
George Scherer,i Ben Zamora,'z Richard Everettl and Ben Roch6, Jr. ?- L-ISDA-Forestry Sc ence Lab l l33WesternAve Wenatchee, Washlngton 98801
rDeparlmentol Natura RcsouTccScenccs Wash ngton State t l  nivers ty PLr man. Wash ngton 99164

Habitat Characteristics and Morphological Differences of Trifolium
thom psonii Populations

Abstract
hihliun thonryvnii (Mortonl i\ a rare and threatened legume of the Easrcrn Cascades prc\iousl) lno$D only in S\Luk.rne
Can,,''.on ofChelan Count,\'. Washillgron. ltecent rildlire disturbances a.d nell population sjghtings promprcd invcsligdion ol rhe
habiial characteristics of this laron. liansecr sanrpling and clusrcr anal!sjs idcn(iicd Z riorrpirrii occurcncc ir lbur plant
associirijon\r P\(utlot\uK n(n.irsii/ Cahltqto\ti! |ub(!LCnr (PSNIE/CARU). Pi|us ponderosa/ Agrot\rc spicdtutlt \PIPO/
ACSP).Arl.,,il.i.l/ri./.,/dta/A{oD.rnspi&lnuntARTR,/ACSP)'andAJ.t.,,isidn'idcn|d|d-\'dse)'d|t(t/A
ACSP). Thompson s clo!.r occurs ]n.r nos.ric pa(ern ch.rracreri\ric oi 1irc disturbed llnd grazed comnmnitie\ with 2.1-69 pefcent
co\ cr oi lbrbs .rnd grasse s tlnd 0 36 p,rrccnr cover of rrees .rDd sb fubs. Morphological expres sion of i: /lrrrzrrr;i ranged ffo m tall
I l2 cnt mulliilorrl stand\ ilr nlcsic PSME lo rclalivcly lnrll (15 cm) irdi\ idu.rls \iilh onl) one llo$erhead in lhe xeric ARTR. In
conlliast. planr dcn\ily \ras lolv in PSN{E al 0.6 planr! n I bul higl in ARTR al 6.,1planls m r. This slud) conlirns T. thotlry\onii
to be a \igorous and dorninant forh co p(rne.t ofeirlv seral comnNnitie\ i. thc po.dcrosa pinc shtub slcppc ccotone.

Introduction

Trilitliunr tlrotnpsonii (Morton) is one of 12 plant
spccics listcd as thrcatcncd along thc castcm slopc
, r l  theWir \h in ! lu r  Cu.c i r r . le r .  The t r run  i .  i rm lnS
several under study in the Wenatchee area where
about l5 percent of the threatened. endangered
and sensitive species of Washinglon state occur
(Washington Natural Hedtage Program 199,1). J.W
Thompson tlrst reported its occurence in 1933
on dre slopes of Srvakane canyon at the edgc of
Pitttrs ponclercstt fbrcsts arrd ioto the Attenisi(l
trideittuto shrub steppe adiacent to the westen
shore of the Columbia River (Hitchcock et al.
19691. Work by Canfield (1977) and Tiedernann
et al. ( 1977) expanded knowledge ofthis species
and docurncnlcd l0 additional stancls. thc largcst
located within the 80 ha Thornpson's Clover Re-
search Natural Area. Survey work leported by
Gamon and Sprague ( 1988.) fulthel recorded the
Chr l rn  io t rn tS  o( .u r rcncc \  o f  7 .  t l t ' n t [ , ' t t t i  i n
cilnyons ncar the Entiat River. Thev also reponed
on a stand east of the Columbia River. about 6
km southcast of Lhc Thompson's Clovcr Rcscarch
Natural Area.

Thcsc ncw sightings suggcst a widcr rangc
potcntial and pcrhaps a dit'flrcnt ccological am-
plitude than previously clescribed (Kennison and
Tallor 1979). The purpose of this stud,y was to
clarify the habitat charactcristics of I llor4rsoirli
rnJ  Je . , .  r ihe  p l i rn l  re .p ,n r \e \  , ' l  th i .  .pec ie .  t , '
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habitat changes among its associatedplant commu-
nitics. Thc objcctives ofthis research u'ere: L To
document the vegetative communities and site
factors associated wilh T. thotnp \oni L and 2. Com
pare morphological features and plant densit)' of
T. thornpsonii populations among these vegeta-
tive communities.

Methods

Study Area

The known rangc of I /Dr{2.rorli is the area nofih
of the Wenatchee River (47"23',13"N,
120"19 '23 'W)  k )  the  Ent ia t  R iver  ( ,17"39 '51"N.
120"13'23"W) and within 4 krn of each side of
the C,.' lurnbir Rir <r. The ueare:t climltc rt i i t iun
at Wenatchee, Washington (elevation 343 m). has
a meaD January temperature of -3"C and a mern
J t t l l  t c t t tpc r r tu r ,  , ' l  22  C.  {nnu. t l  p rec ip i t r t ion
is about 220 nm occurring mostly as snow bc-
twccn November and April. This taxon was re
ported to occur al elevations ranging 3i15 m to
11,16 n (Cartield 19'7'7. and this study). Using
the normal lapse rate of 2"C per 300 m, the mean
temperature oD the study sites would bc -8"C for
January and 17"C firr July. At these elevations.
winter snowpack could remain for up to 60 days
longer than in thc valley t '1oor rnd *ould delay
bnd energence lor T. tlnnq)so ii and othcr spe-
cies (Gamon and Sprague 1988).



Disturbance fl story

Fire has been an historical disturbance agenl in
this region (Agee 1993) i lnd was cvident bv l ife-
scaned tree stems and bunch-qrass culms on the
Chclan county portion ofthe stud) area. Figure I
shows the pattern of wildfire rvithin thc knorvn
tungc ol T. thot141.\ot1ll (Canfield 1977, WNF 1990).
The nrost leceni fire evenl tlnrong T. thLtnpsonii

populations was the 17,000 ha Dinkleman burll
of July 1988. Sheep and cattlc grazin-r1 nccumed
ir this arca tiom the late lE00s unti l 1965 (Dow
196:1. Tiedemann et al. I977). No known llres
have recelltl) occurred on the Douglas Count)'
study sites. However, the area is prescntly -qrazed
seasonally by donrestic citttle and solne ofthe land
is cnltivated for whcat (8. Cutzrviler 1993. per'
sonal commulication).
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FigLrrc 1 . Prc scnL known st.rnds of I rrort)rrrll in C he lan .rn d Dorg h\ Cou. tic\. Wrshinglon rnd known rre.r\ of ll re d i\iufbancc
in I rror4?r.),rii rtlnlc since 1930 i.rd pted rio|n C.rnfield 1977 rnd wNF 1990r.
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Fle ld  Sampl  ng

Study sitcs were selected tiom maps of known Z
t/rornp-rrnii locations (Gamon and Sprague l988).
We sampled in five r)f the eight known locations
including a ncwly discoverecl site in Douglas
County. Populations rt two of the rcmaining stands
(Tenas George and Keystone Point.) were not lo-
cated and uc could not access the last location
(Keystonc canyol) due to road closure. The cri-
terion lbr samplc sile selection was the presence
of a stald of this taxon grcater thal] 50 m diam-
r l e r .  T h e  l , ' r u t i , ' n . . a m P l e d  u r ' r c  o n c . i t e  r l
Thompson's Clover Rescarch Naturi,rl Arca. lwo
' r les  on  Bur \h  \4oun l r in .  i lnJ  l$ , r  . i l c .  on  pr i -
vate property in Douglas County (see Figure 1).
These tjve areas were clistinct in physical char-
rctcdstics and disjuncl such that selection ofone
area *as independent of iinolhcr.

Vegetation was systenlatically samplcd in each
study arca by placing a 50 cnt x 20 cm wirc framc
in a.1by 5, 20 fiarne block at three positions (0.
30, 50 m) along a randonly placed 50 m tape

ffansect running through I tlnnlpsonii patches
(Brower et al. 1990 and sec Figure 2). The three
blocks togethcr constituted sampling of a patch
of T. thompsoni[ for a k)tal of 20 patches among
the five locations studied. The vertically projected
canopy cover (Daubcnmire 1959) of each spc-
cies encountcred in the plot liame was recorded.
Plant species identiflcation tbllowed Hitchcock
and Clonquist ( 1973) and a l ist of plant names of
Washington (USDA SCS l9E3). Soil surlace con
dition was sampled at 10 painted points equally
spaced on thc plot frame as either littcr, bare soil,
plant presence. cryptogamic crust. wood pieccs.
o l  rock . .  I  hc  d rns i ty  n l  I  / r ,a r f . ' , r / i  u r .  re
corded by counting individuals within l0 one-nr'
plot franes that were trrranged in a block of two
rorvs oftive which overlayed the block of20 veg
etativc sample plot trames (Figure 2). Fron each
sample block at least l0 I tlrot4T.toril individu
rls were selected and measured for notphologi-
cal leatures that included height, leal number, shoot
numbcr. l lowerhead numbcr and root croun
diameter.

Figure: Prtten ol sanrpling in a \t) l ized sanplc patc h of 7l /lrnrron ii. Crnop) covef of each spccics r as obta ined trt sanPLing

in shaded blocks $hich rrc 20 plor frrme\. each 20 c X 50 cm. spaced 50 cm cach direction. The lhrcc blocl sub

\arnple\ lvere aligned on a 50 m tf.rn\ect within llrc sample prtch. Densi() of I 1/L,?? t.rr,i was obtaincd b! placing l0-

I mere r X I Dreler plol iiime s in t$1) ro\a s of fivc o|erla! ing the appro).imalc area colefed b.t_ lhe plol frame m atri x rnd

count ing i rd i ! idLrals.
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At each sample block site the tbllowing site
chamctcrs were recorded: elelation. siope. aspect.
slope position, and nicrotenain feature (e.g.. flat,
conlex. concave). Additional infonnation on study
arel soils was from Soil Conservation Sen'ice soil
surye)' (Beilcr 1969. 1978).

Analysis

The mcans of species canopy covcr from each
block u'ere used in a Systat Statistics cluster analy-
- rs  p ro .cdure  1 , ,  i J rn t i l )  n ta jo r  p l ln t  . , ,mrnun i -
ties associated with Z t4olr2sanll (Wilkinson and
Hill l9921. We calculated meaD canopy c()ver and
liequency values for all species in each sample
prtch. We graplred density ol T. thompsonii and
neasurcments of the species' morphological t-ea
tur€s for comparison by plant comtnunity (Fig-
ure 3). The morphological featurcs were logarith
mically transtbrnred to normalize data alrd
subjectcd k) anrlysis of variancc k) test 1br di1-

ierences among community types. A regrcssien
antrlysis wns used to examine the relationship
bet$'een Z tlnmp.tonii density and Lrce densitl'.

Results and Discussion

Trilbliutn thonqtsonil occuued in three broad veg-
etative settings: forcst patches. steppc-like
parklands. and semiarid shrub steppe. The forest
patches occurring on mesic topographic settings
such as gull ies and northcrJv slopes. consisted ol
a layered community oftrees. shlubs, gnnses. and
forbs clom inated by P seutlotsuga ne n <-.ie sii. Steppe-
like parklands wcre grass dominated landscapes
rvith occasional Plnirs2onrlerosa individuals. The
shrub steppe consisted ofthe drought-tolerant, ta11
sfuub bunchgras s (A rtemisia trile.ntata,/ A g rctpt t on
spi(qtLtin) vegetalivc associatioos t) 'pical of the
central Colunrbia Basin.

Within these thrce settings, four plant com-
munities u'ere identif ied using cluster analysis of
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species composition and cover values fiom the
.an lp l in !  n r . r l r r rc . .  fhe .e  lburc , 'mmuni l )  l ypcs
reprcsented vaious succcssional stages of tbur
plant associations described by Franklin and
Dymess (1973) and Daubcnmire (1970). They are
P s e ucl ot s u ga m errzi e sii/ C abnu g ro st i s rube sc ens
(PSMEiCARU) ofthe fi)rcst setting; Pi?,ltpor-
derosal Ag t ct14'rctn spicritun (PIPO/ACSP), and
Aflenisia vtseland/ Agroplton spk:anun (.ARYN
AGSP) of a steppe-like setting; and Artenisict
tride tet.t/ A,q optron spicatunr (ARTR/AGSP)
of the shrub steppe setting. These four comnru-
nity types arc described below with rcference to
vcgclative composition and site factor data in
Tables I and 2 and Figure 3.

Plant Community Descr pt lons

The PSME/CARU community occurred on north
f'rcing steep slopes (40-50 pcrcent) at lnjd to up-
per elevations (> 1060 m) in Chelan County. This
wlls in the $'ettest and cqtest settings ofthis study
rvith mean annual precipitation ranging f'rom 508
to l0l6 rnm and mean annual temperature of 5
6"C (Biclcr 1969). Pseudot.suga rn.r?::icrii was the
overstory dominant with PirrJ ponderosd a
codominant in some srmplc units. Spir4ea
bt tt!1il., l i ,t f iJ P.n,tt ntt '  . lntI i, n.'//r ucrc promi
nent shrub layer componcnts. The grass,
Calntulltoslis rubescens, was a signiflcant her-
baceous domintrnt of this comnunity type sug
gesting nloist upper elevrtion site conditions.
Balsunorhi :u sdgittna. A&il Liu miLl eJoLi un nn(l
T. thonltsonii werethe most prorninent folb spe-
c ie . .  Other  imp, ' r t : rn t  hcrbaeenu.  spee ic r  ucrc
Fe stuca ida ht rnsi s, B |om us te ctotatn. Poa secundi,
Co|insio purt' i l lora. C.n?thet|th( a|| iui.\, and
Epilobiwn panitulatun.In this community. lo
cated on Burch Mountain. the 1988 Dinkleman
firc destro,yed the crown foliage of nerrl l, all
Pseudotsuga nrenaiesii and Pinus ponderosu.

Soil surfaces in PSME/CARU were lltter co\'-
ered due to the high propoltion of shrub and grass
cover (Tablc 2 and Figure rt). The soil profile was
rocky and among the shallowest of those in this
study, ranging fiom 35 to 48 cm in depth.

The ARVA/AGSP colrrmunity $as located on
the Thompson's Clover Rcscarch Natulal Area
(Figurc 1). Individuals of Arleinisia rasalano. a
montane ecotype of ,4. tt ide t.tto, and A. tripurtittl
represented the ovcrstory cover of this commu
nity t1pe. Thc cunent vegetative domilants were

246 Scherer. Zamora. Evcrett and Roch6

tlre grass specics Agroplrort spit:ctlttnt. Poa
secunda. FestL!.a idulnensis- ranging in mcan
cover fiom '1 to 27 pcrcent. T. thompsonii,
Balsamorli:a sagittutu, Antennarid rosed. at7(I
AchiLlio nilleJbliun wcre the maj or forbs. Annu-
r l :  r rc r r  no l  p ron l inen l  in  lh i .  c r \mnrun i l ) .  e \
cept 1br a Brcmus tecktrunt coverage of 4 per-
cent, the result of -rround disturbance. Charred
bunchgrass clumps and shrub skelctons indicated
recent ( 1988) flre disturbance.

The elevation ofthis community ranged fionr
ti 16-1071 m on 30-40 percent slopes facing north
to southwest- Ground coverwas mostly litter rang-
ing t'rom 37-69 pelcent and plant basal cover from
I 7-27 felc(nt I Trble 2 r. E.r imaled pr'<c ipit:rt ion.
so i l  depth  rnL l  . , ' i l  $ i r le r  r ra i l rb i l i t y  uere  r in t i -
lar t0 PlPO/AGSP (Bieler 1969).

Thc dominant vegetation in PIPO/AGSP was
an Agru l t \ tn  .V , i ' \ tua t  / r ' r t t r ,  r r i J , r } ' t r r . i r  e r r . r
understory (Table I ). Pfuris Troarlerosri was plesent
as soliti:Lry maturc individuals across the Research
Natural Arca with canopy cover rarely cxcccd-
ing 2 percent. Cover and density rvere higher in
more mesic topographic settings of gull jes and
north slopes. The low shrubs. Eriogonurn
herut:leoides. PhLor ktngifolio, Hoplopctppu.r
stetnph)llLts, were present with lcss than 5 per
cent overall cover. No tall shrubs were recorded.
The most prominent species in the tirrb compo-
nent were Antennaria ro.sea, Balsantorhi:rt
sttgittutu,T. thompsonii and Athilleu ntilleJb I iLut r.
The annuals Coll insiu purriJlora. Epiktbium
punict atunr. and Cry-pthdnthu effinis \ tere \biq-
uitous in the sample plots but had small coler
values. Evidence of fire disturbance was gener-
ally in thc grass shrub uldersto-y. There rvas nir
t'irc damage in tree crowns. The firc dislurbances
also explain the lack of tirc-intolerant '1rtcr1iJi4
spp. rnd Prrrslla spp. in the shrub component.

This community was sampjed at clcvalions of
810 899 m on steep slopes with varied north to
southwesterly exposures. Soil dcpths ranged 25
55 cm with estimated clay content of I,1 percent
(Bieler 1969).

Dnnr in . rn ts  in  th r :  {RTR/ACSP entnnrun i t l  t1  pe
overstory were the tall shftibs Artetnisid trilentda
and Pursltict tridenttLta, with mean canopy cov-
erage ralues of9 percent and 5 pcrcent. The her
b lccou.  t l  rn in rn l .  uerc  4gr , 'p t  t t ' t t  t1 , i ,  a1114.
Festu<:a iddlbensis. and Po.r seailr?dd wilh up to
'1.1 percent mean canopy cover. This community



T,A.BLE L Consrarlc\ and mca. corcr \ilues of lpecies in four communit) t,\'pe\ a\sociated r\ iih liililiur tkrnturtii.
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N=3
Co. Cov Con Co!Con Co! Con Cor

I'inus t.,tdd?\t1
P se utltn sugd nrc ]r ie si i

Shmb
Ane,tisld tritlc,t.nd
,1/rrrri\llr rrrv,rtrl'
A  e r t ^ i u  t t i | u t t l l u
(-edtnlh s t.Iutinks

C h r\' \0t hanniu \ | i x klt o tLt \
Et i r |n, t  l i tknt i \
Erios) uDt hcn(||oidt'r
Et iogot tLtDt n^eunt
L:fi){rMr nridunl
Hat)lopdIt)ks \|e]toth\II s
P tnlntt f|utitosus
Phlor k,ryil0liu
I' t t \ hid t rile tltt1!.t

Stirued betulitolkl
S\nlt)horirdrpol (Ib s
\ t&|LI iun u&lentul ' :

Cra\r
Ag,,l)\'k)tt ctlnatLnl
Aerop\tt t \pi(nunl
Btrr  u\  tut totLur
(  u l ,1dgr. \ l i \  fuh! ! .n\
L6tu(u idutuen\ i \
f(ntu tI ntbnLt
Krel,?tiu .rislakl
xl.litd hulhosa

Forh
Athilled niI1,:lbli kt
At,rs.ris Prd|dit'bkl
Al l iu  1a.  tn i t  t t tun
Atlit:nrrl dr\|tul
Antrnndna ras(a
, \ \ t rq( l  \  put \h i i
ts d I nr n o rh i.t1 s.1 I it n:n tl
Btr1dxl,:d dousldsii
Ot \ tc l lc j (  lutu ' \ rn\
(  o l l i t^ i r  r !^  { lotu
( t\trtrl1hd uXitli\
L: Ir i bh i u n t lunun u 1 utl
Geurl lrilorut]l
H e I ia tllh Lts pcti ol a ri s
H(uth?ft] .Ilitklt k1t
Hi.ftttiMt ulbi|lotutn
LdctLttd strrnla
Lirlantl !\ Iittillot ul
LithosprrDt Dt nkL'tdIc
Lu at i  t ] i  nudxulc

100 29.0
100 -r2.0

0 0.0
0 0.0
0 0.0

50 6.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0

100  |  t . 5
1 0 0  1 . 8

0 0.0
50 0..1

100 I2. l
50  r . 6
50 1.3

0 0.0
50  0 .1

lot) 0.,1
100 37.0
100 3.7

0 0.0
50  0 .1
50 0.0

t00  1 .2

100  7 .1
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0

100 9.9
0 0.0

50  0 .1
100  0 .5
100 0.9
100  1 .6
50  1 .6
0 0.t)
0 0.0

50 0.il
0 0.0
0 0.0
0 0.0

50 0..1

0 0.0
0 0.0

0 0.0
61  1 .2
67 1.1.0
0 0.0
0 0.0
0 0.0

100  8 .5
0 0.0
0 0.0
0 0.0
0 0.0

3.1 0.8
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0

0 0.0
100  26 .1
67 1..1
0 0.0

3,t 1.2
0 0.0

100 ,l.l
3,1 Tr

r00 5.0

t00 t. , l
r00 r .E

0 0.0
0 r:).0

1.1 2.5
0 0.0

67  3 .8
l:l 0.3
0  0 0

100 0.9
67 0.8

100  1 .2
11 0.9
0 0.0
0 0.0

3,t 0.9
0 0.0
0 0.0
0 0.0
0 0.0

l.l Tr
0 0.0
0 0.0
0 0.0
0 0.0

l1  0 .7

l,t 0..1
0 0.0

l,l Tr
28 0.5
51 |. ' , l
0 0.u
0 0.0
0 0.0

l,l 0.,1
0 0.0

0 0.0
100 26.1
s'7 1.O
0 0.0

100  7 .5
l8 Tr
11  2 .3
1,1 Tr
85 '1.1

tot) l . l
57  1 .5
0 0.0

l.l Tr
85  17 .6
.13 t. l

100  11 .7
0 0.0

t 8  0 5
1 0 0  3 1
85  1 .5

100 3.2
28  1 .3
2lt 2.,1
28 Tf
57  i . 5
1,1 0.,1
l 1  T r
0 0.0

57  1 .6

0 0.0
0 0.0

77 8.5
0 0.0

1 1  1 . 0
0 0.0

l l  0 . 2
0 0.0

55 2.6
0 0.0

22 0.)
55  l . l
0 0.0

100 3 3
66 .1.9
22 0.6
0 0.0
0 0.0
0 0.0

1l Tr
100 ,1.1.I
88 1.,1
0 0.0

88 I '1.5
0 0.0
0 0.0

33 l .-r
100  7 . I

11 ).0
88 6.0
77 10.1
0 0.0
0 0.0
0 0.0

100  \1  . 6
l l  T r
l l  0 .1
66  t . 0
2 l  0 .1
44 TR
u 0.0
0 0.0
0 0.0

11  T l
| | t).1
0 0.0

l l  I r
l l  3.5

P
0

P
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TABLE L tCunt inueJr
PSI,J E PIPO ARTR

N=l

Con Cov Con CoIC0n Coi Con Co\'

Lup i |u \  lekoph\ l Ius

XIL(  to \ t ( r i t  g t  i l i \

hte,otiun Dti(nnthwn

S isl n1b ti unt al I i \ \ i tnunl

Trit't) I it! Dl thont Inn i i

0
t)
t )

1 0 0
o

5l)
r00

0.0
0.0
0.0
0..1
0.0

6 .5

0 0.0
.l.l ti
0 0.0

100  1 .0
1.1 0.2
61  1 .2

10 t )  11 .6

0 0.0
71  1 . . 1
1,1 Tr
57 0.2
57  0 .2
0 0.0

100 )0.1

.| .1 t . l
66 1.8
0 0.0

11  1 .6
100 0.6
t2  0 .1

I0 t )  I  t . 2

Notesr P= P pine occurs in cluslers and individuals. Acrial photo \erillcation\ mdicate cover range 2 l2t:, on 80 ha. Tr= covel
lrluc lcss rh n 0.1 in sanrple plot. Conlmu'ritv type abbreliatior\ arcr PSNIE= Ps.rddrrgd tnefi.ie\ii/ (hlmegtu\tit rubcsccns:
PIPo=Ponderosapie/Ag|o] \ l1,1sPi l :u1u}|^RTR=' \ | t | ,mi \ i t | tk |Ckt |1/
Ias u\ tlt1a/ Ag ropI t.n s p tctlruk t

'IAllt-Fl 
L Ra.cc ol \aluc! ior site i.rctors in four colllnnrniry Ilpes as\aciated \\tith TrtbliLm thonpsotlii

PSI\'{ B ,{R\t{ PIPO A RTR

Site \ i i r i .Lble\
Ele!r t ion 0nl
Sbpe (?)

Pr! 'crp i r  ( rnrr)

Temp (C)

S0il Suriirce
I- i l rcr  ( t I )

Barc Cnound ( t  )
Rock (rt; l

Basal r\rea (tl )
Cfyftogrms ('-t: )

Soil Prclile
I).'p!h (cnrl

tsnlk Densj t ,v  (g/cc)

Alrilable \\'ater (crn cm)
pH

Ofgrnic Nialier {1t )
CEC {meq)
Couse lragnents (7 )
Sand ( ' ; : )

Si l t  l t f )
Cl . r )  (? l

l | | 5  1 0 6 0
10 50
160

508 -  l 0 l 6
5 6

.1,1-61
t l

- l - l l
l 8

35''18
1.22 L.10
0.lE 0..11

6.5
1 .5  1 .5
r0  20
l0-10
72-U3
r 5  2 l
l - l

816  l 0 l l
-10 ,10

160 215
30.1 106

8 -  l 0

31 69
8 ,10

t1-'',|
0 -1 .5

.18 56
1 .21 -1 .29
0.30-0.15

1.6-3.0
8..1 1:.0

l0 20
67 6E
25-32

810,E99
r0 60

360-235
30,1 .106

E  r 0

,10-60
8 3,1

o

l9

t5 55
r .  t 0  l . l 0
0.13 0.50

2.8 6.,1
9  1 5
l0-20
65 79
l c )  3 l
l- .1

890 1096
15  50

0,15 ll0
208 610

l l , 10

19  69
l ] 5 8
0 2 6
0 1l-)
11-27

5

1 .05 -1 . t 0
0 .15 -0 .51

'7. l

1.5-.1.5
8 111
5 ,15
lt  59
36-53
I  1 l

Notcs: Cormunit)- t) pe .rbbfe!i.rtions afe: PSME = /'r(&.[,/lrrga ,rcn.i(sii/ Calnagnstis rubestut:t PIPO = Patkturasd pne/
Agro| \ |o] ]sptctoL}1|ARTR=A//d/ , iJ i l l | | id( | t | l t | ] /^grop\ |onlp i . ' . r f , l :ARvA=An'n| is iu! | i . !ex lu

was rich in tbrbs rvith l7 rccorded. The most ubiq-
uitou. u ere I t h, nl\, 'ni i. Bo I 'olnorh t: a taqi I t at.1.
A iunl e.umirtatutn, Agoseris grandi.f lora,
Lont.ltiun nudicule. Achellio mille.foliunu and
Lupinus .seriteu.s.There wm no tleld evidence or

2,18 Scherer. Zamora, Everett and Rochi

recorded documentation ofrccentfire in this com
munity. Howevcr. some forbs and bunchgrasscs
appeared lightly grazed.

This community type occurred at elevations
ranging 890 to 1096 m on l5-50 perccnt slopes
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with north to southuest exposures. It was lhe nost
xeric of the communities rcportcd here. Modest
clay content and varying soil depths accounted
lbr the wide range in soil water rvailabil ity vtrl-
ues (Table 2). Soil suriaces here varied as indi-
cated by higher proporlions of bare rmk surface
c()ver.

Cornnnu nity Structure

Figure .1 shows vegetative structure of the four
conrmunitics by la,r'"ers of vegetative component.
Grasses and tbrbs were prominent in the coln
rnunities of PIPO, ARTR, and ARVA with tbrbs
nearly equalin presence but morc vaiable incover
and species composition among the groups. Note
a rclatively low value of shrub cover but high
value of lbrb cover in PIPO/ AGSP: a probable
result of recent fire disturbaDces since many tree
boles displayed chared bark. Structure data also
showed lcss cover ofshrubs and trees and greater
cover of grass and firrb componcnts fton1 nore
mesic forest scttings to the arid shrub steppe. This
is l ikely the result of less precjpitation at lowcr
elevations (Table 2).

PIPO ARTR

P ant Density T thompsonii

Density of T. thontpsorii nnged ftom 0 to I 6 plants
m :  on  25( )  p lo l .  l rom \ \  i th in  lhe  lbur  c ( 'mrnun i l y
types. Plant densities r'",ere significantly greater
in ARVA, PIPO and ARTR thaD jn PSME setting
at0.6 plants nrr (Tablc 3). Specilically, plant density
was highest ir parts of the ARTR shrub-steppe
ofDouglas county where l-mr plot tiamc samplcs
cont r ined as  many as  16  p lan ts .  The ARTR

'L\tsLE 3. Mean densit] (pl nts-m ) of I /lonlioriiin lbur
comnnrnity llpcs

IForb trGrass CShqU r,flerl
l- igure .1 C.rnopr- .o\ erale b) lilc l onn lbr lbllr com mu|r it) r! pe s assoc ialed wirh Z /lonpror;r. No livc lrcc\ on PS l\4 E duc 1|) llrc

k i l l .

PIPO ARTR ARVA

Density (nlr) 0.6 3.5 , l .E 1.8
Slandard.ror l-J.19 0.25 0..17 0. i8

0.000 0.000 0.010 0.000
N = 20 99 8tl ,19

Nore: p = signilicancc prohabilit,v (<.05 is significanl). N =

nunbcr of plo! iranre samples. Co'nmuniry iype abbfe!ia-
lions arcr PSN{E = Pteulattuga i}rctl.iesil/ Cdlnderosti\
ru1,.r'..r.ir PIPO = fu, I(ft^a pine/ AgtoDnn lpictltu t)
ARTR = A r/crri.r i.J .ri.2, takt/ Agrop)ro \pt(etunrARVA=
I t t .  n t . t , t  t n l .  \ t , t t , t  t , t ! . \ - a L  . \ t n  t . , ' .  a , l i , . t t , ' , "
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community had high -srass coverages. pa.rticularlv
Lestutu idahoensis u,ith 56 percent covcr (Table
I ). It also had thc dcepest soils and highesL silt
content among the conmLrnitics (nrble 2). In
col]trast. plots sampled in the forested PSME were
high io tree covemge and had shallow soil depths.
Forcst vegetation types and lbrcst soil conditions
ma\ contribute to the low densiLy value ol 0.6
plants pcr scluare meter. Trec counts vs. I
t  I  t ' n  t  I  t . t " r  t  i  i  ;L ,u l t ' .h , 'u  ed  I  s l  igh t  r )cg i l l  i !  e  . , ' r -
reli i t ion but a regrcssion rnalysis of the data dicl
not prole to be significanl. Wc were unable to
dernonstrate that T. thorlp.\otrii stands arc more
suited to the heliophyLic conclit ions of the open
parks and shrub steppe withil i ts lange.

Morpho og  ca  Charac ters t l cs  I
tnampsonll

Considering nean valucs. a "typical" 7l /r.,r?pr'.rrll
specimcn might be 27.6 cm in height. a three sten
plant with liVc lcaflets per leat. t\\,o florvcrheads
and root dianeter of ,1 mm. A mean plant height
of f L7 cnr tbr T. tlnnrysonii in PSME was sig-
nificantly (p=0.010) tallcr than in ARTR at 25.3
cm. Thcre were no signilicant diflcrcnces in height
anong ARVA. PIPO and ARTR. The numbcr of
tJorvelheads per planl in PSME $ rs 3.6. This was
significantly (p=0.000) greater than in thc other
connunity lvpcs. among which were no si-qnifi-
cant dil lerences in florverhead couuts. Leaf ancl
shoot counts did not significantly dif ler arrong
the commulit] ' t.vpes. Rixlt crorvn diameters of
'1.5.1 mm in PIPO u'ere nominally grerter thal in
the other community types but only significandy
i r c  l e f  I n = 0 0 O - l I t h . r n  i n  t l r t  A R V \  c o r n t n t r n i t 5
a l  3 .54  nrm.

The talle. plants with morc flowerherds in the
PSME community suggests a slightly more ro
bLlsl T. tlnnpsotlii stald here. This may be a shofi-
lir,ed responsc to resource release since thc PSME
locatioos were burncd by rvildllres in l988 and
samplcd in f991. We hypothesize thatT. thomp.tonii
stands occurring in the PIPO comrnunity ntight
be vieu'ed as "typica1." Plant heights of 2? cm,
trvo flowerheads per plant. three stetrmed plants
and a larger root diameter su-{gests a greater pe
riod of sitc occupancy. However. it may be that
the site is morc frequentJv disturbed by wildfires
and that 7: thoulpsotlii roots may be benefiting
1r'orl thc rcsource releases facilitatcd by the fires.
There is an observable contrast inthe smallerplants
of the ARTR coirmunity of Douglas Countv vs.
thosc in Chelan County, particuliuly the robust

250 Scherer-. Zamola. Evcrctt and Rochi

T. thontpsonii of PSME on the Burch Mountain
location. cven though this study has not statisti-
callv substantiated this obscr!rt ion in all fealurcs.
We suggest that precipitation availability and fre-
quency of disturbances are l ikely to al ' lcct nrol'
phological dil l trcnces ofexpfession for this spe
cies among these documenlcd habitats.

Rece l -  v  D iscor 'e  eo  PopL dr  oTS

Tn 1983 and 1993. hvo Dew populations of I
lr.rr4r.rorli were encountered in Dou-qlas CouDty.
They were about 8 km easl of the best known
slands of Su'i:kane canvon (Camon and Sprague
1988 and this study). The landscape and terrain
featurcs of the Douglas Counry study area iuc
similar to those wcst of the Columbia River. It
leaturcs steep hil lslopes Iising to forested suln-
r r i t s  r r t  1 . t00  nr  u  i th  a  sh : r rp  s ;1 r1r '11 . -  jn19  gr i r . . -
shrub ecosystens at about I 150 n elevation. A
distinct difference in the vegetative composition
is the ubiquibus and relatively ev(]n coverage of
Artenisia tidetiet.t and Pw'shia tidcntdtn on
this lal]dscape, indicating infrequenl sland-altel
ing fire cvents. The pdmar! clisturbance leature
hcre is the agricultural activity of u'heat ficlds
and associated caLtlc grazing.

Trilitliurn thompsottii occurs hcre in disiul]cl
patchcs ranging tiotn 2 m: 10 abeut l0 ha in sizc.
often in close proximitv toA. trt/crtulr.r individuals.
Nativc bunch grasses are prominent vegetalivc
u*er ard7. thonqtsorll is often the dominant 1brb.
Tii.folitn. thompsonii in the Douglas coru]ty
samplcs rvas typically a shorter individual witlr
only one or two flowerhcads (Figure 3). Popula-
tion densities were signiticantly lalrer than those
lbund west ofthc Columbia River (Figure 3 ). Total
canopy coverage ofvegetalion in Douglas County
plots was greatcr than the other silcs sarnpled in
this study (discounting the trec category in PSME.
since the crown foliagc was removed by fire).
Trilbliun thornpsonll stands \\"ere 2 3 km tiorrr
the nearest lbrcst ecotone in tlte nridst of \t'ell
developcd A. tridettttttu/ Agroptrort spittttunrF
ldc&oersis associations.

The T. thompsonii populatioll expression in
Douglas County rvas diflerelt fronl thrt of the
Chelan County populations. Thc reasons fbr the
differcnces are spec :ulatl e. TriJitli u rn thompsonii
slands erst ofthe Wenatchce river are functioning
in relatir,ely undisturbcd habitat. The smallcrstature
of the plant may be due to the nlore xeric climate
tlnd soil conditior'rs (Tablc 2). The snaller plant



ht:ights could also bc an etlect ofthe grcater veg
c l i l l i o l  . , , \e r  O l  th i \  \ i l r :  . r  p re l r l c r  eornnrun i t l
biornass conpcting tbr a linited pool ofresources.

Conclusions

There  i .  inc r . r r r ,d  in te lc . t  b5  l rn r l  rn rnrcer .  in
thc  h i , ' l u r . : r  rnd  h lh r t r r  r ' , rnd i t ion :  o l  r r r r .n tc ie \
pa icularlv on Wenatchcc uea landscapcs rvhich
have been historically (ancl rcccntly in 199:l) l ic-
qucnted by large scale fires. This study claif ies
thtl T tho tpsonii habital is best characterizcd
by thc plant association featuring AradTrl. i i .r
t ridentttttt / A grop.t'ron spi t utwn- E icLthoensis. irs
dcmonstrated in the mature community of the
Douglas county samplc sites. This habitat t) 'pe
association tirrms an integratecl ecotone along the
firrested edge ncar the summits of the arid foot-
hills neirrWenatchee . Tt iJbliun tfutnpsottiiislikdy
an ancient endemic of the l\rtenisia titlentatut
habitat t)'pc. however, A. Tridentatu is oftcn ab-
sent due to wildllre e\e\ts. TrifoliL!n thompsotlii
seenrs to respond to fire-caused openings in ad
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jacent tbrested scttings rvith li-qorous growth and
flower production. probrbly a phvsiological rc-
sponse to rcsource release. As tree or shrub crnopy
(o\cr incf(:lsc:. TriJ, ' l i trtn tlt,,tn1,'onll \ igor l\
reduced as indicated by the Douglas County
samples. Since there are no clear erplanations for
the limited range of this species, new population
locations are probable. New stands wil l l ikcly be
found in  bo th  d is tu rbed and und is tu rbed A.
tridentunahabltattypes and in disturbcd torested
settings neal the shrub-grass ecotone.
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