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Loss of tropical forests is a major cause of biodiversity loss worldwide. Although drastic 
modification of the habitat has been shown to negatively affect amphibians, we are far from a 
complete understanding of the response of amphibian communities to deforestation. We studied 
frog assemblages in a gradient of forest modification in a humid area of Costa Rica, where the 
primary forest has been partially converted into pasture. The study area is a mosaic of primary palm 
forest, abandoned pasture covered by secondary forest, and pasture. Species richness was 
assessed by randomized walk surveys and audio strip transects. We also measured ecological 
features to evaluate the relationship between landscape alteration and amphibian distribution. The 
study area hosted a large number of amphibian species. We focused our monitoring on six 
anurans: Leptodactylus labialis, Eleutherodactylus fitzingeri, E. diastema, Hyla rosenbergi, H. 
microcephala, and Cochranella granulosa. Three species (L. labialis, H. rosenbergi, and H. 
microcephala) were most abundant in pasture areas with livestock presence, while E. fitzingeri, E. 
diastema, and C. granulosa were associated with primary forest. Most of the variation in community 
structure was explained by the joint effect of forest alteration and presence of livestock. Whereas 
forest specialists suffer direct negative effect from deforestation, generalist species can take advan-
tage of forest alteration and the presence of farm animals. Species that are able to take advantage 
of the new environmental characteristics associated with human modifications of landscapes will 
come to prevail in the new communities.
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INTRODUCTION

The Neotropics host nearly 50% of known amphibian 
species, and Neotropical forests are thus considered one of 
the most important areas for amphibian diversity at the 
global scale (Stuart et al., 2004; Grenyer et al., 2006). How-
ever, tropical forests are under serious human pressure, and 
the loss and alteration of habitat is a major cause of the loss 
of amphibian diversity (Stuart et al., 2004; Gardner et al., 
2007). Even though the negative effects of habitat alteration 
on amphibians have generally been acknowledged, we are 
far from a complete understanding of the response of 
amphibian communities to deforestation (Tocher et al., 
2002). Moreover, most studies evaluating the effects of 
habitat alteration on amphibian assemblages have been 

performed in temperate areas (Gardner et al., 2007). It is 
therefore urgent to increase our knowledge of the response 
of amphibian communities to the loss of tropical forests.

In this study, we analysed frog communities in a gradi-
ent of forest alteration in the Humedale Terraba-Sierpe, 
Costa Rica. In this area, primary forest was partially con-
verted to pasture in the 1970s (Alvarez et al., 1999). The 
area is currently a mosaic of flooded areas, primary forest, 
pasture, and abandoned deforested areas where the 
regrowth of vegetation is ongoing. This environmental 
complexity makes the area an ideal site for studying the 
modifications of communities following deforestation.

The aim of this study was to evaluate the relationship 
between the distribution of frog species and environmental 
gradients created by the human alteration of landscapes. 
Moreover, we evaluated the modification of community 
structure (i.e., the composition of communities and the 
abundance of species) along these gradients. Our results 
highlight strong interspecific differences in the response to 
environmental gradients, and the complex role of environ-
mental factors in structuring communities.

STUDY AREA AND METHODS

We studied an area of about 500 ha within the Humedale 
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Terraba Sierpe, Southern Costa Rica (8°48’N, 84°24’W; overall 
surface about 30,000 ha). The Humedale is a partially flooded wet-
land, originally occupied by palm swamp forests; in the 1970s, the 
primary forest was partially cleared for pasture (Alvarez et al., 
1999). Further details on the study area were reported by Ficetola 
et al. (2008). Approximately 150 ha of the study area are covered 
by primary palm forest, and constitute one of Costa Rica’s private 
wildlife refugia (Langholz et al., 2000); about 33 ha are abandoned 
pasture covered by secondary forest, and 140 ha are currently 
exploited pasture. The remaining areas consist of the Sierpe River 
and areas flooded nearly permanently. It is thus possible to distinguish 
three main levels of forest alteration: (1) primary forest (no alteration); 
(2) secondary forest; (3) pasture. Permanently flooded areas were not 
investigated. See Ficetola et al. (2008) for a map of the study area.

Recent phylogenetic analyses based on molecular data sug-
gested taxonomic changes for some of the species found in the 
study area (e.g., Frost et al., 2006). However, the taxonomy is cur-
rently under debate, and many of the species found in the study 
area were not included in the molecular studies; thus, we followed 
the nomenclature of Savage (2002).

Sampling of amphibians
The study area was monitored during the late dry season and 

the beginning of the rainy season in 2002 (3 February to 5 May). At 
the beginning of the sampling period (February to early March), we 
performed randomized walk surveys to obtain preliminary informa-
tion on the species present within the study area. Species were 
generally captured by hand and were identified by using existing 
keys (Leenders, 2001; Savage, 2002). Federigo Bolaños (Instituto 
de Biologia Tropical, Universidad de Costa Rica, San José) con-
firmed our identifications.

After these preliminary surveys, we established 14 linear 
transects to compare amphibian communities along the existing 
environmental gradients. Transect length was 200 m. Transects were 
selected on the basis of stratified random sampling, in order to cover 
the habitat types present in the study area, although accessibility 
partially constrained the location of transects in primary forest.

From 27 March to 29 April 2002 (the beginning of the rainy sea-
son), we used audio strip transects (Zimmerman, 1994) to monitor 
the presence of amphibians in the different environments, on the 
basis of species-specific vocalizations (Leenders, 2001; Savage, 
2002); we repeated each transect 8–10 times. For each transect, 
calling males were counted in 10 consecutive point counts spaced 
20 m apart. Each point count lasted 1 minute (Zimmerman, 1994); 
therefore, during each transect listening lasted 10 minutes. See 
Ficetola et al. (2008) for further details.

The audio strip transects were focused on six species that can 
be reliably identified on the basis of calls (Leenders, 2001; Savage, 
2002) and that were found in at least four transects (see Results): 
Leptodactylus labialis, Eleutherodactylus fitzingeri, E. diastema,
Hyla rosenbergi, H. microcephala, and Cochranella granulosa. We 
limited our analyses to these six species, because it is difficult to 
obtain reliable relationships when presence localities are very few. 
The identification of calling males was confirmed by morphological 
examination of several males for each species. Of these six regu-
larly monitored species, the males of E. fitzingeri, E. diastema, H. 
microcephala, and C. granulosa tended to be well spaced, and it 
was thus possible to obtain counts. For Leptodactylus labialis and 
H. rosenbergi, which formed large choruses, we only recorded 
abundance classes (five classes: 1, 2, 3–5, 6–10, >10).

Sound transmission and thus detection distances can vary with 
vegetation structure. We therefore measured the maximum distance 
at which calling frogs could no longer be heard clearly (detection dis-
tance) in each transect (Zimmerman, 1994) and calculated the area 
covered by each transect; the density of calling males was equal to 
the average number of calling males / area covered. Further details 
on transect calibration are provided by Ficetola et al. (2008).

Habitat features
For each transect, we measured seven environmental vari-

ables to relate amphibian distribution to habitat features: grass 
cover, canopy cover, number of large trees, litter thickness, percent 
flooded, water permanence, and distance from the river. Grass 
cover, canopy cover, and percent flooded were visually estimated 
in a 50×200 m strip along the transect (Ficetola et al., 2004), as the 
average of the habitat features observed at each observation point 
(every 25 m). The number of large trees was recorded in a 20×200 
m strip as the number of trees of diameter >50 cm at 1.5 m above 
the ground (Pearman, 1997). Litter thickness was measured with a 
ruler at two points (50 and 150 m from the beginning, eight 
measurements per distance point) and averaged for each transect. 
Water permanence was recorded by using a rank scale: 1, ephem-
eral (only after rain); 2, temporary (depending on daily tide), 3, per-
manent. We also recorded whether livestock was present in the 
proximity of a transect. Livestock was present on four transects 
located in pasture. Despite clear differences among the three levels 
of forest alteration, there was overlap in environmental features 
among the habitat types (Table 1a).

Data analysis
Some of the environmental variables were strongly correlated 

(Table 2). The presence of intercorrelated independent variables 
could bias the results of multiple regression analyses (Berry, 1985). 
We therefore used principal component analysis (PCA) to reduce 
environmental variables to a smaller number of unrelated factors. 

Table 1. Environmental features and average abundance of six 
amphibians in transects in pasture, secondary forest and primary 
forest. In parenthesis, the range of variation observed.

Pasture Secondary forest Primary forest

Mean (min–max)

a) environmental features

litter thickness 1.4  (1.0–1.5) 3.4  (2.0–4.5)  5.5  (4.0–6.5)

% floded 0.32 (0.05–0.50) 0.25 (0.05–0.80)  0.48 (0.05–0.90)

water permanence 2.3  (1–3) 2.5  (2–3)  3    (3–3)

grass cover 0.89 (0.80–1.0) 0.18 (0–0.60)  0.03 (0.00–0.10)

wood cover 0.07 (0.05–0.10) 0.61 (0.05–1.0)  1.0  (1.0–1.0)

b) amphibians

Leptodactylus labialis* 1.0  (0.0–1.9) 0.2  (0–0.6)  0.0

Eleutherodactylus fitzingeri 0.2  (0.1–0.3) 6.44 (0.22–12.22) 15.1 (3.3–28.6)

Eleutherodactylus diastema 0.2  (0.02–0.5) 3.5  (1.0–5.3) 45.2 (18.8–79.7)

Hyla rosenbergi* 0.4  (0.0–1.2) 0.1  (0–0.5)  0.0

Hyla microcephala 0.9  (0.0–2.7) 0.4  (0.0–1.5)  0.0

Cochranella granulosa 0.0 0.0  0.6 (0.1–0.9)

*, abundance recorded on a rank scale (see Methods).

Table 2. Pearson’s pairwise correlations among environmental 
variables. n=14 for all correlations.

 Water 
perman.

Distance 
to rive

litter 
thickness

grass 
cover

wood 
cover

N large 
trees

% flooded r 0.534 0.518 0.060 0.021 –0.061 0.061

p 0.049 0.058 0.839 0.945 0.837 0.835

water permanence r 0.475 0.264 –0.248 0.160 0.069

p 0.086 0.363 0.392 0.584 0.814

distance to river r –0.196 0.216 –0.283 –0.269

p 0.501 0.459 0.327 0.353

litter thickess r –0.920 0.978 0.864

p <0.001 <0.001 <0.001
grass cover r –0.940 –0.679

p <0.001 0.008
wood cover r 0.810

p <0.001
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PCA extracted two components with eigenvalues greater than 1; 
altogether, these components explained 82% of the variation. PCA1 
(hereafter, alteration) was negatively related to litter thickness, 
wood cover, and the number of large trees, and was positively 
related to grass cover (for all correlations, |r|≥0.88 and p<0.001). 
Alteration was not correlated with other environmental variables (all 
r<0.2). Forest alteration therefore represents a gradient from the 
primary forest to the most altered pasture sites. Alteration was sig-
nificantly different among the three environmental types (ANOVA: 
F2,11=36.031, P<0.001); it was higher in pasture than in secondary 
forest, and higher in secondary forest than in primary forest 
(Tukey’s post-hoc test; all p<0.007). PCA2 (hereafter, flooding) 
was positively related to percent flooded, water permanence, and 
distance from the river (all r≥0.8, all p<0.001), while it was not cor-
related with the other variables. Flooding was not different among 
the three environmental types (ANOVA: F2,11=0.337, p=0.721).

The presence of livestock was obviously associated with 
pasture, and hence with the most altered areas; however, it should 
be noted that, during the study period, livestock was not present in 
all the open areas surveyed. We preferred not to include livestock 
presence in the PCA to evaluate its independent effect after taking 
into account habitat features, because cattle footprints could be 
used by some species for reproduction (Hobel, 1999; see discus-
sion).

We used multiple linear regression to relate the abundance of 
each species to environmental features. We used the abundance of 
species in each transect as dependent variables, averaged over the 
times a transect was monitored; we used alteration, flooding, and 
livestock presence as independent variables. We then performed 
hierarchical partitioning, to identify the causal variables having the 
largest independent effect on amphibian abundance (Chevan and 
Sutherland, 1991; Werner et al., 2007). Hierarchical partitioning 
allows partitioning the explanatory power of each independent vari-
able into independent effects and those due to joint effects with 
other variables (i.e., effects that cannot be unambiguously related 
to the variable) (Werner et al., 2007).

We used complementary techniques to relate the variation in 
community structure to environmental features. First, we performed 
two-dimensional nonmetric multidimensional scaling (NMDS), 
based on Bray-Curtis distances among communities (Legendre and 
Legendre, 1998), to visualize differences among environmental 
types. An iterative search with random configurations confirmed that 
two dimensions corresponded to the best solution. We then used 
Mantel test to relate the Bray-Curtis dissimilarity among 
communities to habitat differences among localities (measured 
using Euclidean distances) (Legendre and Legendre, 1998; Ernst 
and Rödel, 2005). The significance of the Mantel test was assessed 
by using 10,000 permutations.

Second, we used canonical correspondence analysis (CCA) 
(Legendre and Legendre, 1998) to relate variation in community 
structure to environmental features. CCA allowed us to relate a 
multivariate matrix representing species abundance to a second 
multivariate matrix (e.g., environmental features). We evaluated the 
significance of the relationship between community structure and 
each environmental variable by performing 5,000 permutations 
(Legendre and Legendre, 1998). We then performed variance parti-
tioning (Cushman and McGarigal, 2002) to calculate the percentage 
of variation explained by each independent variable. Variance parti-
tioning allowed us to decompose the independent and the joint effects 
of variables, and to rank them according to their explanatory power. 
Statistical analyses were performed by using the packages Vegan 1.6 
(Oksanen et al., 2005) and Hier.part 1.0 (Walsh and Mac Nally, 2005) 
in the R 2.2 environment (R Development Core Team, 2005).

RESULTS

Combining the preliminary walk surveys and the stan-

dardized transects, we observed 22 anuran species within 
the study area (Table 3). The most specious genera were 
Eleutherodactylus and Hyla (four species each). No previ-
ous records on amphibian distribution were available for the 
study area. Savage (2002) reported 51 species of anurans 
for the region surrounding the study area; therefore, we 
found 43% of the regional species richness in an area of 
about 500 ha.

Six species were observed calling consistently in at least 
four transects: Leptodactylus labialis, Eleutherodactylus
fitzingeri, E. diastema, Hyla rosenbergi, H. microcephala 
and Cochranella granulosa. The following analyses focus on 
these six species.

Species abundance
The six species analysed showed different responses to 

environmental features. Three species (L. labialis, H. 
rosenbergi, and H. microcephala) were present only in the 
most disturbed areas (Table 1b) and were positively related 
to areas with livestock present (Table 4). Conversely, E. 
fitzingeri, E. diastema, and C. granulosa were negatively 
related to forest alteration (Table 1b, Table 4). We did not 
find any significant relationship between species abundance 
and flooding.

In all cases, the significant variables were the variables 
with the largest independent contribution to the model. For 
example, the independent effect of forest alteration explained 
37–43% of the variance in the distribution of Eleutherodacty-
lus frogs, while the independent effect of livestock presence 
explained 42–48% of the variance for the Hyla tree frogs. For 
all models, the independent contribution of variables was 
much larger than their joint contribution. Even though live-
stock presence was positively related to forest alteration 
(r=0.60, p=0.023), its high independent contribution sug-

Table 3. Species observed in the study area.

Species Family

Bufo marinus Bufonidae
B. melanochlorus Bufonidae
Leptodactylus bolivianus Leptodactylidae
L. labialis Leptodactylidae
Eleutherodactylus fitzingeri Leptodactylidae
E. bransfordi Leptodactylidae
E. caryophillaceus Leptodactylidae
E. diastema Leptodactylidae
Hyla rufitela Hylidae
H. rosenbergi Hylidae
H. ebraccata Hylidae
H. microcephala Hylidae
Scinax elaechroa Hylidae
Sc. staufferi Hylidae
Smilisca phaeota Hylidae
Sm. sordida Hylidae
Cochranella granulosa Centrolenidae
Colostethus flotator Dendrobatidae
Colostethus talamancae Dendrobatidae
Dendrobates auratus Dendrobatidae
D. granuliferus Dendrobatidae
Phyllobates vittatus Dendrobatidae
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gested that it had an important role in the distribution of some 
species, after taking into account forest alteration.

Community structure
Nonmetric multidimensional scaling showed that pasture,

secondary forest, and primary forest had distinct communi-
ties (Fig. 1). Dissimilarity among the communities was 
strongly related to habitat differences (Mantel test, r=742, 
p<0.0001).

Canonical correspondence analysis showed a clear 
community structure, with a distinction of species in two 
homogeneous groups (Fig. 2). Leptodactylus labialis, H. 
microcephala, and H. rosenbergi showed similar habitat 
preferences and were associated with the areas with highest 
alteration and livestock presence (see also Table 1b). Con-
versely, E. fitzingeri, E. diastema, and C. granulosa were 
associated with the sites with low alteration and thus the 
absence of livestock. Permutation tests showed that both 
livestock presence and alteration explained a significant pro-
portion of inertia for community structure (both P<0.001). 
Conversely, flooding did not explain a significant proportion 

of inertia (P=0.209). CCA explained 89% of inertia of com-
munity structure.

To assess the independent role of the three environ-
mental factors, we performed variance decomposition 
(Fig. 3). Most of the variation was explained by the joint 
effect of forest alteration and livestock presence (52% of 
inertia), while livestock presence was the variable with the 
largest independent effect (24%). The independent effects 
of the other variables, and the joint effects of the other vari-
able combinations, explained only a small proportion of the 
variation (Fig. 3).

Table 4. Results of multiple linear regressions relating the 
abundance of six anuran species to environmental variables. 
Effect signs are reported only for variables with significant coef-
ficients. In bold, significant variables and the variables explain-
ing the largest proportion of variation. Negative joint effects are 
possible for variables that act as suppressors of other variables 
(Chevan and Sutherland, 1991). I, independent contribution of 
the variable to the variance explained by the model; J, joint con-
tribution of the variable to the variance explained by the model.

Species r2 Forest 
alteration

Flooding Livestock

L. labialis Effect sign +
F1,10 1.943 1.422 47.256
p 0.194 0.261 <0.001
I 0.12 0.05 0.49
J 0.928 0.09 0.03 0.14

E. fitzingeri Effect sign –
F1,10 12.600 3.087 0.796
p  0.005 0.109 0.393
I  0.43 0.08 0.07

J 0.646  0.03 –0.02 0.06
E. diastema Effect sign –

F1,10 7.754 0.190 0.261

p 0.019 0.672 0.620
I 0.37 0.01 0.05
J 0.516 0.04 0.00 0.04

H. rosenbergi Effect sign +
F1,10 0.351 0.957 10.204
p 0.567 0.351 0.010
I 0.06 0.02 0.42
J 0.586 0.05 –0.02 0.04

H. microcephala Effect sign +
F1,10 0.929 1.603 10.655
p 0.358 0.234 0.039
I 0.06 0.04 0.48
J 0.564 0.02 –0.04 0.00

C. granulosa Effect sign –
F1,10 7.258 0.078 0.270

p 0.023 0.786 0.614
I 0.37 0.00 0.05
J 0.495 0.04 0.00 0.04

Fig. 1. Nonmetric multidimensional scaling, based on Bray-Curtis 
dissimilarities, showing differences in amphibian communities 
among pasture, secondary forest, and primary forest.

Fig. 2. Canonical correspondence analysis, relating community 
structure to environmental variables. Ll, Leptodactylus labialis; Ef, 
Eleutherodactylus fitzingeri; Ed, E. diastema; Hr, Hyla rosenbergi; 
Hm, H. microcephala; Cg, Cochranella granulosa.
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DISCUSSION

In tropical forests, amphibians can have complex 
responses to environmental alterations caused by human 
activities (Pearman, 1997; Tocher et al., 2002; Pineda and 
Halffter, 2004; Ernst and Rödel, 2005). Our study shows that 
amphibian distribution and abundance are strongly influ-
enced by habitat modifications caused by human activities. 
However, the response was greatly different among species. 
Some amphibians (E. fitzingeri, E. diastema, and C. 
granulosa) were negatively affected by forest alteration, and 
were associated with the most natural areas of primary for-
est. Conversely, other species were associated with pasture 
with livestock present (Table. 3). Interspecific differences in 
the response to land alteration were strong; this pattern can 
arise when different species have different species-specific 
needs, and when these differences drive the differential 
responses of the species to habitat alteration (Tocher et al., 
2002; Ficetola et al., 2007).

Our study focused mostly on calling males. This allowed 
us to obtain reliable abundance estimates also for arboreal 
species living in the canopy (e.g., E. diastema, C. 
granulosa; Savage, 2002), which are difficult to study using 
other methods (Driscoll, 1998). Moreover, calling males 
during the breeding season suggest the presence of areas 
suitable for reproduction, especially for territorial species 
such as Eleutherodactylus and H. rosenbergi. Nevertheless, 
it should be noted that the presence of calling males does 
not always imply successful reproduction, especially for spe-
cies with metapopulation dynamics (Sjogren, 1991). Further 
studies will be required to evaluate whether fitness is 
different among the areas where species are present 
(Neckel-Oliveira and Gascon, 2006; Todd and Rothermel, 

2006; Ernst et al., 2007), but differences in density probably 
reflect differences in suitability for the various species.

Flooding did not have significant effects on amphibian 
distributions. Flooded areas were present all across the 
study area. Although the flooding extent strongly varied 
among transects, at least 5% of all transects were flooded. 
It is therefore possible that the high water availability in the 
study area reduced the preponderance of water as a limiting 
factor.

The gradient of forest alteration was the most important 
environmental variable influencing the distribution of 
anurans in the study area. Three forest specialists (E. 
fitzingeri, E. diastema, and C. granulosa) were most abun-
dant in the least altered forest. Work on the habitat of these 
species is scarce, but studies on other species belonging to 
the genera Eleutherodactylus and Cochranella classified 
them as forest specialists (Pearman, 1997; Alzevedo-
Ramos and Galatti, 2002). Nevertheless, individuals of 
these species (particularly E. fitzingeri) have been observed 
also in secondary forest or pasture (Table 1b; see also 
Ficetola et al. 2008). Other studies found that several 
primary-forest species are able to survive also in the most 
altered landscapes (Tocher et al. 2002; Hillers et al. 2008). 
Even though some primary-forest species can be observed 
also in altered areas, the clear gradient and the strong 
differences among communities (Figs. 1, 2) confirm the 
suitability of some amphibians as indicators of degradation 
of tropical rainforests (Hillers et al. 2008).

Conversely, three species (L. labialis, H. rosenbergi, 
and H. microcephala) were strongly associated with the 
pasture areas where livestock was present. These species 
often breed in wetlands within open areas, and are probably 
well adapted to more open areas (Savage, 2002). Studies 
analyzing the effects of deforestation and fragmentation on 
community structure have shown that matrix-tolerant 
species are the ones more likely to survive in fragmented 
landscapes, and are therefore the most resistant to forest 
alteration (Laurance, 2008). However, it should be noted 
that livestock presence was the variable with the strongest 
independent effect on the abundance of these species 
(Table 4). The relationship between livestock presence and 
these species cannot therefore be explained simply by their 
association with open areas. Livestock tracks create small 
pools that can be used as breeding sites by anurans breed-
ing in wetlands (Hobel, 1999); this increase in microhabitat 
heterogeneity can therefore have positive effects for some 
species. Though we did not directly observe deposition, we 
found several unidentified egg masses laid within livestock 
tracks, confirming the importance of these areas for some 
amphibians.

This study shows how complex the relationships 
between landscape alteration and community structure can 
be. In addition to the direct negative effect of deforestation, 
which causes the loss of forest specialists (Tocher et al., 
2002), forest alteration can also have indirect effects with 
profound consequences for the structure of the whole com-
munity: most of the variation in community structure was 
indeed explained by the joint effect of forest alteration and 
livestock presence (Fig. 3). Deforestation produces a more 
open landscape, and generalist species can take advantage 
of these conditions and quickly colonize the most altered 

Fig. 3. Results of variance partitioning of the influence of forest alter-
ation, flooding, and livestock presence on frog community structure. 
The area of each rectangle is proportional to the variance explained for 
that independent variable. The numbers in the rectangular cells 
indicate the percent of variance explained by each variable.
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areas and the secondary forest (Tocher et al., 2002), where 
they can become much more abundant than the forest spe-
cies. Moreover, the presence of livestock in the deforested 
areas can create novel environmental features, such as 
small pools in livestock tracks. Species that are able to 
exploit the environmental features associated with these 
areas shaped by human activities will become dominant in 
the new communities.

ACKNOWLEDGMENTS
We thank F. Bolaños for help during fieldwork and species 

identification, and G. Montanara and G. Gerletti for logistical sup-
port. We are grateful to T. Spring and J. Arnott for English language 
revision; the comments of three anonymous reviewers improved an 
earlier version of the manuscript.

REFERENCES

Alvarez A, Asch-Quiròs JA, Oconitrillo-Chaves C, Vargas-Muñoz G 
(1999) Plan de Ordenamiento Territorial para la Gestion 
Ambiental del Humedal de Sierpe de Osa, Costa Rica. Instituto 
Geografico Nacional, San Josè, Costa Rica

Alzevedo-Ramos C, Galatti U (2002) Patterns of amphibian diversity 
in Brazilian Amazonia: conservation implications. Biol Conserv 
103: 103–111

Berry WD, Feldman S (1985) Multiple Regression in Practice. Sage 
Publications, Beverly Hills

Chevan A, Sutherland M (1991) Hierarchical partitioning. Am Stat 
45: 90–96

Cushman SA, McGarigal K (2002) Hierarchical, multi-scale decom-
position of species-environment relationships. Landscape Ecol 
17: 637–646

Driscoll DA (1998) Counts of calling males as estimates of popula-
tion size in the endangered frogs Geocrina alba and G. vitellina. 
J Herpetol 32: 475–481

Ernst R, Rödel M-O (2005) Anthropogenically induced changes of 
predictability in tropical anuran assemblages Ecology 86: 
3111–3118

Ernst R, Konrad T, Linsernmair KE, Rodel M-O (2007) The impacts 
of selective logging on three sympatric species of Leptodactylus
in a Central Guyana rainforest. Amphibia-Reptilia 28: 51–64

Ficetola GF, Padoa-Schioppa E, Monti A, Massa R, De Bernardi F, 
Bottoni L (2004) The importance of aquatic and terrestrial habi-
tat for the European pond turtle (Emys orbicularis): implications 
for conservation planning and management. Can J Zool 82: 
1704–1712

Ficetola GF, Sacchi R, Scali S, Gentilli A, De Bernardi F, Galeotti P 
(2007) Vertebrates respond differently to human disturbance: 
implications for the use of a focal species approach. Acta Oecol 
31: 109–118

Ficetola GF, Furlani D, Colombo G, De Bernardi F (2008) Assessing 
the value of secondary forest for amphibians: Eleutherodactylus
frogs in a gradient of forest alteration. Biodivers Conserv 17: 
2185–2195

Frost DR, Grant T, Faivovic J, Bain RH, Haas A, et al. (2006) The 
amphibian tree of life. Bull Am Mus Nat Hist 297: 1–370

Gardner TA, Barlow J, Peres CA (2007) Paradox, presumption and 
pitfalls in conservation biology: the importance of habitat 
change for amphibians and reptiles. Biol Conserv 138: 166–179

Grenyer R, Orme CDL, Jackson SF, Thomas GH, Davies RG, et al. 
(2006) Global distribution and conservation of rare and threat-
ened vertebrates. Nature 444: 93–96

Hillers A, Veith M, Rödel M-O (2008) Effects of forest fragmentation 
and habitat degradation on west African leaf-litter frogs. 
Conserv Biol 22: 762–772

Hobel G (1999) Facultative nest construction in the gladiator frog 
Hyla rosenbergi (Anura: Hylidae). Copeia 1999: 797–801

Langholz J, Lassoie J, Schelhas J (2000) Incentives for biological 
conservation: Costa Rica’s private wildlife refuge program. 
Conserv Biol 14: 1735–1743

Laurance WF (2008) Theory meets reality: how habitat fragmenta-
tion research has transcended island biogeographic theory. Biol 
Conserv 141: 1731–1744

Leenders T (2001) A Guide to Amphibians and Reptiles of Costa 
Rica. Distribuidores Zona Tropical, Miami

Legendre P, Legendre L (1998) Numerical Ecology. Elsevier, 
Amsterdam

Neckel-Oliveira S, Gascon C (2006) Abundance, body size and 
movement patterns of a tropical treefrog in continuous and 
fragmented forests in the Brazilian Amazon. Biol Conserv 128: 
308–315

Oksanen J, Kindt R, O’Hara RB (2005) Vegan: Community Ecology 
Package. www.r-project.org

Pearman PB (1997) Correlates of amphibian diversity in an altered 
landscape of Amazonian Equador. Conserv Biol 11: 1211–1225

Pineda E, Halffter G (2004) Species diversity and habitat fragmenta-
tion: frogs in a tropical montane landscape in Mexico. Biol Con-
serv 117: 499–508

R Development Core Team (2005) R: A Language and Environment 
for Statistical Computing. R Foundation for Statistical Computing,
Vienna

Savage JM (2002) The Amphibians and Reptiles of Costa Rica. 
University of Chicago Press, Chicago

Sjogren P (1991) Extinction and isolation gradients in metapopula-
tions: the case of the pool frog (Rana lessonae). Biol J Linn Soc 
42: 135–147

Stuart SN, Chanson JS, Cox NA, Young BE, Rodriguez ASL, 
Fischman DL, Waller RM (2004) Status and trends of amphibian 
declines and extinctions worldwide. Science 306: 1783–1786

Tocher MD, Gascon C, Meyer J (2002) Community composition and 
breeding success of Amazonian frogs in continuous forest and 
matrix-habitat aquatic sites. In “Lessons from Amazonia: The 
Ecology and Conservation of a Fragmented Forest” Ed by RO 
Bierregaard, C Gascon, TE Lovejoy, R Mesquita, Yale University
Press, New Haven

Todd BD, Rothermel BB (2006) Assessing quality of clearcut habi-
tats for amphibians: effects on abundance versus vital rates in 
the southern toad (Bufo terrestris). Biol Conserv 133: 178–185

Walsh C, Mac Nally R (2005) Hier.part: Hierarchical Partitioning. 
www.r-project.org

Werner EE, Skelly DK, Relyea RA, Yurewicz KL (2007) Amphibian 
species richness across environmental gradients. Oikos 116: 
1697–1712

Zimmerman BL (1994) Audio strip transects. In “Mesauring and 
Monitoring Biological Diversity: Standard Methods for 
Amphibians” Ed by WR Heyer, MA Donnelly, RW McDiarmid, 
LC Hayek, MS Foster, Smithsonian Institution Press, Washington,
pp 92–97

(Received October 17, 2008 / Accepted November 20, 2008)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.000 795.000]
>> setpagedevice


