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Introduction ____________________
Prairie woodlands are an important vegetation com-

munity in the northern Great Plains. They occupy
about 1 percent of the land area and are restricted to
areas of increased soil moisture (Girard and others
1989). The abundance of many birds and mammals
would be lower, and some would not exist in the
northern Great Plains, without woodlands (for ex-
ample, Faanes 1984; Kaufman and Fleharty 1974;
Knopf 1984; Rumble 1989; Rumble and others 1998;
Sieg 1988). Prairie woodlands are used by livestock for
forage and shade (Bjugstad and Girard 1984; Severson
and Boldt 1978) and provide economic benefits to
prairie regions (Bjugstad and Sorg 1985). However, in
the northern Great Plains, prairie woodlands are
declining due to excessive livestock grazing, insects
and disease, changes in climate, construction of live-
stock ponds, or just old age (Boldt and others 1978;
Severson and Boldt 1978).

Fine filter approaches are necessary to conserve
some rare species, but are not efficient for conserving
biodiversity (Hunter 1991). Coarse filter strategy based
on communities will ensure biodiversity for the vast
majority of species (Hunter 1991). If lands are to be
managed as ecosystems, greater understanding of
relations between animal populations and ecological
processes in the plant communities is needed.

The relations between small mammals and succes-
sional processes in prairie woodlands are not under-
stood. Species diversity and community coefficients
for small mammals in riparian woodlands of the prai-
rie can be similar to those in surrounding grasslands
(Olson and Knopf 1988). Some small mammals are
associated with woodland vegetation in the prairies
(for example, Kaufman and Flerhaty 1974; Kaufman
and others 1993; Rumble 1989). In western South
Dakota, species richness and abundance of small mam-
mals are greater in prairie woodlands than the sur-
rounding grasslands (MacCracken and others 1985a,b;
Sieg 1988). Hodorff and others (1988) associated small
mammals with the ecological status of prairie wood-
lands described by the extent of canopy closure. Oth-
erwise, we are unaware of any study associating small
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mammals with the ecological conditions resulting from
succession in prairie woodlands on the Great Plains.
Our study investigated the relations of small mam-
mals to seral stages in four woodland types in the
northern Great Plains.

Study Area and Methods _________

Woodland Description

Prior to initiating our study, quantitative classifica-
tion methods (Uresk 1990) for seral stages of green ash
(Fraxinus pennsylvanica), cottonwood (Populus
deltoides), bur oak (Quercus macrocarpa), and eastern
red cedar (Juniperus virginiana) woodlands were de-
veloped (unpublished report, Rocky Mountain Re-
search Station, Rapid City, SD). We selected 40 green
ash woodlands, 38 cottonwood riparian woodlands, 33
bur oak woodlands, and 25 eastern red cedar wood-
lands near the Missouri River between Mobridge and
Fort Thompson, South Dakota. Our intent in the
selection of woodlands was to ensure that the array of
seral stages in each woodland type were represented
in our sampling. At the time we selected each woodland,
we collected the vegetation measurements necessary
to classify the seral stage using the quantitative pro-
cedures (cited above). These measurements are de-
scribed below.

Initial site selection was designed to include 10 sites
in each seral stage of each woodland type. However,
refinements to the classification coefficients after our
sites were selected, coupled with uncommon occur-
rence of some seral stages, resulted in an unbalanced
design. Four seral stages were described for green ash,
cottonwood, and bur oak woodland types. In green ash
woodlands we included 6, 7, 14, and 13 sites in late,
late intermediate, early intermediate, and early seral
stages, respectively. In cottonwood riparian wood-
lands, we selected 6, 18, 4, and 9 sites in late, late
intermediate, early intermediate, and early seral
stages, respectively. In bur oak woodlands, we se-
lected 2, 11, 8, and 12 sites in late, late intermediate,
early intermediate, and early seral stages, respec-
tively. In eastern red cedar woodlands only three seral
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stages were described, and we selected 5, 6, and 14
sites classified as late, intermediate, and early seral
stages, respectively.

Green ash woodlands occur in upland drainages and
patches where topography or aspect create areas of
increased soil moisture (Girard and others 1989;
Hansen and others 1984). Green ash often occurs with
box elder (Acer negundo) and American elm (Ulmus
americana) as subdominants (Hansen and Hoffman
1988). Common shrubs in the understory of green ash
woodlands include common chokecherry (Prunus
virginiana), Saskatoon serviceberry (Amelanchier
alnifolia), American plum (P. americana), and west-
ern snowberry (Symphoricarpos occidentalis).

Cottonwood riparian woodlands occur on the flood-
plains along the Missouri River and its tributaries.
Willow (Salix spp.) often occurs with cottonwood on
early seral sites and green ash is common on late seral
sites. Hydrologic and ecological relationships of cot-
tonwood woodlands are described by Johnson and
others (1976) and Johnson (1992). Common under-
story plants include Wood’s rose (Rosa woodsii), west-
ern snowberry, Kentucky bluegrass (Poa pratensis),
and smooth brome (Bromus inermis) (Hansen and
others 1984; Hansen and others 1995). However, shrubs
in late seral cottonwood can be eliminated by livestock
grazing and are replaced with prairie grasses or sage-
brush (Hansen and others 1995).

Bur oak in central South Dakota is near the western
limit of its range (Johnson 1990). Bur oak woodlands
are widely scattered and are not as common as green
ash, but they frequently include green ash within
stands (Girard and others 1989). Understory shrubs
and herbaceous vegetation that occur in green ash
woodlands also occur in bur oak woodlands (Girard
and others 1989).

Eastern red cedar woodlands exist in scattered stands
in the Missouri River basin. Because of its growth form
and occurrence in highly eroded and rugged terrain,
eastern red cedar woodlands along the Missouri River
have been mistaken for Rocky Mountain juniper
(J. scopulorum). Eastern red cedar hybridizes with
Rocky Mountain juniper in this region, and little-seed
ricegrass (Oryzopsis micrantha) is the dominant un-
derstory grass beneath mature stands of both (Girard
and others 1989; Hansen and others 1984).

Vegetation Measurements

At the time we selected sites, we established a
macroplot (Daubenmire 1952) of 20 x 40 m within the
woodland. In a few narrow woodlands, our macroplots
were 15 x 40 m or 10 x 40 m to ensure that they were
within the woodland. In all woodlands, we recorded
the diameter-at-breast height (d.b.h.) of all trees (>2.5
cm d.b.h.) within the macroplot boundaries. In green

ash and bur oak woodlands, we estimated percent
canopy cover of chokecherry and western snowberry in
thirty 0.1-m2 quadrats (Daubenmire 1959) at 1-m
intervals along two transects. In cottonwood riparian
woodlands we estimated percent canopy cover
(Daubenmire 1959) of western snowberry in 30 quad-
rats at 1-m intervals along two transects and counted
the number of seedlings (<2.5 cm d.b.h.) in two 30- x
1-m belt transects. In eastern red cedar woodlands, we
estimated percent canopy cover of little-seed ricegrass
(Daubenmire 1959) in 30 quadrats at 1-m intervals
along two transects and counted the number of cotton-
wood seedlings in two 30- x 1-m belt transects. These
vegetation measurements were summarized and ap-
plied to classification functions to determine the seral
stages of woodland in the field.

During the course of our study, we collected addi-
tional measurements to characterize the vegetation at
each site one time. We estimated percent canopy cover
(Daubenmire 1959) of all understory (<1 m tall) vegeta-
tion, grasses, forbs, shrubs, and shrub species at 1-m
intervals along the two 30-m transects. We recorded
the density of vegetation in the intervals 0–0.5 m and
>0.5–1.0 m (foliage-height density) as number of con-
tacts on a vertical pole (Noon 1981) at 2-m intervals
along the 30-m transects. At the beginning, mid-point,
and end of each transect, we recorded overstory cover
using a spherical densiometer (Griffing 1985). We
estimated the density of shrubs and seedlings not
already counted in two 30- x 1-m belt transects.

Small Mammal Trapping

During each year from 1990 to 1992 and between the
last week of July and the third week of August, we
trapped small mammals four consecutive nights at
each site. Small mammal trapping consisted of two
trap lines 10 m apart of ten 7.6- x 8.9- x 22.9-cm
collapsible Sherman live traps spaced at 5-m inter-
vals. We baited the traps with a commercial bird seed
mix in combination with a mixture of peanut butter
and rolled oats. Because some woodlands were within
400 m of another, we toe-clipped each animal caught
for unique identification. All individuals were re-
leased at the capture site.

Data Analyses

We calculated the average for each vegetation mea-
surement for each site. Minor variables, those that
occurred on <5 percent of the sites or averaged <1
percent understory canopy cover, were omitted from
analyses (Uresk 1990). We calculated measures of
vegetation heterogeneity from the coefficients of varia-
tion for overstory canopy cover and intervals of foliage-
height density (Rotenberry and Wiens 1980).
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We estimated small mammal abundance as the
average unique captures per night for each site. Small
mammal species richness was tallied as the number of
species captured on each site during our study. We
tested these data for normality and homogeneity of
variances using the Kolomogrov-Smirnov Lilliefors
test and Levene’s test, respectively. These tests were
significant for most variables. Therefore, we used a
multiresponse permutation procedure (MRPP) (Mielke
1984) to test hypotheses that small mammal abun-
dance did not differ among years. We then used the
MRPP test to test hypotheses that small abundance
and species richness did not differ among seral stages
of woodland types. Statistical tests were considered
significant at α ≤0.05; marginal significance was de-
termined at α ≤0.10. Multiple comparison tests were
formulated by pair-wise comparisons of seral stages
and included a Bonferroni adjustment to the signifi-
cance levels to maintain Type I error rates. We fol-
lowed Higgins and others (2000) for scientific names of
small mammals and Great Plains Flora Association
(1986) for plant names.

Data on small mammal abundance in eastern red
cedar were previously summarized in Rumble and
Gobeille (1995). These data are included here to present
an ecologically based understanding of small mammal
relations to succession in prairie woodlands. At the
time Rumble and Gobeille (1995) was published, east-
ern red cedar along the Missouri River was errone-
ously identified as Rocky Mountain juniper.

Results ________________________

Vegetation

In green ash woodlands, percent canopy cover of grasses
declined and percent canopy cover of forbs and shrubs
increased from early to late seral stages (table 1). Among
the shrubs, percent cover of chokecherry and the
density of chokecherry >1 m tall but <2.5 cm d.b.h.
increased from early to late seral stages, but western
snowberry was less abundant in late seral stages than
in earlier seral stages. Diameter-at-breast height and
basal area of green ash, and percent overstory canopy
cover, increased from early to late seral stages.

In cottonwood woodlands the seral stages could be
briefly summarized chronologically from many seed-
lings in the early seral stage to a few large d.b.h. trees
in the late seral stage. Cottonwood woodlands fre-
quently included other species of trees as indicated by
the difference between cottonwood tree density and
total tree density. Willows were common in early to
late intermediate seral cottonwood, and some willows
were tallied as trees (>2.5 cm d.b.h.). There was little
evidence of the widespread flooding that occurred
historically and maintained cottonwood woodlands

across the flood plains. Early and early intermediate
seral stages of cottonwood woodlands occurred in
narrow bands (sometimes <10 m wide) along the
Missouri River and its tributaries. Western snowberry
was the most common shrub in the late seral stage of
cottonwood.

Vegetation characteristics in the seral stages of bur
oak were similar to those in green ash woodlands.
Percent cover of grasses declined from early to late
seral stages, while forbs and shrubs increased.
Chokecherry cover in the understory and density of
chokecherry trees (>2.5 cm d.b.h.) increased from
early to late seral stages. Green ash trees were com-
mon as subdominants in bur oak woodlands. The basal
area, d.b.h., and overstory canopy cover of bur oak and
green ash increased from early to late seral stages of
bur oak.

Three seral stages occurred in eastern red cedar
woodlands. In eastern red cedar, similar to cotton-
wood, the seral stages were identified by many seed-
lings in the early seral stage, maturing to fewer larger
trees in the late seral stage. The most notable under-
story characteristic was the increased cover of little-
seed ricegrass in the understory as succession pro-
gressed from early to late seral stages.

Small Mammals

We captured nine species of small mammals, eight of
which were sufficiently abundant to perform statisti-
cal analyses; only one thirteen-lined ground squirrel
(Spermophilus tridecemlineatus) was captured. Al-
though total small mammal abundance in 1992 was
40 percent lower than 1990 or 1991, it was not signifi-
cantly less. Therefore, all subsequent analyses are
based on data across years for each site. White-footed
mice (Peromyscus leucopus) and deer mice (P. mani-
culatus) were the most common small mammals in
prairie woodlands.

Green Ash—We found no differences in total small
mammal abundance or species richness among seral
stages of green ash woodlands (table 2). Abundance of
meadow voles (Microtus pennsylvanicus) differed
among seral stages of green ash (P ≤0.04) in the overall
MRPP test; but no significant differences were appar-
ent among seral stages in the Bonferroni corrected
multiple comparisons. Significant differences in the
MRPP test were most likely from greater abundance of
meadow voles in early seral green ash than late inter-
mediate (P = 0.12 ) seral green ash; all other multiple
comparisons were not different (P ≥0.99).

Cottonwood—Early seral cottonwood had more
(P = 0.04) small mammals than late seral stages of
cottonwood (table 3). Richness of small mammals in
the early and early intermediate seral stages was
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Table 1—Vegetative characteristics of seral stages in four prairie woodland types of the northern Great Plains, South Dakota,
1990–1992.

Woodland type Early Late
vegetation Early intermediate intermediate Late

characteristic (units) x  ± SE x  ± SE x  ± SE x  ± SE

Green ash
Percent grass cover 24.7 1.3 15.6 0.8 19.3 2.1 11.2 1.8
Percent forb cover 8.2 .4 11.0 .5 12.5 2.4 11.8 2.1
Percent shrub cover 22.0 1.4 22.4 .8 27.1 2.3 26.5 2.4
Percent chokecherry/plum cover 2.7 .2 8.7 .5 21.2 1.7 16.5 1.3
Percent western snowberry cover 13.3 1.5 7.6 .5 1.6 .3 3.9 .8
Density chokecherry/plum 1–2 m tall (no./ha) 135.0 17.0 370.0 45.0 571.0 77.0 967.0 84.0
Basal area green ash (m2/ha) 4.2 .2 10.2 .2 10.9 1.1 19.8 1.0
Average d.b.h. green ash (cm) 8.8 .4 9.6 .2 13.4 1.0 18.5 .5
Percent overstory canopy cover 38.3 1.9 63.2 1.1 69.1 3.2 77.1 1.2
Vegetation density <0.5 m (no.) 4.1 .2 2.8 .1 4.3 .5 1.6 .2
Vegetation density 0.51–1.0 m (no.) 2.0 .1 1.9 .1 3.4 .5 1.8 .1
Heterogeneity of vegetation <0.5 m (SE) 1.0 <0.1 1.2 <0.1 1.1 .1 1.6 .1
Heterogeneity of vegetation 0.51–1.0 m (SE) 1.6 .1 1.7 .1 1.5 .1 1.5 <0.1
Heterogeneity of overstory cover (SE) .8 .1 .4 <0.1 .4 .1 .3 <0.1

Cottonwood
Percent grass cover 12.1 1.4 8.9 .8 11.0 .5 16.8 1.8
Percent forb cover 14.0 .6 11.6 1.5 13.4 .7 8.7 1.1
Percent shrub cover 12.8 1.5 10.2 2.6 12.5 1.0 17.6 2.1
Percent western snowberry cover .4 .1 .3 .1 6.9 .9 5.0 .5
Density cottonwood seedlings (no./ha) 52,449.0 4,299.0 1,043.0 215.0 124.0 10.0 2.0 2.0
Density of willow seedlings (no./ha) 61.0 11.0 56.0 18.0 46.0 8.0 8.0 3.0
Density of cottonwood trees 30.0 4.0 2,472.0 96.0 950.0  30 .0 117. 0 9.0
Total tree density (no./ha) 91.0 12.0 2,726.0 1,12.0 1,144.0 32.0 196.0 22.0
Basal area of cottonwood (m2/ha) .0 .0 11.4 1.7 17.5 .5 40.2 2.2
Average d.b.h. cottonwood (cm) 1.3 .3 7.6 .5 17.0 .6 67.3 2.1
Percent overstory canopy cover 13.0 1.9 59.2 2.6 58.7 .9 48.5 3.6
Vegetation density <0.5 m (no.) 1.5 .1 1.5 .2 1.6 <0.1 2.3 .1
Vegetation density >0.5–1 m (no.) 2.3 .2 1.2 .2 2.0 .1 1.7 .1
Heterogeneity of vegetation <0.5 m (SE) 1.4 .1 1.3 .1 1.4 .1 .9 <0.1
Heterogeneity of vegetation >0.5–1 m tall (SE) 1.7 .1 1.6 .1 1.4 <0.1 1.4 <0.1
Heterogeneity of overstory cover (SE) .7 .1 .4 .1 .4 <0.1 .5 .1

Bur oak
Percent grass cover 31.3 .8 11.2 .8 14.1 .8 1.4 .8
Percent forb cover 7.0 .3 7.1 .6 14.0 .9 26.2 7.7
Percent shrub cover 13.3 .9 20.7 .9 18.3 1.9 22.1 1.5
Percent chokecherry/plum cover 1.5 .2 1.7 .6 4.4 .2 14.1 .1
Percent western snowberry cover 4.3 .4 10.5 .5 7.4 1.3 4.2 .6
Density chokecherry/plum 1–2 m tall (no./ha) 5.0 1.0 14.0 6.0 33.0 3.0 394.0  22. 0
Basal area green ash (m2/ha) 1.2 .2 3.6 .2 1.5 .5 2.7 .8
Basal area bur oak (m2/ha) 4.9 .4 16.5 .5 25.0 .7 26.1 1.3
Average d.b.h. bur oak (cm) 7.0 .4 18.1 .4 16.6 1.4 14.0 2.7
Percent overstory canopy cover 26.2 2.4 70.6 1.3 65.5 2.7 83.3 .7
Density vegetation <0.5 m (no.) 5.9 .4 3.0 .1 3.6 .2 .7 <0.1
Density of vegetation >0.5–1 m (no.) 1.2 .1 1.4 .1 1.9 .2 1.6 .4
Heterogeneity of vegetation <0.5 m (SE) .8 <0.1 1.1 <0.1 1.0 .1 1. 8 .2
Heterogeneity of vegetation >0.5–1 m (SE) 2.3 .1 2.0 .1 1.5 .1 1.5 <0.1
Heterogeneity of overstory cover (SE) 1.2 .1 .4 <0.1 .4 .1 .1 <0.1

(con.)
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Eastern red cedara

Percent grass cover 41.8 0.8 17.8 1.2 33.6 3.0
Percent forb cover 5.2 .3 6.4 .6 3.4 .6
Percent shrub cover 12.5 .8 30.3 3.0 4.8 .8
Percent little-seed ricegrass cover 3.3 .2 2.9 .6 19.1 1.8
Percent western snowberry cover 4.8 .3 4.1 .7 2.2 .5
Density of eastern red cedar seedlings (no./ha) 327.0 20.0 2,089.0 169.0 528.0 114.0
Basal area eastern red cedar (m2/ha) 3.8 .3 8.4 .7 17.9 .6
Average d.b.h. eastern red cedar (cm) 9.2 .3 7.6 .4 12.7 .5
Percent overstory canopy cover 19.9 1.4 50.1 3.9 54.0 3.1
Vegetation density <0.5 m (no.) 4.0 .2 4.7 .7 5.2 .2
Vegetation density >0.5–1 m (no.) 2.5 .1 5.3 .9 1.1 .1
Heterogeneity of vegetation <0.5 m (SE) .9 <0.1 1.3 .1 1.0 <0.1
Heterogeneity of vegetation >0.5–1 m (SE) 1.8 .1 1.4 .1 2.5 .1
Heterogeneity of overstory cover (SE) 1.2 .1 .6 <0.1 .7 .1

aEastern red cedar had three seral stages: early, intermediate, and late.

Table 2—Average ( x  ± SE) abundance of small mammals among seral stages of green ash woodlands along the
Missouri River, South Dakota, 1990–1992.a

Early Late
Early intermediate intermediate Late

Species x  ± SE x  ± SE x  ± SE x  ± SE

White-footed mouse 1.46 0.19 1.19 0.13 1.14 0.13 1.53 0.32
Deer mouse .74 .18 .83 .16 1.14 .35 .46 .07
Meadow vole .06 .02 .01 .01 .02 .01 .00
Prairie vole .11 .04 .08 .07 .14 .12 .00
Northern pocket gopher .00 .01 .01 .00 .00
Hispid pocket mouse .01 .01 .03 .01 .03 .02 .00
House mouse .01 .01 .02 .01 .00 .03 .03

Total small mammals 2.39 .17 2.15 .23 2.47 .44 2.02 .33
Species richness 2.08 .15 1.91 .12 2.12 .14 2.00 .09

aAbundance is estimated as average number of unique individuals captured per day over a 4-day trap session.

Table 1—Con.

Woodland type
vegetation Early Intermediate Late

characteristic (units) x  ± SE x  ± SE x  ± SE

Table 3—Average ( x  ± SE) abundance of small mammals among seral stages of cottonwood riparian woodlands along
the Missouri River, South Dakota, 1990–1992.a,b

Early Late
Early intermediate intermediate Late

Species x  ± SE x  ± SE x  ± SE x  ± SE

White-footed mouse 0.41 0.17A 1.19 0.48AB 1.24 0.18B 0.82 0.24AB
Deer mouse 1.70 .36A .73 .26ABC .86 .11B .25 .07C
Meadow vole .05 .04 .00 .03 .02 .00
Prairie vole .02 .02 .00 <.01 <.01 .00
Northern pocket gopher .03 .03 .00 .01 .01 .00
Hispid pocket mouse .31 .13 .23 .14 .06 .03 .08 .05
House mouse .01 .01 .06 .06 .02 .01 .00

Total small mammals 2.51 .29A 2.25 .47AB 2.23 .23AB 1.15 .25B
Species richness 2.42 .18A 2.33 .14A 2.15 .13AB 1.72 .06B

aAbundance is estimated as average number of unique individuals captured per day over a 4-day trap session.
bAverages followed by different letters differed (α ≤0.05) among seral stages of cottonwood riparian woodlands, MRPP test.
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greater than in the late seral stage (P ≤0.05) of cotton-
wood. Abundance of white-footed mice was greater
(P = 0.04) in late intermediate seral cottonwood than
early seral cottonwood. Deer mice were marginally
more (P = 0.08) abundant in early seral stages of
cottonwood than late intermediate seral stages of
cottonwood and more abundant (P ≤0.01) than in late
seral cottonwood; abundance of deer mice in late
intermediate seral stages of cottonwood was greater
(P = 0.03) than in late seral cottonwood. Voles and
pocket gophers (Geomys bursarius) were uncommon
in cottonwood. Although not significant, the abun-
dance of hispid pocket mice was greater in the early
and early intermediate seral stages of cottonwood.

Bur Oak—White-footed mice were the only species
that differed in abundance among seral stages of bur
oak woodlands (table 4). More (P = 0.02) white-footed
mice occurred in late intermediate and early interme-
diate (P ≤0.01) seral bur oak than early seral bur oak.
Other than white-footed mice and deer mice, small
mammals were uncommon in bur oak woodlands.

Eastern Red Cedar—Intermediate seral eastern
red cedar woodlands had more (P ≤0.03) small mam-
mals than the early or late seral eastern red cedar
woodlands (table 5). Richness of small mammal spe-
cies in intermediate seral sites of eastern red cedar
was marginally greater (P = 0.06) than the late seral
sites but not different from early seral sites (P = 0.11).
White-footed mice were more abundant in intermedi-
ate seral eastern red cedar woodlands than early seral
cedar woodlands. Deer mice were marginally more
abundant (P = 0.09) in intermediate seral stages than
late seral stages and more abundant (P = 0.02) than in
early seral stages of eastern red cedar. Meadow voles
were marginally more abundant (P = 0.06) in early
seral cedar than intermediate seral cedar or late (P =
0.04) seral cedar woodlands.

Discussion _____________________
Although abundance of small mammals fluctuated

greatly, statistically significant annual differences
were not evident.  Nonetheless, land managers cannot
alter seral stages of woodlands within short time
periods to respond to annual fluctuation in abun-
dance. Thus, the annual variation in small mammal
populations is largely academic from an ecosystem
management perspective across landscapes.

This study and others (Hodorff and others 1988;
MacCracken and others 1985b;  Rumble 1989; Sieg
1988) suggest that small mammal species richness
averages from six to nine species in shrub and wood-
land habitats in the northern Great Plains. We aver-
aged approximately two species per site across wood-
land types in our study. The low richness of small
mammals among woodland types reflects the rela-
tively few species of rodents that occur in Great Plains
woodlands. We did not capture any shrews, but our
trapping techniques were not designed to optimize
their capture.

Deer mice and white-footed mice were the most
abundant among the species of small mammals. While
deer mice were most abundant in eastern red cedar,
white-footed mice were most abundant in green ash.
These species frequently partition habitats at the
macrohabitat scale (woodland types) but use similar
microhabitats (Ribble and Samson 1987). We found
some indication of competitive exclusion between deer
mice and white-footed mice. Rank correlation of abun-
dance of these species at sites was significant and
negative (r = –0.2, P = 0.05). In cottonwood, eastern red
cedar, and bur oak woodlands, white-footed mice were
most abundant in the mid-seral stages. Deer mice
tended to decline from early to late seral stages in all
woodland types. To tease out microhabitat selection
of these species, we conducted canonical correlation

Table 4—Average ( x  ± SE) abundance of small mammals among seral stages of bur oak woodlands along the Missouri
River, South Dakota, 1990–1992.a,b

Early Late
Early intermediate intermediate Late

Species x  ± SE x  ± SE x  ± SE x  ± SE

White-footed mouse 0.38 0.09A 1.28 0.32B 1.04 0.20B 0.83 0.25AB
Deer mouse .87 .19 .52 .14 .51 .13 .38 .21
Meadow vole .06 .02 .01 .01 .04 .03 .00
Prairie vole .00 .00 .01 .01 .00
Northern pocket gopher .04 .02 .03 .03 .00 .00
Hispid pocket mouse .06 .03 .00 .03 .02 .04 .04
House mouse .01 .01 .03 .01 .02 .02 .00

Total small mammals 1.41 .23 1.86 .29 1.64 .25 1.25 .01
Species richness 2.00 .23 1.69 .10 1.79 .19 1.5 .17

aAbundance is estimated as average number of unique individuals captured per day over a 4-day trap session.
bAverages followed by different letters differed (α ≤0.05) among seral stages of bur oak woodlands, MRPP test.
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Hispid pocket mice were most abundant in cotton-
wood riparian woodlands and they occurred primarily
in early and early intermediate seral stages. Hispid
pocket mice are associated with upland habitats with
bare ground or shortgrass prairie in loamy soils (Jones
and others 1983; Moulton and others 1981). Recently
deposited sandy soil typical of early and early interme-
diate seral cottonwood with little understory was most
similar to the habitat conditions described for hispid
pocket mice.

Management Implications ________
Prairie woodlands in the northern Great Plains are

jeopardized by degeneration and lack of regeneration
(Boldt and others 1978). Many formerly high seral
stages of green ash and bur oak woodlands have
retrogressed to low or low intermediate seral stages
due to excessive livestock grazing, disease, or lack of
fire (Boldt and others 1978; Sieg 1997; Uresk and
Boldt 1986). Many cottonwood riparian woodlands are
old (D. Uresk, Rocky Mountain Research Station,
Rapid City, SD, personal communication). The late
seral cottonwood stands occur across flood plains, but
early seral cottonwoods occur in extremely narrow
bands along the banks of rivers. Eastern red cedar
woodlands, in contrast, are expanding due to lack of
fire (Bragg and Hulbert 1976). Although early seral
green ash provided habitat for voles and could possibly
function as refugia during periods of drought affecting
surrounding grasslands, early seral green ash and bur
oak resulting from retrogression are not sustainable.
A coarse filter approach to landscape management
should ensure the array of seral stages in each wood-
land type.

Woodlands are essential habitat for white-footed
mice in the prairie. Late seral green ash and bur oak

Table 5—Average ( x  ± SE) abundance of small mammals among seral stages of eastern red
cedar woodlands along the Missouri River, South Dakota, 1990–1992.a,b

Early Intermediate Late
Species x  ± SE x  ± SE x  ± SE

White-footed mouse 0.38 0.09A 1.14 0.25B 0.81 0.19AB
Deer mouse 1.32 .36A 2.59 .19B 1.10 .46A
Meadow vole .30 .07A .04 .03AB .04 .03B
Prairie vole .02 .02 .16 .09 .08 .05
Hispid pocket mouse .03 .02 .00 .00
House mouse .02 .01 .05 .03 .03 .03

Total small mammals 2.07 .36A 3.99 .11B 2.06 .42A
Species richness 2.08 .14AB 2.57 .11B 2.11 .11A

aAbundance is estimated as average number of unique individuals captured per day over a 4-day trap
session.

bAverages followed by different letters differed (α ≤0.05) among seral stages of eastern red cedar
woodlands, MRPP test.

analyses (M. Rumble, Rocky Mountain Research Sta-
tion, unpublished data) that suggested that while both
species occurred together, white-footed mice domi-
nated in woodlands with greater overstory canopy.
White-footed mice preferred woodlands with greater
canopy cover (Kaufman and others 1983), but Hodorff
and others (1988) found both white-footed mice and
deer mice to be more abundant in closed canopied
green ash in northwestern South Dakota. Deer mice
are ubiquitous in their habitats in South Dakota
(Higgins and others 2000).

Meadow voles were the third most abundant rodent
species captured. They were abundant in eastern red
cedar woodlands but were otherwise uncommon.
Meadow voles are most often associated with areas of
high vegetative cover (Huntly and Inouye 1987), and
they also occur in shrublands (Snyder and Best 1988).
Meadow voles usually occur in moist meadows, but
also inhabit upland grasslands in western South Da-
kota if sufficient vegetation is present (Jones and
others 1983; Sieg 1988). Early seral sites in the wood-
lands we studied had high cover by grass in the early
seral stages that suited conditions for meadow voles.

Prairie voles were common in eastern red cedar
woodlands. Upland habitats with sufficient herba-
ceous cover appear to be the best habitats for this
species (Moulton and others 1981). Prairie voles ap-
pear to partition habitats with meadow voles to pre-
vent competition where their distribution overlaps
(Jones and others 1983). Rank correlation indicated
significant negative correlations between the abun-
dance of meadow voles and prairie voles (r = –0.3,
P ≤0.01). In eastern red cedar, prairie voles were most
abundant in intermediate and late seral stages, but
in the deciduous woodlands no patterns could be
summarized. Prairie voles were rare in cottonwood
and bur oak woodlands.
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of sufficient size to establish plots for estimating
wildlife abundance were scarce. Early and early inter-
mediate seral cottonwood provided habitat for hispid
pocket mice. It is unlikely that the small mammals
discussed will become rare in the foreseeable future;
however, adopting a coarse filter ecological approach
to managing habitat will prevent common species
from becoming rare.

References _____________________
Bjugstad, A. J. and M. Girard. 1984. Wooded draws in rangelands

of the northern Great Plains. In: Henderson, R. F., ed. Guidelines
for increasing wildlife on farms and ranches. Great Plains Agri-
culture Council and Kansas State University, Manhattan: 27B–
36B.

Bjugstad, A. J. and C. F. Sorg. 1985. Northern high plains woodland
values and regeneration. In: Comer, R. D. and others, eds. Issues
and technology in the management of impacted western wildlife.
Thorne Ecological Institute, Boulder, CO: 131–138.

Boldt, C. E., D. W. Uresk, and K. E. Severson. 1978. Riparian
woodlands in jeopardy on the northern high plains. In: R. R.
Johnson and J. F. McCormick, eds. Strategies for protection and
management of flood plains, wetlands, and other riparian ecosys-
tems. General Technical Report WO-12. Washington, DC: U.S.
Department of Agriculture, Forest Service: 184–189.

Bragg, T. B. and L. C. Hulbert. 1976. Woody plant invasion of
unburned Kansas bluestem prairie. Journal of Range Manage-
ment 29:19–24.

Daubenmire, R. 1952. Forest vegetation of northern Idaho and
adjacent Washington, and its bearing on concepts of vegetation
classification. Ecological Monographs 22:301–330.

Daubenmire, R. 1959. A canopy-coverage method of vegetational
analysis. Northwest Science 33:43–64.

Faanes, C. A. 1984. Wooded islands in a sea of prairie. American
Birds 38:3–6.

Girard, M. M., H. Goetz, and A. J. Bjugstad. 1989. Native woodland
types of southwestern North Dakota. Research Paper RM-281.
Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Forest and Range Experiment Station.

Great Plains Flora Association. 1986. Flora of the Great Plains.
Lawrence, KS: University of Kansas Press.

Griffing, J. P. 1985. The spherical densiometer revisited. Southwest
Habitater Volume 6, Number 2. Albuquerque, NM: U.S. Depart-
ment of Agriculture, Forest Service, Southwest Region.

Hansen, P. L. and G. R. Hoffman. 1988. The vegetation of the Grand
River/Cedar River, Sioux, and Ashland Districts of the Custer
National Forest: a habitat classification. General Technical Re-
port RM-157. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Forest and Range Experiment
Station.

Hansen, P. L., G. R. Hoffman, and A. J. Bjugstad. 1984. The
vegetation of Theodore Roosevelt National Park, North Dakota:
a habitat type classification. General Technical Report RM-113.
Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Forest and Range Experiment Station.

Hansen, P. L., R. D. Pfister, K. Boggs, B. J. Cook, J. Joy, and
D. Hinckley. 1995. Classification and management of Montana’s
riparian and wetland sites. Miscellaneous Publication 54. Mis-
soula, MT: University of Montana, Forest Conservation Experi-
ment Station.

Higgins, K. F., E. D. Stukel, J. M. Goulet, and D. C. Backlund. 2000.
Wild mammals of South Dakota. Pierre, SD: South Dakota
Department of Game, Fish, and Parks.

Hodorff, R. A., C. H. Sieg, and R. L. Lindner. 1988. Wildlife response
to stand structure of deciduous woodlands. Journal of Wildlife
Management 52:667–673.

Hunter, M. L. 1991. Coping with ignorance: the coarse filter strat-
egy for maintaining biodiversity. In: K. A. Krohn, ed. Balancing
on the brink of extinction: the Endangered Species Act and
lessons for the future. Washington, DC: Island Press.

Huntly, N. and R. S. Inouye. 1987. Small mammal populations of an
old-field chronosequence: successional patterns and associations
with vegetation. Journal of Mammalogy 68:739–745.

Johnson, P. S. 1990. Bur oak. In: R. M. Burns and B. H. Honkala,
tech. coords. Silvics of North America: Volume 2, hardwoods.
Agriculture Handbook 654. Washington, DC: U.S. Department of
Agriculture, Forest Service: 686–692

Johnson, W. C. 1992. Dams and riparian forests: case study from the
Upper Missouri River. Rivers 3:229–242.

Johnson, W. C., R. L. Burgess, and W. R. Keammerer. 1976. Forest
overstory vegetation and environment on the Missouri River
floodplain in North Dakota. Ecological Monographs 46:59–84.

Jones, J. K., Jr., D. M. Armstrong, R. S. Hoffman, and C. Jones.
1983. Mammals of the northern Great Plains. Lincoln, NE:
University of Nebraska Press.

Kaufman, D. W. and E. D. Fleharty. 1974. Habitat selection by nine
species of rodents in north-central Kansas. Southwestern Natu-
ralist 18:443–451.

Kaufman, D. W., S. K. Peterson, R. Fristik, and G. A. Kaufman.
1983. Effects of microhabitat features on habitat use by Peromyscus
leucopus. American Midland Naturalist 110:177–185.

Knopf, F. L. 1986. Changing landscapes and the cosmopolitism of
the eastern Colorado avifauna. Wildlife Society Bulletin 14:132–
142.

MacCracken, J. G., D. W. Uresk, and R. M. Hansen. 1985a. Habitat
used by shrews in southeastern Montana. Prairie Naturalist
59:24–27.

MacCracken, J. G., D. W. Uresk, and R. M. Hansen. 1985b. Rodent-
vegetation relationships in southeastern Montana. Northwest
Science 59:272–278.

Mielke, P. W. 1984. Meterological applications of permutation
techniques based on distance functions. Handbook of Statistics
4:813–830.

Moulton, M. P., J. R. Choate, S. J. Bissell, and R. A. Nicholson. 1981.
Associations of small mammals on the central high plains of
Colorado. Southwestern Naturalist 26:53–57.

Noon, B. R. 1981. Techniques for sampling avian habitats. In: D. E.
Capen, ed. The use of multivariate statistics in studies of wildlife
habitat. General Technical Report RM-87. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain
Forest and Range Experiment Station: 41–52.

Olson, T. E. and F. L. Knopf. 1988. Patterns of relative diversity
within riparian small mammal communities, Platte River water-
shed, CO. In: R. C. Szaro, K. E. Severson, and D. R. Patton, tech.
cords. Management of amphibians, reptiles, and small mammals
in North America. General Technical Report RM-166. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Moun-
tain Forest and Range Experiment Station: 379–386.

Ribble, D. O. and F. B. Samson. 1987. Microhabitat associations of
small mammals in southeastern Colorado, with special emphasis
on Peromyscus (Rodentia). Southwestern Naturalist 32:291–303.

Rotenberry, J. T. and J. A. Wiens. 1980. Habitat structure, patchi-
ness, and avian communities in North American steppe vegeta-
tion: a multivariate analysis. Ecology 61:1128–1250.

Rumble, M. A. 1989. Wildlife associated with scoria outcrops: impli-
cations for reclamation of surface-mined lands. Research Paper
RM-285. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Forest and Range Experiment
Station.

Rumble, M. A. and J. E. Gobeille. 1995. Wildlife associations in
Rocky Mountain juniper in the northern Great Plains, South
Dakota. In: D. W. Shaw, E. F. Aldon, and C. LoSapio, eds. Desired
future conditions for piñon-juniper ecosystems. General Techni-
cal Report RM-258. Fort Collins, CO: U.S. Department of Agricul-
ture, Forest Service, Rocky Mountain Forest and Range Experi-
ment Station: 80–90.

Rumble, M. A., C. H. Sieg, D. W. Uresk, and J. Javersak. 1998. Na-
tive woodlands and birds of South Dakota: past and present.
Research Paper RMRS-RP-8. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station.

Severson, K. E. and C. E. Boldt. 1978. Cattle, wildlife, and riparian
habitats in the western Dakota. In: J. C. Shaver, ed. Regional
rangeland symposium. Fargo, ND. North Dakota State University:
90–103.



9USDA Forest Service Res. Pap. RMRS-RP-28. 2001

Sieg, C. H. 1988. The value of Rocky Mountain juniper (Juniperus
scopulorum) woodlands in South Dakota as small mammal habi-
tat. In: R. C. Szaro, K. E. Severson, and D. R. Patton, tech. cords.
Management of amphibians, reptiles, and small mammals in
North America. General Technical Report RM-166. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Moun-
tain Forest and Range Experiment Station: 328–332.

Sieg, C. H. 1997. The role of fire in managing for biological diversity
on native rangelands of the northern Great Plains. In: D. W.
Uresk, G. L. Schenbeck, and J. T. O’Rourke, tech. coords. Con-
serving biological diversity on native rangelands: symposium
proceedings. General Technical Report RM-GTR-298. Fort Collins,

CO: U.S. Department of Agriculture, Forest Service, Rocky Moun-
tain Forest and Range Experiment Station: 31–38.

Snyder, E. J. and L. B. Best. 1988. Dynamics of habitat use by small
mammals in prairie communities. American Midland Naturalist
119:28–136.

Uresk, D. W. 1990. Using multivariate techniques to quantitatively
estimate ecological stages in a mixed grass prairie. Journal of
Range Management 43:282–285.

Uresk, D. W. and C. E. Boldt. 1986. Effect of cultural treatments on
regeneration of native woodlands on the northern Great Plains.
Prairie Naturalist 18:193–202.



Federal Recycling Program  Printed on Recycled Paper



The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, sex, religion,
age, disability, political beliefs, sexual orientation, or marital or family status. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice
and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326-W, Whitten Building, 1400 Independence Avenue, SW, Washington,
DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal
opportunity provider and employer.

The Rocky Mountain Research Station develops scientific information
and technology to improve management, protection, and use of the
forests and rangelands. Research is designed to meet the needs of
National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land reclama-
tion, community sustainability, forest engineering technology, multiple
use economics, wildlife and fish habitat, and forest insects and dis-
eases. Studies are conducted cooperatively, and applications may be
found worldwide.

Research Locations

Flagstaff, Arizona Reno, Nevada
Fort Collins, Colorado* Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah
Bozeman, Montana Ogden, Utah
Missoula, Montana Provo, Utah
Lincoln, Nebraska Laramie, Wyoming

*Station Headquarters, Natural Resources Research Center,
2150 Centre Avenue, Building A, Fort Collins, CO 80526


	Contents
	Introduction
	Study Area and Methods
	Woodland Description
	Vegetation Measurements
	Small Mammal Trapping
	Data Analyses

	Results
	Vegetation
	Small Mammals

	Discussion
	Management Implications
	References

