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The habitat-heterogeneity hypothesis states that an increase in habitat heterogeneity leads
to an increase in species diversity. Although community-level analyses of effects of habitat
heterogeneity on species diversity are important, they do not reveal the mechanism through
which heterogeneity affects diversity. In contrast, habitat associations of particular species
suggest a potential mechanism whereby diversity is affected by habitat heterogeneity. The
sand–shinnery-oak ecosystem of southwestern United States contains 2 habitat types: blow-
outs and matrix. Blowouts are small and infrequent wind-formed open patches without
shrubs. These disturbances are surrounded by a dense shrub-dominated matrix, mostly
containing the low stature oak, Quercus havardii. Habitat associations of particular species
with respect to blowouts versus matrix were assessed using capture frequencies and species
abundances. Only Dipodomys ordii was more abundant in blowouts than in surrounding
matrix, and this only occurred during summer. This seasonal change could be a consequence
of competition or predation. All other species showed a preference for the matrix. Consid-
erations of scale and edge effects between blowouts and matrix may provide additional
insight into habitat associations of rodents, leading to a deeper understanding of the mech-
anistic basis of diversity in this ecosystem.
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The habitat-heterogeneity hypothesis, de-
veloped initially by MacArthur and Mac-
Arthur (1961), proposes that an increase in
number of different habitats can lead to an
increase in species diversity. One way in
which habitat heterogeneity could enhance
diversity occurs when habitats are large
enough to support distinct populations. In
ecosystems where many habitats can sup-
port populations of species, diversity should
be high because of the presence of special-
ists that exhibit distinct habitat preferences
(sensu Rosenzweig 1981). In contrast, di-
versity may be low in systems where alter-
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native habitats are fragmented and of low
areal extent because of lack of specializa-
tion and intense competition among gener-
alists. Nonetheless, the presence of small
habitat patches may increase overall quality
of the matrix by supplying predator-free
space or complementary resources. Al-
though not sufficiently large to support dis-
tinct populations, the presence of alterna-
tive habitat types may provide unique re-
sources that improve habitat quality for par-
ticular species. In certain circumstances,
species that cannot defend these small hab-
itat patches may specialize on alternate re-
sources to remain in the community, lead-
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ing to shared habitat preferences (sensu Ro-
senzweig 1991). Either way, the presence
of multiple habitats can lead to an increase
in species diversity.

Habitat associations provide a useful way
to determine how different species respond
to environmental heterogeneity. Because
habitat selection has an adaptive basis
(Martin 1998), it is reasonable to assume
that individuals demonstrating preference
for high-quality habitats have a reproduc-
tive advantage over conspecifics in low-
quality habitats. This ultimately would lead
to particular species being more abundant
in some habitats than in others. Conse-
quently, investigation of habitat associa-
tions of each species in a community en-
hances understanding of how the presence
of different habitats ultimately affects spe-
cies diversity. If habitat heterogeneity in-
creases species diversity in a manner con-
sistent with the habitat-heterogeneity hy-
pothesis, then species should specialize in
different habitats because of strong com-
petitive or predation pressures or because
abiotic conditions are more suitable.

Habitat associations of rodents have been
studied extensively in desert (Heske et al.
1994; Kotler and Brown 1988) and grass-
land (Kaufman and Fleharty 1974; Lacher
and Alho 1989; Moulton et al. 1981; Sny-
der and Best 1988) systems. Many of these
studies examine direct responses of 1 spe-
cies to the removal of a competitor (Bowers
et al. 1987; Heske et al. 1994; Price 1978;
Rebar and Conley 1983), to assess whether
competition plays a role in determination of
habitat associations. Few studies directly
assess effects of habitat heterogeneity on
species diversity (but see Grant and Birney
1979 and Hall and Willig 1994), although
many make inferences about rodent com-
munity structure on the basis of demo-
graphic and behavioral responses of a few
common species in the community (Brown
1989; Brown et al. 1994; Kotler 1984; Ko-
tler and Brown 1988; Rosenzweig 1973;
Rosenzweig and Abramsky 1997).

The ecosystem of sand–shinnery-oak

(Quercus havardii) of the southwestern
United States is an appropriate system for
addressing questions of habitat heteroge-
neity and species diversity. This system
contains 2 distinct habitat types: open blow-
outs surrounded by a dense and brushy
sand–shinnery-oak matrix (Willig and
McGinley 1999). The blowouts, formed by
wind, are areas of open sand with little veg-
etation (Holland 1994). Previous studies of
mammals in this system provide evidence
of the importance of habitat heterogeneity,
with total rodent density and species com-
position differing between areas that had
been cleared of shrubs and those that were
undisturbed (Colbert 1986; Willig et al.
1993). These studies concentrate on large-
scale anthropogenic disturbance but do not
address the influence of habitat heteroge-
neity at smaller spatial scales.

Our objective was to determine the
mechanism through which diversity is af-
fected by the presence of multiple habitats
in the sand–shinnery-oak ecosystem. The
scale at which rodents perceive heteroge-
neity in their environment was investigated
to determine whether the community com-
prises habitat specialists or whether the
presence of blowouts increases overall hab-
itat quality for some species.

MATERIALS AND METHODS

Study area and site selection.—The study
area is approximately 19 km southwest of the
town of Sundown (338199N, 1028379W) in Yoa-
kum County, Texas. The soil consists of aeolian
deposits, or cover sands, and has good water re-
tention (Dhillion et al. 1994). The climate is
warm-temperate and semiarid, with fluctuating
temperatures during the winter (Willig et al.
1993). Annual precipitation averages 41 cm,
with most rainfall occurring from May through
October (Dhillion et al. 1994). The study site
consists of 2 adjacent fields separated by a
barbed-wire fence. The eastern field (approxi-
mately 500 km2) was grazed by cattle from Sep-
tember through March. The western field (ap-
proximately 200 km2) was ungrazed during the
study.

The plant community is dominated by sand–
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FIG. 1.—Schematic representations of census
lines (bold), assessment lines (dashed), and area
of effect (bold rectangle) on the basis of method
of O’Farrell et al. (1977). Black dots represent
census trapping stations, open dots represent as-
sessment trapping stations, and gray dots repre-
sent assessment trapping stations where a partic-
ular animal was captured. The boundary of the
area of effect is defined as 1 m (0.5 times the
interstation distance) past the outermost capture
station on the assessment lines. Area of effect in
this example is 108 m2.

shinnery-oak (Dhillion et al. 1994). This oak is
a low-growing clonal shrub that has a large pro-
portion of its biomass occurring belowground.
Other common plant species at the site include
sand sagebrush (Artemisia filifolia), plains yucca
(Yucca campestris), mesquite (Prosopis glan-
dulosa), little bluestem (Schizachyrium scopar-
ium), sand bluestem (Andropogon hallii), purple
three-awned needlegrass (Aristida purpurea),
sand dropseed (Sporobolus cryptandrus), sand
paspalum (Paspalum setaceum), wild buckweed
(Eriogonum annuum), plains blackfoot (Com-
melina erecta), Fendler’s euphorbia (Euphorbia
fendleri), James rushpea (Caesalpinia jameseii),
and Russian thistle (Salsola kali). Rodents at the
site (Cramer 1998) include Ord’s kangaroo rat
(Dipodomys ordii), plains pocket mouse (Per-
ognathus flavescens), hispid pocket mouse
(Chaetodipus hispidus), deer mouse (Peromys-
cus maniculatus), western harvest mouse (Reith-
rodontomys megalotis), plains harvest mouse
(Reithrodontomys montanus), northern grass-
hopper mouse (Onychomys leucogaster), hispid
cotton rat (Sigmodon hispidus), southern plains
woodrat (Neotoma micropus), house mouse
(Mus musculus), and spotted ground squirrel
(Spermophilus spilosoma).

Ten random sites were selected in the study
area, each consisting of a blowout paired with
undisturbed sand–shinnery-oak habitat. Blow-
outs were selected by 4 criteria: the blowout was
larger than the trapping configuration (14 by 12
m); the blowout was at least 30 m from other
selected sites (to minimize the likelihood of ro-
dents traveling among sites); the blowout was of
recent origin (not overgrown with oak); and the
blowout was generated by natural forces rather
than by anthropogenic activity (i.e., roads and
man-made ditches are not blowouts).

Rodent sampling.—Trapping was conducted
in 3 seasons: summer, autumn–winter (hereafter
referred to as winter), and spring. Seasons were
defined by the phenology of the plant commu-
nity (Colbert 1986). Summer (July–September)
is the time of maximum plant development and
reproduction, winter (November–March) is the
period of oak defoliation, and spring (April–
June) is the period of oak refoliation. Trapping
was not conducted on the full moon night and
on the 2 nights before and after it because some
nocturnal rodents curtail activity during this pe-
riod (Carley et al. 1970).

A census and assessment period characterized

each season of sampling. Two pairs of parallel
census lines were established at each site, 1 pair
in the blowout and the other in adjacent, undis-
turbed sand–shinnery-oak habitat (the matrix).
Census lines were 2 m apart and 10 m in length
(Fig. 1). Each census line contained 6 trapping
stations. One Sherman live trap was located at
each station (12 traps in each of 2 habitats). Cen-
sus trapping continued at each site until number
of unmarked animals was ,5% of number of
previously marked animals at that site (Lacher
and Alho 1989). Traps were closed for at least
2 nights after the census period. The assessment
period was used to determine distance traveled
by marked rodents from census lines, providing
an estimate of the area used by each species.
Each of 3 parallel assessment lines extended at
458 angles away from each of a pair of parallel
census lines (Fig. 1). Four trapping stations were
established on each assessment line (48 traps per
site). The assessment period lasted 3 nights.

Traps were baited with a mixture of sunflower
seeds, rolled oats, and peanut butter. All cap-
tured rodents were marked by toe-clipping, iden-
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tified to species and sex, weighed, and then re-
leased. Trapping was not conducted when ex-
pected overnight minimum temperature was
,28C, to reduce mortality of rodents in traps.
Rodent trapping conformed to guidelines sanc-
tioned by the American Society of Mammalo-
gists (Animal Care and Use Committee 1998).
Voucher specimens were collected in a nearby
area before the initiation of the study and are
deposited at the Museum, Texas Tech Universi-
ty, Lubbock, Texas.

Density and population estimation.—Density
of each species in each habitat was calculated
following the method of O’Farrell et al. (1977).
The proportion of marked animals captured on
the assessment lines (Rp) was estimated using
the formula Rp 5 M/T, where M is the number
of recaptures and T is the total number of ani-
mals (new captures and recaptures) on the as-
sessment lines. The number of animals in the
area of effect (NA) is estimated by NA 5 NG/Rp,
where NG is the number of animals marked dur-
ing the census trapping period.

For each pair of census lines, the boundary of
the area of effect (A) equaled 0.5 times the in-
terstation distance beyond the outermost capture
of an individual of a given species along the
assessment lines (O’Farrell et al. 1977). Area of
effect was determined by extending a line per-
pendicular to the census line, 1 m past the out-
ermost recapture station on the assessment line
(Fig. 1). This was done for each census line in
a given pair. Area of this rectangle is area of
effect for each pair of census lines. Density (D)
for each species was then estimated in each hab-
itat by D 5 NA/A.

This approach provides an accurate estimate
of ecological density, or the amount of space per
individual that is used for ecological activities
such as foraging, reproduction, and social inter-
actions. However, a bias is introduced when con-
sidering rare species. Species not captured on
both census and assessment lines cannot be in-
cluded in community-level analyses. If there
were no captures for a particular species on as-
sessment lines, then T would equal 0, and Rp

would be mathematically undefined. Alterna-
tively, if a species was captured only during the
assessment period, then M would be 0, making
Rp equal to 0, and NA would be mathematically
undefined. Because of the bias introduced by
eliminating rare species, an alternative estimate
of abundance was considered for each species.

We assumed that populations were closed
within each site during a trapping season and
that no new individuals were added through
births and immigration or subtracted through
deaths and emigration. This assumption is justified
by the short trapping periods at each site in each
season. We used mean Chapman’s Modified Lin-
coln–Petersen index (N̄):

x

N *O i
i51N̄ 5 ,

x

because it is accurate, is mathematically simple
to calculate, and makes few assumptions about
the organisms in question (Mares et al. 1981).
The estimate is simply an average for a number
of consecutive Chapman’s Modified Lincoln–
Petersen estimates (Ni*):

(M 1 1)(n 1 1)i iN * 5 2 1,i [ ](m 1 1)i

where ni refers to the number of individuals cap-
tured in sample i, mi is the number of marked
individuals in sample i, and Mi is the number of
previously marked individuals in the population
during the period of sample i. Only captures
along the census lines were used to calculate the
population estimate.

Statistical analysis.—A repeated-measures
analysis of variance (SPSS, Inc. 1988) was used
to assess differences between habitats and
among seasons for ecological densities and pop-
ulation estimates of common species. Repeated
measures were necessary because the assump-
tion of independence was violated in 2 ways.
First, the location of sand–shinnery-oak matrix
was paired with a blowout. Second, measure-
ments were taken at the same sites in different
seasons. Separate analyses were conducted for
each species, and probabilities were modified
using Bonferroni’s sequential adjustment (Rice
1989). In the presence of a significant seasonal
effect independent of season, 2 orthogonal a
priori contrasts were used to identify seasonal
effects. The 1st tested the difference in abun-
dance (either ecological density or population
size) between summer and winter. The 2nd test-
ed the difference between spring and average of
summer and winter. A significant season-by-
habitat interaction indicated that seasonal differ-
ences were dependent on habitat, and orthogonal
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a priori contrasts were used to identify which
seasonal effects were habitat specific. One com-
pared the difference between summer and winter
in the blowouts with the same seasonal differ-
ence in the matrix. The other compared the dif-
ference between spring and the average of sum-
mer and winter in the blowouts with the same
difference in the matrix.

Habitat preferences were analyzed for com-
mon species. If a species shows no preference,
then the proportion of captures in each habitat
should be equal. Any significant deviation from
this null hypothesis indicates habitat preference.
Deviations were assessed using a replicated
goodness-of-fit test (Sokal and Rohlf 1981). Be-
cause G-tests are based on the logarithm of cap-
tures, unity (1) was added to both capture fre-
quencies when observed values for 1 of the 2
habitats was 0.

RESULTS

Community composition.—Eight species
(3 heteromyids—D. ordii, P. flavescens,
and C. hispidus; 4 murids—O. leucogaster,
R. montanus, S. hispidus, and N. micropus;
and 1 sciurid—S. spilosoma) were captured
over 3,120 trap nights during summer (18
July to 20 September 1996). S. spilosoma
was excluded from analyses because it is
diurnal (Streubel and Fitzgerald 1978).
Mean species richness was higher in sand–
shinnery-oak (X̄ 5 3.5) than in blowout (X̄
5 2.3) habitats (paired t-test, t 5 23.34, d.f.
5 9, P 5 0.009). D. ordii, P. flavescens,
and O. leucogaster were the most frequent-
ly captured and abundant species during
summer.

Eight taxa were captured in 3,336 trap
nights during winter (5 November 1996 to
29 March 1997), including 2 heteromyids
(D. ordii and P. flavescens) and 6 murids
(O. leucogaster, R. montanus, R. megalotis,
N. micropus, M. musculus, and Peromys-
cus). Two species of Peromyscus (P. man-
iculatus and P. leucopus) occur in Yoakum
County (Davis and Schmidly 1994), but in-
dividuals of these 2 taxa are difficult to dif-
ferentiate using external characteristics
(Rich et al. 1996). As a result, individuals
of this genus were not identified to species

but instead were pooled (Peromyscus). Be-
cause both of these species were uncom-
mon at the study site, pooling abundances
had a negligible effect on measures of di-
versity. Mean species richness was higher
in matrix (X̄ 5 3.7) than in blowout (X̄ 5
2.5) habitats (paired t-test, t 5 22.71, d.f.
5 9, P 5 0.024). D. ordii and O. leuco-
gaster were the most abundant species dur-
ing winter.

Three heteromyids (D. ordii, P. flaves-
cens, and C. hispidus), 6 murids (O. leu-
cogaster, R. montanus, R. megalotis, S. his-
pidus, Peromyscus, and N. micropus), and
1 sciurid (S. spilosoma) were captured in
3,000 trap nights during the spring period
(1–29 May 1997). Mean species richness
was higher in the sand–shinnery-oak (X̄ 5
4.2) than in blowout (X̄ 5 3.2) habitats
(Wilcoxon matched-pairs signed-ranks test,
Z 5 22.37, d.f. 5 9, P 5 0.018). D. ordii,
P. flavescens, and O. leucogaster were the
most common species during the spring.

The effect of season and habitat on spe-
cies abundance of each of 4 species was
similar for measures of ecological density
and population estimates. Season or habitat
affected the ecological density and popula-
tion estimate of D. ordii, O. leucogaster,
and P. flavescens (Tables 1 and 2). In con-
trast, neither season nor habitat affected
ecological density or population estimate of
R. montanus. Although ecological density
of Peromyscus was affected by habitat (Ta-
ble 1), there were no significant effects of
either habitat or season on abundance of
Peromyscus in terms of population estimate
(Table 2). Densities of D. ordii differed
consistently among seasons without a hab-
itat effect (Table 1). Densities were higher
in winter than in summer, and densities
were higher in spring than in winter and
summer as a group. There was a significant
interaction between season and habitat in
terms of population estimate: the discrep-
ancy between habitats was greater in winter
than in summer (Table 2). Densities of P.
flavescens did not differ seasonally but
were consistently higher in the matrix re-
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TABLE 1.—Ecological densities of common species in blowouts and matrix during each of 3 phe-
nological seasons in the sand–shinnery-oak system. When results (S, season; H, habitat, S 3 H,
season-by-habitat interaction) of repeated-measures analysis of variance (SPSS, Inc. 1988) indicated
consistent seasonal effects, a priori contrasts were used to identify instances when differences oc-
curred (A, comparison between summer and winter regardless of habitat; B, comparison between
spring and average of summer and winter regardless of habitat). Similarly, when seasonal effects
were habitat specific (a significant S 3 H interaction), a priori contrasts were used to identify instances
when differences occurred (C, comparison of difference between summer and winter in blowouts
with the same difference in the matrix; D, comparison of difference between spring and average of
summer and winter in blowouts with the same difference in the matrix). Probabilities were corrected
for multiple comparisons using Bonferroni’s sequential adjustment (Rice 1989).

Season

Blowout

X̄ SD

Matrix

X̄ SD

Total

X̄ SD

Dipodomys ordii (S**, H*, S 3 H*; A**, B**)

Summer
Winter
Spring
Total

0.0457
0.0984
0.0896
0.0779

0.0318
0.0592
0.0206
0.0435

0.0318
0.1018
0.0912
0.0749

0.0112
0.0261
0.0192
0.0367

0.0387
0.1001
0.0904

0.0173
0.0446
0.0194

Perognathus flavescens (S*, H**, S 3 H*)

Summer 0.0098 0.0197 0.0305 0.0335 0.0189 0.0277
Winter undefined 0.0056 0.0126 0.0028 0.0091
Spring undefined 0.0341 0.0193 0.0199 0.0226
Total 0.0038 0.0128 0.0218 0.0254

Onychomys leucogaster (S**, H**, S 3 H**; C**, D*)

Summer
Winter
Spring
Total

0.0095
0.0197
0.0305
0.0195

0.0142
0.0204
0.0111
0.0173

0.0291
0.0593
0.0683
0.0548

0.0322
0.0174
0.0324
0.0310

0.0187
0.0430
0.0528

0.0254
0.0270
0.0317

Peromyscus (S*, H**, S 3 H*)

Summer absent absent
Winter absent 0.0046 0.0075 0.0024 0.0058
Spring absent 0.0098 0.0148 0.0059 0.0122
Total absent 0.0071 0.0115

Reithrodontomys montanus (S*, H*, S 3 H*)

Summer absent 0.0013 0.0042 0.0007 0.0030
Winter absent 0.0047 0.0085 0.0024 0.0063
Spring undefined 0.0038 0.0102 0.0017 0.0067
Total undefined 0.0200 0.0961

* P . 0.05, ** P # 0.05.

gardless of season (Table 1). Analysis of
population estimates revealed a significant
interaction between season and habitat: dif-
ferences between habitats were greater in
summer (Table 2). Differences among sea-
sons were dependent on habitat for densi-
ties and population estimates of O. leuco-
gaster (Tables 1 and 2). Differences be-
tween winter and summer were more pro-
found in the matrix than in blowouts for

both measures of abundance. Densities of
Peromyscus were higher in the matrix re-
gardless of season (Table 1). Because no
Peromyscus were captured in summer, a
priori contrasts could not be conducted for
this species.

Habitat associations.—Replicated good-
ness-of-fit tests evaluated the null hypoth-
esis that proportional captures in each hab-
itat were equal during summer (Table 3).
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TABLE 2.—Population estimates of common
species in blowouts and matrix during each of
3 phenological seasons in the sand–shinnery-
oak system. When results (S, season; H, habi-
tat; S 3 H, season-by-habitat interaction) of re-
peated-measures analysis of variance (SPSS,
Inc. 1988) indicated consistent seasonal effects,
a priori contrasts were used to identify instances
when differences occurred (A, comparison be-
tween summer and winter regardless of habitat;
B, comparison between spring and average of
summer and winter regardless of habitat). Sim-
ilarly, when seasonal effects were habitat spe-
cific (a significant S 3 H interaction), a priori
contrasts were used to identify instances when
differences occurred (C, comparison of differ-
ence between summer and winter in blowouts
with the same difference in the matrix; D, com-
parison of difference between spring and aver-
age of summer and winter in blowouts with the
same difference in the matrix). Probabilities
were corrected for multiple comparisons using
Bonferroni’s sequential adjustment (Rice 1989).

Season

Blowout

X̄ SD

Oak

X̄ SD

Total

X̄ SD

Dipodomys ordii (S**, H*, S 3 H**; C**, D*)

Summer
Winter
Spring
Total

2.62
5.96
8.67
5.75

0.68
1.66
2.50
3.04

1.83
7.03
9.48
6.11

0.96
1.76
1.82
3.58

2.22
6.50
9.07

0.90
1.76
2.17

Perognathus flavescens (S**, H**, S 3 H**; C*, D*)

Summer 0.36 0.62 1.72 1.44 1.04 1.28
Winter absent 0.59 0.74 0.30 0.59
Spring
Total

0.04
0.13

0.13
0.39

1.06
1.12

0.88
1.13

0.55 0.81

Onychomys leucogaster (S**, H**, S 3 H**;
C**, D*)

Summer
Winter
Spring
Total

0.25
0.86
1.69
0.93

0.52
1.29
1.58
1.32

1.26
3.86
3.67
2.93

1.42
1.35
1.31
1.78

0.75
2.36
2.68

1.17
2.00
1.74

Peromyscus (S*, H*, S 3 H*)

Summer absent absent
Winter 0.23 0.56 0.46 0.61 0.34 0.58
Spring absent 0.65 0.92 0.32 0.71
Total 0.12 0.55 0.41 0.76

Reithrodontomys montanus (S*, H*, S 3 H*)

Summer absent 0.05 0.16 0.03 0.11
Winter
Spring
Total

0.09
0.10
0.06

0.29
0.32
0.24

0.24
0.16
0.15

0.39
0.33
0.31

0.17
0.13

0.34
0.32

* P . 0.05, ** P # 0.05.

TABLE 3.—Results of analyses of habitat as-
sociation for selected species of rodents in each
of 3 seasons. Proportions of captures in blow-
outs are reported for each species in each sea-
son. Replicated goodness-of-fit tests were con-
ducted in all cases, in which total, pooled, and
heterogeneity G-statistics are reported. If only a
total G-statistic is listed, then simple G-tests us-
ing Williams’ correction are reported because of
small sample sizes (Sokal and Rohlf 1981).

Season

Propor-
tion of

captures
in

blowouts

G-statistics

Total Pooled
Heteroge-

neity

Dipodomys ordii

Summer 0.59 44.6**** 9.5*** 35.1****
Winter 0.42 45.3**** 24.7**** 20.6**
Spring 0.45 26.1*** 12.8**** 13.3*

Perognathus flavescens

Summer 0.22 45.6**** 39.1**** 6.5*
Winter 0.05 18.0****
Spring 0.17 41.4**** 36.8**** 4.6*

Onychomys leucogaster

Summer 0.38 69.7**** 6.3** 63.4****
Winter 0.15 181.5**** 150.7**** 30.8****
Spring 0.37 56.9**** 21.1**** 35.8****

Peromyscus

Winter 0.24 7.2***
Spring 0.24 6.5**

Reithrodontomys montanus

Winter 0.15 10.6***

* P . 0.05, ** 0.05 $ P . 0.01, *** 0.010 $ P . 0.001,
****P # 0.0001.

Only D. ordii, P. flavescens, and O. leu-
cogaster were captured frequently enough
to warrant analysis. D. ordii demonstrated
a preference for blowouts (pooled G 5
9.45, d.f. 5 9, P 5 0.002; Table 3); how-
ever, this preference was not consistent
across replicates because 1 site had a sig-
nificantly higher proportion of captures in
the matrix (heterogeneity G 5 35.14, d.f. 5
9, P , 0.001; Table 3). In contrast, P. fla-
vescens was captured more frequently in
the matrix than in blowouts (pooled G 5
39.13, d.f. 5 9, P , 0.001; Table 3), and
this preference was consistent across sites
(heterogeneity G 5 6.474, d.f. 5 9, P 5
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0.692; Table 3). O. leucogaster showed a
preference for matrix (pooled G 5 6.32, d.f.
5 9, P 5 0.012; Table 3), but this prefer-
ence was not consistent across sites because
more captures occurred in the blowout at 1
site (heterogeneity G 5 63.42, d.f. 5 9, P
, 0.001; Table 3).

Because of considerations of abundance,
replicated goodness-of-fit tests for winter
were conducted only for D. ordii and O.
leucogaster. D. ordii showed a preference
for matrix (pooled G 5 24.73, d.f. 5 9, P
, 0.001; Table 3), but magnitude of pref-
erence was not consistent across sites (het-
erogeneity G 5 20.57, d.f. 5 9, P 5 0.015;
Table 3). Similarly, O. leucogaster showed
a preference for matrix (pooled G 5
150.67, d.f. 5 9, P , 0.001; Table 3), and
degree of habitat preference differed among
sites (heterogeneity G 5 30.81, d.f. 5 9, P
, 0.001; Table 3). G-tests for goodness of
fit, modified using Williams’ correction
(Sokal and Rohlf 1981), were conducted for
those species that were not captured at all
sites but had high overall capture frequen-
cies (P. flavescens, R. montanus, and Per-
omyscus). All 3 taxa showed a significant
preference for the matrix (Table 3).

Replicated goodness-of-fit tests were
conducted for species captured frequently
enough during spring in each site to facili-
tate analysis (D. ordii, P. flavescens, and O.
leucogaster). D. ordii showed a preference
for the matrix (pooled G 5 12.81, d.f. 5 9,
P , 0.001; Table 3) that was consistent
across sites (heterogeneity G 5 13.27, d.f.
5 9, P 5 0.151; Table 3). Similarly, P. fla-
vescens demonstrated a preference for the
matrix (pooled G 5 36.82, d.f. 5 9, P ,
0.001; Table 3) that was the same regardless
of site (heterogeneity G 5 4.59, d.f. 5 9, P
5 0.869; Table 3). O. leucogaster exhibited
a preference for the matrix (pooled G 5
21.09, d.f. 5 9, P , 0.001; Table 3). How-
ever, this preference was inconsistent
among sites because proportion of captures
in 1 blowout was higher than in the corre-
sponding matrix (heterogeneity G 5 35.80,
d.f. 5 9, P , 0.001; Table 3). Peromyscus

was captured more often in the matrix, ac-
cording to a G-test for goodness of fit for
total captures (Table 3).

DISCUSSION

Habitat associations of rodents in the
sand–shinnery-oak system provide mixed
support for the habitat-heterogeneity hy-
pothesis. Our results and those of others
(Brown 1989; Price 1978) indicate that hab-
itat selection and the spatial organization of
diversity are seasonally variable. D. ordii
preferred blowouts only in summer, where-
as other species demonstrated preferences
for the matrix in all seasons. This could be
a consequence of biotic interactions con-
cerning D. ordii or could reflect a com-
munity-level response to the distribution of
resources.

Biotic interactions.—Competition or pre-
dation could be invoked to explain habitat
shifts by D. ordii. Every species in the ro-
dent community, with the exception of D.
ordii, has a generalized body plan (Rosen-
zweig 1973) that may be better adapted for
foraging in the matrix; these species can
have a strong effect on D. ordii via diffuse
competition (Pianka 1974). The fact that
populations of P. flavescens were highest in
the summer (Table 2) is consistent with a
competitive explanation, as has been sug-
gested in other studies (Brown 1989; Price
1978; Rosenzweig 1973; Rosenzweig and
Winakur 1969). D. ordii, the only bipedal
rodent in the community, may use blowouts
efficiently when denied access to the sand–
shinnery oak (Brown 1989; Thompson
1982). However, food resources are com-
mon in summer, likely resulting in weak
competitive pressures at that time. In addi-
tion, the observation that D. ordii was as-
sociated with oak habitat in winter, when
resources are most limiting, is not consis-
tent with a competitive explanation.

Although this study was not designed to
examine density-dependent habitat selec-
tion, a form of isodar analyses based on
multiple regression can be used to assess
the relationship between densities of spe-
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cies in different habitat types (Morris
1989a; Ovadia and Abramsky 1995; Rosen-
zweig and Abramsky 1997). In this case,
the number of kangaroo rats in the blowouts
can be explained by the number of quadru-
pedal rodents and kangaroo rats in the ma-
trix. On the basis of isodar analyses (P-val-
ues corrected for multiple comparisons us-
ing Bonferroni’s sequential adjustment—
Rice 1989), no single species had an effect
on abundance of D. ordii in blowouts in
any season. The same nonsignificant result
occurred from the perspective of diffuse
competition (i.e., all other rodents). How-
ever, the power of these tests was low
(0.059–0.659). If competitive effects are
real, a much larger number of blowouts
need to be sampled to statistically demon-
strate these effects.

Risk of predation affects habitat selection
in desert rodents (Bouskila 1995; Kotler
1984; Price et al. 1984). Predation by
snakes may be the most plausible explana-
tion for the switch in habitat association by
D. ordii. Because of thermoregulatory con-
straints at other times, summer is the peak
period of snake activity and the only season
when snakes were encountered in the study
area. Kangaroo rats may alter their behavior
to avoid these predators. Brown (1989)
found similar results: D. merriami switched
habitat preferences to open habitats in sum-
mer, the period when rattlesnake activity
was highest.

Distribution of resources.—All other ro-
dent species in the sand–shinnery-oak sys-
tem avoided blowouts, regardless of season.
This may be a response to heterogeneous
distribution of resources. In fact, edges may
alter resource distributions by acting as a
sink for seeds that are relocated from blow-
outs through wind action. Consequently,
edges may contain more resources than ei-
ther of the other 2 habitats because seeds
collect under shrubs along the perimeter of
blowouts. As a result, the edge may attract
more individuals of granivorous species,
and these individuals may wander into both
blowouts and sand–shinnery-oak habitats

while foraging. This would homogenize the
distribution of species in each habitat, fre-
quently masking habitat associations. Over-
all, species may avoid blowouts but use re-
source-rich edges. Thus, the presence of
blowouts may be important because the
edge they create alters resource distribu-
tions.

The absence of distinct habitat preferenc-
es by rodent species in the sand–shinnery-
oak system differs from results of other
studies of rodents in semiarid systems, in
which species demonstrate preferences for
open microhabitats (Kotler and Brown
1988). This discrepancy may be a conse-
quence of a reversal of the dominant habitat
type. In deserts, open space is dominant,
with small patches of shrubs; in the sand–
shinnery-oak system, shrub-dominated ma-
trix is pervasive, with small patches of open
space. This may have an important effect
on composition of the rodent community.
Because open space in the sand–shinnery-
oak system occupies a small areal propor-
tion of the landscape, species such as D.
spectabilis cannot successfully specialize
on blowouts and still persist in the system.

Scale affects diversity and habitat selec-
tion (Jorgensen and Demarais 1999; Lyons
and Willig 1999, 2002; McIntyre 1997;
Morris 1989b; Poizat and Pont 1996). In-
deed, discovering the scale at which ani-
mals perceive the environment is essential
in understanding community structure.
Likewise, considerations of scale may af-
fect detection of habitat associations. Many
of the species in the sand–shinnery-oak sys-
tem have home range sizes that are greater
than the size of the blowouts (Garner 1974;
McCarty 1978; Wilkins 1986). Additional-
ly, distances between blowouts are smaller
than reported sizes of home ranges; so sev-
eral blowouts may be encountered by an in-
dividual during its daily activities. Conse-
quently, species may not be associated
clearly with distinct habitats because indi-
viduals traverse both habitat types.

Even though blowouts are too small to
support populations, they may still have im-
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portant effects on population structure.
Blowouts could be viewed as patches with-
in a landscape that are sink habitats, unable
to support growing populations, whereas
the matrix is a source area, allowing species
to persist (sensu Danielson 1991). The pres-
ence of blowouts within an individual’s
home range may increase overall habitat
quality by contributing some resource or
feature necessary for persistence, such as
unique food types, or space for behavioral
activities, such as dustbathing (Eisenberg
1963). However, the importance of blow-
outs may not be reflected in habitat asso-
ciations, per se, especially if the amount of
time spent in a given habitat is dispropor-
tional to the importance of that habitat for
survival.

Although habitat-specific changes in spe-
cies composition were not detected in this
study, inclusion of species abundances re-
vealed differences in species diversity be-
tween habitats (Cramer 1998). Nonetheless,
it is unclear whether habitat associations are
the major mechanism affecting species di-
versity. Behaviorally oriented studies are
necessary to resolve more precisely how
blowouts contribute to the persistence and
diversity of rodents in this system.
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