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INFLUENCE OF EXPERIMENTAL HABITAT MANIPULATIONS
ON A DESERT RODENT POPULATION IN SOUTHERN UTAH
JipingZou
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Abstract. This paper addresses how habitat manipulations in a black sagebrush (Artemisia nova) -dominated area,
John s Valley of southern Utah, affected resident desert rodent populations. Rodents studied included the deer mouse
{Peromyscus maniculatus), Great Basin pocket mouse (Perognatkus partus), sagebrush vole (Lagurus curtatus), Ord's
kangaroo rat (Dipodomys ordii), and least chipmunk (Eutamias minimus). The experimental design involved analyses
of treatment and control (nontreatment) plots rather than pre- and posttreatment of all plots. Habitat manipulations
emphasized cutting of shrubs (rotobeating), treatment of plants with a herbicide (2,4-D), and reseeding with a mixture
of grasses, forbs, and shrubs. Posttreatment trapping indicated the deer mouse was the most abundant rodent in
treatment and control plots. Data indicate the prescribed habitat treatments had no significant negative affects on the
deer mouse demes on the control or treatment plots. Habitat treatments may have negatively impacted recruitment in
pocket mice. Least chipmunks were not captured in plots treated by rotobeating. Our habitat manipulations may have
contributed to interspecific competition in this rodent community through the reduction of both food and cover.

Many

ecological factors influence the dy-

supplies and essential microhabitat (Taylor

namics of a cold desert rodent population.

1963,

When

tive

aspects of the vegetational habitat are

altered

for

management purposes, subse-

quent responses can be expected in rodent
populations that reflect changes in interspecific relationships as well as changes in

home range, reproduction, disperrecruitment, body size, and food habits. It

density,
sal,

measured responses to
changes of components in the habitat.
Reason suggests an interrelated hierarchy of
difficult to relate

is

specific

limiting factors operating either individually,

Weckey

1963, Holbrook 1979). Alterna-

conclusions resulting from Parmenter

and MacMahon's (1983) habitat manipulations
within a shrub steppe ecosystem suggest that
shrub architecture and other shrub-related
resources are unimportant to some rodents
(e.g., deer mouse, Peromyscus maniculatus,
Great Basin pocket mouse, Perognatkus
parvus; and northern grasshopper mouse,
Onychomys leucogaster). Others have shown
that the vertical and horizontal complexity of
foliage do not correlate well with functional

in

an additive fashion, or synergistically to
a series of responses from the impacted
rodent population.
Previous studies of critical factors suggest

diversity of small

elicit

Grenat and Serranos 1982).

that

bicide treatments did not eliminate cover pro-

population density is a consequence of survival, reproduction, and dispersal of individuals. These processes
are affected by the capacity to tolerate expressions of

the physical environment, the availability of essential
resources and interactions with other individuals of the

same and

different species

They have shown

(Brown and Munger

as well as interspecific

competition within a

guild of ecologically similar species play a

ma-

jor role in regulating the density of desert

rodent populations.

Other studies have indicated

that habitat

manipulations adversely affect rodent food

1976,

Johnson and Hansen (1969) found that
2,4-D (2,4-dichlorophenoxy acetic acid) hervided by stems and branches of shrubs killed
by the treatment. They observed no significant differences in deer

mouse density be-

tween treated and untreated rangelands.

1985).

that limited food resources

mammals (MacMahon

The opportunity
between

to further explore the rela-

small rodents and disturbances in their habitats came as a companion
study of habitat alterations designed to benefit
tionships

the Utah prairie dog (Cynomys parvidens), a
threatened species (U.S. Fish and Wildlife
Service, 49CFR2330). This suite of habitatdisturbing treatments, along with control
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Fig. 1. Climatic diagram representing weather variables (temperature, C; precipitation,
Canyon, Utah, during 1986.

areas, allowed examination

and testing of the

following hypotheses relating to small

mam-

mals (excluding C. parvidens):
1.

Population densities of small rodents on treated plots
would be reduced by a combination of factors including depressed reproduction, increased dispersal, and
increased mortality.

2.

The

size of home ranges of the various rodent species

would generally increase on treated
3.

4.

areas.

Body weights of rodents, as an indicator of body condition, would be proportionately less on treated plots.
Diversity of rodent species would decrease in relato vegetational treatments; interspecific

tionship

dominance by one or more species may be evidenced.
5.

The effects of vegetational treatments can be
tively

measured and expressed

in

quantita-

ways meaningful

to

mm) measured

at

Bryce

tional cold desert shrubland. Dispersion of
vegetation varies from open grassy areas to
stands of closely or widely spaced shrubs.

Dominant shrubs in this area are black sagebrush {Artemisia nova), fringed sagebrush
(Artemisia frigida), carpet phlox (Phlox
hoodii), dwarf rabbitbrush (Chrysothamnus
depressus), rubber rabbitbrush (Chrysothamnus nauseosus), winterfat (Ceratoides
and broom snakeweed (Gutierrezia
sarothrae). Dominant grasses are western
wheatgrass (Agropyron smithii) and squirreltail (Elymus elymoides). Prominent forbs are
lanata),

pretty

rockcress

(Arahis

pulchra),

vernal

daisy (Erigeron pumilus), and longleaf phlox

names of plants
Welsh et al.(1987). Average monthly
precipitation was 39 mm in 1986 but is highly
variable (0 to 130 mm) from month to month.
The wettest months of the year are from July
to September. Mean monthly temperatures
(Phlox longifolia). Scientific

resident rodent populations.

are after

Study Area and Methods

The study site (2.56 square km) is just west
of Widtsoe Junction, Garfield County, near
Bryce Canyon National Park. It was established on lands administered

Utah

in

what

is

known

by the

state of

as John's Valley.

The

average elevation at the study site is 2,290 m,
and, although the terrain is relatively flat, the
northeast corner is dissected by a dry watercourse. Vegetation is primarily upper eleva-

range from
(Fig.

—2 C

in

January to 17

C

in July

1).

Studies were conducted on 12 plots,
each 165 x 165 m and located at least 0. 16 km
from adjacent plots. The experimental design
represented a randomized complete block
with three replications. Three treatments

July 1989

Fig. 2.
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location of the study site in southern

Utah and the

(September and October 1985) included

(1)

mechanical shredding (rotobeating) followed
by reseeding; (2) spraying with 3.3 kg/ha
2,4-D (2,4-dichlorophenoxy acetic acid) per
plot; and (3) spraying with 3.3 kg/ha 2,4-D per
plot followed by reseeding (Fig. 2). The 12
study plots were divided into three blocks
with three treatment plots and one control
plot in each block. All treated plots were enclosed with electrical wire fencing in May
1986 to prevent grazing by livestock.

spatial relationship of the

437

treatment and control

plots.

Each plot contained a 10 x 10 station trapping grid with each trap 10 m apart; thus, 100
x 11 x 11 cm) were
monitored in every plot each day of trapping.
Trap stations were permanently marked with
a numbered stake. Traps were set on each plot
for five consecutive nights during three trapping periods (5-23 May, 23 June-11 July,
4-22 August 1986). Traps were baited with a
grain mixture after 6 p.m. and checked before
9 a.m. the next morning. This time interval
live-capture traps (38

Great Basin Naturalist
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allowed capture of diurnal as well as nocturnal

Trapped mammals were identified
and checked for sex, age (adult or juvenile),
weight, reproductive condition, and station
number where trapped. They were then
marked by toe-clipping before their release.
Trap nights were shifted slightly in August to
rodents.

avoid the rodent mortality expected
trapping during wet weather.

when

Density and projected canopy cover of
shrubs on the treatment and control plots
were measured by the point-quarter method
(Mueller-Dombois and Ellenburg 1974). Vegetation biomass in each plot was estimated
using a double sampling technique (Tadmor
et al. 1975). Vegetation sampling occurred
within a series of 30 randomly selected 1-m
quadrats (10 each on random lines) in each
plot. There were three periods of vegetation

sampling from

May

to

September:

July, (2) July-early August, (3) late

(1)

May-

August-

September. Vegetation was sampled concurrently with trapping.

The

difference

between

biomass of shrubs, forbs, and grasses (and
grasslike plants) among treatment and control
plots was tested using two-way ANOVA (Ott
1984). Similarity of vegetative composition in
each plot was analyzed using a method based
on the frequencies of observed plant species
(Sneath and Sokal 1973). Regression analyses
were used to investigate the relationship be-

tween diversity of vegetation and diversity of
rodents (MacArthur 1972).
Population density of desert rodents was
estimated from mark recapture data using
Hayne's (1949) modified ratio method. This
method assumes no individual mortality, emigration, immigration, or trap avoidance by the
rodents under study during the trapping periods. Seasonal changes are expected in population densities of desert rodents; therefore,

separate estimates were generated in each
trapping period. The averages of the three
estimates of population density in each treat-

ment and

control plot

were used

as

summary

data.

Those data derived from trapping rodents
did not follow a normal distribution
were analyzed using nonparametric statistical
methods to evaluate difference among treatment and control plots. The Kruskal Wallis
test was used for paired comparisons within
that

each trapping period (Siegel 1956).

Vol. 49, No. 3

Population dynamics of the deer mouse,
pocket mouse, and other rodents were investigated

between May and August 1986.

Home

range size of the deer mouse was estimated
using the minimum area method (Dalke 1942,
Mohr 1947, Stickel 1954). Only those animals
captured three or more times with no more
than two captures on the edge of the grids
were included in calculations of home range.
Data on size of home ranges were quantitatively transformed (Woolf 1968) to stabilize
the variance among samples from treatments

and control

A two-way ANOVA was

plots.

applied to these data as a test for differences in
home range size between deer mice among
treatment and control plots during the trapping periods.

Results

A total of 18,000 trap nights yielded 459
unique rodents for a trap success of 6.0%.
Five species of rodents were caught; these
included the deer mouse (Peromyscus maniculatus), 76.5%; Great Basin pocket mouse
(Perognathus parvus), 13.7%; sagebrush vole
(Lagurus curtatus), 2.6%; Ord's kangaroo rat
(Dipodomys ordii), 1.3%; and the diurnal
least chipmunk (Eutamias minimus), 5.8%.
Deer mice are widely distributed and were
caught on all plots. Minimal data were generated on the pocket mouse and other rodent
species; thus, statistical analyses, to associate

the effects of habitat manipulation on popula-

were confined to the deer
mouse. The other species noted above were
more restricted in distribution and were not
present on all plots either because of overall
low levels of population density or perhaps
as a result of specific treatments. For example, least chipmunks were not captured on
tion characteristics,

the rotobeaten plots. Estimates of population density were derived for each trapping
period during the seasons of sampling (Table 1,
Fig. 3).

For the deer mouse population, nonparastatistical analysis suggested no significant difference among treatments and control
metric

plots within each trapping season (Table 2).

The deer mouse increased on

plots

to August. Population increases

from

were

May

also ob-

served for other rodent species, but the number of pocket mice did not change significantly
among the three trapping periods (Fig. 4). In

Zou et al.: Rodent Habitat Manipulations

July 1989
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1.

Estimates of mean population density (number per hectare
and control plots in southern Utah.

habitat treatment

x
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± SD) of five rodent species in relationship to
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Fig. 4.

July

1986

August 1986

Dates

Seasonal trend in estimated population density plotted for the deer mouse and Great Basin pocket mouse;

values for the other three rodent species are combined.

Table
the deer

3.

Differences in

mouse on

treatments

mean

home

size of

ranges of

plots that received various habitat

in Garfield

County, Utah.

Home range
Treatment

(x

451
1110
1177
709

Control
Rotobeating and reseeding
Herbicide
Herbicide and reseeding
*Values followed by different

letters, a

and

± SD)

m
m
m
m

2
2
2
2

±
±
±
±

416*a
1144b
863b
759a

b, are significantly different.

treatments.

1964).

There were no significant differences in
between the treatment and con-

trol plots

(Table

5).

Percent frequency of occurrence for common plant species on treatment and control
plots is shown in Tables 6, 7, and 8. Summarized data on frequency of occurrence for vegetation were submitted to cluster analysis
(Sneath and Sokal 1973) (Fig. 6), and the following conclusions seem evident: (1) Seasonal
changes in vegetation frequency were more
evident than changes attributed to habitat

Although

vegetation

fre-

agreement. (3) Vegetation on the treated plots
was more homogeneous and had greater congruity than vegetation on control plots.
Regression analysis suggests there was an
inverse linear relationship

(r

= —.76)

be-

tween the diversity of the frequency of occurrence for vegetation and the same diversity of
rodents on the study plots (Table 9).

Grass biomass significantly increased on the
herbicide treated plots (F = 79.18, d.f. = 2,4
p = .001), and this too was expected (Johnson
forb biomass

(2)

quency varied among the treatment and control plots, there was usually at least 50%

Discussion

Because biomass of graminoides and annual
was less affected by habitat treatments
than was biomass of shrubs, both grasses and

forbs

were more uniformly available as a food
source for rodents on treatment and control
plots. Biomass of grasses increased on plots
forbs

treated by herbicide. Variation in plant spe-

on plots fails to account for rodent species diversity because the most vegetatively diverse plots had relatively lower
rodent diversity (Table 9). This observa-

cies diversity

tion questions the relationship

between plant

442
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Table 6. Percent frequency of occurrence for plant species during the
treatment and control sites.

Species

first

443

sampling period (May-early July)

for
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Table

8.

Septemher)

Percent frequency of occurrence
treatment and control sites.

for plant species

Vol. 49, No. 3

during the third sampling period

Rotobeating
Species

Control

and reseeding

70
30

93

Grasses

Agropyron

(late

August-

for

smitJiii

Sitanion hystrix

Shrubs

A rtemisia frigida

36

Artemisia nova
Artemisia pygmaea
Ceratoides lanata

91

Chrysothamnus depressus
Chrysothamnus nauseosits

16

Gutierrezia sarothrae

Phlox hoodii

43
92

Forbs
Arabis pidchra
Erigeron ptimilus
Phlox longifolia

22
3

8

60
7

Herbicide

Herbicide and
reseeding

Zouetal.: Rodent Habitat Manipulations

July 1989
Table

9.

Values for an index of diversity (MaeArthur

index, 1972) pertaining to frequency of occurrence for

vegetation and five rodent species on plots studied in
relationship to habitat treatments.

and

this

small

445

would be most important

mammals occupying

for

very

high, cold desert

communities. Loss of functional cover would
from avian and terrestrial nocturnal predators. Pocket mice are crepuscular and nocturnal and, thus, would be
active concurrently with deer mice. Apparently the combination of factors associated
with the prescribed habitat treatments negativelv impacted these pocket mice (Table 1,
also increase the risk

Treatments

Diversity of

Diversity of

vegetation

rodents

Control

9.

1.3

Rotobeating and reseeding

6.5
6.6

1.5

Herbicide

1.6

dimension of area availresident deer mice
to expand their two-dimensional home range.
Rotobeating of shrubs would immediately reduce the canopy aspects of home range, while
treatment with 2,4-D would have a more
gradual effect. The arthropod population dependent on the shrub canopy would also be
eliminated, thus forcing deer mice to forage

important for environmental amelioration for
the diurnal least chipmunk (Parmenter and
MacMahon 1983) and for protection from
avian and terrestrial predators. The severe
reduction in shrub canopy cover on the rotobeaten plots probably induced least chipmunks to emigrate to more favorable sites.

for terrestrial arthropods, succulent vegeta-

They remained on

reduce

that

this third

able for foraging

may force

tion,

and seeds. This behavior would bring

them

into

more

Figs' 3,

4).

A certain threshold of shrub canopy cover is

the herbicide-treated plots

until the third trapping period.

Apparently

direct conflict with resident

the dead canopy of shrubs provided adequate

pocket mice over use of these essential resources. Data indicate deer mice apparently
dominate in these kinds of interactions.

cover until daily ambient temperatures
reached their highest levels, thus forcing dispersal (Table 1). The fossorial behavior of

Brown and Munger

chipmunks (Lechleitner 1969) would
some loss of shrub canopy cover
but would not protect these rodents while

(1985)

showed

petition for limited food resources

comhad a dethat

cided effect on organization of desert rodent
communities. Species occupying different
feeding and habitat guilds would not be expected to respond in a competitive manner
(Hallet et

al.

1982).

Deer mice

readily forage

and shrubs (Everett
1978) and thus have seriously con-

for seeds of grass, forbs,
et

al.

tributed to failures of rangeland

seedings

(Howard 1950, Spencer 1954, Nord 1965,
Nelson

et

al.

failure of the

1970). Their contributions to the

seeding efforts

in this

study are

unknown, but population levels on the herbicide and reseeded plots remained near that of
the control plots.
The rather severe habitat treatments negatively affected resident pocket mice (Table 1,
Fig.

3).

tions

Following habitat treatments, interac-

between pocket mice and deer mice

essential, but reduced, resources

for

may have

registered negative impacts on pocket mice.

The mechanical disturbances

of rotobeating
and, to a lesser extent, herbicide treatment
may have collapsed the shallow network of
tunnels usually maintained by the Great Basin

pocket mouse (Banfield 1974). A dense crown
cover of vegetation prevents chilled air from
settling to ground level at night (Smith 1966),

least

substitute for

foraging.

Sagebrush voles were uncommon and
found only on rotobeaten plots during the first
sampling period after treatment, thereafter
being confined to the control plots. They have
been observed to be active 24 hours of the
day, year-round, and are considered strictly
vegetarian (Carroll and Genoways 1980), preferring succulent vegetation such as tender
leaves, nodes, young culms, and seeds in the
dough stage (Maser et al. 1974). Sagebrush
(usually Artemisia tridentata) leaves are
heavily utilized from October through Janu-

sagebrush and rabbitbrush
either alive or dead,
function as essential year-round cover (Maser
ary; furthermore,

(Chrysothamnus

sp.),

et al. 1974). There is a negative relationship
between wind velocity at ground level and
activity of sagebrush voles aboveground

(Maser et al. 1974). Therefore, treatments
that reduced the aboveground vegetation

would contribute to increased wind at the
ground surface. The prescribed habitat treatments were detrimental to the short-term and
long-term requirements of sagebrush voles

(MaeArthur

1972).

Great Basin Naturalist
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The

overall plant

heavy clay

community and

to stony soils

on the study

rather
site are
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deer mouse and Great
mouse did not support this as-

tion density of the

Basin pocket

probably not ideal habitat for Ord's kangaroo
rats. These nocturnal rodents are rather poor
burrowers because of their weak forelegs and
slender claws and are usually found in burrow
systems dug in loose sand or loess (Banfield
1974). The process of rotobeating on plots
often uprooted shrubs from the soil; this action created soil conditions more compatible
with the requirements of kangaroo rats. The
more xeric conditions created by this treatment were probably not detrimental to this
desert-adapted species.
This study did not address other factors that
could and, perhaps, did influence the populations of small mammals on the treatment and
control plots. Beneficial data and insight could
be gained from documenting direct behavioral interactions between species, determin-

sumption. Scanty data regarding least chipmunks and sagebrush voles seemed to agree
with this premise. Seasonal trends indicated
that reproduction of pocket mice and perhaps

ing the effects of disease and parasites, observing differential responses of predators,

food or the foraging capabilities of this oppor-

looking at unresolved mortality, documenting
long-term reproduction and dispersal, and
examining ecological relationships with the

Utah prairie dog.
Funding constraints did not allow

for a

longer period of posttreatment investigation.
We concur with Wiens and Rotenberry (1985)
in appreciating that time lags in responses of
individual animals on treated plots, as well as
behavioral fidelity to sites regardless of treatments, make data from these kinds of studies

more

difficult to interpret.

Conclusions
Evaluation of field data in relationship to
the working hypotheses provides useful insight for ecological studies that use experimental designs involving evaluations of treatment and control data. Results in our study

were compromised somewhat by

restricting

the evaluation to the first season after habitat
treatments, failure of the reseeding effort, and
confounding by factors similar to those discussed by Wiens and Rotenberry 1985. A

survival of juveniles were negatively affected
by the prescribed habitat perturbations.

Hypothesis 2: The size of home ranges of
the various rodent species would generally
increase on treated areas. Trapping results

provided significant data only for the deer
mouse, and home ranges of these mice increased in size apparently in response to habitat

treatments.

3: Body weights of rodents, as
an indicator of body condition, would be pro-

Hypothesis

portionately less on treated plots. Adequate

data on the deer

mouse did not

validate this

hypothesis. Habitat treatments did not limit

mouse.
Hypothesis 4: Diversity of the rodent species would decrease in relationship to vegetatunistic

tional treatments; interspecific dominance by
one or more species may be evidenced. Lack
of significant data on rodents other than the
deer mouse weakens the conclusion that this
premise is not true (r = —.87). The deer
mouse appears to be interspecifically dominant in its guild and probably most affected
the Great Basin pocket mouse on treated
sites.

Hypothesis 5. The effects of vegetational
treatments can be quantitatively measured
and expressed in ways meaningful to those
who investigate resident rodent populations.
Measured reductions in canopy cover of
shrubs on treated plots agreed with twodimensional expansion of home ranges of the
deer mouse. The canopy of shrubs serves as a
third-dimension of foraging habitat for the
deer mouse, and they respond to removal of
this resource.
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