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Abstract
\\t c!aluated ellects of lire on Oregon u hite oak communities and regeneradon at Forl l-crvis. Washinglon. Oak nands burned by
prcscribcd lirc! o!er the period 199,1-l999 $ere evaluated fof nee damage. mortalit,v. and canopy lrcc rcsproudng. Neither single
nor double lires had a large eftect on basal afea. but double llres significanlly rcduccd oak dcnsir). Basal sprouling of oak\ was
related nore to stand basal area rednction and crown damage lhan to bolc danlagc. Small mammals preyed healilf on acofns
exposed on the gfound. Acorns buried in preliously charrcd micro\ilcs in thc ield hrd higher emergence rhan ash trertment or the
unbumed connol. Greenhouse \mdies sho\led litde etiect of soil heating prior 1() sowing on oak seedling sur\,ival, co\ef. height.
or m.rss at lhe end of one gforving season. Treatments $,ith addcd ash rcduccd oak sur\ival. co!er. and height. Cover and mass of
conrpcling phnts \aas also reduced \\,ith ash addirion. Scot s broom densitv declincd tiom lhc control with rdded.rsh. but in-
crea\cd in hcatcd soil!. Nurrient analr-ses of oak seedlmgs showed liftle interpretable effect of hca! or ash rrca[mcnN. Fire is
impoftant in the dyna ics ol oak .dnmuniries. but appears no ophy an obligate role in seedling recruitment.

Introduction

Oaks and oak woodlands fostered by Native
American burning \i'ere once widespread in the
Pacific Northu,est (Taylor and Boss l975, Boyd
1986). During the 20th century, f ire exclusion,
urban devclopnent, and other stresses have re
sulted in loss of woodland. Partial to complete
conversion to conifers has occurred for Oregon
white oak (pnercrs grzrnara) and in general fbr
Noth Amedca oats (Abrams et al. 1995, Robinson
et al. 1995). The spatial pattern and abundance
of acoms arc of critical imponance to many wildlife
species thatreside in the tcmpcratc lbrcsts ofNorlh
America (McShea and Healy 2002). Renewed
interest in the importance of oali-dominated com-
nrunitics has led to rcstoration cftbrts dcsigned
to encourage oaks and discourage both native and
alien compcting vcgctation (e.g.. The Nature
Conservancy 1995, Thurston County Parks and
Recreation and The Nature Consen ancy 2001).

The relation of Oregon white oak and fire is
. rit i t ul tu rn1 re\t(,ration eflurt. bul l ire J. a pro-
cess will operate in altered ecosystcms. Trcc ovcr-
stories are denserthan historically and nore domi-
nated by conifers. The shrub layer is denscr and
may contain aggressive alien species such S Scot's
broom (C,r,tlJrJ st:optrius). The herb layer may
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be dorni nated by alien species, many of them annual
or rhizomatous. which may alter the potential tbr
oaks to regenerate fiom seed. Herbaceous com
petition may limit the establishment of oaks in
unburned substrates (Adams et al. 1992, Gordon
and Rice 2000). Clearly, the reintroduction offire
demands a thorough knowledge of how fire will
affect each of these vegctation )ayers, and hou,
the vegetation layers will interact.

Oregon white oak has one of thc greatest lati-
tudinal ranges of thc Pacific Coast oaks. and is
the only native oak in Washington and British
Colunrbia (Stein I 990). Four major oak dominated
communities exist loca1ly in western Washing-
ton: ripari n/wetlands, savannas, woodlands. and
an oaUconifer mix generally along the ecotone
betwccn conit 'er fbrest and prairie (Stein 1990).
Much of the current oak habitat is an ecotonal
lrinpe betueen conifer fore.t and open prairie.
Because ecotones are sensitive to climatic change
(Brubaker 198E). projected climate changes might
significantly influence futurc oak habitat. Dou-
glas-fir (Pse&r/o/s&g4 r?en:le"rli) encroachment 1s
currently a najor threat (Carey and Harrington
1999. Thysell and Carey 2001. Pcterson and Ham-
mer 2001, Foster and ShafT 2003). Intense fires
in rnultiJayered Douglas-iir forest with dense shub
layers can topkill mature oaks and triggcr a high
dcnsity, small diameter oak sprout response after
the 1ire.
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Most oak species toleratc low- to moderlrte-
intensity llrc when nrature (Horney et al. 2002.
Healy and McShea 2002, Harrington and Kallas
2002. When oaks are small. or when fires arc of
high intensitv, topkil l may occur and crown or
bole resprouting wil l occur (Fry 2002). Acom
production crLn also be reduced foratime. although
Ievels above control may occur 6-10 yr later (Pe-
ter and Harrington 2002). In blue oak stands in
Calitbrnia. f ire was associated with successtul
regeneration of sapling oaks into the overstory
(McClaran and Banolome 19119. Mensing 1992),
but nlore recant rcseffch suggests the effect may
be generally negativc (Bartolome et aI.2002,
Swiccki and Bernh;rdt 2002). Fires topkill sap-
lings and leave the resulting sprouts vulnerable
to small mammal and deer browsing. This effect.
ofcourrc. rnlS he interpreted a" positive or nega-
livc fronr a management standpoint depending
upon whethel or l'rot rcgeneration is clesired. Higher
intensity tires rnay result in bole and crown dam-
age to existing oaks (Dunn 1998). Crown danr-
age appears to be more important than bole dam-
agc tbr initiating a sprouting response in bluc and
valley oak (Q. lobatu) rn California (Fry 2002).

Seedling establishment is enhanced by acom
hu| i r l  tFu .h .  e t  a l .  2000) .  and .had ing  mr1  in -
crease early survival (Papanikolas 1997). Mature
oaks are not shade-tolerant (Kertis 1986, Sugihara
and Reed l987). so that thc inrportance of shaded
reproduction is open to question. Con'ids and
rodcnts are the primary acom dispersal agcnts.
moving acorns away from established trces and
burying them (Fuchs 1998. Vrnder Wall 2001).
Thc use of acorns by mast eating rodents has di-
rect effects on small mammal populations (McShea
2000), and Wolff ( 1996) suggests that acoms act
as a kgystone resource in folests containing oaks
because of thet large et'fect on small mammal
prey populations. lnitial growth of seedlings is
entirely bclow ground, with top growth begin-
ning only after an extensivc root system is in place
i \ : rndcr  Wal l  2UUl i .  Annua l  E : ra :scs  compel ing
fbr available moisture (Adams et al. 1992. Gor-
don and Rice 2000) have negatively impacted
regeneration of blue oak (Querctrs douglasii).
Changcs in oak woodland herbaceous dominance
fronr native to alien. and from perennial to an-
nual (Kavanaugh 1992). may allect Oregon white
oak regeneration.

Historically, fires were frequent in oak wood
lands and forests across NorthAmerica (McShea
and Healy 2002). McShea and Healy (2002) note
lhJl from an ecos) stem milnrgcmenl per'pective.
fire is the most impoftant. and the most difficult,
disturbance factor to replicate, and emphasize the:
imponrnce ( ' l  r 'un t ro l led  l l re  in  lhe  prc \e r \ i r r ion
ofoak communitics. Yet fi re. like all distuftances,
is nrulti-taceted: it may be applied at a range of
frequencies. intensitics, seasons. and extents (White
and Pickett 19115). There appears to be somc con-
sensus that managed fire can help conserve ex
isting oak overstories, encourage oak regenera-
tion where it is desirablc. encourage other native
vegetation. and reduce competing alien species.

The purposes of this study were to evaluate
the effects of pasl prcscribed tires on the com-
munity structure L'f oak forests. and to invcsti-
gate potential mechanisns of fire on oak seed-
Iing establishrnent and growth with field and
greenhouse studies.

Methods

Fie d and Laboratory l\,4ethods

The reseiLrch was conductcd at Foft Lewis. Wash-
ington, a U.S. Arm)' installation 15 km south of
Tacoma. Various Army training exerclses have
resulted in wildland fires repcatedly buming some
areas of the Fon. Prescribed fire has been used to
reduce wildland fire risks and as an ecological
restoration tool. These latter fires are the focus
ol this research. Eleven independcnt prescribed
tire sites burned from 1994-1999 were selected
for cvaluation. Although derailed fire behavior
information was not available for each burn, tlre
severity could be inferred from crown scorch on
trees. Thc sample included all sites that were ei-
ther an oak \\,oodland or conifer lringe that hacl
bumed recently enough that tree moftality coulo'
bc reconstructed. Four early season sites (bumed
February-Apri1), four late season sites (burned
August-October), and three double burn sitcs
(bumed twica in the period), werc chosen liom
the ayailable set of sitcs.

Two to eight circular 0.15 ha plots. depending
on bum size, were randomly selected at each site
using a 50-nr grid in the summer of 2000. AII
trees ir the plot >50 cm dbh *ere sampled. Trecs
10.1-50 cm dbh were sampled in a 0.07 ha circu-
Iar subplot centcred within the larger plot. Trees

Regan and Agee



0.l- l0 cm dbh were sampled in five randomly
placed 0.02 ha circular subplots within the larger
plots, and trees (seedlings) less than 0.1 cm dbh
were sarnpled in 0.01 ha circular subplots cen-
lc red  $r lh in  thc  l ) . { )2  h r  :uhp l ( '1 . .  T ree  spec ies .
condition (live or dead), height, and dbh were
recordcd for each tree. Oak seedlings were also
counted under the canopies oftrees >50 cm dbh,
and seedling density was estimated as the prod-
uct of seedlings per trec and large trees per ha.
We classified oaks as sprouts if they were con-
nected to boles. attached to bumed stubs. or had
emerged from prc-existing roots. Otherwise they
were considered seedlings.

Percent crown scorch. percent bole damagc,
and basal sprouting responsc were measured orr
oaks. Percentcrown scorch *as ocularly estimated
as the volumetric proportion ofthe crown killed.
and was identiliedby the presence ofdead brunches
or cpicormic sprouting. Percent bole damage
measurements were restricted to trees >10 cm dbh.
We measured bolc circumf'erence at the base of
the lrec (Cl ) and at the tip of the scar (C2). and
the length of the scar (h). The surface arca (SA)
of the bole within the height zone affectcd by the
scar was calculated as

SAh,,r. = h*(fC1 + C2l/l)

The geometric shape of the fire scar was deter-
mined and thc arca of the scar was calculated.
Percent bole damage within the height zone of
the scar was then citlcul ted as
Percent Bole Danuge = ( I- [SAb.L. SA,ciJ/SAb,,r.)* 100

Basal sprouting response was identified as the
number ofbasal sprouts within 20 cm ofthe bole.
A mcdel was developed to predict basal sprout-
ing lesponsc using site nreans as inputs. Indepen
dent vi:Lriables were percent of crown scorch (by
volume). change in basal area, tree height, tree
diameter and percent bole damage. Crown scorch
was arcsine tansfomed fbr nomality and sprout
rcsponse $as transfbrmed with natural logarithm.

Seedling experiments in the field were begun
in two autunn pedods. Acoms were collected in
1999 and 2000, float tested (Olson l974) and in-
spected for filbert w ecvil (Curcul io occidentalis)
or lllbcnwonn (.M e I is.toltu s I atife rreontrs) darrL-
age (Furniss and Carolin 1977). Only acorns that
passed the float and insect infestatiot tests, and
\ad begun germination. were used for the experi-
,rents. In the first experiment oaklogs were placed

in a prescdbed bum unit so that planting sites of
recently created ash. char. and unbumcd areas could
be selected. Ash sites were identified by the prcs-
ence of complete conbustion and white ash, while
blackened areas indicated incomplete cornbustion
ofgmss, shrub. or litter and were called char. Two
hundrcd acorns were planted on the surfacc of
each substrate and protected with a 2 cm Vexar
tubing mesh staplcd to the ground. Because acoms
lall lrom the tree after the summer fire season.
acoms were placed in field and greenhouse stud-
ies after ash or heating were applied. A secold
experiment was conducted I yr liiter in a differ-
ent management unit. Fifty-two acorns were
planted at 2 cm depth in each of the three sub-
strates created by uneven buming ofanother pre-
scribed tire. Half were protected by 6 mm mesh
hardware cloth shaped in a cone fbr animal ex
clusion. Acorns were examined at the cnd of 6
mo to delcrmine predation, mofiality. and emcr-
gence.

A greenhouse study was designed to evaluiite
the effect of soil heating, ash addition, and pres-
ence of competitor species on lcorn survival and
growth. The experiment lasted January-Septem-
ber 2000. Dependent variables included oak sur-
vival. height, and percent cover. and density and
mass of competitor spccies, including Scot's
broom. Four independent treatments with two
levels each were applied before gelminated acorns
werc planted in pots containing Fort Lewis
Spanaway soil sieved to I cm to remove the larg-
est rocks and gravel. The treatments were: weed
ing competitors weekly (weeding), soil heating
to 60'C for 10 min prior to planting (heating),
and the addition of a surticial 2 cm dry ash layer
created fuom oak logs. The 60'C treatment was
chosen to have a biotic efTect but little effect on
volatilizing organic matter (Agee 1993). A con
trol accompanied each treatment (no weeding. no
heating. no ash addition). Each treatment and con-
trol was replicated in a randomized block design
with 25 blocks and 2 replications per block lbr a
sample size of 400 pots. Pots were periodically
watered, and measurements at the end of the ex-
perinent are reported here. In September, 8- 12
seedlings (foliage. stem. plus roots) fiom each
treatmcnt cell were dried, ground in a 20-mesh
Wiley mill. and composited fbr elemental analv-
sis by the Analytical Laboratory. College of For-
est Resources, Univcrsity of Washington.
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Statist ca Ana ysis

Basal sprouting response was the only commu
nityJevel overston, response (density and basal
area) subjected to statistical analysis. Indepen-
dent sample t-tests were used to compare all vari-
able means (dbh, height, crown scorch, and bole
damage) between oaks that sprouted and those
that had no sprouting responsc. All percent data
*ere arcsine square root transformed to normill-
ize lhc data lzrr I qqg). Mean \rlue\ ler :. ire u ere
compared across sites using one-way ANOVA (Zar
1999). Games and Ho*ell post hoc testing (a
noditication of Tukey's honestly signihcant dif-
lerence testing) was used to reduce the probabil
i t1  u l  Type I  c r ro r  $ i lhou t  reduc ing  l ruwer
(Toothacker 1993). A standard regression model
was usedto fitmean basal sprouting responsctrans-
fomled with tr natural logarithm to four potential
predictor variables measurcd at the stand level as
means: dbh, pcrcent bole damage, percent crown
scorch volume, and basal area change. with trans-
formations as detined above. Forward stepwise
regresslon was applied with P<0.05 requircd 1br
inclusion.

Logistic regrcssion was used to evaluate the
effects of substrate and exclosures on planted
acorns. Three substrate types were investigated:
control, char (incomplete combustion) and ash
(complete conrbustion). Exclusion was catego-
rized as either caged or not caged. Logistic re-
gression was used to test categorical responsg
vadables against categorical predictor variables.

Wald statistics tested independent variable sig
nificance.

The grgenhouse studies used a three-t'actor
(weeding, heating, rnd ash addition), randornized
complete block ANOVA with 25 blocks and 2
rcplicates per block. The design was unbalanced
bccause ofmortality ofsome seedlings dudng the
experiment. A total of 8-12 seedlings per trcat-
ment withinblock were randomly choscn for mass
and nutdcnt analysis. An unbalanced. three fac-
tor, randomized block MANOVA was uscd be-
cause more than one nutrient was bcing analyzed
for cach sample.

All significant effects are defined ar P<0.05.
rvith P lalues shown only for significant results.

Results

Community-Levei Fesponses to F re

The prescribed fires studied at Fofi Lewis had
little effcct on overstory sfucture. In stands whcre
basal area averaged | 8.1 mr ha r, carly and late
season burns reduced basal area 0.7 m2 ha I and
0.6 m'] ha r. while rcpeitt bums reduced basal area
2.1 mr ha r. Tree mortality (including topkill for
oaks) was concentated in the small size classes,
as density reductions were much larger than basal
area reductions. Mortality or topkill in early atrd
late season burns was sinilar at 94 and 91 stems
ha, while mortality in repeat bums averaged 523
stems ha'r (Figure l). Due to substantial vadance
within each bum sitc and between individual bums

Figure L Trcc densiiy reduction in prescribed
trr . . .  Jr  Frr tLe$ r . ,  tooj  l . r . rq t r f t \
= lale \linter or spring bums. Late
sulnlner to fall bums. Double = tv
iires of any season.

600

6 500

6
e 400

.9
3 3oo
o

.b 200

oo 100

0

tr Eady

DLale

I Double

f l -
PonderosaPine Douglas-flr

Species

Oregon white oak

Regan and Agee



within seasonal ancl repeat categories. none ofthese
ditlerences $as tested fbr significance. Most of
the mofiality or topkill u'as in the smallest size
class (0.1- 10 cm dbh) and in Oregon white oak.
r .  i l  u r r r  lhe  pre-hu fn  Jorn in i ln l  l ree  \ le r ie \  in
the stands.

Oak Sprout ng Besponses

At our 11 sites. 39% of the 874 oaks of breast
height or greater exhibited some form of sprout-
ing response after prescribed fire. Sprouters were
on average 9 crl in diarnctcr smallcr, 3.5 m shoncr,
and had about twice lrs much crown scolch by
volume (all P<0.001) than non-sprouters. Bole
damage was not significantly different between
the tu'o groups. Site nreans were used to develop
a model for sprouting response (r: = 0.96):

L. ( r.'an sprout +I ) = .069 + 0. l5 aBA + l.0c) s;n i\corch

Where:

Ln (nean sprout +l) = nrtuftl log.rithm ofmean sprouls pef

ItsA = change in site basal area 1m: ha ) alier buflring

:1il,1:.-* 
= arcsine of rlrc squarc root of c.oqn scorch

The modcl suggests thtrt at the site level, indi-
vidual tree dimensions such as height and diam-
eter are not as important as the eflects of fire,
indexedby change in basal area and percentcrown
scorch. Of the fire variables, only bole damage
was not a significant contribulor to the model.

Oak Seed ng  and Acorn  Responses

Tree regeneration afier these buns \\"as abundant.
Oak seedlings colonized the burned sites. but re-
sponse was variable across sites. Seedlings colo
n izeL l7 , ' l  l  I  hurn . .Tu ls i te .hud noregener r t i , . rn
from either seedlings or sprouts. Douglas-fir and
oak seedlings werc abundant, but oak sprouts
outnumbered oak seedlings about .+ to I (Figure
2). More than 967. of the regeneration occurred
under the canopy of existing ffees. Most of the
oirk regeneration (>75%) occurred under the
canopy of >50 cn dbh Douglas firs.

In the l999fieldexperimentall acorns left on
the soil sudace were removed orconsumed within
75 days (Figure 3). Although birds were excluded
by the 2 cm mesh placed alound all seedlings,
mall mammals were able to enter and take all
'c acorns. Acorns in ash \r,ere not removed as

Fieure L Regeneration of the major tree species (>0.I cm
dbh) after pfescribed fire\. Oaks regenerated fronr
both sprouts and reedli.gs.

0  18  42  74  110
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Figure 3. Decline ofrcorns afrer surface planiing wirh 2 cm
protecti!e nesh in three \ubstrates: unburned. a\h.
and charAsh denoted areas lhat had coDplete com-
bunion and appcarcd whi!c. Cbar iDdicared areas
of inco plctc combusljon and subnandrl black
cning of llrc \urfacc.

quickly. but no acoms were left after 3 mo. ln thc
2000 experiment. r'here all acorns were buried,
halfofthe acoms either died or disappeared: 25%
of the total aboncd, and another 257. were re-
rnoved by animals (we assume they were either
cached in another location or consumed). Of the
remaining 50olc ofthe planted acoms. caging had
no influence on emergence, but those planted in
char had significantly higher energence (P<0.02)
than those planted in ash or unburned soil (Fig-
ure 4). There were no differences in survival be-
tween acorns planted in char. ash. or unburned
soils, and no effect of the 20 mm mesh caging
placed around halfofthe acorns was discernible.
These results should be cautiously interpreted as
lhe)  (o rne  l ronr  u  s ing le  p re .L  r ihed l l re . i te .
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Figurc ,1. Percent sufvival of buried acoms in rhe second-
,"-e.rr experment. Acorns \lcrc ci(h.r ca:ed with 6
lnm h:rd$afe cloth or left unprolcctcd on each of
thrcc substrates: unburned ash. and char.

The greenhouse studies with acorns showed
oak seedling survival (P<0.001). cover (P<0.007).
and height (P<0.001) werc signiticantiy less in
the  r \h  t r .J l rnent  rTrh le  l ) .  O lk  corer  u l r  s ig -

TABLE 1. Responsc 01 o.rk seedlirgs to the simple elilcls
of three faclor! in grcenhouse tests. Nleans \|ith
differenr superscriptcd lelten rithin.r column b]
factor are signiiicantlv difierenl. Means xith no
letters arc not \ignilicanll) difterent.

nificantly higher in weeded pots (P<0.05). Top
growth was low in all treatments. Competitorcover
and competitor mass (Table 2) also were less due
to ash addition (P<0.001). Competitor stem den-
sity (Table 2) was lower in the ash addition
(P<0.001) and heating treatments (P<0.006). Scot's
broom density (Table 2) declined with ash
(P<0.01), but heating significantlv increased Scot's
broom density (P<0.001). Hearing and $'eeding
had no significant elltcts on survival of oaks.

Elcmental analysis of the oak tissue grown in
the greenhouse expednents indicated 1ew signifi-
cant differences due to ffeatment (Table 3). Po-
tasslum and sodium were significantly lower
(P<0.03 and P<0.007) in oaks grown in soils that
had becn hcated. rnd cllcium and mrgn. . irrm u ere
significantly lower (P< 0.05 and P<0.0,1) in oaks
grown in non-wceded plots. Boron was highcr in
the ash treatment (P< 0.02) aDd lowcr in heated

TABLE 2. Rcsponse oloak coDrpetitor plants in non $eeded
pols ro ash and heai. The stem densily ofall spe,
cics includes Scot s broom. N{ean! wilh dilierent
supcAcripted letters within acolumn bv response
variablc are significantly difi_erent. \4cans $ith
no letters arc not signilicantl.t'different.

Co\'ef

Rcspon\clariable (.c/,)
Nlas!  Al l  Scot ' \

lg,r spccles oroom

Mass
(e)

Surlival Covcr Height
(),,) tc.) (cnt

All coDrpetitor species

No ash

Heat
No hea!

Stcn densit) per pot

No ash

Heal

.11.0. 7.5.
8'1.0b :ll.0F

HerLt
No heat

$'ccding
No [eeding

8.5" ,1.0'
.19.5f 10.51

33 .5 .  1  1 .0 .
,19.5" 3.5b

20.0"
16 .5 '

28 .0
28 .5

3 1 . 0

.1. t9"
7 . 1 4 b

6.11
,1.89

6.16,

I t6,
2.12'

1 .62
2.00

l . 8 l
1 9 5

0.51
0.52

0.57
0..18

0.60

65.5
61 .5

r7 .0

TABLE 3. l.lutrient conlcnl (mg gr) ofoak seedlings in faclorial grccnhouse tests. Element means $i!h dillerent superscripred
letters wiihin a treaheDl rre \ignificantl) diffcrcnt. trleans with no lettefs are not signitlcantly diiierent.

Element No ash No heat No \leedinq

Calcium
\{asnesium
Sulfur
Sodiuln
Phosph0rus
Nilrogen
[:loron

10 .1  1
1.26
l.: l , l
1.00
0.9it
0.9.1
0 .16
0.03.

: 1 .19
6.75
l . l 9
t).88
0.97
0.90
0.21
0.02F

1.78.
6.,18
1 .39
a.92
0.8,1'
0 .91
0.25
0.02'

8.60'
1 .11
Ll5
0.9,1
1.09!
0.92
0.1,1
0.03f

1.2',7
7 .81 .
1 .55 "
0.96
r .02
0.92
0.2.1
0.01

6.,11
6 . 1 7 b
1 . 1 9 1
0 .9 r
0.92
0.92
0.25
0.02
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soil (P< 0.03), although the absolute differences
were small. Phosphorus showed a significant in-
teraction (P< 0.02) between weeding and heat-
ing. and concentrations were highcr in heated pots
$hen they werc weeded than without weeding.

Discussion

Chl r .  bu t  no t  ash .  appeared lo  ha \e  u  p i , \ i l i \ c  in -
fluence on emergence (Figurc :l). This result was
paftly consistent with previons observations of
seedling recruitment in heavily burned, ashy
microsites, and oak sprouts in chaned aleas (Agee
1993). Black char may encourage soil warming
in late winter and stimulate oak sprouting (Agee
1993). Our data suggest that much of the seed-
ling regcneration occurred under the canopy of
trees where herbs would otien be morc sparse,
rather than in the opcn where competition from
herbs wouldbe more serere. Severely burned open
microsites may still be important fbr oak estab-
lishment. but most of the regeneration in our sludy
occuned under tree canopies.

Oul seedling experiments did not sho$'a sfong
obligate relationship betwecn tire and successful
oak seedling establishment. There was little or
no effect of soil heating on oak survival, cover.
height. or mass (Table 1). Ash decreased seed-
ling sur-r''ival. cover, and height. The high pH of
ash slows elongation of oak seedling radicles
(Henig-Sever et al. 1996). lt was not surprising
that the wceding ofconpetito$ increased the cover
of oak in our greenhouse studies, or that healing
the soil (Table 2) increased the density of Scot's
broom and dccreased the herbaceous seed bank
(Calvo ct al. 1999, Agee 1996a). However, we
u,erc cxperimenting in recently mixed soil where
all plants had to germinate fiom seed, and there
was no pre-existing herb or shrub cover ln prai

es. savannas, and woodlands, sprouting peren-
nial grasses, many of them alien, q'i l l  provide
competition not seen in our expcriments. Low
intensity buming increases both native and alien
herbaceous seed germination ovel control plots
(MacDougall 2002).

The significant results ofthe seedling nutrient
analyses (Table 3) are difficult to interpret. Ash
apper red  to  h  re  l i t l l e  e f le . r  t ' n , 'a l ,  t i s \ue  nu t r i
ent concenlralion\. Thcre lre no obr iou. rer.on.
why potassium and sodium were lower in heated

rils. as they would not volatilize at the relatively
w tempcrarures (60'c) we used. It might be that

as monovalent cations they were leached through
the pots, but we did not measure nutrient nlovc-
ment. Similarly, the positive effects of weeding
on calcium and magnesium are not easily explain
able. Both elements tend to be more strongly
adsorbed to soil paniclcs, however, and may have
been more available to the oaks without compet-
ing vegetatior. The positive efTect of ash on bo-
ron levels may have been a fedlizing effect of
the ash, but the negative inf'luence of hcating is
not clear. as boron would not have been vol til-
ized by the rnild soil heating. ln general, the seed
l ing  nu t r ien t  re5u l ts  \ re re  no t  he lp lu l  in  in le rpre t -
ing the growth responses.

Our field acorn studies contirmed through in-
direct evidcnce that wildlife utilize acoms. a well-
established fact across the range ofall oaks (Fuchs
ct al. 2000. McShea and Healy 2002). Our first
year study showcd that all acoms can be removed
in a short period of time (Figure 3) if not buricd.
This illustrates the importance of acoms to wild
lit'e. and the importance of burial fbr successtul
establishment ofoak seedlings (Fuchs ct al. 2000).
We could not track whether the removed acorns
were consumed or simply fianslocated and cached.
Our 2000 field study showed that even with pro-
tection from somc wildlife (smaller mesh and burial
of acoms), acoms were still removed.

ln the Pugetlowlands. oak woodlands are conr-
monly invaded by Scot's broom (Figure 5). Low
intensity fires can be prescribed to underburn the
oaks and kil l  much of the Scot's broom. The oak
overstory can be maintained without significant
fbliar scorch, so that basal sprouts would not be
encouraged. Although bole damage is not strongly
related to sprouting. it should be avoided where
o\c r : lo r )  rh inn ing  is  no t  an  ob jec t i re .  us  i t  en-
courages stem decay and bole consumption by
subscquent fires. A second prcscribed fire within
3 y1 or successivc llres, will be needed to kill
regenerating Scot's broom, and this second firc
should result in a depleted seed bank for Scot's
broom. One problem associated with the second
fire is that ifthe Scot's broom seedlings are dense.
their foliar moisture may be sufficiently high, even
in summer, to retard fire spread, so that the nost
dense broom patches may not burn in low-inten-
sity tires. Adding tlammable mulch, or seeding
stedle annual grass, might provide enough tucl
to carry a second fire, but neither of these meth
ods has been opentionally tested. If the litera-
tule on cutting ofScot's broom is a guide (Bossard
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Figurc 5. A. (Upper) E\anple of a typical fringc oak srand lvith Scor's broom in the undcrslory. B. (Lorer) A l,"-pical
pre\crjbcd fire that might be applicd in lhe \ummer, rcsulting in hefb and shrub topkill bur liftlc oak scorch.
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and Rejmarek 1994. Ussely and Krannitz 1998),
buming should be n.rost successful in summer rather
than late winter to eafly spring. Fires sprcad better
in sumnet and may be more effective in killing
malure broom. compared to earlv season buming.

Even if fte initial fires areconsidered successful,
longcr-tcrm cffccts of rcpcatcd fires need to be
evaluated. Tveten and Fonda ( 1999) suggested that
tlre return intervals i,rt Fort Leu'is of 3-5 yr ap-
peared more likely to flver nativg understory spe-
cics than cithcr annual burning or f ire exclusion.
Peterson and Reich (2001) evaluated efTects of
fire return intervals on oak rloodlands in Minne-
sota. They suggested two llrcs in quick succes
sion followed by fires at >2 yr intenals appeared
optimum for maintaining savanna-like stmctule.
Repeat burns within a 5 yr pedod in our study
alea decreased Oregon white oak density much
nore than single fires (Figure l) but the reduc
tion was primadly due to large rumbers of small
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