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Abstract
The loss of natne species and theif habitrts has increased with urban de|elopment. agriculture. and resourcc utilizad|ln. Accord
ing iothe$'ashington NaturalHeritage Program.20plants listed as endangercd. thrcatcncd. or scnsilive.rre suspected to occur on
dre glacial outwash !oil! of sourh Pugcl Sound. ln our stLrdy. norc fian 3.000 ha ol prairie. $elland. and moist-fire\t plant
com u.ilicswcrc s\'srcrnalicall,"" \amplcdalFo Lcris. Washington. and rare planl species, theirhrbitats, and associated species
$crc mappcd. Four rarc spcc ics. Ain,r .r rtur. L"illi mpdnifk Lon. Cdt"r cotnosd,t]JlJ C. itteftuprd. were found. Ar1.,f.!frrr.
thc mo\r abundanr oi !hc!c lour spccics. aruiicd highcst co!cr and liequency on prairies dominated hy F.stucd iddhoen:i\. orhel
gra inoid\. and nati\e ibrbs. II also sas prcscnt on somc sircs dominarcd by lrces or ron nati!e species.Trilliun pdhi.flanm\\^s
fo ndinmoist tbrestcom unities with an overston' ofco.iiir! andlard\\oods. Cdr€:r.rmr.r.r lras lourdonthe nargins oftwo
'$etlands. and a. i"r"rri?l.i \\'as lbund gro\ling on a gravel bar of the Nisquall_v Rivcr. Major thrcals to the lbur rure species are
discussed. and recominendarions are nrade for management of rarc plant habitals lvith thc gc'al oi preser!ing the species.

Introduction

In the south Puget Sound lowlands ot \\"estern
Washington, prairies. shallow lakes and wetlands
within a coniter-dominated landscape were lbrmed
on the coane gravel deposits fiom the Vashon
glacier. A high diversity of plant species and plant
communitics is charactcristic of thcse habitats.
However much of the Puget Sound lowland is
currently used lbr urban development. agricul-
turc. and rcsourcc cxtraction (gravel mining, timber.
r . r , r te r \ .  T rnp i rc t r  lo  hah i l r l  h )  the .e  rc t i r i t ies  o l
by recreational trampling are a major threat to
plants and plant communities.

One of the largest tmcts of relatively undis-
turbed lbrests, $etlands. and prairies in the Puget
Sound lowlands is on the Fort Lcwis Military
Reservation (FLMR). aU.S. Department of Army
(DoA) instlllation locatcd betwccn Tacoma and
Olympia. Washington. The DoA and all Federal
land managers are directed by the Endangered
Species Act of 1973 to protect and conserue the
habitat of endangercd. threatened, sensitive, and
candidatc (ETS) species on its reservations. The
tenns "endangered," "tlueatened." and "sensitive"

uscd in this paper ti) l low the desi-snations estab-
lished by the Washington State Department of

Cunanl addrcss: U.S. Fish md Wildlile Ser\ice. \oflh Pa-
cific Corn Ecoregion. 310.1 Griftir Ln. SE. Suite 102. Ol) m-
pi.r. \\iLshingtm 985(ll.
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Natural Resources, Natural Heritage Program
(WNHP). Endangered plant status is assigned to
a vascular plant trL{on in danger ofbecoming er.tinct
or extilpated in Washin-qton. A threatened plant
taxon is l ikely to become endangered within the
near future in Washington if factors contributing
to population decline or habitat degradation or
loss continue. Sensitive plant taxa are vulnerable
or declining and could become endangered or
threatened in the State without active nanage-
ment or thc removal of threats (WNHP 1994).
Candidate species applies to taxon that are being
considered forlisting under the Endangered Species
Act of 1973, as amended.

Currently, 20 species of ETS plants occur or
potentially occur in the south Puget Sound low
land.  (WNHP l9q4) .  Onc.  A \ t? t  .unu ' .  i .  cu t -
rently designated a species of concem by the U.S.
Fish and Wildlife Service (1996). This designa-
tion suggests a threat to the penistence of the
species but requires additional data for formal lisC
ing as threatened or endangered.

During spdng and summer of 1992 and 1993,
wc undcfiook an inventory of ETS plant species
at FLMR. We had fiYe obiectives:

( 1) Map thc distribution of ETS plant species
within the FLMR;

f2)  De.c r ibe  lhe  hrb i ta t .  rnd  p lan t  .pec ie r
l \ \ r ' c i J IeL l  n  i th  ETS pJant  spec ies :
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Cursory Intuitive Controlled

Limited Focus Complete

Fig fe 2.1. Sensili!e plant search ctl ods uscd in 1992. Rrrc plant data were collected in \elected
hahitrl Nspected Io contain lhe rare specic\. A hicrarlhical rppro.rch ranging froln a
cuf\ofr- reconnrissance ofthe habitat to a complcic c\ilminrdon ol the entife .rc.r rnd
ir\ perimetef $'ere used to search ior r!1rc taxa.

(3) Dcscribc habitats and plant communities
in areas that were invcntoricd but revealed
no ETS plant species:

(:1) Identif_v the thr-eats to ETS plant species
and make managcnrcnt recommendations
to protect populations on thc FLMR;

(5) Dctermine ti l ture research needs.

Description of Study Area

Thc FLMR covcrs 3,l.li 1 1l hectares (86,000 acres)
and is located in the southem porlion ofthc Pugct
Trough (Figure 1). The landtbrms and soils of
prcscnt-chy FLMR rl,ere lorned by the Vashon
Glacicr tlrat rctrcated lronr the area 1.1.000 years
rgo and by subscqucnt crosion and the action of
rivels ( Kmckeberg I 99 I ). Soils arc dcrived tiom
glrcirl till and dfitt and are rvell drained. The to
pographic rclicf is m erate. with elevation ranging
l rom sc l  le rc l  t t r  l7 . l  m.  Annu. r l  l r cc i f i l i r l r r rn
averages 100 cm at the Gray Airfieid weather sta-
tion. FLMR (unpublished data). The plant com-
munities of FLMR are divcrsc. Our inventory of
ETS plalts included lalge tncts of prairic, wct-
lands. noist conifcr forcsts. and oak *oodland
habitat (3.036 hectares.).

Methods

To dctcrnrine rvhich of the 20 ETS plant species
ol the Puget Trough might be present on FLMR.
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u,e examined the WHNP clement occumence da
tabase for historical rccords of species occurrences
il Thurston and Pierce counties. We assembled
data on species descriptions. habitats. phenology.
and nomenclature fiom Hitchcock ancl Croncluist
(1973), the WNHP Infornation Systcm. local
anateur and professional botanists familiar u'ith
habitats of Fort Lcwis. rncl botanists trom the
USDA Forcst Sen'ice. Washingtoo Department
of Nalural Rcsources. ancl environmental consult
ing tinns. Of Lhc 20 ETS species potentially oc
curing on the FLMR. two were knorvn to be as
sociated with wetlands. lbur with bogs. three with
moist-forests. thrcc with riparian areas, two u'ith
lbrest openings. four with prairics, and two with
steep, tbrested bluffs along Puget Sound. Then,
wc located these habitat t l 'pes on l:12,000 aerial
photographs and transferred thcm to 1:2:1,000
USGS quad maps or orthophoto quads 1br field
work.

During 1992, we reyisited sitcs of historical
occurrences and conducted reconnaissance sur-
veys of prairies, wetlands, moist coniter lbrests,
and oatrr u'oodlands by using ahierarchial rpproach
(Figurc 2a) to first identity suitable habitars and
then to search lbr ETS plants:

(1) Cursory a quick ( 15-30 rl idha), recon-
naissancc of an area to determine if it ap
peared to be suitablc habitat or to assess
the phenological developn.rent ofthc plants.



(2) Limited focus-a close examination of
selected areas within potcntial habitats but
not a search of thc entire selected area.

(3) Intuitive controlled a close exuninatton
ofspecific arcas ofpotential habital as well
as a carell l  search of thc perimeter of the
potcntial habitat.

(.1) Complete a conplete cxaminatien rnade
b)' walking parallel transects throughout
the entire area and its perimeter. This
nethod was uscd il the area appeared tr)
b .  , 'p t in r . r l  h r rh i t r t  lo r  thc  r . r rg f l  . fe !  ie . .

During 1993. rve svstenatically sampled plant
species diversit l 'with tftrnsects (Figurc 2b). The
lirur lines of the transect lirrnred a box with threc
plols 50 m apart on each leg of thc box. The eotire
box coveled an arca of 2.25 ha. Transects u,crc
randomly located in relatively homogeneous ar-
. r . , ' l  l i ' res t .  ue l l Jnd .  i l tL l  p r r i r ie  cor r rn run i t ie . .
Prlir ic communities ol FLMR had been classi
l ied into three typcs (Rex Crawfbrd. WNHP per-
sonal colnmunication): ( 1) prriries that had >50%
lolal corer of native species. including > l0% cor,el
of l.e\tuet it luhoensis and <10% cover of alicn
specics (native prairies): (2) pruirics thrt had >507.
cover of native specics, l0-507 cover of alicn
species. and < I 0% cover of L irlaloeasl.i (mixed
prairies): and (3) prairies that had >50% covcr of
alien species, < l07r covcr of F. l/aftocrrsis (alien-
dominatcd prairies). We categorizcd the prairies
we sarnpled using Crarlfirrd s classes.

Wc recorded pelcentagc cover ald averagc
height t i)r all species found in each plot. Specics
co\ er cstinrrtes were recordcd as trace = 0.59i. I
to l0% iD 1-percent incremenls and 15 to l00i
in 5 percenL increments. Height was recorded to
the nearesl dccinreter. We used Hitchcock and
Cronquist (1973) to identify plants in the field.
Vouchcr specimens ofall specics encounteled werc
collccted. and identif icalions rvere confirmcd rt
thc OJympia Forestry Scicnces Labolatory. Pa-
cif ic Northwest Research Station (USDA Forest
Service). and the Botany DeparLment Herbarium.
University of \\'ashington. Seat1lc. Nomenclature
used in thc text and tables is l iom Karlesz (199.1).

ETS plant spccics fbund within thc sampling
box or while walking fron one plot to the next
rvere recordcd on a ETS-plant sighting tirr-m and
mapped. We llso determined the numbcr of rerial
stenrs in the population and the area covcred bv
the individual orpopulation. The lite history stage
ofthe ETS plant was recorded as r,egetalivc, tlou-
ering. l iuit ing. or senescent. The pattcm of dis
tdbution of ETS plants $'as detcrmined to be
clumped (in discrete patches). scattered-Ialrdom,
or scattered-cven. A.\ler (LtrtLts, for cxample. was
lbuld clunpcd in numerous patchcs distributed
over large areas. Wc estimated the number of in-
clividuals in each patch rnd the nunber of patches.

For cach ETS plant population we tbuld, wc
dug a shrllow soil pit (25 cm deep) to dererrnine
the texture of the soil and the percentage ofcobble
and rocks. Aspect and slope were recorded.

Results

Wc searched lbr 20 potcntial ETS species (Fig-
ure 31 and found 97 populrtions (Tablc l, Fig-
ures.l 8) of four ETS species during 1992 ard
1993: A. ttrrttr.s, Tri l l ium parvif loran, Core.r
tontosu, and C. itlt(rrupta. ln lddition to con
firming historical records of A. turtLls ̂ nd'l ' .
par t i l l o ru rn  (Sevcr inghaus and Goran l9 l l l .
Sheehan and C lar rp i t t  1984.c i lbe  e la l .  199I ) .
u'e tbund sevcral new populations of A. crftlr
andT. paniJlorwn . Small populations of C cr.,nrosrr
a[d C. interntpt.t. species nol pret.iousll knou n
to occur on FLMR. also werc discovered.

Spec ies  Accounts

Aster curtus

Specie.s descriptitn. A.rter'alrtuii is an herbaccous
perennial that grows from a slelder. crceping
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Figure lb.  Plrn l  ! rnpl i rg merhod usedlbrhiodi \crs i t )  s tud-
ics rl1 1993. R.lre pl.rni dara $erc collcclcd 1br ETS
pl l t l l l \  thrr  $ere encountcrcd in p lor \ .  en n)ute n)
plots nd on rnd oi f  l inc\  bct \ccD plots.  The \ rar t
point fbf plot I was r.rndomh selected.
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TABLE L R re phnt species fbund on Fon Lewi\ N4ilitar) Rcservalion. \\A. Occuncncc bv habirat. number of occurfence!,
and ruea (hectrfes ) colered b,v each species. Rare pla.! scarchcs and sanplirg Nas undertden on 3036 hectrres tffal.
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rhizome and produces sholt ( I 3 dm), erect stems
u'ith a compact. terminal cluster offlowering heads
atop each sten (Hitchcock et al. 1969). Planls
generally produce flowers and fruits in August
and September, although achcnes may persrst on
some plants into Octobcr. Achenes bear a pappus
of short. capil lary bristlcs that facil i trtes vind
dispersal of seed. A rcgional cndemic, this spe-
cies occufs only on lorv elevation prairics wcst
of the Cascade Range. from Vancouver lsland and
the Puget Trough south into the Willtrmcttc Val-
ley. Oregon (Mcinkc 1982). Asrer crlzr.r is clas-
sitled as sensitive ir Washington ( 199,1) and is
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designated as a species of concern in the 1996
Federal Reigster Revierv ofPlant and Aninral Trxa.

Habitat and associdted spaties. Aster turtLrs
occurs prinrarily on open to paltially wooded prai-
rics, characterized bl' >507. cover of native spe-
cies. F e st Ltc a idahoe n.s i s. E rio pltl ll unt I tn atunt,
So lidogo spat htr I ata y ar. neontexicutut. a.nd
ArdostLtplttlor uru irrui had the greatcstcover and
\rere the most fiequently encounteled associalcd
spccics (Ttrble 2). We otten lotnd Pintrs ponde-
rcsa and Quercu.t garr)'Lokt as overstory associ-
alcs; horvever. A. clrtal cot'er was Iess abundant
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uDdel a tree ovelstory than under open praiie
conditions.

We also foundAsler crrlr.s at sitcs on the Folt
Lewis pmides harboring non native plant spe-
cies: Cll lsns st:opdtius, Agrostis tenuis.
Htpothaeris radicata, Leucdnthentun tuIgure,
H.t p e ri tun t p e tJit r at u, arTd P l dt t u go l dn( e o l d t a
(Tabfe 3). Native species. soch as Pseudotsug.l
nenziesii, are invading prairie habitat as a suc
cessional proccss; on prairics where P ne,:le.i l l
was 1bund. covel of Ar-t.l .,rrarl.r was lower than
on open prlunes.

Pattem of abuntlancc. We always fbund A.
.r/r1!.r at lowercoverand tiequency on alien-domi-
nated prairies than on native ol nixed conposi-
tion (native and alicn) prairics (Tables 2 and 3).
Because of its rhizonatous habit. A. cir,'lrs al
ways occurrcd in clunrps. It was fbund in trace
amounts on alien dominated prairies but had a
lietluency ol >25 '/c' on prairies dominated by

Ht pot hae r is radi c tLta/ P Ianta go Ianc e oI uta/litter
awJ A g r o.s t i s t e n u i s / C_r'llsrrr scopzrrirrslcryptogam
plant communities. Canopy cover aboveA. curlrJ
rangedlromtull sun on open prairies to 307o shade
from shrubs or overstory trees on plairies invaded
by non-nativc shrubs or P nenziesii.

On the nativc-species-dominated ptairies, .,1.
r / r / / / / \  \  u \  lnund in  .c i l l te rcd  p : t tchcr  eou lu rn ing
l6 to >10,000 stems per patch. Patch size ranged
tiom I to 40 mr. with an average patch size of 10
mr. On porlions oftwo near-pristine pr airies ( l3th
Division, Figure,l; and Johnson Prairie. Figure
8), more than 30 distinct patches ofA. t rirrirs with
total stem counts of>200,000 shoots were lbuld.
On Johnson Prairie and the far west portion of
13th Division Prairie,A. crrTris covered about 17,
of the total prairie habitat, with cover up to 217c
in some sampling plots.

k4tography and .goils. AJI populations of A.
crtrs occurred on relativcly broken topography
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(nounds. snrall l ises. and suales). This l 'eaturc
is uncomnon to most FLMR prairie topography.
which u'as usuall l ' l1at or genlly undulating. Soils
had deep (20-50 cm) organic horizons over well
draincd. gravelly. glacial out$ash.

Phenologt. Fruils and t ' louers were observed
on about 307c of the stems in cach patch. Repro-
ductivc structures $,ere not found on stcms un-
der l0 cm in hcight. A trace (<l9i) of observed

\tems i,rppeared senescenl (al1 leaves br-own and
withcrcd). and the tnajority (70clr) werc tirund in
vegetative stage.

Trillium parviflorum

Spetie.s descriptiott. Tii l l iwn purviJlorun is a
perennial herb that produces a single. erect an-
nual stem fron a short, stout rhizotrre. The stent
is naked. u'ith three ovate. round-tipped. gteel

l5.l Thonas and Carev
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bracts atop the stem and a sessile, pearly *'hitef)ower.
Thc shorr (3 4 crr), upright petals are rounded at
lhe  l i l  i rn ( l  l i r r re l l l r le  i r r , ' r r t l i r r r ' .  F l r ru  c r in3  .cu . r r r r
ranges from late March tluough mid May. Some
plut. hear rnonlcd hrJct.. l lnJ inrmillurr.peiirnen.
may possess only onc or two bracls.

A re-gional endemic, 7-- Tran'f1oi'rar rangcs liont
Picrce and Thurston Counties in \fhshington to
nofthern Oregon (Soukup 19ii0). tt is lbund in
moist woodlands, otten with a well-developed
shrub Lrnderstory. Tlre specics is classil icd as scn-
siLivc in Washington (WNHP 199,1).

Hubitttt tnd ussotidted species. We lbund Z
paniflorunt on sites dominated by shrubs u'ith
cover ranging lronr 25 to 957.. Trcc covcr rangcd
from 20 to 557, rvith the unde[tory composed
of modcratc to high covcr (5(1707c) of lorbs,
glasses, and nosses (Table 4). The most com-
mon and abundrnt associated species werc Q.
Q t t t r \ a n t t .  I  n t t i t t t t t  l , t t i J ) ' l i , t .  t , t  1 , t l ( r i , t  t  t  t t t ' i -

fltn ni s. Hokrli : as dist ti or. C nttua gus tlou glasii.

Stntphoricdrpos albus- Pteridiunl aq Ltilinutil. ',.nd

mosses (Klnrllrcrgio ore gtn a. Rhtti d itd e lp h u s
tiqLt et nts. Ht I a co n i um sp Le ndor.s). Understory
lbrbs included the lon native species HlJrcri.rr,?
p e r lb rat tut t. S o lurt tun dulc enru ro. a,ul C i r s iLott
rrnelsr,: and disturbancc-adaptcd nativcs such as
Ur t i cu  d io i tu .

Puttern of abuntlutzcc. Although ue found
apparcntly cxtcnsivc. suitablc habitats lt severll l
survey locations, less thal l0% u'ere occupied
by T. puniflorunt Singlc, scattered plants rvere
found in sone areas, and large populations (500-
1000 individuals) r'ere obseryed at two locatrons.
In  Ihese r le r . .  f la r r t . , r r i  u r reJ  . i r r ! l ]  , . r r  in  cont -
pact clusters.

'lbltogn4thy 
arrl soils. Plants rvere found olr

llal to gently sloping ground adjaccnt to lakcs and
streams. Substr-ate at all observed 7i pan rfloran
sitcs consisted of leaf l i tter ( i -3 cm deep) and a
1a5'er of dark. moist organic soil (5-25 crn decp)
atop grar,elly, glacial outwash.
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Phenolo,qy. We fbund flou'cring plants in all
populations. u'ith an averagc of 60./e tlowering
and,107c in the vegetative sta-se. All age classes.
lrom juveniles $,ilh one or two bracts to robust.
f1ou'ering adults. were represented at sites with
large populations (over 50 plants). but some popu
lations were composed of vcry t'erv, u,idely scat-
terccl inclividuals.

Carex comosa

Specie.s desL'riptiort Otrar coino.ia is a perennial
wetland planl that produces dense clusters of stens

156 Thomas and Carey

ftom a short. stoutrhizomc. Inclividual plants occur
in clumps. rootcd in wet soils or on hassocks of
other sedges (WNHP [nformation Svsrem). With
coarse, bright-green blades. 5 to l0 dm tall, and
prominent. cylindrical pisti l latc spikes ol slen-
dcr. nodding pedunclcs, this species can be dis
tinguishcd t'I1rm cornmon, associated sedges ilt il
g l rnce .  The per ig5  n i r  r r l s , '  u re  d i . t inc t i r  e -  g lcen
when young, becoming reddish or straw colored
at maturitv. and prominendy beaked with arch-
ing, divcrgent teeth (Hitchcock et al. 1969). Flowers
and liuits are produced from latc May thfough
August.
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Cures cotnosa rirngcs fion Qu6bec south*ard
to Florida and Louisiana. $'ith scattered, disjunct
populati()ns in washington, Oregol, Califbrnia,
and northern Idaho (Hitchcock et al. 1969). Al-
though sonewhat common east ol the Rocky
Mountains. it is rarc in western states and is l isted
as scnsil ive in Washirgton (WNHP 1994). Con-
firmed C. coriro.ra sites in Washington State in
clude suamps, lake rnargins, and ditches (WNHP
Intbrmation Systcm).

Habitat und tt.s s oc ialarl .rpr:c ies. We tbund one
population of C. Lrnnosu in a freshwater marsh
(MacKay M;ush) in June 1992. Wc found a sec

ond population on thc south shorc ofSequalitchew
Lake in August 1993. Care.r comosq occurred in
open ilrcas dominated by *etland forbs and
graninoids (cover ranged lrom l5 to 607.) $ith
minor woody cover ( 157.) and some standing water
(257r, nrble 5). Dcnse shrub conmunities (over
707. cover) occuned along the nargin of MacKay
Marsh. Carer corro.r4 was not found in thcsc
shrub doninated areas.

Many native plant species not commonly tirund
in Forl Lewis wetlands occurred with C. tr.rinosa
at MacKay Marsh. We sampled 2,1 wetlands and
found 6 species thirt were exclusive to MacKay
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T,{BLE L Natilc spccics comnn)nl\, xssociatcd \rith,1r/.,/
r !,-.r.,.r on natrve-dominated praii.s and pf.ririe,
torcn l l losaic p l . rnt  comrnunir ics.  A\enge colef
and t icqucnc]  was detefmined on for  Le$i \
praldes thil mcr the critefi.r tbf n arivc doninared
phnt com u. i l ics.  i .e. .  >50t .  cover nal i \c  spe
.  i e , .  n d  l ( , '  t . " t u . . ,  . , h 0 . t , ; ,

TABLE 3. Non nali\c species and commor nati\'e species
a\sociatcd with Ar/.,r. !rr!i on alien-dominalcd
pfxiries and prairie-fofest mosaic pl nt collrllru

SpeciL ' \
Coler Frequency

l . i )  ( n )

Nl t i \  e  \ f r . ies
Colcr Frequencv

(,/, ) (-t) H\Inchueti' nli&td

Platiago lun.eolunt

L?tknh.tLun nlqdr?

(de.rd burned in 1993)

'Iiiloluon 
pncLtn$En\

A,tthoxdnthunt ohftttum

\pericunt r4i,IttuDl
Du(trli\ tlotncrdttl

Tccsdtllid nulkuuli\

Nlosses

R&onin iwn catplr.nt

Pol\ | riduon juttipan1 t

Lichen

L-rtter

B.ue Ground

3 l 85
79

F(eutd idaho lis

Etig\ott spcciosu\ \".r. V.o1,tu\

( akx p?nns\lt dhit11

l' t. ridtu,t dqt! i ! in unl

S\nry|nt aryo\ dbus

PI dotsltga m.n.i!sii

Lri t)ph\'1 I u tn 1a ndt u"l

Lt,ndiun firi thttutn

Ziedtun s reneno\r \
( dtnN'nla ntuIdifolia

Ddntho itl (alifon u

Fidqdrii vt git i and \',]t. t) lo | \t trtukt
Panicuni sc rihn. ritDuo

Lk.ula Lanpestris \,1r. ntIhtflon

Qltnu\\itL ttLktnnsh

Srirunttu \ tuntl,:ollunu

]losses

Ra(0 itriaLL can?r lns

t'ol ttrit hutit jurirc rutn

Lichen

Litter

B.]rc ground

37
2.9
5 .7

2 .1
2 .5
t . 8
2
:
2
I
I

1

I

I

I

I

I

I

0.5

0.5

0.5

0.5

0 . 8

3 . 6

75
36
9

32
2 l
20
l l
t 0

26
.1tJ

56
-16
3 1

2ll
50
)l
2 I
l l
31
1 3
01

i)6

5 1
.16

5 5 7
1 1  1 8

-1. u 2l

3 .8  11
I 5,1
3.2 .t l

29 36
1 .2  6 i
1 . 8  1 3
1 .6  l : l

I

I

I

I

0.5
0 .5
0.5

l l

2u

29
l8
l6
.10

.l.t) '13

I  t 0

Marsh and arc generally characleristic of bogs:
ScuteIIaria gt ericu\ata, S. kfteriflore, Hydrocot.\'le
rantorculoide s, Le dunt groe n lanclic unt. I) rc se ra
rotundrfolia. arcl Vaccinium oxlcoccos. The tbl-
lorving typical rvetland specics were present:
Potentilla p( Ltstris,.luncus bcltit:us, J. urtictlatu.s,
J. . lLumin.1tus, J. tenuis. Tlphu latifolia,
S parganinn e m e r s urn, Minnlus gLltttlt us, S pi re a
douglasii, and 5a1ir sltcielsir. Salix lasidndnt.

158 Thornas and Carey

S. gereriana, and Betulo g[antlulosa also wcre
prcsent along the margin of MacKay Marsh.
Pht uris arundinucea. an aggressive, alien wet-
land plant. coveled about 30% of this marsh and
i \  l i k e l \  t o  i n . r e i r . c  i f  u l l o u e d  1 e  p c . r ' ; ' 1
(Hutchinson 1992).

The C. ctntosa populations (20 individuals)
found at Lake Sequalitchew covered about 5%
of a patch of native-dominatcd I'etlands with an
assoftnrent of alien spccies in trace anlounts. S.J1r-l
si lchensis, S. piperi. Alnus rubra. Potenti l la
pt trstris. L tetnlis. J. acuminotus. J. arti<:ulattts
and a moss. Prllonotir sp.. covered >707r of the
tfea. Plularis arundl'dc?d covcr was 153,, and
several other alier species were prcsent.

1 1 0
.1.-t 30
'7 

36



T A B L E - t . C o ' n m o n  f l a n t s  u s s o c i a l c d  \ ' ' i r l l  l t i l l i u t n

tdn ir4ol,,r. Plant species arc listsd b! rank ol
r l r  r a ' e r r - e ' .  r , , r t r  l u  . h  \ e l c r x r  o I  I i r -
tum. Site rnd species inibrmation $as collected
frcm I I sites harboring 7, ili|,t tu^illorunL.

TABLE 5. Co'n'non phnts associatcd \Lilh C.r,r.r .a)n.)rd.
Plant species are listed by rank of q., covcr. based
on rheir occurence at MacKa) Marsh and l-ake
Sequrlitchew Natile planls domrnated the lo-
crtidrsl alien plinl! arc also listed.

Coler Frequenc!
(9")  ( '1)

Species a n \ e f  ( - .  )
Spccrcs

P\(ulo^rqa npn. iesi i

Shrubs

St"idnriuryo\ ulb \

Ocnl(tiu (etutilrnnis

Hlnodiscus dinolot

Berb?ri\ tquitj!iun

Forbs/Craminoids

trilli t paniflonult

n,llDnu qtl|ldillord

Nenophikt pdrtiJtotut

Onnorhi:o (hilcn\i\

I.t |t tD h.nun Iulgare

Ddct.\'1is glt)n?rutt

Hrphotllu!ris rddicxt.l

\Ioss/Lichcn

Ki dbergia or\d\u

Rll\tiliad(| phu\ 1rntklr l

Iunh!(iun stt itilerw

Phulutis urufidinacea

Potentilh pulusltis

Kaltnia t kr)ph.\Uu

Lulun sn(nlunlk un*

U(t c c in iu n 0 t,1 ( o t\ o \"

Drorcru rvruntl$tlia*

.luttcus tlcuninatu\

LriophoNn thdni!:oni!

S ( ut( | Leri u g u Ie r i tu 1 a ta*

S c ut. I la r i (t lak r ill o rd'l

H\ Llroc ory I. ratnlu b i de \'

Sparltatfton (w\unl

l\losses

5 pes hnun t ut i 11 ilol i u n1

SpaghIull pulu\tre

Spughnun squanxunt

21
20
l ( l

)
.l

I

35
l5

t )
-l

l

1

I

2

2

I

I

l

0 . 5

0.5

0.5

l5
5
+

55
55
21

55
l 8
73

l 8

t00
55
.15

21

I E

l 8
1 u
l 8
21
t 8
I E

55
)1

20
20
l l t

8
8
6
5
3
2
I

1
I

0.5
0.5
0.5
0.5
0 .5
0.5
0.5
0.5
0.5
0.5
0.5
t-J.5

t0
J

0.5
0.5

Pottent oJ abundante. Cares conosq covcted
less than 17. of the MacKay Marsh location. The
population consisted of six clunps (one clump
ecluals an individual.) disfibuted over an area ol
ca 1000 m:. Distance between individual plants
ranged lrom 5 to 100 m.

Toltogruph: and soils. Three of the six plants
were found in standing watcr (5-20 cnl deep) at
time of init ial survcy at MacKay Marsh (2 Junc
1992). Allclumps were found in open areas without
shadc from forbs or woody plants. The substrate

1' Specie\ thrt were erclusi\c to NlacKay N{aI\h.

consisted of f ine siit (10 20 cm) over gravel at
MacKay Marsh. The substratc at the Sequalitche\\,
Lake site consisted of sandy loam soils over grtrvcl
outwash.

Phenolog-t. All the plants we observed borc
fruit and appeared robust (therc was no evidence
ofherbivory or scnescence). No seedlings or im-
mature clumps were fbund. Additional plants may
exist. but wc were unable to access interior por-
tions of this swamp by foot or canoe. At
Sequalitchew Lake, about 85%, ofthe plants uere
in fruit with the remaining being in the vegcta-
tivc stage.
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Carex interrupta

S p e ( i e s de s a r i p I i on. C dre x i n t e r rup l cL ts a rhizonta-
tons. perennial plant that fomts loose clunps of
stcrns 1.5 -7 dm tall. Flowerilg stalks bear 2-7
erect. slender pistillate spikes and ateminal stami-
nr t<  *p ike .  The o l i ve- r r , . . ' n  per ig ln i r  l r c  rc r ;
snall. each subtended by a purplish black pisti l-
lalc scale (Hitchcock ct al. 1969). Plants gener-
ally produce flowers and fruits tiom April through
July. Precisc measurement and observation ofthe
perigynia and mature achenes is necessary to dis
tinguish C. interruptd tiom closel.v relatcd spe-
cies with overlapping range.

Care.t interruptafat'ot s sandy or gravellv river
banks. streambcds. and open. wet arcas at low to
moderate elevalions. Reported from areas scat
tercd throughout Washington. the species also
Ianges southward into Oregon. where it can bc
lbund west of the Cascade Rangc (Hitchcock et
',tl.1969'1. Caret ime t'i rlplc is classilicd as a rnonitor
species inWrshin-qton (WNHP 199.1.). It cunentlv
is considered to bc rnore abundant and less thrcat
ened inWashington than rvas previously assumed.

Habitat arul associated specics. Wc found one
conflrmed population of C. irtt<:rntptu along the
Nisqually River. Cara i terntpt.t clumps werc
on sparsely vegetated. sandy banks on a gravel
fl\'er bar. Forbs and graminoids comprised thc
dLllnin.rnr \ elelation (J5 ' i  eor t r.t. u ith minor eor cr
(5%) in thc woody species, .Sd1ir .r//.reilri-r and A.
rzDro. Associated species includc J. en.sifolius,
Minulus guttattts, Sci4tul ntioot a4tts, Carer spp..
Epik$iutn spp., mdVercafu'r: spp. AlienplanLs such
as MeIiLottr.s ollicirtulis. Phttlaris arutuli atea.and
R,tttrttt. tr ltt '  /?f( ,?r : l l \u !\ cr. fre\ent.

Pellen ofehundant:c. About 20 clumps (each
clurrp cornprising an individual) occurrcd along
a 1(X)-m section ofthe nonhbank. Cu.rex i terrqxa
occupied about 57c ofthe 500 rnr area. but visual
estlmates ol cover tbr-this specics rvere dilficult
because it intenningled with C .rit.t?easl"r in this
location. and thc !egetative pofiions ofthese spe
cies are indistinguishable.

Topogntpht drtd .ytt i ls. The bank slope was
gentle (slope <-5%). and no evidence of slope in-
stability u'as obsen'ed at thc site. Dry. waterborne
debris was observed on the upper banks. above
lhe C. interrupta clumps, which indicated that the
population was subnefged during high water
events. Soils were conposed of bare sand and a
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thin layer (1 cm) of organic material over sorted
gravels and cobbles.

P henol o il\'. M.rttrre teproductive stltctures are
rcquired for positive identification, hencc ail con
tirrned C. interrupta specimens bore fiuit. Among
aIl C. i teffuptd like scd-ee clumps observed at
the site. 80% bore fiuits. 107c had shed all seeds
by survey daLc (9 July l992). and 107. exhibited
only vegetative growth.

Threats to rare species populations at
Fort Lewis

Several thrcats were apparcnt to each of thc rare
species prescnt at Fort Lewis. The threats to cach
spccies and some rccommendations tirr species
conservation are discusscd belou'.

Aster curtus

Loss of suitable habitat and reduction in plant
populations due to the successional lldvancement
ofP /i?or:icJii. encroachment by non-native species
such as Cuilrr stttparius. and physical distur
bance (overland vehiculartrallc and militar] train-
ing activities) are the grcarest threats at FLMR.

Fo Lewis initiated ellofts to protectA. .a,-/us
populations in 1987. This program includes re-
moving r\l P netr-itt i i  . hurning c. \t ttpot' i1t\ Kl
maintain prairie plant communities, and prohib-
it ing physical damage to A. crr.rrs sites by posf
ing signs to keep vehicles out of areas having large
populatlons.

Surveys ol A. curtus conducted in 1984
(Sheehan and Clarnpitt) and 1991 (cilberrctal.)
indicated significant changes in species dchncss
and vegetatrve cover at permancntly marked
moniloring plots. but no signiticant change in the
abundance ol A. cLttus. Evcn though Gilbcft et
al. (1991) concludcd that cur:rent managemenl
activities to preserve A. curtus on FLMR arc ef'-
ttctive. rdditional rescarch and moniktring eflbrls
would augment assessing the long-tenn effective-
ness of managcment plans.

A.rtc,.. r/rt&.r is well suited to long-term demo-
graphic study at FLMR because thc popularion
is lrge. and substantial numbers of plants are lbund
in a range of habitat conditioos. from somewhat
pristlne to dcgraded. Of all rare plants extant ar
FLMR, A. crrrlrs inhabits the mosl accessible
natural aleas (open prairies with good road ac
cess) and thc habitat most likcly to be transtbnned



by plant succession and weed invasion. Suscep
tibLe to physical destruction and displacement by
conrpetitor species. the A. .l/,'tr"r population at
FLMR merits continued monitoring.

Trillium parvillorum

Basecl on field observations in 1992 and 1993.
threats to Z parvilktrtun populations at FLMR
appear to be minor rt this t iore. Thrcats include
competit ioD with associatcd species. both nativc
and non-native. There was uncenain reproduc-
tive success at sites with l 'ew, scattered individu-
als. Monibring some of the populations to de-
tect changes in the populatiorl numbers and vigor
, r f  rhe  p l ln t .  mu1 pr , r r r . l cc r idcnce lb ru ! \ \n l in -
uedneed tbr moniLoring inpemanent plots. Several
individuals ofZ panllorulr showed signs ofseed
predation; Kruckcberg ( l99l ) observed ants eat
ing the seeds of the T. ovttttun. Additional work
rvil l  be requircd 10 accurately assess the conser
vation nccds for 7. port'illorun.

Carex camosa

The environmental circumstanccs under rvhich
the cuffent popultrtion of C. conosa devcloped
are unclear, and no dernographic infolnation is
available to indicate grorvth rate of thc popula
tion. Spccific threats are diflicult to infel frorn a
singlc visit to a population of six individuals, but
observations fronr thc 1992 survey do suggcst
factors that may influence the continucd persis-
tcnce of C-. (ou1rr.te ^l Forl Lewis.

The presence ol waler control structures (ahead
gate and hunan made outlet channel at MacKay
Marsh) and the abunclance of reed canary grass
show that the swamp is not pristine. Acrial pho
t o ! r i , f h \  l r o r n  l q 8 l  . h , ' u  l i t t l .  , ' p e n  u a t e r  i n
MacKay Marsh and no visible snags. In 1992,
we encountercd large aleas of open water and
numerous standing dead Populus tricho(arpd.
Piflus contortd \ar. (onto u,irnd P)-nts.fitsco or
the margins and in MacKay Marsh. Water level
and $,oody-plant covcr have fluctuated during the
past decade- Carrar.r a?.)rrar'al was not tound oD sltes
with dense cover of shrubs and trees, but woody
vegetation dominatcs the sunounding arca and
Inr )  :p re : ld  i t t to  thc  huh i t r r t  , ' f  th i :  r r r<  .pec ie : .
The impact of changes in water level and woody
co\cr on C. .rnr:d should be examlned.

No scedlings or snall plants of C'. t olrora were
found, i ldicating a lack of seedling reproduction

under thc current environmental and physiologi
c r l  eund i t ions .  \eget r r t i rc  rcprod t te t ion  u ls  nu l
apparent tbr this population. The total number of
reproductive adults is small and individual plants
are *idely scattered. Therefi)re. such a popula
tion may possess low genetic diversity and con-
comitant inlbility to adapt as environmcntal con-
ditions change (Owen andRosentretcr 1992). Such
small populations are espccially susceptible to
stochastic eftects. including environmental dis-
turbance (fire, drought) and chance death of nu-
rnerous individuals.

Carex interrupta

Brrscd on initial observrtion o[ C. itterrLtptu Jl
FLMR. competit ion tiom native and non-native
species may be a threat. Abundant bare ground
on the gravel bar of thc Nisqually River is avail-
able tbr colonization by nativc and alien species,
and loss of individual clumps of C. irt lerrtqttu
may be displaced by other species or physically
during high water events. Minor herbivory was
obseNed; bracts werc pa{ially eaten liom two
C. interruptd clrrmps.

Management Recommendations

Each ETS plant species occuning at FLMR is
restrictcd in its distribution by the interactions of
its unique population dynamics and environmental
conditions it linds favorable. No single rntnagc-
ment practice can provide the requirements for
all four species. A basic monitodng protocol, tai-
lored to each species. would provide information
necessrlr), to evaluatethe efhcacy of managcmcnl.
however The conseNation strategics, monitor
ing, and research endeavors summarized below
are designed to protcct extant populations tnd
provide intirrmation to assess long-term viabil
ity of these populations. Bccause our knou'ledge
of the specics and the efficacy ol thc manage
ment techniques is IudimcntarJ, management must
be adaptive, incotporating monitoring ;rnd feed-
back to rcdirect management activities. Before
be-qinning such programs however, the land man-
ager must decide what time. 1unds, and pcrson-
nel will be allocated to the maintenance and monl-
toring of ETS plant species (Ou, en and Roscntreter
1992) and develop managcment plans accordingly.

(.1\ Protection. Protect extant populations
from physical damage l'rom rubber-tired or trackecl
vehicles. Establish biodiversity prescrvcs to pro
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lcct and nantge ETS plant populations and habitat.
Enphasis should be placed on improving and
n r : r i r rn in i r rg  e r i t i c r l  u  c l l Jn( l  i '  d  p rJ i t  i ( .  . r ,mtnun i -
tles that contain tltc ETS specics. high percenta-qes
of natir,e spccies. and littlc or no evidcnce of dis-
tubancc from non-native specics, militan, t_ruin-
i t t l  nur teur . ' r . .  h i . t . r | ie  u r r i i r rg .  . r r  iu l r  i r  l r t ion .

(2) Re lutbil itutitrt ol tla urutle d hubitut. Ctn-
l r , , l  the  \p tc r ( l  , ' l  co rnpet inp  l r ld  non-n . r t i !e  \pc-
cies or actively rcmove non-native species. Ero-
sion control, mllintenancc of strean crossings. and
maintenance ofwatcr levels in wctlands are mel-
sures that \\, ould impro!c the habitat of ETS spe-
cies and native plant conrlunities.

\3) Monito t'it1g. Periodicallv revicrv results
of management plans. including the efttcts on
plant denography and hahitat qualitv to see if
the plan is adequatc or if i t needs revision (Pickan
1991). Record habitat intbnnation (distiburion and
abundance ofassociatcd species, cover tlpes. physi-
calcharactcristics ofsite) and lile stagc. flowering.
sccd production. and dispersal ofindividuals (Dixon
and Cook 1989; Mcnges 1990: Pickart l991).

(.1) Propugutiul. If populations decline. a
program o1 gcrmination or vegetati lc propaga
tion. rcvegetation. ancl habitat rcstoration could
bc considered.

Research in conjunction $ith nonitolinc of
manaseolent elTicacv could plovide additional
intbrmation on the l i lc history aDd habitat ofETS
plants and fuckfs l imiting their populations. Ad
ditional research. cxperinental or retrospective.
could quantifv the demography of plant popula
l io r ) .  i r r  re l i r l i on  to  J , .e rec  o l  d r , ru f r ion  o I  rn r -
nipulation that alters habitat. Genetic material frorn
plants u'ithin and among patches throughout the
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FLMR could be atalyzcd to detennine the amount
of varialion within FLMR populations. Bccause
lack ofsenctic variation crn inhibit a population's
abil itv to respond to environmental changes. such
iDlinmilt ion should be considered when devcl-
oping long tenn management plans for ETS spc-
cics (Owen and Rosentrcter 1992). Research on
the reproductive capabil ity of ETS plant spccies
is needed. Seeds could be collected. gerrrinated,
and grown under controlled conditions that simu
late natural phenomcna (i.e.. test effect of free7
lng. long-lcrm storagc, or inundation of watcr on
seed viabil it) ') (Dixon and Cook 19IJ9).
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