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Abstract

In this study, the first survey of anuran species in the Cancdo Municipal Natural Park is presented, a pro-
tected area of approximately 370 hectares of Amazonian forest located in the northwest center region of
the state of Amap4, Brazil. The work was performed during the dry and rainy season, through active visual
and auditory survey, totaling 216 man hours of sampling effort. Forty-nine species of anuran amphibians
were recorded in the Cancdo Municipal Natural Park, including three new records: Hyalinobatrachium
iaspidiense, Pristimantis cf. ockendeni, and Scinax garbei. Three species, Hyalinobatrachium iaspidiense,
Ameerega pulchripecta, and Anomaloglossus baeobatrachus, are listed as Data Deficient and one is listed as
Vulnerable (Azelopus hoogmoedsi) according red lists of [IUCN. The rarefaction curve cumulative species did
not reach an asymptote, indicating that site has potential for species that have not yet been recorded. Nine
species were represented by only one individual and were considered rare in the studied environments,
eight species were defined as common, and the 32 remaining species were classified as having intermediary
abundance. Our data indicated that Cancdo Municipal Natural Park contains a considerable portion of
the anurans species richness of Amapd state, turn the area into a place of great importance for the conser-
vation of the anurans of the Eastern Amazon.
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Introduction

Most of the currently documented amphibian species in Brazil have been discovered
during the last forty years (Campos et al. 2014). These new species descriptions, which
have occurred at regular rates, are a strong indication that the Brazilian amphibian
fauna is poorly known (Peloso 2010). Brazil has the highest diversity of amphibian
species on the planet with 1080 species, 1039 of which are anurans, 36 caecilians, and
five salamanders (Segalla et al. 2016). According to a recent publication of species list,
308 species of anurans (29.6 % of the species known in Brazil), 18 gymnophionans
and five caudates (Hoogmoed and Galatti 2016) are known in the Brazilian Amazon,
representing approximately one-third of the total of amphibians recorded for the coun-
try (Avila-Pires et al. 2010, Neckel-Oliveira et al. 2013).

This amphibian species richness can be considered underestimated in number and
complexity when considering enormous areas of Brazil which have yet to be inven-
toried, and there are many localities were surveys have been insufficient (Silvano and
Segalla 2005). Aditionaly, the political limits and geographic distributions, the exist-
ence of cryptic species (Fouquet et al. 2007), sampling gaps due to the concentration
of researches in a few areas (Azevedo-Ramos and Galatti 2002), sampling effort used
appropriate methods for inventories of amphibians (Miranda et al. 2015) and prob-
lems in various taxonomic groups, frustrate attempts to obtain a comprehensive under-
standing of Brazil amphibians (Silvano and Segalla 2005).

Due to difficult to access, many Amazonian areas are still poorly known regard-
ing their amphibian fauna and with insufficient sampling (Funk et al. 2012). In the
Brazilian Amazonia, knowledge has increased in the last ten years based on studies
on anurans composition conducted mostly in the state of Amazonas (Fran¢a and
Venéncio 2010, Ilha and Dixo 2010, Pantoja and Fraga 2012, Prudente et al. 2013,
Waldez et al. 2013, Ferrio et al. 2016, Ferreira et al. 2017), state of Par4 (Avila-Pires
et al. 2010, Mendes-Pinto and Souza 2011, Bernardo et al. 2012, Vaz-Silva et al.
2015), state of Ronddnia (Avila-Pires et al. 2010, Piatti et al. 2012) and state of Acre
(Bernarde et al. 2011, Bernarde et al. 2013, Miranda et al. 2015, Ven4ncio and Souza
2016, Franca et al. 2017).

In the Amazonian biome, studies on anurans are concentrated in states of Ama-
zonas, Pard, Rondénia and Acre, other localities in the Brazilian Amazon lack in-
ventories (Azevedo-Ramos and Galatti 2002), a fact observed for the Amap4d state.
Although be inserted in a region of great interest for conservation and presents gaps
knowledge on anurans (Azevedo-Ramos and Galatti 2002), Amap4 state is little
studied in relation to its anurans fauna (Lima 2008, Queiroz et al. 2011, Pereira-
Junior et al. 2013, Aradjo and Costa-Campos 2014, Costa-Campos 2015, Costa-
Campos et al. 2015, Lima et al. 2017, Benicio and Lima 2017). In this context, the
present study aims to provide the list of species of anuran amphibians that occur in
the area of the Canciao Municipal Natural Park, municipality of Serra do Navio, state
of Amapd, eastern Amazon.
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Materials and methods

Studly area. Fieldwork was conducted at the Cancao Municipal Natural Park (Figure 1),
municipality of Serra do Navio, Amap4d state (0.90263°N, 52.00505°W and 0.90858°N,
52.00422°W). The study area covers approximately 370 hectares of primary forest, in-
cluding terra-firme rainforests, streams, open areas, and treefall gaps. The climate of
the region is Equatorial (Am) according Képpen-Geiger classification and the average
temperature is 27.6 °C, varying seasonally between 25.8 to 29.0 °C, with annual rainfall
approximately 2,850 mm with monsoon period between February and May, when the
monthly rainfall is nearly 400 mm (Alvares et al. 2013).

Sampling. Animals were registered during diurnal and nocturnal active visual search and
auditory census in different microhabitats used by frogs (Heyer et al. 1994). These methods
were conducted by three researchers for three consecutive days from January to December
2013, resulting in a sampling effort of 216 hours/man. A wide variety of environments
were surveyed including ponds, brooks, forest interior, temporary ponds, and other water
bodies. These environments were sampled in four mainly sites in the Cancao Municipal
Natural Park (Figure 2): Terra firme trail at Cancao forest (0.90275°N, 52.00497°W); Riv-
er Amapari trail (0.90083°N, 52.01347°W), Treefall gap at stream Cancao 01 (0.91183°N,
52.00205°W) and Treefall gap at Cancao forest 02 (0.91388°N, 51.99977°W).

The specimens were collected under permit SISBIO number 32651-1 issued by the
Brazilian Ministry of Environment (MMA-ICMBio). Voucher adults collected were
deposited at the Colegao Herpetolégica da Universidade Federal do Amapd (UNIFAP)
and Colegao Herpetolégica do Museu Paraense Emilio Goeldi “Osvaldo Rodrigues da
Cunha” (MPEG). The conservation status quoted follows IUCN (2017). The species
taxonomy applied follows the Brazilian Society of Herpetology (SBH), according to
Segalla et al. (2016) and Dubois (2017). Adenomera andreae and A. hylaedactyla were
identified through morphology and vocalization (cf. Heyer 1973; Angulo et al. 2003).

Data analysis. To analyze the anurans species richness, rarefaction curves of species
were constructed based on the number of individuals and number of samples (Gotelli
and Colwell 2001) with 1000 randomizations. Species richness estimators Jacknifel
and Bootstrap were used for determine the expected richness of anurans (Colwell
2013). To determine similarities of species compositions amongst habitats sampled,
cluster analyses were performed by the UPGMA method, using the modified index of
similarity of Jaccard (Clarke 2003). This analysis was performed using ESTIMATES
9.1 (Gotelli and Colwell 2001).

The dominances were represented by Whittaker Diagram, obtained by ranking
species, starting with the most abundant, along the x-axis and the logarithm abun-
dances on the y-axis. Rare species were those represented by a single individual (single-
tons). The other species were classified as having intermediate abundance. The pattern
of the species abundance distribution was fitted to the geometric, logarithmic, log-
normal, and broken-stick models. Model fit was assessed by the chi square adherence
test (Magurran 2011) using the software PAST version 2.17¢ (Hammer et al. 2001).
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Figure |. Maps showing the Amap4 state and sampling sites in the Cancao Municipal Natural Park,

municipality of Serra do Navio, Amap4d State, northern Brazil.
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Figure 2. Habitats sampled at the Cancio Municipal Natural Park, municipality of Serra do Navio,

Amap4 state: A Terra firme trail at Cancao forest B Treefall gap at stream Cancio 01 C Treefall gap at
Cancio forest 02 D River Amapari trail.

The Spearman correlation coefficient analysis was performed to compare climatic
conditions (available from the NHMET database) during the sampling period with
abundance. To check the influence of environmental data on amphibian abundance,
multiple regression analyses were conducted, including data on rainfall, temperature,
and humidity as independent variables. The normality of the data was tested with
the KOLMOGOROV-SMIRNOV analysis (Zar 1999). Statistical analyses were per-
formed with BIOESTAT 5.3 software (Ayres et al. 2007), using a significance index of
P < 0.05 for all analyses.

Results

Forty-nine anuran species have been recorded in the Cancao Municipal Natural Park (Ta-
ble 1, Figure 3) during the dry and rainy season, totaling 216 hours of sample effort. These
species are distributed in 22 genera, belonging to five families: Allophrynidae (1 species);
Aromobatidae (2 species), Bufonidae (5 species), Centrolenidae (1 species), Craugastori-
dae (5 species), Dendrobatidae (2 species), Eleutherodactylidae (1 species); Hylidae (18
species), Leptodactylidae (10 species), Phyllomedusidae (3 species); Pipidae (1 species).
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Table I. List of amphibian species recorded at Cancao Municipal Natural Park, municipality of Serra do
Navio, Amapd State. Sampled areas: Terra firme trail at Cancio forest (TC), Amapari trail (TA), treefall
gap at stream Cancao (TS), and treefall gap at Cancao forest (TF). Red List species included in some
category of IUCN (2017): LC — Least Concern; VU — Vulnerable; DD — Data Deficient.

. . Sampled areas

Family/Species TC ‘ Ta ‘ TS ‘ TF IUCN
Allophrynidae
Allophryne ruthveni Gaige, 1926 ‘ ‘ X ‘ ‘ ‘ LC
Aromobatidae (Allobatinae)
Allobates femoralis (Boulenger, 1884) ‘ X ‘ X ‘ ‘ ‘ LC
Aromobatidae (Aromobatinae)
Anomaloglossus bacobatrachus (Boistel & de Massari, 1999) ‘ ‘ ‘ ‘ X ‘ DD
Bufonidae
Atelopus hoogmoedi Lescure, 1974 X VU
Rhaebo guttatus (Schneider, 1799) X | X LC
Rhinella margaritifera complex of species X|X|X|X] LC
Rhinella marina (Linnaeus, 1758) X | X | X|X LC
Rhinella martyi Fouquet, Gaucher, Blanc & Vélez-Rodriguez, 2007 X LC
Centrolenidae (Hyalinobatrachinae)
Hyalinobatrachium iaspidiense (Ayarzaqiiena, 1992) * ‘ ‘ X ‘ ‘ ‘ DD
Craugastoridae (Ceuthomantinae)
Pristimantis chiastonotus (Lynch & Hoogmoed, 1977) X | X X LC
Pristimantis marmoratus (Boulenger, 1900) X LC
Pristimantis cf. ockendeni (Boulenger, 1912) * X | X X LC
Pristimantis zeuctotylus (Lynch & Hoogmoed, 1977) X LC
Pristimantis zimmermanae (Heyer & Hardy, 1991) X LC
Dendrobatidae (Colostethinae)
Ameerega pulchripecta (Silverstone, 1976) ** ‘ X ‘ X ‘ ‘ ‘ DD
Dendrobatidae (Dendrobatinae)
Dendrobates tinctorius (Cuvier, 1797) ‘ ‘ X ‘ ‘ ‘ LC
FEleutherodactylidae
Adelophryne gutturosa Hoogmoed & Lescure, 1984 ‘ X ‘ ‘ ‘ ‘ LC
Hylidae
Boana boans (Linnaeus, 1758) X | X | X|X LC
Boana calcarata (Troschel in Schomburgk 1848) X LC
Boana cinerascens (Spix, 1824) X X | X LC
Boana dentei (Bokermann, 1967) ** X LC
Boana fasciata (Giinther, 1859 “1858”) X X LC
Boana geographica (Spix, 1824) X LC
Boana multifasciata (Giinther, 1859 “1858”) X X | X LC
Dendropsophus counani Fouquet, Souza, Nunes, Kok, Curcio, de Carvalho, X | x 3
Grant & Rodrigues, 2015
Dendropsophus leucophyllatus (Beireis, 1783) X | LC
Dendropsophus ct. microcephalus (Cope, 1886) X LC
Dendropsophus minutus (Peters, 1872) X LC
Osteocephalus oophagus Jungfer & Schiesari, 1995 X LC
Osteocephalus taurinus Steindachner, 1862 X | X LC
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Family/Species T(S:a.n;}:edTasrea;F IUCN
Scinax boesemani (Goin, 1966) X | X LC
Scinax garbei (Miranda-Ribeiro, 1926) * X LC
Scinax nebulosus (Spix, 1824) X | X LC
Scinax ruber (Laurenti, 1768) X | X | X|X LC
Trachycephalus resinifictrix (Goeldi, 1907) X | X LC
Leptodactylidae (Leptodactylinae)
Adenomera andreae (Miiller, 1923) X | X | X |X LC
Adenomera hylaedactyla (Cope, 1868) X | X|X|X| LC
Leptodactylus knudseni Heyer, 1972 X LC
Leprodactylus lineatus (Schneider, 1799) X LC
Leprodactylus longirostris Boulenger, 1882 X| X | X| LC
Leptodactylus mystaceus (Spix, 1824) X|X|X|X] LC
Leprodactylus pentadactylus (Laurenti, 1768) X LC
Leprodactylus petersii (Steindachner, 1864) X LC
Leptodactylus rhodomystax Boulenger, 1884 “1883” X LC
Leprodactylus stenodema Jiménez de la Espada, 1875 X LC
Phyllomedusidae
Phyllomedusa bicolor (Boddaert, 1772) X LC
Phyllomedusa vaillantii Boulenger, 1882 X | X LC
Pithecopus hypochondrialis (Daudin, 1800) X | X X | LC
Pipidae
Pipa pipa (Linnacus, 1758) x| J1c

* First record for the state of Amapa.
** Species endemic to the municipality of Serra do Navio, Amap4 state.

Three new records of anurans are presented for the Cancio Municipal Natural
Park, namely Hyalinobatrachium iaspidiense (Centrolenidae), Pristimantis cf. ockendeni
(Craugastoridae), and Scinax garbei (Hylidae). None of the frog species recorded at
the Cancao Municipal Natural Park is classified as threatened in the red lists of IUCN
(2017). However, three species (Hyalinobatrachium iaspidiense, Ameerega pulchripecta,
and Anomaloglossus baeobatrachus) are listed as Data Deficient and one is listed as Vul-
nerable (Azelopus hoogmoed;).

Hyalinobatrachium iaspidiense is known from Brazil, Ecuador, French Guiana,
Guyana, Peru, Suriname, Venezuela, and is expected to occur in the Amazonian areas
between the Ecuadorian and Peruvian localities and the Guiana region (Castroviejo-
Fisher et al. 2011). This record is the first for Amapa and extends the known distribu-
tion of the species 1,020 km east from the type locality Quebrada de Jaspe, San Ignacio
de Yurani, Bolivar state, Venezuela (Silva e Silva and Costa-Campos 2016).

Pristimantis cf. ockendeni is distributed throughout the Amazonian basin of Peru,
Ecuador, southern Colombia, and Brazil in the states of Acre and Amazonas (Rodri-
gues et al. 2004). This is the first state record for Amapa, extending the range 986 km
NW from the Manaus, Amazonas state (Silva e Silva et al. 2015).
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Figure 3. Species recorded in the Cancio Municipal Natural Park, municipality of Serra do Navio,
Amapd state: | Allophryne ruthveni 2 Allobates femoralis 3 Anomaloglossus baeobatrachus 4 Atelopus hoog-
moedi S Rhaebo guttatus 6 Rhinella margaritifera complex T R. marina 8 R. martyi 9 Hyalinobatrachium
iaspidiense 10 Pristimantis chiastonotus V1 P marmoratus 12 P cf. ockendeni 13 P zeuctotylus 14 P zim-
mermanae |5 Ameerega pulchripecta 16 Dendrobates tinctorius 1T Adelophryne gutturosa 18 Boana boans
19 B. calcarara 20 B. cinerascens 21 B. dentei 22 B. fasciata 23 B. geographica 24 B. multifasciata.
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Figure 3. Continued. 25 Dendropsophus counani 26 D. leucophyllatus 2T Dendropsophus cf. microcephalus
28 D. minutus 29 Osteocephalus oophagus 30 O. taurinus 31 Scinax boesemani 32 S. garbei 33 S. nebulo-
sus 34 S. ruber 35 Adenomera andreae 36 A. hylaedactyla 3T Leprodactylus knudseni 38 L. lineatus 39 L.
longirostris 40 L. mystaceus 41 L. pentadactylus 42 L. petersii 43 L. rhodomystax 44 L. stenodema 45 Phyl-
lomedusa bicolor 46 P vaillantii 4T Pithecopus hypochondrialis, and 48 Pipa pipa.
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Figure 4. Rarefaction curve of anuran species based on the species records and sampling effort (sampling
days) in the Cancido Municipal Natural Park, Amapd state, northern Brazil. Richness estimators used:
Jack-knife 1 and Bootstrap. Sobs = total number of species observed in a samples.

Scinax garbei is known from Ecuador, adjacent Peru, Bolivia, Colombia, and
Venezuela (Frost 2018). In Brazilian Amazonia, it has been recorded from Amazonas
(Franca and Venancio 2010) and Par4 states (Avila-Pires et al. 2010). In this study, we
present the first record of the species in the state of Amapd, extending the species distri-
bution in the Brazilian Amazonia by 525 km northward from the two localities in the
state of Pard: Rio Xingu and Rio Curud-Una (Silva e Silva and Costa-Campos 2014).

The frog species richness estimated for the area by Bootstrap and Jack-knife was 54
and 63 species, respectively, and the rarefaction curve cumulative species did not reach
an asymptote. We believe that site has potential for species that have not yet been re-
corded (Figure 4). The Hylidae was the most species-rich family (17 species), followed
by the Leptodactylidae (10) and Craugastoridae (4).

Spearman correlations obtained with the studied period were not significant for
rainfall data (R = 0.564, P = 0.056), temperature (R = 0.467, P = 0.167) and rela-
tive humidity (R = 0.267, P = 0.877). According to multiple regressions, amphibian
abundance does not seem to be related to any of the abiotic factors considered (F3,
8 = 1.240; P = 0.179; r = 0.563 for the entire analysis; F3, 8 = 3.422; P = 0.091 for
rainfall; F3, 8 = 1.097; P = 0.320 for temperature; and F3, 8 = 0.720; P = 0.579 for
relative humidity (Figure 5). With regard to total frog abundance, higher values were
computed in rainy seasons compared to dry seasons.

Nine species (Allophryne ruthveni, Rhinella martyi, Pristimantis zimmermanae,
Boana calcarata, B. dentei, Osteocephalus oophagus, Scinax garbei, Leptodactylus lineatus
and Pipa pipa) were represented by only one individual and were considered rare in
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Figure 6. Whittaker diagram for the abundance distribution of amphibians recorded in the Cancio
Municipal Natural Park, municipality of Serra do Navio, Amap4 state.

the studied environments. Applying the number of singletons to the other end of the
abundance distribution, eight species were defined as common, including P chiastono-
tus (157 individuals), B. multifasciata (123 individuals), R. margaritifera complex (123
individuals), and B. boans (105 individuals). The 32 remaining species were classified
as having intermediary abundance (Figure 6).

The dendrogram obtained from cluster analysis evidences three major groups: (A)
sites located in the treefall gaps, (B) sites in the Terra firme forest, and (C) sites belong-
ing to the Amapari River with temporary ponds. The group (A) is characterized by the
higher Boana multifasciata, B. cinerascens and Pithecopus hypochondrialis, species occur-
ring in open areas. For the group (B), the most frequent species were Rhinella marga-
ritifera complex species and Pristimantis chiastonotus. The last group, (C), is character-
ized by the high frequency of occurrence of Allobates femoralis and Adenomera andreae.
The coefficient of cophenetic correlation for the cluster analysis was 0.997 (Figure 7).

Discussion

Our data indicate that Canciao Municipal Natural Park contains a considerable por-
tion of the anurans species richness of Amap4 state. The anuran fauna corresponded to
65.7 % of the recorded species for the Tumucumaque Mountains National Park (Lima
2008), 86.9 % of the species found in the River Cajari Extractive Reserve (Queiroz
etal. 2011), 60.9 % species recorded during the surveys conducted of the Rio Curiat
Environmental Protection Area (Lima et al. 2017), and 90.6 % species of anurans



Anuran species composition of Cancio Municipal Natural Park... 143

Similarity
6 54484236 3 24181206 0

TS
A

TF
B TC
C

TA

Figure 7. Dendrogram for cluster analysis (UPGMA) using the Jaccard’s Similarity Index between the
anurans of the Cancdo Municipal Natural Park. Cophenetic correlation coefficient = 0.997. Sampled
areas: Group A Treefall gap at stream Cancao (TS) and Treefall gap at Cancio forest (TF); Group B Terra
firme trail at Cancao forest (TC); Group € Amapari trail (TA).

recorded in the Amap4 National Forest (Bemicio and Lima 2017). This high anurans
richness for the Amazonian biome is highly underestimated considering taxonomic
problems, recent descriptions of species and taxonomic revisions (Peloso et al. 2014;
Vaz-Silva et al. 2015).

The results obtained from the rarefaction curve and the Jack-knifel and Bootstrap
estimators suggest that the species composition is still underestimated, and more long-
term studies may reveal the presence of additional species in the area. Future studies
should be complemented with combined and/or different approaches in fieldwork,
such as the use of pitfall traps for leaf-litter species, increased visual search times (Frei-
tas et al. 2017).

The finding of a large number of species of the families Hylidae and Leptodactyli-
dae was similar to the results of other studies and follows the pattern found in neo-
tropical environments (Segalla et al. 2016), including the Brazilian Amazon (Azevedo-
Ramos and Galatti 2002, Neckel-Oliveira et al. 2013, Ramalho et al. 2016). In addi-
tion, three species of anurans (Pristimantis cf. ockendeni, Hyalinobatrachium iaspidiense
and Scinax garbei) are new records in the Amapd state (Silva e Silva and Costa-Campos
2014, Silva e Silva et al. 2015, Silva e Silva and Costa-Campos 2016), evidence the
incipience of knowledge in the regional context due to the lack of sampling.
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The record of Atelopus hoogmoedi and Ameerega pulchripecta in the area studied is
relatively important. Atelopus hoogmoed; is a terrestrial and diurnal species, and is most
commonly found at small streams in primary forest (Ouboter and Jairam 2012). The
species occurs in the Amazonian lowlands of Colombia, Ecuador, and eastern Peru, to
Amazonas, Pard, Amap4 (Brazil), and the Guianas (Frost 2018). Ameerega pulchripecta
was hard to find, and it has been heard only during less than an hour around dawn and
again around twilight (Costa-Campos et al. 2016). Additionally, its distribution appears
restricted to Serra do Navio, in the state of Amapd, northeastern Brazilian Amazon.
These species are classified as vulnerable and data deficient by the IUCN due to their
areas of occurrence, status and little known ecological requirements (IUCN 2017).

The cluster analysis of the anuran assemblages generated three groups. The group
A and B showed a more differentiated assemblage. Group C are located on the right
bank of the Amapari River, and presented high values of abundance and richness. The
results can be attributed to the similar characteristics between the sites. The main hy-
potheses proposed to explain barrier formation separating populations and causing the
differentiation of species in Amazonia during the course of geological history are based
on different factors (Haffer 2008). According the river hypothesis, rivers may play a
major role in creating and maintaining high levels of spatial separation of populations

(Vaz-Silva et al. 2015).

Conclusions

The results of the present study thus provide new data on geographic distribution of
species showed three new records of the Brazilian Amazonian and important insights
into the diversity of amphibians in the northern Brazil. The high amphibian richness
recorded in this study for the eastern Amazon, combined with the presence of popula-
tions of Data Deficient or Vulnerable species, contributes to the knowledge on species,
reinforcing the importance of the Cancio Municipal Natural Park for the conservation
of anurans species.
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