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ABSTRACT

Although Brazil encompasses one of the highest rates of anuran diversity, the knowledge about the group in the Northern portions
of the country is still limited, especially in the State of Piaui, which is geographically located in a remarkable area of Cerrado and
Caatinga ecotone. In this study we analyzed the ecology of anurans, seasonality of species, and their seasonal patterns of
vocalization in relation to abiotic factors in the southern portion of the State of Piaui. The pattern of activity for each species was
established using the function y=sen(wx) and the main abiotic factor influencing the abundance of species was tested for correlation
using Spearman and t test. Nineteen species from six families were observed, and from this total Dendropsophus nanus, Hypsiboas
raniceps, Scinax ruber, Physalaemus cuvieri, Leptodactylus vastus and Leptodactylus fuscus were monitored throughout the
sampling period. Despite the similarity in species occurrence observed in the present study with others performed in different parts
of'the country, the remarkable aspects of the study site highlights the need of further researches aiming the increasing of knowledge
on the biology of the anuran community from this area.
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Atividade sazonal de anfibios anuros e seus padrdes de vocalizacio no Piaui, Brazil

RESUMO

O Brasil ¢ um pais com uma das maiores diversidades de anfibios, sendo, entretanto, seu conhecimento incipiente em regides como
o Nordeste, em especial no estado do Piaui que apresenta condi¢éo geografica peculiar em area ecotonal de Cerrado e Caatinga.
Avaliamos aqui a anurocenose, sua sazonalidade de espécies e biorritmo de vocalizagdo frente as condigdes abiodticas do sul do
Piaui onde o ritmo de atividade por espécie foi estabelecido através da funcéo y=sen(wx) e o fator abidtico de maior influéncia na
abundancia de espécies foi submetido a correlagdo de Spearman e teste t para correlagdo. Dezenove espécies de seis familias foram
observadas, sendo que Dendropsophus nanus, Hypsiboas raniceps, Scinax ruber, Physalaemus cuvieri, Leptodactylus vastus e
Leptodactylus fuscus estiveram presentes por todo o periodo amostral. Embora as espécies tenham apresentado padrdo de
ocorréncia similar ao observado em outras regides do pais, a peculiaridade desta regido incita a necessidade de mais pesquisas que
possam propiciar melhor conhecimento da biologia de sua anurocenose.

Palavras chave: Amphibia, Atividade Reprodutiva, Canto de Adverténcia, Cerrado, Caatinga.
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INTRODUCTION

Brazil has 988 species of anurans, being acknowledged
as the country with greatest amphibian diversity since
2005 (Segalla et al. 2015); 27% of the country’s anuran
diversity occurs in the State of Sao Paulo (Rossa-Feres
et al. 2011). The Neotropic region is known for the
highest rate of species diversity, and Brazil, along with
Colombia and Ecuador, are the countries that contribute
most to the discovery of new species (Duellman 1988).
The knowledge about the extant anuran fauna in the
Northern parts of Brazil, especially in the State of Piaui,
is still limited, being the majority of the studies focused
on the expansion of geographic distribution, such as:
Leptodactylus syphax Bokermann, 1969 (Andrade et al.
2011); Leptodactylus mystaceus Spix, 1924 (Affonso et
al. 2011); Dendropsophus rubicundulus Reinhardt and
Liitken, 1862 (Annunziata etal. 2007); Sphaenorhynchus
lacteus Daudin, 1800 (Benicio et al., 2011); Rhinella
veredas Branddo, Maciel and Sebben, 2007 (Brandio et
al. 2007); Scinax fuscomarginatus A. Lutz, 1925 (Leite
Jr et al. 2008). Several studies have highlighted the
species diversity (Loebmann and Haddad 2010),
diversity of amphibians and reptiles in the Caatinga
domains, amphibians of the Coastal Zone of Piaui
(Loebmann and Mai 2008); amphibians of the dunes of
the extreme north of the State of Piaui; and diversity of
terrestrial vertebrates in the Estacdo Ecoldgica Urugui-
Una (Zaher 2001). Based on these studies, there is clear
need of further studies on the natural history of anurans,
with the potential for discovery of new species in the
State of Piaui, which is geographically located in the
ecotonal zone of Cerrado and Caatinga.

This study aimed at evaluating the relation between
the community of anurans of the southern Piaui and local
seasonality of species, abiotic factors and periods of
vocalization according to species biorhythm which is
supposed to decrease the interspecific competition.

STUDY SITE

The State of Piaui is located in a remarkable geographic
position, encompassing in its Southern portions the
domains of the Cerrado biome, the Caatinga biome in the
Middle West, the Parnaiba River in the Middle East,
which divides the state from Maranhdo and its domains
of palm forest (PLANAP 2006, Correia-Filho 2009).
Another remarkable characteristic of the state is the
semi-arid and sub-humid climate, named Equatorial

(IBGE 2016), with pluviometric variation ranging from
700 to 1500 mm, and accentuated dry season occurring
from April to November, mean temperature of 39°C and
relative humidity of 60% (IBGE 2016). Ab’Saber (2010)
described lowland climatic regimen for the State of Piaui
with transitional characteristics in the borders with
Maranhdo, the presence of the biome Caatinga with
intermountain and interplanaltic semi-arid valleys in the
Middle West, continental tropical “chapadoes” with
Cerrado and gallery forests in the South of the state.

Sampling Area

The sampling was performed in a temporary pond
formed during the rainy season (November to May),
located in the municipality of Floriano (06°46° 01 S and
43° 01’ 22” W) in southern Piaui.

Sampling Period and Cycle of Vocalization

Data on the pattern of vocalization of anuran species
mating in temporary ponds was collected during the
rainy season, between the months of November 2011 and
May 2012. The methodology was based on Cardoso and
Martins (1987), and species survey was carried out
between 16:00 to 24:00 in regular intervals of 30
minutes. The surveys were performed at least four
days/month, resulting in 31 sampling-days. The
occurrence of species was listed in a binary matrix and
classified for presence (1) and absence (0), and
interpolated using an equation according to Colwell et al.
(2004). The sampling was performed using the animal
focal method (Altmann 1974).

Abiotic Factors

Daily abiotic data was provided by Floriano
Meteorological Station, distant 5 km apart from the field
site. The station is in accordance with the INMET —
Instituto Nacional de Meteorologia (National Institute of
Meteorology) standards, providing data on pluviosity
(mm), atmospheric pressure (hPa), relative humidity
(UR%) and temperature (°C) (INMET 2016).

Sampling Analysis

The pattern of vocalization per species was established
using the function (y=sen(wx)) (Legendre and Legendre
2003), where a matrix for the function is developed for
the interval “x” and the omega constants corresponding
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to each species according to time period. The mathema-
tical increment of the function is given by the interpola-
tion of time interval, presence of the species vocalizing
and the sampling period (Ruggiero and Lopes 1996).

Abiotic data (relative humidity, atmospheric
pressure and pluviosity) were log transformed (Log X+1)
for homocedasticity and confrontation of results for days
of occurrence of anurans and respective abiotic results.

The abiotic factor identified as the most influential
for species abundance was tested using Spearman’s
Correlation Test and Student's t-Test. Additionally, the
species were displayed using a Pareto diagram, with the
bars representing the cumulative frequency of occur-
rence according to month, and the line graph the
respective absolute values of rainfall.

Collection and Deposit of Voucher Material

Authorization SISBIO 28629-1 from 30/06/2011,
voucher material deposited in the Colecdo de Historia
Natural da Universidade Federal do Piaui — CHNUFPI,
Br 343, km 3.5, Meladao, Floriano, Piaui, CEP 64.800-
000, Brazil.

RESULTS AND DISCUSSION

A total of 19 species from five families, were registered
during the study (Table 1). The species Dendropsophus
nanus, Hypsiboas raniceps, Scinax ruber, Physalaemus
cuvieri, Leptodactylus vastus and Leptodactylus fuscus
were monitored throughout the sampling period. As
shown in Figure 1 the pattern of calling of P. cuvieri, S.
ruber and H. raniceps exhibits a modular pattern
composed of peaks and troughs. The vocalizations of
these species are more frequent from 18:00 to 20:00h.
The observed peak of vocalization of P. cuvieri does not
overlap with those observed for the other two species,
which occurred between the 1 to the 9™ and 21 and 30™
day of study. Different from this pattern, P. cuvieri
showed peaks of vocalization occurring between the 9®
and 21% day of the sampling period. According to our
results we suggest that these species module their pattern
of vocalization in peaks and troughs, which is probably
related to mating activity. Additionally it is possible to
infer that there is no competition interference regarding
neither vocalization nor space among S. ruber and H.
raniceps. Conversely, our results suggest a competition
interference with P. cuvieri.

Previously described for the State of Piaui, P.

cuvieri is an euriecian species — a species which can
survive in a wide range of environmental conditions
(Loebmann and Haddad 2010). It is distributed across
the country (IUCN 2015), with vocalization pattern
occurring from 18:00 to 24:00h and peaks observed from
19:00 and 21:00h (Rossa-Feres and Jim 2001, Pedro and
Feio 2010, Pombal Jr 2010). In Sdo Miguel Arcanjo, a
municipality of the State of Sdo Paulo in the southeast of
Brazil, vocalization period occurring from 17:00 to
20:00h was described (Forti 2009). The pattern of
vocalization observed in the present study is, therefore,
in accordance with the patterns described in the literature
for the group, and the starting time of vocalization
registered at 16:00 h for some individuals could be
explained by the sub-Equatorial location of the State of
Piaui.

Scinax ruber was first described in Loreto in Peru
and is distributed across the Amazon (Duellman and
Wiens 1993, IUCN 2015). According to Ab’Saber
(2010) the State of Piaui is characterized as a large
ecotonal zone with forests of gallery in its Southern
portions, which extends the distribution of this species to
the south of Piaui between the coordinates 06° 46’ 01" S
and 43° 01° 22" W. This range extension has been
already noted in cartographic images (IUCN 2015).
Regarding the activity period, the species is considered
nocturnal occurring mainly from 19:00 to 24:00h (Lima
and Cruz 2006), which is corroborated by our findings.
Hypsiboas raniceps was first described in Paraguay
(Cochran 1961) and occurs in most parts of Brazil,
except in the south portion such as the states of Parana,
Santa Catarina and Rio Grande do Sul, southeast of the
states of Minas Gerais, Espirito Santo and Rio de
Janeiro, and, in the Northeast Brazil, the species is
present only in the states of Maranhdo and Piaui (IUCN
2015), occurring from the littoral to the Caatinga
domains (Freitas et al. 2009). According to Guimaraes
and Bastos (2003) the species starts to vocalize 20
minutes after sunset reaching peak calling activity at
20:00 h, with few males vocalizing before the sunset.
This vocal behaviour was also found in the present
study, in an ecotonal area with semi-arid equatorial
climate, with adverse climate conditions from that study
area surveyed by Guimaraes and Bastos (2003).

The other three species Dendropsophus nanus,
Leptodactylus vastus and Leptodactylus fuscus show
conspicuous pattern of vocalization, with D. nanus cycle
occurring from 18:50 to 20:00 h; L. vastus from 19:00 to
20:00 h and L. fuscus from 17:30 to 19:00 h. Patterns of
vocalization with peaks and troughs were not observed
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Table 1. Matrix of species registered during the sampling period.

Species November

December  January February March April

Bufonidae

Rhinella schneideri (Werner, 1894) +
Hylidae

Dendropsophus nanus (Boulenger, 1889)

D. rubicundulus (Reinhardt & Liitken, 1862)
Hypsiboas raniceps Cope, 1862
Phyllomedusa nordestina Caramaschi, 2006 -
Scinax ruber (Laurenti, 1768)
Scinax x-signatus (Spix, 1824)
Leptodactylidae
Leptodactylus fuscus (Schneider, 1799) +
Leptodactylus cf jolyi (Sazima & Bokermann, 1978) -
Leptodactylus troglodytes (A. Lutz, 1926)
Leptodactylus vastus A. Lutz, 1930
Physalaemus albifrons (Spix, 1824)
Physalaemus cuvieri Fitzinger, 1826
Physalaemus nattereri (Steindachner, 1863)
Pleurodema diplolister (Peters, 1870)
Pseudopaludicola aft mystacalis
Microhylidae

Dermatonotus muelleri (Boettger, 1885) -
Elachistocleis piauiensis (Caramaschi & Jim, 1983) +
Odontophrynidae

Proceratophrys cristiceps (Miiller, 1884) -
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for these species, with slight modulation noticed during
the study period.

The distribution of Dendropsophus nanus is spread
throughout Brazil, being absent only from the coastline
(IUCN 2015). Several authors describe the activity
pattern of this species that initiates at 17:00 h decreasing
until 00:00 h (Martins and Jim 2003, Toledo et al. 2003,
Menin et al. 2005, Prado et al. 2005, Queiroz-Filho et al.
2010, Valdujo et al. 2011). In the present study the
species shows an increased activity peak from 18:50 to
20:00 h, in accordance with other studies performed in
different areas. The difference in the duration of activity
reported by our study in comparison to previous findings
may be due to the fact that other studies considered only
the activity of the overall community where the species
is found, whilst we considered the focal species inserted
in the whole community. In other words, the divergence
found in the present study is related to our method of
recording only the vocalization of the focal animal, not
the overall population.

Leptodactylus fuscus is widespread in Brazil
occurring in areas until 1700 m above sea level (IUCN
2015). Regarding the activity patterns of the species in
the Central Brazilian Cerrado, it shows peaks occurring
between 19:00 to 21:00 h (Brito-de-Carvalho et al.
2008), while in urban lands of Corumba in the State of
Mato Grosso do Sul, the peaks occur from 19:00 to
23:00 h (Avila and Ferreira 2004), and in the Cerrado of
Boa Vista, State of Roraima, the activity occurs from
18:00 to 21:00 h (Martins 1988). The period of activity
of the species in this study varied between 17:30 to
19:00 h corresponding to approximately two hours of the
high activity followed by a gradual decrease in
vocalizations. In the present study we considered the
activity period in which the species is more active in
relation to the sympatric biocenosis. This approach may
have led to the divergences found when compared with
the literature cited above.

Leptodactylus vastus is a species with distribution
restricted to the Brazilian northeast, being first described
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in Guarib4, State of Paraiba (Lutz 1930). The species is
known to occur in all the states in Northeast of Brazil,
along the coast until the Caatinga, except in the extreme
south of the states of Maranhao and Piaui (IUCN 2015).
Previous studies in the State of Pernambuco showed that
the species is more active from 19:00 to 20:00 h (Moraes
et al. 2009), while in rainforest fragments of the State of
Bahia, Coelho and Oliveira (2010) consider the activity
pattern as nocturnal without defining a specific
parameter for term of activity. In this study the results
corroborates the findings of Moraes et al. (2009),
confirming the trajectory of the pattern of vocalization
shown in Figure 1.

The other species observed during the survey were
noted opportunistically and were probably influenced by

Sample Period (Days)
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Figure 1. Pattern of vocalization of the species registered during the
sampling period. The line charts correspond to the sampling
period in “days of occurrence”, while the Y axis shows the time
interval (16:00h minimum, 18:00h middle, 20:00h maximum).
The curve shows the time of vocalization/species.
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Figure 2. Abiotic factors (Relative humidity, Atmospheric pressure
and Pluviosity - Log X+1) number of species and occurrence
expressed in absolute values.

the abiotic factors, with pluviosity influencing diversity,
since relative humidity and atmospheric pressure did not
alter (see Figure 2).

Figure 2 shows the variation of species richness
throughout the study period, with a total of 10 species
registered in November with 0.20 mm of rainfall, 10 in
December with 2.65 mm of rainfall and 16 in January
with 3.03 mm of rainfall, whilst during February, March
and April the number of species decreases to six, which
were the species continuously registered during the
sampling period. It was first surmised that increasing in
species richness was related to pluviosity, though further
analysis showed that the number of species varies only
before or after a rainy day, but not during the rainy day
per se. Figure 3 shows the ascending trend in species
accumulation curve for non-rainy days (R* = 0.83; t =
6.20; n-1 GL; p=0.05), while also correlates the number
of species with rainy season. The descending curve (R?
=0.94; t = 4.83; n-1 GL; p = 0.05) corresponds to the
following time intervals: November and December with
45 mm of rainfall and 10 species/month (interval 1);
January with 108 mm of rainfall and 16 species (interval
2); February, March and April with 99 mm of rainfall
and six species (interval 3).
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Figure 3. Spearman’s Correlation Coefficient for non-rainy days and
occurrence of species according to three class intervals (1-
November-December; 2-January; 3-February, March-April).

Higher species diversity was registered during
November to January, while a decreasing trend in
species richness was registered for February, March and
April, with the following six species being continuously
observed during the sampling period: Scinax ruber,
Physalaemus cuvieri, Leptodactylus vastus, Lepto-
dactylus fuscus, Dendropsophus nanus, and Hypsiboas
raniceps. The Pareto diagram (Figure 4) shows that
species depend on rainfall, though not varying in number
during the rainy day. These findings suggest that species
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wait for the formation of ponds with suitable environ-
mental conditions in order to perform their adaptive
perpetuation, as previously suggested by other authors
(Martins 1988, Guimaraes and Bastos 2003, Pombal Jr
2010) but so far not registered to occur in the State of
Piaui in a semi-arid condition.
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Figure 4. Pareto diagram showing the rainfall frequency and species
accumulation frequency for the sampling period with higher
species richness.

CONCLUSIONS

The species evaluated in the present study showed
similar period of occurrence as registered in other
regions of Brazil. However, specific abiotic features such
as low rainfall (700 mm/year) limit the reproductive
period of the anurans in the study area when compared
wirh other regions in the country. The peak of activity of
these species is not related to rainy days; conversely, it
is increased in days preceding or succeeding the rain.
Such findings depict the need of further and intensive
research in this peculiar ecotonal area to enable better
understanding of the reproductive cycle of the anurans of
this region.
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