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ABSTRACT 

Laboratory experiments have suggested that the coexistence of 

certain heteromyid rodent species is facilitated through differential 

use of seed dispersions (clump sizes). Field experiments with the 

Bannertail kangaroo rat, Dipodomys spectabilis, and Merriam's kangaroo 

rat, Q. merriami, indicate their use of different clump sizes is not 

sufficiently specialized to permit coexistence. Field experiments based 

on the assumption that these species interact primarily through aggres

sion demonstrated that during at least one season of the year Q. 

spectabilis excludes the smaller D. merriami from its foraging range. 

Preliminary characterization of spatial heterogeneity of resource produc

tivity implies that the competitive coexistence of these species is 

regional and is dependent upon the existence of areas with low produc

tivity that are not economically usable by Q. spectabilis. These areas 

of low productivity may serve as a competitive refuge for Q. merriami, 

facilitating its persistence. A brief review of the evidence for the 

occurrence of competition between heteromyid species is presented, as is 

a selected review of the evidence supporting the various hypotheses 

explaining the competitive coexistence of heteromyid rodents. 

vii 



CHAPTER 1 

INTRODUCTION 

Since the publication of a seminal study by Hutchinson (1959) 

considerable effort has been extended toward the development of a 

predictive theory of species diversity and abundance. The work of 

MacArthur and Levins (1964, 1967), Levins (1968), MacArthur (1970, 1972), 

and May (1970, 1973) has resulted in the development of a relatively 

sophisticated theory of communities. 

Pulliam (1975) attempted to test community theory directly by 

comparing predictions of diversity generated by the theory, with that 

found in intact natural communities of granivorous birds. Assuming that 

the occurrence and competitive coexistence of bird species was based 

upon seed size selection, he predicted the 'equilibrium community compo

sition from data on seed productivities. His results agreed well with 

the theory, correctly predicting the number of species occurring in all 

three habitats and correctly indicating the identity of the species in 

two. Pulliam concluded that while community theory was useful in pre

dicting when species may coexist, it may not be able to identify which 

species will coexist. 

A subsequent census of the same communities two years later 

revealed further difficulties for the theoretical predictions. Pulliam 

and Mills (1977) found that in a grassland habitat the number of resident 
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species had increased from one to four while no evidence was found for 

significant changes in seed production. While no change in seed size 

distribution was noted, Pulliam and Mills (1977) did note that during the 

intervening two years a change in the number of large trees had occurred. 

An examination of the use of space in relation to trees indicated the 

four species foraged primarily in concentric areas at different distances 

from the trees. While noting that each species' predator avoidance beha

vior was correlated with the distance from cover at which each species 

foraged, they hypothesized that these concentric foraging areas were 

maintained through direct interspecific aggression. 

The experience of Pulliam (1975) and Pulliam and Mills (1977) 

emphasizes the critical nature of the choice of the relevant resource 

base when examining community structure and coexistence. The research 

which I report in the following pages is another illustrative example. 

Like Pulliam (1975), I first assumed that the nature of the competitive 

interaction between two species of kangaroo rats was exploitative and 

that differential resource use was sufficient to account for the coexist

ence of these species (Chapter 2). The inability of this hypothesis to 

adequately separate the species led me to propose and test an hypothesis 

that assumed the species primarily interacted through direct interfer

ence (Chapter 3). This hypothesis seems sufficient to explain the 

coexistence of these species. In the final chapter of this dissertation 

I havp endeavored to examine the evidence for the major hypotheses 

explaining species coexistence in heteromyid rodents. 
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Competition in Heteromyid Rodent Communities 

An examination of the competitive coexistence of species must 

first begin with an assessment of the potential that interspecific 

competition occurs and that it may be an important force acting on the 

species. Reynoldson and Bellamy (1970) listed three conditions as being 

adequate support for the existence of interspecific competition: 

1. The comparative distributions and/or abundances of the species 

are explicable by competition. 

2. That the growth rate of the species are density dependent. 

3. Resource alteration and population manipulation experiments are 

consistent with the occurrence of competition. 

Surprisingly, most of these criteria may be addressed with the 

existing literature on heteromyid rodents. All heteromyids are noctur

nal and granivorous, though most species seasonally consume green vege

tation and insects (Beatly, 1969; Reichman and Van De Graff, 1975). The 

anecdotal evidence of seed selectivity is equivocal: while some have 

noted cases of selectivity (Smith, 1942; Reynolds, 1950), others have 

concluded that the species are opportunistic (Tappe, 1941; Monson, 1943). 

Brown and Lieberman (1973) and Brown (1975) reported that a significant 

positive correlation existed between the average mean body size of 

rodents with the mean sizes of seeds collected. Mares and Williams 

(1977) confirmed this pattern with laboratory feeding trials but noted 

that when the data are examined at the level of the individual no rela

tionship exists between seed size collected and body size of the rodent. 

Rodents of different size selected seeds of similar size. 



Dipodomys spectabi1is, a large kangaroo rat of about 120 grams, 

and D. merriami, a smaller kangaroo rat of about 40 grams, the subjects 
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of my research, apparently harvest seeds or packages of seeds of differ

ent size (Brown, 1975). Lemen (1978) upon reexamination of Brown's 

original samples found that the smaller a rodent's size the more likely 

that any seeds pouched will have been altered by the removal of awns or 

other projections. Larger species of heteromyids generally pouched 

collected items substantially entire. Both of these observations are 

consistent with those of Voorhies and Taylor (1922) and Monson (1943) who 

noted that the bannertai1 kangaroo rat (Q. spectabi1is) primarily stores 

entire fruiting heads and fruits and Reynold's (1958) observation that 

Merriam's kangaroo rat (Q. merriami) collects individual seeds and entire 

fruits. While the evidence indicates some difference in the package sizes 

collected by the two species such a difference could only marginally ease 

competition for seeds. This is apparent if one considers that a seed 

removed as a fruit or a fruiting head is still not available to any 

other individual. By collecting entire fruiting heads directly from 

parent plans, Q. spectabi1is will lower the availability of fruits or 

seeds for D. merriami. A more complete discussion of seed size selec

tion may be found in Chapter 4. 

While package size selection may not be effective in reducing 

competitive pressures, selection of different habitats or microhabitats 

by coexisting species may be effective. Rosenzweig and Winakur (1969), 

Brown and Lieberman (1973), Rosenzweig (1973), Brown (1975), Lemen and 

Rosenzweig (1978) and others have documented differential microhabitat 



selection between heteromyid species. However, both Rosenzweig and 

Winakur (1969) and Brown (1975) have shown that the use of space by 
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Q. merriami and D. spectabilis is essentially identical, both species 

primarily exploiting open, intershrub areas. These species also show 

broadly overlapping geographic ranges in Arizona, New Mexico, Texas and 

central northern Mexico (Hall, 1981). The banner tail kangaroo rat is 

generally restricted to higher elevations grasslands and grassland-scrub 

habitats while ~. merriami appears more adaptable, being found in a 

variety of habitats from near sea level to over 1400 m. in elevation 

(Reynolds, 1958). In southeastern Arizona these species are found 

together in varying densities (see Table 7); here each species is also 

found alone but usually within 1.5 kilometers of the other. 

Recent observations of Bowers and Brown (1982) further strength

ens the argument for the importance of competition in heteromyid rodent 

communities. They quantified the regular array of body sizes found among 

coexisting species in any given area and showed that species with similar 

body sizes cooccur much less often than would be expected by chance. The 

generally disjunct nature of the geographic ranges of similar body sized 

species such as Dipodomys spectabi1is and Q. deserti (Burt and Grossen

heider, 1964) is further evidence for the existence of competition. 

The evidence for the existence of intraspecific competition and 

density dependence is primarily inferential though not at all rare. 

Whitford (1976) and Cockrum (1981, pers. comm.) noted that the local 

density of heteromyids is correlated with changes in seed production. 

Reynolds (1958), Chew and Butterworth (1964), Bradley and Mauer (1971), 
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Reichman and Van De Graff (1975) and Petryszyn (1982) have noted similar 

correlations of density with plant productivity. Brown (1975) has shown 

that heteromyid species abundance, biomass, and diversity varies with 

increasing precipitation (and hence productivity) in a manner consistent 

with the presence of resource limitation and competition. Direct evi

dence of intraspecific competition in populations of Q. spectabilis has 

been provided by Schroder and Geluso (1975) and Schroder (1979). Schroder 

and Geluso (1975) found that the distribution of active Q. spectabilis 

mounds was uniform and Schroder (1979), using radio tracking techniques, 

showed that the home ranges of this species were exclusive. A similar 

pattern has been noted for another large kangaroo rat, Q. in gens 

(Grinnell, 1932). Reynolds (1960) noted exclusive home ranges of D. 

merriani females during their breeding season. 

Experimental verification of the existence of competition in 

heteromyid communities has recently appeared. Working in an area located 

within a few kilometers of my own experimental sites, J. H. Brown and his 

students are performing large-scale manipulations of populations and 

seeds. Munger and Brown (1981) reported that after the removal of large 

heteromyids (Q. spectabilis, D. ordii and Q. merriami) the densities of 

the smaller Perognathus species increased. Their manipulations have 

revealed, in addition, that after removal of the bannertail kangaroo rat 

the smaller D. merriami and D. ordii increase in numbers. Finally, they 

have recently found that when seeds were added to plots with all three 

species of Dipodomys present the number of banner tail kangaroo rats 
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increased while the numbers of Merriam's and Ord's kangaroo rats declined 

(Brown, Munger and Bowers, 1982). 

On the whole, considerable evidence exists that competition 

exerts substantial influence within heteromyid rodent communities. Fur

ther, the recent results of Brown et al. (1982) supports the existence 

of interspecific competition between D. spectabilis and Q. merriami. If 

these two species are competing, as the evidence strongly suggests, how 

then do they subdivide their environment so as to allow coexistence? 

Though both differential seed size selection and microhabitat selection 

have been proposed as sufficient hypotheses to explain coexistence, the 

available evidence does not support the existence ?f either strategy. 

I reasoned that an examination of seed distribution in a desert 

habitat should reveal a range of what I have called clump sizes from low 

density clumps composed of seeds individually distributed as a background 

to higher density clumps of seeds forming in wind shadows and depressions. 

The limiting extremes of this speculation are all seeds individually and 

randomly dispersed about the landscape to all seeds being contained 

within one large clump. From this it followed that as the number of 

seeds within a clump is increased the number of clumps of that size must 

decrease; that is, a negative correlation should exist between the den

sity of seeds defining a clump and the density of that clump size found 

in any area. It then follows that clumps containing more seeds should be 

rare when compared to clumps composed of fewer seeds and hence the 

average distance between the high seed density clumps should be greater 

than that for lower seed density clumps. If larger rodents possess an 
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energetic advantage in moving longer distances than smaller rodents, the 

larger rodents may be able to specialize on the high seed density clumps 

while smaller species primarily exploit lower seed density clumps. 

Reichman and Oberstein (1977), who had independently proposed the same 

hypothesis, provided evidence confirming the existence of seed clumps of 

widely varying sizes in desert habitats. 

To test this hypothesis I proposed to expose a number of species 

of heteromyids to seed clumps of varying size under field conditions. I 

expected to find that when given a choice of clump sizes, larger species 

would exploit high density clumps while smaller species would, on the 

whole, use lower density clumps not exploited by larger body size sym

patric species. Chapter 2 is a summary of these experiments. 



CHAPTER 2 

CLUMP SIZE SELECTION 

The problems that are inherent in the seed size selection hypo

thesis (see Chapter 4) and the inability of microhabitat selection to 

separate all the species in diverse communities of heteromyid rodents 

stimulated formulation of the clump size selection hypothesis by a number 

of investigators independently (Wondo11eck, 1975; Reichman and Oberstein, 

1977). Laboratory evidence of the possibility that differential clump 

utilization occurs between kangaroo rats and pocket mice has been 

reported (Reichman and Oberstein, 1977; Price, 1978a; Hutto, 1978; 

Reichman and Brown, 1979). Using techniques that had been developed in 

a microhabitat use study (Lemen and Rosenzweig, 1978), I set out to 

examine differential clump utilization under field conditions for at 

least two species of kangaroo rat, Dipodomys spectabi1is and ~. merriami. 

The following summary of Frye and Rosenzweig (1980) is to my knowledge 

the only published account of an attempt to test the predictions of the 

clump size selection hypothesis under natural conditions. 

Methods 

All experiments were conducted in the San Simon Valley, Cochise 

County, Arizona, approximately seven kilometers east-northeast of Portal, 

Arizona. The elevation of this mixed desert grassland and scrub habitat 

is 1,350 meters and receives an average of 450 mm. of precipitation 

9 
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annually, 65% of which falls during July through October. This pattern 

of precipitation results in two flowering seasons: the unpredictable 

spring flowering and the highly predictable late summer season. 

Millet seeds were marked with the stable isotope salts of either 

cadmium (Cd), cobalt (Co), or chromium (Cr) chloride. Marked seed was 

set out in varying densities in the field while keeping the total amount 

of seeds at each clump density constant. Free-living wild rodents were 

allowed to exploit the marked seed at will for three nights. Seeds that 

had been removed on the previous night were renewed so that each night 

the rodents were exposed to the same distribution of marked seed. On 

the fourth and fifth nights the rodents were live trapped in clean traps. 

They were held in the traps twenty-four hours, after which their feces 

were collected and stored separately. After completion of the experi-

ments the fecal samples were returned to the laboratory where they were 

analyzed for the presence of the three heavy metals by atomic absorption 

spectrophotometry (Lemen and Rosenzweig, 1978). 

During the first experiment, conducted during May and June of 

1976, three clump sizes were tested: low density, 0.5 gr. millet seed 

spread over an area of 900 cm. 2; medium density, 0.5 gr. per 100 2 cm. ; 

and high density, 0.5 gr. seed at a single point. These densities were 

chosen to bracket naturally occurring densities (Reichman and Oberstein, 

1977). Clumps were dispersed with the aid of a 60 cm. x 90 cm. wood 

frame within which were situated six clumps of anyone given size. Six 

of these subplots were positioned arbitrarily within a 10 m. x 10 m. plot, 
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and twelve to twenty plots, separated by at least 50 m., were established 

in the field. 

In the summer of 1977 the experiment was repeated with two modi

fications. First the range of clump sizes was expanded: low density was 

0.5 gr. spread over 104 cm. 2 ; medium density was 0.5 gr. spread over 

900 cm.
2

; and the same point source for high density. This necessitated 

a change in subplot dimensions to 2 m. x 3 m. and a halving of the 

number of subplots per plot. 

The second modification was incorporation of a time component. 

Preliminary experiments indicated that the longer a clump was present 

in the field the more probable that an individual D. spectabilis would 

exploit the clump. Consequently, in addition to the three-day exposure 

used during 1976, a fifteen-day exposure was performed by placing 

unmarked seed out for twelve nights and marked millet seed for the 

remaining three nights. These design modifications were incorporated 

into the control experiments as well. 

The controls were designed in such a manner that differences in 

palatability, detectability, differential retention or excretion, and 

any possible interaction of the three metals in the animal could be 

determined. Controls were set out in the same pattern as the experi-

mentals except that instead of each clump size being made up of seeds 

marked with one metal, each set of six clumps of the same size contained 

at least one clump of each metal. For example, one set of controls, the 

Cd control, had four clumps made up of cadmium marked seeds, one with 

cobalt and one with chromium. Co and Cr controls (for the cobalt and 
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chromium controls, respectively) were set up in an analogous manner. A 

fourth control had two each of the three types of the marked seed. By 

graphically comparing the expected proportion of metal, assuming no dif

ferences in palatability, detectability, etc. with the observed propor

tion found in the rodents' feces I could determine how to adjust the 

experimental treatments appropriately. 

Results and Discussion 

A number of different predictions are derivable from the clump 

size selection hypothesis. First I would expect that Q. spectabilis 

would use high density clumps more than Q. merriami. A more inclusive 

comparison may be made by regressing clump size versus each species' use 

of the clump sizes. Q. spectabilis slope should be larger than that of 

D. merriami. These predictions were tested for both the 1976 exposure 

and the 1977 exposures. Two additional predictions were made and tested 

with the 1977 data. The first was that the selectivity displayed by 

Q. spectabilis in the summer should be less than during the fall and 

therefore the species should use more of the high density clumps in the 

fall as compared to the summer. In addition, the slope of selectivity 

should be steeper for the fall than for summer. 

Of all twenty-six comparisons only six were statistically sig

nificant. The comparison of high density clump use in 1976 was signifi

cant, however it was Q. merriami which used the high density clumps more 

than E,. spectabilis (Table 1). This contradicts the prediction of the hypo

thesis. The result for the summer three-day comparison of high density clump 



Table 1. Clump size selection experiment, 1976. -- Mean fecal 
concentration and 95% confidence intervals. Concentra
tions are expressed as micrograms of metal per gram of 
feces. 

Low 

Species N (0.5 g/103 cm. 2) 

D. spectabilis 27 48 
(23 - 97) 

D. merriami 70 237 
(148 - 502) 

Clump Density 

Medium 
2 2 (0.5 g/lO cm. ) 

70 
(35 - 138) 

249 
(136 - 456) 

High 
2 (0.5 gIl cm. ) 

167 
(63 - 439) 

1,298 
(856 - 1970) 

13 
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use was also significant in the opposite direction from the prediction (see 

Table 2). Two predictions were verified, however, confirming that in the 

fall, three-day exposure high density clump usage was greater than for the 

summer as was the slope of selectivity for the fall. Comparisons of 

within-species clump usage revealed two significant results. In the 

summer of 1976, D. merriami used more of the high density clumps than 

medium density. In addition, Q. spectabilis used significantly more of 

the medium density clumps than high density during the summer three day 

exposure. All other comparisons were not statistically significant. 

These results definitely do not support the contention that 

differential clump size selection allows the competitive coexistence of 

D. merriami and D. spectabilis. Contrary to predictions, the smaller 

species used the high density clumps more than the larger species. 

Unfortunately these data cannot address the question of coexis

tence through clump selection between other species pairs. The small 

data base obtained for Perognathus spp. precludes its comparison to 

either kangaroo rat. 

An examination of the change in selectivity between 1976 and 

1977 indicates that as the configuration of the subplots changed, so did 

the selectivity of the species. The precise reason for the change in 

selectivity with change in subplot type is not clear. However, the 

change does imply that other variables of clump characteristics may be 

important in mediating the response of the species. 

It is possible to question whether these experiments were appro

priately designed. The size of the experimental seed, for example, may 



Table 2. Clump size selection experiments, 1977. -- Mean fecal concentrations and 95% 
confidence intervals. Concentrations are expressed as micrograms of metal 
per gram of feces. 

Season 

Summer 

Fall 

Exposure 
(days) 

3 

15 

3 

15 

Species N 

D. s. 4 

D. m. 13 

D. s. 14 

D. m. 24 

D. s. 16 

D. m. 19 

D. s. 15 

D. m. 37 

Low 
4 2 

(0.5 gl10 cm.) 

176 
(30 - 1026) 

193 
(47 - 784) 

52 
(16 - 166) 

134 
(62 - 288) 

6 
(1 - 20) 

25 
(7 - 88) 

21 
(6 - 67) 

54 
(24 - 116) 

Clump Density 

Medium 
3 2 

(0.5 gl10 cm. ) 

67 
(20 - 218) 

37 
(7 - 187) 

14 
(3 - 51) 

88 
(35 - 218) 

32 
(13 - 75) 

53 
(20 - 136) 

29 
(13 - 65) 

30 
(14 - 63) 

High 
2 

(0.5 gIl cm. ) 

1 
(0 - 7) 

58 
(13 - 257) 

75 
(26 - 211) 

91 
(36 - 230 

93 
(46 - 184) 

39 
(14 - 103) 

59 
(21 - 160) 

33 
(15 - 72) ...... 

V1 
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be inappropriate because millet is larger than the average desert seed 

(Reichman, 1976). While millet was chosen solely for reasons of prior 

experience (Smigel and Rosenzweig, 1974; Lemen and Rosenzweig, 1978), it 

does fall within the package size of items collected by both species 

(see Brown, 1975, Fig. 7). For D. merriami millet may be a large package 

while for the larger species it is a small package. This may have under

standable effects on the results as follows. If a package is large it 

would tend to reduce the perceived difference between clumps of different 

sizes: a large seed for a species constitutes a considerable reward. A 

small package or seed on the other hand would tend to accentuate the 

difference between clumps. Thus the use of millet seed biased the experi

ments in the direction of the postulated difference by reducing the 

apparent difference between clumps for Q. merriami and enhancing the 

difference for Q. spectabilis. The larger species should have been very 

discriminating between clumps. This bias toward finding the predicted 

differences makes my negative results more compelling. 

The density of seed that was used could also have been inappropri

ate. The chosen densities were calculated from the work of Reichman and 

Oberstein (1977) which was done in the Avra Valley near Tucson, Arizona. 

The Avra Valley is considerably less productive than the San Simon Valley 

and it could be that the densities used were too low. Reichman (1979, 

pers. corom), however, has sampled an area a short distance from my 

experimental sites and his data indicate that the densities used were 

appropriate and did bracket the naturally occurring clump sizes. 
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These data do not support clump size selection as means of 

competitive coexistence between different body-sized species of Dipodomys. 

This was true despite the use of naturally occurring clump. sizes, and it 

was true for both the seed rich and seed poor seasons of the year. 

Although clump size selection may be a factor in the coexistence of 

Dipodomys ~. and Perognathus ~. it does not appear useful in explaining 

coexistence within the genus Dipodomys. 



CHAPTER 3 

INTERFERENCE COMPETITION BETWEEN 
TWO SPECIES OF KANGAROO RATS 

The inadequacy of clump size selection in sufficiently explain-

ing the competitive coexistence of D. spectabilis and D. merriami led me 

to reevaluate the assumption that the basic nature of the competitive 

process between these species was exp:oitative. Consideration of the 

basic aggressive nature of heteromyid rodents suggested that interfer-

ence may playa role in the coexistence of kangaroo rats. The results 

of initial live trapping experiments, though not statistically signifi-

cant, reinforced my suspicions and led me to design and conduct the 

following experiments. In this chapter I will present evidence that the 

competitive interaction of D. spectabilis and D. merriami is by direct 

interference and is seasonal in occurrence. 

Research Site and General 
Field Procedures 

Methods 

Experiments were performed in the San Simon Valley, Cochise 

County, Arizona, approximately 7 km. E-NE of Portal, Arizona. Located at 

an elevation of 1350 m., this desert grassland receives an average of 

450 mm. precipitation annually, 65% of which occurs during May through 

October (primarily July through September). This pattern of precipita-

18 



tion results in two flowering seasons: the highly predictable late 

summer season and the less predictable spring flowering. 
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The experimental procedures wer~ developed during two preliminary 

exposures during April and June of 1980. Data reported here were ac

quired during August and October of 1980. The experiments performed 

during these two months were conducted at two different sites separated 

by about four km. After completion of the experiment in October the 

experiment was performed at the August site for two nights, with results 

essentially identical to the data obtained at the October site. 

Experimental" Procedures 

To determine the reeding rates of D. merriami in the presence 

and absence of Q. spectabilis, I devised and constructed small feeding 

stations that permitted access of Q. merriami to seeds but prevented 

exploitation by the larger ~. spectabilis. The feeding stations (seed 

cages) had a 5 cm. x 2.5 cm. x 20 cm. wood base and 6.25 mm. mesh hard

ware cloth cage projecting about 7.5 cm. above the base. At both ends 

of the cage 2.5 cm. x 3 cm. holes were cut into the hardware cloth. 

Laboratory trials indicated that the holes allowed access by D. merriami 

but excluded Q. spectabilis. A 2.5 cm. radius x 5 mm. depression was 

drilled into the center of the base to act as a repository for the 1 gr. 

of millet seed placed there. Another hole was cut into the hardware 

cloth directly above the seed repository to facilitate replacement of 

exploited seed. 

In the general area in which the experiment was to be performed, 

approximately one hundred apparently active D. spectabilis mounds were 
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live-trapped to determine the presence of resident Q. spectabilis. These 

mounds were located in two adjacent areas separated by about 100 m. A 

flip of a coin determined which area was to be used as the removal treat-

ment and which the control. Ten mounds in each area on which Q. specta-

bilis were trapped were chosen as replications. The occupied mounds used 

in these experiments were separated by at least 50 m. On the control 

plot, captured individuals were released whereas captured individuals on 

the removal plot were retained until the conclusion of the experiment. 

Removal mounds were live-trapped every night for the duration of the 

experiment with two 25 cm. x 7.5 cm. x 7.5 cm. folding Sherman live traps 

and one 40 cm. x 12.5 cm. x 12.5 cm. wire mesh National trap. Captured 

D. merriami were released at the point of capture on both plots. 

Three seed cages were arbitrarily positioned around each of the 

twenty mounds: one at approximately 4 m. from the center of the mound, 

one at 7 m., and a third at 11 m. Seed cages were positioned flush with 

the ground to prevent rocking and were secured to two large nails driven 

into the ground to prevent Q. spectabilis from upsetting the cage. Seed 

cages were supplied with millet seed every afternoon at sundown and were 

checked at sunrise. Exploited seed was replenished at sundown. 

The maximum distance at which the seed cages were positioned was 

based on two criteria. Schroder (1979) found that the average size of 

the area in which Q. spectabilis spent 95% of its activity time was 

450 2 m • This corresponds to a circular area with a radius of about 12 m. 

The second criterion was a simple model of the energetic requirements 
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and expenditures of an individual rodent. I calculated (see Appendix) 

that given plant, flower and fruit density of a nearby, generally more 

depauperate area (Inouye, 1980, pers. comm.), an individual D. 

spectabilis could persist on a circular territory with a radius of about 

10-14 m. for one year. 

While developing the field procedures in April and June, I noted 

that the trapability of Q. merriami seemed to vary with the changes in 

the density of ~. spectabilis mounds and with the apparent density of 

seed resources. In a preliminary attempt to measure these possible rela-

tionships, I sampled both plant density and ~. spectabilis mound density 

in the tour areas on which I had performed removal experiments. Plant 

density was sampled by censusing and collecting all plant material within 

2 0.25 m. square plots. Five samples were taken at 50 m. intervals at 

each of the four sites. (Three sites were within 1.6 km. of each other 

while the fourth site, the October site, was about 4 km. from the other 

three.) Active~. spectabilis mound densities were determined by count-

ing the number of mounds within a 200 m. x 200 m. plot. In addition, 

nearest neighbor distances were determined for all active mounds found 

on these plots. 

Results 

The data reported here are frequencies of total utilization or 

total lack of utilization of the seed cages. I found that fractional 

utilization of the 1 gr. of millet seed in each cage was rare and in 

virtually all cases it appeared to have been caused by wind disturbance 

of seeds. Such data are therefore excluded from this analysis. 
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August 

Table 3 presents the results obtained for a two-night exposure 

during August 1980. A three-way chi-square test verified what is clear 

from inspection of Table 3: the three factors--presence or absence of 

~. spectabi1is; distance of seed cages; and exploitation or lack thereof 

--are independent (X
2 = 12.2, P > 0.05, d.f. = 7). From this result, 

I have concluded that utilization of seed cages by D. merriami was not 

influenced by the presence of Q. spectabi1is. Apparently Q. merriami 

had free use of the area immediately around D. spectabi1is mounds. 

October. 

The experiment was repeated October 14-22, 1980. The results of 

this exposure are reproduced in Table 4. In contrast to the August expo

sure, the overall three-way contingency table test for the October data 

was significant (X2 
= 25.2, p < 0.05, d.f. = 7), indicating the lack of 

independence of the three factors. To determine the nature of the depen

dence, I performed a test of partial independence between distance and 

the other two factors. This test of partial independence was not signi

ficant (X2 
= 3.8, p > 0.05, d.f. = 6). Given this result and the overall 

lack of independence I was able to compress the contingency table along 

the distance factor and examine the independence of treatment (Q~ s. 

present or absent) and exploitation by the procedures of Everitt (1977). 

As I exepcted, this test indicated a lack of independence (X
2 = 21.5, 

P < 0.05, d.f. = 1). An examination of the standardized residuals 

(Table 5) reveals that control seed cages were significantly under-



Table 3. Results of territoriality experiments conducted during 
August 1980. -- Plus indicates seed exploited. 

Distance (m) 

4 7 11 Total 

Exploitation: + o + o + o + o 

Treatment 

Removal 7 13 3 17 5 13 15 45 

Control 4 16 8 12 12 8 24 36 

Total 11 29 11 29 17 23 39 81 
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Table 4. Results of territoriality experiment conducted during 
October 1980. -- Plus in~icates seed exploited. 

Distance (m) 

4 7 11 Total 

Exploitation + o + o + o + o 

Treatment 

Removal 12 48 8 52 7 53 27 153 

Control o 50 o 50 1 49 1 149 

Total 12 98 8 102 8 102 28 302 

24 



Table 5. Standardized residuals, dij' of the test 
of independence of treatment and exploita
tion. -- The terms, dij , are approximately 
normally distributed w~th mean 0 and 
standard deviation 1. 

Exploitation 

+ o 

Treatment 

Removal 4.6 -4.6 

Control -4.6 4.6 

25 
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exploited while removal seed cages were significantly overexploited. 

From these results I have concluded that during October D. spectabilis 

inhibits foraging by D. merriami within its home range. 

In addition to these experiments, I also attempted to determine 

the frequency of utilization of seed cages by Q. merriami when the seed 

cages were placed in an area used by D. merriami but not Q. spectabilis. 

The area used was at least 75 m. froln the nearest occupied Q. spectabilis 

mound. I call this frequency the basal exploitation frequency. 

I compared the basal frequency to the utilization frequency of 

both control and removal seed cages (Table 6). The overall contingency 

bl . . . f' (2 22 2 0 05 d f 2) ta e compar1son was s1gn1 1cant X = ., p < • , •• = • I 

then subdivided this table to make two single degree of freedom compari-

sons between the basal exploitation and the removal and control exploi-

tation frequencies. These tests indicated no difference between the basal 

and removal frequencies (X2 ='0.1, p > 0.05) while control and basal 

frequencies were significantly different (X2 = 17.7, p < 0.05). 

Discussion 

Though I maintain that the data are evidence that direct inter-

ference plays a role in the competitive coexistence of these two species, 

the simple result that D. merriami will use an area after D. spectabilis 

is removed is not a unique prediction from an interference hypothesis. 

If two competing species interact indirectly through exploitation mecha-

nisms, removal of one species may result in invasion and utilization of 

that species' former foraging area. How then can I distinguish between 



Table 6. Basal exploitation, control and removal seed cage 
utilization frequencies by ~. merriami. 

Exploitation 

+ 

o 

Basal 
Exploitation 

2 

9 

Removal Control 

27 1 

153 149 
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the two fundamental assumptions within the context of my experimental 

design? 
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Although hypotheses based on the two different assumptions both 

predict invasion and utilization of formerly apparently exclusive areas, 

the two assumptions do predict different time scales of response. If 

the nature of the competitive interaction is exploitation such that one 

species avoids a second species' foraging area due to depression of 

resources, the invasion rate of the second species must be tied directly 

to the renewal rate of the resources in question. The slower the renewal 

rate of resources the slower the response of the second species. In 

contrast, if the nature of the interaction of the two species is by 

direct interference, removal of the dominant species should result in an 

immediate response from the subordinate species. The latter is the result 

I obtained for the October experiment. A goodness of fit X2 test of the 

nightly frequency of exploitation on the removal mounds using a null 

hypothesis that the frequency of use was the same for all nights of the 

experiment was not significant (X2 = 2.1, P > 0.05, d.f. = 5). This 

implies that the response of ~. merriami was the same for the first night 

as compared to all subsequent nights. Under the assumption of an exploi

tative interaction this could occur only if seeds were substantially 

renewed within twenty-four hours. Though the renewal rate of seeds under 

desert conditions is not known, the likelihood that substantial renewal 

occurs within twenty-four .hours is vanishingly small. 

The two basic assumptions of exploitation and interference also 

lead to quantitatively different predictions regarding the use of seed 
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cages on the control mounds. If direct interference mediates the inter

action of the two species, the control seed cages should be underexploited 

since D. spectabilis, the dominant species, will prevent incursion of D. 

merriami into its foraging area. The assumption of exploitation however 

predicts that though Q. merriami will not forage in the depleted D. 

spectabilis foraging area, they will not be prevented from travelling 

through these area, thus encountering the control seed cages. The 

exploitation frequency of the control seed cages should be proportional 

to the activity of Q. merriami. The almost total lack of exploitation 

of the control seed cages is consistent with the assumption of interfer-

ence. 

The aggressive nature of heteromyid rodents under laboratory 

conditions has been documented for the last thirty years (Bartholomew and 

Caswell, 1951; MacMillen, 1964; Bateman, 1967; Christopher, 1973; Congdon, 

1974; Blaustein and Risser, 1976; Ambrose and Meehan, 1977) and is well 

known to all who have kept these species in the laboratory. 

Evidence of aggression between heteromyids under field conditions 

has also not been lacking, although these data are of an inferential or 

anecdotal nature. Grinnell (1932) noted that Dipodomys in gens , the 

largest of·the kangaroo rats t was found only in exclusive areas devoid 

of any other nocturnal granivorous rodent species even though Q. 

nitratoides and Q. heermani (Tappe, 1941; Hawbecker, 1944) could be found 

immediately adjacent to these exclusive areas. Further, Shaw (1934) 

observed D. ingens attack and drive off an individual of the genus 

Peromyscus. Such chases have also been noted between D. merriami and 
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D. microps (Kenagy, 1976) and D. merriami and Perognathus amp1us 

(Wondo11eck, 1975). Observing a baited area, Congdon (1974) found that 

D. deserti chased the smaller D. merriami and both kangaroo rats would 

drive off the confamilial Perognathus longimembris. 

Stronger evidence of interspecific aggression was gathered by 

Wondo11eck (1978) during a microhabitat study. He found that when he 

removed ~. merriami, Perognathus amp1us--which in the presence of ~. 

merriami avoided open habitats--a1tered its response: it used the open 

microhabitat to an extent equal to the other microhabitats recognized in 

his study. Recently, Lemen and Freeman (in press), using removal experi

ments, have found that when D. merriami and D. ordii were removed from 

an area, Perognathus species invaded within two weeks. 

Strong evidence does exist for the occurrence of intraspecific 

aggression within populations of ~. spectabi1is. Schroder and Ge1uso 

(1973) found that active~. spectabi1is mounds were uniformly distributed. 

Using radio tracking techniques, Schroder (1979) then demonstrated that 

individual D. spectabi1is occupy intraspecifica11y exclusive territories. 

Given the apparent behavior dominance of ~. spectabi1is and its 

ability to exclude D. merriami for at least some time of the years, why 

are both species found in the same area? 

A simple possible answer to this question involves the smal1-

scale spatial heterogeneity in the density of the preferred resources of 

Q. spectabilis. Voorhies and Taylor (1922), Monson (1940) and Brown 

(1975) have noted that, when available during the fall, Q. spectabi1is 

primarily collects entire fruiting infloresences and fruits from plants 
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within its home range. Presumably this behavior serves to maximize the 

rate of accumulation of seed stores which Q. spectabilis uses during the 

critical winter-spring breeding period (see Fig. 1 in Monson, 1943). 

Because the density of fruiting plants will vary from one area to another, 

it is reasonable to conclude that the quality of Q. spectabilis home 

ranges will also vary. Some areas may simply not have a sufficient 

density of fruiting plants to support an individual Q. spectabilis. 

These areas would then be available for use by ~. merriami. In addition, 

it is unlikely that all fruits or infloresences will be harvested by 

D. spectabilis. Seeds from these plants may later become available to 

D. merriami, which, in general, collects smaller package sizes than D. 

spectabilis (Brown, 1975). 

My hypothesis leads to a number of predictions. If small-scale 

spatial heterogeneity plays a role in coexistence, I would expect that 

as the variation in plant density increases, the density of active D. 

spectabilis mounds would decrease as would the mean nearest neighbor 

distance increase. This variation should also result in higher trap

ability of D. merriami. Conversely, I would expect that as fall plant 

density becomes more uniform the density of Q. spectabilis mounds would 

increase. In extremis, the Q. spectabilis could occupy all available 

sites, resulting in abutting territories and totally excluding ~. 

merriami. Jones (198l, pers. comm.) has found such an area several kilo

meters south of my research area. These predictions are verified by the 

data I have gathered at the four sites on which I set up removal plots 

(Table 7). Spearman rank correlation of the coefficients of variation 



Table 7. Removal treatment site characterization for four sites used 
during 1980. 

Site 

April 

June 

August 

October 

Coefficient of 
Variation of 
Plant Density 

128.5 

56.3 

61.5 

57.8 

D. spectabilis 
Mounds 

Density 
(no./ha.) 

7.0 

11.9 

8.6 

10.0 

X nearest 
Neighbor 

(m. ) 

22.8 

14.7 

17.1 

15.9 

1. Trap success on site during October 

D. merriami 
Trap 

Success 
(captures/100 
trap nights) 

16.7 

2.5 

12.5 
(10.0)1 

3.3 

32 
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of plant density and the density of active D. spectabilis mounds was 

significant (r = -1, p = 0.04, n = 4) as was the correlation with mean s 

nearest neighbor distance (r = 1, p = .04, n = 4). In addition, the s 

correlation of the coefficient of variation of plant density and the 

number of ~. merriami captured per one hundred trap nights was signifi-

cant ( r = 1 s ' p < 0.05, n = 5). 

These results, though preliminary, provide a basis for explaining 

the coexistence of Q. spectabilis and Q. 'merriami. Given sllfficient 

density and uniformity of fall resources, Q. spectabilis could exclude 

D. merriami. In areas where the resources are more variable D. merriami 

could persist. Such regiorial coexistence patterns have been examined 

theoretically by Shigesada, Kawasaki and Teramota (1979) and Shigesada 

and Roughgarden (1982). 

It should be noted that the largest kangaroo rat, Dipodomys 

ingens, is also apparently aggressive to other species and maintains 

exclusive territories (Grinnell, 1932). Q. deserti, on the other hand, 

seems to reside peaceably with other species on productive sand dunes, 

yet is found alone on dunes with low productivity (Brown, 1973). On at 

least some of these low productivity dunes, while D. deserti is found on 

the loose sand dune itself Q. merriami and Perognathus longimembris may 

be found in the flats abutting the dunes (Congdon, 1975; personal obser-

vation). The role of aggression, if any, in maintaining this pattern is 

unknown. 

These experiments, as with any experiment, may include certain 

possible errors that could have influenced the results obtained. The 
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first possible experimental error does not affect the int;:erpretation of 

these results. My seed cages allow the entrance of D. m~rriami and any 
-, ' 

smaller species. Although not critical to the results, ~ maintain that 

D. merriami was the primary exploiter based upon several observati'.ons. 

In the first place, smaller species were relatively rare; less than 100 

individuals of smaller species were trapped in over 5,00Q trap nights 

over four .years. Second, attempts to determine species i,.dentities by 

observing tracks made in smoothed dust around the seed c~ges resul:ted 

in no tracks inconsistent with those made by species of ~ipodomys. 

Another possible source of error involves differ~nces in density 

of D. merriami on the control and removal plots. Arguing; aginst this 

possibility is the uniformity of the habitat in which bot;:h treatments 

were situated. The preliminary trapping experiment cond4cted in 11978 was 

performed on the exact site as the October 1980 experimeqt. At that time 

the density of Q. merriami was virtually identical betwe~n the tWOI treat-

ments. In addition, before the experiment was initiated in Octobelr, 320 

trap nights on the two treatments resulted in the captur~ of five ~. 

merriami on the control treatment and no D. merriami on t;:he removals. 

Such low numbers of Q. merriami are not usual and may be explainedl by 

noting that two hundred forty of the trap nights were in the immedliate 

vicinity of Q. spectabilis burrows. In the future more ~xtensive charac-

terization of Q. merriami density will be undertaken. 

One other possible source of error was the use o~ bait and! traps 

on the removal treatment during periods when the control treatmentl was 

not trapped. Though unlikely, it may be possible that dIe bait pr:esent 



on the removal mounds drew D. merriamiinto the area around D. specta

bilis burrows in greater numbers than on the control burrows. Future 

exposures will include bait and closed traps on the control burrows. 
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In conclusion, simple field experiments have shown that during 

at least one time of year ~. spectabilis excludes ~. merriami from its 

home range. Hence, interspecific aggression may be involved in the 

coexistence of these two species. In addition, preliminary characteri

zation of small-scale spatial variation in plant density, Q. spectabilis 

mound density and the trapability of D. merriami suggest that the local 

coexistence of the two species may be mediated by spatial variation in 

resource density. 



CHAPTER 4 

COMPETITIVE COEXISTENCE IN HETEROMYID 
RODENT COMMUNITIES 

A disheartening aspect of reviewing the literature of competi-

tive coexistence in heteromyid rodents is that what people think is known 

is not so well supported by the data base actually available. In the 

following chapter I have reviewed the literature addressing coexistence 

mechanisms and have attempted to assess what is known with relative 

certainty. 

Seed Size Selection 

Given that seeds are, at least some of the time, a limiting 

resource (see Chapter 1), what is required to establish seed size selec-

tion as a sufficient explanation for coexistence is the demonstration 

that different species of rodents use different sizes of seeds and that 

their use of the available seeds is sufficiently specialized to support 

coexistence. This, though seemingly a simple task, is, in truth, not 

easy to verify. While some of the earlier work concerning heteromyid 

ecology contains anecdotes of possible cases of seed size selection 

(Smith, 1942; Reynolds, 1950), other research indicates these rodents 

to be opportunistic foragers gathering whatever is available (Tappe, 

1941; Monson, 1943; Blair, 1947). 

36 
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The first attempt to quantify a basis for seed size selection 

among different heteromyid species was undertaken by Rosenzweig and 

Sterner (1970). Positing that if a species of rodent can obtain energy 

at a higher rate when exploiting one size or species of seed as compared 

to other sizes or species then specialization will be profitable, they 

examined the husking time of seven heteromyid species with four species 

of commercially available seed. They found that even though the larger 

rodent species could husk seeds faster than the smaller species, when the 

energetic requirement of the animal was taken into consideration, the 

larger species had no energetic advantage over the smaller species of 

rodents. In addition, they noted that the order of preference of the 

different seeds was similar for all rodent species. From their analyses, 

Rosenzweig and Sterner (1970) concluded that seed size selection could 

have little import on competitive coexistence. Their conclusions, how

ever, were based on the assumption that post collection variables such 

as husking time might impart some energetic or temporal advantage to 

specializing on particular sizes or species of seed. The study did not 

address the question of whether seeds or different sizes were more or 

less detectable or collectable by different sized rodent species. Brown 

(1978, pers. corom.) has suggested that because these species collect 

seed from the ground, larger species may not be as efficient when har

vesting smaller seeds as the smaller rodent species. Thus though smaller 

rodents would assuredly collect larger seeds that they encounter, the 

smaller species have a competitive refuge in the pool of smaller seeds. 
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Brown and Lieberman (1973) and Brown (1975) were the first to 

document a relationship between the 'size of seeds found in the cheek 

pouches of heteromyids with the body size of the collector. Since they 

analyzed the contents of the rodents' cheek pouches with standard Tyler 

sieves, they l'lere measuring the longest linear dimension of each item. 

What Brown and Lieberman (1973) and Brown (1975) discovered was that the 

mean size of all items in the cheek pouches was significantly correlated 

with the mean body size of the rodent species. They pointed out that the 

overlap in seed sizes collected by rodents of different body sizes was 

considerable and that seed size selection might serve to alleviate com

petitive pressures across a broad range of body sizes. 

Lemen (1978) reexamined Brown's original samples in an attempt 

to correlate another aspect of seed size with body size, namely the 

weight of the seeds collected. He found that no correlation existed 

between body size of rodents and husked seed weight. Lemen (1978) 

explained the difference between his results and Brown's by pointing out 

that while seeds recovered from smaller rodent species seemed to have 

been altered by the rodents removal of awns and other projections, large 

species of rodents pouched seeds entire without first removing awns, 

wings or projections. In his reanalysis Lemen (1978) also pointed out 

that in an area of New Mexico where D. merriami and D. ordii are sympat

ric these two species had different mean seed sizes in their pouches yet 

there was only one species of seed in both rodents' cheek pouches! The 

difference in size was entirely due to how the species modified the 

seed before pouching. 
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The reason that smaller species alter some discovered seed may 

relate to differences in cheek pouch volumes (Morton, Hinds and MacMillen, 

1980). 

Hutto (1978) also examined seed size selection in a laboratory 

study. He found that two species of heteromyid did not differentially 

utilize four species of commercially available seeds. Mares and Williams 

(1977), in another laboratory study, did confirm the pattern noted by 

Brown and Lieberman (1973) and Brown (1975). Though they found a sig

nificant correlation between mean seed size collected and the mean body 

size of the rodent species, when they examined the data on the level of 

individual seed sizes collected versus the actual body size of the 

collecting species the correlation evaporated. As Mares and Williams 

(1977) pointed out, the actual overlap of seed sizes collected was 

nearly complete. 

Competition, whether it occurs within a species or between 

species, operates at the level of the individual. A seed, regardless of 

its size, when harvested by an individual animal is no longer available 

to other individuals. Therefore, although Brown's pattern is real, its 

relevance to competition and coexistence is unclear. 

Smigel and Rosenzweig (1974) attempted experimentally to deter

mine the validity of seed size selection with free-living rodents under 

natural conditions. Two species of heteromyid were presented with six 

different sizes of commercial seed, each tagged with a stable isotope 

tracer. By analyzing the feces of the rodents they determined which 

seeds and how much of each seed was consumed. Their results indicated 



40 

that though the two species were exposed to sizes of varying seeds, both 

species consumed seeds of the same size. They did note however that 

when the density of experimental seed was increased the selectivity of 

the species increased, and hence concluded that selectivity was inversely 

proportional to the time required to locate a seed. 

This result is of considerable interest in that it implies that 

the selectivity of seeds may vary through a year as seeds become abundant 

then scarce. The data gathered by Brown and Lieberman (1973) and Brown 

(1975) reflected seed selectivity over a few days at most. Stamp and 

Ohmart (1978) examined the seasonal variation of seed selectivity and 

microhabitat use of the free-living heteromyids. They found that the 

variation in seed sizes selected by the rodents was so large that no 

significant difference in selectivity was apparent. Stamp and Ohmart 

(1978) suggest that heteromyids are opportunistic foragers due primarily 

to the uncertain nature of the availability of seeds. 

Although it is an attractive hypothesis, the literature does not 

support the contention that the amount of differential use of available 

seed sizes is sufficient for competitive coexistence. 

Microhabitat Selection 

In contrast to seed size selection, habitat or microhabitat 

selection has found considerable and consistent support from field stud

ies. Rosenzweig and Winakur (1969) made the first attempt to quantify 

habitat variables and relate these variables to the abundance and diver

sity of heteromyid species. Using both floral and soil characteristics, 
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they documented that, in general, Q. merriami preferred open habitats 

and that the density of this species was inversely related to the amount 

of vegetation found between 0.25 ft. and 1 ft. In contrast, Perognathus 

~. and certain cricetid rodents' densities were positively correlated 

with increasing vegetation at this height. Rosenzweig and Winakur (1969) 

noted that such complimentary distributions of abundance could be 

ascribed to the effects of competition or predation. Similar patterns of 

microhabitat use have been noted by Meserve (1976), Wondolleck (1978), 

Hoagstrom (1978), Lemen and Rosenzweig (1978) and Price (1978b). 

Rosenzweig (1973) pursued these studies, performing habitat 

manipulations in an area where Q. merriami and Perognathus penicillatus 

are sympatric. By either clearing or augmenting available vegetation, 

he found that while the trap success of Q. merriami declined on augmented 

plots, Perognathus penicillatus captures declined on the cleared plots. 

From this study Rosenzweig (1973) concluded that open areas are a 

competitive refuge forQ. merriani which the pocket mouse cannot exploit 

due to increased risk of predation. 

The research of Brown and Lieberman (1973) and Brown (1975) was 

conducted on a finer environmental scale. They placed traps within 

bushes and at several distances away from bushes to detect any differen

tial microhabitat selection. Their results supported the patterns 

observed by Rosenzweig (1973) in documenting the Dipodomys species were 

caught more often in open areas while Perosnathus species were trapped 

more frequently beneath and within bushes. Wondolleck (1978) and Lemen 
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and Rosenzweig (1978), using seed tagged by two different methods, found 

similar results in different rodent communities. 

A remarkable case of almost perfect habitat selection was discov

ered by Schroder and Rosenzweig (1975) while they manipulated populations 

of two kangaroo rats, Dipodomy ordii and D. merriami. They found that the 

removal of most of the population of ~. ordii, a grassland kangaroo rat, 

from a narrow ecotone of creosote bush and grassland habitats did not lead 

to an increase in the number of D. merriami. Reciprocal manipulations of 

D. merriami were also not effective in changing the numbers of ~. ordii. 

A change in habitat, however, in the form of increased grass cover in the 

creosote bush habitat did lead to an increase in the number of D. ordii. 

Recently, Abramsky and Sellah (1982) performed similar experi

ments with two species of granivorous rodents in Israel. Their pertur

bation experiments took p1ace in a narrow zone of overlap of the two 

species. Removal of the gerbil from sand dunes resulted in an apparent 

increase in the number of jirds relative to the number found on control 

plots. However, as Abramsky and Sellah (1982) pointed out, the increase 

was much lower than expected assuming 100% biomass compensation. They 

attributed this lack of compensation to intense interspecific competition 

in the past history of the two species, resulting in genetically fixed 

habitat preferences as predicted by the theoretical models of Pimm and 

Rosenzweig (1981). 

Whitford et ale (1978) determined that a decline in shrub bio

mass and an increase in grass cover lead to an increase in the numbers 

of D. ordii on disturbed sites. Interestingly, the number of D. merriami 
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did not decline with the increase in Q. ordii. Apparently, while D. 

merriami will not invade typical Q. ordii habitat, they can successfully 

utilize the grassy Q. ordii habitat. The results of Schroder and 

Rosenzweig (1975) and Whitford et al. provide the clearest examples of 

habitat selection leading to competitive coexistence of heteromyid 

rodents. These studies coupled with the consistent detection of differ

ential microhabitat use in heteromyid communities (Brown and Lieberman, 

1973; Rosenzweig, 1973; Price, 1978b; Wondolleck, 1978; Lemen and Rosen

zweig, 1978; McCloskey, 1978) support the contention that such differences 

may serve to reduce competitive pressure between species. 

As encouraging as these examples are, some degree of caution is 

required. As with the seed size selection data, the seasonal nature of 

the differential selectivity is not fully known. Christopher (1973) 

found that between censuses in October and November the microhabitat use 

of D. merriami changed dramatically. In October, 31% of all D. merriami 

captures occurred in open microhabitats; during November the figure for 

D. merriami was 83%. COincidentally, he recorded a smaller change in 

use of bush microhabitats by Perognathus longimembris from 67% to 52%. 

Price (1978b) as well as Stern (1981) found that microhabitat use varied 

with seasons. Clearly while these data demonstrate the danger of extrapo

lations of microhabitat use patterns from one season to the next, the 

work of Stamp and Ohmart (1978) showing differential microhabitat use in 

heteromyid rodent communities throughout a year serves to alleviate some 

concern of seasonal variation in microhabitat use. 
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A serious exception to microhabitat selection has been presented 

in the work of Thompson (1982a). He compared the microhabitat use of 

three species of rodents using two independent methods of determination, 

live trapping and direct visual observation. While live trapping indi

cated the expected pattern of open microhabitat use by Dipodomys deserti 

and D. merriami and bush microhabitat by Perognathus longimembris, three 

directly observable measures of microhabitat use showed a different 

pattern. The pattern from estimates of total time spent in each micro

habitat as well as the total number of digs or gleans and the total 

number of stops made by each species in the two microhabitats was that 

all three species spent most of their foraging time around bushes. Their 

use of this microhabitat at two different sites varied from seventy-two 

to ninety-three percent. 

While Thompson (1982a) has stated that his results cast doubt 

upon microhabitat selection as a factor in the coexistence of hetero

myids, a number of considerations weaken his conclusion. First, his 

observation that Dipodomys deserti uses bush microhabitats more than 

open areas is irrelevant. Microhabitat selection has been proposed 

as a factor in the coexistence of sympatric species, so observations of 

microhabitat use in a one-species community have only marginal signifi

cance at best. Price (1978b) and Wondolleck (1975) have shown that the 

absence of certain species can change the pattern of microhabitat use of 

other species. Optimal foraging theories have predicted this (Rosen

zweig, 1981; Pimm and Rosenzweig, 1981). 
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Second, the extrapolation of his results to other studies done 

in substantially different environments is speculative at best. A 

comparison of the densities of seeds at Thompson's (1980) sites with 

those found by Reichman and Oberstein (1977) near Tucson reveal a differ

ence of from 10 to 450 times fewer seeds at Thompson's sites. Warren 

(1979) explained that the difference between his observations and those 

of Price (1978b) was probably due to differences in seed productivity 

and predictability. As productivity and predictability increase, more 

species are capable of stably coexisting by finer partitioning of the 

habitat or seed resources. In addition, Bowers (1979) has noted that 

communities of heteromyids displayed divergence in their use of different 

aspects of the environment along a gradient of predictability of pre

cipitation. Where precipitation was most variable the species diverged 

in their use of stable substrate characteristics while in areas where 

precipitation was more predictable the rodents were most clearly diver

gent in their use of seed resources. The disparity between Thompson 

(1982a) and other investigators may simply be due to differences in both 

productivity and the variation in that productivity. 

The precarious nature of competitive coexistence between hetero

myids in unproductive environments is reflected in the results of surveys 

conducted by both Warren (1979) and Thompson (1980). Both authors indi

cated that the form of heteromyid communities was simple, the usual 

community consisting of one numerically dominant species coexisting with 

one or two rare species. In contrast, the community with which I worked 

consisted of two common species and three rarer species. The low 
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predictable productivity of Thompson's and Warren's sites results in 

little microhabitat partitioning but rather larger-scale habitat parti

tioning based on vegetation cover. As expected, sites with relatively 

greater cover are dominated by species of the genus Perognathus while 

more open sites are dominated by species of Dipodomys. 

Finally, Lemen and Rosenzweig (1978) found the same pattern of 

microhabitat selection between~. ordii and Perognathus flavus using both 

live traps and marked seed. Their study was not subject to the kind of 

bias Thompson discusses as marked seed was placed in adjacent patches. 

Though the absence of differential microhabitat selection noted 

by Thompson (1982a) for ~. merriami and P. longimembris is undoubtedly 

real, differences in productibity between his sites and the sites of 

others (Wondolleck, 1975; Price, 1978b; Lemen and Rosenzweig, 1978, etc.) 

who have noted differential microhabitat selection preclude extrapolation 

of his results to all situations. 

Differential microhabitat use remains the best supported hypo

thesis that may contribute to the coexistence of heteromyids. 

Clump Size Selection 

Though a number of investigators independently conceived of the 

possibility of clump size selection (Wondolleck, 1975; Reichman and 

Oberstein, 1977; Hutto, 1978; Frye and Rosenzweig, 1980), Reichman and 

Oberstein (1977) were the first to report supporting data. Noting that 

Perognathus amplus will enter torpor when deprived of seeds, they com

pared the amount of time individuals of this species spent torpid when 
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supplied with different distributions of seed on the surface of a sub

strate and buried underneath it. While the rodents spent similar total 

time torpid when presented with either clumped or dispersed seeds on 

the surface, rodents spent significantly more time torpid when presented 

with dispersed buried seed. In addition, while Q. merriami would habitu

ally dig directly over clumps of buried seed, f. amplus when presented 

with the same buried clumped seeds would dig at random with no reference 

to the buried clumps. Reichman and Brown (1979) later confirmed 

Reichman and Oberstein's (1977) findings that buried seed resulted in 

greater time in torpor by f. amplus. 

Additional laboratory evidence soon followed with the work of 

Price (1978a). She found that when D. merriami was exposed to three 

clump sizes they used high density clumps almost exclusively. Smaller 

species of Perognathus on the other hand used all three clump sizes to 

an equivalent extent. Hutto (1978) exposed a kangaroo rat and a pocket 

mouse to both clumped seeds and randomly dispersed seeds at the same 

time. When exposed to the distributions in the presence of the larger 

kangaroo rat, the pocket mice only stored one-tenth of the seed stored 

when presented with the distributions alone. Trombulak and Kenagy (1980) 

confirmed the findings of Hutto (1978}. When each of four species of 

rodents were exposed to different distributions of seed, none of the 

species discriminated between the distributions; however, when two spe

cies were exposed to the different seed distributions in the presence 

of one another, the largest species used clumped seeds while the smallest 



species used scattered seed. As in Hutto (1978), the presence of a 

second species altered the clump usage of the smaller. 
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While Bowers (1979) noted that under field situations Perognathus 

species used uniformly distributed seeds to a greater extent than 

Dipodomys, the only attempt to test explicitly the predictions of the 

clump size selection hypothesis was my own research (Frye and Rosenzweig, 

1980). My results were negative (see Chapter 2); two species of 

Dipodomys differing almost four-fold in body size, did not differentially 

use clump sizes. Though the smaller species, Q. merriami, did show sel

ectivity weighted toward high density clumps one year, the pattern 

changed the next year when the experimental plot characteristics were 

altered. It is possible that enlarging the size of my subplots and thus 

increasing the distance between neighboring high density clumps from 

30 cm. to 100 cm., might have made the rodents less likely to exploit 

these clumps due to time constraints on foraging imposed by predators or 

reducing the certainty of reward. A recent report on the use of differ

ent seed dispersions in the genus Microdipodops is the only other field 

observations of which I am aware (Harris, 1982). These observations 

are similar to those of Hutto (1978) and Trombu1ak and Kenagy (1980): 

where the larger Dipodomys were found syntopic with Microdipodops 

megacepha1us, this smaller species used primarily scattered seed; but 

it used both clumped and scattered seed equally when Dipodomys were not 

present. 

While some theoretical speculations on clump size selection have 

appeared (Reichman, 1981), no further data have been reported on the 
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efficacy of differential clump size selection in reducing competitive 

pressures. As with microhabitat selection, it appears that while clump 

size selection may occur between species of Dipodomys and Perognathus, 

it seems unlikely to be a factor in the coexistence of species within 

either genus. Further, such observations seem to be dependent upon 

interference of some sort (see below). As a hybrid of microhabitat 

selection and seed size selection hypotheses, clump size selection 

remains attractive, however additional data obtained under natural con

ditions will be needed to clarify its role in coexistence of heteromyid 

species. 

Interference Competition 

Determination of the role that interference competition may play 

in the coexistence of heteromyid rodents is hampered most from lack of 

directed experimentation. For the past twelve years the hypothesis of 

coexistence through resource allocation has been the main focus of atten

tion. As I noted in the discussion of Chapter 3, it has long been known 

that heteromyids are aggressive to one another as well as individuals of 

other species. This has been noted in both captive (Bartholomew and 

Caswell, 1951; Bateman, 1967; Christopher, 1973; etc.) and free-living 

(Shaw, 1934; Congdon, 1974; Kenagy, 1976; etc.) rodents. While little 

in the way of actual physical combat under field conditions has been 

observed, chasing behavior has been noted a number of times (Wondolleck, 

1975; Congdon, 1974; Kenagy, 1976), which suggests that aggression may 

be more common than previously believed. 
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Postulating that interspecific aggression occurs under natural 

conditions and that it may have some role in the coexistence of species 

requires first that aggression is common within heteromyid species. As 

I noted in Chapter 3, the existence of intraspecific aggression is 

strongly implied by the regular distribution of both~. spectabi1is 

mounds (Schroder and Ge1uso, 1975) and those of Dipodomys ingens 

(Grinnell, 1932). Due to the cryptic nature of the burrows of smaller 

heteromyid species little has been done to measure their spatial distri

butions. However, a number of authors have reported related evidence of 

intraspecific aggression. Bateman (1967) found that female Perognathus 

bai1eyi maintain exclusive horne ranges in respect to other females yet 

male horne ranges.over1ap one another and the females'. Dixon (1958) 

recorded the same pattern in K. ne1soni as did Reynolds (1960) in~. 

merriami. MacMi11en (1964) found that the females of ~. agi1is and 

P. fa11ax possess exclusive horne ranges during some period of their 

breeding seasons. Smith, Maza and Wiener (1980) recorded a probable 

case of intraspecific aggression in R. formosus populations when they 

found that removal of established residents leads to invasion by periph

eral animals but a return of the original residents forces the new 

residents back to the periphery. The existence of peripheral populations 

or floaters may be common to quite a few heteromyid species (Spencer, 

1941; Ho1denreid, 1957; Schroder and Rosenzweig, 1975). 

The observations of Grinnell (1932), Hawbecker (1944) and Tappe 

(1941) on~. ingens; Schroder and Ge1uso (1975) and Schroder (1979) and 

my own research (Frye, In Press) on D. spectabi1is suggests that 



aggression and interspecific territoriality may allow the regional 

coexistence of these large species with smaller competitors. It would 

be illuminating to know the role of aggression both within populations 

of the third largest species, D. deserti, and between D. deserti and 

other sympatric species. 
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Could aggression be involved in more subtle ways with the coexis

tence of heteromyids? The experiments of Wondolleck (1975, 1978) also 

provide evidence that aggression may also play a role in microhabit.at 

selection. When he removed the dominant Q. merriami from an area, he 

found that within several days the smaller Perognathus species had 

expanded its use of mic~ohabitats significantly. It ~s unlikely that 

within the few days of removing Q. merriami the distribution of seeds 

was altered to such an extent to account for the change in Perognathus 

amplus use of microhabitats. Recently; Lemen and Freeman (In Press) 

. have reported that removal of Q. ordii and Q. merriami individuals from 

an area resulted in increased numbers of Perognathus captures within two 

weeks of the removal. 

Addition~l evidence will have to be compiled before the role of 

aggression in heteromyid species coexistence is known with any degree 

of certainty. Clearly the extant evidence suggests that it may be of 

more importance than previously believed. 

Predation 

Predation is believed by some to play a role in the competitive 

coexistence of some heteromyid species. The avoidance of open micro-
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habitats by Perognathus penicillatus and brushy habitats by Q. merriami 

may be the result of predator avoidance behavior (Rosenzweig, 1973). It 

is also known that providing additional predator refuges in a previously 

unused habitat will lead to its subsequent use by Perognathus (Thompson, 

1982b). Also, changing the apparent risk of predation will change 

heteromyid habitat selection (Kotler, 1981, pers. comm.). There is 

inferential evidence that predation pre~sure may affect foraging vari

ables of some species (O'Dowd and Hay, 1980; Hay and Fuller, 1981). In 

addition predation may also influence the total amount of time heteromyids 

spend outside of their burrows (Reynolds, 1958; Kenagy, 1976). 

While it is known that predators can influence the competitive 

coexistence of their prey species (e.g. Paine, 1966; Harper, 1969) little 

is known of the relevant variables involved in predation on heteromyids. 

Our ignorance is compounded by the lack of knowledge of even basic p~e

dation rates on heteromyid species. Before anything of value can be said 

about the role of predation, considerably more data are needed. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

An examination of the research concerning the competitive co

existence of heteromyid rodents reveals a number of attractive hypotheses 

based upon the implicit assumption that the mode of the species coexis

tence is resource allocation. Seed size selection, a scheme that seems 

to allow coexistence among some granivorous birds and ants has not been 

demonstrable in rodents (Smigel and Rosenzweig, 1974; Mares and Williams, 

1977; Lemen, 1978). Recent work by Pulliam (1975) and Pulliam and Mills 

(1977) indicates that as with the rodents in relatively unproductive 

environments, granivorous birds under such conditions may also not coexist 

by this form of resource allocation. Microhabitat selection has been 

consistently implicated in resource specialization leading to coexistence 

in heteromyids. Predation, or the risk therefrom, seems to play some 

role in microhabitat affinity. Clump size selection, while occurring in 

laboratory situations between species of Perognathus and Dipodomys, does 

not occur between species of Dipodomys (Frye and Rosenzweig, 1980). 

While the direction of my own research led me to investigate the 

possibility of interference competition occurring between two species of 

Dipodomus (Frye, In Press), so has the research of others (Day, 1981; 

Longland, 1982). And while my data indicate direct interference does 

occur, it does not prove that the interference leads to coexistence. 
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Interference competition is also clearly indicated between Q. ingens and 

other species. However little evidence exists as to its occurrence among 

other species. 

This is not meant to imply that all or most heteromyid species 

coexist through some form of interference. The behavior of Dipodomys 

merriami and D. ordii (Schroder and Rosenzweig, 1975) is evidence that 

direct interaction between individuals of these species may be of minor 

importance. 

Microhabitat selection has been implicated in the coexistence of 

certain species and yet also does not seem to occur universally within 

the family Heteromyidae (Thompson, 1982a). Warren (1979) pointed out 

that his results, obtained under conditions of low and variable produc

tivity, differed from the results of Price (1978b) and others whose 

research was conducted in more productive and predictable habitats. 

Given that the species demonstrate considerable behavioral plasticity 

under 'different environmental conditions (Smigel and Rosenzweig, 1974; 

Stamp and Ohmart, 1978; Frye and Rosenzweig, 1980), apparent contradic

tions in results may simply reflect behavioral adaptation to local 

conditions. It is not surprising that under the somewhat extreme condi

tions of productivity found by Thompson (1980) and Warren (1979), 

conditions which lead to the occurrence of only one dominant species 

with one or two rare species, that a coarse form of habitat selection 

separates species, while within more diverse and structurally complex 

habitats, such a coarse segregation is supplemented by more subtle 

patterns of habitat selection (Rosenzweig and Winakur, 1969). 
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The relative roles of specialization and/or behavioral dominance 

in allowing coexistence is not, as yet, clear. Indeed, in some cases, 

interaction of resource allocation strategies and interference seems to 

be involved in coexistence (Wondolleck, 1975; Hutto, 1978; Trombulak and 

Kenagy, 1980). 

The apparent complexity of the coexistence patterns under produc

tive conditions probably cannot be examined using the simplified theo

retical formulations of MacArthur and Levins (1964, 1967), and May (1973) 

and others. To gain deeper insight into the structure of these natural 

communities both theoretical and empirical research must be pursued. 

The recent work of Reichman (1981) on the dynamics of resource abundance 

and diversity is an example of some of the more basic data that will be 

needed to answer questions about competitive coexistence. 

During the last fifteen years considerable progress has been 

made in outlining the possible mechanisms of competitive coexistence 

among heteromyid rodents. The breadth of this research, in addition to 

the considerable data that exist on this family's general biology, con

stitutes a considerable literature. Still, mostly questions remain. 

These communities, in the future, will have to be examined in more detail 

through a number of seasons and years to allow us to build some under

standing of the variation in resource use and species interaction. In 

addition, the critical data on resource abundance diversity, renewal 

rates and variation must be gathered if we are to explain community 

structure in desert rodents. 



APPENDIX 

ESTIMATION OF A SUFFICIENT TERRITORY SIZE TO 
SUPPORT AN INDIVIDUAL D. SPECTABILIS 
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To estimate the energetic requirements of an individual banner-

tail kangaroo rat I first subdivided the total cost into resting ener-

getic costs and costs while the animal is active. The following was 

developed from the equations given by Taylor, Schmidt-Nielsen and Raab 

(1970) for a 110 gm. bannertai1 kangaroo rat. Their equations were cov-

converted from m1. 02 consumed per gm. per hr. to kca1/hr. using the 

-3 accepted value of 4.8 x 10 kca1/m1. 0z (Schmidt-Nielsen, 1979). 

If the resting metabolic rate of Q. spectabi1is is 1.14 m1 0Z/gm. 

hr., then the resting metabolic cost of an individual of 110 grams is 

0.575 kca1/hr. Daily energetic cost was obtained by multiplying by the 

number of hours spent each day in the burrow. 

From Taylor et a1. (1970), the cost of running may be calculated 

as 

M(m1. 0Z/gm. hr.) = 1.13(V) + 1.81 

where V is the average velocity in km./hr. Converting to units of kca1/ 

kca1/day this equation becomes 

MCACT = (0.570(V) +0.911) TACT 

where TACT is the daily duration of activity. 

Total energetic cost per day is then calculated as 

MCTOT = 0.575(TREST) + (0.570(V) + 0.911)TACT 

where TREST is the time spent in the burrow. Thus, this equation when 

supplied with time active, time inactive, and average velocity while 

active will estimate the daily energetic needs of a bannertai1 kangaroo 

rat. 
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To estimate the territory size needed to supply sufficient 

energy, I used estimates of the average number of seeds per plant and 

the average density of plants determined for an area within 2 km. of my 

experimental sites. From these data, supplied by Inouye (1980, pers. 

comm) , I assumed that on the average, a plant would produce 100 seeds. 

Reichman's (1976) analysis of the caloric value of typical Sonoran desert 

seeds provided an estimate of 20 cal. for the va1~e of each seed produced 

or 2 kca1 per plant. Combining the equation for the total energetic 

requirement of a rodent, and the density of plants, and the size of the 

denuded area immediately around the burrow (assumed to have a radius of 

1.5 m.), it was able to estimate the radius of a circular territory 

(Schroder, 1979) of sufficient size to support an individual rodent. 

Calculations of territory size were made using Inouye's (1980, 

pers. comm.) estimates of plant density (from 20 to 120 individuals per 

2 0.5 m. ) and Schroder's (1979) estimates of duration of activity (4 to 

5 hours per day) and average velocity while active (0.7 to 2 km./hr.). 

These calculations indicated that depending upon plant density, the 

area sufficient to support an individual rodent for one year varied 

between 7 and 24 meters radius. Using an average density of 50 p1ants/ 

0.5 m. 2 , calculated' from Inouye's data, I determined that the minimal 

area required to support an individual has radii varying from 12 to 

15 m. 
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