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Short-term Influence of Wildfire on Canyon Grassland Plant
Communities and Spalding's Catchfly, a Threatened Plant

Abstract
Frrc is a signillcant colrponcnr ol lhc grassland .cos,"" n.m. l( is often critical to the !iabilil] of nrtile phnt popuLrtldrs. rnd may
promolc in\lsi\c crotic species. \\'e elalnined &e inlluence ol late season $ildlire on Spalding's catchfh. a thfeatened plant
species. ard it\ associated bunchsr ss planl comrnunity h the canyons adjac.-nt to the Snake River \\'e used stratrfied randon)
s.rnpling t|) .rssess ! igor of the catcirili and change s ir plant coDnmn itie s fbund in burned .Lnd unbufned areas duri n g thc 2 ) r o1'
the stud,"-. Fire decrersed tot.rl !egetrtile cover and total gras\ cover in the fi|st yeaf aftef burning. yet total lbrb colcr rcrnained
silnilu ro unbumed .rrc.rs. fire decre.rsed coler oi ldaho tescue rnd hcreased coler of silky lupime, while cover ol bluebu.ch
rlhc.rtgra\\. cxolic grasscs. .rDd lnost other lbrb species renained similar to unburned ea\. Catchfl) coler and abundance also
remained si rilar bcfir. and aiicr firc. Alrhough buming lcndcd !o dccrcasc planl sirc slighrly and decrease the pfoporrion of
flo$ers thal matured to sced filled capsulc\. firc did no! appcar !o inilucncc lc!cls of llowcing. change the number of llowers of
cap\ules Uoduced per stem. or  a l ler  the nu berofsccdspcrcapsulc.  Wc delcrmincd (halcarchl l )  and lhe phnlcommunit ies that
suppor! i! arc $cll adaptcd to ni1lurall! occurring. latc sca\on, lolv !o modcntc i cnsity lilc.

Introduction

Fire is a signiticant component of grassland eco-
s)'stems. includirg tallgrass prairies (Hartnett 1991,
Townc and Knapp 1996). aspcn parklands (Andcr-
son and Bailey 1980), Canadian dry mixed prai
rie (Erichsen-Arychuk et al. 2002), and grasslands
of dr(] inlcrmountain wcsl (Antos ct al. 1983,
Johnson 1998). By lernoving aboveground plant
l ittcr and biomass. f irc can tcmporarily incrcasc
the  exposure  o f  the  so i l  sur lace  to  sun l igh t
(lliTomaso et al. 1999). r'esulting in higher soil
temperatures (Anto! et al. 1983, Defosse and
Robbcrccht 1996). Undcr somc circumstances.
buming can increase shol1 tenn nutrient a\,'ailabilitv
by speeding deconrposition of plant l i tter (Dudley
and Lathja 1993). Gmssland fire may volatilize
s , rmc wr i l  n i t t , rg t  n  r rn , l  in .  r . ' r . ,  l .  r r .  h i t rg , ' r  run-
off. however these losses are variable. and are
lypically rcplaccd through grcatcr activity of ni-
trogen firing plants and nitrification by soil bac
teria (Vogl 197.1. Wright and BaiJey 1982). De-
pending on site characteristics, buming can also
int-luence soil moisture availabil ity (DiTomaso et
al. 1999). ln water limited ecos)'stens. reductlon
oi'plant l i ttcr accumul:rt ions at'tcr f irc c:in rcsult

in increased soil temperaturcs and ev;lporation.
reduced snow letention, and reduccd moisture
availability in the upper soil depths (Dc Jong and
MacDonald 1975, Redmann 1978). ConpetiLion
for water after'fire can have strong influcnccs on
plant rcgeneration and community productivitv
(Detbsse and Robberecht 1996), and may affect
comnrunity composition and species diversity
(Wilson and Shay 1990).

Because many ecosystems and sensitivc spe-
cies are adapted to fire (Pickett and White 1985 ).
prevalent policies of fire suppression are chang-
ing. and tire is now frequently considered as a
managcmcnt tool. Fire recurring at natural 1ie-
qucncics can bc crit ical to rnaintain native plant
communities. promoting the balance bet\\"een
dominant and subordinate species (McGinlev and
Tilman 1993). Fire can also be vital to endemic
or threatened species that depend on disturbances
tiom lire to persist in plant communities (Bowles
et al. 1990). Prescribed fire has been utilizcd trs a
tool in restoration effo s to increasc rare plant
population size (Borchert 1989. Mcnges 1995),
and can be used to increase rare plant dcnsities
(Lesica 1999.). Under some circumstances, bunr-
ing may also contlol cefiain exotic species in plant
communities. for example ycllow starthistle (Cen-
taurea solstitiali,t) (DiTomaso et a]. 1999, Kyser
and DiTonraso 2002). and medusahead (Iacaia-
theuoll cqput-inetlusae) (Miller et al. 1999). Fire
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is ofien most cffccLive in weed contlol if areas
are burned in repeated years and if i t is t imcd to
occur aflermost vegetative grou'th but betbre seed
set, or if used in combination with herbicides
(DiTomaso et al. 1999, Sheley and PetrotT 1999).
A primary concern regarcling thc use ofprescdbed
firc in plant communities is that. as a disturbance.
fire also has the potential to increase the susccp-
tibil i t) of planl communities to invasion by spe-
cies not normally occurring in the plant commu-
nily (Burke and Grime 1996). For example. t ire
can promote dominancc and sccd production in
thc Eurasian annual cheatgrass (llrotnut tectorwn)
(Melgoza e t  a l .  1990,  Pyke 1994) .  In  tu rn ,
cheatgrrss litter enhanccs fire frequencies. u'hich
have resulted in nidespread conversion of west-
ern US steppc and shrub-steppe to annual grass-
land (Peters and Bunting 199;l).

Historically. wcstcrn grasslands are estimated
to suppofi firc retum intenals of-5-10 yr (Wright
and Bailey l9E2). Fires probably occured late
in summer. rvhcn fuels wele ddest atrd lightning
\ loml \  uer '<  n ro . t  l requen l .  Mrn l  n . r t i re :pec ic :
in thesc communities are adapted such that they
can tolerate oreven respond tavorably to this rcgu
lar disturbance (Wright and Bailey 1982, Tracy
and McNaughton 1997). Sone sensitive native
or  r r re  p l rn t .  rJ rp tcd  to  lh i .  d i . lu rb i rn (e  re l in re
may not tolelate prescribed burning in other sea-
sons or at greatcr ficquencies. Altematively, if lire
is completely excluded, populations of various
rare specics may perfomr poorly and experience
reduced viabi lity (Menges and Dolan 1998. Kaye
et al. 2001). File can be benelicial to rare plant
populations by promoting germination. scedling
survival, and recruitmcnt through reduced plant
l ittcr (Lesica 1999) and decreased competit ion
from established plants (Marct and Wilson 2000).
ln some species. fire can also stimulate adult plant
gro$th. f lowering. and seed set (Hartnett and
Richardson 1989, Pendergrass ct al. 1999). Greater
seed production can. however. be balanced by
nortality ofunprotected seeds on the soil surtircc
(Haftnett and Richardson 1989, Hafinett l99l),
which may help maintain the genetic diversity of
the soil seed bank. Thesc and other factors suggest
that a variety offire frequencies, seasons, irnd con-
L l i t i , rn .  a rc  l r le l l  nece ' .aq  loensure  pre .er \J l ion
ofbiodivenity in grassland systcms (Howe 199.1).

The noftheriy slopes of Garden Crcck Ranch
Preserve's canyon grasslands in north central Idaho
support one of the largest kno$n occurrences ol

Spalding s crtchtly (.tilere .?dldirgli). a pcrcn-
nial forb that was listed as threatened by the US
Fish and Wildlife Service (USFWS) in 2001.ln
northu est Montana, burning enhanced recruitmcnt
and density of catchfly. probably because lire re-
mored persistent plant l i tter derived f 'run rough
fescue (Fe.s/&c.? scabrel[a) (Lesica 1999). How-
erer, fire may have different effects at the pre-
sen'e. \i'here plant conrmunitics lcnd to havc more
cover offiner leaved Idaho fescue (f. ldaftoensls)
than Monrana sites. ln this study. oul objectives
are to (l) examine the shoft-term intluence of
naturally occufing late season fire on the spe
cies composition of the canyon grassland com-
munities supponing catchfly, (2) comparc thcsc
rcsults with those from pfevious studies ofgrass
land communities in diftcrcnt locations, and (3.)
investigate the influence of late season flres on
catchfly population vigor. as neasured b.v plant
. i ze .  le re ls  o [  l louer ing  anJ  re f ] fL rdud i \e  u l fu l
within populations.

Methods

Study Area

Garden Creek Ranch Preser\e (GCRP), a 5.668
ha natural area jointly owned and managed by
the USDI Bureru ol Land Managcmcnt and Thc
Naturc Conscrvancy. is located approximately l5
km nofih of the Hells Canyon National Recre-
ationArea. The preseNe consists ofseveral steep.
dissected canyons draining into thc Snakc Rivcr,
and contains canyon gnssland communities, domi-
nated by Idaho t'escuc and bluebunch wheatgrass
(.P s e ud o rt e gte ria s pi. aLi) (nomenclaturc follo\\"s
the PLANTS database: USDA National Resource
Conservation Servicc 20021. ln addition to the
catchfly, the preserve contains numerous other
rare plant spccies (Hil l and Gray 1998). These
canyon grusslands are similar to thc historical planl
communities fourd in the roll ing hil ls of the
Pa loL tse  pra i r ie .  The)  h i r \e  a \ , , i JeJ  \ 'un \c r . ion  lu
dr) -land wheat cultivation because ol their steep
topography. which often rises over 1000 m within
-3.25 krn. Soils on thc preserve are of the
Lickskillet Rock outcrop association, u'ith a basalt
parcnt material containing deposits ofloess and ash
(University of Idaho and USDA Soil Conserva-
tion Service 1976). Soils are typiciilly shallow and
rocky along ridges, with deeper soils on canyon
slopes. The preservc cxpcrienced livestock graz
ing ol various intensities until the early 1990s.
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We conducted the research repo ed here dur
ing summcr 2001 and 2002 in Lower Corral Creek
and China Garden Creek, trvo of the three areas
that support catchfly at the presen'e. Most olChina
Garden Creek (CGC) burned in l ightning-ignited
fires and backfires in September 2000. and a por-
tion ofLower Conal Creek (LCC) bumedin similar
u'i ldfircs in Ocbber 2001. These were the only
laLrge fires rccorded since 1976 at the pleserve.

In Lewiston. Idaho. at an elevation similar to
the lowest portions of the presene and about 67
Ii!cr km nonh. nrean January and July temperr-
tures range between -3 -.1'C and 14-32"C. with a
mean annual precipitation of 320 mm (Western
Rcgional Climatc Center 2003). In Cottonwood,
Idaho, .10 km east and -l l0 m higher in eleva
don than cachlly-supponing arcas ofthc preserve.
average lnnual precipitation is 570 mm and av-
erage annual snorv pack is 1.16 cn (in years with
complete records; Western Regional Climate
Center'2003). ln both arcas, prccipitation is dis-
tdbuted relatively evedy throughout the year.
perkin-s slightl), in Jate spring. The 2 yr of our
sudy (2001 and 2002) differed climatically. The
snow pack in the rvinter of 2000-2001 was -707c
of normal. while snorv pack in the winter of 2001-
2002 rvas - 120% of normal.

Spec es Descr ipt  on

Spalding's catchfly occurs in Brit ish Columbia,
nofth$est Montilna. nofth-central Idaho. and east-
em Washington aqd Oregon. Cultivation and live
stock grazing have allered the majority ol its grass-
Iand habitat. It occun currently at one site in Canada
and 5l sitcs in the United States (US Fish and
Wildlife Service 2001). GCRP is one ofonly six
catchfly occurrences that contaiD more than 500
plants (US Fish and Wildlife Service 2001). We
u i l l  |e t 'e r  t , '  eJ fh  , \ \ ' l | r ren fe  r \n  a  \e f i r r . l l e  : i te
u ithin the preseNe as a population or site. Some
catchfly-supporting sitcs also support yellow
starthistle or cheatgrass. The relationship ofthese

species with catchtly was examined in a related
study (Menke and Muir 200,1).

Each catchfly genet (plant) consists of one to
several ramets (stems) that branch from the cau-
dex just below the soil surface. Plants can have
-85 cm long taproots, which may allow access
to deep water unavailable to many other plants in
the con]munily during summer drought (KephaLrt
and Paladino 1997). Plant t issues die back corn-
pletely each winter. First year secdlings are small
rosettes that occul briefly early in the scason and
.ene.ce  be fore  produe ing  rc fn \Juc l i \e  l i \ .ue . .
Plants of two or more years produce stems 8-25
cm tall. with extremely sticky, glandular pubes
cent cauline leaves. and may produce cymes of
l- l5 flowers during July andAugust. Flowers have
inconspicuous. pale green to light pink petals, and
mature into a single capsule. each containing many
1-2 mm diameter seeds. Catchfly plants depend
on outcrossing to avoid substantial rcductions in
fitness from inbreeding depression (Lesica 1993).
Plants appear to be long lived, but may frequently
seem to be completely abscnt because of sum-
mer dormancy (Lesica 1997). Germination oc-
curs in the spring or fall, since seeds appcar tcr
require approximately 4 wk ofcold stratiflcation
(Lesica 1993).

Fie d l\4ethods

During summer 2001 and 2002, we sampled plant
communities at all sites within LCC and CGC
that suppofled catchfly (Table 1). At each site.
we positioned a 0.5 x 4 m plot in each patch of
catchfly plants. Because the distribution ofcatchfly
plants within individual sites was patchy in some
cases ard continuous in others. the number ofplots
per site varied. Plots were placed using a random
azimuth from patch center rotated clockwise (if
necassary) until it intercepted a catchfly planti
plots were centered on that plant and oriented
downslope.

TABLL l. Distributior and lire lislory C)l ctttchily sites uithin lwo studl areas at Garden Cfeek Ranch Preserve. Lower Corral
Crcek (LCCJ bumed in lall of 2001. aiter our samplins was completed fbr the )ear. In LCC, hrlf of one sile burned
$hilc lhc olhcr half did nol. and $c treat cach half as a scDaralc sile in 2002. China Carden Creek burned in fall of
2000. prior t(r our sampling.

Lolver Coffal Creek (LCC) China Cardcn Crcck (CCCI)

2001
2002

Iu siles (unbumed)

t \ .  t . . , . n l . u r n c '  l l  5 . r l ( , . 1  ) r  n u , r  I | r <
5 \ites ( I yr postfire)

5 sites (2 yr postf-rre)
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In each plot, $,e recorded dcnsity of catchfly
stems and measured percent cover of bare ground,
plant litter, and all plant species using coverclasses
approximating an i,rrcsine square root transforma-
t ion  (1  =  <1%.  2  =  |  5c l ' ,3  -  6  254/c ,  1=  26-
50c /c .5  =  5 l  75a/c ,6=16-95Vo.1  =96-99%,8=
1007r). In 2001, sincc dala were taken over sev
cral weeks (June 15 July 22), we re-read plant
cover on a subsanrple ofplots cvcry 7-10 days to
detem.fne $'hether cover estimates should be ad-
justed fbr seasonal drying. No corection was re-
quired. In 2002. cover data were taken over onc
week ( 15 Junc-22 June). Because of the timing
ofour sampling. estimates ofspecies richness may
not reflect the diversity of earlier-flowering forbs,
thus $,e do not rcpofl differences in species dch-
ness betu een burned and unburned sitcs. ln each
plot we also took data on slope, aspect. elevr-
tion, and topographic position (ridge, upper slope.
mid slope, bench. and lower slope), so that $'e
could compare the abiotic environment between
sitcs.

Wc counted catchfly stems and plants at most
sites in 200j. At r randomly selected subset of
tbur sites in CGC and nine sites in LCC in 2002.
we recordcd abundance of catchfly plants and stems
so that we could detect changes in abundancc al-
ter f ire. At all sites, in June-early July 200l. we
markcd 30 stems (when not looking fbr changes
in abundaurce, we tiequently measured stem rather
than plant characteristics since it could be done
more quickly) selected at random distances along
a restdcted random origin and azimuth transect
placed before catchfly was flowering. In popula
tions of < 30 stems, we sampled all stems. We
then revisited these stems atier t'lowcring began
in August, and cvaluated the percent of flo\\"er-
ing (reproductive) stems per population. Stcms
that had been grazed were tabulated separately
and excluded fiom this analysis.

In 2002. wc re-evaluated thepercentage ofilow-
ering in the same populations using sinri lar
transects. We also measured additional plantvigor
pilranlcters in 2002, including stems/plant, stenl
height, flower number/stem. and malure capsule
number/stem. We also counted the number of seeds/
capsule in a subsct of f ive plants per site (as per
US Fish and Wildlit 'e Service permit T8056322-
0). Because half of one LCC population bumed
in 2001 and halfremained unburned, we included
each respective part in the appropriatc group, feat-
ing them as separate populations in 2002.

Ana ysis

For all analyses of the plant communit). u e con
verted species cover classes b thcir nlidpoints.
We used data tiorr LCC only, since we had ple
and postfire data for this study arca. Although there
were multiple plots within large sites, u,e used
each plot as an individual sample. This method
was appropdate since the plant communitv var-
ied within sites. Since sites varied in sizc and pl()1
number. aggregating plots to the site level would
have tended to enhance species richness in larger
sites. Because plots within sitcs wcrc not indc-
pendent sample unitr, we intcrprct thc statistical
results descriptively rathcr than as fomal hypolh-
es! s tests.

Becausc our sampling spanned 2 yr. we had
to exarnine variation betu,een years in unburned
areas belbre u,e could assess the tirc-induccd rc-
sponse in plant communitics. Using data tion l6
plots in unburncd silcs (which lemainecl unbumed
both ycars), we compared the ovelall (multivad
atc.) community composition between 2001 and
2002 with Multi Response Penrutation Procedures
(MRPP) (Mielke 1984) in PC-ORD (McCunc and
Mcfford 1999) using a Sorensen distance and data
Ielativized by species totals. MRPP is a non-para-
netric multivariate procedure to test fbr a null
hypothesis of no difl'erence between groups, and
uses Monte-Carlo (randomizltion-basccl) tcsls to
evaluate statistical signilicance. We also compared
cover of each individual species and basic cover
types (forbs, shrubs. dominrnt. and subordinatc
grasses) in 2002 to thaL in 2001, using non para
metric Mann-Whitney U tests in SPSS (SPSS 1998;
uscd for all univadate analyses.). Cover of Idaho
fescue and bluebunch wheatglass \\"as sunmed
as dominant grass cover, with the rcmaining grass
co\e f  con \ i \ t in !  o l  \uhr ' rL l in r le  : lec ic . .

We then selected a sct of 16 burned plots as
similar in prefire (2001) community composition
as possible to the unbumed plots in 2001 by cal
culating a Sdrensen distance matrix in PC-ORD.
then editing it so that uoburned plots were ro$,s
and all candidrte pretire plots rlere columns. Fol
each candidate plot, wc averaged the Sorensen
distance to each unbumed plot, then selected the
l6 candidate prefire plots with the smallcst avcr-
age distunce. To evaluatc succcss of this selec-
tion in terms of prefirc similarity of the selected
plots and the unburned plots. we compared the
overall planL community with MRPP. using a
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Sorcnscn dirtance and data lelativizcd by species
totals. We also corlparcd cover ofeach individual
species and thc previously mentioned basic covcr
lypcs between the selected plots and the unburned
plots u'ith Mann-Whitney tests.

To evaluate rcsponses of species cover and
basic cover types to fire. rvc conrpared cover be
tween 2001 (pretire) and 2002 (postfirc) in the
16 selected bumed plots with Mann-Whitney tests.
Next, to evaluatc the clifference between chaDgcs
relaLcd to year-to-yeal variation and changes re-
l i r led  lo  f i re .  uc  cJ l (u l r tcd  the  Lhunge in  .pec ie :
and basic cover types betwecn 2001 and 2002 in
bumed and unburned arcas, then comparcd these
changes between unbumcd plots and bumed plots
with Mann-Whitney tests. We includcd only the
species that \rere prescnt in both burned and un
bumed areas, and with average cover > 0.0259c
for )l yr during the study. To cvaluate changes
in  o re lc i l '  r ru l t i r r | i i r re r  \ 'umtnun i t )  cornpo. i t ion
between 200l and 2002 in burned areas. and to
comparc 2002 cornposition in bumed and unbumed
areas, we used MRPq I Sorensen distance and
data rclativized by species totals.

To asscss changes in catchfly genet abundance
uith and without f irc. wc report year-to year
changes in abundance for unburned and bumed
sites in LCC and for CGC sitcs that h d bumed
thc year betbr-e sampling began (to compare l-yr
r,ersus 2-yr postfire). Changes in abundance may
relate to several tirctors. including breaking or
inducing of dormiucy, rccruitment, nlortality,
vearl) climatic dift-erences, whole plant herbivory,
or sampling crror.

We conrpared levels of flowering in 2001 to
thosc measuredin 2002 in I2LCC sitcs that bumed
ar]d thc I that remained unbumed using paired t-
tests within each lrcatment.In the half bumedLCC
site. rve used the same prelirc ilowering data for
both halvcs. and hereatter analyze each half as a
separate site. \!'c also conpared 2001 and 2002
llowedng in firc CGC sites with paired t tests.

Wc made multivariate compadsons of vigor
measrues betwccn bumed and unbumed LCC sites
srmpled in 2002 using MRPP nd a Euclidean
(Pvtha-sorean) distance measure. Belbrc the analy-
s1s. we calculaled thc pefcentage of flowers that
matured to seed bearing capsules as the number
of lilled capsules per stem divided by the num
ber of f lou'ers per sten. multiplied by 100. Prior
t() MRPP analysis, all data were adjusted to their
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standard deviate. suoh thateach translbmed value
rcpresented the number of standard deviations by
which it differed from the variable mean.

To assess whether our conrparisons ofbumed
and unburned vigor reflect environrnental differ,
enccs that were not caused by fire, we used
univariateone-wayanalysis of variance (ANOVA)
to compare abiotic environmental variables (ag
gregated across plots within bumed and unburned
sites) between burned and unburned sites. We
calculated potential annual direct incident radia-
tion (PDIR) and heat load based on slope, aspect,
and latitude (McCune and Keon 2002). When
exanining aspect as ;ln individual variablc, we
treated it as continuous past 3600 (i.e. l0' = 370').
With this treatment, l' was similar to 360'. which
is more conducive to describing similarit ies in
light and warmth regimcs within the nanow NW
to NE range of catchfly habitat.

We also compared individual population vigor
variables measured in 2002 (stems/plant. stem
height. tlou'ers and capsules/stem. seeds/capsule.
and percentage of flowers lnaturcd to seed-bear
rng capsules) between burned and unbumed LCC
sites using ole-wayANOVA. The number of seeds
per capsule was natuml log transformed prior to
analysis to equalize variance. We did not include
the five CGC sites in the ANOVA since there were
no prefire data or any unburned CGC sitcs for
comparison. We do, howevel rcpofi data from
CGC sites since they represent the only available
sample of catchtly vigor the second season fter
flre. We did not test diff'erences in vigor betwecn
study aLreas: CGC populations tended to support
leuer  p lan ts  and hrd  grca ter  \J r i r t ion  in  \ igor
parameteru than LCC populations. We did not
calculate tlower to seed filled capsule ratios for
a CGC site that produced no flowers. The level
of significance for all tests was set at P=0.05.

Results

P ant comrnun ty response

In  summer  2001 lp re f i re ) .  o rc r r l l  iommuni r l
composition was similar in unbumed-sitc piots
and the selccted plots in sites thal would burn in
fall 2001. Unbumed site plots tended to haye less
cover ofldaho fescue, less dominant grass cover,
and less total grass cover than plots that would
bum in lall 2001. The relative cornposition of
communities in unburned areas did not change



Forb\

Shrub\

16 .  r  58 .3  61 .1 .

21.6. . l r .2b 11.8.

6..11 8.75 1 ..11

77.2" 108.2f 80.2

10.4, <0.i lol

8..11 0.3 t6

18.8' <0.001

.r.5b 0..117

1 .12  0 .261

81.0 0.019

TABLE 2. Nlcar percent coler of pLrnt conmunitl compo-
ncnls in 2001 and 2001 in 16 arcas thar bufned
bet$ecn lhosc lcars, and 16 ;reas that renained
unburned. within lhc bumcd or unbumcd colun .
covef \rlLres thai changed significandv bc6,"ccn
years afe iblldved bt'. dilTerent superscript lclcrs.
Difiefences in fie yearlt changes be!$een bumcd
rnd u nburned areas r erc also comparcdt P lalues
feflect statistical significance oldiifcrcnccs in lhe
magnrtLrdc or djnrcljon ol ,"-car to ,"-ear changes
bet$een burned and unbumcd arcr,.

Unburned Burned
2001 2002 2001 2002

Donrinanr Cirasscs , l l . : '  51.2" 56.9'

Subordi ate Grasscs ,1.97 Ll l  7.19

areas. Cover of the exotic annual forb thymelerf
sand*ort (A/en4ri.r serpllifolia) and thc native
fbrb lambstongue ragwort ( Senecio ittege rri nu! s)
incrcascd in burned areas fiom low (or zero)prelirc
levels. Cover of catchtly and nost exotic annual
grasses did not change in bumed or unburncd ar-
eas. Cover by cheatgrass and ycllow starthistle,
exotic species ofpaticular concern at CCRP. \\''as
minimal in ourplots. did not increase significantly
after file.

Catchf ly Popu ation Response

Our pre- and posdire obsen'ations ofcatchfly gcnct
ahunt lance u  i th in  a  sub.e t  o l  LCC r i te .  .ugge ' t
that catchfly did not experience lirc-rclated mor-
tality (Table,l). Numbers of adult plants increased
in burned LCC sites. which may reflect firc-stimu-
lated breaking of dormancy: abundance incrcascd
in only one of the four unbumed LCC sitcs. Plitnt
abundance l-2 yr postfirc in CGC was nearlv
constant across 2001 and 2002: few. if any new
adult plants resulted fiom recrxitnent the first year
after lirc. We tbund f'e$' seedlings in either year
of the study, and did not obsen'e substuttial flushes
of gelmination the first or second season after
fire.

Within LCC and CGC, lercls ol f lowering in
burned and unburned sitcs were similar between
years (Figule 1). Ovcrall population vigor in bumed
and unbumed LCC crtchfly sites did differ sig
n i f i can t l l  tP  =  t l  0 ;11  r .  fheJh i i , l i .  en \ i ronmenl
did differ slightly between bumed and unburned
LCC sites. with unburned sites tending to occul
on warmer i lspects (mean differcnce: 25.6') with
greater predicted annual heat loads than unburned
s i tes(bo thP<0.01) .

Neither the number ofllowers or capsules pel
catchfly stem differed significantly between bumed
and unbumed sites the first scason after tire (Fig
ure 2). Stem heighls and percentages of flowers
successfully nratured to seed-lilled capsules were
signitjcantly smaller in burned compared to un-
burned sites in LCC. The mean number of stcnrs
per plant (data not shown) and seeds pcr capsule
did not differ significantly between bunrcd and
unbumed sites the fust season after firc. Stem hcight
in CGC. 2 yr after fire. was intemediale betwcen
unburned and I yr postfire sites in LCC. Num-
bers of seeds per capsulc at CGC did not difler
from numbers in burned or unburned LCC sites.
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significantl)' between 2001 and 2002. The postfirc
(2002) corrmunity composition of burned areas
differed significantly ftom their prefire (2001)
composition. and also differed from the commu-
nity composition ofunburned areas in 2002 (both
P <  0 .003) .

In eLreas remaining unbumed for the entire study,
absolute total vegetative cover. fofb cover. and
dominant grass cover increased between 2001 and
2002 (Table 2), although total grass cover, subor-
dinate grass cover, lurd shrub coverremained simi-
lar betveen years. In confflrst. in bumed areas (-
I yr atter fire). total cover renained sirnilar be
tween )'ears, and total grass cover decreased with
firc. drivcn by decreases in donrinant grasses. Forb
cover increased with llre whilc shrubs. which had
relatively linle prefire cover in burned areas.
maintaincd simiiar cover afier f ire. The compari-
son of year-to year changcs between burned and
unburned sites suggests that burning may have
diminished growth in total covcr, primarily through
loss of dominant grass cover. Fire did not appear
to int'luence signilicantly the dynamics of forb
covcr ilnd subordinate grass cover.

Changes in individual species suggest that f ire
reduced cover of ldaho fescuc, but did not change
cover of bluebunch wheatgrass (Table 3). Silky
htpine (Lupinus seriteus) increased in bumed areas
while remaining relatively constant in unbumed



T,{BLE 3. I'lean petceDt specjcr co\cr il1 1001 xnd 2002 in 16 areas bumcd belween those vears. and l6 arlas that renained
un bu rned. With i n the burncd or unbuned colunn. colef vahes thar changed significantly betwecn vcars ure lbl lou ed
b,,'dillerent \upefscfipt letters. Dificrcnccs in the yeafly changes bctwccn buned and unburned areas $ere also
.omparcd: P !xlues reflecl sralistical sicnificance of dillerences between bumcd and unburned areas ir agnilude
and dircclion ol year |o reaf changes. t = mean spccics co!er < 0.025t/..

Sp(r ie !

Unbuned Bumcd
2001 2002 2001 2002

Grasses

Cheaigrasr
klaho fescue

Blucbunch $hertgras\

Forbs

Th\nrele.Lf sand.||ofi
T$in unier
Anowleaf halsamrcol
Red bes\el.r
Pairtbru\h
Ficld clickweed
\tllo$ n.rrllisrle
h geron

Stick,,-\\ill)
Old man s $hi \kcr !
Hound\tongue ha.|l kwccd
Comnon S1. Johnsroft

Si lk ]  lupinc
Gairdner's \'ampah
Sticky\tem Penstemon
Snakc River phlo\
Slender c inqucfoi l
Lalnbstounge me\l.orl
Sptlding's catchlll
Ycl lo{  sal \ i i \
l\4eado$ dcadcrn|s

Shrubs
Rose
Corrtm0n snowberry

BroI)us bri.ilbtktis

Frst|L0 iddhoe sis
Kotltriu trut(rdntha
I'\t udt)ro(gtrct id spiLatd

A.ltill.u ntilkfuLtwt
A|Idria sert\lliblia

B dl sdtlLo r l1 i :n \ 0 I i t I rtu

(?nn&ftu \olstitiulis

Hi c ktL i L]n c\nosli sso id? s
Hrpuidon pqt')ratL! j

Litho\rmtunt ruduale

Peridetidid guinlwi

Pctlstcm gldndulosu\

S( (io intq(trinus

'hagotn!o 
dubius

Ziqddenr\ * enortt

n.)r./ spp.
S\ ryletiturpos dlbus

0 . 1 9
0.03
26.5

l:1.7

2.03
t

3.9'1

I

1.22
I

0..1.1
1 .56

I

1.3.1
0.78
0 . r 9
0.75
1.69

I

1 . 1 3
I

0.03
0.01
1 .28

I

0 .19
6.22

0.28
0.03

38 .1
0.78
19 .0

t . r 5

2 .22 '
5.18
0.06

I 1 . 2

l).11
2.50
0.u6
l . l 8
l . l 8
0.03
t.3.1
5 .51
0.06
0.63
0.01
0.:l I

I

1 . 1 3
0.03
0 .18

1.06
6.69

0.01
0.17

I

6.69
1.1.2

| . 11
r

1 .38
I

0.03
0 . 1 9

I

0.17
2 . t 8

I

0 .38
0 .88
0.03
0.25
3.25.

0 . 1 9
I

o.22

L,1,1
0.03

t

0.09
l . 3 l

0.09
l).:17
0.03
8 .3 .
7 .81
r 2 . l

) . 1 6
,1.341
2.00"
6 .31
0.06
1 .28
0.06
0 . r 9
0 . 1 9
.1.00
0.25
0.:8
2.18
0.01
0.66
l3 . l b
0.09
0.03
0.09
0.75
1 . 1 9 '
1 .28
0.03
0.03

1  16
t).56

0.93
0 .16
<0 .01
0 .1 ,1
0.22

0.1'7

0.57

1 .00

0 0 8

o.ts
0.65
0.59
0.70
0.95
0 .55
1.00
0.02
0.63
{).,11
0.29
0.70
0.02
0.98
1.00
0.1,1

0.9 |
0. l , t

Discussion

Total vegetalivc cover in catchfly habitat increased
significantlv in unburncd, but not burned areas,
bclwcen the 2 yr (Table 2). Under thc waterlim-
ited conditions during summer at GCRP. recov-
ery ofthe plant conrmunity and catchfly in bumed
arcas may have been limited. perhaps by reduced
nroisture availability resulting from litter loss (De
Jong and MacDonald 1975. Rcdmann 1978). It
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does not appear that differenccs in plant commu-
nity or catchlly dynamics aftcr fire were related
to aspect or heat load between burned and un-
bumed sites. Burned sites were on cooler aspects.
which, in theory. should be less waterlimited and
morc optimal for plant growth and reproduction
than the wamer aspects of unbumed sites. How-
ever, increases in plant cover between ycars were
typically smaller on burned than unburned sites,
and most catchfly vigor measures did not difler



TABI-E:1. Catchily abundancc (numbcr ofplants per srte) in 2001 and 2002. and changcs betwccn,vcars.

Study area
(Firc hjs!or))

Catchfl! AbundrLnce
Slt !  # l00l Changc

Lo\er Conal Creek

(Burned berween 2001 rnd 2002)

56

l5

80

22.3

238

211

128  l

128  I

l , l  l

128 -w

IJ

1

I

t l

l0

U

J

0

I

0

0

0

l l

l 2

l 9

2

l5

59
.1

6

2

1

2

21

I 2

l 3

l0

22

l8

+U

Lo\i ef Coffal Cfeek

(Unbumedl

Chira Garden Clrecl

(Burned in 2000)

'I

2

1

2

100

80

60

40

20

0

w2001
.2002

Figure L Percent flolvefine of catchfly slems (means 1 SE) in 1001 and 2002 fbr 9 uDbumed and l2
bumed Lo\\ef Corral Creek sites. and 5 China Garden Creek sites. Difierences between )errs
uithin gfoups rvere conpared rvith paired ltesrs. and were not sratinicall] signilicrnt.

between these site types. Additional rcsearch at
GCRP (Menke and Muir 2004, also fbund no
corelation between aspect or heat load andcatchtly
vigor measurements.

It appeirrs that fire shifted (at least temporarily)
rhe  comper i t i \e  ba l rnce  u i th in  p lan t  communi
ties in cdtchfl) hrbitat at CCRP Dominlrnt gra.s

cover decreased. and some subordinate specics
(grasses and forbs) increased to occupy more area
in bumed areas (Tables 2 and 3). In a Minnesota
old field communiq', McGinley and Tilman (1993)
found similar results. They suggest buming may
have liberated above and belowground resources
fiom use by dominant species.
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Stem Herght Capsules/Stem
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8
7
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5

3
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0

N LCC unburned
( n = e )

D LCC lyr postfire
(n = l2)

tr CGC 2yr post-fire
(n :  5 )
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8
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2
I
0
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s

40

20

Flowers/Stem Seeds/Capsule

Figurc 2. Calchll,,- !i:or components (mearrs t SE) mcasurcd in 2002 and .rveraged across sitcs. Number of
seedVcapsulc $as nalural log transformed pfiof ro analysis; bacl hdrslomed median and quarrilc!
.rre \hown. Vigor mer,iures fo. bumcd and unbumed Lo\ref Corml Creek sitcs were compared $'ith
onc $ar- A),IOVA and post-hoc LSD iests. Diffcrcnl lellers oD bars wirhin a graph indicare P < 0.05
1or lhc corpaison (Chin.r Gafden Creek sitcs rvcrc nor included in ANOVAs).

Idaho fescue showcd the largest decreases af
ler 1lrc. $,hile cover of bluebunch wheatgrass did
not change significantly (Tablcs 2 and 3). Our'
results are similar to postfire tlndings for both of
these species in northeastern Orcgon grrsslands
(Johnson 1998). tbrldaho lescue in westem Wash-
ington praides (Tvelcn and Fonda 1999), and for
bluebunch wheatgrass in a westem Montana grass-
land (Antos et al. 1983). Wheatgrasses tend to
l i cunru l r te  le . .  l i ne  I i t le r : l rou  nd  lhe i f  lner i r tcm. .
making them more fire tolcrant than tescues
(Wright and Bailey l9E2). Differences may also
reflect greater drought tolerance in bluebunch
wheatgrass than Idaho fescuc (Tisdale and
Hironaka 1981. Defbsse and Robberecht 1996).
rs tire generally promotes droughtlike oonditions.

A pr im. r r l  \ , ' ncern  r< ia rd i t )g  buming.  p re-
s i r ibed  or  n rura l .  J r  CCRP.  i .  th r r  i t  m i r l  p ro -
note the sprcad and growth ofsubordinate grasses
(particularly in exotic spccies). which may capi
talize on newly released resoulces bcfore they are
sequeslercd by dominant bunchgrasses. Grealcr

200 Mcnkc and Muir

dominance by exotic annuals would l ikely be
detimental to sensitive plant species at the pre-
serve, including catchfly. Cheatgrass, well known
to increase in dominance after burning (Melgoza
et al. 1990). djd not change significantly f iom its
minimal preli re cover in ourbumed catchfly sites
(Tablc 3). The most common exotic annual grass
coexisting with catchfly at GCRP is Japanese
brome (Bntmus japorlc&.r). It olten decreases with
l l rc . . r \  i l  Jepend5 on  I i t te r  fo r .eeJ l ing  germina
tion and establishment (Whisenant 1990). We.
however, did not observe such a decrease (Table
3). and in rdjacent. compirrJble commu n it) r) pc5
in eastem Oregon, Japanese brome remained con-
stant or increased after firc (Johnson 1998). The
other subordinate, but nati\e and perennial, grass
common in catchfly habitat is prairie Junegrass
(Koeleria mucroiha), which often incleases af-
tcr fires (Wilson and Shay 1990. Erichsen-Arychuk
eL al. 2002.). Junegrass may be fire tderant since
it is snralier and accumulates less l itter than fes
cucs or wheatgrasses (Wright and Bailey 1982).



ln our study. hovever. cover by this species did
not change signiflcantly after firc (Table 3). Fire
did not iippear to stimulate gains in subordinatc
grasses cover that could threaten catchfly popu-
lrt ions 0n the preserye.

In burned catchlly habitat, tbrb cover was the
only cover type to increase signil icantly from its
plefire lcvcls: total grass cover decr-eased aurd shmb
covcr rcmained constant (Table 2). Folbs in bumed
and unburned sites appeared to respond Lo thc
greater precipitation in 2002 as conpared to 2001.
Although total forb cover incrcascd about l0% more
between years in burned sites than in unbumed
sites. the between year change was not signiti-
c , in l l )  d i l ie ren l .  Othr l  po . t l i r .  . t r rd ic .  in  ! rus . -
land syslcms tirund greater forb cover after fire
(Antos ct al. 19U3). $,hile others found forb cover
remained censtant atier fire (Edchsen Ar.vchuck
ct al. 2002). In northeastem Oregon plant commu-
nities similar to those at GCRP posttire cover of
arrowleaf balsarnroot ( B q ls ano rh iaa s agit totu ) utd.
lield chickrveed (Ccr.rrtilrl an,.r?.re) decrcascd.
u'hitestem frasera (Frz se ra al h icauli.t l increased.
and twin amica (Arnica .iororla) responded vari
abl), (Johnson 1991:l1. Cover ofSnake Riverphlox
(Phktt colubrina) and stickystem penstemon (Pct
t tenot t  g lu td r r lo tu ' t  tendcd to  re rnr in  conr t rn t
(Johnson 1998). At GCRP changcs bctween 2001
and 2002 in cover of all of these and most other
fbrb species did not differ significantly betwecn
burned and unburned siLes (Tablc 3). In general,
forbs appear to havc rccovered completely in the
iirst growing scason afier f ire.

Silky lupine (Lupinus seriteus) showcd the
strongest positivc rcsponse to fi re in catchlly com
munities (Table 3). A similar positive postfire rc-
sponse was repo ed for lupinc in Yellowstone
National Park (Tracy and McNaughton 1997).
Research in Montana tbund no change in its cover
afier f lre (Antos et al. 1983). Various lupine spe-
cies have been found to increase in abundance or
cover after f ire (Grigore and Tranrer 1996.
DiTomaso ct al. i999). The changes in lupine
abundance atter fire (Johnson 1998) may rclate
to fire tin.ing (Tleten and Fonda 1999), comrnu-
nity composition, or the amount ofresources freed
tlom dominant species. In grasslands that may
be nitrogen detlcient tbllowing fire, the ability to
tix nitrogen is probably advantageous. and may
promore luplnes.

Hu$ J id  the .e  comnrur i l \  changc ' .  p l r t i cu-
larlv thc clecreases in dominaDt grass cover. and

postlire environ mentrLl conditions. influcncc catch-
fly populations'l Several measures ofcatchfly vigor
rernained con.tant rn postfirr c, 'nditi, rns. .u!!e.ting
that the species is well adapted to fire. as were
most other forb spccies in the comtrunity. Simi,
Iar to Lesica (1999.1 we saw no significant differ
ences in percentages ol'catchtly flowering (Fig
ure l), or in the mearr number offlowers per stem
(Figure 2) after fire. Burned and unburned areas
wcrc also similar in seed production (nunbers of
seeds per capsulc) and in numbers of capsules
per stem. In contrast to research in Montana. we
did not observe greater catchfly numbcrs re!ult-
ing tion enhanced recmitment 1-2 yr posttire,
which miiy r.elate to differences in associatcd grass
spccies and characterjstics of their litter

Burning may have stimulated mature planls
to break dormancy and cmerge the season after
tire; in our sites, the number of maturc catcht'l),
plants in burned sites increased in the first year
alter burning (Table,l). These results are sirnilar
to those in Montana catchfly populations. whcre
buming rcduced or shified the proportion ofdor-
mant catchfly plants in populations (Lesica 1999).
The proportions ofdormant planls vafied \r'idelv
between ycars in Montana, which is also l ikely
the case at GCRP The causes and mechanism for
such changes in dormancy are unknown.

Two aspects of catchtly vigor decreased with
buming: stem hcight and the proportion of flow-
ers matured to seed fillcd capsules (Figure 2). In
other grassland systems, research suggcsts fire
may reduce lbrb growth either via damage to tis-
sues or by incrcascd belowground competition
from recovering pcrcnnial grasses after f i le
(Hartnett 1991). Sincc the fires tGCRPoccured
alier catclrfly plants had set seed (and above-ground
tissues do not over winter). we suspcct the fire
merely topkil led already senescing plants. Duc
catchfly's deep taproot. it is unclear how impor
tant grerter belowground compctition afier fire
would be lbr mature catchfly plants. Fufther re-
search compzLring competition. sccd produotion.
and viability in areas with differing lire histories
might clarify the intluence offire on this specics.

Orer l l l .  i r r t th l l l  un t i  , , ther  p l rn t  .pec ie .  in
associated communities appcar to tolerate 1irc and
postiire conditions. Losses in dominant grass cover
and gains in native forb cover enhancc diversity
within plant conmudties. and such changes nray
bc beneficial for sensitive plant species, including
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catchfly. at the presenr'e. Burningremoved no native
taxa tiom the corrrmunity. nor did it stinulate
widespread growth of exotic species (at least in
catchtly habitat the first year afLer lirc). Howcver,
becausc cxotic species are present at the preserve.
and co-exist with catchfly at many sites, we sug-
ge: l  c l ru l ion  u  i lh  rh (  u :eo f f i re l0 res tureor rna in -
tain these conmunities. Catchfly habitat includes
some of the most intact plant corlmunities at the
prcscrvc. Disturbance could promote spread of
exotics liom are s of greater weed density into
catchfly habitat. Additional research is needed to
invcstigatc thc influence of burning season, tire
fi-equency, and fire severit"v on catchfll' and the
associaled conlmunity at the preserve.
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