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A C K N O W L E D G E M E N T S   
 

I w o ul d li k e t o a c k n o wl e d g e m y t h esis a d vis or Dr. Qi n g -L ai D a n g f or his h el pf ul 

i n p ut i n s h a pi n g m y t h esis. I w o ul d als o li k e t o t h a n k  m y s e c o n d r e a d er  Dr. D o n H e n n e, 

f or his  e dits a n d h el p i n cr e ati n g a n e x p eri m e nt al d esi g n t o pr o d u c e m y r es ults. I w o ul d 

als o li k e t o t h a n k  t h e Mi nistr y of F or ests, L a n ds & N at ur al R es o ur c e O p er ati o ns 

C o wi c h a n L a k e R es e ar c h St ati o n f or all o wi n g m e t o us e t h eir d at a f or t his st u d y. Als o, I 

w o ul d li k e t o t h a n k m y s u p er vis ors at I nt erf or C o ast al W o o dl a n ds Di visi o n f or all o wi n g 

m e t o c oll e ct t h e d at a us e d i n t his t h esis d uri n g m y 2 0 1 9 s u m m er st u d e nt c o ntr a ct. 

Fi n all y, I w o ul d li k e t o t h a n k m y cl os e fri e n ds f or  h el pi n g i n t h e  e diti n g pr o c es s of t his 

t h esis.
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I N T R O D U C TI O N  
 

Pr ot e ct i n g n e w l y pl a nt e d artifi ci all y r e g e n er at e d w est er n r e d c  e d ar ( T h uj a 

pli c at a) s e e dli n gs fr o m d e er a n d el k br o w s e i n t h e c o ast al r e gi o n of Britis h C ol u m bi a 

c a n b e c ostl y. Wit h o ut pr ot e cti o n , r e g e n er ati o n c a n b e d el a y e d or r es ult i n c o m pl et e 

f ail ur e. I n or d er t o bri n g s e e dli n gs t o fr e e-t o-gr o w st at us, pr ot e cti o n of t h e tr e es r e q uir e 

in di vi d u al tr e e g u ar ds  w hi c h c a n r es ult i n l ar g e d e pl o y m e nt a n d cl e a n u p c osts . R e c e nt 

st u di es as s o ci ati n g  d e er a n d el k br o w s e t o n e e dl e m o n ot er p e n es h as c a us e d  t h e i niti ati o n 

of a br e e di n g pr o gr a m f or d e er / el k-r esist a nt w est er n r e d-c e d ar o n V a n c o u v er Isl a n d . 

T his st u d y  is c urr e ntl y t a ki n g pl a c e at v ari o us l o c ati o ns o n V a n c o u v er Isl a n d. T his st u d y 

will f o c us o n t h e N ort h Isl a n d r e gi o n l o c at e d i n El k B a y,  wit hi n  bl o c k B L K R B 2.  M y 

n ull h y p ot h esis st at es: I n cr e as e d l e v els of m o n ot er p e n es will n ot r e d u c e br o w si n g l e v els 

o n w est er n r e d  c e d ar .   
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LI T E R A T U R E R E VI E W  
 

W E S T E R N R E D C E D A R  

W est er n r e d c e d ar ( T h uj a pli c at a ) is a c o m m o n c o nif er o us tr e e s p e ci es f o u n d i n 

t h e g e o gr a p hi c r e gi o n of W est er n N ort h A m eri c a n  m ai nl y i n t h e P a cifi c a n d l es s  s o i n 

t h e C or dill er a n  r a n g e. I n Britis h C ol u m bi a  it is f o u n d at l o w t o mi d el e v ati o ns al o n g t h e 

c o ast al r e gi o n a n d i n t h e w et b elt of t h e int eri or, pr ef erri n g a c o ol, m oist cli m at e 

( G o v er n m e nt of Britis h C ol u m bi a 2 0 1 9) . 

 

 

 

Fi g ur e 1  W est er n r e d c e d ar r a n g e i n B. C. ( G o v er n m e nt of Britis h C ol u m bi a 2 0 1 9)  
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W est er n r e d  c e d ar m ost c o m m o nl y gr o w s  i n mi x e d s p e ci es, u n e v e n-a g e d st a n d s  

a n d l es s fr e q u e ntl y i n p ur e e v e n -a g e d st a n ds. A m e di u m t o l ar g e si z e d tr e e, gr o wi n g u p 

t o 6 0 m t all, u p t o 8 m i n wi dt h , c a n b e  o v er 1 0 0 0 y e ars ol d . It h as s c al e-l e a ves , dr o o pi n g 

f er n-li k e br a n c h es a n d t hi n br o w n b ar k.  Its h e art w o o d is r e d dis h br o w n i n c ol o ur a n d 

v er y li g ht i n w ei g ht.  It is ty pi c all y f o u n d i n t h e bi o g e o cli m ati c ( B E C) z o n es of I D F, 

I C H, C D F, a n d C W H h ol di n g a m aj or c o m p o n e nt i n ol d -gr o wt h st a n ds  ( G o v er n m e nt of 

Britis h C ol u m bi a 2 0 1 9) .  T h es e z o n es ar e hi g hl y as s o ci at e d wit h s p e ci es s u c h as 

d o u gl as -fir (Ps e u d ots u g a m e nzi esii ) a n d  w est er n h e ml o c k ( T s u g a h et er o ). S p e ci es wit h a 

m e di u m as s o ci at e d o c c urr e n c e  cl as s ar e r e d al d er  (Al n us r u br a ), w est er n l ar c h (L ari x 

o c ci d e nt alis ), sit k a s pr u c e (Pi c e a sit c h e nsis ) a n d bl a c k c ott o n w o o d (P o p ul us 

tri c h o c ar p a)  ( G o v er n m e nt of Britis h C ol u m bi a 2 0 1 9).  

T a bl e 1  T ol er a n c es of w est er n r e d c e d ar ( G o v er n m e nt  of Britis h C ol u m bi a  2 0 1 9)  

T ol e r a n c e : F r ost  S h a d e  H e at  W at e r 

d efi cit  

W at e r 

s u r pl u s 

N ut ri e nt  

T ol e r a n c e 

Cl as s : 

L o w -

M e di u m  

Hi g h  M e di u m  M e di u m  Hi g h  Hi g h  

 

W est er n r e d c e d ar  h as str o n g m e c h a ni c al pr o p erti es a n d u ni q u e p h ysi c al f e at ur es 

m a ki n g it a hi g h v al u e s p e ci es, h ol d i n g a str o n g e c o n o mi c  a n d e c ol o gi c al c o m p o n e nt of 

t h e P a cifi c N ort h w est ( P N W ) f or ests.   

U p t o 1 0 milli o n s e e dli n gs  ar e pl a nt e d a n n u all y i n Britis h C ol u m bi a ( D a ni els  a n d 

R us s el  2 0 0 7). M ost c o m m o nl y us e d i n e xt eri or w o o d pr o d u cts s u c h as r o ofi n g, f e n ci n g 

a n d si di n g b e c a us e of its h e art w o o d  c h e mi c als w hi c h ar e m a d e u p of  β -t h uj a pli ci n, γ -
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t h uj a pli ci n, a n d β -t h uj a pli ci n ol, gi vi n g it t h e a bilit y t o r esist f u n g al att a c k  a n d d e c a y . 

W est er n r e d c e d ar n e e dl es pr o d u c e a - a n d b -t h uj o n e, o x y g e n at e d m o n ot er p e n es w hi c h 

pr o m ot es g astr o e nt eritis a n d p os si bl y i n hi bit mi cr o bi al r u m e n a cti vit y , w hi c h ar e n ot 

f o u nd i n eit h er D o u gl as -fir or w est er n h e ml o c k (B ur n e y a n d J a c o bs  2 0 1 1).  

SI L VI C U L T U R E  S Y S T E M  I N B RI TI S H C O L U M BI A  

T h e F or est Pr a cti c es C o d e of  Britis h C ol u m bi a  A ct r e q uir es  f or est tr e e f ar m 

li c e n c e ( T F L) h ol d ers a n d ti m b er s u p pl y ar e a ( T S A) t o h a v e a  s e nsi bl e sil vi c ult ur e 

pr es cri pti o n t h at e ns ur es li c e ns e es  t o r e pl a c e h ar v est e d tr e es wit h t h e s uit e d tr e e s p e ci es, 

st o c ki n g , a n d s p e cifi e d fr e e gr o wi n g r e q uir e m e nts i n or d er t o cr e at e a d esir e d st a n d 

( G o v er n m e nt of Britis h C ol u m bi a  2 0 0 0). Britis h C ol u m bi a d efi n es a  fr e e gr o wi n g st a n d 

as “ A n est a blis h e d s e e dli n g of a n a c c e pt a bl e c o m m er ci al s p e ci es t h at is fr e e fr o m 

gr o wt h -i n hi biti n g br us h, w e e d, a n d e x c es si v e tr e e c o m p etiti o n; or y o u n g tr e es t h at ar e as 

hi g h as or hi g h er t h a n c o m p eti n g br us h, wit h o n e m etr e of fr e e -g r o wi n g s p a c e ar o u n d 

t h eir t o ps” ( F or est Pr a cti c es B o ar d  2 0 1 9) . I n or d er t o d et er mi n e t h e a p pr o pri at e pr ef err e d 

a n d a c c e pt a bl e s p e ci es, t h e pr es cri b er is t o r e vi e w t h e r e c o m m e n d e d s p e ci es o pti o ns f or 

t h e sit e dis pl a y e d b el o w i n Fi g ur e 2.  
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Fi g ur e 2  D e cisi o n m a ki n g pr o c es s t o d et er mi n e a p pr o pri at e, pr ef err e d a n d  a c c e pt a bl e 
s p e ci es f or f or est r e g e n er ati o n sit es i n B C ( G o v er n m e nt of Britis h C ol u m bi a 2 0 0 0).  

 

BI O G E O C LI M A TI C E C O S Y S T E M C L A S SI FI C A TI O N P R O G R A M  
 

T h e B E C  pr o gr a m  is a cl as sifi c ati o n s yst e m us e d b y t h e B C Mi nistr y of f or ests 

f or f or est, r a n g e a n d wil dlif e m an a g e m e nt. B E C is a hi er ar c hi c al cl as sifi c ati o n s yst e m 

t h at us es v e g et ati o n cli m a x c o m m u niti es t o i nf er cli m at e a n d s oil c o m bi n e d e c ol o gi c al 

eff e cts.  T h e pr o vi n c e of B C is di vi d e d i nt o 1 4 B E C z o n es w hi c h c a n b e s e e n i n Fi g ur e 3.  
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Fi g ur e 3  B E C z o n es of B C  ( C F C G 2 0 1 9) 

 

T h e c o ast al W est er n H e ml o c k ( C W H)  z o n e  str et c h es  al o n g t h e e ntir e c o ast of 

V a n c o u v er Isl a n d  at l o w t o mi d el e v ati o ns . T his is o n e of C a n a d a’s m ost pr o d u cti v e 

f or est ar e as a n d als o t h e w ett est wit h a n n u al pr e ci pit ati o n r a n gi n g fr o m 1 2 0 0  m m t o 

3 3 0 0 m m ( M ei di n g er  1 9 9 1) . T h e z o n e c o nt ai ns 1 0 s u b z o n es v ar yi n g i n c o nti n e nt alit y  

a n d pr e ci pit ati o n  (C F C G  2 0 1 9 ).  

 

C W H x m F or est D es cri pti o n  
 

T his f or est is cl as sifi e d as a v er y d r y m ariti m e c o ast al w est er n h e ml o c k s u b z o n e . 

T h e s u b z o n e o c c urs at  el e v ati o ns  u p t o 7 0 0  m  al o n g t h e e ast si d e of V a n c o u v er Isl a n d . 

D u e t o a r ai n s h a d o w c a us e d b y t h e i ns ul ar m o u nt ai n s t h e  C W H x m h a s  dr y , m oist 

s u m m ers a n d  mil d wi nt ers wit h  littl e s n o wf all. Gr o wi n g s e as o ns ar e l o n g, a n d z o n al sit es 

s u g g est w at er s h ort a g es  ( B C Mi nistr y of F or ests 1 9 9 9). F or ests i n t h e C W H x m ar e m a d e 

u p of d o u gl as fir, w est er n h e ml o c k a n d s m all a m o u nt s of w est er n r e d  c e d ar. U n d erst or y 
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s p e ci es t h at ar e c o m m o n i n cl u d e s al al, d ull Or e g o n -gr a p e, r e d h u c kl e b err y, H yl o c o mi u m 

s pl e n d e ns , a n d Ki n d b er gi a or e g a n a . L es s c o m m o n s p e ci es i n cl u d e v a nill a-l e af, s w or d 

f er n, t wi nfl o w er, a n d br a c k e n ( C F C G 2 0 1 9).   

M oi st ur e R e gi m e   
 

U n d er t h e B E C z o n e, t h e ar e a  of st u d y  c a n b e cl as sifi e d b y  a m oist ur e r e gi m e 

r e pr es e nt e d b y a c o d e ( 0 -8) 0 m e a ni n g v er y x eri c a n d 8 b ei n g h y dri c.  T his c o d e is 

as si g n e d b as e d o n e n vir o n m e nt al f a ct ors, s oil pr o p erti es a n d i n di c at or pl a nts r el ati v e t o 

ot h er sit es  wit hi n s a m e B E C u nit  (B. C. Mi nistr y of F or ests  1 9 9 8) .  B. C. m oist ur e r e gi m e 

t a bl e c a n b e f o u n d i n a p p e n di x I. 

N utri e nt R e gi m e  

U n d er t h e B E C z o n e, t h e ar e a of st u d y c a n b e cl as sifi e d b y a n utri e nt r e gi m e 

r e pr es e nt e d b y a c o d e ( A-F) A m e a ni n g o li g otr o p hi c a n d F b ei n g h y p er e utr o p hi c . T his 

c o d e  i n di c at es t h e a v ail a bl e n utri e nt s u p pl y r el ati v e t o ot h er sit es wit hi n t h e s a m e B E C 

u nit. T his  as s es s m e nt  is b as e d o n a c o m bi n ati o n of e n vir o n m e nt al f a ct ors, s oil 

pr o p erti es,  a n d i n di c at or pl a nts. Str o n gl y e x pr es s e d f e at ur es m a y  c o m p e ns at e f or ot h er 

f a ct ors t o cr e at e ri c h er or p o or er c o n diti o ns (B. C. Mi nistr y of F or ests  1 9 9 8) . N utri e nt 

r e gi m e cl as s es a n d r el ati o ns hi ps b et w e e n n utri e nt r e gi m e a n d sit e pr o p erti es c a n b e 

f o u n d i n a p p e n di x II. 

B L A C K -T AI L E D D E E R  

M ul e a n d C ol u m bi a Bl a c k -t ail e d d e er ar e m e m b ers of t h e O d o c oil e us h e mi o n us  s p e ci es 

a n d ar e b ot h c o m m o n s p e ci es i n Britis h C ol u m bi a. M ul e d e er  is a h y bri d of Bl a c k -t ail e d 

a n d W hit e -t ail e d d e er ( Mi nistr y of E n vir o n m e nt, L a n ds a n d P ar ks B. C. 2 0 0 0). C ol u m bi a 

Bl a c k -t ail e d d e er h a v e a pl e ntif ul p o p ul ati o n i n t h e V a n c o u v er Isl a n d r e gi o n, dis pl a y e d 
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i n fi g ur e 4 . Bl a c k-t ail e d d e er ar e d ar k r e d dis h br o w n i n c ol o ur, h a v e a s m all r u m p p at c h 

a n d a d ar k br o w n or bl a c k t ail. A d ult m al es w ei g h a n y w h er e fr o m 4 8 t o 9 0 k g  a n d  

f e m al es 4 0 t o 6 5 k g ( Mi nistr y of E n vir o n m e nt, L a n d s a n d P ar ks B. C. 2 0 0 0). 

 

Fi g ur e 4  D e er s u b -s p e ci es  r a n ge  i n Britis h C ol u m bi a ( Mi nistr y of E n vir o n m e nt , L a n ds 
a n d P ar ks B. C. 2 0 0 0 ). 

R O O S E V E L T E L K  

R o os e v elt el k c a n b e f o u n d o n ar e as of V a n c o u v er Isl a n d a n d c o ast al r e gi o ns of 

t h e m ai nl a n d , dis pl a y e d i n fi g ur e 5. El k c a n b e i d e ntifi e d b y t h eir br o w nis h f ur, d ar k 

m a n e a n d w hit e r u m p p at c h. B ulls h a v e l ar g e f or k e d a ntl ers, b ot h m al e a n d f e m al e h a v e 

l ar g e r o u n d er u p p er c a ni n es. A d ult b ulls ar e c o m m o nl y 1 4 0 c m t all at t h e s h o ul d er, 

w ei g hi n g 2 6 5 –  4 1 0 k g. A d ult c o w s  ar e  1 3 0 c m hi g h a n d w ei g h 1 9 0 - 2 7 0 k g.  O ut of t h e 

f o ur s u bs p e ci es pr es e nt i n N ort h A m eri c a, t h e R o os e v elt El k  ( C. e. r o os e v elti) is t h e 

s p e ci es f o u n d  i n t h e P a cifi c n ort h w est c o ast ( Mi nistr y of E n vir o n m e nt, L a n ds a n d P ar ks 

B. C. 2 0 0 0).  
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U N G U L A T E B R O W S E  

D e er a n d el k br o w s e cr e at e s  a pr o bl e m d uri n g t h e gr o wi n g pr o c es s of w est er n 

r e d c e d ar. Aft er a f or est dist ur b a n c e, c h a n g es i n v e g et ati o n c a n i nfl u e n c e u n g ul at e 

b e h a vi o ur. T h e y t y pi c all y pr ef er gr as s a n d f or bs , b ut will d u e t o pl a nt a v ail a bilit y, t h er e 

di et c a n c h a n g e ( H a ns e n a n d Cl ar k 1 9 7 7). U n g ul at es  di et c a n v ar y d e p e n di n g o n s e as o n, 

w e at h er c o n diti o ns, pl a nt p h e n ol o g y, f or a g e a v ail a bilit y, a n d pl a nt c h e mi c al c o m p ositi o n  

(B ur n e y  a n d  J a c o bs  2 0 1 1 ). O v er wi nt er m o nt hs, u n g ul at es  m ust a d a pt a n d c h a n g e t h eir 

di et t o c o nif er s b u ds a n d n e e dl es . I n t h e P N W of N ort h A m eri c a, u n g ul at e d a m a g e o n 

c o nif er s e e dli n gs is a r e c urri n g is s u e.   

A c c or di n g t o W eis b er g a n d B u g m a n n , “U n g ul at e a n d v e g e t ati o n r el ati o ns hi ps 

ar e d y n a mi c, wit h p ot e nti al f or e a c h t o si g nifi c a ntl y alt er pr o c es s es a n d f u n cti o ns of t h e 

ot h er at v ari o us s p ati al a n d t e m p or al s c al es ” . U n g ul at e br o w s e c a n pr es e nt a c ostl y is s u e 

f or T F L a n d T S A h ol d ers . I n di vi d u al pl asti c tr e e g u ar ds ar e t h e c urr e nt a n d m ost 

c o m m o n m et h o d of pr ot e cti o n f or w est er n r e d  c e d ar  s e e dli n gs . G u ar ds ar e wr a p p e d 

ar o u n d t h e s e e dli n g, pr ot e cti n g  it fr o m e n vir o n m e nt al h a z ar ds.  T his m et h o d is eff e cti v e 

i n t h e r e d u cti o n of d e er a n d el k br o w s e b ut u n pr o d u cti v e f or t h e gr o wt h of t h e s e e dli n gs 

d u e t o t h e c o nti n u o us s uff o c ati o n a n d s h ort a g e of s u nli g ht. Ar e as w h er e w est er n r e d 

Fi g ur e 5  R o os e v elt El k R a n g e i n C o ast al B. C. ( Mi ni str y of E n vir o n m e nt, L a n ds a n d P ar ks B. C. 
2 0 0 0).  
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c e d ar t y pi c all y gr o w c a n b e q uit e r u g g e d a n d r e m ot e , m a ki n g t h e d e pl o y m e nt a n d cl e a n -

u p a ti m el y a n d e x p e nsi v e pr o c es s. A s a r es ult, C A N $ 2 0 t o 2 5 milli o n ar e s p e nt 

a n n u all y i n Britis h C ol u m bi a t o bri n g a pl a nt ati o n t o fr e e -t o-gr o w st at us usi n g i n di vi d u al 

tr e e g u ar ds (R us s el  2 0 0 8 ). Li c e ns e es w h o a v oi d pl a nti n g w est er n r e d  c e d ar e n c o u nt er 

a d diti o n al i n dir e ct c osts, i n cl u di n g m al a d a pt e d or i n a p pr o pri at e s p e ci es s el e cti o n, a n d 

r e d u c e d m a n uf a ct uri n g o p p ort u niti es ( R us s ell 2 0 0 8).  

Sil vi c ult ur e Tr e at m e nts  

R e c e nt st u di es h a v e f o u n d t h at u n g ul at e br o w s e is li n k e d t o l e v els of 

m o n ot er p e n es i n c o n if er n e e dl es, tri g g eri n g a br e e di n g pr o gr a m f or br o w s e -r esist a nt 

w est er n r e d  c e d ar at t h e C o wi c h a n L a k e R es e ar c h St ati o n o n V a n c o u v er Isl a n d  ( R us s ell 

2 0 0 8).  D uri n g a st u d y c o n d u ct e d at H olt Cr e e k o n s o ut h er n V a n c o u v er Isl a n d  w h er e  

s u bs a m pl e s of i n di vi d u als fr o m a w est er n r e d  c e d ar p o p ul ati o n st u d y wit h f a mil y 

str u ct ur e f o u n d a str o n g c orr el ati o n b et w e e n h e a v y br o w s e  l e v els a n d l o w m o n ot er p e n e 

c o nt e nt ( V o u rc’ h et al. 2 0 0 2).  T his st u d y d et er mi n e d t h at p o p ul ati o ns s o ur c e d fr o m  

n ort h er n Britis h C ol u m bi a h a d gr e at er n e e dl e m o n ot er p e n e l e v els t h a n s o ut h er n Britis h 

C ol u m bi a s o ur c es . L e v els of m o n ot er p e n es i n c o nif er n e e dl es ar e i nfl u e n c e d  b y  a g e,  

g e n eti cs  a n d e n vir o n m e nt al f a c tors, as w ell as t h eir i nt er a cti o ns  wit h t h e e n vir o n m e nt  

( B ar a d at et al.  1 9 7 2).  D e er “ n o n -pr ef err e d ” s el e cti o n s ar e c urr e ntl y g oi n g t hr o u g h r a p i d 

br e e di n g a n d t esti n g c y cl es f or e n h a n c e d n e e dl e m o n ot er p e n e c o n c e ntr ati o ns. H o w e v er, 

pl a nti n g st o c k br e d f or hi g h er m o n ot er p e n e l e v els al o n e m a y n ot e ns ur e t h at s e e dli n gs 

will b e a d e q u at el y pr ot e ct e d fr o m br o w s e  ( R us s ell 2 0 0 8). 

T o g ai n a m or e pr e cis e u n d erst a n di n g  of t h e  r el ati o n s hi p b et w e e n d e er br o w s e 

a n d n e e dl e m o n ot er p e n es, a n e n cl os e d d e er p o p ul at e d ar e a w as us e d t o st u d y m ulti pl e 
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c o pi es  c utti n gs t h at w er e r o ot e d fr o m 6 0 tr e es fr o m H olt Cr e e k t h at v ari e d i n 

m o n ot er p e n e c o n c e ntr ati o ns . T h ese cl o n e c utti n gs w er e pl a nt e d at t h e U S D A N ati o n al 

Wil dlif e C e nt er, Ol y m pi a Fi el d St ati o n  Ol y m pi a, W a s hi n gt o n . R es ults of t his t est ar e 

dis pl a y e d i n fi g ur e 6  b el o w.  T h e r es ults i n fi g ur e 6 d e pi ct t h at br o w s e pr ef er e n c e is 

c orr el at e d t o t ot al m o n ot er p e n e c o nt e nt  ( R us s ell a n d Ki m b all 2 0 0 8). 

 

 
Fi g ur e 6  R el ati o ns hi p b et w e e n l e v el of t ot al n e e dl e m o n ot er p e n es a n d p er c e nt a g e of 
m e a n f ail ur e b y cl o n e f or w est er n r e d  c e d ar fr o m t h e U S D A N ati o n al Wil dlif e C e nt er, 
Ol y m pi a Fi el d St ati o n.  ( R us s ell 2 0 0 8). 
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M A T E RI A L S A N D M E T H O D S  

 

 

S T U D Y A R E A  
 

T h e d e pl o y m e nt of  br o w s e r esist a nt  W est er n re d  c e d ar ( T h uj a pli c at a ) w er e 

pl a nt e d i n t h e r e gi o n of El k B a y , wit hi n  B e ar L a k e bl o c k B L K R B 2  l o c at e d i n t h e 

Distri ct of C a m p b ell Ri v er n ort h -w est of t h e cit y of C a m p b ell Ri v er , Britis h C ol u m bi a , 

C a n a d a. D at a c oll e cti o n w as u n d ert a k e n i n t h e s u m m er of  2 0 1 8 a n d  2 0 1 9  a n d w as 

a n al y z e d d uri n g  t h e wi nt er of 2 0 19 -2 0 2 0 . T h e st u d y ar e a is l o c at e d i n t h e C o ast al F or est 

R e gi o n dis pl a y e d i n fi g ur e 7 . C o m m o n C o ast al  F or e st R e gi o n tr e e s p e ci es  ar e  w est er n 

r e d c e d ar  (T h uj a pli c at a ), w est er n h e ml o c k (T s u g a h et er o ), Sit k a s pr u c e (Pi c e a 

sit c h e nsis ), a n d D o u gl as -fir (Ps e u d ots u g a m e nzi esii ). All of t h es e tr e e s p e ci es c a n b e 

f o u n d i n t h e i m m e di at e ar e a of t h e B e ar L a k e  Bl o c ks.  

 

 

Fi g ur e 7  C o ast al F or est R e gi o n i n t h e Distri ct of C a m p b ell Ri v er  
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T h e st u d y ar e a is l o c at e d  ar o u n d  4 0 k m n ort h of C a m p b ell Ri v er o n t h e f or est 

s er vi c e r o a d ( F S R) of R o c k B a y m ai n  li n e b et w e e n t h e 1 2 a n d 1 3 k m m ar k ers.  Wit hi n 

B L K R B 2, t h e  st u d y ar e a is s e cti o n e d off, dis pl a y e d  i n t h e r e d b o x b el o w i n fi g ur e 8 . 

 

 

Fi g ur e 8  Ar e a of St u d y wit hi n B L K R B 2 (I nt erf or, 2 0 1 9)  

 
Fi g ur e 9 dis pl a ys a n i m a g e t a k e n o n a tr ail c a m er a  c a pt uri n g  a bl a c k -t ail e d d e er 

br o w si n g a w es t er n r e d c e d ar tr e e i n t h e ar e a of st u d y wit hi n B L K R B 2 . 

 
Fi g ur e 9  Bl a c k -t ail e d d e er c a u g ht br o w si n g i n B L K R B 2 (I nt erf or, 2 0 2 0) 
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B L O C K HI S T O R Y  A N D I N F O R M A TI O N   
 

H ar v esti n g i n B L K R B 2 b e g a n i n F e br u ar y 2 0 1 6, e n di n g i n J u n e 2 0 1 6. I n 2 0 1 7 

t h e sit e w as pr e p p e d wit h a h o e c h u c k a n d pl a nt e d wit h D o u gl as fir  at  9 0 0  st e ms p er 

h e ct ar e . T h e st u d y ar e a wit hi n t h e bl o c k w as l eft wit h o ut b ei n g sit e pr e p p e d  a n d pl a nt e d 

o nl y wit h  w est er n r e d  c e d ar . B L K R B 2 is l o c at e d i n t h e B E C z o n e of c o ast al w est er n 

h e ml o c k ( C W H), s u b z o n e x m 1 . T h e s oil is i n t h e  s u b m es otr o p hi c / mes otr o p hi c  (B -C) 

n utri e nt r e gi m e cl as s a n d a s u b m esi c/ m esi c ( 3 -4 ) i n m oist ur e r e gi m e  (B. C. Mi nistr y of 

F or ests  1 9 9 8) . T h e st u d y ar e a wit hi n B L K R B 2 c a n b e s e e n b el o w i n fi g ur e 1 0.  

 

M A T E RI A L S  
 

M at eri als us e d i n t his e x p eri m e nt w er e: 1 m etri c m e a s uri n g t a p e, 1 writ e i n t h e 

r ai n n ot e b o o k, 1 p e n cil, 1 c ell p h o n e c a m er a a n d 2 tr ail c a m er as.  

 

E X P E R M E N T A L D E SI G N  
 

D at a c oll e cti o n f or t his st u d y b e g u n i n t h e s u m m er of 2 0 1 8  aft er t h e B L K R B 2 

w as h ar v est e d a n d pl a nt e d i n 2 0 1 7 . D at a t h at w as g at h er e d f or t his st u d y w as c oll e ct e d 

f or t h e Mi nistr y of F or ests, L a n ds a n d N at ur al R es o ur c es i n t h e S o ut h Isl a n d N at ur al 

R es o ur c e s Distri ct i n Britis h C ol u m bi a. I nt erf or C o a st al W o o dl a n ds Di visi o n w as 

c o ntr a ct e d f or c oll e cti o n of t his d at a.  

O v er 6 0 “ n ot pr ef err e d ” s el e cti o ns ( mi ni m al d e er br o w s e a n d e n h a n c e d n e e dl e 

m o n ot er p e n es) fr o m a b as e p o p ul ati o n of a p pr o xi m at el y 2 5 0 0 r a n g e -wi d e w est er n r e d  

c e d ar tr e es h a v e b e e n s el e ct e d t o b e pl a nt e d o n t his sit e as p art of t h e br e e di n g pr o gr a m . 

F urt h er m or e, a n u m b er of “ d e er pr ef err e d ” s el e cti o ns ( hi g h br o w s e a n d l o w 

m o n ot er p e n e c o n c e ntr ati o ns) h a v e als o b e e n i n cl u d e d  (R us s ell J. 2 0 0 8) . 
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Fi g ur e 1 0  B L K R B 2 ( V a n K err e br o e c k  2 0 1 9)  

 

T h e d esi g n f or t his e x p eri m e nt is si mil ar t o a m at c h e d -p airs d esi g n, a s p e ci al 

c as e of a r a n d o mi z e d c o m pl et e bl o c k d esi g n . E a c h tr e at m e nt is p air e d wit h a r ef er e n c e, 

or i n t his sit u ati o n, a c o ntr ol . M at c h e d p airs, si mil ar t o a c o m pl et el y r a n d o mi z e d d esi g n 

b y usi n g r a n d o mi z ati o n t o c o ntr ol f or c o nf o u n di n g  eff e cts  ( St at Tr e k, 2 0 2 0).  I n or d er t o 

p erf or m f urt h er a n al ysis, tr e at m e nts w er e or g a ni z e d i nt o ni n e bl o c ks. F o ur tr e at m e nts 

a n d f o ur p air e d c o ntr ols  wit hi n e a c h bl o c k . Wit hi n e a c h tr e at m e nt bl o c k, a s u bs a m pl e 

w as cr e at e d b y  o bt ai n i n g a si n gl e a v er a g e m e as ur e m e nt f or e a c h tr e at m e nt bl o c k . 

V ari a bilit y fr o m bl o c k -bl o c k w as l o w, s o e a c h bl o c k yi el d e d a si n gl e m e as ur e m e nt , 

g at h eri n g  ni n e  o bs er v at i o ns f or e a c h tr e at m e nt. T h e tr e at m e nt is t h e n o n -pr ef err e d 

s el e cti o ns a n d t h e c o ntr ol is t h e pr ef err e d. N o n pr ef err e d a n d pr ef err e d s el e cti o ns w er e 

pl a nt e d i n str ai g ht r o w s a p pr o xi m at el y 2 m et ers a p art  i n dist a n c e, l e n gt h a n d wi dt h. E a c h 
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pr ef err e d s el e cti o n tr e e w as  pl a nt e d i n r o w s wit h a w hit e fl a g n e xt t o it. N o n pr ef err e d 

tr e es w er e pl a nt e d i n r o w s of or a n g e, pi n k, y ell o w or bl u e fl a gs al o n g wit h a n I D n u m b er 

att a c h e d t o t h e tr e e , e a c h c ol o ur is c o nsi d er e d a tr e at m e nt. I D n u m b ers w er e not us e d i n 

t his e x p eri m e nt d u e t o t h e l a c k of i nf or m ati o n o n w h at t h e y r e pr es e nt.  

Or a n g e fl a gs r e pr es e nt a 2 + 0 c utti n g  ( 2 y e ar ol d c utti n g w h e n pl a nt e d), pi n k fl a gs 

r e pr es e nt 1 + 0 s e e dli n g ( 1 y e ar ol d s e e dli n g w h e n pl a nt e d), y ell o w fl a gs r e pr es e nt 1 + 0 

c utt i n g ( 1 y e ar ol d c utti n g w h e n pl a nt e d), bl u e fl a gs r e pr es e nt 2 + 0 s e e dli n g ( 2 y e ar ol d 

s e e dli n g w h e n pl a nt e d)  a n d w hit e fl a gs r e pr es e nt cl a s s A  ( pr ef err e d c o ntr ol) . A s a n  

e x a m pl e,  t h e ar e a of st u d y b e g a n wit h a r o w of w hit e fl a g g e d pr ef err e d s e e dli n gs, 

f ollo w e d b y a r o w of bl u e  fl a g g e d n o n pr ef err e d s e e dli n gs, f oll o w e d b y a r o w of w hit e 

fl a g g e d pr ef err e d s e e dli n gs, f oll o w e d b y a r o w of or a n g e  fl a g g e d n o n pr ef err e d 

s e e dli n gs , et c. D esi g n l a y o ut is dis pl a y e d b el o w, i n fi g ur e 11.  

 

Fi g ur e 1 1  R a n d o mi z e d u n g ul at e br o w s e tri al d esi g n  (I nt erf or 2 0 1 9) 
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D at a c oll e cti o n c o nsist e d of m e as uri n g t h e h ei g ht of e a c h tr e e i n c e nti m et ers  

usi n g a m e as uri n g t a p e , r e c or di n g t h e c ol o ur of t h e fl a g b esi d e t h e s e e dli n g, l o c ati n g a n d 

r e c or di n g t h e I D n u m b er f or n o n -pr ef err e d s p e ci es a n d  d et er mi n i n g t h e br o w s e l e v el of 

t h e s e e dli n g fr o m 1-4. O n e m e a ni n g  littl e t o n o n e a n d f o ur m e a ni n g  h e a vil y br o w s e d  or 

d e a d.  C oll e cti o n of d at a w as p erf or m e d wit h t w o p e o pl e, o n e m e as uri n g t h e h ei g ht a n d  

d et er mi ni n g  t h e br o w s e l e v el a n d o n e r e c or d i n g t h e i nf or m ati o n. D at a w as r e c or d e d 

usi n g a p e n cil a n d p a p er a n d w as l at er e nt er e d a n d or g a ni z e d i nt o Mi cr os oft E x c el .   

 

 

 

Fi g ur e 1 2  W est er n re d c e d ar s e e dli n g ( V a n K err e br o e c k 2 0 1 9)  
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V ari a bilit y i n D at a   
 

D uri n g d at a c oll e cti o n, t h er e ar e a f e w e n vir o n m e nt al f a ct ors  t h at c a us e 

v ari a bilit y i n t h e d at a w hi c h  a ff e ct t h e gr o wt h of s e e dli n gs  a n d pr o b a bilit y of br o w s e. 

Bl o c k e ff e ct cr e at es v ari a bilit y wit hi n t h e st u d y ar e a. Tr e es l o c at e d cl os er t o r esi d u al tr e e 

st a n ds w er e n ot e d t o t y pi c all y h a v e hi g h er br o w s e l e v els d u e t o u n g ul at es pr ef erri n g  t o 

sti c k t o t h e e d g e of t h e st a n d r at h er t h a n t h e mi d dl e  M oist ur e c o nt e nt t hr o u g h o ut  t h e 

st u d y ar e a v ari e d fr o m  w ell dr ai n e d dr y ar e as  t o v er y w et ar e as. Sl o p e c h a n g es 

t hr o u g h o ut t h e st u d y ar e a v ari e d, r es ulti n g i n diff er e nt l e v els i n f ertilit y of t h e s oil. Hi g h 

l e v els of br us h s p e ci es i n cl u di n g r e d al d er w er e m or e c o m m o n i n s o m e s e cti o ns  of t h e 

st u d y ar e a, w hi c h aff e ct s  s e e dli n gs a bilit y t o m e et fr e e t o gr o w st a n d ar ds.  M e as ur e m e nts 

w er e o nl y t a k e n i n 2 0 1 8 a n d 2 0 1 9, all o wi n g o n e y e ar of c o m p aris o n d at a. W e at h er 

p att er ns b et w e e n 2 0 1 8 a n d 2 0 1 9 h a v e a l ar g e i nfl u e n c e b et w e e n t h e y e ar of gr o wt h t h at 

w as m e as ur e d.  

D uri n g c oll e cti o n of d at a , err ors di d o c c ur d u e t o t h e n at ur e of t h e st u d y. M a n y 

tr e es w er e  mis si n g I D t a gs d u e t o t h e t a gs b ei n g m a d e o ut of p a p er, e asil y d a m a g e d b y 

w e at h er , or tr e e gr o wt h.  T h e s e c o n d is s u e t h at w as f a c e d w as mis si ng tr e es i n s p ots 

w h er e t h er e s h o ul d b e tr e es, t h es e w er e m ar k e d off a s N/ A if t h e st e m w as n ot a bl e t o b e 

l o c at e d. T h e t hir d is s u e w as u n pl a nt a bl e ar e as. S o m e ar e as h a d p er ma n e nt w at er or hi g h 

l e v els of sl as h, m a ki n g t h e ar e a u n pl a nt a bl e, r es ulti n g i n r e c or di n g t h e tr e e as N/ A. 

H ei g ht a n d br o w s e d at a c a n b e s k e w e d d u e t o err or d uri n g m e as ur e m e nt. Diff er e nt 

s ur v e y ors h a v e diff er e nt r o u n di n g t e c h ni q u es a n d h a v e diff er e nt i d e as f or br o w s e l e v el 

as s es s m e nt. Err ors of misr e a di n g h ei g ht d uri n g m e as ur e m e nt  or e v e n  c o m pl et el y 

s ki p pi n g a s e e dli n g c a n als o b e c o nsi d er e d as a c o m m o n err or.  
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S T A TI S TI C A L A N A L Y SI S   
 

P o ol e d D at a A n al ysis  
 
 D at a a n al ysis w as p erf or m e d t o u n d erst a n d t h e eff e ct s of a p pli e d tr e at m e nts 

w h e n c o m p ar e d t o t h e  p o ol e d  d e er pr ef err e d s el e cti o ns  ( c ontr ol) . A n al ysis w as first 

p erf or m e d o n Mi cr os oft E x c el wit h 2 0 1 8 a n d 2 0 1 9 d at a t o c o m p ar e t h e n u m b er of 

s a m pl es, m e a n h ei g ht, m a xi m u m h ei g ht, mi ni m u m h ei g ht, st a n d ar d d e vi ati o n of h ei g ht, 

m e a n br o w s e l e v el, st a n d ar d d e vi ati o n of br o w s e l e v el a n d m ort alit y  of s a m pl es b et w e e n 

2 0 1 8 a n d 2 0 1 9.  T his d at a w as a n al ys e d b y l o o ki n g at t h e st u d y ar e a as a w h ol e, wit h o ut 

p airi n g e a c h tr e at m e nt wit h a c o ntr ol a n d h a vi n g  n o r e g ar d f or bl o c ks . 

 

T w o -S a m pl e T -t est 
 

T o f urt h er a n al y z e t h es e r es ults,  d at a w as or g a ni z e d i nt o a m at c h e d p airs d esi g n 

t o p erf or m a  t w o-s a m pl e T -test  a s s u mi n g e q u al v ari a n c es  t o c o m p ar e t h e si g nifi c a n c e  of 

t h e tr e at m e nts a n d c orr es p o n di n g c o ntr ol usi n g S P S S . Aft er c o m p ari n g t h e st a n d ar d 

d e vi ati o ns b et w e e n t h e tr e at m e nts a n d c orr es p o n di n g c o ntr ol, e q u al v ari a n c e w as 

as s u m e d . S e p ar at e a n al ysis  of  2 0 1 8 br o w s e, 2 0 1 8 h ei g ht, 2 0 1 9 br o w s e a n d 2 0 1 9 h ei g ht 

b et w e e n  t h e f o ur tr e at m e nts a n d t h e c o ntr ol  as s o ci at e d wit h t h e tr e at m e nt w as 

p erf or m e d.  I n or d er t o i n p ut t his d at a i nt o S P S S, it w as first or g a ni z e d o n  Mi cr os oft 

E x c el.  
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R E S U L T S  
 
 

Tr e at m e nt i d e ntifi c ati o n us e d i n t h e st atisti c al a n al ysis c a n b e s h o w n i n t a bl e 2 

b el o w.  E a c h tr e at m e nt t h at w as us e d i n t his e x p eri m e nt w as l a b el e d 1 t o 4 f or t h e 

p ur p os e of S P S S d at a a n al ysis s et u p r e q uir e m e nts.  

 

T a bl e 2  Tr e at m e nt i d e ntifi c ati o n r e pr es e nt e d b y fl a g c ol o ur a n d n u m b er  

 
T r e at m e nt  

T r e at m e nt R e p r es e nt e d 

b y Fl a g C ol o u r  

T r e at m e nt R e p r es e nt e d 

b y N u m b e r  

2 + 0 C utti n g  Or a n g e  Tr e at m e nt 1  

1 + 0 S e e dli n g  Pi n k  Tr e at m e nt 2  

1 + 0 C utti n g  Y ell o w  Tr e at m e nt 3  

2 + 0 S e e dli n g  Bl u e  Tr e at m e nt 4  

Cl as s A –  D e e r P r ef e r r e d   W hit e  C o ntr ol  ( 1, 2, 3 & 4) 

 

Fi g ur e 1 4  c o m p ar es t h e  s e p ar at e h ei g ht gr o wt h d at a t h at w as c oll e ct e d d uri n g 

2 0 1 8 a n d 2 0 1 9. It c o m p ar es m e a n h ei g ht, m a xi m u m h ei g ht a n d mi ni m u m h ei g ht of 

tr e at m e nts a n d c o ntr ol b et w e e n t h e y e ars of 2 0 1 8 a n d 2 0 1 9. V al u es of t his fi g ur e c a n b e 

f o u n d i n a p p e n di x  III. 
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Fi g ur e 1 3  Gr o wt h c o m p aris o n  ( c m) of tr e at m e nts a n d p o ol e d c o ntr ol s  b et w e e n 2 0 1 8 a n d 
2 0 1 9   

- 5 0 0 5 0 1 0 0 1 5 0 2 0 0 2 5 0

Tr e at m e nt 1 2 0 1 8

Tr e at m e nt 2 2 0 1 9

Tr e at m e nt 2 2 0 1 8

Tr e at m e nt 2 2 0 1 9

Tr e at m e nt 3 2 0 1 8

Tr e at m e nt 3 2 0 1 9

Tr e at m e nt 4 2 0 1 8

Tr e at m e nt 4 2 0 1 9

C o ntr ol 2 0 1 8

C o ntr ol 2 0 1 9

H ei g ht i n C e nti m et er s

Tr
ea

t
me

nt
s 

a
n
d 

C
o
nt

r
ol 

Gr o wt h i n Tr e at m e nt s a n d C o ntr ol B et w e e n 2 0 1 8 -2 0 1 9

MI N H EI G H T ( C M) M A X H EI G H T ( C M) M E A N H ei g ht ( C M)
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Fi g ur e 1 5  c o m p ar es t h e m e a n br o w s e l e v el r e c or d e d i n 2 0 1 8 a n d 2 0 1 9 b et w e e n 

t h e tr e at m e nts a n d c o ntr ol. All br o w s e l e v els r e c or d e d f or e a c h s a m pl e wit hi n e a c h 

tr e at m e nt a n d c o ntr ol w as a v er a g e d s e p ar at el y f or 2 0 1 8 a n d 2 0 1 9. V al u es of t his fi g ur e 

c a n b e f o u n d i n a p p e n di x  III. 

 

Fi g ur e 1 4  C o m p aris o n of m e a n br o w s e l e v els  (l e v els 1 -4)  of tr e at m e nts a n d p o ol e d 
c o ntr ols  b et w e e n 2 0 1 8 a n d 2 0 1 9  

0 0. 5 1 1. 5 2 2. 5

Tr e at m e nt 1 2 0 1 8

Tr e at m e nt 2 2 0 1 9

Tr e at m e nt 2 2 0 1 8

Tr e at m e nt 2 2 0 1 9

Tr e at m e nt 3 2 0 1 8

Tr e at m e nt 3 2 0 1 9

Tr e at m e nt 4 2 0 1 8

Tr e at m e nt 4 2 0 1 9

C o ntr ol 2 0 1 8

C o ntr ol 2 0 1 9

M e a n L e v el of Br o w s e

Tr
ea

t
me

nt
s 

a
n
d 

C
o
nt

r
ol

M e a n Br o ws e L e v el B et w e e n 2 0 1 8 -2 0 1 9 
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Fi g ur e 1 6  c o m p ar es t h e m ort alit y of s e e dli n gs  m e as ur e d b e wt e e n 2 0 1 8 -2 0 1 9. 

T his d at a w as c al c ul at e d b y s u btr a cti n g t h e n u m b er of s a m pl es m e as ur e d i n 2 0 1 8 b y t h e 

n u m b er of s a m pl es m e as ur e d i n 2 0 1 9.  V al u es of t his fi g ur e c a n b e f o u n d i n a p p e n di x  III. 

 

 

Fi g ur e 1 5  N u m b er of m ort aliti es i n tr e at m e nts a n d p o ol e d c o ntr ols b et w e e n 2 0 1 8 a n d 
2 0 1 9  

 
 

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0

Tr e at m e nt 1 2 0 1 8

Tr e at m e nt 1 2 0 1 9

Tr e at m e nt 2 2 0 1 8

Tr e at m e nt 2 2 0 1 9

Tr e at m e nt 3 2 0 1 8

Tr e at m e nt 3 2 0 1 9

Tr e at m e nt 4 2 0 1 8

Tr e at m e nt 4 2 0 1 9

C o ntr ol 2 0 1 8

C o ntr ol 2 0 1 9

N u m b er of S e e dli n g s

Tr
ea

t
me

nt
s 

a
n
d 

C
o
nt

r
ol

M ort alit y of S e e dli n gs B et w e e n 2 0 1 8 -2 0 1 9 
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T a bl e 3 dis pl a ys t h e n u m b er v al u es a n d p er c e nt a g es of c h a n g e i n of a n al ysis t ests 

b et w e e n 2 0 1 8 a n d 2 0 1 9. 2 0 1 9 d at a w as s u btr a ct e d fr o m t h e 2 0 1 8 d at a i n t o a n al ys e t h e 

c h a n g e b et w e e n t h e y e ars. All c o ntr ols w er e p o ol e d a n d n ot as s o ci at e d t o a n y tr e at m e nt.   

C o m p aris o n b et w e e n 2 0 1 8 a n d 2 0 1 9 d at a, l o o ki n g at t h e st u d y ar e a as a w h ol e, 

dis pl a y t h at e a c h tr e at m e nt a n d c o ntr ol s h o w d e cli n e of s a m pl es. D e er pr ef err e d 

s el e cti o n ( c o ntr ol) e x p eri e n c e d t h e l ar g est a m o u nt of c h a n g e i n n u m b ers, 4 5 5 s e e dli n gs, 

l osi n g 2 0 % of its p o p ul ati o n ( T a bl e 3). Tr e at m e nt 2 e x p eri e n c e d t h e hi g h est p er c e nt a g e 

s e e dli n g l os s, l osi n g 3 1 % of its p o p ul ati o n, 1 8 0 s e e dli n gs ( T a bl e 3). Tr e at m e nt 4 h a d t h e 

l o w est c h a n g e i n s e e dli n g l os s, l osi n g 4 %, 1 8 s e e dli n gs ( T a bl e 3). C o ntr ol s el e cti o n h a d 

th e hi g h est m e a n br o w s e l e v el i n 2 0 1 8 a n d 2 0 1 9. Tr e at m e nt 3 e x p eri e n c e d 5 8 % c h a n g e 

i n m e a n h ei g ht, t h e l ar g est a m o u nt of gr o wt h b et w e e n t h e tr e at m e nts ( T a bl e 3). C o ntr ol 

s h o w e d t h e l ar g est m a xi m u m h ei g ht c h a n g e at 7 7 % ( T a bl e 3). Tr e at m e nt 1 dis pl a y e d 

3 4 0 % c h a n g e i n its mi ni m u m h ei g ht gr o wt h, t h e l ar g est c h a n g e o ut of t h e tr e at m e nts 

( T a bl e 3). Tr e at m e nt 4 s h o w e d a 2 6 % i n cr e as e i n its m e a n br o w s e l e v el, a n d c o ntr ol 

s h o w e d a d e cli n e of -1 4 % i n m e a n br o w s e l e v el ( T a bl e 3).  

 

T a bl e 3  C h a n g e  i n v al u es of tr e at m e nts  a n d c o ntr ol  b et w e e n 2 0 1 8 a n d 2 0 1 9  
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T a bl e 4 d e pi cts t h e  si g nifi c a n c e b et w e e n t h e 2 0 1 8 h ei g ht m e as ur e m e nts ( c m) of 

t h e f o ur tr e at m e nts a n d t h e c orr es p o n di n g c o ntr ols usi n g a t w o-s a m pl e t-T est  wit h e q u al 

v ari a n c es.  T -t est fin di n gs f or 2 0 1 8 h ei g ht d at a f o u n d all tr e at m e nts a n d c orr es p o n di n g 

c o ntr ols w as si g nifi c a nt. Tr e at m e nt a n d c o ntr ol 1 r es ult e d i n df = 1 5, t =1 3. 2 5, p < 0. 0 0 0 1  

( T a bl e 4). Tr e at m e nt a n d c o ntr ol 2 r es ult e d i n df = 1 3, t =5 8. 7 9, p < 0. 0 0 0 1  ( T a bl e 4). 

Tr e at m e nt a n d c o ntr ol 3 r es ult e d i n df = 1 6, t =3. 5 4, p = 0. 0 0 3 ( T a bl e 4). Tr e at m e nt a n d 

c o ntr ol 4 r es ult e d i n df = 1 4 t =2 7. 7 9, p < 0. 0 0 0 1  ( T a bl e 4).  

T a bl e 4  T -T est as s u mi n g e q u al v ari a n c e c o m p ari n g t h e 2 0 1 8 h ei g ht  of t h e tr e at m e nts 
a n d c orr es p o n di n g c o ntr ol  

 2 0 1 8 H ei g ht ( c m)  M e a n  V ari a n c e  df  t St at P( T < =t) t w o -t ail 

Tr e at m e nt 1  5 5. 0 6  5. 1 7  1 5  1 3. 2 6  0. 0 0 0 0 0 0 0 0 1  

C o ntr ol 1  4 2. 0 9  2. 7 7        

Tr e at m e nt 2  9 5. 0 7  2. 9 5  1 3  5 8. 8 0  0. 0 0  

C o ntr ol 2  4 1. 7 4  3. 2 1        

Tr e at m e nt 3  4 8. 3 0  1 4. 5 4  1 6  3. 5 4  0. 0 0 3  

C o ntr ol 3  4 3. 0 2  5. 4 3        

Tr e at m e nt 4  8 6. 4 5  1 0. 4 4  1 4  2 7. 8 0  0. 0 0 0 0 0 0 0 0 0 0 0 0 1  

C o ntr ol 4  4 3. 4 1  8. 7 4        

 

T a bl e 5 d e pi cts t h e si g nifi c a n c e b et w e e n t h e 2 0 1 8 br o w s e l e v el as s es s m e nts of 

t h e f o ur tr e at m e nts a n d t h e c orr es p o n di n g c o ntr ols usi n g a t w o -s a m pl e T -T est  wit h e q u al 

v ari a n c es. T -t est fi n di n gs f or 2 0 1 8 br o w s e l e v els f o u n d t h at all tr e at m e nts a n d 

c orr es p o n di n g c o ntr ols w as si g nifi c a nt. Tr e at m e nt a n d c o ntr ol 1 r es ult e d i n df = 1 5 t =-

1 1. 0 1, p < 0. 0 0 0 1  ( T a bl e 5). Tr e at m e nt a n d c o ntr ol 2 r es ult e d i n df = 1 3 t =-1 0. 9 7, 

p < 0. 0 0 0 1  ( T a bl e 5). Tr e at m e nt a n d c o ntr ol 3 r es ult e d i n df = 1 6, t =-6. 1 5, p < 0. 0 0 0 1. 

( T a bl e 5). Tr e at m e nt a n d c o ntr ol 4 r es ult e d i n df = 1 4 t =-8. 4 6, p < 0. 0 0 0 1  ( T a bl e 5).  
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T a bl e 5  T -T est as s u mi n g e q u al v ari a n c e c o m p ari n g t h e 2 0 1 8 br o w s e l e v el of t h e 
tr e at m e nts a n d c orr es p o n di n g c o ntr ol 

2 0 1 8 Br o ws e   M e a n  V ari a n c e  df  t St at P( T < =t) t w o -t ail 

Tr e at m e nt 1  1. 2 6  0. 0 2  1 5  -1 1. 0 1  0. 0 0 0 0 0 0 0 1  

C o ntr ol 1  2. 0 5  0. 0 2        

Tr e at m e nt 2  1. 2 1  0. 0 2  1 3  -1 0. 9 7  0. 0 0 0 0 0 0 1  

C o ntr ol 2  1. 9 6  0. 0 1        

Tr e at m e nt 3  1. 5 2  0. 0 3  1 6  -6. 1 5  0. 0 0 0 0 1  

C o ntr ol 3  1. 9 8  0. 0 2        

Tr e at m e nt 4  1. 2 2  0. 0 1  1 4  -8. 4 6  0. 0 0 0 0 0 1  

C o ntr ol 4  2. 0 0  0. 0 6        

 

T a bl e 6 d e pi cts t h e si g nifi c a n c e b et w e e n t h e 2 0 1 9 h ei g ht m e as ur e m e nts ( c m) of 

t h e f o ur tr e at m e nts a n d t h e c orr es p o n di n g c o ntr ols usi n g a t w o-s a m pl e T -T est  wit h e q u al 

v ari a n c es. T -t est fi n di n gs f or 2 0 1 9 h ei g ht d at a f o u n d t h at all tr e at m e nts a n d 

c orr es p o n di n g c o ntr ols w as si g nifi c a nt. Tr e at m e nt a n d c o ntr ol 1 r es ult e d i n df = 1 6 

t =1 1. 1 8, p < 0. 0 0 0 1  ( T a bl e 6). Tr e at m e nt a n d c o ntr ol 2 r es ult e d i n df = 1 6 t =3 2. 9 3 , 

p < 0. 0 0 0 1  ( T a bl e 6). Tr e at m e nt a n d c o ntr ol 3 r es ult e d i n df = 1 5, t =4. 4 5, p = 0. 0 0 0 5. 

( T a bl e 6). Tr e at m e nt a n d c o ntr ol 4 r es ult e d i n df = 1 4 t =1 4. 0 7, p < 0. 0 0 0 1  ( T a bl e 6).    

   

T a bl e 6  T -T est as s u mi n g e q u al v ari a n c e c o m p ari n g t h e 2 0 1 9 h ei g ht of t h e tr e at m e nts 
a n d c orr es p o n di n g c o ntr ol  

 2 0 1 9 H ei g ht ( c m)  M e a n  V ari a n c e  df  t St at P( T < =t) t w o -t ail 

Tr e at m e nt 1  8 1. 7 2  7. 3 8  1 6  1 1. 1 8  0. 0 0 0 0 0 0 0 1  

C o ntr ol 1  6 2. 4 3  1 9. 4 1        

Tr e at m e nt 2  1 0 8. 9 9  1 3. 7 4  1 6  3 2. 9 3  0. 0 0  

C o ntr ol 2  6 2. 6 1  4. 1 1        

Tr e at m e nt 3  7 3. 4 6  2 1. 6 2  1 5  4. 4 5  0. 0 0 0 5  

C o ntr ol 3  6 5. 3 6  5. 3 0        

Tr e at m e nt 4  1 0 7. 0 4  5 3. 2 7  1 4  1 4. 0 7  0. 0 0 0 0 0 0 0 0 1  

C o ntr ol 4  6 2. 8 7  2 5. 5 6        
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T a bl e 7 d e pi cts t h e si g nifi c a n c e b et w e e n t h e 2 0 1 9 br o w s e l e v el as s es s m e nt of t h e 

f o ur tr e at m e nts a n d t h e c orr es p o n di n g c o ntr ols usi n g a t w o -s a m pl e T-T est  wit h e q u al 

v ari a n c es. T -t est fi n di n gs f or 2 0 1 9 tr e at m e nt a n d c o ntr ol 1 ar e c o n cl u d e d t o b e 

si g nifi c a nt df = 1 6 t =-5. 7 0, p < 0. 0 0 0 1  ( T a bl e 6). Tr e at m e nt a n d c o ntr ol 2 c o n cl u d e d t o b e 

si g nifi c a nt df = 1 6 t =-6. 6 2, p < 0. 0 0 0 1  ( T a bl e 6). Tr e at m e nt a n d c o ntr ol 3 c o n cl u d e d t o b e 

n ot si g nifi c a nt df = 1 5, t =-2. 1 0, p > 0. 0 5  ( T a bl e 6). Tr e at m e nt a n d c o ntr ol 4 c o n cl u d e d t o 

b e si g nifi c a nt df = 1 4 t =-4. 7 3, p < 0. 0 0 1  ( T a bl e 6).  

T a bl e 7  T -T est as s u mi n g e q u al v ari a n c e c o m p ari n g t h e 2 0 1 9 br o w s e l e v el of t h e 
tr e at m e nts a n d c orr es p o n di n g c o ntr ol 

  M e a n  V ari a n c e  df  t St at P( T < =t) t w o -t ail 

Tr e at m e nt 1  1. 2 9  0. 0 1  1 6  -5. 7 0  0. 0 0 0 0 3  

C o ntr ol 1  1. 6 8  0. 0 3        

Tr e at m e nt 2  1. 2 3  0. 0 1  1 6  -6. 6 2   0. 0 0 0 0 1  

C o ntr ol 2  1. 6 3  0. 0 2        

Tr e at m e nt 3  1. 4 6  0. 0 2  1 5  -2. 1 0  0. 0 5  

C o ntr ol 3  1. 6 1  0. 0 2        

Tr e at m e nt 4  1. 3 2  0. 0 4  1 4  -4. 7 3  0. 0 0 0 3  

C o ntr ol 4  1. 7 0  0. 0 1        
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DI S C U S SI O N  
 

B y  p o o li n g all c o ntr ols t o g et h er, I c a n c o n cl u d e t h at t h er e is n o si g nifi c a nt tr e n d 

b et w e e n tr e at m e nts a n d c o ntr ol. T h at b ei n g s ai d,  s e e dli n g l os s , m e a n h ei g ht, m a xi m u m 

h ei g ht, mi ni m u m h ei g ht a n d m e a n br o w s e l e v el  c a n c all b e aff e ct e d  b y dr o u g ht, l a c k of 

s u nli g ht, p o or pl a nti n g sit e, hi g h a m o u nts of sl as h, hi g h a m o u nts of br us h s p e ci es , a n d 

s ur v e y or err or.    

T h e n ull h y p ot h esis w as r ej e ct e d b e c a us e  t h e t-t est r e s ults s h o w  t h at t h er e is a 

si g nifi c a nt diff er e n c e b et w e e n t h e tr e at m e nts  a n d as s o ci at e d c o ntr ol  f or br o w s e l e v el a n d 

s e e dli n g h ei g ht  i n all c as es b ut o n e. B y usi n g t h e m at c h e d p a irs a n al ysis  a n d n ot p o oli n g 

all t h e c o ntr ols t o g et h er, t h e d at a is l es s s us c e pti bl e t o bl o c k eff e ct  v ari a bilit y t hr o u g h o ut 

t h e st u d y ar e a.  

B y a n al ysi n g t h e r a w d at a  i n t h e ar e a of st u d y w h er e tr e at m e nt a n d c o ntr ol 3 

w er e s o ur c e d, I w as a bl e t o d et er mi n e t h e a bs e n c e i n d at a i n t his ar e a  of st u d y  d u e t o 

s ur v e y or err or, r es ulti n g i n  a n i nsi g nifi c a nt t-t est. T hi s c o nfir ms t h e st at e m e nt i n m y 

lit er at ur e r e vi e w t h at t h er e is a str o n g c orr el ati o n b et w e e n h e a v y  br o w s e  l e v els a n d l o w 

m o n ot er p e n e c o nt e nt ( V o u rc’ h e t al. 2 0 0 2).  H er e, I c a n c o n cl u d e t h at a ll n o n-pr ef err e d 

s el e cti o ns (tr e at m e nts) h a v e l o w er br o w s e l e v els a n d gr e at er h ei g hts t h a n pr ef err e d 

s el e cti o ns ( c o ntr ol) i n t his st u d y.  

 T h e r es ults of t his st u d y d e pi ct a si g nifi c a nt tr e n d i n u n g ul at e br o w s e l e v els  a n d 

tr e at m e nts usi n g i n cr e as e d l e v els of m o n ot er p e n es i n w est er n r e d  c e d ar  s e e dli n gs i n t h e 

El k B a y r e gi o n, c w h x m 1 B E C z o n e w h er e d e er p o p ul ati o ns ar e si g nifi c a ntl y hi g h er t h a n 

m ost ar e as of V a n c o u v er Isl a n d. I n cr e asi n g us e of n o n -pr ef err e d s el e cti o ns c o u l d s a v e 

T F L a n d T F A h ol d ers i n Britis h C ol u m bi a u p t o C A N $ 2 0 t o 2 5 milli o n a n n u all y b y 
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eli mi n ati n g t h e c ost of i n di vi d u al tr e e g u ar ds (R us s el  2 0 0 8 ). L o w er br o w s e l e v els m e a ns  

w est er n r e d  c e d ar  s e e dli n gs will s p e n d l es s b ei n g  ti m e b ei n g s u p pr es s e d , t h er e b y 

all o wi n g  f ast er gr o wt h i n st a n ds wit h o ut t h e n e e d f or h er bi ci d e s pr a yi n g or 

est a blis h m e nt  of a l es s v al u a bl e s p e ci es s u c h as w est er n h e ml o c k . T his will a ll o w 

w est er n r e d c e d ar  t o est a blis h its elf a n d r e a c h fr e e-t o-gr o w st at us q ui c k er  a n d f or c e  

u n g ul at es t o br o w s e  l es s v al u a bl e s p e ci es .  

T h at b ei n g s ai d, t his e x p eri m e nt c urr e ntl y o nl y us e d o nl y  t w o y e ars of d at a fr o m 

o n e st u d y ar e a. I n or d er f or m or e a c c ur at e r es ults, h ei g ht a n d br o w s e l e v el i nf or m ati o n 

m ust b e c oll e ct e d u ntil tr e es h a v e b e e n d e cl ar e d fr e e -t o-gr o w st at us.  

I w as u n a bl e t o d et er mi n e t h e diff er e nt m o n ot er p e n e l e v els i n t h e tr e at m e nts us e d  

a n d t h e offi ci al e x p eri m e nt al d esi g n of t his st u d y d u e t o t h e i n a bilit y t o o bt ai n 

i nf or m ati o n fr o m c o nt a cts r es p o nsi bl e f or t h e est a bli s h me nt  of t his st u d y at t h e B. C. 

Mi nistr y of F or ests .  
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C O N C L U SI O N  
 

T his e x p eri m e nt s u g g ests t h at t h e us e of i n cr e as e d l e v els of m o n ot er p e n es i n 

w est er n  r e d c e d ar s e e dli n gs ar e li n k e d t o l o w er l e v el s of u n g ul at e br o w s e i n t h e El k B a y 

r e gi o n i n t h e n ort h e ast ar e a of V a n c o u v er Isl a n d, Britis h C ol u m bi a. W est er n r e d  c e d ar ’s 

str o n g e c o n o mi c i m p ort a n c e, e c ol o gi c al attri b ut es a n d hist ori c al si g nifi c a n c e i n t h e 

P N W m a k es it a hi g h -v al u e s p e ci es, m a ki n g it e as y t o j ustif y t his st u d y. D e pl o yi n g 

br o w s e r esist a nt w est er n r e d  c e d ar will h el p T F L a n d T F A h ol d ers i n B. C. pr o d u c e a 

str o n g er a n d m or e pr o d u cti v e f or est , r es ulti n g i n a l ar g er yi el d a n d l o w er sil vi c ult ur e 

c osts. T o f urt h er d et er mi n e t h e s u c c es s of t his st u d y, I r e c o m m e n d d e pl o y m e nt a n d 

a n n u al a n al ysis of br o w s e r esist a nt w est er n r e d  c e d ar i n v ari o us l o c ati o ns t hr o u g h o ut t h e 

P a cifi c r e gi o n of B. C.  
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A P P E N DI X II  
 

B. C. N U T RI E N T R E GI M E C L A S S E S A N D R E L A TI O N S HI P S B E T W E E N 
N U T RI E N T R E GI M E A N D SI T E P R O P E R TI E S  
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A P P E N DI X III   
 

2 0 1 8 A N D 2 0 1 9 T R E A T M E N T A N D P O O L E D C O N T R O L G R A P H D A T A  

 

 

2 0 1 8  Tr e at m e nt 1  Tr e at m e nt 2  Tr e at m e nt 3  Tr e at m e nt 4  C o ntr ol  

N O O F 
S A M P L E S  5 8 7. 0 0 0  5 8 8. 0 0 0  5 8 8. 0 0 0  4 9 5. 0 0 0  2 2 4 7. 0 0 0  

M E A N H ei g ht 
( C M) 5 4. 7 0 9  9 3. 8 8 7  4 6. 7 4 4  8 5. 7 6 1  4 1. 8 7 0  

M A X H EI G H T 
( C M) 8 5. 0 0 0  1 2 7. 0 0 0  1 7 5. 0 0 0  1 8 3. 0 0 0  9 8. 0 0 0  
MI N H EI G H T 
( C M) 5. 0 0 0  3 6. 0 0 0  1 4. 0 0 0  9. 0 0 0  1 1. 0 0 0  

S T D E V ( H EI G H T)  1 1. 1 9 3  1 2. 2 0 4  1 2. 4 4 8  1 4. 5 0 3  1 0. 8 8 1  

M E A N B R O W S E 
L V L  1. 2 2 3  1. 1 6 3  1. 5 4 7  1. 1 9 8  1. 9 4 6  

S T D E V 
( B R O W S E L V L) 0. 5 6 3  0. 4 9 6  0. 8 0 1  0. 6 1 0  0. 8 9 4  

 
 

2 0 1 9  Tr e at m e nt 1  Tr e at m e nt 2  Tr e at m e nt 3  Tr e at m e nt 4  C o ntr ol  

N O O F 
S A M P L E S  4 9 4. 0 0 0  4 0 8. 0 0 0  4 5 5. 0 0 0  4 7 7. 0 0 0  1 7 9 2. 0 0 0  

DI E B A C K F R O M 
2 0 1 8  9 3. 0 0 0  1 8 0. 0 0 0  1 3 3. 0 0 0  1 8. 0 0 0  4 5 5. 0 0 0  

M E A N H ei g ht 
( C M) 8 1. 6 3 2  1 1 0. 6 5 7  7 3. 8 4 0  1 0 5. 2 8 3  6 2. 8 9 4  
M A X H EI G H T 
( C M) 1 4 8. 0 0 0  1 9 7. 0 0 0  2 0 4. 0 0 0  2 1 0. 0 0 0  1 7 3. 0 0 0  

MI N H EI G H T 
( C M) 2 2. 0 0 0  2 6. 0 0 0  2 3. 0 0 0  2 7. 0 0 0  9. 0 0 0  

S T D E V ( H EI G H T) 2 0. 9 9 6  1 8. 7 5 7  2 1. 3 4 1  2 2. 4 2 1  2 0. 7 6 3  

M E A N B R O W S E 
L V L  1. 2 8 5  1. 2 2 1  1. 4 7 9  1. 5 0 5  1. 6 7 7  

S T D E V 
( B R O W S E L V L) 0. 7 0 2  0. 6 7 6  0. 6 3 9  4. 7 2 6  0. 6 0 4  

 

 


