrial l i chens and that w o u l d accelerate rege
ne ra t ion o f terrestrial l i chens after forest harves t ing. 

A l t h o u g h six op t ions w e r e assessed i n the 
T w e e d s m u i r - E n t i a k o w i n t e r range managemen t 
strategy a n d op t ions report , an in f in i t e n u m b e r o f 
op t ions w e r e possible . T h e purpose o f the 
T w e e d s m u i r - E n t i a k o w i n t e r range managemen t 
strategy was to d e v e l o p a f r a m e w o r k f r o m w h i c h a 
m a n a g e m e n t p l a n c o u l d be d e v e l o p e d . T h r o u g h the 
m a n a g e m e n t p l a n n i n g process, ex i s t ing op t ions 
c o u l d be m o d i f i e d o r n e w ones d e v e l o p e d . 

Land use planning processes and caribou 
winter range management 
I n B r i t i s h C o l u m b i a , a l t h o u g h B C E n v i r o n m e n t 
sets object ives for w i l d l i f e p o p u l a t i o n a n d habitat 
management , the B C Forest Serv ice is responsible 
for forest l a n d p l a n n i n g w i t h c o o p e r a t i o n f r o m 
o ther agencies such as B C E n v i r o n m e n t and B C 
Parks , as w e l l as i n v o l v e m e n t b y the p u b l i c . 
C u r r e n t l y , L a n d a n d R e s o u r c e M a n a g e m e n t Plans 
( L R M P s ) are b e i n g d e v e l o p e d to gu ide harves t ing 
strategies i n each Forest D i s t r i c t . I n areas w i t h i n a 

Forest D i s t r i c t w h e r e specific issues n e e d to be 
addressed, a L o c a l R e s o u r c e U s e P l a n ( L R U P ) is 
deve loped . A p r o v i n c i a l l a n d use strategy is also 
b e i n g d e v e l o p e d for the p r o v i n c e , spearheaded b y 
the C o m m i s s i o n o n R e s o u r c e s and the 
E n v i r o n m e n t ( C O R E ) . A major part o f that l a n d 
use strategy is the P r o t e c t e d Areas Strategy w h i c h is 
cu r ren t ly c o n s i d e r i n g areas o f interest for future 
p r o t e c t i o n . 

T h e E n t i a k o L R U P was in i t i a t ed i n A u g u s t 
1992 to address c a r i b o u w i n t e r range requ i rements 
a n d o the r issues i n the E n t i a k o area ( E n t i a k o L o c a l 
R e s o u r c e U s e P l a n W o r k i n g G r o u p , 1993) . 
Par t ic ipants ranged f r o m interested i nd iv idua l s to 
forest indus t ry representatives. S o m e t i m b e r harves
t i n g h a d already o c c u r r e d i n the southeastern part o f 
the w i n t e r range and n e w l o g g i n g had b e e n a p p r o 
v e d bu t r ed i rec ted to l o w e r va lue C M Z s . A s part o f 
the L R U P p l a n n i n g process, results f r o m the c a r i 
b o u s tudy a n d the w i n t e r range m a n a g e m e n t strate
gy a n d op t ions w e r e presented to the g r o u p . T h a t 
i n f o r m a t i o n was cons ide red and several n e w m a n a 
gemen t op t ions w e r e d e v e l o p e d . M o s t o f those 
op t ions p r o p o s e d p r o t e c t i o n o f some p o r t i o n o f the 
c a r i b o u w i n t e r range a n d w e r e subsequent ly fo r 
w a r d e d to the P r o t e c t e d Areas Strategy for c o n s i d e 
ra t ion for p ro t ec t ed area status. 

T h e P r o t e c t e d Areas Strategy is cu r ren t ly e v a l u 
a t ing the E n t i a k o area as a candidate for an area o f 
interest for p r o t e c t i o n . P e n d i n g that o u t c o m e , the 
E n t i a k o L R U P p l a n n i n g g roup w i l l r e c o n v e n e to 
deve lop a p l a n for that part o f the w i n t e r range no t 
p r o p o s e d for p r o t e c t i o n o r r e c o m m e n d that the 
issue be addressed b y the n e w L a n d a n d R e s o u r c e 
M a n a g e m e n t P l a n n i n g groups i n b o t h Forest 
Dis t r ic t s . T h e p l a n n i n g g r o u p w i l l address issues 
such as access m a n a g e m e n t a n d forest harves t ing 
techniques . F o r that part o f the w i n t e r range that 
w i l l be p ro tec ted , a fire managemen t p l a n w i l l be 
d e v e l o p e d to a c c o m m o d a t e p r o t e c t i o n a n d regene
ra t ion o f c a r i b o u w i n t e r habitat. 
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