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ABSTRACT

Habitat, habitat edges, and microhabitat are important components for
theories and concepts of community ecology. However, their effects have not
been examined in many locations. Replicated studies in different ecosystems
are necessary to determine the generality of the effects of these habitat
variables.
The effects of trap-site disturbance and microhabitat on small mammal
capture rates were examined in the Tularosa Basin of south-central New
Mexico during 7-14 April, 1996. The study was conducted in a mixed desert
scrub habitat characteristic of the Chihuahuan Desert. Small mammals were
live-trapped on 32 study plots. Soil disturbance and microhabitat treatments
were assigned to study plots in a completely randomized factorial design to
test the hypothesis that trap-site disturbance can influence small mammal
captures between microhabitats. Thirteen species of small mammals were
captured, including four species of Heteromyidae, eight species of Muridae,
and one species of Sciuridae. Peromyscus eremicus was captured more
frequently at undisturbed sites (P=0.004) and was recaptured more frequently
under shrubs j[P=0.048). Neotoma micropus was captured less frequently at
undisturbed sites in the open (P=0.035). No other species were affected by
microhabitat, trap-site disturbance, or interactions (P>0.05). These results
provide limited support to the hypothesis that trap-site disturbance can
influence small mammal captures between microhabitats.
Effects of habitat and habitat boundary on small mammals were
studied during 22 May-15 July, 1996 in the Tularosa Basin of south-central
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New Mexico. The study was conducted on edges between the marginal
dunes of the White Sands complex and bordering saltbush flats. Small
mammals were live-trapped on the edge between these two habitats and at
three distances from the edge within each habitat. These capture data were
used to describe mammalian communities associated with this edge, to
determine if the edge contained greater small mammal species
richness/abundance, and to determine if the frequency of between trap-line
movements of small mammal species differed when moving within and
between habitats. Habitat characteristics were measured on the edge and
within each habitat to document the vegetative characteristics associated with
the small mammal capture data. These data were used to describe the width
of the edge and to document the vegetative structure on the edge and on the
trap-lines at two distances from the edge.
Thirteen small mammal species were captured in both the edge and
movement portions of this study, including five species of Heteromyidae,
seven species of Muridae, and one species of Sciuridae. Only one species,
Chaetodipus penicillatus. showed an effect of habitat, as it was captured more
frequently within the dunes than in the saltbush flats or the edge (P=0.008).
Mammalian richness was greatest on one trap-line within the marginal dune
habitat (P=0.011). These results did not support the hypothesis that species
richness and abundance are greater in habitat edges. This may be because
grass and shrub canopy cover were not different between the two habitats
(P>0.10). Dipodomvs ordii. Chaetodipus penicillatus. Perognathus flavus.
and Spermophilus spilosoma tended to move between trap-lines more often

Vll

within one habitat than within the other habitat or across the edge that borders
the two habitats.
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CHAPTERI
INTRODUCTION AND THE TULAROSA BASIN

The Chihuahuan Desert, the center of which is in north-central Mexico
(Brown 1983), extends at its most northern end into south-central New
Mexico. The Tularosa Basin of south-central New Mexico contains many
habitats which differ in vegetation and soil including several of which are
characteristic of the Chihuahuan Desert. Also found within this basin is the
unique White Sands dune complex. The dune complex further adds to the
diversity of habitats found within this region. This great diversity of habitats
provides the opportunity to study small mammal faunas within a variety of
distinct habitat types and under specific sets of biotic and abiotic conditions.
Research concerning the effects of habitat, habitat edges, and
microhabitat are important for theorles and concepts of community ecology.
The effects of the aforementioned items in the Tularosa Basin have received
limited attention. Replicated studies in this ecosystem are necessary to
reconcile the generality of the effects of these levels of habitat that have
been observed by workers in other ecosystems.
The observation of small mammal microhabitat partitioning has been
important for theories and concepts of community ecology. During these
studies, a small soil disturbance often is produced when preparing a spot to
position traps. This may result in the attraction of animals to soil disturbance
in certaln areas and not in other areas. If this is the case, results from some
microhabitat studies may be biased. Thus, trap-site disturbance could

prevent researchers from making correct conclusions on microhabitat use.
This question is addressed in Chapter II.
The current trend in natural resource conservation is to use
ecosystem management as a means to help maintain all the natural assets
of a region. The concept of edge effect, an increased abundance and
diversity of species in the contact zone between different habitats (Robinson
and Bolen 1989), has long been recognized, but limited data exist
documenting its consequences and available data generally have been
restricted to studies of avian communities. In some cases, edges between
habitats may hold a high abundance and/or diversity of species, which may
be important for maintaining ecosystem stability. Thus, recognition and
surveys of edges are crucial to further understand the relationship between
edges and species diversity. The edge effect question is addressed in
Chapter ill.
Little is known about rodent ability or willingness to cross natural
boundaries, even though it seems that such data would be an integral part of
ecosystem management. Studies on rodent movements across boundaries
or barriers could provide insight into the natural phenomenon of disjunct
populations. Furthermore, barriers to movement (i.e., movement at different
frequencies) within different habitats may exist. Metapopulations could be
defined as sets of spatially distributed populations, among which dispersal
and turnover are possible but do not necessarily occur (Harrison 1994).
Thus, research on movement could determine if barriers to movement are
present and add to the pool of knowledge concerning metapopulations. The

habitat effects on small mammal movement question is also addressed in
Chapter lil.
There are no data for many of the habitats which occur in this
ecosystem. Thus, all infonnation collected throughout the course of this
project may aid land managers in making wise land management decisions.
Furthermore, much of the land base within the Tularosa Basin is part of Fort
Bliss, White Sands Missile Range, or Holloman Air Force Base. Military
activities have the potential to affect desert plant and animal communities
(Brattstrom and Bondello 1983; Gese et al. 1989; Shaw and Diersing 1990).
Hence, all research conducted in the Tularosa Basin has the potential to
help facilitate sound stewardship on military lands.
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CHAPTER II
THE EFFECT OF TRAP-SITE DISTURBANCE ON MICROHABITAT
USE BY SMALL MAMMALS

Abstract
Microhabitat partitioning is thought to explain the coexistence of
sympatric species of small mammals, although it has not been universally
observed. Factors regulating microhabitat partitioning need to be
understood because of its importance in emerging theories and models of
community ecology. This study investigates the hypothesis that trap-site
disturbance during trap setting may influence capture rates within
microhabitats. The trap-site disturbance was simulated using a hand trowel
to scrape a 48 x 20 cm soil disturbance. The study was conducted in two
microhabitats (open and shrub) in mixed desert scrub habitat within the
northern end of the Chihuahuan Desert in south-central New Mexico.
Thirteen small mammal species were captured, including four species of
Heteromyidae, eight Muridae, and one Sciuridae. Neotoma micropus was
captured less frequently at undisturbed sites which were in the open
(P=0.035). Peromyscus eremicus was recaptured more frequently under
shrubs (P=0.048) and at undisturbed sites (P=0.004). No other species
were affected by microhabitat, trap-site disturbance, or interactions. These
results provide some support to the hypothesis that trap-site disturbance
influences small mammal capture rates within some microhabitats.
However, extrapolatlon of the results may be limited by conditions of climate,
season, habitat, and community structure.

Introduction
Microhabitat partitioning may contribute to coexistence of sympatric
species of rodents, particularly in desert ecosystems (Price 1978).
Competition may cause interspecific differences in selection of foraging
microhabitat (Price 1978; Brown and Munger 1985). Additionally, predation
risk may affect foraging behavior (Pierce et al. 1992) and in turn may
structure communities of prey when risk differs among habitats (Kotler 1984).
For example, Jones (1989) determined that Dipodomys merriami seldom
moved into unfamiliar, high-risk areas. Some bipedal species, specifically
kangaroo rats (Dipodomys sp.), generally use open microhabitats
(Reichman and Oberstein 1977; Hutto 1978; Kotler 1984). However, this
may not be the case in every locality (Bowers 1988).
Microhabitat associations have not been universally detected. For
example, Thompson (1982), Bowers (1988), and Jorgensen et al. (1995)
failed to detect microhabitat associations (open specialists vs. shrub
specialists) in some habitats. Further, microhabitat effects are poor
predictors of habitat use compared to macrohabitat effects (Morris 1987;
Jorgensen 1996).
Disturbance is hierarchical (Pickett et al. 1989), acts across spatial
and temporal scales (Huston 1994), and may affect microhabitat use by
small mammals (Jorgensen 1996). Soil disturbance at individual trap-sites
may increase rodent capture probabillties (Sensu Thompson 1982). For
example, heteromyids often forage at surface disturbances (Day 1982;
Thompson 1982), which may indicate newly available seeds (Thompson

1982). Novel items such as traps or footprints may attract some rodents as
they travel between shrubs while foraging (Thompson 1982).
If microhabitat and disturbance act as independent factors influencing
capture rates, then it is expected that they may possess some level of
interaction. Specifically, trap-site flattening may cause capture rates to
increase or decrease in only select microhabitats.
Small mammal trap-sites often are prepared to enable trap placement
on a level surface. This preparation is frequently accomplished by
scrapping one's foot across the substrate. Whereas several studies since
Price (1978) have investigated microhabitat effects, no studies have
examined quantitatively the effect of minimal soil disturbance caused by
trap-site preparation on small mammal capture rates. Additionally,
disturbance may cause a qualitatively different trap response by small
mammals in open microhabitats compared to shrub and detritus covered
microhabitats (Jorgensen 1996). Therefore, microhabitat x disturbance
interactions need to be addressed experimentally.
The effects of microhabitat and minimal soil disturbance on small
mammal capture rates were investigated in mixed desert scrub habitat.
Microhabitat effects were tested by comparing capture rates for traps placed
under shrubs in the presence of detritus to traps placed in unvegetated
microsites free of detritus. Disturbance effects were tested by comparing
capture rates for traps placed on undisturbed soil to traps placed within a
small area of disturbed soil.

Studv Site and Methods
The study was conducted in mixed desert scrub habitat (Sensu
Henrickson and Johnston 1986) in foothills of the Sacramento Mountains
(Figure 2.1), an area previously described by Jorgensen and Demarais
(1996). This area lies within the northem end of the Chihuahuan Desert in
south-central New Mexico and has variable precipitation patterns (National
Oceanic and Atmospheric Administration 1994, 1995, 1996) (Figure 2.2).
Common shrub species included mesquite (Prosopis glandulosa).
creosotebush (Larrea tridentata). and mariola (Parthenium incanum).
Grasses included bush muhly (Muhlenbergia porteri). mesa dropseed
(Sporobolus flexuosus). and sand dropseed (Sporobolus cryptandrus).
Thirty-two 30 x 200-m study plots were identified during 3-5 February,
1996. Two, 200-m trap-lines spaced approximately 20 m apart were
established within each study plot. Typically, each trap-line contained 25
trap-sites. Occasionally, trap-lines contained slightly more or fewer trapsites because of microhabitat availability. However, all study plots contained
50 trap-sites. The study plots were not visited or disturbed after 5 February,
1996 until the experiment was conducted during 7-14 April, 1996. Study
plots were sampled for two nights each using 7.7 x 7.7 x 23 cm Sherman
folding, aluminum live-traps. A consistent quantity of bait (quick oats) was
placed with measuring spoons inside (15 ml) and outside (0.6 ml) of each
trap. All animals caught were marked with permanent ink.
Treatments were assigned to study plots in a completely random
design. The two levels of trap-site disturbance were disturbed and
undisturbed. The two levels of microhabitat were under a mesquite bush
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with detritus and an open area lacking vegetation and detritus. Thus, eight
study plots were delineated as open/no disturbance, eight as
open/disturbance, eight as shrub/no disturbance, and eight as
shrub/disturbance.
The disturbance was applied to mimic in a quantifiable manner the
soil disturbance often caused during trap-site preparation (e.g., preparation
of flat trap-sites by scraping the substrate with one's foot). The substrate was
scraped with the edge of a hand trowel each evening. The disturbed area
was delineated by a frame measuring 48 x 20 cm. Disturbance depth was
approximately 4 cm the first night and slightly greater after the second night.
Traps were placed within the disturbed area. Trap-site disturbance was
minimized on the undisturbed study plots by using 1.2 m snake tongs to set
and check traps.
Capture rates were compared using two-way factorial analysis of
variance. Analyses were conducted separately for first capture and
recapture data to avoid trap-happy bias and to account for cases where
responses to novel items (first capture) may differ from responses to familiar
items (recaptures). Normality was assessed with Shapiro-Wilk test and
square-root transformations to near normality were used (Johnson and
Wichern 1992). Heteroscedascity was tested with Levene's test. Analyses
were conducted with SPSS for windows (Norusis 1993) and Statistix
(Analytical Software 1991).

Results
There were 1,149 captures of 831 individual small mammals
recorded in 3,200 trap-nights. Capture rates were adequate for statistical
analysis of Dipodomys merriami (n=299). Chaetodipus penicillatus (n=153),
Peromyscus eremicus (n=134), Dipodomys ordii (n=65). Onychomvs
leucogaster (n=52), Peromyscus maniculatus (n=44), and Neotoma
micropus (n=21). Detailed results are not presented for Perognathus
flavescens (n=20), Spermophilus spilosoma (n=18), Peromyscus leucopus
(n=12). Reithrodontomys megalotis (n=6). Onychomys arenicola (n=6). and
Neotoma albigula (n=1) which displayed no significant results and were
captured infrequently. Results where P<0.1 are listed for reader
interpretation because they may be biologically meaningful.
Microhabitat affected recaptures of Peromyscus eremicus. which were
recaptured more frequently under shrubs compared to open areas (P=0.048,
Table 2.1). Dipodomys ordii tended to be recaptured more frequently under
shrubs than in the open (P=0.066, Table 2.1). Captures of other species
were not affected by microhabitat.
Disturbance affected first captures of Peromyscus eremicus. which
were caught more frequently at undisturbed sites compared to disturbed
sites (P=0.004, Table 2.2). Recaptures of P. eremicus failed to show this
effect (P=0.394, Table 2.2). Recaptures of Chaetodipus penicillatus tended
to be more frequent at disturbed sites (P=0.056, Table 2.2). Captures of
other species did not show a disturbance effect.
Two species exhibited microhabitat x disturbance interactions.
Neotoma micropus was captured less frequently at undisturbed sites than at
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disturbed sites in the open (P=0.035, Table 2.3). Recaptures of Peromyscus
maniculatus tended to occur less frequently in undisturbed open sites and
disturbed shrub sites (P=0.079, Table 2.3).

Discussion
Microhabitat analyses should distinguish between inexperienced (i.e.,
first captures) and experienced animals (i.e., recaptures) or otherwise
account for this factor. This is apparent with the Peromyscus eremicus data.
Apparently, P. eremicus will enter open microhabitats to investigate novel
items but will not othenA/ise enter open microhabitats. Thompson (1987)
found a similar result for Dipodomys sp. Also, initial captures of P. eremicus
occurred more frequently on undisturbed sites whereas recaptures were
evenly distributed between disturbed and undisturbed sites. Apparently P.
eremicus were unwilling to investigate unfamiliar items when accompanied
by unusual microsite modification (i.e., a disturbance which is atypical for the
local habitat), but once investigated and rewarded (i.e., bait), they are willing
to continue use of such sites. Additionally, frequent large change in P-levels
between first captures and recaptures suggest that use of microsites differs
based upon experience (e.g., Table 2.1; C. penicillatus. O. leucogaster. P.
eremicus: Table 2.2; C. penicillatus. N. micropus. O. leucogaster. P.
eremicus. P. maniculatus: Table 2.3; D. merriami.. N. micropus. O.
leucogaster. P. eremicus. P. maniculatus).
Some heteromyid species increased their use of specialized
microhabitat when placed in enclosures with high densities of a potential
competitor (Price 1978). Notably, only P. eremicus and D. ordii showed
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microhabitat effects on the study plots in this study. However, D. ordii were
associated with shrub-covered microhabitats. If microhabitat partitioning is
well-expressed on our study plots, these results are different than expected.
Further, D. merriami were not captured more frequently in open
microhabitats. These observations are inconsistent with the idea that
kangaroo rats (Dipodomys sp.), in general, exploit open microhabitats.
Similar results were observed by Thompson (1987), Bowers (1988),
Jorgensen et al. (1995), and Jorgensen (1996).
The hypothesis that microsite disturbance may affect capture rates
unequally between microhabitats is supported by data from Neotoma
micropus. which were captured less at undisturbed sites in the open for first
capture data (P=0.035, Table 2.3). Additionally, the hypothesis tends to be
supported by data from P. maniculatus (P=0.079, Table 2.3). This suggests
that unintentional bias may be present in previous microhabitat studies.
Data from this study are limited because it only represents eight
nights during the dry season in one habitat type in the Chihuahuan Desert
under one level of small mammal density. Therefore, several factors (i.e.,
moonlight, variable microhabitat relationships, soil moisture, and small
mammal density) may have influenced these results.
First, moonlight affects microhabitat use by small mammals (Bowers
1988). The first night of trapping (7 April, 1996) was the fourth night after the
full moon. Bowers' (1988) results indicated that a different result might be
achieved at a different time of the lunar cycle. Kotler (1984) has shown that
artificial illumination, mimicking moonlight, can affect microhabitat use. We
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captured progressively more small mammals as more nights passed
following the full moon.
Second, microhabitat relationships have varied between different
study sites (Thompson 1987). For example, it has been hypothesized that
kangaroo rats forage in open areas on clumps of seeds (Reichman 1981),
but some observations suggested that more time and effort were expended
under shrubs (Thompson 1982). These data (Table 2.1) suggest that
microhabitat partitioning is not strongly expressed on our study site.
Therefore, the effect that was hypothesized may not be expressed in this
study site or may only be expressed strongly in other habitats.
Third, I suspect that a difference in probability of capture under
different microsites may be more pronounced when soil is moist, such as
during the wet season. This could be attributed to different rates of
evaporation under shrubs and/or to release of aromatic compounds from wet
detritus, predominately found under shrubs.
Fourth, the 26 animals per 100 trap-nights recorded during this study
was a very high capture rate for this environment. Jorgensen (1996) trapped
the same habitat near this study site during 1993-94 and captured 6.6
animals per 100 trap-nights. Although methods differed and the
experiments are not directly comparable, the magnitude of the difference is
such that it is clear that small mammal abundance was higher. This may be
due to a cyclic increase in small mammal abundance which can be elicited
by high levels of rainfall (Drost and Fellers 1991). Rosenzwieg (1973)
showed that habitat use is influenced by presence of competitors.
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Therefore, both exploitative and interference competition in this high
abundance regime may have influenced the results.
Due to the importance of small mammal microhabitat partitioning to
theories, concepts, and models of community ecology it is important that all
of the factors which facilitate observations of it be understood. Additionally,
observations which do not agree with the existing paradigm, or affect its
generality (e.g., Morris 1987; Thompson 1987; Bowers 1988; Jorgensen et
al. 1995; Jorgensen 1996) need to be reconciled. Although the hypothesis
of observer induced bias caused by differential trap-site disturbance
between microhabitats (Jorgensen 1996) is supported by this study for only
one species, I believe that the hypothesis (particularly relative to Dipodomvs
sp.) needs to be investigated in other areas, under different climatic regimes,
and under different conditions of small mammal abundance.
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Table 2.1. Capture rates of small mammals (number per 100 trap-nights) as
measured (Mea) by first captures (f) and recaptures (r) in two microhabitat
types (Shrub, Open) and probability of equality (P) in south-central New
Mexico during 7-14 April, 1996 (1, 28 df).

Species
Dipodomys merriami

Dipodomys ordii

Chaetodipus penicillatus

Neotoma micropus

Onychomys leucogaster

Peromyscus eremicus

Peromyscus maniculatus

Mea

Shrub

f

9.0

9.7

0.503

0.686

r

9.9

10.3

0.759

0.863

1f

2.6

1.5

0.299

0.122

r

3.5

1.6

0.510

0.061

1f

5.1

4.5

0.408

0.385

r

4.3

4.8

0.484

0.920

1f

0.9

0.4

0.159

0.189

0.6

0.4

0.180

0.317

1.6

1.7

0.241

0.993

0.1

0.5

0.158

0.276

4.6

3.8

0.400

0.261

2.5

0.9

0.371

0.048

1.5

1.3

0.388

0.676

0.1

0.3

0.105

0.549

1\

1

f
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Open

se

Table 2.2. Capture rates of small mammals (number per 100 trap-nights) as
measured (Mea) by first captures (f) and recaptures (r) at disturbed and
undisturbed trap-sites and probability of equality (P) in south-central New
Mexico during 7-14 April, 1996 (1, 28 df).""

Species
Dipodomys merriami

Dipodomys ordii

Chaetodipus penicillatus

Neotoma micropus

Onychomys leucogaster

Peromyscus eremicus

Peromyscus maniculatus

Mea

Disturbed

Undisturbed

f

9.5

9.2

0.572

r

10.4

9.8

0.525

1f

2.2

1.9

0.883

r

3.3

1.9

0.373

1f

5.3

4.3

0.289

r

5.3

3.8

0.056

1f

0.8

0.6

0.632

r

0.8

0.3

0.190

1f

2.1

1.2

0.180

r

0.4

0.3

0.471

1f

3.1

5.3

0.004

r

1.8

1.6

0.394

1f

1.9

0.9

0.132

r

0.3

0.1

0.549

1 Standard error figures are the same as in Table 2.1.
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Table 2.3. Capture rates of small mammals (number per 100 trap-nights) as
measured (Mea) by first captures (f) and recaptures (r) at trap-sites in two
microhabitat types (Shrub, Open) which were either disturbed (Dist) or
undisturbed (-Dist) and probability of equality (P) in south-central New
Mexico during 7-14 April, 1996 (1, 28 df).i

Shrub
Species
D. merriami

D. ordii

C. penicillatus

N- micropus

O. leucogaster

P. eremicus

P. maniculatus

Mea

Open

Dist

-Dist

Dist

-Dist

9.3

8.8

9.8

9.6

0.942

11.0

9.1

9.8

10.8

0.352

3.0

2.1

1.4

1.6

0.539

4.3

2.9

2.3

1.0

0.746

5.4

4.8

5.1

3.9

0.695

5.5

2.3

5.0

4.5

0.493

0.8^

i.oa

0.8»

O.lb

0.035

0.8

0.3

0.8

0.0

0.582

2.3

0.9

1.9

1.5

0.101

0.3

0.0

0.5

0.5

0.850

3.4

5.8

2.8

4.9

0.704

2.0

2.9

1.5

0.3

0.120

2.1

0.9

1.6

0.9

0.830

0.0

0.3

0.5

0.0

0.079

^ Data are interaction of effects presented in Tables 2.1 and 2.2. Values accompanied by the same
superscript are not statistically significant (LSD test, £=0.05).
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Edge study location
Disturbance study location

New Mexico

Hwy
54

•
Hwy506

Figure 2.1. The mlxed desert scrub habitat examined in the disturbance
study was located within the foothills of the Sacramento Mountains in the
Tularosa Basin of south-central New Mexico. Study sites for the habitat
boundary study were located on the White Sands complex near
Alamogordo, New Mexico.
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Figure 2.2. Precipitation recorded at Orogrande, New Mexico. Data shown
represent measured and expected (normal) monthly precipitation from
January 1994 to April 1996.
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CHAPTER lii
THE EFFECTS OF A HABITAT BOUNDARY ON SMALL MAMMAL
POPULATIONS ASSOCIATED WITH THE WHITE SANDS COMPLEX

Abstract
Habitat boundary effects on small mammals living on the White
Sands complex and bordering saltbush flats were examined during 22 May15 July, 1996 in the Tularosa Basin of south-central New Mexico. Small
mammals were live-trapped on the edge between these two habitats and at
three distances from the edge within each habitat. Capture data were used
to describe mammalian communities associated with this edge, to determine
if a predicted edge effect was present, and to determine if the frequency of
movements of small mammal species differed within and between habitats.
First captures of Chaetodipus penicillatus were different among trap-lines
(P=0.008) and highest on the 50-m dune trap-lines when compared to all
other trap-lines. Dipodomys ordii tended to be captured less frequently on
the 10-m saltbush trap-line (P=0.053). Mammalian richness varied among
trap-lines (P=0.011) but was not highest at the edge trap-line. The number
of between trap-line movements of small mammal species within one habitat
were more than in the other habitat for Dipodomys ordii (P=0.051). C.
penicillatus (P=0.041), Perognathus flavus (P=0.048). and Spermophilus
spilosoma (P=0.005). Ten habitat criteria were used in a discriminant
analysis to describe the width of the edge between the two habitats. Results
indicated that this edge is relatively narrow. The relative abundance and
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species richness results indicate that a traditional edge effect is not present
at the border of the White Sands complex. However, this edge may not have
the characteristics normally associated with edge effects.

Introduction
Habitat and microhabitat use by small mammals have received much
research attention (Brown 1975, Holbrook 1978; Price 1978; Brown and
Munger 1985). Unfortunately, most mammalian habitat studies have
focused on unique habitat types and have not examined edges between
multiple habitats. These edges between two habitats can either be a welldefined boundary or a transition zone where plant and/or wildlife
communities grade into one another (Yahner 1988). Furthermore, edge
effects may vary with landscape and edge type (Santos and Telleria 1992).
If desert vertebrate communities are to be conserved, studies examining the
edge inherent to naturally bordering habitats are necessary to thoroughly
understand the processes which operate within and between them.

Edge Effect
Edge effect has been discussed in the ecology literature since
Leopold (1933) who described game animals occurring where types of food
and cover come together (i.e., where edges meet). Habitat edge has been
proposed to be an area that may be higher in animal species richness and
abundance, compared with interiors of adjacent, more homogeneous
communities (Gysel and Lyon 1980). More recently, edge effect has been
defined as the increased abundance and diversity of species in the contact
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zone between two different types of habitat (Robinson and Bolen 1989).
Edge effect may be due to simultaneous access to more than one habitat
type, the greater richness of border vegetation, or a combination of the two
(Leopold 1933). However, it should not be assumed that edge always
brings about an increase in species richness or abundance (Bolen and
Robinson 1995). For example, the artificial creation of edge (i.e., an induced
edge) can create negative biotic effects (i.e., vegetation destruction and
ecological traps) (see Alverson et al. 1988; Meffe and Carroll 1994).
An inherent edge is a long-term feature of a landscape that is
relatively stable and permanent (Thomas et al. 1979). An abrupt change in
soil type (i.e., loam to sand) is one of the four most common natural factors
that cause inherent edges (Thomas et al. 1979) and soil is also important in
terms of habitat associations (Hardy 1945). Houk and Collier (1994) have
identified the White Sands complex in the Tularosa Basin as "a desert within
a desert, where unique conditions have produced plant and animal
associations quite different from those in the Chihuahuan Desert region
surrounding it" (p. 25). Thus, although unique, the insular White Sands
complex and bordering saltbush flats form a distinct inherent edge along
much of the perimeter of the complex.
Effects of edge on vertebrate species have been documented.
Kroodsma (1987) observed no dependence of bird species on forest edge in
Tennessee. Predation rates appeared to increase within forest fragments as
distance from farmland-forest edge decreased (Andren and Angelstam
1988). Some bird species have avoided heavy levels of nest parasitism by
nesting in the interior of large tracts of forest (Harris 1988). Gates (1991)
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found a greater richness of mammal species on the edge than within
adjacent habitats of his study plots. Morgan and Gates (1983) captured
more cottontails (Svlvilagus sp.) on rose hedgerow-forest edge and rose
hedgerow mowed fescue areas. Small mammal diversity was higher within
and on edges of powerline corridors compared to the surrounding forest in
Tennessee (Johnson et al. 1979). Studies pertaining to edge effects on
vertebrate communities are uncommon except for avian studies.
Additionally, most studies of edge ecology have been conducted at edges of
forests or marshes (Bolen and Robinson 1995). Information pertaining to
edge effects in small mammal communities is scarce. Studies using other
types of edge and other types of animals could help bring the concept of
edge effect into better focus (Bolen and Robinson 1995). Additionally,
replicated, comparative studies are needed to assess the generality of edge
effects in mammalian communities (Heske 1995).

Movement
The importance of movement (distance and frequency) has been
discounted in most population studies (Briese and Smith 1974). Habitat
boundaries or edges can limit dispersal in some species (Kikkawa 1964)
and may or may not form a natural barrier for small mammal movement
between two naturally occurring populations. Additionally, when movement
of a species normally is concentrated within one of the two adjacent habitat
types a barrier to movement may be present.
The extent to which rodents cross unfavorable patches of
microhabitat has received little attention, but may be relevant to
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metapopulation models (Jorgensen et al. 1995). Several species of rodents
have been documented to not cross or to avoid roads (Oxely et al. 1974;
Kozel and Fleharty 1979). Jones (1989) reported that Merriams kangaroo
rat (Dipodomys merriami) seldom moved into unfamiliar, high-risk areas.
Fleharty and Navo (1983) reported that woodlots surrounded by cornfields
served as dispersal barriers to two small mammal species. Peromyscus
leucopus seldom moved between wooded areas and adjacent perennial
grass fields near Ottawa, Canada (Wegner and Merriam 1979). Long
movements may be an adaptation primarily for founding new populations
(Faust et al. 1971), since excessive movement increases exposure to
predators and the probability of death on unfamiliar terrain (Metzgar 1967).
Thus, some mammals may be more likely to move within a single habitat
type than multiple habitat types or may move more frequently and greater
distances in one habitat when compared to another. This may be the case
even when bordering habitats contain the same animal assemblages.

Objectives
Replicated research addressing edge effects and movements of small
mammals will add to the pool of knowledge on the subjects. To evaluate the
generality of the hypothesized edge effect, the first objective of this study
was to determine if a higher abundance and/or diversity of small mammal
species was present on the edge between the two habitats surveyed in this
study. To better understand how habitat boundaries affect small mammal
movements, the second objective was to determine if the frequency of
movements between trap-lines differed within and between habitats. To
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describe the habitats and the width of the edge, the third objective was to
document the vegetative and edaphic characteristics of the two habitats and
the edge. These objectives will be referred to herein as the edge effect,
movement, and vegetation and soil portions of this study.

Study Site and Methods
The study was conducted on a habitat boundary where saltbush flat
habitat meets marginal dune habitat (Southwest Parks and Monuments
Association 1994a) of the White Sands complex on Holloman Air Force
Base (Figure 2.1). This area is not within the White Sands National
Monument (WSNM) but is a part of the same complex of dunes.
Precipitation data are located in Figure 3.1 (National Oceanic and
Atmospheric Administration 1994, 1995, 1996). Common shrub species in
the saltbush flats included four-wing saltbush (Atriplex canescens) and
Mormon tea (Ephedra torreyana). Within the marginal dunes, common
shrub species were hoary rosemarymint (Poliomintha incana) and Mormon
tea (Ephedra torreyana). Common grasses included alkali sacaton
(Sporobolus airoides) and ear muhly (Muhlenbergia arenacea) in the
saltbush flats and mesa dropseed (Sporobolus flexuosus). sand dropseed
(S. cryptandrus) and blue grama (Bouteloua gracilis) in the marginal dunes.
Nine study plots were established during 12-19 May, 1996. Study
plots were positioned as far as possible from each other to insure
independence of small mammal communities (mean > 1500 m). Each plot
was a rectangle measuring 190 x 100-m. Within each plot, seven 190-m
trap-lines were established. Each trap-line contained 20 trap-stations.
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Vegetative structure and composition from two adjoining habitats may
gradually blend together, resulting in no abrupt change, and measurement
of the edge width at this interface can be subjective (Yahner 1988).
Therefore, the center trap-line was placed directly on the edge which was
defined as the area where the sand of the marginal dunes met the soil of the
saltbush flats. This trap-line was established first and the remaining traplines were placed at distances of 10-, 30-, and 50-m from the edge trap-line
in both habitats. These trap-lines were placed parallel to the edge trap-line
and mimicked the contour which the edge trap-line followed.

Edge Effect
Study plots were sampled in a random order during 22 May-9 June,
1996 for the edge effect portion of the study. The edge, 10-, and 50-m traplines were sampled for five consecutive nights each with 7.7 x 7.7 x 23 cm
Sherman folding, aluminum live-traps baited with quick oats. Two traps
were placed at each of the 20 trap-stations yielding a total of 40 traps per
trap-line. No sampling was conducted two nights prior to and after the full
moon. Animals were marked with either individually numbered ear-tags
(kangaroo rats and Muridae) or individual permanent ink color codes
(pocket mice and ground squirrels).
The total number of first captures of each species was used to
determine the relative abundance of each species on each trap-line. Firstcapture per line data were rank transformed without regard to block (Hora
and Conover 1984) and analyzed with a one-way analysis of variance
(ANOVA) with study sites as blocks to determine if differences in relative
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abundance were present between trap-lines. First-capture data were used
because it was a more conservative measure than multiple captures and it
has a minimum of trapping bias potential when compared to multiple trapnights. A species richness value (i.e., total number of species caught) was
tabulated for each trap-line on each study plot and was analyzed with a oneway ANOVA. Analyses were conducted with Statistix (Analytical Software
1991). Untransformed data are presented for clarity where applicable.

Movement
Sampling occurred during 13 June-15 July, 1996. The 10 and 30-m
trap-lines in both habitats were the only trap-lines used in this portion of the
study. Consequently, this configuration provided equal distances (i.e., 20 m)
between trap-lines within and between both habitats in which individual
rodents were able to move. Thus, three levels of a single treatment were
employed. The first level was defined as movement between trap-lines
within the saltbush flat habitat, the second level was defined as movement
between trap-lines within the marginal dune habitat, and the third level was
defined as movement between habitats. Movement was assessed by
tracking individual rodent movements by live-trapping throughout the course
of this sampling period. Sequential captures of animals between trap-lines
within one of the two habitats were compared to the number of movements
(see treatment level definitions) between habitats and to the other habitat.
Movements across multiple rows required crossing of habitat; therefore they
were counted as movements between habitats. This design assumes equal
population sizes of small mammal species within each habitat.
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Two traps were placed at each trap-station yielding a total of 40 traps
per trap-line. Traps were heavily baited with quick oats to minimize
incidental kills from nutritional and/or exposure stress. Again, no sampling
was conducted two nights prior to and after the full moon. Animals were
marked with the same methods as previously described.
Plots were sampled for a total of ten nights with Sherman live-traps.
The sampling period was separated into five nights of trapping, two nights
without trapping, and then an additional five nights of trapping. The
cessation of trapping was used to reduce consecutive-night captures of traphappy animals, to facilitate movements by discouraging trap-happy animals
from returning to the same trap-site or from foraging in the same general
area, and to reduce incidental kills.
The total number of movements by each species between trap-lines
was used to determine if movement differed within and between habitats.
Movement data between and within habitats was analyzed with the same
methods as the relative abundance data to determine if differences in small
mammal movements within and between habitats were present. Analyses
were conducted with Statistix (Analytical Software 1991). Raw means are
presented for clarity. Relative abundance (minimum number alive) within
the two trap-lines in each habitat was assessed and analyzed with Wilcoxon
Signed Rank Test. Analyses were conducted with SYSTAT.

Vegetation and Soil
To determine if cover provided by plant species varied among the five
trap-lines used in the edge effect portion of this study, one randomly placed,
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50-m transect was sampled on each trap-line using the line-intercept
method (Canfield 1941). This method estimates cover, and cover provides
significantly more precise information than density about the actual structure
of vegetation (Gysel and Lyon 1980), and has been considered to be of
more ecological significance (Daubenmire 1968). Additionally, plant
species richness was tabulated on each trap-line. Data from this portion of
the vegetation work was analyzed with a one-way ANOVA. Analyses were
conducted with Statistix (Analytical Software 1991).
To describe the width of the edge between the habitats, ten, 110-m
randomly located transects were sampled perpendicular to the edge trapline of each study plot using the line-intercept technique (Canfield 1941).
Each transect consisted of 11, 10-m sections; the middle (50-60-m) section
bisected the edge trap-line. Ten habitat attributes, including canopy cover of
common plant species and soil texture category (loam, intermediate {sandy
loam to loamy sand}, or sand) were measured (Appendix B). Discriminant
analysis was used on these data to describe the width of the edge on the
study plots using SPSS for windows (Norusis 1993).

Results
Edge Effect
In 9,000 trap nights during 22 May-9 June, 1996, 222 captures were
recorded for small mammals. Captures were sufficient for statistical analysis
of Dipodomvs ordii (n=81), Dipodomvs merriami (n=58), Chaetodipus
penicillatus (n=24), Peroonathus flavus (n=15). and Spermophilus
spilosoma (n=27). Captures of Peroanathus flavescens (n=6).
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Reithrodontomys megalotis (n=4), Peromyscus maniculatus (n=4), £.
leucopus (n=1). Onvchomys arenicola (n=1). and Neotoma micropus (n=1)
were too few to analyze statistically. Additionally, one individual P.
flavescens was the sub-species apachii.
Habitat effects were detected for first captures of Chaetodipus
penicillatus. which were caught more frequently on the 50-m dune trap-line
(P=0.008, Table 3.1; Figure 3.2). Dipodomys ordii tended to be captured
less frequently on the 10-m saltbush trap-line (P=0.053, Table 3.1; Figure
3.2). Other species were not affected by habitat or distance from the edge.
Habitat effects on small mammal species richness were detected
(P=0.011, Table 3.2; Figure 3.3). The two trap-lines displaying the highest
species richness were the 50-m dune and 10-m saltbush. The edge trapline ranked third.

Movement
In 14,400 trap-nights during 13 June-15 July, 1996, 705 captures of
small mammals were recorded. Analyses are presented for movements of
D. ordii (n=55), D. merriami (n=35), C. penicillatus (n=26), P. flavus (n=23),
P. flavescens (n=8), and S. spilosoma (n=27). Additionally, P. maniculatus
(n=2), Peromyscus eremicus (n=1), and Mus musculus (n=1) were captured
but no movements were recorded for these species. Hence, the latter group
of data were not analyzed statistically. Additionally, three of the P.
flavescens individuals were the sub-species apachii.
Movements within habitats were not different from movements
between habitats. Differential movement effects were detected for D. ordii
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(P=0.051) and C. penicillatus (P=0.041) which moved more frequently in the
marginal dune habitat, and P. flavus (P=0.048) and S. spilosoma (P=0.005)
which moved more frequently in the saltbush flat habitat, when each habitat
type was compared to the other (Table 3.3; Figure 3.4). However, S.
spilosoma (P=0.007) and C. penicillatus (P=0.021) were captured in greater
abundance within the habitats in which their movements were greater.
Therefore, the movement differences shown by these species may be due to
their different population sizes in the two habitats. Perognathus flavus and
D. ordii were the only species that had similar population sizes in both
habitats and showed differential movements when comparing the two
habitats. Movements of other species were not affected by habitat type.

Vegetation and Soil
In 2,205 m of line transect, fourteen common plant species were
recorded in the 50-m line transect portion of the vegetation work. Canopy
cover was sufficient for statistical analysis of four shrubs, six grasses, and
four sub-shrubs/miscellaneous species. Additionally, other species were
encountered on a single line transect. Hence, the latter group of data were
not analyzed statistically.
Three dominant shrubs (Poliomintha incana. Ephedra torreyana. and
Atriplex canescens) were encountered in the 50-m line transect portion of
the vegetation work. However, only two shrub species yielded differences in
the line transect vegetation analysis. Poliomintha incana canopy cover was
greater (P=0.000, Table 3.4; Figure 3.5) on both dune trap-lines when
compared to the other three trap-lines. Atriplex canescens canopy cover
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tended to be greater (P=0.072, Table 3.4, Figure 3.5) in the saltbush flat and
edge areas of the study plots. No shrub species yielded different canopy
covers in pair-wise comparisons of the two trap-lines within each habitat
type indicating that each habitat was relatively homogenous in terms of
shrub canopy cover. Additionally, total shrub canopy cover did not differ
(E=0.112) between the trap-lines.
Grass canopy cover varied between habltats and trap-lines. Canopy
cover of Sporobolus airoides was greatest (P=0.000, Table 3.4; Figure 3.6)
on the 50-m saltbush trap-line. Bouteloua gracilis canopy cover was highest
(P=0.001, Table 3.4; Figure 3.6) on the 50-m dune trap-line and differed from
all other trap-lines. Canopy cover provided by Muhlenbergia arenacea was
greater (P=0.000, Table 3.4; Figure 3.6) on both saltbush trap-lines when
compared to the other three trap-lines. Sporobolus flexuosus canopy cover
was greatest (P=0.000, Table 3.4; Figure 3.6) on the 10-m dune and edge
trap-lines. However, the two dune trap-lines differed in a pair-wise
comparison (P<0.05). Canopy cover from Sporobolus cryptandrus was
greatest (P=0.001, Table 3.4; Figure 3.6) on the edge and dune trap-llnes.
Three grass species yielded different canopy covers in pair-wise
comparisons of the two trap-lines within each habitat type. However, total
grass canopy cover did not differ (P=0.188) between the trap-lines.
Four species classified as sub-shrub and miscellaneous species
were encountered during the 50-m line transect portion of the vegetation
work. However, only one species of this classification yielded different
canopy covers between the trap-lines. Yucca elata canopy cover was
greatest (P=0.006, Table 3.4; Figure 3.7) on the two dune trap-lines.
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Plant species richness was different between the trap-lines (P=0.002,
Table 2.5; Figure 3.8). The three trap-lines displaying the highest plant
species richness were the edge and both dune trap-lines. These three traplines were different from the two saltbush trap-lines and were not different
from each other.
Discriminant analysis qualitatively described the edge on the study
plots. Major changes in actual group membership occurred on and near the
middle intervals (the designated habitat edge) of the vegetation transects.
Occasionally, predicted group membership had similar attributes when
comparing the middle and outer dune intervals. The outermost four intervals
in the saltbush portion of the study plots were quite similar (Table 3.6, Figure
3.9). Therefore, it appears that this edge is relatively narrow.

Discussion
Edge Effect
Although edge effect has long been thought to be a strong force
effecting animal communlties, the hypothesized edge effect was not
revealed. No species were dependent upon the interspersion of the two
plant communities. Several possible explanations are offered for this. First,
although vegetative communities differ between the two habitats, the
vegetative life forms did not change in a drastic way. For example, a drastic
vegetative life form change can be found at the edges between a shrubland
or forest habitat and a grassland habitat. There were no differences in total
grass and total shrub canopy cover between the trap-lines in the two
habitats used in this study (Table 3.4). Adjacent vegetation with a high
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contrast of structure and species composition may result in a greater degree
of edge effect (Morrison et al. 1992). This type of life form change could
increase access to multiple resources at the habitat boundary by providing
more cover and food types. Therefore, mammalian communities that exhibit
edge effects in terms of abundance and diversity may be more prominent at
edges between highly contrasting vegetative communities.
Second, although the vegetation found on the marginal dunes slows
the movement of the dunes (Southwest Parks and Monuments Association
1994a) they are still slightly unstable. Therefore, although an inherent edge,
the border between the marginal dune and saltbush flat habitats may form a
slightly unstable edge. For example, occasional avalanches were observed
along the dune's perimeter. This may change the structure of this edge in
small localized areas. Thus, animals within both habitats (especially the
dune habitat) may not recognize this boundary as an edge. Instead, it may
be recognized as a limited extension (or decrease) of their habitat for some
species because the sand of the marginal dunes can cover the substrate of
the saltbush flats near the edge after an avalanche. The small mammal
species richness data give some support to this idea. The 50-m dune and
10-m saltbush trap-lines yielded the highest small mammal species richness
(Table 3.2). If a typical edge effect was present, the edge trap-line should
have yielded the highest species richness. Therefore, the "edge" that the
small mammals recognized on the study plots may have been wider than
what was initially thought. Further, the less stable portions of the study plots
(i.e., areas near the edge) may suffer from disturbance more often and
therefore, a lower abundance of shrubs and grasses may be present in
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these areas. For example, the edge and 10-m marginal dune trap-lines
yielded the lowest total grass canopy cover and the edge trap-line yielded
the lowest total shrub canopy cover. This may have affected productivity
(Jorgensen 1996) which is known to affect diversity (Abramsky 1978).
Additionally, characteristics of vegetation have been thought to influence
patterns of the distribution and abundance of some rodent species
(Rosenzweig and Winakur 1969). Therefore, these areas may be less
desirable habitat patches for some small mammal species because locally
they may produce a less structurally diverse habitat and provide less cover
to escape predation.
Theoretically, the lack of a traditional edge effect (at least in terms of
species richness) on the plots possibly could be attributed to a slight
modification of Connell's (1978) intermediate disturbance hypothesis.
Connell's hypothesis proposes that the highest level of diversity is
maintained at intermediate levels of disturbance (Begon et al. 1990). It is
modified herein to be applied to severity of disturbance across different
patch types. Although experiments were not conducted to test this
hypothesis, observations of study plots indicate that the 50-m dune and 10m saltbush trap-lines receive intermediate levels of disturbance (when
compared to the other trap-lines) through wind and the limited influence of
avalanches which can occur along the edge of the dune field, respectively.
The edge and 10-m dune trap-lines seemed to receive the most severe
disturbances on the study plots. This can be attributed to the large potential
influence of avalanches disturbing the 10-m dune trap-line as they move
towards the edge of the two habitats; eventually burying portions of the edge
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trap-line. On the other end of the disturbance spectrum, the 50-m saltbush
trap-line seems to be quite stable and does not suffer from severe
disturbance. Species richness data on each trap-line tended to concur with
the predictions of the intermediate disturbance hypothesis with respect to
disturbance severity. First, the two trap-lines which were observed receiving
intermediate levels of disturbance severity held the highest species
richness. Second, the edge, 10-m dune (high severity disturbances), and
50-m saltbush (low severity disturbance) trap-lines proved to have similar
species richness when compared to each other and lower species richness
when compared to both of the aforementioned trap-lines which were
proposed to be under intermediate levels of disturbance. However, they
were different only from the 50-m dune trap-line (Table 3.2). Hence, various
levels of disturbance severity or possibly frequency may be a strong force
structuring the small mammal communities found at the edge of the White
Sands complex.
Dipodomys merriami previously has been documented as rare on
WSNM (Southwest Parks and Monuments Association 1994b). However, it
was the second most common species on the plots, although its dispersion
was patchy. Perognathus flavescens apachii is listed as common on WSNM
but only 4 individuals which had the apachii morphology were captured.
Also, an occasional Perognathus flavescens (normal morphology) was
encountered. This species is not listed on the WSNM checklist of mammals.
Perognathus flavus has been documented as being rare on WSNM, yet this
was, by far, the most commonly captured pocket mouse in the genus
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Perognathus. In general, all rodents of the family Muridae were rare on the
study plots making up less than one-percent of total captures.
Several possible explanations exist as to why the small mammal
relative abundance data in this study differs from that of WSNM. First,
although the same complex of dunes, the area sampled in this study was
several kilometers from the Monument. Second, all of the study plots were
on the eastern perimeter of the dune complex. The mammals on WSNM
may or may not have been sampled on the eastern perimeter of the
complex. This area, when compared to other aspects, can be quite different
in terms of vegetation and potential mammalian communities due to the
different natural processes and dune types which generally occur on this
edge (Houk and Collier 1994; Southwest Parks and Monuments Association
1994a). Third, study plots were sampled during spring and summer. The
sampling on WSNM may have occurred during a different season and
possibly under different climactic conditions. Fourth, abundant, common,
occasional, and rare (WSNM abundance classifications) are all relative
definitions of animal abundance. All of the aforementioned circumstances
have the potential to produce varying results of mammalian abundance.

Movement
Movement data revealed that the same species of small mammals
can move at different frequencies in different habitat types even when the
areas sampled within these habitats are only a short distance apart (i.e., 20
meters). The cause of this phenomenon may be resource availabllity and
distribution within each habitat. More specifically, it may be a combination of
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the aforementioned idea and a function of open space, cover, and predator
avoidance.
The two species (D. ordii and P. flavus) which showed differential
movements between the two habitats and had similar population sizes
within both habitats are both Heteromyide rodents. Some bipedal species,
specifically Dipodomys sp., generally are considered to utilize open
microhabitats (Reichman and Oberstein 1977; Hutto 1978; Kotler 1984).
Thompson (1982) captured two species of Dipodomys in the open at greater
rates than a species of Perognathus which was predominately captured in
the under shrubs, but found that all three species spent more time foraging
in shrub covered habitats. Dipodomys ordii. whlch moved at a greater
frequency in the marginal dune habitat, is a bipedal rodent. This species
can move large distances between patches of foraging habitat.
Perognathus flavus. however, does not have as great of a potential for
movements between foraging patches in the open because it is slower and
may be vulnerable to predators in this situation. The vegetation on the
marginal dunes was patchy; thereby leaving large patches of open sand
between foraging patches. However, the vegetation on the saltbush flats
was relatively homogenous and evenly distributed. Therefore, D. ordii may
have been forced to move at a greater frequency and P. flavus may have
been forced to stay in one localized area in the marginal dune habitat for
foraging purposes. The opposite situation may exist in the saltbush flat
habitat. The homogenous distribution of vegetation within this habltat may
have allowed P. flavus to move at a greater frequency while still avoiding
predation. Conversely, the vegetative structure, which formed foraging
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patches with even dispersion, may have enabled D. ordii to satiate itself in a
single foraging patch; thereby making its movements less frequent.
At least two species (D. ordii and P. flavus) showed a barrier to
movement when comparing movement within the two habitats surveyed in
this study. However, no differences were obsen/ed when within habitat
movement was compared to between habitat movement. Although this
study revealed no differences with respect to the latter, it is still an important
topic. Insular patches may require immigration of animal species to recover
after a natural or unnatural large-scale disturbance. Hence, if animals move
more frequently within than between habitats it may take an insular patch a
greater amount of time to recover after a disturbance than if this were not the
case. Information of this type could be valuable for metapopulation theory
and models. This subject merits further study especially in insular patches
where large-scale disturbance is possible.
As previously mentioned, three Perognathus flavescens with the
apachii morphology were captured during the movement portion of this
study. Surprisingly, two of the three individuals that were captured during
the movement portion of the study moved into the saltbush flat habitat for
multiple nights. This behavior would seem to select against these
individuals because their pelage is well-adapted to the White Sands
environment. The specialized cryptic pelage that has evolved in this mouse
would seem to have a negative effect on the sun/ival of individuals of this
species when on dark substrates such as the loam that is found on the
saltbush flat habitat. Perhaps, the population of this species is large enough
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to force some individuals into less desirable habitats. However, considering
only four individuals were captured, this is probably not the case.

Vegetation and Soil
Trap-line vegetative cover data yielded no significant differences
when comparing total shrub and total grass cover to the five levels of habitat
treatment. As previously mentioned, no change in life form between the
habitats may have had an impact on the edge effect results. Furthermore,
plant cover in combination with essential resources may be indicators of
productivity (Jorgensen 1996) which is known to effect diversity (Abramsky
1978). Additionally, the presence of critical plant species could be important
(Brown et al. 1972). For example, Brown et al. (1972) found a direct
relationship between woodrat (Neotoma sp.) and cholla (Opuntia sp.)
density. Therefore, specific plant species which were more prominent at
certain distances from the edge within each habitat may be responsible for
the habitat effects (or lack of) which were observed. Plant species richness
was different among select trap-lines. However, the edge trap-line did not
differ from the two marginal dune trap-lines. Therefore, the edge of these
two habitats did not support a greater richness of border vegetation when
compared to the marginal dune habitat.
Discriminant analysis helped to qualitatively describe the edge
inherent to the White Sands complex. Major changes occurred on and near
the area within the study plots which were defined as the edge trap-lines.
Additionally, predicted group membership was consistent with actual group
membership throughout most of both the marginal dune and saltbush flat
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habitats. Therefore, the edge between these two habitats, at least in terms of
vegetation and soil texture, appears to be relatively narrow.

Summary
Typical edge dynamics were not present at the edge of the White
Sands complex. Possible factors influencing this result include no drastic
vegetative life form change, the stability of the edge, and various levels of
disturbance severity or frequency. These factors may have functioned
together or independently producing the communities dynamics which were
observed.
Additionally, the concept of edge effect may only be applicable to
edge types that exhibit certain characteristics. For example, it is only
reasonable to assume that an edge will yield a greater animal species
rlchness if the edge has habitat characteristics which make it a more
desirable patch (i.e., higher productivity, higher plant species richness,
and/or higher structural diversity). The edge examined in this study yielded
the lowest shrub canopy cover and second lowest grass canopy cover.
Hence, it is reasonable to infer that this edge was no more productive than
the other areas sample. Additionally, plant species richness on the edge
was not different from the marginal dune habitat. Also, total grass and shrub
cover were not different between the trap-lines. This indicates that a greater
structural diversity may not be present at the edge. Therefore, this edge may
have no attributes which make it a more desirable patch.
Movements of D. ordii and P. flavus were slgnificantly greater in one
habitat when compared to the other habitat even though the population

43

sizes of these species did not differ between the habitats. Thus, it appears
that at least two species showed a barrier to movement with respect to the
two habitat types which were sampled. No species showed evidence of
intentionally avoiding movements across the habitat edge.
These finding raise several important points. First, effects of habitat
edge may be less pronounced than what might normally be expected due to
other environmental conditions and processes. Second, some species
move at greater frequencies within one of two adjacent habitat types. Third,
movements within and between habitats were similar for ail species. It has
long been recognized that the distribution and abundance of some small
mammal species are correlated with characteristics of vegetation and
substrate (Rosenzweig and Winakur 1969). These data give some support
to the aforementioned statement. However, community characteristics along
the edge of the White Sands complex seem to be dependent on a wide
variety of independent and interacting abiotic and biotic factors.
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Table 3.1. Rates of initial captures (number per 200 trap-nights) of small
mammals at the edge and at 10 and 50-m distances from the edge within
saltbush flat and marginal dune habitat and probability of equality
associated with the White Sands complex in south-central New Mexico
during 22 May-9 June, 1996 (4, 32 df).i
Saltbush

Dune

Species

50-m 10-m edge 10-m 50-m

Dipodomys ordii

0.4ab o.Ob 0.6^^ 0.6^

Dipodomys merriami
Chaetodipus penicillatus

0.9
0.1 ^

0.2

0.6

se

1.2^ 0.1543 0.053

0.1

0.7

0.1512 0.596

O.O^ 0.1 b

0.3^

0.7^ 0.0722 0.008

Perognathus flavus

0.3

0.1

0.0

0.0

0.4

0.0730 0.183

Spermophilus spilosoma

0.7

0.4

0.4

0.1

0.2

0.2523 0.711

^ Values accompanied by the same superscript are not significantly different (LSD test, P=0.05).
Superscripts are provided for select species with P>0.05 for reader interpretation of significance.

50

Table 3.2. Average mammalian richness at the edge and at 10 and 50-m
distances from the edge wlthin saltbush flat and marginal dune habitat and
probability of equality associated with the White Sands complex in southcentral New Mexico during 22 May-9 June, 1996 (4, 32 df).^
Saltbush

Richness

Dune

50-m

10-m

edge

10-m

50-m

P

1.555*^

2.395^^

1.667^

1.333^

3.111^

0.011

^ Values accompanied by the same superscript are not significantly different (LSD test, P=0.05).
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Table 3.3. Mean number of movements within and between saltbush flat
and marginal dune habitats and probability of equality associated with the
White Sands complex of south-central New Mexico during 13 June-15 July,
1996(2, 16df).i

Saltbush Between

Dune

se

û-l

Species
Dipodomys ordii

1.222»

1.899ab

2.899b

0.495

0.051

Dipodomys merriami

1.889

1.111

0.889

0.501

0.811

Chaetodipus penicillatus

0.222b

0.667ab

2.000a

0.309

0.041

Peroqnathus flavus

2.000a

0.444ab

O.Hlb

0.310

0.048

Perognathus flavescens

0.222

0.555

0.111

0.129

0.442

Spermophilus spilosoma

1.778»

0.251

0.005

Rodentia

7.333

0.922

0.996

1 .OOOab 0.222b
5.667

6.222

1Values accompanied by the same superscript are not significantly different (LSD test, P=0.05).

52

Table 3.4. Mean canopy cover provided by selected plant species at the
edge and at 10 and 50-m distances from the edge within saltbush flat and
marginal dune habitat and probability of equality associated with the White
Sands complex in south-central New Mexico between 6 June and 14 July,
1996(4, 32 df).""

Species

Sallbush
50-m
10-m

Edge

QíB
10-m
50-m

se

10.4703 7.867^

1.017

0.000

Shrubs
Poliomintha Incana

O.OOO^

O.OOO^

0.378^

Ephedra torrevana

6.400

5.333

4.156

3.756

2.644

0.484

0.151

Atriplex canescens

5.876

6.000

6.156

3.978

1.978

0.734

0.072

Lycium sp.

0.000

0.200

0.355

0.556

0.422

0.126

0.581

Totalshrub

12.270

11.530

11.040

18.760

12.960 0.942

0.112

4.400^

0.711^»

0.200^

O.OOO^

O.OOO^ 0.452

0.000

On/zoDSÍs hymenoldes

0.000

0.000

0.044

0.178

0.289

0.055

0.348

Bouteloua aracllis

O.OOO^

0.289^

0.267^

0.289^

3.289^

0.388

0.001

Muhlenberola arenacea

5.556^

4.844^

2.022^

0.356^

0.667^

.504

0.000

Sporobolus flexuosus

0.000^

0.200^

1.733^^

3.178^

1.422^ 0.262

0.000

Sporobolus crvptandrus

0.000^

0.489^0

l.31iab

1.3788

1.022^ 0.185

0.001

9.956

6.533

5.578

5.378

6.689

0.639

0.188

Bacchans eteroQQÍdes

0.244

0.244

0.000

0.000

0.067

0.045

0.144

Echinocereus sp.

0.067

0.000

0.000

0.000

0.000

0.013

0.422

CoidM ÍahiseÍdjSM îa

1.333

2.622

4.178

1.222

2.289

0.429

0.129

Grasses
Sporobolus alroides

Totalgrass
Other

Yucca elata
O.OOO^ 0.156^ 0.756ab 2.822^0 1.289^ 0.316 0.007
1 Values accompanied by the same superscript are not significantly different (LSD test, P=0.05).
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Table 3.5. Average plant species richness at the edge and at 10 and 50-m
distances from the edge within saltbush flat and marginal dune habitat and
probability of equality associated with the White Sands complex in southcentral New Mexico during 6 June-24 July, 1996 (4, 32 df).^
Saltbush

Richness

Dune

50-m

10-m

edge

10-m

50-m

P

4.888^

5.111^

6.777^

6.666^

7.111^

0.002

^ Values accompanied by the same superscript are not significantly different (LSD test, P=0.05).
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Table 3.6. Percentage of predicted group membership versus actual group
membership obtained form discriminant analysis of canopy cover provided
by select plant species and ground cover of soil types associated with the
White Sands complex of south-central New Mexico, 1996.
Actual
Q'^Q^P
1

"""^
Predicted Group Membership
2

3

4

5

6

7

8

9

10

11

1

34.4

10.0

20.0

35.6

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2

20.0

14.4

30.0

35.6

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3

12.2

8.90

32.2

46.7

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4

13.3

8.90

21.1

54.4

2.20

0.00

0.00

0.00

0.00

0.00

0.00

5

3.30

4.40

16.7 42.2

28.9

3.30

0.00

0.00

0.00

0.00

0.00

6

0.00

0.00

0.00

0.00

10.0 44.4

7.80

2.20

0.00

16.7

18.9

7

0.00

0.00

0.00

0.00

0.00

0.00

45.6

26.7

11.1

7.80

8.90

8

0.00

0.00

0.00

0.00

0.00

0.00

21.1

56.7

16.7

0.00

5.60

9

0.00

0.00

0.00

0.00

0.00

0.00

15.6 37.8

22.2

6.70

17.8

10 0.00

0.00

0.00

0.00

0.00

5.60

22.2 21.1

16.7

5.60

28.9

11 0.00

0.00

0.00

0.00

0.00

0.00

18.9

17.8

5.60

40.0
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CM

MONTH
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YEAR I

Expected
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1995

1994
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Figure 3.1. Precipitation recorded at White Sands National Monument, New
Mexico. Data shown represent measured and expected (normal) monthly
precipitation from January 1994 to August 1996.
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Figure 3.2. Rates of initial captures (individuals per 200 trap-nights) of small
mammals at five distances (50-S, 10-S, Edge, 10-D, 50-D) (D = dune, S =
saltbush, and numbers = distance in meters from the edge) associated with
the Whitê Sands complex in south-central New Mexico, 1996.
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Edge, 10-D, 50-D) (D = dune, S = saltbush, and numbers = distance in
meters frorrí the edge) associated with the White Sands complex in southcentral New Mexico, 1996.
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Figure 3.5. Mean cover (measured in meters) provided by shrub species at
five distances (50-S, 10-S, Edge, 10-D, 50-D) (D = dune, S = saltbush, and
numbers = distance in meters from the edge) associated with the White
Sands complex in the south-central New Mexico, 1996.
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Figure 3.6. Mean cover (measured in meters) provided by grass species at
five distances (50-S, 10-S, Edge, 10-D, 50-D) (D = dune, S = saltbush, and
numbers = distance in meters from the edge) associated with the White
Sands complex in south-central New Mexico, 1996.
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Figure 3.6. Continued.
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Figure 3.7. Mean cover (measured in meters) provided by sub-shrubs and
miscellaneous species at five distances (50-S, 10-S, Edge, 10-D, 50-D) (D
dune, S = saltbush, and numbers = distance in meters from the edge)
associated with the White Sands complex in south-central New Mexico,
1996.
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Figure 3.8. Richness values of plants at five distances (50-S, 10-S, Edge,
10-D, 50-D) (D = dune, S = saltbush, and numbers = distance in meters from
the e'dge) associated with the White Sands complex in south-central New
Mexico, 1996.
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Figure 3.9. Re-substituted conditional classification rates for vegetation and
soil patches spaced at 10-m intervals from the edge associated with the
White Sands complex in south-central New Mexico, 1996. Major changes
occur at the edge.
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APPENDIXA
KEY TO THE SMALL MAMMAL SPECIES OF THE TULAROSA
BASIN AS APPLIED TO THESE STUDIES
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Key to the small mammal species of the Tularosa Basin as applied to these
studies. This key is modified from one developed by Jorgensen, E. E., 1996,
Small mammal and herpetofauna communities and habitat associations in
foothills of the Chihuahuan Desert. Ph.D. dissertation, Texas Tech
University, Lubbock which includes data modified from Hall, E. R., 1981, The
mammals of North America. Second ed. John Wiley, New York, NY, and
Hall, E. R. and K. Kelson, 1959, The mammals of North America. Ronald Pr.,
New York, NY.
Family Heteromyidae
Genus Dipodomys
1.

Large (>70 grams), last 2 cm of tail white

1.

Small (<70 grams)

Dipodomys spectabilis
2

2.
2.

5 toes on hind foot
4 toes on hind foot

Dipodomys ordii
Dipodomys merriami

Genus Perognathus
1.

Tail >57 cm (white or brown morphology). . . .Perognathus flavescens

1.

Tail <57 cm

Perognathus flavus

Genus Chaetodipus
1.

Large (>25 grams)

Chaetodipus hispidus

1.
2.

Small (<25 grams)
Guard hairs (spines) stout and straight

2
Chaetodipus intermedius

2.

Guard hairs fine and cun/ed up at ends

Chaetodipus penicillatus

Family Muridae
Genus Onychomys
1

Small (usually <25 grams), dirty brown, 2 x tail length = head and
body length
Onychomys arenicola

1

Large (usually > 25 grams), buffy brown, 2 x tail length < head and
body length
Onychomys leucogaster
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Genus Peromyscus
1.
Tail > 80 mm
1.
Tail < 80 mm

2
3

2.

Tail scaly, pelage with orange blaze on side when mature gray when
immature, face gray and pointed
Peromyscus eremicus

2.

Tail less scaly, pelage dirty brown

3.

Ears with white patches at base of pinna, pinna pigment dark, pinna
finely lined with fine hair
Peromvscus maniculatus

3.

Mouse dirty brown, pinna lacking fine hairs . . . .Peromyscus leucopus

Peromyscus leucopus

Genus Neotoma
1.
2.

Dirty brown pelage
Gray pelage

Neotoma albigula
Neotoma micropus

Genus Reithrodontomys
1.

Reithrodontomvs megalotis

Genus Sigmodon
1.

Sigmodon hispidus

Genus Mus
1.

Mus musculus

Family Sciuridae
Genus Spermophilus
1.

Spermophilus spilosoma
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APPENDIX B
PARTICLE SIZE ANALYSIS OF SOIL TYPE ASSOCIATED WITH
THE WHITE SANDS COMPLEX AND BORDERING SALTBUSH
FLATS IN SOUTH-CENTRAL NEW MEXICO, 1996
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Table B.1. Particle size analysis of soil types associated with the White
Sands complex and bordering saltbush flats in south-central New Mexico,
1996.
Classification

Location

Loam

% Silt

%Clay

Soil Texture

Saltbush flats 50

40

10

Loam

Intermediate

Edge

70

24

6

Sandy Loam

Intermediate

Inter-dune
swales
Dune

72

20

8

Loamy Sand

90

6

4

Sand

Sand

% Sand
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