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The habitat heterogeneity hypothesis states that an increase in habitat heterogeneity
leads to an increase in species diversity. We tested this hypothesis for a community of
small mammals in the semiarid, sand-shinnery-oak ecosystem of the southwestern
United States. We used indices of differentiation diversity to quantify differences
between two habitat types (blowouts in a sand-shinnery-oak matrix) in terms of species
diversity. The Wilson-Shmida index (bT) considers species composition only, whereas
the Morisita-Horn index (CmH) also takes species abundances into account. We
constructed null models to test the hypothesis that differentiation diversity between
habitat types is greater than that produced by stochastic processes. Two models were
constructed, one based on the random placement of species and one based on the
random placement of individuals. No evidence supported the hypothesis that habitat
heterogeneity enhances diversity of a landscape by increasing the number of species in
an area. Indeed, paired habitats were more similar than chance alone would dictate in
terms of species identities. In contrast, habitat heterogeneity affects diversity by
significantly altering the relative proportions of species in contrasting habitat types.
Because seeds differentially accumulate at the interface between blowouts and matrix,
the high productivity of the edge may actually homogenize habitat types in terms of
species richness. Nonetheless, blowouts might best be considered to be microhabitats
which enhance or complement the value of the matrix even though the species which
use either habitat type are identical.
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The habitat heterogeneity hypothesis proposes that an

increase in the number of habitats leads to an increase

in species diversity in a landscape (MacArthur and

MacArthur 1961) because of an expansion in the

number of partitionable niche dimensions. This facil-

itates specialization and avoidance of competition

through spatial segregation. The idea that habitat

heterogeneity affects species diversity has been applied

to successional (Bollinger 1995) and disturbed environ-

ments (Levey 1988, Greenberg et al. 1995), as well as to

latitudinal (Willig 2000, Willig et al. 2003), elevational

(Finch 1989), and humidity gradients (Daniels et al.

1992). Indeed, maintaining habitat heterogeneity has

been proposed as a means of conserving species richness

in habitats threatened by human activities (McGarigal

and McComb 1992, Greenberg et al. 1995).

Mechanisms enhancing diversity

Spatial heterogeneity can increase diversity in one of

two ways. First, adaptations to one habitat may result in

competitive inferiority in another. To the extent that

such tradeoffs exist, distinct habitats within a landscape

may differ in species composition and abundance. These

differences would lead to increased b diversity, which

measures the differences in diversity between habitat

types. Increased b diversity among habitats enhances
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the g, or regional, diversity of the landscape (Whittaker

1972). For habitat heterogeneity to enhance diversity in

this way, each habitat type (singly or in combination

with other patches of the same type) must be large

enough to support viable populations. In landscapes

where distinct habitats can support populations of

different species, diversity should be enhanced by the

presence of specialists that exhibit distinct habitat

preferences (sensu Rosenzweig 1981). Alternatively, in

landscapes where multiple habitats are nonexistent,

highly dispersed, or of low areal extent, diversity may

be low because of the absence of specialization and

intense competition among generalists. Second, small

habitat patches may increase overall quality of a

pervasive habitat type (i.e. matrix) in which they occur

by supplying predator-free space or complementary

resources. Such patches need not be sufficiently large

to support distinct populations alone or in combination

with other patches, as long as the presence of these

alternative habitat types improves the quality of the

matrix for some species. In certain circumstances, species

that cannot defend such small habitat patches may need

to specialize on alternate habitat types to remain in the

community. This leads to shared habitat preferences

(sensu Rosenzweig 1991), and habitat-specific differences

in species abundances.

The sand-shinnery-oak landscape of the southwestern

United States is ideal for addressing questions of habitat

heterogeneity and species diversity. Blowouts, formed by

wind, are areas of open sand with little vegetation

(Holland 1994, Deslippe et al. 2001); they are located

within a dense shrub-dominated matrix (sand shinnery

oak, Quercus havardii Rydberg). Due to the small size

and the clumped dispersion pattern of blowouts, any

effects of this alternative habitat type on diversity would

likely be demonstrated via shared habitat preferences by

constituent species.

Previous studies of mammals suggest that habitat

heterogeneity may be an important structuring agent in

this landscape. Total rodent density and species compo-

sition differed between areas that had been cleared of

shrubs and those that were undisturbed (Colbert 1986,

Willig et al. 1993). Moreover, diet overlap was minimal

among rodent species in a shinnery oak-mesquite grass-

land (Best et al. 1993), suggesting exclusive specialization

on conditions or resources offered by particular habitats.

Finally, habitat preferences of species common to this

system have been studied, and the most common species,

Dipodomys ordii , demonstrates seasonal habitat prefer-

ences, whereas other species avoid blowouts (Cramer and

Willig 2002). The objective of this study is to assess

whether population-level processes (habitat preferences

of individual species) translate into community-level

effects (species diversity) in a manner consistent with

the habitat heterogeneity hypothesis.

Quantitative approaches

Two approaches have been used to determine the effects

of habitat heterogeneity on species diversity. One quan-

tifies the linear relationship between species diversity

and habitat diversity (MacArthur and MacArthur 1961,

MacArthur 1964, Rosenzweig and Winakur 1969). This

approach is problematic because the relationship be-

tween habitat and species diversities may be nonlinear.

Moreover, other environmental factors, (e.g. climate)

simultaneously may affect both species diversity and

habitat diversity. A second approach involves b, or

differentiation diversity (Whittaker 1960, Harrison

1997, 1999), which quantifies species dissimilarity be-

tween habitats in terms of species identities or abun-

dances (Magurran 1988). When the significance of this

metric is evaluated using a null model approach (Gotelli

and Graves 1996), a series of constraints may be

considered so as to isolate the effects of a purported

structuring mechanism.

Methods

The study area was located in Yoakum County, Texas,

USA, approximately 19 km southwest from the town of

Sundown (33819?N to 102837?W). The soil consists of

aeolian deposits or cover sands, and has good water

retention (Dhillion et al. 1994). The climate is warm-

temperate and semiarid, with fluctuating temperatures

during winter (Willig et al. 1993). Annual precipitation

averages 41 cm, with most rainfall occurring from May

through October (Dhillion et al. 1994).

The study area consisted of two adjacent fields

separated by a barbedwire fence. The eastern field

(approximately 500 km2) was grazed by cattle from

September through March. The western field was

smaller (approximately 200 km2) and ungrazed through-

out the study. The plant community in both fields is

dominated by sand-shinnery oak, Quercus havardii

(Dhillion et al. 1994), a low-growing clonal shrub that

has a large proportion of its biomass belowground.

Other common plant species at the site include sand

sagebrush (Artemisia filifolia Torrey), little bluestem

(Schizachyrium scoparium Michaux), sand bluestem

(Andropogon hallii Hackel), sand dropseed (Sporobolus

cryptandrus Torrey), and sand paspalum (Paspalum

setaceum Michaux). Resident rodents (Cramer

1998) include Ord’s kangaroo rat (Dipodomys ordii

Woodhouse), plains pocket mouse (Perognathus

flavescens Merriam), hispid pocket mouse (Chaetodipus

hispidus Baird), deer mouse (Peromyscus maniculatus

Wagner), western harvest mouse (Reithrodontomys

megalotis Baird), plains harvest mouse (R . montanus

Baird), northern grasshopper mouse (Onychomys

leucogaster Baird), hispid cotton rat (Sigmodon hispidus
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Say and Ord), southern plains woodrat (Neotoma

micropus Baird), house mouse (Mus musculus Lin-

naeus), and spotted ground squirrel (Spermophilus

spilosoma Bennett).

We selected ten random sites at the study area;

each contained two habitats, a blowout and associated

undisturbed sand-shinnery-oak habitat (hereafter

referred to as matrix). Blowouts, defined as areas devoid

of sand-shinnery-oak (Dhillion et al. 1994), were selected

only if they met four criteria. The blowout had to be

larger than the trapping configuration (14�/12 m),

be at least 30 m from other selected sites (minimizing

the likelihood of rodents traveling among sites), be of

recent origin (could not be overgrown with oak), and

have been generated by natural forces rather than human

activities.

Trapping was conducted in three seasons during

1996�/1997: summer (July�/September), characterized

by maximum plant development and reproduction;

winter (November�/March), characterized by oak defo-

liation; and spring (April�/June), characterized by oak

refoliation (Colbert 1986). Trapping was not conducted

for two nights prior to, including, and following a full

moon because many nocturnal rodents curtail activity

during this period (Carley et al. 1970). A census period

characterized each season. We established two pairs of

parallel census lines at each site, one pair in the blowout

and the other in adjacent undisturbed sand-shinnery-

oak habitat. Census lines were 2 m apart and 10 m in

length. Each census line contained six trapping stations.

One Sherman live trap was located at each station (12

traps in each of two habitats). Length of census lines was

constrained by blowout size. This trapping configuration

was used to equally sample both habitat types; longer

census lines would bias sampling toward matrix habitat.

The census trapping period continued at each site until

the number of unmarked animals was less than 5% of the

number of previously marked animals at that site

(Lacher and Alho 1989). Traps were baited with a

mixture of sunflower seeds, rolled oats, and peanut

butter. All captured rodents were marked by toe-

clipping, identified as to species and sex, and weighed

before release. To reduce mortality related to hypother-

mia, trapping was not conducted when the expected

overnight minimum temperature was below 28C. Vou-

cher specimens were collected in a nearby area prior to

the initiation of the study, and are deposited at The

Museum of Texas Tech University, Lubbock, TX, USA.

Diversity indices

Two indices of b diversity quantified differences in

species composition between habitat types (matrix vs

blowout). Both were calculated for each of the 10

replicate sites. The Wilson-Shmida index (bT) considers

differences only in terms of the presence or absence of

species (Wilson and Shmida 1984):

bT�
g(H) � l(H)

2a
(1)

where g(H) is the number of species present in habitat 2

but not in habitat 1, l(H) is the number of species present

in habitat 1 but not habitat 2, and a represents the

average species richness of paired habitats (Magurran

1988). For binary data, the Wilson-Shmida index is one

of the best estimates of b diversity because it is

insensitive to sample size and performs well in compara-

tive studies (Wilson and Shmida 1984).

In contrast, the Morisita-Horn index (CmH) quantifies

differences in terms of the identities and abundances of

species (Magurran 1988). We quantified abundances

using the minimum number of individuals of each

species known alive (MNKA; Krebs, 1999). MNKA

has been shown to accurately estimate population sizes

(Cameron 1977, Nupp and Swihart 1996, Slade and

Blair 2000). The Morisita-Horn index is unbiased with

respect to sample size and diversity (Wolda 1981), and is

calculated as

CmH�

2
XS

i�1

(nai � nbi)

(da � db) � Na � Nb

(2)

where S is the total species richness for paired habitats,

nai is the number of individuals of the ith species in

habitat a, nbi is the number of individuals of the ith

species in habitat b, Na is the total number of individuals

of all species in habitat a, and Nb is the total number of

individuals of all species in habitat b. The terms da and

db are defined as

da�

XS

i�1

n2
ai

N2
a

(3)

db�

XS

i�1

n2
bi

N2
b

(4)

Null models of differentiation diversity

Directional (one-tailed) hypotheses for each index eval-

uated if habitat heterogeneity enhanced landscape diver-

sity by increasing b diversity. The hypothesis that the

observed index was larger than expected due to chance

was assessed for bT. When habitats contain exactly the

same set of species, this index equals zero, whereas it

equals unity when no species are shared between

habitats. In contrast, CmH equals one when each habitat

comprises the same species in identical proportions;
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consequently, the alternate hypothesis was that CmH

equals zero.

Null models assessed hypotheses regarding b diversity.

More specifically, reiterative simulations (Manly 1991)

were used to represent the probability density functions

for the indices under conditions of no differences in

species composition and abundances between habitats.

In such an approach (Gotelli and Graves 1996), an

algorithm is constructed to eliminate the effects of a

parameter of interest (i.e. habitat heterogeneity), on the

probability density function for a metric (i.e. bT or CmH).

The empirical value for the metric can then be compared

to this distribution to estimate significance.

Separate suites of null models were constructed

for hypotheses concerning presence�/absence (Wilson-

Shmida) versus abundance of species (Morisita-Horn).

All models were executed via Matlab v4.2 (MathWorks

Inc. 1995); the code appears in Cramer (1998). Two

different kinds of models were constructed �/ one based

on the random placement of species and the other based

on the random placement of individuals. The signifi-

cance of bT and CmH can be assessed using models based

on the random placement of individuals. Models based

on the random placement of species cannot be applied to

CmH, because the metric requires knowledge of the

allocation of individuals into species for both simulated

and empirical habitats.

The first model was constrained by empirical species

richness for each habitat at each site. For each season,

the pool from which species were selected was set equal

to the species list for the combined sites regardless of

habitat type. Species were selected without replacement

from this species pool until observed richness was

obtained for each habitat at each site. bT was then

calculated for each of the 10 sites. These 10 values were

then averaged, producing a metric (mean bT) for the null

model. The model was iterated 1000 times, producing a

probability density function for random values of mean

bT, assuming habitat heterogeneity has no effect on

differences in species composition. The empirical metric

was compared to the probability density function to test

the hypothesis that b diversity was significantly larger

than expected by chance alone.

The second model was constrained by empirical

abundances (number of individuals regardless of species)

for each habitat at each site. For each season, the pool

from which individuals were selected was determined by

combining abundance data for all species at all sites

regardless of habitat. In essence, the species pool was set

equal to the empirical species abundance distribution for

the entire study area (sum of both habitats at the 10

sites). The model then selected individuals at random

and with replacement for each habitat at each site, until

the simulated abundances in each habitat were the same

as those in the actual habitats. CmH was calculated for

each of the 10 sites. These 10 values were averaged,

producing a metric (mean CmH). In addition, the

abundances of each species for each habitat at each site

were converted to presences (n]/1) or absences (n�/0);

bT was calculated for each of the 10 sites and then

averaged, producing a metric (mean bT). This was

iterated 1000 times, producing a probability density

function for each metric (mean CmH and mean bT). To

assess the hypotheses that CmH is smaller or bT is larger

than expected due to chance alone, the empirical metric

was compared to corresponding probability density

function for simulated metrics.

Seasonal variation in diversity

A repeated-measures analysis of variance (Wilkinson et

al. 1996) was used to assess temporal variation in b
diversity based on MNKA for each species. Repeated

measures were necessary because the assumption of

independence was violated (i.e. measurements were taken

at the same paired sites in different seasons). Post-hoc

hypothesis testing was used to determine where differ-

ences occurred for significant factors. For significant

seasonal effects, two hypotheses were evaluated: the first

tested the difference between summer and winter and the

second tested the difference between winter and spring.

Although separate analyses were conducted for each

diversity index, probabilities were modified using Bon-

ferroni’s sequential adjustment (Rice 1989) to avoid

spurious rejection of the null hypothesis, thereby main-

taining experiment-wise error rate at 0.05.

Results

Nine taxa of nocturnal rodent were captured from the

sand-shinnery-oak ecosystem (Table 1). Although both

Peromyscus leucopus Rafinesque and P. maniculatus

occur in the sand-shinnery-oak ecosystem, these species

are difficult to identify in the field (Hall 2001). Conse-

quently, they are not distinguished from each other and

are designated as Peromyscus spp. in all analyses.

Because even combined as a single taxon Peromyscus

spp. are rare components of the community, it is unlikely

that this approach biased estimates of diversity in an

appreciable fashion. Three species dominated the com-

munity (Dipodomys ordii , Onychomys leucogaster and

Perognathus flavescens ) in terms of abundance as well as

frequency of occurrence, and did so in both habitat

types. Nonetheless, the degree of dominance by D. ordii

was greater in blowout habitats than in matrix habitats

(Fig. 1), resulting in a more diverse rodent assemblage

in the matrix (mean Shannon Index, H?�/0.53393) than

in the blowout (H?�/0.39279) habitat (paired t-test:

t�/�/3.99, pB/0.001).
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Species diversity

Presence�/absence

Analyses of the Wilson-Shmida index do not support the

habitat heterogeneity hypothesis. The model constrained

by the number of species in each habitat at each site

indicated that the existence of two habitat types did not

enhance diversity in any season (Fig. 2; p�/0.99). In fact,

each habitat type contributed less to overall diversity

than expected by chance alone for each season. The

model constrained by the number of individuals in each

habitat at each site also indicated that the habitat types

were no more different than expected by chance,

although the results for summer approached significance

(p�/0.065; Fig. 3A). Results for winter (p�/0.694; Fig.

3B) and spring (p�/0.901; Fig. 3C) indicated no

significant effect of habitat heterogeneity on diversity

measured by the Wilson-Shmida index.

Species abundance

Differences between habitat types significantly contrib-

uted to diversity in the summer based on analyses of

Morisita-Horn index (p�/0.022; Fig. 4A). However,

differences between habitat types were no larger than

expected by chance in the other seasons (winter: p�/

0.912; Fig. 4B; spring: p�/0.484; Fig. 4C).

Seasonal comparisons

No differences occurred among seasons for the Wilson-

Shmida index (F2,18�/1.02, p�/0.378). The Morisita-

Horn index demonstrated significant seasonal effects

(F2,18�/17.55, pB/0.001): higher in the winter than in the

summer (F1,9�/15.67, p�/0.003), but equivalent in

winter and spring (F1,9�/0.002, p�/0.969).

Table 1. Species composition of blowout and matrix habitats in each of three phenological seasons in the sand-shinnery-oak
ecosystem of the southwestern USA. Frequency of occurrence was equal to the number of replicates at which a particular species
was captured during each season (maximum equals 10).

Species Summer Winter Spring Total

Blowout Matrix Blowout Matrix Blowout Matrix Blowout Matrix

Minimum number known alive (MNKA)
Dipodomys ordii 29 24 87 113 92 116 208 253
Onychomys leucogaster 13 13 16 38 41 59 70 110
Perognathus flavescens 3 18 1 4 5 28 9 50
Peromyscus spp. 0 0 0 4 8 8 8 12
Reithrodontomys montanus 0 2 1 4 0 4 1 10
Reithrodontomys megalotis 0 0 2 0 0 1 2 1
Chaetodipus hispidus 0 3 0 0 0 0 0 3
Sigmodon hispidus 0 1 0 0 0 1 0 2
Neotoma micropus 1 0 0 0 1 0 2 0
Mus musculus 0 0 0 1 0 0 0 1

Total 46 61 107 164 147 217 300 442

Frequency of occurrence
Dipodomys ordii 10 10 10 10 10 10 30 30
Onychomys leucogaster 6 7 9 9 10 10 25 26
Perognathus flavescens 4 9 1 3 4 10 9 22
Peromyscus spp. 0 0 0 4 4 4 4 8
Reithrodontomys montanus 0 2 1 3 0 3 1 8
Reithrodontomys megalotis 0 0 2 0 0 1 2 1
Chaetodipus hispidus 0 3 0 0 0 0 0 3
Sigmodon hispidus 0 2 0 0 0 1 0 3
Neotoma micropus 1 0 0 0 1 0 2 0
Mus musculus 0 0 0 1 0 0 0 1

Total 21 33 23 30 29 39 73 102
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Fig. 1. Species abundance distributions for the rodent assem-
blages in each of two habitats (blowouts versus matrix) in a
sand-shinnery-oak community. Relative proportions were based
on combined data for all three seasons (Table 1). Species
composition differed signficantly between the two habitat types
(contingency x2 test: X2�/25.41, d.f.�/6, pB/0.001) after pool-
ing rare taxa (R. megalotis and C. hispidus into a group; S.
hispidus, N. micropus and M. musculus into a group) to fulfill
assumptions of the test.
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Discussion

We explored the effect of spatial heterogeneity and

temporal variation on species diversity by considering

differentiation diversity between habitat types at repli-

cated sites in different seasons. The presence of blowouts

affected species abundances, but not the presence or

absence of species in each habitat type. In addition, there

was a significant seasonal effect on diversity. Considera-

tions of scale and edge effects facilitate an interpretation

of these results.

Seasonal effects

Diversity has a strong seasonal component. For the

model constrained by observed species abundances,

the presence of blowouts affected diversity only during

the summer. Habitat associations of common species

could explain this observation. Cramer and Willig (2002)

found that D. ordii , the numerically dominant species in

the community, was associated with blowouts during the

summer only, and switched preference to the matrix in

other seasons. Only the model constrained by the
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Fig. 2. Results of null model analyses based on the random
placement of species. The simulated probability density function
for the Wilson-Shmida index is constrained by empirical species
richness on each grid for each season. Critical regions are
shaded and define the area of the distribution consistent with
the habitat heterogeneity hypothesis. The open circles on the
x-axis represent empirical values of the Wilson-Shmida index.
Results for summer (A, mean bT�/0.310, P�/0.999), winter (B,
mean bT�/0.261, P�/0.999), and spring (C, mean bT�/0.198,
P�/0.999) are nonsignificant.
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Fig. 3. Results of null model analyses based on the random
placement of individuals. The simulated probability density
function for the Wilson-Shmida index is constrained by
empirical total abundances on each grid for each season.
Critical regions are shaded and define the area of the distribu-
tion consistent with the habitat heterogeneity hypothesis. The
open circles on the x-axis represent empirical values of the
Wilson-Shmida index. Results for summer (A, mean bT�/0.310,
P�/0.065) approach significance; results for winter (B, mean
bT�/0.261, P�/0.694), and spring (C, mean bT�/0.198, P�/

0.901) are nonsignificant.
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random placement of individuals detected this switch in

habitat association.

b diversity was not significant in winter, probably due

to lower resource levels and higher physiological stress

on individuals. Seasonal changes in vegetation supports

this contention (Cramer 1998). Significant differences

among seasons existed for grass cover, litter cover, and

vegetation height. Both grasses and vegetation height

consistently decreased in both habitats in winter. Grass

seed forms a large proportion of the diet of D. ordii

(Garrison and Best 1990). In contrast, the percent

cover of litter increased in the winter (Cramer 1998),

which may have made it more difficult for rodents,

especially D. ordii , to locate seeds. Both laboratory

and field studies demonstrate that heteromyid rodents

respond to differences in soil texture during foraging

(Reichman and Price 1993). Differences between habitats

were observed for soil characteristics: blowouts had a

higher percentage of coarse soil (0.25�/2.00 mm), and the

matrix had a higher percentage of debris (�/2.00 mm)

and fine (B/0.25 mm) soil (Cramer 1998). D. ordii

preferentially gathered small seeds (thistle and millet)

over large seeds in the laboratory (Mares and Williams

1977). Small seeds would be difficult to find in the

matrix, because of the high amount of debris. Addition-

ally, the diet of O. leucogaster switches from primarily

insects in the summer to seeds in the winter (McCarty

1978). This dietary shift further effectively reduces food

resources for granivores. Consequently, individual gran-

ivores may need more space to gather resources, which

should result in an increase in home-range size. O’Farrell

(1978) observed an increase in the home-range sizes of

D. ordii in the spring and late fall that persisted into

early winter in Nevada. Population estimates of D. ordii

and O. leucogaster significantly increased from summer

to winter in the sand-shinnery-oak habitat (Cramer and

Willig 2002). These species use both types of habitat in

times of physiological stress or resource shortage. Rest-

ing metabolic rate for D. ordii remains relatively

constant throughout the winter (Garrison and Best

1990). Given a decrease in ambient temperature during

this period, individuals would have to compensate by

increasing caloric intake, which would necessitate use of

the matrix in addition to blowouts. This would lead to a

homogenization of species composition between the

habitats, consequently leading to rejection of the habi-

tat-heterogeneity hypothesis.

The Morisita-Horn index increased seasonally, coin-

cident with seasonal increases in abundance. This might

indicate that species abundance distributions converged

between habitats with an increase in abundance.

Although many sources indicate that the Morisita-

Horn index is preferable to other indices of b diversity

(Wolda 1981, Magurran 1988), it is sensitive to abun-

dance of rare species. Therefore, this result should be

interpreted with caution. The values of CmH increased

seasonally, not because of ecological reasons, but instead

because of an artifact inherent in the index of diversity.

In cases where a species was captured in a blowout,

but not the matrix, the term nai�/nbi (Eq. 2) would be

zero; that particular species would not contribute to the

index. However, if the number of individuals in both

habitats for a given species were small, then they would

be represented by the index, although the contribution

of that species would be small compared to more

common species. The magnitude of this effect is depen-

dent on both the number of rare species and the total

number of individuals in the community. Therefore,
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Fig. 4. Results of the null model analyses based on the random
placement of individuals. The simulated probability density
function for the Morisita-Horn index is constrained by empiri-
cal total abundance on each grid for each season. Critical
regions are shaded and define the area of the distribution
consistent with the habitat heterogeneity hypothesis. The open
circles on the x-axis represent empirical values of the Morisita-
Horn index. Results for summer (A, mean CmH�/0.626, P�/

0.022) are significant; results for winter (B, mean CmH�/0.944,
P�/0.912) and spring (C, mean CmH �/0.943, P�/0.484) are
nonsignificant.
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increases in abundance, especially for rare species,

differentially affect the values of the Morisita-Horn

index, and may not necessarily represent species re-

sponses to ecological factors. For this reason, interpreta-

tion of diversity indices using parametric statistics may

be misleading, and approaches using null model techni-

ques may yield more meaningful information about

patterns in species diversity.

Scale

Recognizing the scale at which animals perceive environ-

mental heterogeneity is essential for understanding

community structure. Perception of spatial heterogeneity

can be understood in terms of micro- or macrohabitat

selection. Habitats which are sufficiently small so as to

occur within an individual’s home range might best be

considered microhabitats, whereas habitats which are

sufficiently large so as to contain the home ranges of one

or more individuals would best be considered macro-

habitats (Morris 1987a). Dispersal and emigration

reflect macrohabitat selection, whereas daily movements

within a home range such as those during foraging

reflect microhabitat selection (Morris 1987b). The per-

ception of habitat is dependent on the size and mobility

of the organism of interest (Kolasa and Rollo 1991),

making distinctions between macro- and microhabitat a

species-specific characterization of spatial heterogeneity.

For the purposes of this study, macrohabitat corre-

sponds to a section of sand-shinnery-oak that contains

several blowouts, whereas microhabitat corresponds to

matrix or blowout.

Two approaches provide answers to questions con-

cerning the effects of habitat heterogeneity on species

diversity. Each approach deals with heterogeneity at a

different scale. First, areas of sand-shinnery-oak that do

not contain blowouts could be compared to areas where

blowouts are present. This approach directly tests the

hypothesis that the presence of blowouts contributes to

diversity, and considers heterogeneity at the macrohabi-

tat scale. However, a sand-shinnery-oak landscape with-

out blowouts is rare. Also, if differences occur at the

macrohabitat scale, it would not be clear how blowouts

affect diversity. A second approach considers hetero-

geneity at the microhabitat scale, using indices of

differentiation diversity to provide an assessment of the

effects of habitat heterogeneity on diversity. By investi-

gating heterogeneity at a small scale, space utilization

can be investigated for particular species. Documenting

where particular species forage, for example, may aid in

understanding how species respond to spatial hetero-

geneity. These species-specific responses may contribute

to variation in diversity. Rodents in the sand-shinnery-

oak ecosystem generally do not display distinct prefer-

ences for either microhabitat, because blowouts are too

small to support viable populations (Cramer 1998,

Cramer and Willig, 2002). Consequently, the effect

of microhabitat on species diversity primarily con-

cerns changes in abundance in the sand-shinnery-oak

ecosystem.

Our results could imply that in the absence of

blowouts, species richness would be the same as when

blowouts are present. This interpretation should be

scrutinized with caution because of considerations of

scale. The implication that blowouts do not affect species

richness of the landscape is made at the macrohabitat

scale. Emergent properties (Kolasa and Rollo 1991) of

blowouts may affect rodent perception of macrohabitat,

even though rodents cannot persist by exclusively using

the blowout microhabitat. Consequently, the absence of

this microhabitat type could exclude some species from

the sand-shinnery-oak landscape, or modify their ecolo-

gical densities.

Like any disturbance, blowouts can affect animals at

population or community levels (Wiens 1985, Willig and

McGinley 1999). Community effects are reflected in

indices of diversity, and effects at the population level are

evident in habitat associations and density. Differences

between habitats at the community level were not

detected by the Wilson-Shmida index, presumably

because changes in species identity occur at larger scales

(Rahel 1990). Nonetheless, the presence of blowouts

affects abundances of species, and hence community

structure. Although the particular mechanism whereby

abundance is affected is unclear (e.g. resource-mediation,

predator-mediation), particular species (i.e. Perognathus

flavescens, O. leucogaster, R. montanus and Peromyscus

spp.) avoid blowouts (Cramer 1998, Cramer and Willig

2002).

Regardless of their size, blowouts may influence

rodent demography. Blowouts are too small and widely

dispersed to support viable populations of rodents. In

particular, blowouts generally were smaller than home

range sizes of D. ordii (Garner 1974) and O. leucogaster

(McCarty 1978). Moreover, species that require contin-

uous open space may not be able to colonize the sand-

shinnery-oak ecosystem because blowouts are small and

dispersed. Although blowouts may be too small to be

considered macrohabitats from the perspective of ro-

dents, their presence within an individual’s home range

may increase overall habitat quality by contributing

resources necessary for persistence, such as unique

food types or space for behavioral activities, such as

dustbathing (Eisenberg 1963).

Edge effects

The presence of blowouts may affect species composition

and abundance because of the edge between blowouts

and sand-shinnery-oak habitat. Edges may contain more
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resources because seeds collect under shrubs along the

perimeter of blowouts. Diversity and frequency of seed

resources are greater near shrubs than in open spaces

(Reichman and Price 1993). 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. This would homogenize the

distribution of species in each habitat, masking the

effects of habitat heterogeneity (i.e. blowout vs sand-

shinnery-oak) on species richness. This is supported by

the observation that blowouts and sand-shinnery-oak

patches were much more similar in terms of species

compositions than expected by chance alone. At the

population level, species may avoid blowouts, but still

use the edge. Thus, the presence of blowouts may be

important, not because of the open area, per se, but

because of the edge it creates.

The importance of disturbance in structuring com-

munities and affecting ecosystem processes has become a

paradigm in contemporary ecology (Pickett and White

1985, Platt and Strong 1989, Willig and Walker 1999).

Nonetheless, the effects of disturbance on animal com-

munities are both less well-documented and less dra-

matic than that described for plant communities. This is

especially true when the spatial extent of the disturbance

is relatively small (e.g. treefalls versus hurricanes)

compared to the home range or cruising distance of

individuals (Schemske and Brokaw 1981, Schowalter

1985, Wunderle et al. 1987, Feinsinger et al. 1988, Levey

1988, Alvarez and Willig 1993, Willig et al. 1998). Our

results corroborate those perceptions, and suggest that a

more likely mechanism whereby relatively small distur-

bances affect animal communities is through attributes

of diversity that are sensitive to relative abundance of

species. This has important management implications. If

human activities create disturbances that are perceived

as microhabitats rather than macrohabitats by species of

concern, then it may be difficult to document positive or

negative consequences by comparing disturbed and

undisturbed areas directly, especially if the metric of

response primarily reflects species richness. Moreover,

the consequences of microhabitat modification may

require more time to manifest because they represent

alterations in the value of a macrohabitat rather than the

addition of macrohabitat, per se.
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