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Effects of Timber Harvest on Cimicifuga elata, a Rare Plant of Western
Forests

Abstract
Cini(ifuga (hia lrall brgbane) is a Species of CoDcem $ irh thc L.S. Fish and Wildljfe Ser\ ice and it is considefed b] Natural
Herirage progranrs in Oregon and Washmgton lo be endangcrcd. Sincc ihe rpecies occnrs in fofests. its conseN.rtion could
conllicr wilh odcr forest uses such as timbef haNest. It has been ponuhtcd |har $c spccics is dependent on old gro\\'th conifef-
ous forests. The obiectivcs of this nud)'. were to compare populati(n]s of this species Nmong silcs with difiiring forest manage
ment histories. In contrasl to prc!ious rcporrs, r'e found thrt C. r1dr.r iD uncuiold growthlbresI$as smallcr and lcss rcproduc(iVc
ihan in c learcuts, probably beca usc pl anls rcsponded \{ ell to add itionrl I ight in cu t-over areas. PlunN in lrcas r ilh otbcr nanagc
ment hisrories. such.rs sccond growth and thinned stands (both >10 ]ears old). \!ere intcrncdialc in si/c. Populatiolr structure
rlsodiffered mongmanagc rcntt,vpes. Herbi\ory by deer and elk was nore liequcnt in clcarcul\ and cdgcs than in un anaged
oLd-grolvrh lbrcns. No populadons wefe kno$n rt rhe time of this srudy liom sccond gro\\'Ih tbresrs of moderate xge (20-li)
ye.trs). and ir is possiblc that competing legetation excludes C. cldd lrom clcarculs aftcr a few ,\'ears. Management aciion,i thrt
felaiD hrdwoods, thrn stands. or create gaps may impro'e at least sholt tern condilions lbr this species.

lntroduction

Timberhanest is a widespread disturbance offirrcst
ecosystems in \!estern Oregon and Washington.
According to nost estjmates, less than 207o of
old-growth tbrest prcsent in the 1880's remains,
and thesc forests arc now highly lragmented (Spies
and Franklin 1988. Norse 1990). Environmental
conditions on the tbrest t'loor change substaDtially
when tirrcsts ueclearcut. Comparcd to old-growth
Douglas-fir tbrests, 1br examplc. clearcLrts have
l , 'uc r  humid i t5  and h igher  'o i l  rn , . l  a i r  te tnper r -
twes, short-\\'ave radiation. and wind speed (Chen
et al. 1993, 1995). In addition, sone lbrest har-
vcst practices can cause soil compaction and cro-
sion (Wonell and Hampson 1997), and change
nutrient balances (Knoepp and Swant 1997). Not
surprisingly, because ofextreme changes in physi-
cal and site conditions. removal ofoverstory trees
may reduce understory diversity and negatively
dI'ect the abundance of some common tbrest herbs
(Halpcrn and Spies 1995).

Rare plants frequently have narrow geo-
graphic ranges. small population sizes, and/or
restricted habitatrequirements (Rabinowitz 1981.
RabiDowitz et l. 1986), chuactcristics that may
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inhibit their recovery liom disturbrnce. In a re-
cent study of a highly disturbed landscape, lbr
examplc. Fischer and Stocklin (1997) showed that
local extinction was most likely for plants with
small populations or high habitat specificity.
Populations of rare specics in ancient forests lnay
be threatened by logging practices that damage
established plants and alter habitat conditions. An
estimatcd 387. ol rare vascular plants in Oregon
are thought to be threatened by logging and as
sociatcd activities (Kaye et al. l997), but few stud
ies havc quantified the effects of timber hanest
on populations ol thcse species.

Cinicfugu elatd (tall bugbane) is a plant of
ibrested habitats west ofthc Cascades in Orcgon,
Washington, and Brit ish Columbia. It is consid-
ered endangered by both the Wrshington ( 1997)
and Oregon (1998) Natural Heritage programs.
and it is a U.S. Fish and Wildlite Service Species
of Concem (ibrmerly a C2 candidate fbr listing
trs thrcatened or endangered). The presence of
the species in fedcrtrl ly marraged forests. espe-
cially in proposed timber stles, crcatcs thc po-
tential for population loss due to logging etlects
(USDA 1994, 1996). Intormation on ho* this
species responds to fi)rest harvest is, thereti)rc.
crucial lbr its long-term conservation. Prgvious
rcpofls suggested that populations of C. c1.rLi in
, ' r  ner r  c le l rcu ls  m11 hr re  reduced r igor  com.
pared to those in unmanaged tirrests (Alverson
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1986). and the same conccrn has been expressed
lor C. lttt iniatu (cut leaved bugbane), a related
species of northwcstern Oregon forests (Siddall
and Brown. 1990). The goals ofthis study wcrc
to document difftrcnces in C'. "l.rto plant size and
fecundity. population structure, and herbivory in
populations with varied hisbries of t imbcr har-
vestthroughout the geographic range of the species.

Study Species

CimiciJuga eLata is dn hcrbaceous perennial in
the Ranunculaceae (buttercup lamily). It produces
sprays of white, apetalous tlowers and has a sclf-
compi r l ib le .  t ' r cu l t r t i re l l  gc i t , , r togrmou.  ml t ing
systcm (Pellmyr 1986a. Evans 1993). The genus
as  a  who le  inc ludes  15  spec ies  wor ld  w ide
(Mabberley 1993) and has been the lbcus of re-
search en poll ination ecology (Pellmyr 1985.
la86a.  L lan .  lgq l ) .  e \o lu t  on  and \ ) { temul i ( }
(Pellmyr 1986b, 1986c, 1987; Ramsey 1965, 1986,
1987: Croth et al. 1987, Compton 1998), seed
gcrmination (Baskin and Baskin 1985). and phar-
macology (e.g., Shibata et al. 1975, 1977. 1980).
Over the majority of its range, C. eldta occvs on
moist north-facing slopes in mixcd conifer/hard-
wood forests, with a canopy dominated by
Pseudotsuga zer:ie.rl l  (Douglas-fir) and Acer
nwl ophtl lun (big-leaf maplc) ( Kaye and Kirkland
1994) .

Populations of Cinricifirgu eluta are genertily
small: more than half havc ttwer than twenty
five individuals (Kaye and Kirkland 1994). In
the United States. thc species occurs frorn north
em Washington to southem Oregon, entircly west
ofthe Cascade Range (Figure 1). InOregon,it is
lbund on federal lands ofthc Mt. Hood. Willamette,
and Umpqua National Forests; the Salem, Eugene,
Roseburg. and Medfbrd Districts of thc Burcau
of Land Managementi and Army Corps of Engi-
neers properties associated with dams and reser
voirs in the Cascade Range. In addition, a few
popu l l t ions  i l r (  kno \ \n  l rom \ tu te  l ' ' , re \ l \ . : la lc
and county road rights-of-way and parks, and
privatc lands (Kaye and Kirkland 199:1).

Methods

To cvaluate lhe effects of forest management on
Ci licifugtl el.lta,we corducted an observational
study ofpopulations with various land-usc histo-
ries fiom northcrn Washington (Olympic Penin
sula) to southen Oregon. and concentrrted in
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Figurc l. Di*ribution of Cint:ilugu ?ldlr in Oregon and
\Vashington- Solid dots indicrte populations in-
cluded in this !rud,"". Somc ovcrlapping dols wcrc

omiltcd !o improve clarity.

westem Oregon between the Columbia Gorge and
Lane County (Figure 1). Infirrmation detail ing
the location of known sites v"'as obtaincd fronr
thc Oregon and Washington Natural Heritage Plo
grams and federal agencies. Populations included
in this srudy ranged in size ftom 3 to l03 indi
viduals, and averaged 35 plants. Thirty-seven
populations were visited in 1992 and 24 of these
were rcvisited in 1993. The land-use histories of
these populations fell into six managcmcnt cat-
cgorics. Ranked from least to most distufbed.
these categories were: unmanaged (otten old-
growth). selcctivcly thinned (more than 70 years
ago), second growth (greater than 70 years old).
edge between recent clearcut and unmanaged forest
(within 15 m either side ofedge). recent clearcut
(less than tive years old). and roadsidc. Of thc
37 study sites visited in 1992 (and 2,1 resampled
in 1993), 15 (8) were undisturbed,5 (,1) thinned.
3 (3) second growth.,1 (4) cdges,4 (3) clearcut,
and 6 (2) roadside. Field work took place be-
twccn late June and early August of both years.

At each site, individual Cimiciftiga ehta plants
were evaluated for height. number of llowering
racemes. and area of the largest (usually lowest)
leaf. Thc tripaflite leaves of C. r:1arri are roughly



triangular, so leal'area was estinated ftoln nea-
surements of leaf length and width, and calcu-
lated as length x width x l/2. We measured all
individualsatmostpopulations. In sixcases,how-
ever, a large sample of individuals (a census of
the li}Igest subpopulation) was measured because
the populations were so large or scattered that all
portions were difficult to reach. Evidence ofher-
bivory by deer or elk was also recorded at 27 and
16 of the sites in 1992 and 1993, respectively.
Herbivory *as attributed to deer and/or elk based
on obseNations ofbite style: cropped stens were
broken or torn, which results trom the lack ofupper
inc isors  in  these ungu la tes  (Anderson 1969.
Dolbeer et al. 199,1). Domestic l ivestock. which
may also leave this type of evidence. were not
presenl at thesc sitcs.

We used one way Analysis of Variance
(ANOVA: STSC, Inc. 1991) b test the null hy-
pothesis that management history had no effect
on plant height, number ofracemes, and liequency
of herbivory in 1992 and 1993. Only reproduc-
tive plants were considered in tests with the first
two response variables to minimize the eft'ects of
population sbucture (which were tested separately,
see below). and, in the case of raceme number.
inprove the fit of our data to a normal distribu
tion. Ifall plants were included. populations with
high proportions of small. newly recruited plants
might not be distinguished from those with a high
proportion ofmature plants with low vigor. Con-
sideration of reproductive plants only reduced
sample sizes tirr sorne treahnents because repro-
ductive plants werc absent ftom some populations.
Data tbr trequency of herbivory were log trans-
formcd (aftcr addition of0.5 to all values) to nreet
the assumptions of normality and equal variances
required by ANOVA. Fisher's Protected LSD was
used to compare means (STSC, lnc. 1991) be-
cause it is relatively robust to unequal sample sizes.

Finall_r'-. wc assi-qncd cach individual to one of
three life history categories to investigate the ei-
tects of tinber harvest on populatior structure.
Plants were considered reproductive il they flow-
ered (ploduced one or more racemes). Non re
productive plants with arer of the lowest leaf >6I I
cmr, which u'as one standard deviation below the
1992 pooled nean forrcproductive plants (i=131 I
crnr, S.D.=700 cmr. n=380.), were arbitrarily clas-
silied as medium-sized. Small plants were de
tined as non-rcproductive plants with a leaf area

{6l l cmr. The inportance of identifying mc-
dium-sized plants is that they may represent sup-
pressed individuals that are big enough to repro
duce but lack sufficient resources. such as l ight.
to flower.

We tested the null hypothesis that the abun-
dance ofplants in each stage was independent of
management history in 1992 and 1993 using a
generalized linear model procedure in SAS (proc
genmod; SAS Institute, Inc. 1990). In this analysis.
the log of the mean was linearly related to the
treatments and variance was Poisson distributed.
This loglinear model is appropriate for count data
ofindividuals in difterent categories (Steel. Torie.
and Dickey. 1997). such as size classes and treat-
nents. A scale paraneter was included in thc
rnodel to allow fbr greater vi,rriation thirn expected
(over dispersion) from a Poisson distribution. and
total population size *as included as an off.set
term to remove et'fects ofpopulation size. To il-
lustrate population structure, we calculated the
relative tiequency ofeach lif'e-history stage within
each population and estimated thc mcan and stan-
dard errorfirreach treatment. Analyses perfbrmed
for each response variable are summarized in Table
I, along with the sample size fbr each manage-
nent history category in each test and year

Results

P l . n r  q  7 a  e n n  a o n r n r l  r r r i n n

Average rep()ductive plant size and intlorescence
production differed signifi cantly among forest
management types. but some ofthese eftects were
significant in only one year. Mean height of re-
productive plants. for er.ample. diffcrccl anrong
forest management types in 1993 (.Fr.,r-1.027,
P=0.018). but nol ir 1992 (Fi l=1 .706. P=0.173)
In 1993. plants along clearcut-tbrest edges were
significantly taller (by about 60clc) $an fiosc in
unmanaged tbrests or selectively thinned stards.
F'hile plants in other management types had in-
tennediate heights (Figure 2a).

Management history had a signillcant ctlcct
on average number of racemes per reproductive
plant in 1992 (F.,,=2.S63, P=0.050) and 1993
(fr.,.=3.OqS. P=0.024). In 1992, mean inflorcs-
cence production was greater in clearcuts (i=16
racemes per reproducti\€ plant) than in unmaDaged
lbrests, selectively thinned stands. second growth,
or roadsidcs (ncan ran-qc: 3.2-6.7). Raceme pro-
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'fABl-E L Dcpe dcnr \'iriable\. anal,v\cs and lanplc siTcs ior cach managcmcnl history category (iftlependent \ariables) in
1992 and 1993.
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duction was significantly higheralong edges (i=9.7
racemes) than in unmanaged or thinned forests
(i=3.3 and 3.2 respectivcly) in 1993 (Figure 2b).

Herb vory

The frequency of herbivory also difl'ered signih
cantly among management historics, but only in
1992 (1992: F,.,,.=7.719, P=0.0003: 1993:
t:.r0-1.039, P=0.:+46). Herbivory in unmanaged
forcsts. second gnrwth and along roadsides (mean
range: 3.4 7.9?,) was substantially lcss than in
selectively thinned stands, edges, and clearcuts
(mean range: 2l-297r, Figure 2c).

Popu ation Structu re

Population stmcture differed among the six for-
est management types, especially in 1993. Treat-
ment effects in the loglincar rnodels have F=0
and P=l because total population size was held
constant as an offiet in the models, making thc
stagextreatment interaction the effect of intefest
in this case. Model terms for the interaction be-
twccn stagc and management history in the
loglinear analyses (Table 2) were weak in 1992
(P=0.0883) and significant in i993 (P=0.014).

< Figufe 2.  \ fean feproduct i le p lant  heighl  (a) .  number of
nce'nes (b). and frequency ofherbn'ory (c) in six
calegorics ol lbrcsr nanagcncnt history in 1992
and 1993. See iext for explanation of categorics.
Means with ihe same letter in the same yeaf did
nol diiiar al |hc 0.05 lclcl oi probabilit) lFisher's
protccrcd LSD)I lcllers are nLrl sho\tn lbr lerrs
whcrc ,{NOVA did not dclcct a fcrtncnt cllect.
H erbjvory data were log tran sibrmcd prior 1o anal,"-
sis. See l'able I for sa'nple slzes.

od€roMh lhinned second edge clearcul roadsde

oldgro*{h thnned second edge



TABLE L Effect of managenent listor) on the nunber of
nldi!iduuls ir three lile histor)' stagcs (snall vcg
erative, medium vegetatile. rnd large feprcduc-
ti|e) examined bt loglineaf analysis $'ith daia
l rom 1992and 1993. Nurncralor  and dcno i .a
tor desree\ of ffeedom (NDF and DDF. resDec'
r \ e ) . - r . h . $ a r o r  r , . l r  /  r - t  c

These interactions indicate that the relati\e num-
ber of individuals in each stage depended on
management history in 1993 and nearly so in 1992.

In general, populations in rl l  tbrest manage-
ment types were dominated by small vcgctative
plants, except tbr populations along roadsides.
which tended to have tew small individuals and a
rclativcly high frcquency of reproductive plants
(Figure 3). Populations in ulmanaged forests and
second growth generally had proportions of me-
dium-si7ed vegetative plants approximately equal
to or higher than reproductive plants. Forcxample,
the ayerage liaction of medium sized plants in
these management types in 1992 ranged trom 277c
to 40%, while reproductivc plants averaged only
194/( b 26c/c in the same habitats and year. ln
contrast, rcproductive plants tended to outnum-
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grouped by t)pes thal lbllow sinilar patterns. See Table I 1or sample size\.
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bermedium vegetative plants in selectively thinned
s tands .  edges .  and c learcu t i .  Popu la t ions  in
clearcuts, lbr instance, averaged 29% reproduc
tive plants in 1992 and 21Vc in 1993, whilc mc-
dium sized plants made up only l07o and,17r,.
respectively. of the same populations. On aver-
agc. roadsidc populntions wcrc dominatcd by rc-
productive plants (i=45% and 66%,). with respec-
tively lesser amounts of mediurn (x=31'/c and 2I 7r)
and snall vegetative individuals (i=23*, and 13%).

Discussion

This study detected differences anolg various
habittrt-management histodes at the level of in-
dividuals ancl populations. C inli cirtt g.t e knd plants
in unmanagcd. old-growth tbrcsts and maturc
sccond growth stands tcnded to be smaller with
lbwer racemes than those in some types of dis
turbed forests. but these differences varied with
year of observation. For example, reploductive
plants in unmanagcd arcas wcrc shorter (in 1993)
than those along old-growth-clcarcut cdges, and
they had t'ewer inf' lorescences than plants in
clearcuts (1992) or along cdgcs and roadsides
(1993). Population structurc also ditTered among
lbrest management lypes. especially in 1993. The
addcd light (and possibly heat) reaching plants
in thinncd stands, cdgcs, and cspccially clearcuts
mi l \  h r re  heen 1q .p , 'n ' ih le  l i r r  the i r  g rer te r  s ize
and tecundity, but additional study will be required
to test this hypothesis and determine the impor-
tance of other resources. such as nutrients and
wrter. as lactors controll ing thc rcsponse of this
spccics.

L ' ^ ^ r ^ ^  ^ ^  l - ^ l  ^ ^ r i ^ ^ ^L U U r v ! ]  e o  I  P r  u a u v  r o

These results are inconsistent vith the vie$'that
Ciniciluga e/ata is dd-growth dependent. [n-
stead. the species appears reprcscntativc of what
Coll ins ct al. ( 1985) tcnncd "l ight-l lcxiblc herbs."
which tolcratc lill sun and shade, but are resldcted
to neither. Such spccics rcspond 1o canopy dis-
turbances and gaps with incrcrsed flowering, seed
production. seedling recruitnrent, and survivor-
ship (Coll ins et al. 1985. p. 233), largely due to
increased light availabil ity. In several respects,
C. s/a/a is typical of shade-tolerant herbs ()f tem-
perute deciduous-fi)rcsts. It is sclt'-cornpatiblc and
frequently poll inator l imitcd (Pcllmvr 1986a).
rcproduces mainly by seed. lacks specialized seed
dispersal appendages (such as pappus or barbs).
l cqu i re . , , ' l d  . l  t  r l i l ' i . . r l  i l n  l r  r r  .eer l  !e r tn i t t r l i r rn
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(Kaye. unpub. data). and generally occurs in popu-
la t ion .  dor r in r tcd  b1  . rn r l l  p la r r t . -  r l l  t r r i t .  ryp i -
cal of shade-tolcrant herbs ofeastern North Ameri
can cleciduous tirrests (Bierzychudek 1982). Seeds
ol shade-tolerant species are generally heavier than
light demanding herbs (Salisburl, 19,12). and the
seeds of C e/cla are relatively heavy. The mean
dry weight ofC cl.rl/ seeds is L910.28 mg (Kaye.
unpub. data), which is typical of shade tolerant
herbs (Bierzychudek 1982) and other species of
CiniciJLga, such as C ruccnrora (Abrahamson
1979). These characteristics, combined with our
observations of increased size and f 'ecundity in
artificial gaps. such as clearcuts. supports the clas-
sitrcation of C elrito as lightflexiblc rather than
shade restricted (Col1ins et al. 1985).

Hardwood tree species in western lbrcsts of
Oregon and Washington arc olicn invaders of moist
gaps in coniferous forcsts (Franklin and Dryness,
1973) because they require the additional light
ald release from competition availablc in these
sites. The near-constant association of Ciri. dir!'.r
e/cta with deciduous trees (Kaye and Kirkland,
1994) suggests that it, too, nay invade and per-
sist in hardwood-dominated gaps. Hardwoods
allow substantial l ight penetration through the
canopy to the fbrest floor in early spring, prior to
leaf expansion (Boyd and Matt 1977), possibly
erab\it:,g C it11ic iJrga pl ant s to grow rapidly eafly
in the season while moisture is plentiful. lf this
hypothesis is corrcct, it may represent a strategy
sclected in ancestors ofC e/ala fiom easteru North
Anericu. CimiciJuga species of that region (in
cluding C /'rDlirli4. the closestrelative of C'. rlarri
lcompton et al. 1998 ]1 cunently occur in deciduous
f , ' re r t . .  The fu ( l  lha t  meJ ium- ' i zed  rege la l i re
plants outnumbered reproductives in uncut stands
(at lcast in 1992, Figure 3) while the reverse was
true in disturbed fbrests may indicate that veg-
etative plants. though suppressed under a closcd
canopy, can become reproductive when thc canopy
is removed and additional l ight is available. We
suspect events that create lbrest gaps or park-likc
forest stands allow a'. .r1dld to rcgcnerate llnd colo-
nize new sites, and the presence ofhardwood trees
permits populations to persist.

lmp l ica t  ons  fo r  Conserva t lon  ancr
Nl anag eme nt

The habitat-rclated diflerences in plant size, fe-
cundity, and population structure observed in this
\ luJ )  r  r r i cd  rmonB . rml l (  )c i l r \ .hu l  in  no  c r .e r



were plants in harvested tblests smaller or less
lecund than in unmanaged h bitat. Rather, itap-
pears that t imber han'est in or immediately adia
cent b cxisting Cirtlt 'rf irga clald populations has
little negalivc ct'fect on plant size and fecundity.
at least in the shoft term, and could result in popu-
lation growth. Halpern and Spies (l995) showcd
that son]e forcst herbs becane locally extinct af'-
ter tbrest hala,esl. but others persisted and increased
in  rhunJr rncc .  Ercn  though C.  r / . r rn  r rccur .  in
small populationr in a specific habitat, charac-
teristics that may make species vulnerablc tit cx-
tinction atier disturbance (Fischel and StockJin
1997). it appcars to respond ihvorably to removrl
of the forest canopy.

This conclusion is otlercd witlt the cavcar that
no i lformation is available on the long tenn vi-
abilitv of populations in managecl fbrests. We
could not locate any populations in sccond growth
or plantations of moderate age (20-30 ycars). It
may bc that inventories lbr the specics have been
inadequatc in this age-class (Kaye and Kirkland
1994) or competition fbr light aDd other resources
excludes the species lltlIn hrbitats with dense tree
growth. The short tenn efltct of timber harvest
on CiniciJiga e/ala appears to be positive. but
population viabil ity in the long term, alicr coni-
fers rcgrow to shade the fbrest floor and compete
for resources, could be lorv. In addition, clcarcuts
pose dsks associated with disturbing the lbrest
floor and upper soil horizons that rnay be harm-
t'ul to some C cLrLi populations, especially on
steep slopcs. Therefbre, clearcuts may not be the
most effectivc nreans to improve conditions for
the species. Habitrt management techniqu(]s that
Ietain hardwoods rnd lead to canopy thinning and
small gaps with minimai disturbance of the for-
e \ l  l l oor rna)  b r  op t r r r r . r l .  L , 'n ! - te lm main tcnan.e
<f Cintic(ugu elutd ma)- requirc that managers
allow natural gap-tbrming processes to occur or
mampulate stands k) produce lbrest gaps that can
be invaded by hardwoods. These conclusions
concL[ with rccommendations from studics of
epiphytic l ichcns (Neitl ich and Mccune 1997)
and fbrest floor bryophytcs (Rambo and Muir 1998)
lhat suggest hardwoods and stnall glps promote
species divcrsity in Northwest forests.

The positive efl 'ects of canopy disturbance on
plant sizc may be partiallv off set by rncreases rn
herbivory by deer and elk. h 1992. lbr exarnple.
the mean frequcncy of herbivoly on C. elutd 1n

clearcuts, edges. and selectively thinned stands
was two to three times greater lhan in unDranaged
firrests, second growth. and roadsides. This pal-
tem of herbivory, in which forest opcnings and
cdges are pret-ened for lecding, is consistent with
previous studies of the lbrage bchavior of deer
(Alverson et al. 1988, Chang et al. 1995) and elk
(Schroer et al. 1993). Existing data are insuft ' i-
cierl 10 measure the elfect of herbivory on indi
vidual C. (r.rtd plant growth. so solid conclusions
regiuding thc eftect of deer and elk musr await
lurther study.

Plants onroadsides tcnded to be larger and more
lccund than plants in old-growth forcst, butroadside
populations tcnded to have few small plants. This
suggeststhatroadsidemaintenance activities. such
as nlowing and spraying, restrictjuvenile recruit-
mcnt, possibly by reducing sccd productiol and
lowering survival of srnall plants. Such popula-
tions might be at risk ofcxtirpation if large plants
are killed. Delaying rnaintenamcc activities until
alter fruit maturation (usually Septenbcr) could
in ,  re rse  .eed d i .pcr . l l  l n t l  seeJ l ing  leeru i tn tcnr
and give thesc populations a more divcrse struc-
ture.

Ran-sewide conseNation of Cini.iJLtge elutd
populatioDs will rcquire a coordinated elfoft by
rur iuu '  Iand nranrg ing  rgene ier  to  n ta in t r in  r rp -
proprirte habitat. A Conservation Agreement
between several federal agencies for this species
idcnti l les populations deencd essential for the
long term viabil ity ofthe species on public lands.
nandatcs nr()nitoring of sevenl populrtions, and
prescribes conscrvation neasures such as burn-
ing and tblest density managenrent at selectcd
locations (USDA 1996).

Acknowledgements

Wc are grateful to the following individuals for
help u,ith ficld work: Cindy Barkhurst, Man
Carlson, Cindy Cripps. Claire Hibler. Jin lrving.
Jenny Lipped, Lupin Loel, Chcshire Mayrsohr,
Kathy Pendergrass, Angie Ruzicka. Larry
Schofleld, Alice Snith, Bryce Snith. Mollv
Sull iran. Julie Thiel, Molly Widmcr, and Nancy
Wrrgen.  Tn lo rml t ion  on  p , )pu l . r l i , ,n  loc r r ion .  u l :
provided by Washington Natural Heritage Pro-
gram. Oregon Natural Hcritage Progran. Ruth
Lewis of the Army Corps of Engineers, Ed
Schreiner of Olympic National Park. and Nelsa
Buckingham. Oregon State University Research

Ef'fccts of Timber Harvest on a Rare Plant 165



Forests generously permitted sludy plots on
McDonald and Dunn Forests. We thank Margaret
Evans. Mary Garard, Steve Gisler. Melissa
Peterson. and Jill Van Winklc lirr contributing their
timc through internshipsioil)t l) '  sponsored bv the
Native Planl Socicl\ of Oregon rnd Oregon De
p 1[]ent ofAgriculture. Manucla Huso provided

Literature cited

AbrahN rson- WG. 1979. Pat ten\  of  fe\oufce al locr l ion in
\ \ i ld f lo$er potul r t ions of  f ie ld!  ind $oodlands.
Amcncar l  JoLrrnl l  d Botrur)  66:71-79

Al\ erson. E 1986. Slutu\ iteporton { ,, ir rrr!.r ./rr.r. Wlsh
incron NfirLral Ilcnlalc Progr.rln. Ollmpi.r. \\lLshing-

r | )n.  L6 p

,{1\erson.  WS. .  D \ '1.  $ ' r l le f  rnd S. l - .  Solhci f r .  1988 FoF
ests loo deer edgc . l lc .1\  i l l  nor lhcrn Wi\curs i r .

Conscr!a( ion Biokg) 2: l -18 -15E.
,\ndcIson. T.E. 1969 klentil,\inS. e\,rluxIing. and control

l ing wi ld l i fc  da agc.  1,r  R.H. Ci lcs Jr .  (ed.)  Wi ld l i le

Nlrnrgelnent  Technque\.  Thi fd edi t ion.  Ih! '  wi ld
l i l t  Socier ! .  \Va(hjng(o. .  D.C. Pp. .197 510.

Ba\r i , r . l  \ { .  i rnd Cl .C.  Btr \k i r .  1()85.  Epicory ldonnrnct  in
sccrls of C r. 'lrs./ /1r..rtrtsu .rnt1 HtlLtrir n tutilotu.
Bul let in of the lof fe)  Bolanical(  l t rb I l2:253 157.

Biefz)chudek.  P l98l .  I - i l i 'h i \ (or ic \  ,1nd dcmogr lphy of
slladc ttcrunL Lempefrle ii)rest hefb\: .r revie\\'. Ne$'
Phytologi \ I  90:757 116.

Bo\d.  A. l l .  aDd D.R. \ {at t .  1q77. The di \ t r ibut ion ofsolar
l..Ldi t()n $ithin rdecidrolrs iorell. F-cological N4ono
gruphs l7: l lJ5 207

Chang. K.T. .  D.1- .  \ t rb, , -1.r .  J .J.  Yeo. 1995. Spat i r l - . rnrLl ls is
01 habil.tt selectior b\ Sitkr hhck-tailed deer in south
er\ t  Ah\k .  l -SA. L.nvi ronmental  \ { i  rgcrrcnl
l 9 : 5 7 9  5 8 9 .

Chen. J.Q..  J .F.  Ffrnkl in.  . rnd T. ; \ .  Spie\ .  lc) ! )3.  Colrr r rst ing
mjcrccli rxlc! llr|)lrg clctrr cut. edge. rLnd irlefiof of
old gft)$th Doughifir r'ofest. Agfi.ultural a.d For
est  Yeteofol ( rg\  6 l : l  l9  137.

valuable statistical consulting ti)r the loglinear
analyscs. Comnrents by John Ganon, Manuela
Huso. Susan Kephart. Pat Muir, Dave Pyke, Bar-
bara Schrader, Ed Schreiner. Alice Smith. Mark
Wilson, and Nancy Wogen greatlv improved this
nanuscripl.

Dolbeer.  R.A. .  WR. Hol ler .  and D.w. Ha\ l thorne.  199.1.
ldcnlilicrtion und contrcl ofwildlife damagc. 1, T.,{.
tsookhout (cd.) RcscItrch and i\,{anagement Tech njqucs
fiJf Wildlife and Habirars. Filh cdilion. The Wild
life Societ). tsethesda. Nlar,"-land. Pp. ,17,1-506.

[ \ .  r . . \ 1 .  I n o 1 .  \ l  / \ n e \ 1 i J t r . ! r . p . o u l J | u r f i . l e r h  \ r n . .

ture, rnd inbreeding in a ftie plart. Ciniciftlgd .ldtd.
Scnior thesis. Reed College. Portland. Orcgon. .15 p.

Fischer.  Nl .  and. l .  Slocl l in .  1997. Local  ext inct ions of  p la. ts
ir fenlnants ofextensively uscd calcarcous gftsslands
I950 1985. Consen.r t ion Biologr '  1 l :727 717.

Frankl jn.  J .F. .  and C.T.  Dlrness.  1973. Namral  Vegctat ion
of Orego and Washirglon. USDA Forest Servicc
General Tcchnicrl RepLrrt PN\\Ls. U.S. Forest Scr
vice. Ponland, Orcgon. ,117 pp.

Groth,  L,  G. Berg\ t rom. and O. Pcl l ln \ r  1987. Fl (nal  f ta-
grnnces iD Cnricilil,qa: chemical pol)-morphism and
incipien! spcciar ion in Cr icifuea sinllet. tsiochctni
cd Slstemrt ic \  and Ecolog) ' .  l5r l29 1,11.

Halpcm, C.B. l l l ld  T.A.  Spies.  1995. Plant  spccies divers i ty
in na(ural anLl managed fbrests of the Paciic Noth-
$cst .  Ecological  Appl icat ions 5:91 3 93,1.

Ka,,'-e. T.N. and M. Kirkland. 199.1. Cink:tfugu rlatu: Sra
tlrs. habitat anal]\is. lnonitoring. inlentory, and cl'
tects oftimber managenrenl. Orccon Dep lDreni of
Agicul(ure. Srlen, Oregon. 17.1 p.

Kr)e.  l l \ . .  I i .J .  Nle inkc.  J.  Klgrn.  S.  Vr i lakas.  K.L.  Clarn
beA, PF. Zika.  and J.K.  Nclson.  1997. Pal terns of
f.rit) in ihe Oreson ilorat inplications fb. consen'a
tron.rnd managemen!.  /a Kalc,T.N.,A.  L i \ ton.  R.N{.
Lo\e D. Luomr. I t . . l .  N{einkc.  and M.V \ l ' i ]son (eds.)

Conserlatnrn .Lnd Nlmagement of Nalive Pluts rnd
Fungi. Narivc Pltrnt Socier] of Oregon. Corlallis.
Oregon. Pp.  I  10.

Knocpp. J.D. and WT. S$'xnk. 1991. Forc\l nanageDent
clltcls on suri:rce $ilcrfbon rnd nitrogcn. Soil Sci
cncc Socictv o l  Aner icaJournal61:928 935.

Nlabberlcy. D.J. 199-1. The Plant Book. Cambridgc Unilcr
sltv Prels. Nc$ York. Nelv York. 707 p.

Norse. E. 1990. Ancient Fbrcns ol lhe Pacific Norhxesr.
Inrnd Press. Witshington. I).C. 127 p.

Ofegon Natural Hcritase Progrllm. 1998. Rare. thrcalcncd
rnd endrngered spccics ol Orcgon. Ofegon Natural
Heritrge Progfan, Portla d. Orcgon. 92 p.

PclllnlrO. l9tl5. Pollin.rtion ecolog,v of Cirli(ifit gd d t i.onica
(Ranuncuhce e).  Botanical  CaTclc l ,16: .10.1.112.

Col l inr .  U.S. .  K.P I )Lrn.c.  rnd S.T. , \ .  Picket t .  1985. Re-
sponses of  t i resr  hefb\  lo crnop!  gaps.  t r  S.T.A.
Prcket t  and PS. Whi lc (cdi . l  Thc lcolog) ofNrLiur . r l
Dis lurbanrc . rnd P tch D!n.r ln ic\ .  AcrdeJr ic Presr.
Inc. .  S.rn Diego.  a l  l i ibrn ia.  Pp.  I l7 21.1

Com on. .1. , \ . .  A.  Cr lharn.  J. (1.  Cl ibbing\ .  S.L.  Jur) .  1q9i l .
Phylr rgcr i \  o l  A.rrk1l  inc luding Crr i . i / j rsd
lRrnunculace.re)  intefrcd i io l l l  nrDNA 1lS \eque.ce
\ l f rLtron.  Bioch! 'mrcal  S\ \ tcnr t ics.rnd Ecolog!
1 6 r l E 5  1 9 7 .

. l9c)5. Cro$iIg \ca\on rnicro clinlr tic :fLrdienr fionr
r " . ' 1 . ' i t . . ' t l r D  , t  * i r  .  e r . .

Ecologira l  Appl ic . r t ions 5:7- l  86.

166 Ka)e and Kirklard



.  1986r.  The pol l in t r t ion ecolngy,r l  ($o ncctar less

{raai l rga sp.  (Rrnunculuceae) i r  Nor lh A er ica.
Nordic Journal  ofBotrn)  6:713 721.
. 1986b. Pollir.ltion ccolog) of I\\'o nectafilerous
Cini.ifuB.r \p. (Ranunculaceae) .rnd the elohrtrcn of
andrononoccy.  Nordic Journxl  of  Botan]  6:119-138.
. 19ll6c. Tlr.c pollmalion rnorphs in arrn l/r8d rrr-

tL,-(: incipient sp.ciarion duc to inferiorit) in compe-
t i t ion.  Oecologi . r  6 iJ:30,1 107.
. 1987 Nlultiple ser crprcs\ions in ( inir'tir6'd !irr-

21. , r :  d ichoganr,"-  dc\ tabi l izes hermaphrodi t is ln.
Bio logicr lJoumal of  lhel- inneanSociet I3 l : l6 l  17.1.

Rubino$i l r .  D.  1981. Selen foms of  f r i f i t ] .  , rH.  Slnsc
(cd.). th!' Uiologic al Aspects of Rare Pltrnl Conscna
t ion.  wi lcy.  Ncw York.  Pp.  105-211.

Rabino$ r tz.  D. .  S.  Cairn! .  a l rd l .Di l lon.  1986. Se\ ,en lbnns
ofruril) and thcjr ticquenc,v in the floru ofthe British
Is les.  1,r  M.E. Soul6 (cd.) ,  Conse| \at ion bi (nog] :  the
scicncc ol scarcit) and di!ef\itl, s inruer Associ.rtcs.
Sunder land.  Nlxs\achusset ts.  Pp.  182 :0,1.

Ramse,v.  G.W. 1965. A bios)s lemaric \ ludy of  lhe genu\

Cr"n l&.qd (Ranunculacc.rc) .  Pl .D.  d i ! ler tat ion.
tJniver\ i ry  ofTennessee. 265 p.

. 1986. ,\ bionretdcal an l]\is ol terminal lcallcl char
actcristjrs ofthe Nofth Anerican Cini.ifu3.r (Ranun

culaceae).  Vi fg in ia Joufnr l  of  Sciencc 37:-r  8.
.  1987. Morphological  consident ion!  ln thc North
American Crn, . l l ; rsr7 (R.rnuncr laccnc).  Castanea
5 2 : 1 2 9 - l , t l .

Sal isbufy,  E.J.  19.12.  Thc Rcproduct i \e Capaciry ofPl  nts.
Bel l .  L0nd0D.

SAS Inst i tute. lnc.  1990. SAS/SIAI Useis Guide.  \eAi(nr
6, founh edition, volume l. SAS 1nltitute. lnc.. Cary'.
\ofth C oliru.

Schroef ,  G.L. .  K.J.  Jenkins.  and B.B.  N{oorhead. 1993
Roosevelt elk iclcction oi lcmperate fain fore\t serr
stagcs in lvcsrcrn washington. \orh$'est Science
67:13 29.

Shibr(a. Nl.. Y. Yrmalaki. \'. Amagr].r. aDd N,l. fukushina.
1975. Pharmacological  s ludies on the crude drug
"Shonr" :  L Acute roxic i t )  rnd ant i - inf lammrtor)
rctions ol Crrrfiils.r 'rri1,nd, Ciniifusu ddh tictl
\ l : , \  n r .  \ r k u ! r k r r  / 1 . ' h r o s  \ r o - i  L 6

Reteivetl 3 Mun:lt 1999
Accepted .for puhlicution 7 Jtne I 999

Shibata. N{.. N. Sakufti. tnd Ni. Onad.1. lc)71. Pharinaco

logical srudies on lhe crude drxg 'Shom.r": IL Antr-
inflalnnr.Ltor) ncrions of Ci tidlits rhi.onn,

Ci | t ic i l i tga s i  q ld \ \ t r  onk.  Yaku-qaku Zas' th i

9 7 : 9 l l  9 1 5 .
Shibala, \4.. \,1. Iko|na.lU. Onada. F S.rto. and N. Sakuiri.

1980. Ph nrcologicr l  \ tudies on the crudc drug
''Shom.r": IIL Centftrl depfessant and andspasnodic
actions of Crni.ll,r,sd thi.o|td. Cimi(ifup si 1pl6.
Yakugaku Zrssl i  100: l  l , l3  I  150.

Siddall. J.1.. and R.T. Brolr'n. 1990. Plants of \\'estside an-
cient fofest\. 1, Norse. E. ,Ancient lorcst\ ol thc Pa

cific Nofihlvesr. lshnd Prcss. \!ashinglon, I).C. Pp.

1  1 2  I 1 1 .
Spies.  T.A.  and J.F.  Frark l in.  lgEE. Old growrh rnd fofest

dynanics in tirc Douglas fi r region of $estern Oregon

md washingion.  Nann;r l  Areas Joufnal  8:19{ l -201.

Sleel .  R.G.D.. .1.H. Torr ie,  rnd D.A. Dicke).  1997. PI in
ciples rnd procedurcs ol narislics. A hifinctrical ap
proach. Third edirion. lhe N,lccra$-Hill Compr'
n ies. lnc.  Ne$ York,  \e\ \  York.

SISC Inc.  1991. STATGRAPHICS. !crs ion 5.  Sla l is l ical
Grrphics Systeln by Statisrical Grrphrcs Clorpor|1iion.
STSC Inc. Rockeville. Varyland.

USDA Forest Ser\ice .lnd USDI Burcau ol l-and \'{anage

ncnl .  199. t .  Rccord ofdecis ion lbf  amendments to
Ibrest Sen ice and Bureru ofLand Man.rgcncnt plan

ningdocumenrs lvithh rh,i rangc ol thcnorlhcm \po(ed

o$1. U.S.  Govemment Pr int ing Off ice 199.1-589- I  l l l

00003 Region No. 10.  7.1p.
. 1996. lnterrgency Crr,.,llrgd cldnr Conser!.rtion

Strateg!. Eugene District Bureau of Land Nl.rnugc
'nent. Eugene, Ofegon. .11 p.

\\Lshington Nrtural Herit.rge Progranr. 1997. F- dang!'red.
thr.atcncd. and scrsiti!e vascular plants ofWrshing-
ton with lvofking li\ts ofrare non vuscultrr specrci.
\\'ashington Departmcrl oi t\*alural Re\ourccs. Olym
pia. \Vuslinglon. 6l p.

\ \br fe l l  R.  and,A. .  Harrpson. I997.  1heinf luenceofsome

lbrcsr opcralion\ on the \ustainahle mrnage'nent of

lorc!r  \o i l \  A re l ier ' .  l 'o festry 70:61-85.

Effects ofTimber Harvest on a Rarc Plant 161


