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CHAPTER I 

INTRODUCTION 

The study of patterns in species distribution is an important component of ecology. 

An understanding of factors responsible for species presence or absence in given habitats 

and their relative abundances in these habitats is prerequisite to an objective evaluation of 

habitat selection. Since it appears that the distribution of certain small mammal is a function 

of structural characteristics of the habitat, the use of space by all species in a local small 

mammal fauna should be predictable, based on these characteristics. 

Most empirical studies assume the sampling unit (usually a trapping plot) used to 

assess population density is a homogeneous habitat, also, it is assumed that population 

dynamics on the site can be described by the aggregation of individuals differing in sex, age 

and social status, found on the site. Population characteristics are assumed to be described 

by mean values of species density, deversity, richness and so on (Cockburn and Lidicker, 

1983). 

Rodents of Chihuahuan Desert 

In the Chihuahuan Desert of Texas, commonly captured rodents include heteromyid 

rodents such as the silky pocket mouse (Perognathus jlavus), Merriam's kangaroo rat 

(Dipodomys merriami), Ord's kangaroo rat (D. ordil), and cricetid rodents such as the deer 

mouse (Peromyscus maniculatus), white-footed mouse (P. leucopus), Mearns' grasshopper 

mouse (Onychomys arenicola), Southern plains woodrat (Neotoma micropus), and Western 

harvest mouse (Reithrodontomys mega/otis). 

The Family Cricetidae has its center of distribution, greatest diversity and largest 

abundance in North and South America. Although these mice are relatively unspecialized 

morphologically, compared to the heteromyids, they are more diverse behaviorally and 
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ecologically. The wood rats, Neotoma, are primarily folivorous and build large dens of 

sticks and debris. The grasshopper mice, Onychomys, are largely insectivorous, but also 

feed on small vertebrates. The harvest mice, Reithrodontomys,like the heteromyids, feed 

largely on seeds. The deer mice, Peromyscus, are comparatively general omnivores, 

although seeds compose a substantial fraction of their diet. The cricetids are nocturnal and 

active throughout the year, although some harvest mice and deer mice can utilize torpor to 

avoid short periods of severe weather or food shortage. 

Heteromyids are endemic to arid and tropical regions of southern and western North 

America, and northernmost South America. Dipodomys merriami, D. ordii and 

Perognathus jlavus are widespread in the southwestern deserts and possess several 

characteristics that have been interpreted as adaptations for arid environments. These 

include external cheek pouches used to collect and transport seeds which compose the 

majority of their diets, and kidneys capable of concentrating urine so that they can subsist on 

a diet consisting entirely of dry seeds without drinking water (Brown and Zeng, 1989). 

Unlike kangaroo rats, which are active all year, silky pocket mice are thought to hibernate 

during the colder months of the year (December and January) when food is scarce. In 

Trans-Pecos West Texas, Schmidly (1977) found that D. merriami and R. mega/otis were 

common rodents of the warm deserts and grasslands. On the other hand, R. mont anus is 

the rarest of harvest mice occuring in Trans-Pecos Texas. 

The Distributions of Desert Rodents 

Brown and Zeng ( 1989) reported that the rodent species of the Chihuahuan Desert 

varied greatly in population density, extent of interannual variation in abundance, timing of 

reproduction, disappearance of marked individuals, and frequency and distance of lifetime 

dispersal movement. However, Rylander et al. (1991) found no seasonal fluctuation in 

density in a one-year study of rodents in Hudspeth County, Texas. Dipodomys merriami, 
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the most common species at this Chihuahuan Desert trapping site, was distributed rather 

uniformly throughout the study area during all months of the year. 

Vegetative cover can influence structure of grassland rodent communities by 

providing food and protection against predation. Species which are more vulnerable to 

predation should be rare or absent in areas of low plant cover, and more common where 

cover is dense. For example, R. mega/otis, which has a small body size and good climbing 

ability, should be less vulnerable in areas with abundant cover. Conversely, their densities 

should be lower where cover is reduced (Kotter, 1988). In fact, Reithrodontomys 

mega/otis seems to occur in greater numbers at lower elevations on sandy soil with dense 

ground cover, such as yucca-grasslands and grama-bluestem. In contrast, tall and dense 

ground cover restricts Perognathus flavus movements, whereas short ground cover (six 

inches or less in height) does not. In the Davis Mountains of western Texas, Dipodomys 

merriami occupies the area with the short grass-yucca association. Plant associates of P. 

leucopus include short grass, mesquite, cholla, and other species. Onychomys arenico/a 

commonly occurs in lowland desert areas with sparse and scattered vegetation such as 

mesquite, cholla, yucca and various short grasses. Neotoma micropus occupies desert 

scrub habitats at lower elevations throughout the Trans-Pecos Texas. It is usually found 

associated with cactus or some of the thorny desert shrubs. Because elevation and rainfall 

strongly influence the percentage of vegetation coverage (PVC), rodent density should be 

predictable directly by PVC (Hafner, 1977). 

Soil also is an important factor influencing distribution, especially for burrowing 

rodents. For example, silky pocket mice occur most commonly on desert erosion pavement 

soils containing at least 50 percent rocks less than three inches in diameter (Schmidly, 

1977). Schmidly (1977) also concluded that D. merriami usually occupies gravelly, desert 

pavements, whereas D. ordii was found in loose, fragile soils of sand dunes and along 
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arroyos. Peromyscus /eucopus and Reithrodontomys mega/otis occupy habitats with sandy 

soils in Trans-Pecos Texas. 

Hallett (1982) found that different desert rodents utilized habitats in different ways, 

and concluded that the three species of Peromyscus appeared to avoid competition with each 

other by complementary habitat use. Moreover, competition was not observed between 

Dipodomys merriami and D. ordii because they utilized different microhabitats. Mcloskey 

and Lajoie (1975) suggested that interspecific interactions, vegetation structure, and/or 

availability of food could explain this habitat partitioning of species. The desert habitat and 

high diurnal temperatures have required that nearly all North American desert rodent species 

forage at night and spend the day in burrows (Hafner, 1977). However, spotted ground 

squirrels, which hibernate during the winter months, are quite active during the hotter 

periods of the day and so, partition resources on a temporal scale. 

Objectives 

The population dynamics and habitat preferences of small desert rodents in Trans

Pecos Texas have been the focus of several recent studies (e.g. Hallett, 1982; Brown, 1973, 

1989, 1990; Brown and Reske, 1990; Zeng, 1987; Rylander et al., 1991), yet the 

abundance, dispersal and distribution of coexisting species remain poorly described (Brown 

and Reske, 1990). Animal distribution studies are important for at least two reasons. First, 

knowledge of the factors determining the presence and density of a species in a given habitat 

will allow more definitive statements concerning the evolution of habitat selection and better 

predictions of colonization or range extension. Second, information about the nature of a 

species' response to environmental variables establish an empirical basis for investigating 

species-packing and diversity (Mcloskey and Lajoie, 1975). 

This study was designed to investigate the relationship between selected 

demographic characteristics of desert rodents and their associations with desert grassland 
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communities as part of faunal survey conducted by the Texas Low-level Radioactive Waste 

Disposal Site Authority near Sierra Blanca, Hudspeth County, Texas. Species 

distributions, abundances and recolonization of sympatric rodents were determined by 

removal trapping on permenent plots over the course of 11 months. 
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CHAPTER II 

MATERIALS AND METHODS 

Description of Study Area 

The study was conducted on a Sandy Loam Range Site (SLRS) and a Loamy Range 

Site (LRS) in the Desert Grassland Reserve area in the Texas Low-Level Radioactive Waste 

Disposal Site, about 6.5 mi. SE of Sierra Blanca (Figure 1). Study plots at each site were 

selected from areas of relatively homogeneous vegetation composition. Sierra Blanca lies in 

the Subtropical Arid zone of the Trans-Pecos region of Texas. 

Climate 

Average monthly temperature and precipitation data were obtained from the National 

Weather Service Cooperative Station at Sierra Blanca at an elevation of 4,535 feet (1382.3 

meters) above see level. The average annual temperature is 62° F (16.7° C), with 12.5 

inches (317 .5 mm) of total precipitation (Dr. G. M. Jurica, 1991, personal communication, 

Texas Tech University). During the study period (October, 1992- August, 1993), daily air 

temperature at ground level ranged from -11.07° C to 32.98° C. Relative humidity ranged 

from 25.94 to 73.68%. The highest average daily temperature occured in June, 1993, and 

the most rain was received in January and July, 1993 (Figure 2). 

Ve~etation 

The study area is dominated by soaptree yucca (Yucca elata), honey mesquite 

(Prosopis glandulosa), javalina bush (Condalia ericoides), and lotebush (Ziziphus juiuba). 

The dominant grasses are Burrograss (Scleropogon brevifolius), sand muhly (Muhlenbergia 

arenicola), threeawn (Aristida spp.), sand dropseed (Sporobolus cryptandrus), and black 

grama (Bouteloua eriopoda). The abundances of dominant plant species on the trapping 
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plots are given in Table 1. These data were obtained by a subjective visual assessment of 

each plot and were derived from a vegetation survey conducted by Dr. David B. Wester, 

Department of Range and Wildlife Management, Texas Tech University. 

The soil texture of the Sandy Loam Range Site (SLRS) and Loamy Range Site 

(LRS) near Sierra Blanca are fme sandy loam and sandy clay loam, respectively (Dr. B. L. 

Allen, personal communication). The soil textural analyses of plots are shown in Table 2. 

Methodologies 

Rodent Captures 

Two plots, each 100m x 100m in size, were established in each of two habitats. 

Plots A and B were on the Sandy Loam range site and Plots C and D were on the Loamy 

range site. Each plot had 100 Sherman live rodent traps placed at 10-meter intervals and 

each trap station was marked with a small wire flag. From October, 1992, through August, 

1993, rodents were trapped on seven dates (Table 3). The 5th and the 6th trappings were 

followed by 3-month and 2-month intervals, respectively, due to the low number of 

rodents. During each trapping period, each plot was trapped for two or three nights. The 

traps were baited with oatmeal and set before dark. All traps were checked the following 

morning. Rodents captured were deposited at the Museum of Midwestern State University, 

Wichita Falls, Texas. For each specimen, the date, location, species, sex, body weight (to 

the nearest gram) and standard external measurements (length of body, tail, right ear, and 

right hint foot) were recorded. 
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Habitat Variables 

Habitats were evaluated at the time of greatest vegetation cover in August, 1993. I 

counted the numbers of yuccas, mesquites, unkown bushes and shrubs, cactus, earth 

mounds and ant nests within 10 m of each station, as measures of general habitat stucture 

and possible burrowing sites (Table 4). The percentage of vegetation coverage was 

assigned to four categories (0-25%, 25-50%, 50-75% and 75-100%). For plots Band C, 

six habitat variables were measured at all stations, and for Plots A and D, only the stations 

where mice were caught were described. A penetrometer was used to measure soil 

hardness at the trap stations. Soil particle analyses were performed at the Department of 

Plant and Soil Sciences, Texas Tech University. 

Analysis 

A series of univariate and multivariate statistical analyses were performed on the 

resultant data using Stat View Student for the Apple Macintosh. Probability value for all 

analyses was considered insignificant if P>0.05. Species richness was defined as the total 

number of different rodent species represented in a given area during the study. Species 

diversity for each site was calculated using Simpson's index (Krebs, 1989). Species 

density was estimated as captures per 100 trap-nights at each plot. To analyze the 

population structure in more detail, all mice caught on plots were categorized according to 

sex and age. The weight of males and females of three dominant rodent species were 

compared by a two-way ANOV A. Habitat associations were tested by deriving an expected 

number of captures of each species in each habitat by multiplying the proportion of trap

nights in a specific habitat by the total number of individuals of each species captured. This 

expected value was compared to the observed number of captures. Significant deviations 

from expected associations were tested by using 95% Bonferrroni confidence intervals 

(Byers et al., 1984). The importance of each habitat variable in distinguishing stations of 
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trap success was achieved by perfonning the Wilcoxon signed-rank test on the habitat 

variables. 
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Table 1--Dominant plant species for trapping plots 

Species Plots 

A B c D 

% % 

burro grass 30.91 18.28 * ** 

sand dropseed 29.09 18.18 ** ** 

blackgrama 20.00 34.55 

sandy muhly 7.27 14.55 

threeawn 6.67 1.82 

mesquite *** *** * ** 

yuccas *** *** * 

*uncommon;**:common;***:abundant 

Table 2--The components of soil textures. 

Sites Plots Component 
Sand Clay Silt 

SLRS A 75% 13% 12% 

B 65% 16% 19% 

LRS c 58% 25% 17% 

D 59% 24% 19% 

1 0 



fvet. 

Sandy Loam Range Site 

Plot A 

one mile 

Plot C O 
0 Plot D 

Figure 1--The location of study sites (black spot on the map of Texas) and the spatial 
relationships of four plots on study sites 6.5 mi. SE Sierra Blanca, Hudspeth County, 
Texas. 
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Table 3--The dates of trapping period. 

Period Dates trapped 

1 October 24-25, 1992 

2 October 31-November 1, 1992 

3 December 5-6, 1992 

4 December 21-23, 1992 

5 January 13-15, 1993 

6 May 17, 1993 

7 August 10-12, 1993 

Table 4--V ariab1es used for quantifying components of habitat structure. 

Symbol Description of variable 

SH Soil hardness 

PVC Percentage of Vegetation Coverage 

YN Number of yuccas 

BN Number of bushes 

EM Number of earth mounds 

AN Number of ant nests 
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CHAPTER ill 

RESULTS 

A total of 225 specimens, representing 10 species, were captured in 6, 100 trap

nights during the study period. Overall trap success was 3.6 per 100 trap-night with 

greater catch per unit effort (65.4% of total captures) on SLRS and lower (34.6% of total 

captures) on LRS. Simpson index value was higher on SLRS (0.81) than LRS (0.7). The 

rodents that were captured belong to the families Cricetidae (75.5%), Heteromyidae 

(20.9%) and Sciuridae (3.6%). Species in the Family Cricetidae include the Mearns' 

grasshopper mouse (Onychomys arenicola), white-footed mouse (Peromyscus /eucopus), 

deer mouse (Peromyscus manicu/atus), Western harvest mouse (Reithrodontomys 

mega/otis), Plains harvest mouse (R. montanus), and Southern plains woodrat (Neotoma 

micropus). Heteromyid rodents were Merriam's kangaroo rat (Dipodomys merriami), 

Ord's kangaroo rat (D. ordii) and the silky pocket mouse (Perognathusf/avus). Spotted 

ground squirrels (Spermophilus spilosoma) also were collected during daytime. Of these 10 

species, only the data for the spotted ground squirrel (S. spilosoma) were not analyzed 

because this species' diurnal habits suggest it is unlikely to directly or strongly compete with 

the nocturnal species. The three species predominating numerically were 0. arenico/a 

(29.8%), Peromyscus /eucopus (19.1 %) and Perognathusf/avus (14.7%) which composed 

63.6% of all the rodents caught. N. micropus and Peromyscus maniculatus accounted for 

20% (Table 5). Since the numbers of many species were too small for reliable statistical 

analyses, I focused on the three dominant species, 0. arenico/a, Pm. /eucopus and Pg. 

f/avus. 
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Population Structure 

Relative Abundance 

Population density of rodents averaged 3.6 individuals per 100 trap-nights, but 

varied approximately twofold between sites, i.e., density was higher on SLRS (4.7) than 

LRS (2.4). Total population density of 0. arenicola, Peromyscus leucopus, and 

Perognathusjlavus averaged 1.1, 0.7 and 0.6, respectively. The density of Peromyscus 

leucopus (0.2) and Perognathusjlavus (0.4) was lower on LRS than SLRS.(1.3 and 0.7, 

respectively). However, distribution of 0. arenicola was lower on SLRS (1.0) and higher 

on LRS (1.2) (Table 5). The density of Peromyscus leucopus differed significantly 

between sites (P<0.05), with high density on SLRS (1.4) and low density on LRS (0.5) 

(Figure 3). This study showed that SLRS, which consisted of the highest percent cover of 

grasses, was characterized by higher peak densities of Peromyscus leucopus than LRS. 

Sex Ratios. Weight and Age 

The sex ratios of 0. arenicola, Pm. leucopus and Pg.jlavus were examined and 

found to be generally male-biased (except for Perognathus jlavus on LRS; Figure 3). No 

differences in body mass of these species sex ratio or site by sex interaction were found 

between SLRS and LRS using a two-way ANOV A. Among these species, a few juveniles 

were captured for both 0. arenicola (4.5%) and Perognathusflavus (6.1 %), but only in the 

case of Peromyscus leucopus were juveniles numerous (accounting for 25% of total 

captures) (Table 6). 
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Table 5--Species list and total trap success on two sites at the study area from October, 
1992- August, 1993. Density was indicated by trap success (captures per 100 trap
nights). 

Family Species SLRS LRS Percentage 

(%) No. Density No. Density 

0. arenicola 31 1.0 36 1.2 29.8 

Pm. leucopus 38 1.3 5 0.2 19.1 

Cricetidae Pm. maniculatus 15 0.5 8 0.3 10.2 

75.5 N. micropus 19 0.6 3 0.1 9.8 

R. mega/otis 6 0.2 0 0 2.7 

R. montanus 8 0.3 1 0.03 4 

Heteromyidae Pg.flavus 20 0.7 13 0.4 14.7 

20.9 D.merriami 2 0.1 18 0.3 4.4 

D. ordii 3 0.1 1 0.03 1.8 

Sciuridae S. spilosoma 4 1.3 4 1.3 3.6 

3.6 

Total 142 4.7 75 2.4 100 
individuals 

No. of trap 3000 3100 6100 

ni hts 
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Table 6--Comparison of sex ratio (male/female), weight and age structure for three dominant 
species caught on two sites. Standard errors for mean weight are given in parentheses. 

Demographic Species Sites 

variables SLRS LRS 

0. arenicola 2.1 1.4 

Sex ratio Pm. leucopus 1.2 4 

Pg.[lavus 1 1.2 

0. arenicola 18.2 (0.5) 17.4 (0.4) 

Mean weight Pm. leucopus 18.9 (0.7) 17.5 (0.9) 

Pg.[lavus 7.6 (0.3) 6.9 (0.4) 

Age structure 0. arenicola 28/3 36/0 

(adult/juvenile) Pm. leucopus 29/9 3/2 

Pg.[lavus 19/1 12/1 
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Figure 3--Comparison of rcxlent densities of three dominant species on two sites and sexes 
at study area in Hudspeth County, Texas from October, 1992 to August, 1993. A. total, 
B. SLRS, C. LRS. 
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Patterns in Habitat Difference 

An indication of macrohabitat utilization for the rodents should be revealed by 

considering species that co-occur in two habitat types (Table 5). Among crecetid rodents, 

Reithrodontomys mega/otis (100%) and R. montanus (88.9%) were nearly restricted to 

SLRS, showing preference for dense mixtures of grass and bushes. Only 11.1% of R. 

montanus occurred on LRS. Peromyscus leucopus density varied inversely with the 

intensity of grazing, i.e., where grazing was least, more Peromyscus /eucopus were 

captured (SLRS, 88.4%). Only 11.6% of Peromyscus /eucopus was caught on LRS. Most 

of Neotoma micropus were captured on SLRS (86.4%), and only 13.6% on LRS. N. 

micropus was never captured on Plot C of LRS, which was open and heavily grazed by 

cattle. However, more of the heteromyidae, Dipodomys merriami, were captured on the 

grazed site-LRS (80%) than on the ungrazed site-SLRS (20% ). 

Patterns in microhabitat differentiation also can be seen by examining stations 

recording single and mixed species capture (Table 7). R. mega/otis was never captured at 

the same station with species other than Onychomys arenico/a on SLRS. R. montanus co

occurred only with 0. arenicola and Pm./eucopus on SLRS. 0. arenico/a co-occurred with 

all other species except Dipodomys ordii. Peromyscus leucopus co-occurred with 

Peromyscus maniculatus and N. micropus on four and five different trap stations on SLRS, 

respectively, whilePerognathusjlavus was mix-captured with 0. arenico/a on five different 

stations on SLRS. At no single station were four or more species captured. 

To determine the relationship between rodents and their habitats, means and modes 

for the important habitat variables were compared (Table 8). Reithrodontomys mega/otis 

and R. montanus were found in areas with highest PVC (75-100%), whereas Onychomys 

arenico/a, Peromyscus maniculatus and Dipodomys merriami were associated with low 

PVC (25-50% ). Neotoma micropus was found in habitats with more yucca trees, mesquite 

and other bushes. Perognathus jlavus was associated with areas of high values of soil 
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hardness (20.4), while R. mega/otis occurred in habitats with low values (15.3). The 

comparison of three dominant species pairs showed that Perognathus jlavus prefers a higher 

value of soil hardness (20.4) than either Peromyscus leucopus (16.2) or 0. arenicola (19) 

(P<0.05) (Table 8). 

The soil hardness, PVC and total numbers of yuccas were all different (P<0.05) 

between sites. Only the total number of bushes did not differ significantly (Table 9). PVC 

was higher on SLRS (50-7 5%) than on LRS (25-50% ). Soil hardness was higher on LRS 

(21) than on SLRS (17.1) (P<O.OOI). More yuccas were found on SLRS (1.5) than on 

LRS (0.5) (P<0.001). 

The results of analysis (Table 9) clearly illustrates that the density of Peromyscus 

/eucopus is positively correlated with the number of yuccas and is inversely correlated with 

soil hardness (simple r=1 and -0.9, respectively). Perognathusflavus also showed this 

relationship (simple r=0.6 and -0.4, respectively). Soil hardness was found to be weakly 

positively correlated with the distribution of 0. arenicola (simple r=0.2). The total number 

of yuccas was negatively correlated to the density of 0. arenicola, whereas the total number 

of bushes was positively correlated (simple r=-0.4 and 0.5, respectively). Peromyscus 

/eucopus is positively correlated with PVC (simple r=0.7) although Onychomys arenicola 

and Perognathusflavus were not. The total number of bushes was also positively correlated 

with densities of Peromyscus leucopus andPerognathusflavus. The ratio between the 

numbers of individuals of the cricetid species and heteromyid species per locality was 

correlated significantly with PVC, total numbers of yuccas and bushes (simple r=l, 0.7 and 

0.8, respectively), and negatively correlated with soil hardness (simple r=-0.8) (Table 9). 

Wilcoxon signed-rank tests (Table 10) for trap success show that successful 

trapping stations on Plot B have softer soil than stations of non-captures (P<0.05). On Plot 

C, the soil hardness does not differ significantly. The PVC and ant nests did not appear to 

affect trap success. No differences were noted in total number of yuccas, bushes and 
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Table 7--Number of stations with single and mixed species captures on two sites (SLRS I 
LRS). Diagonals mean the numbers of trap station where the indicated species were caught. 

Species O.are. P.leu P.man. N.mic. R.meg R.mon Pf/a D.mer D.ord 

O.are 17127 

P./eu 110 2215 

P.man 111 410 517 

N.mic 1 I 1 510 310 712 

R.meg 110 --* 510 

R.mon 110 210 510 

Pfla 511 110 310 110 9 I 11 

D.mer 011 110 110 117 

D.ord 311 

*: 0 I 0 (no mice were caught) 
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~ab~e 8--Mean and mode (Percentage of Vegetation Coverage--PVC) values for the 
~tgnificant discriminating structural habitat variables (standard deviations and percentages 
m parentheses). Comparisons of P values of four habitat variables between two sites and 
between three dominant species pairs using Wilcoxon signed-rank test. 

Rodent species Structural habitat variable 

SH YN BN PVC 

0. arenicola 19 (5.1) 0.5 (0.7) 0.6 (0.6) 25-50 (55.4%) 

P.leucopus 16.2 (4.3) 0.9 (0.6) 0.8 (0.6) 50-75 (47.6%) 

P. maniculatus 18.4 (4.9) 0.5 (0.6) 0.6 (0.7) 25-50 (52.2%) 

N. micropus 20.4 (3.4) 1.1 (1.1) 0.8 (0.6) 50-75 (63.6%) 

R. mega/otis 15.3 (2.7) 0.9 (0.7) 0.2 (0.4) 75-100 (66.7%) 

R. montanus 17.2 (5.1) 0.8 (0.7) 0.9 (0.7) 75-100 (55.6%) 

P.flavus 20.4 (5.3) 0.7 (0.7) 0.4 (0.6) 25-50 (48.3%) 

D.merriami 19.4 (6.9) 0.3 (0.5) 0.4 (0.6) 25-50 (55.6%) 

SLRS 17.1 (4.2) 1.5 (1.6) 0.8 (0.9) 50-75 (48.4%) 

LRS 21 (5.7) 0.5 (0.8) 0.7 (1.1) 25-50 (62.2%) 

SLRS vs.LRS 0.0001 * 0.611 0.0001 * 0.0001 * 

0. arenicola vs. 
Pm. leucopus 0.055 0.09 0.10 0.54 

0. arenicola vs. 
Pg.flavus 0.03* 0.57 0.37 0.15 

Pm. leucopus 
vs.Pg. flavus 0.005* 0.26 0.10 0.21 

*Significant; P<0.05 
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Table 9--List of correlation coefficients (simpler) between demographic characteristics of 
three dominant species and habitat variables. Biomass was calculated using (total number of 
individuals x mean weight)/100 trap-night 

Demographic characteristics Habitat variables 

SH PVC YN BN 

0. arenicola 0.2 0.1 -0.4 0.5 

Density Pm. leucopus -0.9 0.7 1 0.6 

Pg.flavus -0.4 0.6 0.1 

0. arenicola 0.3 -0.2 0.7 

Biomass Pm. leucopus -0.9 0.6 1 0.4 

Pg.flavus -0.5 0.1 0.7 0.1 

Ratio (cricetid/ -0.8 1 0.7 0.8 

heteromyid) 
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earth mounds on Plot C, whereas on Plot B, successful trapping stations had more bushes 

(including mesquite) and earth mounds than non-capture stations (P<0.05). However, 

yucca densities did not differ significantly. 

Among three dominant species, both 0. arenicola and Perognathusjlavus did not 

reveal variation in habitat association. Only Peromyscus leucopus showed a significant 

degree of heterogeneity in habitat association (X2=31.58, P<0.001) (Table 11). 

Trap success for Peromyscus leucopus was 127% greater than expected on Plot B 

(P<0.05) and 32% greater than expected on Plot A (P>0.05 ), while on Plot C and D, 

Peromyscus leucopus was significantly underrepresented (91% and 62%, respectively) 

(P<0.05). Although statistical tests revealed no significant difference, Perognathusjlavus 

was captured 78% more frequently than expected on Plot B (Table 12). 
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Table 10--The significance of comparisons of habitat variables in stations of capture and 
non-capture using Wilcoxon signed-rank test. 

Habitat PlotB PlotC 

variables z Pvalue z Pvalue 

SH -2.5 0.01* -1.6 0.10 ns 

PGC -0.8 0.43 ns -0.3 0.74 ns 

YN -1.2 0.22 ns 

BN -2.7 0.008* -0.9 0.38 ns 

EM: -2.1 0.03* -1 0.32 ns 

AN -0.7 0.48 ns -1 0.32 ns 

*, significant; ns, non significant; --,There are no valid case. 
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Table 11--Capture data for different plots in Hudspeth County, Texas from October, 1992 
through August, 1993. 

Species Plots Total trap- Expected ObseiVed X2-test 

night captures captures 

A 1500 16.48 18 

B 1500 16.48 13 X2=2.486 

0. arenicola c 1600 17.55 15 P>0.05 

D 1500 16.48 21 

T 6100 67 67 

A 1500 10.58 14 

Peromyscus B 1500 10.58 24 X2=7.023 
/eucopus 

c 1600 11.27 1 P>0.05 

D 1500 10.58 4 

T 6100 43 43 

A 1500 8.12 5 

Perognathus B 1500 8.12 15 X2=31.58 
f/avus 

c 1600 8.65 5 P<0.001 

D 1500 8.12 8 

T 6100 33 33 
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Table 12--Simultaneous confidence inteiVals using the Bonferroni approach for utilization of 
four plots, Pi. 

Species Plots Expected Actural Difference Bonferroni inteiVals for Pi 
proportion proportion (%) 
of captures of captures 

(pi) 

A 0.246 0.269 9 0.134<P<0.404 

0. arenicola B 0.246 0.194 21 0.073<P<0.315 

c 0.262 0.224 15 0.097 <P<O. 351 

D 0.246 0.313 27 0.171 <P<0.455 

A 0.246 0.326 32 0.147<P<0.505 

P.leucopus B 0.246 0.558 127 0.369<P<0.747* 

c 0.262 0.023 91 -0.034<P<0.08 * 

D 0.246 0.093 62 -0.018<P<0.204* 

A 0.246 0.152 38 -0.004<P<0.308 

Perognathus B 0.246 0.455 78 0.238<P<0.672 

flavus c 0.262 0.152 38 -0.004<P<0.308 

D 0.246 0.242 2 0.056<P<0.428 

* indicates a difference at the 0.05 level of significance. 
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Results of Removal Trappin~ 

Average daily captures per trapping period were calculated for removals made from 

October, 1992, to August, 1993. A decrease of average daily captures of all species on 

SLRS occurred after the second census, whereas on LRS, it happened after the first census 

(Figure 4). Increased daily captures occurred after flfth and sixth censuses on SLRS and 

LRS, respectively. This trend indicated that the mice on LRS were more easily removed 

than on SLRS, and regeneration of rodent populations happened earlier on SLRS than on 

LRS. Captures of Reithrodontomys were distributed uniformly during the four censuses 

(from the second to fifth) on SLRS. The average daily capture was 0.9 individuals/day. 

Total removal of Reithrodontomys was 14 individuals on SLRS, and only one 

Reithrodontomys was caught on LRS. The daily captures of Dipodomys merriami was 0.5 

individuals/day from the second third census on SLRS and no captures after the third 

census. The highest daily captures of Neotoma micropus occurred on the second census 

(2.5 individuals/day) on LRS and nearly keeping the same daily captures of 1.1 

individuals/day after the second census on SLRS; however, the daily captures were lower 

on LRS and no specimen of N. micropus was caught after the fifth census. Most 

Peromyscus maniculatus were removed after the fourth census on SLRS, while on LRS, 

their captures occurred more evenly with 0.7 individuals/day, and all were removed after the 

fifth census (Figure 4 ). 

The cumulative percentages of the three dominant rodent species caught on seven 

censuses were calculated (Figure 5). The assumption was made that the total average 

captures of each species was 100% (Pucek and Olszewski, 1971). There were less captures 

of Onychomys arenicola on SLRS (31 individuals) than on LRS (36 individuals). By the 

5th census, 97% and 100% of 0. arenico/a had been removed on SLRS and LRS, 

respectively. After the fifth census, about 95% and 100% of Peromyscus leucopus were 
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removed from SLRS and LRS, respectively. Compared to Peromyscus /eucopus (38 

individuals) on SLRS, fewer captures occurred on LRS (5 individuals) (Figure 5). 
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Figure 4--Relative percentage and average daily captures of all rodent species on consecutive 
seven censuses on two study sites in Hudspeth County, Texas. A. Total, B. SLRS, C. 
LRS. 
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Figure 5--Cumulative numbers of rodents caught on seven consecutive censuses of the 
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Figure 6--Comparison of total captures of cricetid (A) and heteromyid (B) rodents during 
each census in Hudspeth County, Texas, from October, 1992 through August, 1993. 
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CHAPTER IV 

DISCUSSION 

Rosenzweig and Winakur (1969) reported that species diversity of desert rodents 

was directly related to habitat complexity. The results of this study show that the Sandy 

Loam Range Site (SLRS), which was located on an ungrazed area, has higher quality 

habitat (higher PVC, softer soil, more yuccas and bushes), and higher density, richness and 

diversity of rodents than the more intensively grazed Loamy Range Site (LRS). 

Goertz (1964) assumed that the rate of trap response was a reliable indicator of 

rodent density, and that density was a measure of quality of habitat. Rosenzweig and 

Winakur (1969) found that plant species diversity was much more variable than rodent 

species diversity on superior habitats and that variation in plant species diversity fails to 

explain the variation in animal species diversity. Therefore, plant species diversity is 

probably not a relevant component of habitat complexity for these animals. 

Goertz (1964) suggested the use of a plant life-form classification system as an 

approach to habitat description. This system divides plants into three main categories: 

woody plants, half-shrubs and herbaceous plants. According to this classification system, 

the woody plants life-form seems most characteristic of Neotoma micropus habitat, and the 

herbaceous life-form more characteristic of Perognathus jlavus. Peromyscus leucopus 

manifests an intense preference for a dense mixture of grass and shrubs, thus the heavily 

grazed plots do not provide the most desirable habitat for them (Table 6). Morris (1979) has 

shown that most measures of habitat heterogeneity (coefficients of variation of the 

significant variables from discriminant function analysis) are not correlated with rodent 

species density. 

Parmenter and Macmahon (1983) found that shrub architecture and shrub-related 

food resources were unimportant to Peromyscus maniculatus and Onychomys, as shrub 
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removal caused no significant changes in population sizes, sex ratios or age structure. The 

present study reveals that 0. arenico/a 's distribution seems to be unrelated to the presence 

of woody plants, because 53.7% of total captures of 0. arenicola occurred on LRS, which 

has only a few shrubs. However, Peromyscus /eucopus' distribution in our study area is 

nearly restricted to areas rich with woody plants. Perhaps it is only under high population 

densities that some Peromyscus leucopus are forced into suboptimal habitats. Mcloskey and 

Lajoie (1975) noted that although Pm./eucopus has a broad geographical distribution 

throughout the eastern United States and south into the Yucatan Peninsula, its numbers vary 

among habitats. This suggests that variation in population density may be associated with 

variation in habitat structure and the presence of potential competitors. Ostfeld and 

Klosterman (1986) found that population characteristic in a given patch was strongly 

associated with the dietary quality of the vegetation present in that patch. 

Vegetative cover also may be important in contributing to demographic differences 

among patches, but less important than food. Parmenter and Macmahon (1983) argued that 

shrubs provide "safe sites" for germination and growth of herbaceous vegetation, and both 

shrubs and grasses can alter microclimatological conditions and provide arthropods with 

suitable microhabitats, thereby enhancing the diversity of the potential rodent resources. In 

our study area, 80% of total number of D. merriami was caught on LRS. These results 

support fmdings reported in the literature that D. merriami appears to prefer habitats 

afforded by lower grass density. Reynolds (1950) attributes this to interference caused by 

dense grass with escape from predators. Zeng and Brown (1987) found that the 

numerically dominant Dipodomys spp. varied several-fold in density in the Chihuhuan 

Desert. This year-to-year density variation was due to the differences in D. merriami 

reproduction activity. Zeng and Brown found that the reproduction of D. merriami 

continued throughout the year in 1979 and 1980. But, the recruitment of juveniles 

decreased because of the short reproductive activity of females in spring in 1982 and 1983. 
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So the population declined dramatically from 1983 to 1984. There was no evidence that D. 

merriami was distributed uniformly in this study, as demonstrated by Rylander et al. 

(1991 ). This may be due to the low population density of D. merriami in this study area. 

Brown and Zeng (1989) found that Perognathusflavus, Peromyscus leucopus and 

Reithrodontomys mega/otis were completely absent from their study site for several years; 

yet reproduced when they were present, successfully recruited juveniles, and were among 

the most abundant species. They also concluded that in a fluctuating environment there will 

be periods when resources are temporarily abundant, and that competing species that 

overlap in their requirements for these limiting resources will tend to increase 

synchronously. Species with quite different patterns of population dynamics (e.g., a 

species that is active all year vs. an obligate hibernator) could still interact strongly if they 

overlap sufficiently in their use of limiting resources during critical time periods. Moreover, 

species that do not interact can have positively or negatively correlated dynamics, depending 

on whether they respond similarly or differently to variations in abiotic conditions (e.g., 

climate). The presence of kangaroo rats in open areas evidently discourages pocket mice 

from foraging (Parmenter and Macmahon, 1983). The overwhelming numbers of 0. 

arenicola on two sites suggests that this grasshopper mouse is perhaps the more 

successfully distributed species. However, the density of 0. arenicola was slightly lower 

on SLRS than on LRS, and inversely, Peromyscus /eucopus had high density on SLRS. 

These densities perhaps reflect competition between these two species (Figure 3). Table 7 

shows that Peromyscus leucopus and N. micropus shared more of the same trap stations. 

This may indicate that Peromyscus leucopus has formed an association with the nests of N. 

micropus (Steve Kasper, 1993, Personal communication). 

Fairbairn ( 1977) found that many deer mice of both sexes disappear from the 

population at the time of breeding in spring. The disappearance of males appears to result 

from the dispersal of light-weight, subordinate animals. The disappearance of females, 

35 



however, appears to be due to mortality of early breeding females. Fairbairn (1978) also 

found that more males than females would be captured on the removal grid, because adult 

males are more uniformly spaced and are aggressive toward both adult and juvenile males 

which attempt to enter the population during the main breeding season. Stickel (1946) 

found that adult males, adult females, and juveniles all took part in the movement toward 

depopulated areas, but that migrating males outnumbered females 2 to 1. Also, the number 

of migrating juveniles slightly exceeded the number of adult females. The present study 

shows that the sex ratio is biased in favor of males on both sites (Figure 3). This 

phenomenon is often reported for small mammal populations, but it usually has been 

attributed to males having larger home ranges and therefore a higher probability of being 

captured. Alternatively, Zeng and Brown (1987) suggested that males have greater 

dispersal probabilities and higher survivorship than females. However, Ostfeld and 

Klosterman (1986) argued that because the quality of diet and presumably protective cover 

have the same effect on both males and females, it appears that sex differences in response 

to habitat heterogeneity are a result of differences in spacing behavior. The present study 

shows the same phenomonen of male-biased sex ratio. I think both explanations could be 

correct. 

Leslie ( 1939) wrote that the relationship between traps and a population of animals 

was essentially a special case of the predator-prey relationship. Barbehenn (1974) 

suggested that those cases in which no mice were caught on the first day of trapping may be 

due to trap avoidance. Animals that travel primarily on narrow paths or runways may not be 

exposed to traps placed on the external boundaries of their home ranges. The presence of a 

psychologically dominant species with a large home range was thought to inhibit the 

movements of more subordinate species, and in effect, reduce their probability of locating 

traps until the removal of dominants reduced the inhibitions (Barbehenn, 1974). Trapability 

is often affected by age as well as size. The trapability of juveniles was very low in the 
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present study except for Peromyscus /eucopus. About 25.6% captures of Pm. leucopus 

were juveniles (fable 6). Buchalczyk and Pucek (1968) also found that there was a 

tendency for old individuals to be caught more quickly. Vleck (1968) proposed three 

reasons for estimating a low population density. First, immatures were untrappable during 

the period of live-trapping. Second, some animals are reluctant to enter live traps; and third, 

many traps were fllled by trap-habituated animals. Goertz (1964) suggested that the 

population should not have been as low as suggested by his data because low temperatures 

might have reduced trapping success. When a population was at its lowest density, it 

occupied only the most favorable habitats; as density increased, individuals were forced into 

less favorable habitat situations until a maximum density was reached, when all possible 

habitat situations were occupied (Goertz, 1964). 

Krebs and Redfield (1978) found that the population of voles on a pulse-removal 

area increased rapidly from immigration at all times of the year, regardless of whether the 

control population was increasing or declining. They concluded that dispersal was a 

mechanism by which populations of small rodents regulate their abundance. Moreover, 

Gaines (1980) argued that dispersal was clearly a density-independent phenomenon. The 

lack of density dependence suggests that dispersal may not operate as a mechanism 

controlling population in the traditional sense. Fairbairn (1978) concluded that Peromyscus 

maniculatus disperse throughout the year. The highest rate of dispersal occurs during the 

fall increase period, when juveniles are entering the population, and densities are rapidly 

increasing. There is a clear tendency for dispersing mice to weigh less than resident mice 

throughout the year. This may represent selective dispersal of subordinate animals, such as 

juveniles. Spencer (1941) "trapped-out" a 5-acre area with 150 traps and then determined 

numbers of invading animals by a 48-hour trapping period every two weeks from 

November to August. For the seven species considered in detail he found the least 

movement in March and April, and the greatest in July and August. 
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From the comparison of total captures during seven censuses (Figure 4 ), highest 

capture rates occurred during the the second census (October to November, 1992). At that 

time, each population of cricetid rodents declined synchronously and subsequently failed to 

recover on the study sites until the seventh census (August, 1993). Among heteromyids, 

Dipodomys captures increased somewhat after the fourth census, Perognathus flavus' 

recruitment was delayed until the sixth census (May, 1993) and reached peak density at the 

last census (Figure 6). Sullivan (1977) discovered that the dispersal rate of deer mice onto 

removal grids was slow following the first and second removal weeks of the first pulse. 

Numbers did not reach the preremoval or control densities until 8 weeks later. The other 

pulse periods showed more immediate responses following each removal. 

One of the objectives of this study was to investigate the difference of recolonization 

of each species after removal trapping. We expected to see the "edge effect," where the 

peripheral traps on a plot capture relatively more animals than the inner traps. However, the 

expected "edge effect" that would suggest immigration of individuals into the area deprived 

of resident animals was not found. This might indicate that the low level and rate of 

repopulation were due to a small population in the desert habitat. Andrzejewsk and 

Wroclawek (1962) also concluded that the rate of regeneration of a gap in a population of 

rodents depends on the general state of the surrounding population. Only Perognathus 

flavus captures reached a peak during the last census. These results suggest that 

Perognathusflavus may have been inactive in the winter. Zeng and Brown (1989) found 

that the most dramatic fluctuations in small mammal populations were exhibited by species 

such as Perognathusflavus, which varied from being virtually absent from the study site to 

having substantial populations. Much of the month-to-month variation in density of 

Perognathusflavus can be attributed to the fact that this pocket mouse hibernates Zhen and 

Brown, 1989). 
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Repopulation of marginal habitat is believed to take place from the "reservoirs" of 

rodents that survive in more desirable locations nearby. This is done when conditions again 

become suitable, that is, with spring and summer vegetative growth and rodent reproduction 

(Goenz, 1964). Perhaps the increase of captures on the second census in this study was 

caused by intensified immigration of rodents from surrounding areas after the frrst removal 

census, and this might in pan reflect recruitment from breeding in spring and summer of 

1992. Brown and Zeng (1989) found that trapability increased during cold seasons because 

insect prey became less available. Since the rates of repopulations of rodents in our study 

sites are slow, and most of residents and immigrants were assumedly removed from the 

plots during the fall and winter removal trapping, those rodents may need more than one 

year to recolonized depopulated sites. However, because the small sample size precluded a 

thorough statistical analysis of the variation of the population structure between two sites, 

the resulting precision of dispersal may not be high for a few observations (Barbehenn, 

1974). At present we cannot strongly confrrm our results. 

Conclutions 

Two hundred twenty-five individuals of desen rodents, representing three families 

(163 cricetids,54 heteromyids and 8 spotted ground sqirrels), were caught during seven 

censuses on the study area in Hudspeth County, Texas from October, 1992 to August, 

1993. The most common species collected were Onychomys arenicola, Peromyscus 

leucopus and Perognathus jlavus. The sex ratios of these three species were male-biased on 

both Sandy Loam Range Site and Loamy Range Site, except Perognathusflavus on SLRS, 

which had an even sex ratio. 

The SLRS had more species and more individuals of rodents than the LRS. Some 

relationships were found in this study. The distribution of Reithrodontomys mega/otis, R. 

montanus and Peromyscus /eucopus were relate to the heavy plant cover. Neotoma 
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micropus occupied the habitat with more yuccas and mesquites. Eighty percent of 

Dipodomys merriami were caught on LRS. 

No "edge effect" was found. The recolonization of rodents was minimum. 
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