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Abstract
LhdeNtor' response !ofucl rcduclion treatnents was evaluated in fire adaplcd porderosa pine-Doug las-fi r forcsts in northeasrern
Oregon. Treatmenls includcdr no m.rnagement (control). prescribed iall buming (bum), lo$ thinning (thin). and lo\L thinnirg
follolved by prescribed fall buming (thin^um). replicated four times in a complclely randomized design. Treatnent ctlccl! were
obserled in the fifst growing season atlcr buming and three seasons after ihinning. Spccics richness ofthe understorv vegctation
$as signii-rcantl: lower in lhe thir than in thc control. but Shannon-$'eaver's index ofdivcrsil_v wa! not afitcted by fuel feductio.
treatmcn|s. Crar noid cover \ras not influenced b,v trcalment. 1b$ cover was reduced in trealnrcnls that included lhinning. and
shrub and total cover rvefe reduced in trealments that included burning. Individual species rcspondcd 1() rreatment in a manner
consisenl with their lile hrstoN characterirtics. Prairic Junegrass cover incr*rsed in those treatincnrs that included burning, $ hile
co!er oI olher graminoid \fecies was not signillcanlly i luenced. The thin treatment signitlcanll) lowercd elk sedge and total
co!er. but did not \trcnglv influence thc covcr ofolher species. Prairie Junegrass frequency increased sigDificantl) in the burlcd
treatments. while $estern needlesrass ircqucncy was significanil! feduced. Frequency ofolhcr species tended to remain the samc
in all lreatments. Resilience ofcommuDity divcrsit) !o ire and the consistent effect of buming on indi\idual species demonsrrare
thcir adaplation |o liequenl low-intensiiy fire, aDd lhe lubscquenl moderate impact of low rhinning and fall prescribed burning on
underslor\' \ cgclall|)ll.

lntroduction

Pondcrosa p ine- Dou gl:.rs-hr (Pirus ponderosa-
Pseudotsug,a menzie,rii) forests throughout the in-
terior Wcst exist in a weakened. fire prone con-
dition. created by fire exclusion policies favored
over the last 100 yr (Covington et al. | 997, Johmon
1998, Smith and Amo 1999. Departmcnt of the
Interior 2002). In these ecosystems, encrcachment
into grasslands and increasing density of conil-
crous regeneration have resulted in a less divcrse
and less vigorous undcrstory community (Hall
i977. Mutch et al. 1993. Covington et al. 1997,
Johnson 1998, Smith and Amo 1999). Understory
diversity, composition, and abundance is of par
ticular interest due to impacts on forest ecosys-
tem processes such as primary productivity. nu-
tdent cycling, hydrology (Hanod 2001 ), ;urd forage
impact r  th r t  \ume \  i lh  changes in  comrnun i l )
structure and composition (Bedunah et al. 1988,
Hall 1977). Thinning and prescribed buming teat-
ments have been suggested to simulate or return
historic disturbancc processes to ecosystems de

rAulhor to whom conespondence is to be .rdd fessed. E maili
kmetlena.! forestrv.ur!!.cdu

pendent on fire (Mutch et al. 1993, Covington er
al. 1997, Smith and Arno 1999). Fuel reduction
and ecosystem restoration are impoftant obiec-
tives of these featments.

Fuel reduction projects can slo$, or stop the
spread of a canopy tire. allowing more efltctive
suppression or reduced bum intensity (Pollet and
Omi 2002). However. relatively little is known
about the ecological implications of these treat
mcnts. This paper investigates thc understory
component of the Hungry Bob Fuel Reduction
Projcct, a study to assess the effects of fire and
tire-surrogate treatments on the ponderosa pine
Douglas-fir forcst communities in the Blue Moun-
tains of northeastern Oregon (Figure l). The
Hungry Bob study is one of 13 sites in the Fire/
Fire Surogates (FFS) Project. a national net\\,ork
designed to evaluate the effects of thinning and
buning trcatments on fuels, wildtlre hazald, and
ecosystem structure and process in long-nccdled
c,rniler lbre.t. (Welrher.poon 2()00 r.

Greater availability of water, light. and nutri-
ents due to thinning and lire may have dramatic
eftects on the dive$ity. distribution. cover. and
specics composition of the understory. Many
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investigators report that species diversity is high-
est immediately after disturbance (Ahlgren 1960.
Conwa1 l981.Abrams and Dickman 1982. Grant
and Loneragan 200l). Others have repofied that
diversitl typically does not peak until several grow-
ing seasons after the disturbance; instead, distul'-
bancc cvr:nls olicn reduce diversity in the short
term (Nieppola 1992. Coll ins et al. 1995, Lehrnkuhl
2002). For example. timber hanesting in the mixed-
conifer forests of eastem Washington had little
eff'ect on species diversity 3 yraticrharvcst. though
diversitv was reduced until that time (Scherer et
a1 .2000) .

While disturbance n1ay create the conditions
tbr greater diversit),. other lactors tend to prcvcnt
an increase (Coll ins et al. 1995). The short term
negative inlluence of disturbance on understory
dirclsit_v- is oftcn cxplaincd by interspecific com-
petition. Rhizonatous or \,egetatively reproduc
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ing species can respond quickly to lou, intensity
disturbance and exclude species attempting to
co lon ize  a  s i te  (S t ickney  1986.  Grant  and
Loneragan 2001). In thin only tfeatments if the
soil is not disturbed, subsequent dominance of
resprouting species is particularly pronounced
(Dymess 1973). Even under more extrcmc con-
ditions such as a severe burn. vegetative repro-
duce$ can dominate the immediate postl'irc veg-
etation al]d reduca species dchness (Turner et al.
1991).

ln the ponderosa pine forcsts of central Or-
egon, prescribed broadcast buming incrcased spe
cies richness and diversity ofthe understory whilc
dccreasing shrub cover (Busse et a|.2000). In
Arizona, prescdbed buming in pine forests in-
creased underutory productivity and the domineurce
ofgrasses over forbs (Hanis and Covington 1983).
As an example of species specific response,



prescribed burning in $'estem Montana increased
Scouler's willow (Saln scoirlcriaira) but decreased
bitterbrush (Purshia tridertata). while thinning
had the opposite effect (Ayers et al. 1999). Thin-
nrnp . r lone i I \  reu \eJ  under ' lo r )  cover  in  ues tem
Montana (Smith and Arno J999). and dmmati
c l l l l  rnc rc r .ed  Ihc  !o \e r  o l  g r ls .e .  in  cu . te rn
Washington (McConnell rnd Smith 1970).

Lit 'c history characteristics such as growth
phenology and mechanisn ofrcproduction could
strongly influence species response to treatments.
Most native species fbund in this region complete
thcir l i fe cvcles early in the season, so that f ires
in thc latc sunrmer or early tall are Iess daulaging
(Antos et al. 1983). Rhizomatous species, such
as elk sedge (Caret geyeril. pincgrass (Cdlana-
grostis rubescens), alld westem yar:row (A.ri11ed
nillelbliutn) have the ability to resprout after be-
ing top killed, giving them a head start after fires
of lo\\" intensity (USDA Natural Resource Con-
seNation SeNice 2002). Pinegrass and western
yarrow reproduce rhizomatously and tiom seed.
allouing for survival and dispersal after distur
bancc and giving them an advantage over spg-
cies that primarily reproduce vegetatively, such
as elk sedge. Sinilarly, arro$,leafbalsamroot (Bal-
sttnnrhila sagittata) respreuts every year tiom a
thick caudex. even though it depends on seed for
dispersal. Intense burns can leave arrowlcaf
balsamroot undamaged, simply preparing a seed-
bed for the nextyear's seed crop (Snith and Fischer
1997 ).

Perennial bunchgrasses, such as Idaho t'escue
(Festuta idahoensi.r) and western needlegrass
(Achnatherwn occitlentale), tend to have a thick
mat ofplant material protecting theirroots (USDA
Natural Resource ConseNation Service 2002).
Accumulation ofdead naterial over the yea$ can
lead to increased susceptibility to fire if this ma-
terial burns too intensely. In the grasslands of
southern Idaho. fire mortality actually incrcased
with increasing bunch size (Wright and
Klenmedson 1965). Time since burning strongly
inlluences bunch size, potentially explaining Idaho
fescue's variable response to fire, e.g., reduced
cover (Johnson 199ti. Busse et al. 2000), or rnain-
tained frequency (Tveten and Fonda 1 999). More
loosely tufted grasses, such as prairie Junegrass
(Koeleria mac rantha), can survive burns that kill
bigger bunchgrasses, thus retaining a seed source
on site and leading to greater increases in subse-

quent years (Wfight and Klemmedson 1965. Antos
et  a l .  1983) .

Despite copious. yet often anecdotal. descdp
tions of species response to natural and human-
caused disturbauce. thcrc is l i tt le empirical evi
Jenee oi understorl respon\c to nrirn:rgumcnl r( l ion
from rcplicated treatnrents. We compared under-
story response across four t'uel management al
tcmatives: broadcast buming (buni). thinring (thin).
thinning followed by broadcast bunling (thin,/burn).
and no fucl rcduction (control) three seasons al
ter thinning and one grou'ing season aftcr burn-
ing. These treatments are evaluated in the con-
text ofa replicated. completely randomized design.
a powertul design that is unique in the ecological
l iterature (Hurlbcrt 19U4, Michener 1997). Data
collected fbr this study may also be used in mcta-
analyses with other FFS sites. allowing interence
to much larger geographic areas. Results of this
study should be appropdale lor infcrence to sinlilar
low elevation ponderosa pine Douglas-fir lbrcsts
of the Bluc Mountains.

Specific objcctives of this study are: l) to
cunpare understory species richness. diversity.
and evenness anong featmcnts, and 2) to iden-
tify tlends and shon-ternr treatment ellects on mean
cor er rnd frequcnc] of undcr.torl .pcL ic..

Study Area

Thc Hungry Bob Study Area is located in the Blue
Mountains of northeastem Oregon between the
Davis and Crow Crcck drainages. 45 ktn nofih of
Enterprise (Figure l). For the 30 yr period l'rcm
197 1 to 2001 . mcan yearly tenrperature \\"as 7o C
(,15'F) with an avemge of 151 frost-free days.
and the mern annual precipitation was 49.9 cm,
the majority ofwhich fcll between September ard
June (National Climate Data Center 2003).

The research stands were second-gro\\"th pon
derosa pine and Douglas-fir forests mostly com-
prising trecs 60-90 yr old, but u,ith clumps of re,
generation and occasional oldcr trees up to 200
yr. Grazing is a traditional land use in the study
area and continues as a consistent thctor across
all of the treatment units. The historical firc rc-
gime was one oflow intensity and high frequency
(Hal] 1977. Mutch et rl. 1993): however. f ire has
not been a significant process in the study area
since the initiation of lire exclusion in the carly
1900s. All of the rcsearch areas have been har
vested previously, six of the units as recently as
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IABl.El Pre and posttfeatme. ! me an rfee denlilics. bv trearnrcnt. at the Hungrr, Bob \rLrdy arca.

Tl,in,/t'um

1998 b.r\al arca 0nr/ha)
l00l brL\rl rren 0lr,fta)
l99E ute\/hrL
200 | ri-'c\/ha
1998 9t  oJ maximum SDl
l00l  ? o l  ma\ inurn SDI
lc)98 lxplings/ha
l00l  sapl i .gsAa

Sunmer 1998
2t).E
1.1.,1

1 1 1 . 8
218..1
,13.5
19.0

255.9
203.,{

Summer lggE/Fal1 2000
16.2
10 .5

317 .0
151 . I
-l,l.,l
1 . 5
88 .3
t6.t)

t 7 . l
19 .6

211.1
: 8 1 . 3
3'1.5

219 .9
)16.1

falt 2000
15 .6
15 .7

t3  t . , +
2 1 7 . 5
l l . 9
3 1 . 8
5 1 . 0
36.6

l9lJ6. Pre trcatment stocking levels ol 'the over-
storl ranged fron 32 to 43% of nraximunt Stand
Densit) ' lndex (SDI) (Rcineke 1933, Long l996),
a relatively open fbrest structure (Table I ).

Methods

Study Des gn

Research units werc selected and treaunenrs as-
signedusiug a cornpletely randomized design. The
units wcre randomly selected fronr a large pool
ol second growth ponderosa pine Douglas-fir
stands that cxhibited rclativelv homogeneous el-
evaLlon. xspect. slope. plant association. soil type
(Table 21, basal area. trees per ha, and saplings
per ha (Tablc l). Treatmcnts were randonlv as-
\ iEr )cJ  r l  (he . lJnd  lc re l  and inc luL led :  th rn- l ium-
belo$'(thin). thin from-below followed by fall

prescribed broadcast bum (thin,&urn), fall pre
rcribed broird(Jrl btrm thurnl. antl r no lcti, 'n
trcatment referred to by the FFS study as a con-
trol. If the charactedstics of all units had becn
identical before treatments were randomlv as,
\ !gncJ .  the  no  acr i , )n  t rea t tT ten t \  \  ou ld  h rve  been
true controls: this was obviously not the case. We
usc term control tbr ease of interpretation. A to-
tal of 16 experimental units wcre included in the
study. $'ith 4 units receiving each treatment. Ex-
perimental units ranged from l0 to 20 ha.

Basal area in the two treatments that rcceived
thinning averaged 18.5 mr/ha (3E.87. maximum
SDI) prior to harvest in 1998. Thinning in 1998
reduced SDI by about 33% fron pretrearmenr
levels. In 2001, basal area averaged l4.4 m:/ha
in the thin trcatment and a somewhat lower 10.3
mz,ha in the thinibum due to bum-related moftality

TABI-E:. SiIe characteristics br lrcatnent nnit at the Hungrl Bob study area. Elelation. aspcct. and slope are reannent unit
means.  Plrn l  associat ions lb l lor  Johnlon and Simon (  l98l) .

L ln i l
Ele\r t ion Aspect

{mr (degfees)
Slope Plan!

(degfees) Associalion
S o i l
Sedes

Cl|]ntrol I
a lo. l ro l2
Connol  l
Colllr0l .1

Burn I
Burn 2
Bum l

Burn I
Tl r in i
Thin l
Thin -l
Thnr :1

Thin/bum I
Thin/bum l
Thin/buflr -l
Thin/burrr I

\'{elhom
\felhom
Olol
Fivcbil
Bocker
Fi \ 'ebi r
Bocker
Old
Larabce
Fivebit
Fi \ebi t
Nfelhon1
Bocker
Bocker
Fivebit
Fi!ebit

l l l l
1333
t . 1 t 2
1286
1192
137,t
[60
I  169
1380
l16 t
F05
D35
I 1 8 6
i l E l
r 3 8 8
I I 7.1

r08
296

2 1 8
50

230
8.1
8:

286
183
292
5 l

291
)11
221
297

t 0
l 5
5
I
.l

t l
5
5
5

t 2
1
1
5

5

I)ougla\-fi r/sno\rbery
Douglas ii/spiraea
D0uglas-fir/sn0\rberry
Douglas-fir/snorbcnl
Ponderosa piDe/sno$ b.n,
Douglas 1lr/sno$ befry
Ponderosa pine[daho fcscue
Ponderosa pinc/snowbent,
DoughsJi/snowbcn_!
Douglas [r/snowberr]'
Douglas-fir/sno\berry
Douglas l-rr/snowbcnv
Ponderosa pine/snolvbcrr\
Ponderosa pine/snowbcrr)

Douglas firlsnowbefry
P0Ddef osa pinc/snowbeny
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(Table 1). The cutting prescription was designed
to resen'e dominant and codominant crown classes.
and cnhance natural clumping. Thc stands were
thinned in 1998 (Table l) with a cut-to-length
systen using a haNester and a forwarder operat-
ing within designated corridors. AII cut fees \\"ere
limbed in the corridor. rnd the slash was left in
place to be trampled by the forwarder. A11 live
trees >32 cm dbh vere left standing.

Buming prcscriptions were dcsigncd to allow
mortality of trces representing a designated per-
ccntage ofpretreatment basal area. Mortality tar-
gets for trees 20 5l cm dbh were <30c/r for pon
derosa pine, <,107r tbr Douglas-fir. and <707r fbr
grand fir (ADles gr0i?./i.r). For trees >51 cm dbh.
target mortality percentages were <20dl,: 1br pon-
derosa pine, <30'lc for Douglas-fir, and <-50% for
grand fir. Fuel bed mass was targeted fbr reduc-
tion to <6.725 kg/ha of material <8 crn in diam-
eler.

Prescribed broadcast burning $,as conducted
in fall 2000 (Table l). All plots in the burn and
thin/burn treatments burned nearly completely in
fairly uniforn and low intensity fires, consum
ing 757. ol the grasses and exposing <25% nin-
eral soil. Fuel bed mass wa! reduced to 2.242 kg/
ha of matcrial <8 cm in diamcter, based on fuels
sampling conducted by USDA Forest Service
Forestry and Range Sciences Laboratory. La
Grande. Oregon.

F  e ld  methods

Research units rvere selected based on homoge-
neity of physical characteristics (Table 2). Due
to inhcrcnt natural variability, however. there were
still discrepancies among units. To quantify these
dift erencas. plant association, elevation, elTective
aspect. slope, pretreatment SDI (Reineke 1933),
pretrcatmcnt ovcrstory covcr. and prclrcatment
seedling crown ratio were collected by plot be-
l'orc trcatmcnts were implemented in 1998. The
dominant soil type (Bocker. Fivebit, Larabee.
Melhorn, or Olot) was assigned based on previ-
ous soil mapping conducted by USDA Forest
Service Forestry and Range Sciences Laboratory,
La Grande, Oregon. Plant association was clas
sified according to Johnson and Simon (1987).
SDI u'as calculated using the summation tech-
nique (Long 1996) with maximum density va1-
ues and species-specific exponents from Cochran
et al. (1994).

A systematic grid of 25-30 sanpling points
was established within each unit. Sanplc points
were 50 m apaft and lt ieust 50 m tiom stand
edges. At each grid point, aspect $'as estimated
to the nearest 1' azinuth using a compass. and
slope was estimated to the nearcst l'inclination
using a clinometer Eflective aspect was calcu-
lated as a combined variable ol slopc and aspcct
in accordance *ith Stage ( 1976). Elevation ofeach
site was estimated to the nearest 15 m lionl USGS
conlouf maps.

Posmeatment measurcmcnls wcrc Lrkcn cluring
the early summer of 2001, 3 yr after thinning and
the flrst growing season atter burning. Circuliir
400 mr plots. centered on every grid point. wcrc
used for estimating understory cover. Percent cover
of all vascular plants was eslinaled to the ncar-
est 17. 1br values up to l0%. and to the nearest
l0c/o 1br all values >107c. A plant did not need to
be rooted in the plot k) contribute cover. Botani-
cal nomenclatule follows Hitchcock and Cronquist
( 1973).In 2001. roucher specimens u,erecollected
and filed at the Eastcm Orcgon University Her-
barium (EOSC).

All trees within cach i100 nrr sample plot were
identil ied by species and assessed as l ive or dead.
Diametcr at brcast hcight was mcasured to the
nearest 0.1 cm using a diameter tape. Height was
measured to the nearest 0. I m using a clinometer
or a telescoping height pole. Crown ratio (pcr-
cent of the bole with l ive fbliage) was estimated
to the nearest l7r, for all seedlings (1.37 m tall.
To accuratel), charactcrizc thc overstoly canopy
coyer. we used a moosehorn densitometer 2 m
fronr the plot center in each of the fbur cardilal
directions. and one obscrvation at the plot center.
Each observation in which live foliage appeared
was tallied. Percent overstory canopy cover fbr
the treatment unit was then derived using equa
tion 1:

t  Ctrn.D\ C. 'a -  \  tLrr' -  N

where X is the numbel of observations in which
tbliage was viewed, and N is the total number of
observations within the unit.

Analyt cal lvlethods

Tre l tment  e f lec t .  on  lhe  under . lo r )  veset r t ion
were investigated by ANOVA on the rdjusted
means ofresponse variables: diversity. covcr. and
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f iequency of thc understorl. Statistical i inalyscs
were conducted using SPSS soliware (versions
9.0.0and 10.0.7. SPSS Inc.). The signil icance level
\\:as set at P=0.05 bcfore the research began.
Undelstory cover and fiequency values rvere nor-
malized rvith r natural logarithmic transfbrma-
tion fbr thc analysis. then conveded back 1(] cover
and lrequencl'values to aid in inlelpretation.
Ad. ju . te t l  r r r , . rn r  ue te  ob ta ined r  iu  regrc . ' i , ' n
cquations forned using stcpwise ior$,ard and
brckward multiple l inear regressions (Ott 1993).
a technique lavored by Brosofske et al. (2001)
lbr analyzing changes in understory richncss. and
McKenzie et al. (2000) tbr investigating ove$tory
influences on undcrslory vegetatron.

A general linear model was used to adjust tbr
d i l fe rcncc .  in  ph) . i . r l  l r r rme ler .  amonp un i t r .
Paranlcters were not included if thc probability
of their coefl icicnt (p) was >0.05. An extra least
5quurcs F-test \\,as conducted to detcrmine if the
dumny variables fbr soil wcre significant: they
were subsequently retained or elimirated as a group
bascd on this test (Ott I 993). Whcn lhe most par
simonious moclcl hadbeen derived, response van-
ables u'ere described only by the set of paran-
etefs thal explained a signiticant portion of their
valiability: highly corrclated or insignilicant pa-
rameters wcrc not included in the flnal nlodels.

Once the bcst fitting model had been obtained,
adj usted mean values were calculated for each tr-eat-
ment using pffameter values averaged over the cntire
sludy. Another least squarcs F-test (Ott 1993) was
uscd to detennine iftreatment had a significant in
llucncc un the rcsp,rn.c lurirble. Re.pun'e rrri-
able adjustcd means $'ere then evaluatcd for sig
nificant differences using a lcast significant
differences (LSD) tcst that uses the student's t
distribulion to test the probabil ity of observing
the calculrted difltrence between treatments if
thc response \,arjable was actually the same.

Unde$tory diversity was investigated using
three respensc variables: species richncss.
Shannon's index of diversity. wilh associated
minimum and maximum possible values to rid
in conparisons (Shannon and Weavcr 19,19). and
Pielou's index of c\,enness (Pielou 1975). Only
the posttreatment understory vegetation data were
used fbr this poltion of the analysis duc 1() inad
cquate sampling belore trcatment. All three di-
versity measurcs were calculated at the plot (.100
rnr) levcl.
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Mean cover and tiequency were used to de
scribc the abundance of understory l ifeforms
(graminoid, f irrb, and shrub) and species. This
analysis was also done using only posttreatnent
vegetation data. Mean plot-level cover \!as cal-
culated for each treatment unit. Frcquency was
calculated as the number ofsample plots ir which
a specics was found, divided by the total number
of sample plots in the unit. Principal conponents
analysis (PCA) was used to suggest combinations
ofunderstory specics that u,ould best explain the
variance in the data set.

Results

Diverslty

Plot lcvel species richness was lower in thc thrcc
fuel reduction trcatlnents than in the control in
2001. Differences jn eftective aspcct among treat
ments (P=0.006) cxplained 6:lclr of the variance
in spccies richness. allowing the effects of trcat-
nent on dchress to be morc clearly isolated. As
a group, trcatments were not signitlcant in the
model.

Adjusted mcan species dchness \\'as not sig-
nificantly reduced in those treatments that received
burning. relative to the control (Table 3). The thin
trcatnent. howevet signiiicantly reduced plot-level
richness relative to the contlol (P=0.03). This treat
ment had the lowest plotlevel species richness
*ith an averrge of fivc ftwcr species than the
control in 2001. Differences in species richncss
among the thrce fuel reduction h'eatments $ere
not significant.

TABLE I Adjusted means by treahent fbr plol lelel spe
cies richness, S han non-$'er!er irder ol di!cIsill
(H ) .  and Pielou s index oI  e lenncss (J )  in 2001,
I yr after thinning and I !r aflcr buming at dre
H u n . ' f \  B o b  . r L d ]  J r . .  I  r l  t (  . , r f e r . c - i n r '
rmong lreatments indicalc a significanr differ
ence. Within a divelsilt neasure. !aluc! \\'ithout
supefscripts rre not sigriiicanll) dillcrcrt arnong

Control Bum Thin Thi.,ftunl

H Maimum
H Di!crsil,""
H lvlinimum
J Evc. .ess

25 .5 .  t 3 . l -
3.2- L l j
1. ' ,7 1.9
0 .8  1 .0
0.53 0.62

20.5h
1.0.
1 . 1
1.{ l
0.57

22.9."
3.01
2 .0
0 .8
0.65



Thele were no significant dit'felences ir H'
fShrnnon s  J i r . ' r : i t )  inJ (  \ ) . r rn  n8  I r r ' J l rnLnt : i r l
2001 (Table 3). A l inear model with pretreatment
seedling crown ratio (P=0.01) accounted for:1511'
of the observed variation. ancl was used to adjust
H' treatnent means to account for dit'ferences
aDong the l6 treatment units. Due to low within-
l r (J ln r (n l  \ J r i i rh i l i l ) .  H  m; r r .  r thc  n r . r \ in ru rn  f , \ . -
sible r,alue for H') rvas siglfficantly lowerln those
treatments that included thinning. Thc difTcrcncc
between the obseNed H' and H max *as not dif:
lcrcnt among trcalnlcnts. nlaking a strongcr casc
for no dillerences in H' anong treatnents.

Distributior of understolv cover &as not
strongly rf ' fbcted by treatments. Variabil ity in J'
(Pielou's index of evenness) \'alues was best ex
plained b_"' r Jinear nrodcl (r=0.J95) that includcd
plefeatment seedling cro\\,n ratio (P=0.025). thus
this nodel $as used 1o adjust fordifferences among
units. Trcatnent variables were not significant as
a group. providing insutlcient evidence to sup-
port the hypothesis that t'uel rcduction h'eatments
inlluenced J' values. When individual treatments
were conpared to the control, significant changes
were sti l l  not observed (Table 3).

Cover

As indicated by thc PCA (ordinations availablc
at the USDA Forest Service Forestry and Rangc
Sciences Laboratory La Grande, Oregon), changcs
in cover due to treatmeDt were best explaincd b)
clk sedge. pinegrass, i ind Iclaho t 'escue, Jeading
to grouping by lifetbrm. Fuel reduction treatmerts
did not signilicantly afi-ect the adiusted mean cover
of graminoids (Figure 2). Forb cover l l 'as highest
in the contr-ol. and signiticantly reduced in the
thin (P=0.039) and thin,burn (P=0.022) treatments.
Th(  lu , ,  l fe r tment \  lh l t  in , luJeJ  burn ing .up-
ported only 20 257c of the shrub cover observed
in the conlrol in 2001 (Figure 2). Thesc dilfcr-
cnccs wcrc significant lbr thc bum (P=0.003) and
thin/burn (P=0.004).

lnvestigation of the adjusted mean cover of
tbur graminoids (elk sedge, pineglass, ldaho fcs-
cue. and prairie Junegrass) helped explain some
of the interspecific dynamics that rvere observed in
response to treatments (Table ,1). Thin treatments
significandy leduced elk sedge cover. rvith highest
covcr valucs in thc control. Of thc four-qraminoids
in re . t ig r teL l .  f i r regrus .  hud the  h i !he . t  ( , , \e r  in

Figure 2. Adjusted mean lifeform colef (pefcent) h! trertment. al the Hungry Bob Stud] afea in
2001, I  ) r  r f ief  th inning and I  ) r  r f ief  buning.  Unl ike superscf ipts annmg trearments
nrdicrte a \ignificant diilerenee. For r given liiefbnn, \'rlues $ithout luperscripts rre not
signilicantl) dilierent rnong treatlnents.

ab
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T,{BLE.1 Adjusted mean co!cr tpercentJ lbr fbuf dominant
gfrminord specics and lolal plLn cover. bv tfeat-
nent  at  rhe Hungr!  Bob s ludy are.r  iD 2001.3 yf
alier rhnmhg rLnd I !f atier buflring. Unlike \u,
pcrscripls anong treatlnents indicate a signillc.rnl
d i i tcrcrcc.  For a g i ren species.  mean coler  !a l
uc!  $ i lhour superscr ipts rue not  s igniUcanr l )  d i i '
lir.nl amL)llg trertlnents.

(P=0.036). All treatmcnts more than doubled the
frequency of arrowleaf balsamroot (Table 5).

TABI-E 5. Adiusted mean frequcncy lbr specie\ idenrified
lhrough PCA a\ fepresentari!e ofovemll change\
in hequency, b) treatmcnl. at the Hungry Bob
stud,,- area in 2001. 3 yr aflcr thinnirg and I yr
afier burning. Unlikc \uperscripts among treat
ments indicateasigni l lcai ld i f terence.Foragivcn
p e . r i .  n e , r n  l r c q u c n . i . .  $  h r r .  . . f e 1 . f l p 1 .

are not \ignificantl,v diffcrcnt umong treatments.

Spccic! Control Bunr Thin Thrn^url

Elk \cdgc l '1 .1 '
Pinegms\ 15. .1
ldaho lescue l . . l
Prerr ic  Junegrass 0.1 '
' Ibul  p lot  coler  95.7 '

t .7, 1.6,!
16 . . 1  t 7 .8
3 .9  1 .2
0.1, 3.0f

60.7" .12.3'
Piregrass

Elk sedge
Idaho lc\cuc
Pranie Junegrasr

0.95 0.80 0.98
0.73 0.8.1 0.69

0.07b 0.26$
0.52 0.79
0.8 |  0.55
0.8l. f  0.52.

0.17

5 .1 -
8 .3
t . l

50.5-

Stecies Colnrol Burn Thi .  Thldburn

all ffeatnents. Thc thin/burn ffeatnent resultcd
in thc highest mean pinegrass covcr at 1 7.Eo/r. Idaho
f-escue u'as highest in treatments that included
thinning and lowest in the bum and control trcat-
ments. Fuel reduction treatmcnts appeared to fa
vor prairie Junegrass cover, parlicularly those that
involved bumin-s. The thin/bum treatment had
significantly higher prairie Junegrass cover than
the control (P=0.03). despite significantly rcduced
total cover (P=0.007) (Table ,1).

Frequency

Fol l l9 of 191 species (627r,). l iequency ofoc-
currence did not difltr fronr the control by more
than 107r in any treatment. Results ol 'the PCA
suggested focusing thc anaJysis ofthe frequencv
data on Lhc response of westem vanow, clk sedge,
Idaho tescue, prairie Juncgrass. arrowleaf
balsamroot, and wcstern needlegrass. In 2001.
western yarow was present in lt least 80% of
the samplc plots in e\,ery treatment. making it the
most frequently occurring species overall (Table
5) and shou,ing its stability to all treatments. This
tolerance ltr disturbtnce was evidenced by
pincgr:iss as well. Elk sedgc and \i,estern
needlegrass appeared to i'avor relatively undis-
turbed conditions. with the highesl l iequencies
lbr those species occurring in the control. Treat-
mcnts tbat included buming si-sniticantly rcduced
the tiequcncy of western needlegrass (P=0.022
firrthe bum andP=0.018 lbrthethin/burn). Three
species tended to cither increase after. or al lcast
endurc. treatments: Idaho fescue. prairie Junegrass,
and arou'leaf balsamroot. Idaho lescue. although
rclatively uoaflected b]' treatment, was highest
m the bum. Thc thin/burn treatment signillcantly
increased the frequcncy of prairie Junegrass
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Discussion

Overall. fuel rcduction treatments did not radi-
cally influence the undelstory vegetation in this
\tud). One rer.on ma) be thJt lhe \pecies prL':cnr
on thc study sites have mostly evolved with rela-
tively frequent fi re (Johnson 1998). Additionally,
the moderate intensity ofboth thjnning andbuming
ffeatmcnts in this study (probably tied to the dis
turbance history of lhc sites) would likely elicit
only moderate responses from the understory
vegctation. Responses obsened in this studv were
also shofl tcrm - 3 yr 1br thinning response and
only 1 yr for buming-related trcatments. Johnson
(1998) observed that many spccies decreased in
cover I yr after wildfire. but increased in abun-
dance in subsequent yeals.

First-ycar response to the burn and thin/bum
l rer r lment \ .houcd no  . ign i f i . ln t  r .hanges in  un-
derstory species richness or overall diversity in
these drier pine-fi r forests. rellecting adaptations
to a lo$-intensity fir'e environment. There was.
however. a trend of increasing evenness, consis-
tent $,ith the findings of Grant and Loneragan
(2001). in both of thc treatments involving fire.
They attributed increased species evenness alter
burning to reductions in plant densities. This ob-
servation held at our site as wel1. where fteatments
with higher cvenness had the lowest total plant
cover.

o.9'7
0.82

0 . 1 5

0.021
0.,11
0.61
0.90

0.3.1

0.,19'
0.89
0 .51
0.,111.



The thin treatment resulted in spccics richness
that was significantly lower than the control in
2001. even though other measures of diversity
related to this treatment wcrc not inlluenced. This
result was consistent with reductions in diversity
obsen'ed by others (Nieppola 1992, Collins et al.
1995, Scherer et al. 2000). The obse atrons ot
Scherer et al. (2000) suggest that an lncrease rn
richness in the thin treatment may bc tbnhcom-
ing. In fact, pcak richness in all treatments may
not be observed for several growing seasons
(Nieppola 1992, Coll ins et. al 1995, Lehmkuhl
2002).

Some lesearchers have lbund that fire tends
to increase undentory cover $ithin the flrst year,
particularly of graminoids (Harris and Covington
1983. Covington el al. 1997, Busse et al.2000).
while others have observed no response, or even
a decrease in grass and shrub covcr in the first
year after disturbance (Grucll ct al. 1982, Johnson
1998, Ayers et al. 1999). tn each of the previous
cases wherc grass and shrub cover remained the
samc or decreased, however', cover in succeeding
years exceeded the pre-burn condition. suggest-
ing that future remeasurement of this study nay
show a reversal of the curent decline.

Grerler grarninoid antl .h|ub cor er in re.ponse
to thin trcatmcnts has often been reported in the
literaturc (McConnell and Smith 1970, Dyrness
1973, Bedunah et al. 1988). McConnell and Smith
(1965) noted that the 3 yr response to geometric
thinning of young ponderosa pine stands in east
em Washington resulted in a signilicant, though
relatively minor increase in lbrage production.
Reduced forb cover in the thin treatment could
be due to slash cover, and a subsequent reduction
iD vegetative cover. Cover is expectcd to increase.
based on studies indicating that peak response to
thinniDg is observed l1 30 yr after trcatment in
Iodgepole pine (Pin&.r corlo/.ta) fbrests (Conway
lqE I  r .  und nrure  lh . rn  8  1 r  p , ' . t t1q31t . t ,  1 t  t . t
derosa pine forests (McConnell and Smith 1970).
Cover responsc to trcatments can also be pafily
explaincd by the managenent history ofthe sites.
Given the modest density reduction in the over-
story. a dramatic understory response would not
be expected.

Understory spccies responded similarly in the
two treatments that involved buming. However,
prairie Juncgrass, a species that responds rapidly
to increased resource availability (Wright and

Klemmedson 1965. Antos et al. 1983. Johnson
1998). exhibited signiticantly greater cover and
fiequency in thc thin,iburn trcatncnt than in thc
control. In contrast. elk sedge. total cover, and
forb cover exhibited negative responses to the thin/
burn that were similar to responses in the burn.
but ofeven greater in magnitlrdc. This could sug-
gest g.eaterbuming intensity than in thc bum trcat-
ment, possibly because of harrest generated fu
els.

Pinegrass and Idaho tescue retained about the
same cover in the burn as in the control. In the
thin,t)urn, Idaho f'escue, a documented fire-main-
tainer (Tveten and Fonda 1999), and prairic
Junegrass, tcndcd lt l increase. Life-history char-
acteristics such as sparse bunching, prolific seeding,
and rapid seedling establishment may explain why
prairie Junegrass had signiticantly more cover rn
treatments that included burning than in the con
trol, even though total plot cover was reduced.

Cover of individual species changed little in
response to thinning alone. Lack of cover response
fromcolonizing species (such as prairie Junegrass
and western yarrow) in the thin treatment sug-
gests that new sites fol establishment were not
created during the haryest operations. If slash
genemted from thinning was the mechanism tbr
reductions in total aDd elk sedge cover. then it
fbllows that safe-sites (patches of exposed min-
eral soil) were not created by thc thin trcatmcnt
alonc.

Frequency of occunence for individual spe
cies rellected trends similar to the cover responses.
Once again trends obsened in the bum vere simpl1,
exaggerated in the thin/burn, with the exception
ofthe Idaho tescue response. Western yarrow and
pinegrass tolerated all treatments. though pinegrass
frequency was somewhatreduced in the thin ibum.

Western needlegrass and elk sedge were reduced
in all treatments, but cspccially those that involved
burning. This suggests that buming may reduce
the frequency of these species on the landscape.
The treatments that involved buming evoked a
higher frequency ofldaho fescue, prairie Junegrass,
and arrowleaf balsamroot than the contrd, indi-
cating that these species are fire-increasers that
can capitalize on increased resources as long as a
seed source is retained on-site. A more subdued
response in the thin4)urn than the burn treatment
from Idaho tescue, which hrs been documented
as sensitive to intense fire (Conrad and Poulbn
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1968). could su-ugest thal Lhe additional slash fu
els in the thin/burn treatment resulted in burning
that was too hot for sun'ival of this perennial bunch-
grass. Conlcrscly. prairic Junegrass and arrowleaf
balsamoot, which survive and even increase at'-
ter nrore intensc burns (Antos cl al. 1983. Smith
and Fischer 1997. Johnson 1998.). made greater
gains in the thio./burn than in the burn.

Shofi -ternr understory vegetation rcsponscs to
thinning and buming trcatments in this study were
modcst. with variability brought aboutby among
specier d ifferencer in l i le-h irt.rrr . huriu.leristi. ' .
Each species responds to tfcatmcnt in a firshion
unique to $at species ancl the conditions under
which treatnents have been applied. The long-
tcrm and gcographically dispersed research un
deruay in the national FFS study is f itcused on
identif.ving the nature and strength of these re-
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