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#DUVTCEV
+PƀWGPEG� QH� JCDKVCV� UVTWEVWTG� QP�Pristimantis� URGEKGU� 
#PWTC��%TCWICUVQTKFCG�� KP� C�
DCODQQ�FQOKPCVGF� HQTGUV� HTCIOGPV� KP� UQWVJYGUVGTP� #OC\QPKC� Structural and 
determinate factors for the composition of assemblages of species are diverse. Two theories 
attempt to explain the pattern of species composition in assemblies using different 
approaches—i.e., Niche Theory and Neutral Theory. Anurans have complex responses to 
habitat structure. Species of Pristimantis are good indicators for conservation because they are 
organisms with direct development. The effect of habitat structure on species of Pristimantis in 
a bamboo-dominated remnant forest located in southwestern Amazonia is analyzed herein. 
Active visual and auditory searches in 10 plots of the Biodiversity Research Program (PPBio) 
were conducted between November 2012 and May 2013. Four hundred and sixty individuals 
QH�ſXG� URGEKGU�YGTG� TGEQTFGF��Pristimantis altamazonicus, P. diadematus, P. fenestratus, P. 
reichlei, and P. skydmainus. Neither spatial distance nor the structure of the habitat of the plots 
affected the composition of Pristimantis��6JG�ſTUV�CZKU�QH�2%#�GZRNCKPGF�������XCTKCVKQP�QH�
VJG�EJCTCEVGTK\CVKQP�JCDKVCV�UVTWEVWTG��EQTTGNCVGF�UKIPKſECPVN[�YKVJ�VJG�PWODGT�QH�Pristimantis, 
URGEKGU�KPETGCUKPI�YKVJ�VTGGU�DGVYGGP����ŭ�FDJ������EO�CPF�FGETGCUGF�YKVJ�FGPUKV[�QH�DCODQQ��
6JG�KPETGCUG�KP�NKVVGT�FGRVJ�CPF�ECPQR[�EQXGT�KPƀWGPEGF�KP�VJG�QEEWTTGPEG�QH P. reichlei, the 
occurrence of P. skydmainus�FGETGCUGF�YKVJ�KPETGCUGF�FGPUKV[�QH�DCODQQ�CPF�VTGGU�FDJ�Ů����
cm and the occurrence of P. diadematus decreased relative to increased canopy cover. 
Pristimantis diadematus and P. skydmainus were the most restricted species in terms of habitat 
and were especially susceptible to bamboo density.

-G[YQTFU: anurans, bamboo density, habitat structure, Neutral Theory, Niche Theory, 
northern Brazil, probability of occurrence.
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Several ecological theories have been 
developed to explain the distribution and 
abundance of species, and thus, the composition 
of assemblages or communities (Ricklefs and 
Schluter 1993). For example, the Neutral Theory 
(Hubbell 2001) assumes that ecological 
communities are structured by drift (demographic 
stochasticity), with all individuals in an assembly 
having equal probability of reproducing, dying, 
or migrating (Hubbell 2005). Therefore, sites 
with similar habitats or environments will tend 
to support similar assemblages (Gaston and 
Chown 2005). In contrast, Niche Theory 

/CECTVJWT�CPF�.GXKPU�������-PGKVGN�CPF�%JCUG�
������J[RQVJGUK\GU� VJCV� VQ�EQGZKUV� KP�C�EQOOW�
nity, species have trade-offs—i.e., specialization 
in obtaining a certain type of resource that 
usually is accompanied by a decrease in 
GHſEKGPE[� YKVJ� TGURGEV� VQ� CPQVJGT� TGUQWTEG�
(Mikkelson 2005, Giacomini 2007).

López-Rojas et al.

The southwestern Amazon is known for 
extensive plant cover (165,000 km2) of bamboo-
dominated open forest Guadua weberbaueri 
(Smith and Nelson 2011) and currently undergoing 
a process of fragmentation and loss of vegetation 
(Baitz et al. 2008). Several studies in this forest 
type have shown that bamboo affects the structure 
and dynamics of forest structure (Griscom and 
Ashton 2003, Silveira 2005, Griscom et al. 2007). 
5WEJ� JCDKVCV� EJCPIGU� ECP� KPƀWGPEG� CORJKDKCP�
community parameters, such as richness and 
abundance (Von May et al. 2010).

As a rule, amphibians require aquatic habitats 
for oviposition and tadpole development 

&WGNNOCP� CPF� 6TWGD� ������ 9GNNU� �������
However, in the genus Pristimantis, terrestrial 
eggs undergo direct development (Pombal and 
Haddad 2007); because they are vulnerable to 
dehydration and desiccation, survival depends 
the availability of optimal conditions for 
QXKRQUKVKQP� KP� VJG� HQTGUVU� 
9CMG� ������ 6QTCN� et 
al. 2002). Several environmental factors related 

4GUWOQ
+PƀWÄPEKC�FC�GUVTWVWTC�FQ�JCDKVCV�UQDTG�GURÃEKGU�FG�Pristimantis� 
#PWTC��%TCWICUVQTKFCG��
GO�WO�HTCIOGPVQ�ƀQTGUVCN�FQOKPCFQ�RQT�DCODW�PQ�UWFQGUVG�FC�#OC\ÏPKC� Diversos são os 
fatores estruturais e determinantes da composição das assembleias de espécies. Duas teorias 
tentam explicar o padrão de composição das espécies em assembleias utilizando abordagens 
distintas: Teoria do Nicho e Teoria Neutra. Os anuros apresentam respostas complexas à 
estrutura do habitat. Espécies de Pristimantis constituem-se em bons indicadores para a 
conservação porque são organismos com desenvolvimento direto. Analisamos aqui o efeito da 
estrutura do habitat sobre espécie de Pristimantis� GO�WO� TGOCPGUEGPVG�ƀQTGUVCN�FQOKPCFQ�RQT�
bambu, localizado no sudoeste da Amazônia. Entre novembro de 2012 e maio de 2013, 
realizamos por busca ativa visual e auditiva em 10 parcelas do Programa de Pesquisa em 
$KQFKXGTUKFCFG� 
22$KQ��� (QTCO� TGIKUVTCFQU� ���� KPFKXÈFWQU� FG� EKPEQ� GURÃEKGU�� Pristimantis 
altamazonicus, P. diadematus, P. fenestratus, P. reichlei e P. skydmainus. A composição de 
Pristimantis não foi afetada pela distância espacial ou pela a estrutura do habitat das parcelas. O 
RTKOGKTQ� GKZQ� FC� 2%#� GZRNKEQW� ������ FC� XCTKCÁºQ� FC� ECTCEVGTK\CÁºQ� FC� GUVTWVWTC� FQ� JCDKVCV��
UKIPKſECVKXCOGPVG�EQTTGNCEKQPCFQ�EQO�Q�PÕOGTQ�FG�GURÃEKGU�FG�Pristimantis, aumentando com 
¶TXQTGU� GPVTG� ���ŭ�&#2� �� ��� EO� G� FKOKPWKPFQ� EQO� C� FGPUKFCFG� FG� DCODWU�� 1� CWOGPVQ� FC�
RTQHWPFKFCFG� FC� UGTCRKNJGKTC� G� EQDGTVWTC� FQ� FQUUGN� KPƀWGPEKQW� PC� QEQTTÄPEKC� FG�P. reichlei, a 
ocorrência de P. skydmainus diminuiu com o aumento da densidade de bambu e de árvores com 
&#2�Ů����EO�G�C�QEQTTÄPEKC�FG�P. diadematus diminuiu com o aumento da cobertura do dossel. 
Pristimantis diadematus e P. skydmainus foram as espécies mais restritas em termos de habitat 
G�OQUVTCTCO�UG�GURGEKCNOGPVG�UWUEGVÈXGKU�´�FGPUKFCFG�FG�DCODW��

2CNCXTCU�EJCXG� anuros, densidade de bambu, estrutura do hábitat, norte do Brasil, probabilidade de 
ocorrência, Teoria do Nicho, Teoria Neutra.



21
Phyllomedusa - 14(1), June 2015

+PƀWGPEG�QH�JCDKVCV�UVTWEVWTG�QP�Pristimantis species 

to the habitat structure (e.g., leaf litter depth, 
vegetation density, and basal area) are important 
for abundance and richness of anurans (including 
Pristimantis) in the leaf litter in Amazonian 
tropical forests (Pearman 1997, Menin et al. 
2007, Van Sluys et al. 2007, Blair and Doan 
2009, Tsuji-Nishikido and Menin 2011). Little is 
known about effect of the presence or absence of 
bamboo that might provide an additional 
microhabitat for frogs, on anuran community 
composition (Blair and Doan 2009). For 
example, Pristimantis bambu is associated with 
mountane bamboo-dominated forests (Chusquea 
sp.) in southeastern Ecuador (Arteaga-Navarro 
and Guayasamin 2011).

The study of Pristimantis is challenging owing 
VQ� VJG�JKIJ�FKXGTUKV[�QH� VJG�IGPWU��6JGTG�CTG�����
neotropical species and 38 of these occur in Brazil 

(TQUV� ������ 5GICNNC� et al.� ������� +PVTCURGEKſE�
variation, along with the paucity of distinguishable 
external morphological characters among species, 
has limited investigations of population trends, 
ecology, and distribution (Guayasamin and Funk 
2009). In southwestern Amazonia, few studies 
have investigated environmental variables that 
KPƀWGPEG�VJKU�IGPWU�
$NCKT�CPF�&QCP��������6JWU��
we intend use niche and neutral theories to: (1) 
identify the environmental variables related to the 
main habitat-structure gradients in a bamboo-
dominated forest fragment; (2) test whether 
species composition of Pristimantis is related to 
habitat structure gradients or spatial structure of 
the sampling units; (3) test whether habitat-
structure gradients explain the Pristimantis 
URGEKGU� TKEJPGUU� CPF� CDWPFCPEG�� CPF� 
��� KFGPVKH[�
the environmental variables that explain the 
occurrence of species of Pristimantis.

/CVGTKCNU�CPF�/GVJQFU

Study Area

The study was conducted in a forest remnant 
known as Fazenda Experimental Catuaba 
(hereafter called Catuaba) (10o��	�5����o��	�9���
located in municipality of Senador Guiomard, 

Acre State, Brazil (Figure 1). Catuaba comprises 
����� JC� QH� OCKPN[� VGTTC� ſTOC� HQTGUV� 
WRNCPF��
with patches of open forest dominated by 
arborescent bamboo Guadua weberbaueri. There 
are some 15–30-yr-old secondary forests and 
pastures along the edges of the forest fragment. 
The forest is characterized by a closed canopy 
��Ō��� O� JKIJ�� 6JG� OQUV� CDWPFCPV� ECPQR[� 
trees are Hevea brasiliensis (Euphorbiaceae), 
Bertholletia excelsa (Lecythidaceae), and Carapa 
guianensis (Meliaceae); the understory is closed, 
with a predominance of vines and stems of the 
bamboo G. weberbaueri (Silveira 2005). The 
rainy season spans October–April and the rest of 
the year is dry (Duarte 2006). The mean annual 
temperature is 17–33°C and the mean annual 
rainfall is 1958 mm (Duarte 2006).

Data Collection

Anurans were sampled and environmental 
variable measured in 10 plots, which were 
installed by the Biodiversity Research Program 
(PPBio) at Catuaba; the plots are separated by 
500 m and distributed along a 5-km trail. The 
RNQVU�CTG�����O�NQPI�CPF���O�YKFG��CPF�HQNNQY�
the contour of the ground from the start point of 
each plot to minimize the variation in the 
topography (Magnusson et al. 2005). Fieldwork 
was conducted for 70 days during the rainy 
season between November 2012 and May 2013 
(2 monthly visits consisting of 5 days each). 

Five environmental variables were recorded 
to characterize the habitat structure (Table 1). 
6JG�RNQVU�YGTG�SWCPVKſGF�CEEQTFKPI�VQ�VTGG�UK\G��
as measured by diameter at breast height (dbh); 

���CNN�VTGGU�YKVJ����ŭ�FDJ������QP�C�����ª����
O� VTCEV�� CPF� 
��� VTGGU�YKVJ� FDJ�Ů� ��� EO� QP� C�
����ª����O� VTCEV� 
KPENWFKPI� VJG� TCPIG�QH�����ª�
���O���
���#NN�DCODQQ�Ů���O�JKIJ�YKVJKP���O�
on either side of the midline of the plot was 
EQWPVGF��
���6JG�FGRVJ�QH�NGCH�NKVVGT�YCU�OGCUWTGF�
three times during the study, and recorded 5 m 
HTQO�VJG�RNQV�EGPVGTNKPG�CV�ſXG�NQECVKQPU�CV����O�
KPVGTXCNU� HTQO� QPG� CPQVJGT�� #V� GCEJ� RQKPV�� ſXG�
OGCUWTGOGPVU�YGTG�VCMGP�KP�CP�CTGC�QH���ª���O��
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Figure 1.  Location of the Catuaba, Senador Guimard, Acre, Brazil. Abbreviations (P1 to P10) represent the identification 
number of each plot.

(on street corners and in the center) with digital 
calipers (Tools ® Club 200 mm); we used mean 
leaf litter depth for each plot in analyses. (5)�
%CPQR[� EQXGT� 
��� YCU� GUVKOCVGF� HTQO� RJQ�
VQITCRJU�OCFG�CV�ſXG�RQKPVU�UGRCTCVGF�D[����O�QP�
each tract. A Sony® Cyber Shot (8.1 mega pixels) 
GSWKRRGF�YKVJ�C����OO�ſUJG[G�NGPU�YCU�RNCEGF���
m above the ground, and photographs were taken 
between 06:30 and 07:30 h, and analyzed with 
Gap Light Analyzer Ver. 2.0 (Frazer et al. 1999). 
6JG�OGCP� QH� VJG� ſXG�OGCUWTGOGPVU� TGRTGUGPVGF�
the canopy cover of the plot.

The species of Pristimantis were documented 
by visual and auditory searches (Crump and Scott 
������<KOOGTOCP��������6YQ�RGTUQPU� UGCTEJGF�
for anurans for about 90 min in each plot between 

������CPF�������J��'CEJ�CPKOCN�YCU�KFGPVKſGF�D[�
comparison with specimens deposited in the 
collection of UFAC or by consulting specialized 
references (Heyer and Hardy 1991, Duellman and 
Lehr 2009, Padial and De la Riva 2009, Souza 
2009). Specimens collected were euthanized and 
ſZGF�HQNNQYKPI�VJG�RTQVQEQN�QH�%CNNGHQ�
������CPF�
deposited in the Herpetological Collection of 
UFAC. Taxonomy of the species used in this 
UVWF[�HQNNQYU�(TQUV�
������

Data Analysis

Analyses were performed in RStudio Version 
0.96.331 (R Development Core Team 2012) 
with Vegan (Oksanen et al. 2011). The number 
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Table 1.  Variables of the habitat forest structure in the 10 plots sampled at Catuaba, Senador Guimard, Acre, Brazil. 
Results are expressed as mean ± SD.

Plot

Variables

Leaf litter depth 
(cm)

Bamboo/0.1 ha
FmeZ]j�g^�lj]]k�)(�©�

dbh < 30/0.5 ha
Number of trees 

ª�+(')�`Y
Canopy cover 

(%)

P1 17.2 ± 8.7 32 134 32 76.7 ± 10.1

P2 42.5 ± 24.6 314 64 42 78.5 ± 7.3

P3 38.7 ± 15.1 138 135 51 80.9 ± 4.9

P4 33.1 ± 15.3 14 183 81 80.8 ± 4.5

P5 48.5 ± 16.3 0 118 75 80.6 ± 9.7

P6 36.2 ± 16.0 56 235 31 83.4 ± 3.9

P7 33.6 ± 12.8 144 133 42 80.9 ± 6.9

P8 35.8 ± 12.5 30 175 105 82.8 ± 4.7

P9 30.9 ± 15.7 48 104 43 75.7 ± 5.6

P10 33.2 ± 17.9 246 63 65 63.6 ± 22.6

+PƀWGPEG�QH�JCDKVCV�UVTWEVWTG�QP�Pristimantis species 

of individuals was estimated by visual and 
auditory encounters recorded in each plot. 

To identify and characterize the main habitat-
structure gradients, a correlation Principal Com-
ponent Analysis (PCA; “prcomp” function in R) 
was applied to extract synthetic variables (princi-
pal components) from the linear relation between 
the environmental variables (by reduce dates 
dimensionality were standardized using standard 
deviation with “scale = T” argument). Principal 
components represent gradients in habitat 
structure and explain a certain percentage of the 
original environmental data (Borcard et al. 2011). 
The main principal components (PCs – PC1 and 
PC2) were selected based on the eigenvalues and 
the percent of explained variance (Table 2).

6Q�VGUV�VJG�KPƀWGPEG�QH�FKUVCPEG�COQPI�RNQVU�
and habitat structure on the species composition 

of Pristimantis, we evaluated the dissimilarity 
between all pairs of variables. Thus, three 
matrices (with “vegdist” function) (Legendre 
and Legendre 1998) were constructed. For 
JCDKVCV�UVTWEVWTG��VJG�ſXG�XCTKCDNGU�YGTG�WUGF�VQ�
construct a matrix with the dissimilarity index of 
Bray-Curtis (with “Bray” method). For distances 
between plots, the Euclidean distance (with 
“Euclidian” method) was used to calculate 
straight distances between each sampling unit to 
create a matrix of spatial distances among plots. 
To construct the species composition matrix of 
Pristimantis, the number of individuals recorded 
in each plot by Bray-Curtis distance was used. 
6JG� /CPVGN� VGUV� 
/CPN[� ������ YCU� WUGF� VQ�
correlate the three matrices of Pristimantis 
assemblage composition and dissimilarity in 
relation to habitat structure of the plots and the 
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Table 2. PCA loadings of the habitat forest structure variables in the 10 plot sampled at Catuaba, Senador Guimard, 
Acre, Brazil. 

Variables PC1 PC2 PC3 PC4 PC5

Leaf litter depth (cm) 0.024 -0.777 0.381 -0.285 -0.412

Bamboo -0.554 -0.166 0.361 0.723 0.112

FmeZ]j�g^�lj]]k�)(�©�\Z`�4�+('(&-�`Y 0.595 0.177 0.108 0.531 -0.567

FmeZ]j�g^�lj]]k�ª�+(')�`Y 0.205 -0.570 -0.687 0.335 0.220

Canopy cover (%) 0.544 -0.112 0.491 0.042 0.669

Explicated variance (%) 45.57 26.91 18.05 5.48 3.99

matrix of spatial distance among plots (with 
őOCPVGNŒ�HWPEVKQP���9G�WUGF�����TCPFQOK\CVKQPU�
VQ� VGUV� VJG� UKIPKſECPEG� QH� EQTTGNCVKQPU� 
YKVJ�
“permutations = 999” argument). 

To test whether habitat structure explains the 
number of species and abundance of Pristimantis, 
the relationship between the scores from the 
retained PCs (PC1 and PC2) and the community 
parameters were examined with linear regression.

To determine the relationship between habitat 
structure and species occurrence, we used logistic 
regression (with the “glm” function), with the 
URGEKGU�VJCV�QEEWTTGF�KP�CV�NGCUV�����QH�VJG�RNQVU�

4GUWNVU

&WTKPI����FC[U�QH�UCORNKPI������KPFKXKFWCNU�
QH� ſXG� URGEKGU� QH� VJG� IGPWU� Pristimantis were 
TGEQTFGF� KP� CNN� RNQVU�� 1H� VJG� ſXG� URGEKGU�� P. 
fenestratus was the most abundant and found in 
all plots, and P. altamazonicus was the least 
abun dant and recorded in only three plots (Table 
3).

The principal component analysis (PCA) 
KPFKECVGU� VJCV� VJG� ſTUV� VYQ� CZGU� CEEQWPVGF� HQT�
CRRTQZKOCVGN[�������QH�VJG�VQVCN�XCTKCVKQP�QH�VJG�
set of variables of habitat structure (Table 2). 
The subsequent PCs were not used for further 

analysis because each accounted for only a low 
percentage of the variance. 

6JG�ſTUV�EQORQPGPV�
2%���CEEQWPVU�HQT�������
of the variation and is associated with positive 
XCNWGU� D[� VJG� VTGGU� YKVJ� ��� ŭ� FDJ� �� ��� CPF�
canopy coverage, and negatively with bamboo 
FGPUKV[��9JGTGCU�2%��CEEQWPVU�HQT��������NKVVGT�
FGRVJ�CPF�VTGGU�YKVJ�FDJ�Ů����CTG�VJG�XCTKCDNGU�
negatively related to this PC (Figure 2).

The species composition of Pristimantis is 
not correlated to spatial distance (r

mantel
 = 0.186, 

p� �� ������� FH� �� ���� QT� VJG� FKUUKOKNCTKV[� QH� VJG�
habitat structure among plots (r

mantel 
= -0.060, p = 

�������FH�������
There is a positive correlation between the 

values of PC1 and number of species (R2 = 
�������p = 0,036) (Figure 3A). However, PC1 is 
not correlated with the number of individuals (R2 
= 0.058, p����������
(KIWTG��$���0GKVJGT�TKEJPGUU�
nor abundance is associated with PC2 values (R2 
= 0.217, p = 0,175; R2 = 0.153, p����������

9KVJ�TGICTF�VQ� VJG�QEEWTTGPEGU�QH�URGEKGU�QH�
Pristimantis� 
6CDNG� ���� VJG� RTQDCDKNKV[� QH�
occurrence of P. diadematus is positively 
associated only with canopy cover (F2����������p 
= 0.026, df = 1). The probabily of the occurrence 
of P. reichlei increases with litter depth (F2 = 
8.576, p = 0.003, df = 1) and canopy cover (F2 = 
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Table 3.  Number of individuals of Pristimantis registered in 10 plots at Catuaba, Senador Guimard, Acre, Brazil.

Species
Plot Total 

number of 
individualsP1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Pristimantis altamazonicus 2 1 2 5

Pristimantis diadematus 7 2 11 6 6 32

Pristimantis fenestratus 15 26 46 16 40 52 44 28 23 45 335

Pristimantis reichlei 8 12 14 5 7 10 3 59

Pristimantis skydmainus 3 17 4 1 4 29

Number of individuals 15 34 68 49 62 66 62 32 27 45 460

Number of species 1 2 4 4 5 4 4 3 2 1 5

Figure 2. Projection of plots and variables on the first 
two PCA axes. Abbreviations (P1 to P10) 
represent the identification number of each plot.

+PƀWGPEG�QH�JCDKVCV�UVTWEVWTG�QP�Pristimantis species 

12.203, p� �� ������� FH� �� ���� 6JG� RTGUGPEG� QH�P. 
skydmainus decreases with increasing density of 
bamboo (F2 = 3.707, p� �� ������� FH� �� ���� DWV� KU�
RQUKVKXGN[�CUUQEKCVGF�YKVJ�VJG�PWODGT�QH�VTGGU�Ů�
30 cm (F2����������p = 0.028, df = 1). 

&KUEWUUKQP

9JGTGCU� VJG� PKEJG� VJGQT[� DGUV� GZRNCKPU�
some of the observed patterns, in other cases, 
the neutral theory seems to be more appropriate 
(e.g., Cottenie 2005, Thompson and Townsend 
2006). Our results demonstrate that composition 
dissimilarities among communities of Pristi-
mantis is neither related to habitat variation or 
distances among plots. According to Legendre 
and Fortin (1989), spatial structure affects 
species composition, with geographically closer 
sites tending to have more similar assemblages 
than distant sites. Individuals differ in the 
probability of colonizing a given type of 
environment, owing to their ability to disperse 
and the effects of variation between envi-
ronments, as well as environmental variable 
groups with similar characteristics that can 
differ according to species composition (Fauth 
et al. 1989). The fact that the dissimilaritie of 
species composition of Pristimantis is not 
correlated with the habitat-structure charac-
teristics indicates that the niche theory does not 
explain the species composition. Thus, the 
distribution of Pristimantis, according to this 
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Table 4.  
Probabilities associated w

ith effects of variables of the habitat structure on the presence/absence of three Pristim
antis species at C

atuaba, Senador 
G

uim
ard, A

cre, B
razil.

Species
Leaf litter

Bam
boo

Lj]]k�)(�©�\Z`�4�+(
Lj]]k�ª�+(

C
anopy cover

P. diadem
atus

Logit Pi =
-4.662 +

 (0.132X
1)

0.677 - (0.007X
1)

-3.773 +
 (0.028X

1)
0.151 - (0.003X

1)
-51.638 +

 (0.648X
1)

-2Log(Likelihood)
12.108
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UVWF[�� UGGOU� PQV� VQ� DG� KPƀWGPEGF� D[� NQECN�
environmental conditions in bamboo-dominated 
forests in southwestern Amazonia. The lack of 
correlation between geographic distance and 
similarity of species composition of Pristimantis 
indicates that the pattern observed is not 
explained by neutral theory. 

Research conducted at Catuaba suggests that 
the forest is in a regeneration process (beginning 
30 yr ago), and shows that plots with higher 
densities of bamboo had higher tree mortality 
and disturbance of vegetation by the wind both 
on the edges and insides of the fragments 
(Laurance et al. 1998, Castro et al. 2013, 
Medeiros et al. 2013), thereby implying reduc-
tions in density, canopy, and number of tree 
species (Griscom and Ashton 2003, Silveira 
2005, Griscom et al. 2007). This partly explains 
our results with regard to the differences in 
habitat structure among plots affecting the 
number of species and occurrence of Pristimantis; 
in addition, it suggests that the distance from the 
edge of the plots in the bamboo-dominated 
fragment is another variable involved in the 
distribution of Pristimantis.

As the quantity of bamboo in the plots 
increases the number of species diminishes, 
RCTCNNGNKPI� VJG� FGETGCUG� QH� VTGGU� YKVJ� ��� EO� ��
FDJ������EO��2���CPF�2��RNQVU�JCF�C�OQTG�QRGP�
canopy, larger amounts of bamboo, and a 
considerable accumulation of leaf litter—all of 
which limit the occurrence of specialist species 
in this microhabitat (Cabrera-Guzmán and 
Reynoso 2012). The tendency of Pristimantis to 
DG� KPƀWGPEGF� D[� VJG� CTGCU� QH� C� OQTG� GPENQUGF�
canopy has been documented by Pearman 
(1997). Other studies conducted in central 
#OC\QPKC�CPF�KP�%QUVC�4KEC�HQWPF�PQ�KPƀWGPEG�
of tree diameter and canopy cover on the number 
of individuals and diversity of litter frogs (see 
#NNOQP�������9CVNKPI������HQT�FCVC�HTQO�QVJGT�
amphibian species) and Pristimantis (Blair and 
Doan 2009).

Currently, only 31 species of frogs are known 
to occur at Catuaba (Cardoso and Souza 1996), 
of which three are species of Pristimantis (Souza 
et al.� ������� 9KVJ� VJG� CFFKVKQP� QH� Pristimantis 
reichlei for Brazil (Sampaio and Souza 2010), 
there are six species of Pristimantis in the study 
area. According to Pearman (1997), the 

+PƀWGPEG�QH�JCDKVCV�UVTWEVWTG�QP�Pristimantis species 

Figure 3. Relationship between the first principal component (PC 1) of the variables of habitat structure with the 
number of species (R2 = 0.442, p = 0,036) (A), and number of individuals (R2 = 0.058, p = 0.499) (B) of 
Pristimantis in 10 plots sampled at Catuaba, Senador Guimard, Acre, Brazil.
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Pristimantis of tropical forests are sensitive to 
human disturbances and are indicators of 
environmentally healthy habitats; thus, they are 
excellent models for ecological experiments.

The occurrence of Pristimantis diadematus is 
RQUKVKXGN[� KPƀWGPEGF� D[� KPETGCUKPI� ECPQR[�
cover, in agreement with the results shown in 
Pearman (1997). In addition, P. reichlei is 
KPƀWGPEGF� D[� NKVVGT� FGRVJ�� CU� KU� P. peruvianus 
(Blair and Doan 2009). The probability of the 
occurrence of P. skydmainus is favored by 
KPETGCUKPI� FGPUKV[� QH� VTGGU�YKVJ� FJD�Ů� ��� EO��
Menin et al. (2007) showed that the presence of 
P. ockendeni is associated with the number of 
trees. Marsh and Pearman (1997) showed that 
abundance of P. chloronotus is inversely 
correlated with the density of the understory, and 
Doan and Blair (2009) reported that P. 
peruvianus abundance is associated with tree 
diameter.

The results of this study and those of the 
other studies mentioned above revealed 
FKHHGTGPEGU�COQPI�VJG�OGVJQFU�QH�SWCPVKſECVKQP�
of litter characteristics (volume, depth, or dry 
mass) that can vary depending on topography 
and seasonality (Vonesh 2001, Menin et al. 
2007) and the use of different diameter classes 
of trees. The explanation, beyond comparison, is 
VJCV� DCODQQ� KPƀWGPEGU� VJG� OQTVCNKV[� QH� VTGGU��
with a tendency to bend and break trees between 
��� EO� �� FDJ� �� ��� EO� 
)TKUEQO� CPF� #UJVQP�
2003, Silveira 2005). It was possible to check on 
the presence of P. skydmainus, which is also 
affected by increased density of bamboo, in 
contrast to habitat specialized for P. bambu 
(Arteaga-Navarro and Guayasamin 2011), which 
is associated with bamboo-dominated forests. 
6JGUG� FKHHGTGPEGU� OC[� TGƀGEV� VJG� DCODQQ�
species present in Ecuador (Chusquea sp.), 
which may have different microhabitats than 
those of Guadua weberbaueri, which is present 
in southeastern Amazonia.

The reproductive mode of frogs of the genus 
Pristimantis seems to minimize the importance 
of the presence of stagnant water bodies, 
suggesting that the frogs are sensitized to 

changes in moisture levels in the forest that 
KPƀWGPEG� VJG� FKUVTKDWVKQP� CPF� FKXGTUKV[� QH�
Pristimantis (Lynch 1980). There is no current 
information about the conservation status of the 
P. skydmainus and P. reichlei (Not Evaluated, 
IUCN 2013). It is important to have this 
information to ascertain the implications of 
possible human disturbances on populations of 
Pristimantis.
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