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Many wild reptile species are threatened by habitat loss. However, the way in which
changes in landscape patterns influence intraspecific ecological processes is not com-
pletely understood. Boa constrictor occidentalis is an endangered species and has a special
conservation value since it is endemic of dry forests in the Gran Chaco region. Because
the Gran Chaco is largely threatened due to habitat loss it is necessary to know how land-
scape changes influence this species. Therefore, we evaluated the effects of forest loss and
landscape composition on the reproductive life-history parameters. Landscape changes
were assessed by analyzing satellite imagery and reproductive parameters were deter-
mined by ultrasound images of the reproductive structures. The obtained results indicate
that habitat loss may affect body condition, clutch size and testicular volume of the Argen-
tine boa constrictor. We also found that the spatial pattern of vegetation influences the dis-
tribution of females and males in the landscape. Matting aggregations are scarce in
shrublands. Therefore, our study shows that forest loss could enhance vulnerability to
extirpation through constraints placed on reproduction. We encourage resource managers
to evaluate sensitive reproductive life-history parameters as well as habitat deterioration to
asses the conservation status of the populations of the Argentine boa constrictor. Since the
Gran Chaco forest, a key habitat to the species’ reproduction, is largely threatened, strong
conservation action is needed to halt and reverse forest loss in this region.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

which changes in spatial patterns influence intraspecific eco-
logical processes is not completely understood. Landscape-

Recent literature has addressed the need for a better under-
standing of the ecological mechanisms that underlie herpe-
tofauna population decline associated to structural habitat
changes (Cushman, 2006; Neckel-Olivera and Gascon, 2006;
Gardner et al.,, 2007; Cagle, 2008). Although, many species
are threatened by habitat loss (Luiselli and Capizzi, 1997;
Mac Nally and Brown, 2001; Ishwar et al., 2003), the way in

scale snake-habitat investigations may provide essential
knowledge to elaborate snake conservation measures (Filippi
and Luiselli, 2006).

Considering that habitat loss is a serious environmental
problem in many ecosystems it is necessary to know the ef-
fects of landscape changes on snakes populations. Specifi-
cally, as snakes adjust reproductive tactics in response to
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the energetic constraints imposed by local conditions (Lour-
dais et al., 2002b; Shine, 2003), traits such as clutch size or
reproductive frequency could be depressed. Moreover, as cap-
ital breeder snakes do not reproduce unless they have accu-
mulated sufficient energy reserves, the energetic threshold
for reproduction constitutes another key feature to evaluate
the effects of habitat loss (Madsen and Shine, 1999a; Bertona
and Chiaraviglio, 2003; Shine, 2003). Reproductive potential of
males is also variable because sperm production and repro-
ductive behaviors have significant costs (Olsson et al., 1997;
Shine and Mason, 2005; Schulte-Hostedde and Montgomerie,
2006). Besides, environmental factors influence the spatial
distribution of reproductive individuals leading to geographic
variations in mating systems (Shine and Fitzgerald, 1995;
Shetty and Shine, 2002). Intraspecific variation provides an
ideal opportunity to understand the influence of environment
on life history characters (Pearson et al.,, 2002). Thus, the
understanding of the effects of landscape changes on the
reproductive performance of snakes could be useful to deter-
mine population status and design conservation plans.

Our study species is the Argentine boa constrictor (Boa con-
strictor occidentalis) which is the largest ectotherm predator
inhabiting dry forests of the Gran Chaco region in South Amer-
ica. The Gran Chaco is a largely threatened wooded region,
strongly affected by extensive livestock raising, extractive for-
estry and poorly planned agricultural expansion (The Nature
Conservancy et al., 2005). The woodland in the Chaco region
is beinglost at an annual rate of 2.2%; one of the highest world
rates of deforestation and, in some cases, even higher than
those recorded for some tropical rain forest. A massive con-
traction of forest occurred at the southern edge of the Chaco
forest, where this study was carried out: 85% of the original
subtropical dry forests (ca. 1.2 million ha), was cleared in only
30 years (Steininger et al., 2001; Zak et al., 2004).

Among the environmental factors that might influence
reproductive behaviors in viviparous snakes, vegetation
structure would be of great importance (Blouin-Demers and
Weatherhead, 2001; Row and Blouin-Demers, 2006; Chiaravi-
glio and Bertona, 2007). At regional scale, the habitat require-
ments of Boa constrictor occidentalis show that its distribution is
associated with dry forests (Di Cola et al., 2008). Besides,
although Boa constrictor could be a habitat generalist in some
tropical regions (Romero-Ngjera et al., 2006), studies in tem-
perate regions at microhabitat scale suggest that arboreal
sites would facilitate the maintenance of high and constant
body temperature in reproductive females (Chiaraviglio,
2006; Chiaraviglio and Bertona, 2007). An effective maternal
thermoregulation would be important because the phenotype
of the offspring is dependant upon body temperatures during
development (Blouin-Demers et al., 2000). In addition, Card-
ozo et al. (2007) found that the loss of forest connectivity,
and its replacement by shrubs, decreased the levels of gene
flow in the populations of the Argentine boa constrictor. Since
habitat loss could shape distribution of snake species, conser-
vation efforts should emphasize the landscape-scale (Cagle,
2008).

Apart from being considered an endangered species (CITES
I, 2007; Scrocchi et al., 2000), Boa constrictor occidentalis has a
special conservation value since it is endemic of the Gran
Chaco. This species has been identified by The Nature Conser-

vancy et al. (2005) as a ‘conservation target’ with the intention
of focusing regional conservation plans. Keystone species
may allow conservation managers to focus on a single-spe-
cies emphasizing ecological mechanisms (Simberloff, 1998;
Payton et al., 2002).

To get a better understanding of the consequences of land-
scape changes on ecological mechanisms of reptiles, we eval-
uated the effects of forest loss and landscape composition on
reproductive life-history parameters of Boa constrictor occiden-
talis. We hypothesized that habitat loss would have adverse
effects on reproductive parameters such as reproductive fre-
quency, body condition, clutch size, testicular volume, and
mating aggregation establishment. The understanding of
snake reproduction-habitat relationships will be useful to
plan conservation actions.

2. Materials and methods

2.1.  Study species

The Argentine boa constrictor is a large viviparous snake with
seasonal reproductive activity. It is considered a capital bree-
der snake. Larger females reproduce more frequently and
contain more embryos than smaller females. Its mating sys-
tem has been described as prolonged mate-searching polyg-
yny (PMSP) (Bertona and Chiaraviglio, 2003). During the
reproductive season, the maximum total distance moved
was about 1.5 km for reproductive males and non-reproduc-
tive females, and about 0.09 km for reproductive females
which would remain associated to natural holes (Chiaraviglio
and Bertona, 2007).

2.2. Study area

The study area covers about 250 km? and is located in the Dis-
trict of Pocho (31°50’S; 64°20'W — Province of Cérdoba) in the
southern portion of the Gran Chaco, in Argentina. Agricultur-
ally, it is considered a marginal land where the main activity
is the extraction of trees, which results in the replacement of
the forest by shrubs. The subspecies’ natural habitat is char-
acterized by a xerophytic forest of Aspidosperma quebracho-
blanco and Prosopis nigra (Cabido and Zak, 1999). Deforested
lands have been covered by shrublands of Larrea divaricatta
and Mimozyganthus carinatus (Zak et al., 2004).

2.3.  Survey methods

Snakes were captured by hand between 1996 and 2003. A total
of 173 mature individuals (91 males and 82 females) were cap-
tured and then released at their capture site. At each encoun-
ter, date and geographic coordinates were recorded. Animals
were sexed and individually marked by ventral scale clipping
(Brown and Parker, 1976) to confirm that the snake popula-
tions of each site were independent from one another. In each
specimen, snouth-vent length (SVL) and mass were recorded.
We did not obtain recaptures. Reproductive structures were
observed and measured by ultrasound scanning (Toshiba
Sonolayer SSA-270, linear 7.5 Mhz transducer) (Chiaraviglio
et al, 1998). Testicular volume was calculated using the
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equation for the volume of an ellipsoid (Méndez and Villag-
ran, 1998) and males were scored as reproductive if they
had turgid testes (Slip and Shine, 1988). Testicular volume
was considered a measure of the reproductive potential of
males because a positive relationship between relatively large
testes and production of high-quality ejaculates has been re-
ported in several species (Zenuto et al., 2003). Females were
considered reproductive if they had vitellogenic and/or ovi-
ductal follicles bigger than 10 mm in diameter. Litter size
was estimated based on the number of vitellogenic and/or
oviductal follicles. Location and size of mating aggregations
were also recorded (Bertona and Chiaraviglio, 2003).

2.4.  Landscape analysis

During the field trips, we recorded the types of vegetation
structures that occurred at the study area determining two
major classes: forest and shrublands. We analyzed the avail-
able S10 or 10-day synthesis of the Normalized Digital Vegeta-
tion Index (NDVI) provided by The Spot Vegetation Program in
order to assess forest loss. Remote sensing imagery had a spa-
tial resolution of 1 km. We calculated the average NDVI of the
study area for each year and quantified changes in NDVI dur-
ing the study period. NDVI fluctuation may contain potential
sources of error including rainfall events; however, this index
has been used to detect changes of the vegetation cover and
to discriminate zones of dry forest ecosystems (Bagour
et al., 2006; Dedios, 2006). In our study, we also corroborated
that NDVI variation is related to tree cover changes by quan-
tifying forest loss using satellite images Landsat 5 TM from
1997 and 2003 and by comparing NDVI values between forest
and shrublands.

To characterize landscape vegetation composition, we
analyzed satellite images Landsat 7 ETM + employing ENVI
4.1 program (Research System Inc.). A total of 120 points were
characterized at the field and geocoded using a GPS Garmin III
Plus. These field sampling waypoints were then used to per-
form a supervised classification through a Maximum Likeli-
hood algorithm (Chuvieco, 2002). To simplify the image
classification and obtain fragmentation metrics, we clumped
adjacent similarly classified pixels by applying a moving win-
dow using the majority analysis (Baldi et al., 2006). We as-
sessed the forest landscape configuration using the
following metrics: Percentage of Forest Landscape (PLAND),
Mean Patch Area (AREA_MN) and Mean Euclidean Nearest
Neighbor Distance (ENN_MN) using FragStats 3.3 (McGarigal
and Marks, 1995; Rutledge, 2003).

2.5.  Data analysis

In order to obtain a measure of snakes’ body condition (mass
relative to length), we calculated residual scores from the
general linear regression of In-transformed body mass to
SVL. Because body shape differs between the sexes, these
regressions were performed separately for males and females
(Madsen and Shine, 1999a, b, 2000; Bertona and Chiaraviglio,
2003). Depending on the features of the data set, we used
Pearson or Spearman’s correlation to examine the relation-
ship between body condition and reproductive parameters.
Linear regression was used to test temporal variations in body

condition, clutch size, and testicular volume. Wilcoxon and
Kruskall-Wallis tests were used to compare reproductive
parameters of snakes, to examine their variations among dif-
ferent landscape covers and to evaluate changes of environ-
ment’s features. Contingency table analyses were used to
evaluate interaction between reproductive status, frequency
of mating aggregations and vegetation structure types. All
statistics were performed with InfoStat (2004) 1.1 at o = 0.05.
All mean values are presented + standard error (SE).

3. Results
3.1. Effects of habitat loss on reproductive parameters

We documented forest loss by detecting NDVI diminution
throughout the study period (Kruskall-Wallis test with NDVI
as dependent variable and year as independent variable;
H=32.41; P<0.01) (Fig. 1). Satellite image classification sup-
ported this result since forest area decreased from 24.6% to
18.3% between 1997 and 2003. Besides, forest NDVI is higher
than shrubland NDVI (Wilcoxon test; W = 731496.00; P = 0.01)
showing that changes in NDVI are mainly due to forest
diminution.

Reproductive features of the population also varied among
years. Body condition threshold of reproductive snakes and
clutch size decreased with forest decline (body condition:
n=32, R?=0.21, P=0.01; clutch size: n=32, R2=0.24,
P <0.01) (Fig. 2). Clutch size was correlated with body condi-
tion (Pearson’s correlation; R =0.40, P = 0.03). However, body
condition of non-reproductive females did not change
(n=29, R?=0.01, P=0.57). Reproductive snakes exhibited
higher condition indices than non-reproductive ones in every
year of our study (Fig. 3). Reproductive frequency of females in
the population did not change (X? = 10.84; 8 df; P = 0.21), the
mean value was 0.61.

In males, there was an association between body condition
and testicular volume index (Spearman’s correlation; R = 0.44,
P <0.01), and both parameters decreased throughout the
study period (testicular volume index: n=50, R*=0.22,
P <0.01; body condition: n=50, R>=0.18, P<0.01) (Fig. 4).
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Fig. 1 - Normalized digital vegetation index diminution in
the study area.
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Fig. 2 - Diminution of body condition (A) and clutch size (B) of reproductive females of Boa constrictor occidentalis between 1995

and 2003.
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Fig. 3 - Mean body condition of Boa constrictor occidentalis
reproductive females (solid bars) and non-reproductive
females (open bars) from 1997 to 2003.
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Reproductive frequency of males in the population does not
seem to change (X?=10.84; 8 gl; P = 0.05) with a mean value
of 0.68.

3.2.  Influence of landscape composition on reproductive
behaviour

The landscape analysis showed that the remnant forest is
characterized by a fragmentation pattern. The area covered
by forest was 21% whereas shrublands cover peaked 76%. In
many sites, shrublands were so low and open that the soil
was virtually uncovered. The forest was fragmented in small
and isolated patches. The mean patch area was 422.12 ha and
the mean Euclidean nearest neighbor distance was 909 m
(Fig. 5).

Considering the landscape heterogeneity described, we
tested if the reproductive behaviour of the population differed
between forest and shrublands areas (Table 1).We found that
reproductive frequency was higher in the forest than in the
shrublands (X?>=4.65; 1df; P=0.03). This trend was also
manifested in each sex although there were not statistical
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Fig. 4 - Diminution of body condition (A) and testicular volume (B) of reproductive males of Boa constrictor occidentalis between

1996 and 2003.
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Fig. 5 - Landscape composition of the study area.
Supervised classification indicates: black (forest), dark grey
(high shrubland), light grey (low shrubland), white
(uncovered soil).

Table 1 - Reproductive parameters of Boa constrictor
occidentalis in two landscape structures

Reproductive Forest Shrubland
parameters

Reproductive frequency 0.65:0.35 0.42:0.58
R:NR(¥)

Mating groups 0.92 0.08
frequency(*)

Operational sex ratio 1.70:1 1.5:1

M:F(*)

Male body condition 0.01 +0.02 0.07 + 0.05

Testicular volume (mm?) 14 054.64 +1 094.57 19 398.49 + 7 672.34

Reproductive female 0.87 0.13
proportion(*)

Female body condition(x) 0.19 +0.03 0.12 + 0.08
Clutch size 27.60+1.7 34.75+3.82

R: reproductive, NR: non-reproductive, M: male, F: female.
“Indicates significant differences.

differences (females: X = 2.27; 1 df; P = 0.13; males: X> = 2.02;
1df; P=0.16).

The establishment of reproductive groups depended on
habitat cover, since mating groups frequency was markedly
higher in forest areas (X? = 17.64; 1 df; P < 0.01). Furthermore,
composition of mating groups could be considered different,
since mating groups in shrublands were composed of couples
whereas in the forest they were made up of a female and one
to three males. Accordingly, the operational sex ratio in forest
areas was biased towards males (X2 =4.63; 1df; P=0.03)
whereas in shrublands the male:female proportion did not
differ significantly from 1:1 (X? = 0.40; 1 df; P = 0.53). Regarding
males, neither testicular volume index nor body condition
seemed to display variations between individuals from the
forest and those from the shrubland (testicular volume index:
W =158.5, P = 0.87; body condition: W = 181, P = 0.40) (Table 1).
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Fig. 6 - Body condition of reproductive (open rectangles) and
non-reproductive females (solid rectangles) of Boa constrictor
occidentalis in the landscape structures of the study area.

However, 33% of the males from the forest showed a greater
testicular volume than the greatest value found for males
from the shrublands. Those males that could develop bigger
testes were also in a considerably better body condition than
the other males from the forest (W =370, P <0.01).

Abundance of reproductive females varied between envi-
ronments (X? = 16.13; 1 df; P < 0.01) (Table 1) and reproductive
females settled in the forest were more heavy-bodied than
those from the shrublands (W =58; P < 0.01). However, con-
trary to what might be expected, clutch size did not vary be-
tween environments (H =2.29; P = 0.1294).

The threshold of the reproductive body condition was low-
er for females from the shrublands than for those from the
forest. (forest: mean body condition of reproductive fe-
males = 0.19 + 0.03; mean body condition of non-reproductive
females = —0.12 + 0.04, W =249, P <0.01; shrublands: mean
body condition of reproductive females=0.12 +0.08; mean
body condition of non-reproductive females=—0.5+0.05,
W =36, P=0.11) (Fig. 6). As we have seen above, clutch size
did not differ between vegetation types, even though females
in the shrublands were longer that females breeding in the
forest (W=110.5, P<0.01, mean LHC in the for-
est=2102.12 + 32.47 mm, mean LHC in the shrubland=
2362.50 + 100.86 mm).

4, Discussion

Some effects of habitat fragmentation on reptiles (Mac Nally
and Brown, 2001; Driscoll, 2004; Marchand and Litvaitis,
2004; Stow and Sunnucks, 2004) and, in particular, on snakes
(Luiselli and Capizzi, 1997; Blouin-Demers and Weatherhead,
2001; Cardozo et al., 2007) have been reported. However, the
novelty of our approach relies on the proximate ecological
mechanisms that lead reptiles to decline as consequence of
habitat change. Our results show that the loss of native forest
over time may affect reproduction of the Argentine boa con-
strictor by reducing body condition, clutch size and testicular
volume. Besides, we detected differences in the plasticity of
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reproductive characters and found that spatial patterns of
vegetation cover may affect the spatial distribution of females
and males, operational sex ratio and mating aggregation
processes.

4.1. Effects of habitat loss on reproductive parameters

Identifying the variables that affect the ecological processes
of reptiles is imperative in order to determine threats for
the species (Urbina-Cardona et al., 2006). Distribution-related
factors could be prevailing threats for snake-fauna (Filippi
and Luiselli, 2000). Predictive distribution models (Di Cola
et al., 2008) indicated that vegetation might be a key factor
for B. c. occidentalis. The lack of suitable thermal environments
to thermoregulate may affect the reproductive processes of
the Argentine boa constrictor (Chiaraviglio, 2006). Accord-
ingly, we found that forest reduction may affect the reproduc-
tive threshold of females, clutch size, and reproductive
potential of males (see Figs. 2 and 4).

Capital breeder snakes can assess resource availability and
buffer fluctuations, modifying reproductive output to secure
reproductive efficiency (Madsen and Shine, 1999a; Lourdais
et al.,, 2002b). Accordingly, we have evidenced that reproduc-
tive frequency and body condition of non-reproductive fe-
males remain stable with progressive forest loss but clutch
size diminishes, threatening species persistence. Long-lived
reptiles may respond to habitat disturbance with high pheno-
typic plasticity, but this rebound could have negative effects
in the long-term (Hoare et al., 2007; Moore et al., 2007). Be-
sides, the continuous depression of the reproductive thresh-
old could be indicating a low probability of survival and/or a
small growth rate (Shine and Schwarzkopf, 1992). Other
snakes, such as Liasis fuscus, respond to habitat variations
with a reduction in maternal condition (Ford and Seigel,
1989; Madsen and Shine, 1999a). However, viviparous species
which experience prolonged anorexia during pregnancy
(Lourdais et al., 2002a) could reduce clutch size instead of
body mass as a strategy to minimize post-partum emaciation.
Boback and Carpenter (2007) have proposed that clutch size is
a plastic character in Boa constrictor and, Waller et al. (2007)
suggested that body condition of post-reproductive females
would be a more stable character in Eunectes notaeus. Thus,
to preserve body mass could be a way to secure future lifetime
production of offspring in B. c. occidentalis.

4.2.  Influence of landscape composition on reproductive
behaviour

We show that landscape patterns affected the reproductive
behaviour of the population as reproductive female abun-
dance was greater in the forest than in the shrubland. Be-
cause female distribution affects mate searching and sexual
selection (Brown and Weatherhead, 1999) we could predict
changes in the PMSP mating system (Bertona and Chiaravi-
glio, 2003). In shrublands the operational sex ratio was similar
to 1:1 suggesting that males could improve their reproductive
success by remaining with the female instead of dispersing
(Abell, 2000). For instance, males of Morelia spilota remain with
females for long periods when females are in low density
(Pearson et al., 2005). Habitat alterations in the landscape

could increase energetic cost for the dispersal of snakes
(Roe et al., 2004). Accordingly, Cardozo et al. (2007) have de-
tected a lower dispersal of the Argentine boa constrictor in re-
gions where forest connectivity has been lost. On the
contrary, in the forest the operational sex ratio was biased to-
wards males. This produces a much more intense male-male
competition (Kvarnemo and Ahnesjo, 2002). Our results indi-
cate that only those males with better body condition would
be able to develop bigger testes and could be better competi-
tors (Holt and Van Look, 2004). However, we did not find sig-
nificant difference in the testicular volume between
environments (Bertona and Chiaraviglio, 2003). The apparent
contradiction between this pattern and the temporal co-vari-
ation of forest and testicular volume could be explained by
the reproductive behaviour of males. Since the PMSP mating
system implies higher male dispersion, male Argentine boa
constrictor could be affected by the general habitat quality
as well as by local conditions.

Geographic variation in life-histories independent of habi-
tat loss could occur. Nevertheless, the documented temporal
shift in life-history traits associated to forest loss, as well as
the spatial patterning reported, allow us to interpret variation
in reproductive traits as a response to anthropogenic habitat
degradation.

4.3.  Implications for conservation

Among the weaknesses of the regional conservation plans,
the poor information regarding ecology behaviour constitutes
one of the fundamental issues (The Nature Conservancy
et al., 2005). Our study provides useful knowledge showing
that forest loss may enhance the vulnerability to extinction
in the Argentine boa constrictor, through constraints on
reproduction. It demonstrates the need for caution in the
analysis of the conservation status of this species. Therefore,
we encourage resource managers to consider that the mere
presence of the species is not a good indicator of its conserva-
tion status. We remark the need to evaluate reproductive life-
history parameters and single out those that should be taken
into account for assessing population status and designing
conservation plans. Body condition, clutch size and testicular
volume are good indicators of the effect of progressive land-
scape changes on Argentine boa constrictor populations.
Mean reproductive frequency could be a more constant popu-
lation parameter along the time. However, since this parame-
ter would vary spatially with the quality of landscape
resources, it could be suitable to identify higher quality
patches. Low frequency of matting aggregations and presence
of couples instead of multi-male groups could indicate scarce
habitat resources. On the contrary, body condition of males
and testicular volume could be somewhat unreliable parame-
ters to evaluate local habitat conditions, considering that
males disperse greatly (Rivera et al., 2006; Chiaraviglio and
Bertona, 2007).

Since snake communities vary along environmental gradi-
ents (Urbina-Cardona et al., 2006; Cagle, 2008), conservation-
ists should also consider species-specific conservation
strategies or, at least, take into account the diversity of re-
sponses of keystone species. For instance, because some eco-
logical features make snakes more vulnerable to extinction
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than others (Webb et al., 2002), we could predict that species
with similar ecological traits to the Argentine boa constrictor,
such as slow life history, late maturation, high reproductive
costs, large corporal size and habitat-specific requirements,
would be more vulnerable to habitat loss than others.

To know whether a species is threatened by habitat change
it is necessary to determine the nature and severity of the
environmental process experienced (Fitzgerald et al., 2004).
It is our belief that the Argentine boa constrictor should con-
tinue to be considered a species endangered since its repro-
ductive habitat is largely threatened (CITES I, 2007).
Considering that only 9% of the Gran Chaco is located in pro-
tected areas and that, in Argentina, where the major section
of the Gran Chaco is located, the conservation units represent
3.25% of the Argentinean Chaco (The Nature Conservancy
et al., 2005), we underline the necessity of efficient control
of deforestation, protection of forest remnants and establish-
ment of corridors. This issue is fundamental to this species
conservation since female reproductive frequency and body
condition diminish in shrublands, whereas the mating groups
settle in the forest.

Policy makers must take into account that landscape mod-
ifications would affect species’ ecological processes at differ-
ent temporal scales. Endogamy has still not been detected,
probably because of the active dispersal behaviour of males
searching for females to reproduce (Rivera et al., 2005, 2006).
However, it has already been demonstrated that the declina-
tion of gene flow (Cardozo et al, 2007) and reproductive
parameters could be short-term indicators of the conserva-
tion status of long-lived animal species. Nevertheless, poten-
tially costly management decisions for long-lived species
should be taken based on long-term monitoring (Moore
et al., 2007; Cagle, 2008).

Because of the fragility of the Gran Chaco’s natural re-
sources and the difficult reversibility of many of the region’s
alterations, urgent measures are needed to reach a sustain-
able development of the region. The protection of the B. c. occi-
dentalis will also contribute to the protection of Gran Chaco
and consequently to the conservation of its environmental
services. The Gran Chaco is a wooded region of exceptional
biodiversity with unique ecological processes. Conserving its
biodiversity also means maintaining and guaranteeing its cul-
tural identity.
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