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I NT R O D U C TI O N  
 
 W hit e s pr u c e ( Pi c e a gl a u c a  ( M o e n c h) Voss) ) is a n i m p ort a nt tr e e s p e ci es f ou n d i n 

all f or est e d r e gi o ns a cr oss C a n a d a e x cl u di n g t h e f ar P a cifi c c o ast ( F arr ar 2 0 1 0). It is a 

cr u ci al c o m p o n e nt of b or e al mi x e d w o o d f o r ests. W hit e s pr u c e is a s h a d e  t ol er a nt sp e ci es 

b ut c a n gr o w u n d er a r a n g e of s u nl i g ht c o n diti o ns ( Al b ert a A gri c ult ur e a n d D e v el o p m e nt 

2 0 0 3). As a mi d -s u c c essi o n al s p e ci es, t h e sl o w er gr o wi n g w hit e s pr u c e c a n r e m ai n i n t h e 

u n d erst or y f or m a n y d e c a d es b ut w ill e v e nt u all y gr o w t hr o u g h t he c a n o p y t o  d o mi n at e 

t h e st a n d ( C h e n a n d P o p a di o u k 2 0 0 2).  

 S pr u c e tr e es ( w hit e s pr u c e, bl a c k spr u c e , Sit k a  s pr u c e  a n d ot h er  s p e ci e s) ar e t h e 

d o mi n a n t s p e ci es f o u n d o n C a n a d a ’s l a n ds c a p e , a c c o u nt i n g f or 4 7 % of C a n a d a’s t ot al 

w o o d v ol u m e (N ati o n al F or est I n ve n t or y 2 0 1 8 ). W hit e s pr u c e  is a c k n o wle d g e d as o n e of 

Al b ert a’s m ost v al u a bl e c o m m er c i al s p e ci es. It a c c o u nts f or 3 0 % of t h e pr ovi n c e’s t ot al 

f or est i n v e nt or y, a n d 4 8 % of Al b ert a’s m er c h a nt a bl e v ol u m e of c o nif er o us gr o wi n g st o c k 

( Al b ert a A gri c ult ur e a n d D e v el o p m e nt 2 0 0 3).   

T h e w o o d  of w hit e s p r u c e is hi g hl y v al u e d f or l u m b er, pl y w o o d a n d pul p 

pr o d u cti o n ( Al b ert a A gri c ult ur e a n d R ur al D e v el o p m e nt 2 0 0 3). A c c or di n gl y, w hit e  

s pr u c e is a  pr o mi n e nt  s p e ci es i n Al b ert a’s r e g e n er ati o n pr o gr a m. I n 2 0 1 0 -2 0 1 1, pl a nt e d 

se e dli n gs r e f or est e d 7 5 % o f h ar v est e d ar e a o n p u bli c l a n d. T his pl a nt e d l a n d t ot al e d  o v er 

5 5 0 0 0 h e ct ar es ( h a ) i n ar e a a n d  just l ess t h a n 4 5 % of t h at l a n d w as pl a nt e d wit h s pr u c e 

(m ai nl y  w hit e a n d bl a c k  s pr u c e ) ( Al b ert a G o v er n m e nt 2 0 1 2). I n 2 0 13 , o v er 4 2 0  0 0 0 h a 

w er e  r e g e n er at e d b y pl a nti n g i n C a n a d a  ( c o m p ar e d wit h o nly 1 1  1 9 7  h a s e e d e d)  

(N ati o n al F or estr y D a t ab as e 2 0 1 8) . T h e t ot al ar e a pl a nt e d is dir e ctl y c orr el at e d wit h t h e 
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ar e a h ar v est e d t h at y e ar . All  c o m m er ci all y h ar v est e d l a n d m ust b e r e g e n er at e d wi t hin a 

f e w y e ars of t h e ori gi n al h ar v est. 

N at ur al r e g e n er ati o n of w hit e s pr u c e is v ari a b l y s u c c essf ul, s o artifi ci al 

r e g e n er ati o n is oft e n pr es cri be d  ( Li eff ers a n d B e c k  1 9 9 4). Artifi ci al r e g e n er ati o n t hr o u g h 

pl a nti n g i n cr e as es t h e li k eli h o o d of a c hi e vi n g r e g e n er ati o n t o  t h e d esir e d f ut ur e f or est 

s p e ci es c o m p ositi o n  ( N atu r al R es o ur c es C a n ad a 2 0 1 4). It als o al l o ws f or  t h e m a xi m u m 

c o ntr ol of d e nsit y a n d  st o c ki n g. A n ot h er a d v a nt a g e  of pl a nti n g is t h e pr e di ct a b ilit y of 

s e e dli n g est a blis h m e nt  a n d f ut ur e f or est c o m p o siti o n. Pl a nti n g is i n cr e asi n gl y us e d  t o 

e ns ur e i m pr o v e d st o c ki n g of c o nif ers, as c o nif e rs d o n ot r e g e n er at e as e asil y as 

d e ci d u o us s p e ci es s u c h  as as p e n ( Gr e e n e et al.  2 0 0 2).  

In C a n a d a, pl a nt i n g o c c urs o n s u c h a l ar g e s c al e t h at i n m a n y c ases, t h e b est  

gr o wi n g c o n di ti o ns ar e n ot al w a ys o bt ai n a bl e . I d e all y, h ar v est e d site s w o ul d b e ass ess e d 

in t er ms of w hi c h  s p e ci es  w er e h ar v est e d , w h at t y p e of sit e it is, a n d w hi c h, if a n y, 

u n d erst or y r e g e n er a ti o n w as n at ur all y o c c urri n g . I n di vi d u al s p e ci es’ g r o wt h r e q uir em e nt s 

diff e r; c ert ai n s p e ci es  ar e  b et t er suit e d f or c ert ai n g r o wi ng c o n diti o ns . T h e  s p e c i es t h at 

w as h ar v est e d f r o m a  sit e m a y n ot b e t h e s a m e sp e ci es t hat  is e v e nt u all y  r e g e n er at e d 

t h er e. Th e  r o b ust n ess of w hit e s pr u c e m a k es it a n i d e al s p e ci es f or pl a nti n g  i n b ot h 

cl e ar c ut bl o c ks a n d fill b l o c ks a cross C a n a d a.  

 P l a nti n g is pri m aril y t h e r es p o nsi bilit y of t h e f or est li c e ns e es t h at h ar v est a n d 

m a n a g e t h e f or est. H o w e v er , in t h e c as e of t his st u d y sit e, t h e g o v er n me nt of Al b ert a 

i nitiat e d a s p e ci al pr oj e c t to pl a nt w hi t e spr u c e s e e dli n gs i n a p r e vi o usl y pl a nt e d, yo u n g 

l o d g e p ol e pi n e st a n d. T his  st u d y is p ers o n all y c o n n e ct e d t o  m y p ast sil vi c ult ur e 

e x p eri e n c e . D uri n g m y c ar e er  as a pl a nt er, I pl a nt e d tr e es a cr oss m a n y  r e gi o ns in 

n ort h er n A l b ert a a n d Britis h  C o l um b i a. T h e  bl o c ks fr o m w hi c h t h e i nf or m ati o n f or t his 
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st u d y  w as c oll e ct e d w er e bl o c ks t h at m ys elf a n d m y cr e w  pl a nt e d  i n t h e s u m m er of 20 1 0. 

It w as i nt er esti n g t o r et ur n t o pr e vi o usl y pl a nt e d bl o c ks a n d o bs er v e t h e d e v el o p m e nt  of 

t h e s e edli n gs.  I q u est i o ne d  w h y c ert ai n bl o c ks ar e pl a nt e d  if t h e y d o  n ot n e c ess aril y  

p oss ess  t h e o pti m al  gr o wi n g c o n diti o ns  for t h at tr e e s p e ci es . Of p arti c ul ar i nt er est w as 

w h et h er o r n ot i n cr e as e d l e v els of s h a di n g w o ul d hi n d er gr o wt h of t h e w hit e s pr u c e 

s e e dli n gs. Fill pl a n ti ng is a n art ifi ci al r e g e n er ati o n t e c h ni q u e us e d t o f urt h er i n cr e as e t h e 

d e nsit y of a pr e vi o usl y pl a nt e d s t an d . N e w s e e dli n gs ar e pl a nt e d i n t h e un d erst o r y of 

e xisti n g st a n ds t h at d o n ot m e et t h e t ar g et d e nsit y r e q uir e m e n ts of t h e st a n d . 

 T h e ori gi n al st a n d  l o c at e d n e ar Sl a v e L a k e, Al b ert a w as pl a nt e d wit h l o d g e p ol e 

pi n e i n 2 0 0 0. N at ur all y o c c urri n g  se as o n al f ir es b ur n e d i n t h e ar e a, ass u mi ngl y 

n e g a ti v ely  i m p a cti n g tr e e gr o wt h i n  s o m e ar e as . L ar g e ar e as w er e assi g n e d  pl a nti n g 

pr es c ri pti o ns b as e d o n esti m at e s of d a m a g e a s w ell as a m o u nts of s e e dl i n g s ur pl us fr o m 

t h e n urs ery . It w as u n k n o w n t o w h at st o c ki n g l e v el in di vi d u al  st a n d s r e m ai n e d at, at t h e 

ti m e of t h e s e c o n d ( or fill) pl a n t. T h e 2 0 1 0 pr oj e ct r e q uir e d t h at w hit e s pr u c e s e e dli n gs  

b e  pl a nt e d t o fill p r esu m e d  g a ps l eft b y fir e. T h e p l a nt e d spr u c e s e e dli n gs w er e a d d e d t o 

r esi d u al st a n di n g  l o d g e p ol e pi n e st a n d  t o a c hi e v e  a n o v er all , c o m bi n e d d e nsit y of 1 4 0 0 

st e ms/ h a.  

 V a ri a bl es s u c h as te m p er at ur e, r ai nf all, s oil n utri e nts , s u nli g ht,  a n d n u m er o us ot h er 

f act o rs all c a n aff e ct t h e est a blis h m e nt o f c o nifer pl a nt ati o ns  (Br a n d a n d J a n as 1 9 8 7 ). 

A v ail a bl e  s u nli g ht a n d s h a di n g  c o n diti o ns diff er gr e atl y  b et w e e n fill pl a nt ati o ns a n d  

cl e ar c u t pl a nt ati o ns . T h e  m e as ur es us e d i n t his st u d y t o e v al u at e w hit e s p r u c e s e e dl i n g 

s u c c ess ar e  t ot al h ei g ht a n d t ot al ro ot c ol l ar di a m eter  ( R C D). S a m pl e d p l ots w er e c h os e n  

s e mi -r a n d o ml y i n t h e fi el d. 
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O bj e cti v e  

 T h e o bj e cti v e of t his st u d y w as f u n d a m e nt all y t w o-f ol d. T h e n o n -s ci e ntifi c 

o bj e cti v e of t h e  stu d y , b or n e of c uri osit y  a n d  p ers o n al c o n n e c ti o n, w as t o o b s er v e  t h e 

initi al  s u c c ess  of t h e pr oj e ct a n d d r a w c o n cl usi o ns a b o ut fill pl a n ti n g pr oj e cts i n g e n er al. 

T h e  s ci e nti fi c o bj e cti v e  e x a m i n e d w hite s pr u c e s e e dli n g gr o w t h u n d er  diff er e nt 

l o d g e p ol e pi ne c a n o p y d e nsiti es , a n d t h us dif f ere nt s h a di n g  c o n diti o ns. St atisti c al 

a n al ysis w as us e d t o d et er mi n e w h et h er t h er e w er e st atisti c all y  si g nifi c a nt diff er e n c es i n 

gr o wt h b et w e e n pl ots of v ar yi n g  c a n o p y  d e nsit i es. A n a l ys es w er e h el pf ul i n i d e ntif yi n g a 

p ot e nti al t hr es h ol d w h er e i n cr e as e d p l a nti n g or d e nsit y will n o  l o n g er r es ult i n i n cr e ase d  

gr o wt h.  

 A n ot h er g o al  of t hi s r e p ort w as t o  c o m p ar e  t h e st u d y ’s r es ults wit h p e e r-r e vi e w e d 

j o ur n als t o d et er mi n e t h e effe cts of c o m p etiti o n  a n d li g ht e x p os ur e  o n t h e gr o wt h of 

j u v e nil e w hit e s pr u c e s e e dli ngs. T h e r es ults of t h is st u d y w er e c om p ar e d  wit h pri or 

r es e ar c h c o n c er ni n g w hit e s pr u c e gr o wt h u n d er as p e n a n d i n ot h er mi x e d w o o d s c e n ari os.  

H y p ot h es es  

N ull h y p ot h es es ( H o ): T h er e will b e n o st atisti c al l y si g nifi c a nt diff er e n c e i n h ei g ht a n d/ or 

r o ot c oll ar di a m et er (R C D) gr o wt h of w hit e s pr u c e s e e dli n gs b et w e e n pl ots wit h v ar yi n g 

d e n siti es of r esi d u al l o d g e p ol e pi n e tr e es.  

Alt er n ati v e h y p ot h esis ( H a ): T h er e will b e a st atisti c all y si g nifi c a nt diff er e n c e i n h ei g h t 

a n d/ or r o ot c oll ar di a m et er ( R C D) gr o wt h o f w hit e s pr u ce s e e dli n gs b et w e e n pl ots wit h 

v ar yi n g d e nsiti e s of r esi d u al l o d g e p ol e p i n e tr e es. 
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LI T E R A T U R E R E VI E W  

 W hit e s pr u c e is a criti c al tr e e s p e ci es i n m i x e d w o od b or e al f or est st a n ds  a cr oss 

C a n a d a. B or e al mi x e d w o o d st a n ds as d efi n e d b y M a c D o n al d ( 1 9 9 5) ar e sit e s  

“ wit h cli m ati c, t o p o gr a p hi c, a n d e d a p hi c c o n diti o ns t h at f a v o ur t h e 
pr o d u cti o n  of cl o s e d c a n o p y st a n ds d o mi n at e d b y tr e m bli n g as p e n ( P o p ul us 
tr e mul oi d es ) or w hit e bir c h (B et u l a p a p yrif er a ) i n e arl y s u c c essi o n al st ag es, 
bl a c k s pr u c e ( Pi c e a m ari a n a ) or w hit e s pru c e ( Pi c e a gl a u c a ) i n mi d-
s u c c essi o n a l st a g es, a n d b als a m fir (A bi es b als a m e a ) i n l at e s u c c essi o n al 
st a g es. ”  

 
M a c D o n al d  (1 9 9 5) pr o p os e d, “ a b o r e al mi x e d w o o d st a n d is a tr e e c o m m u nit y o n a b or e al 

mi x e d w o o d sit e i n  w hi c h n o si n gl e s p e ci es  c o m pris es 8 0 %  or m or e of t h e t ot al b as a l 

ar e a. ”  T h is wi d e , b elt-s h a p e d  r e gi o n t h at str et c h es a cr oss Ca n a d a , is ch ar a ct eri z e d b y a 

c o m pl e x a n d d y n a mi c m os ai c  of f or est t y p es t h at v ar y b ot h str u ct ur all y  a n d i n t h e  

c o m p ositi o n  of b r oa dl e af a n d c o nif er tr e e s p e ci es . It is a hi g hl y pr o d u cti v e a n d di v ers e 

e c os yst e m  i nfl u e n c e d b y a  s p e ctr u m  of  cli m at e, s oil a n d  dist ur b a n c e f a ct o rs ( B er g er o n et 

al.  2 0 1 4).  C a n a di a n b or e al mi x e d w o o d st a n ds ar e f o u n d m ai nl y o n m esi c sit es r e a c hi n g 

fr o m t h e e ast t o w est c o asts, a n d ar e c o m p os e d of w hit e s pr u c e  (Pi c e a gl a u c a  ( M o e n c h) 

V oss)) , b als a m fir ( A bi es b als a m e a  ( L.) Mill. ), tr e m bli n g as p e n (P o p ul us tr e m ul oi d es  

(Mi c h x.) ) a n d a d diti o n al mi n or s p e ci es ( Li eff ers et al.  1 9 9 6 ). T hr o u g h o ut t h e b or e al 

r a n g e, alt h o u g h  m aj or s p e ci es a b u n d a n c es v ar y , w hi t e s pr u c e m ai nt ai ns  its pres e n c e i n 

vir tu all y  all f or est e d r e gi o ns . 

 W hit e s pr u c e  is a mi d t o lat e s u c c essi o n al s p e ci es t h at p oss ess es t h e a bil it y t o 

t ol er at e s h a d e d uri n g m ost st a g es of gr o wt h  ( F arrar 2 0 1 0) . It c a n wit hst a n d  m o d er at e 

br us h a n d gr o ws st e a d il y i n t h e u n d erst or y, r e ac hi n g t h e c a n o p y aft er 5 0-9 0 y e ars ( H u a n g 

et al.  2 0 1 3). B ei n g s u p pr ess e d f or m ost of its e arl y lif e, it r e c o v ers w ell o n c e g ai n i n g a n 
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i n cr e as e d e x p os ur e t o li g ht. Its pr es e n c e i n t h e u n d erst or y is es p e ci al l y co m m o n i n st a n ds 

wit h m ul ti pl e c o h orts. As p e n, a  pi o n e er s p e ci es, us u all y est a blis h first, f oll o w e d y e ars 

l at er b y t h e w hit e s pr u c e ( H u a n g et al.  2 0 1 3 , Li eff ers et al . 1 9 9 6 ). 

 M a n y st u d i es f o c us o n sp e ctr u ms  of t ol er a n c e t o diff er e n t fa ct or s; h o w e v er,  l ess 

r es e ar ch is a v ail a bl e  o n  o pti m al  gr o wi n g c o n dit i o ns. C urr e nt r es e ar c h r es ults ar e v ari e d  

r e g ar di n g o pti m al gr o wi n g c o n diti o ns f or m a n y s p e ci es i n cl u di n g w hit e s pr u c e.  O pti m al 

gr o wt h r e q u ir e m e nts ar e m or e s p e cifi c a n d diffi c ult t o p re cis el y d e m o nstr at e . N at ur e 

d o e s n ot al w a ys p r o vi d e i d e al gr o wi n g c o n diti on s, as t h er e ar e m a n y d y n a mi c f a ct ors 

si m ult a n e o usl y i n a cti o n , e a c h i nfl u e nti al t o v ar yi n g d e gr e es . 

F a ct ors t h at Aff e ct Gr o wt h  

 T h e t er m  g r o wt h is d efi n e d as a n  i n cr e as e i n a n y of h ei g ht, di a m et er , bi o m ass,  o r 

cr o w n di m e nsi o ns . Ju v e nil e s e e dli n g gr o wt h  is aff e ct e d b y s e v er al  i nt er n al a n d e xt er n al  

f a ct ors i n cl u di n g b ut n ot li m it e d t o, g e n eti cs, cli m at e , w at er, t e m p er at ur e, li g ht, s e e d b e d 

su b str at e a n d s oi l n utrie nt a v ail a bilit y . F or t h e p ur p os es of t his s t u dy , t ot al h ei g ht  a n d 

tot a l di a m et er gr o wt h  r el ati v e t o li g ht e x p o s ur e  will b e t h e k e y  f o c us. 

Li g ht A v ail a bilit y  

 T h e li g ht i n f or ests is c o n st a ntl y c h a n gi n g i n b ot h i nt e nsit y a n d dir e cti o n  ( Lieff ers 

e t al. 1 9 9 9 ). Li g ht a v ail a b ilit y c h a n g es as y o u m o v e t hr o u g h t h e c a n o p y l a y ers.  T h e 

a m o u nt of li g ht tr a ns mit t e d t o t h e gr o u n d l e v e l will b e diff er e nt t h a n t h e a m o u nt of li g ht 

a v ail a bl e  t o th e t o p r e a c h es of t h e c a n o p y . L o gi c all y , t h e hi g h er t h e p o siti o n i n t he 

c a n o p y , t h e gr e at er t h e li g ht e x p os ur e .  

 T h e m ai n f a ct ors a ff e cti n g u nd er st or y li g ht e n vir o n m e nt s a r e t ot al l e af ar e a, li v e 

cr o w n h ei g ht, s p ati al distri b uti o n of t h e tr e es, s u n a n gl e, s k y  c o n diti o ns, a n d tr e e s p e ci es 

(M essi e r 1 9 9 6 ). E v e n  in r el ati v el y u nif or m st a n ds wit h a r el ati v el y d e ns e o v erst or y, t h er e 
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is si g nifi c a nt s p ati al vari ati o n i n li g ht tr a ns mit t e d t o t h e u n d erst or y (Li eff er s et al . 1 9 9 9).  

 V ari ati o n i n u n d erst or y li g ht q u a ntit y  c a n b e r el at e d t o o v erst or y c a n o p y t y p e, 

s p e cifi c all y  t h e c o m p osi ti o n of d e ci d u o us  a n d  c o nif er o us  tr ee t y p es. T h e pr es e n c e of 

a s p e n or  bir c h  t e nds t o i n cr e as e u n d erst o r y li g ht q u a ntit y w h e n c o m p a r ed wit h c o nif er -

d o mi n at e d  st a n ds (M ess i er 1 9 9 6 ). Li eff ers  a n d St a dt  (1 9 9 4 ) als o pr o v e d  a dir e ct 

r elati o ns hi p b et w e e n h ar d w o o d b as al ar e a a n d  li ght, i n t h at t h e gr e at er t h e h ar d w o o d 

b as al ar e a t h e m o re li ght w as tr a ns mitt e d b y t h e c a n o p y ( as p e n b ei n g t h e d o mi n at e 

s p e c i es wit h  s o m e b als a m p o pl a r). C o n v ers el y, t h e g r e at er b as al ar e a of s oft w o o d ( m ostl y  

w hit e s pr u c e) t h e l ess li g ht w as tr a ns mitt e d t o t h e u n d erst or y ( Li eff ers a n d St a dt 1 9 9 4). 

M i x e d w o o d st a n ds do mi n at e d b y h ar d w o o d h a d 1 4 - 4 0 % li g ht tr a ns mitt a n c e. St a n ds 

wit h t h e l o w est li g ht tra ns mitt a n c e w er e  m o r e d e ns el y p o p ul a t e d b y  m at ur e w hit e s pr u c e  

( Li eff ers a n d St a dt 1 9 9 4) . I n s pr u c e-as p e n mi x e d w o o ds, t h e hi g h er p er c e nt a g e  

c o m p ositi o n o f s pr u c e i n t he o v erst or y, t h e l e ss li g h t is tr a ns mitt e d t o t h e u n d erst or y 

( Li eff ers a n d St adt 1 9 9 4 ). C o ns t a be l a n d Li eff ers ( 1 9 9 6) f o u n d t h at in sa m pl e d Al b er t a 

m i x e d w o o d f or ests, li g ht tr a ns missi o n t o t h e  g r o u n d l e v el w as as l o w as 6 % . A n 

i m m at ur e o v erst or y s u c h as  t he l o d g e p ol e pi n e  c a n o p y  i n t his st u d y w o ul d  pr es u m a bl y  

all o w m or e li g ht t o r e a c h t o t h e u n d erst or y t h a n i n a m at ur e st a n d.   

Li g ht L e v els a n d Gr o wt h Eff e cts  

T h e eff e ct s of li g ht e x p os ur e  o n w hit e s pr u c e  gr o wt h h a v e  b e e n e x t e nsi v el y 

r es e ar c h e d. G e n er all y, u n d er st or y s pr u c e gr o wt h s e e ms t o b e m or e i m p e d e d b y l o w li g ht 

l e v els u n d er c o nif er-d o mi n at e d c a n o pi es t h a n u n d er as p e n -d o mi n at e d c a n o pi es . W hit e 

s pr u c e h as b e e n s h o w n t o e n d ur e  li g ht l e v els as l o w as 8 %  f ull s u nli g ht (Li eff ers a n d 

St a dt 1 9 9 4 ). T h eir st u d y f o u n d t h at i n st a n ds b el o w 8 % tr ans mitt e d li g ht, w hit e s pr u c e  

sa pli n gs w er e al m ost e ntir el y a bs e nt . C o m p ar a b l y, L o g a n ’s st u d y ( 1 9 6 9) f o u n d t h at w hit e 
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s pr u c e r e m ai n e d ali v e i n t h eir l o w e st li ght tr e at m e nts of 1 1 a n d 1 3 %.  K o b e a n d C o at es 

( 1 9 9 7) pr oj e ct e d  i n cre as e d  m ort alit y of w hit e s pr u c e  (li k el y t o e x c e e d 2 0 %  o f t h e 

s a m pl e)  w h e n li g ht l e v els ar e b el o w 5 % a n d 1 5 %, r e s p e cti v el y.  H u a n g et al.  (2 0 1 3)  

s h o w e d p o or c o nif er gr o wt h u n d er d e ns e h ar d w o o d st a n ds w as  li n k e d t o e x c e pti o n all y 

l o w li g ht l e v els ( u n d er 2 0 %). H er b a c e o us  c o v er s u c h as g r ass es a n d l o w s hr u bs will als o 

aff e ct li g ht a v ail a bilit y  t o t h e u n d erst or y. 

C h e n ( 1 9 9 7) f o u n d t h at  pl a nt e d  s pr u c e ( E n g el m a n n  s pr u c e , Pi c e a e n g el m a n nii  

(P arr y e x E n g el m. )) di s pl a y e d t h e hi g h est s ur vi v al  fi g ur es ( al m ost 1 0 0 %  s ur vi v al ) 

c o m p ar e d t o n o n -s pr u c e  s p e ci es  o v er t h e first t hr e e gr o wi n g s e as o ns. T h es e s u c c essf ul 

r at es w er e o bs er v e d c o nsist e ntl y o v e r all li g ht c on diti o ns. Gr o ot  ( 1 9 9 9) d e m o nstr at e d 

hi g h s u c c ess  i n w hit e s pr u c e  s e e dli n g gr o wt h  w h e n e x p o s e d t o f ull ( 1 0 0% ) s u nlig h t in 

cl e ar c uts . A cl e ar c ut  r eg e n er at e d (s p e cifi c all y pl a nt e d) b ef or e a n y i niti al r et ur n of 

h er b a c e o us  v e g et at i o n, w o ul d e x p eri e n c e f ull s u nli g ht c o n diti o ns . I n all st u d y sit es a n d 

tr e at m e nt c o m bi nati o ns , t h e s ur vi v al r at es w er e q uit e hi g h  ( a ver a gi n g a b o v e 8 0 % ) ( Gr o ot 

1 9 9 9) . T h es e res u lts all pr o v e  t hat w h it e s pr u c e c a n gr o w s u c c e ssf ull y u n d er f ull li g ht 

c o n diti o ns.  

T h e h ei g ht gr o wt h of c o nif er s e e dli n gs or s a pli n gs  g e n er all y i n cr e as es wit h 

i n cr e as es i n li g ht a n d m a y re a c h m a xi m u m l e v els at or cl o s e t o f ull s u n lig ht ( C o at es a n d 

B urt o n 1 9 9 9; C o m e a u  et al.  1 9 9 3 ). C o n v ers el y, th er e is als o e vi d e n c e  s u p p orti n g  a h ei g ht 

gr o wt h pl at e a u  t he or y r el at e d t o li g ht e x p os ur e  (C o m e a u et al.  1 9 9 3 ; Li eff ers a n d St a dt 

1 9 9 4 ; L o g a n 1 9 6 9; M a n a n d Li eff ers 1 9 9 7).  Li eff ers a n d St a dt (1 9 9 4 ) h a v e s h o w n  a 

g r owt h  pl at e a u  i n h ei g ht  a b o v e 4 0 % li g h t le v els.  T h e ir st u d y s h o w e d t h at w hit e s pr u c e 

h ei g ht gr o wt h at a r o u n d 4 0 % s u nli g ht  w as a p pr o xi m at el y e q u al t o h e i g ht gr o wt h 

e x hi bit e d i n o p e n -gr o w n sit es.  L o g a n ( 1 9 6 9) al s o r e p ort e d h ei g ht gr o w t h i n w hit e s pru c e 
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r e a c h e d a m a xi m u m at  4 5 % f ull s u nl i g ht i n a c o ntr oll e d artifi ci al  s h a d e e x p eri m e nt . 

C o at es a n d B urt o n ( 1 9 9 9)  d e m o nstr at e d  a pl at e a u i n h ei g ht gr o wt h at l e v els a b o v e 6 0 %  

i n i nt eri or Britis h C ol u m bi a. 

Eff e cts  o n H ei g ht v ers us  Di a m et er  

 Gr o ot ( 1 9 9 9) ar g u es t h at  p o or  gr o wt h p erf or m a n c e i n h ei g ht a n d di a met er is 

d ir e ctl y r el at e d t o l o w lig ht l e v els.  H e f o u n d t h at b ot h h ei g ht a n d di a m et er gr o wt h w as 

p o or est u n d er f ull y i nt a ct c a n o pi es.  H o w e v er, h ei g ht gr o wt h a n d di a m et e r gr o wt h  

r es p o n d diff er e n tl y w h e n e x p os e d t o e q u al li ght l e v el s. C o ntr oll e d e x p eri m e nt s h a v e 

s h o w n t h at di a m et er i n cr e as e s wit h li g ht l e v els u p t o 1 0 0 %  ( L o g a n 1 9 6 9). H o w e v er  as 

st at e d a b o v e, h e i g ht g r o wt h c o nti n u e d b ut sl o w e d b et w e e n 4 5  a n d 1 0 0 % li g ht. T h es e 

r es ults i n di c at e t h at di a m et er gr o wt h of c o nif er s is m or e s e nsiti v e t o c o m p etiti o n t h a n 

h ei g ht gr o wt h  ( L a n n er 1 9 8 5). 

J o bi d o n ( 2 0 0 0) als o f o un d t h at w hi t e s pr u c e di a m et er w as m or e gre atl y aff e ct e d b y 

l o w l e v els of  v e g et ati o n t h a n b y h ei g ht gr o w t h. H ei g ht gr o wt h was  m or e gr e atl y a ffe c t e d 

b y m o d er at e or hi g h l e v els o f c o m p eti n g ve g et ati o n, r a t h er t h a n l o w er v e g et ati o n l e v els 

(J o bi d o n 2 0 0 0). 

H ei g ht t o di a m et er r ati o ( H D R) h as b e e n pr o p os e d as a n alt er n ati v e c o m p etiti o n 

i n d e x i n d et er mi ni n g t h e vi g o ur of cr o p tr e es . H D R  is an i n di vi d u al  tr e e-b as e d  i n d e x, 

w hi c h i s c a l c ul at e d b y di vi di n g t h e h ei g ht of t h e cr o p tr e e eit h er b y t h e di a m et er at t h e 

r o ot c oll ar or di a m et er at br e ast h ei g ht ( D B H) of t h e tr e e (O pi o et  al. 2 0 0 0 ). In cr e as es i n 

t h e H D R  wit h i n cr e a s es i n c o m p e titio n h a v e b e e n wi d e l y r ep ort e d  (Li eff ers  a n d St a dt 

1 9 9 4 , O pi o et al.  2 0 0 0 ). A lar g e  h ei g ht t o di a m et er r ati o g e n er all y i n di cat e s r a pi d h ei g ht 

gr o wt h c oi n ci di n g wit h  a dis pr o p orti o n a t e di a m et er gr o wt h  (J o bi d on 2 0 0 0 ). T h es e tr e es 
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e x p e n d  m or e  e n e r g y gr o wi n g u p w ar ds t h a n o ut w ar ds, s u g g esti n g  t h at t he y ar e l ess st a bl e 

a n d li k el y m or e s us c e pti bl e  t o d a m a g e a n d str ess  (J o bi d o n 2 0 0 0) . 

T h e r ati o of tr e e h ei g ht t o di a m et er f or s pr u c e i n cr e as es  wit h d e cr e asi n g li g ht 

i nt e nsit y (Li eff ers a n d S t a dt 1 9 94 ). T h e y f o u n d t h at a v er a g e  l e a d er l e ngt h  r e a c h e d a 

m a xi m u m at a b o u t 4 0 % li g ht (si mil ar r es ults t o o p e n st a n ds).  L e a d e r l e n gt h of s pr u c e 

s a pli n gs  d e cr e as e d wit h d e cr e asi n g tr a nsmitt e d li g ht  ( Li eff ers an d St a dt 1 9 9 4 ). T h e  

re d u cti o n i n  h ei g ht t o di a m et er r ati o i n f ull s u nli g ht a n d i n cr e as e in l e a d e r di a m et er  

s h o ws t h at h ei g ht al o n e is n ot t h e o nl y m e as ur e  o f s uc c ess. L i eff ers a n d St adt (1 9 9 4 ) 

fo u n d t h at w hit e s pr u c e will a d d m or e bi o m ass at li g ht i nt e nsiti es o v er 4 0 % . 

C o m p etiti o n  

 C o m p etiti o n pl a ys a n i m p ort a n t r ol e i n gr owt h, c o m p o siti o n, str u ct ur e , a n d 

s u c c essi o n of b or e al  mi x e d w o o d st a n ds ( H u a n g et  a l. 2 0 1 3).  Q u a ntif yi n g t h e eff e cts of 

c o m p etiti o n c a n h el p e n h a n c e a  b ett e r u n d erst a n d of f or est gr o wt h a n d d y n a mi cs, as well 

as i m pr o v e f or est m a n a g e m e nt d e cisi o n s ( H u a n g et a l. 2 0 1 3 ). 

C o m p etiti o n f or lig ht is as y m m etri c , w h er e  l ar g er tr e es s u p pr ess s m all er tr e es m or e 

gr e atl y  t h a n s m all er o n es s u p pr ess l ar g er o n es  (Li eff ers  a n d Tit us  1 9 8 9 ). L o gi c all y,  it c a n 

b e ass u m e d t h at t h e u n d er pl a nt e d s p e ci es w o ul d b e f ar m or e s h ad e d b y t h e o v er sto ry , 

t h a n t h e r e vers e  eff e ct. T r e es i n cre a si n gl y c o m p et e f or r es o ur c es s u c h as lig ht, s o il 

m oist ur e  a n d n utri e nts as t h e y d e v el o p  i n si z e, l e a di n g t o d e cr e as es i n st e m d e nsi t y 

( H u a n g et al. 2 0 1 3 ). 

H u a n g et al.  ( 20 1 3) c o n d u ct e d a st u d y t h at e x a mi n e d t h e eff e cts of c o m p et itio n o n 

w hit e s pr u c e. T h e y f o u n d mi x e d r es ults i n t h eir stu d y of f o u r diffe r e nt r e gi o ns wit hi n 

Al b ert a . I n tw o of t h e r e gi o ns , d e ci d u o u s c o m p etiti o n w as f o u n d t o h a v e a g r e at er eff e ct 

o n s pr u c e gr o wt h, w hil e i n t h e ot h er t w o r e gi o n s c o nif er o us c o m p etiti o n  h a d t h e gr e at e r 
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eff e ct. T his  eff e ct w as a n o n -li ne ar d e cr e as e i n s pr u c e gr o wt h wit h i n cr e as e d d e c i d u o us 

or c o nif er o us c o m p etiti o n  ( H u a ng et al.  2 0 1 3) . I n a st u d y of c on tr oll e d mi xt ur es of w hit e 

s pr u c e a n d as p e n , it h as be e n s h o w n t h at w hit e s pr u c e g r o w n with o u t as p e n h a d 

si g nifi c a ntl y hi g h er  r at es of h ei g ht a n d di a m et er gr o wt h ( K a b z e ms et al.  2 0 0 7).  

It is g e n er all y a c c e pte d t h at w h e n u n d er c o m p etiti o n fr o m  as p e n, w hit e s pr u c e 

s e e dli n g s ar e  s h o w n t o h a v e r e d u c e d gr o wt h a n d s ur vi v al ( Fili p es c u a n d C o m e a u 2 0 0 7) . 

N e uf el d et a l. ( 2 0 1 4) f o un d t h at t ot al c o m p etiti o n n e g ati v el y aff e ct e d w hit e s pr u c e 

gr o wt h , h o w e v er t h er e w as a n e gli gi bl e diff er e n c e i n t h e c o m p etitiv e eff e ct b as e d o n 

s p e ci es  ( as p e n v ers us s pru c e) . K a b z e ms et a l. (2 0 0 7 ) f o un d  t h at a n  i ncr e asi n g d e nsi t y of 

as p e n b et w e e n 1 0 0 0 a n d 1 0  0 0 0 st e ms p er h e ct ar e  d i d n ot si g nifi c a ntl y aff e ct t h e h ei g ht 

a n d di a m et e r gr o wt h of w hit e s pr u c e s e e dli n gs. O p e n gr o w n w hit e s pr u c e w er e f o u n d t o 

h a v e si g nifi c a ntl y gr e at er h ei g ht  a n d di a m et er  gr o wt h t h at sit es t h at r et ai n e d a s p e n ( 1 3  - 

1 7 -y e ar -ol d  s pr u c e) . T h er ef or e, t h at alt h o u g h  c o m p etiti o n h as b e e n pr o v e d t o n e g ati v el y  

aff e ct  w hit e s pr u c e  gr o wt h, i n cr e as e d c o m p etiti o n l e v els ar e n ot al w a ys li n e arl y 

c orr el at e d . T h e wit n ess e d n e g ati v e gr o wt h  m a y  n ot  e x cl usi v e l y b e t h e r es u lt of a v ail a bl e 

li g ht, as t h er e ar e  ot h er c o m p etiti v e  m e c h a nis m s o c c urri n g . 

I n a d diti o n t o as p e n, c o m p etiti o n  fr o m l o w er h er b ac e o us  v e g et ati o n i n cl udi n g 

sh a d e i nt ol er a nt gr ass es h a s r es ult e d i n slo w gr o wt h a n d m ort alit y of w hit e s p r u c e. T his 

w a s o bs er v e d  in m a n y w hit e s pr u c e pl a nt a ti on s a cr o ss  t h e t hr e e Pr airi e pr o vin c es  

( Alb ert a,  S as k at c h e w a n  a n d M a nit o b a)  ( Li eff ers a n d B e c k 1 9 94 ). It is w ell k n o w n th at 

w h it e s pr u c e s ur vi v al a n d gr o wt h d uri n g t h e st a n d est a blis h m e nt p h as e c a n b e 

sig nifi c a ntl y  a ff e ct e d b y co m p eti n g v e g et ati o n ( M orri s an d M a c D o n al d 1 9 9 1). T h e 

o pti m al  gr o wt h of  c o nif ers is c o m m o nl y a c hi e v e d b y m ai nt ai ni n g c o m p etiti o n b el o w 

criti c al l e v el s fr o m a n e arl y a g e ( J o bi d o n 2 0 0 0 ). H o w e v er, l at er i n s u c c essi o n w h e n t h e 
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pl a nt ati o n is e n t erin g t h e st e m e x cl u si o n st a g e of st a n d d e v el o p m e nt , l o w er v e g et ati o n 

h as l e ss of a n eff e ct  (N e uf el d et al.  2 0 1 4).  

Li g ht g a p s 

 Li g ht g a ps ar e f o u n d w h e n t h er e is a n o p e ni n g  i n t h e c a n o p y t o all o w s u nlig ht t o 

filt er t hr o u g h i nt o t h e u n d erst or y. T h es e g a ps c a n o c c ur w h e n a d istur b a n c e e v e nt  o c c urs 

or  d u ri n g t h e n at ur al s u c c essi o n of a f or est. As t h e si z e of t h e  o p e ni n g i n cr e as e s, t h e 

a m o u nt of li g ht r e a c hi n g t h e c e nt r e of t h e g a p als o i n cr e as es ( Li eff ers et al.  1 9 9 9).  

C o nif ers ar e oft e n  at a n  a d v a nt a g e i n s m all e r o p e ni n gs  b e c a us e t h eir n e e dl es h a v e a 

hi g h p h ot os y nt h eti c ef fi c i e n c y e v e n u n d er l o w s u nli g ht wit h o ut e x p eri e n ci n g t h e h e at, 

w at er, a n d li g ht st ress t h at o c c ur i n l ar g e g a ps a n d o p e ni n gs  ( C h e n a n d K lin k a 1 9 9 7 ). 

C o at es a n d B urt o n ( 1 9 9 9) f o u n d t h at b ot h di a m et er a n d h ei g ht g r o wt h r at es of i nt eri or 

s p r u c e pl a nt e d i n g a ps u n d er a c onif er -d o mi n at e d mi x e d st a n d i n cr e as e d c o n ti n u o usl y u p 

t o full s u nli g ht . Sit e f a ct ors r el at e d t o s oil a n d m oist ur e c o n diti o ns  af f e ct g a p d y n a mi cs,  

b ut t h eir i nfl u e n c e is l e ss o b vi o us  c o m p ar e d t o li g ht  a v ail a bilit y ( C h e n  1 9 9 7 ). 

 G a ps c a n b e a c hi e v e d t hr o u g h m a n a g e m e nt b y m a n u all y  cr e ati n g g a ps. O n e  w a y i n 

w hi c h f or est e rs att e m pt t o  i nfl u e n c e t h e a v ail a bl e  li g ht t o t h e u n d erst or y,  is t hr o u g h 

sh el t erw o o d c utti n g.  

S h elt er w o o d  H ar v es ti ng  

Int er est i n p arti al  c ut ti n g a n d mi x e d w o o d m a na g e m e nt h as i ns pir e d r es e ar c h 

r el ati n g t o est a blis h m e nt a n d gr o wt h of tre es u n d er s h a d e  c o n diti o ns . C o m p etit i o n c a n 

off er  p ositi v e eff e cts o n t h e e arl y gr o wt h of pl a nt e d s e e dli n gs.  W hit e s pr u c e h as b e e n 

s h o w n t o b e n efit fr o m s h elt er pr o vi d e d b y a n o v erst or y  or cl os e c o m p e titi o n ( M a n a n d 

Li ef f ers 1 9 9 9 a ). J u v e nil e  w hit e s pr u c e  se e dli n g s a r e s us c e pti bl e  t o d a m a g e  b y l at e-s pri n g 

fr osts  ( Gr o ot a n d C ar ls o n 1 9 96 ). Hi g h s u r vi v al r at es of w hit e s pr u c e s e e dli n gs m a y b e 
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d u e t o r e d u c e d fr ost da m a g e a n d pr ot e cti o n fr o m e xtr e m e w e at h er e x p os ur e. S u c h 

w e at h er e x p os ur e c a n i n cl u d e  hi g h t e m p er at ur es, s e v er e wi n d,  a n d  su n s c or c hi n g fr o m 

t h eir p ositi o ni n g i n t h e u n d erst or y ( Ste w art et al.  2 0 0 0 ). T h e  b e n efi ci al  eff e ct of s h elt er  

o n pr ot e cti n g a g ai nst f r ost di d n ot o ut w ei g h  t h e ess e nti al r e q u ir e m e nt of s u nli g ht . Gr o ot 

( 1 9 9 9) f o u n d t hat w hit e s pr u c e h e i g ht gr o wt h a n d di a met er gr o wt h w as g e n er all y p o or est 

i n t h eir tr e at m e nts wit h f ull y i nt a ct o v erst ory. His st u d y s u g g est s t h at t h er e m a y b e a n 

i d e al c o m bi n a ti o n of v e g et ati o n c o ntr ol  a n d s h elt eri n g  t h at c o ul d cr e at e  o pti m al 

e n vir o n m e nt al  c o n diti o ns  f or h ei g ht gr o wt h of w hit e s pr u c e ( Gr o ot 1 9 9 9). 

S h elt er w o o d s yst e ms  ar e cr e at e d  b y  gr a d u all y r e m o vi n g t h e o l d st a n d wit h 

in cr e m e nt al  c uts, w hil e si m ult a n e o usl y  i ntr o d u ci n g t h e n e xt st a n d u n d er t h e ol d er  tr e es 

( M a n a n d Li eff ers 1 99 9 a ). P arti al c a n o p y of s h elt er w o o ds c a n pr o vi d e  l ess e xtr e m e 

e n vi r on m e nt al c o n diti o ns  t h a n cl e ar c uts. C o n diti o ns of a s h elt er w o o d  s yst e m r el ati v e t o a 

cl e ar c ut i n cl u d e h i g h er h u mi dit y a n d s oil t e m p er at ur e, l o wer m a x i m u m air t e m p er at ur e 

a n d o c c urr e n c e a n d s e v erit y of ni g ht fr ost  a n d a li g ht r e gi m e t h at w as n e arl y o pti m al f or 

h ei g ht gr o wt h of j u v e nil e w hit e s pr u c e ( M a n a n d Li eff ers  1 9 9 9 a ). 

I n f a v o ur of s h elt er w o o d c uts, it h as b e e n s h o w n  t h at gr ass es a n d l o w s h ru bs  (C.  

c a n a d e nsis a n d E . a n g ustif oli u m) w er e s u p pr ess e d  t o v ar yi n g d e gr e es  wit h a n y  a m o u nt of  

li g ht c o v er  ( Li eff ers an d St a dt 1 9 9 4 ). T h e e d g e eff e cts of s h elt er w o o d c utti n g  c o ul d 

pr o vi d e e n o u g h s h a di n g t o i n hi bit t h eir gr o wt h , t h us c o nt ri b uti n g t o l ess i niti al 

c o m p etiti o n  f or cr o p tr e es.  O v er st or y c a n hel p i n h i bit gr o wt h of v er y s h a d e  i nt ol er a nt 

s hr u bs , h er bs, gr asses  wit h li mit e d eff e ct o n t h e  gr o wt h of t h e t ar g et u n d erst or y cr o p t r e es 

( Lieff ers a n d St a dt 1 9 9 4).  
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R e g e n er ati o n  a n d Pl a nti n g  

T h er e ar e  t w o pr e d o mi n a n t m et h o ds of f or est tr e e r e g e n er ati o n  - n at ur al  a n d 

art ifi ci al. N at ur al r e g e n er ati o n o c c u rs t hr o u g h s e e di n g , s pr o uti n g a n d r o ot s u c k eri n g. 

W hit e  s pr u c e  is r eli a nt m ai nl y o n s e e di n g  a n d s e e d d is p ers al f or n at ur al re g e n er ati o n . 

T h er e  m ust  b e  e n o u g h  vi a bl e  se e d  c arri e d t o a n d distri b ut e d  o n f a v o u r a bl e gr o wi n g  sit es 

i n or d er t o g er mi n at e. 

B e c a us e n at ur al r e g e n er ati o n is  hi g hl y u n pr e di ct a bl e, artifi ci al r e g e n er ati o n  is 

c o m m o nl y us e d t o est a blis h t h e d esir e d f or est. Pl a nti n g is a n artifi c i al r e g en er ati o n  

t e c h ni qu e  wi t h a hi g h d e gr e e of c ert ai nt y  i n t er ms of r e g e n er ati o n s p e ci es a n d st o c ki n g . 

R esi d u al st e ms or br us h c o m p etiti o n, sit e p r e p ar ati o n, a n d fertili z ati o n ar e t h e m ai n 

i nfl u e n c es o n n at ur al l y oc c u rri n g, sit e-s p e c ifi c r es o ur c es a v ai la bl e t o pl a nt e d tr e es ( Bra n d 

a n d J a n as 1 9 8 7).  

Pl a nt e d s e e dli n gs ar e t y pi c all y  g r o w n fr o m s e e d i n n urs eri es  u ntil t h e y  ar e l ift e d. 

T h e s e e dli n g  h as h a d ti m e t o  d e v el o p fr o m  s e e d, its r o ots est a bl is he d  a n d its b r a n chi n g  

b e gi n ni n g . Pl a nt e d s e e dli n gs b e gi n gr owt h i n t h e gr o u n d at a la t er st a g e  i n life t h a n 

n at ur all y o c c urri n g s e e dli n gs , t h us gi vi n g st ems ar e m or e c o m p etiti v e  a d v a nt a g e . 

Mi x e d w o o d M a n a g e m e nt  

I n a mi x e d w o o d f or est, s p eci es  d e v el o p  i nt er d e p e n de n c e  t o m ai nt ai n b al a n c e.  E a c h 

s p e ci es  o c c u pi e s its o w n ni c h e a n d pl a ys a u ni q u e  r ol e i n t h e s uc c essi o n of t h e f or est.  

Tr e m bli n g as p e n a n d w hit e s pr u c e  ar e c o m m o nl y f o u n d  t o g et h er i n mi x ed st a n ds i n  t h e 

b or e al f or est ( H u a n g et a l. 2 0 1 3 ). M a n y st u di es h a v e b e e n c o n d u ct e d o n t h e fr e q u e nt 

c o e xist e n c e of w hit e s pr u c e a n d h ar d w o o d s p e ci es su c h as as p e n  (K a b z e ms et al.  2 0 0 7; 

M a n  a n d Li eff ers 1 9 9 7 ). M a n y ti m es,  if sta n ds r e m ai n u n dist ur b e d f or l o n g p e ri o ds, t h e y 

will li k el y b e c o m e u n e v e n -a g e d mi xt ur es of s pr u c e a n d b als a m fir . 
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T h e re d u cti o n of p est att a c k a n d i n cr e as e i n wi n d st a bilit y ar e t w o  b e n efits , a m o n g 

ot h ers , of mi x e d w o o d f or ests ( M a n a n d Li eff ers 1 9 9 9b ). A d diti o n all y , M a n a n d Li eff ers 

( 1 9 99 b ) ar g u e t h at c ert ai n s p e ci es i nt er a cti o ns c o ul d p ot e nti all y pr o d u c e e v e n gr e at e r 

yi el d i n  a  mi xt ur e s c e n ari o t h a n i n di vi d uall y. T h er e is e vi d e n c e th at t his r el ati o ns hi p 

e x ists b et w e e n as p e n a n d w hit e s pr u c e, b ut n o c o n cr et e pr o of h as s p e c ifi c all y li n k e d 

l o d g e p ol e pi n e a n d w hit e s pr u ce.  

W hit e  s pr u c e w o o d h as a hi g h  c o m m er ci al v al u e ( Li eff ers a n d B e c k 1 9 9 4). 

R e g ul ati o ns a n d si l vi c ult ur al tr eat m e nts h a v e b e e n l ar g el y ai m e d at pr o m oti n g 

c o m m er ci al l y v al u a bl e s p e ci es li k e w hit e s pr u c e ( Li eff ers a n d B e c k 1 9 9 4 ). H o w e v er, 

sil vi c ult ur al o p er ati o ns i n Al b ert a h a v e f o c u s e d o n est a blis h m e nt a n d gr o wt h of r el ati v el y 

p ur e st a n ds of w hit e s pr u c e. E v e n a g e d m o n o c ul tu r es of w hit e s pr u c e i n n at ur all y 

mi x e d w o o d z o n es c o ul d s ust ai n  l o n g t er m pr o bl e ms a n d o v er all gr o wt h d e cli n e  (J o bi d o n 

2 0 0 0 ). I n r e c e nt y e ars, w it h t h e d e v ast ati o n of t h e m o u nt ai n pi n e b e etl e  a n d i n cr e asi n gl y 

i nt e ns e s e as o n al f ir es, e c ol o gists ar e b e c o mi ng  i n cr e asi n gl y i nt erest e d i n t h e eff e cts of 

mi x e d w o o d  f or ests. C o nti n ui n g i n t h e f ut ur e, m a n a g e m e nt s yst e ms will li kel y m o v e 

a w a y fr o m si n gl e-s p e ci es  pl a nt ati o n a n d pr o m ot e  m or e mi x e d f or ests ( Li e ff ers a n d B e c k 

1 9 9 4).  
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M E T H O D O L O G Y  
 

S t u d y Sit e 
 

T h e st u d y a re a is in  a b or e al mi x e d w o o d  r e gio n i n c e ntr al Al b e rt a ne ar t h e T o w n of 

Sl a v e L a k e. T h e st u d y w as c arri e d o ut wi t hi n F or est M a n a g e m e nt Ar e a ( F M A) S 7, t h e  

sm all est of all m a n a g e m e nt u nits ( F M U) i n Al b ert a. Fi g u r e 1 is a m ap of t h e F o r est 

M a n a g e m e nt A gr e e m e n t b o u n d a ri es i n Al b ert a. F M A S 7 is t h e c ir cl e d r e d ar e a.  It is 

u n d er t h e o p er ati o n of V a n d er w ell C o ntr a ct ors ( 1 9 7 1) Lt d.  

T h e d at a w a s c oll e ct e d fr o m fill pl a nt bl o c ks wit h f o urt e e n -y e ar -ol d  est a blis h e d 

l o d g e p ol e pi n e tr e es (Fi ll pla nti n g  o c c urs w h e n t h e or igi n al st a n d d o es n o t m e et  t h e t ar g et 

st o c k i n g l e v els. A dditi o n al s e e dli n gs ar e pl a nt e d i n th e “ g a ps ”  t hr o u g h o ut t h e st a n d t o 

i n cr eas e d e nsit y. ). T h e y o u n g l o d g e p ol e pi n e o n sit e h a d  als o  b e e n  m a n u all y pl a nt e d. T h e 

bl o c ks ar e  o n a n  u pl a n d b or e al mi x e d w o o d sit e t h at s u p p orts l o d g e pol e pi n e, as p e n, 

pl a nt e d j a c k pi n e a n d pl a nt e d w hit e s pr u c e. N o sit e pr e p ar ati o n  h a d b e e n d o n e pri or t o 

pl a nti n g of t h e w hit e s pr u c e s e e dli n gs , as t h e r e is a hi g her ris k of dist ur b a n c e  t o t h e 

est a blis h e d tr e es b y m a c hi n e r y a n d  e q ui p m e nt  us e d i n t h e pr o c ess. 

T h e bl o c k s ar e l o c at e d n e ar r o a dsi d e off Hi g h w a y 2, a p pr o xi m at el y 4 5 k m 

s o ut h e ast  of Sl a v e L a k e, Al b ert a (t h e n e a r est kil o m et er m ar k er is k m 4 8). Fi g ur e 2 is t h e 

m a p wit h l atit u d es a n d l o n git u d e s us e d t o lo c at e t h e bl o c ks. M e as ur e m e nt s w e r e g at h er e d 

fr o m t hr e e s e par at e  bl o c ks. Bl o c ks n u m b er e d 1 0 4, 1 0 5 a n d 1 0 6 w er e all wit hi n a f e w 

kil o m et ers of e a c h ot h er o n si mil ar latit u d es a n d l o n git u d es n ort h of t h e hi g h w a y. Bl o c k 

1 0 4 w as 2 7. 8 h a; bl o c k 1 0 5 w as 3 4. 2  h a;  bl o c k 1 0 7 w as 1 1 8. 1 h a.  A t o t al of 8 5 6 8 0 

s e e dli n gs  w er e  p r es cri b e d f or pla nti n g a m o n gst t h e l o d g e p ol e pi n e i n  t h es e t hr e e bl o c ks. 
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Fi g ur e 1. Al b ert a’s F or est M a n a g e m e nt Ar e as.  
S o ur c e: G o v er n m e nt of Al b ert a 2 0 1 3  
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Fi g ur e 2. V a n d er w ell bl o c ks a n d l o c a ti o n m a p.  

S o u r c e: V an d er w ell C o ntr a c t ors 2 0 1 0 
 
B a c k gr o u n d  

I n 2 0 01 t h e  C his h ol m Fir e , r a n k e d a s a cl ass ‘ E’ fir e d e v ast at e d  a v ast ar e a ar o u n d 

Sl a v e L a k e.  V a n d er w ell ’s F M U  ( S 7) w as t h e most s e v er el y  aff e ct e d  of a n y  of t h e F M Us. 

M or e t h a n 1 1 0 0 0  h e ct ar es wit h i n F M A  S 7 ’s n et l a n d b as e w as l ost , i m p a cti n g o v er 6 9 % 

of t h eir c o nif er s t o c k (G o v er n m e nt of A l b ert a 2 0 0 1 ).  

T h e pl a nt i n g st o c k w as a pl u g g e d w hit e s pr u c e st o c k s u p pli e d b y C h in o o k N urs er y 

Lt d. l o c at e d i n M e di ci n e H at, Al b ert a. N ur s er y  sto c k ar e g r o w n in a  c o n tr oll e d 

gr e e n h o us e e n vir o n m e nt ; ex p os ur e t o li g ht, w at er i n g l e v els, air a n d s oil t e m p er at ur es ar e 

stri ctl y re g ul at e d a n d  a p pli e d c o nsist e n tl y t o all gr o wi n g st o ck . T h e st o c k  w as lift e d t h e 

s a m e d a y , m e a ni n g t h at all s e e dli n gs w er e b o x e d a n d m ai nt ai n e d  u n d e r s a m e c o n di ti o ns 

f or th e s a m e a m o u nt of ti m e b ef or e b e i n g distri b ut e d f or pl a nt i n g p ur p os es. 
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T h e  t hr e e st a n ds fr o m w hi c h d at a w as c oll e ct e d , w er e of t h e s a m e a g es of pi n e t r e es 

a n d s pr u c e tr e es. T h e t hr e e st a n ds w er e al ik e e c o sit e t y p es. T h e s oils w ere s a n d y a n d 

c o m p eti n g v e g et ati o n w as  mi ni m al. Gr ass es  (g e n us’s  u ni d e nti fi e d) w er e t h e m ost 

a b u n d a nt t y p e of u n d erst or y c o m p eti n g v e g et ati o n.  

T h e g o al of t h e 2 0 1 0 fill pl a nt w as to r e a c h a n o v er all d e nsit y o f 1 4 0 0 st e ms p er 

h e c t ar e. A n ov er all d e ns ity of 1 4 0 0 st e ms p er h e ct ar e e q u at es t o  a n a v er a g e of s e v e n tr e es 

p er pl ot. S e e dli n gs  w er e t o b e pl a nt e d at a n  o pti m al s p a ci n g of 2. 1 m a p art a n d n o cl os er 

t h a n o n e m etr e. S p a ci n g off pi n e a n d s pr u c e w as  t o b e th e s a m e. Fi g ur e 3 is a p h ot o t a k e n 

i n bl o c k 1 0 4.  

 
F i g ur e 3. V a n d er w ell fill bl o c k 1 0 4, Sl a v e L a k e.  

S o ur c e : P h oto b y M elis s a S c h u m a c h er 2 0 1 3  
 

E x p eri m e nt al D esi g n  

M e as ur e d c o m p eti ti o n w as e x cl usi v el y c o nif er c o m p etiti o n, m or e e x pli citl y t h e 

r esi d u al pi n e tre es  t h at h a d b e e n pl a nt e d i n 2 0 0 0 . C o m p etiti o n  w as a ss ess e d b y t h e 
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cr e ati o n of f o ur gr o u ps t o c at e g o ri z e diff er ent d e nsiti es. C at e g ori es w er e b as e d o n t h e 

n u m b er of r esi d u al pi n e  tr e es i n t h e pl ot. C at e g or y o n e: z er o r esi d u al tr e e s, c at e g or y t w o: 

o n e t o f o ur r esi d u al tr e es, c at eg or y  t hr e e: fi v e t o se v e n r e si d u al tr e es, c at e g or y f o ur: ei g ht 

or m or e r esi d u al tr e es. Fift e e n pl ots fr o m e a c h c at e g or y  w er e  s a m pl e d  t o t ot al 6 0 pl o ts. 

T w e nt y pl ots  w er e t a k e n fr o m e a c h of t h e t hr e e bl o c ks . T h e pl ot l o c ati o ns w er e n ot 

fi x e dl y pr e d et er mi n e d fr o m m a ps. I nst e a d, pl ots w e r e m ostl y c hos e n at r a n d o m o n t h e  

g r o u n d l e v el b y w al ki n g t hr o u g h t h e bl o c ks. C ert ai n pl o ts h a d t o b e s el e ct e d o v er ot h ers 

t o f ulfill t h e r e q uire m e nts of e a c h d e nsit y c at e g or y. T o  c o ntr ol  as m a n y v ari a bl es as 

p ossi bl e, s it es w er e sel e ct e d wit h si mi l ar site  q u aliti es a n d fl at  slo p e.  As p e n pr es e n c e w as 

a ls o a v oi de d  i n pl ot s el e cti on.  

M e as ur e m e nt a n d S a m pli n g  
 

All d at a w as c oll e ct e d b et w e e n A u g ust 1 6 t h a n d O ct o b er 1 2 t h, 2 0 1 3. A t ot al of 2 4 8 

w hit e s pr u c e tr e es w er e m e as ur e d i n 6 0 pl ots.   

Usi n g a st a n d ar d 3. 9 9 m etr e pl ot c o r d, t h e n u m b er of j u v e nil e s pr u c e s t e ms p er pl ot 

w as c o u nt e d. A  pl ot  c or d w it h a 3. 99 m l e n gt h is a pl ot ar e a of 0. 0 0 5  h e ct ar es or 5 0 

s q u ar e  m etr es. T h e n u m b er of l o d g e p ol e p in e tr e es wit hi n t h e pl ot w as  c o u nt e d  a n d  

ass i g ne d t o o n e of t h e d e n sity c at e g ori es . O n c e all c o u nts w e r e r e c or d e d, n e c ess ar y 

m e as ur e m e nts w er e t h e n t a k e n.  

T o fi n d di a m et er s of t h e s pr u c e s e e dli n gs , a n el e ctr o ni c di a m et er i nstr u m e nt w as 

us e d. T h e s m all c ali p er a r ms w er e fitt e d ar o u n d t h e b as e of t h e st e m o utsi d e of t h e b ar k , 

at t h e l e v el of s oil. T h e  r e a din g w as gi v e n i n milli m etr es a n d a c c ur at e t o t w o d e ci m al  

pl a c es. H ei g hts of t h e s pr u c e tr e es w er e t a k e n w it h a m e as ur i n g t a p e a n d r e c or d e d i n 

c e nti m etr e s (t o t he n e ar est 0. 0 1 c m) . H ei g ht w as m e as ur e d fr o m t h e b as e of t h e ste m at 

t h e s oil t o t h e t o p p oi nt of t h e l e a d er. 
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N e xt, a s e c o n d  m e as ur e of  n u m b er of  pi n es  tr e es wit hi n pr o ximi t y t o e a c h w hit e 

s pr u c e w as t a k e n . T h is a p pro a c h still us e d t h e ori gi n al 6 0 pl ots  h o w e v er, r at h er t h a n 

gr o u pi n g t h e n u m b er of pi n e  tr e es i nt o c at e g o ri es, t h e e x a ct n u m b er  w as r e c or d e d . T h e 

n u m b er of pi n e s wit hi n t hr e e m etr es ( as o p p os e d t o 3. 9 9 m etr es) of e a c h of t h e 2 4 8 w hit e  

s pr u c e s e e dli n gs  w as c o u nt e d. It is i m port a nt t o n ot e  t h at a ll p i n e tr e es wit hi n thr e e 

m et r es b ut gr o wi n g o utsi d e of t h e or i gin al pl ot w er e o mitt e d fr o m  c o u nt . I n s o m e 

i nst a n c es, t h ere w er e  n o pi n e t r e es wit hi n t hr e e m etr es of a s pr u c e s e e dli n g, w h er e as i n 

ot h er i nst a n c es t h er e w er e m ulti pl e pi n e tr e es c o u nt e d  wit hi n  t h e t hr e e m etr es. 

W hit e s pr u c e m ort a lit y w as talli e d b y  w as d e te r mi ni n g if t h e s a pli n g w as ali v e or 

d e a d.  T h e n e e dl es of  d e a d s a pl i ngs w er e eit h er  n o n -e xist e nt or brittl e t o t h e t o u c h. T h e  

d e nsit y c at e g or y i n w hi c h t h e d e a d s e e dli n g w as  f o u n d in  w as als o r e c or d e d .  

A n al ys is 
 

St atisti c al t est i ng w as c o n d u ct e d i n a n I MB  statist i c al a n al ysis pr o gr a m c all e d S P S S  

St atisti cs T M . D es cri pti v e st atist i cs a n d a o n e -w a y a n al ysis of v ari a n c e ( A NO V A)  w er e  

a n al y z e d . A  o n e -w a y a n al ysis of v ari a n c e  ( A N O V A) is a h el pf ul t o ol w h e n a n al y zi n g th e 

diff er e n c es b et w e e n gr o u p m e a ns a n d a m o n g m ulti pl e gr o u ps. It is us e d t o d et er mi n e 

w h et h er  t h er e ar e a n y st atisti c all y  si g nifi c a nt diff er e n c es b et w e e n t h e m e a ns of m ulti pl e  

i n d e p e n d e nt gr o u ps.  I n t his st u d y, i n d e p e n d e nt gr o u ps w er e t h e f o ur d e nsit y c at e g ori es . 

A n al ysis of v ari a n c e us e d a p -v al u e  o f 0 . 05 ( 9 5 % c o nfi d e n c e i nt er v als).  

R e gr essi o n a n al ysi s w a s als o c o n d u ct e d  t o d et er mi n e t h e str e n gt h  of t h e 

r el ati o ns hi p bet w e e n c o m p etiti o n ( n u m b er of a dj a c e nt  pi n e tr e e s) a n d h ei g ht or di a m et er.  
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R E S U L T S  
 

A t ot al of 2 4 8 w hit e s pr u c e tr e es w er e m e as ur e d i n  6 0 pl ots. Alt h o u g h  t h e s a m e 

n u m b er of pl ots  w er e m e as ur e d fro m e a c h d e nsit y c at e g or y, t h e t ot al n u m b er of j u v e nil e 

s e e dli n gs  sa m pl e d w as n ot  e q u al b et w e e n  t h e f o ur d e nsit y c at e g ori es. Pl ots wit h mor e 

pi n e tr e es i n t h e m s h o ul d l o gic all y  h a v e f e wer  s pr u c e se e dli n gs pl a nt e d t o  a c hi e v e t h e 

d e nsit y g o al  w as 1 4 0 0 st e ms / ha  ( or s e v e n st ems p er pl ot ). T a bl e 1 a n d T a bl e 2 s h o w t h e 

n u m b er of s e e dli n gs s a m pl e d fr o m e a c h c at e g or y. T h e n u m b er of m e as ur e d i n di vi d u als 

d o es i n d e e d f oll o w t hi s l o g i c; t h e hi g h es t n u m b er of spr u c e s e e dli n gs  w as  f o u n d i n pl ots 

wit h z er o pi n e, w hil e t h e l e ast n u m b er of s pr u c e s w a s f o u n d i n pl ots wit h ei g ht or m or e. 

Ess e nti all y, t h er e s h o ul d b e z er o s pr u c e s e e dli n gs f o u n d i n pl ots wit h ei g ht or m or e pi n e 

tr e es if t h e pla n ti n g w as c o m pl et e d c orr e c tl y t o m e et sp e cifi c ati o ns . T his w as n ot t h e 

c as e, as t h er e w er e 3 2 s p r u c e s e e dli n gs f ou n d pl a nt e d i n c at e g or y f o ur. 

T a bl e 1 is a s u m m ar y of t h e s pr u c e hei g ht m e as ur e m e nts. At t h e t i m e of s ur v ey, t h e 

s pr u c e  w er e t hr e e y e ars ol d. T h e gr e at est m e a n h ei g ht ( 3 6. 7  c m) w as i n  pl ots wit h fi v e t o 

s e v e n pi n e  tr e es. T h e s m all est m e a n  h ei g ht w as i n t he pl ots wit h ei g ht or m or e pi n e tr e es  

( 3 2. 7 c m). T h e  m a xi m u m h ei g ht i n t h e ei g h t a n d o v er c at e g or y w as als o th e l o w e st 

m a xi m u m h ei g h t o bs er v e d i n  a n y  o f t h e f o ur c at e g ories.  

T a bl e 1. W hit e s pr u c e s e e dli n g  h ei g ht s u m m ar y.  
D e nsit y c at e g or y  N u m b er  of tr e es 

s a m pl e d  
M e a n h ei g ht 

( c m) 
Mi ni m u m h ei g h t 

( c m) 
M a xi m u m 
h ei g ht ( c m)  

0  9 3  3 5. 3 1  1 2. 0 0  5 8. 2 0  
1 -4  8 2  3 6. 0 0  1 8. 9 0  5 1. 9 0  
5 -7  4 1  3 6. 5 9  1 7. 5 0  5 3. 2 0  
8 +  3 2  3 2 . 71  1 3. 1 0  5 1. 0 0  

T ot a l 2 4 8  3 5. 4 1  1 2. 0 0  5 1. 0 0  

S o ur c e: S P S S A V O N A o ut p ut  2 0 1 4  
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T a bl e 2 is a s u m m a r y of t h e r o ot c oll ar di a met er  m e as ur e m e nts. T h e gr e at est m e a n 

R C D  ( 6.6  m m) w as als o f o u n d i n t h e pl ots wit h fi v e t o s e v e n pi n e tr e es. T h e r a n g e  of 

m e a ns w as  r el ati v el y s m all ( 0. 4 5 m m). T h e l o w est m e a n ( 6. 1 m m ) R C D w as i n t h e pl ots 

w it h zer o pi n e tr e es. Mi ni m u m  a n d m a xi m u m R C Ds w er e n ot c o nsist e ntl y c orr el at e d 

wit h c o m p etiti o n fr o m t h e pi n e.  

T a b l e 2. W hit e s pr u c e s e e dli n g R CD s u m m ar y.  
D e nsit y c at e g o r y N u m b er o f tr e es 

s am pl e d  
M e a n R C D  

( m m) 
Mi ni m u m R C D 

( m m) 
M a xi m u m R C D 

( m m) 
0  9 3  6. 1 1  2 . 9 8 1 2. 1 3  

1 -4  8 2  6. 1 4  3. 8 1  1 0. 0 5  
5 -7  4 1  6 . 5 6 2. 8 2  1 4. 6 0  
8 +  3 2  6. 1 2  3. 3 1  9 . 0 6 

T ot al  2 4 8  6. 2 0  2. 8 2  1 4. 6 0  

S o ur c e : S P S S A V O N A o ut p ut 2 0 1 4  

As st at e d , 2 4 8 se e dli n gs w er e m e as ur e d i n  si xt y p l ots. Wit hi n t h ose si xt y pl ots, 

ei g ht s e e dli n gs w er e d e a d. M e as ur e d tr e e s pl us d e a d tr e es a m o n g pl ots t ot ale d 2 5 6. T h e 

c al c ul at e d m ort alit y i s 3. 1 % ( ei g ht  d e a d of p ot e nti al 2 5 6).  

D at a A n al ysis  

T a bl e 3 s h o ws t h e  o n e -w a y  a n al ysis of v ari a n c e ( A N O V A ) r es ults of 1) h e i g ht 

b et w e e n a n d wit hi n d e nsit y c at e g ori es a n d 2) R C D b et w e e n a n d wit hi n d e nsit y 

c at e g ori es . T h e l e v el of st atisti c al si g nifi c a n c e w as s et at (p <  0. 0 5) wit h a c o nfi d e n c e 

i nt er v al of 9 5 %. T h e c o m p ut e d p -v al u e f or h ei g ht (p  =  0. 2 9 4) w as  g r e at er t h a n 0. 0 5, 

e x pr essi n g  n o  st atisti c al l y si g nifi c a nt  diff er e n c e w as  f o u n d b et w e e n h ei g hts a m o n g 

d e nsit y c at e g ori es . T h e p -v al u e f or R C D (p  =  0. 4 8 7)  w a s als o gr e at er t h a n 0. 0 5 , si mil arl y  

e x p r essi n g n o st atisti c al  si g nifi c a n c e  a m o n g  t h e d e nsit y c at e g ori es.  
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T a bl e 3 . O n e -w a y A N O V A  r es ults of h ei g ht / di a m et er a n d d e nsit y c ate g or y at a  0. 0 5 
si gni fi c a n c e l ev el  (p  =  0. 0 5).  

  
S u m of 
S q u ar es  df  

M e a n 
S q u ar e  F  Si g.  

H ei g ht  B et w e e n 
Gr o u ps  3 1 8. 4 2 6  3  1 0 6. 1 4 2  1. 2 4 4  . 2 9 4 

Wit hi n 
Gr o u ps  

2 0 8 2 4. 4 0 7  2 4 4  8 5. 3 4 6      

T ot al  2 1 1 4 2. 8 3 3  2 4 7        

R C D  B e t we e n 
Gr o u ps  

6. 4 8 4  3  2. 1 6 1  . 8 1 3 . 4 8 7 

Wit hi n 
Gr o u ps  

6 4 8. 2 6 5  2 4 4  2. 6 5 7      

T ot al  6 5 4. 7 4 9  2 4 7        

   S o ur c e : S PS S A N O V A o ut p ut  2 0 1 4  
 

Fi g u r e 4  g e n er at es  a  li n e ar e x pr essi o n of t h e r el ati o ns hi p b et w e e n  c o m p etiti o n 

( n u m b er of pi n e  tr e es)  a n d  h e i g ht. T h e p l ott e d p oi nts us e d all i nfl u e n ti al pi n e tr e es, r at h er 

t h a n t h e d ensit y g r o u pi n gs. T h e  r-s q u a r e d ( R2 ) v al u e for t h e r el ati o ns hi p b e t w e e n h ei g ht 

a n d c o m p etiti o n  is 0. 0 0 2 7.  R o ot c oll ar di a m et e r s h o w e d a n e v e n w e a k er c orr el ati o n th a n 

h ei g ht . Fi g u r e 5  e x pr ess e s a li n e ar  r el ati o ns hi p b et w e e n  c o m p etiti o n ( n u m b er of pi n e  

tr e es)  a n d  R C D . T h e R 2  v al u e f or t h e r el ati o ns hi p b et w e e n R C D a n d c o m p etiti o n  is 

0. 0 0 1 9. T h e  c al c ul at e d  R 2  v al u es f or b ot h  c orr el ati o ns ar e e xtr e m el y  l o w, m e a ni n g t h at 

t h e d at a d o e s n ot c orr el at e w ell.  

 
Fi g ur e 4. C o m p etiti o n r e gr essi o n v ers us h ei g h t 
S o ur c e:  Gr a p hi c al r e pr es e nt ati o n of d a t a 2 0 1 4  
 

R² = 0. 0 0 2 7
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Fi g ur e  5. C o m p etiti o n r e gr essi o n v er s us R C D  
S o ur c e:  Gr a p hi c al r e pr es e nt ati o n of d at a  2 0 1 4  
 

T a bl e  4  s h o ws t h e  o n e -w a y  a n al ysis o f v ari a n c e ( A N O V A) r es ults of t ot al h ei g ht  

a n d t h e n u m b er of pi n e  wit hi n t hr e e m etr es . A g ai n, t h e l e v el of st atisti c al si g nifi c a n c e 

w as s et at ( p <  0. 0 5) wit h a c o nfi d e n c e i nt er v al of 9 5 %. T h e c o m p ut e d p -v al u e f or h ei g ht 

(p  =  0. 4 6 9 ) w as  g r e at er t h a n 0. 0 5, e x pr essi n g n o  st atisti c a ll y si g nifi c a nt  diff er e n c e w as  

f o u n d b et w e e n h ei g ht n u m b er of pi n e tr e es wit hi n t hr e e m etr es. T h e p -v al u e f or R C D (p  

=  0. 9 7 3 ) w a s als o gr e at er t h a n 0. 0 5 , si mil arl y  e x p r essi n g n o st atisti c al si g nifi c a n c e  

b et w e e n R C D a n d n u m b er of pi n e tr e es wit h t hr e e m etr e s. N o gr a p hi c al r e pr es e nt ati o n 

w as cr e at e d, as t h e d at a w as t o o i nsi g nifi c a nt. 

T a bl e  4 . O n e -w a y A N O V A of t ot al  h ei g ht a n d n u m b er of pi n e  wit hi n t hr e e m etr es at 
9 5 % c o nf i de n c e i nt er v al ( p  = 0 . 0 5). 

  
S u m of 
S q u ar e s df  

M e a n 
S q u ar e  F  S ig.  

B et w e e n 
Gr o u ps  5 6 9 . 77 8  7  8 1. 3 9 7  . 9 50  . 4 6 9 

Wit hi n 
Gr o u ps  2 0 5 7 3 . 0 5 6 2 4 0  8 5. 7 2 1      

T ot al  2 1 1 4 2. 8 3 3  2 4 7        

S o ur c e:  S P S S  A N O V A o ut p ut 2 0 1 4  

R² = 0. 0 0 1 9
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T a bl e  5 . O n e -w a y A N O V A of t ot al  R C D  a n d n u m b er of pi n e  wit hi n t hr e e m etr es at 9 5 % 
c o nf i de n c e i nt er v al ( p  = 0 . 05).  

  
S u m of  
S q u ar es  df  

M e a n 
S q u ar e  F  Si g.  

B et w e e n 
Gr o u ps  4. 6 8 9  7  . 6 7 0 .2 4 7  . 9 7 3 

Wit hi n 
Gr o u p s 

6 5 0. 0 6 0  2 4 0  2. 7 0 9      

T ot al  6 5 4. 7 4 9  2 4 7        

S o ur c e:  S P S S  A N O V A o ut p ut 2 0 1 4  
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DI S C U S SI O N  
 

T h e n ull h y p ot h esis m ust b e  a c c e pt e d, a s n o st atisti c all y si g nif i c a nt diff er e n c es 

w er e fo u n d  b et w e e n pl ots of v ar yi n g  pi n e d e nsit i es. T h e a nti ci p at e d  r el ati o ns hi p b et w e e n 

1)  c o m p etiti o n l e v el ( n u m b er of pi n e tr e es i n a pl ot) a n d t ot al h ei g ht gr o w t h an d , 2) 

c o m p e titi o n l ev el a n d t ot al r o ot c oll ar di a m et er gr o wt h w as  f o un d t o b e st atisti c all y 

in si g ni fi c a nt. T h e alt ern at i v e h y p ot h esis st ati n g t h er e will  b e st atisti c all y si gnifi c a nt  

diff er e n c es m ust b e r ej e ct e d. Fi n di n g n o st atisti c al si g nifi c a n c e d o es n ot m e a n t h at t h e 

r es ults of t his st ud y  ar e i n t h e ms el v es i nsi g nifi c a nt.  T his dis c ussi o n will c o m p ar e t h e 

fi n di n gs of t his st u d y t o t h e r es ults of p ast st u di es , dr a wi n g r el e v a nt c o n cl usi o ns. 

T h e l o w est m e a n h ei g ht ( 3 2. 7 c m; o v er t w o cm s m all er t h a n h ei g ht i n a n y  of 

d e nsit y c at e g or y ) w as o bs er v e d i n t h e c at e g or y wit h t h e  m ost c o m p etit i o n (ei g ht or m or e  

r esi d u al pi n e tr e es). T his is p er h a ps  t h e m ost v al u a bl e  n u m eri c r es ult of t h e st u d y. M a n y 

st u d i es s u p p ort h ei g ht gr o wt h r e d u cti o n  u n d er s h a d e c o n diti o ns  (Gr o ot 1 9 9 9;  Li eff ers a n d 

St a dt 1 9 9 4;  St e w art et al.  2 0 0 0 ). 

Alt h o u g h t h e m e a n  R C D ( 6. 1 2 m m ) w as n ot th e s m all est of m e a ns, t h e m a xi m u m  

R C D w as c o nsi d er a bl y s m all er t h a n t he m a xi m u m s i n an y o t h er d e nsit y c at e g or y. 

I n d e p e n d e ntl y, t his fi g ur e is n ot e n o u g h t o co m p ar e wit h ot h er st u di es  th at pr o v e  c o nif er  

di a m et er  gr o wt h is m or e s e nsit i v e t o li g ht e x p os ur e t ha n h ei g ht  (J o bi d o n 2 0 0 0, L a n n er 

1 9 8 5). T h es e r es ults w er e i n c o nsist e nt wit h ot h er st u d i es t h at di d n ot fi n d str o n g 

r el ati o ns hi ps b et w e e n di a m et er  a n d li g ht l e v els (C o at es a n d  B urt o n 1 9 9 9) or  c o m p etiti o n . 

T h e lo w est m e a n R C D is c o ntr a di ct or y t o ot h er fi n di ng s, a n d  c o ntr a di ct or y t o h ei g ht t o 

di a m et er  r ati o i m pli c ati o ns. S h o ul d gr o w e q u all y t all a n d wi d e wit h l ess c o m p etiti o n.  
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T h e m e a n  h ei g ht o f w hit e s pr u c e s e e dli n gs i n t his st u d y ( 3 5. 4 c m)  c o m p ar e d t o 

K a b z e ms (2 0 0 1 ), w as  8. 6 c m s h ort e r. I n K a b z e ms  ( 2 0 0 1), tw o  di ff er e nt o p e ni n g si z es 

w er e cr e at e d i n t h e c a n o p y a n d gr o wt h r es p o ns es of p l a nt e d w hit e s pr u c e w er e o bs er v e d . 

H e  f o u n d t h at o v er t h e s a m e d ur ati o n  of ti m e  as t his st u d y ( a t hr e e-y e ar p eri o d or t hr e e  

gr o wi n g s e as o ns), artifi ci all y  r e g e n er at e d w hit e s pr u ce  s e e dli n gs a v er a g e d 4 4 . 0 c m i n  

h ei g h t (2 0 % gr e at er  t ot al h ei g h t). Alt h o u g h t his st u d y m e as ur e d s e e dli n gs i n a fill bl o c k, 

c o m p ari n g K a b z e ms ’ s e e dli n g h ei g hts  t o t h e pl ots wit h n o pi n e c o ul d s h o w  a cl os er 

c o m p ar is o n; t h e pl ots wit h  n o pi n e w o ul d m or e cl os e ly mi mi c  c a n o p y g a ps. I n c o m p ari n g 

t h es e t w o s c e n ari os  i nst e a d of t h e e ntir e st u d y, t h e s e e dli ngs w er e e x p os e d t o si mil ar li g ht 

c o n diti o n s. H o w e v er, t h e m e a n h ei g ht of w hit e s pr u c e  s e e dli n gs i n pl ots wit h z er o pi n e 

tr e es (3 5. 3  c m) w a s still si g nifi c a ntl y l o w er  t h a n t h e fi n di n gs fro m K a b z e ms ( 2 0 0 1).  

T h e l o w er o v er all gr o wt h r at es s u g g est t h at t h e pl ot si z e us e d m a y n ot a ct u a ll y 

mi mi c  c a n o p y g a ps, as t h e o p e ni n g s w er e  r el ati v el y s m all i n c o m p aris on t o t r u e c a n o p y 

g a ps , or g a ps cr e at e d i n K a bz e ms ( 2 0 0 1) . F urt h e r m or e, it is p ossi bl e t h at t h e diff er e n c e  i n 

li g ht tr a ns missi o n  w as n e gli gi bl e b et w e e n  pl ots of  v ar yi n g d e nsiti es . 

A s pr e vi o usl y r ef er e n c e d, L i eff ers a n d St a dt ( 1 9 9 4) ar g u e t h at  s pr u c e m a y  p ersis t 

s o s u c c essf ull y  i n t h e u n d erst or y d u e t o its a bili ty t o s u rvi v e a n d  gr o w sl o wl y  u n d er  

as p e n c a n o pi es at li g ht l e v els as l o w as t e n p er c e nt of f ull s u nli g ht. If t he n , t h e li g ht 

tr a ns missi o n w as si mil ar  (a n d ot h er v ari a bl es r e m ai n e d t h e s a m e)  b ut  t he o v erst or y w as 

c o m pr is e d of a diff er e nt s p e ci es  s u c h as l o d g e p ol e p i n e, it c o ul d b e ar g u e d t h at  

u n d erst or y w hit e s pr u c e w o ul d t o o, gr o w s u c c essf ull y  r e g ar dl ess of o v erst or y s p e ci es 

t y p e. 
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M ort alit y  

St e w ar t et al.  (2 0 0 0 ) f ou n d 2  - 4 %  m ort alit y  r at es of  u n d e rpl a nt e d w hit e s pr u c e 

c o m p ar e d t o s e e dli n gs pl a nt e d i n cl e ar c uts i n  Al b ert a.  M a n a n d Li ef f ers ( 1 9 9 9a ) als o 

f o u n d r e d u c e d s e e dli n g m ort alit y i n s h el t er w o o d s yst e ms. J o bi d o n ( 2 0 0 0 ) r e p ort e d n o 

si g n ifi c a nt diff er e n c e i n s pr u c e m ort alit y a m o n g diff er e nt t r e at m ents o v er t h e first f o ur 

y e ars of t h eir stu d y. T h eir m ort alit y r at e s w e r e b et w e e n 1. 7 a n d 5. 0 % , co m p ar a bl e t o t h e  

3 . 1% m ort alit y o bs er v e d i n t his st u d y . H e s u g g ests t h at m or t alit y o c c urri n g  d uri n g t h e 

first f e w y e ars aft er pl a n ti n g ma y b e i n d e p e n d e nt of c o m p etiti o n eff e cts.  A li k el y c a us e 

of a n y m ort alit y o bs er v e d i n t hi s st u d y, c o u l d b e m a n u al pl a nti n g err or a n d 

i n c o nsist e n ci es ( dis c usse d b el o w).  

St u d y W e a k n es s es  

It is i m p orta nt  to bri n g t o t h e r e a d er’s att e nti o n a n y  i d e ntifie d w e a k n ess es of t h e 

st u d y. T h e gr e at er n u m b er of u n c o ntr o ll e d v ari a bl es, t h e gr e at er d e gr e e of u n c ert ai nt y 

t h er e will b e.  F a ct ors ot h er  th a n c o m p etit i o n s u c h as s oil m oist ur e a n d n utri e n t 

a v ail a bilit y m a y h a v e a gr e at er i nfl u e n c e o n w hit e s p r u c e gr owt h at t h e j u v e nil e st a g e.  

T h es e t o pi cs w er e o utsi d e of t h e s c o p e of t his st u d y  b ut  is w ort h  n oti n g  as  u n c o ntr oll e d 

v ari a bl e s. 

P l a nti n g q u alit y a n d c o nsis t e n cy is a fa c t or t h at wi ll c ert ai nl y h a v e aff e ct e d s e e dli n g 

gr o wt h fr o m its i niti al i ns erti o n i n t h e gr o u n d. T h e pl a nti n g was c o m pl et e d b y  n u m er o us 

pl a nt ers wit h diff er e nt pl a nti n g  t e c h ni q u es. It is hi g hl y  u n li kel y t h at t h e s a m e pl a nt er 

pl a nt e d all t h e tre es  s a m pl e d f o r t his st ud y, as t h e ar e a s a m pl e d w as r el ati v el y l ar g e.  

Alt h o u g h  a r e as w er e ass ess e d  b y a  q u alit y  c h e c k er , it is i m p ossi bl e t o c h e c k  tr e e q u alit y 

of e v er y  st e m. P o orl y pl a nt e d tr e es w o ul d st art at a  dis a d v a nt a g e , h a vi n g first t o 

o v er c o m e o bst a cl es  li k e s h all o w pl u gs , l e a ni n g st e ms a n d b e nt r o ot s b ef or e c o ntri b uti n g 
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e n er g y t o h ei g ht  a n d di a m et er gr o wt h . If u n d er pl a nti n g of s pr u c e w as t o b e st u di e d i n t h e 

f ut ur e, pl a nt i n g st a n d ar ds a n d c o nsist e n c y w o ul d h a v e t o b e e n f or c e d. 

All d at a us e d i n t his st u d y  w as c oll e ct e d o v er a t w o-m o nt h  p eri o d  ( A u g ust t o 

O ct o b er ). P arti c ul arl y  i n n ort h er n Al b ert a, th e m o nt h s o f M a y  t o O ct o b er g e n er all y  

e x hi bit  g o o d gr o wi n g c o n diti o ns  r eg ar di n g  t e m p er at ur e a n d fr os t, ma ki n g it a  cr u ci al  ti m e 

f or sa pli n g gr o wt h. T h e s a pli n gs m e as ur e d i n t h e l ast p h as e  of d at a c oll e cti o n w er e gi v e n  

m or e ti m e t o  gr o w i n h ei g ht a n d R C D.  T h e st u d y di d n ot diff er e nti at e  w hi c h s e e dli n gs 

w er e m e as ur e d  i n w hi c h m ont h . It is li k el y t h at t h er e w ere  u ni d e ntifi e d  diff er e n c es  i n 

gr o wt h  i n t h e d at a. 

T his u n a c c o u nt e d -f or s h a di n g li k el y c a m e  fr o m a n y  pi n e a n d/ or as p e n tr e es t h at f ell 

o utsi d e of t h e i n di vi d u al pl o t, y et still wit hi n an  i nflu e nti al dist a n c e t o t h e s pr u c e 

se e d lin gs.  T h e  m et h o d  n e gl e c t e d t o c o u nt  pi n e tr e es t h at w er e still wit hi n t hr e e m et re s of 

a m e as ur e d s pr u c e b ut gr e w  o utsi d e of t h e pl ot r a di us. T h e  a ct u al n u m b er of pi n e tr e es 

wit hi n a t hr e e -m et r e dist a n c e fr o m a n y gi v e n w hit e s pr u c e s e e dli n g is li k el y m u c h gr e at er  

t h a n t h e r e c or d e d n u m b e r. S h a di n g  d u e t o a dj a c e nt tr e es  c o ul d h a v e a c c o u nt  f or t h e 

o v er all r e du c e d  gr o w t h. 

A c c o u nti n g f or i nit i al tr e e si z e h as b e e n r e c o m me n d e d a s a m or e eff e cti v e 

t e c h ni q u e w h e n st u d yi n g gr o wt h ( Fili pes c u a n d C o m e a u 2 0 0 7). Alt h o u g h pl a n ti n g st o c k 

e x p eri e n c e d  i de n ti c al tr e at m e nt c o n diti o ns a t t h e n urs er y, i n di vi d u al s e e dli n gs will  

e x hi bit diff er e n t si z es i n h ei g ht a n d  di a m et er.  T h es e diff er e n c e s w er e n ot c o nsi d er e d  a n d 

r e m ai n e d u n a c c o u nt e d  f or. 

I m pr o v e m e nts 

C a n o p y cl os ur e w as n ot q u a n tifi e d i n t his st u d y h o w e v er , it c a n b e ass u m e d t h at 

li g ht l e v els w er e  s o m e w h er e b et w e e n  0 % ( f ull cl os e d c a n o p y s c e n ari o ) a n d 1 0 0 % 
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(cl e ar c ut s c e n ari o) . It is lik el y  t h at t he t hi n n er cr o w ns of t h e y o u n g l o d g e p ol e pi n e  

all o w e d f or gr e at er li g ht  tr a ns missio n.  Q u a ntif yi n g  li g ht tr a ns missio n c o ul d h a v e pr o v e d  

b e n efi ci al  i n h el pi n g u n d erst a n d  li g ht tr a ns missi o n i n y o u n g er  u n d erst o ri es, a n d t h er ef or e 

i n fill pl a nt s c e n ari os  (Fil i pes c u a n d C o m e a u 2 0 0 7 ; M essi er 1 9 9 6 ). 

T his  st u d y di d n ot m e as ur e y e ar l y i n cr e me nt al gr o wt h r at h er, o nl y t h e t ot al g ro wt h 

at pr es e nt ti m e  w as r e c or d e d.  M e as ur e m e nts of t h e l e n gt h a n d di a m et er  of t h e c u rr e nt 

l e a d er, n u m b er of lat er al b u ds o n t h e  c urr e nt l e a d er, l e n gt h of t h e pr e vi o us y e ar ’s l e a d er, 

tr e e h ei g ht, a n d di a m et er  –  a ll a d diti o n al m e as ur es t h at c o ul d h a v e h el p e d  d et er mi n e 

s u c c ess  ( Li eff ers a n d St a dt 1 9 9 4) . C o m p etiti o n  e x p eri e n c e d i n  pr e vi o us y e ars aff e ct t h e 

p ot e nti al gr o wt h of s pr u c e i n s u bs e q u e nt y e ars ( b ot h i n t er ms of h e i g ht a n d di a m et er) 

(J o bi d o n 20 0 0).  

T h e res ults  c a n n ot b e s ol el y attr i b ut e d t o pi n e s h a di ng  sin c e s e d g es  a n d ot h er 

mi ni m al u n d erst or y v e g et ati o n  w er e  pr es e n t i n s o m e s a m ple d pl ots  ( Fi g ur e 3). T h e w hit e 

s pr u c e s e e d li n gs w er e s m all e n o u g h  f or gr o wt h t o b e aff e cte d b y n ot o nl y o v erst or y 

c a n o p y , b ut l o w er v e g et ati o n as w ell . T h e eff e ct of t h es e l o w e r c o m p etitors r e m ai n e d 

u n a c c o u nt e d f or i n t his st u d y. U n d erst a n di n g t h e i m p a ct of c o m p eti n g v e g et ati o n c o ul d 

d et er mi n e w hi c h t y p e s of m a n a g e m e nt  str at e gi es  w o ul d  b e m ost b e n efi ci al. M a n a gi n g  

i nt erf eri n g v e g et ati on as a sil vi c ult u r al o pti o n m a y pr o m ot e i n c re as e d  gr o wt h of t h e 

tar g et  s p e c i es ( Li eff ers a n d St a dt 1 9 9 4). 

I n t his fill pl a nt, it is e vi d e nt t h at t h er e w as s uffi ci e nt  li g ht tr a ns missi o n t o s u p p ort  

h e alt h y  gr o wt h of w hit e  s pr u c e  s a pli n gs . T his is s h o w n i n t h e l o w m ort alit y, a n d 

a c c e pt a bl e t ot al h ei g h t a n d di a m et er  gr o wt h . Li eff ers a n d St a dt ( 1 9 9 4) f o u n d t h at 

a c c e pt a bl e a n n u al l e a d er gr o wt h  w as att ai n e d  at li g ht  l e v els b et w e e n 1 5 a n d 4 0 %  

( Li eff ers a n d St adt 1 9 9 4).
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C O N C L U SI O N  
 

T his st u d y ut ili z e d a fill pl a nt  site wit h w hit e s pr u c e u n d e r pl a nt e d b e n e at h a y o u n g  

b ut  est a blis h e d  l o d ge p ol e pi n e  st a n d . T hr e e -y e ar w hit e s pr u c e s e e dli n g t ot al h ei g ht a n d 

t ot al R C D w er e n ot st atisti c all y  si g nifi c a nt  b et w e e n a n y of t h e f o ur diff er e nt d e nsity 

c at e g ori e s. M ort alit y w as f o u n d t o b e l o w, w hi c h is c o nsist e nt wit h ot h e r fi n di n gs of 

u n d er pl a nt e d w hit e s p r u c e. T his  s u g g est s t h at fill pla nti n g c a n h el p r e d u c e m ort alit y i n 

w hit e s pr u c e s e e dli n gs . L o w  m ort alit y a n d s uffi ci e nt  w hit e s pr u c e t ot al h ei g ht a n d 

di a m et er  pr o v e t h e s u c c ess  of t his fill pl a nt pr oj e ct. 

Fill pl a nti n g h a s b e e n a n d  will c o nti n u e t o b e us e d t o i n t h e m a n a g e m e nt of 

C a n a d a ’s mi x e d w o o d f or ests. W h e n n at ur all y  o c c urri n g  w hit e  s pr u c e  s e e dli n gs a r e f o u n d 

gr o wi n g u n d er a c a n o p y , t h e y r ar el y e x p eri e n c e f ull s u nli g ht c o n diti o ns i n t h e j u v e nil e 

st a g e.  T h eir s h a d e t o ler a n c e  m a k es w hit e s pr u c e  a w ell -suit e d  s p e ci es  i n fill pl a nt 

p r oj e cts. N e v ert h el ess , m a na g e m e nt t e c h ni q u es c o ul d h el p d et er mi n e a n o pti m al  b al a n c e  

of r esi d u al c a n o p y t h at c o ul d d eli v er s uffi ci e nt li g ht t o all o w  gr e at er s u c c ess  of d esir e d 

tr e es b ut av o i d c o m p etit ors . 
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s e l e ct e d a p pr o a c h es f or r e g e n er ati n g a n d m a n a gi n g w est er n b or e al m i x e d w o o ds. 
T h e F or estr y C hr o ni cl e. V ol. 8 1( 4). 5 5 9 -5 7 4.  

 
C o ns ta b el , A.J. a n d V.J. Li eff ers. 1 9 9 6. S e as o nal p a tt erns of li g ht tr a ns missi o n  t hr o u g h 

b or e al mi x e d w o o d  c a n o pi es. C a n a di a n Jo ur n al of  F or est  R es e ar c h . V ol. 2 6 . 1 0 0 8 -
1 0 1 4.  

 
D e L o n g, H. B., V.J. L i eff ers, P. V. Bl e nis . 19 9 7. Mi cr osit e eff e cts o n first -y e ar 

est a bli sh m e nt a n d o v er wi nt er s ur v i v al of w hit e s pr u c e i n as p e n-d o mi n at e d b or e al 
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m i x e d w o o ds. C a n a di a n J o ur n al  of F or est R es e ar c h. V ol. 2 7( 9).  1 4 5 2 -1 4 5 7.  
 
F ar r ar, J o h n L. 2 0 1 0. Tr e es in C a n a d a. Fti z h e nr y & W hit esi d e Li mit e d.  
 
Fili p es c u , C os mi n N. a n d P hilli p  G. C o m e a u. 2 0 0 7. As p e n c o m p etiti o n aff e cts li g ht a n d 

w hit e s pr u c e gr o wt h a cr oss s e v er al  b or e al si t es i n w est er n  C a n a d a. C a n a di a n 
J o ur n al of F or es t R es e ar c h. V ol. 3 7( 9). 1 7 0 1 -1 7 1 3.  

 
G o v er n m e nt  of A l b ert a. S ust ai n a bl e R es o ur c e  D e v el o p m e nt. 2 0 0 1 -2 0 0 6, 2 0 0 6 -2 0 1 3 . 

F i n al d o c u m e nt ati o n  r e port C his h ol m fir e . LW F -0 6 3.  
 
Gr e e n e, D. F., D. D. K n e es h a w , C . M e ssi er , V. Li e ff ers, D. C or mi er , R. D o u c et , K. D. 

C o at es , A. Gr o ot . G . Gr o v er, C. C al o g er o p o ul os. 2 0 0 2.  M o d e lli n g sil vi c ult ur al 
alt e r n ati v es f or c o nif er r e g e n er ati o n i n b or e al m i x e dw o o d st a n ds ( as p e n/ w hit e 
s pr u c e/ b als a m fir). T h e F or estr y C hr o ni cl e. V ol. 7 8 ( 2). 2 8 1-2 9 5 . 

 
G r o ot, Art h ur. 1 9 9 9. Eff e cts of s h elt er a n d c o m p etiti on o n t h e e arl y  gr o wt h of pl a nt e d 

w hit e spr u c e ( Pi c e a gl a u c a ). Ca n. J. F or. R es. V ol. 2 9. 1 0 0 2 -1 0 1 4.  
 
Gr o ot, A rt hur a n d  D. W. C arls o n . 1 9 9 6. I nfl u e n c e of s h elt er o n ni g ht t e m p er at ur es, fr ost 

d a m a g e, a n d b u d  br e a k of w hit e s pr u c e s e e dli n gs. C a n a di a n Jo ur n al of  F or es t 
R es e ar c h . V ol. 2 6 . 1 5 3 1 -1 5 3 8.  

 
H u a n g, Ji a n -G u o, K .J. St a dt, A . D. a n d P .G. C o m e a u . 2 0 1 3. M o d elli n g Gro wt h -

C o m p e titi o n Rel ati o ns hi ps i n Tr e m bli n g As p e n a n d W hit e S pr u c e Mi x e d B or e a l 
F or ests of  W e st e r n C a n a d a. P L O S O N E. V ol. 8( 1 0). 1-1 4.  

 
J o bi d o n, R o b ert. 2 0 0 0. D e nsit y -d e p e n d e n t eff e cts of n ort h er n h ar d w o o d c o m p eti ti o n o n 

s el e ct e d e n vir o n m e nt al r es o ur c es a n d  y o u n g w hit e s pr u c e ( Pi c e a gl a u c a) pl a nt ati o n 
gr o wt h, mi n er al n utriti o n, a n d st a n d st r u ct ur al d ev el o p m e nt  - a 5 -y e ar st u d y. F or est 
E c ol o g y a n d M a n a g e m e nt. Els e vi er. V ol. 1 3 0( 1 -3). 7 7 -9 7.  

 
K a b z e ms, Ri c h ar d. 2 0 0 1. R e g e n er ati n g B or e al Mi x e d w o o ds: T hr e e -y e ar  r esults of a 

g r o u p sh elt er w o o d sil vi c ultur e  syst e m i n  tr e m bli n g as p e n - w hit e s pr u c e st a n ds. 
F or es t Ser vi c e Brit is h C olu m bi a.  

 
K a b z e ms, Ri c h ar d, A. L. N e m e c a n d C. F ar n d e n. 2 0 0 7 . Gr o wi n g  tr e m bli n g as pe n a n d 

w hit e s p r u c e i nti m at e mi xt ur es: E arl y r es ults (1 3 -1 7  y e ars) a n d f ut u r e pr oj e cti o ns. 
B C J o u r n al of E c os yst e ms a n d M a n a g e m e nt: R es e ar c h Re p ort. V ol. 8( 1).  1 -1 4.  

 
K o b e, Ri c h ar d K. a n d K. D. C o at es. 1 9 9 7. M o d els of s a pli n g m ort alit y  as a f u n cti o n of 

gr o wt h t o c h ar a ct eri z e i nt ers p e cifi c v ari ati o n i n s h a d e t ol er a n c e  of ei g ht tr e e 
s p e ci es of n o rt hw est er n B ritis h C ol u m bi a. C an a d i a n J o ur n al of F or est R es e ar c h. 
V ol. 2 7. 2 2 7 -2 3 6.  

 
L a n n er , B. M. 19 8 5. O n t h e i ns e nsiti vit y of h ei g ht gr o w t h t o sp a ci n g.  F or est E c ol o g y 

M a n a g e m e nt . V ol . 1 3. 1 4 3 -1 4 8.  
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Li e ff ers, V.J.  a n d  K.J. St a dt . 1 9 9 4. Gr o wt h of u n d erst or y Pi c e a gl a u c a , C al a m a gr ostis 

c a n a d e n sis, a n d E pil o bi u m a n g ustif oli u m  i n r el ati o n t o o v erst or y li g ht tr a ns missi o n. 
C a n a di a n J o ur n al  of F or est R es e a r c h. V ol. 2 4. 1 1 9 3-1 1 9 8.  

 
Li e ff ers, V.J . a n d J. A. B e c k Jr . 1 9 9 4. A s e mi -n at ur al a p p ro a c h t o mi x e d w o o d 

m a n a g e m e nt i n t h e pr airi e pr o v i n c es. Th e F or e str y C hr o ni cl e. V ol. 7 0( 3). 2 6 0 -2 6 4.  
 
Li eff ers, V.J ., K.J. St a dt a n d S. N a vr atil. 1 9 9 6. A g e str u c t ur e a n d gr o wth of u n d erst or y 

w hit e s pr u c e u n d er as p e n. C a n a di a n J o ur n al  of F or est R es e ar c h. V ol .2 6. 1 0 0 2 -
1 0 0 7.  

 
Li eff ers, V.J ., C. M essi er , K.J. St a dt, F . G en dr o n a n d P. G. C o m e a u . 1 9 99 . Pr e di cti n g a n d 

m a n a gi n g  li g ht i n t h e u n d erst or y of b or e al f or ests1 . C a n a di a n J o ur n a l of F or est 
R es e ar c h. V ol. 2 9 . 7 9 6 -8 1 1 . 

 
Li eff ers, V.J. a n d  S.J. Tit us. 1 9 8 9. T h e e ff e cts of st e m d e nsit y a n d n utri e nt st at us o n si z e 

i n e q u alit y a n d r es o ur c e allo c ati o n i n l o d g e p o l e pin e a n d w hit e s pr u c e s e e dli n gs. 
C a n a di a n J o ur n al of B ot a n y . V ol. 6 7( 1 0). 2 9 0 0 -2 9 0 3.  

 
L o g a n, K. T. 1 9 6 9 . Gr o wt h of  tr ee s e e dli n gs as aff e ct e d b y li g h t i nt e nsity : IV. Bl a c k 

s pr u c e, w hit e s pr u c e, b als a m fir, a n d e ast er n  w hit e c e d ar. C a n a di a n F or estr y 
S er vi c e. Ot t a w a, O N. P u bli c ati o n N o. 1 2 5 6. 

 
M a c d o n al d, Bl a k e G. 1 9 9 5. T h e c as e f or b or e al mi x e d w o o d m a n a g e m e nt: A n O nt ari o 

p e rs p e cti v e. T h e F or estr y C hr o ni cl e. V ol. 71 (6).  7 2 5 -7 3 4.  
 
M a n, R o n g z h o u a n d  V.J. Li eff ers . 1 9 96 . S e aso n al p h ot os y nt h eti c r es p o ns es t o li g ht a n d 

t e m p er at ur e i n w hit e s pr u c e (Pi c e a gl a u c a ) se e dli n gs pl a nt e d u n d er a n as p e n 
(P o p ul us tr e m ul oi d es ) c a n o p y a n d in t h e o p e n. O xf or d J o ur n als: Tr e e P h y si ol o g y . 
1 9 9 7. V ol . 1 7( 7). 4 3 7-4 4 4.  

 
M a n, R o n g z h o u a n d  V.J. Li eff ers. 1 9 9 9 a . Eff e cts of s h elt er w o o d a n d sit e pr e p ar a ti o n o n 

mi cr o cli m at e a n d est a blis h m e nt of w h it e s pr u c e se e dli n gs i n a b o r e al mix e d w o o d 
f or est. T h e F or estr y C hr o nicl e . V ol. 7 5( 5). 8 3 7-8 4 4.  

 
M a n, R o n g z h o u a n d  V .J. Li eff ers . 1 9 9 9b . Ar e mi xt ur es of as p e n a n d w hit e spr u c e m or e 

pr o d u cti v e t h a n si n g l e s p e ci es st a n ds ? T h e F or estr y C hr o ni cl e. V ol. 7 5( 3). 5 05 -5 1 3.  
 
M ess i er, C. 1 99 6. M a n a gi n g li g ht a n d u n d erst or y v e g e t ati o n i n b or e al a n d t e m p er at e 

br o a dl e af -c o n if er f orests. I n P. G. C o m e a u a n d K. D. T h o m as ( e ds .). S il vi c ult ur e of 
t e m p er at e a n d b or e al br o a dle af – c o nif er mi xt ur es. Britis h C ol u m bi a Mi nistr y of 
F or ests, B. C. Br o a dl e af Mi x e d w o o d M a n a g e m e nt . 3 6. 5 9 -8 1.  

 
N ati o n a l F or est I n v e nt or y. 2 0 1 8. St a n d ar d r e p orts, T a bl e 1 5. 1 , T ot al tr e e v ol u m e ( milli o n 

m 3 ) o n f or est l a n d  b y f o r est t y p e, a g e cl ass, a n d t err estri al e c o z o n e i n  C a n a d a. 
htt ps:// nfi. nfis. or g/r es o u r c es/ g e n eral/s u m m ari es/ e n/ ht ml/ C A 3 _ T 1 5 _ F O R A G E 2 0 _ V
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O L _ e n. ht ml  (A c c ess e d  A pril 1 0, 2 0 1 8 ). 
 
N ati o n al F or estr y D at a b as e . 2 0 1 8. St a n d ar d  r e p orts, T a bl e 6. 2.1, N u m b er of s e e dli n gs 

pl a nt e d b y j uris di cti o n, t e n ure  a n d s p e ci es gr o u p , T a bl e 6. 2. 2 Ar e a pl a nt e d b y 
juris di ct i o n, t e n ur e a n d s p e ci es gr o u p. htt p:// cfs. nr c a n. g c. c a/st ats pr ofil e  ( A c c ess e d 
F e b r u ar y 1 4, 2 0 20) . 

 
N e uf el d, Br e a n n e A. , D. M orris, N. L u c k ai, D. R ei d, W. B ell, C. S h a hi,  W. M e y er a n d S  

A d hi k ar y. 2 0 1 4. T h e i nf lu e n c e of c o m p etiti o n a n d s p e ci es mi xt ur e o n pl a nt ati o n -
gr o w n w hit e s p r uc e: Gr o wt h a n d f oli ar  n utri e nt r es p o nse aft er  2 0 y e ars . T h e 
F or es tr y C hr o ni cl e. V ol. 9 0( 1). 7 0-7 9.  

 
O pi o , C.a , N. J a c o b a  a n d D. C o o p ers mit h b . 1 9 9 9 . H ei g ht t o di a m et er r ati o as a 

c o m p eti ti o n i n d e x f or y o u n g c o nif er pl a nt ati ons i n n ort h er n Britis h C ol u m bi a . 
C a n a d a  F or est E c ol o g y a n d M a n a g e m e nt. V ol. 3 7 ( 1-3) . 2 0 0 0. Els e vi er S ci e n c e B. V. 
2 4 5 -2 5 2.  

 
S t e w art, J a m es D ., S. M. L a n d h ä uss e r, K.J. S t a dt, V.J. Li eff ers. 2 0 0 0. R e g e n er a ti o n of 

w h it e s pr u c e u n d er as p e n c a n o pi es: s e e di n g,  pl a nti n g, a n d sit e pr e p ar ati o n. W est er n 
J o ur n al of A p pli e d F or estr y. V ol. 1 5( 4). 1 7 7 -1 8 2.  
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A P P E N DI X I 
 
R a w S P S S D es c ri pti v e S t atisti cs O ut p uts  
 
T a bl e 1 . D es cri pti v e st atisti cs  of h ei g ht a n d R C D  i n d e nsit y c at e g ori es *  at 9 5 % 
c o nf i de n c e i nt er v al ( 0. 0 5).  

  N  M e a n  
St d. 

D e vi ati o n  
St d. 
Err or  

9 5 % C o nfi d e n c e 
I nt er v al f or M e a n 

Mi ni m u m  M a xi m u m  
L o w er 
B o u n d  

U p p e r 
B o u n d  

H ei g ht  1. 0 0  9 3  3 5. 3 0 9 7  9. 3 9 3 7 3  . 9 7 40 8  3 3. 3 7 5 1  3 7. 2 4 4 3  1 2. 0 0  5 8. 2 0  
2. 0 0  8 2  3 5 .9 9 7 6  8. 3 4 6 4 0  . 92 1 7 1  3 4. 1 6 3 7  3 7. 8 3 1 5  1 8 . 9 0 5 1. 9 0  
3. 0 0  4 1  3 6. 5 8 7 8  9. 7 4 6 4 1  1. 5 2 2 1 3  3 3. 5 1 1 5  3 9 . 6 6 4 2 1 7. 5 0  5 3. 2 0  
4. 0 0  3 2  3 2. 7 1 5 6  1 0. 2 6 0 7 3  1. 8 1 3 8 6  2 9 . 0 1 6 2 3 6. 4 1 5 0  1 3. 1 0  5 1. 0 0  
T ot al  2 4 8  3 5. 4 1 3 7  9. 2 5 1 9 5  . 5 8 7 5 0 3 4. 2 5 6 6  3 6. 5 7 0 9  1 2. 0 0  5 8. 2 0  

R C D  1. 0 0  9 3  6. 1 1 3 5  1 . 8 2 1 6 1 . 1 8 8 8 9 5. 7 3 8 4  6. 4 8 8 7  2. 9 8  1 2 . 13  

2. 0 0  8 2  6. 1 4 2 7  1. 2 1 1 8 2  . 1 3 3 8 2 5. 8 7 6 4  6. 4 0 8 9  3. 8 1  1 0. 0 5  

3. 0 0  4 1  6. 5 6 0 5  2. 1 6 0 7 0  . 3 3 7 4 5 5. 8 7 8 5  7. 2 4 2 5  2. 8 2  1 4. 6 0  

4. 0 0  3 2  6. 1 2 2 5  1. 0 9 6 7 6  .1 9 3 8 8  5. 7 2 7 1  6. 5 1 7 9  3. 3 1  9. 0 6  

T ot al  2 4 8  6. 1 9 8 2  1. 6 2 8 1 3  . 1 0 3 3 9 5. 9 9 4 6  6 . 4 01 9  2. 8 2  1 4. 6 0  

S o u r c e: S P S S A N O V A o ut p u t 2 0 1 4  
(* D e nsit y c at e g o ri es: 1. 0 0 = 0  pi n e tr e es i n a pl ot; 2. 0 0 = 1  - 4 pi n es tr e es i n a pl ot ; 3. 0 0 = 5 -7 pi n e  tr e es i n a pl ot; 4. 0 0 
= 8 pi n e s i n a pl ot 

 
T a b l e 2 . D es cri pti v e st atisti cs  of t ot al  h ei g ht a n d n u m b er of p i n e tr e es wit hi n t hr e e m etr es 
at 9 5 % c o nf i de n c e i nt er v al ( 0. 0 5).  

  N  M e a n  
St d. 

D e vi ati o n  S t d. Err or 

9 5 %  C o nfi d e n c e 
I nt er v al f or M e a n 

Mi ni m u m  M a xi m u m  
L o w er 
B o u n d  

U p p er 
B o u n d  

. 0 0 1 1 0  3 5. 6 1 2 7  9. 4 3 6 2 6  . 8 9 9 71  3 3 . 8 2 9 5 3 7. 3 9 5 9  1 2. 0 0  5 8. 2 0  

1. 0 0  3 6  3 6. 6 7 7 8  8. 2 5 4 4 9  1 . 37 5 7 5  3 3. 8 8 4 9  3 9 . 4 7 0 7 1 5. 9 0  5 1. 9 0  

2. 0 0  4 2  3 6. 4 7 6 2  9. 6 1 0 1 3  1. 4 8 2 8 7  3 3. 4 8 1 5  3 9. 4 7 0 9  1 4. 0 0  5 1 . 4 0 

3. 0 0  3 2  3 3. 7 3 7 5  9. 5 1 7 3 1  1. 6 8 2 4 4  3 0. 3 0 6 1  3 7. 1 6 8 9  1 6 . 5 0 5 3. 2 0  

4. 0 0  1 6  3 2. 6 0 0 0  6. 3 8 9 4 7  1. 5 9 7 3 7  2 9. 1 9 5 3  3 6 . 0 0 47  2 2. 3 0  4 7. 4 0  

5. 0 0  8  3 3. 4 5 0 0  1 2. 7 3 1 1 8  4 .5 0 1 1 5  2 2. 8 0 6 5  4 4. 0 9 3 5  1 3. 1 0  5 1. 0 0  

6. 0 0  3  3 1. 8 0 0 0  8. 4 0 0 6 0  4. 8 5 0 0 9  1 0. 9 3 1 8  5 2. 6 6 8 2  2 6. 9 0  4 1 . 5 0 

9. 0 0  1  4 8. 6 0 0 0          4 8. 6 0  4 8. 6 0  

T ot al  2 4 8  3 5. 4 1 3 7  9. 2 5 1 9 5  .5 8 7 5 0  3 4. 2 5 6 6  3 6. 5 7 0 9  1 2. 0 0  5 8. 2 0  

S o ur c e:  S P S S  A N O V A  o ut p ut 2 0 1 4  
 
T a bl e  3 . D es cr i pti v e st atisti c s of R C D a n d n u m b er of pi n e  tr e es wit hi n t hr e e m etr es at 
9 5 % c o nf i de n c e i nt er v al ( 0. 0 5).  

  N  M e a n  
St d. 

D e vi ati o n  St d. Err or  

9 5 % C o nfi d e n c e 
I nt er v al for M e a n  

Mi ni m u m  M a xi m u m  
L o w er 
B o u n d  

U p p er 
B o u n d  
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. 0 0 1 1 0  6. 0 8 3 1  1. 7 4 5 6 4  . 1 6 6 4 4 5. 7 5 3 2  6. 4 1 3 0  2. 9 8  1 2 . 1 3 

1. 0 0  3 6  6 . 2 2 6 7 1. 4 7 7 8 2  . 2 4 6 3 0 5 . 7 2 6 6 6. 7 2 6 7  3. 3 1  1 0. 0 5  

2. 0 0  4 2  6. 4 1 7 1  1. 4 3 2 6 7  . 2 2 1 0 7 5 . 9 7 0 7 6. 8 6 3 6  2. 8 2  9. 5 6  

3. 0 0  3 2  6. 3 3 2 2  2. 0 6 6 0 7  . 3 6 5 2 3 5. 5 8 7 3  7. 0 7 7 1  3. 2 8  1 4. 6 0  

4. 0 0  1 6  6. 0 5 5 6  . 7 1 3 0 2 . 1 7 8 2 6 5. 6 7 5 7  6. 4 3 5 6  4. 8 1  7. 1 1  

5. 0 0  8  6. 1 4 0 0  1. 4 7 2 0 6  . 5 2 0 4 5 4 . 9 0 9 3 7. 3 7 0 7  4. 6 4  9. 0 6  

6. 0 0  3  6. 3 5 6 7  1. 0 4 7 4 9  . 6 0 4 7 7 3. 7 5 4 6  8. 9 5 8 8  5. 2 7  7. 3 6  

9. 0 0  1  6. 6 3 0 0          6. 6 3  6. 6 3  

T ot al  2 4 8  6. 1 9 8 2  1. 6 2 8 1 3  . 1 0 3 3 9 5. 9 9 4 6  6. 4 0 1 9  2. 8 2  1 4. 6 0  

S o ur c e:  S P S S  A N O V A o ut p ut 2 0 1 4  
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A P P E N DI X  II 
 

P ost H o c T ests  
 

T a bl e  4 . M ulti pl e c o m p a riso n s f or h ei g h t a n d d e nsit y c at e g o ri es* . 

D e p e n d e nt V a ri a bl e 

M e a n 
D iff er e n c e 

(I-J) St d. Err or  Si g.  

9 5 % C o nfi d e n c e I nt er v al  

L o w er 
B o u n d  

U p p er 
B o u n d  

H ei g ht  L S D  1. 0 0  2. 0 0  -. 6 8 7 8 8 1. 3 9 9 4 6  . 6 2 3 -3. 4 4 4 5  2. 0 6 8 7  

3. 0 0  -1. 2 7 8 1 3  1. 7 3 1 8 5  . 4 6 1 -4. 6 8 9 4  2. 1 3 3 2  

4. 0 0  2. 5 9 4 0 5  1. 8 9 3 3 5  . 17 2  -1. 1 3 5 3  6. 3 2 3 4  

2. 0 0  1 . 0 0 . 6 8 7 8 8 1. 3 9 9 4 6  . 6 2 3 -2. 0 6 8 7  3. 4 4 4 5  

3. 0 0  -. 5 9 0 2 4 1. 7 6 7 0 3  . 73 9  -4. 0 7 0 8  2. 8 9 0 3  

4. 0 0  3. 2 8 1 9 4  1. 9 2 5 5 8  . 0 9 0 -. 5 1 0 9 7. 0 7 4 8  

3. 0 0  1. 0 0  1. 2 7 8 1 3  1. 7 3 1 8 5  . 4 6 1 -2. 1 3 3 2  4 . 6 8 9 4 

2. 0 0  . 5 9 0 2 4 1 . 7 6 7 0 3 . 7 3 9 -2. 8 9 0 3  4. 0 7 0 8  

4. 0 0  3. 8 7 2 1 8  2. 1 7 9 1 4  . 0 7 7 -. 4 2 02  8. 1 6 4 5  

4 . 0 0 1. 0 0  -2. 5 9 4 0 5  1. 8 9 3 3 5  . 1 7 2 -6. 3 2 3 4  1. 1 3 5 3  

2. 0 0  -3. 2 8 1 9 4  1. 9 2 5 5 8  . 0 9 0 -7. 0 7 4 8  . 5 1 0 9 

3. 0 0  -3. 8 7 2 1 8  2. 1 7 9 1 4  . 0 7 7 -8. 1 6 4 5  . 4 2 0 2 

B o n f err o ni 1. 0 0  2. 0 0  -. 6 8 78 8  1. 3 9 9 4 6  1. 0 0 0  -4. 4 1 0 4  3. 0 3 4 6  

3. 0 0  -1. 2 7 8 1 3  1. 7 3 1 8 5  1. 0 0 0  -5. 8 8 4 7  3. 3 2 8 5  

4. 0 0  2 . 5 94 0 5  1. 8 9 3 3 5  1. 0 0 0  -2. 4 4 2 1  7. 6 3 0 2  

2. 0 0  1. 0 0  . 6 8 7 8 8 1. 3 9 9 4 6  1. 0 0 0  -3. 0 3 4 6  4. 4 1 0 4  

3. 0 0  -. 5 9 0 2 4 1. 7 6 7 0 3  1. 0 0 0  -5. 2 9 0 5  4. 1 1 0 0  

4. 0 0  3. 2 8 1 9 4  1. 9 2 5 5 8  . 5 3 7 -1. 8 4 0 0  8. 4 0 3 9  

3. 0 0  1. 0 0  1 .2 7 8 1 3  1. 7 3 1 8 5  1. 0 0 0  -3. 3 2 8 5  5. 8 8 4 7  

2. 0 0  . 5 9 0 2 4 1. 7 6 7 0 3  1. 0 0 0  -4. 1 1 0 0  5. 2 9 0 5  

4. 0 0  3. 8 7 2 1 8  2. 1 7 9 1 4  . 4 6 1 -1. 9 2 4 2  9. 6 6 8 6  

4. 0 0  1. 0 0  -2. 5 9 4 0 5  1. 8 9 3 3 5  1. 0 0 0  -7. 6 3 0 2  2. 4 4 2 1  

2. 0 0  -3. 2 8 1 9 4  1. 9 2 5 5 8  . 5 3 7 -8 . 40 3 9  1. 8 4 0 0  

3. 0 0  -3. 8 7 2 1 8  2. 1 7 9 1 4  .4 6 1  -9 .6 6 8 6  1. 9 2 4 2  

S o ur c e:  S P S S  A N O V A o ut p ut 2 0 1 4  
(* D e nsit y c at e g o ri es: 1. 0 0 = 0  pi n e tr e es i n a pl ot; 2. 0 0 = 1  - 4 pi n es tr e es i n a pl ot ; 3. 0 0 = 5 -7 pi n e  tr e es i n a pl ot; 4. 0 0 
= 8 pi n e s i n a pl ot 

 
T a bl e  5 . M ulti pl e c o m p aris o ns f or R C D  a n d d e nsit y c at e g ori es * . 

D e p e n d e nt  V ari a bl e  

M e a n 
Diff er e n c e 

(I-J) St d. Err or  Si g.  

9 5 % C o n fi d e n c e I nt er v al 

L o w er 
B o u n d  

U p p er 
B o u n d  

         

R C D  L S D  1 . 0 0 2. 0 0  -. 0 2 91 3  . 2 46 9 2  . 9 0 6 -. 5 1 5 5 . 4 5 7 2 



4 1  
 

3. 0 0  -. 4 4 6 9 4 .3 0 5 5 6  . 14 5  -1. 0 4 8 8  . 15 4 9  

4. 0 0  -. 0 0 8 9 5 . 3 3 40 6  . 9 7 9 -. 6 6 7 0 .6 4 9 1  

2. 0 0  1. 0 0  . 0 2 9 1 3 . 2 4 6 9 2 . 9 0 6 -. 4 5 7 2 . 5 1 5 5 

3. 0 0  -. 4 1 7 8 0 .3 1 1 7 7  . 1 8 1 -1. 0 3 1 9  . 1 9 6 3 

4. 0 0  . 0 2 0 1 8 . 3 3 9 7 4 . 9 5 3 -. 6 4 9 0 . 6 8 9 4 

3. 0 0  1. 0 0  .4 4 6 9 4  . 3 0 5 5 6 . 1 4 5 -. 1 5 4 9 1. 0 4 8 8  

2. 0 0  . 4 1 7 80  . 3 1 1 7 7 . 1 81  -. 1 9 6 3 1. 0 3 1 9  

4. 0 0  . 4 3 7 9 9 . 38 4 4 8  . 2 5 6 -. 3 1 9 3 1. 1 9 5 3  

4. 0 0  1. 0 0  . 0 0 8 9 5 . 3 3 4 0 6 . 9 7 9 -. 6 4 9 1 . 6 6 7 0 

2. 0 0  -. 0 20 1 8  . 3 3 9 7 4 . 9 53  -. 6 8 9 4 . 6 4 9 0 

3. 0 0  -. 4 3 7 9 9 . 3 8 4 4 8 . 2 5 6 -1. 1 9 5 3  . 31 9 3  

B o nf err o ni  1. 0 0  2. 0 0  -. 0 2 9 1 3 . 2 4 6 9 2 1 . 00 0  -. 6 8 5 9 . 6 2 7 7 

3. 0 0  -.4 4 6 9 4  . 3 05 5 6  . 86 9  -1. 2 5 9 7  . 3 6 5 8 

4. 0 0  -. 0 0 8 9 5 .3 3 4 0 6  1. 0 0 0  -. 8 9 7 5 . 8 7 9 6 

2. 0 0  1. 0 0  . 0 2 9 1 3 . 2 4 6 9 2 1. 0 0 0  -. 6 2 7 7 .6 8 5 9  

3. 0 0  -. 4 1 7 8 0 . 3 1 1 7 7 1. 0 0 0  -1. 2 4 7 1  . 4 1 1 5 

4. 0 0  . 0 2 0 1 8 . 3 39 7 4  1. 0 0 0  -. 8 83 5  . 9 23 9  

3. 0 0  1. 0 0  . 4 4 6 9 4 . 30 5 5 6  . 8 6 9 -. 3 6 58  1. 2 5 9 7  

2. 0 0  . 4 1 7 8 0 . 31 1 7 7  1. 0 0 0  -. 4 1 1 5 1 . 2 4 7 1 

4. 0 0  .4 3 7 9 9  . 3 8 44 8  1. 0 0 0  -. 5 8 4 7 1. 4 6 0 7  

4. 0 0  1. 0 0  . 0 0 8 9 5 . 3 3 4 0 6 1. 0 0 0  -.8 7 9 6  . 8 9 7 5 

2. 0 0  -. 0 2 0 1 8 . 3 3 9 7 4 1. 0 0 0  -. 9 2 3 9 . 8 8 3 5 

3. 0 0  -. 43 7 9 9  . 3 8 4 4 8 1. 0 0 0  -1 . 4 6 0 7 . 5 8 4 7 

S o ur c e:  S P S S  A N O V A o ut p ut 2 0 1 4  
(* D e nsit y c at e g o ri es: 1. 0 0 = 0  pi n e tr e es i n a pl ot; 2. 0 0 = 1  - 4 pi n es tr e es i n a pl ot ; 3. 0 0 = 5 -7 pi n e  tr e es i n a pl ot; 4. 0 0 
= 8 pi n e s i n a pl ot 


