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ABSTRACT

The effects of woody vegetation removal on the noc-
turnal rodents of a desert-scrub grassland ecotone at the
Santa Rita Experimental Range in southern Arizona were
studied for an 18-month period. Live trap, mark, release
studies were conducted on two adjacent 1.69 hectare grids,
one of which was relatively undisturbed and served as a
control, and the second which had recently had the woody
vegetation chained down.

Parameters analyzed included home range, density and
biomass, reproduction and species composition of the rodent
fauna of the two areas. The initial impact of the chaining
operation resulted in an over-all decrease in the rodent

population, especially Dipodomys merriami. This initial

low population density of D. merriami was compensated for by
continued breeding throughout the winter months on the
chained area.

Home range sizes were not significantly altered for
any of the rodent species as a result of the vegetation
removal. Population density and biomass fluctuated on the

two areas, but the same trends were evident on both areas.

ix
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Because of the ecotonal position of the study area,
vegetation removal allowed a dense grass cover character-
istic of slightly higher elevations to develop on the chained
area. This in turn resulted in an increase in the number
of individuals of some of the rodent species which are
generally associated with the denser grasslands of the

higher elevations. Perognathus flavus was especially re-

sponsive to the vegetation manipulation, becoming much more
common on the chained area. In addition, several species

of cricetid rodents also became more numerous on the chained
area.

Although several changes occurred in the rodent
population during the 18-month study period, the net effect
of the vegetation removal was slight, but it may be expected
that changes will continue to occur as ecological succession

proceeds.



INTRODUCTION

Removal of woody vegetation as a means of increasing
grass production on rangelands is a relatively common prac-
tice over large areas of the southwestern United States.
"Chaining" (i.e., dragging a large chain at ground level
between two Caterpillar tractors) is a suitable method of
woody vegetation removal in many places. Large scale en-
vironmental manipulations of this nature affect not only the
vegetation, but also have an impact on the faunistic elements
of the area. Nocturnal rodents are an integral part of
these communities and because they rely on plants for many
of their basic needs, are affected by such disturbances.

This study was designed to evaluate the relatively
short term effects of woody vegetation removal on the rodent
population inhabiting a desert-scrub grassland. Two adjacent
areas were utilized, one of which was relatively undisturbed,
the other had recently had the majority of woody plants up-
rooted by chaining.

Investigations, which were carried out in conjunction
with the International Biological Program (IBP), were begun
in July of 1970 and continued until December of 1971.

During this 18-month period, 783 nocturnal rodents repre-
senting three families (heteromyidae, cricetidae and muridae)

1



and 14 species were captured and recaptured a total of

5041 times. Data resulting from these captures were analyzed
and comparisons were made between the two sites with regard
to changes in (1) home range, (2) population density and

biomass, (3) reproduction, and (4) species composition.



DESCRIPTION OF STUDY AREA

This study was conducted at the Santa Rita Experi-
mental Range, approximately 50 kilometers south of Tucson,
Arizona. The Experimental Range is a 20,000 hectare (50,000
acre) reserve which has been under the control of the Forest
Service, U. S. Department of Agriculture, since 1903. The
study areas were situated in a desert-scrub grassland
ecotone at an elevation of 975 meters (3200 feet) adjacent
to the Tucson Basin International Biological Program (IBP)
validation site. Two sites were examined during this study.
Site one was located at the intersection of sections 10,

11, 14 and 15, Township 18 South; Range 14 East, Pima County,
Arizona. Site two was in the north half of section 11,

Township 18 South; Range 14 East.

Site One--Control

This site was a part of the 81 hectares (200 acres)
designated for the IBP validation studies on which no vege-
tation manipulation was undertaken. This site served as a
control and was used for comparison with and evaluation of
the effects of vegetation manipulation on the nocturnal

rodent population of site two.
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The vegetation of site one was three layered with a

shrub layer composed mainly of burroweed (Aplopappus

tenuisectus); desert zinnia (Zinnia pumila); Mormon tea

(Ephedra trifurca):; and ratany (Krameria Grayi). A cactus

layer was made up of cholla (QOpuntia fulgida and Q0. versi-

color) and prickly pear (Opuntia Engelmannii) while a layer

of small trees was largely confined to the drainage ways

and was composed of mesquite (Prosopis juliflora) and palo-

verde (Cercidium floridum). Plant names are from Kearney

and Peebles (1969). 1In addition to the woody vegetation
there were several annual and perennial grasses as well as
a number of annual herbaceous plants. Table 1 lists the
most common plants occurring in the area. This area was
at the same elevation as site two and supported vegetation
characteristic of that found on site two before treatment.
Figure 1 is a photograph of site one showing the general

physiognomy of the area.

Site Two--Vegetation Manipulation

Site two was approximately 1.6 kilometers (1 mile)
northwest of the control area and was a portion of the 81
hectare IBP Manipulated Site on which the majority of the
woody vegetation was chained down during June of 1970.

As a result of the treatment, almost no woody plants
remained standing, the only exception being a few scattered

prickly pear cactus that remained partially rooted, some



Table 1. Common plants occurring on the control area. --
Scientific names taken after Kearney and Peebles

(1969) .

Scientific Name

Common Name

Ephedra trifurca

Prosopis juliflora

Cercidium floridum

Acacia greggii

Celtis pallida

Opuntia Engelmannii

Opuntia versicolor

Opuntia fulgida

Aplopappus tenuisectus

Zinnia pumila

Krameria Grayi

Gutierrezia Sarothrae

Encelia frutescens

Bouteloua Rothrockii

Aristida barbata

Trichachne californica

Andropogon barbinodis

Heteropogon contortus

Mormon Tea
Mesquite
Paloverde
Catclaw
Hackberry
Prickly Pear
Cholla

Cholla
Burroweed
Desert Zinnia
Ratany

Snake Weed
Brittle Bush
Rothrock grama
Three Awn
Cottontop
Bluestem

Tanglehead







Ephedra and an occasional small hackberry or catclaw along
some of the deeper washes. With these exceptions, only the
grasses and annual herbaceous plants remained. The woody
vegetation which was uprooted was left where it accumulated,
forming scattered piles of dead brush throughout the area
(Figure 2). As the study progressed, grasses and annuals
became more numerous and formed a denser ground cover than

on the control area.

Climate

Rainfall is biseasonal with winter rains generally
occurring from December through February, and the more local
and erratic summer rains beginning either in June or July
and occurringsporadically through October. Mean annual
precipitation is approximately 305 millimeters but may vary
greatly from year to year. Highest temperatures are normal-
ly attained in July when the mean monthly temperature is
approximately 30° c. January is the coldest month when the

mean monthly temperature is about 9.5° c.






MATERIALS AND METHODS

In order to monitor the activities of the nocturnal
rodents inhabiting the areas, a live trap grid was estab-
lished on each of the two areas. Each grid consisted of
14 rows and 14 columns of traps spaced at ten meter inter-
vals forming a square grid 130 meters on a side. A total
of 196 stations with one trap per station covered an area
of 1.69 hectares (4.17 acres).

Traps used in the study were built locally and
differed from the Sherman type trap in that they were larger,
10 x 10 x 25.5 cm, with the bottom, side and door made of
galvanized sheet metal, the top and end were covered with
one-quarter inch mesh hardware cloth. The treadle was of
the pivot type, and the door was of a simple swing drop
design. The traps, although large enough to catch Neotoma
albigula, the largest of the nocturnal rodents in the area,

were also sensitive enough to catch Perognathus flavus,

the smallest, which often weighed no more than five grams.

Trapping Procedure and Schedule

All traps were baited shortly before dark on each
evening of a sample period. Approximately one gram of

peanut butter-ocat meal-water mixture was placed on the back
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of the treadle of each trap. Traps were checked approxi-
mately midway between dark and sunrise of the following
day, and again at sun-up. This allowed those animals which
were captured early in the night an opportunity to be re-
leased and recaptured a second time during the same night.
This check was also necessary, especially in the warmer
months, to replenish the bait which had been removed by
ants or other insects.

During the fall and wintef of 1970, when the nightly
minimum temperature began to approach 10° ¢, the traps were
supplied with Dacron as nesting material in an attempt to
reduce trap mortality due to exposure to cold. This material

was adequate for all species except Dipodomys merriami.

The kangaroo :ats when trapped apparently ran back and
forth in the trap in such a manner as to get the Dacron
tangled around one or sometimes both hind legs. On several
occasions an animal was found to have the nesting material
tightly wrapped around a leg cutting off the circulation to
the foot causing it to become greatly swollen. 1In such
cases, the Dacron had to be cut to remove it from the
animal's leg. Apparently no lasting damage was done because
most of these animals when later recaptured had no obvious
disability. In the winter of 1971, cotton was used as
nesting material, but the kangaroo rats became entangled in

it to almost the same extent as in the Dacron.
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Howard (1951) has suggested that small rodents are
able to survive exposure to below freezing temperatures
in live traps without nesting material as long as they are
provided with a surplus of food. On several occasions when
the temperature was expected to drop below 10° ¢ the traps
were supplied with a handful of dry oatmeal in addition to
the normal peanut butter-catmeal mixture. This extra food
seemed to have little value in increasing survival of D.
merriami since several died in the traps without having
eaten any of the food. Because neither the nesting material
nor the extra food supply was effective in eliminating trap
mortalities on particularly cold nights, on a few occasions

the traps were closed at the midnight check.

Initial Marking Period

All animals, when first captured, were marked with
a unique combination of toe clips so that on subsequent
captures individuals could be identified. For all captures,
pertinent information such as species, individual identifi-
cation number, location (trap number), sex, weight, repro-
ductive condition, and general condition such as molt
pattern and abnormalities were recorded.

The initial marking period on each grid consisted
of 14 consecutive nights of trapping in an attempt to mark
as much of the population as possible. The grid on the

control area was the first to be put into operation,
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beginning on July 24, 1970, and continuing until August 7,
1970. During this period a total of 125 rodents were marked
and released.

The chained area was trapped for a l4-day period
from August 24 to September 7, 1970. Eighty-five rodents
were marked during this period. The initial sampling on the
manipulated area was done approximately two months after

the vegetation removal had been completed.

Periodic Sampling

After the initial marking periods were completed,
a trapping schedule of two consecutive nights at two-week
intervals was maintained from September, 1970, until March,
1971. 1In late March, 1971, both grids were trapped for ten
consecutive nights. After this the two-night sampling
was done at monthly intervals until the conclusion of the

study in December, 1971.

Analysis of Populations

The two populations were analyzed to determine which
parameters were altered as a result of the woody vegetation
removal. Comparisons were made concerning the species
composition, home range, population density, biomass, and

reproductive biology of the two populations.
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Home Range

Live trap data collected over an 18-month period
were used to determine the average home range size for each
species of nocturnal rodent present in the study area.
Individual home range areas were computed using the exclu-
sive boundary strip method which Stickel (1954) found to be
the most accurate method for estimating home range size.
For comparative purposes these home range areas were then

converted to the radii of circles having an equal area.

Population Density

In order to estimate population density of small
rodents, it is first necessary to know the effective sample
area for each of the species present (Dice 1938), and the
number of individuals within this area. The sample area
was calculated as the size of the trap grid (1.69 ha) plus
a strip equal to the mean home range radius of the species
added to the periphery of the grid.

Data gathered in the initial 14-day marking period
and the ten-day sampling period clearly indicate that all
of the rodents inhabiting the study areas were not being
captured during the two-night trapping sessions used through-
out the study. Therefore the number of individuals within
the sample area were estimated by two methods: (1) Lincoln
index, and (2) direct enumeration (Pearson 1953, Snyder

1956, Fleming 1971).



14

Biomass Estimates

The biomass of each species was determined by taking
the product of the average weight and estimated population
density as determined by the direct enumeration method for
each of the trapping periods. Data were combined when there
were two sampling periods for a given month. Since rodent
weights vary considerably with such factors as age, time
of year, breeding condition and since weights for species
with adequate samples were not significantly different for
the two plots, the average weights for all individuals of
a species from all sampling periods were combined and this

mean was used in all biomass calculations.

Reproductive Condition

Reproductive condition was recorded each time an
individual was captured. Female heteromyids were considered
to be in a reproductively active state if they were pregnant,
lactating, or in the estrus cycle as determined by the con-
dition of the vaginal lips (Hayden, Gambino and Lindberg
1966; Bradley and Mauer 1971). In cricetid females there
is in general an absence of cyclic changes in the vulva
during estrus, therefore only pregnancy and lactation could
be used to indicate reproductive condition.

The reproductive condition of males was estimated by
the relative size and position of the testes. Those with

enlarged scrotal testes were considered to be reproductively
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active while those with small abdominal testes were judged

to be sexually inactive.



RESULTS

Results of the initial trapping period are summarized
in Table 2. The lower number of animals marked on the
chained grid during this period is largely due to the re-

duced Dipodomys merriami population, the most common species

on both areas.

Table 3 lists the results of the ten-day sampling
period from 25 March through 3 April 1971. By this time
the D. merriami population had increased on the chained area
and the total number of animals on the chained area had
surpassed that of the control. |

The total number of individuals marked and the
number of captures on the two grids during the entire
period of the study are shown in Table 4. The total number
of individuals marked on the two grids was approximately the
same, but the numbers of individuals of some species were
somewhat different for the two grids. Total captures were
slightly higher on the control grid. However, the average
number of captures per individual was approximately the same
for the two populations: 6.7 captures per individual on the

control area and 6.2 captures per individual on the chained.

16
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Table 2. Rodents captured on the two grids during the
initial l4-day marking period. =- 24 July-7 August
control, 24 August-7 September chained, 1970.

Control Chained
Dipodomys merriami 52 20
Dipodomys spectabilis 1l 0
Perognathus penicillatus 35 38
Perognathus baileyi 2 8
Perognathus amplus 21 14
Perognathus flavus 0 0
Onychomys torridus 11 3
Neotoma albigula 3 2
Peromyscus eremicus 0 0
Peromyscus maniculatus 0 0
Reithrodontomys montanus 0 0
Reithrodontomys fulvescens 0 0
Sigmodon hispidus 0 0
Mus musculus 0 0

Total 125 85
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Table 3. Summary of trapping results on both grids for
ten~day period March 25 to April 3, 1971.

Control Chained
Dipodomys merriami 51 52
Dipodomys spectabilis 0 ' 1
Perognathus penicillatus 11 - 17
Perognathus baileyi 0 4
Perognathus amplus 21 11
Perognathus flavus 2 10
Onychomys torridus 19 11
Neotoma albigula 7 1
Peromyscus eremicus 0 1
Peromyscus maniculatus 0 2
Reithrodontomys montanus 2 7
Reithrodontomys fulvescens 0 3
Sigmodon hispidus 0 0
Mus musculus 0 0
Total 113 120
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Table 4. Total number of individuals marked and number of
captures on the two grids during the 18-month
period.

Control Chained

Marked Captures Marked Captures

Dipodomys
merrilami ' 194 . 1441 144 1109

Dipodomys
spectabilis 2 6 3 27

Perognathus
penicillatus 61 290 67 420

Perognathus
baileyi 12 26 22 95

Perognathus .
amplus 60 385 34 187

Perognathus
flavus 3 6 50 158

Onvychomys
torridus 49 426 33 242
Neotoma

albigula 9 65 4 31

Peromxscus
eremicus 1 1l 7 26

Peromyscus
maniculatus 0 0 3 12

Reithrodontomys
montanus 4 13 13 54

Reithrodontomys
fulvescens 2 8 4 11

Siggodon_
ispildus 1 1 0 0
Mus

musculus 0 0 1 1

Total 398 2668 385 2373
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Home Range

The concept of home range is basic to most small
rodent population studies and is one parameter which may be
of value in interpreting effects of environmental changes on
populations (Jorgensen 1968). Home range analyses and
comparisons were made for the two populations to evaluate
the effects of vegetation manipulation on spatial utiliza-
tion of rodents inhabiting the two quadrats.

Several difficulties are commonly encountered in
gathering and interpreting data for home range estimates
of small mammals, and although doubts regarding the accuracy
of home range estimates based on live trap data have arisen
(Chitty 1937, Hayne 1949b), it still provides the most con-
sistent method for studying the area of activity and move-
ments of small nocturnal rodents.

A number of methods utilizing live trap data have
been suggested for use in calculating home ranges. These
have been discussed by Burt (1943), Hayne (1949a, 1950),
Davis (1953), Stickel (1954, 1960), and Stickel and Warbach
(1960). In addition, Brown (1962) has reviewed and sum-
marized much of the earlier work on the subject.

Live trap, mark, release studies rely on capturing
an animal in as many parts of its home range as possible,
or at least in all the "ecologically significant" areas of

its range (Hayne 1949a). Therefore long and intensive
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trapping periods provide the best opportunities for recap-
ture which in turn provides the best estimate of home range.

When field data are tabulated to show length or area
of range, the known range tends to increase at successive
captures, rapidly at first and then more slowly until a
level is reached that approximates the true range (Stickel
1954). For this reason there is a mean minimum number of
times an animal should be captured before being considered
in an estimate of home range for the population. The number
of captures needed to demonstrate home range size varies with
species and between different populations of the same species.
Some authors have based home range estimates on as few as
two captures (Fitch 1958). Stickel (1960) used four
captures, while Bradley (1967), working in Nevada, found
that approximately 20 captures were needed for a reliable
estimate of home range in the Antelope Ground Squirrel

Ammospermophilus leucurus.

The average number of captures required for a
stabilization of mean home range length was calculated for

Dipodomys merriami, Perognathus penicillatus, P. flavus,

P. amplus, Neotoma albigula, and Onychomys torridus.

This was done by determining the mean number of captures
after which the range did not increase with additional
captures. Only those individuals captured this minimum

number of times were used in home range determinations.
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The average number of captures beyond which the size of
home range ceased to increase in the six most common
species is shown in Table 5. For those species with too
few recaptures, home range estimates were based on those
individuals captured a minimum of three times. Table 6
summarizes the home range calculations for the seven most

common Species on the two grids.

Dipodomys merriami

Dipodomys merriami was the most common species taken

on both plots during the study. A total of 194 individuals
were marked on the control area while 144 were recorded

from the disturbed habitat. Of these, only those individuals
captured a minimum of eight times were used in home range
calculations. This included 63 individuals from the control
area captured a total of 1093 times, an average of 17.3
captures per animal. On the chained area, the 46 kangaroo
rats used in home range computation were captured 810 times,
an average of 17.6 captures per individual.

The size of the home range was found to be signifi-
cantly larger for males than for females on both trap areas
(P < .01). Males on the chained area had slightly, al-
though not significantly, larger ranges than did the males
on the control area. The home ranges of females was

approximately the same on both plots. Home ranges for males
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Table 5. Average minimum number of captures for home range
length to stabilize. -~ Both plots are combined.

Number of Mean Captures for
Individuals H.R. Estimate
Dipodomys
merriami 109 8
Perognathus
penicillatus 37 6
Perognathus
amplus 37 5
Onychomys
torridus 30 6
Neotoma
albigula 6 8
Perognathus

flavus 14 4
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on the control area averaged 1313 m2 while female ranges
averaged 871 m2. On the chained area males had home ranges
2 2

of 1702 m”~ and females averaged 856 m".

The larger range for males was accompanied by a
greater degree of home range overlap than was exhibited by
females. Figures 3 and 4 outline the home ranges of all
D. merriami males and females captured during a ten-day
trapping period on the control area. As can be seen, the
males' ranges overlap extensively, while females have mutual-
ly exclusive ranges except in the cases of immature animals
that share ranges with adult females. The same pattern
was observed on the chained area.

The largest range recorded for D. merriami was that
of a male on the chained plot, captured 30 times over a
ten-month period with a home range of 4400 m2 or 1.1 acres.

There was no significant difference in home range
size for individuals of the same sex or for both sexes
combined between the two plots, indicating that over this

18-month period, the vegetation manipulation had no signifi-

cant effect on the amount of area used by kangaroo rats.

Perognathus (Chaetodipus)

The two species of this subgenus which occur on the

study area are Perognathus penicillatus and Perognathus

baileyi. P. penicillatus was more numerous than P. baileyi
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Figure 3. Home ranges of all male Dipodomys merriami

captured on the control grid during the ten-
day period from March 25 through April 3,
1971. -- Shaded areas indicate overlap of
ranges.

26



27

1l 2 3 4 5 6 7 8 9 10 11 12 13 14
Al oo ¢ o© o] o o} o o] o] o o o] oja

Bl o o Q Q =] o =] =] o o -] Q Q OlB

cC o o -] o =] o o -] o o o (=) o Q]C

13 14

Figure 4. Home ranges of all female Dipodomys merriami
captured on the control grid during the ten-
day period from March 25 through April 3, 1971.
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and was the second most numerous species on the two study

areas.

Perognathus penicillatus. sixty-one individuals were
recorded on the control area and 67 on the chained area. Of
these 128 mice, 37 (16 control, 21 chained) were captured
six or more times, the mean number of captures after which
home range size tended to stabilize. The home range calcu-
lated from these animals was used in other computations for

P. penicillatus.

Reynolds and Haskel (1949), reporting on limited

live~trapping, suggest that the home range of P. penicillatus

is about one-half acre (0.3 to 0.6 acres). My data indicate
a somewhat smaller average home range for this species.
Mean home range areas for both sexes combined were

2

864 m~ (0.09 hectares, 0.21 acres) on the control area.

On the chained area, the mean for both sexes together was

855 m2

(0.08 hectares, 0.19 acres). There were no signifi-
cant differences between male and female ranges on either
area, or between range sizes on the two plots.

The largest recorded range for P. penicillatus was

a male on the chained area, captured a total of 40 times
over an ll-month period and having a range of 2550 m2 or
0.63 acres. Apparently no change in home range for P.

penicillatus resulted from the removal of vegetation on the

chained area during the period of study.
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Perognathus baileyi. Because of the small number

of P. baileyi on both plots, few home range data were
accumulated. However, home ranges were calculated for ten
individuals captured three or more times. There was no
statistically significant difference between sexes or plots
for this species.

The composite home range areas fnr males and females

2 (0.22 acres). This area is only

from both grids was 885 m
slightly smaller than the 0.28 acres reported by Bateman
(1967) for P. baileyi from another Arizona population at
the University of Arizona Desert Biology Station near

Superior, Pinal County.

Perognathus (Perognathus)

Perognathus amplus. The home range of Perognathus

amplus was not significantly different in size from that of

other species of Perognathus trapped on the study areas.

Home ranges were calculated for individuals captured a
minimum of five times. These included 26 (11l males and 15
females) from the control area, and 11 (3 males and 8
females) from the chained area. Males maintained larger
ranges than did females on both areas, but these were not
significantly different. There was no significant differ-
ence in range sizes for members of the same sex or for

both sexes combined on the two plots. The mean home range
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area for males and females combined were 792 m2 and 904 m2
for the control and chained areas respectively.

The largest recorded home range was that of a male
on the chained area. This animal was captured 28 times
over a l2-month period and had a home range of 2850 m2
(0.28 ha, 0.70 acres).

Massion (1971) found P. amplus in the Avra Valley
near Tucson, Arizona, to have home ranges averaging 532 mz.
This smaller range estimate is probably due in part to the
shorter period of trapping, but it is also probable that
the ranges for different populations occupying different

types of habitat may be considerably different.

Perognathus flavus. Home range data for P. flavus

in the literature are scarce. Chew and Chew (1970) report
an average range length of 62.5 + 6.0 meters based on 13 re-
captures of an unspecified number of individuals. This
figure includes 15.3 meters added to each end of the most
widely separated points of capture for an individual,
indicating that the actual mean maximum distance between
recaptures was 21.9 meters. This small range is most likely
due to an insufficient number of recaptures.

Other workers have reported low recapture success
for P. flavus. Ivey (1957) found that during a period of
grid trapping in Bernalillo County, New Mexico, these mice

were rarely recaught in live traps. He attributes this to
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the possibility of a transient existence, at least during
late summer. Bailey (1931), also working in New Mexico,
found P. flavus to avoid all traps and any bait he offered
during December. He found that by concealing unbaited
traps in their runways, they could be readily trapped. At
other times of the year, when fewer ripe seeds were avail-
able, he found them to take rolled oats and to be easily
caught in traps set near their burrows. Holdenried and
Morlan (1956) reported capturing this species throughout
the year in live traps, but only rarely catching them in
snap traps.

Because of the small sample (N = 3) on the control
grid, home range was determined for P. flavus on the chained
area only. Individuals captured a minimum of four times
were used in this determination. These 14 individuals were
captured a total of 105 times, an average of 7.5 captures
per animal.

There was no significant difference in home range
sizes between males and females. The mean home range size
for males and females combined was 1055 m2 or 0.26 acres.
The largest recorded home range area for P. flavus was that
of a male, captured a total of 16 times over an eight-month

period. His home range was 2650 m2 or 0.65 acres.
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Onychomys torridus

There is general agreement that Onychomys have larger
home ranges than do most other species of small rodents
inhabiting the same area. This has generally been assumed
to be related to the predatory habits of the animal (Blair
1953, Burt 1940, McNab 1963). Because of the large home
range, the structure of most multi-species live trap studies
are not designed to measure the home range size of Onychomys.
In most cases the live trap grid is simply toc small to
capture members of this species in all parts of their home
ranges. The home range data reported here for Onychomys
are undoubtedly minimum estimates, but are sufficient for
comparison of the two populations being investigated.

Grasshopper mice demonstrated significantly larger
home ranges than did other species of nocturnal rodents on
the study areas. Of the 19 (8 males and 11 females) cap-
tured six or more times on the control grid, home ranges

2 (0.215 hectares, 0.53 acres). Eleven

averaged 2153 m
animals (4 males and 7 females) were captured six or more
times on the chained grid and had average home ranges of

2959 m2

(0.296 hectares, 0.73 acres). Several individuals
were recorded from the outer lines of traps on all sides of
the grid as well as in many parts of the central grid area,

indicating that the home range probably extended some

distance beyond the perimeter of the grid in at least one
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or more directions. Figures 5 and 6 show the distribution
of captures of a male and a female Onychomys from the control
area. The female, a juvenile weighing 13 grams when first
captured on 10 October 1970, was trapped a total of 35
times. When last trapped on 30 March 1971, she weighed 29
grams.

The largest recorded range was that of the male
represented in Figure 5 which had a home range area of

4900 m2

(1.2 acres). He was captured 51 times in 33 differ-
ent traps over a l7-month period.

The ranges of male Onychomys were larger than those
of females on both areas, but not significantly so, and the
ranges for both males and females on the chained area were

larger than on the control. Again, these differences were

not significant.

Neotoma albigula

During the course of the study, nine Neotoma albigula

from the control area and four from the chained area were
marked. Of these 13 animals, the six individuals captured
eight or more times accumulated a total of 85 captures,

an average of 14.2 captures per individual. The composite
home range of males and females from the two grids was

767 m2 or 0.19 acres. This area is somewhat smaller than
the 0.25 acres (10,610 ft2) reported for N. albigula by

Bateman (1967). The largest range was that of a female
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Example of home range for an Onychomys torridus

male on the control grid.
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captured 19 times on the control grid in an area of 1300

m2 (0.32 acres).

Peromz scus

Peromyscus eremicus occurred on both areas, although

only one individual was taken on the control. P. maniculatus

was trapped only on the chained area. Home range estimates
for P. eremicus were made for three individuals, two males
and one female, from the chained area. These mice were re-
captured an average of seven times each and occupied home
ranges averaging 722 m2 or 0.18 acres. Home ranges of

three P. maniculatus captdred an average of four times each

on the chained area averaged 1200 m2 or 0.30 acres.

Reithrodontomys montanus

Seventeen Reithrodontomys montanus were marked, four

from the control and 13 from the chained grid. Only six
were recaptured enough times for an estimate of home range.
Both sexes from the two areas were combined and the result-
ing home range estimate was used for further calculations.
These six animals yielded 54 captures, an average
of 9.0 per individual. The mean home range area was 1950

m2 or 0.48 acres.

Reithrodontomys fulvescens

Five Reithrodontomys fulvescens were caught two or

more times and were used for home range computation. Based
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on an average of 3.5 captures per individual, the home range
area was equal to 540 m2 or 0.13 acres. The largest range
recorded for this species was that of a female on the con-
trol area, captured six times in an area of 1800 m2 or

0.44 acres.

Dipodomys spectabilis

Home ranges for Dipodomys spectabilis were calcu-

lated for four individuals trapped an average of eight times.

2 (0.12 acres). Too few data were

The mean range was 502 m
obtained to determine effects of vegetation manipulation on

home range sizes of D. spectabilis.

Population Density

The density of rodents, or the number of individuals
inhabiting a given area at any point in time, is influenced
by a number of factors, many of which are probably unknown.
Among the known factors are: quantity and quality of food
(Chew and Butterworth 1964), number and distribution of
nesting sites, availability of adequate cover, time of year
(with regard to young being added to the population), the
presence and density of other species, and the normal
spatial distribution (territoriality) of the species
(Blair 1953).

Attempts have been made to correlate the presence

and density of rodent species with various environmental
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parameters. Rosenzweig and Winakur (1969), working in two
arid regions of Arizona, investigated the relative densities
of nocturnal rodents in relation to soil depth, texture,
resistance to sheer stress; and to plant species diversity,
growth form, and foliage density. They report success in
correlating the presence of certain rodent species with two
variables, plant growth form and foliage density.

Population density is one measurable parameter which
may give some insight into the problem of how habitat
disturbance affects small rodent populations. Major habitat
alterations may create conditions favorable for some
species to increase in population while other species may
become rare or be eliminated.

An objective of this study was to determine the
relative densities and species composition of rodents on the
two study areas at different times, and to correlate dif-
ferences with changes brought about by the manipulation of
vegetation on the chained area.

The Lincoln index is a commonly used method of esti-
mating population size utilizing data from an initial marking
period and subsequent retrapping of the same area. Lincoln
index estimates were determined for the first 14 and first
13 trap periods for the control and chained populations.
This included all periods wherein trapping was done every

two weeks. For these estimates a one weekend trap period
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was considered to be the marking period and the trap period
two weeks later was considered as the sampling period.

As with most methods proposed for estimating popula-
tion size based on capture-recapture data, the Lincoln
index requires as a basic assumption that animals are being
sampled randomly, and that there is no differential trap
response between marked and unmarked individuals, sexes,
age classes, or species in multi-species studies. Because
it is likely that these assumptions are rafely met in nature
(Gentry, Golley and Smith 1968), population estimates for
each trap period were also determined by the direct enumera-
tion method (Pearson 1953, Snyder 1956, Fleming 1971). This
procedure considers the population to consist of those indi-
viduals captured during a trapping period as well as those
captured both before and after that period, but not during
the period. This estimate simply assumes that an individual
was part of the population from the time of its first to
its last capture.

The results of these estimates are compared with
those of the Lincoln index method in Table 7 and Figure 7.
The two estimates were comparable in several instances, but
because the Lincoln index estimate was lower than the number
known to be in the area on some occasions the direct method
gave more reliable results and was therefore used as the

population estimate for density and biomass calculations.



Table 7. Compariscn of Lincoln index estimate and direct enumeration estimate
of population size of all species on the two grids.
Trapping Period - s

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Control:
Lincoln index 159 59 63 50 51 46 48 48 48 22 51 51 42 61
Direct enumeration 56 51 47 46 46 53 46 41 43 49 48 49 49 56
Chained:
Lincoln index 138 40 37 46 53 64 51 60 25 69 72 51 54
Direct enumeration 59 54 46 50 54 61 61 73 64 64 62 59

53
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Table 8 gives the calculated effective sample area for each

species on the two plots.

Dipodomys merriami

Dipodomys merriami is a common inhabitant of the arid

and semi-arid southwestern United States and has been the
subject of a number of studies (Reynolds 1950, 1954, 1958,
1960; Reynolds and Glendening 1949; White and Allred 1961;
Bradley and Mauer 1971).

In the present study D. merriami was found to main-
tain the highest density of all nocturnal rodents on the
control area for all trapping periods and on the chained

area with the exception of the first month when Perognathus

penicillatus and Perognathus amplus were both more numerous

and the following two months when only P. penicillatus

maintained a higher density. On the control area 194 D.
merriami were marked while 144 were captured on the chained
area. Peak densities were recorded on the control area
from April through June of 1971 when 12.8 per hectare were
recorded each month. On the chained area the highest density
was reached at the end of April with 15.0 individuals per
hectare. D. merriami averaged 10.5 per hectare on the
control area and 8.7 per hectare on the chained area over
the 18-month period.

After the initial marking period, the lowest densi-

ties for D. merriami were recorded as 7.8 per hectare on
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Table 8. Calculated sample area for each species on the
two study areas.

Effective Sample Area
in hectares

Control Chained
Dipodomys merriami 2,82 2.87
Dipodomys spectabilis 2.35 2.35
Perognathus penicillatus 2.66 2.66
Perognathus baileyi : 2.75 2.63
Perognathus amplus 2.62 2.69
Perognathus flavus 2.84 2.84
Onychomys torridus 3.34 3.66
Neotoma albigula 2.57 2.60
Peromyscus eremicus 2.57
Peromyscus maniculatus 2.86
Reithrodontomys montanus 3.20 3.20

Reithrodontomys fulvescens 2.44 2.44




44
the control area and 4.2 per hectare on the chained area,
both in September of 1971. These estimates may be somewhat
lower than the actual densities and may reflect the seasonal
acceptance of bait (Fitch 1954) by the kangaroo rats, since
this was a time of abundance of both grass and annual forb
seeds, especially on the chained area.

Reynolds (1950), working at the Santa Rita Experi-
mental Range, noted that D. merriami appears to prefer the
habitat afforded by lower grass density. He attributes this
to interference by dense grass with D. merriami escape from
predators. In general, Rosenzweig and Winakur (1969) also
found D. merriami to be associated with sparseness of vege-
tation. My data indicate that the relatively dense grass
cover which developed shortly after the manipulation of
the chained area did not result in an over-all reduction
in the number of kangaroo rats.

On the area covered by the grid, human footpaths
soon developed from the continued walking from trap to trap
and the kangaroo rats apparently used these to a large
extent. 1In this area few rodent runways were observed.

In contrast, on other portions of the chained area, runway
systems were much more extensive.

Comparisons with population densities reported in
other studies can be only approximations because of varia-

tions in methods used to determine the effective sample
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area. Table 9 summarizes some of the reported population

densities of D. merriami.

Perognathus penicillatus

Perognathus penicillatus densities ranged from 0 to

5.5 per hectare on the control area and from 1.1 to 8.5 per
hectare on the chained area. Mean densities for the two
areas were 2.9 per hectare on the control and 4.0 per hectare
on the chained. The difference in mean density is largely

a result of a higher number of captures on the chained area,
especially in the colder months.

On the control area, P. penicillatus was completely

absent from traps from mid-December until early March. On
the chained area at least one individual was captured during
every trapping period, but there was a marked decrease in
the number of captures during winter months.

Numbers of individuals marked on the two grids were
approximately the same: 61 on the control area and 67 on
the chained area. Bateman (1967) reported that desert
pocket mice are more common in loamy, workable soil, re-
gardless of the amount of plant cover present. Reynolds and
Haskell (1949) working at the Santa Rita Experimental Range,
found this species to be most common in areas where perennial
grass cover was thin, and the invasion by mesquite and cactus
was more pronounced. Rosenzweig and Winakur (1969, p. 564)

concluded that "P. penicillatus undoubtedly depends on some




Table 9. Kangaroo rat densities from various localities, utilizing different

methods to determine sample area.

Location

Density--Animals/
Hectare

Sample Area Determina- Investi-
tion gator

Mojave Desert

Creosote bush com-
munity, South-
eastern Arizona

Southern New
Mexico

Santa Rita Ex-
perimental Range
Southern Arizona

Santa Rita Experi-
mental Range Con-
trol

Santa Rita Experi-
mental Range
Chained

3.7 maximum

7.8 January
15.6 ‘July’

D. merriami
D. merriami and
D. ordii combined

3.5 winter 1946
17.3 winter 1950

12.8 April-June

15.0 April

Half mean adjusted range Chew and
added to the outer edge . Butter-
of grid (Stickel 1954) worth 1964

Mean adjusted range added Chew and
to outer edge of grid Chew 1970

Half of width of mean Blair 1943
home range as determined

by the inclusive boundary

strip method added to

grid

Reynolds
1958

Strip equal to the mean This study.
home range as determined

by the exclusive boundary

strip method (Stickel

1954) added to outer edge

of grid

Same as above. This study.

oF
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such measure of bushy or shrubby growth." They found P.

penicillatus to be absent from all of their plots which

lacked an important upper story of vegetation.
Trapping in the control and chained areas indicated

that P. penicillatus was not distributed uniformly through-

out the study area, but was restricted to the sandy washes
which transect the area. Therefore, the density of this
species is largely determined by the prevalence of this
particular microhabitat. Whether the factor or factors
responsible for the restricted distribution of P.

penicillatus in this area is soil type or vegetation growth

form is not known. My data favor the presence of sandy
soil rather than the presence of an upper story of vegeta-
tion. Sandy soil occurs along the washes in both the
control and chained areas. However, the removal of the
upper story vegetation from the chained area did not change

the distribution pattern or abundance of P. penicillatus.

Figures 8 through 11 show the distribution of captures for

P. penicillatus on the two trapping areas in relationship

to the general topography. On the control area this species
was taken in 94 (47.9%) of the 196 traps. On the chained
area, 92 (46.9%) of the traps took individuals of this
species. The area covered by sandy washes is approximately

the same for the two areas.
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Perognathus baileyi

Perognathus baileyi was a relatively minor component

of the biota in both areas, but a higher mean density was
recorded from the disturbed habitat. Densities ranged from
zero to 1.1 per hectare on the control area and from 0.4
to 1.9 per hectare on the chained area, with a mean density
for the 1l8-month period of 0.5 and 0.9 per hectare re-
spectively. This is similar to the results reported by
Réynolds and Haskell (1949), in that they found P. baileyi
to be more abundant on areas which were protected from
grazing and had higher densities of perennial grasses. They
report an average density of 0.72 per acre (1.8 per
hectare) and 1.53 per acre (3.8 per hectare) for grazed and
ungrazed trapping areas during the summer months.

P. baileyi was taken in every month on the chained
area with a maximum number of individuals recorded in the

fall of 1970.

Perognathus amplus

Calculated densities for the Arizona Pocket Mouse,

Perognathus amplus, fluctuated from zero to 5.9 per hectare

on the chained area, and from 0.4 to 6.1 per hectare on the
control area. Highest densities were recorded in April
1971 on both plots.

Most of the P. amplus individuals in the study area

began reducing their activity in October and by November
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they were completely absent from the traps. 1In the spring,
the first individuals were taken in mid-March. After this
time, trap records increased until the maximum was reached
in late April, after which there was a gradual decline un-
til the termination of the study in December 1971 when one
individual was trapped on each of the two areas.

Density estimates for P. amplus from September
through December 1971 are based on the number of individuals
captured and do not include those which were inactive, but
which would have been included if the study had been con-
tinued until they became active and were retrapped in the
following spring. Data from 1970 indicate that most of the
animals which were trapped in the fall successfully over-
wintered and were retrapped when they became active in the
spring. Therefore the density of P. amplus throﬁghout the
winter of 1971 was probably approximately the same as that

recorded before they became inactive.

Perognathus flavus

Perognathus flavus is characteristically a grass-

land species with a geographical distribution extending from
the Great Plains in western Nebraska, Kansas, Oklahoma and
Texas, eastward through New Mexico into southeastern Arizona
and southward into central Mexico.

Previous records of P. flavus from the Santa Rita

Experimental Range appear to be restricted to slightly
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higher elevations than occur in the two study areas.
Cockrum (1960) reported specimens from 1100 m to 1350 m
(3600 to 4400 feet) in this region.

P. flavus, the smallest heteromyid rodent in the
study area, was absent from trapping records until October
10, 1970. The vegetation of the chained area at this time
was characterized by a dense layer of grass. Dense grass
was found to be an important requirement for this species
(Rosenzweig and Winaker 1969). It appears that the
alteration of the chained area from a brushy to a grassland
habitat allowed P. flavus to increase in this habitat while
they remained very uncommon on the control area. Of the 53
individuals marked, 50 were on the chained area and only
three were on the control area.

On the chained area Perognathus flavus density

fluctuated from zero per hectare in August and September of
1970 to a high of 3.2 per hectare in February 1970. On the
control area they ranged from zero to 0.7 per hectare with

an average of 0.1 per hectare. Unlike Perognathus amplus,

this species apparently does not hibernate, but is active

throughout the year.

Onzchomzs torridus

One of the more common conclusions in the literature
concerning Onychomys is that this genus is generally not

abundant (Taylor 1911, Hall 1946, Egoscue 1960, Miller and
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Stebbins 1964, Taylor 1968, Ruffer 1968, Horner and Taylor
1968). Horner and Taylor (1968) report that selective
trapping directed toward obtaining 0. torridus for a period
of five years yielded only six percent of their captures as
Onychomys. The carnivorous and insectivorous habits of
Onychomys (Bailey and Sperry 1929) are usually assumed to
account for this relative scarcity in trap records.

In contrast, Chew and Butterworth (1964) found O.
torridus to be the third most abundant species of nocturnal
rodent at Joshua Tree National Monument, California. Chew
and Chew (1970) recorded 0. torridus as the second most
abundant nocturnal rodent in the San Simon Valley of southern
Arizona. In both cases they attribute this abundance, in
part, to the predatory habits of the species.

Onychomys leucogaster was found to be second in

abundance to Dipodomys ordii in the sand sagebrush grassland

of western Oklahoma where a maximum density estimate of 6.9
per hectare was reported. In that area Onychomys made up as
much as 38 percent of kill-trapped specimens (McCulloch
1962).

In the present study, Onychomys torridus was found

to be the fourth most abundant species. A total of 82 Q.
torridus (49 control; 33 chained) were marked during this

study. Density was generally higher on the control area with
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a mean of 2.8 per hectare, while the chained area supported

a mean density of 1.8 per hectare.

Neotoma albigula

Vorhies and Taylor (1940) indicate that at the Santa
Rita Experimental Range, cactus of the genus Opuntia is
a most important factor in determining the abundance of

Neotoma albigula. They found that in those areas where

cactus is most abundant, wood rats are most plentiful; they
are distinctly less numerous where cactus is scarce.

Neotoma dens on the control area were conspicuous
with large numbers of cholla joints piled on and around the
nest chamber. On the chained area Neotoma dens were found
only in an area along the major drainage on the north side
of the area where several piles of dead vegetation had been
deposited during the chaining operation. This dead vegeta-
tion served as dens for the wood rats. The removal of most
of the cactus and mesquite, which Vorhies and Taylor (1940)
found accounts for 74 percent of the diet (44% cactus and
30% mesquite) and much of the shelter of the wood rats, was
effective in reducing the density of Neotoma on the chained
area.

Vorhies and Taylor (1940) estimated Neotoma densi-
ties from counts of inhabited dens and found from 0.57 per
hectare (0.23 per acre) to 19.0 per hectare (7.7 per acre)

with the minimum occurring in the foothills and the maximum
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in the semi-desert. They estimate an average density for
the Santa Rita Range of 11.8 per hectare (4.78 per acre).

I found the density of Neotoma albigula to be rela-

tively low on both areas throughout the study, with a range
from 0.4 to 2.7 per hectare on the control area and zero to
1.0 per hectare on the chained area. The average density
for the 18-month period was 0.8 per hectare on the control
area and 0.4 per hectare on the chained area, indicating
that the population of N. albigula was reduced by reducing
the preferred habitat of this species through vegetation

manipulation.

Reithrodontomys montanus

Reithrodontomys montanus may be one of the species

which has become more abundant as a result of habitat manipu-
lation. Although not common on either area, R. montanus

had a higher density on the chained area. This species was
not taken in all months, but was trapped only in the colder
months; from November through March on the control area, and
from November through May on the chained area. It is not
known whether aestivation occurs during the warmer months

in this species.

Reithrodontomys fulvescens

Reithrodontomys fulvescens was also scarce on the

two areas, but it was more abundant on the chained area.
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Captures of this species were also confined to the colder
months of December through March. Peak density recorded for

R. fulvescens was 1.2 per hectare on the chained area during

the ten-day sampling period of late March, 1971. On the
control area, mean density was 0.8 per hectare.

Figure 12 and Tables 10 and 11 summarize the fluctu-
ations in rodent density on the two areas throughout the
study. Although the densities were somewhat different for
the two areas for some months, the average for the 18 months
was almost identical for the two areas. At the initiation
of the study, the population on the chained area was very
low, but by December 1970, the rodent density of the chained
area had surpassed that of the control area. The higher
density on the chained area was maintained until August 1971
when both populations were declining. At the time of the
last trapping period in December 1971 the recorded densities
were identical on the two areas.

Although relative densities of several species were
somewhat different for the two areas in most months, the
average number of rodents supported by the two areas was
very similar. Thus, the vegetation manipulation apparently

had few short term effects on the density of the rodents.

Biomass Estimates

When total rodent biomass of the two areas is com-

pared the same general trend is apparent for both. Rodent









Table 11. Density in rodents per hectare on the chained area.
: 1970 1971 -
Jul  Aug Sep Oct Nov Dec| Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec X
D. merriami 1.7 6.8 6.3 6.8 9.6}11.5 11.7 10.8 15.0 14.3 13.2 11.8 6.8 4.2 4.9 6.3 6.3 | 8.7
D. spectabilis 0.4 0.4 0.4 0.4 0.4 0.4 0.8 1.3 0.8 0.8 0.8] 0.4
P. penicillatus 1.9 8.5 8.1 6.6 5.6| 4.9 4.5 4.5 4.1 3.4 3.2 3.4 3.0 2.3 1.5 1.5 1.1 ] 4.0
P, baileyi 1.1 1.9 1.9 1.7 1.1 1.0 0.6 1.1 0.8 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.8] 0.9
P, amplus 1.9 4.8 4.5 4.1 4.1 4.1 4.3 4.3 5.9 5.2 4.2 3.3 1.9 0.4 0.0 0.4 0.4 3.2
P. flavus 0.4 1.3 2.2} 2.0 3.2 2.4 1.5 2.2 2.2 2.6 2.5 0.7 1.1 2.2 2,2 1.7
0. torridus 0.7 1.2 2.5 2.7} 2.2 1.9 2.5 1.9 0.5 1.0 1.4 1.0 05 0.5 0.5 3.8] 1.5
N. abigula 0.4 0.8 0.8 1.0 0.6 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
P. eremicus 0.4 0.4 1.2] 1.6 1.0 0.4 0.3
P. maniculatus 0.4| 0.4 0.6 0.8 0.1
R. montanus 0.3 0.7] 15 1.5 1.5 1.6 0.6 0.3 ] 0.5
R. fulvescens 0.4 0.6 0.4 0.8 0.1
S. hispidus i 0.0
M. musculus 0.3
Total 7.0 23,5 23.2 24.7 28.6 |30.2 30.3 29.9 31.6 27.4 25.0 23.7 16.8 10.2 9.2 12.4 15.7 |21.8

19
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biomass was higher on the control area from the beginning of
the study until April when it was surpassed by that of the
chained area. This increase is largely a result of higher

reproductive activity of Dipodomys merriami during the

winter months (see Figure 14, page 67) on the chained area.
The average biomass for the 18-month period was higher on
the control area with a mean of 731.6 grams per hectare while
that on the chained area averaged 638.9 grams per hectare.
Presumably, the reduced biomass on the chained area
during the early stages of the study was the direct result
of the chaining operation. A slow recovery of the popula-
tion is evident through the winter months, with D. merriami
being responsible for most of the new biomass added to the
population. In April 1971 there was a substantial increase
in the biomass of the chained area. At this time total bio-
mass was higher on the chained area than on the control
area. After April there was a steady decrease seen on both
areas throughout the summer. The extremely low figures
recorded from September through November probably result
from ineffective trapping due to availability of food
(Smith and Blessing 1969), especially on the chained area.
During this period many of the grasses and herbaceous plants
were seeding and there was an abundance of natural food.
Many rodents were observed from September through November
while traps were being checked at night, but few of the

animals entered traps.
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Maximum biomass on the control area was attained in
November 1970 with 903.1 grams per hectare. At this time
D. merriami accounted for 53 percent of the total biomass,

while Perognathus species contributed approximately 13

percent. Neotoma albigula, although not numerous on either

area, contributed appreciably to the biomass recorded on
both areas. Neotoma accounted for approximately 20 percent
of the average biomass on the control area and about 11 per-
cent on the chained area. Peak biomass on the chained area
was attained in April 1971 when 927.9 grams per hectare

were recorded. D. merriami made up approximately 64 percent

of the total at this time. The four species of Perognathus

accounted for 17.5 percent of the biomass at this time.
Tables 12 and 13 give monthly biomass estimates for the two
study areas. Figure 13 shows the general trend in biomass
fluctuations for the two areas. Average weights on which

biomass was calculated are given in Table 14.

Reproduction

Since pregnancy was determined from external ex-
amination, often females in early pregnancy were not so
recorded, and because of the relatively short gestation
period for most of the species present, usually somewhat
less than a month, it is possible that some individuals
could have become pregnant and had a litter between trapping

periods. Therefore, on several occasions, females were



Table 12.

Biomass on the control

area in

grams per hectare.

1970

1971

Jul, Aug. Sept, Oct, Nov.

Dec,

Jan,

Feb,

Mar,

Apr. May Jun, Jul Aug.

Sept.

Oct,

Nov.

Deé.

Mean

Dipodomys
merriami

Dipodomys
spectabilis

Perognathus
penicillatus

Perognathus
baileyi

Perognathus
amplus

Perognathus
flavus

Onychomys
torridus

Neotoma
albigula

Peromyscus
eremicus

Pcrumxscus
maniculatus

Refthrodontomys

montanus

Reithrodontomys
fulvescens

Sigmodon
hispidus
Mus

musculus

Total

280.1 294.2 385.2 364.2 476.2

38,9 38.9

36.5 67.0 88.3 176.2 67.0

9.8 9.8 9.8

33.9 46.6 50.8 59.3 50.8

14.5 36.2 50.7 83.4 87.0

73.0 146.1 219.1 219.1 219.1

3.0

37.2

434.2

57.9

50.8

76.1

219.1

3.0

462.2

54.8

9.8

50.8

38.0

219.1

3.0

5.1

462.2

57.9

50.8

68.8

219.1

4.5

7.6

420.2

60.9

57.2

92.8

219.1

3.0

504,2 504.2 511.3 462.2 476.2

48.7 36.5 60.9 54.8

9.8 19.7  19.7

67.8 55.1 59.3 50.8

2.6 2.6

58.0 29.0 29.0 29.0

146.1 146.1 146.1 73.0

8.7

308.2

18.3

29.6

38.1

29.0

13.0

378.2

18.3

29.6

8.5

2.4

13.0

364.2

6.1

29.6

4.2

58.0

73.0

392.2

19.7

4.2

87.0

13.0

3.0

415.5

12.0
44.2
0.3
54.9
146.1

0.5

1.1
0.7

2.1

438.0 638.8 880.0 812.0 903.1

841.1

862.8

870.9

853.2

836.1 780.7 812.0 706.7 703.5 496.2 580.0 535.1 618.0

131.6

79



Table 13.

Biomass on the chained area in grams per hectare.

1970

1971

Aug.

Sept. Oct,

Nov.

Dec,

Jan,

Feb,

Mar,

Apr,

May

June  July

Aug,

Sept., Oct,

Nov,

Dec.

Mean

Dipodomys

merriami

Dipadomys
spectabilis

Perognathus
penicillatus

Perognathus
baileyl

Perognathus
amplus

Perognathus
flavus

Onychomys
torridus

Neotoma

albipula

Peromyscus
eremicus

Peromyscus
maniculatus

Reithrodontomys
montanus

Reithrodontomys
fulvescens

Sigmodon
hispidus

us

—_—

musculus

Total

67.2

3o.8

30.9

21.9

72.2

268.6 248.9
1372.7 131.2
46.0 51.5
53.3 50.0
2.6
16.9 29.0
144.4 144.4

8.7

268.6

106.9

46.2

45.5

9.0

60.5

180.4

8.7

3.0

379.2

90.7

30.9

45.5

15.4

66.1

108.3

26.1

1.5

6.0

5.2

454.2

19.4

15.7

45.5

14.2

52.9

72.2

1.5

13.6

1.8

462.2

38.9

72.9

15.4

45.5

21.8

46.3

72.2

21.8

11.2

13.6

5.2

426.6

38.9

2.9

20.6

47.7

11.6

49.6

72.2

8.7

15.0

592.5

38.9

66.4

20.6

65.5

10.3

46.3

72.2

15.2

564.9

38.9

57.7

15.4

13.2

72.2

6.1

521.4 466.1
38.9 38.9
51.8 55.1
10.3
46.6 36.6
15.4 18.0

33.9

268.6

17.8

48.6

10.3

21,1

18.5

26.4

72.2

5.9

165.9 193.6
116.7 77.8
37.3  24.3
10.3 10.3
4.4

8.0
13.2 13.2

72.2

248.9

10.3

4.4

15.4

13.2

248.9

77.8

17.8

20.6

4.

15.4

92.0

3.0

3.0

343.9

38.9

64.9

21.8

35.0

11.5

35.2

12,2

6.4

2.5

4.7

1.7

223.0

666.9 666.3 728.8 780.9

797.7

827.0

187.8

927.9 833.8 783.0 658.9 549.4 425.1 327.2 397.3 419.9

638.9

S9
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Table 14. Average weights in grams of rodent species on

both plots.
Species Grams
Dipodomys merriami 39.5
Dipodomys spectabilis 91.4
Perognathus penicillatus 16.2
Perognathus baileyi 27.1
Perognathus amplus 11.1
Perognathus flavus 7.3
Onychomys torridus 24.3
Neotoma albigula 187.7
Peromyscus eremicus 22.3
Peromyscus maniculatus 21.5
Reithrodontomys montanus 9.4
Reithrodontomys fulvescens 12.7
Sigmodon hispidus 93.2
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found to be lactating even though they had not been re-
corded as pregnant when trapped the month before.

Most small mammals in temperate areas have breeding
seasons which are generally confined to a few months of the
year, usually in the spring and summer months. Factors
which regulate reproduction include photoperiod, avail-
ability of green vegetation, and in some cases population
density. In this study I was interested in the effects of
vegetation manipulation on the timing and amount of repro-

ductive activity within the small mammal populations.

Dipodomys merriami

Because of the greater abundance of Dipodomys
merriami, the most complete reproductive data were obtained
for this species. I found at least a few females to be
reproductively active during all months of the year. 1In
California, Chew and Butterworth (1964) recorded reproduc-
tively active females during all months except October,
November and June, with maximum activity from March to May.
Bradley and Mauer (1971) found female D. merriami inhabiting
a creosote bush community in the northern portion of the
Mojave Desert were reproductively active beginning in
January after inactivity from the preceding September through
December. They found no females to be reproductively

active in July, but pregnant and lactating females were
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taken again in August. Their data indicate D. merriami
has a peak in reproductive activity in March and April
followed by declines in May and June.

In the present study no males with scrotal testes
were noted from October through December 1970, nor in
December 1971. Chew and Butterworth (1964) recorded males
with scrotal testes in all months except July, while
Reynolds (1960) recorded some males with scrotal testes in
all months of the year. Scrotal testes may not be an
accurate criterion for potential sexual activity in kangaroo
rats. Butterworth (1960) found active spermatozoa in D.
merriami with testes no longer than five millimeters, re-
gardless of position.

The degree of reproductive activity was somewhat
different for the two area samples during some months.

The percentage of reproductively active females was higher
on the chained area from September until May. In May a
greater percentage of animals became active on the control
area. The kangaroo rat population was higher on the control
area when the study was begun in the summer of 1970. As

can be seen in Figure 14, the higher percentage of repro-
ductively active females on the chained area was paralleled
by an increase in biomass (individuals) while the biomass

of kangaroo rats on the control area remained at a more
stable level. The same tendency was observed on the chained

area in November and December of 1971.
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This differential amount of breeding may be related
to the density of kangaroo rats or, possibly, the mechanical
chaining of the area resulted in vegetational changes
(increased food) which supplied some essential requirement
for breeding that was lacking on the other area. A similar

situation has been reported for Dipodomys ordii in Oklahoma

(McCulloch 1962). Here, when kangaroo rat populations were
low, a high rate of reproduction occurred in the fall-winter
season which followed a wet growing season, but when
kangaroo rat densities were high, a wet growing season was
not followed by a high breeding success.

Reynolds (1960) working at the Santa Rita Experi-
mental Range reported two peaks of reproductive activity in
kangaroo rats which corresponded closely with periods of
new vegetation growth of spring and late summer. The first
peak was in May and the second in August. He suggested that
a possible correlation between reproductive season and sea-
sonal development of green vegetation may exist and may be
due to estrogenic substances in the green plants which
stimulate estrus in female kangaroo rats.

I also found two peaks of activity on the two study
sites. On the control area the first peak was in May, while
on the chained area the first peak occurred in June. The

second peak was in August on both areas.
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It appears that the reproductive season of D.
merriami is highly variable, both geographically and pos-
sibly in response to new vegetative growth which reflects

abundance of rainfall.

Perognathus penicillatus

Female Perognathus penicillatus were reproductively

active from late April until early September, with the
majority of the activity occurring in May, June and July.

In June, 85.6 percent of the adult females were either
pregnant, lactating or in estrus. After June, a steady
decline ensued until September when minimum activity was
observed. Males with enlarged scrotal testes were first
taken in March, approximately one month before pregnant or
lactating females were observed. Males with enlarged testes
were taken as late as July. The pattern was the same on both
study areas with reproductive activity being highest during
late spring and early summer, then regressing to total in-

activity from October until the following spring.

Perognathus bailexi

Only limited data on breeding activity in Perognathus

baileyi were obtained. However, it appears that the repro-
ductive season in this species is confined to the spring and
summer months. Pregnant or lactating females were taken

from April until early September. Young animals were also
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taken during this same period. No differences were noted

between the two study areas.

Perognathus amplus

Perognathus amplus in southern Arizona appears to

have a relatively short reproductive period. Reproduction
began shortly after the middle of March when individuals
started reappearing from hibernation. On both study areas
pregnant and lactating animals were trapped in May, indicat-
ing that insemination occurred at least three weeks before
the lactating females were trapped. The latest observance
of pregnant females was in early August, approximately two
months before they went underground for the winter. Thus

it appears that on both study areas, the reproductive season
of P. amplus was restricted to about a four-month period,
beginning shortly after hibernation and terminating approxi-
mately two months before return to hibernation. This permits
the young of the year to attain sufficient growth to over-
winter successfully below ground.

The highest percentage of reproductively active
females was recorded in May when 57 percent on the control
area and 75 percent on the chained area were found to be
either pregnant or lactating. Young individuals were taken
in July and September with the majority in July, indicating

that most were probably born in June.
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Males with enlarged scrotal testes were captured
from April until early August, the highest number being in

May on both study areas.

Perognathus flavus

Reproductive information for Perognathus flavus

comes almost entirely from the chained area because of

their greater abundance in that habitat. Bailey (1931) con-
cluded that P. flavus either had two or more litters in a
season, or had a great deal of irregularity in the time of
year that reproduction took place. In New Mexico, Holden-
ried and Morlan (1956) found pregnant females of P. flavus
from February to October, with the majority occurring from
April to June.

I found reproductively active females in September,
in November and December, and in February, March, April,
and May. Males with enlarged scrotal testes were taken
in all months except December and January. Thus, it seems
that reproduction takes place in all seasons of the year
in this species. The lack of reproductive evidence in some
months may well be due to the small number of individuals

caught at these times.

Onychomys torridus

Little data are available concerning the natural

breeding season of Onychomys torridus. In the laboratory,
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O. torridus breed throughout the year (Taylor 1968, Horner
and Taylor 1968).

In southern Arizona, the breeding season of Onychomys
appears to be confined to approximately seven months of the
year. Males with enlarged scrotal testes were trapped from
March through September, and pregnant females were taken
from April through September. The highest reproduction was
recorded in June when 80 percent of the females were gravid.
Young individuals were captured in June, July, September,
October and November. No differences were observed between
the two study areas.

Reproductive data for all other species were in-
sufficient for analysis or comparison.

When reproductive activity is compared for the two
study areas, it appears that only D. merriami responded to
the influences of vegetation manipulation. This may result
largely from the low density of kangaroo rats at the be-
ginning of the study. The data suggest that reproductive
rates in D. merriami may be density dependent, with high
reproductive rates occurring when favorable habitat and low
densities are present; and low reproductive rates occurring
when densities are high even if other conditions are

favorable.



DISCUSSION

The Santa Rita Experimental Range is representative
of about 20 million acres of semi-desert grass-shrub range-
land in southern Arizona, New Mexico, and Texas, much of
which is grazed by cattle (Martin 1966). On these rangelands
removal of woody vegetation is often undertaken to attain
maximum sustained forage and beef production. The type of
vegetation can influence population sizes as well as species
composition of the various rodents. Conversely, rodents
have been shown to influence the type of vegetation that
occupies certain areas, and in some cases contribute to the
spread of woody vegetation (Reynolds 1950, 1954, 1958).
Therefore, rodents may be important in determining rangeland
conditions while rangeland conditions may also influence
rodent populations.

The vegetation at the Santa Rita Experimental Range
varies considerably with elevation. At elevations above
1050 meters perennial grasses are relatively abundant, and
cacti and shrubs are rare. At the intermediate elevation
of 975 meters, shrubs and cacti are usually abundant and
perennial grass densities are lower. Below 900 meters,
shrubs are predominant, whereas annual and perennial

grasses are rare.
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The study area was selected at the ecotone between
the lower elevation where grasses and rainfall are less
abundant, and the foothills where higher rainfall results
.in a more dense perennial grassland. The removal of woody
vegetation from one of the study areas had the general
effect of increasing the amount of moisture available to the
perennial and annual grasses. This increase in effective
moisture resulted in a rather dense grass cover character-
istic of slightly higher elevations.

Because of the proximity of the two areas, their
equivalent elevations, and the relative uniformity
of their habitats before removal of vegetation, it was
assumed that rodent populations were comparable at the time
of chaining. Any differences which occurred later between
the two populations were presumably the result of the vege-
tation removal.

It was expected that an almost immediate decrease
in population size would be observed if the disturbance
was severe enough to destroy nesting sites, or if so much
cover was removed that predation was increased. After the
initial disruption of the habitat, a gradual readjustment
to the modified habitat would be expected in several aspects
of the population biology.

Several factors could possibly have been altered by

the vegetation manipulation. Home range sizes, density and
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biomass of the various species, reproductive rates, and
species composition were studied. It was found that not all
of these parameters were affected by the vegetation removal

during the course of the study.

Initial Impact

The initial impact of the mechanical manipulation

appears to have been more pronounced on Dipodomys merriami

than on the other rodent species. On the control area, 52
D. merriami were marked during the first l4-day period,
while only 20 were marked on the chained area. This lesser
number of kangaroo rats is probably related to the tendency
for this species to dig burrows at the bases of shrubs.
Reynolds (1958) reported that at the Santa Rita Experimental
Range 93 percent of all D. merriami burrows on a 7.5 acre
plot were situated under the protection of tall shrubs,
three percent were under half shrubs and only four percent
were in the open with no overstory protection. The chaining
process may have directly eliminated some kangaroo rats
from the area and the uprooting of the woody shrubs cer-
tainly destroyed many of their burrow systems, possibly
resulting in increased predation.

A number of vertebrate predators occur at the study
area, but their effect on the rodent population is diffi-

cult to determine from the available data. Potential
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predators include the coyote, Canis latrans; bobcat, Felis

rufus; badger, Taxidea taxus; kit fox, Vulpes macrotis:;

red-tailed hawk, Buteo borealis; sparrow hawk, Falco

sparverius; shrike, Lanius ludovicianus; great horned owl,

Bubo virginianus; long eared owl, Asio otus; western diamond-

back and Mojave rattlesnakes, Crotalus atrox and C.

scutulatus; bullsnake, Pituophis melanoleucus; whipsnake,

Masticophis flagellum; king snake, Lampropeltis getulus;

and gila monster, Heloderm suspectum. Of these, the only

direct evidence of predation was a whipsnake that had pushed
its way into a trap and had killed and partially swallowed

a D. merriami. A few days later the same snake was found
trying to enter another trap which contained another D.
merriami. On another occasion a sparrow hawk made several
attempts to catch rodents as they were released after being
removed from traps and examined. The hawk was unsuccessful
in these attempts.

The species of Perognathus apparently were not ad-

versely affected by the chaining operation. P. penicillatus

and P. baileyi were both more numerous on the chained area
and P. amplus was only slightly less common than on the
control area during the l4-day marking period. This again
is likely due to their preferred burrowing sites, usually
at the bases of smaller bushes, clumps of grass, or in the
open. The chaining operation therefore had little direct

impact on the burrows of these animals.
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The chaining operation also appears to have reduced

the Onychomys torridus population. The density of O.

torridus was lower on the chained grid during the initial
marking period and remained so throughout the study.

The factors which determine the abundance of
Onychomys may be somewhat different than for other rodents
inhabiting the same general area because of their chiefly
insectivorous and carnivorous diet (Bailey and Sperry 1929;
Horner, Taylor and Padykula 1964). Although no sampling of
the arthropod fauna was undertaken, the change in vegetation
could haveaffected the number and kinds of insects present,
and in turn been responsible for the lower Onychomys popu-

lation on the chained area.

Home Rang e

Home range size has been shown to be influenced by
habitat quality, with home ranges being smaller in more
favorable habitats (Blair 1943, 1951; Stickel 1960). There-
fore, this was one parameter which might have been expected
to change with habitat manipulation.

When home ranges were compared for the various species
between the two areas, no significant differences were found
to exist. The only observed differences in home ranges were
that D. merriami males on both study areas exhibited sig-
nificantly larger ranges than did females. This was

accompanied by a considerable degree of overlap in ranges of
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males, while in general, the ranges of adult females tended
to be mutually exclusive. This may be an indication of

territoriality in females which is lacking in males.

Density
Population densities, as determined from live trap
data, are influenced by the amount of activity of the animals
as well as the variability of bait acceptance at the differ-
ent trap periods (Fitch 1954, Smith and Blessing 1969).
The first of these factors is especially important
when considering species which either hibernate or aesti-

vate. In this study P. penicillatus and P. amplus were

rarely trapped during the colder months of the year. As a
result most estimates for the winter months are based on
animals that were trapped in the fall and then again in the
spring. The data for the first winter indicates there

was a fairly high winter survival rate for these species.
The densities recorded for the winter months of 1971 for
these two species are undoubtedly too low.

Because of the decreased attractiveness of bait
when natural food is abundant, low catches may occur when
populations are actually relatively high. The decrease
recorded, especially on the chained area, from September
through November 1971, occurred at a time when many of the
abundant annuals and perennial grasses were producing an

abundance of natural food for the granivorous rodents.
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This low recorded density is probably at least partially a
result of reduced bait acceptance.

Several species of small nocturnal rodents inhabited
each of the two study areas. Because each species differs
in many ecological and biological parameters, each reacts
to changes in the environment in different ways. Some
species have broad ecological tolerances and are little
affected by relatively major alterations in the habitat
while others may be greatly affected by such changes.
Relative density between the two study areas was used for
comparing the effects of habitat change on the various

species.

Dipodomys merriami

As mentioned previously, the Dipodomys merriami

population was greatly reduced as a result of the mechanical
chaining process. This reduction was of a rather short
duration, and by January of 1971 the kangaroo rat population
on the chained area had increased to approximately the same
level as that on the control area. The highest density of
D. merriami was recorded from the chained area, but the
average density for the entire study was slightly higher on
the control area indicating that the vegetation removal had

only a slight net effect on the D. merriami population.
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Perognathus penicillatus--
Perognathus baileyil

Rosenzweig and Winakur (1969) found Perognathus

penicillatus to require bushy or shrubby growth for their

existence. Based on this information it was expected that
the removal of such vegetation would adversely affect these

pocket mice. On the contrary, I found P. penicillatus to be

equally abundant on the two areas. It appears that the
microhabitat afforded by the sandy washes with or without
shrubby vegetation is the preferred habitat of this species.

The ecological relationship between P. penicillatus

and P. baileyi is not known. Rosenzweig and Winakur (1969)
speculate that they inhabit slightly different habitats,
but have similar requirements within their habitats.

They did not find the two species occurring together on

any of their study plots. My data suggest that the two may
share at least part of the same habitat at the Santa Rita
Experimental Range. Of the 53 trap stations in which P.

baileyi were captured, 22 (42%) also caught P. penicillatus.

Reynolds and Haskell (1949) found both P. penicillatus and

P. baileyi to be consistently more abundant on areas pro-
tected from grazing and supporting higher densities of
perennial grasses.

P. baileyi maintained a higher density on the chained

area throughout the study. In general, they were not common
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on either area but about twice as many individuals were

marked on the chained area as on the control area. P.

penicillatus were about three times as numerous as P.
baileyi on the chained area and five times as numerous on
the control area. This is in sharp contrast to the relative
population sizes that Reynolds and Haskell (1949) found in
1946. They found P. baileyi to be about twice as numerous

as P. penicillatus on both grazed and ungrazed plots. One

can only speculate as to why P. baileyi was more common than

P. penicillatus in 1946 and P. penicillatus was more common

in 1971-1972. Possibly different species respond in differ-
ent ways to a complex of environmental parameters, with a
combination of factors interrelated in such a way to favor

one species in some years and another species in other years.

ognatnus am -

Perognathus flavus

Along with the transformation of the chained area
into a grassland came an increase in the population of

Perognathus flavus. This species was absent from both areas

at the beginning of the study, indicating that those animals
which were later caught on the areas were most likely immi-
grants from slightly higher elevations.

Perognathus amplus and P. flavus are allopatric ex-

cept for a small area of sympatry in southern Arizona. The

ecological relationship between the two species in this
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region remains unclear, but a comparison of the distribution
of capture locations for the two species indicates that where
they occur together they inhabit approximately the same
habitat and probably have similar ecological requirements.
P. flavus was taken at 61 of the 196 trapping stations on
the chained grid. Of these, 59 percent also captured P.
amplus.

Trapping also indicated that on the chained area
where P. flavus was becéming more common, only 34 P. amplus
were marked, while on the control area where P. flavus re-
mained uncommon, 60 P. amplus were recorded.

A marked increase in P. flavus was observed in New
Mexico during a drought of several years' duration. This
increase was apparently at the expense of the less drought-

hardy Peromyscus maniculatus in some areas (Ivey 1957).

Hoffmeister (1959) reported taking P. flavus flavus near

Casa Grande, Pinal County, Arizona, where P. longimembris

pimensis previously had occurred. He speculated that P.

longimembris may no longer exist in the area because of

major alterations brought about by agricultural activities.
It appears that vegetation changes which have developed
since the chaining operation may afford a habitat more
favorable for P. flavus, and it is in the process of replac-
ing P. amplus. Further study will be necessary to confirm

or refute this possibility.
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Neotoma albigula

Neotoma albigula is another species which apparently

was adversely affected by the vegetation ﬁanipulation. Re-
moval of most of the cacti and mesquites, which served as
both food and shelter for this species, is the most likely
cause of the lower density of Neotoma recorded during the
study. N. albigula populations on the Santa Rita Experi-
mental Range appear to be much lower at present than they
were in the late 1930's when Vorhies and Taylor (1940)
estimated 11.8 per hectare for the entire range. A reduc-
tion of this nature could be the result of recent environ-

mental changes.

Other Species

The ecotonal position of the study area apparently
afforded only marginal habitat for a few species of crice-

tid rodents. Peromyscus eremicus, Reithridontomys montanus

and R. fulvescens were all taken on the control area, but

were more common on the chained area. Peromyscus maniculatus

was not trapped on the control area, but a few were found
on the chained area. It appears from the capturé locations
of these species that shelter resulting from the heaps of
dead vegetatién may have been responsible for the increase
in numbers ofnthese species. Bateman (1967) observed that

P. eremicus apparently do not excavate extensive burrows,
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and are more common in areas where they could seek refuge
under large boulders or in rock crevices. MacMillen (1964,
1965) was also unable to find burrows of this species.

P. eremicus were taken only in the colder months of
the year. The absence of this species in traps during the
summer months may possibly be due to aestivation (MacMillen

1964, 1965).

Biomass Estimates

Biomass is a convenient means of expressing the im-
pact each species of rodent exerts on the area it inhabits.
In general, it would be expected that the greater biomass per
unit area, the greater the impact of a certain species.

Since all species of rodents are not the same size,
it takes fewer large animals to equal the biomass of a
species with a smaller average size. Therefore, two or three
Neotoma may be equal in biomass to several pocket mice,

Perognathus.

In addition to being a gauge of the rodents' impact
on the habitat, the comparison of rélative biomass of
different species in a given area or of the same species on
different areas can be useful in determining the suitability
of the areas in meeting the needs of the species at differ-
ent times. Most species of rodents have high biotic poten-
tials and if presented with favorable conditions are capable

of reaching large population sizes in relatively short
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periods of time. Likewise, adverse conditions can result
in drastic population declines.

In general, the vegetation removal had little effect
.on the over-all rodent biomass of the area. There were
slight variations and fluctuations on the two plots, but the
'same trend was evident on both areas. In some months bio-
mass was slightly higher on the chained area, although aver-
age biomass for the 18-month period was a little higher on

the control area.



SUMMARY AND CONCLUSIONS

The effects of woody vegetation removal on a rodent
population in a desert-scrub grassland were studied over an
18-month period. Two live trap grids were utilized: one
in an undisturbed area which served as a control and the
second in an area where the woody vegetation had recently
been uprooted by a large chain dragged over the area be-
tween two Caterpillar tractors.

The removal of woody vegetation from this ecotone
between lower elevation creosote flats and higher elevation
grasslands made available to grasses and forbs much of the
precipitation which normally would have been utilized by the
shrubby vegetation. This increase in effective moisture
resulted in the development of a rather dense perennial and
annual grass cover which is characteristic of slightly higher
elevations.

In general, it appears that the immediate effect of
the chaining operation was to reduce the number of rodents,

especially Dipodomys merriami, on the manipulated area.

However pocket mice, Perognathus, were not greatly affected

by this mechanical operation. The different burrowing habits
of these species appear to be responsible for this differ-
ential response.

89
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Home ranges apparently were not greatly affected by
the vegetation manipulation since no significant differences
were found to exist between their sizes for any of the
species on the two study areas.
Some differences were observed in the species com-
position and relative abundances of species on the two study

areas. Perognathus flavus apparently increased in response

to the change in vegetation. This characteristically grass-
land form generally occurs in habitats at slightly higher
elevations at the Santa Rita Experimental Range. P. flavus
may be a competitor with P. amplus where they occur together
but P. flavus appears more efficient in the habitat afforded
by the dense grass cover. Other species that became more

common on the chained area were Reithrodontomys fulvescens,

R. montanus, Peromyscus eremicus and P. maniculatus.

Rodent densities fluctuated on both study areas,
but the fluctuations were generally synchronous and the mean
densities for the 18-month period were almost identical.
Reproduction was similar for the two study areas except for
the increased activity of D. merriami during the first few
months on the chained area when the density of this species
was low.

Although minor changes occurred in some of the
parameters examined, it appears that the net effect of vege-
tation removal on the nocturnal rodent population over the

18-month period was slight.
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