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Effects of pine invasion on anurans assemblage
in southern Brazil coastal ponds

Iberê F. Machado1, Leonardo F.B. Moreira1, Leonardo Maltchik1,∗

Abstract. The destruction of wetlands due to afforestation areas is a common activity in temperate and subtropical regions
in Southern America. The expansion of pine in the Coastal Plain of Southern Brazil is out of control and its impacts on
aquatic biodiversity are little known. We tested the following hypotheses: the pine occurrence diminishes the anuran richness
and abundance in ponds and it changes the anuran composition; the beta-diversity between pine and native grassland matrix
ponds (natural ponds) is determined mainly by nestedness. Sampling was carried out from 2007 to 2009 in five ponds in
pine invasion matrix and five ponds in native grassland matrix. The natural ponds showed a greater richness of tadpoles (10
species) than pine ponds (5 species). The mean richness of adults was higher in natural ponds than pine ponds throughout the
entire study. The species composition was different between natural and pine ponds, for both adults and tadpoles. Comparing
natural ponds with each other and the pine ponds with each other, our results showed that neither nestedness nor turnover was
determinant for beta-diversity. However, when natural ponds were compared with pine ones, we found that the contribution
of nestedness was higher for the anurans beta-diversity than turnover. Increases in the nestedness mechanism indicated that
the pine occurrence results in species loss in Southern Brazil ponds. Since 90% of its wetland has been already affected, the
removal of Pinus in the conservation areas in southern Brazil is important to minimize their impacts on aquatic biodiversity.
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Introduction

Scientific studies have shown in recent decades
an accentuated decline in amphibian popula-
tion, including the extinctions of species (Al-
ford, Dixon and Pechmann, 2001; Collins and
Storfer, 2003; Stuart et al., 2004). Habitat loss,
fragmentation and alterations were the major
cause of these disappearances (Blaustein and
Wake, 1995; Global Amphibian Assessment,
2004). The indiscriminate use of pesticides and
fertilizers in agro-ecosystems also has affected
the living areas of amphibians (Relyea, 2005;
Rohr et al., 2006). Many species of anurans
have a highly permeable skin and their tadpoles
are susceptible to changes in water chemistry
(Vitt, Wilbur and Smith, 1990; Boone et al.,
2007). The interspecific differences in life histo-
ries of amphibians, such as larval development
time and the ability of locomotion, limit the dis-
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placement among aquatic habitats and their re-
productive success (Babitt and Tanner, 2000).

Anurans are especially dependent on aquatic
habitats for successful reproduction (Gerlanc
and Kaufman, 2005). The loss of 50% of world-
wide wetlands in the last 100 years (Shine and
Klemm, 1999) has contributed to the disappear-
ance of many amphibians species. Agriculture
is one of the main human activities responsible
for this decline (Czech and Parsons, 2002). In
recent years, Pinus spp. monoculture had been
introduced in many parts of the world as ex-
otic species for commercial purposes. The de-
struction of wetlands due to afforestation areas
(establishment of forests in areas where they
did not occur previously) is a common activ-
ity in South America (Richardson, Williams and
Hobbs, 1994; Nosetto, Jobbágy and Paruelo,
2005).

Pine silviculture has several effects on South
American natural ecosystems – mainly in grass-
lands and dune areas due to strong invasiveness
potential (Richardson, Williams and Hobbs,
1994; Bustamante and Simonetti, 2005). Such
potential concerns the wetland biodiversity con-
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servation in southern Brazil, mainly when con-
servative data indicate that approximately 90%
of the wetlands already disappeared in the last
century (Maltchik et al., 2003). Southern Brazil
wetlands are located in dunes and grasslands ar-
eas and the environmental conditions in this re-
gion – soil drainage, winds and pine cropping
time – favour the dispersion and establishment
of propagules of this exotic species (Richard-
son, Williams and Hobbs, 1994). However, the
effects of pine invasion on the local biodiversity
are little known (Rolon, Rocha and Maltchik,
2011).

The environmental impacts of planted for-
est have been studied worldwide (Wallace and
Good, 1995; Richardson and Rejmánek, 2004).
Afforestation of open habitats has consequences
in the landscape and hydrologic characteristics.
Forest implantation influences directly and indi-
rectly the biota due to environmental changes,
resource availability, shading, allelopathic ef-
fects and physicochemical conditions of the
substrate (Richardson, 1998; Parris and Lin-
denmayer, 2004; Bustamante and Simonetti,
2005). The changes in the water balance are
due to higher evapotranspiration rates of pine
in relation to herbaceous species, which imply
changes in the percentage of water available in
the soil and drainage of aquatic systems (Lima,
1993; Gao, Zhang and Zhang, 2009). The con-
version of grasslands into pine plantation may
reduce the water yield from 20 to 80% (Zhang,
Dawes and Walker, 2001; Nosetto, Jobbágy and
Paruelo, 2005; Silveira and Alonso, 2009).

Environmental changes may alter species
composition in areas invaded by exotic species
(McKinney and Lockwood, 1999; Olden and
Poff, 2003) both by species homogenization
or establishment of new ones (McKinney and
Lockwood, 1999; McKinney, 2004). The mech-
anism (turnover or nestedness) that will de-
termine the beta-diversity (species composition
dissimilarity) in invaded areas will indicate how
the pine invasion will influence the native com-
munity structure (Baselga, 2010). While ar-
eas with beta-diversity generated by species

turnover suggest a high regional diversity (di-
versity γ ), areas with beta-diversity generated
by nestedness indicate a reduction in the num-
ber of species along an environmental gradient.

The expansion of pine (Pinus elliottii En-
gelm.) in the Coastal Plain of Southern Brazil
is out of control and its impacts on aquatic
biodiversity are poorly known. Assuming that
the anuran abundance, richness and composi-
tion are strongly influenced by hydrological
variation (Machado and Maltchik, 2010; Mor-
eira et al., 2010) and by physico-chemical vari-
ables (Brodeman et al., 2003), we tested the
following hypotheses: (1) the pine occurrence
diminishes the anuran richness and abundance
in ponds and changes the anuran composition;
(2) the beta-diversity between pine and natural
ponds is determined mainly by nestedness. Ad-
ditionally, we analyzed the influence of water
physicochemical characteristics on adult rich-
ness, abundance and composition.

Materials and methods

Study area

The study area is located in the buffer zone of Lagoa do
Peixe National Park (LPNP), the only Ramsar site in south-
ern Brazil (fig. 1). The LPNP (31°02′-31°48′S; 50°77′-
51°15′W) has 34 400 ha, 62 km in length and an average
width of 6 km. The Coastal Plain (State of Rio Grande do
Sul) is one of the regions in Southern Brazil with the high-
est wetlands concentration (Maltchik et al., 2003). With a
moist subtropical climate, the mean annual temperature is
17.5°C and ranges between 13°C and 24°C. The mean an-
nual rainfall ranges between 1200 and 1500 mm (Tagliani,
1995).

Data collection

A total of seven sampling surveys were carried out in five
ponds in pine invasion matrix – henceforth “pine ponds” –
and five ponds in native grassland matrix – henceforth “nat-
ural ponds” (fig. 1). The ten studied ponds were randomly
selected using the table of random numbers from a to-
tal of 25 pond sites (14 natural and 11 pine ponds) rec-
ognized from a topographic map inventory (1 : 50 000) of
studied area. The samplings were carried out from Novem-
ber 2007 to October 2009, over the different year seasons
(Nov/07, Feb/08, May/08, Aug/08, Oct/08, Feb/09, Aug/09
and Oct/09). All ponds had sizes ranging between 0.3 and
0.4 hectares and water depth no more than 0.4 m. The mini-
mum distance between ponds was of approximately 500 m.
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Figure 1. Localization of 10 studied ponds in the Lagoa do Peixe National Park (LPNP). The triangles represent natural
ponds (n = 5) and the circles represent the pine ponds (n = 5).

The aggregate disposition of sampling units (ponds) was
due to the low amount of ponds in study pine matrix and
the low existence of pine matrices with similar characteris-
tics in the study area (distribution, density and reproductive
age). The pine distribution in the study matrix was irregular
and the density was about 300 individuals per ha (ind.ha−1).
To calculated the density, we selected 3 quadrats of 10 m2

(10×10 m) near the border of each pine ponds (n = 15) and
all pine individuals were counted. All seedlings within each
pine pond were counted (November 2007) and the density
of seedlings within the ponds was about 2 individuals per
m2 (ind.m−2). Pine was the unique arborous vegetation in
study matrix (Diameter Breast Height was about 20 cm and
height was about 15 m) and were distributed over all of the
ponds borders (Perello et al., 2010). The ponds were sur-
rounded by terrestrial vegetation and without surface water
exchange (e.g. flooding).

Sampling methods

Richness and abundance of tadpoles were measured using
the methodology proposed by Shaffer et al. (1994). The
ponds were divided and numbered in small plots (2 m2).
Seven plots were randomized in each pond using a ran-
dom numbers table before each sampling. Seven quadrats
(50 × 50 cm) were sampled in the middle of each random-
ized plot per sampling occasion during the day. The quadrats
were placed gently on the water surface, so as not to disturb
any tadpoles on the pond bed. If any sign of tadpole move-
ment resulting from disturbance was observed, the sam-
pling site was abandoned and another site was randomized.
All tadpoles inside the quadrat were removed using a dip
net (10 cm wide). Sampling was finished in each quadrat
only after 10 consecutive sweeps with no tadpole collec-
tion. The collected tadpoles were anesthetized with benzo-
caine, fixed in 5% formalin and deposited in the amphibian
reference collection at UNISINOS. The tadpoles were iden-
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tified following taxonomic keys specific to southern Brazil
(Machado and Maltchik, 2007).

Richness and abundance of adult anurans were measured
through visual and auditory search procedures (Crump and
Scott, 1994). The amphibians were sampled through visual
transects between sunset and 24:00. Six 10-min transects
were sampled in each pond. This amounted to 60 min of
sampling at each sampling site. We needed 3 consecutive
days to sample the 10 ponds. Each transect had its starting
point randomized and they were sequentially distributed to
the length of ponds (20 meters each transect). On each sam-
pling survey, the sequence of the pond visits was random-
ized using a table of random numbers. All the individuals
located visually or acoustically were registered. Pilot studies
have shown that 10 minutes was enough time for sampling
the largest pond found in the area of the study. All individu-
als were identified according Cei (1980), Loebmann (2005)
and Rosset (2008).

The physical and chemical characteristics of surface wa-
ter were measured in three random points around the pond
using HORIBA U-22 Water Quality Checker®. The pa-
rameters recorded were pH, dissolved oxygen (DO), water
conductivity, oxidation-reduction potential (ORP), total dis-
solved solids (TDS) and turbidity. To describe the variabil-
ity in water nutrient concentration over the study period (be-
tween seasonal periods), one sample of surface water (15 cm
deep) was collected per sampling period in each pond using
polyethylene bottles (500 mL). All samples were placed on
ice in dark containers and taken to the laboratory, and im-
mediately filtered upon return to the laboratory (Whatman®

GF/F glass fiber filters, pore size 0.7 μm). Concentrations
of nitrate (mg.L−1 NO3-N) and soluble reactive phosphorus
(mg.L−1 PO4-P) were performed following the methodolo-
gies purposed by APHA (1989). The hydroperiod of each
pond was measured by the number of sampling events with
surface water (ranges between 1-7 events).

Data analyses

The richness of adults and tadpoles was represented by
the number of species of adults and tadpoles observed in
each wetland, respectively. The total and mean species rich-
ness and abundance were the cumulative and the mean
number of the seven sampling events values, respectively.
Adult and tadpole data were analyzed separately. Differ-
ences in species richness and abundance between natural
and pine ponds over time were tested using Repeated Mea-
sures ANOVA. The analysis was performed using SYSTAT
version 12. Levene’s test verified the homogeneity of vari-
ance, and the Mauchy’s sphericity test acknowledged the
sphericity assumption. Assuming the compound symmetry
(homogeneity of the variance-covariance matrix), no adjust-
ment was made for the F test.

The differences of environmental variables measured (ni-
trate, soluble reactive phosphorus, percentage of organic
matter, pH, DO, ORP, TDS, turbidity, conductivity and hy-
droperiod) between natural and pine ponds were compared
by t-test. The analysis was carried out with the mean values
collected over the two years. The ten environmental vari-
ables were reduced by Principal Component Analysis. For

PCA ordination we used mean values of seven sampling and
all variables were standardized by z-score. Then, the influ-
ence of environmental variables on total adult anuran rich-
ness and abundance were analyzed by multiple linear re-
gression using scores of the two first axis of PCA ordination.
The best fitted model was selected by Akaike Information
Criterion (AIC – Akaike, 1974) and by selection method of
both directions. The analyses were performed using R sta-
tistical program version 2.13 (R Development Core Team,
2011).

A Non-Metric Multidimensional Scaling was used to as-
sess the variation of anuran species among pine and natural
ponds. The NMDS is used to represent graphically the sim-
ilarity in species composition in multiple dimensions. Only
species that occurred in more than two samples were used.
The analysis was performed with the Bray-Curtis dissimilar-
ity using two axes by statistical package vegan (Oksanen et
al., 2009) of R program, version 2.13 (R Development Core
Team, 2011). Thus, the environmental variables were fit for
the ordination by envfit function from the same statistical
package. The significance of the relationship (P < 0.05)
was obtained by 1000 permutations.

The spatial independence of the nine aggregate ponds
was tested using PCNM analysis, by quickPCNM function
of PCMN package (Legendre et al., 2010). As the global
PCNM analysis had not detected significant spatial structure
to adults (P = 0.96) and tadpoles (P = 0.59), it was not in-
cluded in the statistical analysis. Besides, we did not observe
variations in the six chemical variables measured of surface
water (pH, dissolved oxygen, water conductivity, oxidation-
reduction potential, total dissolved solids and turbidity) of
four clumped pine ponds and the one pond located in the
northern sector of the Pinus habitat. A Permutation Multi-
variate Analysis of Variance (PERMANOVA) was used to
compare differences in species composition between natu-
ral and pine ponds. To assess differences in anuran species
composition we used a Bray-Curtis dissimilarity matrix, and
9999 permutations to test model significance.

Beta-diversity and its partition in species turnover (Simp-
son dissimilarity index) and nestedness components were
calculated according to Baselga (2010). Baselga (2010) sug-
gested the beta-diversity partition (βsor – Sorensen pair-
wise dissimilarity) in two components: (1) turnover (βsim –
Simpson pairwise dissimilarity) that indicates change in the
composition due to different species assemblages between
the pairs analysed; (2) nestedness (βnes – Nestedness-
resultant dissimilarity) that indicates the loss of species be-
tween the pairs analysed, i.e., the species from poor ar-
eas are a sub-assemblage of richer areas. The analyses
were carried out through the statistical program R, version
2.13 (R Development Core Team, 2011) using the “beta-
pairwise” function provided by Baselga (2010). The values
of beta-diversity from species turnover (βsim) and nested-
ness (βnes) components generated by the analyses of 10
studied ponds were separated into three groups: pairs of nat-
ural ponds (10 pairs); pairs of pine ponds (10 pairs); pairs of
natural-pine ponds (25 pairs). The values of βsim and βnes
were compared through t-test paired within each group pre-
viously determined. We used the one-tailed hypothesis as
we intended to test whether the component determined by
the species nestedness was higher or not than the compo-
nent generated by turnover.
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Results

We observed a total of 11 species of tadpoles
over the study period (five in pine ponds and
10 in natural ponds) distributed in three fam-
ilies: Hylidae (six species), Leiuperidae (three
species) and Leptodactylidae (two species). We
captured 331 tadpole individuals in pine (78 in-
dividuals) and natural ponds (253 individuals).
Hylidae represented the majority of individu-
als (46 and 128, pine and natural ponds respec-
tively), followed by Leiuperidae (29 and 58, re-
spectively) and Leptodactylidae (three and 67
individuals, respectively) (table 1).

We observed a total of 13 species of adult
anurans distributed in four families, 13 species
in natural ponds and 11 species in pine ponds.
Hylidae was the most representative family (six
species), followed by Leiuperidae (four species)
and Leptodactylidae (two species). Bufonidae
was represented only by one species (Rhinella
dorbignyi) in natural ponds. We observed a to-
tal of 1157 individuals of adult anurans in nat-
ural (1036) and pine ponds (121). Hylidae also
represented the majority of individuals in nat-

ural (733) and in pine ponds (50), followed by
Leiuperidae (231 and 47, respectively) and Lep-
todactylidae (35 and 34, respectively) (table 1).

The maximum richness of tadpoles ranged
from zero to nine species in natural ponds
and between zero and four species in pine
ponds. The tadpoles mean richness was higher
in natural ponds than in pine ponds throughout
the study period (Repeated Measures ANOVA
F1,8 = 131.056, P < 0.001) (fig. 2a). The
abundance of total tadpoles ranged from zero to
24 individuals in pine ponds and between zero
and 28 in natural ponds. The abundance of total
tadpoles was higher in natural ponds through-
out the study period (F1,8 = 8.198, P < 0.05)
(fig. 3a).

The maximum richness of adult anurans
ranged from zero to eight species in pine ponds
and between zero and 11 species in natural
ponds during the study. The mean richness of
adults varied between pine and natural ponds
(Repeated Measures ANOVA F1,8 = 171.79,
P < 0.001), being higher in natural ponds
throughout the entire study (F6,48 = 13.754,

Table 1. Cumulative number of individuals for all anurans species recorded in natural and pine
ponds in the National Park Lagoa do Peixe (LPNP) over the studied period (November 2007-2009).

Species Natural ponds Pine ponds

Adults Tadpoles Adults Tadpoles

Bufonidae
Rhinella dorbignyi 12 0 0 0

Hylidae
Dendropsophus minutus 118 1 22 29
Dendropsophus sanborni 161 2 4 0
Hypsiboas pulchellus 211 79 6 6
Pseudis minuta 127 7 3 0
Scinax fuscovarius 22 10 2 0
Scinax squalirostris 129 29 0 11

Leiuperidae
Physalaemus biligonigerus 10 4 4 0
Physalaemus gracilis 95 46 27 29
Physalaemus riograndensis 15 0 6 0
Pseudopaludicola falcipes 98 8 12 0

Leptodactylidae
Leptodactylus gracilis 2 0 31 3
Leptodactylus latrans 36 67 4 0

Total richness 13 10 11 5
Total abundance 1036 253 121 78
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P < 0.001) (fig. 2b). The total abundance
of adult anurans ranged from zero to 32 in
pine ponds and between zero and 67 individ-
uals in natural ponds. The mean abundance of
adults changed between natural and pine ponds
(F1,8 = 97.087, P < 0.001) and over time
(F6,48 = 4318, P = 0.001). The abundance
of adults was higher in natural ponds through-
out the entire study (F6,48 = 4873, P < 0.001),
with higher values during the early spring and
summer (Tukey P < 0.05) (fig. 3b).

Hydroperiod, TDS, DO and water conductiv-
ity were higher in natural ponds, while ORP was
higher in pine ponds (t-test P < 0.05) (table 2).

Figure 2. Anuran mean richness (± SD) of natural and pine
ponds in the National Park Lagoa do Peixe (LPNP) over the
studied period (2007-2009). (a) tadpoles and (b) adults.

The environmental variables (n = 10) were
reduced to two principal components, which
explained 66.6% of the variation in the environ-
mental characteristics. The first component rep-
resented 48.1% of the variation and was nega-
tively related to hydroperiod, TDS, conductiv-
ity, DO, pH and percentage of organic matter
and positively related to ORP. The second com-
ponent explained 18.5% of the variation and
it was positively related to nitrate and soluble
reactive phosphorus concentration. The anuran
richness was not affected by the first compo-
nent nor to the second (Multiple linear regres-

Figure 3. Anuran mean abundance (± SD) of natural and
pine ponds in the National Park Lagoa do Peixe (LPNP)
over the studied period (2007-2009). (a) tadpoles and (b)
adults.

Table 2. Mean values (± standard deviation) scores of the PCA of environmental variables in natural and pine ponds in the
National Park Lagoa do Peixe (LPNP) over the studied period (2007-2009). Asterisks indicate variables that are statistically
significant (P < 0.05).

Natural wetlands
mean (± SD)

Pine wetlands
mean (± SD)

Scores

PCA1 PCA2

Conductivity (mS.cm−1)* 10.02 (4.14) 5.65 (1.09) −0.80034 0.089549
DO (mg.L−1)* 10.29 (0.79) 8.78 (0.86) −0.69638 −0.36209
ORP (mV)* 253.91 (20.19) 308.46 (11.75) 0.867141 0.129767
pH 6.63 (0.23) 6.28 (0.46) −0.63509 −0.5946
TDS (g.L−1)* 0.06 (0.03) 0.04 (0.01) −0.80846 0.076937
Turbidity (NTU) 61.64 (23.19) 79.46 (55.54) 0.167708 −0.35514
Nitrate (mg.L−1) 0.57 (0.23) 0.38 (0.05) −0.49096 0.72293
Reactive soluble phosphorus (mg.L−1) 0.08 (0.05) 0.05 (0.01) −0.54472 0.696972
Organic matter (%) 1.76 (0.86) 1.60 (1.01) −0.53144 −0.31632
Hydroperiod (month)* 7.8 (0.45) 3.8 (1.92) −0.88568 −0.01988
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Figure 4. Ordination by non-metric multidimensional scaling (NMDS) of the occurrence of 13 species of adult anurans in
the National Park Lagoa do Peixe (LPNP), over the studied period (2007-2009). C1-5 represents the five natural ponds and
P1-5 represents the five pine ponds.

sion r = 0.624, F2,7 = 0.058, P = 0.944).
The abundance of adult anurans was not af-
fected by the first and second components of
PCA (r = 100.44, F2,7 = 0.203, P = 0.821).

The axes generated by NMDS expressed a
structure for the adult community, where the
data were arranged according to the scores of
the NMDS and the weighted average of the
species. The value of stress (S) for the two axes
of the NMDS (2-D) was equal to 1.2142−13, in-
dicating a significant accuracy to the represen-
tation of distances. The ordering produced by
NMDS showed that the anuran composition in
natural ponds was relatively distinct from that
found in pine ponds (fig. 4). However, only the
hydroperiod was correlated to anuran compo-
sition (r2 = 0.753, P < 0.01). The gradi-
ent represented by the NMDS axes showed that
the composition of adult anurans varied among
natural and pine ponds (PERMANOVA F1,9 =
11.29, P < 0.01), with 10 species associated
with natural ponds and two species associated
with pine ponds.

The beta-diversity resulting from species
nestedness among pairs of natural and pine

ponds was similar to the beta-diversity result-
ing from turnover (natural-natural: t-test t9 =
−0.129, P = 0.549; pine-pine: t9 = −0.655,
P = 0.735, fig. 5). However, considering the
pairs of natural-pine ponds, the value of beta-
diversity determined by the nestedness differed
significantly from the value resultant from the
turnover (natural-pine: t9 = 2.143, P < 0.05,
fig. 5). Our results demonstrate that the beta-
diversity found in pine ponds is a subset of the
diversity of natural wetlands.

Discussion

The observed diversity in our study (13 species)
comprised over 13% of richness known to
southern Brazil and 82% of anurans richness of
the studied region – Coastal Plain (Loebmann,
2005; Machado and Maltchik, 2007; Colombo
et al., 2008). The diversity of tadpoles and anu-
ran adults was lower in pine ponds through-
out the entire study period (two years). Our re-
sults indicate that the lowest richness in pine
ponds was independent of the temporal dynam-
ics of amphibians. The presence of tadpoles
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Figure 5. Relative contributions of species turnover (b-simpson) and nestedness (b-nestedness) for total beta-diversity, in the
three groups of pairwise comparisons: natural-natural (n = 10 pairs), pine-pine (n = 10 pairs) and natural-pine (n = 25 pairs)
in the National Park Lagoa do Peixe (LPNP) over the studied period (2007-2009). Nestedness (nes) and turnover (sim).

in pine ponds indicates that some amphibian
species used the pine ponds as breeding sites,
but always with a small number of individu-
als. Our results show that anurans are using
pine ponds, including for reproduction, but with
fewer species and lower abundance. Brode and
Bury (1984) and Semlitsch and Bodie (2003)
also found that amphibians use disturbed wet-
lands.

The process of habitat alteration changes the
composition of biological communities (Pat-
terson and Atmar, 2000) throughout species
loss or to the replacement of species (McKin-
ney, 2004). The beta-diversity variation among
ecosystems reflects these two important ecolog-
ical processes – the species nestedness and the
species turnover (Baselga, 2010). Determining
the contribution of these two processes in beta-
diversity has important implications for species
management. Our study tried to identify how
pine invasion influences the anuran assemblage.
If the variation of anuran composition between

studied ponds is generated by species turnover,
we may predict that the pine occurrence pro-
vides an anuran composition different from nat-
ural ponds. However, if the beta-diversity is
generated by nestedness, we may argue that the
pine occurrence decreased the anuran richness,
and the most affected species were those that
were less tolerating environmental changes gen-
erated by the pine invasion. Comparing natural
ponds with each other and the pine ponds with
each other, respectively, our results show that
neither nestedness nor turnover was determi-
nant for beta-diversity. However, when natural
ponds were compared with pine ones, we found
that the contribution of nestedness was higher
for the anurans beta-diversity than turnover. The
increase in the nestedness component indicates
that pine occurrence results in species loss in
Southern Brazil ponds. Our result indicates that
only part of the anuran assemblage uses the
pine ponds in southern Brazil, and that the in-
fluence of Pinus is determining the loss of am-
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phibian species in areas of pine occurrence. The
reduction in richness and change in the species
composition suggests that some species that in-
habited these ecosystems were excluded, leav-
ing only the most resistant to environmental
changes induced by Pinus (Hazell et al., 2001;
Guerry and Hunter, 2002). In our study, the
most resistant species were Leptodactylus gra-
cilis and Dendropsophus minutus.

The hydroperiod is considered a main envi-
ronmental factor that influences anuran commu-
nity in wetland systems (Semlitsch et al., 1996;
Peltzer and Lajmanovich, 2004; Moreira et al.,
2010). Changes in hydrological regimes (time in
which wetlands remain with or without surface
water) may be a direct consequence of Pinus oc-
currence in fields and dunes (Jobbágy and Jack-
son, 2004; Buytaert, Iñiguez and De Bièvre,
2007). Our results show that the hydroperiod
was lower in ponds with Pinus than in natural
ponds. The lower hydroperiod in these systems
may have contributed to the lower amphibian
richness and change in the composition, as envi-
ronments with lower surface water can exclude
species that depend on long periods of surface
water for the development of their larvae (Bab-
bitt, Baber and Tarr, 2003; Werner et al., 2007).
For example, Leptodactylus gracilis and Den-
dropsophus minutus were better associated with
pine ponds, due to the degree of independence
of surface water for the development of tadpoles
of L. gracilis (foam nests in underground cham-
ber) and by the rapid development of the D. min-
utus tadpoles. However, the lowest richness and
abundance, even in periods where all the ponds
had surface water (natural and pine ponds) indi-
cate that other environmental factors also affect
the community of anuran species.

Amphibians are affected differently by many
environmental variables according to their stage
of development (Rogers and Chalcraft, 2008).
Among the environmental variables evaluated
in our study the total dissolved solids, dissolved
oxygen, conductivity and redox potential var-
ied among natural and pine ponds, but no re-
lationship with richness, abundance or anuran

composition was observed. Several studies in-
vestigated the influence of water chemistry on
richness and anuran composition (Black, 1976;
Wiggins, Mackay and Smith, 1980; Gerlanc and
Kaufman, 2005), but the relationship between
chemical variables and anuran community is
not consensual (Vitt, Wilbur and Smith, 1990;
Boone et al., 2007). Few studies showed posi-
tive relationship between water chemical vari-
ables and anuran community in southern Brazil
(Both et al., 2009). Our results show that the
physicochemical variables had less influence in
anuran community than hydroperiod.

Our results suggest that the occurrence of Pi-
nus has a negative impact on anuran assem-
blage, both in the larval as well as the adult
stage. Pine ponds reduced the anuran richness
and abundance and are changing the anuran
composition. Among the species observed in
pine ponds, only a subset was able to repro-
duce in these environments. The reduction in
hydroperiod can be a reason for the decline of
anuran species in these systems, however, shad-
ing and isolation provided by pines may also
have contributed to this. However, our study
was undertaken in a small section of southern
Brazil and our results should be also verified
in others areas within Brazil and the world. In
terms of conservation and management, our re-
sults suggest the removal of Pinus existing in
conservation units in southern Brazil as well as
a proper management of pine plantations in or-
der to minimize its expansions and impacts on
the aquatic biodiversity. The wetland conserva-
tion and use of management practices that re-
duce human impacts on aquatic biodiversity are
crucial in southern Brazil, since almost 90% of
its wetlands have been lost.
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