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Amphibians have an ample geographic distribution, and
present a variety of physiological, morphological, and behav-
ioral adaptations which allow them to occupy a wide range of
habitat types. Given this, they are considered good models for
ecological and evolutionary studies (DUELLMAN & TRUEB 1986).

One of the principal characteristics of amphibians is their
wide array of reproductive modes, which are classified accord-
ing to a range of variables, such as oviposition site, attributes
of the eggs and nests, rate and duration of larval development,
and type of parental care (SALTHE & DUELLMAN 1973). Due to the
extreme vulnerability of early life stages (to desiccation), pre-
cipitation is the primary extrinsic factor controlling reproduc-
tion in tropical amphibians (Duellman & Trueb 1986). Beyond
that, in species that depend on aquatic environments for their
reproduction, the availability of water bodies is one of the main
factors determining their distribution and abundance
(MCDIARMID 1994, ZIMMERMAN & BIERREGARD 1996).

Among vertebrates, anurans display one of the greatest
diversity of reproductive modes (DUELLMAN & TRUEB 1986), with
a total of 39 distinct modes recorded to date, 31 of which can
be found in Neotropical species (HADDAD & PRADO 2005). This
diversity, recorded primarily in humid tropical forests, has been
attributed to a combination of ecological factors, such as selec-
tive pressure from predators, high humidity, the availability of
microhabitats, pond desiccation, rainfall unpredictability and
the structural complexity of the vegetation (DUELLMAN 1985,
HÖDL 1990, MAGNUSSON & HERO 1991, HADDAD & PRADO 2005).

Forest-dwelling species, for example, tend to be less dependent
on aquatic environments for their reproduction, and in some
cases, they may be able to reproduce in the total absence of
water in terrestrial environments where humidity is high and
constant (SALTHE & DUELLMAN 1973, DUELLMAN & TRUEB 1986,
DUELLMAN 1985, 1989, HÖDL 1990).

Amazonian anurans tend to use terrestrial habitats more
than non-forest communities, and their reproductive modes are
strongly associated with this type of environment, which makes
them less dependent on aquatic habitats for their reproduction
than species inhabiting open areas, were eggs are more suscep-
tible to desiccation (HÖDL 1990, HADDAD & PRADO 2005). How-
ever, in areas of more open vegetation, anurans tend to reproduce
in aquatic environments, with embryonic development occur-
ring in the water, or in foam nests (HÖDL 1990). Species that
inhabit open areas with few water bodies normally have repro-
ductive modes that are relatively resistant to dehydration, such
as modes 11 (Foam nest floating on pond), 13 (Foam nest float-
ing on water accumulated in constructed basins) and 30 (Foam
nest with eggs and early larval stages in subterranean constructed
nests and subsequent to flooding). Those modes are found in
species of Physalaemus and Leptodactylus (HÖDL 1990, HADDAD &
PRADO 2005, VIEIRA et al. 2009).

The reproductive strategies of anurans living in environ-
ments characterized by open vegetation and a pronounced dry
period, such as the Amazonian savannas and transition areas
within the Cerrado biome, have been poorly studied and are
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consequently not well understood (NECKEL-OLIVEIRA et al. 2000,
BARBOSA et al. 2005). Differences between environments may re-
sult in communities with different compositions and distinct
reproductive adaptations (DUELLMAN & TRUEB 1986, HÖDL 1990,
HADDAD & PRADO 2005). Changes in the landscape, such as defor-
estation and habitat fragmentation, may also lead to changes in
the reproductive modes found in a particular region, local spe-
cies extinction, and possibly more specialized reproductive modes
(e.g. BERNARDE & MACEDO 2008). However, it is also possible to
observe reproductive plasticity in amphibians that do not suc-
cumb in the face of environmental changes, for instance
Dendropsophus ebraccatus (Cope, 1874). This species can lay eggs
both in water bodies and on terrestrial habitats, depending on
environmental conditions, and select oviposition sites in re-
sponse to factors that can promote egg desiccation (TOUCHON &
WARKENTIN 2008).

Given these considerations, the present study focused
on the anuran communities in an ecotonal region between the
Amazonian and Cerrado biomes in the Brazilian state of Mato
Grosso. Species composition and the diversity of reproductive
modes were compared among the different environments found
within the transitional forest in order to describe the relation-
ship between reproductive modes and habitat.

MATERIAL AND METHODS

The study was carried out at Tanguro farm (12°54’S,
52°22’W), located in the municipality of Querência, state of

Mato Grosso, Brazil (Fig. 1), in an area of transition between
the Amazon and Cerrado biomes. This site is located within
the “Arc of Deforestation”, at the southern rim of the Amazon
basin, which suffers constant pressure from ranchers and soy-
bean growers. The property has a total area of 82,000 ha, of
which approximately 44,000 ha are covered with primary for-
est or regenerating gallery forest along the headwaters of the
Tanguro and Darro Rivers, the region’s main rivers. They are
part of the upper Xingu River Basin, with the Tanguro flowing
directly into the Xingu, and the Darro into the Suiá-miçu River
(ANA 2002).

The region’s climate can be classified as tropical with a
well-defined dry season, i.e., precipitation of less than 100 mm
in the driest month, and mean temperature above 18°C in the
coldest month (PEEL et al. 2007). The mean annual precipita-
tion is approximately 1,900 mm, and there are two well-de-
fined seasons, with the peak of the dry season occurring between
June and September, and intense rains between December and
March. The other months are considered transitional periods
(IPAM 2007).

As a result of intense agricultural activities, the Tanguro
farm encompasses a mosaic of various environments with eco-
logically distinct characteristics. Forest areas are characterized
by relatively low vegetation diversity and reduced canopy
height in comparison with the typical Amazonian forest
(IVANAUSKAS et al. 2004). Within the study area, the forest is
mostly located within permanent reserves along watercourses,
which vary in width from 30 m to more than 1 km. These

Figure 1. Location of the study area in the Brazilian state of Mato Grosso.
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reserves are located along small streams and springs, which
overflow to form small marginal pools in the rainy season (Fig.
2), and along the Tanguro River itself (Fig. 3), which has steep
banks where small lentic water bodies may form in the rainy
season, as a result of the emersion of the water table.

Rubber tree orchards (Hevea brasiliensis) for the extrac-
tion of latex are also found within the study area (Fig. 4). These
orchards are characterized by the lack of undergrowth, and leaf
litter composed only of the detritus of H. brasiliensis. The prop-
erty also has a large area of approximately 38,000 ha dedicated
primarily to the cultivation of soybean (Fig. 5), with a number
of buildings, including housing, grain silos, and storage facili-
ties, as well as unpaved roads. The soil of the soybean fields is
constantly subjected to modifications from planting to har-
vesting, including plowing and the application of pesticides
and herbicides. All water bodies in the rubber tree orchard and
soy fields are temporary. They are formed by the accumulation
of rainwater, and have no marginal vegetation (Figs 4 and 5).

Data were collected during seven excursions between
March 2006, and February 2009. The sites were selected ac-
cording to the presence of water bodies, and represented all
different environments within the study area (gallery forests
of springs and streams, margins of the Tanguro River, rubber
tree orchards, and open areas).

The first five excursions lasted on 30 days each, on aver-
age, and were conducted between March 2006, and July 2008.
They took place in four preserved areas, which consisted of
permanent forest reserves centered on perennial watercourses.
Specimens were captured by active searchand pitfall traps. The
latter consisted of five 60-liter buckets set in lines of 40 m.
Three traps were set in each forest reserve. During the two fi-
nal excursions (between December 2008, and February 2009),
which lasted about 45 days each, active searches were based on
both visual and auditory cues (during nocturnal sampling), and
were conducted in 54 half-hectare plots distributed among the
four principal environments identified within the study area

Figures 2-5. Habitats studied at the Tanguro farm in the Brazilian state of Mato Grosso, municipality of Querência, between March 2006
and February 2009: (2) Stream; (3) Tanguro river margins; (4) plantations of rubber trees; (5) soybean plantations.
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(gallery forest, rubber orchard, margin of the Tanguro river,
and areas cleared for soybean cultivation). The species inven-
tory was supplemented by specimens encountered in other parts
of the study area, such as the base camp, roadsides, and dams.

The reproductive mode of each species was classified ac-
cording to the scheme proposed by HADDAD & PRADO (2005),
and complemented by observations in the field. Additional
information on the reproductive modes of the species was ob-
tained from HEYER (1969, 1974), DUELLMAN (1985), HÖDL (1990),
HERO (1990), ZIMMERMAN & SIMBERLOFF (1996), ETEROVICK & SAZIMA

(2000), PRADO et al. (2002, 2005a, b), KOKUBUM & GIARETTA (2005),
POMBAL & HADDAD (2005, 2007), and SILVA & GIARETTA (2008, 2009).
Some of the species identified in this study, in particular those
with an ample geographic distribution – e.g. Leptodactylus
andreae Müller, 1923, Pristimantis aff. fenestratus and Rhaebo
guttatus (Schneider, 1799) –, may represent members of more
than one specie, masked on a single taxon. Given this, the iden-
tification of the reproductive mode of these species was based
on observations of their field behavior and, when the mode
had not been previously recorded, it was classified according
to the mode displayed by similar species in the same taxonomic
group.

RESULTS

A total of 35 anuran species were recorded in the study
area, with nine different reproductive modes (modes 1, 2, 4,
11, 13, 23, 24, 30, and 32). Hylidae and Leptodactylidae were
the best represented families in terms of the number of species
(15 and 9, respectively), and also in the number of reproduc-
tive modes, each with four (Tab. I). All other families, except
the Leiuperidae (n = 2), had only a single reproductive mode.

found in Leptodactylus lineatus (Schneider, 1799), and all the
members of the Leiuperidae, with the exception of Pseudopalu-
dicola mystacalis (Cope, 1887), which presented mode 1. Three
species of leptodactylids (8.6%) presented mode 30, with foam
nests placed in subterranean nests and aquatic tadpoles, while
three others deposited foam nests in aquatic depressions (mode
13). The remaining modes were represented by only one (modes
4, 23, and 24) or two species (modes 2 and 32).

A total of 28 species with nine reproductive modes were
recorded in gallery forest, where species of the families Hylidae
and Leptodactylidae presented the greatest reproductive diver-
sity, each with four modes (44.4%). Most of the species observed
in gallery forest (71.4%, n = 20) had more specific reproductive
habitat preferences, and were restricted to these environments
(Tab. II). These species included P. aff. fenestratus (mode 23),
Leptodactylus pentadactylus (Laurenti, 1768) (mode 32), L. cf.
andreae (mode 32), Phyllomedusa vaillantii Boulenger, 1882 (mode
24), and Hypsiboas boans (Linnaeus, 1758) (mode 4).

In the rubber orchard and open areas, 15 species were
recorded, seven of which were exclusive to these habitats (Tab.
II). Hylidae and Leptodactylidae were each represented by four
species, the Bufonidae and Leiuperidae by three, and the
Microhylidae by only one. Reproductive mode 1 was the most
common, being recorded in eight species (53%). This mode,
and the others recorded in these environments (11, 13, and
30) require water bodies for eggs or larvae to develop.

DISCUSSION

The anuran fauna of the Tanguro farm was characterized
by reproductive modes typical of forest habitats (modes 23,
24, and 32), as well as those characteristic of open areas, with
adaptations for low precipitation and humidity, high tempera-
tures, and limited access to water, such as modes 1, 11, and 30.
The presence of reproductive modes with distinct characteris-
tics in different habitats may be the result of the coexistence,
within the study area, of species from the two biomes. By con-
trast, P. vaillantii, Pristimantis aff. fenestratus, Leptodactylus
paraensis Heyer, 2005 and H. boans, are typically distributed in
the Amazon forest, H. albopunctatus, Physalaemus cuvieri
Fitzinger, 1826, P. centralis, Eupemphix nattereri Steindachner,
1863, and Scinax fuscovarius (A. Lutz, 1925) are typical of the
Cerrado. This finding also reinforces the classification of the
area as part of the transitional forest formation between these
biomes (IBGE 2005). The observed syntopy among these spe-
cies may be further reinforced by the diversity of habitats found
within the study area, which would favor species with differ-
ent ecological requirements.

The diversity of reproductive modes recorded at the study
site (nine modes) also reflects a pattern that is intermediate
between those of the Amazon forest and the Cerrado. Amazo-
nian rainforest sites tend to be relatively diverse with regards
to reproductive modes. For instance, twelve modes were re-

Table I. Diversity of reproductive modes recorded per anuran
family at the Tanguro farm in the Brazilian state of Mato Grosso.

Family
Number of

genera
Number of

species
Number (%) of

reproductive modes

Bufonidae 2 4 1 (11.1)

Hylidae 6  15 4 (44.4)

Leiuperidae 3 4 2 (22.2)

Leptodactylidae 1 9 4 (44.4)

Microhylidae 2 2 1 (11.1)

Strabomantidae 1 1 1 (11.1)

Total  15  35  9

The use of lentic water bodies (mode 1) for oviposition
and tadpole development was recorded in 51.4% of the species
(Tab. II), all of which belonged to Hylidae, Bufonidae,
Microhylidae or Leiuperidae. Mode 11 – oviposition in aquatic
foam nests – was the second most common (11.4%), and was
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Table II. Anuran species recorded in the present study at the Tanguro farm in Mato Grosso, the habitats in which they were found, and
their reproductive modes.

Taxon
Habitat

Gallery forest Open areas and rubber plantation Reproductive mode

Bufonidae

Rhaebo guttatus (Schneider, 1799) X  1

Rhinella mirandaribeiroi (Gallardo, 1965) X  1

Rhinella schneideri (Werner, 1894) X X  1

Rhinella sp. X  1

Hylidae

Dendropsophus melanargyreus (Cope, 1887) X  1

Dendropsophus minutus (Peters, 1872) X  1

Dendropsophus nanus (Boulenger, 1889) X  1

Hypsiboas albopunctatus (Spix, 1824) X  1

Hypsiboas boans (Linnaeus, 1758) X  4

Hypsiboas cinerascens (Spix, 1824) X  2

Hypsiboas geographicus (Spix, 1824) X  2

Osteocephalus cf. taurinus Steindachner, 1862 X  1

Osteocephalus sp. X  1

Phyllomedusa vaillantii Boulenger, 1882 X  24

Scinax fuscomarginatus (A. Lutz, 1925) X  1

Scinax fuscovarius (A. Lutz, 1925) X X  1

Scinax nebulosus (Spix, 1824) X  1

Scinax x-signatus (Spix, 1824) X  1

Trachycephalus typhonius (Laurenti, 1768) X  1

Leiuperidae

Eupemphix nattereri Steindachner, 1863 X X  11

Physalaemus centralis Bokermann, 1962 X X  11

Physalaemus cuvieri Fitzinger, 1826 X X  11

Pseudopaludicola mystacalis (Cope, 1887) X  1

Leptodactylidae

Leptodactylus cf. martinezi (Bokermann, 1956) X  30

Leptodactylus fuscus (Schneider, 1799) X  30

Leptodactylus lineatus (Schneider, 1799) X  11

Leptodactylus mystaceus (Spix, 1824) X X  30

Leptodactylus labyrinthicus (Spix, 1824) X X  13

Leptodactylus cf. andreae X  32

Leptodactylus paraensis Heyer, 2005 X X  13

Leptodactylus pentadactylus (Laurenti, 1768) X  32

Leptodactylus petersii (Steindachner, 1864) X  13

Microhylidae

Chiasmocleis albopunctata (Boettger, 1885) X  1

Elachistocleis ovalis (Schneider, 1799) X  1

Strabomantidae

Pristimantis aff. fenestratus X  23

Total (N species = 35) 28 15  9
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corded at both the Adolpho Ducke Forest Reserve in the Brazil-
ian state of Amazonas (LIMA et al. 2006) and Serra do Divisor, in
Acre (SOUZA 2009). In the Cerrado, by contrast, only four modes
were recorded at Rio Claro, São Paulo (TOLEDO et al. 2003), six
at Serra do Cipó, in Minas Gerais (ETEROVICK & SAZIMA 2004),
and seven in Silvânia, Goiás (BASTOS et al. 2003). The diversity
of reproductive modes in different areas may be related to en-
vironmental factors, rather than just the similarity in species
composition. This is because any resemblance in species com-
position does not necessarily reflect similarities in a region’s
reproductive diversity. For example, in the Caatinga, VIEIRA et
al. (2009) recorded only a few of the species observed in the
present study, but identified seven of the reproductive modes
encountered here. By contrast, the species composition re-
corded by studies in Cerrado-dominated vegetation in Rondônia
is more similar to that of the present study (14 shared species),
but once again, with seven reproductive modes in common
(BERNARDE & MACEDO 2008, TURCI & BERNARDE 2008). In other
words, even though distinct sets of species may be present at
different sites, the similarities in their reproductive modes may
be determined by the ecological characteristics of the site.

In the present study, the greatest diversity of reproduc-
tive modes was recorded in the families Hylidae and
Leptodactylidae, a pattern also observed at a number of other
Neotropical sites (ZIMMERMAN & SIMBERLOFF 1996, HADDAD & PRADO

2005, VIEIRA et al. 2009). The relative diversity of reproductive
modes in these two families results from a combination factors
such as the high diversity of species and the ecological adapta-
tions these species display to a variety of habitats, most of which
have to do with the colonization of terrestrial environments
(DUELLMAN 1985). Morphological and reproductive adaptations
allow these species to occupy habitats successfully (HADDAD &
PRADO 2005, POMBAL & HADDAD 2007), as observed in the Brazil-
ian Atlantic Forest, where the hylids presented four arboreal
reproductive modes and three reproductive modes associated
with the forest floor, whereas the leptodactylids had only three
modes associated with the vegetation, and 10 modes adapted
to terrestrial environments (HADDAD & SAWAYA 2000, HADDAD &
PRADO 2005).

The large number of species that depend on water for all
reproductive phases (25 species with modes 1, 2, 4 or 11) or for
the larval development (three species with mode 30) indicates
that the local fauna is primarily adapted to habitats with sparse
vegetation, unpredictable precipitation patterns, and low at-
mospheric humidity (DUELLMAN 1989, HÖDL 1990, MAGNUSSON &
HERO 1991, HADDAD & PRADO 2005, VIEIRA et al. 2009). In the
present study, some reproductive modes – the most specialized
and dependent on specific habitat types – were recorded only
in gallery forest with perennial water bodies, in forest-dwell-
ing species typical of the Amazon basin (Tab. II). The condi-
tions found in the gallery forest, such as the larger number of
microhabitats available for oviposition and the higher humid-
ity, likely account for the occurrence of more specialized re-

productive modes in these areas, especially those that encom-
pass non-aquatic oviposition (modes 24 and 32), or direct de-
velopment of terrestrial eggs, i.e., mode 23 (HÖDL 1990,
ZIMMERMAN & SIMBERLOFF 1996, PEARMAN 1997). This is because
the diversity of specialized reproductive modes, and of modes
that do not depend on the water tend to be greater in environ-
ments that have more humidity and a greater diversity of mi-
crohabitats (DUELLMAN 1989, HÖDL 1990, HADDAD & PRADO 2005,
POMBAL & HADDAD 2005).

HADDAD & PRADO (2005) have found that anuran species
typical of the Cerrado will commonly colonize areas of the
Atlantic Forest following deforestation, because these species
are well adapted to more open conditions. Invasive species are
more resistant to dehydration than forest-dwelling species, and
tend to have either more generalist reproductive modes (1 and
2), or strategies that are better adapted to insolation (modes
11, 13, 30, 31, and 32). A situation of this type was recorded in
the present study: species with reproductive modes adapted
for open areas, such as Physalaemus centralis (mode 11), P. cuvieri
(mode 11), E. nattereri (mode 11), S. fuscovarius (mode 1),
Elachistocleis ovalis (Schneider, 1799) (mode 1), Rhinella
mirandaribeiroi (Gallardo, 1965) (mode 1), and R. schneideri
(mode 1), were found in the rubber orchard and soybean fields.
Mode 1 was the most common in these anthropogenic habi-
tats, and occurred with specific adaptations to unpredictable
precipitation, such as pigmented eggs, which absorb more heat
and energy, and thus accelerate the development of the em-
bryo (CRUMP 1974, LEÓN 1975).

Other adaptations can be observed in the families
Leptodactylidae and Leiuperidae, whose members deposit their
eggs in foam nests. Regardless of the type of larval develop-
ment, this characteristic can be considered a first step towards
a more terrestrial mode of reproduction. The foam has a num-
ber of functions that are essential in this type of habitat, such
as protection against predators (DOWNIE 1990, MENIN & GIARETTA

2003), protection from dehydration (HEYER 1969, MAGNUSSON &
HERO 1991), maintenance of the oxygen level appropriate for
the eggs (SEYMOUR & LOVERIDGE 1994), and temperature control
(DOBKIN & GETTINGER 1985), as well as providing a source of food
for the tadpoles of some species (TANAKA & NISHIHARA 1987).
Furthermore, species in the Leptodactylus pentadactylus group,
such as L. labyrinthicus, exhibit extra strategies that guarantee
larval survival in unpredictable habitats, such as trophic eggs
to feed the larvae (e.g. PRADO et al. 2005a, SILVA & GIARETTA 2008).

Overall, while the study area has been included in the
Amazon biome (IBGE 2005), the Cerrado has a clear influence
on the local landscapes. The local anuran fauna is character-
ized by species typical of both biomes. However, while species
with reproductive modes that do not depend on the water are
found mainly in gallery forests, a clear difference was found
between habitat types: typical Cerrado species predominated
in the disturbed habitats, as they are able to better tolerate the
conditions imposed by more open environments (VIEIRA et al.
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2009), and the Amazonian species are more common in fo-
rested areas. Given this, it is clear that the preservation of areas
of forest with access to water bodies and humid microhabitats,
such as the gallery forests of the Tanguro, is essential for the
maintenance of anuran diversity in these transitional forests
of the Amazon-Cerrado ecotone.
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