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Small Mammal Communities and Habitat Selection in Northern Rocky
Mountain Bunchgrass: lmplications for Exotic Plant Invasions

Abstract
Agriculrure and developnenl have dramalicall] reduced the range of nalive bunchgrass habiuts in the No(hem Rocky Moun-
ttins. and the inlasion ofexodc planB threatens ro greatly aller the remaining prisline prairie. Small mammals play many impor-
tant roles in ecosystem functions, butlittle is kDowr about snall mammal communil) composition and structurc in native bunch-
grass habitais of the Nofthem Rock) Mountains. We live trapped snall mammals along transects to study community composition,
felative abundance, and habitat relationships in three native bunchgrass sites of*,est-central Montana. Small nlammal community
composition and relative abundance were consistent among sites, with deer ]tr'ice (Perctnlscus nnnicrldtrr) dominating, followed
by montane voles (Mi.rol{r rnofltdn,/s). which were uncon]mon. and montane shews (Sorcr/ o,?ri.o/Ils), which were rare. Deer
mice and mon|ane loles exhibied complemenbr) habilal separalion, Deer mice lended 1() select open microsites and avoid sites
with high pcrccnlagcs ofvcgclalivc covcr. Malc and fcmale decrmicc dcmonstrated slrong habitat scparalion at lwo siles. but the
habilal variablcs partitioncd bclwecn scxcs differed by site. Montane voles avoided open sites and sclcctcd for concave microsites
wherc the vegetative covcr was rclalivcly dcnsc. This intbrmation providcs an important bascline for understanding pre settle-
ment small lnal1lmal coirnunides in the rapidly drvindling. nali!e bunchgrass habitats of the Norlhem Rocky Mountains.

lntroduction

Palouse prairie and sagebrush-steppe habitats of
the Northwest have been dramatically altered by
grazing, agriculture, and development (Tisdale
196l. Mueggler and Stewart 1980, West 1996,
see Flather et al. 1999 fbr review). and most eco-
logically intact remnants persist as islands criti
oally threatened by the invasion of exotic plants
(Daubenmire l942, Tyser and Key 1988, Lacey
1989,  De loach 1991,  Tyser  1992,  Tyser  and
Worley 1992, Sheley et al. 1998). Valley bunch-
grass habitats, occuring at or below lower tim-
her l ine  in  the  Nor thcm Roc l l  Mounta in r .  super -
ficially resemble the Palouse prairie grasslands
ofthe Columbia River Basin. but are unique plant
communities djffering in species composition and
in the historical dominance of rough fescue
(Festuca scabrella) (Lynche 1955, Stickney 1961,
Mueggler and Stewan 1980). Additionally, val-
ley bunchgrass habitats were historically much
less extensive than Palouse prairie, and currently
only 10 to 20% of these habitats remain in west
ern Montana (Flather et al. 1999).

Small mammals play impofiant roles in eco
system lunctions (see Pearson 1999a) and may
ligure prominently in the ecology of exotic plant
invasions within xeric grasslands ofthe West. For
instance, small mammals create disturbed sites

where exotics can establish (Mielke 1977), dis-
perse seeds of exotic plants (McMuray et al. 1997,
Pearson and Ofiega in press), consume native and
non-native plants and their seeds (Pyke 1986),
and depredate biological control agents released
to contlol exotic plants (Pearson 1999b, Pearson
et al. 2000). Reciprocally, exotic plant invasion
of native grasslands can alter biomass and spe-
cies composition of small mamrnal communities
(Larrison and Johnson 1973), thereby modifying
ecological roles that small mammals play in grass-
land systems. Although little work has been done
to examine effects of exotic plants on small mam-
mal communities (Larrison and Johnson 1973,
Ellis et al. 1997, Pearson et al. 2000), current re-
.earch  \ugpe\1 .  lha t  e \o l i c  p lan t  invas ions  can
alter small mammal ecology in complex ways.

Interpreting the degree to which the effects of
exotic plant invasions impact grassland ecosys-
tems is contingent upon understanding conditions
prior to invasion. However, a dgarth of commu
nity-level studies of small mammals within val-
ley bunchgrass habitats renders the composition
and structure ofthese communities uncertain. For
instance, although some studies suggest that Mi-
crolus are prominent species within many grass-
land habitats in westem Montana (Koplin and
Hoffmann 1968. Stoecker 1972. Hodgson 1972,
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Douglas 1976), the relative impoftance ofMl.rot s
in native bunchgrass habitats remains unclear

In lhi\ paper. \\e prescnl Jil l l l  on \pecje. com-
position. relative abundance, and habitat use of
small mammals in three pdstinc valley bunch-
grass habitats of west-central Montana to estab-
lish baseline inlbrmation on small mammal com-
munities within these ecosystems.

Methods

Study Sites

We sampled small nrammal communities at three
locations in valley bunchgrass habitats of west-
central Montana: Bandy Ranch. Sieben Ranch,
and Wjldhorse lsland. All sites fall into the rough
fescue/ldaho f'escue (L-estLlcd idahoen.\is ) habitat
types (Mueggler and Srewaft 1980), but domi-
nant grasses varied at microsites arnong rough
lescue. Idaho fescue. and bluebunch wheatgrass
(Agrop,v'ron spicatum) as a function of moisture
and aspect.All study aLreas were )5 ha. The Bandy
Ranch site is located about E krn nofihwest of
Ovando. MT at 1370 m elevation. Uplands ar the
Bandy Ranch are dominatcd by bunchgrass and
big sage (A,.tsnl.fl? tidentatu) habitats and in-
tenpcrsed by glacial potholes and rhefu associ-
ated wetland vegetation. Trapping at this site was
restricted to upland bunchgrass habitats, which
includcd some sage and some concllve microsites
with mesic vegctatien. Sieben Ranch is about 8
km east of Lincoln. MT at 1.100 m elevation. Sieben
Ranch is dominaled by bunchgrasses, but also
contains patches of big sage. Wildhorse Island is
the largest island in Flathead Lake, Lake County,
MT, covering nearly 10 krnr and as such appears
to function essentially as a mainland for small
mitmmal communities. Preyious trapping stud-
ies on islands in Flathead Lake suggest that many
grassland small manrmals have become established
on the various islands (Plopper 1968) and re likely
all present on the substantially largel Wildhorse
Island. The trapping area on Wildhorse lsland
ranged from 900 to 1030 m in elcvatron.

F-ie d l\,4ethods

We trapped small manlmals in August l998 us-
ing 25 Shemran live traps placed at 10-m inter
vals along eight transects per site. Tlansects were
used because they generate morc captures and morc
species than grids of equal size, thcreby more
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effectively sampling the small mammal commu-
nity (Pearson and Ruggiero in review). Transects
$'ere spaced>100 m apart to ensure independence.
The effective trapping area was therefore equal
at all sites. Traps werc baited with peanut butter
and whole oats and checked from 0700 to I 100
hrs tbr four days. Small mammals were tagged
with #1005-l monel ear tags (National Band and
Tag Company, Newpofi, Kentucky 41072-0430),
and species, age. weight, sex, and rcproductive
oondition were detemined befbre release at the
trap statio[. Live Mlcrotus monta us xnd Micro
tus pennsylvanicus are not easily differentiated
(Hotlmann and Pattee 1968). Therefore, since all
mortalities (2076 of the total caprure) were iden
tifled as montane voles (.Mitrotus nontunus), and
the habitats were gencrally too dry for M.
penns-vlvanitus (Koplin and Hoftmann 1968,
Hodge.on lQ72 r. we as,,igned all Mi, n'ru, c.tp-
tures to M. monlanus.

Small mammal habitat was assessed by visu-
ally estimatilg percent cover for sevcra] vegeta
tion categories within a 5-m radius of each trap
.lrl ion. We estimated r I t totul bunchgrl:se. - pri
marily bluebunch wheatgrass. ldaho fescue, and
rough fesc ue, but also Jnne grass (.Kolerid cristata ),
needle and thread grass (S/lp.r crrnala), and other
less abundant native bunch grasses: (2) total non-
bunchgrasses - mostly Poa species: (3) shrubs
mostly big sage and rabbit brush (Cftnsotlzzazrzus
spp.)j (4) native forbs - primarily arrowleaf
balsamroot (Balsamorhi:u sugi rz/c) and lupinc
(Lupi\ts spp.)t and (5) exotic plants - sported
knapweed. leafy spurge (.Euphorbia e s ula 1, Eur-
asian toadflax species (.Linaria daLmdticct and L.
vulgaris), and cheatgrass (Bromus tectorunt).
Additionally, physiographic and abiotic features
measurcd  in . luded lopogrJph)  o [  lhe  mi ( ru { i le
(i.e.. concave = I or not = 0; as an indicator for
low, moist sites). percent cover of bare ground,
and percent cover of rocks = l0 cm dia. Cover
estimates were made by the same two observers
at all sites.

Analyt ca l\,4ethods

We present frcquency distributions of the num-
ber of individuals captured by species for each
site. We usedlogistic regression to determine which
habitat variables best diff'erentiated trap stations
that captured small mammals from those that did
not. Traps having multiple capturcs were included



only once in the analysis for each species. By
cmplo l  ing  Ihc  gcncr i l l i / cd  c . r imr in ts  cquar  i . )n \
capabil ity in SAS GENMOD, we developed un-
stmctured correlation models that relax the stan-
dard assumption of independence among obser-
vations within transects (SAS lnstitute 1990).
Counting trap stations only once and controlling
tbr spatial correlations in the data reduce the
pseudoreplication that can occur in data sets due
to repeated captures of a subset of individuals
within a population since individuals are most often
recaptured in the sanre or adjacent traps. Equa-
tions produced by logistic regression selve as re-
source selection lunction; iurd the coeflicients sen e
as selection coefticients (p) *hote values indi-
cate the relative in.rpofiance ofthe predictor vari-
ables in the equation (Manly et al. 1993). Posi-
tive coefficients indicate selection for the resource
and negative coefficients indicate avoidance when
coefficients difI-er signilicantly fiom zero (Manly
et al. 1993). We chose likelihood ratio tests over
Wald tests to detemine the significance of selec-
tion coefllcients because oftheir greater reliabil-
ity (Hauck and Donner 1917).

We used a model selection procedure (Manly
et al. 1993. Anhur et al. 1996, Ruggiero eL al.
1998) to detemine whether habitat selection for
each species diff 'ered arnong sites. thereby indi-
cating whether site data should be pooled or ana-
lyzed separately. This process involves generat-
ing a null or no-sclcction modcl whcrcin the constant
is estimated and all other coefficients arc set to
zero. The deviance value (2log.Ilikelihood]) fi om
the null model is then compared to the deviance
valuc from a poolcd sclcction modcl wherein co-
efficients are estimated using pooled data from
all sites. A signiticant improvement in the pooled
sclcction model over the null model indicates that
habitat selection has occurred. rnd model selgc-
tion proceeds by estimating a selection function
fbr each site independently. If the summcd dcvi-
ance values from the site specific selection mod
els is signiticantly smaller than the deviance tiom
the pooled selcction modcl, this indicatcs that
habitat selection differs among sites. and site-spe-
cit ' ic selection tunctions should bc uscd to cxam-
ine  hah i ta t  .e lec t ion .  Becruse hub i t  t  .eEregat ion
between sexes has been reported for deer mice
ifiabiting xeric grasslands and savannas (Bow-
ers and Smith 1979, Morris 1984). wc cxtcndcd
the model selection procedure using multinomial
logistic regression u'ith SAS CATMOD to test

\ \he lher  \ 'a leg , , r i l i n !  C i lp lu re  \ i te \  b )  .ex  ( i .e . .
only males captured, onl)' temales capturcd, males
and fcmales captured) resulted in better habitat
use models than those disregarding sex. This analy-
sis effectively examines the degree to whjch habitat
use by males and lemales directly overlaps (10061,
overlap results in no habitat separation). testing
for differences in habitat vadables among the three
potentially distinct groups of capturc sites. Be-
cause CAIMOD does notgeneratc likclihood ratio
tests for coefficients. we presenl Wald tests for
this analysis. Correlation was not built into the
multinomial models for habitat selection by sex
because CATMOD does not offer this option for
multinomjal regression models.

Results

Bunchgrass dominated the hcrbaceous cover at
all study sites ranging from approximately ,10clo
cover on Wildhorse lsland to 65% on Bandy Ranch
(Figure 1 ). Sieben Ranch had the lowest cover of
native forbs, nonbunchgnsses, and shrubs and the
highcst coverestimates for bare ground. Wildhorse
Island had the highest densities ofnonbunchgrasses
ard native forbs. Exotic plants were genenlly rurc
to absent on all sites. Spotted knapweed. toad-
flax, and leaty spurge cover estimates averaged
< 17c for all sites. Chcatgrass was the most abun-
dant and widespread exotic with average estimates
<lclc on Sieben Ranch, l% on Bandy Ranch. and
.1% on Wildhorse lsland. The proponion of con-
cavc microsites was approximately 40% on both
Bandy Ranch and Wildho$e Island and 20cl. on
Sieben Ranch, which also exhibited less large-
scale topographic relief.

Two thousand tbur hundred trap nights pro
duced 4l0 captures of273 individual small mam-
mals representing three species. Species rank-
abundancc was consistent among locations with
deer mice dominant. lbllowed by montane voles,
which were relatively uncommon, and montane
shrews, which were rare (Figure 2).It should also
be noted that nofihem pocket gophers (Tl,orror?,rs
lalpolde.r). as indicated by the presence ofwinter
cores and tiesh mounds, and yellow-pine chip
mtr.ks (Tamius amoerrls), as indicated by visual
obsen ations ofthe animals in shrub patches, $ere
present on the sites. However, we did not directly
sample and therefore quantify the abund;rnce of
either of these species.
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The pooled selection model for deer mice
provided a signiticant improvement over the no-
selection model (X'? = 100.03. df = 7, P < 0.001),
indicating deer mice exhibited habitat selection
(Table 1). Furthermore, aggregation of the site-
specific selection models resulted in a model that
was significantly improved over the pooled se-
fection model (Xl = 92.85. df = 15, P < 0.001).
indicating that deer mouse habitirt sclection dif-
fered among sites. Site-specific selection models
were signihcant foreach site (P < 0.05). At Sieben
Ranch deer mice avoided areas with higher fbrb
(X' = 8.2:. df = 1. P = 0.00,1) and bunchgrass
cover (12= 13.5,+, df = 1. P < 0.001) and exhib-
itedmarginally significant selection for roclJ areas
(Xr = 3.57, df= I, P = 0.059). A selection coefll-
cient for shrubs at Sieben Ranch could not be
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estimated because values were zero tor one cat-
egory. At the Bandy Ranch deermice avoided aleas
with higher cover of bunchgrass (Xr = 5.57. df = l.
P = 0.018) and nonbunchgrass (X'= 13.99, df= l,
P < 0.001 ) and selected areas with more bare ground
(X'] = 8.35. df = 1, P = 0.004). On Wildhorse lsland
deer mice responded to all variables measured ex-
cepttopography. Mice on Wildhorse avoided most
\ e!'elali! c cover such a: n tir e forhr rX: = 9.30. df
=1, P = 0.002), nonbunchgrass (X': = 5.62, df= 1, P
= 0.018), and shmbs (X]=1.75,df = I, P = 0.029)
in favor of areas with higher percent cover of bare
ground (X: = 26.21. df = l, P < 0.001) and rock (X'?
= 14.90, df= 1. P < 0.001). However, deer mice on
Wldhorsc selected for bunchgrass cover (Xr = 6.92,
df = 1, P = 0.009), whereas they avoided it at other
sltes.
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Figure 2. Species coDrposition and relative abundance of small mammals capturcd in thrce locations within valle! bunchgrass

habitats of west-central Montana.

TABLE L Selection coefficients fbr deer mice in pristine \alley bunchgrass habitals ofwest central NlorraDa based on logisric
regression analysis. Parentheses indicate the number of stations capturing mice. A sclccdon coefticient was not
calculaled lbr shrubs at Sieben Ranch due to sinsulariiv ofthe variable.

Sclcction cocffrcicnls
Modcl Forb Cround Nonbunch Rock Shrub Bunch Topo Dc\,iance df

Deer Mouse

Montane Vole

Montane Shrew

Null 0.00 0.00 0.00
Poolcd (199)* 0.01.1* 0.028*+ 0.003
Sieben (,18)+ -0.,13.1** 0.003 0.010
Bandy (25)* 0.016 0.0,11** -0.013**
wildhorsc (126)*+ 0 019++ 0.036*+ 0.013*
Si!e deviancc tolals
Null  vs. pooled (selection)
Pooled (selection) Vs site (select ion)

0.00 0.00 rJ.00 0.00
0.056** -0 015* -0 004 0.054
0.1,15 0.0,15** -0.112
0.019 0.015 0.025i 0.259
0 .117* *  _0  146*  0 .010* *  0 . t 7 .1

162.12 599
662.,10 592
203.58 r93
131 .08  192
23,1.85 192
569.51 577
100.03 I <0.001
92.89 15 <0.001

* indicates significant diffcrcncc at o = 0.05
i'+ indicates significant diference at o = 0.01

Sex-based habitat selection models for deer
mice were signilicant fbr Sieben Ruch (Ir = 17.33.
df = 6, P = 0.008) and Wildhorse lsland (Xr =
21.09, df -1, P <0.001) and marginally signifi-

(anr  fo r  Bund)  Ranch {X  =  lJ . l  2 .  d l '  =  7 .  P  =
0.069). Females at Sieben Ranch used sites with
more bare ground (X']= 4 85, df = l, P = 0.027)
rnd  more  to ta l  bunchgras .  corer  r1 '=  7 .75 .  d f=

S m r l l  M a m m r l :  i n  N a t i v e  B u n c h g r a ' s  l l l



1, P = 0.005) than males. At Wildhorse Island,
females used sites that were less concave (1r=
6.l7, df = l. P = 0.013) and had less shrub cover
than males (X'z= 8.53, df = 1, P = 0.00,1), and
temales selected microsites with lower shub cover
(X:= 4.15, df= 1, P = 0.042) than stations where
both males and females were captured. At Bandy
Ranch, habitat partitioning between sexes was not
significant fbr any individual comparisons (P >
0.1,10). Chi-square goodness of f it tests assum-
ing equal sex ratios indicated that scx ratios for
Wildhorse Island were male biased (1.,10 rnales
to females; Xr = 6.61, df = 1, P = 0.010), but the
sex ratio 1br Bandy Ranch was not biased (1 .59
males to fernales; X'= 2.27, t lt = I, P = 0.132),
norwas the sex ntio for Sieben Ranch (0.88 nrales
to females; 1r = 0 lE. df = I, P = 0.540).

The pooled selection modcl tbr montane voles
provided a signiticant imprcvement over the no
selection model (X']= 18.00. df= 7. P = 0.012).
However, the site specific model provided little
improvenrent over the pooled model (X: = 22.9,1.
df = 16, P= 0.1 15), indicating eithcrthathabitat
sclcction by montane voles did not differ among
sites. or that we lacked sufficient power to detect
such differences due to low captures of this spe-
cies. Overall. montane voles selected concave
microsites (1r = (.1Q, df= I, P = 0.012) and avoided
areas with high percentages ofbarc ground (X'] =
7. I 8, df = I , P = 0.007). but did not exhibit selec-
tion with regard to othcr variables nreasured.

Discussion

Communlty Compos t ion

The small mammal communitv we identified tbr
valley bunchgrass habitats in west central Mon-
tana was rcmarkably consistent with regard to
species composition and relative abundance among
the three distinct locations trapped. Dcer mice
dominatcd each native bunchgrass site. Montane
voles were consistently captured, but relutively
uncommon. Montane shrews were rare at two
locations, and none were captured on Wildhorse
Island. Valley bunchgrass habitats of west-cen-
tral Montana appear to contain fewer species than
snrrll nrammal communities described for neigh-
boring grasslands and shrub-steppe of eastern
Washington. eastem Oregon, southem Idaho. and
the westcrn Great Plains of eastern Montana
(Larrison and Johnson 1973. Rogcrs and Hedlund
19[i0. Gano and Rickard l982,Grantetal. 1982.
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MacCracken et al. 1985, Groves and Steenhof
1988, Koehler and Andcrson 1991. Ell iot et al.
1997). Although some species that could occur
in these habitats as uncommon or rare commu-
nity members such as meadow voles (M.
pennsylvanictrs), j\tttping mice (Zap us p rince ps 1.
vagrant shrcws (S. r,c3rarrs), and cinereus shrcws
(5. cinereus) may have gone uncaptured. nost
species described for adjacent grasslands such as
the prairic vole (M oclrrcgaster), sagebrush vole
(Leni.gcus cartatls), grasshopper mousc (Oiro-
comls leu@gastea, plains pocket mouse (Perzg
nqthus pqrwts), olive backed pocket mouse (P

Ja.t c iat u s), western harvest mo]use (.R e it hro do n-
tomJ"s megalotis), and kangaroo rat (Dl2adolr-'-s
ordil), do not occur u'ithin $'estem Montana or
are extremely rare (only a few records) (Hoffmann
irnd Pattie 1968). One possible explanation fbr
the lower species richness of valley bunchgrass
habitats is that the presence ofvalley glaciers and
historic Lake Missoula (Alt and Hyndman 1986)
extirpated morc spccialized grassland species fron]
the region. Forested mountain ranges surround
ing these grasslands may further servc to prevent
recolonization.

Conclusions regarding species composition and
relative abundance based on a single year's data
require some considcration of annual variability
given the multiannual fluctuations exhibited by
many small mammal species (Krebs 1996). Ex
amination of the litemture strongly suggests that
dccr mouse domination of xeric grasslands is the
norm within much of the Nofthwest (Grant et al.
1982, MacCracken et a1. 1985, Pyke 1986. Groves
and Steenhof 1988. Ell iot et al. 1997). However,
deermice can periodically decline to become less
abundant than montane voles, espcci;rlly if vole
populations increase concurendy with thc decline.
Montane voles bccame essentially codominant with
deer mice in the second year of Pyke's (1986)
study in Washington, and montane voles clearly
outnumbered other small mammals at Grant et
al. 's (1982) ungrazed site in the Bridgcr Moun-
tains of Montane. Although shrews fluctuate and
can be common in moist habitats (Spencer and
Pettus l966). shrews are not reported as commoD
within dry habitats of the Northwest (Negus and
Findley 1959, Rickard 1960, Clark 1973. Pearson
1999a). Our results considered in the context ol
small mammal studies \'",ithin other grasslands of
the Northwest suggcst th t deer mice generally
doninate valley bunchgrass habitats. with voles



being uncommon and shrews rare. However.
montane voles may periodically dominate these
communities during population highs. Montane
voles may also play a more prominent role in higher
elevation, more mesic bunchgrass habitats (e.g.,
Grant el al. 1982).

Hab tat Se ection

Deer mice are habitat generalists at the macro-
habitat scale. as indicated by their viabil ity within
a wide rarge of habitats (Handley 1999). How
ever, their ability to efficiently exploit a wide range
ofresources can render thcm quite specialized in
their selection of microsites within habitats that
diff'er in resource availability (e.g., Pearson 199,1).
In native valley bunchgmss habitats ofwest cen
tral Montana, wc tbund that deer mouse selec-
tion of rnicrohabitats varied by site. This di1ler-
cntial sclcction for rcsourccs such as bunchgrass
(selected for at Wildhorse Island, but avoided at
Bandy and Sieben Ranches) probably reflects 1)
the fact that the distribution of these resources
varies by site and 2) the fact that deer mrce are
responding to a complex of resources. many of
which were not measured. For example, as bunch-
grass distributions change so may the abundance
and theretbre relative value ofassociated resources
such as sccds and insccts that dccr micc arc for-
aging on. However, at all sites, deer mice tended
to avoid heavy vegetative cover in favor of nrore
open and in sorne cases, rockier habitats. Elliott
ct al. (1997) sinilarly reported that dccr micc
selected nricrohabitats with more bare ground and
le . :  g ra :s  co \  e r  in :ou lhcr \ l cm Wl  o rn ing  gr r . : -
Iands. That deer nice increase in response to graz
ing (Lamison and Johnson 1973, Crant et al. 1982,
Rosenstock 1996) nay also be evidence of se-
lection tbr more open vegetation, as grazing de-
creases the total vegetative biomass on a site (Grant
c t  a l .  19 t i2 ) .

Dccrmousc sclcction forbarc ground in bunch-
grass habitats, which are inherently low in veg
etative covet may result fiom predator influences
on deer nice or deer nice responding to their
own prey-base. Forexample, use ofopen habitat
could indicate that predation [isk from weasels,
which f'avorhcavy ground covct cxcccds that from
raptors. which prefer to hunt where grcund cover
is rninimal (e.g.. Korpimaki et al. 1996). Alterna-
tivcly, dccr micc. rvhich arc primarily inscctivo-
rous in westem grasslands (Sieget al. 1986, Pearson

et aI.2000), may bc morc cf'fcctive at preying on
pafiicular insects in open habitats. or their pre
tened prey may attain higherdensities within such
habitats. Deer mice also tended to select rockicr
areas, though this relationship was only margin-
ally significant at Sieben Ranch where rocks werc
relatively rare. Rocks may provide escape cover
that the predoninandy herbaceous vegetation docs
not. Howcvcr. nlost rocks wcrc relatively scat-
tered, paftially buried, and small (approximately
I to 3 dn). Possibly, rocks provide cover for se
cure bunow sites as deermouse burrow cntranccs
were sometimes observed in association with locks.

We observed hebitat partitioning betweenma e
and female deer mice at Sieben Ranch and
Wildhorse lsland. Variablcs scparating male and
female deer mice differed by site, with f-emales
at  S ieben Ranch u . ing  mic ros i tes  har ing  more
bale ground and more bunchgrass covcr than males.
and females atWildhorse Island using microsites
with less shrub cover than malcs. Females at
Wildhorse Island also used concave sites less of
ten than males. Since deer mice. as a species,
avoided bunchgrass al Sieben Ranch and shrubs
atWildhorse lsland, thc scxual scparation on these
variable axes would appear to result from a fur
ther partitioning of these resourccs between the
sexes. At Wildhorse Island, the species level re-
sponse to topography may havc bccn masked by
habitat paftit ioning between the sexes, as males
exhibited no avoidance ofconcave sites. whereas
topography values at female ffap statious and sta-
tions where both malcs and fcnales were cap-
tured indicated relatively strong avoidance. At
Sicben Ranch. a similar phenomenon u,as ob-
sen'ed: males exhibited no selectiol for bare ground
while females differed signilicantlv from thc males
in their selection lor bare ground. In general. fe-
malcs appeared to be more selective of micro
habitats than were males. AtWildhorse lsland thc
skcwcd scx ratio could have facilitated this dil-'
ferential habitat selection between sexes by al-
lowing thc proportionally t'ewerfbmales to be more
selective of microhabitat space. However, one
might expect that the more abundant males would
overwhelm such an effect by cncompassing all
femalc micrositcs as well as additional habitats.
Moreover, sex ntios did not differ from random
elscwhcrc. and so could not be invoked to explain
dillerential habitat selection at Sieben Ranch.
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Determining which sex triumphs when a re
source is partitioned within a spccics is contin-
gcnt upon correctly assessing the resource gradi-
ent. Bowers and Smith (1979) produced a
dr ' l i n . ih lc  i r rgunren l  l i ' r  le rn r le  deer  mice  ou l
competing males by showing that fernales dorni-
nated microsites having higher measured soil
moisture in habitats where water was clearly lim
ited. Seagle (1985) and Belk et al. (1988) con-
tcnd that structural featurgs such as logs and woody
\egeli l l ion i lre the prefered resources in .ome
habilats and have shown that f'emalgs are more
closely associated with these resources than are
nrales. They theretbre argue that females effec
tivcly dominate the pret'erred resources in these
systems. This argument is reasonable, butuntested.
Woody structurc providcs one impo(ant vector
along a complex of resource gradients. but un-
less it is the limiting resource. and the addcd bcn-
etlts of cover do not compromise other resource
nccds (i.e.. the collective resource gradient is l in-
ear and conelated with structure). it is unclcar
$hether the tradeofl.s in other resource vectors
associated with increasing cover will lead to in-
creased fitness. Similarly, without a def'ensible
rneasure of resource qualitl'. we do not attempt
to asscss which sex dominated the pref'erred re-
sources within the bunchgrass community that wc
studied. However. based on our results. we con
cludc that l) resources were sufficiently l imited
to walTalrt intfaspecific partitioning within the
bunchgrass community (c.g., Bowcrs and Smith
1979), 2) resources were sufl iciently variable to
allow for their partitioning among conspccifics
(see Seagle 1985), and 3) intraspecific resource
:e le , .  t iun  prc rsurcs  c l i  f le red  urn , ,ng  s i te ' .

Fcw studies have examined nricrohabitat se-
lection of montane voles in the Northem Rocky
Mountains. ln our vallcy bunchgrass habitats.
montane voles strongly avoided trap stations in
opeD areas with more barc ground and sclected
concave microsites where total herbaceous cover
was high. The higher herbaceous cover at con
cave microsites appcarcd to rcsult from higher
soil moisture. Hodgson (1972) found that mon
tane voles were negatively corelated with shrubs.
with the cxception of big sage, and positively
correlated with soil rnoisture and higher graminoid
cover in southwestern Montana. Sirnilarly, Belk
et al. (1988) obscrvcd that montanc volcs selected
habitats with higher herbaceous cover and lower
shrub cover within a mixture of habitats in Utah:

11,1 Pearson. Ofiega. McKelvey, and Ruggiero

and Randrll and Johnson (1979) showed that
montane v(tes thvored bunchgrass habitat over
shrubby habitats in Washington, but ovedlowed
into shrubby habitats when populations increased.
Collectively, these studies indicate that montane
vole. ar oid open hrbitrt. in frvor of mi, rosite:.
with higher vegetative covcr and higher soil mois-
ture. Montanc voles may also avoid shrubs, with
the possible cxccption of big sage. but since we
attempted to cxcludc sage fiom our sanrpling and
other shrubs were rarc on the study sites, we could
not el 'fectivcly assess these relationships.

Deel mice and montane volcs appear to oc-
cupy complementary niches in valley bunchgrass
habitats of west-central Montana. Whereas deer
mice generally sclected fbrdryer, rnore open habi
tats with relativcly l i t l le vegetative cover, mon-
tane voles avoided open areas in favor of moister
concave micrositcs with higher herbaceous covel.
Such complementary habitat selection could be
construed as habitat partitioning resulting from
interspecific competition. as has been argued tbr
deer mice rnd other Ml, r,, lrrr .pccie. in grrr.:-
lands of British Columbia (Redfield et al. 1977)
and Colorado (Abramsky et al. l979). Howevcr.
resource competition for food seems unlikcly as
deer rnice are primarily insectivorous and granivo-
rous in this rcgion (Sieg et al. 1986, Pearson et
aI.2000), and montane voles are herbivorous
(Zimmerntan 1965. Lindroth and Batzli 1984).
lntcd'crcnce competit ion is similarly reduced by
disparatc activity patterns that help separate noc
tunlal dccr mice (Falls 1968) from the largely
diurndl montane voles (Drabek l99,1). Further-
more, although voles avoid open habitats u,here
deer mice abound, deel micc arc smaller than
Mit:rottrs (by 307c on avcragc in this study) and
thus unlikely to exclude volcs through interf-er-
ence competit ion. Although decr micc avoid the
heavier herbaceous cover. thcy arc neitherexcluded
from it nor fronr the concave microsites where
voles abound. Cornplementary habitat selection
between deer mice and montane voles in vallcy
bunchgrn . .  hab i ta ts  rn r5  a r i ' c  f to rn  noneompt  t i -
tive coexistence as has been shown for dccr mice
rnd southern red-backed voles (Clethriononys
gapperi) tn Mrginia (Wolff and Dueser 1986.).
Determining the causal mechanism for habitat
sepamtion belwccn dccr mice and montane voles
rvithin vallcy bunchgrass habitats would require
rcciprocal rem0val studies.



Conclusions

Exotic plants have transfbrmed vast rcgions of
uc . tc rn  g r r . : l l nds  rnd  w i l l  con t inue to  imprL t
the remainder of these systems with potentially
complex ecological consequences. However, it is
difficult to predict the potential inpacts that ex-
otic plants may have on small mammal commu-
nities becausc l itt le is known about small mam-
mal ecology in intermountain grasslands. Our
rcsulls en.rphasize the habitat speciticity of mon-
tane voles and the habitat f lexibil i ty ofdeermice
in thc low-elevation intermountain grasslands and
lead us to hypothesize that generirlist spccies such
as deer mice may bc f'avored over habitat and di-
. ' ta r ;  'pec i r l i . t s  such as  ro les  and.hreus  g i rcn
invasions of such exotics as spotted knapweed,
lcaly spurge, and Eurasian toadflax species. Bc-
.uuse snr r l l  rn l rnnr r l s  p lay  impor tan t  spec ies-
specific roles in ecosystem flnctions. changcs in
small nammal specics composition will likely
atTect prcdator communities and the ecological
roles that small mamnrals play with regard to
herbivory. sccd and insect predation, seed dispersal,
etc. This paper presents important baseline in
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