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ABSTRACT
Vegetation Characteristics Associated
with Small Mammal Populations
in the Las Vegas Wash
by
Christine Therese Herndon
Dr. Shawn L. Gerstenberger, Examination Committee Chair
Professor of Environmental Studies
University of Nevada Las Vegas, Las Vegas
Percent litter, average litter depth, percent bare ground, vegetation density,

vegetation canopy, and distance to an ecotone boundary were measured and compared to
small mammal capture locations in the Las Vegas Wash. Neotoma lepida appear to be
greatly dependent upon the foliage litter of 7" ramosissima. Alternatively, ecotone
boundaries appear to be the most important factor affecting Dipodomys merriami
distributions. Peromyscus eremicus distributions may be predicted based on vegetation
density and increased canopy during shorter, winter torpor periods. Chaetodipus
penicillatus were consistently associated with dense, seed-bearing vegetation, although C.
penicillatus is extremely opportunistic and vegetation density should not limit their
distributions. Long-term management strategies for the Las Vegas Wash should include

the diverse habitat requirements of small mammals and also acknowledge the dependence

of certain species on non-native vegetation.
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CHAPTER 1

INTRODUCTION
Background

The Las Vegas Valley Wash serves as habitat for a variety of desert plant and
animal species. Highly variable and infrequent precipitation events are a dominant factor
in controlling the biological processes of deserts (Noy-Meir, 1973). Deserts have
traditionally been described as hot and dry, but both abiotic and biotic influences
contribute to the overall desert environment, including regional weather patterns that
define the corresponding species communities (Whitford, 2002). The city of Las Vegas
lies within the Mojave Desert, and is located between Frenchman Mountain range to the
east, Spring Mountain range to the west, Sheep Mountain range to the north, and the
McCullough Mountain range to the south. The spatial location of the Las Vegas Wash
combined with climatic conditions define this arid, desert region (Whitford, 2002).

The wash serves several important ecological and economic roles, including
providing habitat for many species and filtering urban and natural water pollutants. The
wash contains mostly low-lying shrubs, such as White Bursage (Ambrosia dumosa) and
Creosotebush (Larrea tridentata); however, the wash has been altered by invasive species
such as Saltcedar (Tamarix ramossissima) and Tall Whitetop (Lepidium latifolium).
Small mammals inhabit many areas of the wash, and their distribution, abundance, and

density are important considerations when diagnosing ecological stability of the area.



Behavioral, morphological, and physiological adaptations are important determinants
involved with flora and faunal population dynamics.

Due to the important functions and biological diversity of the wash, its integrity is
vulnerable to both natural and anthropogenic changes that affect bank stabilization,
vegetation diversity, and invasive species management (Las Vegas Wash Coordination
Committee, 2003). The population of Las Vegas is expected to reach 2 million by 2005
(City of Las Vegas, 2002), and the growing population results in increased wash flows.
Currently, approximately 153 million gallons of water from urban runoff, shallow
groundwater, reclaimed water, and storm water return to Lake Mead (Fig. 1) via the Las
Vegas Wash each day (Las Vegas Wash Coordination Committee, 2003); therefore,
understanding the vegetative and edaphic habitat requirements of both flora and faunal

species is both necessary and helpful in maintaining the integrity of the wash.

Fig. 1. Geographic location of the City of Las Vegas, Las Vegas Wash, and Lake Mead.
(Landsat 7 Enhanced Thematic Mapper + Images obtained from W.M. Keck Earth
Sciences and Mining Research Information Center; University of Nevada Reno).



Purpose of Study

Researchers from the University of Nevada Las Vegas, in conjunction with state
and local agencies, conducted a small mammal monitoring survey in an area of the Las
Vegas Wash from July 2002 to July 2003. The study selected and examined three
distinct habitat communities based on ocular estimates of dominant vegetation. The
mark-recapture survey achieved its goals of providing information on species presence
and diversity and estimating population sizes of the following small mammals: Desert
Pocket Mouse (Chaetodipus penicillatus), Kangaroo Rat (Dipodomys merriami), Cactus
Mouse (Peromyscus eremicus), Little Pocket Mouse (Perognathus longimembris), and
Desert Woodrat (Neotoma lepida) (Gerstenberger, 2003). Although the survey provided
valuable information on population dynamics of species within the habitats, it did not
fully characterize habitat use by small mammals, as the aforementioned study only
characterized areas based on dominant vegetation at each sampling location. It is
essential to understand vegetative, ecotonal, edaphic, and hydrologic components when
making sound restoration, remediation, and species management decisions. Therefore,
this study is designed to check for associations between small mammal captures and
vegetation density, vegetation canopy, percent litter, average litter depth, basal vegetation

cover, percent bare ground, distance to water, and distance to an ecotone boundary.



CHAPTER 2

LITERATURE REVIEW
Vegetation

The study area is representative of dominant vegetation types found in the Mojave
Desert, such as Four Wing Saltbush, Atriplex canescens; Quailbush, Atriplex lentiformis;
Creosotebush, Larrea tridentata; White Bursage, Ambrosia dumosa; Mormon Tea,
Ephedra nevadensis; Saltcedar, Tamarix ramosissima; Tumbleweed, Salsola tragus;
Littleleaf Ratany, Krameria erecta; and Catclaw Acacia, Acacia greggii.

A widely distributed and abundant type of Atriplex in the desert southwest is A.
canescens (Mozingo, 1987). It typically grows among gravelly flats, slopes, and
shrublands (Baldwin et al., 2003) with sandy, alkaline soils (Stubbendieck et al., 1986).
In Nevada, 4. canescens inhabits elevations from 2,000 to 2,300 meters (Kartesz, 1988)
and typically grows between eight and twenty meters in height (Welsh et al., 1993).

Over time 4. canescens has become an increasingly dominant plant in the Mojave Desert
(Vasek, 1977).

Atriplex lentiformis is a native, perennial shrub that grows in southern Nevada,
and parts of Utah, Colorado, central Arizona, California and New Mexico (Pearcy, 1974).
Atriplex lentiformis inhabits poorly drained, saline soils in desert habitats (Watson et al.,
1987). It is usually found at elevations from 760 to 950 meters (Welsh et al., 1993), but

can grow in elevations up to 1,372 meters (Vines, 1960). Atriplex lentiformis usually



grows to two meters in height (Vines, 1960), but can reach heights of three meters in
areas where the water table is sufficiently high (Kearney, 1960). In addition, 4.
lentiformis provides foliage and seeds for several small mammals (Guillion, 1964).

Larrea tridentata is a perennial, low-lying shrub located throughout the Mojave,
Sonoran, and Chihuahuan deserts (MacMahon, 1988). The shrub grows to approximately
one to three meters in height (Welsh et al., 1993) and is found within sandy, alluvial
plains (Stubbendieck et al., 1986), bajadas, gentle slopes, valley floors, and sand dunes
(Burk, 1977). Ambrosia dumosa, another common Mojave Desert plant, is usually
associated with Larrea tridentata (Ackerman, 1980). This native shrub grows between
eight and twenty-four inches in height, with roots often five to fifteen times the length of
the stems (Shreve, 1964). Open stands of L. tridentata and A. dumosa are often
associated with Ephedra nevadensis (Holand, 1986), an evergreen shrub that grows from
0.05 to 1.25 meters that usually occurs on dry, open slopes, or floodplains with rocky,
alkaline soils (Dayton, 1931).

Tamarix ramossissima is a non-native species dominating wash areas in the desert
southwest. It is classified as either a shrub or tree, and grows to approximately eight
meters in height (Baldwin et al., 2003). Tamarix ramossissima was originally planted as
an ornamental and windbreak, but because of its deep, extensive roots and rapid
reproduction, it has since out-competed several native species and become quite
extensive in distribution (Mozingo, 1987). This halophilic plant has an unusually high
tolerance for water stress, dominates dry, riparian sites (Horton et al., 2001) in washes,
streambanks, and ditches (Baldwin et al., 2003), and inhabits elevations up to 2,000

meters (Szaro, 1989).



The largest distribution of S. fragus is found in semiarid regions (Young, 1991).
Salsola tragus dominates alkaline soils, grows to approximately one meter in height, and
is found at elevations up to 2,600 meters (Young, 1991). It also has been shown to
provide cover for a variety of small mammals (Dittberner, 1983). Krameria erecta,
another common desert shrub, is a native, perennial species that grows in sandy regions
(Stubbendieck et al., 1986) and grows to approximately one meter in height while
dominating alkaline soils (Texas, 2002).

Acacia greggii, dominates several regions of the southern Mojave Desert (Little,
1976). It is scattered throughout many plant communities and achieves highest density in
desert washes (USDA, 1990). In desert washes, A. greggii is predominantly located in
low regions of the wash, where the water table is typically shallow (Hastings, 1965). It
grows to approximately three meters in height, but has been recorded to reach heights of

nine meters (USDA, 1937).

Small Mammals

Desert Woodrats, Neotoma lepida, are found throughout desert southwest
environments from sea level to 2,600 meters (Brylski, 1990) where they feed on buds,
fruit, seeds, bark, leaves, and young shoots of L. tridentata and various cactus species.
Neotoma lepida is herbivorous and stores foliage, seeds, berries, and parts of flowers in
their nests (Cameron and Rainey, 1972). L. tridentata has been found in the stomach
contents of N. lepida (Lieberman, 1969) and is considered a dominant food source
(Meyer, 1989); however, N. lepida can utilize additional sources in other communities

and habitats (Journal of Mammology, 1974). Nests of N. lepida are extremely important,



as they are used for cover, food storing, and predator escape (Brylski, 1990). Neotoma
lepida instinctively construct shelters from natural materials, such as fallen twigs and
debris (Cameron and Rainey, 1972), as well as artificial materials (Bonaccorso and
Brown, 1972). Their shelters are recognizable as a pile of sticks in a conical or spherical

shape (Stones and Hayward, 1968) (Fig. 2).

Fig. 2. Neotoma lepida nest constructed from Saltcedar foliage.

Neotoma lepida metabolically obtain water and therefore depend on vegetation
such as L. tridentata for survival. Neotoma lepida are active year round, mainly
nocturnal, and usually solitary (Brylski, 1990). Home ranges have been estimated from
0.04 to 0.2 ha (Bleich and Schwartz, 1975). They are extremely adaptable to changing
vegetation conditions, and are perhaps one of the most adaptable rodents in the world
(Cameron and Rainey, 1972).

Kangaroo Rats, Dipodomys merriami, heavily populate arid lands from sea level
to 4,500 feet. (Reynolds, 1958) and feed opportunistically on seeds in relation to seed

availability and abundance (Brylski, 1990). Dipodomys merriami are associated with low



precipitation and low percent shrub cover (Beatley, 1976). During spring and summer,
D. merriami take food directly from the plant; rely on seed caching during the fall and
winter (Reynolds, 1958); and obtain water metabolically from moisture in their food
(Bylski, 1990). A study at the base of Spring Mountains in Nevada examined cheek
contents of D. merriami and found grass seeds in approximately 75% of captured
individuals while seeds from desert shrubs were rarely found (Bradley and Mauer, 1971).
Other studies have also identified seeds in the cheek pouches of D. merriami, including
grasses, forbs, and woody species (Reynolds, 1950). Dipodomys merriami usually
burrow at the base of shrubs (Brylski, 1990), and nest location is dictated by soil, cover
type, amount of precipitation, and winter temperatures (Reynolds, 1958); home ranges
are not well documented in primary literature. Like all species, the ability of D. merriami
to survive depends on their ability to respond to environmental variation (Bylski, 1990).
The cactus mouse, Peromyscus eremicus, is common in desert scrub and wash
habitats (Brylski, 1990). Peomyscus eremicus appear to be patchily distributed
(Whitford, 1976) and have seasonal populations (Chew and Chew, 1969), but home
ranges are not well documented in primary literature. They feed primarily on green
vegetation, seeds, fruits, and flowers, but are usually classified as omnivorous (Brylski,
1990). Peromyscus eremicus is generally associated with moderate to dense canopy
coverage (Brylski, 1990); their distribution has been related to density of shrub cover
(Bradley and Mauer, 1973); and population estimates are elevated in moist years
(Beatley, 1976; Whitford, 1976). Peromyscus eremicus prefer sandy soils for burrow
excavation and nest construction and demonstrate behavior indicative of aestivation, as

winter population estimates are high while summer populations are low (Lewis, 1972).



Lack of water and high temperatures may directly or indirectly induce their unstable
populations and aestivation tendencies (Lewis, 1972).

The Desert Pocket Mouse, Chaetodipus penicillatus, is a common inhabitant of
desert wash and shrub communities (Brylski, 1990), preferring microhabitats with large
shrubs and low vegetation density (Price, 1978), but home ranges are not well
documented in primary literature. Chaetopidus penicillatus usually burrow in sandy soils
(Hoover et al., 1977), which are comprised of small particles; however, they can chew
their way through hard, larger particles in the soil. They feed primarily on the seeds of

forbs, grasses, and shrubs (Brylski, 1990).



CHAPTER 3

METHODS
Small Mammal Trapping
A small mammal mark-recapture survey was conducted from July 2002 to July
2003 in the east end of the Las Vegas Wash. Three sampling transects were chosen
based on ocular definitions of the three habitat types (Fig. 3): Creosote,

Quailbush/Mesquite, and Tamarisk (Gerstenberger et al., 2002).

Orthophoto courtesy of Clark County Assessor Office
N

Meters A

0 110 220 440

Fig. 3: Array locations of small mammal trapping and vegetation analysis in the Las
Vegas Wash.
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Fifty Sherman live traps (8 cm x 8cm x 30 cm) were placed approximately one
meter apart along each transect for a total of 150 traps per night. The survey was
conducted for five consecutive days in the third week of each month and repeated over a
twelve month period. On each day, just before sunset, all traps were placed in their
respective locations, baited with oats and birdseed, and set. From July 2002 to October
2002, and March 2003 to July 2003, traps were checked each morning along the
transects. In the winter months, November 2002 to February 2003, the traps were
checked late in the evening on the same day they were set in order to avoid freezing
deaths due to cold temperatures. Traps were removed from the field at the end of each
five-day trapping period to eliminate any accidental trap deaths.

If a small mammal was captured, data on the species type, morphological
characteristics, weight, sex and animal fate were recorded. Morphological measurements
including length of tail, body, hind-foot, and ear were measured in millimeters using a
ruler and the weight was recorded in grams using a 100g x 1g hand-held scale. Both ears
were tagged with self-piercing, ear tags and the identification numbers were recorded. If
the animal had been captured previously, the tag numbers from both ears was recorded.
This protocol was repeated for each five-day period during the twelve-month mark-
recapture survey.

A real-time kinematic (RTK) survey was conducted at the trap locations using a
Trimble 5700 Global Positioning System (GPS) measurement unit possessing a
differential horizontal accuracy of 10 mm and a vertical accuracy of £20 mm.
Locations were recorded in State Plane coordinates, NAD&3 ellipsoid, and the units are

reported in meters.
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Vegetation Transects

All three study sites are approximately 500 meters above sea level. Array 1
begins at 8,149,078 northing, 253,587 easting and ends at 8,149,197 northing, 253,548
easting (Appendix 1). Larrea tridentata, Ambrosia dumosa, and Salsola tragus
dominated vegetation in the array with soil comprised of 27% silt and 60% sand (Horn,
2003).

Array 2 begins at 8,148,853 northing, 253,595 easting and ends at 8,148,847
northing, 253,727 easting (Appendix 2). Atriplex canescens is the dominant vegetation
type and the soil was mostly sandy with some percent clay and silt as before. Array 3
begins at 8,148,782 northing, 253,817 easting and ends at 8,148,797 northing, 253,662
easting (Appendix 3). Tamarix ramossissima characterizes vegetation of the third array

and the soil is predominantly sand (Horn, 2003).

Vegetation Sampling
A vegetation study was conducted from September 2003 to January 2004.
Sampling occurred throughout the three transects used for small mammal trapping.
Vegetation was sampled at every fifth trap along the array, or approximately every 5
meters, totaling 11 sampling locations per array. In addition, buffering points were

identified five meters on either side of each of the 11 points (Fig. 4).
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~5m

Fig. 4: Sampling and buffering points on array.

To ensure consistency, a compass was used to assure the buffer points were perpendicular
to the array and a measuring tape was used to determine the distance. Buffering points
were also located and identified using a Trimble 5700 GPS Data Collector.

A 1m’ quadrat was constructed using one inch PVC pipe, and it was further
divided into four equal quadrants using string. The center of the quadrat was placed at
each of the 11 sampling locations and 22 buffering points. At each quadrat,
measurements were recorded for litter, vegetation canopy, and vegetation density as
described below.

Litter was defined as anything lying directly on the ground, including seeds,
leaves, as well as any human-generated litter (garbage). Percent litter was estimated
ocularly to the nearest percent in each quadrant. The researcher stood on the west side of
the quadrant facing east and moved in a clockwise direction starting from the northeast
quadrant. Percent litter was estimated for each quadrant, and recorded as either natural or
human litter. The four measurements from each quadrant were summed and divided by
four to provide a percent litter estimate for the entire quadrat (Fig. 5). Basal vegetation
cover was also estimated ocularly using the same principle. The area on the ground

covered by stem structures defined basal cover.
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45% 20%

60% 10%

45+20+60+10=135 135/4 =33.75%

Fig. 5. Calculation method for percent litter and basal vegetation.

Depth of the litter was recorded in each of the four corners and center of the quadrat. The
depths were recorded in centimeters, summed, and divided by five to obtain an estimate

of average litter depth (Fig. 6).

0cm 0.5cm
1 cm
1 cm 1 cm
0+05+1+1+1=3.5 3.5/5=0.7cm

Fig. 6. Calculation method for average litter depth.

Vegetation canopy was estimated using a concave densiometer (Model-A,
Forestry Suppliers, Inc). The densiometer was held near the ground facing north at a
ninety degree angle at the center of the quadrat. A correction factor of 1.04 was used to

give approximate canopy cover from 100 percent.
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Vegetation density was estimated using the Point Quarter Method, PQM
(Bonham, 1989). From the center of each quadrat, distance to the closest vegetation in
each of the four quadrants was recorded (Fig. 7). Density estimates were obtained by
squaring the reciprocal of the average mean distance for each point to calculate the

average number of shrubs per square meter.

d2 dl
Quadrant 2 Quadrant 1

Quadrant 3 a3 a4 Quadrant 4

# of shrubs/m*=1/ Y d*

Fig. 7. Point quarter method for estimating plant density (Adopted from Bonham, 1989).

Distances to the closest ecotone and the closest perennial water source were
delineated on an orthophoto. The outer boundary of the ecotone was visually delineated
on an orthophoto along the northern border of Array 3 (Fig. 8), and the center of the
perennial water source was delineated, instead of an edge, to account for seasonal and
temporal changes in water levels (Fig. 9). Distance in meters was calculated from each
of the fifty trap locations to both ecotone and water using Geographic Information

System (GIS) software.
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S Orthophoto courtesy of Clark County Assessor Office :
N
Meters !
> 7. 50 0

Fig. 9. Delineation of water boundary on aerial photograph.

Statistical Analysis
Statistical analyses (see Zar, 1999) were divided into three main groups: 1)
vegetation among arrays, 2) vegetation and animal capture locations, and 3) vegetation
and animal capture frequencies. All data were first tested for normality using a Shapiro-

Wilk test. If the data represented a normal distribution, the equality of the variance was

16



tested and the corresponding parametric test was used. If the data did not represent a
normal distribution, the appropriate non-parametric test was employed.
1. Vegetation among arrays

Differences in percent litter, average litter depth, vegetation density, vegetation
canopy, percent bare ground and distances to an ecotone boundary were evaluated among
the three arrays. Measurements from each of the 33 sampling points per array were used.
A One-Way ANOVA was used to evaluate variables with normal distributions, while a
Kruskal-Wallis test was used for variables that had non-normal distributions..
Measurements that ranged from 0 to 1, or 0 to 100, and did not return normal
distributions, were transformed using the arcsine square root transformation. Distances
to an ecotone boundary were also evaluated using either a One-Way-ANOVA or a
Kruskal-Wallis, depending on normality. The sampling size was 50 for each array, as
distance was calculated to the ecotone from each trap location.
2. Vegetation and capture locations

Differences in vegetation variables among traps where small mammals were
captured and traps where they were not captured were evaluated. Small mammal
trapping data were obtained from the twelve-month sampling period. Since vegetation
estimates were conducted during fall and winter months, only data from September to
January were included in the analysis. The data were organized first by array, then
month, and finally trap day. Species presence was recorded using a ‘1’ for present and a
‘0’ for absent, and the species type was recorded by genus and species. Vegetation
sampling data, which includes percent litter, average litter depth, vegetation density, bare

ground, distance to an ecotone boundary, and distance to water were recorded at each

17



corresponding location. It was assumed measurements taken at the eleven locations
characterized surrounding vegetation, which included two trap locations on either side of

the sampling point (Fig. 10) to subdivide the array into sections.

CTIVODODDID

Fig. 10: Array subdivided into sections by sampling points.

For each mark-recapture sampling month, vegetation measurements were divided
into traps where a small mammal was captured and traps where a small mammal was not
captured. An independent t-test was used to evaluate variables with normal distributions,
while a Mann-Whitney test was used for variables that had non-normal distributions.
Measurements that ranged from 0 to 1, or 0 to 100, and did not return normal
distributions, were transformed using the arcsine square root transformation.

3. Vegetation and capture frequencies

The frequency of small mammals trapped in different types of vegetation was tested.
All vegetation variables were divided into quartiles. The number of small mammals
trapped within each of those groups for the corresponding vegetation variables was
recorded as the observed value. The expected value was calculated by taking the total
number of small mammals trapped and dividing by 4. Due to small frequencies and
discrepancies between observed and expected values, a G-statistic was calculated using

the log likelihood ratio.
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Hypotheses
Litter
Hypothesis 1(a): Litter will differ among the three habitat types.
Method: One-Way ANOVA of percent litter and average litter depth among arrays if
data were normal, but otherwise, a Kruskal-Wallis was used.
Hypothesis 1(b): Neotoma lepida will be captured most frequently in habitats with more
litter.
Method 1: Independent t-test among percent litter in sections of the array where V.
lepida were trapped compared with empty traps if data were normal, but otherwise, a
Mann-Whitney was used.
Method 2: G-statistic calculated from observed number of N. /epida trapped for each
percent litter quartile and expected number.
Hypothesis 1(c): Neotoma lepida will be captured most frequently in habitats with greater
litter depth.
Method 1: Independent t-test among average litter depth in sections of the array
where N. lepida were trapped compared with empty traps if data were normal, but
otherwise, a Mann-Whitney was used.
Method 2: G-statistic calculated from observed number of N. /epida trapped for each
average litter depth quartile and expected number.

Vegetation Density

Hypothesis 2(a): Vegetation density will differ among the three habitat types.
Method: One-Way ANOVA of vegetation density among arrays if data were normal,

but otherwise, a Kruskal-Wallis was used.
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Hypothesis 2(b): Peromyscus eremicus will be captured most frequently in areas with
higher vegetation density.
Method 1: Independent t-test among vegetation density in sections of the array where
P. eremicus were trapped compared with empty traps if data were normal, but
otherwise, a Mann-Whitney was used.
Method 2: G-statistic calculated from observed number of P. eremicus trapped for
each vegetation density quartile and expected number.
Hypothesis 2(c): Chaetodipus penicillatus will be captured most frequently in areas with
lower vegetation density.
Method 1: Independent t-test among vegetation density in sections of the array where
C. penicillatus were trapped compared with empty traps if data were normal, but
otherwise, a Mann-Whitney was used.
Method 2: G-statistic calculated from observed number of C. penicillatus trapped for
each vegetation quartile and expected number.

Vegetation Canopy

Hypothesis 3(a): Vegetation canopy will differ among the three habitat types.
Method: One-Way ANOVA of vegetation canopy among arrays if data were normal,
but otherwise, a Kruskal-Wallis was used.
Hypothesis 3(b): Peromyscus eremicus will be captured most frequently in habitats with
greater vegetation canopy.
Method 1: Independent t-test among vegetation canopy in sections of the array where
P. eremicus were trapped compared with empty traps if data were normal, but

otherwise, a Mann-Whitney was used.
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Method 2: G-statistic calculated from observed number of P. eremicus trapped for
each vegetation canopy quartile and expected number.
Hypothesis 3(c): Neotoma lepida will be captured most frequently in habitats with greater
vegetation canopy.
Method 1: Independent t-test among vegetation canopy in sections of the array where
N. lepida were trapped compared with empty trap if data were normal, but otherwise,
a Mann-Whitney was used..
Method 2: G-statistic calculated from observed number of N. /epida trapped for each
vegetation canopy quartile and expected number.

Percent Bare Ground

Hypothesis 4(a): Percent bare ground will differ among the three habitat types.
Method: One-Way ANOVA of percent bare ground among arrays if data were
normal, but otherwise, a Kruskal-Wallis was used.
Hypothesis 4(b): Dipodomys merriami will be captured most frequently in habitats with
the greater percent bare ground.
Method 1: Independent t-test among bare ground cover in sections of the array where
D. merriami were trapped compared with empty traps if data were normal, but
otherwise, a Mann-Whitney was used.
Method 2: G-statistic calculated from observed number of D. merriami trapped for
each bare ground quartile and expected number.

Distance to Ecotone

Hypothesis 5(a): Distance to the closest ecotone boundaries will differ among the three

habitat types.
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Method: One-Way ANOVA of distance to ecotone among arrays if data were
normal, but otherwise, a Kruskal-Wallis was used.
Hypothesis 5(b): Neotoma lepida will be captured most frequently in traps closest from
the ecotone.
Method 1: Independent t-test among distances to ecotone in sections of the array
where N. lepida were trapped compared with empty traps if data were normal, but
otherwise, a Mann-Whitney was used..
Method 2: G-statistic calculated from observed number of N. /epida trapped for each

distance to ecotone quartile and expected number.
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CHAPTER 4

RESULTS
Vegetation and Habitat Types

Array 1 was dominated by Creosotebush, Larrea tridentata; White Bursage,
Ambrosia dumosa; Mormon Tea, Ephedra nevadensis; Catclaw Acacia, Acacia greggii;
Four Wing Saltbush, Atriplex canescens; Littleleaf Ratany, Krameria erecta; and
Tumbleweed, Salsola tragus. Several species were present, but for consistency, the array
was labeled as a Creosote community. Array 2 also contained multiple dominant species,
including Four Wing Saltbush, Atriplex canescens; Quailbush, Atriplex lentiformis;
White Bursage, Ambrosia dumosa; and Tumbleweed, Salsola tragus, and this habitat type
was labeled as a Saltbush community. Array 3 contained Four Wing Saltbush, Atriplex
canescens, and Quailbush, Atriplex lentiformis, as well but was dominated by Saltcedar,
Tamarix ramosissima; therefore, it was labeled as a Saltcedar community.

Percent litter, average litter depth, vegetation density, vegetation canopy, percent
bare ground, and distances to an ecotone boundary were analyzed for differences among

the three habitat types (Table 1, Table 2).
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Table 2. Descriptive statistics for vegetation variables in three different habitat types.

. . Avg. . . Bare .
Ay | Pommie | biter | L | Vegsaton | Vessaton | g || Dt
Depth (%)
Mean 6 0.1 0.33 4.73 91 942.41
Std. Error 2 0.1 0.09 3.09 3 17.37
Median 0 0.0 0.18 0.00 100 934.14
1 Std. Deviation 13 0.3 0.52 17.78 16 122.85
Minimum 0 0.0 0.01 0.00 40 754.75
Maximum 55 1.5 3.00 99.84 100 1135.76
Mean 19 0.7 5.87 10.78 98 129.70
Std. Error 5 0.2 5.37 4.11 1 2.18
Median 6 0.3 0.15 0.00 100 131.82
2 Std. Deviation 27 0.9 30.87 23.61 4 15.40
Minimum 0 0.0 0.01 0.00 86 74.72
Maximum 100 34 177.78 99.84 100 149.85
Mean 82 2.4 38.00 79.42 98 83.50
Std. Error 5 0.3 8.74 5.69 1 8.01
Median 100 2.3 2.19 99.84 100 97.50
3 Std. Deviation 30 1.7 50.20 32.69 6 56.66
Minimum 11 0.1 0.26 0.00 77 1.22
Maximum 100 7.1 130.61 99.84 100 177.72

** Array 1 Creosote Community
Array 2 Saltbush Community
Array 3 Saltcedar Community
Percent Litter
An overall difference (W = 61.037, p = 0.000) was found in percent litter among
the three habitat types (Table 1). Following post hoc analysis, significant differences in

percent litter were evident among each habitat type with the Saltcedar community having

the greatest percent litter followed by Saltbush and Creosote communities (Table 2).
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Average Litter Depth
An overall difference (W = 55.559, p = 0.000) was found in average litter depth
among the three habitat types (Table 1). Following post hoc analysis, significant
differences in average litter depth were evident among each of the habitat types with the
Saltcedar community having the greatest average litter depth followed by Saltbush and

Creosote communities (Table 2).

Vegetation Density
An overall difference (W =41.542, p = 0.000) was found in vegetation density
among the three habitat types (Table 1). Following post hoc analysis, significant
differences in vegetation density were evident among the three habitat types, except
between the Creosote community and the Saltbush community. The Saltcedar
community had the greatest vegetation density followed by Saltbush and Creosote

communities (Table 2).

Vegetation Canopy
An overall difference (W = 57.399, p = 0.000) was found in vegetation canopy
among the three habitat types (Table 1). Following post hoc analysis, significant
differences in vegetation density were evident among the three habitat types, except
between the Creosote and Saltbush communities. The Saltcedar community had the

greatest vegetation density followed by Saltbush and Creosote (Table 2).
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Percent Bare Ground
An overall difference (W = 5.627, p = 0.060) was not found in percent bare
ground among the three habitat types (Table 1). No post hoc analysis was performed, but
the Saltbush community had the greatest percent bare ground followed by Saltcedar and

Creosote communities (Table 2).

Distance to Ecotone Boundaries
An overall difference (W = 109.311, p = 0.000) was found in distances to an
ecotone boundary among the three habitat types (Table 1). Following post hoc analysis,
significant differences in distances to ecotone were evident among each of the three
habitat types with the Creosote community having the greatest distances to ecotone

followed by Saltbush and Saltcedar communities (Table 2).

Small Mammals and Vegetation

Neotoma lepida

Vegetation characteristics were compared for N. lepida between capture and non-
capture locations and examined collectively and individually by month. All analyses
were completed where capture frequencies were greater than five to assure adequate
sample size for the statistical test used. Tests for normality and equality of variance were
performed for each month, and the appropriate test statistic and p-value were calculated
(Appendix II). Capture frequencies within subdivided groups of the vegetation variables

were also analyzed in all habitat types where N. lepida was captured (Table 3).
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Percent litter was greater in trap locations where N. lepida was captured, as
opposed to non-captured locations when all months were pooled for the Saltcedar
community (U =200.50, p = 0.036). However, percent bare ground was greater (U =
233.00, p = 0.032) in non-capture locations (mean = 99.26, median = 100.00), as opposed
to capture locations (mean = 94.79, median = 55.64) when all months were pooled for the
Saltcedar community.

When months were examined individually percent litter and percent bare ground
were no longer significant (Appendix II). However, for the month of September, average
litter depth and distance to ecotone were greater in capture locations (average litter depth
t=1.83, p=0.037; distance to ecotone t = 3.06, p = 0.002).

No relationships could be identified between frequency of captures and any of the

vegetation variables identified in the table (Table 3).
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Dipodomys merriami

Vegetation characteristics were compared for D. merriami between capture and
non-capture locations and examined collectively and individually by month. All analyses
were completed where capture frequencies were greater than five. Tests for normality and
equality of variance were performed for each month, and the appropriate test statistic and
p-value were calculated (Appendix III). Capture frequencies within subdivided groups of
the vegetation variables were also analyzed in all habitat types where D. merriami was
captured (Table 4).

Percent bare ground was greater in trap locations where D. merriami was
captured, as opposed to non-captured locations when all months were pooled for the
Creosote community (U = 183.00, p = 0.041). Percent litter, vegetation density, and
distance to ecotone were greater (percent litter U = 233.00, p = 0.032; vegetation density
U = 125.50, p =0.005; distance to ecotone t = 2.89, p = 0.006) in capture locations (mean
= 13.607, median = 20.000; mean = 0.467, median = 0.267; mean = 311.511, median =
335.293), as opposed to non-capture locations (mean = 3.432, median = 0.000; mean =
0.165, median = 0.121; mean = 279.499, median = 277.291).

When months were examined individually percent bare ground was only
significant in November of the Creosote community (U = 44.00, p = 0.007) and January
of the Saltbush community (U = 59.00, p = 0.020). However, percent litter, average litter
depth, vegetation density, vegetation canopy, and distance to ecotone were intermittingly

significant throughout the months (Appendix III).
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Relationships were identified between D. merriami captures and average litter
depth, vegetation canopy, and percent bare ground. It appears that frequencies were

greater between 0.00 and 0.25 centimeters of average litter depth (Fig. 11).

W Observed
N Expected

D. merriami
(# of captures)

0.00-0.25 0.26-0.58 0.59-1.50

Average Litter Depth (cm)

Fig. 11. D. merriami frequencies and average litter depth.

Capture frequencies were greater between 0.0 and 7.28 percent vegetation canopy (Fig.

12).
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Vegetation Canopy (%)

Fig. 12. D. merriami frequencies and vegetation canopy.

Frequencies were greater between 99.5% and 100.0% percent bare ground (Fig. 13).
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M Observed
Expected

Dipodomys merriami
# of captures

2]
77.5-99.5% 99.5-100%
Bareground (%)

Fig. 13. D. merriami frequencies and percent bare ground.

Peromyscus eremicus

Vegetation characteristics were compared for P. eremicus between capture and
non-capture locations and examined collectively and individually by month. All analyses
were completed where capture frequencies were greater than five. Tests for normality and
equality of variance were performed for each month, and the appropriate test statistic and
p-value were calculated (Appendix IV). Capture frequencies within subdivided groups of
the vegetation variables were also analyzed in all habitat types where P. ermeicus was
captured (Table 5).

When all months were pooled, no vegetation variables were significant in capture
versus non-capture locations. Findings were consistent when months were examined
individually except in the month of January of the Saltcedar community. In January,
vegetation density and vegetation canopy were greater in capture locations, as opposed to
non-capture locations (vegetation density U = 178.50, p = .001; vegetation canopy t =

0.462, p =2.22). In addition, percent litter and average litter depth were greater (percent
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litter U = 119.00, p = 0.000; average litter depth t = 3.75, p = 0.001) in capture locations
(mean = 85.057, median = 100.0; mean = 2.0636, median = 2.40).
Relationships were identified between P. eremicus captures and percent litter,

average litter depth, and vegetation canopy. Frequencies were greater between 76.26 to

100.00 percent litter (Fig. 14).

120 -
__ 100 -
("]
3 § 60 W Observed
] S Expected
% 40
Qg
20
N\ \ N\
0.50- 31.26- 76.26-
31.25% 76.25% 100.0%
Litter (%)

Fig. 14. P. eremicus frequencies and percent litter.

Capture frequencies were greater between 0.51 and 1.20 average litter depth (Fig. 15).

100

28 80

§~§_ 60 W Observed
gg 40 N Expected
Qg

N
o

o

0.00- 0.51- 1.20- 2.41-
0.50 1.20 2.40 4.00

Average Litter Depth
(cm)

Fig. 15. P. eremicus frequencies and average litter depth.
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Frequencies were also greater between 83.21 to 99.84 percent vegetation canopy (Fig.

16).

120 -
100 -
80 -

W Observed

60 -
Expected

40

P. eremicus
(# of captures)
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Fig. 16. P. eremicus frequencies and vegetation canopy.
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Chaetodipus penicillatus

Vegetation characteristics were compared for C. penicillatus between capture and
non-capture locations and examined collectively and individually by month. All analyses
were completed where capture frequencies were greater than five. Tests for normality and
equality of variance were performed for each month, and the appropriate test statistic and
p-value were calculated (Appendix V). Capture frequencies within subdivided groups of
the vegetation variables were also analyzed in all habitat types where C. penicillatus was
captured (Table 6).

Vegetation density was greater in trap locations where C. penicillatus was
captured, as opposed to non-captured locations when all months were pooled for the
Creosote community and the Saltbush community respectively (U = 119.50, p = 0.042; U
=352.50, p=0.010). Percent litter, average litter depth, and vegetation density were
greater (percent litter t = 0.881, p = 0.025; average litter depth U = 387.50, p = 0.029;
vegetation density U = 352.50, p = 0.010) in capture locations (mean = 16.875, median =
18.75; mean = 0.5000, median = 0.5000; mean = 1.2857, median = 0.8675), as opposed
to non-captured locations in the Saltbush community.

When months were examined individually, only months in the Saltbush
community were significant in relation to the vegetation variables (Appendix V).

Frequency of captures was greater between 76.56 to 96.88 percent bare ground

(Fig. 17).
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Fig. 17. C. penicillatus frequencies and percent bare ground.
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CHAPTER 5

DISCUSSION
Habitat Heterogeneity
The three survey arrays differed with respect to percent litter, average litter depth,
vegetation density, vegetation canopy, and distance to an ecotone boundary (Table 1).
Because the arrays, or community types, were originally selected based on ocular
estimates of site heterogeneity, and because statistical analysis upheld these differences,
the investigation sites can be treated as individual habitat types both statistically and
biologically. Percent bare ground, however, was not statistically different between the
three community types. Most of the bare ground estimates were near 100 percent or
slightly less, which is typical of sparsely vegetated desert environments; therefore, no

variation between sites could be observed.

Species Response to Environmental Variables

Neotoma lepida

The majority of N. lepida captures occurred in the Saltcedar community, which
was dominated by 7. ramosissima. There is no known literature documenting the use of
T. ramosissima by N. lepida, although it is known that adequate litter for nesting
materials is critical to their survival (Cameron and Rainey, 1972). Throughout the year, a

tremendous amount of foliage from 7. ramosissima falls to the ground and creates an
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abundant source of litter. Managing this non-native species along the banks of the Las
Vegas Wash has been an important component in revegetation and bank stabilization
efforts, which includes possible eradication (Las Vegas Wash Coordination Committee,
2003). This research demonstrates 7. ramosissima serves as habitat for N. lepida and N.
lepida populations must be considered in tamarisk removal or remediation plans.

Percent litter was more abundant where N. lepida was captured when pooling all
months in the Saltcedar community. Neotoma lepida is extremely resourceful and
adaptable to a variety of litter materials (Cameron and Rainey, 1972). Foliage usually
makes up the outer covering of their nests (Stones and Hayward, 1968), and N. lepida are
thought only to use materials on the surface because they are incapable of chewing off
parts of vegetation (Bonaccorso and Brown, 1972); therefore, fallen 7. ramosissima
provides foliage and surface accessibility. Litter accessibility and availability appear to
be more important in predicting N. lepida distributions than litter depth, as average litter
depth was not greater in N. lepida capture locations. The relationship between percent
bare ground and percent litter could also help predict population distribution. As percent
bare ground increased, N. lepida captures decreased, and as percent litter increased, V.
lepida captures increased. In short, shelter materials can dictate distribution, density, and
home range of N. lepida (Bleich and Schwartz, 1975), and can be an important factor in
determining species presence and abundance.

Neotoma lepida do have some habitat requirements in addition to litter, including
metabolic water from plants (Cameron and Rainey, 1972); leaves, seeds, berries, and
flowers from shrubs (Cameron and Rainey, 1972); and moderate to dense canopies

(Brylski, 1990). Distances to an ecotone boundary were closer to capture locations in
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nearly all tested relationships, which would indicate N. lepida travel between community
types; however, this species was almost exclusively trapped in the Saltcedar community.
The ecotone boundary was delineated from the observed Saltcedar community edge, and
due to the narrow size of the community, short distances were inevitable and may
incorrectly indicate N. lepida travel between ecotones. Neotoma lepida generally have
small home ranges (Bleich and Schwartz, 1975) and are considered habitat generalists
(Meserve, 1974). The Saltcedar community likely provided the additional habitat
requirements of N. lepida, which may explain why the species was dominantly found in
only this community. It should be noted, L. tridentata, a predominant food and water
source for N. lepida (Meyer and Karasov, 1989), was not found in the Saltcedar
community. Most likely, the Creosote community did not provide the necessary nesting
materials for N. lepida.

Dipodomys merriami

Dipodomys merriami was found in both Creosote and Saltbush communities
dominated by seed-bearing plants, such as A. canescens and L. tridentata. Seeds almost
exclusively dominate the diet of D. merriami, a known granivorous species (Reynolds,
1950) that buries seeds in small, subsurface caches (Chew and Chew, 1970). Dipodomys
merriami’s close proximity to vegetation, and subsequent seed availability, was the only
consistent habitat variable throughout all communities. The remaining vegetation
variables measured were not consistently associated with D. merriami capture locations
in any of the community types. Changes in habitat requirements appeared to correlate
with fluctuations in the temporal environment and diversity within the communities may

predict D. merriami distributions.
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Densely vegetated areas decrease the mobility of D. merriami and make them
more susceptible to predators (Reynolds, 1950); therefore, bare ground may help predict
population distributions. Percent bare ground was greater where D. merriami was
captured when examining all months collectively in the Creosote community; however,
percent bare ground was not greater in the Saltbush community. The captures in the
Creosote community occurred in the section of the array dominated by L. tridentata. The
seeds of L. tridentata are important in the diets of D. merriami (Bradley and Mauer,
1971), which may be attributed to the presence of D. merriami in only the Creosote
community. These findings indicate that a combination of variables, not one specific
variable, determines habitat use.

Dipodomys merriami was associated with increased vegetation density and
vegetation canopy during colder trapping months even though increased vegetation
density usually indicates a decrease in D. merriami activity (Beatley, 1976). Dipodomys
merriami use several plants as both a food and water source to provide vitamins and
nutrients for the most intensive period of reproduction during winter and early spring
(Beatley, 1976), which may explain increased vegetation density and canopy during this
time. Based on these results, summer populations should occupy habitats with sparse
vegetation density and increased bare ground. Performing further vegetation sampling
during those months may offer additional insight into habitat use by D. merriami.

Neither percent litter nor average litter depth has previously been found to predict
presence or absence of D. merriami. The majority of litter in the Creosote and Saltbush
communities was generated from fallen seeds of 4. canescens, and seeds almost

exclusively dominate diets of D. merriami (Reynolds, 1950). This also supports the
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previous notion in this study that D. merriami select habitats with readily available food
in times of scarcity and during peak reproductive activity.

Few differences could be found when evaluating distance to an ecotone boundary
in relationship to D. merriami populations; however, average distance appears to be
greater in non-capture locations. The ecotone boundary did not account for any subtle,
less apparent boundaries that existed within a given habitat, as the ecotone used for
analysis was manually delineated based on a definitive boundary observable from an
aerial photograph. The majority of captures occurred within the diverse Saltbush
community, which did contain a subtle ecotone boundary. The boundary created smaller
micro-habitats that provided high vegetation density and seed availability before and
during the reproductive season, yet also included a high percentage of bare ground, which
would allow the species to travel between locations during post reproduction periods.
The distribution of D. merriami might be predicted by the diversity of a habitat and its
subsequent proximity to gradual or definitive ecotone boundaries.

Peromyscus eremicus

There are some documented associations between P. eremicus and vegetation
variables; however, there is not enough evidence supporting the influence of one
particular variable over any other. Peromyscus eremicus heavily populated both the
Saltbush and Saltcedar communities in this study, which collectively contain a wide
variety of vegetation variables and types. Peromyscus eremicus aestivate and seasonally
enter into torpor under unfavorable conditions. Large winter populations usually
indicate short periods of torpor, and small summer populations indicate extended

hibernation periods during warmer, dryer months (Lewis, 1972). This behavioral
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characteristic may explain the association, or perhaps disassociation, of P. eremicus with
a variety of vegetation variables.

Peromyscus eremicus have been found in areas with dense vegetation (Bradley
and Mauer, 1973) and canopy (Brylski, 1990); however, in this study density and canopy
were only greater in the capture locations of the Saltcedar community during the month
of January and P. eremicus’s tendency to aestivate may explain these findings. In the
summer, torpor can occur for up to three months due to decreased water availability and
food supply (Veal and Caire, 1979). In winter, torpor is based on circadian patterns and
occurs in shorter periods due to lack of food (Veal and Caire, 1979). In the Mojave
Desert, January tends to be one of the coldest months (Whitford, 2002) and food is the
scarcest; therefore, habitats with increased vegetation density and canopy cover may
compensate for the lack of resources. Similarly, percent litter and average litter depth
were also only greater in the capture locations of the Saltcedar community during the
month of January. The litter from 7. ramosissima creates shelter, and the sandy soil
(Horn, 2003) may combine with litter to provide a suitable habitat for P. eremicus during
January, as they burrow when conditions are unfavorable. In short, it appears vegetation
variables may help predict P. eremicus populations during some parts of the year, but P.
eremicus aestivate whenever conditions are unfavorable. It is difficult to specify their
habitat use, as they appear to fluctuate with seasonal trends in temperature, moisture and
other resource availability.

Chaetodipus penicillatus

Chaetodipus penicillatus has been associated with dense, bushy vegetation

(Rosenzweig and Winukar, 1969) that offers considerable cover (Rosenzweig, 1973).
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Rosenzweig and Winukar (1969) suggest rodent density can be estimated based on
vegetation density, moisture, and seed availability. Chaetodipus penicillatus was the
only species captured in all three communities, but no literature could be found
documenting their habitat usage in the Mojave Desert under the genus Chaetodipus or the
synonym, Perognathus.

Vegetation density, vegetation canopy, percent litter, and average litter depth
were all found to be greater in both the Creosote and Saltbush communities when months
were pooled and when some months were examined individually. Shrubs in this area
provide seeds and metabolic water through vegetation density and litter generated from
fallen 4. canescens seeds. Other plants may offer similar characteristics, as C.
penicillatus are opportunistic in relation to their environment (Smigle and Rosenzweig,

1974).

Research Limitations

This study examined the effect of various habitat components on selected small
mammal populations. Species presence and frequency data were used for comparisons;
therefore, species density and diversity indices were not compared against vegetation
variables. Future studies evaluating rodent density and diversity would provide additional
habitat characterization analyses helpful in understanding small mammal requirements, as
this study only compared presence and frequency of a species.

Small mammal distribution and population size has been attributed to habitat
selection (Hoover et al., 1977); however, several studies have suggested rainfall patterns

can predict density and diversity of rodent species (Brown, 1973; Whitford, 1976;
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Beatley, 1969). This is especially true in this study area because the irregularity and
unpredictably of rainfall can have significant effects on the biological composition and
interactions in arid locations. This study used information from a previous small
mammal survey, which did not record precipitation measurements during the trapping
period, nor were estimates obtained during vegetation sampling. It would have been
beneficial to evaluate rodent species with abiotic variables, such as precipitations affect
on seed production (Whitford, 1976; Brown, 1973), available plant and soil moisture
(Beatley, 1969), and plant density (Hafner, 1977).

Finally, the study sites for this research included three biologically different
arrays. There was replication within the three arrays, but not among the arrays. Only one
of each habitat type was present. Replication of the habitat types would strengthen

characterizations associating the affect of different microhabitats on small mammals.

Summary

A variety of vegetation variables including percent litter, average litter depth,
vegetation density, vegetation canopy, percent bare ground, and distance to ecotone were
measured in the Las Vegas Wash and associated with small mammal populations in order
to better characterize habitat use. Previous research has indicated some small mammals
have an effect on plant cover and species composition (Heske et al., 1993), as small
mammals are transporters of seeds. Relationships between abiotic and biotic factors have
been shown to influence small mammal populations (Hafner, 1977).

Percent litter and average litter depth were greater in areas where N. lepida were

captured. Neotoma lepida almost exclusively used leaf litter from 7. ramosissima for
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nest construction, and this is the only known research to indicate 7. ramosissima use by
this species. In areas undergoing Saltcedar remediation in the Las Vegas Wash, or other
areas where N. lepida is present, some form of litter should probably be available to assist
in their survival. Dipodomys merriami has a variety of habitat requirements that should
all be present to some degree; therefore, abrupt changes to ecotone boundaries might
affect D. merriami populations. Dipodomys merriami use densely vegetated areas to
fulfill water and food requirement during resource scarcity, but also inhabit extremely
bare areas to escape predators. Peromyscus eremicus aestivate when conditions are
unfavorable. This occurs for extended periods of time in the summer, and this vegetation
characteristic may not be as important during these periods. During shorter torpor
periods, in the winter, vegetation density and canopy appear to be the best predictor of
distribution and abundance. Chaetodipus penicillatus appear to be extremely adaptable
and opportunistic. Vegetation density and subsequent seed availability most likely
explains their apparent affinity for dense vegetation.

This research complimented and updated previous work and strengthened the
limited existing small mammal research in the Las Vegas Wash. Small mammals are an
extremely adaptable and diverse fauna. It is important to understand the habitat

requirements of these species for future restoration and remediation decisions.
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APPENDIX I

SMALL MAMMAL TRAPPING AND VEGETATION SAMPLING LOCATIONS
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Creosote Community

Point northing (m) easting (m) elevation (m)
1 8,149,078.23 253,587.04 477.52
01-E  8,149,077.68 253,591.86 477.59
01-W 8,149,078.91 253,582.35 476.15
2 8,149,080.23 253,587.17 477.48
3 8,149,081.50 253,587.27 477.48
4 8,149,082.92 253,587.42 477.54
5 8,149,084.36 253,587.79 477.62
05-E  8,149,083.94 253,592.74 477.49
05-W  8,149,084.82 253,583.04 476.29
6 8,149,086.40 253,587.92 477.63
7 8,149,087.80 253,588.22 477.71
8 8,149,089.58 253,588.47 477.80
9 8,149,091.53 253,588.73 477.83
10 8,149,093.44 253,589.02 477.92
10-E  8,149,095.30 253,593.72 477.94
10-W  8,149,091.96 253,584.28 476.50
11 8,149,099.16 253,583.32 475.61
12 8,149,101.15 253,583.76 475.66
13 8,149,104.55 253,583.64 475.73
14 8,149,107.69 253,582.86 475.85
15 8,149,109.68 253,582.37 475.95
15-E  8,149,111.25 253,586.94 476.18
15-W  8,149,108.40 253,577.94 475.93
16 8,149,111.82 253,581.83 475.99
17 8,149,113.58 253,581.40 475.99
18 8,149,115.49 253,580.76 476.03
19 8,149,117.58 253,580.22 476.09
20 8,149,119.69 253,579.51 476.17
20-E  8,149,121.07 253,584.19 476.30
20-W  8,149,118.27 253,574.73 476.21
21 8,149,122.36 253,578.97 476.30
22 8,149,124.76 253,578.38 476.36
23 8,149,128.03 253,577.61 476.35
24 8,149,132.17 253,576.70 476.52
25 8,149,134.57 253,576.09 476.57
25-E  8,149,135.55 253,580.77 476.63
25-W  8,149,133.50 253,571.01 476.49
26 8,149,137.05 253,575.38 476.56
27 8,149,139.69 253,574.67 476.56
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Creosote Community

Point northing (m)

easting (m)

elevation (m)

28 8,149,142.46 253,573.97 476.63
29 8,149,146.66 253,572.72 476.69
30 8,149,149.39 253,571.80 476.77
30-E  8,149,151.43 253,576.35 476.79
30-W  8,149,147.55 253,567.24 476.87
31 8,149,154.45 253,569.73 477.39
32 8,149,157.22 253,568.39 477.77
33 8,149,161.00 253,567.12 477.78
34 8,149,163.90 253,565.68 477.81
35 8,149,166.56 253,565.01 477.89
35-E  8,149,168.36 253,569.63 477.99
35-W  8,149,165.20 253,560.22 477.88
36 8,149,169.14 253,564.10 478.06
37 8,149,171.48 253,563.35 478.12
38 8,149,175.09 253,562.31 478.13
39 8,149,177.92 253,561.23 478.17
40 8,149,180.18 253,560.34 478.31
40-E  8,149,182.21 253,564.73 478.35
40-W  §8,149,178.90 253,555.60 478.23
41 8,149,182.27 253,559.51 478.31
42 8,149,184.72 253,559.11 478.33
43 8,149,187.22 253,558.44 478.37
44 8,149,189.57 253,558.05 478.37
45 8,149,191.86 253,557.41 478.34
45-E  §,149,193.62 253,561.96 478.54
45-W  8,149,189.43 253,552.78 478.36
46 8,149,193.57 253,556.69 478.34
47 8,149,195.32 253,555.84 478.45
48 8,149,196.89 253,554.85 478.52
49 8,149,198.28 253,554.17 478.54
50 8,149,199.56 253,553.57 478.59
50-E  8&,149,201.82 253,557.89 478.65
50-W  8,149,197.55 253,548.98 478.52
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Saltbush Community

Point northing (m)

easting (m)

elevation (m)

1 8,148,853.84 253,595.95 472.36
0I-N  8,148,858.57 253,596.44 472.45
01-S  8,148,848.86 253,595.37 472.36
2 8,148,853.43 253,598.02 472.21
3 8,148,853.25 253,599.71 472.24
4 8,148,852.65 253,602.90 472.22
5 8,148,852.07 253,605.51 472.23
05-N  8,148,857.09 253,606.45 472.25
05-S  8,148,847.28 253,604.41 472.12
6 8,148,851.72 253,607.85 472.15
7 8,148,851.36 253,610.09 472.13
8 8,148,850.98 253,611.78 472.09
9 8,148,850.25 253,613.97 472.19
10 8,148,849.56 253,615.49 472.21
10-N  8,148,854.56 253,615.60 472.23
10-S  8,148,844.60 253,615.24 472.18
11 8,148,849.18 253,617.98 472.15
12 8,148,848.98 253,620.12 472.08
13 8,148,848.64 253,622.53 472.18
14 8,148,848.23 253,624.80 472.16
15 8,148,847.94 253,626.39 472.21
15-N  8,148,853.08 253,627.24 472.20
15-S  8,148,842.16 253,625.44 471.96
16 8,148,847.62 253,628.48 472.09
17 8,148,847.33 253,630.13 472.07
18 8,148,846.71 253,632.32 472.21
19 8,148,846.50 253,634.83 472.12
20 8,148,845.92 253,636.49 472.12
20-N  8,148,850.89 253,636.79 472.06
20-S  8,148,839.99 253,634.71 472.05
21 8,148,845.79 253,638.32 472.01
22 8,148,845.47 253,640.38 472.10
23 8,148,845.12 253,642.65 472.12
24 8,148,844.49 253,645.15 472.07
25 8,148,844.10 253,647.18 472.05
25-N  8,148,848.93 253,647.27 472.26
25-S  8,148,839.44 253,646.72 471.96
26 8,148,843.60 253,650.74 472.06
27 8,148,843.90 253,654.36 472.14
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Saltbush Community

Point northing (m)

easting (m)

elevation (m)

28 8,148,843.40 253,655.97 472.11
29 8,148,842.22 253,659.28 472.10
30 8,148,841.80 253,662.24 472.08
30-N  8,148,846.63 253,663.23 472.10
30-S  8,148,836.65 253,661.48 472.01
31 8,148,841.65 253,665.48 472.12
32 8,148,841.90 253,667.49 472.04
33 8,148,843.25 253,670.65 472.02
34 8,148,843.32 253,672.90 471.93
35 8,148,844.92 253,675.58 472.02
35-N  8,148,850.03 253,674.45 472.22
35-S  8,148,840.22 253,676.77 471.87
36 8,148,846.17 253,677.59 472.03
37 8,148,845.52 253,680.38 471.92
38 8,148,847.05 253,685.47 471.94
39 8,148,848.18 253,688.32 471.98
40 8,148,848.30 253,690.02 472.05
40-N  8,148,852.94 253,688.33 472.18
40-S  8,148,844.03 253,692.41 471.93
41 8,148,848.66 253,693.02 472.00
42 8,148,849.59 253,695.55 472.08
43 8,148,850.21 253,697.31 472.08
44 8,148,849.87 253,705.03 472.03
45 8,148,850.60 253,709.04 472.01
45-N  8,148,855.93 253,707.82 472.11
45-S  8,148,845.78 253,709.70 471.95
46 8,148,851.63 253,710.89 471.94
47 8,148,852.35 253,716.20 471.92
48 8,148,851.45 253,720.02 471.83
49 8,148,852.85 253,723.52 471.83
50 8,148,852.26 253,725.70 471.94
50-N  8,148,856.62 253,723.31 471.86
50-S  8,148,847.56 253,727.47 471.77
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Saltcedar Community

Point northing (m) easting (m) elevation (m)
1 8,148,782.98  253,817.11 470.66
01-N  8,148,787.98 253,817.61 470.66
01-S  8,148,777.98 253,816.61 470.66
2 8,148,783.80  253,814.82 470.62
3 8,148,784.45  253,812.78 470.61
4 8,148,784.57  253,809.63 470.76
5 8,148,785.66  253,807.52 470.65
05-N  8,148,790.66  253,808.02 470.65
05-S  8,148,780.66  253,807.02 470.65
6 8,148,785.65 253,804.85 470.73
7 8,148,785.55  253,801.88 470.97
8 8,148,786.65 253,799.71 471.02
9 8,148,789.02  253,797.15 471.03
10 8,148,790.51  253,795.86 471.00
10-N  8,148,795.51 253,796.36 471.00
10-S  8,148,785.51  253,795.36 471.00
11 8,148,791.80  253,794.26 470.88
12 8,148,792.60  253,792.14 470.99
13 8,148,790.84  253,790.69 470.67
14 8,148,792.02  253,790.23  470.75
15 8,148,792.24  253,789.72 470.71
15-N  8,148,797.24  253,790.22 470.71
15-S  8,148,787.24  253,789.22 470.71
16 8,148,793.99  253,776.78 470.87
17 8,148,793.90  253,776.43  470.90
18 8,148,793.93  253,776.74 470.92
19 8,148,794.97 253,778.73 471.14
20 8,148,794.05  253,776.76  470.90
20-N  8,148,799.05 253,777.26 470.90
20-S  8,148,789.05 253,776.26  470.90
21 8,148,794.92  253,775.08 470.86
22 8,148,795.52  253,771.64 471.23
23 8,148,795.76  253,768.20 471.28
24 8,148,798.12  253,765.20 471.14
25 8,148,803.48  253,764.03 471.29
25-N  8,148,808.48 253,764.53 471.29
25-S  8,148,798.48 253,763.53 471.29
26 8,148,803.78  253,762.42 471.35
27 8,148,803.82  253,757.72 471.19
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Saltcedar Community

Point northing (m) easting (m) elevation (m)
28 8,148,804.06  253,755.69 471.00
29 8,148,803.14  253,752.86 471.34
30 8,148,803.81 253,749.33 471.03
30-N  8,148,808.81 253,749.83 471.03
30-S  8,148,798.81 253,748.83 471.03
31 8,148,803.57 253,744.50 471.13
32 8,148,803.13  253,740.74 470.93
33 8,148,803.43  253,732.82 471.17
34 8,148,805.16  253,728.22 471.43
35 8,148,804.85 253,723.69 471.33
35-N  8,148,809.85 253,724.19 471.33
35-S  8,148,799.85 253,723.19 471.33
36 8,148,804.68  253,719.59 471.19
37 8,148,806.53  253,707.88 471.32
38 8,148,807.92  253,705.50 471.29
39 8,148,807.91  253,702.55 471.27
40 8,148,807.41  253,700.29 471.35
40-N  8,148,812.41 253,700.79 471.35
40-S  8,148,802.41 253,699.79 471.35
41 8,148,805.12  253,696.14 471.32
42 8,148,802.68  253,692.97 471.20
43 8,148,798.43  253,691.04 471.05
44 8,148,801.14  253,688.48 471.16
45 8,148,798.27  253,685.22 471.03
45-N  8,148,803.27 253,685.72 471.03
45-S  8,148,793.27 253,684.72 471.03
46 8,148,803.74  253,681.39 471.27
47 8,148,797.75 253,676.81 471.15
48 8,148,798.92  253,675.53 471.22
49 8,148,799.20  253,670.34 471.41
50 8,148,797.65 253,662.19 471.38
50-N  8,148,802.65 253,662.69 471.38
50-S  8,148,792.65 253,661.69 471.38
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APPENDIX II

NEOTOMA LEPIDA CAPTURES IN RELATIONSHIP TO VEGETATION
VARIABLES IN A SALTCEDAR COMMUNITY
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APPENDIX III

DIPODOMYS MERRIAMI CAPTURES IN RELATIONSHIP TO VEGETATION
VARIABLES IN CREOSOTE AND SALTBUSH COMMUNITIES
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APPENDIX IV

PEROMYSCUS EREMICUS CAPTURES IN RELATIONSHIP TO VEGETATION
VARIABLES IN SALTBUSH AND SALTCEDAR COMMUNITIES
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APPENDIX V

CHAETODIPUS PENICILLATUS CAPTURES IN RELATIONSHIP TO
VEGETATION VARIABLES IN CREOSOTE, SALTBUSH,
AND SALTCEDAR COMMUNITIES
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