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Effects of exotic pastures on tadpole assemblages in Pantanal
floodplains: assessing changes in species composition

Leonardo F.B. Moreira1,∗, Luiz A. Solino-Carvalho2, Christine Strüssmann1,3,
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Abstract. Land use change has been identified as a major driver of amphibian decline around the world. Yet we generally
lack an understanding of how conversion to exotic pastures affects freshwater communities. This study examined tadpole
assemblages in areas converted to exotic pastures and native wooded grasslands in northern Pantanal wetland, Midwestern
Brazil. We tested the differences in site occupancy probability and assemblage composition during a flood season. We
registered thirteen tadpole species, but only five were detected at levels suitable for occupancy modelling. For most species,
tadpole occupancy was higher at the beginning of the flood season. Only Scinax fuscomarginatus occupancy was related with
vegetation cover. Occupancy probability for three species (Dendropsophus nanus, Physalaemus centralis, and Physalaemus
cuvieri) was associated positively with species richness of fish. Multivariate analyses demonstrated that exotic pastures hosted
a different tadpole assemblage than native areas. The assemblage composition gradient was associated with species richness
of fish, vegetation cover and volume of herbaceous vegetation and leaf litter. These differences likely relate to specific
traits of individual anuran species (dietary plasticity, reproductive mode, and habitat preference). The study showed that
some generalist species were able to cope with replacement of native vegetation by exotic species. However, management
practices have maintained many areas in the Pantanal at a stage of a near-pristine wetland ecosystem and replacement of
native vegetation by exotic pastures should be done with caution.
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Introduction

Land use change is an ongoing process often as-
sociated with biodiversity loss (Wassenaar et al.,
2007; Ferreira et al., 2012). In wetlands, conver-
sion of land for agriculture or permanent pas-
tures often involves clearing of terrestrial habi-
tats (forests and grasslands) and changes in hy-
drological cycles of wetlands. Such modified
habitats generally support lower amphibian di-
versity (e.g. Machado, Moreira and Maltchik,
2012; Alix et al., 2014). While many studies
have addressed effects of forest clearance, there
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are important knowledge gaps on impacts of na-
tive vegetation removal in wooded grasslands
and freshwater ecosystems.

In addition, invasive species associated with
agricultural practices are particularly wide-
spread in the non-forested biomes (Ferreira et
al., 2012). Impacts of exotic plants on biological
community structure are well known (Levine
et al., 2003; Levine, Adler and Yelenik, 2004).
Exotic plants can reduce the richness of am-
phibians (Watling, Hickman and Orrock, 2011),
and disturb tadpole development and behaviour
(Watling et al., 2011).

Studies on movement of amphibians through
modified landscapes have pointed to the im-
portance of vegetation structure and individual
traits of species on ease of movement (Roznik
and Johnson, 2009; Youngquist and Boone,
2014). Open canopy habitats, such as wooded
grasslands, tend to have higher temperatures
and lower humidity, resulting in greater desic-
cation risk (Cosentino, Schooley and Phillips,
2010; Tingley and Shine, 2011; Nowakowski
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et al., 2013). Therefore, dispersing amphibians
may be more willing to use good-quality habi-
tats, such as forested patches. Changes in native
vegetation can reduce habitat quality and het-
erogeneity, which have been shown to be im-
portant drivers of dispersal and population per-
sistence in amphibians (Fahrig, 2007).

The Pantanal ecoregion lies in the centre of
South America, and is characterized by a mo-
saic of annually flooded grasslands and savan-
nas along the upper portion of the Paraguay
river and its tributaries (Junk et al., 2006). All
these habitats are under varying degrees of hu-
man impact, due to livestock activities and the
replacement of native vegetation by exotic pas-
tures (mainly Urochloa humidicola and U. de-
cumbens) as a strategy for improving animal
productivity (Junk and Nunes da Cunha, 2012).
In the Neotropical savannas, effects of invasive
grasses of African origin, such as Urochloa, are
various. Exotic grasses commonly form mon-
odominant stands that inhibit tree regeneration
and exclude herbaceous species (Hoffmann and
Haridasan, 2008; Rossi et al., 2014). The effect
of exotic pastures on animal communities is less
straightforward than on plants. In the Pantanal,
studies have documented that replacement by
Urochloa pastures did not affect aquatic inverte-
brates or fish assemblages (Fernandes, Machado
and Penha, 2010; Santos et al., 2013). However,
cattle ranchers tend to plant exotic pastures on
the areas not subject to flooding, which also
tend to be forested (Seidl, Silva and Moraes,
2001). By changing the environmental hetero-
geneity associated with the vegetation mosaic,
the replacement of native vegetation by exotic
pastures can potentially result in shifts in am-
phibian species composition.

In floodplains, amphibian assemblages are
structured by both local and landscape factors,
such as hydroperiod, riparian vegetation, water
temperature, rainfall, and fish density (Ficetola
and De Bernardi, 2004; Tockner et al., 2006;
Ocock et al., 2014). Flood pulse has a major
effect on several ecological processes in flood-
plains, being responsible for the variation be-

tween aquatic and terrestrial phases (Junk et al.,
2006; Tockner et al., 2010). It is also known
that flood pulse plays an important role in de-
termining amphibian distribution and commu-
nity structure (Tockner et al., 2006; Ocock et
al., 2014), and individual species characteristics
(e.g., dispersal ability, reproductive modes and
habitat preference) are also likely to influence
amphibian behaviour during the flooding.

Understanding the role of detection bias in
apparent species occupancy is critical when
habitat use is being studied (MacKenzie et al.,
2006; Durso, Willson and Winne, 2011). Most
studies of occupancy and detection probabil-
ity of amphibian species have either focused
on calling survey data or have concentrated
on methodologically tractable segments of the
community (e.g. terrestrial species caught in
pitfall traps). Some characteristics of tadpoles
make them good models for field inventories
and aquatic monitoring studies, namely general
abundance and longer presence in the aquatic
habitats than adults (Andrade et al., 2007). Al-
though surveys focusing on tadpoles also al-
low the confirmation of successful breeding
activity (including explosive breeders that are
frequently missed during calling surveys), few
studies have focused on ecological aspects of
larval stages (Curtis and Paton, 2010).

In this context, we evaluated the effects of
conversion of native vegetation to exotic pas-
tures in the northern Pantanal on the structure
of tadpole assemblages. Specifically, we deter-
mined: (1) if detection bias-adjusted site oc-
cupancy probability was associated with vege-
tation cover; (2) if areas influenced by exotic
pastures have a different anuran composition
relative to areas of native vegetation. Based on
previous results for Neotropical tadpole assem-
blages (Both et al., 2011; Almeida et al., 2014),
we predicted that biotic variables (vegetation
structure and species richness of predatory fish)
would have greater influence on species occu-
pancy probability than abiotic factors. We also
predicted that, due to habitat homogenization,
only a subset of the anuran species assemblage
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would be able to successfully occupy exotic
pastures.

Materials and methods

The study area is located in the floodplain of Cuiabá
River, at a Long-Term Sampling Site (LTSS) of the Brazil-
ian Biodiversity Research Program (PPBio) (56.3088° to
56.3554°S, 16.3293° to 16.3651°W). In the rainy season,
floods are common in the region as a result of overflow
waters from river and rainfall runoff. The topography is
flat, formed mostly by hydromorphic soils, causing drainage
problems, which partially explain the tendency for peri-
odic and prolonged floods (Junk et al., 2011). As in the
most of the non-protected areas in the Pantanal, extensive
livestock farming (about 15 cows/km2) is the major land
use (Junk and Nunes da Cunha, 2012). The LTSS consists
of 30 plots systematically distributed over 25 km2. Each
plot is 250 m long, and follows elevation isoclines. Plot
start points are located at a distance of 1 km from each
other (see Magnusson et al., 2005). Vegetation is a mo-
saic of flooded grasslands (native and exotic), dense arbo-
real savanna, seasonally flooded evergreen forest (composed
mainly of Licania parvifolia and Calophyllum brasiliense),

and monodominant forests composed by Vochysia diver-
gens, locally known as cambarazal.

Sampling occurred three times during a flooding cycle:
one sampling at flood beginning (December 2006; ten days
after flood pulse), one during steady flood period (February
2007), and one during the drawdown (April 2007). Flood
beginning is characterized by appearance of distinct aquatic
environments (rain puddles, flooded areas, permanent and
temporary ponds) that are not necessarily connected. During
the steady flood period, the floodplain is almost completely
covered by surface water (mean depth < 30 cm), except for
scattered patches with higher elevation. These remnants of
paleo-levees, which rise one meter above the mean flood
level, are normally covered with forests. Three out of the 30
plots in the LTSS grade were established in such areas and
were not subject to annual flooding. Seasonal shallow lakes
are formed in water drainage channels during drawdown.

We sampled 27 plots (fig. 1), in areas that were flooded
in December 2006. The spatial independence of the 27
sampling areas was tested using a principal coordinates of
neighbour matrices (PCNM) analysis (Borcard and Legen-
dre, 2002). We generated a set of eight spatial variables from
Cartesian coordinates with the ‘pcnm’ function of the vegan
package 2.3 (Oksanen et al., 2015). As the PCNM did not
detect significant spatial structure in the tadpole assemblage
composition (F8,18 = 0.822, P = 0.8), spatial autocorrela-
tion was not included in the statistical analysis.

Figure 1. Geographical location of the long-term sampling site in the northern Pantanal, Brazil. Black squares indicate
sampling plots.
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At each plot, tadpoles and fish were collected with a
throw trap (a cubic metal structure with a volume of 1 m3,
with the four sides covered by a 1.5 mm nylon mesh).
Starting at point zero, we performed six throw trap launches
at regular intervals of 50 m along (250 × 2 m) each
plot. For each launch, the collector slowly approached the
predetermined point, waited for about 1 minute and then
placed the throw trap quickly in the water. All tadpoles
and fish within each trap were removed with a net (10 cm
width, 2.5 mm mesh). Each trap sampling ended when
10 sweeps of the net caught no more tadpoles or fish.
Collected specimens were anaesthetized in a 5% solution of
benzocaine, then immediately fixed in 10% formaldehyde.
Samples were taken to the laboratory for further processing
and identification. Voucher specimens were deposited in
the Coleção Zoológica de Vertebrados of the Universidade
Federal de Mato Grosso, Brazil.

Data on site-specific and survey-specific factors thought
to influence occupancy and detection probabilities were col-
lected at each trap location (Weir, Fiske and Royle, 2009).
These included information on type of dominant vegetation
cover, water temperature, electrical conductivity, pH, water
depth, rainfall in the last 48 h, species richness of preda-
tory fish (species considered as potential tadpole predators),
and volume of leaf litter and herbaceous vegetation in the
water column. Physical and chemical characteristics of sur-
face water were measured using a portable multiparameter
probe YSI, the water column depth was measured in the
centre of the trap using a ruler. To estimate vegetation vol-
ume, all herbaceous stratum within the area bounded by the
throw trap was cut at water level with the aid of a knife.
The remaining below-water vegetation and leaf litter inside
trap was transferred to a plastic measuring bucket, the con-
tents of which was then uniformly compressed three times
with a heavy wooden tamper, and post-packing volume re-
corded. Four vegetation cover classes were used to occu-
pancy modelling (native grassland, exotic pastures, cam-
barazal, and seasonally-flooded forest). Vegetation cover
data used in this study are freely available at the PPBio
website (http://ppbio.inpa.gov.br). A detailed description of
vegetation characteristics along each plot and sampling pro-
tocols are also available in Nunes da Cunha, Rebellato and
Costa (2010).

For our analysis of site occupancy estimates, we used
a multi-season occupancy model that explicitly accounts
for imperfect detection (MacKenzie et al., 2006). A de-
tection history was constructed for each species, assigning
“1” to those sampling plots in which the species was de-
tected and a “0” otherwise. The study consisted of three pri-
mary sampling periods, and within each primary period six
sites (each trap launch) surveyed by plot. If a plot dried,
we considered tadpole occupancy as missing value for that
sampling event. We incorporated into the models the site-
specific and survey-specific covariates on occupancy prob-
ability (ψ) and detection probability (p), through a logit
link function. Since our main focus was how occupancy
changes, we assumed that colonization probability (γ ) and
extinction probability rate (ε) were constant over the study
period. Estimates of occupancy probability in sampling pe-
riods were obtained by a smoothing-based method (Weir,

Fiske and Royle, 2009). We used 100 bootstrap iterations
to compute standard errors of derived parameter estimates,
as recommended by Mackenzie et al. (2006). For vegetation
volume and water temperature, both linear and quadratic ef-
fects were considered. Quadratic effects were tested in order
to detect a potential peak in tadpole activity.

We followed a two step process for building occu-
pancy models: first, we held site occupancy probability
constant while modelling those covariates considered most
likely to influence species detection probabilities (i.e. ψ(.),
p(covariate), see online supplementary table S1). Only
species with a detection probability � 0.15 were used for
occupancy probability modelling (O’Connel et al., 2006).
Second, we examined four occupancy models (online sup-
plementary table S2) where ψ was allowed to vary with
vegetation cover and species richness of predatory fish, us-
ing the best model for detection probability. We used cor-
rected Akaike’s information criteria (AICc; Burnham and
Anderson, 2002) to rank the candidate models for each
species. Analyses were carried out using the R statistical
computing environment version 3.2. (R Development Core
Team, 2015), and its extension package unmarked (Fiske
and Chandeler, 2011).

We used a permutational variance analysis
(PERMANOVA) to assess differences in anuran assemblage
composition between areas with different types of vegeta-
tion cover (native grassland, exotic pasture, cambarazal and
seasonally-flooded forest), based on Bray-Curtis dissimi-
larity. We used a constrained redundancy analysis (RDA)
to evaluate the effects of herbaceous vegetation volume,
species richness of predatory fish, and type of vegetation
cover on the abundance matrix of species composition. For
composition analysis, we used the sum of launch traps at
each plot, and tadpole data were Hellinger-transformed to
reduce the influence of outliers (Legendre and Gallagher,
2001). We calculated the significance of variance explained
by RDAs by performing ANOVA-like permutation tests
(1000 permutations). The analyses were conducted on the
vegan package 2.3. for R (Oksanen et al., 2015).

Results

We recorded 13 anuran species belonging to
families Hylidae, Leptodactylidae, and Micro-
hylidae (table 1). Some tadpoles in our sam-
ple could not be unambiguously assigned to
any particular taxon from within the analysed
species groups. Tadpoles classified herein as
Leptodactylus fuscus may correspond to one or
another of the two species from this group re-
corded at the study site – L. elenae and L. fuscus.
Similarly, tadpoles referred as Chiasmocleis al-
bopunctata and Elachistocleis matogrosso may

http://ppbio.inpa.gov.br
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Table 1. Number of sites where tadpole species were encountered by sampling event, sample size, and corresponding
detection probabilities for constant model (p), in northern Pantanal. SE: Standard error. aThe Total column sums the number
of sites where each species was detected at least once.

Family December 2006 February 2007 April 2007 Totala p ± SE
Species Flood beginning Steady flood Drawdown

(n = 27) (n = 27) (n = 9)

Hylidae
Dendropsophus nanus 4 9 1 13 0.16 ± 0.06
Hypsiboas raniceps 2 0 0 2 0.01 ± 0.01
Lysapsus limellum 0 1 1 2 0.02 ± 0.02
Scinax fuscomarginatus 20 13 0 21 0.27 ± 0.03
Scinax nasicus 0 7 0 7 0.06 ± 0.02
Trachycephalus typhonius 3 0 0 3 0.12 ± 0.10

Leptodactylidae
Leptodactylus fuscus 3 0 0 3 0.02 ± 0.01
Physalaemus albonotatus 5 0 0 5 0.14 ± 0.08
Physalaemus biligonigerus 10 1 0 10 0.09 ± 0.05
Physalaemus centralis 11 3 0 11 0.18 ± 0.06
Physalaemus cuvieri 11 0 0 11 0.25 ± 0.06

Microhylidae
Chiasmocleis albopunctata 1 0 0 1 0.01 ± 0.01
Elachistocleis matogrosso 12 0 0 12 0.29 ± 0.06

include tadpoles of congeners. The most fre-
quently encountered species was Scinax fusco-

marginatus, recorded in 21 of 27 plots (on-
line supplementary table S3). Conversely, C.

albopunctata, the least frequently encountered
species, was recorded in only one plot. The ma-
jority of species were recorded in the beginning
of the flood (table 1), and six species were re-
corded in the steady flood period. During the
drawdown, Dendropsophus nanus and Lysap-

sus limellum were the only species recorded. We
are able to model occupancy of five species: D.

nanus, S. fuscomarginatus, Physalaemus cen-

tralis, P. cuvieri, and E. matogrosso.
During the study period, water temperature

ranged from 43.5°C (December) to 22.7°C
(April) and was correlated with maximum daily
temperature (online supplementary fig. S1).
Only nine out of 27 flooded plots in Decem-
ber 2006 still contained water in the drawdown
period. Overall predatory fish of eight families
(Acestrorhynchidae, Callichthyidae, Characi-
dae, Cichlidae, Erythrynidae, Heptapteridae,
Hypopomidae, and Pimelodidae) were recorded
from 24 fish-containing plots. Vegetation cover

was entirely composed of exotic pasture in five
plots.

The best detection model for E. matogrosso
and S. fuscomarginatus included effect of elec-
trical conductivity. Detection probabilities of
both species were positively associated with
electrical conductivity (online supplementary
fig. S2). Volume of vegetation explained vari-
ation in detection probability for P. cuvieri and
D. nanus. Detection probability of P. centralis
was positively associated with water tempera-
ture. The full set of ranked candidate models is
presented in tables S1 and S2.

Occupancy probability was higher at the be-
ginning of the flood for most species (fig. 2).
Only D. nanus tadpoles showed a constant oc-
cupancy probability throughout the entire flood
period. Occupancy probability was positively
associated with species richness of predatory
fish for three species: D. nanus, P. centralis,
and P. cuvieri (table 2). Only S. fuscomargina-
tus was associated with vegetation cover, and
occupancy probability was highest in native
grasslands and exotic pasture (fig. 3). Species
showed lower occupancy probability values in
seasonally-flooded forests. For E. matogrosso,
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Figure 2. Estimated site occupancy across a flooding season (December 2006 to April 2007) for tadpoles of five anuran
species across 27 plots in northern Pantanal, Brazil. Bars represent ±1 standard error after 100 bootstraps. See Results for
full species names.

Table 2. Parameters estimates contained in the two most supported models selected using AICc (corrected Akaike’s
information criterion) for plot occupancy probability. aThe symbol Ψ indicates the occupancy portion of the model, while
the symbol p denotes the detection portion of the model. (.) The parameter was constant. − indicates a negative relationship.
bwi : model Akaike weight. cEvidence ratio: ratio of Akaike weights between the two best ranked models.

Species �AICc wi
b Evidence ratioc

Modela

Dendropsophus nanus
Ψ (fish), p(−vegetation volume2) 0.00 0.98 98.00
Ψ (fish, vegetation cover), p(−vegetation volume2) 9.72 0.01

Scinax fuscomarginatus
Ψ (vegetation cover), p(conductivity) 0.00 0.55 1.48
Ψ (.), p(conductivity) 0.78 0.37

Physalaemus centralis
Ψ (fish), p(temperature) 0.00 0.72 2.67
Ψ (.), p(temperature) 1.98 0.27

Physalaemus cuvieri
Ψ (fish), p(vegetation volume) 0.00 0.53 1.20
Ψ (.), p(vegetation volume) 0.39 0.44

Elachistocleis matogrosso
Ψ (.), p(conductivity) 0.00 0.65 3.61
Ψ (fish), p(conductivity) 2.50 0.18

the highest ranking occupancy model included
only the intercept (table 2).

Comparison of assemblages between areas
showed significant differences in species com-
position associated with vegetation cover
(PERMANOVA, F3,26 = 2.036; P < 0.001).
However, this association was relatively weak,

explaining only 21% of the variability (R2 =
0.21). The RDA corroborated the outcome of
variance analysis. There was a weak but sig-
nificant relationship (P < 0.01) between tad-
pole assemblages and vegetation characteristics.
Type of vegetation cover, vegetation volume,
species richness of predatory fish explained
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Figure 3. Estimated occupancy across different vegetation cover types for tadpoles of Scinax fuscomarginatus. Bars represent
±1 standard error after 100 bootstraps.

Figure 4. Redundancy analysis (RDA) ordination describing the relationships between tadpole assemblage and vegetation
cover. Open circles represent sampled sites. Crosses represent centroids of levels of vegetation cover. The scores of Hypsiboas
raniceps and Lysapsus limellum are close to the origin and are not labelled. See Results for full species names.

16% of the variation in assemblage structure.

The first two canonical axes together explained

25% of the total variance in the data, the first

axis alone explaining 16%. The RDA showed

that differences in vegetation type (open or

forested areas) played an important role along

the first axis. Assemblages with C. albopunctata

and T. typhonius were associated with forested

areas; assemblages with E. matogrosso and S.

fuscomarginatus were associated with open ar-

eas (fig. 4). Assemblages dominated by P. cen-

tralis and P. cuvieri were associated with exotic

pastures with low vegetation volume. Dendrop-

sophus nanus and Scinax nasicus tadpoles were

registered mainly in plots with predatory fish

(fig. 4).
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Discussion

Tadpole assemblages differed among wetlands
in different vegetation types of the Pantanal.
Our results showed that tadpole composition
was related to vegetation characteristics (vege-
tation cover type and volume of herbaceous veg-
etation) and species richness of predatory fish.
Some species (S. fuscomarginatus, P. centralis,
and P. cuvieri) were strongly associated with
exotic pastures. In addition, tadpole occupancy
probability for some species was positively as-
sociated with exotic land cover and species rich-
ness of fish. These results are in contrast to ef-
fects of exotic pasture on aquatic organisms in
previous studies conducted in the same study
area (Fernandes, Machado and Penha, 2010;
Santos et al., 2013). Exotic plants have been
found to negatively affect amphibian perfor-
mance, including larval development time and
foraging success of adults (Maerz, Nuzzo and
Blossey, 2009; Cotten et al., 2012; Martin, Rain-
ford and Blossey, 2015). However, the effects
of changes in plant assemblages will depend on
changes to habitat structure or quality, because
an exotic matrix is not necessarily hostile to all
species (Ficetola and De Bernardi, 2004; Dixo
and Metzger, 2010).

In the Pantanal, variation of structural com-
plexity related to vegetation cover can be af-
fected: i) by forest and woodland clearance and
the deliberate establishment of exotic pastures;
ii) by expansion of exotic grasses through grass-
lands and replacement of native species. It has
been widely demonstrated that forest clearance
has detrimental effects on amphibians through
habitat loss, edge effects, and reducing vertical
structural heterogeneity (e.g. Vallan, 2000; Bell
and Donnelly, 2006). In savannas, forested and
woodland patches may provide shaded, mesic
microhabitats on adjacent grasslands that would
otherwise not occur.

The presence of tadpoles in ponds or pools
relies, in the first instance, on the site selected
by adults for egg-laying. We know that the lit-
toral habitat complexity (in terms of vegeta-
tion cover) can influence breeding site selection

by some species (Eterovick and Barata, 2006;
Silva, Gibbs and Rossa-Feres, 2011). These mi-
crohabitats provide refuges for tadpoles to avoid
predators, support for clutches, and calling site
for adults (Kopp, Wachlevski and Eterovick,
2006; Hartel et al., 2007). Results from our
study can be explained by species’ different
calling site requirements. Tadpoles of arbo-
real species (T. typhonius) were associated with
plots in flooded forests, because bushes and
trees provide suitable perches for adults (Pan-
sonato, Mott and Strüssmann, 2011), as well as
cavities and hollows in tree trunks or branches
to serve as daytime retreats. Small species that
call perched within herbaceous vegetation (S.
fuscomarginatus) or in shallow water (P. cen-
tralis and P. cuvieri) were associated with ex-
otic pastures. In addition, we found similar oc-
cupancy probability in open areas (grasslands or
pastures) for S. fuscomarginatus. Because of the
dense herbaceous cover, tussock grasses (such
as Urochloa spp.) may constitute a suitable call-
ing site for species that call close to the ground.

In addition to calling sites, herbaceous cover
may offer shelter for recently metamorphosed
tadpoles and adults of species with low vagility
(Shulse et al., 2010; Watling, Hickman and
Orrock, 2011). Close to the study area, there
is an evidence that dense shrub encroach-
ment favoured some anuran species (Dorado-
Rodrigues et al., 2015). Although monodom-
inant stands reduce the vegetation cover het-
erogeneity, the dense cover seems to provide
shelter and other resources not readily avail-
able in open habitats (Cosentino, Schooley
and Phillips, 2010). Therefore, a plausible hy-
pothesis is that desiccation risk in Urochloa
pastures is lower compared to native grass-
lands, due to the habitual dense herbaceous
cover provided by species in that genus. This
might favourably change microclimate condi-
tions for post-metamorphic dispersal (Marsh et
al., 2004).

Oviposition sites and daytime shelter are
more directly associated with juvenile and adult
habitat use, and connection of vegetation cover
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with tadpole occurrence is indirect. Previous
studies on invasive plants have reported elevated
mortality of tadpoles in exotic extracts contain-
ing a greater concentration of phenolic com-
pounds than native extracts (Brown et al., 2006;
Watling et al., 2011). However, negative direct
effects on tadpole development or survival were
species specific. For some tadpole species, lit-
ter traits (elemental composition such as C:N)
seem to be particularly important, and plant ori-
gin had no significant effect on anuran perfor-
mance (Cohen, Maerz and Blossey, 2012; Mar-
tin, Rainford and Blossey, 2015). These results
were attributed to species plasticity, because
tadpoles vary greatly in physiology and feed-
ing behaviour (Altig, Whiles and Taylor, 2007).
Urochloa species are known to release allelo-
pathic substances to the environment (Barbosa,
Pivello and Meirelles, 2008), such as phenolic
acids and alkaloids. It is therefore likely that
tadpoles will respond negatively to compounds
leached from Urochloa leaf litter.

In spite of presence of fish being considered
an important factor in determining tadpole as-
semblage richness and composition (Werner et
al., 2007; Both et al., 2009), our results showed
that occupancy probabilities of three species
were positively associated with species richness
of predatory fish. Predation can be an important
factor at small spatial scales (ponds), however
environmental features, such as hydroperiod,
can be the major factors at spatial mesoscales
(Almeida et al., 2014). Hydroperiod is an im-
portant factor that influences amphibian com-
munities, and a peak of diversity is expected in
long term temporary wetlands (Babbitt, Baber
and Tarr, 2003; Werner et al., 2007; Prado and
Rossa-Feres, 2014). However, the availability
of reproductive habitats due to hydroperiod-
related constraints is not a static factor and in-
teracts with spatial features (e.g. pond connec-
tivity, Werner et al., 2007). In Neotropical flood-
plains, pond availability and connectivity are
affected by the surface flooding dynamics and
daily rainfall, which may result in transfer of in-
dividuals between ponds (Maltchik et al., 2008;

Almeida et al., 2014). We recognized that some
tadpoles could have been washed to a certain
plot from another one, but this effect should be
small because: i) most species reproduce dur-
ing the beginning of the rainy season, reaching
the post metamorphic stage before the steady
flood period (Prado et al., 2005); ii) anuran
movements during the breading season are com-
monly >1 km (Semlitsch, 2008). In addition
to developmental constraints imposed on tad-
poles, hydroperiod length influences predation-
prey interactions (Wellborn, Skelly and Werner,
1996). Some reproductive modes or microhab-
itat choice may enable species to avoid or
minimize predation by fish. For Physalaemus
species, positive association with fish could
be attributed to tadpole preference for shallow
water (up to 20 cm) (Brasileiro and Martins,
2006). For D. nanus our results are in agreement
with its reported continuous reproductive activ-
ity throughout the year (Prado et al., 2005).

While model selection did not reveal a sin-
gle shared best model with which to ex-
plain species detection probability, our results
are more associated with habitat characteris-
tics than phenology of species. Similar pat-
terns have been seen in tadpole assemblages in
grasslands in southern Brazil (Moreira, Moura
and Maltchik, 2016). Although seasonal phe-
nologies may affect detection probabilities of
amphibian species, mainly explosive breeders
(Curtis and Paton, 2010; Moreira, Moura and
Maltchik, 2016), our detection probabilities for
tadpoles vary most with vegetation volume, wa-
ter temperature, and electrical conductivity. We
also found linear and quadratic vegetation vol-
ume effects on detection probability. It high-
lights that amphibians are a group with remark-
able differences in life-histories strategies, thus
the incorporation of species-traits is fundamen-
tal to unbiased assessment of habitat use.

From the perspective of our study developed
over one rainy season, tadpole occupancy and
species composition differed between natural
areas and exotic pasture. Although our results
showed an association of some anuran species



10 L.F.B. Moreira et al.

with exotic pasture, the idea that vegetation ori-
gin (i.e., native or exotic) is a good predic-
tor of tadpole habitat quality is not necessar-
ily true. In a functional context, anuran adults
and larvae live in different worlds, so changes
in wetland plant communities may have distinct
and very different effects for each stage. It re-
mains unclear which mechanisms are linked to
plant-tadpole interactions, but the effects of ex-
otic pastures seem to be related to individual
traits of each species (dietary plasticity, habitat
preference, and reproductive mode of adults).
Our results showed that some generalist species
were able to cope with replacement of native
vegetation by exotic species. However, tradi-
tional management practices have maintained
many areas of Pantanal as near-pristine wetland
ecosystems (Junk and Nunes da Cunha, 2012),
and replacement of native vegetation by exotic
pasture should be done with caution.
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Hartel, T., Nemes, S., Cogǎlniceanu, D., Öllerer, K.,
Schweiger, O., Moga, C.I., Demeter, L. (2007): The ef-
fect of fish and aquatic habitat complexity on amphib-
ians. Hydrobiologia 583: 173-182.

Hoffmann, W.A., Haridasan, M. (2008): The invasive
grass, Melinis minutiflora, inhibits tree regeneration in
a Neotropical savanna. Austral Ecol. 33: 29-36.

Junk, W.J., da Cunha, C.N., Wantzen, K.M., Petermann, P.,
Strüssmann, C., Marques, M.I., Adis, J. (2006): Bio-
diversity and its conservation in the Pantanal of Mato
Grosso, Brazil. Aquat. Sci. 68: 278-309.

Junk, W.J., Silva, C.J., Nunes da Cunha, C., Wantzen, K.M.
(2011): The Pantanal: Ecology, Biodiversity and Sus-
tainable Management of a Large Neotropical Wetlands.
Pensoft Publishers, Moscow.

Junk, W.J., Nunes da Cunha, C. (2012): Pasture clearing
from invasive woody plants in the Pantanal: a tool for
sustainable management or environmental destruction?
Wetl. Ecol. Manag. 20: 111-122.

Kopp, K., Wachlevski, M., Eterovick, P.C. (2006): Environ-
mental complexity reduces tadpole predation by water
bugs. Can. J. Zool. 84: 136-140.

Legendre, P., Gallagher, E.D. (2001): Ecologically mean-
ingful transformations for ordination of species data.
Oecologia 129: 271-280.

Levine, J.M., Adler, P.B., Yelenik, S.G. (2004): A meta-
analysis of biotic resistance to exotic plant invasions.
Ecol. Lett. 7: 975-989.

Levine, J.M., Vilà, M., D’Antonio, C.M., Dukes, J.S.,
Grigulis, K., Lavorel, S. (2003): Mechanisms underly-
ing the impacts of exotic plant invasions. Proc. Biol. Sci.
270: 775-781.

Machado, I.F., Moreira, L.F.B., Maltchik, L. (2012): Effects
of pine invasion on anuran assemblages in southern
Brazil coastal ponds. Amphibia-Reptilia 33: 227-237.

MacKenzie, D.I., Nichols, J.D., Royle, J.A., Pollock, K.H.,
Bailey, L.L., Hines, J.E. (2006): Occupancy Estimation
and Modeling. Elsevier, Amsterdam.

Maerz, J.C., Nuzzo, V.A., Blossey, B. (2009): Declines in
woodland salamander abundance associated with non-
native earthworm and plant invasions. Conserv. Biol. 23:
975-981.

Magnusson, W.E., Lima, A.P., Luizão, R., Costa, F.R.C.,
Casilho, C.V., Kinupp, V.F. (2005): RAPELD: a mod-
ification of the Gentry method for biodiversity sur-
veys in long-term ecological research. Biota Neotrop. 5:
bn01005022005.

Maltchik, L., Peixoto, C.D., Stenert, C., Moreira, L.F.B.,
Machado, I.F. (2008): Dynamics of the terrestrial am-
phibian assemblage in a flooded riparian forest fragment
in a Neotropical region in the south of Brazil. Brazilian
J. Biol. 68: 763-769.

Marsh, D.M., Thakur, K.A., Bulka, K.C., Clarke, L.B.
(2004): Dispersal and colonization through open fields
by a terrestrial, woodland salamander. Ecology 85:
3396-3405.

Martin, L.J., Rainford, S., Blossey, B. (2015): Effects of
plant litter diversity, species, origin and traits on larval
toad performance. Oikos 124: 871-879.

Moreira, L.F.B., Moura, R.G., Maltchik, L. (2016): Stop and
ask for directions: factors affecting anuran detection and
occupancy in Pampa farmland ponds. Ecol. Res. 31: 65-
74.

Nowakowski, A.J., Jiménez, B.O., Allen, M., Diaz-Escobar,
M., Donnely, M.A. (2013): Landscape resistance to
movement of the poison frog, Oophaga pumilio, in the
lowlands of northeastern Costa Rica. Anim. Conserv. 16:
188-197.

Nunes da Cunha, C., Rebellato, L., Costa, C.P. (2010):
Vegetação e flora: experiência pantaneira no sistema
de grade. In: Biodiversidade no Pantanal de Poconé,
p. 37-58. Fernandes, I.M., Signor, C.A., Penha, J., Eds,
Áttema, Manaus.

Ocock, J.F., Kingsford, R.T., Penman, T.D., Rowley, J.J.L.
(2014): Frogs during the flood: differential behaviours of
two amphibian species in a dryland floodplain wetland.
Austral Ecol. 39: 929-940.

O’Connel, A.F.J., Talancy, N.W., Bailey, L.L., Sauer, J.R.,
Cook, R., Gilbert, A.T. (2006): Estimating site occu-
pancy and detection probability parameters for meso-
and large mammals in a coastal ecosystem. J. Wildl.
Manage. 70: 1625-1633.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P.,
Minchin, P.R., O’Hara, R.B., Simpson, G.L., Solymos,
P., Stevens, M.H.H., Wagner, H. (2015): vegan: com-
munity ecology package. Available at http://CRAN.
R-project.org/package=vegan. Accessed 30 April 2015.

Pansonato, A., Mott, T., Strüssmann, C. (2011): Anuran
amphibians’ diversity in a northwestern area of the
Brazilian Pantanal. Biota Neotrop. 11: 77-86.

http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan


12 L.F.B. Moreira et al.

Prado, V.H.M., Rossa-Feres, D.C. (2014): Multiple determi-
nants of anuran richness and occurrence in an agricul-
tural region in South-eastern Brazil. Environ. Manage.
53: 823-837.

R Development Core Team (2015): R: a language and en-
vironment for statistical computing. Available at http://
www.R-project.org/.

Rossi, R.D., Martins, C.R., Viana, P.L., Rodrigues, E.L.,
Figueira, J.E.C. (2014): Impact of invasion by molasses
grass (Melinis minutiflora P. Beauv.) on native species
and on fires in areas of campo-cerrado in Brazil. Acta
Bot. Brasilica 28: 631-637.

Roznik, E.A., Johnson, S.A. (2009): Canopy closure and
emigration by juvenile gopher frogs. J. Wildl. Manage.
73: 260-268.

Santos, M.T., Callil, C.T., Fantin-Cruz, I., Girard, P. (2013):
Factors structuring the spatial distribution of Chironomi-
dae larvae community in the floodplain of the northern
Pantanal, Brazil. Acta Limnol. Bras. 25: 131-139.

Seidl, A.F., Silva, J.D.S.V., Moraes, A.S. (2001): Cattle
ranching and deforestation in the Brazilian Pantanal.
Ecol. Econ. 36: 413-425.

Semlitsch, R.D. (2008): Differentiating migration and dis-
persal processes for pond-breeding amphibians. J. Wildl.
Manage. 72: 260-267.

Shulse, C.D., Semlitsch, R.D., Trauth, K.M., Williams, A.D.
(2010): Influences of design and landscape placement
parameters on amphibian abundance in constructed wet-
lands. Wetlands 30: 915-928.

Silva, F.R., Gibbs, J.P., Rossa-Feres, D.C. (2011): Breeding
habitat and landscape correlates of frog diversity and
abundance in a tropical agricultural landscape. Wetlands
31: 1079-1087.

Tingley, R., Shine, R. (2011): Desiccation risk drives the
spatial ecology of an invasive anuran (Rhinella marina)
in the Australian semi-desert. PLoS ONE 6: e25979.

Tockner, K., Klaus, I., Baumgartner, C., Ward, J.V. (2006):
Amphibian diversity and nestedness in a dynamic flood-

plain river (Tagliamento, NE-Italy). Hydrobiologia 565:
121-133.

Tockner, K., Pusch, M., Borchardt, D., Lorang, M.S. (2010):
Multiple stressors in coupled river-floodplain ecosys-
tems. Freshw. Biol. 55: 135-151.

Vallan, D. (2000): Influence of forest fragmentation on am-
phibian diversity in the nature reserve of Ambohitantely,
highland Madagascar. Biol. Conserv. 96: 31-43.

Wassenaar, T., Gerber, P., Verburg, P.H., Rosales, M.,
Ibrahim, M., Steinfeld, H. (2007): Projecting land use
changes in the Neotropics: the geography of pasture ex-
pansion into forest. Glob. Environ. Chang. 17: 86-104.

Watling, J.I., Hickman, C.R., Lee, E., Wang, K., Orrock, J.L.
(2011): Extracts of the invasive shrub Lonicera maackii
increase mortality and alter behavior of amphibian lar-
vae. Oecologia 165: 153-159.

Watling, J.I., Hickman, C.R., Orrock, J.L. (2011): Invasive
shrub alters native forest amphibian communities. Biol.
Conserv. 144: 2597-2601.

Weir, L.A., Fiske, I.J., Royle, J.A. (2009): Trends in anuran
occupancy from northeastern states of the North Ameri-
can Amphibian Monitoring Program. Herpetol. Conserv.
Biol. 4: 389-402.

Wellborn, G.A., Skelly, D.K., Werner, E.E. (1996): Mecan-
isms creating community structure across a freshwater
habitat gradient. Annu. Rev. Ecol. Syst. 27: 337-363.

Werner, E.E., Skelly, D.K., Relyea, R.A., Yurewicz, K.L.
(2007): Amphibian species richness across environmen-
tal gradients. Oikos 116: 1697-1712.

Youngquist, M.B., Boone, M.D. (2014): Movement of am-
phibians through agricultural landscapes: the role of
habitat on edge permeability. Biol. Conserv. 175: 148-
155.

Submitted: September 16, 2015. Final revision received:
February 22, 2016. Accepted: February 26, 2016.
Associate Editor: Julian Glos.

http://www.R-project.org/
http://www.R-project.org/

