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Abstract
T h c r b u d a . c . ' o f s h r u b s . \ l | l | l n d s l l n n ) n b e r D i I p . d i c u ] l I . i s l c h : r r r c
colsr  lorcs(  \ land\ .  we anxl ,vzed re l r t ionships betr  een ibfest  c. rnopr"  co!cr  ar1d lhc co\cr  of  l l re shrh 1a)er.  sr lu l .  sx lmonbeI] .
hc.b l ! \cr .  a.d r ross la)er  using dr t r  I f t ) l l l  157 er f ly  seral  l -15 , , -c. r r  dd) l la .ds f ro ! \cst  Vancouver ls land hr l ing \xr iable
canop\ cor. r .  canopv specie\ .  .Lnd s i te qu.r l i t ) .  The rnr l )  s is  i rd ic l lcd lhal  ( i )  canopt co\cr  ! l  as in i luenced bl  canop! \pecies rnd
\irc qualiry. i ii) c.rnop\ cover had r \trong inlluencc on llc colcr ol \hmb\ but no influence oo the coref of hefb rnd nxxs Lr\efs.
xnd( i i i )s i tequ.Ll i t i 'h . ldr imoder. t te l }s l r0Ig in1. ] t lcnc.ont l rcco!crolsa111and\a|nn)n|)eI . r r ' lLnd. l
s h r b . h e r b . l n d n l ( ] \ s l l ! ' e N A \ t h e c . t n o p ) ' c 0 \ c I d c c r a \ c d i . 0 n 9 5 ! o 5 ' | . t h e s h r h c o ! e | c o n \ i s t e n t 1 ! ' i n c | e a s e d 1 0 l 1 ] l b o U t 5
lo 95! , ; .  th.  crnop) coref  r lone \ ras .L good predictor  of  thc co\cr  o l  shrubs (Rr = 0.83),  srhL ( I t r  = 0.7:) .  and s.L lnn)nber(R =

0.71). pro\iding the \rands r\efe strrtilied into poof.rnd rich soil nLrLricnl srrn. Thc quanrified relaijon\hips betq,een crnot)
co\ cr and rhc co\cr of shrubs. srhl..rnd s.rlmonhern pro\ ide r sinl c Lool lar lorcslcrs lo nranipulate canopy c ovef ol euflr_- \ef.Ll
\Lrnds i r  pcrhunid cool  rne\orhermxl  c l im.r le\  l -of  crer t ing \u i t rb le $ i ld l i lc  hrbi t r l \ .

lntroduction

Stand stmcture describes the charactcristics of
canopy (tree layer) as Ncll as undcrstory vegeta
tion (shrub, herb. and moss layers) and, thus, it
describes habitat suitabil ity for rninral conrmu-
nities (e.g.. Daniel et al. 1979. Kimmins 1987.
Smith I986). The structure of ir t i)rest stlnd dc-
pends on a numbcr of lacLors, such as, site qual-
it"v (climate. soil uaier. and soil nutricnt condi-
tions). historl- of disturbance, canopl' species. stand
dcnsity. and sland developnental stage.

Poorly dcvclopecl understory \'egetation is the
natural characterjstic of early-seral or stcm cxchF
sion sta-qes of stancl dcvelopment iOlir,er 1981.1.
When timber prcduction is the solc managcment
obje,rtivc, thcre is liltle inpems to change the structLrre
of early seral stalds except to control stand den-
sitl while maintaining high canopy cover: thus. the
stem cxclusion slrge n-ny extend over a long pe-
riod of time. Manipulations of both stand dcnsity
and canopy cover arc t(x)ls u'hich can enable tbr
eslers to modily stand strncture and to pronotc thc
developmcnl of understory vegetation. Foresters,
therc lo rc .  nced to  knr ' \ \  lh (  i rn l r r l  , \ l ' . Jn , ,p \  m i l
nipulations on the dcvclopment of unde$tory \eg
etation in ctrriy-serll stancls, i.e.. hou'understory

vegetation rvillrespond to diilerent light conditions
inrpartcd by a change in canop)'cover This kno\\'l
(dge nr l )  be  u . ( lu l  i I  l i l ]e - tun i l i  '  i rn , rn )  r r i rn inu-
lati()ns to increase biodivcrsiLy or aninal popula
tion in situations where the managenent goal is to
maintain or imprcve wjldlite habitats. in rddition
t0 producing *rx .

Thc objccLives ol this study rvele (l) to char
J \ ' le r i /e  lhe  l , ' re . l  c i ln , , l )  c r ' , . c I  r ' i  r c , , in  I rcc
spccies in relation to site quality ald (2) to ex-
anine the possible intluence of canop-v- cover and
. i te  quu l i t l  , ,n  Ihc  . , , ! . ' r ' , \ l  ' h rub  lc \ . r .  in  p . r r .
ticular salal ((;i/r1l?{,rirr s/rr1lon Ptu sh) and salmo-
nbery (llalls rpcrtabllis Purshl. herb layer. and
nross laycr by comparing estimated co\,er value
datalrom 157 early-seral. wcst coaststands. Con-
sidcring that salal (on poorer sites) and salmon-
ben1, (on richer sites) at (i) nearly absolute clomi-
nants in the shrub layer of latc-scral \\est coasl
stands and (ii) important for wildlile in coastal
Blitish Columbia, our stud) fbcused on these two
shrub specics.

Materials and Methods

The 157 study stands wcrc all plantations and
includcd lwo B.C. Forest Senice experinental
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projects established in 7 locations ovcl a wide
rangc olsites on south-westem Vancouver lsland
(Onule 198?. Onulc and Krumlik 1987). The
expcrimental design rvas a randomized conplctc
h l , rck  u  i th  7  11qq .p rc ic .  r rp l r .J lc r l  ' e \en  r i I l f .
in one localion and u,ith :l tree species replicated
tive tines in 6locations. Twclvc stands were re-
jected l iom a total of 169 stands as drcy $ere
hc lc r r ' ! :en \ ' , ,11 \  in  \ i , i l  n | l , i . l u re  und u l r i<nr  jon-
ditions. A replicate (stand) consisted of 8l trees
plantcd at square sprcing of 3.5 m. A11 stands had
a sinri lar manageneDl hisklry thc cutting ofold-
glo\\1h snnds. slashburning. and planting one of
the lhllou ing: Dottglt '  l tr r P', rtJntur e,t ncn it, i i
(Mirb.) Franco), grand tir (,1Dics .qranrlis (Dougl.
e-r D. Don) Lindl.), Pacific silver tlr (ADics rzrabllls
Dougl. c-r Forbes), Sitka spruce (Pl.ea i l/dtersir
(Bon-e.) Carr.). western hemlock (Ltrg.r
Irteropl4lla (Ral.) Siug..). rvcstern redcedar (//rifa
p[itatu Donn p-r D. Don). or Port Orford cedar
(Chunaettpuris lavsonirrrrrr (A. Murr.) Pall). The
stucly stands. each approxinatel"v 0.01 ha squarc
ln t l  eont r r in r r rg , \n ( , ,1  th t  

-  r lud)  spec ics .  \ \ c r<
35 years old and had a widc rangc in canopl cover

The studl' area u,as within thc Submontane ( l0
to 5(X) m in clevation) Very Wet Madtitle Coastal
Western Hemlock (CWHvml) biogcoclimatic
variant. inllucncccl by a perhumid cool meso
thermal climate (Klinka ct al. 1991). Site asso-
ciation. rvhich is conparable to habitattvpc (Ptjster
and Amo I 980). of biogeoclimatic ecosysten clas
sification (Pojar et al. 1987) was usecl as a quali-
tali\c catcgoricdl nreasure of site qualit.v. Within
the CWH\,ml valiant, site associations were de-
termined by idcntitying soil moisture regime and
soil nutrient regime for each study stand. and b1
using the site classitication for coastal Brit ish
Columbia (Grccn amd Klinka 1994). The stratif i-
cation of study stands according to site a5socll l-
t ions and tree species indicated (i.) the presencc
of site qualitv gradient from slightlv drl to very
noisl silcs and tiom verl poor to very l ich sites.
represented by -5 site associations. ( i i) occurrence
of all study stands on blueberry (Vttt iniunspp.)
(SA2) silcs. and (i i i) occlrmence ofonly Douglas-
tir. Sitka spruce. wcslcm hemlock. rnd u'estem
rcdcedar stands on all sites (SAl through SA5)
(Table I ).

The cor,er of lbrest canopy, shrub layer', sthl,
salmonbenl', hcrb layer (including terns andherbs).
and noss layer (includin-t nrosses and liverworts.l
in each study stand was estimatcd visuallv f iom
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T,A.BLE L Stfatification ofthe !tLrd) nrnds Lrccordine io rfee
\pecies .Lnd \ i te associar ions ent i i i . -d in the
\1ud) arer.

Site tL\socirlion

sAlL s^zr sA3. SA.11 SAsj

P.rc i f ic  s i l !ef  f i f
Gr.rnd lif

Doushs lil

Polt-Ofbd cedar
Silk.r spruce

l
0
l
1
5
t)

)
6
l 5
l 5
1.1
1
t5

0
0
l

I
0
+

t)
0
5
5
-+
0
5

I
I
9
l 0
1
0
E

SA1:al$H$Salal t  s l ig l t ly  dr)  and \et  poof .  poor.  ind

rSAl: H\aB.rBlueberf) (likf i iun utu\kov.. ): orllilolu1t .
and ll p.rrlilrlnrr): tiesh and \ery poor. poor. and lncdiun

'SA3r BrC\lfotrnflo\\ er ( I nnlh ! riJalidttr ̂ t-t\l T ktrilianl):
ffe,ih and rich and \ !'r\ rich \itcs.
rSr\ .1:  l l ! rBaDc.r  iern(Blecl  l tn i  ! l i .unt) t  moi \ l  and lcrv
moist and vcr) poor. poor. lllld mediuln site\.
'SA5r BrC$ S.Llmonbenlr  moist  a.d !cr)  moist  and r ich and

Dry to veD rroist \ojl nroislLrrc rcgimes are defined bv actual
c \ aPotr.rnsp intion (Et):foientjal e\ apot rrn spirt ion (Em.rx)

rar io p lu\  dc| lh ro \ \  uter  t lb le f r f tef  Kl inka ct  a l .  1989.r) .  Soi l
nut f ienr fegimes arc dcl lncd b,"-  mern miDeral  \o i1(0 l0cml

mirefrlizrble-\ (afref Varga and Klinkr. urpublisbed datr).

.+ observalion points using percent cover (lhc ver-
tical crown or shoot area pro.jection in the stand)
(Mueller-Dombois and Ellenberg 1974). Soil
moisture and nutrient regincs were identif led in
the field using a conrbination of topographic and
soil moqrhological prope ir:s and the procedure
dcscribed bl Green and Klinka (199,,.

Homogeneity of variance in cover data $'as
tested using Baftlett 's procedure (Zar 198,1). All
variables rvere assessed for nornrality using prob
abil ity plots (Chambers et al. 1983). The lincar
model (Wilkinson et al. 1992) uscd ti)r testing
the effecl ofcanopy species. site association. and
their interaction with canopy covet was:

I  I  I  A = m + SPECIES + Sr\  + SPECIIS+SA + e
where A is canopy cover! m is the ovenll mean.
S l fC l f .S  i .  ;1n1 'p1  .pgL ie . .  5A i ' . i t c  r r * 'L iu -
tion. SPEClaS*sA is thc interaction term. and e
rs the (]Iror telm. This test included only Dou-
ghs-fir. Sitka spruce, westem hcmlock. andwestem
rcclcedar stands (N = 136) becausc Lhey occured
on all si lcs (Trble l).



The linear nodel used for testing the eftect of
canopy cover. canopl species. ard ther roterac
l r r ,n  \ \  i l h  lhc  a t , !  c r  o l 'u | | J ( r ' lo r  )  re . . : c lu l i , ' n  r r r r ' :

f l l  Y = ln +A + SPECIES +A"SPECIES + e

where y is the cover of shrub layer. salal. sl lnro-
nberry. herb layer. or noss layer: m is thc overall
mean: A is canopy cover: SPEC/ES is tree spe
cies: A *SPECIES is the interaction term; and e is
the error tern] of thc modcl. This tcst includcd
orly stands on bluebery sites (SA2) (N = 77)
bccausc all study trcc spccics occurrcd on thcsc
sites (Table l).

One-rvay ANOVA and Tukey's test (Zar l9li, l)
were conductecl to detect clifttrences in the cover
of tbrest canopy. shrub layel. salal, salmonbeny.
herb layer. and moss layers bet\\,een study stands
grouped according to silc associtrtions or tree spe-
cies. Regression analyses (Draper and Smith 1966.
Chatterjee and Price 1977) werc uscd to examine
reli,rt ions of canopy cover and site quality to the
covcr shrub.laycr, salal. salmonbcrry, hcrb laycr,
and lnoss layer.

Results

ANOVA by model l l  l  indicated that (i) the for-
est canopy covel varied *ith calopy species (p
<0.001) and sitc quality (2 <0.001) and (i i) lhcre
was intelaction bet\\"een canopy- tree species and
r i tcqur l i t r  (p  <0 .0011.  F .L , .h , . i rnup1 t lee  \p ( \ ' i e \
had thc lowest covcr on salal (SA I, sl ightly dr1'
and poor) sites and the highest covel on foam
tlewer (Tierella spp.) (SA3. fiesh and rich) sites
(Figure l). On foamflou'er sites canop.v cover'
decreased in order from Sitka spruce to Douglas-
fir to *esieln hemlock to western redcedar.

ANOVA by model l2 | iDdicated that on blue
beny (SA2. tresh and poor to nediunl sites (i)
lhe  i ,  ' \  e r  t r l . l r ruh  l . r r , ' r . r r rd  . . r l r r r lnhcr  r  )  u  r ' . i t l -
nillcantl! related to canopy cover butnot to canop)'
species. (i i) salrl cover significantly interacted
u'ith canopy covel and caropy species. and (iii)
lhe  . ' r , \e r  " l ' herh  . tn . l  tn , ' . '  l r re r r  r t . rs  n , ' t  s ig -
nificantl l rclatcd 10 thc canopy covcl or canopy
species (Table 2).

Stratification of 157 study stands according
t r r  . i te  . r . . r r .  i i r t  i r  rn .  fT rh lc  .11  r l ld  . ' i rn r ' f )  \ f c ( ie \
(Table .+) indicated that the mean cover of forest
canop_v- and undcrstory vc-qctation hycrs had a
great r,ariabilitl' * ithil site association and cenop,v
'peL ie r .  C , r r r rp : r r i . , tn \  J r l ' tn !  . i l e  . r . \ \ ' i i r l i , r t l \
showccl that thc mcan canopy covcr \\, as thc low-

1 0 0

:.: 70

3 e o

S A 1  S A 2  S A 3  S A 4  S A 5

Site association

r Western hem ock

a Weslern redcedar

Figufe l. \,lerin canop) covef of e.rrly- \efll Douglas fir. Sirka
\pruce.  \ !estefn hemlock.  and ue\ iern fedcedaf
stunds .rccording to sile qu.ilit]. \unber ol \tard\
lbr cach \pccic\ and \ilc as\ociadu trnd trbbrc\ir
t l lnrs for  s i te associar ion\  afe g i \en jn lhble L

])\UI-F- 2. Resufts (1 \'aluet of ANOVA ol canop) colcr
(,\). lree species (SPF-CIFlS). and lhcjr i crrc
tion {A:SPECIES) on ihe cover of shrub lnycr.
sr la l ,  s . r lmonbenr- .  hefb la!er .  and moss laver.
usins l ineur model  12l .

Sourcc Shrub
hvel

Salal  Sal  ron Hcrb N10s!
beff] 1a,,"'.er laler

A 0.000 0.6t6
sPtrc][s 0..175 0.02]
A ! ,SPECIES 0.-r51 0.015

0.019 0.,110 0.l . l l
0.151 0.610 0.069
0.117 0.6,1-1 0. i09

est and the sluub layel was the highest on salal
sites. while Lhe oppositc was dctcnnincd for firam-
llower sites (Table 3). The salal cover rvas the
highest on salal sites and the lo*est ol lbamllorver
and salmonbcrry (S45, nroist and very moist. rich
and very rich) sites. The salal cover decreased
and the salmonberry cover increased ironr poor
to rich sites. but this trend appeared to be con-
founciccl with thc variation in canopy cover. The
corer  o l  herh  lnd  mos.  l l )e ls  uas  iou .  in  cen
eral < 207r. and without any apparent relation
ship Lo sitc quality.
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TABLE 3.  \ ' le l |n.  nr inrnuln.  and maximrm \r lues (7.)of
dre co\er  o l  ioren c.rnof) .  shrub hyef .  s . r la l .
sr lmonberry.  hcrb Ller .  rnd nross la lcr  i r  the
\ tudr s lard\  srat i l icd rccordine t0 srre assocr i r
t ro.s Abbre\ i . r t ion\  for  \ i tc  , l \socfuLurs r \  rn
Trble l .  \ i luc\  i r )  the srLnre m$ r i ( l  lhe \ame
lLrperscfrpt rre nol signilicantl) differenl (/ <
0.05.  Tuke\ ' \  test) .

Complisons according to canop.v spccies in
157 study stancls indicated thal thc mean canopy
coler $as highest and tltar ofthe shrub layer was
lowest in Pon-Orfbrd-cedar, Dou-slas-fir. and Sitka
spruce stands. whilc the opposite uas fbund lbr
grand lir. Pacific silvcr f ir. restern ltenllock. and

weslcrn redcedar stands which had nearly colr
sistentlv open canopy (canopy covcr <50%) (Table
4). Regardless of species. the cor.er of salal and
salmonbenl' appcared to be relatcd tocuopycovcr,
i.e.. it was al$ays highel in opcn-canopy stands
and Iorver in closed-canopy stands. The cover of
herb laver had no relationship to crnopv spccies.
but thc cover of moss layer shorvecl a weak rela
tionship to canop,r cover both being the highest
in the open canopy stands of Pacific silver f ir and
grand fir

To examine relationships ofcanopy covcr and
site quality (independent variable) to thc cover
ofshrub layer, salal, and salmonbery (dcpendelt
variabJes). multiplc regressions rvcre developed
(Table 5). Canopv cover was a bctter predictor of
the co\,er oI understory vegctation than sitc usso-
ciatior. The perfbrmance ofthe models decrcased
in older from the shrub to salal to salmonberry
rnodel. Canopy cover accounted tbr the largest
propoflion of the vadalion in the shrub cover of
all models tested (R: = 0.83. Table 5. Figure 2).
Multiple regressions using canopv cover ancl sitc
assoclatlons as dummv vaditblcs resulted in im-
prix'ed perfornrance fbr predicting the covcr of
salal (model l:11) and salmonbcrr) 0nodel l5l).

The ilodels using canopl cor,el and site lsso
cration as predictots, accountedfbr58% and'13%
of the r,aiation in the covel of salal aoo salnton-
benl'. respectivel) (Table 5). Considering thc strong

Chrlr.ctef

Sirc r\sori .r t ion
sAl sr\ l  sAl sA.l  sA5
n= l l  n=7 j  n=12  n=19  n=16

Shnrb l . r )er

Srhl

Sr lmonberrr

Herb l.rl ef

NIo\r  h\er

i7.7. 59.7 85.0
5 6-5 t5-95 65 95

80 .8  51 .8 - '  6 .5 .
35 95 r-95 | -r5

61 .5 .  l l . t .  . 1 .5
t 5  8 0  0 8 5  0 2 5

3 . 1 .  1 8 . r .  l . l
0 r 0  0 - 7 5  0 5

r 0 . 7  ] ]  8 . .  I  r . 3 ,
.r 15 I l0 t-.10

9.t '  20.2. 3.1.
0 50 0-60 r 15

6 6 . 1 . "  6 t . 5
l-5 q5 20-95
.13 6f .1.1.9-f
1 9 5  1 9 5

29.2h 1.6.
1-90 0 25

l0 . l b  35 .6 '
0 65 0-90

10.2 23.8"
r , 1 0  3 7 0

9 .E  t 0 . r .
I .10 l-.ti)

, l . ] \ B l - 1 . - ] N ' I e l t n ' n i n i | n u . a n d n a ] n U n \ x 1 u e s ( + ) 0 i l h e c o v e | o f t b r c n c u o p ! ' s h r u b 1 a } c r . s

and rro\\ l.rvef in the \rud.- nands \t|lLtified according to tree specjes. lrlues ln the sam. ro$ \Lith the ,ia e \uper
\cf ipt  are nol  l igni l icanr l )  d i f t t rcnt  (p < 0.05.  Tuke) s rcs l ) .

Chafrctel

Pxci f ic
\ i l \  er  f i r

n=7

Gr.rnd
lr f

'licc 
spccies

Western Dougla\ $t\rern
rcdccdar fir benlock

n=3r n=35 n=31

Port-Orford Sirkr
ced.rf \pruce
n=7 n=15

Shftrb h) ef

Sr l . r l

Srlmonhcl.r\

H.rb lui er

.11.t
35-60

65.7
-10-lt0

21 .6 ,h
5-10

r7.9.
5-60

18 6.
r0  60

37 .9
20 6()

1 : . l f

-10 55
't1.L

55 q5

:0 .7 .b

10 60

I I ..1
l 0  30

35 .7 '
i0 5r-)

.15.0'
r0 ri5

l2. lr
l 0  95

-r0.7,
I 8t)

29.6
0 9t)

22.1)"
,t-50

I5 .2b
0-.10

75.0'
50-95

t l . l "
l -60

9.6..
0,50

r0 .7 ,
0-50

t7  0 "
t 7 0

11.1.
:-.10

5 .1 .1 "
l 5  85

6 t  5 .
1 9 5

31 .9 "
2-l i5

19 .6 "b
0 8 5

17 .5 .
I ,+L)

l . t .8l
0 5 0

80.7.
65 95

1 7 . 1 ,

10 .3 .b
2 2t)

t 5

I t . .1
5 2t)

r 7 .6 ' "
i 0 l 0

7 t . 6 .
5 9 5

1 5 . 1 . '
r 9 5

19 .5 . "
0 9 0

8.7"
0 :15

t2.1.
I -  15

r3.9,
0 6 0
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TABLFI 5. Selected models for the fegressioD ot the cover

of  shrub la!ef ,sala l ,  \ r l lnonberr l .herbla lcr . , tnd
mos\ layef on fbrest c.rnop,"' covcr (Aj and site
associat ion (SA).  Al l  nrodcl  arc s lgnr |cant  at l  <

0.05. Abbreviations lbr sile as\ocirtrons rs
TABLE 1. SAI through S,4.5 arc du m! \'afi

ables designaling SAs $ith unil t'alue 0 or L N =

1 5 7 .

shmb hyer (q ) = 113.68 0.625A(t/r) 0.00?,\ i t ' r)
Adrusted Rr= 0.83 SF.E = 13.9%

Salal (9z) =,13.102 0.579A(ta) +.10.2,15(SAl) +
1,1.6,16(5A2) + 10.518(SA3) + 2.1.316(SA.1)
Adjusted R =0.58 SEE= l5.6ei

Salnonben) (7.) = 72.825 0.601,\1+) -.16.856(sA1)
- 1iJ..166(SA2) 19.971(SA3) 22.16r(SA,1)
Adjusted Rr = 0.,13 SF.E = 18.1{rr

salrl cover (>,10%) were those with open canopy
and located typically on very poor and poor sites.
less often on medium sites. The stands with a high
salmonberry cover (>2070) were also those with
open canopy but located typically on rich and very
rich sites, less often on mediun sites.

Considering a consistently low cover of salal
on rich and very rich sites (SA3 and SA5), and a
consistently low cover of salmonberry on very
poor and poor sites (SAl. SA2, and SA.1), stron-
ger relationships between forcst canopy cover and
the cover of each species may be expected by
deleting liom thc complete data set the staDds on
rich and very rich sites tbr regressing salal cover
on canopy cover (n = 1 15). and thc stands on very
poor and poor sites 1br regressing salmonberry
covcr on canopy cover (n = l2l). Using only
canopy cover as the predictor models I6l and l7l).
cach based on a presumed nutrient niche, explained
>70% of the variation in the cover of salal and
salmonbery (Table 6).

TABLE 6. Thc odels ibr regression ol salal and salmon-

berry on fore\i canopy coler (A) using ibr eacil
species the drta set brsed on iN a prcsurncd nu
rient nichc. Borl nrodcls are signiicant at / <

0.05.

Salal (7,) = 9'1.295 1.018A(?r,)
Adjusted Rr = 0.72 SEE = 1,1.3?. = l  15

Sal 'nonberry (9.) = 96 215' 1.088A(7.)
Ad ju (edRr= {1 .73  SEE=  1 l . 5 t l  n=  l 2 l

t6l

:  , ^
j

2 n
l7l

r ree laycr (% cover)

Figure 2. Scarrergram rnd fitted regres\ion lin. ofshrub cover
on fofest  carop) co!ef  usinS modcl  [ - ] l  (Table 5) .

relationship bctu,een the canopy and shrub cov-
els. a linited success of thcse nlodels was not
expectcd. Therefore, we examined the relation-
ship between the cover of salal and salmonbeny.
Visual examinrtion of the resulting scattergram
suggcsLed that these species occupy difl 'erent
edaphic niches. In the stands rl ith thc cover of
salal >,10%. salmonbery had <207c cover and
was confined to special micrositcs. usually dis
turbed soils or shallow depressions. Similarly, when
the cover of salmonbcrry was >20%, salal had
<357,-, cover and was confined to special nricrosites,
usually thick forest floors. The stands rvith a high

Discussion

Our study of the 35 year old. early-seral, west
coast stands endorses the well-known fact that
forest canopy cover controlling below-canopy light
conditions, strongly affects the cover of under-
story vegetation; other factors, such as site qual-
ity, prc-disturbance vegetation. and the type of
disturbance, have a greater influcncc on the com-
position of understorv vegetation (Daubenmire
1974. Kimmins 1987.).

ln the study stands, the canopy cover itselfwas
influenced by canopy species and sitc quality. i.e.,
its influence was canopy species- and site-spe-
cif lc. Onrule (1987), and Omule and Krumlik
(1987) attributed the variation in the canopy cover
to between-stard diflerences in sitc quality and
between-specics differences in initial motality
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and growth rates. Thus. on the nitrogen poor salaJ
sites. which hrd the lowest canopy covel. salal
must have re established very shortly atier dis,
turbancc. assumed dominancc in the shrub la1er,
and intertered with the survival ald growth of
planted seecll ings. especiall l  l lrose with a slow
initial grouth, as obscrved also by Messicr and
Kimmins ( 1 990). On the nirroeer-dch, lbamfl ower
sites. ea.rly-scral vegetation was likelv herbaceous
and did not interfcre with the sun'ivai and gr-owth
ol pliuted seedlings. espccially those witlt a l 'ast
init ir l growth.

N'lan) authors (cited by Hreusslel et al. I990)
have repoficd an inverse relationship bet*een
canopy cover and salal or salmonberry cover. The
covcr and visou| ofboth species in the stud)' stands
locreascd \! ith decreasing canopy cover. and botl'r
species were shadcd out when the canopy cover
was approximltely > 85%. The salal cover esti-
mated by model l6l (Table 5) agrces with thc pre-
dictions givcn lol several canopy cover values
b l  Mess ie r  and K immins  i l990) .

Salal and salmonberry grow bcst in perhumid
e, r ' l  n re . , ' l hern t r l  c l i rn l te .  u r rd  bn th .pc( iL . r . r re
consldercd moderately shadc-rolerant (e.g..
Sabhasri 196l. Klinka ct al. I 989a. Haeussler er
rl. 1990). Tllc understory l ight conditions irnpated
b\ thc canop)'cover > 85? fcouesponding ap-
prcximalcly to <57 of above canopy light in mixed
$'esteru henlock-western redcedar stands (NIessier
and Kinrmins 1990)l did not support salal growth
in climatically ccrnpalablc conditions on norlh-
crn Vucouver lsland (o7r. ( i/.). The same srudy
and Sabhasri ( l96l ) dernonsrrated rhat with de-
crcasing l ight. salal rcsponded with the slructural
changes cxpected in shade intolerant species. Thc
gr.ou'th habit observed in both salal and salmon
berrv in the closecl-canopy stands was strongly
erecl. l&)sely branched gro$'th with a very lo\\'
tbliar biomass uhich is chalacteristic i ir l shade
in lo lc ran t  p lan ts  (K i tnmins  1987) .  When rhc
canopy cover approached 80%. we observed salal
rs Lall as,l m and salntonberr_"- as tall as 6 m.
which arc greater heights than those given in
Haeussler et al. 11990).

The differencc in soil nutrient nichc betu'een
salal and salmonbeny in thc study stands agrccd
with Sabhasri (1960). Frrnklin andDymess (1973).
Klinka ct al. ( 1989a). aDd Hacussler et al. (l990).
It appears that thc ccological amplitudc ol salal
in rclrt ion to availablc soil nitrogen (Table l) is
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rl'ithin vcry poor. poor. and medium soil nutrient
reglmes. and that of salmonberry is within nre-
diunr, rich and ver,- rich soil Dutrient regimes. A
high salal cover (absolutel) dominitt i l lg.) in wesr
coast f inelt stands has been documented to be
associated \\, it lr the preselce of acid Mor hunus
foms. often with ligncous residues: a high salmo
nben\ cover (absolutely dominating) rvith the
presence of lcss-acid. f i iable, Moder and Mull
humus tbrms (Klinka et al. 1989b, 1990: Messier
rnd  K i rnmin .  l , rqOt .  Suh l  r rnJ  u ther  e r ic re . ' , ,us
plants ar-e known to tolerate acid and nitrogen
poor soils ll,hcreas salmonberry grou's predoni-
nantlv in association with nitrophilous species (e.g..
Sabhasri 1960. Ellenberg 197.1).

A -eenerally low cover of herb ancl moss la1
ers in the study stands was likely the rcason 1br
weak rclationships betrvecn their cor,er ancl tor-
est canop) cover or sire quality (Table 2). This
suggests thatabundance ofherbs in thc study stands
depcnds on some other tuctors. possibly slrub
covcr. Previdirg adequate l ighr coDdirions ( <E0%
ofcanopv cover'). shrubs (either salal or salmtu
bery) always had highcr cover than hcrbs, ex
cept on firamtlower sites on which foresl f'loors
*ere shallow ancl f i iable. Reasons fbr row aoun-
dance of herbs and bryophytes can not be deter.
mined with certaintv. Dcpending on site. the pre
dolninance of ericaceous species and salntonbeny
is thc characteristic feature of old grow$ stands
in vcrl wet cool mesolhcrmal climates (Franklin
and Dymess 1973. Meidinger and Pojar 1991).
We presumc that this featurc has beeD inparled
to early seral stands and that well developed and
densc shrub layers havc suppressed thc develop
menl of the lower herb and moss lavers.

The quantil'icd relrtionsl'tips bctweeo canopy
cover and the colcr of salai and salnronbeny plo-
vide r simple tool tbr lbresters 10 predict ho$'
thcse species rvil l  respond to manipulation ofthe
canopy in carlv-seral, intmature stands in perhumid
cool lr)esothcrmal clinates. This prediction can
be made by eslimrting canopy cover of a stand
together with the soil nutdent reginre of a sitc.
i.e.. estrmates routinely enplovcd in preparin-u
silvicultual prescdptions in British Colurnbia. Borh
salal and salmonberry lrre impofianl wildlite fbods
in coastal B.C.. pafi icularly f irr btack tailcd deer
(e.g., McTaggarr-Corvan l9.15. Rue 1978, Brown
1961) and black and grizzly bears (Herrero 1985).
For example. if the management goal in al arca



is to maintain or improre rvildlite habitat in ad
dition to producing wood. then canopy- of fully
stocked stands (>110% canopv coverl on tresh.
moist ancl rery moist. and rich xnd very rich sites
(SA:l and SA5) should be opened to provide a
higher undcrstorv l ight availabil ity 1br the devcl-
opnrentof noderatclv shade tolerlnl salmonbem,.
CJn, ,p )  \ , r \e r  r tced  r t , ' t  he . i ;n i l i i l n t l r  r rnL l  un i
tblmly rcduced the canopy co\er of60?, would
result in approxinrately,10% salnronbery cover,
rvl] ich could be disfibuted either norc or less
unitorrnly throughout the stand or in randomly
or systcmaticallv distibutcd gaps. Once salal or
salmorbeny arc present on a silc, lurther expan-
sion is almost exclusivell.b;- vegetativc means
including lavering atd sprouting or suckering l'rom
roots and slem bases.

Conclusions

The canopy colcr ofearlv seral west coast stands
u as inllueoced by canopv species ancl site qual
it1. hacl a strong influencc on the cover of uncler-
story shrubs, and had no inllucnce on the covcr
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