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ABSTRACT

Few studies in the Amazon region have evaluated anuran diversity in urban forest fragments or in areas with differing degrees
of anthropogenic impact. We determined the composition and abundance of the anurofauna in urban and rural sites within
the municipality of Itacoatiara in central Amazonia, Brazil. Specimens were sampled from January 2012 to May 2013 in 10
urban sites and five rural sites. A total of 1,538 anurans (930 in rural sites and 608 in urban sites) were recorded, belonging to
29 species in five families. Species richness was higher in rural sites, with 10 exclusive species. All species found in urban sites
were also found in rural sites, however, species abundance varied considerably between the habitats. Sampling- and individual-
based rarefaction curves showed a tendency toward stabilization of species richness only in the urban sites. We concluded
that the anuran assemblages in the urban sites are depauperate due to the absence of many species associated to pristine zerra
firme or vdrzea and igapd forests. Habitat loss and quality degradation in urban landscapes are the main factors threatening
amphibian diversity. The anuran assemblages in our study areas were similar to those recorded in other Amazonian habitats.
Conservation measures involving anurans in this region should consider the preservation of habitat mosaics, including both
pristine terra firme, vdrzea and igapd forests.
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Diversidade de anuros nas zonas urbana e rural de Itacoatiara,
Amazonia central, Brasil

RESUMO

Poucos estudos avaliaram a diversidade de anuros em fragmentos florestais urbanos ou em dreas com diferentes graus de
impacto antrépico na Amazo6nia. Neste estudo foi determinada a composi¢io e abundéncia de anuros em dreas urbanas e
rurais no municipio de Itacoatiara, na Amazdnia central, Brasil. Anuros foram amostrados entre janeiro de 2012 e maio de
2013 em 10 locais na 4rea urbana e cinco na 4rea rural. Um total de 1.538 individuos (930 na 4rea rural e 608 na 4rea urbana)
foram registrados, compreendendo 29 espécies e cinco familias. A 4rea rural apresentou maior riqueza de espécies, com 10
espécies exclusivas. Todas as espécies identificadas na drea urbana também foram encontradas na drea rural, mas a abundincia
das espécies entre ambas dreas variou consideravelmente. Curvas de rarefacio por amostragem e por niimero de individuos
tenderam 2 estabilizacdo na riqueza de espécies somente na 4rea urbana. Concluimos que a comunidade de anuros na drea
urbana estd empobrecida devido a auséncia de muitas espécies associadas & ambientes inalterados de florestas de terra firme,
vérzea e igapd. A degradacio da qualidade e a perda de habitat nas paisagens urbanas sao os principais fatores que ameacam a
diversidade de anfibios. A comunidade de anuros registrada neste estudo foi similar as de outros habitats na Amaz6nia. Medidas
de conservagio envolvendo anuros nesta regiao devem considerar a preserva¢io de um mosaico de habitats que inclua 4reas
naturais de floresta de terra firme, vérzea e igap?.

PALAVRAS-CHAVE: composi¢do de espécies, curvas de rarefacio, busca com tempo limitado, florestas de terra-firme, vdrzea
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INTRODUCTION

Urban growth ranks as a serious threat to animal biodiversity,
affecting the richness and abundance of many species (Delis
et al. 1996). Due to the increase of human population and
migration, it is expected that there will be nearly 2 billion
new urban residents in the world by 2030. However, the
consequences of current and future urbanization for the
biodiversity conservation are poorly known (McDonald ¢z al.
2008). Species composition shows pronounced changes along
the urban—rural gradient, with non-native species becoming
more common closer to the urban cores (McKinney 2002).

Brazil is home to an average 13% of the world’s biodiversity
(Lewinsohn and Prado 2005), including the greatest
amphibian richness, with 1,080 documented species (Segalla ez
al. 2016). Part of this diversity is found in the Amazon region,
the largest tropical forest on the planet, most of which remains
relatively well preserved. Yet phytophysiognomies in the
Amazon have undergone extensive changes in recent decades
due to anthropogenic activities and their impact on habitat
degradation (Fearnside 2005). In the Brazilian Amazon, 332
amphibian species, including 309 anurans have been recorded
(Hoogmoed and Galatti 2017), however, these numbers may
well be underestimates due to inconsistencies in the taxonomy
of various amphibian groups (Avila-Pires ez /. 2007), and
cryptic diversity (e.g. Funk ez a/l. 2012).

Amphibians are sensitive to environmental degradation
(Navas and Otani 2007), and some 32% of amphibian species
worldwide are known to be either extinct or under threat of
extinction (Stuart ez al. 2008), including 41 anuran species
in Brazil (MMA 2014). Decreased habitat quality (Hamer
and McDonnell 2008), habitat fragmentation (Tocher ez 4/
2001), and microhabitat loss in urban areas are the primary
causes of biodiversity loss in general, and decline of amphibian
populations in particular (Silvano and Segalla 2005). Diseases,
climate change, and environmental contamination also have
been studied as potential causes for the decline and extinction
of amphibian populations (e.g. Beebee and Griffiths 2005).

Although the number of studies of anuran communities in
the Brazilian Amazon has increased in recent years, most were
conducted in pristine areas (e.g. Neckel-Oliveira and Gordo
2004; Pantoja and Fraga 2012; Waldez ez al. 2013), or in forest
fragments in rural zones (e.g. Tocher 1998; Tocher ez al. 2001).
Few studies have analyzed Amazonian anuran diversity in urban
forest fragments (Knispel and Barros 2009; Tsuji-Nishikido
and Menin 2011; Venancio ¢t al. 2014), or compared anuran
diversity in pristine forests and areas with varying degrees of
anthropogenic impact (Estupindn and Galatti 1999; Bernarde
and Macedo 2008; Silva and Silva 2010). A decrease in anuran
species richness and composition has been reported in highly-
impacted areas, due to changes in rainfall, temperature and
humidity that resulted in reduced availability of breeding sites
(Estupifidn and Galatti 1999; Bernarde and Macedo 2008). On
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the other hand, amphibian species that are habitat generalists
can increase their chances of survival in urban and suburban
landscapes by using artificial water bodies for reproduction
(Hamer and McDonnell 2008).

The region of the municipality of Itacoatiara (Amazonas
state), in central Amazonia, is composed of a mosaic of
seasonal vdrzea and igapd (Hoodplain forests) and terra firme
(unflooded) forests (Hess ez 2/. 2003). Urbanized areas within the
municipality are relatively small, and surrounded by rural areas,
which leads to a low degree of habitat disturbance and provides
an interesting model system in which to study the effects of
the urban-rural gradient on species diversity and composition.

Therefore, the aim of this study was to investigate the
differences between anuran assemblages of urban and rural
landscapes in the municipality. We analyzed the composition,
abundance, dominance, and constancy of nocturnal anuran
species. We hypothesized that the species assemblages in urban
sites are composed of species primarily from open habitats,
while assemblages from rural sites are composed mainly of
species from different types of forests.

MATERIAL AND METHODS

Study areas

The study was carried out in sites located in rural and urban
zones in the municipality of Itacoatiara, Amazonas state, Brazil,
located on the northern margin of the middle Amazonas River,
in central Amazonia (Figure 1), and covering an area of 8,892
km? (SEPLANCTI 2015). The climate is Am (Koppen-Geiger
system, tropical monsoon, without a dry season) (Peel ez al.
2007), and the mean annual rainfall and temperature are 1,885
mm and 27 °C, respectively. The rainy season typically occurs
from November to May, with the heaviest rainfall from March
through May (Marques Filho ez al. 1981). The floodplain areas
are called vdrzea and igapd (Junk 2000), and the unflooded areas
are covered by terra firme forest.

We sampled 15 sites, 10 located in the urban zone and five
in the rural zone of the municipality (Table 1). Urban sites were
characterized by high density of houses and roads, following
Oda ez al. (2017). In the urban environment we concentrated
the sampling effort on abandoned terrains containing water
bodies (streams and ponds) that are filled during the rainy
season and known to be used by frogs for reproduction. The
vegetation in these areas consisted mostly of shrubs, grasses and
sparse trees (Table 1). All sampling sites were in close proximity
to human residences. Rural sites were located outside of, or
along the perimeter of, the urban sites and were characterized
by the presence of agricultural activity, fish- and cattle-farms,
small plantations and forest fragments. The rural sites were
composed mostly of vdrzea and igapd forests, which are flooded
from December to August, and terra firme forest. The vegetation
consisted of shrubs, forest with a fairly dense canopy, and an
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Figure 1. Geographical location of the sampling sites, Itacoatiara municipality,
Amazonas State, Brazil. Dots = urban sampling sites (1 to 10). Triangles = rural

sampling sites (11 to 15). Site numbers correspond with Table 1.
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understory with low and fragmented light penetration. All
sampling sites, with the exception of one site in the vdrzea
habitat, contained permanent and temporary water bodies such
as puddles, ponds, streams or small lakes.

Sampling methods and species identification

Nocturnal anuran assemblages were surveyed through
time-constrained searches (Scott 1994) on the ground,
vegetation and along the margins of ponds and streams.
Samplings were conducted from January to April 2012 in
the urban sites, and from December 2012 to May 2013 in
the rural sites, using three person-hours, between 19:00 and
22:00 h, per site. The sampling effort employed in each site
is expressed as person-hours. Each urban site was visited
twice, totaling 180 person-hours (3 people x 3 hours x 10
sites x 2 samplings). Rural sites were visited four times, also
totaling 180 person-hours (3 people x 3 hours x 5 sites x 4
samplings). All collected specimens were transported to the
laboratory for identification. Species were identified based
on their morphology using Rodriguez and Duellman (1994),
Duellman (2005), Lima ez a/. (2012), and taxonomic expertise
of the team. Nomenclature in this study follows Amphibian
Species of the World (Frost 2018). Voucher specimens of
each species were anesthetized and killed using 5% lidocaine
chlorhydrate, preserved in 10% formalin, later transferred to
70% ethanol, and deposited in the Amphibians Section of the

Table 1. Identification, geographical coordinates and habitat characterization of each sampling site for anuran diversity and abundance, Itacoatiara municipality,
Amazonas State, Brazil.

Site nr. - Site name Coordinates Site characteristics
URBAN SITES

1 Bairro Jardim Adriana 03°06'59.1"S, 58°25'51.6"W Abandoned terrain with shrubs, grasses, trees and stream

2 Bairro Jardim Amanda 03°06'59.1"S, 58°25'51.8"W Abandoned terrain with shrubs, grasses and stream

3 Bairro da Paz 03°07'00.8"S, 58°25'41.7"W Abandoned terrain with shrubs, grasses and stream

4 Bairro Mamud Amed 03°08'33.3"S, 58°25'27.1"W Abandoned terrain with shrubs, grasses and stream

5 Bairro Novo Horizonte 03°07'42.4"S, 58°26'23.4"W Abandoned terrain with shrubs, grasses and stream

6 Barreira 03°07'54.9"S, 58°26'47.1"W Abandoned terrain with shrubs, grasses and stream

7 Bairro Pedreiras 03°08'16.5"S, 58°26'58.0"W Terrain with shrubs, grasses, trees and stream in a particular property

Bairro Tiradentes 03°08'00.3"S, 58°25'43.2"W Abandoned terrain with shrubs, grasses, trees and stream

9 Bairro Sdo Jorge 03°08'38.1"S, 58°25'54.4"W Terrain with shrubs, grasses, trees and stream

10 Bairro Jauary 03°08'59.6"S, 58°26"13.6"W Abandoned terrain with shrubs, grasses, trees and rainwater ponds
RURAL SITES

11 Aeroporto 03°07'23.3'S, 58°27'00.1"W Vdrzea forest and stream

12 Centendrio 03°08'24.5"S, 58°27"24.6"W Igapé forest and areas with shrubs, grasses, tress and stream

13 Caru 03°02'38.5"S, 58°37'31.6"W Vdrzea forest and area with shrubs, grasses, trees and stream

14 Litiara 03001'42.8"S, 58°3229.6"W oon ds:rntijb;,%a;fse ?Offsz'roun s

15 Comunidade da Penha 03°03'05.7"S, 58°27'02.7"W Vdrzea forest and areas with shrubs, grasses and stream
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Paulo Biirhnheim Zoological Collection of the Universidade
Federal do Amazonas — (CZPB-AA) (Supplementary Material,
Appendix S1). Tissue samples were not collected. The
remaining individuals were released in nearby areas to avoid
recapture in subsequent samplings. The collection permit was
granted by the Instituto Chico Mendes de Conservagao da
Biodiversidade / ICMBio (# 32557-1).

Data analysis

For both urban and rural sites, sample- and individual-based
rarefaction curves (sensu Gotelli and Colwell 2001) were
obtained from 1,000 randomizations using the S(est) analytical
index (Colwell ez /. 2012) in the EstimateS 9 program (Colwell
2013). This method is appropriate for estimating species
richness and for comparing data sets containing different
numbers of individuals (Gotelli and Colwell 2001).

Species dominance and diversity were determined using the
Berger-Parker dominance index (d) and the Shannon-Wiener
diversity index (H’; Krebs 1999), respectively. All analyses were
performed using PAST software (Hammer ez a/. 2001). The
frequency of each species was calculated using the constancy
index (Dajoz 1973): C = pi x 100/P, where Cis the constancy
value for the species, pi is the number of samples in which
species i was found, and P is the total number of samples.
According to this index, if C2 50% the species is considered
“constant”, if 25% < C < 50% the species is “accessory”
and if C < 25% the species is “accidental”. Ordinations of
species composition were made for rural and urban sites via
multivariate analysis based on a non-metric multidimensional
scaling (NMDS), and using Primer 6.0 software. Ordination
of quantitative (abundance) and qualitative (presence/absence)
data were estimated with the Bray-Curtis dissimilarity index
on site-standardized (proportion of each species in each site)
and square-root transformed data, and the Jaccard index,
respectively. In the NMDS the stress value reflects how well
the ordination summarizes the observed distances between
the samples, and values lower than 20% can be ecologically
interpretable (Hu ez 2/. 2015). In addition, we used one-way
analysis of similarity (ANOSIM) tests to assess differences
in anuran composition in rural and urban sites based on
quantitative and qualitative data.

RESULTS

We recorded 1,538 specimens (930 in the rural sites and 608
in the urban sites), belonging to 29 species from five families
(Table 2). Hylidae was the family with the highest number of
species (18) representing 62% of the total number of sampled
species, followed by Leptodactylidae (7; 24%), Bufonidae (2;
8%), and Microhylidae and Pipidae (1 species each; 3%).

Twenty-nine species were found in the rural sites (Table 2),
varying from nine to 15 species (Figure 2A), and from 74 to 393
individuals (Figure 2B). Ten species were recorded exclusively in
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rural sites (Boana boans, Boana aff. cinerascens, Boana cf. fasciata,
Boana geographica, Boana wavrini, Osteocephalus taurinus,
Scinax boesemani, Scinax garbei, Leptodactylus longirostris, and
Leptodactylus pentadactylus). Dendropsophus walfordi was the most
abundant species, representing 17% of all specimens collected in
the rural sites, followed by B. geographica (13%) and Leprodactylus
podicipinus (13%). Nineteen species were found in the urban sites
(Table 2), varying from six to 11 species (Figure 2A), and from 19
to 138 individuals (Figure 2B). No species was exclusive to urban
sites. Rhinella majorwas the most abundant species, representing
27% of all specimens collected at urban sites.

Table 2. Number of individuals and constancy of occurrence per species of
anurans recorded in rural and urban sites, Itacoatiara municipality, Amazonas
State, Brazil. Ace = Accessory; Acc = Accidental; Cons = Constant.

Number of Constancy of
. . individuals occurrence

Family / Species

Rural  Urban ~ Rural Urban

sites  sites sites  sites
BUFONIDAE
Rhinella major (Spix, 1824) 32 165 Ace  Cons
Rhinella marina (Linnaeus, 1758) 18 17 Ace Acc
HYLIDAE
Boana boans (Linnaeus, 1758) 0 Acc -
Boana aff. cinerascens (Spix, 1824) 0 Acc -
Boana cf. fasciata (Gunther, 1858) 28 0 Acc -
Boana geographica (Spix, 1824) 125 0 Cons =
Boana lanciformis (Cope, 1871) 1 5 Acc Acc
Boana punctata (Schneider, 1799) 1 48 Acc Ace
Boana raniceps (Cope, 1862) 54 10 Ace  Ace
Boana wavrini (Parker, 1936) 8 0 Acc -
Dendropsophus leucophyllatus (Beireis, 1783) 4 81 Acc  Acc
Dendropsophus rossalleni (Goin, 1959) 3 3 Acc Acc
Dendropsophus walfordi (Bokermann, 1962) 155 32 Cons  Cons
Lysapsus bolivianus Gallardo, 1961 96 3 Ace  Acc
Osteocephalus taurinus Steindachner, 1862 1 0 Acc -
Scinax boesemani (Goin, 1966) 67 Acc -
Scinax garbei (Miranda-Ribeiro, 1926) 1 0 Acc -
Scinax ruber (Laurenti, 1768) 59 25 Cons  Ace
Sphaenorhynchus dorisae (Goin, 1957) 1 3 Acc  Acc
Trachycephalus typhonius (Linnaeus, 1758) 1 18 Acc  Ace
LEPTODACTYLIDAE
Adenomera hylaedactyla (Cope, 1868) 1 8 Acc  Acc
Leptodactylus fuscus (Schneider, 1799) 13 49 Acc  Cons
Leptodactylus longirostris Boulenger, 1882 13 0 Ace =
Leptodactylus macrosternum Miranda-
Rige(i)r((j)(,]é% acro a 77 36 Cons  Cons
Leptodactylus pentadactylus (Laurenti, 1768) 4 0 Acc -
Leptodactylus petersii (Steindachner, 1864) 26 8 Ace  Acc
Leptodactylus podicipinus (Cope, 1862) 120 77 Cons  Cons
MICROHYLIDAE
Elachistocleis helianneae Caramaschi, 2010 10 16 Acc  Acc
PIPIDAE
Pipa pipa (Linnaeus, 1758) 1 4 Acc Acc
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We observed a great difference in the number of individuals
between the species when comparing sampling sites. Rhinella
major, Boana punctata, Dendropsophus leucophyllatus,
Trachycephalus typhonius, and Leptodactylus fuscus were more
abundant in urban sites, while Boana raniceps, D. walfordi,
Lysapsus bolivianus, Scinax ruber, Leprodactylus macrosternum,
Leptodactylus petersii, and L. podicipinus were more abundant
in rural sites (Table 2).

Sampling- and individual-based rarefaction curves from rural
sites showed no tendency toward stabilization (Figures 3A and
B). On the other hand, the sampling effort in the urban sites was
such that the rarefaction curves showed a weak tendency to report
more species in this treatment (Figures 3C and D). Rural sites had
higher species diversity (H'= 2.59 vs H’= 2.37), while the urban
sites showed a higher dominance index (d= 0.27 vs d= 0.16). The
constancy index showed high numbers of accidental species in
both rural and urban sites, 62% and 53%, respectively (Table 2).

Ordination of the anuran assemblage composition based
on quantitative data (Stress = 0.17) resulted in a cluster with
most urban sites partially segregated from the rural sites
(Figure 4A). Ordination based on qualitative data (Stress =
0.19) resulted in a cluster with most urban and rural sites close
to each other (Figure 4B). A one-way Anosim test using the
treatment as a factor was significant for quantitative data (R
global= 0.26; p = 0.04), but was non-significant for qualitative
data (R global = 0.14; p = 0.15). Direct ordination based on
anuran species presence/absence data for all sampling sites
indicated a clear division between urban and rural sites due the
presence of exclusive species in rural sites (Figure 5). However,
most species occurred in both rural and urban sites (Figure 5).
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Figure 2. Number of species (A) and abundance of individuals (B) of nocturnal
anurans in 10 urban and five rural sampling sites, Itacoatiara municipality,
Amazonas State, Brazil.
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Figure 3. Rarefaction curves based on the number of samples (A and C), and the number of individuals (B and D) of nocturnal anuran species, ltacoatiara municipality,
Amazonas State, Brazil. A and B = rural sampling sites; C and D = urban sampling sites. The continuous line represents the average calculated via 1,000 randomizations

and the dashed lines represent the upper and lower 95% confidence intervals.
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Our results showed that anuran assemblages differed between
urban and rural sites in the Itacoatiara municipality. As
expected, anuran diversity was higher in rural sites (29 species)
than in urban sites (19 species), probably due to that (a) rural
sampling sites were located in less anthropically-impacted areas
than urban sites, and included a habitat mosaic of vdrzea,
igapd and terra firme forests, and (b) urbanization may have
decreased species richness and abundance due to habitat
modification caused by anthropogenic activities (Pillsbury and
Miller 2008) such as the reduction of vegetation heterogeneity
(Oda eral. 2017). Additionally, species composition in urban
sites was a subset of the species found in pristine areas or zones
with lower degree of habitat disturbance.

Habitat loss and forest fragmentation are the primary
and most obvious anthropic effects impacting biodiversity
loss around the world (Cushman 2006; Verdade ez /. 2012).
These effects have a negative impact on amphibian fauna,
including reduction of species richness and abundance
and alteration of species distribution in forest fragments
(Fahrig 2003). Although we could assess only the present-
day pattern of species composition in the urban sites of the
Itacoatiara municipality, the conversion of forest into open
areas has probably been the main mechanism responsible for

10 o2 6 A DISCUSSION
ou_1ou 9 °u_10
eu_3
0F su_8 ot a3
% U5 ou 4
% ar 4
= ) ar 5
4L ar_1
2 L L L )
2 -1 0 1 2
NMDS1
ar B
n ou 6 ou 2
U 9 o 3
o eu_7
8 oL ou_1 5
= eu_10
= o4 ar_2
*us8 a5
a3 su_ 4
1L
ar_1
2 L L L ]
2 - 0 1 2
NMDS1

Figure 4. Non-metric multidimensional scaling (NMDS) based on abundance
(A) and presence/absence (B) of anuran species from urban and rural sampling
sites, Itacoatiara municipality, Amazonas State, Brazil. Urban (u) and rural (r) site
numbers correspond with Table 1.
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urban and five rural sampling sites, Itacoatiara municipality, Amazonas State, Brazil.
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the replacement of forest species by those that appear well-
adapted to open habitats (Bitar ez @/ 2015). Similar results
were reported in the eastern Amazon, where species richness
decreased with increasing intensity of human impact, varying
from 37 species in terra firme forests to 19 species in urban
sites (Estupindn and Galatti 1999). Likewise, in an experiment
involving forest fragmentation in central Amazonia, Tocher ez
al. (2001) observed a decrease in the total number of species
proportional to the increase of disturbance level. In the current
study, we observed a notable reduction in the proportion
of forest-dwelling species, specially those associated with
streams (B. boans, B. wavrini), or breeding habitat specialists
(L. pentadactylus uses burrows distant from streams for egg
deposition and tadpole development) (Martins and Moreira
1991; Hodl 1990; Lima er al. 2012), the latter being found

exclusively in rural sites.

The total number of species in all sites (29) was similar to
that found in studies carried out in urban forest fragments and
human-impacted sites in Brazilian Amazonia (Estupifdn and
Galatti 1999; Tsuji-Nishikido and Menin 2011; Venancio ez
al. 2014). However, the number was greater than that found
in a pristine site of terra firme forest in Rio Preto da Eva, some
110 km west of our study area, where complementary methods
(active, passive, diurnal and nocturnal samplings) resulted in
the record of 23 species (Ilha and Dixo 2010). The difference
might have been caused by the smaller sampling area and lower
sampling effort by Ilha and Dixo (2010) relative to our study.
The number of species in our study was smaller than that
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reported from nearby extensively sampled sites, such as Reserva
Ducke, in Manaus (53 species; Lima ez a/. 2012). Differences
in species richness between our study sites and other localities
may also be associated with the use of different sampling
methods, such as using both passive and active searches and
low replication of the sampling locations, mainly in the rural
sites of the Itacoatiara municipality. In addition, differences in
local environmental characteristics may be an important factor
in explaining variation in herpetofauna assemblages (Cole ez
al. 2013). Higher number of Hylidae and Leptodactylidae
species were also reported in other studies carried out in
Amazonian urban fragments (Estupindn and Galatti 1999;
Tsuji-Nishikido and Menin 2011), pristine terra firme forests
(Lima et al. 2012) and vdrzea forests (Waldez et 2l 2013).

In both rural and urban sites, we found species that
are associated with different Amazonian habitats such as
open areas, terra firme, igapd and vdrzea forest and floating
meadows. Open area species comprised 37% and 65% of all
individuals in the rural and urban sites, respectively. In the
rural sites, we found species that are typically found in zerra
firme forests (e.g. B. boans, O. taurinus), or commonly found
in igapd and wvdrzea forests, and floating meadows (e.g. B.
punctata, D. walfordi, L. bolivianus) (Neckel-Oliveira and
Gordo 2004; Lima ez al. 2012; Waldez ¢t al. 2013; Bénning
et al. 2017). The presence of several open area species in rural
sites is not surprising, due to the disturbance caused by the
agricultural processes and livestock raising. In urban sites, we
recorded species otherwise common in floating meadows in
vérzea habitats. The presence of these species in the urban sites
may be associated with (a) habitat similarity: both floating
meadows and urban sites are “open areas” allowing typical
species originally adapted to floating meadows colonize the
urban sites; (b) the presence of water bodies in the urban
sites, allowing the reproduction of these species; and (c) the
proximity of the urban sites to vdrzea forests.

Species composition based on species abundance
(quantitative data) differed significantly between urban and
rural sites and, despite the greater diversity in rural sites, there
was no significant difference in qualitative data. Additionally,
all species recorded in urban sites were also found in rural
sites, explaining the lack of significant difference in species
composition based on qualitative data. Five species reported
in both urban and rural sites showed higher abundance in the
urban sites. Deforestation could allow open-area specialists to
expand their spatial distribution, resulting in high dominance
values, as observed for R. major in the urban study sites. This
could occur due to the resilience of some anuran species to
urbanization (Oda er al. 2017), replacing forest-dwelling
species. The high number of rare and accessory species and the
low number of constant species in both rural and urban sites
supports the hypothesis that assemblages in tropical regions
have few common species and many rare species (e.g. Odum
2001). As rarefaction curves did not reach an asymptote
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in rural sites, additional sampling effort could add new
species, which is not expected in urban sites, considering the
asymptotic tendency in both sampled- and individual-based
rarefaction curves.

CONCLUSIONS

Our rapid sampling of several urban and rural sites in the
[tacoatiara municipality, in the central Amazon, indicated
that anuran assemblages in urban sites are depauperate due
to the absence of many species associated with pristine zerra
firme, igapd or vdrzea forests, probably caused by simplification
and loss of the natural habitat, leading to selective species
extinction. Decreased habitat quality and habitat loss in
urban landscapes are the main factors threatening amphibian
diversity (Hamer and McDonnell 2008). According to the
recommendations of the Brazilian Amphibian Conservation
Action Plan (BACAP) (Verdade ez 2l. 2012), assessments of the
effects of these factors on amphibians, specially on endemic
species, should be a key priority for future mapping and
research efforts. Therefore, conservation measures for anurans
in Itacoatiara should consider habitat mosaics, including
both pristine zerra firme, virzea and igapd forest and floating
meadows. The persistence of anuran populations in urban
landscapes will depend on the preservation of vegetation and
breeding habitats such as ponds and streams.
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Appendix S1.Voucher of anuran specimens collected in Itacoatiara municipality,
Amazonas State, Brazil.

Rhinella major (CZPB-AA 621), Rhinella marina (CZPB-
AA 657, 659), Boana boans (CZPB-AA 636), Boana aff.
cinerascens (CZPB-AA 642, 643), Boana cf. fasciata (CZPB-
AA 645), Boana geographica (CZPB-AA 644, 648, 655), Boana
lanciformis (CZPB-AA 610, 611, 649, 650), Boana punctata
(CZPB-AA 620, 654), Boana raniceps (CZPB-AA 623,
624, 625), Boana wavrini (CZPB-AA 646), Dendropsophus
leucophyllatus (CZPB-AA 622), Dendropsophus rossalleni
(CZPB-AA 615, 616), Dendropsophus walfordi (CZPB-AA
656, 658), Lysapsus bolivianus (CZPB-AA 651), Osteocephalus
taurinus (CZPB-AA 647), Scinax garbei (CZPB-AA 299),
Scinax ruber (CZPB-AA 638), Sphaenorbynchus dorisae
(CZPB-AA 627, 629), Trachycephalus typhonius (CZPB-AA
612, 613, 614, 626), Adenomera hylaedactyla (CZPB-AA
631), Leptodactylus fuscus (CZPB-AA 634, 635), Leprodactylus
longirostris (CZPB-AA 652, 653), Leptodactylus macrosternum
(CZPB-AA 637), Leptodactylus pentadactylus (CZPB-AA
641), Leptodactylus petersii (CZPB-AA 401, 402, 639,
640), Leptodactylus podicipinus (CZPB-AA 617, 618, 619),
Elachistocleis helianneae (CZPB-AA 632, 633), Pipa pipa
(CZPB-AA 628, 630).
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