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Seedfall, Seed Germination, and Init ial Survival and Growth of
Seedf ings ol Thuja plicata in Southwestern British Columbia

Abstract

I te1\onsfo| the|ela l i \ 'c I lb icnccof I l i tUa/ ,1 i l r r ld |egene|at ioni I thco]dg|o\ \ . |hThuju| ! i tu1u. ] ! l lg . l l l .n?2l I / /d1bIc i !c l0sc
ftr vrncouver. Britislr (lohnnbia. $ere.L\sessed b) nersuring sccdfall and applying 7l,r/i./ seeds lo smrll plols. All nrcasure ents

\\ ere rcplicalcd in tr\ o dift.efent site\. The sm.lll (0.5 rllr)plols $ere e\tablished ir 2 c nopy co\cr condiiions (clearcut and fofest).

3 seedbcd condirions (minefal \oil, burned lbren lloor. and undi\iurbed fofest fl(Jor), and 2 mrmmd and bjrd seed predation

conditions ($'ith and $'ithout). Each canop) co\cr. lcedbed. and seed pfedation conbination was rcplicated l5 times in each stud)

\ilc. I-irge number\ of !irble seeds (>100^nr) tell in 1990/91 lilld again in 199.1/95. Sccd germination decfeased in the order

burn > minefal soil > ibrcst Jloori ioresr > clerrcut; aDd without prcdalion > !l irh predation. Alier 3 gfo$ mg sersons. ol thc 100

seeds lpplicd lo cnch plot. xn rlefage of only I 2 sccdling! hid surlived. This numbef of sur!i!ing sccdling\ decreased in tlre

order bufn > mrnefal soil > lorcn lloor. and clearcut > fofest. but was not iiJlucnccd b! predation. Aftef 3 gftr$mg seasons.

seedling gro$rh tended ro dccrcasc in the order bufn > lbrest lloor > mincral sojli c learcut > fore\t l .rnd without predation > $ rlh

I t \ \usconcludcdthat therela i ivehckof fegenerar i rs l l r r4. l \cedl ingsinthestLrd)are.r lbrests\ iasnolducloalackolVrable
seeds. Although a lack olsuirable seedbeds rlnd rhc prcscncc oflhe forest crnopl feduce the numbcr of lccdlings in undisturbed

lorcsts. lhi\ numher should srill be substanrirl. Thc obserled relatile hck of regeneruting lrrl.r sccdli.gs Nrsi lherelbfe fesult

iroJn othef frctors $hich wcrc nol considered in the Dresent stud!.

lntroduction

Thuja plicata (western ledcedar, hereaftcr abbre-
viated as ThiUa) is a prominent tree species in
the Coastal Western Hcmlock zone forests of
Brit ish Columbia (Krajina 1969). lt is considered
to have a high shacle tolerance (Minore 1990).
Although earlier vrrrk (Kraj ina et al. 1982, Minore
1990) suggested that it was less shade tolerant
than its common associate. Zrir.q4 hetercphikt
(western hcmlock). more recent work in Brit ish
Columbia suggests the opposite (Cafier and Klinka
1992, Wang et al. 199;l). Bccause of this shade
tolerance and its longevity, it is consideled to be
a climax species (Minore 1990).

A clinax species is expected to havc an abun
dance of rcgcnerating young seedlings vithin an
old growth fbrest. Obscrvations of llrlla domi-
nated old gro\\"th lorests near Vancouver, B.C.
suggested a relative lack of young l/riga seed
lings. This led to a multifaceted study ofthc ecology
ofZluld in these fbrests. One facct involved quan
t  i i r  ing  the  . t ruc tu  rc  ,  ' l  the  t ' r  ' r c : ts .  Th  i .  u  a :  eom
pletcd by Daniels et al. (1995) r'ho confirmed
that the ti)rests conLailed extremely lew Thuja
trees less than 100 years old. A sulprising lack of

frrt.i regeneration has also been observecl clsc-
where in 8.C., Alaska, and ldaho (Minore 1983.
Parker and Johnson 199'1). Based on measured
ilrcgular age class structures and occurrence ot
distinct peaks in age classcs of Z/rrilo, Daniels et
al. (1995) concluded that coldit ions for Thuja
regenemtion had varied $'ith time ilnd hypoth
csized that regeneration peaks occurred tirllorv-
irg fire or windthrow cvcnts. Eis ( 1962) had also
previously hypothesized that regeneration in these
tbre sts peaked following tire.

Some studies reported that disturbed seedbeds
were preferred by Thuja for regeneration from
sced (Minore 1990) and raere consistent with thc
preceding hypothesis. The results of other stud
ics. however. were inconsistent with the hypoth-
esis. These studies. in U.S. inland northrvest for
ests, tbund that dccaying wood in cortact \\"ith
mincral soil could be the prelened seedbed in old
Ilirl.l lbrests (Parker, 1986). al'd that ThLtia rc
gcncration was nore abundant in untrgated areas
than in mechanically treated or burned ones
(Ferguson 1994). In fbrests close k) Vancouvcr.
Soos and Walters ( 1963) found that seedbed type
had little inf'lucnce on the quantity and rate of
I/rrl.r genninltion. bul in cleuriul .rrer. !cnninrnl
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survival rvas better on mineral soil and burncd
substrata thtn on decaying *rxrd.

Recognizing that a study of sland structure
aJone. in conjunction wilh sorne ofthe 7'ftrla ger-
miDatiou conlradicrions in the litemturc. could not
conclusively explain the dynamics of ?/arla in the
Vancouver region. we embarkcd on additional
ecological studies of Thu ju. Wrng et al. ( I 99i1)
have reported the inllucnce oflight on I/aila seed-
llng gro\\'lh. The pr-esent reporl lbcuses on the
carliest stage ofZ/r,il.r rcgcncration seedfall, seed
germination. and init ir l grorvth and survival of
Ifula seedJings.

The objectives of thc study were to determine
for thc Vancouver region forests 1) il the relative
lack of regencrating 7ltrla seedlings was due to
a lack of viable seeds, and 2) the intluence of
l ight. foresl l loor disturbance. and predation by
birds and mammals on 7ftrld sccd, germination.
and initial growth and survival of Iftrfzr secdlings.

Methods

Study  Area and F ie  d  Work

T\\ o study sites were establishccl, one in Capilalo
\\ 'atershed (Easlcap Creek) and another in
Cocluit lrm watershed (Ccdar Creek), trvo of
Vancouvcr's \\ater-supply watersheds managed
by the Greater Vancouver Watershed District. The
stucly sites are located20knr nofth (Eastcap Creek).
and 30 kn northeast (Cedal Creek) of thc city of
Vur i , ,u \c r ,  Rr i t i .h  Co lumbrr .  B i , lh  \ i le .  wcr (
located uithin thc Verv Wet Maritime Coastai
\!cstern Henlock biogeoclimatic subzone which
is characterized by aperhunid. cool. mesothermal
climate (Klinka et al. l99l). Both sites wcre on
lower. concave slopes. averaging 10- l5%slope,
and contained coarse-skeletal Hunto-Fen ic Pod-
zols (Canada Soil Survcy Committee 1987) analo-
gous to U.S. Typic Hrplonhods (Soil Survcy Staff
1975) derived tion glacial t i l l  and underlair by
granitic rocks. The Eastcap Crcck site had an el-
evation of 500 m a.s.l. and a notherly aspect. while
the Cedar Creek sitc hacl an elevation of 600 m
a.s.1. and a southeasterly aspecl.

Each study site contained a recenl (< 3 years
old) clearcut and an adjacent old -erowth tbrest
u'ith little llirl4 rc-eeneration but abundant over-
story Ilrila. The Eastcap Crcek fbrest had a total
basal area of E2 mr/ha comprised of 30 mr/ha of
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Tltujtt.50 m)lha of Tsugo heteropht lla, und,2 m,I
ha of ADles runrdllis (arnabilis fir). Thc Cedar
Creek forest had a total basal arca of 173 mr,4ta
corrprisecl of 159 mrlha ol Tiraja. ald 14 m:,4ra
ol Tsugtt heteropln a. The dominant and codomi
nant lavers ofthe trce canopy contained l8 slcms/
ha of L4rrd, 265 sterns/ha ofZvrga, and 42 stens/
ha of Alies in thc Eastcap Creek lbrest, and 83
stcms,4ra of Zftrl.r and 1513 sterns/ha of Isr,ga in
the Cedar Crcck forest. Tree rcgencration io these
lorcsts (seedlings up 1<l 100 cm high) comprised
36 stems/ha of Ilrya. 10.670 stemsAra of Zirrga.
and 5.670 stems/ha ofAlrle.r in the Eastcap Crcek
lbrest. and 22:[ stems/ha of flrry1i 7.390 stems/ha
of Tlrga and 2.170 stems/ha of;1Dies in the Ce
dar Creek tbrest. Understory vegetation in the
lbrests consisted of very spa.rse shrub and herb
lavcrs over a moss layer varying in cover l'ront 0
to 907r,. Shrub. hcrb and moss vegetation in the
clearcuts was initially similar k) that in the lbrcst
although herb and shrub cover incrcased durilg
the study.

Seedfall was collected in perforatcd pJastic
greenhouse trays (27 cm x 53 cm x 6 cm decp)
lined with fiberglass insect screen. At each site
the lrays were placed at 20 m intervals along lwo
transects 20 m apart. oriented at right angles to
the forest-clearcut edge. Placement began 20 rn
either sidc ol the edge, with 5 trtrys per ffansect
in the clearcut and 5 in the tbrest. Thus. at each
site a total of l0 tlays was placed in the forcst.
and l0 in the clcarcut. Trays were in place from
August 1990 unti l June 1995. They were emp-
tied every 2 .l weeks during the Septentbcr-May
period. or whenever possible during periods of
snow. and c\cry 6 weeks dudng the June-Augusl
penod.

Seed germination rvas studied using small
squarc plots. 0.5 rnr in area. At each study sitc.
plots were locaLed landomly between obstacles
(primarily decrving wood) both in the fbrest and
in the clearcut, all plots being at least 30 m from
thc forest-clearcut edgc. One third ofthe plots in
each canopy cover situation wcre located on un-
disturbed forest tlot)rs. another third had all fbr
esl Iloor material renoved to expose the surlace
rnineral soil. and the last third were locrted on
bumed lorest t'loors. The burned ti)rest floof was
achieved by piling woody debris < 7 cm diam-
etcr on the lbrest floor surlace during dry periods
in July - August, 1990. covering the debris u'ith



plastic shects, then buming with a hand-held drip
torch in Novembel 1990, when thc sunolrnding
organic matcrials were very $'et. Forgst tloor
depths of burn (amount of tbresl lloor bumed by
the fircs) were monitored using 3 or:l depth-of-
burn pins in every second plot. Depths of burn
ranged 1'ronr 0 to 2l cm. but averaged 1.9 cm at
Eastcap Creek and 1.0 cm at Cedar Creek based
on 96 measurements per site. Undisturbed forest
floordepths avcraged l0 25 cm. Halfofthe plots
o lca(h .e(L lb (J  t lpe  in  e rch  l igh t  . i tua t ion  uere
fittcd with metal wire ( I cm mesh) cagcs to ex-
clude mammal and bird. but not insect seedpreda-
tors. Each canopy cover/seedbed/predation com-
bination was replicated l5 times. Thus. there was
a total of 2 (study sitc) x 2 (canopy cover) x 3
(seedbed) x 2 (predation) x l5 (replicates) = 360
plots.

Seedbed and prcdation lreatnents \\"ere ran-
donly allocatcd to the plots. AII plots were pre-
pared during July August, 1990, and covered
with tiberglass screen to exclude liesh seedfall
immediatcly afterpfeparation. Fiberglass screcn
was placed on the bumed plots within a few hours
ofbuming. Within a u'eek ofburning 100 liula
seeds collected frorn ncarby areas (B. C. Minis-
try ofForcsts Seed Center, seedlot nurnber 10326)
were scattcrcd onto the ground surtbce in each
experimcntal plot. Germination tests indicated
these seeds had a viabil ity of 89c/e.

The percentagc ofabove canopy photosyntheti-
cally active radiation reaching the ground surtacc
in the forests \\"as measured on a unifomrly cloudy
day in July and again in August. 1997, using a
Decagon Devices. Model SF'10 sunlleck
Ceptometer. Measurcments were made every 5
m on a 50 x 50 rn square grid containing the seed
germination plots. Due to the lack of tree mortal-
it) '  in the plots dudng the 1991 - 1997 period
and the relatively slow growth rales of vegeta
tion in dd growth forests, the August l997 mea-
suremgnts arc considered to represent light con-
ditions during the study.

During the 1990/91 $'inter, trce blowdown in
the Eastcap Creek firrcst resulted in the loss of 3
plots. Water crosion at Cedar Creek resultecl in
the loss of2 plots in the fbrest and l3 in the clearcut.
These plots were excluded fion subsequent analy-
sis. By mid-May. 1991. Thuju seedfall had de-
clined to very low levcls. so the fiberglass screens
were removed from the plots. This occuned within

2 weeks of snow leaving the plots. Tllc numbers
of living and tlcad Thuja seedlings in each plot
were counted once every 2-3 r'eeks until mid-
September, 1991, with the final count fbrthe year
occuning on l7 October. At this time all l i l ing
seedlings were marked with colored toothpicks
to avoid confusion with seedlings from frcsh
seedfall in subsequent years. Thc mctal seedpreda
tor exclosures wcrc removed in August \\"heo prc-
dation was considered to have dropped to vcry
low levels (T. Sullivan, Faculty of Forestr)'. Uni-
versitv of B. C.: pers. comm.).

Seedlings were countcd on 7 February. 1992,
then again in latc March and every 3-4 weeks until
$e end of October. In 1993, seedlings u'crc
counted on 22 April, then cvcry 6-8 weeks unti l
the end of Sep|ember. Plots \\"ere weeded regu-
Iarly, as needed, to eliminate plant competitiol'r
as a valiable influencilg the results.

ln October. .[993, all surviving seecll ings had
theirbasal diameters. hci-rhts, and crown volumes
(grearest width (A) x width ar 90' to A x heigho
measured.

Laboratory Work and Data Analys s

Seeds collected in thc seedlall traps were dded at
25 - 30" C in the laboratory, separated tiom other
Iitterfall, counted, then tested tbr viabilitv on a
germination trble.

Data on the total number of seeds gefminat
ing and the number of l iving seedlings at each
counting period wcrc subjected to analysis of
variance (ANOVA). Jn some instances, visual
inspection sug-tcsted that datasets were not nor-
rnally distributed and/or Baftlett's tests indicated
variances were not homogeneous. These datascts
were subjected to dift'crcnt transtbnnations and
the transfomed data again subiected to ANOVA.
Transfbrmations improvcd nonnalit)' and homo
geneit.v of variances although occasionally vari-
ances were still nothomogeneous. Seedling growth
data wcre also subjected to checking fbr normal-
ity and homogeneity ofvariances prior toANOVA.
Logarithmic transtirrmations were needed to im
provc normality and homogeneity of variances
but some datasets could not be transfonned in
such a \\, av as to meet the assumptions ofANOVA.
The two study sitcs were not replicates as they
had different aspects witb noticeably differcnt
microclinates. Consequently, analyses of vari-
ance were 3 way 1'actorials, with seedbed. light,
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and predation as the 3 lactors. All rnalyses rverc
i , 'n , luc ted  sep. r r r l r ' l \  l i ' r  ( rch  : luJ \  . i te  r r . in i
SYSTA |  . r ' t l uur<  iWi jk in :L 'n  l . )b6 / .

Results and Discussion

Seedfal l

During the study, high seedtall years occurred in
l990/91  and 199,1 /95  (F igure  1) .Thenunbcro f
viable seeds reachin-q the ground surt'ace in the
fbrests rvas >200 seeds/mr at Erstcap Cleek and
>1000 seeds/mr at Ccdar Creek dudng the study.
This shou's that the low density ef Thtrja seed-
lings in the forcsts can not be allr ibuted to a lack
of viable seeds. Most 7lrqa seeds are rcpofted to
escape bird and animal predation (Minore 1990)
r rnJ  r i rh l<  .ecr l , .  r l ' the ]  do  no t  gcr rn in . r re .  rn l l
eDtel thc fi)rest soil seed bank. Studies of sced
banks in westem North Anrerican folests containing
Ihuju bate t 'ound viable l/zgc seeds prescnt
(Harmon and Franklin 1995. McGee and Feller
1993, Yearsley 1993). Even ifgennination is un-
likely aticr a year in the seedbank ( Minore 1990).
the \\'idespread prcsence ofviable Ilrfn seeds in
soil seedbanks furthersuggesls thatthe low numbcr
of T/rrln seedlings in ftrlja forests can not be
attnbuted ro i lack of Viable Tirla seeds.

Seed Germinat  on

The total numbers of seeds germinating (Tablc
I  r  ue lq  sn i l  : l i ghr l l  g re r r r r  rha l l  lhe  n t r \ in rum
numbers of living genninants recordcd (Figures
2-:l). The trends in numbers for seedbed. l ight,
and predation. were identical lbr both study sites.
The only signit-rcant lllst or second order inter
action 1br both study sites was between scedbed
and preclation. However, il neithcr case did this
interaction alterthe obsenation that, forboth study
siles, the numbels ofseeds germinating decreased
in the order - burn>mineral soil>tbrest f loor in
both the presence ancl absence of prcdation. The
interaction only inlluenccd the relative magnitude
of the differenccs.

Thus. gemination decreased in the order -
bum>mineral soil>forest tloor: foresDclearcut:
and $ithout predation>with prcdation. Gennina-
tlonwas also greater at Cedar Creek than at Eastcap
Creek. At Cedar Creek. the avcrage total number
of secds gerninating per plot lbr burned plots in
the forest without predation was 80, and close to
lhe  po t (n l i r l  rn r r in rum o l  89 .  Q1q1 '1 .1  p . ' r l r t -
tlon at Cedar Creek is consistent with the greater
quantities of ThLlj.t Wesent in the Cedar Crcek
forcs l .  In  the  l ie ld .  gcrminr r ion  u i l r  c re r te t  in
the fin.est than in the clearcut. The fbrested plots
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Lnrironmcntal prftmeter
Eastcap Ced.Lt Cfeek

Creek Creek

TAtsLh l .  N4can|L) t l r lnuDrbef  of  genninat ingsccdspcrpld.
. , - J - . . u I  , , l - r - l \ , i  . , 1  .  - n . e

.1 mnr of rain during a 14 day period in the June-
July sanpling interval. and 2 mm of rain during
a 32 clay period in the August-October sampling
interual were rccorded at a weathcr station lo
catcd at a similar elevation 9 km southeast ofthe
Cedar Creek site. This rveather slation recorded
33 97 mm ofrain during each of the other sam
pling intervals and no less than 37 n.rm of rain
during any other l;+ day period in the l99l grow-
ing season. Surfacc soil tenlperatules were not
measured but no sten lesions were seen abole
thc  gr r ,unJ  l ine  rc [ .  Ca.h  q  i le r  l ( ] -  I  r .  sug8c . r in !
u  a tc l  Je f ic i t . .  r . r ther  th l l  he . r t .  r .  the  rn . r jo r  c lu .e
of nortality. Minor, but unquantified antounts of
l'rost heaving ard frost danrage uere observed.
contibulin-q to the \\"inter period mollality. Mosl
mortality, howevcr. u'as probably atfibutab]e to
uate l  Jc f ie i t .  r lu r i r rg  thc  I r r : t  g r , ,u  ing  sca .on .
u'hich is consistent rvith previous studies of Il(l
seedling survival (Gashrviler 1971. Soos and
Wlilters l963) and with the known prefcrence of
fhrro tbr moister sites (Krlj ina 1969).

Lou'survival ofseedlings during the first grow-
lng season has been repofied previously fbr T/i'la
(Gashwiler 197l. Minorc 1990. Soos and Walters
1963.). Drought and high soil temperatures have
becn the primary causes of this mortality. High
temperalurcs and drought are unlikely in tbrests.
There.low survival is more likely a rcsult ofshade
inducecl poor root growth resultjng in inadcquate
supply olwater and nutrients to scedlings (Minore
1990) .

Survival u as pooresl in forest t loor seedbcds,
being almost 0% at Cedar Cleek (Figure 2). Nun
bcrs of l iving seedlings always decreased in the
order - burned tbrest floor>ntineral soil>forest
1loor, for both study sites. Moflality during the
first year was sufficicntly high that during the
second and third years. there wcre generally no
significant differences in the nunbers of l iving
geminants bet$'een any of the scedbed types at
Cedar Creek or betwccn the mineral soil and tbr-
esl f loor seedbeds at Easlcap Creek. Not only did
more secds germinate on the burned seedbeds at
Eastcap Cleek (Table l) but survival was also
greatcst on these seedbeds (Figure 2). At Cedar
Creek. greater genninrtion on the burned seed
beds was oif.set by greatermoflality on these seed-
beds than on mineral soil seedbeds (Figure 3)
accounting tbr the lack of a sratisrically signifi-
cant ditTercnce in the Dunbers of surviving
germinants betwecn these seedbed tvpcs. These
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Seedbed (S)

\ l i ref r lsoi l
Bufned fofest llo0r
Undisturbed forest floor

Sisnitic nt intef.Lclions

Crnopy Co\ er  (C)

Cler fcui
Signitic nt intefactionr

Predrt ion (P)

\f irh
Signilicant interrctions

13  (1 ) f  l l ( 3 ) f
l5(2f 59(,1) '
80 t  15 (  3  ) .

S \ P  S \ P

l8(21 ,11(3i
1.1(2). l7(3)"

l8(l) '  :16(3r
l.l(l )f 1.1(-1)"
S x P  S \ P

Fo. u liven .rrea .rnd en\ iron e.tal paftneter dilTefent su
perscrjpts jrdicarc signific.rntl! dilterenr (P<0.05) nunbefs
of  , ieedl ings p! ' rp lo l .  Sludard erofs e g i \en jn parcnlheses.

received I 12% (average .17 at Cedar Crcck
and 27. at Eastcap Creek.) oI thc photosyntheti
cally actir,e radiation rcccived by the cleatcut plots.
The facl that laboratory gelmination can be im-
proved bv exposing sccds to l ight (Li et al. 199.1)
suggcsts that the inllueDce of the forest canopl'
on l ight is outrveighed by its influcnce on other
enr,ironmeltal faclors. with respect to Z,tl.i sced
gen,ll lnatron.

Seed l lng  Surv iva l

Numbers of l iving seedlings peaked early in the
first growing season with 7,1-937c of total mor-
tali l"- occurring during the l irst growing season
(Figue 5). Monalitv during the lrst wintcr dropped
k) ,1-22% of the total, u'hile mortality during the
next 2 years accounted fbr only I I 1% ol the to-
tal at Eastcap Creek and 1-47. of the total at Ce-
dar Creek (Fi-lurc 5). Seedling surviral afier 3
growing seasons varicclfroln almost 0 (forcsl lloor
sccdbeds at Cedar Creek) to 11'l. (clearcuts at
both sludy sites) of the number of sccds that ger-
minated. On averagc. onl) l rnd 2 seedlings of
the potential tl9 per plot. at Eastcap and Cedar
Crceks.. respectively, survived the first 3 years.

Thc two tiDre periods wiLh the grertest mor
tality in the prcsent study were 25 J unc - I 0 July
and 20 August l7 Ock)ber. 1991. (Figures 2-4)
and they coincided with low rainlall peiods. Only
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results wele not afiected b"v any first or second-
order interactions.

Although gcnninatitm was greater in lorest than
in clearcut plots at both study sites dudng thc llrst
grouing season (Table l). the leverse ffend for
survivrl occurred at both study sites durilg sub
sequent years (Figure 3). This resujted in greatel
numbers ol i iving seedlings in the tbrest plots
during thc i irst growing season. but greater num-
bers in clealcut plots cluring Lhc sccond ancl thild
grorving seasons (Figure 3). The signilicanL dil-
terences in the numbers of l iving seedlings be
twccn thc two canopy covers were generally mole
pnrnounccd at Cedar Creek than at Eastcap Cleek.
By thc cnd of thc third growing season. dit ler-
enccs wcrc slatisticallv signit ' icant onl1, at Cedar
Creek. with. again, no first ol sccond order inter-
l lctioo s.

Minore ( 1990) concluded that disturbed min
eral soil seedbeds were a major requilement for
regeneration from Tllrlfa seed. He considered that
burning fin'ored 7iu7a seed germination by cre
ating more nrineral soil seedbed sites. In thepresent
study. none of the bumcd plots had cxposed min-
eral soil. No burned plot had a forest tloor thal
u  i r '  l e . .  th i r l  . r  im th i .  k  dur inp  the  l l r . t  ! ro \ \  ing
scason. Burncd tirrest floors in the study areit $,ere
clearly the mosL clcsirablc scedbed tirr T/rrla.
Greater numbers of l/rrga sccdlings on burned
forest tloor seedbeds and in clcarcut rathcr than
lbrest plots, suggest that Tlnju has evolved to
re-eenerate lirllou,i ng disturbances which produce
either nlineral soil or burncd ti)rest f lool seed-
beds and/or expose them lo greater amounls ol
l igh t .  In  d r ie r  and ho t te r '  \u rnnrc r  c r ) \  i r t ,n rncn t '
in the U.S. Pacific Northwest, seedling monality
tion high surface tenpemtures in clearcLrts sug-
gests partial shading nay enhance seedling sur
v iva l  (Gashwi le r  1971.  Ha ig  e t  a l .  l9 : l j ) .The in -
fluence ofpatial shading was nol asscsscd in the
pr-esent stud)r. no\\'ever.

The 100 seeds per plot produccd 0.l8 and 0.0;l
sur r  i r  inc  .ec t l l i ngr  J i t c r  .1  3 r , \u  i le  : . i r \ , ' l \  i n
undisturbed forest 1'1oor in the Eastcap and Ccdar
Creek tbrests. respectively. When applied Lo the
number of viable seeds lall iog in the lbrest (Fig
ure 1) this would suggcst approximrtely 4,000
l:1,000 surviving Iftrla seedlings per ha, 3 ycars
after a good seed year. Even allowing for loss of
seed as a result of seedfall oDto rock or log sur-
1aces. which cor,er approxinately 30% ol the

166 Feller and Klinka

ground sur1lice in the lbrests of the study arca
(Song 1997). a substantiai number of seedlings
should sti l l  survive. Observations of considenbly
1eu'er Iftir7d seedlings slrggesl other lactors. such
as pre-logging wildlit 'e browsing or undefstory
plant competition, have influenced Ifirga rcgen-
eration in the undisturbed old growth forests of
the study arca.

Predation significantly decrcased the nunbers
of seeds gerninating (Table l). but greaLer mor-
tality occuned in Lhe plots without predation (Fig
urc 4). This resulted in no signil icant influence
of predation on numbers of survir. ing seedlings
tton August (Eastcap Creek) or Octobcr (Cedar
Crcck) of the tirst growing season to the end of
the study (Figurc 4). lt is unclear $'hy greater
mortality occulred in the predator exclusion pk)ts.
These results suggest that bird and mamnral seed
prcdation may be occurring but this has little et'-
lect or the numbers of l iving l/zrlc seedlings
beyond the tirst growing season.

Seed ng Growth

Mincral soil was -eenerallv the poofest seedbed
lbr gr-oq'th at both study sites, alLhough not a)l
growth difltrences bctwccn seedbed types were
statistically signilicant (Table 2). At Easlcap Creek.
the besl sccdling growth was fbund on undisturbecl
lbrest lloofs while atCedar Crcck. seedling growth
tended to be the best on burned forest floors, al-
though for the lattcr area there vere no signifi
cant growth dillerences between burued alld un-
disturbed forest lloors. The sccdbed x predation
inlcractions tirr height and basal diameters did
rot change inter?retations ofthe results. Growth
was least on minefal soil seedbeds for both pre-
dation situations, but it was statistically signifi-
cantly less only $,hen prcdators were presett.

Some of the dil'ferences in these rcsults be-
tween Eastcap and Cedu Creek may be an afii
fact of the small sample size for seedlings in un-
disLurbccl forest floors. These snall sample sizes
were the result of the low seed germination and
seedling survival rates in the forest lloors. It can
be stated viith morc confidencethat seedling growth
was better in bumed than in nlincral soil seed-
beds. with the dilfercnccs being more pronounced
at Cedar Creek.

Seedlings generally grew lretter at Cedar Creek
than rt Eastcap Creek, even on undistulbed for-
est lloor seedbeds (Tablc 2). This better gro\\'th



TABLI 2. Vern height\. basa] dirmcter\. nd canopv rolumcs oi Tr,rd \eedlings at ihc cnd ofthe third grolring season and
rcsul ts of  anal)se\  of  var jancc.

Eastcxp Creek Cedar Creek

Ern f^nnrenrJ f \c t  |nerrr

Brsrl Canopy
Heigh! diameter l'olumc
(cm) (mml (c'n' j

B.Lsrl Canop)
Heighl  d i lneter  \ 'o lumc
(cm) (mln) (cmr)

1. Seedbed (Sl

I{ineral soil
Burncd lorest floor
Undisturhcd lircst 1loor

Si! ticant intefacti(l s

Lighr ( t - )

Clearcut
Signi l icant  interacl ion!

Predlrlion (Pl

Signilic.rnt i er.rcti(nrs

9 . 1 { 1 . 3 ) f  L l  ( 0 . l )
9 . r  ( 0 .6 )  1 . , t  ( 0 .1 )

H .61 t . 31  r . 7  (0 .1 )

3 .7  (0 .11 i  0 .6  (u .0 ) '
12 .0  (0 .6 ) ,  r . 6  ( 0 .1 ) ,

10 . , 1 (0 .9 )  1 .5  (0 .1 )
9 .1  (0 .6 )  l . r  ( 0 .  r r

838 (2,151 .12
9  r8  (  r 70 )h  136

3 l l l ( l 6 l l l  l , l

l r i  ( l f  55
1.179 (2.16f r-r7

1533 (399t t9
730  ( l : , 1 ) ,  113

9 .7 t  l . l ) ,  1 .5  (0 .2 )h
18 .8  (0 .9 ) "  1 .5  (0 .1 ) .
17 .3  (0 .9 t  3 . r  ( 0 .5 ) .
S r P  S x P

3.0 ().2)f 0.3 (.).0) '
20 .1  o .8 l  2 .8  (0 .1 |

17.8 (0.9) 2.5 (0. rf
r5.7 (1..1) 2.0 (0.2)b
S \ P  S I P

1507 (5.16) ,10
1.19 r (678) 16,t
1188  (  l l 50 )  6

1 1  ( l f  1 9
1711  l 7 l

,1172 (stx)) 135
2173 (50() 15

For gi\en area. gro\lh nctt\ure. and en\ ironnrental par.rneler. dillefent superscripb indicare significanliy dilerent (P < 0.05)
magnitucle\ of growllr. An rbserce of supeNcdpts i.dicalcs ro signiiicant diftirenccs in {rowth. Standard crrors are {i!en in

n = nunbcr ol observrtidrs.

crn be attributed to the ll'armer climate and nu-
trient richer fbrest tloors at Cedar Creek Iltrila
groq,'s better in the warmer poftions of the Coastal
Westcrn Hemlock biogeoclimatic zone in south
western B.C. (Kavahara et al. 1997) and the Cc-
dar Cleek Mornroder tbrcst floors havc lou'er C/
N ratios and greater rnineralizablc N contents than
thc Leptomoder forest lloors at Eastcap Creek
(Fors and Klinka 19913). The mineral soils at both
sitcs are poorergrowing sites firr Tltir7a than bumed
or undisturbcd tirrest tloors. This may be due to
p(x)rer nutntloD or water supply in the mineral
soil. Regardless ofthe rcason. an increase in growth
(from nineral soil to tbrest floor) is likcly to be
enhanced in the better gro\\ing cnt.ironnrent of
Cedar Creek.

Trends in seedling growth with light \\"ere quitc
clear and identical at both study sites. Seedling
growth was better in clearcuts than in tbrcsts. The
same result has been tbund fol l/rlllrr sccdlings
planled in the studv sites (Wang eLal. 1994). Adrrns
and Mahoney ( l99l) found that naturally rcgen
erated Zirl1./ secdlings in Idaho grew best in par-
tial shade and that -qrowth u'as reduced more bv
heL ' r " l  - ^ r 'ound eornpet  i t r , ' n  IhJn  h)  eo  )pe l i t l  n

forlight. Cornpeting legctation u'as removed tiom
all plots in thc present study on all sccdling countiDg
occasions during the growing season. This was
nccessarv primarily in the clearcuts wherc herb
and shmb spccies regenerated prolif ically. The
roots of trees and shrubs. however, would have
been present to a greater extent in the fbrests than
in  lhc  ( l cJ r . 'u l \ .  The io r lpc r i t i , ' n  en \  i ronnten t :
of the study plots u'ere not quantified. Conse
quently. it is unclear whether competit ion would
have been greater in the forests or the clearcuts.
However. secdlings grew better in mineral soil
scedbeds in the clealcuts than in the forcsts. In
these seedbeds bclou'ground compctition would
havc been minimal as many r(nts werc destroyed
when the seedbcds u'ere prepared. Fufthermore,
atter 3 years. 9 plots had more than l0 7,4rfa seed-
hngs prcsent. Two ofthese plots contained 57 and
59 seedlings, respeotively. Although there were
no visible indications that competit ioD belween
seedlings in these plots had affccted seedling
gowth. the ANOVA $'as rerun excluding dala lronr
these 9 plots. Thc results were sti l l  idcntical to
those presented inTable 2. Consequently. although
we havc not been able to dctinitelv exclude thc
eftects ofbelow-ground conpetition. our drta and
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obse ations suggest thrt l ight had an important
influence on liraja scedling growth in our stud)
area. with grcater gr-o$'th in the higher light lev-
els in clearcuts rather than in fbrests.

Predation also appeared to influence growth
with greatcr growth in plols where veftcbrate prcda-
tors $cre excluded (Table 2). However, seedbed
intcracted with prcdation at CedarCreek such that
basal diamcter dif lerenccs were statisl ically sig-
niiicant only on mineml soil secdbedplots. T,4ll.r
seedlings in plots without predator exclusron
screens rvould have been available to herbivores.
Deer which are present in the study area, are known
to browse I/rufa seedlings heavily (Minore 1983).
Curan and Dunsworth (1988) considercd that
damage from blorvsing nla) be the most lmpor-
tant stand establishment problcm for Tlrla in
coastal Brit ish Columbia. Thtts. it is l ikely that
bro\\"sing on the ?rrl( seedlings it plots without
predator cxclusion scrccns retarded aboveground
secdliDg gro\\th in lelation to that ln plots sur
rounded by screens. It is uncleal why differences
were statistically signil icant onll on nineral soil
scedbeds at Cedar Creek. unless this is partly an
afiifact caused by thc small samplc size (n=6) on
lorest floor scedbeds. and paflly due to thc greater
visibil i ty of seedlings or the mineral soil sced
beds.

Conclusions

We conclude that thc relative lirck of Irirl( seed-
lings in the forests of the study area was not due
to a lack of virblc seeds. Although a lack of suit
rb le .ee,lh, , l. rnd thc lrc\'n(c ol the l, 'ru\l ranop)
reduces the number of seedlings in undisturbed
old gro*th forcsls. this number should sti l l  be
substantial. The observecl relative lack of lhaTa
seedlings nust result frotrr other lacton. such as
pre logging wildlife brou'sing or understory plant
competitioD, rvhich rvere not investigated in the
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