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Abstract
Holl \cgctaiion rcco!ers lioln disturbances is an important quesrion for land menagers. We examined 500 m: plots to dccnnine
th c progrcss made b) nlti ! e herbaceou \ plant species i n colon izing thc cdges ()1 abandoned cu ltivated fie lds at diftcrcnl cle ! ations
and nicroclinales, but $ith similar \oi1\ in a big sagcbrushAluebunch wheatgrass steppe. Alien specics, cspccially che tgfass
md cercal rye. $,efe the rrajof compedtors to thc na!i\cs. Thc nali\e species with best potential lbr restoring slcppe habitats \lere
sulphur lupine, ha\iksbeard bottlebrush squiffcllail. nccdlc and thlead grass. Sandberg's bluegrass. and sc\cral lonaliums.

lntroduction

Plant succession on abandoncd cultivated tields
in the semi a d interior Columbia River Basin
of eastem Washington is a chronologically slow
process (Daubenmire 1975, Rickard and Sauer
1982). Recolonization by native plants is slowed
by the aggressive seedlings ofalien annualplants,
especially cheatgrass (Bromus tecto rwn), beca\se
alien seedlings compete wilh native seedlings tbr
scarce soil water and nutricnts (Harris 1967).

The Fitzner-Eberhardt Arid Lands Ecolog1,
(ALE) Reserve is a 30,000 ha tract of land lo-
cated 25 km nofihwest of Richland in Bcnton
County. W Shington. Since the 1960s, the ALE
Rcscrve has been fiee ofgrazing and managed as
a rcscarch natural area (Franklin et al. 1972, Soll
ct al. 1999). Two abandoned cultivated fields well
inside the boundaries of the ALE Reservc were
selected lrs study sites. The lowcr ficld was lo-
cated at 323 m elevation on a gcntly sloping, l in-
ear tract ofland closely bounded on the long sides
by ravines. In all. the field occupied abouL 10 ha.
Thc entire field was cultivated between 1900 and
l9;[3. and it was irrigated at least for a iime with
u  u le r  taken l rom a  ner lb l  permanent  rp r ing .

The uppcr l icld (533 m elevation) was >l00
ha. The edgcs of the cultivated ground in most
places is l imitcd by ravines and in one place by a
change in past land ownership as marked by the
remnants of a fenceline. This field was used to
raise dryland rvheat between l900and 1943. Slope
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and soil properties were similar on both sidcs of
the fenccline.

The general habitat-typc of both fields is big
sagebrush/bluebunch wheatgrass (.Artetnisia
trident(ie./PseLrdoroeg e ia s[)icqta) as described
by Daubenmire (1970). The microclimate of the
upper field is slightly cooicr and wetter than the
lower field. Precipitation at the upper fleld aver
ages 22.5 cm compared to 19.5 cm at the Iou,er
tield. Average marimum January air temperaturc
uas l l.-5'C at the uppcr field and 12.5'C at the
lower field. Avcrage nraximum July air tempera-
ture at the uppcr field *as 41.0'C compared to
4,1.5'C at the lowcrtield. Average ninimum Janu-
ary airtemperature was -17.0'C at the upper field
rund 15.5'C at the lou cr I ' ir ' lJ. Ar era!e min imu m
July air temperature at thc upper lield was 6.0'C
compared to 8.5'C at the lower tield. The soil
texture atboth fields is mapped as siltloan (Thorp
and Hinds 1977).

Our vork had three objectives: 1) analyze the
!egclation on the edges of 57 yr old abandoned
fields to dctennine those native perennial spccies
with the greatest propensity torecolodze the ficlds;
2) obtain information on species composition and
abundance of native perennials on nearby un plowed
ground; and 3) mark the locations of the study
plots to lacilitate monitoring lhc future progress
of succession.

Methods

We elected to place study plots near the edge of
the fields because the cdges were closest to sources
of native seeds. Two adjacent 20 by 25-m
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macroplots were locilted l0 m inside the downslope
boundary of the lower field and were labeled A
and B. In the upper fleld, we placcd one 20- by
25-m macroplot on cultjvated ground and the
adjacent rnacroploton ground that had never been
cultivatcd. The macroplots were separated only
by the remnants of a fenceline. Thc uncultivated
rnacroplot was included to show species richness
and abundance ofnative percnnial plants at aplace
with closely similtrr soil and topography near the
cdge of the field. It was necessary to do this to
make an assessment of the progress ofplant suc-
cession based on the plant community on the ad-
jacent uncultivated ground. The cultivated
macroplot was labelcd C and the uncultivated
macroplot was labeled D. On both fields, cach
macroplot $,as subdivided into twenty 5 by 5-m
(25 m2.) microplots marked by a grid of strings.
Each macroplot was permanendy marked at the
comers with short lengths of half inch steel rod.
Each microplot was visually searched for the pres-

ence of plant species in May 2000 when most
\ a.cular plant\ wcre in flou er. The most conspicu-
ous perennial species were counted. The number
of clumps of needle-ard-thread gass (f1e.rperc.rtrpa
comutu) ar.d bluebunch wheatgrass in each
microplot were too numerous and cumbersome
to count on macroplot D on the upper field. A
single microplot was randon y selected for count-
ing. This value was used to estimate the total num-
ber of grass clumps on the entire macroplot.
Sandberg's bluegrass (Poa .secunda) was not
counted because of its small stature and indis-
crete clumps compared to the larger perennial
grasses.

Results

Lower f ie d

Twenty-two species were recorded at the lower
field (Table l). Ofthese, 16 were natives and six
were alien species. Nine species occurred in 90

T,A.BLE l. Frcquency distribution (7.) and density per 500 m:ofplant species recorded on two adiacenl studl plots ir an aban
doned field at 123 nl elelation ir May 2000. + = Species preseni in the plot, bul densitl not counled.
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percenl or morc of thc microplots. Of thesc, f ive
were natives: hawksbeard (Crepis atraburba).
sulphur lupine (ar?lrr.r.r&lpft lre&,r), bottlebrush
squirreltaif (Elymus eltnoides). spring draba
(.Draha venn), and Sandberg's bluegrass. Four
were alien species: cheatgrass. jagged chickweed
(Holosteun ut hellatum). tumble mustard
(.5 i s y"n h ri unt a I t is s imum). and yellow sal sify
(Trugopogon drrbiiis). Longleaf phlox (P,4lor
longifolia\, yarrow (Achillea millefoltum), nd
threadleaf fl eabane ( Eri ge rott Jihrtthus) were fotnd
only on macroplot B (Table l). The mean num-
ber of species per microplot u,ere similar on

macrcplots A and B (Table l). Of the native spe-
cies. Sandberg's bluegrass, sulphur lupine,
hawksbeard, and bottlebrush squirreltail had the
highest frequency ofoccunence and wefe the most
abundant perennial native species on the
macroplots.

Upper  F  e ld

Twenty three species were found on macroplot C
(Table 2). Here the vegetation u'as visually domi
nated by one-meter-tall culms of cereal rye (Secale
t:ereale).Tlte meannumber of species pcr microplot

TABI-E 2. Frcqucncv djslribulion (C") and dcnsity pcr 500 mr of planr spccies rccordcd on r$o adjacerl srud,,- plots in an
abandoned field at 5ll m elelation in May 2000. + = Species present in thc plo!. but dcnsity nor counted. ( ) =
estlmated vahes.
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was less on macroplot C than on macroplot D
(Table 2). The number of species per microplot
dccreased with increasing distance frorn the fence
on macroplot C, but there was litt le change with
incleasing distance on nacroplot D (Figure 1).
Sulphur lupine occured in 1007., ofthe microplots
on thc cultivated ground and was the only native
species with such high frequency (Table 2). The
alien pereruial, bulbous blueglass (Poa birlDosa),
rvas found only in nacroplot C.

(Durham 2000). Sagebrush provides important
habiLat lbr ncsting populations of sage sparrows
(Amphispiza belli) and loggerhead shrikcs (l.rznla.s
lLrdoviciaxus) wltich are listed as species of con
cern by the Washington Department of Wildlife
(Poole 1992, Fitzncr 2000, Vander Haegen et al.
2000).

Native grasses, especially bluebunch u'heat
grass, have been planted on dryland wheat fields
accepted into the USDA Conscrvation Reserve
Program in eastem Washington. However. othcr
native species commonly associated u ith native
stands of sagebrush and bluebunch wheatgrass
habitat have seldom been used. Our data indicate
that sulphur lupine. hawksberLrd, Gray's lomatium
(Lonatiun gra_ril), nine-leaf lornrtium (L.
triternatu|l\, bottlcbrush squirreltail and
Sandberg's bluegrass were the more successful
native perennial species to colonize the lowerfield.
At thc upper tield. the most successful species
were sulphur lupine and needle-and-thread grass.
Colonization by nativcs in thc cultivated pofi ion
of thc upper field may be slo*ed by the domi-
nance of cereal rye, an alien species not found at
the lower 1leld. For the most part, bluebunch
wheatgmss. the charactcristic perennial grass of
lhc \lcnpc rcgion. rppcrrs r!, he .r puor \ umpeti-
tor on abandoned cultivated fields cvcn in the long-
time abscnce of l ivcstock grazing.

The ALE Reserve is a good place to conduct
studics of plant succession because the site has a
Iong history of fieedom from livestock grazing
and it is likel,v to be free from grazing into the
future. At the present time, the major kinds of
disturbances to theALE Reserve are wildfire and
grazing by a resident herd ofelk (Cen ar e/aphirs)
(Dirkes et al. 1999). The abandoned lields pro
vide oppo unities to monitor thc progress ofplant
succession by establishing more study plots across
both fields.
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Figufe L N{e.Ln number of \recies per 25 mr nlicfoplol and
standrfd enof  (n=+ at  each 5-n increnent)  fe-
corded on dle upper field at 5 m increnenral dis
unccs on both \ idcs ol  a l tncc,

Thc uncultivatcd nlacroplot D was visually
dominated bl clumps of native pelennial bunch
grasses:needle and thread prass. bluebunch wheat
grass, and Sandberg's bluegrass. In all.29 spe-
e ic \  $ere  re jo rJcd  r  l rb le  2 r .  fh i r teen .pec ie '
occuned in 907c or more of the microplots. of
these I I werc natives: sulphur lupine, needle and
thread grass, spring draba, Sandberg s bluegrass.
bluebunch wheatgrass. hawksbeard. threadleaf
lleabane. tall willou,herb ( E p i lo b iwn pan i c ulat um),
yarrov, green rabbitbntsh ( C hry.sotharnnus v i.sc id i-
.flr-,rrr.i). and fiddlcncck tarwccd (Anri,?.fid spp.).
Only nvo rvere alien species: cheatgrass andjagged
chickweed.

Discussion

Most of thc habitat rcstoration work on ALE has
focused on planting sagebrush shrubs in areas
where it had been destroyed by recent wildfires

llE North\r'est Science. Vol.76, No. 1,2002



Literature Cited
Daubcnmirc.  R.  1910. Steppe !egetat ion of  Washinglon.

$'ashington Agricultuf al Experinrent SIalion Tcchni
cal  Bul let in 62.  Pul lman. Washingbn.

Daubenmire.  R.  1975. Planl  succcssion on abandoned f ie lds
.rrd iire iDfluences in a steppe area in southca\rcn
$h\hington. North\rcsr Science'19:36-.18.

Dirkes, R. C.. R. \\'. Hanf, and T. Nl. Poston. 1999. Hrnlbfd
Si tc cn\ i ronmenhl  report  lbr  calendar \ 'ear  1998.
Rock,,- Mountain Elk. PNL-12088. tinpublishcd re
pofi on file rt Pacilic Norrhrcst Nalional Laborltor).
RichlaDd. Washinglon.

Durlram. R. E. 2000. Restorirg \\J"\olning big sagebrush to
the Hantbrd landscapcia study oi bare root and tube-
gro$n seedl ings.  \L S.  Thesi \ .  \ \ "shingron Statc Lni
lersitv. Pullman. Washington.

f  l /ncr .  L.  t .  i000 ReproJu, t r rc ecolnp) .  : rp(  ' t . r r r^$
(Antdlisti.o helli) ^nd lts rclalionship lo the charac-
teristics of nalivc and chcarl]|ass lBro ius tectotutTL)
domirated habi tats.  M. S. ' thesis.  Washington Slalc
University. Richland. \\ashington.

Ftankl in.  J .  F. .  F.  C.  l la l l .  C.  T.  Dlness,  rnd C. Ntaser.  1971.
Fedenl Research NaturalAfeas in Oregon and Wasl
ington:  A guidebook lor  \c icnr is ts rnd educators.

Received 6 JuI1 2000
Atcepted Jbr publicqtiolt 2 I August 2001

USDA Forcst Service. Prcific \orthxcn Forest rnd
Range Expefinent Station. Porlland. Orcgon.

Harfis. G. A. 1967. Sonre compedtive relationships betlr,een
Agt]?\ron spiLlttm a]xrl Btolius tectnntm. Ecologi
c.  Monogfaphs l l :89- |  |  l .

Poole.  L.  D.  1992. Reproduct ive success and nest ing habi tat
of loggerhead shfikes in shrub steppc conmunilre\.
NI. S. Thesis. Orcgon Su|e Uni\ersit) Corvallis. Or
cgol1.

Rickafd, $'. H.. and It. H. Salrcr. 1982. Self-revegetxtion of
disturbed ground in the deserls of Ncvada and \lirsh-
ingtoD. \-ofth$,est Science 56i,l1 .17

Sol l ,  J . .  J .  A.  Hal l .  R.  Pabst  and C. Soper (edi tors) .  1999.
Biodivcrsily il1!cnrory :lrrd rulalysis of the Haribrd Sitc.
1, unpublished finrlrepofi bl Thc \alure CloNervanc)
(TNC) ofwashingbn tu fie U S. Depaftmen! of En
ergy on file at TNC. Scatde. $':rshington.

'fhorp. 
J. Nl.. and W. T. Hinds. 1977. Nficroclimalcs ol lhe
AridLands Ecolog,v Rescnc 1968 1975. BNWL-SA-
613l. Lrnpublished rcpon on li]e at Baitelle Prcific
Northwest Laboralori.s. RichlaDd, \\'a$ington.

\hnder Hacgcn. NL. F. C. Dobler and D. J. Picrcc. 1000.
Shrubsteppe bird rcsponse to habitat and landscapc
r ariables in easlem \\'r\hingron, [.SA. Conscnation
Bidogy l1: l  l , l5  I  160.

Plant Succession on the ALE Reserve 89


