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Eflects of Light and Substrate on Planted Conifer Seedlings in Coastal
Brit ish Columbia

Abstract
An e\perimenl sas carried out in the Easl Capilano waiershed. neafVLDcou!er. British Colunrbia. to exanine the eliecl ol lighl
and soil sub\llatc on rhe sur\i\'al and gro\a th ol Douglas-fir. western hemlock. and Paciiic silver fif. Light availabilily in thc old
growlh lbrcsr undefstofies was 3{ ol that in the clearcuts. The lbren lloor substrate had signific|rtl} highcr conccntrations ot

nutricnts than those in the \\,ood debris and inineral soiluhile, given fic sarnc soil substrale, these nutrienls wcrc not significantl,\'
dillercn! bemeen rhe firest understorics and the clearcuts. Alier rwo growing seasons. Douglas lir had a significantl,v greater

nrrvi!al in thc clearcuts than in the understorics whereas westem hemlock and Pacific silvef fif had $e sane or bcllcr survrral rn

the undernoric! than in the clearcuts depcnding on the ,ioil substrates. Douglas fir and \\'estem henlock had beltcr gro$th i

dianerer, height. and rotal biomass in the clcarcuts than in the understories. The cflcct of light on the gfowdl ol Paciiic sil!cr tir

$as. houcrcr. nruch less Fonounced. In lhc clcarcuts, growth ofall th-ree specics !r'as the besl on fie forest iloor subslralc. but lhc
ellecr ol soil substrate \ras nuch less nolablc in rhe u nderstories. Light was thc priinary lim iring factor ibr |he !ur!i val and gro$ lh

0i  thc Dlanred seedl inss.
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Introduction

In the $etter climates of coastal Nodh America,
coarse woodl' debris (CWD) tirrms a large por-
tion ofthe organic nlatter pool on the tbrest tloor
(Harmon et al. l986). Associated with these CWD
accumulations is an abundalce of tree rcgenera
tion growing upon stumps and downed logs in
the understory o l'old-growth coastxl forcsts (Taylor
1935, Minore 1972, Harmon et al. 1986, Harmon
and Frantlin 1989). Thc association between trees
and woody microsites is so prevalenl that the de-
scription embodied in the metaphor ol a nurse
log is commonly accepted (Maser et al. 1988).

Even though there rppears to be an affinity of
seedlings. panicularly western hemlock (Z.rirs.r
he t e rop ht l la), lor CWD, the nutrient availability
associated with CwD compared to other tbrest
floor sources is considered minor (Laiho and
Prescott 1999. Krankina et al. 1999. Busse 199:1),
especially compared to the net N dynamics ofthe
non-woody fbrcst floor (Hope and Li 1997, Hart
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1999). Heilman (1990) suggests that CWD is
unimpofiant to tree growth relative to other de-
trital pools. However. Juryensen et al. (1990) sug-
gest that the importance of CWD to seedling sur
vival and growth ma)' be confounded by climate.
which is important to tree survival and growth in
the dricr climates of Northern Rocky Mountain
forests but unimporlant or even detrimental in the
wetter and colder climate of coastal Alaska. Fur-
ther, the importance of CWD to seedling growth
and survival under low light conditions may be
dit'ferent since the high association between de
caying wurd and regenemtion has prinrrrily re-
fened to understurl .eedling: and .aplings g towing
under the canopy of old-grcwth tbrests (Christy
andMack 198,1, Harmon and Franklin 1989). Since
foreste$ are interested in whether seedling growth
increascs or decreases by using well-rottcd CWD
rs  r  regener , t t i ( ' n  meJ iur r .  thc  qucs l ion  remain \
whetherCWD is anecessary oomponent lbr seed-
ling survival ;rnd growth in clearcut and panialll,
harvested managed fbrests.

The interaction of light and nutrients to seed-
ling growth hasbccn shown using nitrogen teftilizer
treatmcnts under controlled shaded conditions in
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grccnhouses. Fertilized seedlings are larger than
unfertilized seedlings in ful1 light condirions. but
are the same size under shaded conditions (Reed
et al. 1983. Canham et al. 1996. Walrers andReich
1996). However. studies on the interaction olnatu-
ral light conditions with natuml forest subsffates
have more practical appl icability.

Minore (1972) tested the inreraclion ofartif i-
cial shaded conditions (using shade tenrs) with
Dalural tbrest substrates for western hemlock.
Douglas fir (Pseudotsutut ntenzie.ill) and Pacific
sllver fir (Abie.y amobill.r) seedlings. For all three
species there was greater height and weight of
the largest seedling growing in non-woody lbr
est floors compared to woody substmtes in tull
l i ph t .  und much l r ' s .  p ronounced d i f te rence\  un-
der heavy shade (2.2, of full sunlight). However
shade tents artificially confound reduced light level
treatments with changes in air and soil tempera-
ture and root medium. air turbulence, and rela-
tive humidity compared to natural shaded condi-
tions (Waggoner et al. 1959). Further, Minore
(1972) used the largest surviving seedling, as
opposed to thc mean, as the measure for com-
parison.

Research using natural light conditions and
natural forcst substrates in North American coastal
forests tend to investigate the two conditions sepa
rately and not to look specifically at the interac-
tion. Chrisry er al. (1982) did not detect signifi-
cant dif1ergnces between western hemlock
scedJings growing in CWD and mineral soil un-
der an old growth canopy.In full light conditions,
Kropp ( 1982) did not detect dif lerences in height
growth of western hemlock seedlings growing in
CWD compared to secdlings growing in mineral
\, ) i l . For Dougla\-l ir. u here \ecdlinF\ are prima-
rily associated with mineral soils (Hemann and
Lavender 1990), diffcrences in roral height of
seedlings were not detccted between decayed wood
and mineral soil under full l ight conditions
(Bernsten 1960).

This study explores whcther the rclatire im-
poftance of CWD to seedling sur.,'ival and growth
suggestcd lbr the drier climates of the Rocky
Mountain forests extends to wettcr coastal cli-
mates, and tests the interaction between forest
substrates and light to secdling sun'ival and growth.
The objective of this study was to determine
whethcr there is a survival and growth advantage
to seedlings when planted in decaying wood com-
pared to non-woody humus forms and mineral

102 Chen. Kayahara. and Klinka

soil under two light enyironments under a wet
coastal climate. This study was undertaken using
three species of the coastal fbrest of British Co
lumbia (Douglas fir. westem hemlock. and Pa-
cific silver fir). an area where the association be-
tween scedlings and saplings with CWD is
particularly strong (Harmon and Franklin 1989).

Methods

Study Sites

Three study sites u'ere located in one watershed
no h ofVancouver. Brit ish Columbia located in
the Submontane yariant of the Very Wet Mari
time Coastal Westem Hemlock biogeoclimatic
subzone (CWHvml) (Green and Klinka 199.1).
The climate associated with this variant is mild
and humid (mesothemal) with warm summels
and no dry season (Trewartha and Hom 1980).
Heavy precipitation. upwards of4000 mm annu
ally, and the mild oceanic climate, with mean
annual temperature approximately 8oC, are char-
rcteristic of this climate. The morphology and
soil characteristics of the three sites wcre srmr-
lar. Soils were identified as Humo-Fenic Pod-
zols (Soil Classification Working Group 1998).
Humus form groups were identif ied either as
Hemimor or Humimor (Green et al. 1993), l0-
15 cm thick. These groups included pockcts of
Leptomodcr. 5 cm rhicl. The soil moi\lure re-
gime was identified as fresh (no water deficit or
excess), and the soil nutrient regime as medium
using the methods outlined in Green and Klinka
(1e9,r).

Each site included a clearcut and an adjacent
old-growth stand alongthe same south-facing slope
(Table 1). Clearcutting occuned between 1990
and 1991. The clearcuts were 2-5 ha in arca. Ad-
jaccnt old-growth fbrest stands, dominated by
Douglas-fir, western hemlock, Pacific silver fir.
and westem redcedat (.Thuja plicatcil, werc char-
acterized by overstory canopy trees 60 m in height,
300-750 yr of age. and 100-200 cm diameter at
J .3 m above the germination point.

Experiment

In April 1995, six plots with irregular shapes of
about 100 m2 were established, one in the center
of each clearcut and one in each of the adjacent
tbrest understories. At least 100 m from the edge
ol clearcuts, undcrstory plots were established
under old-growth forest staods. which were rela-



TAtsLE L Characlcristics ofthe sludy sites in coastal British Columbia.

Si Ie  I Site 3

Elelddon (nrl

Slope ('t )

Clcarcut Understory
560 571-)
160 112

I t  J l

Clearcul

160
32

Understory
625
lE0
32

Clearcut
560
I,l8
l 8

L'ndcrstory
560
152
15

tively unitbrm in stand structure. understory veg-
etation, and light conditions.

The undcrstory vegetation within eachplot was
cleared. Thrce typl]s of substrates were collected
and put into a planting pot (20 cm top diameter,
17 cm base diameter, 25 cm height). The sub-
strates $erel

. rvoody debris of decay class lV and V (as
defined by Maser and Trappe 1984):

. non-woody forest floor (L, F, and H hori-
zons):

. mineral soil (Ahe and Bf or Bhf horizons).

One sample of cach substrate was taken from
each plot to detemine its nutrient properties. The
planting pots were placed together. and, for the
open grown seedlings, a berm was constructcd
around the pots with the spaces betwcen the pots
filled with a combination of mineral soil, wood.
and humus material. Within each plot, 60 seed-
lings ofeach species were then planted in 60 sepa-
rate pots, with 20 of the pots containing one of
the three substrates (3 species x 3 subsffates x 20
pot'r. In April 1o95. I -yr. rhJ .t1 roloitm conlriner-
grown seedlings of westem hemlock and Pacific
silver fir, and 2-yr-old bareroot seedlings ofDou
glas fir \lere planted with one seedling in each
planting pot. The container cavity size for the
westcm hemlock and Pacific silver fir seedlings
was 2.5 cm in diameter. I 1.4 cm in depth and 39
mL in volun]e. In each of the six plots, a com-
pletely randomized design was implemented fbr
spccies and substrates.

The choice of pots was made fbr two reasons:
l) to isolate the seedling roots. and 2) to reduce
variability. Under natural conditions, the variability
in response in growth in each substnte may be
confbunded with not being able to isolate the sub-
strate the roots actually grou' in. A seedling may
be planted in decaying wood but the roots may
prolit'erate in the adjacent non woody humus or
mineral soil.In addition, the variation in the mea-
sures of growth in the understory can be reduced
\\, her using pots by grouping the pots wjthin light

conditions as homogenous as possible. Howevcr,
planting pot etfccts are recognized, especially tbr
the open grown seedlings. but this etlect was
minimized by the use of the fllled berm.

Before planting, each seedling was measured
tbr height and base diameter. Twenty additional
seedlings fbr cach species were taken to the labo-
ratory for drying (70'C tbr ,18 hr) to determine
total biomass ofcach seedling. Mean base diam-
eter. height, and total biomass were 3.3 mrn, 14. I
cm, and 3.1 g for Pacific silver f ir 'seedlings; 1.6
mm, 9.1 cm, and 0.4 g fbr westem hemlock seed-
lings: 4.7 mm. 3,1.4 cm, and 32 g for Douglas-tir
seedlings.

l\4easurements of Light and Soi Substrates

The lightconditions of the undentory and clcarcut
plots were measurcd simultaneously. ln each of
the understory plots, a sunfleck ceptometer was
placed at 60 cm above the ground at plot center.
In each of the clearcut plots. three LI COR 190
SA sensors, each connected to a LI-1000
datalogger. were placed in the plot center. The
instruments were calibrated and their clocks were
synchronized prior to taking measurements. All
instruments were programmed to take one mea-
surement every minute. and to average the mca-
surements every 30 min.

Samples for nutrient detem.ination $'ere air
dried to constant mess. Mineral soil samples were
passed through a 2 mm sieve and stored fbr chemi-
cal analyses. Forest f loor and decaying wood
samples were ground with a Wiley mill to pass
through a 2 mm sieve. and stored at room tem-
perature for chemical analyses. Soil pH was de-
te rmincd us ing  a  pH Ine lc r  in  a  l : l  5L lspqn. ion  tn
water for mineral soil and a l:5 suspension for
forest floor and woody substrate. Total carbon was
determined by loss on ignition at 500'C (induc-
tion fumace)using a LECO carbon analyzer (Carter
1993). Total N was detemined by a Technicon
Autoanalyzer following micro-Kjehldal digestion
(Carter 1993). Mineralizable N was detemined
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by an anacrobic incubation procedure (Powers
1980). where the soils were incubated at 30'C
fbr 1,1 days and released NHr* was deLcrmined
colodmetricalJy using a Technicon Autoanalyzer
Available P was detennined colorimetrically us-
ing the ascorbic acid reduchnt method on Bray
P I (dilute acid ammoniun tluoride) extract.
Extractable Ca. Mg, and K were dcternrined by
extraction with Morgan's solution of sodium ac-
etate at pH,1.8 and absorption spectrophotom-
elry with an acctylene-air f lamc (Price l978).
Extractable S (SOr-S) was detemlined using an
inductively coupled plaslrra(ICP) spectrophotom-
ctcr on a 0.01 M CaCl, ertmct (Price 1978).

l\/]easurements of Surv val and Growth

Seedling survival surveys were conducted in Sep-
tcmber 1996 (i.c., afier tu'o growing seasons). Any
visiblc damage such as browsing, dicback, foli
age chlorosis. pathological symptoms, and other
injuries was noted. Three healthy seedlings tiom
each of the three replicated sites, two light con-
d i t ion . .  th rec .uh \ t r i l l e \ .  rnd  lh ree  spec ie r  uere
randomly sampled. Only a total of 155 seedlings
were sampled since most ofthe Douglas-tir seed
lings in thc forest understory \\'ere either dead or
.Lm, tged a t  lhe  .nd  ( ' l  l he  :econJ  ! rowing  :ea-
son. Seedling hcight and basal diameter were
mcasured in the lleld. afier which the seedlings
wcre taken to thc laboratory to dctermine total
biomass. which was the oven dry weight at 70'C
tbr :18 hr.

Statistica Analysis

Survival was calculated as the propoflion of sur
viving seedlings to total planted seedlings. To
eliminate factors other than light and soil sub-
strate. secdlings with signs of browsing were not
included in the survival calculations. Proportion
of survival. weighted by the nurnber of all seed-
lings within each group. was tesred with l ikeli
hood ntio (Xr) tests lbllowing Hicks (1993) and
Neter et al. (1996). The significance level was
set at P<0.05.

For glowlh measures, the experirnental design was
a split-plot design (Hicks l993). Light (L) was
the main eflect (whole-plot) and replicated in thrce
clearcuts and old growth fbrest understories. Spe-
cies (P) and substrate (S) were arranged in a com-
plctely randomized layout within each ofsix whole-
plots. Thc following analysis of variance model
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was uscd to detect effects of light. soil subsfatc.
and species on growth pammete$:

Y i , . = U + R , + L + R x L ,  + S r + R x S x P ,  + S x P r
+ R x S  x P u + L x S r  + R x L x S  r + L x p r + R x L
' P  + l  . S  P  + R  L  \  P . + r

where l,*,,, is an obseNation fbr a pafiicular de-
pendcnt variable; U. is the overall mean of the
dependent variable; R, (i = 1. 2. 3) is rhe site rep
licates: Lt. (j = 1.2) is the effect ofl ight; Rxl-i i  is
the expedmcntal error of whde-plot to test the
effect of i ight: Sk G = 1. 2. 3) is the cftect of soil
substrate: Rxsjr is the error to test the el'fcct of
soil substrate: Pr 0 = l. 2, 3) is thc effect of rrce
species; RxP is the el:ror to test the effcct of spe
cics: SxPu is the interaction of substrate and spe-
cies; RxSxP r is the error to test thc interaction
of  \uh \ l r i l te  an t l  spe .  ie . :  L  .  S  ̂  i .  lhe  in rer re r i , ,n
oflight aDd substrate; RxLxSIk is the elror to test
the interaction of light and substrate: LxPir is the
intemction of light and species: RxLxPt is the
erlor to test the interaction of light and spccies;
LxSxPjkr is the interaction oflight, substrate. and
species: Rxl-xsxPjtkt is the error to test the inter
action of l ight, substrate, and species; and e,,,,,,*,,
is the sampling crror within trcatments and repii-
cates. lf diff 'erences were significant. Tukey's
multiple range test was use to detect for differ-
ences bctween substrates.

Results

On sunny. summcr days (30 June to 3 July, 1996).
the mean daily photosynthetic photon flux den
sity (PPFD) was 42.3 mol m 2 day I rn clearcuts
and 1.25 mol nr I day L in the lbrest understories
(Table 2). The forest undersrory received only 3%
of the PPFD in the clcarcuts. Within each of thc
two light regimes. the differences in light avail
abil ity among plots were small (Figure l).

TABI,E 2. Lightenvironnenrs forclearcuts and adjacent old
growth forcst undersrories in coasral Brirish Co,
lumbia. Measurements wcre recofded tbr r,bree
conseculile. predominanll) sunn! davs in lioDr
June 30 lc) 2 July 1996. Daity mean phorosln-
thetrc pholon llux densiiy values are nreans (jSE)
lof measurcments made bci$een 06:00 and 21:0{)
local time.

Lighr descnntur Clearcut Understory

1 .25  (0 .15 )
20.2 t+.2)

Dai ly ro la l  PPFD (mo1m: da) L)  ,12.3 ( .1.5)
Dail! mcan PPFD (mmol n I s ,) 759 l]5)
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Figure 1. Rcpresentatile daily light en!ironmcnl pattern fof
lhc threc nudy sites. Solid lines rcprcscn! clcarcuts.
rnd dashed 1ines. ndefstories. Nleasuremcnls \lere
laken sinullaneously on I Jul) 1991i.

Nutricnl propefiies *ere signiticantly ditfer-
ent among the three substratcs, but did not differ
significanlly between the clearcut and the undcr-
story (Table 3). Both the forest floor and CWD
had a significantly lower pH than nlineral soil.
The fbrest t'loorhad significantly greater concen-
trations of all nuffient measures except total C
and extractable Mg comparcd to the woody sub
strate. The woody substmte had greater concen-
tralions of total C. total N, minertilizable N, ex
tractable P K, Ca, and Mg than the mineral soil.

The effects oflight condition:rnd soil substrate
on survival viiried among the three species (Fig-
ufe 2). Except for Pacilic silver fir growing in thc
clearcut, sunival of the threc spccies under the
two light curditions was not significantly affected
by soil substrate. The only exception was thc sur
vival ofPacific silver fir. which was signiflcantly
lower on woody substratcs in the clearcut than
under other growing conditions. Light condition
affected survival of the threc species differently.
Douglas-tir survival was significantly higher in
the clcarcut than in the understory, westem hcm-
lock survival was signiticantly higher in the un-
dcrstory than in the clearcut, and Pacitic silver
fir survivrl. exccpt for the CWD substrate in the
clearcut, was not significantly dil'fereDt between
understory and clearcut.

Aliertwo growing seasons,sun'iving seedlings
had significantly different grou'th rates among
growing conditions (Figure 3). Both l ight and
substrate showed significant differences ti)I a]l
rneasures of seedling growth lbr all species, and
a significant interactive ctTcct between
Iightxspecies, lightxsubstrate and lightxspeciesx
substrate was apparent. Although all measurcs ol'
. ccd l ing  grou th  lUr  the  th rc ,  rpee ie r  uere  . ig

TABLE 3. Mern nuricnt properties ofthe wood] substralc. ibresl floot and nlineral soil (sampl. sirc is thrcc for each subsirale
and ligh! condirion). Values \rith the same superscripi letter in the same row are nol \ignificanth different.

NurLi(n l  Proneft iec N{ineral soil

pH

Torul Cl (t;)

Tolal N (%)

C : N
Mh N (mg^g)

Extractable P ong/kg)
Total SO 'S onyg)
Extracrable K (mg/kg)

Ertr.rc|able Ca (mg/kg)

Ertraclable N4g (mg/kg)

Clearcut Undcrston'
3.5f  3. ,1f
5 0 . 3 "  5 0 . l .
0.22h 0.20i
219"f  251-

21.). l.t. l I

0.301 0.12"
21.3 '  30 .3 '
631' 368'
133.3 '  161.7"

Clearcut Understor-!
3 9b 1.6"
.13.5" ,16.,1'
1.09. 0.9.1"
,toh. 57f,
3'1'1 309'
,18.7' 60.3'
2.20. 1.62.
7,1.3' 111.3'
ti67. 102t.
103 .3 '  2 l l . l '

Clearcut L'ndel\t(n]
1.6. 1.9-
,1..1f 8. l  l

0.15, 0.09.
19"'  l l , l "
21. I l,
5.7. 2.1'
0.23f 0.75"h
I  1 .7 .  5 .7 ,
70. 3',7-
8.7f 5.3h

L igh t  and Sub\ l ru te  E f l 'ec t :  on  Sccd l ines  l0 .s
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Figure 2.  The ef fcct  of  l ighr  condir ion (  ndcrsrofy and
cleafcut) and soil subslrale (woody subnmte. non
woodt toren floor and mineral soil) on survival at
rhe end oi rbe second grorving scason. Error bars
represenr I SE. Within each speciilc graph, \.'alucs
with thc saDre letrcr ar€ not significanrl), differcnt.

nificantly larger in the clearcut than the under-
story, the eff'ect was lcss pronounced for diam-
eter and height growth ofPacitic silver tir.In gen-
eral, there were consistent signiticant differences
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due to substrate for all measures ofseedling growth
in the clearcut but. with the exception of pacific
silver fir. no significant differences in the under-
story.

There were different effects of light and sub-
strate between the three species (Figure 3). Dou-
glas-fir seedlings growing in the forest tloor sub-
strate were significantly larger lbr all growth
measures than in the woody substrate, but sig-
nificant diff'erences were not fbund between the
seedlings growing in the fbrest floor venus the
mineral soil substrates. Significant differences in
dlameter were not detected bet$een the seedlings
growing in the woody versus the mineral soil sub-
strates, and signilicant differences in height were
not detected between dle seedlings growing on
the woody substrate and other substrates in the
understory. For the westem hemlock seedlings.
in the clearcut all measures of growth were sig-
nificantly larger in the fbrest floor rhan either the
woody or mineral soil substrates. There were no
significant differences between the woody and
mineral soil substrates fbr all measures ofgrowth,
and significant differences in height were not
detected between seedlings growing in either the
woody or mineral soil substrates compared to all
the substmtes in the understory. Similar to west
emhemlock, in the clearcutall measures of growth
tbr Pacific silver fir seedlings growing in the for-
est floor substrate were significantly larger than
either the woody or mineml soil substmtes. How-
ever. the biomass of seedlings growing in the
runeral soil substuate was significantly larger than
the woody substrate. Both diameter and hcight
of seedlings growing in the woody and mineral
soil subsfates were not significantly different than
seedlings growing in the understory with some
exceptions. The response in biornass of pacific
silver fir to both light and substnte showed the
most significant differences. There were signifi-
cant differences between all substmtes Iocated in
the clearcut, and between the woody and forest
lloor substates located in the undentory.

Discussion

Except for Pacitic silver fir, substrate did not ap-
pear to influence scedling survival after two grow-
ing seasons. Seedling growth, however. was sub-
strate dependent in the clearcut but not substrate
dependent under shaded conditions. The interac-
tion of light and nutrients was similar for natural
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substntes under natural light conditions uscd in
this study compared to completely contrdled ni-
trogen tcftilizcr featnents undel controlled shaded
conditions in greenhouses (Reed et al. 19E3,
Canham et al. 1996, Walters and Reich 1996).
and semi-controlled I ight-nutricnt conditions us
ing natural substmtes with shade tents (Minore
1972). In this stlrdy in the clearcut. both westem
hemlock and Pacific silvertir had thelargest growth
in the nutrient rich non-woody fbrest floor sub-
stratc compared to the woody substri,Lte and min-
cral soil. which demonstrated a consistency be-
tveen seedling growlh and nutrient availabilit,v,
at least on a nass basis. Douglas-fir also had the
largcst growth in the forcst floor substate although
not significantly ditlcrcnt from the mineml soil.
Howevel, under the l ight l imiting conditions of
the undefstory. growth was not substrate dependent.

Thc rcsults of this study diffel from those of
Bernsten (1960) for Douglas-fir growing ir full
light conditions. In this study. contrary to Bcmsten
(1960). there were significant differences in 2-yr
height growth of seedlingsbctrveendecayedwood
and mineral soils. The large variabiiity undcr field
conditions may be the reason for the lack ofpower
in detecting significalt differences in Bernsten
(1960). However. similar to Kropp (1982) and
Christy et al. ( 1982) this study also did not detect
differences in height growth of seedlings grow-
ing in CWD compared to seedlings growing in
mineral soil.

Once light becomes the limjting faotor, sub-
stratc appears to have little clear influence on
growth for Douglas fir. westen hemlock, and
Pacific silver f ir seedlin-qs. Under full l ight con
ditions substrate appears to h ve a specics spc-
. i l iL inllucnce on gro$ th. Douglr{ l l1. 1 rpeiies
most associated with mincral soil substrates
(Hemann and Lavender 1990), did not grow as
large in woody substates comparedto non-woody
forest lloor substrates and rnineral soil, and grell'
just as largc in either ol the latter. Western hem-
Iock. the species most often citcd as having an
affinity to CWD (Harmon et al. 1986), had the
largest growth associated with the non woody
forest 1loor. Crowth on CWD was similar to the
mineral soil. Similarly. the growth of Pacific sil-
ver fir was the largest on the non-woody lbrcst
floor, although not by the same magnitude ofdif-
t'crcnce as westem hemlock. Since Pacific silver
1ir seedlings are noted to havc slow early height
growth (Crawlord and Oliver 1990), presumably
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with morc tine and if planting pots were not l1m
iting, the differences in height and diameter rl ould
bc bctter expressed.

Some caution is needed when extending the
results to lolmulate management recommenda
tions. One concern is that only one seedlot was
used fbr each of the spccics for all three repli-
crlc\. Thc\c re.ults depend on erch re.pectire
seedlot not being a genetically anomalous group
hr r r ing  nu t r ien l  rnd  mois t r r re  up take  propcr t ie '
di1l-erent fiom the rest of thc population of each
respective species. A bigger concern is th t pots
were used rather than outplanting under non-re-
stricting root conditions. By creating a berm and
filling in between the pots, we attempted to mini-
mize any pot eft'ect. Ncvcnheless, small pot ef-
l cc l .  must  be  recogn izcd . ince  roo t  re ' l r ie t iun  is
a l imiting factor when using small pots (Will and
Teskey 1997, Thomas and Stri i in 1991). It was
cr  ident  tha t  mrny  open grounseed l ing . .p ln icu .
larly Douglas-fir. had roots circling the base of
pots when harvestcd at thc end of second grow-
ing season. Finally, although the role of mycor-
rhizae and CWD is important in the drier climates
of the Roclgr Mountain Forests (Harvey et al. 1987),
we did not purposely inoculate the seedlings with
indigenous myconhizae. Other than perhaps re-
sidual nursery myconhizae, a specific myconhizal
study was beyond the intent of this paper.

This study supports Heilman (1990), who sug
gests that CWD does not appear to provide any
advantage for seedling gro\\, th, at least in the wetter
climates of south coastal British Columbia whcrc
the period of water deficit is much less than the
drier fbrests of thc Rocky Mountains. On the other
hand, CWD did not appear to be detdmental to
seedling survival or growth as suggested tbr the
colder climatc of southeastem Alaska (Jurgensen
et al. l990). Greater availability of nutrients and
incrcascd growth are associated with the non-
woody humus substrate in clearcuts but CWD is
not as poor a substrate for seedling growth as
implied by its high C:N mtio lrnd low nutnent
cootent.
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