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A B S T R A C T

The replacement of native forests by high-density tree plantations affects the richness and composition of animal
communities through the modification of the resource availability, hydrological regimes, nutrient cycles and soil
structure. Previous studies have been conducted mainly on birds and mammals, whereas few have explored the
response of anurans, a taxon considered at risk and in steep decline. With this study we aimed to evaluate
changes in anuran diversity associated with native forest replacement by pine plantations (Pinus taeda) in the
southern Atlantic forest of Argentina, a highly diverse and threatened ecosystem. Additionally, we intended to
explore the role of the micro-habitat (terrestrial, aquatic) in the response. We characterized vegetation and
habitat structure and sampled anurans in terrestrial and aquatic micro-habitats in the native forest and pine
plantations monthly over two consecutive years (2012–2014), using three complementary techniques (pitfall
traps, audio strip transects and larval sampling). A total of 964 individuals of 21 species were captured:
Physalaemus cuvieri, Odontophrynus americanus and Elachistocleis bicolor were the most abundant species.
Replacement of the structurally complex native forest by extremely simplified monoculture tree plantations
influenced the patterns of anuran alpha and beta diversity. However, these changes were micro-habitat-de-
pendent: changes in anuran diversity in the terrestrial habitat were explained by species loss, while those in the
aquatic habitat were explained by both species loss and turnover. The arboreal species of the family Hylidae
(eight) were found absent from tree plantations. Both the hydroperiod instability of the water bodies and the
simplified vegetation structure of the tree plantations are probably limiting the suitability for both reproduction
and larval development of some specialist species. The native vegetation surrounding the water bodies in the tree
plantations constitutes a central element to maintain anuran diversity, through increasing the hydroperiod and
providing a habitat for species reproduction in the southern Atlantic forest and to facilitate the movement of
individuals among native forest remnants.

1. Introduction

The replacement of tropical and subtropical forests by fast-growing
tree plantations (mainly Pinus and Eucalyptus) has become an emergent
global activity (FAO, 2007). After South Africa and Australia, South
America presents the highest rate of development of this activity (Baldi
et al., 2008), being Argentina, Brazil and Chile the countries with the
largest extensions of this land use (Simberloff et al., 2010). Native forest
replacement by high-density tree plantations affects the richness and
composition of animal communities through the modification of the
resource availability (Richardson et al.1994; Richardson and Higgins,
1998), hydrological regimes (Le Maitre et al., 2000), nutrient cycles
(Vitousek, 1990; Jackson et al., 2002) and soil structure (Schmitz et al.,

1997). At large scales, tree plantations reduce landscape heterogeneity
and the number and diversity of habitats available for species
(Lindenmayer and Franklin, 2002; Magura et al., 2000; Raman, 2006).
However, in contrast to other intensive land uses (such as livestock,
annual crops, and urbanization), tree plantations provide a suitable
habitat for many animal species through the preservation of certain
components of the native forest, such as canopy cover, microclimate
conditions and some trophic resources (Barbaro et al., 2005; Carnus
et al., 2006; Klomp and Grabham, 2002; Pawson et al., 2008;
Lantschner et al., 2008; Zurita and Bellocq, 2012).

Anurans are considered the most threatened group of vertebrates
globally (Wake and Vredenburg, 2008). For the Atlantic Forest anuran
community, 3.4% of species are categorized as at risk of extinction
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(Silvano and Segalla, 2005), mainly due to habitat loss and degradation
(Blaustein et al., 1994; Eterovick et al., 2005; Collins and Storfer, 2003,
Beebee and Griffiths, 2005) and 20% are listed as Data Deficient (IUCN,
2017). Also, because of their ecology and physiology, anurans are
considered indicators of disturbance in both terrestrial and aquatic
ecosystems (US EPA, 2002). Although forest plantations strongly
modify habitat structure and hydrological regimes for anurans, and
thus potentially their reproduction and survival, globally only few
studies have focused on the effects of forest replacement by tree plan-
tations on this taxon (Pineda et al., 2005; Urbina-Cardona and
Londoño-Murcia, 2003; Faruk et al., 2013; Behm et al., 2013; Ernst and
Rodel, 2005; Ernst et al., 2006). Specifically, the only two studies
performed with Pinus spp. in Australia (Parris, 2004) and Brazil
(Machado et al., 2012) have shown that monoculture tree plantations
reduce anuran richness.

The Semideciduous Atlantic forest of Brazil, Argentina and
Paraguay is one of the most diverse areas with the highest number of
endemic species worldwide (ICPB, 1992; Laclau, 1994; Stotz et al.,
1996). The high levels of humidity and micro-habitat diversity in this
ecoregion promote the evolution of specialized reproductive modes in
some anuran species (Brown and Brown, 1992; Haddad and Prado,
2005). However, despite the high anuran diversity and specialization
and the extent of monoculture tree plantations in the southern Atlantic
forest, no studies have evaluated the suitability of tree plantations for
this taxon. Previous studies with vertebrates have focused mainly on
birds and mammals (Marsden et al., 2001; Pardini et al., 2005; Cockle
et al., 2005; Faria et al., 2006; Zurita et al., 2006; Pardini et al., 2009).
In this context, our main objective was to quantify the consequences of
native forest replacement by monoculture plantations (Pinus taeda) on
the anuran diversity (both richness and the composition of species) of
the southern Atlantic forest of Argentina and study the role of the
micro-habitat (terrestrial, aquatic) in these changes.

2. Materials and methods

2.1. Study area and experimental design

The study was performed in the Semideciduous Atlantic forest of
Argentina, which retains one of the most continuous and least degraded

remnants of Atlantic forest (Giraudo et al., 2005) (Fig. 1). The climate is
subtropical without dry season; the average annual air temperature is
21 °C with monthly means of 25 °C in summer and 15 °C in winter, the
annual precipitation ranges between 1600 and 2100mm, evenly dis-
tributed throughout the year (Ligier, 2000). Landscapes in the study
area are composed of large continuous native forest remnants in pro-
tected areas (Iguazú National Park and Urugua-í Provincial Park in
Misiones province), forest fragments of variable size, and a productive
matrix of tree plantations, mostly of Pinus taeda (Zurita and Bellocq,
2010).

Within the study area, we selected three areas of continuous native
forest (control, NF hereafter) and three of Pinus taeda monoculture tree
plantations (replicates, TP hereafter). The selected TP were between 13
and 16 years old and in the third harvest cycle. Each sampling site (NF
and TP) included two micro-habitats: a temporary water body (aquatic
habitat) and the surrounding terrestrial habitat. Aquatic habitat re-
ferred to lentic water bodies, in all cases including TP sites, surrounded
by native vegetation composed of trees in different strata and a diverse
understory with grasses and lianas (Cyperus sp. and Hiraea fagifolia). All
water bodies were filled through rainfall and have similar size when full
(NF water bodies area =X 6.352 m2 (SD=8.095)/TP water bodies area

=X 11.007 m2 (SD=9.114)). Sampling sites were located at an average
distance of 25.8 km to avoid spatial autocorrelation. Anuran samplings
were carried out monthly in every site for two consecutive years (from
August 2012 to August 2014).

2.2. Anuran sampling

To obtain a more complete measurement of anuran diversity (both
richness and composition) in both the aquatic and the terrestrial micro-
habitats, we used three complementary methodologies:

1. Pitfall traps (Corn, 1994; Ribeiro-Junior et al., 2008): in each sam-
pling site (NF and TP), we placed 16 traps, which were active for
72 h each month and checked daily (1728 sampling hours). In each
site, they were grouped in four groups of four traps near the water
bodies, forming a Y and connected by a shading mesh to maximize
capture efficiency (2 habitats× 3 replicates× 4 groups× 4
traps= 96 traps). Groups of traps were separated between 50 and

Fig. 1. Study area in the southern Atlantic forest of Argentina. Black circles represent sampling locations.
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100m. All collected individuals were identified to species level
(Faivovich et al., 2005; Frost et al., 2006, Frost, 2018), sexed and
marked through toe clipping to avoid double counting bias
(Donnelly et al., 1994). Afterwards, individuals were released in the
same site of capture.

2. Audio strip transects (Zimmerman, 1994): this complementary
methodology records species usually not collected in pitfall traps
(e.g. arboreal Hylids, others) (Heyer et al., 1994). In this case, we
established three transects per replicate following the water body
margins. Each transect was 50m long and 25 wide to ensure the
correct identification of species calls (Angulo et al., 2006). Monthly
we walked each transect for 10min between 7:00 and 8:00p.m.,
recording all calling species. Species were identified through the
comparison with sound databases (Straneck et al., 1993; Kwet and
Márquez, 2010). Only individuals calling in water margins were
considered.

3. Larval sampling (Lips et al., 2001): we established transects along
the water body margins and used a random sampling methodology
stratified by depth (Heyer et al., 1994). The sampling effort (number
of net sweeps) was similar for each site in each month that samples
could be taken; in some cases (dry water bodies) samples were not
taken. Captured tadpoles were fixed in 10% formalin and later
identified in the laboratory (Rossa-Feres and Nomura, 2006; Lynch
and Suarez-Mayorga, 2011).

2.3. Terrestrial and aquatic habitat structure

In each replicate, we established three 100-m-long transects to
characterize the vegetation structure. Every 10m of each transect (198
sampling points), we recorded: (1) the canopy cover, through hemi-
spheric photographs (Cook et al., 1995; Nuttle, 1997), (2) the unders-
tory cover, using a 1.5-meter vertical bar to record vegetation inter-
section regarding their life forms (herbaceous, shrubs, ferns, lianas,
reeds, epiphytes, etc.) (Matteucci and Colma, 1982), and (3) the depth
of the litter layer above the mineral soil. Also, along each transect, we
recorded the Diameter at Breast Height (DBH) of every tree> 10 cm in
a 2.5-m area.

To characterize the temporary water bodies, at every replicate we
recorded: (1) the hydroperiod, measured as the number of sampling
events (months) with water surface (ranges between 1 and 24 events);
(2) depth, measured in the center of the water body, and (3) water pH
and conductivity, using a portable pH/mV meter (HANNA HI9813-5).

2.4. Data analysis

In relation to anuran community, we analyzed data from (1) pit fall
traps (abundance data) and (2) larval sampling and audio strip trans-
ects (incidence data) separately, since the former refers to the terrestrial
habitat and the latter to the aquatic habitat. We estimated sample
coverage as a function of the number of individuals (abundance data) or
sample size (incidence data) with the coverage index, following Chao
and Jost (2012). We calculated Hill’s numbers (q0, q1 and q2) with
95% confidence intervals based on a resampling method with 1000
replicates (Felsenstein, 1985), to compare alpha diversity between NF
and TP. We performed rank abundance curves using unconditional
averages (Chao et al., 2015), to characterize the structure of anuran
communities. Statistical analyses were performed with the iNEXT
package (iNterpolation/EXTrapolation) (Hsieh et al., 2016) in R (R
Development Core Team, 2011).

We performed a nonmetric multidimensional scaling (NMDS) ana-
lysis to explore changes in species composition between NF and TP,
using the Bray-Curtis dissimilarity index (Kruskal, 1964; Faith et al.,
1987). In this analysis, one of the plantation sites was discarded
(n=11) for having a single record of a single species (one individual).
Then, we used the dissimilarity distance matrix to compare community
composition between micro-habitats (aquatic and terrestrial) and

habitats (NF and TP), using a permutation multivariate analysis of
variance with two factors and the interaction (PERMANOVA)
(Anderson, 2001). Analyses were performed using the Adonis function
of the vegan package (Oksanen et al., 2011) in R (R Development Core
Team, 2011).

We analyzed beta-diversity (βsor – Sorensen dissimilarity) between
NF and TP, and its partition, according to Baselga (2010), into two
components: one considering the dissimilarity derived exclusively from
species turnover (βsim – Simpson dissimilarity) and the other con-
sidering the dissimilarity derived from nestedness (βnes – Nestedness
resultant dissimilarity). We used a reference forest community calcu-
lated as an average of the three forest sites, to estimate the dissimilarity
between NF and TP. For both abundance (terrestrial) and incidence
(aquatic) data, we used the Betapart package (Baselga et al., 2017)
developed for R (R Development Core Team, 2011). Finally, the values
of beta diversity from species turnover and nestedness components
were compared through a paired t-test (Zar, 1984).

To quantify differences in the aquatic and the terrestrial habitats
between NF and TP, we compared: canopy cover, understory cover,
litter depth, and DBH, and hydroperiod, depth, pH and conductivity of
water bodies, using a non-parametric Kruskal-Wallis (H) analysis (Di
Rienzo et al., 2013).

3. Results

We registered a total of 18 species of adult anurans with pitfall traps
and audio strip transects, and 13 species of tadpoles through larval
sampling (Table 1).

Pit fall traps collected 963 individuals, mainly of the family
Leptodactylidae (n=685), whereas audio strip transects and larval
sampling (incidence data) registered mainly species of the family

Table 1
Species richness and abundance of adult anurans and tadpoles captured with three
techniques (pit fall traps, larval sampling and audio strip transects) respectively in tree
plantations and the native forest in the southern Atlantic forest of Argentina.

Native forest (NF) Tree plantations (TP)

Cod Adults Tadpoles P/A Adults Tadpoles P/A

Ro Rhinella ornata 15 1 0 0 0 0
Rs Rhinella schneideri 2 0 0 0 0 0
Oa Odontophrynus

americanus
129 0 1 24 1 1

Pa Proceratophrys
avelinoi

1 0 0 0 1 1

Ap Aplastodiscus
perviridis

0 0 0 0 0 0

Dm Dendropsophus
minutus

0 1 1 0 0 0

Dn Dendropsophus nanus 0 1 1 0 0 0
Bc Boana caingua 0 1 1 0 0 0
Bf Boana faber 0 0 1 0 0 0
Il Itapotihyla

langsdorffii
0 1 0 0 0 0

Ob Ololygon berthae 0 1 0 0 1 1
Scr Scinax clado ruber 0 1 0 0 0 0
Sf Scinax fuscovarius 0 1 1 0 0 0
Ss Scinax squalirostris 0 0 1 0 0 0
Tt Trachycephalus

typhonius
0 1 0 0 0 0

Lg Leptodactylus gracilis 0 0 0 0 0 0
Le Leptodactylus elenae 6 0 1 9 0 0
Lf Leptodactylus fuscus 1 0 0 0 0 0
Ll Leptodactylus latrans 37 0 0 3 0 0
Lm Leptodactylus

mystacinus
28 0 1 11 0 0

Pc Physalaemus cuvieri 525 1 1 65 0 0
Eb Elachistocleis bicolor 22 0 0 85 1 1

Richness 10 10 10 6 4 4
Abundance 766 197
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Hylidae. Abundance data (pitfall traps, terrestrial habitat) reached 99%
of sample coverage for both NF and TP, whereas incidence data (audio
strips and larval sampling, aquatic habitat) reached 94% of sample
coverage for NF and 68% for TP (Chao et al., 2015). Consequently, we
interpolated incidence data to the lowest sample coverage level (68%),
to perform a correct interpretation and comparison of alpha diversity
between NF and TP.

Alpha diversity comparison showed that richness (q0) was higher
while equitability and dominance (q1 and q2) were lower in NF than in
TP in the terrestrial habitat (abundance data) (Fig. 2); the aquatic ha-
bitat showed a similar pattern, although differences were not significant
due to large confident intervals (incidence data, rarified to 68% sample
coverage). Rank abundance curves showed similar results: the anuran
community in NF was dominated by a single species (Physalaemus cu-
vieri in the terrestrial habitat and Dendropsophus minutus in the aquatic
habitat), whereas we did not observe a clear dominance of a single
species (neither for abundance nor incidence data) in TP (Fig. 3).

The NMDS analysis showed three distinctive groups based on the
composition of species: terrestrial habitat of NF and TP formed a single
group, while NF aquatic habitat and TP aquatic habitat formed sepa-
rated groups (Fig. 4). Consistent with this result, the PERMANOVA
showed a significant effect of the micro-habitat (aquatic/terrestrial) (R2
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Fig. 2. Alpha diversity (q0, q1, q2) in anuran communities in terrestrial (left figure) and aquatic habitats (right figure) of tree plantations (black figures) and the native forest (gray figures)
in the southern Atlantic forest of Argentina. SC: sample coverage, 95% confidence intervals.
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= 0.217, P=0.010), the habitat (NF/TP) (R2 = 0.322, P=0.010) and
the interaction between factors (R2 = 0.204, P=0.008) on species
composition. Specifically, species of the family Hylidae (Ololygon ber-
thae, S. fuscovarius, S. squalirostris, Trachycephalus typhonius, Den-
dropsophus nanus, D. minutus, Boana caingua, B. faber and Itapotihyla
langsdorffii) were associated with the aquatic habitat of NF but absent in
the aquatic habitat of TP.

Beta-diversity (βsor – Sorensen dissimilarity) partitioning between
NF and TP showed that differences in species composition in the aquatic
habitat were due to both nestedness and turnover (t4 = 1.49,
P=0.274), whereas for the terrestrial habitat differences in species
composition were mainly due to nestedness (t4 = −4.14, P=0.05)
(Table 2).

Habitat structure comparisons between NF and TP showed that
canopy cover, understory cover, hydroperiod and depth of water bodies
were higher in NF, while tree DBH was higher in TP (Table 3). Litter
depth and water pH and conductivity showed no significant differences
between NF and TP (Table 3).

4. Discussion

Like that observed in previous studies in tropical and subtropical
regions (Pineda et al., 2005; Urbina-Cardona and Londoño-Murcia,
2003; Behm et al., 2013; Ernst et al., 2006; Parris and Lindenmayer,
2004; Gutiérrez-Lamus et al., 2004), in the present study we observed
that the replacement of NF by monoculture TP altered both the richness
and composition of the southern Atlantic forest of Argentina anuran
communities. However, for communities studied these changes were
micro-habitat-dependent: changes in anuran diversity in the terrestrial
habitat of TP were explained by species loss, while those in the aquatic
habitat were explained by both species loss and turnover.

Environmental heterogeneity has been identified as one of the main
determinants of anuran species richness and composition (Parris and
McCarthy, 1999; Parris, 2004; Afonso and Eterovick, 2007; Bastazini
et al., 2007). The environmental homogenization following the re-
placement of NF by TP probably explains the loss of species in the
terrestrial micro-habitat observed in this and previous studies (Pineda

et al., 2005; Ernst et al., 2006; Behm et al., 2013). Although the ter-
restrial habitats of NF and TP share a similar general structure, com-
posed of litter, understory and canopy, NF exhibits greater life forms
and coverage heterogeneity (such as shrubs, herbs and ferns) within
each stratum. Despite NF and TP showed similar litter depth,
Zaninovich et al. (2016) showed that necromass composition between
NF and TP strongly differ; NF exhibit higher proportion of coarse woody
debris (> 2mm) compared to TP. Coarse woody debris provides a re-
latively stable source of moisture compared to the litter layer or the
mineral soil (Fraver et al., 2002; Harmon and Sexton, 1995), as a
consequence necromass moisture content retained in NF was almost
four times higher than TP (Zaninovich et al., 2016). This means that in
the NF the water storage and sponge-like structure of well- decayed logs
makes them an ideal habitat for moisture-sensitive species like anurans
(Petranka et al., 1994; Fraver et al., 2002; Yan et al., 2007). The higher
understory and canopy coverage and greater complexity of the NF
prevent insolation and desiccation and provide refuge and nesting
places to anuran adults, as well as protection to eggs and tadpoles.
Unlike that observed in NF, the water bodies in TP are exposed to direct
sun, which generates high water temperatures, evaporation and dif-
ferent water balance (Cristiano et al., 2015), and thus causes a reduc-
tion in both the water depth and the hydroperiod (64%). These dif-
ferences increase risk of mortality by desiccation for both adults and
tadpoles, particularly for sensitive native forest species. The higher
environmental homogenization and the lower quality of water bodies
probably explain the absence of rare species and the higher equitability
observed in TP for both micro-habitats. Previous studies with anurans
in degraded habitats have also shown a non-random pattern of species
loss, being rare species more affected than common species (Ernst and
Rodel, 2005; Ernst et al., 2006; Hillers et al., 2008).

The water bodies in NF were used by eight species of the family
Hylidae (Dendropsophus nanus, D. minutus, Boana caingua, B. faber,
Itapotihyla langsdorffii, Scinax fuscovarius, S. squalirostris, and
Trachycephalus typhonius), which were not found in the terrestrial or
aquatic habitats of TP. Hylids are susceptible to water volume varia-
tions, since they deposit their eggs on the water surface or submerged in
gelatinous masses (Duellman and Trueb, 1994; Arzabe et al., 1998);
also larval developmental time is longer than species of the family
Leptodactylidae, which were abundant in TP. On the other hand, ha-
bitats with higher vegetation stratification offer a vertical distribution
of vocalization sites, benefiting arboreal species such as Hylids, whereas
monostratified habitats offer greater horizontal distribution of calling
sites benefiting Leptodactylids (Cardoso et al., 1989). Therefore, the
two most diverse anuran families of the Atlantic Forest (Hylidae and
Leptodactylidae, comprising 64.3% of total species) have substantially
different habitat requirements for reproduction. In TP, the hydroperiod
instability and simplified vegetation structure strongly reduced the
suitability for both reproduction and larval development for most Hy-
lidae species.

While previous studies analyzed changes in anuran species compo-
sition between forests and monoculture land uses (beta diversity)
(Pineda et al., 2005; Pineda and Halffter, 2004; Faria et al., 2006), this
is the first study exploring the role of species loss or replacement to
explain these changes. As previously mentioned, in the terrestrial ha-
bitat, anuran changes in species composition between NF and TP were
due exclusively to species loss (particularly of those of the family Hy-
lidae) (Hazell et al., 2001; Guerry and Hunter, 2002), persisting only
those more resistant to environmental changes (Leptodactylus mysta-
cinus, L. elenae, Odontophrynus americanus and Elachistocleis bicolor).
Conversely, species turnover was an important component to explain
differences between NF and TP in water bodies; the particular combi-
nation of local and environmental factors of each water body combined
with the selective colonization of species may explain these differences.
In fact, anuran species distribution in water bodies can be very volatile,
and species turnover might be the main component of regional diversity
(Skelly et al., 1999, Adams, 2000).

Table 2
Anuran dissimilarity values between NF and TP (βSOR), partitioned in turnover (βSIM)
and nestedness (βSNE), for aquatic and terrestrial habitats in the southern Atlantic forest
of Argentina.

β SOR β SNE β SIM T P

Terrestrial NF- TP 0.45 0.38 0.07 −4.14 0.053
Aquatic NF- TP 0.77 0.27 0.5 1.49 0.274

Table 3
Terrestrial and aquatic habitat structure (median and first and third quartiles) for anurans
in the native forest (NF) and tree plantations (TP) in the southern Atlantic forest of
Argentina.

Variable NF TP H

Litter depth (cm) 2.00 (1.00–3.00) 2.00 (1.50–2.00) 0.00
Canopy cover (%) 0.97 (0.94–0.98) 0.93 (0.89–0.96) 24.21**

DBH (cm) 27.9 (20.50–46.82) 60.00
(42.75–75.00)

29.25**

Understory cover
(intersections)

2.00 (1.00–4.00) 2.00 (0.00–3.00) 7.97**

Hydroperiod (%) 0.92 (0.70–1.00) 0.33 (0.11–0.54) 12.74*

Depth (cm) 15.50 (0.00–20.90) 0.00 (0.00–0.00) 23.44**

pH 6.40 (6.07–6.68) 6.84 (6.32–6.98) 1.55
Conductivity (mV) 58.00

(43.00–82.00)
36.00
(28.00–65.00)

1.83

H=Kruskal-Wallis statistic.
* P < 0.05.
** P < 0.01.
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Replacement of the structurally complex NF with high habitat het-
erogeneity by extremely simplified monoculture TP has strong and
different effects on anuran diversity of both the terrestrial and aquatic
micro-habitats. While several anuran species use the temporary water
bodies of tree plantations for reproduction (high species richness at
larval stage), many of these species were absent in the terrestrial ha-
bitats. This might indicate that species use water bodies to reproduce
but (1) do not pass the larval stage, (2) migrate to other habitats in
response to the instability of the water bodies in the tree plantations.
Moreover, the connectivity between ponds (metapopulation dynamics)
can play an important role in anuran communities, and can contribute
to the species turnover among water bodies (Burne and Griffin, 2005;
Vitt and Caldwell, 2009).

Maintenance of the native vegetation around the periphery of water
bodies will probably reduce water evaporation and infiltration, in-
creasing the hydroperiod and enabling many anuran species (mainly
Hylids) to complete their life cycle. At the same time, the native ve-
getation provides shelters and breeding sites to adults. Although na-
tional and provincial legislation related to water courses and springs
forbids deforestation and determines a minimum of 10m of native
forest in each margin (Misiones provincial law XVI-105, 2010), there is
no legislation related to wetlands and temporary water bodies. In
contrast, the protection of native vegetation around wetlands in
monoculture TP is contemplated in international environmental certi-
fications (Forest Stewarship Council Principles 6.2, 6.5 and 10.6, 2002).
Native vegetation around the water bodies in tree plantations probably
constitutes a fundamental element to maintain anuran diversity in the
southern Atlantic forest of Argentina and to facilitate the movement of
individuals among native forest remnants. The results of this study
support the need for legislation to create buffers of native vegetation
around temporary water sources that are currently being contemplated
by international FSC principles.
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