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The Heteromyidae is a New World family of ro-
dents with a range west of the Mississippi River from
southwestern Canada to coastal Venezuela, Colombia,
and Ecuador (Hall, 1981; Schmidly et al., 1993). Five
of the species in the family -- Chaetodipus hispidus,
Dipodomys ordii, Perognathus fasciatus, Perognathus
flavescens, and Perognathus flavus -- are adapted to
arid, semiarid, or temperate grasslands and have ranges
that overlap on the central Great Plains (Hall, 1981;
Schmidly et al., 1993). These species have some of
the widest ecological tolerances and broadest geo-
graphic ranges within the Heteromyidae (Schmidly et
al., 1993).

Heteromyid rodents of the central Great Plains
have been included in a number of regional investiga-
tions, but only a few studies have discussed competi-
tion or coexistence among these species (Alcoze and
Zimmerman, 1973; Maxwell and Brown, 1968;
Schmidly et al., 1993). Just one investigation has fo-
cused specifically on local interactions of heteromyids
in this region (Mohamed, 1989), but the author made
conclusions for the area based on only two study sites
in Weld County, Colorado. To date, there never has
been a comprehensive investigation into local and re-
gional distribution patterns of the Heteromyidae on the
central Great Plains.

Much ecological overlap might be expected
among C. hispidus, D. ordii, P. fasciatus, P. flavescens,
and P. flavus where they coexist on the central Great
Plains. These species closely resemble one another
based on diet, physiology, morphology, and activity
patterns (Alcoze and Zimmerman, 1973; Bee et al.,
1981; Fitzgerald et al., 1994; Flake, 1973; Jones et al.,
1983; Jones et al., 1985; Best and Skupski, 1994; Gar-
rison and Best, 1990; Manning and Jones, 1988; Monk
and Jones, 1996; Paulson, 1988; Langford, 1983).
There also seems to be a broad similarity in use of
substrates and habitats by these species as described
in published accounts, but these descriptions tend to
be anecdotal, contradictory, or over-generalized
(Armstrong, 1972; Bee et al., 1981; Cockrum, 1952;
Fitzgerald et al., 1994; Jones et al., 1983; Jones et al.,
1985; Maxwell and Brown; 1968; Reed and Choate,
1986).

Based on these similarities, the competitive ex-
clusion principle (Gause, 1934) would suggest that C.
hispidus, D. ordii, P. fasciatus, P. flavescens, and P
flavus should locally exclude one another on the cen-
tral Great Plains. Although this tendency exists within
the region, two heteromyid species (one small, the other
larger) often coexist at the same location. But the
extent of local coexistence has not been quantified.



2 OccasioNaL PAPERS, MUSEUM OF TExAs TEcH UNIVERSITY

Likewise, regional distribution patterns seem poorly
understood or remain anecdotal. Factors similar to
those that shape granivore associations elsewhere might
determine these patterns.

Research on granivores that inhabit North Ameri-
can deserts has revealed two categories of factors that
determine whether a species will be present or absent
from a community. Extrinsic factors ultimately deter-
mine which species occur in an area and are indepen-
dent of other species within the community (Brown,
1987; Brown and Harney, 1993). According to these
criteria, a population occurs in areas where a species
evolved or dispersed, and it persists where suitable
climate, substrate, food, and habitat exist (Brown, 1987,
Brown and Hamey, 1993; Brown and Kurzius, 1989;
Kotler and Brown, 1988; Munger et al., 1983), When
these requirements are met, individuals of a species
can forage efficiently, find adequate shelter, and sur-
vive to reproduce (Kotler and Brown, 1988). Intrinsic
factors -- interactions with other species in the com-
munity -- secondarily determine which species can

coexist among the total species within the region
(Brown 1987; Brown and Harney, 1993; Kotler and
Brown, 1988; Munger et al., 1983). These interac-
tions include mutualism, competition, and predation,
which work together to influence the coexistence of
species. Those species with similar extrinsic adapta-
tions should tend to coexist locally if intrinsic factors
do not prevent them from doing so.

Brown (1987) described six empirically derived
patterns, including both extrinsic and intrinsic factors
that seem to guide the development of multi-species
guilds of granivorous rodents. Two of these patterns
were evaluated in this study. One pattern is that spe-
cies within a guild coexist locally according to a dif-
ferential of body sizes, and the other is that greater
species diversity within a guild can be found in more
complex habitats (Brown; 1987). Additionally, the
extent of local coexistence and patterns of habitat oc-
currence were examined in this study, and these col-
lective data were used to discuss regional distribution
patterns for the five species on the central Great Plains.

METHODS AND MATERIALS

Study area. The region of investigation included
Kansas, Nebraska, and the eastern one third of Colo-
rado. This area encompasses most of the zone of
sympatary for the Heteromyidae on the central Great
Plains and includes range limits for each of the five
species. This region was chosen for these reasons
and because mammals there have been well docu-
mented in literature and museum collections.

Sampling design. About 3500 museum records
for heteromyid rodents in the region of study were
obtained from and verified at the University of Colo-
rado Museum, Denver Museum of Nature and Sci-
ence, Sternberg Museum of Natural History, Univer-
sity of Kansas Natural History Museum, and the Uni-
versity of Nebraska State Museum. These records
included field notes, catalog data, and other specimen-
based museum data. Approximately 100 additional
records from publications or reliable field accounts
also were included.

Specimen and environmental data were recorded
for each locality of capture. Species presence or ab-

sence, location, and date of capture of each specimen
were the tabulated variables from museum records.
Coexistence at a given site was defined as different
species captured in the same habitat and trapping ses-
sion or captured in the same habitat, on consecutive
trapping sessions, and by the same collector. Envi-
ronmental variables included habitat type; concealment;
total depth of soil; degree of rockiness; soil texture of
the A, B, and C-horizons; annual precipitation; mean
January temperature; mean July temperature; and an-
nual cooling degree-days. Habitat type and conceal-
ment were categorized from descriptions in field notes,
published accounts, or aerial photographs. The 12
habitat types used for analysis label Figure 1, and the
five concealment classes were ranked 1-5 (no con-
cealment to very high concealment). These habitat
variables represented the physiognomy of an area,
which is the scale at which small mammals seem to
perceive habitat (Armstrong, 1977). Lastly, soils data
were obtained from county soil surveys (USDA, Soil
Conservation Service), and climate data were obtained
from 30-year averages published in the NOAA, 1993
annual climate summaries for Colorado, Kansas, and
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Table 1. Categories and ranked values recorded in da-
tabase for soil texture. Increasing values are ranked by
decreasing percentage of sand and increasing percent-
age of clay.

Soil Texture

Class Code

sand

loamy sand
sandy loam
sandy clay loam
sandy clay
loam

clay loam
clay

silt loam

silt clay

silty clay loam
silt

gravel

bedrock
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ing to different body sizes was evaluated from a sub-
set of 468 records. These were extensively sampled
sites from a zone of sympatry where at least two small-
sized (<10g) and two medium-sized (35-65g)
heteromyid species coexisted. Analysis of sites with
just species pairs maintained independence among ob-
servations and preserved a conservative ¥? calculation
without using extensive simulations as performed by
Bowers and Brown (1982). Species pairs were tabu-
lated in a 2x2 contingency table, and the y* value
(p=0.05) was calculated using Cochran’s correction
for continuity.

Coexistence and habitat complexity. The con-
tribution of habitat complexity to multi-species assem-

blages was evaluated by tabulating physiognomic char-
acteristics from sites with at least three species present
in the aforementioned subset of data. Factors that
seem to promote coexistence of these close competi-
tors were identified from soil surveys and descrip-
tions in field notes. However, a statistical comparison
of this data set to a sample of localities with only one
species was impossible because equal sampling effort
could not be estimated reliably at most sites.

Habitat occurrence. Descriptive statistics were
computed for the environmental variables with the
UNIVARIATE procedure in SAS (SAS institute, Inc.,
1989), which also screened for normality, linearity,
and incorrect data. The rockiness variable (SR) was
eliminated from subsequent investigation because it had
a Poisson distribution, and the habitat type variable
(VT) was evaluated separately because it was a nomi-
nal variable. Their inclusion in ordination analyses can
make factors incomprehensible (Tabachnick and Fidell,
1996). Consequently, two contingency tables (one
2x12 and one 3x7) were constructed and y* analyses
(p=0.05) were performed to test the null hypothesis
that species of the same body size utilize the same
types of habitat on the central Great Plains.

A factor analysis and logistic regression were
conducted next. The factor analysis reduced the num-
ber of correlated variables into a subset of three fac-
tors, and the logistic regression evaluated how strongly
each species related to the new factors and how well
these predicted the distribution of each species (Cody
and Smith, 1997; Tabachnick and Fidell, 1996). These
analyses were performed using the FACTOR and
VARIMAX functions followed by the LOGISTIC func-
tion in SAS (SAS institute, Inc., 1989). A direct logis-
tic regression was used because there was no speci-
ficity regarding importance of factors as predictors
(Tabachnick and Fidell, 1996).
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RESULTS

Coexistence and Body Size. Pairs of species
were present at only 19.7% (92) of the 468 exten-
sively sampled sites. Of the 92 localities, six were
occupied by two small species, 28 by the two me-
dium-sized species, and 58 by a combination of one
small and one medium-sized species. The y* value
with Cochran’s correction for continuity equaled 6.39.
This value exceeded the critical value (p<0.05); there-
fore, the null hypothesis was rejected.

Based on this result, it seems that locally co-
occurring heteromyids on the central Great Plains pair
by a differential of body size. This non-random pair-
ing and the infrequency of multi-species assemblages
(25.7%) suggest that C. hispidus, D. ordii, P. fasciatus,
P. flavescens, and P. flavus compete for resources
and the extent and pattern of local coexistence is quite
limited. However, limited coexistence also could re-
flect differences in habitat occurrences by the five
species, which are explored further.

Coexistence and habitat complexity. Only 6%
(28) of the 468 extensively sampled localities had three
or more coexisting species. These sites were most
common in fencerow vegetation, rock outcrops, allu-
vial terraces, or combinations thereof (Table 2). To a
lesser extent, they were in sand hills prairie, sand sage
prairie, grazed habitats, cultivated land, or combina-
tions thereof.

The prevalent pattern of coexistence (Table 2)
was for a site to have D. ordii (a medium-sized, bipe-
dal, habitat generalist) occupying open areas, C.
hispidus (a medium-sized, quadrupedal, habitat gener-
alist) occupying more heavily vegetated areas, and a
Perognathus species (a small, quadrupedal, habitat
specialist) also occupying more heavily vegetated ar-
eas. This orderly arrangement helped to allow coex-
istence without the ill effects of displacement or local
extinction.

Habitat mosaics and abundant seed resources
likely are the other factors that allowed for coexist-
ence of three or more species at these localities. The
sites on river deposits and rock outcrops had a variety
of soil textures, soil depths, and an array of vegetation
types in proximity to one another. Sand hills sites had

blowouts with a variety of successional stages in prox-
imity. Windblown seeds typically concentrate in de-
pressions within blowouts, which strongly favor the
foraging pattern and presence of D. ordii (Bowers,
1982; Munger et al., 1983). Sites with sand sage-
brush were disturbed by farming or grazing and had
abundant seed resources or high structural complex-
ity. Cropland and fencerow localities had a wide vari-
ety of habitat types and great structural complexity in
a small area, and they produced vast numbers of seeds
(Choate and Terry, 1973; Jones et al., 1985), which
are the dietary staple for rodents of the Heteromyidae.
Four of the species in this study are known to forage
on agricultural crops (Holm, 1984; Jones et al., 1985;
Reed and Choate, 1986), eating waste grain, seedlings,
or occasionally, planted seeds (Holm, 1984).

Habitat occurrence. Three factors were ex-
tracted in the factor analysis. Squared multiple com-
parisons (SMCs) of the variables for each factor indi-
cated that the first two factors were well defined and
internally consistent (Table 3), but the third one was
less so, with a value of 0.68. Communality estimates
were high for all but two variables (VC and TSD),
which indicated that the variables were well defined
by the factors overall.

The meaning of each factor was determined by
the pattern of loadings for the original variables in the
resultant correlation matrix after orthogonal rotation.
Only variables that loaded above 0.45 were used to
interpret a factor. Soil texture defined the first factor,
temperature defined the second one, and annual pre-
cipitation defined the third (Table 3). The original vari-
ables were simple -- they loaded only on a single fac-
tor. Concealment (VC) and soil depth (TSD) failed to
load on any factor because concealment could not be
estimated adequately and because deep soils were uti-
lized most often by each species.

The logistic regression analysis indicated that soil
texture, temperature, and annual precipitation had a
significant collective effect in determining the distri-
butions of each species of heteromyid rodent. Ay’ test
(p=0.05, 3df") analyzed for no effect, and significant
values (p<0.0001) were calculated for each of the five
species (Table 4).
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Table 3. Rotated factor loadings, communalities (h*), squared multiple comparisons (SMC'’s), percent of variance,
and percent of covariance for principal factor analysis on environmental variables. “Factor labels: F , Soil texture,

F, Temperature, F, Precipitation.

ltem F2 F, F, h?
Soil texture of A horizon (SA) 0.89 0.13 0.20 0.86
Soil texture of B horizon (SB) 0.89 0.13 0.15 0.84
Soil texture of C horizon (SC) 0.84 0.08 0.12 0.73
Total depth of soil (TSD) -0.18 0.06 0.38 0.18
Conceaiment (VC) 0.19 -0.01 0.29 0.12
January mean temperature (MN) -0.01 0.61 -0.39 0.52
July mean temperature (MX) 0.16 0.70 0.19 0.55
Cooling degree-days (CDD) 0.12 0.84 0.33 0.83
Annual precipitation (PPT) 0.24 0.24 0.70 0.61

SMC'’s of variables with each factor 0.91 0.81 0.68

Percent of variance 0.27 0.18 0.12

Percent of covariance 0.47 0.32 0.19

Although soil, temperature, and precipitation con-
tributed significantly to the distributions of the five
species as a whole, association and concordance val-
ues indicated that C. hispidus, D. ordii, P. fasciatus, P.
flavescens, and P. flavus varied in their response to
these factors. Perognathus fasciatus had the highest
concordance and association values (was the best clas-
sified species per set of environmental factors),
whereas D. ordii had the lowest (was the worst clas-
sified). The remaining three species had intermediate
values (Table 4). Overall, a species was better classi-
fied in the proper environment if it had a smaller geo-
graphic range and if it occupied a smaller range of soil
textures and climatic conditions.

Individual evaluation of the three factors also
fared well. Wald y? values appear in table 4. Soil
texture was a significant predictor (p<0.05) of the dis-
tributions of C. hispidus, D. ordii, P. flavescens, and
P, flavus, but it failed to be significant for P, fasciatus
(x’=3.55; p=0.059). Too few records for this species
were responsible for the marginal failure of the test.
Temperature significantly predicted (p<0.05) the dis-
tributions of all five species, but precipitation failed to
significantly predict the distribution of P. flavescens
(Table 4) (x*=1.34, p=0.25), which was attributable to
this species being uniformly distributed across all pre-
cipitation levels between 34 and 91 cm per year. Over-

all, individual factors typically predicted distributions
of the species.

Standardized estimate and odds ratio values de-
termined how the distribution of each species was af-
fected by individual factors. Odds ratios indicated the
likelihood of a species being absent per unit of change
within a factor, and standardized estimates showed
the polarity of the relationship (Table 4). Standardized
estimates for C. hispidus were negative in each factor,
thus, specifying a distribution on loamy to silt soils
(Fig. 2) in a warm, wet climate in the region. Odds
ratios revealed that none of the factors defined well its
range limit in the region. Dipodomys ordii had positive
standardized estimates for soil texture and precipita-
tion but a negative one for temperature, specifying a
distribution on sandy soils (Fig. 2) in a warm, dry
climate in the region. Odds ratios indicated that soil
texture and precipitation but not temperature defined
well its range limit in the region. All standardized esti-
mates for P, fasciatus were positive, meaning it was
distributed on sandy soils (Fig. 2) in a cool, dry cli-
mate in the region. Odds ratios indicated that each of
the three factors affected its range limit in the region.
Perognathus flavescens had positive standardized esti-
mates for soil and temperature, which indicated that
this species associated with sandy soils (Fig. 2) and a
cool climate in the region. Odds ratios showed that
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dents; instead, it influences the development of major

vegetation types, which in turn affects their distribu-
tions.

Habitat type. The results of the x? analysis in-
dicated that similarly sized species do not occur in the
same habitats. Habitat type frequencies appear in ap-
pendix B as separate contingency tables, and highly
significant probabilities were calculated in each in-
stance.

Although distinct differences existed among a
primary group of habitat types, there was overlap
among the array of habitat types frequented by these
species. Among the five species, C. hispidus and D.
ordii frequented all twelve recognized habitat types, P
flavus occurred in ten, and P. fasciatus and P.
Sflavescens utilized nine each (Fig. 1). Chaetodipus
hispidus was a habitat generalist, utilizing most often
(including 80% of the observations) mixed-grass prai-

rie, weedy forb, short-grass prairie, tall-grass prairie,
sand hills grassland, and cropland. Dipodomys ordii
and P, flavus were more specialized. Dipodomys ordii
occurred most often in bare ground, short-grass prai-
rie, weedy forb, sand hills grassland, and sand sage
grassland, whereas P. flavus occurred most often in
short-grass prairie, bare ground, sand hills grassland,
rock outcrop, and pinion-juniper woodland.
Perognathus flavescens occurred most often in sand
hills grassland, sand sage grassland, weedy forb, and
mixed-grass prairie. Lastly, P. fasciatus occurred most
often in coniferous woodland, bare ground, short-grass
prairie, and other shrub; however, more than half the
sites were located in a specific type of coniferous
woodland -- ponderosa pine savanna. Overall, these
rodent species seemed to share an affinity for moder-
ately disturbed sites that were dominated by grasses
or herbaceous vegetation, but each species responded
uniquely to broad environmental regimes within the
region.

DiscussioN

The distributions of C. hispidus, D. ordii, P.
fasciatus, P. flavescens, and P. flavus on the central
Great Plains are largely individualistic (Gleason, 1926).
This is evident because the five species are largely
allopatric and use different habitats at a local scale.
However, the species are adaptable and overlap in their
associations with habitat type, substrate, and climate
in the region. These wide tolerances allow for local
coexistence where habitat mosaics and microhabitat
diversity exist or where abundant food resources are
available, but where the species coexist, they assemble
according to a size differential and a regular pattern,
which is indicative of interspecific competition affect-
ing these associations.

Numerous authors have found that locally sym-
patric, granivorous rodents in desert communities also
assembled in local habitats by a size differential, and
they concluded that this was evidence of interspecific
competition structuring this portion of the community
(Bowers and Brown, 1982: Brown, 1975; Brown and
Harney, 1993; Price and Brown, 1983). The prevail-
ing hypothesis is that this non-random pairing reduces
competition and allows for local coexistence by com-
bining species that will partition similar scarce re-

sources in the most efficient manner possible (Brown
and Harney, 1993).

These kinds of studies offer only indirect evi-
dence of interspecific competition, but direct experi-
ments have indicated that resource or interference com-
petition indeed exists among species of the
Heteromyidae. Alcoze and Zimmerman (1973) mea-
sured significant overlap in the diets of C. hispidus
and D. ordii in the mesquite plains of Texas, but they
found that these similarly sized species avoided com-
petitive exclusion by foraging in different areas with
different soil textures. In New Mexico, Lemen and
Rosenzweig (1978) discovered that P. flavus and D.
ordii avoided competitive exclusion by utilizing differ-
ent microhabitats according to their mode of locomo-
tion. The quadrupedal P. flavus confined its foraging
to well-vegetated areas, whereas the bipedal D. ordii
foraged in open areas. These foraging patterns are
consistent with those found throughout the family
(Kotler and Brown; 1988, Thompson, 1982a). Addi-
tional studies, in which the largest or most behavior-
ally dominant competitor was removed, showed a sig-
nificant increase in the abundance of subordinate
heteromyid species or altered their patterns of habitat
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e wheat grass (Agrypogon smithii) at these sites.
This was the only species of the five that was cap-
tured in introduced stands of smooth brome (Bromus
inermis) and a cultivated cedar forest (Manning and
Geluso, 1989). Prairie dog towns and rock outcrops
were among the more unique habitats that could sup-
port populations of C. hispidus. The hispid pocket
mouse occurred most often on deep silt loam and silty
clay loam soils (Fig. 2) with less than 35% clay. The
hispid pocket mouse often coexisted with D. ordii and
P. flavescens in disturbed, sand sagebrush, and sand
hills habitats.

Chaetodipus hispidus is distributed throughout
the central Great Plains, but it seemed most common
in the mixed-grass and tall-grass regions in Kansas
and Nebraska (Fig. 3). It was present but less com-
mon in the short-grass region, but the species was
uncommon in sand hills regions of Nebraska, the Den-
ver Basin, and along the Arkansas River in Kansas.
Overall, the range of C. hispidus probably is not lim-
ited by any of the heteromyids in this region, but it
could be limited locally by competition with the simi-
larly sized D. ordii in some habitats. The distribution
of the hispid pocket mouse is limited along the Front
Range by unsuitable habitat at the foot of the Rocky
Mountains. Its eastern limit in Kansas likely is deter-
mined by the presence of oak woodland in the
Chautauqua Hills and oak-hickory forest near the state’s
eastern border (Fig. 3).

The eastern limit of C. hispidus in Nebraska
seemingly is not related to abiotic factors. Suitable
climate, habitat, and soils exist beyond its present range
limit in the Missouri River lowlands. Furthermore, P
Sflavescens occurs (but is extremely rare) beyond that
limit, and C. hispidus occurred 660 km farther to the
east during the late Wisconsinan-early Holocene
(Schmidly et al., 1993; Wilson et al., 1996). There-
fore, the Missouri River itself'is not an insurmountable
barrier. It is possible that competition with a non-
heteromyid rodent, Zapus hudsonius, prevents the hispid
pocket mouse from dispersing to the east. Zapus
hudsonius, a semi-quadrupedal representative of the
family Dipodidae, has similar habits, a comparable diet,
and is of similar (albeit slightly smaller) size (Krutzsch,
1954; Quimby, 1951). Accordingly, these two spe-
cies likely are close competitors, and Z. hudsonius, a
species best adapted to utilizing mesic grassland habi-

tats (Choate et al., 1991; Tester et al., 1993), may out
compete in the region C. hispidus, a species best
adapted to utilizing xeric grassland habitats (Kaufman
and Fleharty, 1974; Kaufman et al., 1993).

Jones (1964) was of the opinion that the influ-
ences of man on the Missouri River are the present
factors that prevent the hispid pocket mouse from rang-
ing eastward. Specifically, efforts to channel, straighten,
and dam this river makes it more of an impenetrable
barrier to dispersal.

Dipodomys ordii— Ord’s kangaroo rat also is a
habitat generalist that occurred in all habitat types stud-
ied and on all soil textures except pure clay. Nonethe-
less, this species was most common in bare ground,
short-grass, weedy forb, sand hills, and sand sage
habitats (Fig. 1) and utilized almost exclusively deep
sandy substrates (Fig. 2) with less than 20% clay and
more than 50% sand. Bare ground sites included blow-
outs, dry washes, sandbars, unpaved roads, and
plowed fields. Ord’s kangaroo rat typically utilized
sparsely vegetated parts of other habitat types that it
frequented, which is consistent with its bipedal mode
of locomotion (Bartholomew and Caswell, 1951,
Bryliski, 1993), but this study could not resolve al-
ways this scale of habitat use given that it was limited
to habitat descriptions in field notes. For example, the
first author has captured D. ordii in dense stands of
needle and thread grass (Stipa comata) but only along
the runways of thirteen-lined ground squirrels. Such a
site was recorded as sand hills grassland, but Ord’s
kangaroo rat was utilizing only unvegetated portions
of the habitat. Clearly, D. ordii is an opportunistic
species that can widely utilize its surrounding environ-
ment: Testament to this statement, the species has
been captured even among rock outcrops or boulder
fields on the central Great Plains. This adaptability
may explain why this species was found often in seem-
ingly unsatisfactory habitats and indicates that habitat
type is of little consequence to this species. Instead,
substrate and habitat structure are most important.

Ord’s kangaroo rat was captured with each of
the remaining heteromyid species in this region. It
occurred most often with C. hispidus and P. flavescens
in disturbed sand sage and sand hills grassland, and it
occurred less often with P. flavus in short-grass habi-
tats.
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