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ABSTRACT

Forage area studies on the habitat separation of 
four species of desert rodents demonstrated that Dipodomys 
merriami foraged in areas lacking vegetation, Perognathus 
amplus among scattered and clumped vegetation, Perognathus • 
baileyi among clumped vegetation and large bushes, and 
Perognathus penicillatus under large bushes, A population 
of Dipodomys merriami was perturbed and Perognathus amplus 
significantly shifted its forage pattern. Dipodomys thus 
affects the habitat selected by Perognathus amplus. 
Perognathus baileyi and P . penicillatus did not change their 
forage patterns and are probably restricted non-competitively 
to their respective microhabitats. Habitat selection was 
found to be important for the coexistence of these species, 
with interspecific interactions partially influencing the 
habitat these species select.
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CHAPTER 1

INTRODUCTION

Six species of seed eating heteromyid rodents 
(Perognathus flavus flavus Baird, P. amplus taylori Goldman, 
P. baileyi baileyi Merriam, P̂. penicillatus price! Allen, 
Dipodomys spectablis perblandis Goldman, and D. merriami 
merriami Mearns) occur together on a single hectare of 
desert grassland and at many places in southeastern Arizona. 
In keeping vzith the competitive exclusion principle, these 
species must be subdividing some part or parts of their 
environment (MacArthur and Levins i964) for this coexistence 
to occur.

Bosenzweig and Winakur (12.69.1 reported on mjZcro- 
habitat affinities of five species of heteromyids and 
Rosenzweig (1973) demonstrated by habitat manipulation, that 
Dipodomys merriami and Perognathus penicillatus select dif
ferent microhabitats, They found that the differing 
affinities and differences in microhabitat selection were 
important for their coexistence.

Differential seed selection is another means by 
which an environment can be subdivided, thus permitting 
coexistence, Brown (1973) and Brown and Lieberman (1973) 
have shown both a microhabitat.and a seed size selection
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in heteromyid rodents, However, others (Rosenzweig and 
Sterner 1970, Smige'l and Rosenzweig 1974) - have reported 
that seed selection does not exist in the above six species. 
If the size of seeds differs in different microhabitats, 
then habitat selection can also account for reports on seed 
size selection in rodents. Thus habitat selection and not 
seed size selection appears to be the most plausible 
explanation of heteromyid coexistence.

The fact that various heteromyids select different 
microhabitats is apparently well demonstrated, However, 
whether this selection results from a strong preference that 
restricts a species to a particular habitat Gas Wecker 
{1964} found in the cricetid rodent Peromyscus) or from 
competitive interactions between species (as Brown {1971} 
and Heller {1971} found in the chipmunk Eutamias, and 
Morris [1969} in the crictetic rodents Microtus and 
Clethrionomys) is not known.

To determine the influence of interspecific inter
actions on the foraging areas of heteromyid rodents, a 
series of experiments were designed to delineate the micro
habitats of four species commonly present in the area, The 
experiments were designed to demonstrate microhabitat 
separation, and, through perturbation, interspecific inter
actions that might influence foraging area, thus indicating 
microhabitat selection which permits the coexistence of the 
species involved.



CHAPTER 2

METHODS AND MATERIALS 

Study Site
The study was conducted on the Santa Rita Experi

mental Range located 3 0 miles south of Tucson, Pima Countyr 
Arizona, Two sites were selected within the range, one for 
the control study and the other for experimentation.

The control site was situated at -the intersection of 
sections 10, 11, 14, and 15, Township 18 south, Range 14 
east, elevation 3,160 feet. This gite consisted of a 1.69 
hectare, 14 x 14 (196) station, 10 meter interval live trap 
grid that has been trapped regularly since June, 1970.

The experimental site was situated 1100 meters 
north of the control site in the southeast quarter of 
section 11, Township 18 south, Range 14 east, elevation 
3,160 feet. This site yas originally set up in August,
1973, as a 1,6.9 hectare, 14 x 14 (196) station, 10 meter 
interval live trap grid. In March, 1974, the grid was 
changed to a 1,96 hectare, 10 x 10 (100) station, 15 meter 
interval live trap grid.

. Data were also taken from a set of parallel lines,
16 stations per line, 2 traps per station, 15 meters between



lines and stations, located 100 meters west of the experi
mental site.

Vegetation
The dominant vegetation of the two sites included. 

Ephedra trifurca Torr., Mormon tea; Prosopis juliflora 
(Swarth) B.C., mesquite; Cercidium floridum Benth., palo 
verde; Acacia greggii Gray, catclaw acacia; Celtis pallida 
Torr., hackberry; Opuntia engelmanni Salm-Dyck, prickly pear 
cactus; Opuntia versicolor Engelm., and Opuntia fulgida 
Engelm., cholla cacti; Happlopappus tenuisectus (Greene) 
Blake, burro weed; Zinnia pumila, Gray, desert zinnia; 
Guiterrezia sarothae Pirsh, Britt and Rasby, snake weed; 
Encelia frutescens Gray; Boutejoua rothrockii Vasey, grama; 
Aristida barbata Fourn., three awn; Trichachne californica 
(Benth.1 Chase, cotton top; Andropogon barbinodls Log,, 
blue stem; and Heteropogon contortus (Ll Beauv,, tangle head.

Microhabitat Types
Four microhabitats were delineated as follows; [11

open, areas with a ,5 to 1 meter radius containing no 
vegetation, located more than IQ meters from the nearest 
Celtis or Acacia; (2) scattered bush, areas containing small 
bushes, less than ,5 meters tall and less than .5 meters 
apart, generally involving Happlopappus and Zinnia; (3) 
clumped bushes, either a single bush ,5 to 1 meter across 
and less than 1 meter tall, or a collection of bushes ■



fitting the above description, generally involving Encelia, 
Guiterriegia, Happlopappus, Aristida, Trichachne, and 
Andropogon; and (.4) large bush, a single bush greater than 
1 meter tall and greater than 1 meter across, generally 
involving Acacia and Celtis.

Forage Area Method 
Commercially obtained whole wheat was colored with 

water soluble dyes, either blue (indigo carmine), red 
(brilliant vital red), green (fast green), or brown (bismark 
brown). On evening one, piles of approximately 20 seeds 
were.placed more or less at random in the identified micro
habitats, green in open, brown among scattered bushes, red 
in clumped bushes, and blue in large bushes. The number of 
seed piles in each microhabitat was counted and relative 
(expected), frequencies for each microhabitat generated.
Traps were not set at this time,

On evening two, dyed grain was again placed in the 
same frequency as the evening before. Live traps were set 
and run at 2100 and 0500 hours, at which time they were 
closed, Feces from each individual caught, -as well as any 
dyed seed found in cheek pouches were collected. The night 
three trapping schedule and operation were the same as night 
two. On night four, the last night of trapping, no dyed 
seed was used, but the trapping schedule was the same as



nigtits two and three. In a few cases trapping on the grids 
was continued for a fourth night.

The feces collected were taken to the laboratory for 
analysis as to the presence of color. Feces from each 
individual were first soaked in water and then inspected 
under a dissecting microscope. The presence of dyed seed 
coats was recorded as to color or colors observed. Dyed 
seed found in cheek pouches were included with the fecal 
color counts, Totals for each color for each species >zere 
tabulated and these observed frequencies were compared with 
the expected frequencies.

All animals were toe clipped using a sequential 
numbering system and released. This permitted individual 
recognition and prevented repetitive counting of forage 
color for the same individual during a trapping session.

Forage area data are compared with live trapping 
results taken from 19 trapping periods (.3724 trap nights 1 
on the control grid between 15 January and 21 June 1974. 
Total captures of Dipodomys merriami and Perognathus 
bajleyi on 59 adjacent stations in the vicinity of a rocky 
wash and/or on gravelly substrate of 1972 (3136 trap nights) 
are compared with total captures of both species during 
1973 (6 076 trap nights) to demonstrate a possible D , 
merriami-P..baileyi interaction.

Gravelly substpate is defined as being 20% or more 
by weight of particles greater than 1.981 cm in diameter,



as separated by a number 10 equivalent screen scale. The 
four defined microhabitats may occur on either gravelly or 
sandy substrate.

Observations of marked (fur clipped) D, merriami, 
P, amplus, and P. penicillatus foraging in the open, among 
scattered bushes or under brush piles were made during May 
and June of 1974, These observations are used to substan
tiate interactions and habitat preferences.

Both Dipodomys spectabijs and Perognathus flavus 
were rare, comprising less than 1% of the total rodent 
population in the area during this study. For this reason 
only data from Dipodomys merriami, Perognathus amplus, P . 
baileyi, and P. penicillatus are presented in this paper.



CHAPTER 3

RESULTS AND DISCUSSION

Control Foraging Study 
To establish the presence and extent of the micro- 

habitat foraging areas for each species, dyed seeds were 
placed in the open, clump and large bush microhabitats on 
the control site. Traps were operated for three nights, and 
checked five times, between 2 and 5 June, 1974.. Table 1 
lists the results and resulting Chi square values for the 
control phase of the study.

Analysis of the results shown in Table 1 reveals 
that Dipodomys merriami was the only species that favored 
the open microhabitat. It also favored the clump micro- 
habitat, as did all of the other species, D , merriami 
Strongly rejected the large bush microhabitat.,

Perognathus amplus strongly rejected the open, but 
even more strongly favored the clump microhabitat and weakly 
disfavored the large bush microhabitat, .

Perognathus penicillatus was the only species that 
demonstrated a positive selection for the large bush micro- 
habitat. It favored the clump and avoided the open micro
habitat. ,



Table 1* Results of test for presence and extent of microhabitat selective
foraging and degree of species separation, based on the color of seeds' 
taken from each microhabitat —  N represents the number of individuals 
used. The first number in an entry is the number of times color from 
that microhabitat was observed, the number in parenthesis is the 
frequency of occurrence, the sign represents positive or negative 
deviation and the following Chi square value the degree of that 
deviation.

Microhabitats
Open .Clump Large Bush

Expected N 19 8 (. 515) 86 (.223) 100(.261) Sum Chi Square
Observed
D. merriami 34 .24 (.585) +0.3 9 15(.360) + 3,75 2 (. 048) -7.07 11.31*
P. amplus 54 . 5(.139) -9.88 23(.693) +27,91 8 (.222) -0.21 38.0*
P. penicillatus . 9 2 (,154). -3.29 5 (.384) -+ 1, 53 6 (.4 62) +2. 00 6.82*
P. baileyi 16 8 (.381) -0.73 10(.476) +6.04 3(,143) -1.12 7.89*
Pooled Chi Square 5.77 32.24 3.43
Total Summed Chi Square 63.92 
Total Pooled Chi Square 41.44 
Resultant Chi Square 22.48*
Resultant — Summed ^ Pooled Chi Square

*Significant at ,05 level.
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Perognathus baileyi favored only the clump micro

habitat ,
The resultant value of the summed minus pooled Chi 

square values was statistically significant (Table 1) 
showing that the species were selecting different portions 
of their environment, with D , merriami the only species to 
select the open, P. penicillatus the only species to select 
the large bush microhabitat, and all four showing some 
preference for the clump microhabitat. The summed Chi 
square was the total Chi square for each individual species 
by habitat, the pooled Chi square was the total Chi square 
of all species by habitat. Even though this subdivision is 
significant, whether it is adequate for successful 
coexistence is unknown. Although this test shows that 
Perognathus amplus and P. baileyi, and Dipodomys merriami 
and P , baileyi have the greatest overlap, preliminary 
analysis of substrate indicates that P , baileyi may be 
selecting more gravelly soils than D, merriami and P. 
amplus. Thus these three species may be further subdividing 
their environment on the basis of substrate. Figure 1 
illustrates the habitat separation graphically,

Perturbation Experiment
Once forage area patterns for each species were 

established, a perturbation experiment was designed to 
quantify the effects of the presence of one species on the
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12
other. Since the clump microhabitat was occupied by all 
four species, this was subdivided into two microhabitats, 
a scattered and a clump, as defined under methods above.

Dipododmys merriami is the largest of the species 
involved, thus presumably it would be physically capable of 
dominating the other species. Further, it showed the 
greatest usage of the open microhabitat, For these reasons 
it was chosen as the species to be perturbed. Dyed seed 
were placed in four microhabitats (open, clump bush, 
scattered bush, and large bush) on the experimental site. 
Trapping was conducted for four nights between 20 and 24 
June, 197 4, No Dipodomys were removed on the first two 
nights, 18 were removed on the third and fourth nights.
The first, second, and third night's foraging data were 
combined to establish a pre-perturbation baseline.

Table 2 presents the pre-perturbation foraging 
results and Chi square values. Dipodomys merriami differed 
on this run as compared to the control run in that the 
species was not significantly selecting any portion of its 
environment. It was again the only species to select the 
open, Perognathus amplus was significant in its avoidance 
of the open and large bush microhabitats, and selection for 
the scattered and clumped microhabitats. Perognathus 
penicillatus selected only for the large bush and was 
significant in this selection. P. baileyi rejected only 
the open microhabitat and was significant in its selection.



Table 2. Pre-perturbation selective foraging based on the color of seeds taken 
from each microhabitat in the presence Of D . merriami —  N represents 
the number of individuals used. The first number in an entry is the 
number of times color from that microhabitat was observed, the number 
in parentheses is the frequency of occurrence, the sign represents 
positive or negative deviation and the following Chi square value the 
degree of that deviation.

. Expected

Microhabitat Types

Sum Chi 
Square

Open Scattered Clumped Large Bush
N • ,276 .329 .260 .135

Observed
Dmerriami 25 .:20(,384) +2.22 11 (.211) -2.18 14(.269) +0.02 7(.134) 0.00 4.42
P. ampins 29 3 1.091) -4.09 18 1.544) +4.69 11 (.333) + 0.. 68 1( . 030) - 2.68 12.14*
P» penicillatus 27 7 1.161) -1.82 10(.238) -1.05 9 (.214) -0.34 16 (.381) +18.82 22.03*
P. baileyi 26 8C.138) -3.9 18(.311) -0,06 19 1.377) +1.02 13(.224) + 3.41 8.39*
Pooled Chi Square ' 3 .34 0.24 0.49 5.79
Total Summed Chi Square 46.98
Total Pooled Chi Square 9.86
Resultant Chi Square 37.12*

Resultant = Summed - Pooled Chi Square

*Significant at -05 level.
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The Smnmed-Pooled Chi square was significant showing that 
each species was treating the microhabitats differently 
(Table 2). Microhabitat separation is shown graphically in 
Figure 2.

Trapping was resumed four nights later on 28 June, 
1974, for three nights. Dyed seed had been placed in the 
environment in approximately the same frequency as the week 
before» Foraging data collected from this run were used as 
a post-perturbation guideline.

Table 3 presents the results and Chi square 
values obtained after Dipodomys merriami was removed. 
Perognathus amplus showed a marked change in its forage area 
pattern. The species shifted from the scattered and clumped 
microhabitats to the open, and was no longer significantly 
selecting any portion of its environment. Apparently 
Dipodomys merriami affected the forage areas of Perognathus 
amplus.

Perognathus baileyi and penicillatus did not 
significantly shift their foraging areas. The species still 
significantly selected different microhabitats (Table 3),
The shift in forage area is shown graphically in Figure 3,

Data collected on a set of parallel lines (presented 
in Table 4) run concurrently with the post-perturbation 
experiment approximated the control and pre-experimental 
data from the grids. Even though the sample size was small, 
the species did significantly select different microhabitats.
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Table 3. Post—perturbation selective foraging based on the color of seeds taken
from each microhabitat in the absence of D. merriami —  N represents the 
number of individuals used. The first number in an entry is the number 
of times color from that microhabitat was observed, the number in . 
parentheses is the frequency of occurrence, the sign represents positive 
or negative deviation and the following Chi square value the degree of 
that deviation.

.Microhabitat Types

Open Scattered Clumped Large Bush
Sum Chi 
SquareExpected N .276 .329 .260 .135

Observed 
P . ampins 
P. penicillatus 
P. baileyi

27
31
33

19 C?311) 10,28 
.201,238) -0.44 
61.098) -7.46

17 1.279) -0.47 
23 1.274) -0.78 
22 (.349) 10.08

17 C. 279) 
17C.202) 
191.302)

10.08
-1.07
10.42

8 C-131) - 0.01
24 C. 286) 114.1 
16 C. 254) 1 6.42

0.84
16.42*
14.57*

Pooled Chi Square 2.68 0.60 0.02 14.13
Total Summed Chi Square 31,83 
Total Pooled Chi Square 17,43 
Resultant Chi Square 14,40*

Resultant = Summed t- Pooled Chi Square

^Significant at .05 level.
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Table 4. Results of test on forage area separation based on the color of seeds 
taken from each microhabitat using parallel line data :— - N represents ' 
the number of individuals used. The first number in an entry is the 
number of times color from that microhabitat was observed, the number 
in parentheses is the frequency of occurrence, the sign represents 
positive or negative deviation, and the following Chi square value the 
degree of that deviation.

Microhabitat Types

Open Scattered Clumped large Bush
Sum Chi 
SquareExpected N 37 C, 2761 50 (.352) 46 (.352) 9(.063)

Observed 
D. merriami . 8 9 (.529) +4.68 5(.294) -0.16 3 (.176) -1.14 01.000) - 1.07 7.05
P. ampins .12 4 (.190) -0.40 7 (.333) -0.02 5 (.238) -0.48 ' 5(.238) +10.4 11.30*
P. penicillatus 8 3 ( .200) -0.21 6(.400) +0.10 3 (..200) -0 .71 3 (.200) -+ 4.49 5.51
P. baileyi 21 5(.116) -3.45 . 15(.349) 0.00 19 C.442) +1.87' 4(.093) +0.61 5.93

Pooled Chi Square 0.66 0.02 0.04 5.85
Total Summed Chi Square 29.79 
Total Pooled Chi Square 6.57 
Resultant Chi Square 23.22*

Resultant = Summed - Pooled Chi Square

^Significant at .05 level
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P, amplus showed the greatest difference as compared with 
hhe other studies in that it selected the large bush 
microhabitat.

Overall, the forage area studies indicate that these 
species do separate by habitat, i.e., Dipodomys merriami 
selects open areas, Perognathus amplus, in the presence of
D . merriami, forages under scattered and clumped vegetation, 
P. baileyi selects for areas with clumped and large bushes, 
and P. penicillatus forages mostly under large bushes.

Forces that Affect Habitat Selection
: ■ - ' ... ' , ’ . ' ’ ■ ;

The forces that act in the selection of an animal's
microhabitat may operate either by internal or external 
means. The internal means are the morphological, 
physiological, behavioral, or psychological restrictions 
and adaptations that play a part in the selection of 
habitat. As pointed out by Bartholomew and Caswell (1951) 
the bipedal morphology of Dipodomys and its subsequent style 
of locomotion "places definite limitations upon the types 
of habitat available to it. This rodent can be expected to 
occupy successfully only those regions in which, smooth 
surfaced, sparsely vegetated foraging areas are available!'
(p. 166) .

Heller and Gates (.1971) have reported that physio
logical restrictions and adaptations to temperature, aridity, 
and convective body heat loss may influence the habitat
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distribution of four species of Eutamias on the east slope 
of the Sierra Nevada.

Hoover (1973) demonstrated that Perognathus 
penicillatus on his study site in New Mexico was behaviorally 
adapted and physiologically restricted to the habitat it 
occupied. He also found that Perognathus intermedius was 
able to tolerate a greater extreme of temperatures and the 
increased carbon dioxide concentrations found in its 
environment, and the combination of its physiological 
adaptations and the aggressive nature of P, penicillatus 
produced the habitat separation observed in these two 
species.

Meeker (1964) argues that innate behavioral 
(psychological) responses influence the habitat selection 
of subspecies of Peromyscus, Laboratory raised individuals, 
when given the choice of grassland or woodland habitat, 
chose the habitat of their parents.

External forces, acting mainly through intra- or 
inter-specific competition, can also play a role in habitat 
selection. Competition, as defined by Birch (1957) occurs 
"when a number of animals (of the same or a different 
species) utilize common resources the supply of which is 
short; or, if the resources are not in short supply, 
competition occurs when the animals seeking that resource 
nevertheless harm one another in the process" (p, 6),
Brown (1971) has shown that Eutamias dorsalis excludes
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E. umbrinus from open, rocky areas. Heller (1971) reported 
that competition also influences the distribution of other 
species of Eutamias, Morris and Grant (1972) have demon
strated that Clethrionomys gapperi is excluded by Microtus 
pennsylvannicus from grassland.

Competition can act either through direct inter
ference, wherein the species involved come into direct 
contact, op through indirect interference, wherein one 
species occupies or utilizes a resource more efficiently, 
or at a faster rate than another, but there is no actual 
contact.

Habitat Selection and Heteromyid Rodents 
Two types of evidence are available as to the micro- 

habitat selection of these heteromyids: the microhabitat in 
whcih they have been captured in live traps and the forage 
area microhabitat indicated by the color of seeds taken. 
Tables 5, 6, 7, and 8 present the habitat restriction and 
overlap of D. merrjami, P , amplus, P , penicillatus, and P , 
baileyi as shown by live trapping.

Dipodomys merriami, adapted for an open environment, 
is generally not caught either in heavily overgrown vegeta
tion or along deeply cut or rocky washes. Thus, finding that 
Dipodomys foraged both in the clumped and large bush micro- 
habitats was unexpected„ However, these microhabitats 
appear to act as small islands, surrounded by open habitat,
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Table 5. Habitat restriction as shown by live trapping —

N represents the number of individuals used. The 
data were taken from 14 4 trap stations (outer row 
excluded to prevent bias of edge effect) trapped
19 times between 15 January and 21 June 1974.

Stations Stations not
catching catching

Species N an animal an animal

D. merriami 86 105 39
P . amplus 99 82 62
P. penicillatus 82 41 103
P » baileyi 55 41 103

Table 6. Habitat overlap based on trap usage —  Data taken 
from 14 4 trap stations trapped 19 times between 
15 January and 21 June 1974.

Species 1 Species 2

Stations Catching
Both

species
Species 
1 only

Species 
2 only

Neither
species

D . merr„ vs. P. ampl. 56 4 9 26 13
D , merr. vs , P , peni. 28 77 13 26
D. merr„ vs. P. bail. 28 77 13 26
P. arnpl. vs, P. peni. 25 57 16 46
P , ampl. vs, P. bail. 22 60 19 • 43
P » peni, vs. P, bail, 19 22 22 81
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Table 7. Comparison of captures of D. merriami and P.

baileyi at 59 trap stations on gravelly substrate 
and/or near a rocky wash for 1972 and 1973 —  1S[ 
is the total number of captures on the grid.

Year N
Captures on 

rocky/gravelly 
substrate

% of captures 
on substrate

D. merriami 1972 255 64 - 25.1
1973 306 50 16,3*

P. baileyi 1972 13 6 46.2
1973 119 67 56.3 .

*Significant change at .05 level.

Table 8, Results of association test on the influence of 
competition on the captures of D. merriami, P. 
amplus, P. penicillatus, and P. baileyi The 
sign represents positive or negative deviation, 
and the following Chi square value, the degree of 
that deviation.

JDe merr. P * ampl, P, peni, P.: bail.

D,
P.

merr. 
ampl. -0.24

P. peni, -0,13 tO.12
P, bail, -0.13 -0,07 t 4 .62*

Significant at .05 level.
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wherein Dipodomys can easily enter and leave the large 
vegetation. As demonstrated by Rosenzweig (1973) large 
areas of continuous vegetative cover between 8 and 45 cm 
in height are avoided by Dipodomys, £>ut if there is an 
opening in the cover Dipodomys will enter. At ground 
level, Celtis, Acacia, and certain of the "clumped" bushes 
tend to be open up to 20 cm, thus permitting free movement 
of Dipodomys, This ground level clear space, and the small 
areas of the clumped and large bush microhabitats probably 
permits Dipodomys to forage under cover.

Perognathus amplus, as shown by live trapping, 
overlaps widely with the microhabitat requirements of 
Dipodomys merrjami (Table 6). It is generally taken among 
scattered and clumped, short (less than 50 cm) vegetation 
and appears to avoid large open areas, heuvily overgrown 
vegetation, and rocky washes. Based on live trapping, the 
foraging data in the presence of D, merrjami approximates 
what was expected for P. amplus.

Perognathus penicillatus is.generally caught in or 
near large brushy vegetation and foraging data substantiate 
this» Sinqe it is rarely caught far from its vegetative 
"islands," even when the density of Dipodomys drops, its 
failure to move into the open upon the removal of Dipodomys 
was not unexpected. The restriction to overgrown vegetation 
may be physiological or behavioral, but additional study is 
required to substantiate this,
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Little is known on the habitat requirements of 

Perognathus bajleyi on the Santa Rita Experimental Range. 
Rosenzweig and Winakur (19 69) working with populations in 
other parts of its range called P. baileyi a "brush mouse," 
On the Santa Rita Experimental Range, although P. bajleyi 
selected against the open microhabitat, it did not select

- '■ ■ . ‘ • ■ - , . ■ - istrongly for the large bush microhabitat (the "brush" of ' 
Rosenzweig and Winakur). Between June 1970, and the spring 
of 197 3, few P, baileyi were caught on the control grid. 
Since then the species has been caught regularly, comprising 
15% of the heteromyid population on the control grid, It 
has been generally caught along a deeply cut, rocky wash, 
or on gravelly substrate. The foraging data show the 
species foraging under and among plants in this area. Why 
the species will not f orage in the open is not known, • As 
P , baileyi is rarely caught on sandy substrate with I), 
merriami, it was not expected to shift its foraging pattern 
upon the removal of Dipodomys.

P , baileyi may interact with D, merriami and exclude 
D , merriami from gravelly substrate when P, baileyi is 
present. In any case, the captures of Dipodomys on gravelly 
substrate in 1973 as compared with 1972 decreased signifi*- 
cantly as the number of P, baileyi increased (Table 7), 
Rosenzweig and Winakur (1969) also suggest that P_, baileyi 
interacts with D, merriami, keeping D , merriami out of 
areas it occupies,
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The large habitat overlap between D. merriaxni and P. 

ampins (as shown by live trapping. Tables 5 and 6) led to 
the assumption that if an interaction was going to occurf it 
would probably occur between these two species. Trapping 
results (Tables 5 and 6) indicated that P. penicillatus and 
P . baileyi might be restricted non-competitively to their 
respective microhabitats. Table 8 presents association 
Values that show that P . penicillatus and P. baileyi are not 
significantly prevented from occupying areas where Dipodomys 
is present, i.e., the species are not competitively 
restricted to their microhabitats by Dipodomys, The change 
in forage pattern of P „ amplus and the lack of change of 
P. baileyi and P, penicillatus was thus expected.

Interspecific Interactions and 
Heteromyid Rodents

In this study it appears that Dipodomys and 
Perognathus compete either for seeds or for foraging area, 
or most likely a combination of the two. Further, it 
appears that a combination of direct and indirect competi
tion may influence their spatial patterns,

Dipodomys has been observed on 11 occasions to chase 
up to 5 individual P. penicillatus from artificial seed 
piles both in the open and under small brush piles„ P , 
penicillatus has been observed persistently foraging in the 
open in the presence of D . merriami when cover was less than 
10 meters away, Its willingness to enter open areas
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adjacent to cover was reason that, in the forage study, no 
pile of seed in the open microhabitat was placed within 10 
meters of an Acacia, Celtis, or other suitable cover. The 
presence of cover is important for P. penicillatus.

Perognathus amplus has not been observed foraging in 
the open in the presence of JDipodomys. However, when annual 
vegetation invaded open areas following the summer rains, a 
sipgle individual was observed on 3 occasions foraging among 
small scattered plants even though D „ merriami persistently 
chased it away« As P. amplus failed to forage in the open 
in the presence of D. merriami, but would forage among small 
scattered plants, its observed spatial patterns may be 
partially due to the direct interference of D. merriami,

No interaction involving P, baileyi was observed.
Among species of similar size and feeding habits, 

one that frequently forages in a particular habitat will 
remove more resources than one that rarely forages there. 
Then, when a second species does attempt to forage in the 
microhabitat, it will discover a low density of resources. 
This low density may lead to a future avoidance of the area, 
reinforcing microhabitat avoidance, A tendency to avoid 
low density seed areas might help explain some of the 
observed spatial patterns of heteromyids, For example, 
the drop of foraging by Dipodomys in the scattered micros 
habitat may result from the efficient removal of seed from 
the mlcrohahitat by amplus. Similarly, the decreased
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usage of gravelly substrate by D . merriami may be due to a 
greater efficient seed utilization by P. baileyi in this, 
area.

A species can learn, through adverse direct inter
specific interactions (e.g,, fighting), to avoid areas 
occupied by a dominant species« If learning behavior does 
affect spatial patterns, one would expect to catch juveniles 
in traps in areas that their parents avoid. However, as 
juvenile Perognathus baileyi and P_. penicillatus are caught 
mainly in the same traps as adults, the species probably do 
not learn to avoid areas occupied by Dipodomys, supporting 
a non-competitive restriction to their microhabitats.

Habitat Selection and Coexistence
Habitat selection appears to be important for the 

coexistence of beteromyid rodents. The species are 
obviously foraging in different areas of their environment. 
In this study Dipodomys merriami was the only species of the 
four to positively select an open microhabitat, Perognathus 
amplus, in the presence of D . merriami forages under and 
among clumped and scattered vegetation on sandy substrate, 
but in the absence of D, merriami, P , amplus will also 
forage in the open, P , baileyi forages under clumped and 
brushy vegetation on grayelly substrate. P_, peniciliatus 
was the only species to strongly select the large bush 
microhabitat. Although a strong preference for certain
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microhabitats plays the major role in habitat selection, as 
in the restriction of P , baileyi and P, penicillatus to 
their microhabitats, interspecific interactions between D „ 
merriamj and P. amplus, and P. baileyi and D , merriami 
reduces forage area overlap and may influence their 
coexistence. .



CHAPTER 4

SUMMARY

Studies were conducted in June and July 197 4, to 
determine the habitat separation and the influence of inter
specific interactions on the habitat separation of four 
species of widely sympatric heteromyid rodents, Dipodomys 
merriami, Perognathus amplus, P , baileyi, an4 P. 
penicillatus. Wheat seed was dyed four colors and a 
different color was placed in one of four microhabitats 
(open, scattered bushes, clumped bushes, and large bushes), 
Animals were subsequently live trapped and their feces 
collected to be later analyzed in the laboratory for the 
presence of color.

A comparison of the expected values (frequencies 
of dyed seed placed in the environment) with the observed 
values (frequencies of color in the feces of the rodents) 
showed that D, merriami was the only species to positively 
select the open microhabitat„ P . amplus selected the 
scattered and clumped microhabitats, 3?. baileyi the clumped 
and large bush microhabitats, and P. penicillatus selected 
only the large bush microhabitat. Chi square analysis of 
the data showed that the species were significantly selecting 
different portions of their environment.

32
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Eighteen Dipodomys merriami were removed from a 

1.96 hectare live trap grid. Seed was again placed in the 
environment and feces collected from the remaining species. 
Analysis of fecal seed coat colors showed that Perognathus 
ampins shifted its foraging from the scattered and clumped 
microhabitats to the open, P. ampins no longer signifi
cantly selected any portion of its environment. P. 
penicillatus and P. baileyi did not significantly shift 
their forage pattern and foraged in the same microhabitat 
as before„

Internal (behavioral or physiological preference) 
or external (interspecific interactions) forces can affect 
the habitat selection of a rodent species, Perognathus 
baileyi and P. penicillatus appear to be innately restricted 
to their particular microhabitats, with P , baileyi possibly 
being influenced by a gravelly substrate. Interspecific 
interactions between Dipodomys merriami and Perognathus 
amplus influences where P, ampins forages. Interactions 
between P. baileyi and D, merriami may restrict where D. 
merriami forages.

This study demonstrated that habitat selection is 
important for heteromyid coexistence, Dipodomys merriami, 
Perognathus amplus, P , baileyi, and P. penicillatus sub
divide their environment by differential habitat selection. 
This subdivision is influenced partially by interspecific 
interactions and partially by microhabitat restrictions,
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