
R. K. Tveten and R. W Fondal, Depaftrnent of Blo ogy Western Washington Univers ty. Bel l ingham, Wash ngton,
98225

Fire Effects on Prairies and OakWoodlands on Fort Lewis, Washington

Abstract
Bciore 1800. iequent fifes naintrined ldaho lescuc prairics a.d Carry oak woodlands on Fon Le$is. Fire exclusion in thc
| 900s. ho$'ever. has allox ed Scot's broom, Douglrs llr. and nunrerous herbaceous al iens to invade native prairies ard oak w ood
lands. Since 1978, a management progran using prclcibcd iires on -1 5 yr rotations has been used in an eftorl lo mainliin thc
opcn communities. \Ve evxluated the role of fire on tescuc prairics. oak rvoodlands. and broon thickels using prescribed iires in
lall I 99,t and spring | 995, and com prred pfeburn/postbum specie s lrcq ucncy ro idcntity tire m ai ntainer,i. incfersen. and decreasers.
Fall lires wcrc morc cffcctive than spring fifes. amd besr pfomoted nativc spccics and communities. Prescfibed fifes had no effect
on Iduho lcscuc iicqucnc)'.. rfiich maintxined donlinrnce ir the postlire prairic. olhcr native prairie graminoid\ and fotbs, .rnd
hair! ca|s car. a pro inent alien, wefe mrintrined by fire. Prescribcd lirc! also maintained open Garl.l' oak w'()odlands. feduced
Scot sbroo cover ir broom thickets, and killed snall Douglas lils. Thcsc iires. however, tended to favof alien species instead of
nalirc lpecies. A large praifie subjected to >50 )r ol brcadcast burns ignited annually by afti]lery fire has been convened liom
icscuc prairie to an open meador domin.rted b) hairy ca|s car and aljen grasses. such as sweet vefnrl gnss. Ofthe three regiiles
w c invcstigaled. fire i ntervals shofter or longer th.rn the I 5 yr irc rolation roll e mployed on Foft Le*,is rre detfimental to tesc ue
prairic rnd oak woodland. Exressn'e burning of life exclusion causcs loss ofprBirie and oak woodland.

lntroduction

In regions whcrc recurring fire is an impofiant
env onmeDtal factor. many plant species havc fire-
tolerant characteristics and persist despite repeated
fires. Some plant comnunities are fire-dcpen-
dent, persisting only vhere fires prevent n-Iore
competitive, fi re-sensitive species from displac-
ing them. Fire stable comnunities are maintain(]d
by lrequent. lou, intensity, low severity ground
fires that exclude invasive. fire-avoiding specics
(Anderson and Brown 1986, Agee 1993, Fonda
et al. l998). Fire-stable conmunities includc prai-
ries (Kucera and Ehrenreich 1962, Anderson 196,1,
Ewing and Engle 1988. Wilson and Shay 1990),
oak woodlands (Plumb andMcDonald 198I, White
1983, Guerin 1993), chaparral (Honon and ltabel
1955. Vogl and Shon 1972. Conrad et al. 1986).
ponderosa pine (Plrzirsptrarlerosrr) forests (Weaver
196,1, Covingtor et al. 1997), and longle;rf pinc
(P. pulustis) tbrests (Greene 1931. Rebertus et
a l .  1989) .

Most native prairic species endure fue exbemely
well (Anderson 196:1, Old 1969, Heady 1972.
Antos et al. 1986, Ewing and Engle 1988, Wil-
son and Shay 1990). Fires maintain prairies by
killing invading trees and shrubs (Thilenius 1964,
Griff in 1977, Nimir and Payne 1978. Gruell et

al. 1986). Both Nimir and Payne ( 1978.)andAntos
et al. (1986) quantit led the efl 'ects of f ircs on
Mr  ' r r rn r  p rc i r ies  $  i th .pec ies  eompo. i t ion  r im i -
lar to prairies on Fort Lewis, Washington, the 1<l-
cation of this study. Prescribed lires set in spring
by Nimir and Payne (1978) init ially chrnged the
cover of some prairie species, but thosc dilfer-
ence: t lecrclsed throughuul lhe fir.t grou ing 'ea.
son. Antos et al. (1986) observed that a summer
wildfire initially rcduced ldaho fescue (-Feslu.a
irla/rocnsis) cover and incrgased total tbrb covcr.
although the community retumed to prebum cover
values within three yeaLrs. Neither ofthese stud-
ies provided data on species ticqucncy, howeveq
which would havc clarified to what extent the
species endured fire.

The eftects offire on communities dominatcd
by oaks have been studied extensively (Boerner
l981,  Whi te  1983,  Myers  1985.  Gucr in  1993.
Glitzenstein et al. 1995). especially in Califbrnia
(Heady 1972. Green 1979, Plumb and McDonald
1981, Sugihara and Reed 1987, Allen-Diu ancl
Baftolome 1992). Some oaks are fire reslsters
(Rowe 1983), protected fiom lire damage by thick
bark (Plumb 1979). but more commonly they are
hre endurers (Rowe 1983), relying on postl ire
resprouting aftcr top-kil1 (Boemer 1981, Plumb
and McDonald 1981. White 1983, Myers 1985,
A l len  D iaz  rnd  Bunu lurne  lqq2.  Kec l ( )  lqq l .
Guerin 1993). Prescribcd fires maintain open Ganl'
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oak(Quertus garrr,ara) woodlands by reducing
shrub cover. killing invading conit'ers, and top-
kil l ing oak sprouts (Plumb and McDonald 1981.
White 1983). Sugihara and Reed (1987) set fall
fires in Califomia to mrintain Gary oak wood-
lands. Fires kil led Douglas-fir (Pseudotsug.l
,??efi;leJii), but mature Garry oaks were not dam-
aged. Fircs top-kil led all oak stems <3 m tall.
but all damaged stems resprouted vigorously.

Since the late 1800s. fire exclusionhas reduccd
lirc incidence in many fire-stable communities,
so that tire-dependent plant communities havebeen
invaded by fire sensitive species (Cooper l961,
Weaver 196,1. Myers 1985. Agee 1993). Fire
exclusion also permits high fuel levels to develop.
which ultimately nay lead to high intensity, high
severity fires that threaten normally llrc kterdnt
comnunities (Gartner and Thompson 1972.
Habcck and Mutch 1973, Griff in 1977. Gruell et
a l .  1982) .

Prescribed fires. similar to those we used in
this [esearch. arc designed to reduce fuels, rcmove
invasive species. and maintain l ire-dependent
comnrunities. Prescribed fires commonly are set
in prairies (Heady 1972, 1977; Nimir and Payne
1978; Arderson and Brown 1986: Gruell et al.
1986), oak woodhnds (Sugihara and Reed I987).
ponderosa pine forests (Weaver 196,+, Ffolliott
and Guertin 1988). longleafpine forests (Guerin
1993), and giant sequoia (Sequoiadendron
gigunteum) forests (Kilgore 1972, Parsons and
Nichols 198-5).

Douglas-fir is a commonly targeted species of
prescribed lire. because Douglas-1ir benelits from
lire exclusion on prairies and open woodlands
throughout its range. Sincc the advent of fire
erc lus ion .  Dou3 l l ' - t i r  h i r .  in r rdcd  pr r r r i c r  in
Montana and Washington (Cooper 1961, del Moral
and Deardorff 1976, Agee and Dun* iddie I 98:1,
Gluell et al. 1986). and oak woodlands in Wash
ington. Oregon, and Califbrnia (Sprague and
Hanscn 1946. Lang l96l.Thilenius 196;1, Franklin
and Dyrness l973. Kerris 1986, Sugiharaand Reed
1987). The cffectiveness of prescribed firc at re-
moving invading Douglas-fir t iom prairies and
oak woodlands has been studied in Montana(Gruell
et al. 1986) and Califbrnia (Sugihara and Reed
1987). but not in western Washington. Grucll et
al. (1986) noted that spriDg and lall f ires caused
high mofiality among small Douglas firs. Fall
fires burnsd more thoroughly. and they tended to
kil l  larger trees. Sugihara and Reed ( 1987) con
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cluded that tall burning every 5 yr. coupled with
mechanical lemoval of occasional Douglas-tir
suNivors, maintained Gal.ry oak woodlands.

The study site forthis research was Fort Lewis,
a 3,1.865 ha nilitary installation -20 km sourh of
Tacoma, Washington. Idaho fescuc prairies. Ganl
oak woodlands, and Douglas-fir forests are domi
nant community types on Fort Lewis (Figure 1).
The prairies and oak woodlands of Fort Lewis
exist on gravelly, glacial outwash plains depos-
ited -14.000 yr ago (Ugolini and Schlichte 1973).
The soils areclassifiedas Spanaway gravelly sandy
loam, a nearly level to undulating, somewhat ex-
cessively drained soil (Zulauf 1979). The sur
face layer is black gravclly sandy loam. with a
dark grayish brown very gravclly sandy loam
subsoil (Zulauf 1979). This soil type, with only
a tew minor inclusions. forms the broad plain
bct\'"'een Lakewood and Roy, on which Fofi Lcwis
is located. Early explorers and settlers reported
fiequent. late-season fires on the prairies and oak
woodlands in this legion. suggesting that Native
An'rericans set fires to enhance the growth of ed-
ible prairie plants and to aid in hunting (Lang 196I,
Norton 1979. Boyd 1986).

Fon Lewis is one of several prairies on outwash
plains in wcstern Washington. The basic f1oris-
tic composition ofthese plairies has been known
for years (Jones 1936). The Mima Mound prai-
rie. - 10 km south of Fon Lewis. was studied by
del Moral and Deardorf(1976). Thefloraofthis
prairic is similar to the prairie on Fort Lewis, al-
though it appears rnore modillcd than Foft Lewis
prairies. Both prairies are dominated by nativc
Idaho t'escue and several native tbrbs. Camas
(Camassiu quanuslt) is an indicator species. Both
prairies suppofi prominent populations of aliens.
especially hairy cats-ear ( Hy pot lneri s radi caxi)
and Kentucky bluegrass (Poa prrrtensis). Hairy
cats-ear is note\\"ofihy. since it already was con-
spicuous and abundant in western Washington
prairies by the 1930s (Jones 1936).

On Fon Lewis, fire exclusion has allowed6,560
ha of thc original 16,800 ha fescue prairie to be
convertcd to tbrest since 1870 (Figure 2). Be-
fore 1870, fescue prairies were large and intcr-
connected. Curently. only a fraction ofthe original
tescue prairic remains as small, isolated grass-
lands (Figurcs 1, 2). Large areas of oak wood-
land also have been lost to invading Douglas-lirs.
but past records did nol distinguish oak wood-
lands tiom conifer forest.



Figure L The lescuc grassland on Wier Prairje irr \,lay 1999. ln lirc left background is a Carr! oak rvoodland and cncroaching

Douglas iir tbrest. In lion( ol lhese rooded slards i\ a band ofScol s broonr. encroxching on thc liscue grassland.
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Figure 2. Land cover maps on Fol1 l,c$i\. lr|)ln datu prL)
vided by Teresa Hansen and Brandy Rlche of Forl
I-cwis. B1,lck dcpicts the ertent offirested easl
whi te represents prai r ics.  Topibascdor 1853 1818
hnd fecofds.  Bot toJn:baied on 1995land sur!c] ! .

Scot s broom ( C,r'/1,!tr"!.rcoparil) has benefited
lrom f-ue exclusion by invading many of the re-
maining prairies and oak woodlands on Fon Lewis
(Figure l). This alien shrub rapidly dcgrades prai-
ries by fornring dense. l-3 m tall canopies that
shade plairie species. Maturc broom stands also
suppofi high intensity. high sevedty llres by gen-
cratin-q large amounts ofrvoodv luel. Scot's broom

148 Tveten and Fonda

is a resprouter, thus all control nethods must rc-
couDt for broom pelsistcnce aftertreatment. Broom
\prou l \  J re  le rs t  .uccess lu l  i f  the  t re : r tn ten t  i '
applied during rnaximum growing season stress
(Ussery and Krannitz 1998).

Thrcc fire-management regimes exist on Fon
Lewis. The first. and nrost widespread, is fire
exclusion on -28,000 ha. The second regime
conrprises a prescribed lire program applied pre-
doninantly in spring. Forr Lewis began Iighting
presc bcd fires in the 1960s, and since 1978 has
managed a comprehensive prcscribed tire program
on 3000 ha of prairies and oak woodlands with
3-5 yr rotations. Most prescribed fires are set in
February/March, but fires occasionally are set in
fall. Wier Prairie, in the southwest comcr of Fort
Lewis, is in this managcment regime. The fes
cue grassland on Wier Pra;rie is presumed to be
the closest approximation to the original prairie
conrmunity at Fort Lewis, although it contains
alien species (Figure 1). VaLrious oak woodlands
associated with the prairies are considered to rep-
resent a fbrmer original componenton Fort Lewis.
The third fire regimc is a 3000 ha artillery impact
area on the Ninety-first Division Prairie, where
ftequent ftaining fires within the prescriptions of
the fire management plan are allowed to burn.
Bombing is concentrated in a central 1000- 1200
ha area. which we call Artillery Prairie. This site
has been subjected to broadcast burns ignited by
arlillery fire nearly annually lbr 50 yr Despite
the heavy use of fire, no studies have been pub
lished on the ef'fccts of tire on Fofi Lewis plai-
ries and oak woodlands.

Fort Lewis is an excellent site to examine spe-
cics and community responses to prescribcd fi19
on prairies and oak wqrdlands. Fort Lewis has
three widely divergent. documcnted fire regimes
in a small area with unitirrm soils, it is the only
site in western Washington with a long-standing
program of consistcnt prescribed burning, and it
contains many ofthe largest. highest quality les
cue prairies and oak woodlands in western Wash-
ington. This study was designed to answer four
research questions: 1) what is the current com
position of prairies and oak woodlands on Foft
Leu,is? 2) will prescdbed fires nraintain the status
ofprairie and oak woodland species? 3) do spc-
cies irequency. cover, and recruitment v?ry be
tween spring and fall prescribed burns'l 4) does
prescribcd fire reduce fiequency and density of



invading Douglas fir, Scot s broom, and other alien
species?

Methods

Cornmun ty Compos t on

We set prescdbed tires in fescue grasslands and
oak woodlands, currently managed under the 3 5
yr fire rcgime, and in broom thickets where prai-
rie lires had paftially succceded in removing Scot's
broom. We used the annual broadcast bum at
Artillery Prairie as the t'irc treatment in the cats-
eur merd,'u. Fire effects on herhacenu. .pe,. ie.
$,crc evaluated on altemate lx l m microplots
arranged along transects that varied in length de
pending on community type. The butler zones
between the 1 mr microplots were used to sepa-
ratc the prescribed fire ffeatments. The distribu-
tion of burned microplots in each community is
shown in Tablc l.

TABLE L Di\lribution of bufned pkxs fi)f understor) spc

cies in each communit) exposed to di1lcrcntburn
tfeatnenrs. Thesc plors also contrlbuted to ihe

d.ra on prccxist ing composi t ion in Trble 3.

Fife Bum drrc
regine Aug 9'1 Scp 9.i N{ar 95

prairie to ensure that the site had been invaded
fecen l l )  h )  Sc , ' t  .b r rNm rnd  th r l  p ra i r i ( :pcc ic .
were still present in the stand.

Fire ellects on woody species were determincd
using l0 x 20 m macroplots in oak woodlands
and broom thickets. Garry oak and Scot's broom
were surveyed together on the samc44 macroplots
placed along a kilonreter of prairie-oak woodland
ecotone. Nomenclature for vascular species fol-
krws Hitchcock and Cronquist (l973). Voucher
specimens are housed by the Land Condition Trend
Analysis Program on Fort Lewis.

Data on preexisting composition were gath-
ered May August 1994 on all microplots shown
in Table I, and postfire data were gathered on the
same microplots Mry-July 1995. No 1995 data
wgre gathered in the cats-car meadow. The site
has been subjected to annual broadcast bulns for
many years. and we presumed that conposition
has been unchanged lbr yeus. We estimated
weighted cover, because lire often reduces the
thickness of the foliage without changing the
canopy spread ofthe plants. Cover(C'. as canopy
coverage) was estimated to thc ncarcst I %. Foli-
age density (D) was estimaled to the Dearest 5%,.
expressed as a decimal. Weighted cover (C) was
calculated as C= C'* D. Cover, height, and di-
ameter at breast height were recorded tbr all oaks
and Douglas firs. After the linal inventory, spe-
cies were classil led as fire increasers, f lre
maintainers. or tlre decreasers. based on changes
in tiequency. Fire incrcasers gained at least l0
pcrcentage points in fiequency from preburn fre
quency, fire naintainers werc \\"ithin tl0 percent-
age points of prcbum lrequencl', and fue decreasers
lost atleast l0 percentage points in trequency tiom
prebtrm lrequenc5. We chose l0 percentuge point.
so that species with fiequencies up to 90'lc had
latitude to increase on thc site, and species with
frequcncies as low as l0%, had latitude to decrease.
ln eithercase. maintainers werc not automatically
favorcd by this choice.

F-ire Treatments

We burned I m2 microplots in the grasslands on
Wier and Anillery prairies, and l0 x 20 macroplots
in the oak woodlands and bloorn thickets. in
September 199.1 and March 1995. The I m:
microplots were assigned randomly to thc firc
trcalmcnls (Table l). Microplots not scheduled
to be bumed were soaked with water. Scratch

Coinmuni ty

Ork !voodlund

Broorn !hickel

3 5 1 r
3 5 y r

l-5 vf

l l  t9
1 7  l l

1 8 5
t 7  1 3

Fescuc grassland composition was surveyed
using 90 micreplots on tbur,10-60 m fansects.
arranged as two pairs of parallel transects. The
90 cats-ear meadow microplots were placed along
one randomly located 180 m transect, 200 m in-
side the artillery impact i]Llea, as dictated by salct]
reshictions. Microplots tbrsampling herbaceous
species in oak woodlands and broom thickets were
located on 3- l5 m transects within:14 l0 x 20 m
macloplots (see below). These tansects were short
because stands were cliscontinuous. All oak wood
land macroplots were located within 5 m of tree
trunks toensurc they measuredthe maximum cffcct
of ffee cover on the understory. Al1 macroplots
in broom thickcts were located within 5 m ofopen
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lines were placed around some of thc oak and
broonl macroplots because ofhigh luel loads. AII
prescribed flres were set with l0 20'C ambient
temperatures and 20-507r relative hunridity. Wind
speeds were <5 km/h dudng all fires. except over
the fescuc grassland in March 1995 when gusts
reached l0 km4r, causirr-Q fircs to escape and burn
60 nicroplots, rather than the inlended 30. Cats-
ear meadow nricroplots were randomly placed in
a single broadcast fife set by bombing in August
199.1. Fire weathcr tirr spring fires was well within
the normal weather pattems for prescribed fires.
Fall fires, hou,cver, were delayed later than planned
because sumner 199,1 was hot and dry for longer
than normal. Prescription weather and conditions
werc nret a te\\" days atter light rain in early Sep
tember.

All prairie rnicroplots bumed completely. Fires
were patchy in the oak woodlands and broom
thickets. Most ofthe unburned area was undcr a
thick broom canopy, where grass cover was low
and fuel moisture was high. Flame heights were
<l rn in prairie ard oak plots. <2 m in broom
plots.

T a m n 6 r r r  r d <  ^ I  P r d . . '  i h 6 r l  t r  ' a c

Peak firc temperatures were measured using
OMEGALAQ tempcrature-indicating paints that
melt at 142", 2,16", 343", 427', 538', and 649"C
(Tablc 2). The range of paints was striped on 3 x
l0cm alurninum plates. then the platcs $,ere placed
on thc ground in each community just before fires
ucre  \e l .  The r rn le  o l  le rnpera lu res  i .  cons i .
tent uith low intensity f ires. ln general.60-807r

of the plates reached 246'to 343" (Table 2). No
plate reached 538'or 649o.

Fue l  Sampl ing

Samples of the fucl lotrds were collected in May
1995 fiom randomly selectedunbumed and burned
microplots created for the baseline conposition
survey. Fuel samples were collected from 12
nricroplots tbr each treatment in each commu-
nity. Because of the escaped firc in the fescue
grassland in March 1995, however, unburned prai-
rie fuels were collected tiom 12 microplots ran-
domly placed in an adjacent unbumed area. Fuels
wele separated into live fine fuels (i.e., all live
grasses and tbrbs). dead fine fuels. and dcad wood.
In the broom thickets. howevcr it u,as not fea-
sible to separate dead fine fuels and dead wood
because broom produced abundant brittle twigs.
All fucl samples were oven-dried at l05oC for 48
hr in a tbrced-air oven, then weighed. Fuel loads
are expresscd in kg,fta.

Experimental Des gn and Statistical
Analysis

The data for preburn/postburn treatment compari
sons were gathered in a riurdomized complete block
ANOVA design; individual microplots defined the
blocks. The data tbr fall/spring and unbumed/
burned treatment comparisons were gathered in
a completely randonized design ANOVA. For
all statistical analyses, the significance level was
set at P = 0.05 befbre the research began. Data
reported in the tables as percentagcs were trans-
formed by arcsine betbre analysis.

TABLE 2. Percent ol heai samplins pain!s bunrcd tl| dillereDl lire temperatLues b]' communit' type and llrc scason. Fire tem-
perature\ nere measured using OMEGAI-AQ llrc scn\ilive paints on neral plrtes placed on the ground ir each
co munilv bclint |he lires \rere set. No fifes reached 518'C

Community Season PlJr( '  1 l l  )16

'I 
e -lns:4ur{ (L

3,ll' 121" 538'

Fe\cue grasshnd

Ork woodland

Understort

Broom thicket

Spring
Fall

t0
30

,13
23
3'1
23
2 /
l 5
l 0

J

l l

2 3
22
l l
3 3
t 3

l l

39

11
65
)9
6{J
11

3
20

1
3 3 l 0

Spring
fall
Spring
Fall

stnng
Frl l

26
t6
30
l 3
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Results

Preexist ng Composit on

The fcscue grassland on Wier Prairie was domi-
nated by native prairie species, with thc excep
tion ofhairy cats-ear, English plantain (P1dta.rso
lanceolatd). and colonial bentgrass (Agl?-sll.!
lrrrrrrr r. Frequen. ie. l i ,r lhr doninanl \pe(ie\ \\ cre
high on thc prairie. and total covcr was >807a

lTab lc  3  r .  Un. le r  thc  cu f fcn l  J -5  1 r  l i re  r , ' t r t ion .
the bunchgrass Idaho fescuc dominated. Hairy
cats-ear was the mosl important prairie tbrb, but
u  i th  eun. iJer lb ls  le .s  corer .  B , ' th  rpec ics  uere
continuously distributed throughout the sample
area. Cryptogams, mtrinly the mosses Rh4co-
ntit r iutn cancstett: an<l Hlt trichum jrrtt ipt riturn.
ucrc  con l inuou. l )  t l i : t r ibu led  in  the  pr r r i r ie -  ac-
counting firr'-237o cover-. Oregon sunshine (r/io-
ph,tLlum lutntum), prairie l]u.prne (Lt4tinus lepidus).
fi eld wood-rush (Lirrl1.?..rrpcJlrs), k)ng-stoloned
sedge (Ccre-r pensylvanit:u), and English plan
tain were nerrly continuously distributcd with

frequencies grcater than 807r, but allhad low covcr
values (Table 3.). Hounds-tonguc hawkweed
(Hieraciun cynoglossoides) and westem witch-
grass (Panic um octidenldl{, grew contrgiously.

Understory cover was <30cl in the oak wood-
lands. and most was accounted for by alien spe-
cies (Table 3). Underthc curent 3 5 yr fire rctation.
rhizomatous graminoids dominated the understory
(Table 3). The tbur most prominent species, Ken-
tucky bluegrass. long-stoloned sedge. colonial
bcntgrass, and red tescue (Festuca rubra), arc tht-
zomatous. These four species plus sttckling clo-
ver (Trifoliwn dubiurz) and English plantain had
greater cover in the oak woodlands than in the
t'escue grasslands (Table 3). Idaho t-escue. hairy
cats-ear. and Oregon sunshine. the dorninant f'es-
cue grassland species. werc greatly reduced un-
dcroaks (Table 3). Except fi)r long-stoloned sedge,
frequencies of the specics named above differed
noticeably betwccn fescue grasslands and oak
woodlands. Many other prairie species, such as
hounds-tongue hawkweed. prairie lupine, pine

IABLE 3. Pcrccnt frequenc) (F) and mcan percent cover (C) of prccxisting composition of itscuc grassland. oak woodhnd.

cats-eaf meldo$. an d broom thicket specie s with at lcast I '/. colef rn one of lhc communitjes. N A = Nati\' e or Alier

species.

Species

Fcscuc
srusslano

N A  F  C

Oak
woodland
F C

Cals-eaf Broom
meadow thickcl

F C F C

Fetnkat illuhn? sir
HVothdeis ralicatr

Eriophtllnn lunurunt

P I dtit! t g o I tx l t' t o I tt.t

Cuf t  r  tensr l taI ica

hlnic kL o(itu'rel.
IIi(ftk iun t \noelossoiLl(s

I'unk unl scribtrcnilnun

An I h o x0 t t ht1, t d r ̂  1 tu u nt

Cr,,"plogams
Toial numbef of species

Tolal vasculaf eoler

Total cr,vptogrn co!er

N

N

;

N

;
N
N

100 39.9
100  7 .8
9 8 +
9,t 1.7
9: l . , l

E 9 +

l l  1 . 0
66 2.0

l l  +
[  1 . ]

8 +
5 l  +

+i r.o
92  5 .2
51  3 .7

98  10 .0
.19 l . l

1 5  +

15 . I

8 +
100  19 .1
98  r . 3

2 0 ;
5 8  L l
6 +

l l  +
98 2.6
58 2.0

,13 +
.l l  r . l
7l  -1.0

57

100 )).6
52

6  t . l
22.6

9 .8

100 9.,1
1,1

39.0

66 2.8
t00  61 .6
.13 1.9

31
12.2
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lupine (Lultirtu.t ulbicaulisl, and western witch-
grass. were absenl. Few woody species grew in
the oak woodlands, and cryptogams were a minimal
component of the understory (Table 3).

The annual training-caused fires on the cals-
ear mcadow have resulted in <50% total plturt cover.
Most of the cats-ear mcadow cover consisted 0f
alien species, but many native spccics were present
as subordinate members ofthe community. Hairy
crts-ear and sweet vemal grass (Anthoxanthum
drlJldlrlrr) donlinated, and both were continuously
distributed in the community (Table 3). Swcct
vcrnal grass is an alien annual, absent in the fes
cue grasslands and uncomnron anywhere on Fort
Lewis exceptArtillery Prairie. Several nativc, but
subordinate grrminoids, including red fescue,
Scribner witchgrass ( Ponitunt scribnerianurn), tnd
lleld wood-rush wcrc t'avored by annual burning,
as indicated by high liequencies. They were con-
tagiously to continuously distributed in the prai
rie. Frequency of most prairie species was sig-
nilicantly lower in the cats-ear nleadow than the
lescue grassland. and many species wele absent.
Idlhn fe.cue \\a\ Inefel) i l  mrnur (onrprncnt in
thc cats-car meado\i'.

Scot's broom invasion decimates native prai-
rie cover, because canopy cover is so high. Scot's
broom was the only continuously distributed spe
c ic r  in  thcrc  th ic le t :  rT rh le  . t  t .  \ l l nu t i \epr i l i r ie
species were significantly reduced or absent in
the brc(nn thickets. Except firr Iong-stoloned sedge,
all other understory species were alien grasses
and forbs (Table 3). Colonirl bentgrass. Kentucky

bluc-trass. and Jong-stoloned sedge were the domi-
nant graminoids; wall bedstraw (Cali,nr
parisiense), an alicn annual. \'"'as the domlnant
tirrb. All had inordinately low cover. Many bare
areas existed in thc thickets, because ofthe dense
broom canopy.

Prescr ibed Fire in Fescue Grassland

Six species promincnt in the t'escue grassland (Table
3) were fire maintainers (Table 4). Idaho f'escue.
hairy cats-ea1 and Oregon sunshine. the three
most inrpoftant species, and the crlptogams lrain-
tained high frequency in both tnll and spring bums.
Cryptogarn cover increased significantly in both
burns, whercas cover firr Idaho fescue and hairy
cats ear decreased significantly (Thble.1). Although
both burn teatments significantly reduccd the cover
tl1 thc dominant fescue, no plants were Lil led.
Conversely, hairy cats-ear individuals were killed.
The hi-lh frequency tind cover values (Table 4)
are accounted for by dense postlire seed genni-
nation and gro${h. Field wood-rush and prairie
lupine were classificd as decreasers in response
to the spring fue only. Afterbolh Ieatments. cover
for field wood-rush increased as aresrLlt ofa flush
ofpost-fire growth. Nearly all prairie lupine plants
were killed by thc fires, so that the posttlre val
ues shown in Tablc 4 were contrjbuted by recent
germinants. Subordinate species in the fescue
grassland, but unlistcd in Tables 3 or:1, were not
afiected by fire. They maintaincd their preflre
status, regardlcss of fire season. Canas, despite
lo*' mean cover, is in this category.

TADLE'1. Percent fiequenc) .rnd mean lerce n! co|er of fescuc grassland spccies with rt le st 19.co\'erin o ne ol the trcatncnrs.
in response io irll lLnd sprine trescfibed burns. Speci!'\ co\cr \lrlucs $ilh unlike superscfipts be$'een prc and
postbum. by itrtl or sprimg bum, are significantlt, different. Sjnrilarly. co\cr !alucs l.rckiDg supefscfipts are nor sig
ni i icant ly  d i i l i rcnl .  \  A = Nrt ive or  Al ieD species.

Spccic\

Frequ!!!!
Fal lbum Sorinelburl

N A Pre Po\i Pre Post
fall burn Srrllretulll

Prc Post Pre Post

Xlainfaincrs
CDpt08.1lns
r '?tnka k ld l t ) . t ts is
H,,t\\lnei\ nli( tltu
Lrioph\llut la dtunj
Pat tuuDl ot t id. t  n l is
H k' ru nl'n | |nosl o \ soi d c s

100  r00
N 100 r00
A 100 100
\ 9 3 9 7
\ 7 3 6 1
\ 1 0  1 0

0.'1, 0.7b
1 . 5 ,  0 . 3 b

r 00
100
100
9l
10
63

98
95

100
r00
r00
95
65
5IJ

I)ecreasers in spring burn
80  0 .6 .  1 .1 '
78 1.3. 0.. t

15 .1 .  37 .5b
.10.8. I  l .7b
L9 "  : 1 .5 '
L8 1..1
0.9 0.6
2 .1  3 .1

2r .5 .  26 . , { '
39..1"  9.1h

1.1,  5. ' ,71
t .  /  t . 2
1.0 o.rJ
Llt 2.0

N
N

100
87

100
91
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TABLE 5. Percent fiequ erc] and mern percent cover of oak \r oodland species $ ith trt le ast l7 cover in one of the rferLtme nts. in
rc sponsc b lllll and spring prc\cribcd bur. s. Spccic\ co\cr \alucs t!ilh unlikc supcr\cripl\ bclwccn prc mdposlburn
treatnenls. by tall or spring burrr. are \ignificanrly differenr. Sinlilarlt, colef \.'alues hcking superscripts are not
s igni f icrnt l !  d i f ierent .  N A = Natne orAl ien species.

Specics

Frcducncv
Fall burn Spring burn

N A Prc Post P.e Post
Fall bu Spriig burn

Prc Post Prc Post

Httottu.ris ftklittltd

Pldtttulgo lanceolLttd

Cdt ( r  p t t t \ \ ' l rankr

r 00
59

6l
38

100 90 6.,1
Dccftascr in spring burn

76  59  3 .1

\laintaincrs
90 9.7"
55  1 .9
72 o.iJ
66 0.5
15 0.9
38  0 .1

Increaser in fall burn

N

9 l

l 9
)1
) l

88

r00
58
:ld

1)
21
l0

100

5ri

6.0"
l . l

; ;

1 . 9

ri.: 6.1
r .2  0 .6
0.l l 1.0
u .8  1 .0
l., l 1.1
0..1 0.,1

9.0

1 . 1

1 . 1

Prescr ibed F i re  in  Oak Wood ands

Fivc ofthe six naintainers in oak woodlands u,ere
aliens (Table 5). Two understoly species in thc
oak woodlands responded appreciably to fire, but
only in telms of changes in frequency. Colonial
bentgrass was a decreascr in thc sprin-q bum treat-
mcn l .  wherca .  long  . tn loncd .<dge ur .  un  in -
crerser in the fallburn treatment (Tablc 5). Kcn-
tucky bluegrass. in the fall burn treatment. was
the only species with a significant change (de-
crease) in cover fbr either treatment.

Prescr bed Fire in Broom Thickets

The trll ti re burned significantly more ofthe stand,
caused signiticantly grerter moftality, and resulted
in signiticantly less resproutin-e of broom plants
than the spring firc (Tablc 6). The fall fire re-
sulted in significantly less density and cover of
mature broom plants. had no signillcant eflect
on seedling density (Table 6), and significantly
rcduced postfue cover ofsmall broorn plants (Table
7). The patchy spring fire significantly reduced
postfire seedling density, but had no other sig-
niticant etl'ects (Tablc 6). Wc classificd Scot s
broon in the understory as a decreasel, although
postfire frequency was merely tbur percentage
points less than prefire liequency (Table 7). When
all data tiom Tables 6 and 7 irre viewecl together,
Scot's broom prominence on the site decreased
because of 1lre.

TABLE 6. Efiects of Sep 9,1 and M.r 95 bums on Scot s
broo r. Poslfirc dala $crc gathcred in Ma] 95
, ' f  h , ' r h  l . U  n . .  \ i , h i  $ | |  u | l l r \ e  { r t e f . ,  I  t r '

(a b) arc signjicanlly dilicrcnt bcr\!ccn ilrll and
sprins burns. Values with unlike subscfipts (c-d)

r fe s igni f icanl ly  r l i f fefent  between pre and
pollburns. by fall orspring burns. Similarl!. vrl
ucs lacking supcbcripts.rre rot signilicanll,r- dif-

Categor!
Fallburn Spn!]gbllL

Pre Po\t Pre Po\t

Stem deNity per ln
Co\cr  ( t ;  )
Seedl ing densi t i  (per Jnr)
N4ortalrry (%)

Basr l  sprcut ing ( t ; )

90.
52.9. 11..1,
2,1.8. 3.5"
E . r  5 .9

87.0"
1 . 8 "

7l i ,
58 .1  51 .0
13 .8  1 : . 0
6.-1. 3.0,,

30.8'

Cryptogams also were decreasers, losing 30
percentage points of prefire frequency. Exccpt
tirr the maintainer Kentucky bluegrass. all other
unde$tory species in the broom thickcls wcre
increasers with fall lire (Table 7). Five ofthe six
increaser species were aliens. and all occupied
iueas that had been bare undcr thc completebroonr
canopy before the fire. Other species in the bloom
thickets, unlisted inTablc 7, maintaincd their status
with the fi l l  burn treatment.

Fire Etfects on Trees

Fire drarnaticrlly affected oak stems <l m tall or
<2 cm dbh. The fall t ires top-kil led more oaks
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Species

TABLE 7. Percent frequcnc) .rnd mean pcrccrt covef of
hroom thickel specics with |t leasr 1% cover. in
response lo a Sep 9'1 prescnbcd bufn. Specic\
coler values rith unlike superscripls between
prc and postburn arc s igni f icanr l i  d i l icrent .
S r | .  i a r l ) . . r , r .  \ : ,  e .  l J . l r . l r  . r . f e 1 . r i p r .  (
noi signilicaDdy differen t. N'- ,{ = \lrive or Alien
specte! .

and fronr 21.3 to 10.6 stems/ha for saplings <2
cm dlameter. No Douglas-firs >3 m tall or >5
cm dianrcter were killed by fire.

Flre Effects on Fuels

Compared to the unburned condition. both fall
and spring fires signilicantJy reduced total fuel
loading (Table 9). Fuel loadings were lowesl in
f'escue grasslands and highcst in oak woodlands.
There was no significant ditlerence in luels after
fall and spring fires il fescue grasslands. Fall
and spring fires significantly reduced total fuels
in the oak woodlands, rnainly by reducing dead
tine fuels. Fall tires in the broom thickets signifi
cantly reduced total fuels. but spring t-rres failed
to canJ throu-qh broom thickets.

TABLE 9. Fire cllccts (m total iircl loading (kg/ha) in fes-
cue grarsland. oakwoodland. ard broorn rhicker.
Both fall and sping burns signiiic.rntl) reduccd
r h e  t , . t r l  U c .  I . : , L l n t  , r r  r - . 1 . .  n r  . r r i t ) . . . , m
pared to the unburned condjrion.

Freqlgllr Cover
N lA Pre Post Prc Post

Tcesddlkt udi(u lis

(itre\ rn\\l., a in
fl\pe ric L tn te tlorun! nt
I'k"xaio ltl).eolukt

CNptogams

N

\{aintainer
,{,1 ,11 2.0

Incrcasers
i 9  93  <0 .  t "
8  |  100  1 .8
5 l  9 l  1 .2
,t-1 56 2.1
l i  I  93  t . l
.1.1 6,+ 0.6

Decreascft
56 16 2.0

100 96 62.8'

L.1

1 .5b
5 .2
1 . 5
1.0
1 .9

0.5

Srcrn height (m)

l - 2
2 i
3 , +

5,1.8 .1.1.5
6 .1  1 .6
1 .1  0 .2
8.0 0
E .0  0

60.n 35.7
1.1 0.2
3 .8  u
5.,1 0

TABLE 8. I{cight and diamctcr classes of Carr! oaks top-
kllled b] i! 1 and spri g prescribed fire\.

Fall Splrg
Pfefirc Nunber Prciire Numbcr
density lop killecl densir)- top-killed

Llnburned Sprine

Fescue grassl,lnd

Oak woodland
tsroon thicket

t7[2
369.1
2ll0:1

t-)
:3,15
1847

0
1929

Discussion

A11 tlres in this study favorcd prairies and oak
u'oodlands by killing invading Scot's broon and
Dou-qlas-trr (Tablcs 4-7). Prairie species are fire
endurers, so that prescribed lires did not damage
the lescue grassland, regardless of f ire season
(Tables 3. ,1). The present species composition
in the fcscue grassland has been maintained us-
ing prescribed fires for 20 yr Prescribed fires
temporarily reduced Idaho fescue cover, had no
signitlcant effect on frequency, and did not re-
more  lJahu le .cue as  the  dominanr  p ra i r ie  .pc-
cies. Prescribedfires caused no significant changes
to most native or alien subordinates. nor to com
munity cornposition. Furthennorc, prescdbed fi res
maintained open Garry oak stands by k)p-killing
Gary oak saplings and seedlings, rcducing Scot s
broom cover. and kil l ing young Douglas-firs.

Fire regimes shorter or longer than the 3-5 vr
l i re  r . , t r r r , 'n  on  For r  Leu is  ha ic  heen .houn i t ,
be deleterious to prafies and oakwoodlands (Table
3). Excessive burning halms most nativc prairie

82 .5
5.',7
3 .9
1 . 1

85.9
3..1
.{.1
5 .6

11 .1
t..1
0.7
t J . l

0

' /6.)

u , l

0

Stem dia cter  (cn)

< l

5  1 0

thiin the spring ttres in thcse heighrdiamcter classes
(Table 8). Oak mortality tiom fire was Lrivial.
Of the pref-rle densities shown in Table 8, only
three <l m tall sprout clunrps, with 5-10 stems
each. and tu'o of the 5- l0 cm dbh trces were killed
by fire. Otherwise. rll top killcd stems resprouted.
Taller and larger diamcter ffees werc unalfected
by fire.

Spring fire sigrificantly reduced Douglas-fir.
l iom 13.9 to ,1.5 stems/ha for saplings <l m tali.
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specics. Fifty years of annual broadcast bumrng
changed 1000- 1200 ha ofArtillery Prairie tiom a
communitydominated by pcrcnnialbunchgrasses
to one donrinatedby alien forbs and annual grasses
(1hble 3). Compared to the fcscue grassland, native
plant cover was si-tnif icantly lower. and commu-
nity composition was dramatically altercd. The
displacenent of Idaho tescue as the dominant
'pecie' unJ Ihe frc\en(e of nnnl rl ien .pecie:
indicated that the native prairic community is not
adapted to prolonged annual burning. Annual
burning, however. has maintaincd graminoid and
forb dominance b1' climinating Scot s broom and
restdcting invasion/establishInent by Douglas-fi r.

Compared to excessive burning, hou'evcr, fire
exclusion affects amuch greater arca on Forl Lewis.
Fire exclusion has allowed Scot's broom and
Douglas fir to invade prairics and oak woodlands
(Figure 1). Closed stands of Scot's broom and
D, 'ug l l . - f i r  c l im inu te  ner r l l  r l l  n l t r re  p r r i r ie
species: closed canopies within Douglas-fir fbr-
ests eliminate both prairie and oak woodland spe-
c ies .

Mo.l pre'Crihed liru prt 'Brctn. stri\( to pro-
mote grassland and savannah structures by limit-
ing the stem density of woody species. In gen-
eral, prairie fircs initially reduce graminoid cover
(Nimir and Payne 1978. Antos et al. 1986) or bio
mass (Ewing and Engle 1988). promote rapid
herbaceous postfire growth (Antos et al. 1986).
and have positive effects (rr no efl'ect) on fre-
quency of thc native prairie species (Anderson
and Bailey 1980. Whitc 1983. wilson and Shay
l990). The prairies on Fort Lewis respondcd
exactly in this nanner to prescribed fires.

Prescribed fir'es on Fofi Lewis resulted in top
kill and tdggered resprouting for small Gary oak
individuals. but caused Do damage to mature trccs.
These responses to flre irc colnmon in many oaks.
Some of the well known oak species that endure
fire by resprouting are blue oak (QuercLts
tlouglasii). scrub oak (Q. dtonout). and interior
live oak (Q. l.'is1i:r:rii) in Califbrnia (Allcn-Diaz
rnd Bartolome 1992. Keeley 1992): Gambel oak
(Q. gcnrbel ii) in Arlzona ( Harrington 1985); mynlc
oak(Q. wrtifoliu), sand Jivc oak (Q. gemindte).
turkey oak (8. laeris). blueiack oak (Q. incana\,
and sand post tt ' tk (Q. nurgarettu) in Florida
(Guerin 1993, Glitzcnstein et al. 1995);.jack oak
(Q. ellipsoidalis)and bur oak (Q. moc:rocarpa\
in Minresota (white l9ll3); and white oak (Q.

a/ba). blrck ork (Q. wlutina)- and chestnut oak
(Q. prizris) in New Jersey (Boerner l98l ).

Sorne fire efl'ccts on Fot Lewis differed from
results observed elsewhere. Fires were followed
by higher tbrb covcr in Califomia prairies and
oak woodlands (Heady 1972, Sugihara and Reed
1987), Montana prairies (Antos et al. 1986). and
Minnesota oak savannas (Whitc 1983), but not
in corrcsponding communities on Fort Lewis.
Likewise. cryptogam cover was lower after fire
in Montanaprairies (Antos et rl. 19136), compared
to higher cryptogam cover after fires in fescue
grassland.

Our research indicates that fire is essential in
rnaintaining prairie and oak woodland conrmu-
nities in western Washingbn. Early explorers and
.c l l l c r \  no tcd  a  h igh  inc idence o l  l l re , 'n  f r r r i r ie .
(Lang 1961, Norton 1979, Boyd 1986), and prai-
rie covered more area in the mid- 1lJ00s than cur-
rently (Figure 2). Excluding fires since the early
1900s has allowed Douglas fir to invade prairies
trnd oak woodlands, suggesting that fireoncehelpcd
maintain the more open communities (Figures l,
2). The situation at Fofi Lewis is identical to thc
Mima Mound prairie. r,here Douglas fir invasion
has changed prairie species adapted to xeric, lo$'
fefiility soils to fbrest specics adapted to mesic,
more f'er-tile soils (del Moral and Deardorff 1976).
At lca.t one oI the contributor\ to beller nulrienl
inventory is Scot's brrxrm. aknown nitrogen fixer
(Ussery and ltannitz l998).

On Fort Lewis, only tiequently burned arcas
have continued to suppofi large praides and open
oak woodlands (Tables 3-5). The current pre-
scribed burning program. howevcr. must be ex-
panded to reverse prairie loss to Scot's brcom and
Douglas-lir. This study has shown that tall tires
killed more Scot s broom and Douglas-fir than
spring fires, but fall lires had nearly the samc
beneficial effects (e.g.. reducing fuels. maintain
ing spccies) as spring lires on prairies and oak
woodlands. A program based on fall fircs could
help remove Scot's broonl and Douglas fir from
heavily invadcd sites. The exact t iming of f irein
broom thickets determines how successfully the
program will work. Although Scot's broom
resprouts, stems of all diameters resprout less
successfully af'tcr mid-summer cutting (Ussery
and Krannitz 1998). On thc other hand. broom
seeds mature in rnid-summer (Ussery and Krannilz
lgqRr .  * '  rhJ l  pos l l i r c  germina l ion  in  respun.e
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to a late summel or early-fall fire could repopu-
late the site with broom seedlings. Using a model
of hre i l Calitbrnia mixed-conit-er fbrest, van
Wagtendonk ( 1983) showed that more than one
prescribed lire cycle is likely to be required to
restore the balanccd firc rcgimc. We anticipate
that multiple fires will be necessary on Fon Lewis.
Already. second fires are needed to kill dense broom
leproduction betbre seed crops can be produced
in the second postfire growing season. A strat
egy ofaggrcssivc mcchanical or chemical removal
of Scot's broom, Douglas-fir. and other promi-
ncnt invadcrs should supplement prescribed bum
ing to help restore praifies and oak woodlands to
the opcn. historical condition. Given the number
ofalien species on the prairies (Tables 3 6). many
of which havc bccn around for decades (Jones
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1936), snpplemental seeding and planting ofnative
species may be needed. Once the balanced con-
dition ofnative prairie species has been achieved,
both f'all and spring prescribcd fircs should ef'-
tectively maintain these communities.
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