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Abstract This study determined habitat characteristics related to the presence of species
of rodents and possible associations between pairs of these species that may affect their
distribution. The study was conducted in the southern half of the Baja California Peninsula,
Mexico. We used an environmentally constrained null model with 200 data sites that were
sampled from 1999 to 2004 and measurements of different environmental factors obtained
from electronic maps, meteorological stations, and measurements in the field. Although
most of the isolated factors were not adequate for distinguishing between sites (rodents’
habitat), the combination of all the factors gave an acceptable explanation for the presence
of rodent species. The low selectivity of the species for the variables used in the model
could be related to the selection of variables that were not appropriate for all species and
because an artifact of scale of several variables was employed in the analysis. The per-
centage of rock cover and vegetation types was most closely related to habitat preference
for most species. The possible associations between pairs of these species shown by the
null model, the negative interaction between two pairs of species (Peromyscus eva vs. P.
fraterculus and Chaetodipus spinatus vs. C. fallax) have probably affected the distribution
of these rodents.

Keywords Baja California Sur - Distribution - Habitat relationships -
Habitat model - Null model - Rodents - Species occurrence

Introduction

The presence of species in an area is influenced by the interplay of physical and biotic
factors to varying degrees, as well as by historical factors (Anderson et al. 2002;
MacArthur 1984; Soberén and Peterson 2005). In the study of species—habitat relation-
ships, the habitat is usually characterized in terms of physical and biotic factors,
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including habitat features that may be relevant to a species at different scales (Mackey
and Lindernmayer 2001). There is good evidence that both small-scale and landscape-
scale characteristics of the habitat are significant predictors of the presence of vertebrate
species (Storch 2002).

In rodents, as in other mammalian species, ecological aspects have become an
essential concern for their conservation and importance to their ecosystems (Maccracken
et al. 1984). Information about habitat requirements is essential to understand threats to
species survival (Schlossberg 2006). This information is also very important in making
predictions about species distributions (Martinez-Meyer 2005; Martinez-Meyer et al.
2004).

The State of Baja California Sur has 15 species of rodents among four families: Sci-
uridae (3), Geomyidae (1), Heteromyidae (6), and Muridae (5). Available information for
many of these species does not include habitat preferences and distribution patterns within
the state. The only study that included Baja California Sur and dealt with the relationship
of small mammals (at subspecies level) with environmental variables is the work of Illoldi
et al. (2002), who found that topography, precipitation, and vegetation cover were the best
variables to determine the distribution of terrestrial mammals in the area surrounding the
Gulf of California.

One of the tools for analyzing distribution patterns has been null models (Beissinger
et al. 1996; Peres-Neto et al. 2001). These models are widely used in ecology and bio-
geography (Gotelli 2001) to evaluate the relationship among different species using
different types of algorithms (Gotelli 2000, 2001; Gotelli and Entsminger 2003). The
environmentally constrained null model is a type of null model that takes into account
habitat characteristics in the analysis of associations of paired species. This allows dis-
tinctions among possible true interactions between species of either similarities or
differences in environmental requirements of species (Beissinger et al. 1996; Peres-Neto
et al. 2001).

In this study, we analyzed the distributional patterns of 13 species of rodents in the State
of Baja California Sur. We used an environmentally constrained null model with 200
occurrence data points and recorded different environmental factors. Our objective was to
determine habitat preferences of rodents by identifying characteristics of the habitats that
are more related to the presence or absence of the rodents, as well as by detecting inter-
actions between species that could have an effect on their distribution.

Materials and methods

We used 200 data points based on records of specimens from the State of Baja California
Sur of the order Rodentia, whose range is in the southern half of the Baja California
Peninsula. The specimen records were obtained from the database of the mammal col-
lection at Centro de Investigaciones Bioldgicas del Noroeste (CIB); 79 of the data points
were surveyed between 1992 and 2003, and the remaining (121) were surveyed in 2004,
specifically for this study. To avoid spatial autocorrelation (Guisan and Zimmermann
2000) that could cause the model to yield misunderstandings of the ecological require-
ments of the species (Martinez-Meyer 2005), we used data points that had minimal
distance intervals of 10 km.

Rodents of the Heteromyidae, Muridae, and Sciuridae families were collected using 2—6
transects containing 40 Sherman live-traps baited with rolled oats (Wilson et al. 1996).
Gophers (Geomyidae) were captured with gopher traps. During the sampling in 2004, we
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also collected information about the presence of squirrels in the localities by direct
observation and, in the case of gophers, by the presence of monticules in the entrance of
their burrows. When a species was not captured or observed in a locality, it was taken as an
“absence”. Representative rodents from some of the localities were collected for accurate
identification (Animal Care and Use Committee 1998), and were deposited in the mammal
collection of CIB. For the nomenclature of species, we followed Alvarez-Castafieda and
Patton (1999), Riddle et al. (2000), and Patton et al. (2007).

For each location, different types of environmental variables were recorded. Average
annual precipitation (%), average annual temperature (°C), soil permeability, soil texture,
soil type, and vegetation type were recorded from electronic maps (1:1000000 scale,
CONABIO of Mexico). The slope derivative was taken from a digital elevation model
created with topographical electronic maps (scale 1:50000) from Instituto Nacional de
Estadistica y Geografia (INEGI). Distances from agricultural areas, altitude, and per-
centage of rock cover were measured in the field (see Appendix).

In the case of vegetation types that were obtained for each point, one of the following
eight classes were assigned: xerophytic scrub, halophytic scrub, halophytic vegetation,
sandy desert, coastal dune vegetation, mangrove, deciduous forest (oak and pine-oak
forest); for the analysis, each class was taken into account as a different variable using 1 to
indicate the presence of a type and O to indicate its absence (Appendix), which is com-
monly known as “dummy variables,” the same was done with the variable of soil type,
where 1 was used to indicate presence of a type of soil and O for its absence.

For the analysis, we also used information from WorldClim climate layers (bioclimatic
variables) with a resolution of approximately 1 km (Hijmans et al. 2005) and temperature
and precipitation data obtained directly from 115 meteorological stations in Baja California
Sur. To choose which bioclimatic variables would be used in the analysis related to
autocorrelation between the variables, we performed a principal component analysis (PCA)
to extract variables that explain more variability between sites. From these, we retained
significant variables based on the correlation matrices that we generated and divided them
into categories of temperature and precipitation. At the end of the analysis, we also added
some variables that, although they were not significant in the PCA, were minimally cor-
related with all the bioclimatic variables.

The information from meteorological stations was obtained through the Comision
Nacional del Agua (CNA). We used temperature and precipitation records from 1950 to
2005, and split the data in two seasons: spring—summer and fall-winter. In the case of
precipitation data, these were log transformed (x = (log + 1)) to be normalized. The
temperature and precipitation data for each site was interpolated using the ANUSPLIN
program developed at the University of Australia (Chapman et al. 2005).

With the species and environmental variable data, we constructed three matrices (A, B,
and C), where the sites are represented in rows; the environmental variables in columns,
and the species presence with 1 (present) and O (absent). The differences in the three
matrices were in the climatic variables: in matrix A, we used average annual temperature
(°C) and total annual precipitation (%) obtained from electronic maps. In the B matrix,
bioclimatic variables were: BIO_1 = annual mean temperature, BIO_4 = temperature
seasonality (standard deviation), BIO_5 = max temperature of the warmest month,
BIO_8 = mean temperature of the wettest quarter, BIO_12 = annual precipitation,
BIO_14 = precipitation of the driest month, and BIO_15 = precipitation seasonality
(coefficient of variation). In the C matrix, temperature (fall-winter), temperature (spring—
summer), precipitation (fall-winter), and precipitation (spring—summer) were obtained
from the meteorological stations.
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Statistical analysis

We performed analysis of the species three times, following the protocol described by
Peres-Neto et al. (2001) using the matrices A, B, and C each time.

For the first part of the analysis, we constructed a species—habitat single model for each
species, using discriminant function analysis to distinguish between ‘used’ and ‘unused’
sites (Verner et al. 1986). In this part, we employed the presence—absence data for each
species and the environmental variables. From this analysis, we obtained the Wilks’
lambda that determines the discriminatory power of the model after each respective var-
iable was included; the partial Wilks’ lambda test that shows the unique contribution of the
respective variable to discriminate between the sites where the species were present or
absent; posterior probabilities that indicate the probability of a species presence at a site;
and tolerance that shows redundancy of the factor in relation to other factors, where ‘1—
tolerance’ is equivalent to the ‘R* of the variable.

The agreement between observed and predicted values (posterior probabilities) that
were obtained with the discriminant function analysis was assessed with Cohen’s Kappa
statistics (Titus and Wagner 1984). Kappa values give an indication of the quality of the
model fitness, where< 0.20 = poor, 0.21-0.40 = weak, 0.41-0.60 = moderate, 0.61—
0.80 = good, and 0.81-1.00 = very good.

In the second part of the analysis, we used the environmentally constrained null
program (Peres-Neto et al. 2001) to obtain the possible interactions among species. We
initially used the Ct-RA1 algorithm, using presence and absence of the species at each
site and the posterior probabilities obtained in the discriminant function analysis. In
second run of the program, we used the Ct-RA2 algorithm, which can be applied in
models constructed with the discriminant function analysis that result in poor predictions
(Peres-Neto et al. 2001). Both protocols maintained fixed species frequencies. The
program measures the possible association between species with three indices: the C-
score that measures the possible negative associations, counting the sites where species A
is present and species B is absent; and the 7 and S scores that measure the possible
positive associations, where the 7-score counts the sites where species A and B are
jointly present or absent, and the S-score measures the number of sites shared by species
A and B (Peres-Neto et al. 2001).

For this analysis, we used 1999 random permutations, reporting the associations with
P < 0.05. To determine habitat-species affinities, we used PCA with the posterior prob-
abilities of the species (Peres-Neto et al. 2001). Statistica v. 6.0 was used to perform the
discriminant function analysis and PCA.

Results

By the end of the analysis, we could only provide results for 13 rodent species because (1)
data on the California chipmunk (Neotamias obscurus meridionalis) that inhabits Baja
California Sur is restricted to a very specific habitat covering a few square kilometers in the
Sierra de San Francisco in the northeastern part of the State (Alvarez-Castafieda, field obs.)
and (2) analyses from the matrices on the woodrat (Neotoma bryanti, sensus Patton et al.
2007) were not significant.

At the scale we used, rodents did not show selectivity for a particular type of soil and
there were no differences between the sites where the species was present or absent. For
this reason, this factor was excluded from the analysis.
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Species that were found in a higher number of localities were: white-tailed antelope
squirrel (Ammospermophilus leucurus), Merriam’s kangaroo rat (Dipodomys merriami),
Baja pocket mouse (C. rudinoris), and little desert pocket mouse (C. arenarius). Species at
a higher percentage of sites that were correctly classified (sites predicted as present/absent)
in all the analyses were: pinyon mouse (P. truei), Baja California rock squirrel (Spermo-
philus atricapillus), and San Diego pocket mouse (C. fallax), as shown in Table 1.

Of the species—habitat single models for each species constructed using different
matrices, in general for most of the species, matrix B gave better results, although the
differences using the other matrices were not really significant (see Wilks’ lambda in
Table 2). This result was confirmed with the Cohen’s kappa test, where the agreement of
observed and predicted values (posterior probabilities) was slightly different in each
analysis with variations between ‘weak’ and ‘good’ for most of the species (Table 2).

From the discriminant function analysis, we can see that almost all variables alone had a
low discriminatory power (partial lambda) in distinguishing between the sites where rodent
species are present from those where the species are absent, but they were more useful in
combination with the other variables (Wilks’ lambda). Between the environmental vari-
ables employed, in general, vegetation type and percentage of rock cover were the
variables more related to the distribution of several species (Table 3). Of the environ-
mental variables that were significant in the distinction between the ‘used’ and ‘unused’
sites, in some cases it was easy to establish if the variable had a negative or positive
effect (association) on the presence of the species, as with vegetation types (Table 3).

Table 1 Results of discriminant function analysis

Species %SP* Total %CC* %CCP" %CCA°

A B C A B C A B C

Ammospermophilus 64.00 79.50 82.00 78.00 87.50 88.28 86.72 6528 70.83 62.50

leucurus

Spermophilus 4.00 98.00 98.50 9850 75.00 62.50 62.50 98.96 100.00 100.00
atricapillus

Thomomys bottae 14.00 87.50 87.00 87.50 42.86 39.29 39.29 9477 94.77 95.35

Chaetodipus arenarius 34.50 82.50 82.50 84.00 79.71 76.81 84.06 8397 8550 83.97

Chaetodipus fallax 850 94.00 96.50 97.00 58.82 8235 88.24 97.27 97.81 97.81

Chaetodipus rudinoris 40.00 75.00 78.00 77.00 63.75 7250 68.75 8250 81.67 82.50
Chaetodipus spinatus ~ 29.50 91.00 91.50 91.50 89.83 89.83 91.53 91.49 9220 91.49
Dipodomys merriami ~ 41.50 84.00 8550 84.00 90.36 92.77 91.57 7949 80.34 78.63
Dipodomys simulans ~ 19.50 82.00 84.00 86.00 33.33 3590 41.03 93.79 95.65 96.89

Peromyscus eva 25.00 79.50 80.50 77.50 46.00 46.00 42.00 90.67 92.00 89.33

Peromyscus 9.00 9350 9450 93.00 5556 61.11 5556 97.25 97.80 96.70
fraterculus

Peromyscus 26.00 81.50 81.00 84.00 46.15 48.08 57.69 9392 9257 9324
maniculatus

Peromyscus truei 3.50 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

? Total percentages of correctly classified sites
® Percentage of correctly classified sites where a species was present
¢ Percentage of correctly classified sites where a species was absent

4 Percentages of sites where a species was present
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Table 2 Results of the models produced with discriminant function analysis and Cohen’s kappa statistics

Species Wilks’ lambda P-level Kappa
A B C A B C

A. leucurus 0.60 0.57 0.60 0.00 0.54 0.60 0.51
S. atricapillus 0.76 0.74 0.70 0.00 0.74 0.76 0.76
T. bottae 0.78 0.76 0.75 0.00 0.42 0.39 0.40
C. arenarius 0.52 0.49 0.51 0.00 0.62 0.62 0.66
C. fallax 0.68 0.62 0.50 0.00 0.59 0.78 0.82
C. rudinoris 0.69 0.62 0.67 0.00 047 0.54 0.52
C. spinatus 0.36 0.34 0.36 0.00 0.79 0.80 0.80
D. merriami 0.47 0.45 0.46 0.00 0.68 0.71 0.68
D. simulans 0.78 0.77 0.76 0.00 0.32 0.38 0.46
P. eva 0.72 0.70 0.71 0.00 0.40 0.42 0.34
P. fraterculus 0.73 0.65 0.69 0.00 0.57 0.64 0.55
P. maniculatus 0.63 0.61 0.61 0.00 0.45 0.45 0.55
P. truei 0.03 0.02 0.03 0.00 1.00 1.00 1.00

However, with other variables, even though they were significant in the construction of the
models, it was not possible to establish the type of association by using ‘presence’ or
‘absence’ of the species because they show intermediate values. In other words, their
relationship type is weak, which makes these same variables significant or insignificant
depending on the number of localities or on the type of variables employed in the con-
struction of the models.

The PCA reflect a general pattern of spatial relationships among species based on
preferences for some habitat characteristics and different responses to environmental
gradients (Figs. 1, 2, 3). In the three analyses, PCA resulted in the retention of three
components that explained 65.7% of the variance (CP-1 = 37.5%, CP-II = 15.6%, and
CP-1II = 12.53%), 60.46% (CP-1 = 34.14%, CP-IIl = 14.82%, and CP-III = 11.47%),
61.62% (CP-I = 33.75%, CP-II = 16.21%, and CP-IIIl = 11.66%), respectively. In the
three cases, the variable with the highest correlation for PC-I was the percentage of rock
cover (0.86, —0.84 and —0.870, respectively), xerophytic scrub for PC-II in Analyses A
and B (—0.69 and 0.54), temperature spring—summer in Analysis C (0.59); and forest for
PC-IIT in Analyses A, B, and C (—0.56, 0.64, —0.59).

In the analyses with the environmentally constrained null model, the positive associa-
tion measurement using S and 7 indices gave the same results with the Ct-RA1 and CT-
RA2 algorithms. None of the analyses with the null model using the results of Analyses A,
B, and C gave exactly the same results, and the same happened between the results of each
analysis using algorithms Ct-RA1 and CT-RA2 (Figs. 4, 5, 6). The possible association
between species that remained in Analyses A, B, and C with the C-score using Ct-RA1
were: C. spinatus and C. fallax, P. eva and C. arenarius, P. eva and P. fraterculus; of
associations using Ct-RA2, all remained with the exception of the association P. eva and P.
fraterculus in Analysis C. In the case of the analysis with S and 7 scores using Ct-RA1, the
associations that coincided in Analyses A, B, and C were C. arenarius with Dipodomys
merriami and D. simulans with P. maniculatus, with Ct-RA2 the results were the same as
with Ct-RA1, but with the only difference that Ct-RA2 included an association of C.
spinatus with A. leucurus.
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Fig. 1 Habitat affinities between species from the first analysis. Numbers represent correlation between
environmental variables and principal components: Slope (1), altitude (2), % of rocks (3), soil texture (4),
permeability (5), culture areas (6), vegetation cover (7), halophytic scrub (8), sandy desert vegetation (9),
coastal dune vegetation (10), halophytic vegetation (11), mangrove swamp (12), tropical deciduous forest
(13), xerophytic scrub (14), forest (15), temperature (16), precipitation (16)

Discussion

Although most of the isolated factors were not adequate for distinguishing between the
sites (the species’ habitat), the combination of all the factors gave an acceptable expla-
nation for the presence of rodent species. This result agrees with those found by Illoldi
et al. (2002) who indicated that their results point to a complex interplay of abiotic and
biotic factors that define the geography of mammalian species in the states adjacent to the
Gulf of California.

Most of the species showed low selectivity for the characteristics of the habitat used in
the three analyses. This result could be related to the similarity between some sites, where
species were present or absent (Johnson 2000), which mainly causes two situations. The
first is a low discriminatory power of the variables in the prediction of ‘presence’ or
‘absence’ of the species; and the second is a hard determination in the type of association
or preference of the species with some of the environmental variables (characteristics of
habitat).

On the other hand, in some cases the lack of relationships between ‘presence’ or
‘absence’ of the species with variables that have been previously reported or noticed can be
an artifact of scale in the analysis because causal factors may operate at different scales
(Macpherson et al. 2006). For example, this situation happens with vegetation cover, where
the classification was overly general and therefore did not show an influence. Nevertheless,
fieldwork shows that most species of the genus Chaetodipus prefer areas with relatively
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Fig. 2 Habitat affinities between species from the second analysis. Numbers represent correlation between
environmental variables and principal components: Slope (1), altitude (2), % of rocks (3), soil texture (4),
permeability (5), culture areas (6), vegetation cover (7), halophytic scrub (8), sandy desert vegetation (9),
coastal dune vegetation (10), halophytic vegetation (11), mangrove swamp (12), tropical deciduous forest
(13), xerophytic scrub (14), forest (15), bio_1 (16), bio_4 (17), bio_5 (18), bio_8 (19), bio_12 (20), bio_14
(21), bio 15 (22)

closed vegetation, in contrast to the genus Dipodomys that prefers open areas (Falkenber
and Clarke 1998; Soltz and Valone 2000; Sullivan and Best 1997). Another example of
lack of discrimination involves general soil texture, which was not linked with C. are-
narius, whose presence is usually related to areas with sandy soils (Lackey 1991).

Lack of discrimination power of the models for some species could have resulted
because the analysis did not include the most critical variables for the species, as in the
case of S. atricapillus, that have a preference for sites with running water (Alvarez-
Castafieda et al. 1996) and D. simulans that have a preference for habitats with deep soils,
which, in turn, apparently leads to a mosaic pattern of distribution in the Magdalena Plains
(25°N, 111.63°W). In other cases, as with Thomomys bottae, the result can be related to the
fact that the species is not correctly represented in the data points because, under natural
conditions, their presence or absence is difficult to determine since their distribution is
discontinuous and at low density, as opposed to agricultural areas, where distribution is
uniform and density increases (Alvarez-Castafieda and Patton 2004; Trujano-Alvarez and
Alvarez-Castaiieda 2007). For this reason, we suspect that this species shows ‘absence’ at
some data points where they are probably present. These geographical matters affect the
functionality of the analysis and resulted in a weak model for this species.
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Fig. 3 Habitat affinities between species from the third analysis. Numbers represent correlation between
environmental variables and principal components: Slope, (1), altitude (2), % of rocks (3), soil texture (4),
permeability (5), culture areas (6), vegetation cover (7), halophytic scrub (8), sandy desert vegetation (9),
coastal dune vegetation (10), halophytic vegetation (11), mangrove swamp (12), tropical deciduous forest
(13), xerophytic scrub (14), forest (15), temperature spring—summer (16), temperature fall-winter (17),
precipitation fall-winter (18), precipitation spring—summer (19)

The classification between the ‘used’ and ‘unused’ sites by a species was better for
species that have a specific area of distribution, specific habitat requirements, or both. This
is the case for: P. truei, which is restricted to rocky areas with pine-oak and oak forest at
higher elevations in the Sierra de La Laguna in the southern part of the State (Alvarez-
Castafieda and Patton 1999); and C. fallax, which is the species within the genus Chae-
todipus with the narrowest distribution in State and is restricted to the northwestern part of
the Desierto de Vizcaino (Alvarez-Castafieda and Patton 1999).

Only Neotoma bryanti showed no relationship to the variables in the analysis. At this
scale of analysis, N. bryanti seems to occur in several habitats and does not show a
preference for a specific habitat characteristic. According to Verts and Carraway (2002),
the critical habitat feature related to this species is the presence of features that offer
protection from predators. We noticed that N. bryanti was present on sites with many rocks
or where the vegetation was dense or clustered, but this was not reflected in the analyses.
Another explanation is that N. bryanti prospers with a specific plant diet (Sorensen et al.
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Fig. 4 Results of the first analysis with the environmentally constrained null model. The upper part shows
the results from the Ct-RA1 algorithm. The shaded area contains the results from the Ct-RA2 algorithm
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Fig. 5 Results of the second analysis with the environmentally constrained null model. The upper part
shows the results from the Ct-RA1 algorithm. The shaded area contains the results from the Ct-RA2
algorithm

2005). In general, we found that the amount of rock cover is one of the most important
habitat features for rodents in the State. This factor is important because rocks are refuges
for some species (Rogovin et al. 1992).

According to Peres-Neto et al. (2001), associations between species remain, even when
taking into account species—environmental relationships, are related to three specific sit-
uations: (a) species associations are truly related to biotic interactions; (b) interactions
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Fig. 6 Results of the third analysis with the environmentally constrained null model. The upper part shows
the results from the Ct-RA1 algorithm. The shaded area contains the results from the Ct-RA2 algorithm

between environmental variables at particular sites might facilitate coexistence; and (c)
some important environmental variables are not used in the species—environmental models.
Any of these situations may contribute to their contiguous or disjunctive distribution. In the
three analyses of associations between species, we obtained slightly different results
between the analyses and Ct-RA1 and Ct-RA2 algorithms. This was expected for some of
the species because we obtained weak prediction models. Most of the positive relationships
were between species that are usually present in the same habitat (Figs. 1, 2, 3), while the
negative relationships in the three analyses were between species that were morphologi-
cally similar. Of the total possible negative interactions shown by the environmental
model, we think that the negative association of P. eva with P. fraterculus and C. spinatus
with C. fallax could be truly related to biotic interactions, a case of competitive exclusion
(Gotelli 2001) that affects the distributional pattern of the species. The first case could be
supported by the results of PCA that suggest that the distribution of P. eva with P.
fraterculus do not overlap and each one is excluded from the other’s area and by the fact
that the two species were not actually collected in the same habitat or locality in this study.
In the second case, although localities in the northern part of the Baja California Peninsula
have been reported where C. spinatus and C. fallax have been found together (Hall 1981;
Lackey 1996), we never found both species in the same place during our field work.
Nevertheless, C. fallax was found in habitats with similar characteristics to those where C.
spinatus was found. In the case of other types of negative relationships shown by the null
model (with Ct-RA1), these are probably related to some important environmental vari-
ables that were not used in the species— environmental models or to a dissimilarity in
habitat preferences of the species where Ct-RA2 was used. An example is the negative
association between A. leucurus and D. merriami determined with Analysis C, where we
know that A. leucurus is essentially absent in places where the other species is more
frequently found, such as coastal dunes.

In the positive association shown by the null model (with Ct-RA2), we can see that we
are focusing on species that share preferences for similar habitats or characteristics that
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cause these species to inhabit a similar area together; in these cases we believe that these
positive associations are just co-occurrence.

The protocol we followed was useful for detecting possible associations between rodent
species, where the variables may have an effect on their actual distribution. However, it did
not provide really useful conclusion in the establishment of habitat preferences of the
rodent species there is a lack of strong relationships of species with the selected envi-
ronmental variables, that some of the important variables were not used in the analysis for
particular species, or that the scale of some of the variables employed was not sensitive to
providing distinct relationships between species.

Acknowledgments We thank T. Peterson, E. Martinez-Meyer, H. Cabrera-Santiago, and J. P. Gallo-
Reynoso for providing helpful comments; H. Cabrera-Santiago, F. Cota, and M. De La Paz for their valuable
assistance in the field; and the technical staff of the GIS Laboratory at CIBNOR. This study was funded by
Consejo Nacional de Ciencia y Tecnologia (CONACYT grants 125251N and 39467Q); Secretaria de Medio
Ambiente y Recursos Naturales (SEMARNAT-2002-CO1-019 and 106), and a CONACYT fellowship to G.
Suarez-Gracida.

Appendix

See Table 4.

Table 4 Values given to the factors measured in this study

Name Values

1. Precipitation of total 1 = 5-10.2, 2 = more than 18%, 3 = > 36%
annual (%)*
2. Average annual 1 =12-18,2 = 18-22 and 3 = > 22
temperature (°C)*
3. Permeability® 1 = Low, 2 = medium to high, 3 = medium to high generalized
4. Soil texture® 1 = Clayey, 2 = loamy, 3 = sandy
5. Soil type® 0 to indicate the absence of a type of soil and 1 to indicate its presence
6. Vegetation type® 0 = absence 1 = presence. For forests, 1 for oak forest; 2 for pine-oak
forest
7. Distances from 0 => 300, 1 = 201-300, 2 = 101-200, 3 = 0-100

agricultural areas (m)®
8. Altitude (m)®

—_

= 0-199, 2 = 200-399, 3 = 400-599, 4 = 600-799, 5 = 800-999,

6 = 1,000-1,199, 7 = 1,200-1,399, 8 = 1,400-1,599, 9 = 1,600-1,799,

10 = 1,800-1,900

=0-9, 1 = 10-19, 2 = 20-29, 3 = 30-39, 4 = 4049, 5 = 50-59,

6 = 60-69, 7 = 70-79, 8 = 80-89, 9 = 90-99, and 10 = 100

10. Percentage of land 0=0-9,1=10-19, 2 = 20-29, 3 = 30-39, 4 = 4049, 5 = 50-59,
covered by rocks® = 60-69%, 7 = 70-79, 8 = 80-89, 9 = 90-99, and 10 = 100

11. Slope (%)° 1=<1,2=1-5,3=6-10,4 = 11-20, 5 = 21-30, 6 = 31-40,

7 = 41-50, and 8 = 51-60

9. Vegetation cover (%)b 0

ol

? Data derived from electronic maps
" Data collected in the field

@ Springer



2796 Biodivers Conserv (2009) 18:2779-2797

References

Alvarez-Castafieda ST, Patton L (1999) Mamiferos del Noroeste de Mexico. Centro de Investigaciones
Biologicas del Noroeste, La Paz, México

Alvarez-Castafieda ST, Patton L (2004) Geographic genetic architecture of pocket gopher (Thomomys
bottae) populations in Baja California, Mexico. Mol Ecol 13:2287-2301. doi:10.1111/j.1365-294X.
2004.02243.x

Alvarez-Castafieda ST, Arnaud G, Yensen E (1996) Spermophillus atricapillus. Mammalian Species is
published by the American Society of Mammalogists 251, 1-3

Anderson RP, Verde MG-L, Peterson AT (2002) Geographical distributions of spiny pocket mice in South
America: insights from predictive models. Glob Ecol Biogeogr 11:131-141. doi:10.1046/j.1466-822X.
2002.00275.x

Animal Care and Use Committee (1998) Guidelines for the capture, handling, and care of mammals as
approved by the American Society of Mammalogists. ] Mammal 79:1416-1431

Beissinger SR, Steadman EC, Wohlgenant T, Blate G, Zack S (1996) Null models for assessing ecosystem
conservation priorities: threatened birds as titters of threatened ecosystems in South America. Conserv
Biol 10:1343-1352. doi:10.1046/j.1523-1739.1996.10051343.x

Chapman AD, Muiioz MES, Koch I (2005) Environmental information: placing biodiversity phenomena in
an ecological and environmental context. Biodivers Inform 2:24-41

Falkenber GJ, Clarke JA (1998) Microhabitat use of deer mice: effects on interespecific interaction risks. J
Mammal 79:558-565. doi:10.2307/1382986

Gotelli NJ (2000) Null model analysis of species co-occurrence patterns. Ecology 81:2606-2621

Gotelli NJ (2001) Reserch frontiers in null model analysis. Glob Ecol Biogeogr 10:337-343. doi:
10.1046/j.1466-822X.2001.00249.x

Gotelli NJ, Entsminger GL (2003) Swap algorithms in null model analysis. Ecology 84:532-535. doi:
10.1890/0012-9658(2003)084[0532:SAINMA]2.0.CO;2

Guisan A, Zimmermann NE (2000) Predictive habitat distribution models in ecology. Ecol Modell 135:147—
186. doi:10.1016/S0304-3800(00)00354-9

Hall ER (1981) The Mammals of North America, 2nd edn. Wiley, New York

Hijmans RJ, Cameron S, Parra J, Jones P, Jarvis A (2005) Very high resolution interpolated climate surfaces
for global land areas. Int. J. Clim 25:1965-1978

Illoldi P, Linaje MA, Sanchez-Cordero V (2002) Distribucion de los mamiferos terrestres en la region del
Golfo de California México. Anales del Instituto de Biologia. Ser Zoologica 72:213-224

Johnson DE (2000) Métodos multivariados aplicados al andlisis de datos. International Thomson, Mexico

Lackey JA (1991) Chaetodipus arenarius. Mammalian Species is published by the American Society of
Mammalogists 384, 1-3

Lackey JA (1996) Chaetodipus fallax. Mammalian Species is published by the American Society of
Mammalogists 517, 1-6

MacArthur RH (1984) Geographical Ecology. Princeton University, Princeton

Maccracken JG, Hansen RM, Collins F (1984) Rodent-vegetation relationships in southeastern Montana.
Northwest Sci 4:272-278

Mackey BG, Lindernmayer DB (2001) Towards a hierarchical framework for modeling the special distri-
bution of animals. J Biogeogr 28:1147-1166. doi:10.1046/j.1365-2699.2001.00626.x

Macpherson JM, Jetz W, Rogers DJ (2006) Using coarse-grained occurrence data to predict species dis-
tributions at finer spatial resolutions-possibilities and limitations. Ecol Modell 192:499-522. doi:
10.1016/j.ecolmodel.2005.08.007

Martinez-Meyer E (2005) Climate change and biodiversity: some considerations in forecasting shifts in
species’ potential distributions. Biodivers Inform 2:42-55

Martinez-Meyer E, Peterson AT, Hargrove WW (2004) Ecological niches as stable distributional constraints
on mammal species, with implications for Pleistocene extinctions and climate change projections for
biodiversity. Glob Ecol Biogeogr 13:305-314. doi:10.1111/j.1466-822X.2004.00107.x

Patton JL, Huckaby DG, Alvarez-Castafieda ST (2007) The evolutionary history and a systematic revision of
wood rats of the Neotamia lepida group. University of California Press, California

Peres-Neto PR, Olden JD, Jackson DA (2001) Environmentally constrained null models: site suitability as
occupancy criterion. Oikos 93:110-120. doi:10.1034/j.1600-0706.2001.930112.x

Riddle BR, Hafner DJ, Alexander LF (2000) Comparative phylogeography of bailey’s pocket mouse
(Chaetodipus baileyi) and the Peromyscus eremicus Species group: historical vicariance of the Baja
California Peninsular Desert. Phylogenet Evol 17:161-172. doi:10.1006/mpev.2000.0842

Rogovin KA, Shenbrot GI, Surov AV (1992) Analysis of spatial organization of a desert rodent community
in the Bolson de Mapimi, Mexico. In: Sokolov V, Halffter G, Ortega A (eds) Vertebrate ecology in arid

@ Springer


http://dx.doi.org/10.1111/j.1365-294X.2004.02243.x
http://dx.doi.org/10.1111/j.1365-294X.2004.02243.x
http://dx.doi.org/10.1046/j.1466-822X.2002.00275.x
http://dx.doi.org/10.1046/j.1466-822X.2002.00275.x
http://dx.doi.org/10.1046/j.1523-1739.1996.10051343.x
http://dx.doi.org/10.2307/1382986
http://dx.doi.org/10.1046/j.1466-822X.2001.00249.x
http://dx.doi.org/10.1890/0012-9658(2003)084[0532:SAINMA]2.0.CO;2
http://dx.doi.org/10.1016/S0304-3800(00)00354-9
http://dx.doi.org/10.1046/j.1365-2699.2001.00626.x
http://dx.doi.org/10.1016/j.ecolmodel.2005.08.007
http://dx.doi.org/10.1111/j.1466-822X.2004.00107.x
http://dx.doi.org/10.1034/j.1600-0706.2001.930112.x
http://dx.doi.org/10.1006/mpev.2000.0842

Biodivers Conserv (2009) 18:2779-2797 2797

zones of Mexico and Asia. Instituto de Ecologia, Centro de Investigaciones Biologicas de Baja Cal-
ifornia Sur, and MAB-UNESCO, La Paz

Schlossberg S (2006) Abundance and habitat preferences of gray vireos (Vireo vicinior) on the Colorado
Plateau. Am Ornithologists Union 123:33-44

Sober6n J, Peterson AT (2005) Interpretation of models of fundamental ecological niches and species
distributional areas. Biodivers Inform 2:1-10

Soltz HC, Valone TJ (2000) The effect of mammalian predator scent on the foraging behavior of Dipodomys
merriami. Oikos 91:139-145. doi:10.1034/j.1600-0706.2000.910113.x

Sorensen JS, Heward E, Dearing MD (2005) Plant secondary metabolites alter the feeding patterns of
mammalian herbivore (Neotoma lepida). Oecologia 146:415-422. doi:10.1007/s00442-005-0236-8

Storch I (2002) On spatial resolution in habitat models: can small-scale forest structure explain Capercaillie
numbers? Conserv Ecol 6(1):6

Sullivan RM, Best TL (1997) Effects of environment on phenotypic variation and sexual dimorphism in
Dipodomys simulans (Rodentia: Heteromyidae). ] Mammal 78:798-810. doi:10.2307/1382937

Titus JE, Wagner DJ (1984) Carbon balance for two Sphagnum mosses: water balance resolves a physio-
logical paradox. Ecology 65:1765-1774. doi:10.2307/1937772

Trujano-Alvarez AL, Alvarez-Castafieda ST (2007) Taxonomic revision of Thomomys bottae in the Baja
California Sur lowlands. J Mammal 88:343-350. doi:10.1644/05-MAMM-A-291R3.1

Verner J, Morrison ML, Ralph CJ (1986) Wildlife 2000 Modelling habitat relationships of terrestrial
vertebrates. The University of Wisconsin Press, Madison

Verts BJ, Carraway LN (2002) Neotoma lepida. Mammalian Species is published by the American Society
of Mammalogists 699, 1-2

Wilson DE, Cole FR, Nichols JD, Rudran R, Foster MS (1996) Measuring and monitoring biological
diversity standard methods for mammals. Smithsonian Institution Press, Washington, DC

@ Springer


http://dx.doi.org/10.1034/j.1600-0706.2000.910113.x
http://dx.doi.org/10.1007/s00442-005-0236-8
http://dx.doi.org/10.2307/1382937
http://dx.doi.org/10.2307/1937772
http://dx.doi.org/10.1644/05-MAMM-A-291R3.1

	Physical and biological variables related to habitat preferences of rodents
	Abstract
	Introduction
	Materials and methods
	Statistical analysis
	Results
	Discussion
	Acknowledgments
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


