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Effects of fire and cattle grazing on amphibians and lizards
in northeastern Argentina (Humid Chaco)
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Abstract Richness, diversity and abundance of amphibians
and lizards were compared in four sites subjected to
different fire and grazing regimes in Mburucuyá National
Park (Corrientes, Argentina). The surveys were performed
using drift fence–pitfall traps randomly distributed in four
sites subjected to the following prescribed fire and grazing
regimes: (A) no fire or grazing for the last 12 years
(control), (B) 3 years since the last prescribed fire, (C)
annual prescribed fire and (D) annual prescribed fire and
grazing. Fourteen species of amphibians and six species of
lizards were captured during the study period (80 days).
The lowest values of amphibian richness and abundance
were found in sites C and D. The amphibian species
Leptodactylus ocellatus and Leptodactylus podicipinus
were most abundant in the control site (A). In lizards, no
significant differences were found among sites, although
Kentropyx viridistriga and Teius oculatus were more
abundant in annually burnt sites (C and D). Vegetation
variables were correlated with amphibian and lizard species
composition. The species differed in their preference for the
differently managed sites. The combination of fire and
grazing had a negative effect on diversity of amphibians

and lizards, with a greater effect on amphibians. Also, fire
favoured the presence of some lizard species.
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Introduction

In several regions of Argentina, fire and grazing are
important disturbances that critically modify the landscape.
In wild areas, fire reduces plant biomass, suppresses
development of woody vegetation and removes the upper
litter layer (Gibson and Hulbert 1987; Ensbey et al. 2000).
At the same time, fire exposes soil where new individuals
can establish, leading to different successional stages of
plant and animal communities (Kunst et al. 2003). Grazing
by domestic cattle has a significant effect on grasslands
through plant removal and compaction, erosion and loss of
soil biological properties (Braunack and Walker 1985; Abril
and Bucher 1999; Ensbey et al. 2000). Grazing-induced
changes modify availability of habitat and food resources
for the grassland fauna (Ryder 1980).

Some species of amphibians and reptiles are highly
sensitive to environmental changes induced by fire and
grazing. Some particular characteristics of amphibians
(highly permeable skin, shell-less eggs) make them vulner-
able to drastic changes in environmental quality (Zug et al.
2001). Reptile species are more tolerant to on-site moisture
reductions than amphibian species mainly because reptiles’
skin is relatively impermeable, their eggs have a shell and
also because some aspects of their behaviour (use of
borrows and low mobility) help them overcome adverse
conditions. However, as reptiles are associated with
particular biomes, some species are highly sensitive to
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subtle changes in the ecological communities where they
belong (Zug et al. 2001). A species’ local distribution and
abundance may be restricted by fire-induced changes
(James and M’Closkey 2003). Pianka (1996) mentioned
fire as one of the most important factors determining lizard
species diversity in the deserts of Australia.

Mortality of individuals is one of the immediate effects
of fire on animal populations (Heinrich and Kaufman 1985;
Whelan 1995). However, different authors mentioned that
neither amphibians nor reptiles are usually directly affected
by fire or that they are only slightly affected (Mushinsky
and Gibson 1991; Cunningham et al. 2002). Accordingly,
studies conducted in other parts of the world indicate that
fire has a low effect on amphibians and reptiles (Cunning-
ham et al. 2002). Many species even take advantage of the
habitat mosaic generated by fire (Mushinsky and Gibson
1991) and of the increased availability of food and refuge,
the latter one being provided by logs (Cunningham et al.
2002; James and M’Closkey 2003). Furthermore, the
herpetofauna historically adapted to environments with
periodic natural fire regimes not only tolerates but also
takes advantage of this disturbance (Russell et al. 1999;
Brisson et al. 2003).

Prescribed burning, usually conducted during winter and
early spring, is a management tool used to reduce
hazardous fuel buildup, maintain or restore native ecosys-
tems, increase water availability, control undesirable plant
species and create clean seedbeds for seeding purposes
(Wright and Bailey 1982). Prescribed fire has also been
indicated as an adequate management action to improve
pasture quality (Andersen et al. 2005) and restore historical
mosaics of successional stages, habitat structure and plant
species composition (Russell et al. 1999). However, most
authors suggest that the effects of fire on biodiversity are
complex, depend on the environment and species analysed
and pose an important challenge to wildlife managers
(Mushinsky 1985; Penn et al. 2003).

Grasslands in northeastern Argentina are heavily
exploited for cattle production, the main economic activity
in the region; fire is used as a management tool to promote
re-sprouting and remove barely palatable vegetation (Whelan
1995). One of the main problems encountered in the study
of the effect of fire or overgrazing on animal communities
or populations is the low availability of undisturbed sites
relatively close to sites presenting a mosaic of disturban-
ces induced by fire and grazing. This study aims at
examining the response of amphibians and lizards to the
different management strategies implemented in an area
that presents a disturbance mosaic generated and main-
tained for experimental purposes by means of prescribed
burning and cattle grazing.

The study was conducted in Mburucuyá National Park,
one of the largest native grasslands of northeastern

Argentina, which provides a unique opportunity to evaluate
the effects of fire and grazing, individually and combined,
on local populations of amphibians and lizards.

Materials and methods

Study area

The work was conducted in Mburucuyá National Park
(17,682 ha; 57°59′ and 58°08′ W; 27°58′ and 28°05′ S),
located in the northwest of the province of Corrientes,
northeastern Argentina (Fig. 1). The relief in the region is
slightly undulated, with deficient drainage due to the slight
slope; 65% of the area is covered by semi-permanent
ponds, swamps and marshes (Saibene and Montanelli
1997).

Mean annual temperature ranges between 21°C and 23°C.
Maximum absolute temperatures can peak 46.5°C, and
minimum absolute values of up to −5.5°C are recorded in
winter. Frosts are barely frequent, with up to 340 days free of
frosts a year. Mean annual rainfall is 1,300 mm, concentrated
in spring and summer, with a dry season in winter.

The park lies in a wide ecotone among the Paranaense,
Chaco and Espinal phytogeographic provinces (Cabrera
1976). The area is included in the Ibera wetlands system,
which is considered one of the most important wetlands in
Latin America (Canevari et al. 1998). The characteristic
physiognomy of the Park is of an open savannah, with
grasslands and inclusion of hygrophilous forests. The most
common species of grasses during the study period were
Andropogon lateralis, Andropogon selloanus, Schizachy-
rium paniculatum, Sorghastrum agrostoides, Elionurus
muticus and Paspalum notatum.

Experimental design

Four sampling sites (minimum of 400 ha each) with
different history of grazing and natural or prescribed fires
were selected. The sites were defined as (A) site non-
burned and non-grazed since 1995, (B) site non-burned
since 2003 and non-grazed, (C) site annually burned and
non-grazed and (D) site annually burned and grazed
(Fig. 1).

Burns were conducted at the time of the year of greatest
accumulation of dry vegetation cover (August–September).
Fuel material was mostly fine (dried grasses), with an
approximate load of 5 t/ha and about 10–15% humidity.
Head fires were ignited with a hand-held drip torch. Fires
reached a mean height of 3 to 5 m, with a maximum of
10 m. Prescribed burns were conducted under the following
conditions: winds 10–15 kph, air temperature 15–22°C and
relative humidity 40–50%.
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Cattle carrying capacity in the grazed sites was 3.1 ha
per cattle unit. Cattle used the plots all the year round. Five
to 7 days before the start of the start of burns, they were
removed and were re-introduced in the burned plots
2 months after the last burn.

The four sites were simultaneously sampled to compare
richness, abundance and diversity of amphibians and lizards
and the relationship of these parameters with vegetation
structure and composition in each site. Samplings were
conducted uninterruptedly from January 12 to April 1, 2006
(80 days). Samplings taken in the grazed plots were
conducted when cattle were present.

Because of the experimental design used, it was not
practical to find other areas that replicate the landscape
treatments because natural grasslands are very scarce in
this portion of the Chaco. Indeed, Mburucuyá National
Park is the largest relict that has been barely modified by
man. Therefore, we will restrict our statistical inferences
to these particular areas, considering our sampling
methodology as adequate to represent these them. In
many cases, it is difficult to replicate or randomise
appropriately perhaps because lack of enough wild areas
to be included in the analysis (as this work) or financial
limitations; however, as stated by Wester (1992), the fact
that appropriate replication or randomisation is not
adequately incorporated into a study does not mean that
the study lacks useful information.

Samplings of amphibians and lizards were conducted
using drift fence–pitfall traps. Trapping arrays consisted of
three drift fence arms radiating out at 120° from a central
point, with three buckets at the outer edge of every drift
fence and one bucket placed at the centre of the array
(Greenberg et al. 1994). Drift fences 8 m in length and
50 cm in height were constructed with polypropylene shade
cloth arranged in a straight line. The 20-L buckets were
buried in the ground, with the opening flush with the

surface; the buckets were filled with a wet sponge, 1–2 cm
of water, and plant remains to prevent dehydration of
individuals (Greenberg et al. 1994). Thus, each array was a
sampling unit made up of three drift fences and four
buckets (Leynaud and Bucher 2005).

The sampling statistical design used is a completely
randomised model with one classification factor (Zar 1984).
In each of the four sampling sites (A, B, C and D), eight
sampling units were randomly established. A total of 32
arrays (sampling units) were installed in the entire study
area at a minimum distance of at least 500 m from one
another. Traps were checked once or twice a day. Captured
animals were marked by toe clipping to avoid double
counting (Masters 1996; Jones et al. 2000); specimens were
photographed and released at the point of capture (Jones
1988).

Data analysis

Richness (number of species) and relative abundance
(number of individuals captured) were estimated per group
(amphibians and lizards) and per species in the four sites.
Richness and abundance were compared among sites with
an analysis of variance (ANOVA). Normal distribution of
records and homogeneity of their variances were evaluated
using the Shapiro–Wilk test and the Levene test, respec-
tively; both tests were applied on residuals and absolute
residuals of the variables analysed (Zar 1984). Where data
sets were not normally distributed, a Kruskal–Wallis one-
way test was executed, followed by Dunn’s method of
multiple comparisons. Diversity of amphibians and reptiles
was estimated with the Shannon index. Significant differ-
ences in the index value among sites were evaluated using
the t test (following Magurran 1988). Similarity of
assemblage composition among sites was evaluated using
Sorensen’s similarity index.

Fig. 1 Location of Mburucuyá
National Park (Corrientes,
Argentina) and of the four sam-
pling sites (A, B, C and D)
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Description of vegetation and its relationship
with amphibian and reptile fauna

Plant species composition is described in the sampling
sites, and the following plant and structural habitat
variables in each array were measured: (a) ground cover
(bare, litter and/or grass), (b) grassland height, (c) litter
depth, (d) richness and diversity of plant species and (e)
distance to forest patches. To do this, 30 points were
randomly defined around each trap. Plant species were
recorded at each point. Ground cover (bare, litter and/or
grass) was measured with an iron frame (20×50 cm)
placed at each of the points to estimate percent cover.
Grassland height and litter depth were measured with a
graded rod at each point, obtaining a mean value
(centimetres) for each trap (Sutherland 1996). Richness
and diversity of plant species were estimated by counting
species in 30 sampling quadrats (5×5 m), located in each
array. Species richness was expressed as the number of
species (average and total) in each site, whereas diversity
was expressed with the Shannon index. The minimum
distance (metres) from each sampling unit to the nearest
forest patch was measured. Data were analysed using
ANOVA, and means were separated using Tukey’s test
(P<0.05). An ANOVA test was also conducted on arcsine-
transformed percentages.

To describe the association between plant composition
and physiognomic characteristics or between structure and
composition and abundance of amphibians and lizards in
each site, a canonical correspondence analysis (CCA) was
performed (Jongman et al. 1995), using PC-ORD software
(Mc Cune and Grace 2002). This test estimates correlations
between multiple variables and evaluates their statistical
significance (Mc Garigal et al. 2000; Mc Cune and Grace
2002); it also separates the species of interest and generates
ordination gradients. In this work, analyses with two data
sets were performed. First, amphibian and lizard species
composition was analysed relative to plant species compo-
sition in each site. Second, amphibian and lizard species
composition was analysed relative to the vegetation
structure variables of each site. The statistical significance
of the results was determined with the Monte Carlo test
using PC-ORD (P<0.05).

Results

Effect of the different grassland management systems
on amphibians and lizards

A total of 135 amphibians (14 species, five families) and
106 lizards (six species, five families) were captured
throughout the 80-day sampling period. Individual species

captures are given in Tables 1 and 2. Results of the
comparison of amphibian and lizard assemblages among
sites are expressed separately.

Amphibians Assemblages in the four sites (A, B, C and D),
compared using ANOVA with a posteriori test, differed
significantly in richness (F=5.28, P=0.006) and abun-
dance (F=3.25, P=0.039). The highest diversity values
(Shannon index) were in A, B and C sites, and the lowest
diversity value was recorded in site D (Table 3). The
highest richness and abundance values were found in sites
A and B, whereas the lowest ones were recorded in sites C
and D (Table 3).

Three species (Leptodactylus diptyx, Leptodactylus gra-
cilis and Scinax nasicus) were recorded only in site A, and
one species (Physalaemus riograndensis) was present only
in site B. The species Elachistocleis bicolor, Leptodactylus
ocellatus, Leptodactylus podicipinus and Physalaemus
albonotatus were recorded in all sites (A, B, C and D).

Only two amphibian species exhibited significant differ-
ences among sites (Table 1): L. ocellatus was more
abundant in sites A and B; L. podicipinus was more
abundant in sites A and D. The highest similarity in species
composition was found between sites B and C (Sorensen’s
similarity index=0.84), and the lowest similarity was found
between sites A and D (0.58). A high value was observed
between sites A (control) and site B (0.63).

Lizards Assemblages of the different sites (A, B, C and D),
compared using ANOVA with a posteriori test, were not
significantly different in richness (F=2.16, P=0.11) and
abundance (F=1.86, P=0.16). The values of diversity
(Shannon index) were similar among the four sites
(Table 4). Tupinambis merianae was found only in site A,
Ophiodes intermedius was recorded only in site B,
Kentropyx viridistriga was recorded only in sites C and D
and Mabuya dorsivittata and Cercosaura schreibersii were
recorded in all sites (A, B, C and D). The species K.
viridistriga exhibited the greatest abundance in site C and
was not found in sites A and B, whereas the species M.
dorsivittata exhibited the greatest abundance values in sites
A and B. Teius oculatus showed the highest values in site
C. The highest Sorensen’s similarity index value was found
between sites C and D (0.97).

Relationship between amphibian and lizard fauna
and vegetation

Plant composition (richness and diversity) did not differ
significantly among sites (F=2.57, P>0.05 and F=2.37,
P>0.05, respectively). Regarding variables describing
vegetation structure and physiognomy, grassland height
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(F=46.49, P<0.02), litter depth (F=7.89, P<0.04),
ground cover (F=4.66, P<0.01) and distance to the
nearest forest patch (F=3.52, P<0.02) were significantly
different among sites (Table 5). Site A (control) had the
highest values of grassland height and litter depth, and the
lowest value of ground cover was recorded in site C
(Table 5). Results of CCA are expressed separately for
amphibians and reptiles.

Amphibians CCA between amphibian assemblage compo-
sition and plant species composition was not statistically
significant (P>0.05). Accordingly, plant species compo-
sition in each site cannot account for the differences
detected in amphibian assemblage composition. Moreover,
CCA correlations of amphibian assemblage and vegetation

structure variables were statistically significant (P<0.05).
The first three axes accounted for 35% of the variability
observed. In the ordination diagram, a separation of the
sampling units (belonging to the same treatments) relative
to grassland management is observed (Fig. 2). Axis 1 was
positively correlated with the variables grassland height
(r=0.72, P<0.05), litter depth, (r=0.65, P<0.05) and
diversity (r=0.78, P<0.05) and was inversely correlated
with plant species richness (r=−0.61, P<0.05). Sampling
units corresponding to the annually burned sites (C and D)
were to the left of axis 1, whereas sites with the longest
time since last burn (A and B) were to the right (Fig. 2).
The species Physalaemus santafecinus, Physalaemus
biligonigerus, E. bicolor, L. podicipinus and Odontophry-
nus americanus (to the left of axis 1) were correlated with

Table 1 Abundance of individuals (n=abundance; x±1 SE) of each amphibian species in the four sampling sites

Amphibians species Site A Site B Site C Site D

n x ±SE n x ±SE n x ±SE n x ±SE

Leptodactylus diptyx 1 0.13 ±0.13 0 0 0 0 0 0 0 0 0

Rhinella schneideri 1 0.13 ±0.13 6 0.75 ±0.41 0 0 0 1 0.13 ±0.1

Elachistocleis bicolor 2 0.25 ±0.25 1 0.13 ±0.13 2 0.25 ±0.16 3 0.38 ±0.3

Leptodactylus gracilis 1 0.13 ±0.13 0 0 0 0 0 0 0 0 0

Leptodactylus ocellatus 11 1.38 a ±0.46 10 1.25 a ±0.62 1 0.13 b ±0.13 2 0.25 b ±0.3

Leptodactylus podicipinus 16 2 a ±0.63 2 0.25 b ±0.16 4 0.5 b ±0.19 14 1.75 a ±1.3

Lysapsus limellus 5 0.63 ±0.26 3 0.38 ±0.18 2 0.25 ±0.25 0 0 0

Odontophrynus americanus 0 0 ±0 0 0 0 1 0.13 ±0.13 1 0.13 ±0.1

Physalaemus albonotatus 8 1 ±0.73 9 1.13 ±0.35 2 0.25 ±0.16 1 0.13 ±0.1

Physalaemus biligonigerus 0 0 ±0 1 0.13 ±0.13 2 0.25 ±0.16 1 0.13 ±0.1

Physalaemus riograndensis 0 0 ±0 1 0.13 ±0.13 0 0 0 0 0 0

Physalaemus santafecinus 0 0 ±0 1 0.13 ±0.13 2 0.25 ±0.16 0 0 0

Pseudopaludicola mystacalis 3 0.38 ±0.26 12 1.5 ±0.87 1 0.13 ±0.13 0 0 0

Scinax nasicus 1 0.13 ±0.13 0 0 0 0 0 0 0 0 0

Species indicated in boldface exhibited significant differences (Kruskal–Wallis, P<=0.05). Different letters indicate significant differences among
sites (Dunn’s test)

Table 2 Abundance of individuals (n=abundance; x±1 SE) of each lizard species in the four sampling sites

Lizard species Site A Site B Site C Site D

n x ±SE n x ±SE n x ±SE n x ±SE

Kentropyx viridistriga 0 0 b ±0 0 0 b ±0 6 0.75 a ±0.4 1 0.13 b ±0.13

Mabuya dorsivittata 12 1.5 b ±0.6 16 2 b ±0.5 2 0.25 a ±0.2 3 0.38 a ±0.26

Ophiodes intermedius 0 0 ±0 2 0.25 ±0.3 0 0 ±0 0 0 ±0

Cercosaura schreibersii 6 0.75 ±0.3 4 0.5 ±0.4 6 0.75 ±0.3 3 0.38 ±0.26

Teius oculatus 1 0.13 b ±0.1 0 0 b ±0 30 3.75 a ±1 10 1.25 b ±0.45

Tupinambis merianae 4 0.5 b ±0.3 0 0 a ±0 0 0 a ±0 0 0 a ±0

Species indicated in boldface exhibited significant differences (Kruskal–Wallis, P<=0.05). Different letters indicate significant differences among
treatments (Dunn’s test)
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the variable plant species richness and were inversely
correlated with grassland height, litter depth and diversity.
The species S. nasicus, L. diptyx, L. gracilis, P. albono-
tatus, Lysapsus limellus, Pseudopaludicola mystacalis, L.
ocellatus, P. riograndensis and Rhinella schneideri,
located to the right of axis 1, were positively correlated
with grassland height, litter depth and diversity and were
inversely correlated with richness.

Lizards CCA between lizard assemblage composition in
each site and plant species composition was not statisti-
cally significant (P>0.05). Accordingly, plant species
composition in each site cannot account for the differences
detected in lizard assemblage composition. CCA correla-
tions between lizard assemblages and vegetation structure
variables were statistically significant (P<0.05). The first
three axes accounted for 40% of the variability. Axis 1
was strongly correlated with variables grassland height
(r=0.943, P<0.05), litter depth (r=0.706, P<0.05) and
diversity (r=0.789, P<0.05) and inversely correlated with
plant species richness (r=−0.789, P<0.05). As we
observed for amphibians, in the ordination diagram, axis
1 separated sampling units relative to grassland manage-
ment: Sampling units belonging to sites C and D were to
the left, and sampling units corresponding to sites with the
longest time since last burn (A and B) were to the right
(Fig. 3). The species K. viridistriga, T. oculatus and C.
schreibersii were positively correlated with richness and
negatively correlated with grassland height, litter depth
and diversity. The species O. intermedius, T. merianae and
M. dorsivittata, located to the right of axis 1, were
positively correlated with variables grassland height, litter
depth and diversity.

Discussion

Most of the studies on the effect of fire on amphibians and
lizards are generally conducted in the short and mid term
(Minshall et al. 1997; Russell et al. 1999; Radke et al.
2008). Some studies indicate that the immediate effect of
fire on an assemblage of amphibians and lizards is a
remarkable reduction of overall diversity (McLeod and
Gates 1998; Schurbon and Fauth 2003). However, it is
interesting to analyse how the disturbed environment
evolves over a longer period. The present study, which
evaluates grassland management with different burning
time since last fire and presence of cattle in similar
environments during 12 years, shows the extent to which
an amphibian and lizard assemblage is affected by these
disturbances. The present results also show the changes of
the effect of fire on the assemblage in the short (less than
1 year), mid (1–10 years) and long term (more than
10 years), as Minshall et al. (1997) recommend.

At the landscape scale, the fact that total diversity (beta
diversity) in the four sites (A, B, C and D) has been greater
than in each site separately suggests that heterogeneity
driven by fire and grazing favours a greater diversity, which
agrees with findings in the Monte region in Argentina
(Marone 1990). We agree with other authors (Masters 1996;
McLeod and Gates 1998; Jones et al. 2000; Andersen et al.
2005; Wilgers and Horne 2006) in that mosaics of burned/
non-burned sites maximise amphibian and lizard diversity
because some species prefer open areas with no vegetation
whereas other species prefer sites with abundant vegetation
and soils with abundant moisture and litter.

Amphibian abundance, richness and diversity increase
with longer time since last burn. These parameters had

Table 3 Variables of amphibian diversity in sites A, B, C and D

Site A Site B Site C Site D

Richness 10 x ¼ 3:38ð Þ a 10 x ¼ 3:25ð Þ a 9 x ¼ 2:00ð Þ b 7 x ¼ 1:38ð Þ b
Abundance 49 x ¼ 6:13ð Þ a 46 x ¼ 5:75ð Þ a 17 x ¼ 2:13ð Þ b 23 x ¼ 2:88ð Þ b
Shannon diversity 1.85 a 1.91 a 2.10 a 1.33 b

Richness and abundance were compared using ANOVA and Tukey’s test. Shannon indices were compared in pairs, using t test (Magurran 1988).
Different letters indicate significant differences (P<=0.05)

Table 4 Variables of lizard diversity in sites A, B, C and D

Site A Site B Site C Site D

Richness 4 x ¼ 1:50ð Þ a 3 x ¼ 1:38ð Þ a 4 x ¼ 2:38ð Þ a 4 x ¼ 1:50ð Þ a
Abundance 23 x ¼ 1:12ð Þ a 22 x ¼ 1:14ð Þ a 44 x ¼ 1:72ð Þ a 17 x ¼ 1:05ð Þ a
Diversity Shannon index 1.13 a 0.76 a 0.95 a 1.09 a

Richness and abundance were compared using ANOVA and Tukey’s test. Shannon indices were compared in pairs, using t test (Magurran 1988).
Different letters indicate significant differences (P<=0.05)
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higher values in sites with and without presence of cattle
(sites A and B). However, the close similarity of amphibian
composition and diversity in sites A and B (Sorensen’s
similarity index 0.63) shows that in a short period (3 years),
a grassland subjected to fire is close to the value in the
control treatment (site A), at least relative to the establish-
ment or re-establishment of an amphibian assemblage.
Therefore, we may conclude that fire has a short-term

negative effect on amphibian populations, but after a
minimum period of 3 years without fire, the environment
recovers and effects do not persist. We cannot draw such
definite conclusions for overgrazing because of the simi-
larity found in parameters between treatments C and D.
However, site D had the lowest diversity values.

No similar studies have been conducted in this portion of
Humid Chaco in Argentina. Our study can be compared, for
example, with the work by Jones et al. (2000), who also
observed that richness and abundance of amphibians are
greater with longer time elapsed after a fire. Similar results
have been reported by Moseley et al. (2003), who also
indicated that amphibian abundance is negatively correlated
with the percentage of bare soil. A lower abundance of
amphibians in burned sites was also found in forest environ-
ments (McLeod and Gates 1998; Schurbon and Fauth 2003).

Fig. 3 Canonical correspondence analysis (lizard assemblage com-
position and vegetation structure). The location of lizard species and
sites along the axes are indicated (1–8 2003 fire, 9–16 annual fire with
grazing, 17–24 control, 25–32 annual fire)

Fig. 2 Canonical correspondence analysis (amphibian assemblage
composition and vegetation structure). The locations of amphibian
species and sites along the axes are indicated (1–8 2003 fire, 9–16
annual fire with grazing, 17–24 control, 25–32 annual fire)

Table 5 Variables of vegetation structure, richness and diversity of plant species in the sampling sites

Site A Site B Site C Site D

x ±SE x ±SE x ±SE x ±SE

Species richness 3.25 a ±0.62 2.75 a ±0.53 4.63 a ±0.42 3.50 a ±0.38

Diversity (Shannon index) 0.61 a ±0.09 0.63 a ±0.08 0.37 a ±0.05 0.57 a ±0.08

Grassland height (cm) 158 a ±0.06 137 b ±0.06 77 c ±0.1 57 c ±0.05

Litter depth (cm) 38 a ±0.06 26 a ±0.04 1.3 b ±0.09 1 b ±0.01

Ground cover (%) 100 a 0 100 a 0 94.4 b ±2.54 89.9 b ±0.1

Distance to forest (m) 61.2 a ±16.4 173 b ±52.6 91.2 a ±12.6 70 a ±12.8

Variables in boldface exhibited significant differences with ANOVA (P<=0.05). Different letters indicate significant differences between sites
(Tukey’s test)
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Significant differences in species composition in
assemblages found in areas with different fire and grazing
regimes are closely related to the characteristics of the
vegetation structure. The loss of plant material deposited on
the ground results in reduced soil moisture, which nega-
tively affects the dermal respiratory capacity of amphibians
(Duellman and Trueb 1994). This has been mentioned as
the main factor affecting abundance and diversity of
amphibians in an area (Ash 1995, 1997). Among the
requirements of amphibians in terrestrial environments,
refuge availability to avoid desiccation is crucial, which
explains the absence of many species in disturbed areas
with evident absence of litter (Moseley et al. 2003; Bury
2004). Thus, some species, such as L. ocellatus and, to a
lesser extent, Scinax nasicus, L. diptyx, L. gracilis, L.
limellus, P. mystacalis, P. albonotatus, P. riograndensis and
Rhinella schneideri, show a close association with areas
completely covered by grasses, with a height of above 1 m
and a thick, deep litter layer; these characteristics have been
observed in the sites where fire had occurred more than
3 years before (A and B). Furthermore, the sites with more
than 3 years since the last fire (C and D), where small areas
of bare soil and low grasses occur, are rapidly colonised by
species adapted to tolerate dry conditions and to be buried
during a long part of the year, such as O. americanus,
species of nocturnal habits like E. bicolor or species like L.
podicipinus, P. biligonigerus and P. santafecinus, with a
rapid larval development that use temporary ponds for that
purpose. These species have a distribution range that show
their adaptations to great environmental changes, like those
occurring in the Humid Chaco, and their capacity to tolerate
arid conditions (Cei 1980; Gallardo 1987).

Unlike observations on amphibians, the different fire and
grazing regimes do not affect richness, abundance or
diversity in lizards at the level of order. These results agree
with works conducted in grasslands in Kansas (Wilgers and
Horne 2006) and in forest environments (Cunningham et al.
2002; Fredericksen and Fredericksen 2002; Moseley et al.
2003), where, as we indicated, abundance of some lizard
species increases in areas subjected to a disturbance, such
as fire. This observation has also been made by Vitt et al.
(1998) for another type of disturbance: the extraction of
trees in the Amazon forest. In the present work, the only
differences observed are related to species composition of
the assemblages in each of the landscapes resulted from
both disturbances, where few species increase or decrease
significantly in abundance in areas subjected to fire or cattle
production. Accordingly, a significantly greater number of
K. viridistriga and T. oculatus were captured in sites C and
D than in the remaining sites, which shows a preference for
open habitats, reduced litter layer and low grasslands.
Similar results were found by Pelegrin et al. (2009) in Teius
teius in an area of the semiarid Chaco. According to the

literature, the species K. viridistriga and T. oculatus prefer
open habitats and margins of bodies of water (Achaval and
Olmos 2003; Scrocchi and Giraudo 2005), which would
indicate a preference for habitats that have no cover as a
consequence of fire. An increase in the percentage of bare
soil in burned sites results in an increase of the surface area
necessary for the thermoregulation activity of reptiles
(Moseley et al. 2003).

By contrast, the species M. dorsivittata and T. merianae
were more abundant in sites where the disturbance occurred
earlier (A and B). These species are diurnal, terrestrial and
prefer habitats with dense vegetation where to hide and
protect from high summer temperatures. They are found in
forests and wetlands or on lake margins; they hide in the
litter and the vegetation or submerge in the water where
they can swim very well (Colli et al. 2002; Achaval and
Olmos 2003; Scrocchi and Giraudo 2005). The number of
T. merianae individuals captured, however, is not enough to
draw definite conclusions, but only allows us to indicate a
tendency that might be confirmed in future works.
Therefore, these species might benefit from habitats that
are not frequently burned and that preserve a deep litter
layer. Previous studies of the effect of fire on lizards
provide similar results and report on the colonisation of
burned areas where the species were not present before and
on an increase in diversity and abundance of lizards after
prescribed fires (Means and Campbell 1981; Mushinsky
1985; Brisson et al. 2003). The increase is attributed to a
greater opportunity for thermoregulation found in burned
sites (Moseley et al. 2003).

Furthermore, abundance of K. viridistriga and T.
oculatus was negatively affected by the presence of cattle
in the annually burned site (site D) with respect to the site
that is also annually burned and is not subjected to grazing.
Similar results were found by Jones (1981), who docu-
mented that grazing reduces abundance and diversity of
lizards in different habitats, affecting especially the pop-
ulations of species of broad habitat.

Responses to changes in vegetation may differ among
species, especially considering their preferences for forests
or open vegetation patches, the two principal habitat types
that make up the landscape of savannas. In this study, the
observed changes in the vegetation may affect habitat
selection by lizards by increasing temperature, which may
influence lizards’ thermoregulatory behaviour (Vitt et al.
2007), and by changing microhabitat availability (Vega et
al. 2000). For example, while heliothermal lizards (K.
viridistriga, T. oculatus and C. schreibersii) show prefer-
ences for open habitats (Cei 1993) because of the high
solar radiation, other lizards with preference for habitats
with forest cover (O. intermedius, T. merianae and M.
dorsivittata) might require high moisture and greater
shade (Vitt et al. 1998). Thus, our results confirm the
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importance of gradients of heterogeneous habitats for
lizard diversity.

We conclude that fire plays an important role in the
dynamics of grasslands, with a marked influence on
diversity and structure of amphibian and lizard fauna.
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