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Modelling the distribution of the Boid snakes, Epicrates cenchria
alvarezi and Boa constrictor occidentalis in the Gran Chaco
(South America)

Valeria Di Colal*, Gabriela Cardozo!, Mario LanfriZ, Carlos Marcelo Scavuzzo?,

Margarita Chiaraviglio!

Abstract. The viviparous snake species Epicrates cenchria alvarezi and Boa constrictor occidentalis inhabit the Gran Chaco
region of South America. Ecological factors determining their distribution are poorly known. GIS-based modelling of a
species’ environmental requirements using occurrence records provides essential information of the species’ distribution. We
modelled the geographical distribution of E. c. alvarezi and B. c. occidentalis in the Gran Chaco and analyzed the degree to
which their distribution is associated with different environmental variables (precipitation, normalized difference vegetation
index (NDVI), land surface temperature and altitude) using Logistic Regression Analysis. We found that E. c. alvarezi and B.
c. occidentalis would be more frequent in areas with high levels of NDVI (positive relationship with NDVI1), with low levels
of precipitation (negative relationship with PRE1) and with lower altitude (negative relationship with ALT). However, the
analysis also revealed specific differences in the environmental requirements of the snakes, showing that B. c. occidentalis is
more frequent than E. c. alvarezi at sites with higher levels of NDVI. Additionally, E. c. alvarezi is more frequent at sites with
lower temperatures in the dry season. The maps obtained show that both are highly likely to be present in the Dry subregion of
the Gran Chaco. The results of the present study can be an important contribution to a better understanding of the ecological
requirements of the species and of the impact of global environmental change on its distribution.
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Introduction Snakes’ ecological processes are suscepti-
ble to variables such as temperature, precipi-
tation, seasonality, and habitat structure (Saint
Girons, 1982; Zug et al., 2001; Guisan and
Hofer, 2003; Santos et al., 2006; Cardozo et
al., 2007). Broad patterns of distribution have

been described for boines (Henderson et al.,

The geographic distribution of species is af-
fected by many factors and varies in space
and time usually with the readiness of the
environmental components necessary for life
(MacArthur, 1972; Litvaitis et al., 1996; An-
derson et al., 2002). There have been many
attempts to explain how climate, along with
other environmental factors, determine the spa-

1995), but many details remain to be eluci-
dated. In Argentina, two phylogenetically re-

tial preferences of organisms and, thus, define
their distribution (Gertseva et al., 2006). Global
patterns of reptile distribution indicate that the
physical environment restricts the spatial distri-
bution of species (Zug et al., 2001).
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lated subspecies of boid snakes occur sympatri-
cally in the Gran Chaco domain: Boa constric-
tor occidentalis and Epicrates cenchria alvarezi
(Henderson et al., 1995; Burbrink, 2005). Both
subspecies occur in the semiarid plains of the
phytogeographic province of Gran Chaco, from
south of Bolivia and west of Paraguay, to the
south, across the flat areas and semi-arid sub-
mountains of the Argentinean northwest, down
to approximately 33-36°S (Henderson et al.,
1995; Waller et al., 1995). Although these areas
have been characterized in terms of vegetation
and climate, the factors determining the distrib-
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ution of E. c. alvarezi and B. c. occidentalis are
still not clear; and a detailed ecological analy-
sis of distribution is necessary (Henderson et al.,
1995).

Some snakes are highly vulnerable to ex-
tinction due to several life history traits and
certain morphological characteristics, such as
low levels of genetic variability, long generation
time, low reproductive frequency, large size,
conspicuousness, and specially distribution (the
latter being generated from the interaction be-
tween natural ecological characteristics and hu-
man impact on the natural habitat) (Filippi and
Luiselli, 2000; Webb et al., 2002; Santos et al.,
2006, Santos et al., 2007). It has been demon-
strated that B. c. occidentalis has specialized
habitat use because reproductive females pre-
fer sites with less substratum and greater arbo-
real cover (Chiaraviglio, 2006; Chiaraviglio and
Bertona, 2007). Likewise, Rivera et al. (2005)
reported low levels of polymorphism in two
populations of B. c. occidentalis. However, up
to the present, no studies on life history or habi-
tat use of E. c. alvarezi have been conducted in
Argentina.

Over the last decade, the enhancement of eco-
logical modelling techniques and their inclusion
and inter-changeability with Geographical In-
formation Systems (GIS) have prompted con-
servation biology studies with new and more ro-
bust methods (Guisan and Zimmermann, 2000;
Brito and Crespo, 2002; Anderson et al., 2003;
Elith et al., 2006; Santos et al., 2006). These
tools rely on the identification of relevant habi-
tat cues for the occurrence of species, quan-
tification of the factors restricting their distri-
bution, and geographical prediction of habitat-
suitable areas for the species (Reutter et al.,
2003). Models of species distribution attempt
to provide detailed predictions of distributions
by relating presence or abundance of species
to environmental predictors. Indeed, distribu-
tion models have provided researchers with an
innovative tool to explore diverse questions in
ecology, evolution, and conservation, including
ecological and geographical differentiation of
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the distributions of closely-related species (Elith
et al., 2006). Ecological modelling techniques
may also contribute to the evaluation of the con-
servation status of secretive species (Santos et
al., 2006) and may offer insights to explain sym-
patry (Brito and Crespo, 2002).

In this study, we model the geographical dis-
tribution of E. c. alvarezi and B. c. occidentalis
in the Gran Chaco and analyze the degree to
which their distribution is associated to differ-
ent abiotic and/or biotic features. Such relations
are of interest not only because both snakes are
considered sympatric, but also because the as-
sociations can explain the current distribution of
both subspecies.

Materials and methods
Study species

Boa c. occidentalis and E. c. alvarezi are viviparous snakes
of different body size, the former being longer (up to 3 m)
(Chiaraviglio et al., 2003) and heavier than the latter (1.5
m) (Cei, 1986). B. c. occidentalis presents low levels of
genetic variability (Rivera et al., 2005) and is heavily hunted
and captured for skin and pet trade (Gruss, 1991; Avila and
Acosta, 1996). The habitat of both snakes is being severely
modified by intense farming and cattle breeding in the area
(Zak et al., 2004; Cardozo et al., 2007). B. c. occidentalis
is considered a threatened subspecies (Scrocchi et al., 2000)
and has been included in Appendix I of the Convention on
International Trade in Endangered Species of Wild Fauna
and Flora (CITES, 1997) whereas E. c. alvarezi has been
included in Appendix II.

Study area

The Gran Chaco covers more than 1000000 km? across
the plains and low ranges of northern Argentina, west-
ern Paraguay, south-eastern Bolivia, and a small portion in
Brazil (Prado, 1993; Pennington et al., 2000; The Nature
Conservancy et al., 2005). The Gran Chaco is the largest dry
forest in South America and its vegetation comprises a mo-
saic of xerophytic forests, woodlands, scrubs, savannas, and
grasslands (Bucher and Saravia Toledo, 2001). The vegeta-
tion in the Gran Chaco is composed of typical species from
dry environments, such as Schinopsis quebracho colorado,
Aspidosperma quebracho blanco, Prosopis sp., Larrea di-
varicata, and Opuntia glomerata. The forest is being lost at
an annual rate of 2.2%, the highest deforestation rate esti-
mated for South America (Zak et al., 2004). In Argentina,
the Gran Chaco extends from 22°S to subtropical zones at
31°S. Annual average temperatures range from 18 to 23°C;
annual rainfall ranges between 300 and 550 mm with dis-
tinct dry (April to September) and wet (October to March)
seasons (Capitanelli, 1979).
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Species and environmental data

A total of 90 records of the presence of Epicrates cenchria
alvarezi and 93 records of Boa constrictor occidentalis in
Argentina were gathered from authors’ field data and sup-
plemented with records from the literature (fig. 1). Thus,
presence sites were composed of the pixel with the exact
geographical coordinates of the locality and its closest eight
neighbour pixels (we assume similar values in those pix-
els due to the fact that they are environmental variables).
To characterize the “absence” of the snakes, we decided
to add random points throughout South America, excluding
the area where presence of each subspecies was confirmed,
according to reliable literature (Cei, 1986; Chiaraviglio et
al., 1998; Giraudo and Scrocchi, 2002). Since the random
points needed to be confirmed as true absence, we denomi-
nated them “pseudo absence”, as suggested by Anderson et
al. (2003).

Modelling was performed using the following biogeo-
physical variables: monthly average series of precipitation;
normalized difference vegetation index (NDVI), which is a
derivate of the photosynthetically active biomass and repre-
sents greenness; land surface temperature (LST); and alti-
tude (ALT).

Precipitation data corresponded to a 1950-2000 monthly
total precipitation series with a pixel size of 1 km x 1 km
obtained from WorldClim (Hijmans et al., 2004). NDVI and
LST were derived from the Advanced Very High Resolution
Radiometer (AVHRR) on-board the National Oceanic and
Atmospheric Administration’s (NOAA) polar-orbiting me-
teorological satellites, having a post-processing pixel size
of 8 km x 8 km. NDVI and LST data are monthly aver-
aged products derived from satellite images from the 1982-
2000 period. Finally, a 1 km x 1 km spatial resolution
South America ALT of spatial resolution data obtained from
WorldClim (Hijmans et al., 2004) was included in our analy-
sis. The biogeophysical variables mentioned were selected
because they have been reported as meaningful to the ecol-
ogy and distribution of other snake species (Real et al.,
1997; Brito et al., 1999; Guisan and Hofer, 2003; Fitzger-
ald et al., 2005; Santos et al., 20006).
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Environmental data were georeferenced to a latitude-
longitude coordinate system and were resampled to adjust
the pixel size to 8 km x 8 km. ENVI 4.1 software (System
Research) was used in all data analyses. Resulting data
layers had 714 x 1063 pixels and covered South America
between 13° and 56°S and between 33° and 82°W.

We summarized the NDVI, LST and precipitation time
series using PCA analysis to determine the predominant pat-
terns of variance in such datasets, according to Eastman and
Fulk (1993). PCA is an attractive statistical technique to
summarize information from time series images because it
decomposes the series into a sequence of spatial and tem-
poral components. Typically, the first component indicates
the characteristic value of the variable, whereas subsequent
components represent change elements of decreasing mag-
nitude. Applied to an image series, coarse spatial variation is
typically gathered by the first PCA component. Finer-scale
spatial patterns and temporal changes are captured by the
second and higher order components of the PCA. To gener-
ate the environmental dataset, we built a composite image
with the PCA components that accounted for greatest vari-
ability plus a single ALT layer.

Ecological modelling technique

A logistic regression analysis was performed to predict the
presence or absence of a subspecies at a set of survey sites
in relation to biogeophysical variables, thereby enabling the
probability of occurrence of the snake to be predicted at
unsurveyed sites (Pearce and Ferrier, 2000). The analysis
was conducted using SPSS 8.0 for Windows (SPSS Inc.
Chicago, Illinois).

The model building strategy followed the procedures
used by Brito et al. (1999) and Brito and Crespo (2002):
a forward stepwise elimination process was performed and
the variables were ranked according to the resulting statis-
tics of this step. The variables with P > 0.05, which were
not significant at each step of the variable selection proce-
dure, were eliminated.

We constructed two models using the absence and pres-
ence data (0/1; dependent variable) of the subspecies (B. c.

N

(c)

Figure 1. Map of the study area indicating the localities where E. c. alvarezi (a) and B. c. occidentalis (b) were recorded as
present in Argentina, (a) and (b) are enlargements of the area shown in (c).
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Table 1. Classification Table describing the occupied and
unoccupied sites from the habitat models (cut-off point 0.6)
of E. c. alvarezi and B. c. occidentalis applied to the original
data.

Recorded
Present  Absent
E. c. alvarezi Predicted Present 734 77
Absent 77 734
B. c. occidentalis  Predicted Present 622 64

Absent 57 615

occidentalis, E. c. alvarezi) recorded on the environmental
dataset (independent variables) (table 2). Then, to find dif-
ferences in the coefficients of each variable between both
models, we examined the confidence intervals of each vari-
able (Sokal and Rohlf, 1990).

We evaluated the predictive capability following Fielding
and Bell (1997), Pearce and Ferrier (2000), Brito and Cre-
spo (2002) and Luck (2002). Hence, we used correct clas-
sification rates (1) and assessed the discrimination perfor-
mance (2) using the Presence/Absence data from a Classifi-
cation Table, shown in table 1. Then we obtained diagnostic
measures of Sensitivity, Specificity and Kappa («) statistic.
We plotted pair-wise sensitivity values and their equivalent
(1-specificity) in a ROC (Receiver Operator Characteristic)
plot for each model, to obtain the area under the ROC func-
tion (AUC) (Fielding and Bell, 1997).

Results

The PCA analysis performed for NDVI, LST,
and precipitation time series indicates that the
first two components of each environmental
variable accounted for about 99% of the total
variance of each series (table 2).

In table 3, we present the final models for E.
c. alvarezi and B. c. occidentalis, which show
that the biogeophysical variables used (precipi-
tation, NDVI, temperature, and altitude), have
a significant effect on the distribution of the
snakes. We observed coefficients explaining the
distribution of both species that are similar in
value and sign. The environmental variables that
appear to have a determinant role were entered
into the forward selection models differently for
both species (table 3). The analysis of the influ-
ence of habitat variables on the species’ distrib-
utions revealed that E. c. alvarezi and B. c. oc-
cidentalis would be more frequent in areas with
high levels of NDVI (positive relationship with
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NDVI1), hence, with low levels of precipita-
tion (negative relationship with PRE1) and with
lower altitude (negative relationship with ALT).

To have a better understanding of the finer-
scale spatial patterns and temporal changes cap-
tured by the second principal component of
precipitation, NDVI and temperature, we cor-
related each component with each image of
the monthly average series. Specifically, we ob-
served for PRE2 a negative correlation with the
wet season months. In contrast, for NDVI2 and
TEMP2, we found a positive correlation with
the dry season months. Therefore, E. c. alvarezi
and B. c. occidentalis would be more frequent
in areas with decreasing levels of NDVI in the
dry season (negative relationship with NDVI2),
where precipitation is high in the wet season
(negative relationship with PRE2) and temper-
ature is low in the dry season (negative relation-
ship with TEMP2).

However, when examining the confidence in-
tervals of each variable for both models, we
found specific differences in the environmental
requirements of E. c. alvarezi and B. c. occiden-
talis, which show that B. c. occidentalis is more
frequent than E. c. alvarezi at sites with higher
levels of NDVI. Additionally, E. c. alvarezi is
more frequent at sites with lower temperatures
in the dry season.

For each model, we also obtained correct
classification rates for the presence, absence and
a combination of both. The cut-off point that
produces the most correct classification rate of
the presences is 0.6 and the correct classification
is above 90%. Therefore, because the absence
may not correspond to a real absence, and since
it is better to have higher rates in correct pres-
ence classification; we decided to use a cut-off
point of 0.6 to generate the probability maps.

We obtained evaluation indices of the mod-
els for a cut-off point of 0.6. For the E. c. al-
varezi model, the specificity was 0.9051, the
sensitivity was 0.9051, and the Kappa statistic
was 0.8101, and for the B. c. occidentalis model,
the specificity was 0.9057, the sensitivity was
0.9161, and the Kappa statistic was 0.8218. The
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Table 2. Predictor variables, their abbreviations and the eigenvalues of the PCA analysis for all the variables used in the LR
models.

Abbreviation Predictor variable Eigenvalue
PREI1 Component axis 1 of a PCA on 12 monthly mean precipitation maps 305638 868.1477
PRE2 Component axis 2 of a PCA on 12 monthly mean precipitation maps 19272.5249
NDVI1 Component axis 1 of a PCA on 12 monthly mean NDVI maps 112662.2841
NDVI2 Component axis 2 of a PCA on 12 monthly mean NDVI maps 505.5431
TEMP1 Component axis 1 of a PCA on 12 monthly mean temperature maps 257729.9237
TEMP2 Component axis 1 of a PCA on 12 monthly mean temperature maps 64.1274
ALT Altitude -

Table 3. Variables included in the regression equations of the models for E. c. alvarezi and B. c. occidentalis. Forward
selection of variables was employed in the model building, using a criterion (P < 0.05) for their inclusion. (Explanations:
PREJ], first principal component of precipitation; PRE2, second principal component of precipitation; NDVII, first principal
component of normalized difference vegetation index; NDVI2, second principal component of normalized difference

vegetation index; TEMP2, second principal component of land surface temperature; ALT, a single altitude layer.)

Variable B S.E. R P Exp(B)
E. c. alvarezi model

PRE1 —2007.07 123.1611 —0.3424 0.0000 0.0000
PRE2 —87.403 6.2498 —0.2934 0.0000 0.0000
NDVI1 22.973 1.6528 0.2916 0.0000 9.485E+09
TEMP2 —-9.401 1.2488 —0.1497 0.0000 0.0001
ALT —36.3712 5.8717 —0.1272 0.0000 0.0000
NDVI2 —10.6011 1.6518 —0.1320 0.0000 0.0000
Constant 1900.058 117.0695 0.0000

B. c. occidentalis model

PRE1 —2234.59 154.8956 —0.3309 0.0000 0.0000
NDVI1 29.5504 2.0778 0.3262 0.0000 6.82E+12
PRE2 —83.4442 7.2557 —0.2630 0.0000 0.0000
ALT —24.9508 5.1217 —0.1074 0.0000 0.0000
NDVI2 —10.8178 1.6204 —0.1504 0.0000 0.0000
TEM2 —3.4121 1.5609 —0.0384 0.0288 0.033
Constant 2094.204 146.5031 0.0000

values of the model for these measures are high.
The assessment of the model accuracy by AUC
indicates high performance, with values of 0.92
for the E. c. alvarezi model and 0.95 for the B.
¢. occidentalis model.

Figures 2 and 3 show the occurrence prob-
ability maps for E. c. alvarezi and B. c. occi-
dentalis, determined by their respective models.
The most noticeable result observed in the maps
is that potential areas of occurrence are the same
for both species, but the areas with the high-
est probability of occurrence are different. The
probable distribution of E. c. alvarezi is found
between 18°39” and 37°50’S, and extends from
60°1’ to 65°45'W. The probable distribution of
B. c. occidentalis is found between 15°55" and

36°42'S, and extends from 60°2" to 65°47'W.
The altitude in areas of predicted presence for
E. c. alvarezi ranges from 100 m to 1300 m,

whereas B. c. occidentalis can be found at an
altitude of 1500 m.

Discussion

In this study, we provide evidence for the role of
environmental variables (precipitation, NDVI,
temperature, and altitude) as significant and
highly accurate predictors of the distribution
of E. c. alvarezi and B. c. occidentalis (table
3). The models obtained reveal that the vari-
ables as a whole model the distribution of the
species studied. The present results are in ac-



304 V. Di Cola et al.

Figure 2. Probability area for the occurrence of E. c. alvarezi according to the logistic regression model (cut-off point 0.6).

Figure 3. Probability area for the occurrence of B. c. occidentalis according to the logistic regression model (cut-off point
0.6).
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cordance with the effect of biogeophysical fac-
tors, such as climate, topography and vegeta-
tion, which have been previously reported by
Guisan and Hofer (2003) to be of great impor-
tance for reptile distribution and more specif-
ically for the distribution of species such as
Lacerta schreiheri (Brito et al., 1999), Vipers
(Brito and Crespo, 2002) and Elapids (Fitzger-
ald et al., 2005). Although studies that evaluate
the influence of environmental factors on rep-
tile features are not necessarily recent, this is
the first study that identifies these factors ob-
jectively from an assemblage of predictor vari-
ables in large-scale distribution models of boid
species in Argentina.

According to our results the distribution of
E. c. alvarezi would be influenced firstly by
precipitation (PRE1 and PRE2), secondly by
vegetation (NDVI1) and thirdly by temperature
(TEM2). Likewise, the variables that have a de-
terminant role in B. c. occidentalis presence are
the same; however, there are some variations,
since the importance of each variable appears
in a different order (table 3).

For E. c. alvarezi and B. c. occidentalis, pre-
cipitation component 1 was the most important
predictor (table 3). This variable is an evenly
weighted average of the monthly precipitation
values and therefore represents the overall pre-
cipitation. Both species decreased in occurrence
as precipitation increased (negative coefficients
of PRE1), which leads us to infer that E. c. al-
varezi and B. c. occidentalis prefer dry areas.
Therefore when matching the probability area
of occurrence of both snakes with the mean
precipitation of the area, it coincides with the
rainfall range of 400-800 mm year~' (National
Weather Service — Climatological Normal Sta-
tistics 1961-1990, unpublished data), and also
is in accordance with the rainfall pattern de-
scribed for the Gran Chaco by Zak et al. (2004),
where precipitation concentrates mainly in sum-
mer (November to March) and decreases from
>700 mm year~! in SE to <550 mm year™!
in NW. This leads to a higher water deficit in
the western portion of the region, explaining the
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occurrence of B. c¢. occidentalis in areas with
only 100-200 mm of annual precipitation, and
of E. c. alvarezi in areas that receive 300-400
mm annually (Henderson et al., 1995). In addi-
tion, our results support the allopatric distribu-
tion known for the Argentine subspecies of E.
cenchria: E. c. alvarezi inhabits the Dry portion
of the Gran Chaco in central and northern Ar-
gentina, whereas E. c. crassus is characteristic
of the Paranaense Forest (Giraudo, 2001).

Since the value of NDVI represents an over-
all index of ‘greenness’ (Suarez-Seoane et al.,
2002), we are then able to associate this vari-
able with vegetation cover. Both species had a
positive relationship with vegetation (NDVI1),
indicating that vegetation might be a key factor
in species’ biology. Indeed, tree cover was re-
ported by Attademo et al. (2004), Chiaraviglio
(2006) and Chiaraviglio and Bertona (2007) to
be associated with differences in thermal pref-
erences in the thermoregulatory behaviour of B.
¢. occidentalis that depend on boas’ reproduc-
tive condition. The thermoregulatory process is
important for gravid females because phenotype
and fitness of their offspring depend upon the
body temperatures offspring experience during
development (Shine, 2004).

The fact that species presences are associ-
ated with the second principal components (ta-
ble 3) might be indicating that the biology of the
species is responding to the seasonality of the
Gran Chaco region. Each second principal com-
ponent showed that other important sources of
variation for each variable were the annual cy-
cle of green biomass, temperature, and precipi-
tation, with a strong difference between winter
and summer. It has also been reported that some
ecological processes of boids, like reproductive
activity, change throughout the year, following
a seasonal pattern (Waller et al., 1995; Chiar-
aviglio et al., 2003). Organisms with ‘slow’ life
histories, like B. c. occidentalis, could be re-
acting to proximate as well as evolutionary re-
sponses to the limited and seasonal resources
availability in forest habitats (Cardozo et al.,
2007).
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Previous studies suggest that snake popu-
lation dynamics is driven by prey availabil-
ity, which varies considerably throughout the
year due to annual variation in rainfall pat-
terns (Madsen and Shine, 2000; Madsen and
Shine, 2002). Indeed, snakes’ seasonal repro-
ductive cycles occur so that neonates are present
in synchrony with an increased availability of
potential prey (Andrade et al., 1996; Martins
and Oliveira, 1998).

The obtained models also show that the
species would be more frequent in areas with
lower levels of NDVI in the dry season (neg-
ative relationship with NDVI2 that shows the
variation of the annual cycle in green biomass).
Previous studies have shown that B. c. occiden-
talis is active during the winter (Chiaraviglio et
al., 2003) and furthermore reproductive activity
is carried out during the cold months (Bertona
and Chiaraviglio, 2003). Hence, because ther-
moregulation is a precise temporal behaviour
for reproductive females, we assume that E. c.
alvarezi and B. c. occidentalis show a prefer-
ence for low vegetation cover during the dry
season, probably because such cover provides
the species with horizontal vegetation hetero-
geneity to perform the thermoregulatory process
during winter. This is especially important when
considering the findings of Chiaraviglio (2006),
who reported that reproductive females of B.
¢. occidentalis prefer sites with access to open
sunny habitats to increase their body tempera-
ture, and shaded forest to decrease it and hence
facilitate thermoregulation.

Temperature would be an important factor
that determines the boundaries of a latitudinally
wide ranging species like B. constrictor, since
winter temperature appears to constrain the ge-
ographical limits of the species (Henderson et
al., 1995). The two species studied are asso-
ciated with areas with low temperature in the
dry season (TEMP2), which could favour be-
havioural and physiological processes, possibly
related to reproduction. Both species seem to
prefer sites that allow them to begin the repro-
ductive process during periods of low tempera-
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tures and give birth during the warm season. In
viper species that inhabit temperate regions, it is
known that reproduction starts in autumn with
courtship and vitellogenesis, followed by sperm
storage in winter, and finishing with fertiliza-
tion and embryogenesis during spring (Macart-
ney and Gregory, 1988; Almeida-Santos and Sa-
lomao, 2002).

We found that the occurrence of E. c. alvarezi
and B. c. occidentalis is negatively correlated
with altitude, since the species apparently se-
lect habitats at low altitudes. Indeed, their dis-
tribution pattern exhibits a continuous presence
across the plains of the Gran Chaco region. Hen-
derson et al. (1995) described that in general
mainland boine fauna occurs at elevations of
<1000 m a.s.l. In particular, he described that
the altitudinal range for B. constrictor is be-
tween 0 and 1500 m and for E. cenchria, be-
tween 0 and 1000 m. However, our results show
that our subspecies B. c. occidentalis may be
present at altitudes between 60 and 1600 m, and
E. c. alvarezi between 70 and 1300 m.

In both models, we noticed that the same vari-
ables are important, although when analyzing
the confidence intervals of each variable, we
observed differences in the coefficient values
for NDVII (being 22.973 for E. c. alvarezi and
29.5504 for B. c. occidentalis) and TEMP2 (be-
ing —9.401 for E. c. alvarezi and —3.4121 for B.
¢. occidentalis). This indicates variations in the
environmental requirements of the subspecies.
The probability of occurrence of both snakes
increased as overall greenness increased, but
when we considered the NDVI1 coefficient, B.
c. occidentalis was more frequent than E. c. al-
varezi at sites with higher levels of NDVI. This
could be interpreted as a higher dependence of
B. c. occidentalis on vegetation cover, which
could be related to thermoregulation needs. Pre-
vious studies have shown that reproductive in-
dividuals choose woody sites that allow them to
thermoregulate (Attademo et al., 2004; Chiar-
aviglio and Bertona, 2007). Furthermore, on a
local scale, Cardozo et al. (unpublished) in Car-
dozo et al. (2007), found that populations as-
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sociated with forest patches show a higher re-
productive frequency than those associated with
shrublands. Consequently, forest loss could af-
fect populations.

The TEMP2 coefficient indicates that E. c.
alvarezi can be present in areas with lower
temperatures in the dry season, which seems to
show that E. c. alvarezi is less dependent on
temperature. This climate condition might be
indicating that the smaller-sized snake is more
tolerant than B. c. occidentalis in the selection
of potential habitats. The differences in body
size could explain the variation found for both
subspecies in the models.

For ectotherm species, it is known that the
length of the growing season is related to the
physiological time available for development
and also that small species require fewer re-
sources than larger ones. Hence, in seasonal en-
vironments, where resources are available for a
shorter time and animals have less time to grow,
small species will be able to persist at higher lat-
itudes (Mousseau, 1997; Olalla-Téarraga et al.,
2006).

The maps we obtained (figs 2 and 3) support
the endemism of E. c. alvarezi and B. c. occi-
dentalis in the Gran Chaco (Di Fonzo de Aba-
los and Bucher, 1981; Henderson et al., 1995;
Waller et al., 1995; Giraudo and Scrocchi, 2002)
and indicate that the highest probability of oc-
currence of the subspecies is restricted to the
Dry subregion of the Gran Chaco. However, the
predicted distribution of both snakes is slightly
extended to the phytogeographic provinces of
Monte, Espinal and Pampa.

The maps cover southern and western re-
gions of the Gran Chaco that do not completely
correspond to the actual presence of both sub-
species. This is a feature of many prediction
maps: organisms do not always occupy habi-
tats that are suitable for them or are not always
found even when they do occur (Rogers et al.,
1996). This may be related to historical and eco-
logical factors (e.g. barriers to dispersal, inter-
specific competition, predation pressure (Peter-
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son, 2001; Luiselli, 2006b)) that were not taken
into account in our approach.

Based on the contributions of Filippi and
Luiselli (2000) and Santos et al. (2007) and tak-
ing into account the highly associated distribu-
tion to forest habitats and the life history traits
of our snakes, there are obvious threats to many
of their natural populations. We support the fact
that conservation measures are important to pre-
serve natural areas where rare snake species are
present, such as B. c. occidentalis and E. c. al-
varezi in the Gran Chaco region of South Amer-
ica.

The approach we used to map the distrib-
ution of the subspecies proved to be a use-
ful modelling technique to predict the distri-
bution and ecological requirements of these
snakes, enabling us to identify the variables that
best predict areas of apparent suitability. The
distributional modelling technique used in this
study provides an improvement and indicates
where the subspecies can be expected, unlike
the broad-stroke maps typical of field guides,
based on dot and shaded outline maps, which
only indicate where a taxon has been found and
are often of limited value due to spatial general-
ization or subjective judgment (Skov, 2000; An-
derson and Martinez-Meyer, 2004).

This procedure can be widely used in eco-
logical studies of poorly known species and in
peripheral populations occurring in marginal ar-
eas of the distribution range (Alvares and Brito,
20006). It also contributes to the evaluation of the
conservation status of secretive species, since
research on any threatened species of wildlife
poses significant logistical problems (Fitzgerald
et al., 2005).

An accurate knowledge of the variables con-
sidered in relation to the distribution of the
snakes studied here is necessary for a better un-
derstanding of the ecological requirements of
the species in the future. This might enhance our
ability to predict how the distribution of snake
species might be affected in light of the current
environmental changes in the region.



308

Acknowledgements. We thank our team partners, P. Rivera
and M. Tourmente, for their invaluable assistance and A.
Mangeaud and M. Halloy for helpful reviews of the manu-
script. This study was funded by Consejo Nacional de In-
vestigaciones Cientificas y Técnicas, and by Secretaria de
Ciencia y Tecnologia, Universidad Nacional de Cérdoba,
Argentina. Valeria Di Cola and Gabriela Cardozo are fel-
lows of the Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET).

References

Almeida-Santos, S.M., Salomao, G. (2002): Long-term
sperm storage in the Neotropical rattlesnake Crotalus
durissus terrificus (Viperidae: Crotalinae). Japanese J.
Herpetol. 17: 46-52.

Alvares, E., Brito, J.C. (2006): Habitat requirements and
potential areas of occurrence for the Pine Marten in
North-western Portugal: conservation implications. In:
Martes in Carnivore Communities. Santos-Reis, M. et
al., Eds, Alpha Wildlife, Alberta, in press.

Anderson, R.P, Martinez-Meyer, R. (2004): Modeling
species’ geographic distributions for preliminary conser-
vation assessments: an implementation with the spiny
pocket mice (Heteromys) of Ecuador. Biol. Conserv.
116: 167-179.

Anderson, R.P., Gémez-Laverde, M., Peterson, A.T. (2002):
Geographical distributions of spiny pocket mice in South
America: insights from predictive models. Global Ecol.
Biogeogr. 11: 131-141.

Anderson, R.P,, Lew, D., Peterson, A.T. (2003): Evaluating
predictive models of species’ distributions: criteria for
selecting optimal models. Ecol. Modell. 162: 211-232.

Andrade, D.V., Abe, A.S., dos Santos, M.C. (1996): Is the
venom related to diet and tail color during Bothrops
moojeni ontogeny? J. Herpetol. 30: 285-288.

Attademo, A.M., Bertona, M., Kozykariski, M., Chiar-
aviglio, M. (2004): Uso del hébitat por Boa constrictor
occidentalis (Serpentes: Boidae) durante la estacion seca
en Cérdoba, Argentina. Cuad. Herpetol. 18: 33-41.

Avila, L.J., Acosta, J.C. (1996): Evaluacion del estado de
conservacion de la fauna de saurios anfisbénidos y an-
fibios de la provincia de Cérdoba (Argentina). Facena
12: 77-92.

Bertona, M., Chiaraviglio, M. (2003): Reproductive Biol-
ogy, Mating Aggregations, and Sexual Dimorphism of
the Argentine Boa Constrictor (Boa constrictor occiden-
talis). J. Herpetol. 37: 510-516.

Brito, J.C., Crespo, E.G. (2002): Distributional analysis of
two vipers (Vipera latastei and V. seoanei) in a potential
area of sympatry in the Northwestern Iberian Peninsula.
In: Biology of the Vipers, p. 129-138. Schuett, G.W.,
Hoggren, M., Douglas, M.E., Greene, H.W., Eds, Utah,
Eagle Mountain Publishing.

Brito, J.C., Crespo, E.G., Paulo, O.S. (1999): Modelling
wildlife distributions: Logistic Multiple Regressions vs
Overlap Andlisis. Ecography 22: 251-260.

V. Di Cola et al.

Bucher, E.H., Saravia Toledo, C. (2001): Restauracién y
manejo sustentable del Gran Chaco. In: Fundamen-
tos de conservacion biolégica. Perspectivas latinoameri-
canas, p. 579-580. Primack, R., Roiz, R., Feinsinger, P.,
Dirzo, R., Massardo, F., Eds, México, Fondo de Cultura
Econdmica.

Burbrink, ET. (2005): Inferring the phylogenetic position
of Boa constrictor among the Boinae. Mol. Phylogenet.
Evol. 34: 167-180.

Capitanelli, R. (1979): Clima. In: Geografia fisica de la
Provincia de Cérdoba, p. 45-138. Vazquez, J.B., Mi-
atello, R.A., Roqué, M.E., Eds, Buenos Aires, Boldt.

Cardozo, G., Rivera, P.C., Lanfri, M., Scavuzzo, C.M., Gar-
denal, C.N., Chiaraviglio, M. (2007): Effects of habi-
tat loss on populations of the Argentine Boa Constrictor
(Boa constrictor occidentalis). In: Biology of Boas and
Pythons, p. 300-310. Henderson, R.W., Powell, R., Eds,
Utah, Eagle Mountain Publishing.

Cei, J.M. (1986): Reptiles del centro, centro-oeste y sur de
Argentina. Herpetofauna de las Zonas Aridas y Semidri-
das. Museo Regionale de Scienze Naturali di Torino.

Chiaraviglio, M. (2006): The effects of reproductive condi-
tion on thermoregulation in the Argentina Boa Constric-
tor (Boa constrictor occidentalis) (Boidae). Herpetol.
Monogr. 20: 172-177.

Chiaraviglio, M., Bertona, M. (2007): Reproduction and ter-
moregulation as main factors influencing habitat choice
in the Argentine Boa constrictor. In: Biology of Boas and
Pythons, p. 478-488. Henderson, R.W., Powell, R., Eds,
Utah, Eagle Mountain Publishing.

Chiaraviglio, M., Bertona, M., Sironi, M., Cervantes, R.
(1998): Distribuciéon de Boa constrictor occidentalis
(Serpentes: Boidae) en el Noroeste de la Provincia de
Coérdoba. Gayana, Zool. 62: 83-85.

Chiaraviglio, M., Bertona, M., Sironi, M., Lucino, S.
(2003): Intrapopulation variation in life history traits
of Boa constrictor occidentalis in Argentina. Amphib.
Reptilia 24: 65-74.

CITES (1997): Convencién sobre el Comercio Internacional
de Especies Amenazadas de Fauna y Flora Silvestres.
(CITES) Apéndice 1. Secretaria de Recursos Naturales
y Desarrollo Sustentable, Direccion de Fauna y Flora
Silvestres, Buenos Aires, Argentina.

Di Fonzo de Abalos, A., Bucher, E.H. (1981): La fauna
de Serpientes de la Provincia de Cérdoba, Argentina. 1.
Lista y distribucién. Ecosur 8: 89-98.

Eastman, J.R., Fulk, M. (1993): Long sequence time se-
ries evaluation using standardised principal components.
Photogramm Eng Rem Sens. 59: 991-996.

Elith, J., Graham, C.H., Anderson, R.P., Dudik, M., Ferrier,
S., Guisan, A., Hijmans, R.J., Huettmann, F., Leathwick,
J.R., Lehmann, A., Li, J., Lohmann, L.G., Loiselle,
B.A., Manion, G., Moritz, C., Nakamura, M., Nakazawa,
Y., Overton, J. McC., Peterson, A.T., Phillips, S.J.,
Richardson, K.S., Scachetti-Pereira, R., Schapire, R.E.,
Sober6n, J., Williams, S., Wisz, M.S., Zimmermann,
N.E. (2006): Novel methods improve prediction of
species’ distributions from occurrence data. Ecography
29: 129-151.



Distribution models of boas

Fielding, A.H., Bell, J.LE. (1997): A review of methods
for the assessment of prediction errors in conservation
presence/absence model. Environ. Conserv. 24: 38-49.

Filippi, E., Luiselli, L. (2000): Status of the Italian snake
fauna and assessment of conservation threats. Biol. Con-
serv. 93: 219-225.

Fitzgerald, M., Shine, R., Lemckert, F., Towerton, A.
(2005): Habitat requirements of the threatened snake
species Hoplocephalus stephensii (Elapidae) in eastern
Australia. Aust. Ecol. 30: 465-474.

Gertseva, V.V,, Gertsev, V.I., Ponomarev, N.Y. (2006): Inte-
grative model of a population distribution in a habitat.
Ecol. Modelling 193: 575-588.

Giraudo, A.R. (2001): Diversidad de serpientes de la selva
Paranaense y del Chaco Himedo: Taxonomia, bio-
geografia y conservacion. Editorial LOLA (Literature of
Latin America), Buenos Aires.

Giraudo, A.R., Scrocchi, G.J. (2002): Argentinian snakes:
an annotated checklist. Smith. Herpetol. Inform. Serv.
132: 1-53.

Gruss, J.X. (1991): Estructura del comercio de fauna autéc-
tona en la Reptiblica Argentina (1990 como muestra).
Traffic Sudamérica, Buenos Aires, Argentina.

Guisan, A., Hofer, U. (2003): Predicting reptile distributions
at mesoscale: relation to climate and topography. J.
Biogeogr. 30: 1233-1243.

Guisan, A., Zimmermann, N.E. (2000): Predictive habitat
distribution models in ecology. Ecol. Model. 135: 147-
186.

Henderson, R.W., Waller, T., Micucci, P., Puorto, G., Bour-
geois, R.W. (1995): Ecological correlates and the pat-
terns in the distribution of the New World boines (Ser-
pentes: Boidae): a preliminary assessment. Herpetol.
Nat. Hist. 3: 15-27.

Hijmans, R.J., Cameron, S., Parra, J. (2004): WORLD-
CLIM 1.2. [On line]. Museum of Vertebrate Zool-
ogy University of California Berkeley, http://www.
worldclim.org/methods.htm

Litvaitis, J.A., Titus, K., Anderson, E.M. (1994): Measur-
ing vertebrate use of terrestrial habitats and foods. In:
Research and management techniques for wildlife and
habitats, p. 254-274. Bookhout, T., Ed., Bethesda, Mary-
land, USA, The Wildlife Society.

Luck, G.W. (2002): The habitat requirements of the rufous
treecreeper (Climacteris rufa). 2. Validating predictive
habitat models. Biol. Conserv. 105: 395-403.

Luiselli, L. (2006): Resource partitioning and interspecific
competition in snakes: the search for general geographi-
cal and guild patterns. Oikos 114: 193-211.

MacArthur, R.H. (1972): Geographical ecology: patterns in
the distribution of species. Harper and Row.

Macartney, J.M., Gregory, P.T. (1988): Reproductive biol-
ogy of female rattlesnakes (Crotalus viridis) in British
Columbia. Copeia 1988: 47-57.

Madsen, T., Shine, R. (2000): Rain, fish and snakes: climat-
ically driven population dynamics of Arafura filesnakes
in tropical Australia. Oecologia 124: 208-215.

Madsen, T., Shine, R. (2002): Short and chubby or long and
slim. Food intake, growth and body condition in free-
ranging pythons. Aust. Ecol. 27: 672-680.

309

Martins, M., Oliveira, M.E. (1999 (dated 1998)): Natural
history of snakes in forests of the Manaus Region,
Central Amazonia, Brazil. Herpetol. Nat. Hist. 6: 78-
150.

Mousseau, T.A. (1997): Ectotherms follow the converse to
Bergmann’s rule. Evolution 51: 630-632.

Olalla-Térraga, M.A., Rodriguez, M.A., Hawkins, B.A.
(2006): Broad-scale patterns of body size in squamate
reptiles of Europe and North America. J. Biogeogr. 33:
781-793.

Pearce, J., Ferrier, S. (2000): Evaluating the predictive
performance of habitat models developed using logistic
regression. Ecol. Modell. 133: 225-245.

Pennington, R.T., Prado, D.E., Pendry, C.A. (2000):
Neotropical seasonally dry forests and quaternary veg-
etation changes. J. Biogeogr. 27: 261-273.

Peterson, A.T. (2001): Predicting species’ geographic distri-
butions based on Ecological Niche Modeling. The Con-
dor 103: 599-605.

Prado, D.E. (1993): What is the Gran Chaco vegetation in
South America. I. A review. Candollea 48: 145-172.
Real, R., Pleguezuelos, J.M., Fahd, S. (1997): The distri-
bution patterns of reptiles in the Riff region, northern

Morocco. Afr. J. Ecol. 35: 312-325.

Reutter, B.A., Helfer, V., Hirzel, A.H., Vogel, P. (2003):
Modelling habitat-suitability using museum collections:
an example with three sympatric Apodemus species from
the Alps. J. Biogeogr. 30: 581-590.

Rivera, P.C., Chiaraviglio, M., Pérez, G., Gardenal,
C.N. (2005): Protein polymorphism in populations of
Boa constrictor occidentalis (Boidae) from Coérdoba
province, Argentina. Amphib. Reptilia 26: 175-181.

Rogers, D.J., Hay, S.I., Packer, M.J. (1996): Predicting the
distribution of tsetse flies in West Africa using temporal
Fourier processed meteorological satellite data. Ann.
Trop. Med. Parasitol. 90: 225-241.

Saint Girons, H. (1982): Reproductive cycles of male snakes
and their relationships with climate and female repro-
ductive cycles. Herpetoldgica 38: 5-16.

Santos, X., Brito, J.C., Sillero, N., Pleguezuelos, J.M.,
Llorente, G.A., Fahd, S., Parellada, X. (2006): Inferring
habitat-suitability areas with ecological modelling tech-
niques and GIS: a contribution to assess the conservation
status of Vipera latastei. Biol conserv. 130: 416-425.

Santos, X., Brito, J.C., Pleguezuelos, J.M., Llorente, G.A.
(2007): Comparing Filippi and Luiselli’s (2000) method
with a cartographic approach to assess the conservation
status of secretive species: the case of the Iberian snake-
fauna. Amphib. Reptilia 28: 17-23.

Scrocchi, G.J., Aguer, 1., Arzamendia, V., Cacivio, P., Car-
cacha, H., Chiaraviglio, M., Giraudo, A., Kretzdchmar,
S., Leynaud, G., Lopez, S., Rey, L., Waller, T., Williams,
J. (2000): Categorizacion de Serpientes de Argentina. In:
Categorizacion de los anfibios y reptiles de 1a Republica
Argentina, p. 75-93. Lavilla, E.O., Richard, E., Scrocchi,
G.J., Eds, Asociacién Herpetolégica Argentina.

Shine, R. (2004): Incubation regimes of cold-climate rep-
tiles: the thermal consequences of nest-site choice,
viviparity and maternal basking. Biol. J. Linn. Soc. 83:
145-155.



310

Skov, F. (2000): Potential plant distribution mapping based
on climatic similarity. Taxon 49: 503-515.

Sokal, R.R., Rohlf, E.J. (1990): Introduccidn a la Bioestadis-
tica. Ed. Reverté.

Suarez-Seoane, S., Osborne, P.E., Alonso, J.C. (2002):
Large-scale habitat selection by agricultural steppe birds
in Spain: identifying species habitat responses using
generalized additive models. J. Appl. Ecol. 39: 755-771.

The Nature Conservancy (TNC), Fundacién Vida Silvestre
Argentina (FVSA), Fundacion para el Desarrollo Sus-
tentable del Chaco (DeSdel Chaco) y Wildife Conser-
vation Society Bolivia (WCS) (2005): Evaluacién Ecor-
regional del Gran Chaco Americano/Gran Chaco Ameri-
cano Ecoregional Assessment. Buenos Aires. Fundacién
Vida Silvestre Argentina.

Waller, T., Micucci, P., Buongermini Palumbo, E. (1995):
Distribucién y Conservacién de la Familia Boidae en el
Paraguay. Secretaria CITES. TRAFFIC Sudaméricana.

V. Di Cola et al.

Webb, J.K., Brook, B.W., Shine, R. (2002): What makes
a species vulnerable to extinction? Comparative life-
history traits of two sympatric snakes. Ecol. Res. 17: 59-
67.

Zak, M.R., Cabido, M., Hodgson, J.G. (2004): Do subtrop-
ical seasonal forests in the Gran Chaco, Argentina, have
a future? Biol. Conserv. 120: 589-598.

Zug, G.R., Vitt, L.J., Caldwell, J.P. (2001): Herpetology. An
Introductory Biology of Amphibians and Reptiles, 2nd
Edition. Academic Press, San Diego.

Received: October 30, 2007. Accepted: January 22, 2008.



