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The Effects of Spring Burning and Grass Seeding in Forest Clearcuts
on Native Plants and Conifer Seedlings in Coastal Washington

Abstract
Seeding clcarculs wilhlrasses and legumes is used to increase ungulate fbmge. reducebrowsing on seedlings. feduce coinpcrilion
.|lith sccdlings. or control erosion. but. ihe eiiccls on nalive plants and conifer seedlings arc poorll known. Also, a shift !o spring
ot no buming ol clearcuts mav alter the effcctivcness ol seeding and interactions rilh nalive specie\ and conifcr secdlings. I
quandlied oler 5 yr the effecN of buming (none. spring) and forage grass sccding (0, 22, or.l:1 kg/ha seed. plus fe lizef) on
seeded lbfage production, nativc and crodc plant cover and richness. and thc sur!ivai and gfowth ofplantcd conifer seedlings on
t\\o clearcuts in coaslal ibrcsl ol weslem Washington. Burning doublcd production of seeded grass. bur secding rate (22kg/ha vs.
,l.1kg/ha) had no eft-ect. Grass biomass peaked in 3 yr. then declined 1o ncgligible levels. Detrimental effects ofbolh burning and
seediDg on natn e species appearcd small and shon-lived over a 5-vrperiod. Nalive plant species fichness decrcased alter burning.
but alier 5 )r nearly equaled thal ofunbumcd afeas. Native planl species richncss $a! unaflecred b!, seediDg ratc. Nali!e plant
colcr incrcased \r ith iime after clearculting rcgardless ol treatment.In burned areas. sccding reduced nati\e cover slighrly. Eiolic
spccies richness and cover \\'ere highest in bumcd aretts. About l5% ofthe planicd wcslem hemlock seedlings died. mosdy during
fte firn )ear. Nlonality was 6,1% highcr in seeded. bumed areas than in unsccded. bumed areas. Final seedling hcight was 4q.
higher in the burned ihan unbumcd areas. and seeding rate had no ettcct on height. Results of this rtud! likcly would apply ro
siDil.rrlv treated $'enem hemlock Dlxnt associrtions in coastal forcsts.

Introduction

Seeding forage grasses and legunes in recently
burned clearcuts has been widely used in the
westem United States and Canada since the 1950s
to increase the quantity of herbaceous forage for
e)k (Cen-us eltryhtrs). reduce ungulate browsing
damage on conil 'er.eeJling.. suppre.: vegemtion
competing with conifer seedlings, or provide for
erosion control (Ramsey and Krueger 1986,
Owston et al. 1992, Powell et al. 199,1. Becker et
al. 1996). Seeding non-native grasses and herbs
is also a widespread practice for erosion control
and restoration of soil-nutrient cycles atier wild-
fircs (Klock et al. 1975, Tiedemann and Klock
1976, Agee 1993). Ncveftheless. seeding programs
are controvcrsial (Owston et al. 1992).

Gra-sses compete with conifer seedlings. slowing
growth orincreasing mortality (Clark and Mclean
1978, Crouch 1979, Dimock et al. 1983. Stewart
et al. 1984, McDonald 1986. Bell et al. 2000),
especially in moisture-limited sites (Clark and
Mclean 1978. Crouch 1979. Dimocketal. 1983).
SeeL l ing  ma1 incre lse  herb i ro r l  h )  u l t r l c t ine
ungulates (Crouch 1969. Hines and Land 197,1.
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Becker 1989), mther tian decrcase herbivory by
pror  id ing  u  h ieh-qua l i l )  lo rag< a l remar i rc  r , '  c , .
nifer seedlings (Campbell and Evans 1975). Hel-
bivory on woody plants fiom microtine rodents
that flourish in dense grass swalds created by
seeding and fertilization also can be a problem
(Lawrence et al. 1961, Askham 1992). Seeding
typically introduces exotic or weedy species and
potentially alters successional development of
native plijLnt communities (Tiedemann and Klock
1976. Helvey and Fowler 1979. Owston et al. 1992.
Agee 1993, and see Becker et al. 1996 tbr re-
view).

Changes in post-harvest management practiccs
in  wcr le rn  U.S.  lo res ts  a l .o  har  c  led  tu  quer t ions
about the impact and value of tbrage seeding in
logged areas. Air quality standards have tbrced a
shiii from fall buming of logging debris for site
preparation and fuel rcduction (Owston et al. 1992)
to no buming or burning during the spring, when
fire intensity and fuel reduction are relatively light
(Miller et al. 1993). Cool spring bums leave more
woody debris and impact native plant communi-
ties less than hotter fall bums (Dyrness 1973,
Halpern 1988, Halpern and Spies 1995). Conse-
quently, seeded grass production may be low be-
cau.e  o f  l im i ted  ara i lab i l i t5  o l  genr in r r ion  s i re .
and tiom increased competit ion with residual
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\,egetation (O$ston et al. 1992). Creatcr rates of
seeding. however. night compcnsate for less ger-
mination space. Diminished. ) 'et sti l l  potentially
useful, amounts of fbrage in lightly burned arcas
might compete lcss with native species or planted
conilers, especially in coastal areas with highrain-
tal1. Not burning may rcduce invasion of ruderal
species (IsrLac and Hopkins 1937, West and Chilcote
1968. Halpem et al. 1997) that arc increasingly
becoming an impofiant issue fbr coastal folest
managcment (DeFerarri and Nainan 1994,
Heckman 1999, Thysell and Carey 2000).

Information to assess the interactive effects of
new burning practices and foragc seeding is lim-
ited. Grass seeding programs have been poorly
monitored, many have had no experimcntal rep
lication or control, predictabil i ly of effects is low
because of high envilonmental variabil ity among
sitcs. and many studies have not been published
in the scientific literature (Agee 1993. Powelt et
al. 1994, Becker et al. 1996). The goal of this
study was to quantity experimentally the short-
tem (5 yr) eftects of spring burning and rate of
grass seeding on production of seeded forage,
native and exotic plant species groups, and the
survival and growth of planted conifer seedlings
in a coastal $,estem h ernlock (Tsugd heteroph;-lla)
fbrest in westem Washington. Because there were
tuo  rcp l i ca te .  in  the . tuJy  and rncn)  .pee ies  werc
sparsely distributed, I analyzed treatment clfects
on nativc and exotic plont species as groups, not
indrv idua l  rper ' ies .  An append i \  o l  \ lec ic .  re
sponses is available from the author I applied
fefiilizer $,ith sccd on seeded areas (the same
amount regardless of seeding rate), but not to
unseedcd areas, to mimic typical forest manage-
ment practices (Owston et al 1992; Mark Ostwald,
Olyrnpic National Forest. Quinault Washingtor,
personal communication.). Hence, the seeding
treatnrent was designed to compare the effects of
no seed + no terti l izer vs. two rates ofsecd appli
cation + a constant amount of fetilizer: I did not
explicitly test the efl'ects of buming and seeding
trcatments on ungulate herbivory because that
would have required a more geographically ex
tensive expedmental design than was feasible
(Becker et al. 1996). However. I did measurc and
repofi the occurrence of sn-tall and large mam-
mal herbivory on conifer seedling mortality.

I tested two hypotheses: l) Spring buming,
compared to no burning, will: (a) enhance the
production ofseedcd forage; (b) reduce the shotl

tenn species dchness and cover of native plants;
(c) increase the species richness and cover ofex-
otic specics; and (d) enhance the suNival and
growth of planted conifer seedlings; 2) lncreas
ing forage grass seeding rate will: (a) increase
iorage production: (b) decrease richness and cover
ofnative plants; (c) increase the richness andcover
of exotic species; and (d) dccrease survival and
growth of planted conittr seedlings.

Methods

Study Area

The experiment $,as in two clearcuts (15.0 ha and
9.3 ha) ofthe Bull t imber sale. Olynrpic National
Forest.located in the lower Matheny Creek drain-
age on the western Olympic Peninsula (latilude
47'33'N; longirude l23o 57'w). The units were
separated by a forested buff'er of about 200 m.
Forcsts at both sites were clearcut in January 1990
and yarded in Much and April 1990. Experimental
units were broadcast burned with a helitorch un-
der clear weather during late May 1991, seeded
with forage grasses in 1all 1991, then planted with
conifer seedlings during mid-Februaq' 1992. Seed-
lings were pltrnted at a 3.3-m spacing, with 15
cm scalping ofunbumed sites on1y. Planting stock
was a typical mixlure of westem hemlock plug
I 0 (507.). westcm redcedar (Thuja plican) pll]g
l-0 (257a). and Douglas-fir (Pseudotsugu nten
:i?-rii) bare-root 2-0 (25clr) seedlings. Only west
ern hemlock seedlings were sufticiently abundant
in all plots (mean 3l sccdlings. range l5-57) fbr
measurement of treatment cffects on seedling
growth and sun'ivt . No seedlings were replanted.
Data were collectcd during the lall from 1992
through 1996.

Forest vegetation in the study area is in the
wcstem hemlock series, with adjacent upslope
areas in the Pacific silver tir (Abies zlnaDifis) se-
ries. The dominant plant association is westem
hemlock/Alaska huckleberry-salal (Tragri ft etero-
p hy I h/Vac c inirm alaskae ns e -Gau I t he r ia s hal I o n )
(Henderson et al. 1989). The topography is gcn-
tly slopjng (<10') with a northerly aspcct. Soils
are highly productivc, medium and moderately
coarse-textured. moderately-deep till soils in the
Mudcreek-Kalaloch complex typical of level rem-
nant outwash terraces (Olympic National Forest
2000). Elevation at the site is about 200 m. Mean
annual precipitation at a nearby weather station
during the study period (1990-1996) was 292 cm
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(range 22.1 3,13 cm). and nean annual tempera
ture was 10'C (range 9 l1'C) (NOAA 1997). Mean
annual precipitation at the site l ikelv was some-
what higher. approximately 330 cnr (Henderson
c t  a l .  1989) .

Experlmenta Des gn

I . r l l o ra ted  buming rnJ  .ced ing  t rcJ l rnenrs  in  I
randomized completc block split plot design,
wherc each of the tll'o clearcut units was a block
(Federer 1955) (Figure l). Buning was the whole-
plot treatment. I randomly selectcd half of each

Block 1

block fbr spring buming and the other half was
to be left unburned. However, because of the va,
garies of buming clearcuts, about two thirds of
each block was bumed. Burning occurred during
Apr i l  1991.

Within burned and unburned whole-plots. I
randomly assigned three seeding r;rtes (0 kg,4ra,
22 kg,4ra. and 44 kg,4ra) to splir plors of approxi-
mately 40 x ,+0 m (Figure 1). Only one split plor
ofeach seeding treatment was physically possible
in the unbumed area, but two spliCplots of each
seeding treatment werc randomly located in the

Unburned

Iffi
ffiT
ffiffi

fence

Burned

ffiT
ffi

fence fence
Figure L Expcrimenral layout of rholc plot burn and splir ptor seeding treatmcnls to

tcsl lhe eftects of\pring buming and seeding ralc on seeded grass produ!uun,
nati!eplant colnmunities. andplanted seedling mofialily hlheMarhen! Creek
drarnage on thc western Olvnrpjc Pcni$ula. Wishinglon.
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T
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larger burned porlion of cach block. The uncon
ventional use of two split plots of each seeding
treatment in bumed areas \\'as done to sanrple
proportionately similar arcas of the bumed and
unburncd trcalmcnt areas. Thus, nine treatment
split-plots wele established in each of the two
blocks. Dctails of the analysis of variance
(ANOVA) model ale in the Statistical Analysis
scction.

I applied seed and fertiljzer during October
l99l with hand seeders to ensure accuratc and
homogcncous application. Following standard
District managcmcnt practices.I applied l6N l6P
l6K clemental fefiilizer only to seeded treatment
plots at thc ratc of 336 kg,4ra. The seed mix was
27% Potomac orchard grass ( Daci lis gl onte rete),
2111 u'hite clover (Zrifolim repens),21o/c telra-
ploid perennial ryagrass (Loliurn perenne), 274/c
birdslbot treloil (Lotus conli(Lrl(ftLts), and l07o
annual ryegrass (ltrliunr tnt tiflorutn)by weight.
Gennination mte cetified by the seed company
was 85?' for orchard grass. 90% fbr annual

ryegrass. 85 7r, for perennial rye$ass, 827. fbr white
clover, and 597e fbr birdsfoot trclbil. Legume seed
was pre-inoculatcd with Dormal-brand nitrogen
fixing bacteria. The legumes. however, faiied to
gefliinate or became established at only trace
levels. Seed and fenil izer also were applied se-
lectivel)' to areas outside and adiacent (within 50
m) to the experiment l plots to lurc dccr aDd elk
a$,ay from the gxperimental arca.

The treatment arca was cnclosed with four
strands ol smooth wire electrified with a solar-
powered charger to exclude black-tailed deer
(Otlottt i leus hemionls) and elk. The lence tunc-
tioned for about I yr, then the chargers tailed and
were not replaced. The fence rcmained standing,
but did not totally excludc elk or deer. To esti-
mate the potential cffects of unplanned ungulate
herbivory on dependent variables, J monitored elk
and deer use by pellet-counts and incidence of
browsing on planted conifer seedlings.

Fleld N,4easurements

National Forestpersonnel estimated pre- and post-
burn amounts of woody debris in each block by
thc planar intersect method (Bfown 197,1), as
implemented in standard Forest Service luel in-
ventories. Eight (Block 2) and 12 (Block 1) ran-
dorn debris plots were measured in blocks belbrc
buming.  then re rner \u red  a t ie r  hurn ing  tu  L . t i -

mate mean debris reduction tbr the entire burned
pofiion of each block.

J measured the treatnrent responscs of biom-
ass production for seeded grasses, species rich-
ness and covel of native and exotic species. and
growth and mortality ofplanted con if'er seedlings
in the certral 20 x 20 m area q'ithin each treat-
ment split-plot. Native and exotic species desig-
nations were based on Hitchcock and Cronquist
(1973). Plant species cover <1 nl tall was esti
mated from foty 20 x 50 cm quadrats (Daubenmire
1959, 196E) in each treltnrent split-plot. I locatcd
quadrats in each treatment split-plot along fbur
permanent 20-m transects systematically locatcd
:1  map t .

I placed the first quadrat I m fiom the end of
the tape, and each successive quadrat at 2-nl in-
tcrvals along the tnnsect. Cover was measured
each year at the same points on the left side of
the ffansects. I estimated aerial cover by cover
classes (Daubenmire 1959), which minimized
lrlnual variation in cover estinrates among dif-
ferent lield personnel. Mid-points ofcover classes
wcrc used in lhe analysis. I recorded elk or deel
pellets in cover quadrats to estimate use of the
l re r tment  a reJ \ .  I  used l ine- in te rLcp l  c : l imd lc :
u long the  pennanen l  2U-m l r i rn \e \ l \  lo  r . l imJ Ie
cover of vegetation >l m tall.

I estinated the annual above ground produc
t ion  o l  {eeded lUrage h iu rna .s  dur ing  the  l r : t  I
wk of September by clipping seeded grass and
legume biomass at ground level within sixteen
20 x 50 cm quadnts per seeded treatment split-
plot. I clipped four quadrats along each of the
permanent sample transect lines at.1-m intervals
on the opposite (right) side tiom the cover quad-
rats and I n away tiom the transect. Each year
the position ol'the llrst clip quadrat was shifted 1
m up the transect to avoid previously clipped ar
eas. Live material and standing dead material fiom
the cunent year's growth was clipped. Clipped
biornass was bagged and dricd at 100'C (Milncr
and Hughes 1968) fbr rt8 hr to determine dry
wglght.

I tagged all western hemlock seedlings planted
within treatment split plots during 1992 and moni
tored their survival annually for three growing
seasons through 1995. I randomly selected 20
westem hemlock seedlings in each treatment split-
plot at the beginning of the study to measure height
(measurcd at the end ofthe leader). At the end of
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the 5 yr sample period, each split-plot had an
average lE western hemlock seedlings (range 8-
23 seedlings/splirplot) to estimate lverage height
for thc trcatment. Vegetation within a 2-m radius
oftagged trees was not disturbed by biomass clip-
ping and other measurements. I used the field guide
by Lawrence et al. (1961) to identity which ani-
mal species browsed westem hemiock seedlings.

Stat stical Analysis

For each treatment split plot, I calculated mealr
valucs ofgrouped native and exotic plalt species
cover, forage biomass, and conit 'er seedling sur-
vival and height lrorn the individual quadrat or
scedling measurements. Data tbr the two split
plot replicates of each secding treatnrent within
bumcd ponions of blocks were averaged, r'hich
resulted in equal replication ofseeding treatmcnts
pcrblock (threebumedandthreeunbumedseeding
values) for conventional blocked splirplot ANOVA
Je. ign .  fFeL le rer  lq55) .  The a l temat i re  to  a rer -
aging fbr a balanced design was to exclude data
1br -357o of the expednental area, which was
dccmcd less desirable than averaging (Tim Max,
US Forest Service. PNW Research Station. Port-
land. Olegon. pelsonal communicationl.

I graphically dctcrmincd how well data fbr
dependcnt variables rnet the assumptions lbr
ANOVA by examining tbr homogeneity of vari-
ance among groups and normality ofdistribution.
A square root ffansfomation (\ (x + 0.5)) was
applied to exotic species cover values. mortalit),
and height data for wcstern hemlock, and ungu-
icle pellel Ircqufncrc: l. \ \ ' !rrre\' l  lur uneven \ uri-
ance or skerved distributions.

I analyzed trcatment effects on seeded grass
production, native and exotic plant specles cover
and chncss, seedling moftality. and uogulate use
over the 5-yr study pedod by repeated measures
ANOVA tbr a blocked split plot design (Table 1).
Sccdling height and browsing occurrence were
measured at the end of the experimental period.
so I analyzed treatment eflects on those variables
without the repeated measures component in the
ANOVAmodel. I did orthogonal contrasts to test
elements ofmy hypotheses among lcvels ofseed-
ing. years, or cell means ofthe burning*seeding.
year*buming, or year*segding interaction terms
if the main ANOVA indicatcd significant efl 'ects.
S YSTAT (SPSS I 997) sofiware was used lbr para-
metdc statistical analysis.

TABLE 1. Anrl]sis of v iance model lbr a rcpcalcd mea
nrfe\, fandomized complete block. splil plot ex
perilnent to evaluate the effects of spring bumil1s
and lbrage seeding rates.

Sourcc of Variad0n

Whole-pl()t\
Rcplicalc
Burn
Error(a)

Spl i t - f lo ts
Seedjng
Seeding + bumiDg
Enor (b )

Repeated mea,iures (5 ]r)
Timi)
Bum + dlne
Seed *  t ime
B u r n : s c c d * l i m c
Error (c)

Total

1
2
I

,l
,l

6
E

I

59

A signiticance level ofP = 0.10 was accepted
for all statistical analyses. Although less conscr-
vative than P = 0.0-5, particularly with the rela-
tively small sample size in this experiment (two
replicate blocks), I considercd P = 0. l0 to be an
acceptable chance oferror tbr fbrest management
issues and well within the bounds of statistical
convention (Zat 1999). A significant dit'ference
is  imp l ied  uhcrc  r  d i f le renee among mean\  i .
reported in the text. For results presented prima
rily in figures, exact P-values are provided in the
text to allow readers to assess the probability of
error relative to their own standiLrd of signifi cance
(Zar 1999).

Treatment effects on native and exotic plant
assemblages were examined by canonical corre-
spondence analysis (CCA) with the CANOCO
program (Jongman et al. 1987, ter Braak 1988).
Dependent variables were the mid-point ofcover-
class values for individual specics in each of the
l8 split-plots. Nominal independent envircnmental
variables were the buming and seeding treatments
tbr each split plot. Block identification was en-
tered as a covariate to control among-block vada-
tion for analysis of field expedmcnts with CCA
(tcrBraak 1988). Rare species were downweightcd.

The stength of the CCA ordination was rep-
rescnted by the trace. eigenvalues ofthe axes, and
intraset correlations (Jongman et al. 1987). The
eigenvalue is a measure of separation of the spe-
cies distributions along the ordination axis, or the
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amount of variation explained by the axis and
environmental variables. The tracc is the sum of
all eigenvalues in the ordination. Intraset colre-
lations mcasured the strength of association be
tween the individual environmental variables and
the ordination axes.

I tested the significancc of the trace and the
eigenvalue of thc first axis by Monte Carlo per
mutation tests of 99 mns $,ithin the CANOCO
program (ler Braak 1988). An observed trace and
first eigenvalue significantly higher than calcu-
lated by thc Monle Carlo permutations indicated
s ign i [ i can l  mu l t i - .pee ie '  J id 'e ren .  c '  in  r  cgc ta t ion
among the treatments.

I used biplots of species ordination scores and
the centroids of the nominal envilonmental vafl-
able (treatment) scores (Jongman et al. 1987, ter
Braak 1988) to display and interpret relationships
of species groups to treatments. Treatment cen
troids represent the weighted average oftreatment
.p l i t  p lo t  scores  bu .ed  on .pec ies  r t rmpt r : . i t iun .
The locations of thc species points and the treat
ment centroids jointly reflect the relative abun-
dance o f  'pec ie . .  u r , .  u l le , .  t i r  e l )  spe i ies  g roups .
in relation to environmental gradients, in this oase
the treatments. Morcover, a location close to the
origin indicates a relatively weaker relationship
to the environmental gradicnt than a more dis-
tant location.

Besults

Debr s Reduct ion from Burning

Spring buming reduced total woody fuel by 197o.
Ieaving from 92 to 142 Mg/ha debris in the two
experimental blocks (Table 2). Fine ((7.6 cm di-
arneter) and large woody debris decreased 347o
and l5clr. Fuel depth overall was reduccd 577c,

to an average posCburn depth of l1 cm. An aver-
age 11 cm of duff remained after buming. which
was an l8o/a to 296lo reduction trom initial condi-
tions. Fuel moisture and fire behavior informa-
tion were not collected by District fire staff who
conducted the bum. which they characterized as
a low-intensity, very good, early-spring prescribed
burn  (McCray  1991) .

Ungu ate Use

Elk and deer use of treatment plots was low (an
nual range 0.6 to 0.9 pellet groups/split-plot) and
didnotvarJoverthestudyperiod.Avengedacross
the study period. ungulate use was ulaffected by
burning, seeding, or their interaction. However,
ungulates did usc burncd arcas difftrently among
years (P = 0. l0) in apparent response to forage
availability.

Dudng the first year (1993) ungulates used
unbumcd plots more heavily (1.25 pellet groups/
plot) than bumed plots (0.21 pellet groups/plot).
Coincident with peak forage grass production in
burncd arcas during the second and third years,
ungulates switched to using burned areas (199,1.
I .46 pellet groups/plot: 1995, 1.21 pellet groups/
plot) while avoiding unburned areas (no pellets
rccordcd). During the fourth year (1996), whcn
grass production dropped markedly, use shifted
away from burned areas (0.2 | pellet groups/plot)
back to unburncd arcas (1.67 pcllct groups/plot).

Forage Product on

Burning more than doubled the annual produc-
tion of seeded grass (P = 0.049) (Figure 2). Peak
production in 1994 averaged 977 kg/ha in bumed
areas, and 289 kg/ha in unburned areas. Grass
production in both bumed and unbumed treat-
ments was similar during the first 2 y1 increased

TABLE 2. Pre and posr bum fuel characlcristics in !$o cxpcrinrcnol blocks for spring huming and grass seeding studies in lhe
Bull rinber sale. N{athen} Crcck. Washington durjng 1991. An asrerisk indicates a significant change (P < 0.10)
bet\|een mean pre- and post bum amounls based on paired I lcns.

Un Pre Posl
bumed bum bum Clhangc

B l o c k l ( n = l 2 l
tin Prc Pos!

bumcd bum bum (lhange bum bum (lhangcErLel Tl pe
Un

Fil1e fuel (Nlg,4la <1.6 cm)
Laryc lucl (Mg,4ra >7.6 cnr)
Ioral fuel (Mg/ha)

Duff depth (cn,

Fuet depth (cm)

32..1 31.0 I r .1 -t4%*
r21 .6  |  D . l  96 .1  - l 5q r *
160.0 1.1.1.1 111.1 -tgt/r+
1l. ,1 15.,t  l  l .1 1,17.
29.0 251 1.2 -51E*

16.9 31.I 20.6 -3.1%
71 .3  87 . . 1  717  -18%

108.2 118.5 92.,1 227c
13 .0  21 .1  15 .0  297 r
31.5 25.1 8.,1 67?r

28.0 33.0 21.5 --15..L
183.9 136.8 120.9 -t2./ .
t l l .E 169.7 142.1 t6El

9.9 9.1 1.9 t1.r
26.1 26.2 \1.O 11E
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/ \ 22 kalha

1992 1993 1994 1995 1996

Figure 2. \,le|n drt $cigh! produclion (kg/ha) 01 sccdcd

orchardgfass rnd ryegrass lion l992through 1996

in clearcuts \\'ith sping bumrng and seedng tre.rl

mafkedly during thc third year (P = 0.001), then
dcclined during the subscquent 2 seasons to neg-
ligible amounts (P <0.001). Doubling the rate of
sccding from 22 kg/hr to 4,1kg,4ra had no overall
ellect on avcrage annual production tbr the:l year
period. and annual di11'erences between the two
secding rates rvere not differcnl.

P  an t  Commun t  es

Native Species

Richness of native species increased in all plots
over timc (P <0.001). but, increascd more l.ap-
idly in bun.red than in unbumed plots (P <0.001)
(Figure 3a, b). Burned areas init ially had fewer
nativc species than unburned arcas (P = 0.006),
but richness morc Lhan doubled in burned areas
cluring the subsequent 5 yr. while incrcasing only
about 507o in unbumed aleas. At the end of 5 yr.
burned. r |ca .  r re rcged ahout  th r ( (  mt , re  n r l i \e
species than unburned arcas (P = 0.002). Native
species richness was unaffected by seeding treat-
ments or by any interaction betwccn seeding and
bulnlng.

Covcr of native plants Iikewisc increased with
time after clearcutting (P <0.001) (Figure 3c, d).
u  i th  h , ' th  humed rnd  unhunreJ . r rc i r \  reeo\er in [ :
at similar rates. Atier 5 yr, however bumed sites
had l0% Iess native specics cover than unburued

sites (P = 0.001). Seeding treatments affected
native species covcr differently in burned and
unburned areas (P = 0.063).In burned arcas, seed
ing (both levcls combined) and fertilizing rcduced
native cover slightly (-3.57c ovcr 5 yr) (P = 0.005)
compared to unseeded bumed areas. In contrast.
seeding and fertilizing unbumed areas resulted
in 12% higher native cover than in unseeded un
bumed areas (P <0.001). Positive responses ol
rcsidual plants, p marily dccr lem (Blechntun
rpicrarl) and residual or planted western hemlock
seedlings, to seeding and t'enilizing unbumed areas
appeared primarily responsible lbr the I 2% trcat-
ment eft'ec1. However, another likely reason was
that init ial (1992) native plant richness and cover
ir those same unbumed and seeded areas was
nearly twice that of unburned unsccded areas (P
= 0 .001) .

Exotic Species

More exotic species (about two specjes) werc found
in burned than unburned areas (P = 0.018) (Fig
ure 4a, b). Trends in exotic species richness also
ditTcrcd between burned and unburned areas (P
= 0.054). In burned areas, the number of exotic
species increased during the first 3 yr. theteas,
in unhurneLl Jr(as lhe number ol erotir. .peL ies
remained rclatively constant. Seeding had no ef-
fect on the nurnber ofexotic species, even though
seed oflive species ofcxotic grasses and legumes
u a. inlruduccd to sceded plot.. There u ar n, ' in-
teractive efl'ect of seeding and burning.

Burning increased exotic species covcr by 3.5
timcs compared to unburned arcas (P = 0.094).
Cover ofexotic species was higher in seeded than
unseeded areas (P=0.038) (Figure 4c, d), even
though the number of exotic specics was unaf
fec teL l  h1  th .  rced in ; r  t re r tment .  F ro t i c  .pcL i t '
covel decreased jn seeded arcas after 199.+ (P =
0.023) as seedcd grass cover dropped to low lev-
els, while exotic specics cover in unseeded argas
increased slightly during that period (P<0.001).
There was no interactive effect of burning and
seeding on exotic species cover.

M u lti-S pe c i e s Com pos i ti o n al An al ys i s

Species assemblages differed among treatment
plots as a result ofburning and seeding (intraset r
>0.84 with the first two ordination axes) (Table
3, Figure 5). Burning had the strongest inlluencc
on species composition (Axis 1. 60-66q' of trace
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variation across years). Seeding treatment had a
*eaker et'fect on species composition (Axis 2, 2:1-
30r, oftrace \triation dcross year\).

Treatment efl-ects weakened and species as-
senblages became more similar over time. Dif-
ferences among plots were strongest in 1992 im
mediately alter treatment, when treatments

1gg2 '1993 1994 1995

Year

D Lhturned

' " i - - N o s e e d
- ! - 22 kg/ha seed
----{- 44 kg/ha seed
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accounted for 647. of the variation (i.c.. thc trace
ofordination) in species conrposition among plots
(Table 3). Plots became more similar over the
subsequent 4 yr, as indicated by progressively
smaller ordination traces and eigenvalues. and a
shifi oftreatment centroids (group neans) toward
the origin of the ordination space (Figure 5). By
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Figure 3. Species richness and canopy cover ofnud!e plant species iiom 1992 through 1996 in clearcuts with spring burning.rnd
sccdrng rcalmcnl\.
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TABI-E I Canonical conelalior analysis of the eftects ofspring burning and grasr seeding ratcs on planr assemblages in clearcuts.
All lrace v.rlues aDd first eigeDvalues (second eigenvalues \\'ere not teslcd) wcrc signilicanr (P < 0.10) :rs determined
b\ \ lonr< Cr lu pe rur t r r .J . l  ren. .

l 992Axcs
t 2

199.lAxes
t 2

1996 Axcs
1 2

Burned

Eigen!alue
Pefcentage \,ariance!
Inffaset correlation'

Burned
Lrnburned
No seed
22 kg,4ra seed
:Ll kg,/ha sccd

0 . 1 r 2
0.062

29.l

0..103
0.,103
0.852
0. | 2,1
0.901

0.638
0.:105

63..r

0.9,10
0.9,10
0.165

-0.001
0.202

0 . 1 9  |
29.9

0.113
0.l l l
0.851
0.069

,0.728

0.150
66.2

,0.845
0.8'15
0.555
0.238

-0.230

0.093
21.',l

0.537
-0.537
0.8:15
0.r92

-0 .515

0 . l 2E
60.6

0.95,1
0.95,r
0.10E
0.090
0.369

'SuIn ofiiuf eigenvalues. Proponion of variation in spccics data accounled lbr by ordination.
'Percenlttge of total erplained \'ari.rnce (trace) accounted for by ordination a\cs.
" Clorrcladon coeilicients ofenvironmental variables $ith ordination axes.
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the fifih year, only 2l% ofthe variation (trace) in
species composition among plots was associated
\\,ith trcatments. Exotic species continued to be
most abundant in bumed arcas, whereas the dis
tribution rnd abundance ofnative species became
poorly associated with burning history, as indi-
cated by a broad distribution ofspecies along the
primary burning gradient (Axis 1) (Figure 5).

Seed ing Survival and Growth

An averagc of 25% of the planted westem hem-
lock  seed l ing .  d ied  orc r  rh ree  grou ing  sea.on .
(1993-95) (Table,l). Nearly all (87-100%) mor-
ta l i t l  occur red  Jur ing  the  l i r s l  l \ ro  t lo$  ing  \c i l -
sons after planting. Burning and seeding treat-
ments alone had no effects on sccdling mortality.
but thef interaclion attected seedling mortality
in contrasting ways (P = 0.053).

TABLE.I .  Mean cumulat ive proport ion of  dead westefn
hemlock seedlings planlcd in cledrcuts with spring
burning and sccding treatments. Analy\is ofvari-
ance tcstcd rcsults lbr 1995 onl)_. Means lr'ith
si ilar supcrscripts lvere not significantl) difttr
ent  (P >0. l0) .  Thc inreract ion between burning
a r r d  . < r d i I g  r - e J , r .  1 r .  u  J . . r ! n r l r . r n r .

-100 0

Seed 22kg

-75 200
Burning Effects

100

Trerrnent Yetr
No 22 11
lccd kg,4u kg/ha \'lean

o)

=o

.q)

uj
o)

Eo,c.)a

(n=1311 (n=1.12) (n=110) (n=381)

1993 0.18.1 0.186 0.289
199.1 0.202 0.332 0.128

Unburned

Nlean (1995) 0.265' 0.267' 0.225 0.252

0.202 0.332 0.328 0.281"

0r=57) 0r=39) (n=75) (n=l7l)

0.32E 0.202 0.123

0.328 0.202 0.123

0.328 0.201 0.l ] ]  0.218,

1995

1993

1991

1995

E

z

Figure 5. Biplots of plan! lpccics ordinalion scores and the
centroids ofkcatmcnl scores estimated by canoni-
cal concspondence anal] sis incle cuts\lith\pring
buming and seeding treatments during 1991. 199,1.
rrd 1996.

Seedling mortality in burned areas was 6,17c
higher in seeded and ferti l ized plots than in
unseeded plots (P<0.01) (Table ,1). In contrast,
seeding (combined elltct of both rates) and fer
tilizing unburned areas decreased monality by 3l"/.
conrpared to unseeded unbumcd areas (P <0.001).

Damage by wildlife. both ungulates and small
mamnals, appearcd to be a minor lactor in wesl-
ern hemlock seedling niotality. Only 3.87c of the
554 tagged seedlings u'ere browsed, and only 1..17c
of all western hemJock seedlings werc both

-350
h igh

475
low
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browscd and dead at the end of the study. After 5
yr, cumulative browsing incidence was higher in
unburned areas (5.,1%) than in bumcd aeas (3.47o)
(P = 0.011). Sceding and lerti l ization had no ef-
fect on incidence of brovsing. and there was no
intenctive effectofbuming and seeding on brows-
1ng.

Treatment effccts on western redccdar seed
ling moltality were not testcd because of an in-
complete distribution of seedlings among ffeat-
mentplots. However, simple inspection ofthe clata
regardless of treatments showed thal westem
redcedar seedJings had slightly less mortality than
did rvestern hemlock. with about 2l% mortality
among the 327 tagged \\"estern redccdar seedlings.
Wcstem redcedar seedlings werc more heavily
broq'sed th:rn westem hernlock. with 74.361,in-
cu | r ing  sorne  hr  u : inB.  p r imar i l )  b \  m un lc in
betncr'(Aplulontia ruJa) or snowshoe hare (fupus
arnericunu). About l27c of all tagged westem
redcedar seedlings were both browsed and dead
vs. 1.:1% for tagged westem hemlock.

Initi:rl heights ofplanted wesbm hen ock seed-
lings werc not ditl'crent in ffeatment plots. but
aftcr 3 yr seedlings u,erc about 47c taller in bumcd
than in unbumed areas (P = 0.062) (Table 5).
Seeding treatments had no clfect on final seed-
ling height, nor was there an interactivc effect of
buming and sccding rate.

TABI-E 5. lvlean heighl lc ) of planted lveslem hcnllock
seedlins\ alicr 3 gro$'ing se:r$ns (1991 1995)
in cledrcut\ $ith sprinB bumirg and sccding treat-
I n J . l .  \ 1 . ! - '  \  r h  J ' l l (  f l , r  , u n . 1 .  -  

U .  { e  e
signific antl) diffefent (P s 0. i 0l. The interacl ron
bet$ccn buming rnd seedirg lirahrcnts \\'as not
\igni1icanl.

Tiedemann and Klock 1976, Agee 1993). an ini
nediate flush ofavailablc nutrients in bumed sites
from rcduction oforganic matter (Grier et al. 19119.
Agee 1993). andless competition tiom naliveplants
(Stcwart et al. 1984, McDonald 1986. Owston et
al. 1992) than in unburncd sites. Unburned sites
had initial post tfeatment (1992) plant cover nearly
double that ofburned areas. and subsequent grcwth
of residual native plants was rapid; hence, com-
petit ion with residual vegetation l ikely l imited
fbrage production in unburned vs. bumed areas.
Bell et al. (2000) found thatherbaceous plant cover
was a good indjcator ofcompetit ive relations be-
tween herbaceous and woody specier.

Doubling the rate of seeding did not affect
production (Figure 2). Consequently, managers
could not compensatc lbr poor conditions tbr grrss
germination or growth in unburned areas by in
creasing the seeding rate. Grass production in
bumed areas. primarily orchardgtass. was lov
comparcd to other studies. Pcak production of about
1.000 kg/ha biomass in spring burned areas was
reached dwing the third ycar after a relatively heavy
seeding ol 22 kg /ha. In contrast, Po\\'ell et al.
(1994) measured 1.25t kg/ha production of
orchardgrass from only 0.5 kg seed per ha:ip-
pliedto cluucut and fall-bumed sites in drierlodge-
pole pine (.Pinus crtntor.r) and Engelmann spruce
(Pirce elryelnannii) sites in intedor Brjtish Co-
Iumbia.

P lan t  Commun t ies

The hypothesis thal spring burning reduces the
richness and cover of native plants over a 5-yr
pedod was rejectcd (Figure 3). The primary drivcr
of successional change in native plants $'as the
removal of the canopy by clearcutting and the
subsecluent growth of residual nativc species
(Dymess 1973, Alaback 1982, Stein l995. Halpern
and Spies 1995), primarily deer fem, salal, salrno-
tbetry (.Rubus spectaDilis), and western hcmlock
seedlings. Inrrnediately after buming. native plant
species richncss and total cover \r'ere lowcr in
bumed plots than unbumed plots. Within 5 yr,
ho$,cver. recovery of native species richness and
covcr differed little between unseeded bumed and
unburned stands. Species richness r'" 'as init ially
Iower in bumed sites than unburned sites in the
Oregon Cascades and Coast Range, but differcd
Iittle betwcen beahrents after 4-7 yr (Dymess 1973,
Halpcm 1988, Schoonmaker and McKee 1988,

B r n r  . r c r  " e  r ,  \ o  ' < r , l  "  l p  h r  l  '  \ f ' .  \ l . i n

Ilurned

It{ern

277.
267b

)11

)11 169 286
r73 183 t50

2T6' 2/3' 173.

Discussion

Forage Production

As hypothcsized. burning enhanced the produc-
tion of seeded fbrage grasses (Figure 2). Higher
production in bumed areas likely was a function
of better germination conditions fuom reduction
of dulTand rvoody debris to ash (Klock et al. 1975.
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and Stein 1995). Likewise, shrub cover was im-
mediately lower in burnt than iD unburnt stands
in the centml Oregon Cascades, but did not difltr
after 7 yr (Steen 1966). Hovever, shmb and hcrb
species compositions vaded after 7 yr. depend
ing on the spccies doninating the silc atier treat-
ment.

Burning increascd the richness and covcr of
invading exotic species as prcdicted (Figure 4).
Dyrness (1973) and Halpern ( 1988) found simi-
lar diflcrcnces in exotic species cover between
lightlv bumed and unburned sites. Thev obscrved
that differcnces among treatments were a tunc-
tion of the intcraction bet\\"een ffeatment e11'ects
and species l ife history and phenology. Similarly,
in this studv exotic species coverdeclinedin bumed
areas as seeded gmss cover declined, whereas in
similarly burned. but unseeded, areas increasing
(\o(i( herb cor cr dror c or crall increases in ex-
otlc spccres covet

The presence ofseeded forage grasses had little
apparent long tem effect on native plant com-
munities (Figule 4). Grtrss biomass declined to
negligible lcvels after 5 yr. The only eflect ofthe
seeding featment on native plants occurred in
unbumedareas. where native species cover counter-
intuit ivelv was higher in seeded than in unseeded
plots. Init iall) '  higher nativc species cover on un-
burned seeded vs. unsecded plots could explain
much of that difference. Fenilization of unbumed
and seeded plots, as a component of the seeding
treatment. also might explain the greater rcsponse
of native species to seeding unbuned plots. How-
ever! the response of common nirtive species to
lcrti l ization varies by spccies and terti l izer cont-
position ( Prescott et al. 1993. Thomas et al. 1999.
Hc and Barclay 2000). No conclusions about in-
dividual native species responscs crn be confi
dently made fiom this small sample.

Seed ing Survival and Growth

Western hemlock sccdlings grew taller (47c) in
burned than unbumed arcas as predicted (Table
5) .  Th i r l  resu l l  \upp t ,n \  \ i te  p repr ra l ion  pr r ( l i \ ' e \
that eliminate competing vegetation to maxlnlze
\\"estem hcmlock seedling survival and growth
(Scott 1962, Ruth 1976). Seedling surviral was
all'ected by buming, but only ifthe site was secded
afterward (Table,l). On burned sites. seedling
mortality u'as 64clr, highcr with seeding than with-
ou1 sceding. most l ikely bccause of competit ion

with seeded grasscs. Western hemlock is a shaf
low rooted species (Packee 1990) wirh slow seed-
ling gro$'th ratcs (Ruth 1976). and orchard grass
is a strong cornpetitor with conifer seedlings
(Tiedenann and Klock 1976, Clark and McLean
l978, Porvell et al. 199:1) evcn at < 107. foliar cover
(Tiedemann and Klock 1976). Covcr of seeded
grasses in bumed and seeded plots was l5% and
23% during the first two growing seasons afier
planting u hen most moftality occurred. On un-
bumed sites, however. the opposite was truc.
Mortality was highcr on unseeded sites. where
fetilizerhad not been applied as paft of rhe seeding
treatment. than on seeded and fcrti l ized sites.
possibly as a result of greater compctit ion 1br
nutrients with native species (Stewart et al. 198i1.
McDonald 1986, McDonald and Radosevich
1992). These complex relationships point to the
nccd fbr controlled manipulative expenmcnts to
test for competitive interspecific interactions be-
t\\"een species among treatments (e.g. Powell et
al. 1994, Halpem et al. 1997).

Herbivory

Both small nammals (snowshoe hare and moun-
tain beaver) and ungulates browsed westem hcm-
lock seedlings during the lirst year after planr
ing. Buming afl'ected herbi!ory. but seeding did
not apperr to rcducc (Campbell and Evans 1975)
or facil i tate (Crouch 1969. Hincs and Land 1974,
Beckcr 1989) herbivory. Relativelv high cover of
residual vegetation in unburned vs. bumed pluts
facil i tated seedling herbivory by providing cover
iirr smzrll herbivores (Lawrence et al. 196I , O$'ston
et al. 1992). In bumed areas. herbivory was low
because residual cover was poor and because seed
ing did not produce grass swards dense enough
for small mammal covct Cover apparently was
insufficient to facilitate a population eruption of
voles (Mic,..rtr.r spp.). which can cfTectively con-
ftol woody vcgetation through hcrbivory (-awrence
et al. 196l. Haufler and West 1986.Askham 1992).

ln conclusion. many of the hypothesizcd treat-
ment eflects were suppoded either as rnain ef
fects or interactions. Spring burning of clearcuts
had relatively greater impacts than seeding and
ferti l izing on plant communities. High fbrage
seeding and fertilizer application [ates and their
assocrated costs, the shon productive period. poor
production in unbumed areas, and competition
with coniler seedlings in burned areas should be
u'eighed against the relatively short-term benefits
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offorage seeding. Results of dris snrdy like)y would
apply to similarly treated western hcmlock plant
associations in coastal fbrests. However, manag-
ers should apply these rcsults with cautlon and
the understanding that substantial variation may
occur in specles responsgs to management trcat
ments depending on sitc conditions (Scon 1962),
species lit'e historics. and vadation in disturbance
effects (Halpem 1988, Halpern et al. l997). The
complexity ol thc discovercd teatment eftects and
thc need to examine species compi]titive interac-
tions more carefully both suggest the need tbr
more extensively replicated and narrowly defined
studies.
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