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Abstract. Microhabitat choice by tadpoles is related to several physical or biological characteristics, and variations in these
factors have a direct influence on their distribution and abundance at different scales (e.g. time, space). Our work sought
to investigate how Pithecopus nordestinus tadpoles use water bodies at a Caatinga site and quantify how biotic and abiotic
variables affects the occurrence of this tadpole species. We developed the study in the Protected Area Monumento Natural
Grota do Angico/Sergipe, from December 2009 to November 2010 and collected samples (408 plots) using a “throw trap”.
In addition to the tadpoles collected in the plots, we quantified five variables (competitors, percentage of emergent and
aquatic vegetation, predators and depth) and acquired variation of some data throughout the year (size, maximum depth
and hydroperiod) for each water bodies. Tadpoles were found in lentic water bodies that fit their habits and that were also
suitable for mating by their adult relates. Most of the studied environments maintained water throughout the period of the
study, with P. nordestinus tadpoles being present from April to October, with abundance peak both in July and May. The
absence of P. nordestinus tadpoles from February to March may allow the establishment of other species during this period,
minimizing the competition between them. The larvae of P. nordestinus showed an aggregate distribution (I, > 1) in most
of the water bodies throughout the year, which may reduce the predation. This could explain the positive relation that was
found between the tadpole abundance and the predator’s presence. The aggregations were not intensified by the reduction
of water bodies as the drought progressed. Among the ecological variables, the presence of competitors (other tadpoles)
and the percentage of emergent and aquatic vegetation did not favor tadpole abundance. Interspecific competition can
drastically reduce the amount of resources and damage metamorphosis in periods when there is still water regularity in
the environments. Branching and abundant vegetation can damage the habit of P. nordestinus tadpoles, which are nektonic
suspension-raspers, requiring that this portion of the space is unoccupied.

Key words. Amphibia, anurans, larvae, aggregations, spatial resources, temporal resources, Caatinga, predation, competi-
tion, throw trap.

Introduction

Species respond to a wide range of environmental fac-
tors (whether abiotic or biotic) that have a direct influ-
ence on their distribution and abundance at different
scales (e.g. time, space); the understanding of the action of
these factors is one of the major current issues in ecology
(BLAUSTEIN et al. 1999, WARREN et al. 2014, ULRICH et al.
2017). In complex lifecycle organisms, such as amphibians,
different environmental characteristics act on the adults
and the larvae, as they use distinct spatial resources during
their life stages. This antagonism directly influences how

they distribute and interact with their habitat (WILBUR
1980, TOFT 1985, LYNCH 2006). Ecological variations gen-
erate selective patterns that directly influences the growth
rates of the larvae and, consequently, their development
and metamorphosis time (ALFORD 1999, WELLS 2007).
Tadpoles distribution are also influenced by the occur-
rence of predators, and are considered to be the main cause
of amphibian larvae mortality (HEYER et al. 1975, SMITH
1983, HERWIG et al. 2013, MAHER et al. 2018). However, the
patterns of occurrence and the use of space by anuran lar-
vae result from a complex interaction between biotic fac-
tors, such as competition, predation and the presence of
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aquatic vegetation (MORIN 1983, HECNAR & M’CLOSKEY
1997, STRAULS et al. 2013, JOHNSON et al. 2015), and abiotic
factors, such as rainfall distribution, humidity and temper-
ature, in addition to physicochemical characteristics (e.g.
pH, dissolved oxygen, salinity) (AICHINGER 1987, DEGANI
& KAPLAN 1999, BERNABO et al. 2013, WASSENS et al. 2013).
Potentially competing tadpoles can directly affect the
growth, maximum metamorphosis size, and larval length
of other amphibians, as they capture environmental re-
sources more efficiently (PETRANKA 1989, CABRERA-GUZ-
MAN et al. 2013); however, the presence of aquatic vegeta-
tion favors survival, as it provides refuges against predators
(BABBITT & JORDAN 1996, KoPP et al. 2006).

Rainfall, humidity and temperature are mainly relat-
ed to the duration of the water bodies and, when depre-
ciated, these characteristics contribute to the desiccation
of puddles, which could lead to the mortality of tadpoles
(GoMEz-MESTRE et al. 2013, O’'REGAN et al. 2014). In this
sense, conspecifics could form larger aggregations that fa-
vor the acquisition of heat and the maintenance of body
temperature, promoting the acceleration of metamorpho-
sis (BRATTSTROM 1962, HARAMURA 2007). Another pos-
sibility is that decreasing the size of the water body would
favor aggregations, and increasing intraspecific competi-
tion could hinder the acquisition of resources by causing
the larvae to metamorphose rapidly, still at a reduced size
(NEWMAN 1989, TEJEDO & REQUES 1994).

The Caatinga is located in the northeastern region of
Brazil and has a semi-arid tropical climate with a predomi-
nance of two characteristic seasons: one is very dry and pro-
longed and the other has moderate, irregularly distributed
rain (CHIANG & KOUTAVAS 2004, LEAL et al. 2005, BARBO-
sA et al. 2013). The low incidence of rainfall throughout the
year, combined with high temperatures and high light in-
tensity, results in a high rate of evaporation, the consequent
desiccation of the soils and a short duration of temporary
pools (AB’SABER 1977, RE1s et al. 2006). Pools with reduced
hydroperiods, such as those in arid or semi-arid climates,
or areas with a pronounced dry season, are generally used
by tadpoles that have a short larval stage with a rapid rate of
development (BABBITT & TANNER 2000, LEIPs et al. 2000,
SZEKELY et al. 2017). They usually present a high activity
rate, which is justified by the need for the rapid capture of
resources from a transient environment that is susceptible
to constant desiccations, and, according to some authors,
has a low abundance or total absence of predators (MoRrIN
1983, WOODWARD 1983, SKELLY 1996).

Pitechopus tadpoles are usually nektonic (suspension-
raspers), occupying the upper half of the water column and
preferring to filter particles in suspension, but occasional-
ly collecting and ingesting periphyton from solid surfaces
and/or substrate (DUELLMAN & TRUEB 1994, MCDIARMID
& ALTIG 1999, WELLS 2007). CrRuUz (1982) described the
tadpole that is the object of this study, previously identi-
fied as Phyllomedusa hypochondrialis (Hylidae) based on
specimens obtained in Itagiba, State of Bahia, Brazil. Sub-
sequently, CARAMASCHI (2006) redefined these speci-
mens as a new species, Phyllomedusa nordestina. Recent-
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ly, the genus Pitechopus was removed from the synonymy
with Phyllomedusa and the species of interest in this study
came to be identified as Pithecopus nordestinus (Caramas-
chi 2006), now belonging to the family Phyllomedusidae
(DUELLMAN et al. 2016).

The present study aimed to investigate how Pithecopus
nordestinus tadpoles use water bodies of an area of Caatin-
ga and quantify the effects of biotic and abiotic variables
in the occurrence of this tadpole species. Based on infor-
mation obtained from the literature, we selected some bi-
otic and abiotic parameters for evaluation, and we elabo-
rated the following hypotheses: 1 - Higher rates of rainfall
and humidity and milder temperatures favor the larvae re-
maining in the water bodies over time; 2 — As the water
bodies dry, the distribution of the larvae would assume an
even more aggregated pattern; 3 — A higher percentage of
aquatic and emergent vegetation has a positive influence
on the abundance of P. nordestinus tadpoles; 4 — The pres-
ence of potential competitors and predators has a negative
influence on the abundance of P. nordestinus tadpoles; 5 -
Larger depths positively influence P. nordestinus tadpoles.

Materials and Methods
Study area

The Monumento Natural Grota do Angico (MNGA;
37°40'W; 09°39’S - Fig. 1) occupies an area of 2,182 ha and
is located in the morphoclimatic domain of the Caatinga,
between the municipalities of Pogo Redondo and Canidé
do Sao Francisco, in the upper “Sertdo” of Sergipe, Bra-
zil (AB’SABER 1977), near the Sdo Francisco river (Ruiz-
EspArza et al. 2011). The climate is semi-arid, with sparse
and irregular rain (NIMER 1972). The average precipitation
is 500 mm per year, usually from April to August (Ruiz-
EspaRrzA et al. 2011). The MNGA presents a unique phy-
tophysiognomy, composed of vegetation in the process of
secondary succession and more dense vegetation; this is
distributed, respectively, in mountainous areas with spe-
cies typical of Caatinga (Poincianella pyramidalis (Tul.)
L. P. Queiroz and Jatropha mollissima (Pohl Baill).) and
close to intermittent streams and in the riparian forest of
the Sdo Francisco river (SILVA et al. 2013).

Data collection

We sampled six water bodies (3 ponds, 1 puddle, 1 artifi-
cial reservoir and 1 partially dried stream branch), all of
which were temporary (Table 1). The data were collected
over a maximum period of four days, at variable intervals
as a function of the reduction of water bodies during the
dry season. Each environment was sampled once a month,
performing 12 visits by water body and 72 in total. Data
collection was performed in the afternoon, between 13:00
and 18:00 h, with one or two water bodies sampled per day,
depending on the time needed due to their sizes. This study
took place between the months of December 2009 and No-
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Table 1. Characterization of water bodies studied at Protected Area Monumento Natural Grota do Angico (MNGA), State of Sergipe,
Brazil. Surrounding vegetation: Herb (herbaceous), Sh (shrub), Arbo (arboreal).

Water body Surrounding Months with water Maximum depth Maximum size Geographical
vegetation (m) (m?) coordinates

Pond 1 Herb, Sh, Arbo  Feb, Mar, Apr, May, Jun, Jul, 0.50 153.1 37°40°57”W, 9°39°50”S
Aug, Sep, Oct

Pond 2 Herb, Sh Mar, Apr, May, Jun, Jul, Aug, 0.37 130.2 37°41°08”W, 9°39°56”S
Sep

Pond 3 Herb, Sh Mar, Apr, May, Jun, Jul, Aug, 0.30 171.7 37°41’09”W, 9°39’46”S
Sep

Puddle Herb, Sh, Arbo  Mar, Apr, Jun 0.17 84.78 37°40°55”W, 9°39°50”S

Artificial reservoir Herb Mar, Apr, May, Jun, Jul, Sep 0.15 8.84 37°40°08”W, 9°39°49”S

Stream section Herb, Sh, Arbo  Feb, Mar, Apr, May, Jun, Jul, 0.60 357.08 37°40°09”W, 9°39°59”S
Sep, Oct, Nov

vember 2010, aiming to cover the dry and rainy seasons,  were taken from the Climatological Data Collection Plat-

which are characteristic of the Caatinga domain. form (Plataforma de Coleta de Dados Climatoldgicos —
We also assessed mean monthly temperature, relative ~ PCD Pogo Redondo), located approximately 15 km from

humidity and accumulated monthly precipitation, which ~ the Monumento Natural Grota do Angico (MNGA).
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Figure 1. Location of the Protected Area Monumento Natural Grota do Angico (MNGA - hatched area), Pogo Redondo - Sergipe.

The numbers correspond to the water bodies sampled in this study: 1 = Pond 1, 2 = Puddle, 3 = Pond 2, 4 = Pond 3, 5 = Artificial
reservoir and 6 = Stream section.
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Characterization of water bodies

We measured the following data in each sampling month,
in order to cover their variation (dry and rain), in each of
the water bodies: 1 - size, in m% 2 - maximum depth, in cm;
3 - hydroperiod: number of months in which the environ-
ment retained water. These parameters are commonly used
when sampling tadpoles residing in temporary aquatic en-
vironments that are subject to seasonal variations (HEYER
1973, NEWMAN 1989, GLOS et al. 2007). The size of each wa-
ter body was estimated according to its format, using area
calculations for ellipses (A = ntr?) in the case of ponds and
the puddle, squares for the reservoir (A = L?) and rectan-
gles for the stream (A = b x h). We also determined the
vegetation around the aquatic environments to obtain in-
formation on the larvae habitat, based on different vegeta-
tion height (e.g. herbaceous, shrub, arboreal) (Table 1).

Collection of tadpoles and biotic variables

We collected samples of P. nordestinus tadpoles, predators
and competitors using a “throw trap” (BABBITT et al. 2009,
BROSTOFF et al. 2010), which consists of a 50 X 50 X 100 cm
PVC structure covered on the sides by a 1.5 mm mesh nylon
screen to prevent the entry and exit of the animals (Fig. 2).
The “throw trap” was submerged in the margin-center di-
rection of the water body and was positioned vertically
against the substrate for 10 minutes. Each immersion of
the instrument was considered a plot, and three plots were
made for each 1 m interval, starting from point o (margin)
and advancing to the maximum depth. To randomize the
plots, before each immersion, the direction of the pointer
that marks the seconds on a wristwatch was determined,

which determined the direction in which the trap would
be displaced. The total plots where asymmetrical, consid-
ering that each water body had a different size and varied
in area throughout the year (Pond 1 = 127 plots, Pond 2 =
71 plots, Pond 3 = 87 plots, Puddle = 17 plots, Artificial res-
ervoir = 17 plots, Stream section = 69 plots). Each sample
(tadpoles, possible invertebrate predators and competitors)
was collected from the enclosed area with the aid of a fine
mesh sieve, identified (parcel number) and stored in plastic
bags. At the end of sampling in the water body, the animals
from each plot were identified, counted and then returned
to the environment. We also visually estimated the amount
of aquatic and emergent vegetation present in each plot
(HARTEL et al. 2007). We established four categories, us-
ing the “throw trap” quadrant as a baseline: 1 — 25% plants
when 1/4 of the quadrant was filled; 2 - 50% when 2/4 of
the quadrant was filled; 3 — 75% when 3/4 of the quadrant
was filled; 4 — 100% when 4/4 of the quadrant was filled.
The tadpoles of P. nordestinus have easily distinguish-
able characteristics and are the only representatives of
the family Phyllomedusidae and of the genus Pitechopus
in MNGA (GoOuvVEIA & FaRriA 2015). We visually identi-
fied these tadpoles by observing the mouth in the anterior
position of the head; the dorsal fin originating at the level
of the beginning of the posterior third of the body with
a curved contour to the end of the tail, which is slightly
curved downwards; and the ventral fin with a height of ap-
proximately three times that of the dorsal fin, also origi-
nating at the level of the beginning of the posterior third
of the body, presenting a curved contour (CRUZ 1982). The
identification of tadpole predators was based on animals
that are commonly reported in other studies (BABBITT &
JORDAN 1996, KopP et al. 2006, MUNIZ et al. 2008, MOGALI
et al. 2012), being thus counted as insects belonging to the

Figure 2. Collection of tadpoles and insect predators using a “throw trap” in the Protected Area Monumento Natural Grota do Angico

(MNGA), State of Sergipe, Brazil.
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taxa Odonata (larvae) and Belostomatidae, since no fish
were collected nor visualized in the environments during
the year of sample collection. Finally, we considered com-
petitors to be any tadpole other than Pithecopus nordesti-
nus recorded in the plot, which could belong to the other
19 species of anurans recorded in the area (SANTANA et al.
2014, GOUVEIA & FARIA 2015).

During the use of the “throw trap’, attempts were made
to avoid disturbance around the plot, and the collector was
carefully moved in the water so as to not frighten the tad-
poles.

Statistical analyses

First, we used a Shapiro-Wilk test (ZAR 1999) to evaluate
the distribution of the data sets, in order to know which
analyses would best fit the relationships we sought to inves-
tigate. To evaluate the influence of climate parameters on
the total number of tadpoles, we used Spearman’s correla-
tion coeflicients (LEGENDRE & LEGENDRE 1998), based on
the values for the average temperature, relative air humid-
ity and monthly precipitation amounts.

To evaluate the distribution type of the tadpoles, we
used the Morisita Dispersion Index (I,) (MORISITA 1962),
derived from the density data obtained for each plot of the
sampled water bodies. We calculated this using the equa-
tion:

on [0

¢ (2x)* - 2x

where n represents the size of the sample, in this case the
total number of plots sampled; ¥x corresponds to the sum
of the individuals of all the plots, given by x +x +x_..+x ;
and Yx* is the sum of the total number of individuals in each
plot squared, given by x *+x *+x..+x 2 I, values greater
than 1 indicate an aggregate distribution, those equal to 1
indicate a random distribution and those less than 1 indi-
cate an homogeneous distribution (KREBs 2009). To test
whether the I, value was significantly different from 1, we

d
used the Morisita significance index using the equation:

x*=1,(Zx-1) +n-Xx,

where x represents the tabulated value of the Chi-square
distribution for n degrees of freedom. If the value of I,
equals the tabulated value, the pattern is random; if it does
not equal, the pattern is regular (homogeneous) when it is
smaller than the tabulated value, or aggregated when it is
larger.

After obtaining the distribution values, we tested the
possibility that the size of the water bodies, during the year,
could lead to greater or lower tadpole aggregation. For this,
we used a simple linear regression (ZAR 1999), which cor-
related the values obtained by the Morisita index with the
total area of each body of water, both obtained monthly.

In order to evaluate which factors most contributed
to the abundance of P. nordestinus larvae, we used a gen-
eralized linear model (GLM) with a Poisson distribution
and adjusted logarithmic functions to perform parametric

analysis (SOKAL & ROHLF 2012), including the ecological
variables in plots (depth, total number of competitors, total
number of predators, percentage of aquatic vegetation and
percentage of emergent vegetation). The Akaike informa-
tion criterion, or AIC, was used as the model selection cri-
terion. According to BURNHAM & ANDERSON (2002), the
AIC seeks to minimize the distance between the model and
the truth, defined as the Kullback-Leibler distance (KuLL-
BACK 1987), and searches for a model that best fits with the
fewest parameters possible (the principle of parsimony). In
algebraic terms, the AIC is defined by:

AIC = -2 (In (risk)) + 2 K

where risk is the probability of the data in view of a
model and K is the number of free parameters of the mod-
el. AIC scores are generally presented as AAIC (read as
Delta Akaike), which consists of the difference between the
AIC of each model and the AIC of the best model found
(the lowest AIC), which therefore has a AAIC equal to
zero. This procedure aims to define the scenario that best
explains the variations between the number of individuals
of the target species and the listed variables.

The significance level adopted for the hypothesis tests
was 5%. All statistical analyses were conducted with R
Project 3.5.1 software for Windows (R Development Core
Team 2016).

Results
Habitat

We sampled 408 plots with the “throw trap’, and ob-
tained data from 752 P. nordestinus tadpoles, 1325 preda-
tors (Belostomatidae and Odonata larvae) and 1404 tad-
poles of other species across all the sampled water bodies.
The larvae of P. nordestinus occupied lentic water bodies;
the only exception was a single tadpole found in a tempo-
rary stream soon after a period of higher rainfall concen-
tration. In addition, rainfall was not sufficient to generate a
stream of water in the creek area, and one larva was found
inside a large puddle that formed along its course. Tem-
porary ponds had the highest abundance of P. nordestinus
tadpoles, corresponding to 80.19% of the registered indi-
viduals.

Temporal distribution

We only recorded P. nordestinus tadpoles during the rainy
season, between the months of April and October, in the
water bodies of the MNGA. Larvae did not occurred in the
different habitats during the first rains, since tadpoles were
not registered in the months of February and March, when
water was already available in the environment. The high-
est abundances were observed in the months of July and
May, respectively; these periods did not present the highest
averages for accumulated precipitation, mean temperature
and relative humidity (Fig. 3).
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Table 2. Results of the monthly distributions of Pithecopus nordestinus tadpoles according to the Morisita index and monthly varia-

tions in the size (m?) of the water bodies.

Pond 1 Pond 2 Pond 3 Artificial reservoir
Month Morisita  Size of water Morisita  Size of water Morisita  Size of water Morisita  Size of water
Index body (m?) Index body (m?) Index body (m?*) Index body (m?)

April 2.4 123.1 - - 5.04 131.9 2.94 8.84
May 1.65 112.6 5.64 102 0 50.7 1.65 8.84
June 1.95 153.1 0 130.2 0.75 171.7 1.08 8.84
July 2.25 142.9 10.08 120.2 2.85 171.7 3.15 8.84
August 2.7 116.8 2.1 314 4.8 83.7 2.28 8.84
September 3.15 107.7 - - - - 5 8.84
October 2.31 17.5 - - - - - -

Among the evaluated climatic parameters, significant
correlations were found between the average tempera-
tures and the monthly abundance of tadpoles (r,_ =
-0.8556; p = 0.0004) and between the relative humidity
and the monthly abundance of tadpoles (r__, = 0.8701;p =
0.0002). However, accumulated precipitation had no influ-
ence on the number of individuals recorded in the different

months (r = 0.4649; p = 0.1277).

precip

Spatial distribution

The monthly distribution values of P. nordestinus, obtained
through the Morisita index, are shown in Table 2, as well
as the size of the occupied water bodies. Most values were
greater than 1, indicating an aggregate distribution pattern.
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Figure 3. Monthly climatic variable values, measured at the near-
est meteorological station (Pogo Redondo/SE) for the Protected
Area Monumento Natural Grota do Angico (MNGA - Caatinga)
between December 2009 and November 2010. (-e-) average
temperature (-m-); accumulated rainfall; (- A-) relative humidity.
The bars represent the monthly relative frequencies of Pithecopus
nordestinus larvae in the sampled water bodies.
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The significance test corroborated all the values obtained
by the Morisita index. Of the six water bodies sampled,
only one did not have P. nordestinus tadpoles (the puddle),
which only retained water for 3 months of the year. In ad-
dition, the artificial reservoir could not vary in size, since
its proportions were fixed. Thus, we excluded the puddle
and stream section (which only presented one P. nordesti-
nus tadpole) from the distribution analyses, and the rela-
tionship between the influence of the size of the water bod-
ies on the distribution of larvae could not be tested for the
reservoir.

The variation in the size of water bodies over time
did not influence the aggregation values obtained by the
Morisita index, suggesting that they should respond to
other types of factors (Pond 1: R* = -0.117, F = 0.368, p =
0.574; Pond 2: R?= -0.408; F = 0.130, p = 0.746; Pond 3: R*>=
0.333, F = 0.0002, p = 0.986).

Generalized linear model (GLM)

The generalized linear model, which investigated the re-
lationships between the number of tadpoles found in the
plots and the defined ecological variables, explained 16.12%
of the variation (AIC = 24477 p < 0.0001). Most of the
factors had a significant effect. Specifically, the competitors
(N = 408, Pseudo R* = 0.16, z = -11.05, p < 0.001), percent-
age of emergent vegetation (N = 408, Pseudo R* = 0.16,z =
-7.73, p < 0.001) and percentage of aquatic vegetation (N =
408, Pseudo R* = 0.16, z = -5.81, p < 0.001) negatively influ-
enced the abundance of P. nordestinus larvae, whereas the
predators (N = 408, Pseudo R* = 0.16, z = 7.77, p < 0.001)
presented a positive relationship. However, no significant
values were observed for depth (N = 408, Pseudo R* = 0.16,
Z=0.65, p = 0.52).

Discussion

In MNGA, P. nordestinus tadpoles were found to occupy all
lentic environments. Although no lotic water bodies were
sampled, since they did not exist in the area, the selection
of lentic habitats has already been reported for the species,



Variation in abundance of Pitechopus nordestinus tadpoles

and is typical of some representatives of the genus Pitheco-
pus, such as P. azureus, P. hypochondrialis and P. rohdei (PY-
BURN & GLIDEWELL 1971, COSTA et al. 2010, FAIVOVICH et
al. 2010). Primarily, the tadpole registration in these envi-
ronments can be explained by the reproductive mode of
Phyllomedusa nordestina (= Pithecopus nordestinus), since
adults use the vegetation marginal to puddles and ponds
for laying their eggs (VIEIRA et al. 2007, CALDAS et al. 2016).
Lentic environments appear to be most favorable to the de-
velopment of P. nordestinus larvae, because they usually
live in standing water environments, where they are usu-
ally found in the upper half of the water and in an oblique
position relative to the surface. In addition, their anterior
mouth seems to have derived from the ventral region, and
is certainly related to the habit of catching food suspended
in water (CRUZ 1982).

In seasonal environments with a well-defined and/
or pronounced dry season, most tadpoles occur during a
restricted period of the year, in other words, when water
bodies are available (RossA-FERES & NOMURA 2006, LOWE
et al. 2015, SZEKELY et al. 2017). However, there was no in-
fluence of rainfall rates on the total abundance of P. nord-
estinus larvae. This reinforces the standpoint defended by
some authors, who affirm that there is no single climatic
variable that influences the reproduction of anurans and
the permanence of tadpoles in the habitat (PomMBAL JRr.
1997, CONTE & MACHADO 2005). Rain seems to have con-
siderable importance for filling the water bodies; however,
once they are formed, other factors could have greater rel-
evance to their maintenance. Within this, high humidity
rates and milder temperatures would be of great impor-
tance for the durability of puddles and ponds in Caatinga
environments, which are known to have high temperature,
insolation and evaporation throughout the year (REIs et al.
2006, TROVAO et al. 2007).

We did not observe P. nordestinus tadpoles in the envi-
ronment in the first two months of rainfall. This absence
may favor resource partitioning among larvae of different
species, as those that colonize the environment faster could
obtain resources from it before the establishment of other
tadpoles. This temporal segregation may possibly be one of
the mechanisms that reduces the negative effects of com-
petition between the larvae of some anuran species, as has
been discussed by other authors (DixoN & HEYER 1968,
HEYER 1973, ETEROVICK & SAZIMA 2000).

The larvae presented an aggregate distribution in almost
all the studied water bodies, and in most of the months
in which they were effectively present. Schooling behavior
has been observed in the tadpoles of Phyllomedusa vailanti,
Phasmahyla guttata and Phasmahyla cochranae, other rep-
resentatives of the family Phyllomedusidae (BRANCH 1983,
CoSTA & CARVALHO E SILVA 2008, LEAO-PIRES et al. 2017).
This may be related to factors that minimize the action of
predators and morphological characteristics, and the be-
havioral and physiological needs of the species, which
would promote a better use of resources and would be cru-
cial factors for their spatial distribution in water bodies
(BARRETO & MOREIRA 1996). Aggregations with conspe-

cifics represent a tadpole adaptation that minimizes pre-
dation, especially when the metamorphosis period is near,
when they are more vulnerable (NICIEZA 1999, SPIELER &
LINSENMAIR 1999, GLOS et al. 2007). In Phyllomedusidae,
it has already been suggested that Phyllomedusa vailanti
tadpoles would be able to identify kins and group evenly
into size classes (BRANCH 1983), a behavior that can also
occur on P, nordestinus tadpoles. We cannot disregard that
aggregations aid in foraging, providing the acquisition of
more diverse food items, as also noted for Bufo crucifer
(= Rhinella crucifer) (ETEROVICK 2000). That would be an
important advantage over solitary behavior tadpoles.

The gradual drying of the water bodies did not intensify
the aggregations of P. nordestinus. This behavior would not
be incoherent in a drastic and irregular environment, such
as the Caatinga, since large aggregates could accelerate
metamorphosis, either by the greater acquisition of tem-
perature obtained by the larvae or by increased intraspe-
cific competition and abandonment of the water body by
means of a decrease in resources (BRATTSTROM 1962, TEJE-
DO & REQUES 1994, INDERMAUR et al. 2010). We suggest
that P. nordestinus tadpoles do not heavily depend on this
acceleration, even in critical situations, since the early stag-
es of larval development occur outside the water, on the
marginal vegetation (HADDAD & PRADO 2005, VIEIRA et
al. 2009) and organisms reach the body of water in later
stages than most other species (DUELLMAN & TRUEB 1994,
WELLS 2007). We also emphasize that the sampling period
was quite atypical, and there was rain and water available
in the environment for about 8 months. Phenomena of this
nature are expected in the Caatinga, and enduring peri-
ods of droughts and floods are recurrent, but it is normal
for rain to be restricted to very short periods of the year
(NIMER 1972, PRADO 2005). Although rainfall did not have
a positive influence on tadpole abundance, it could have
guaranteed a longer duration of the water bodies, avoiding
the need for P. nordestinus tadpoles to adopt strategies to
advance metamorphosis.

Tadpoles of other species negatively influenced the
abundance of P. nordestinus in the different sampled plots.
Competitors can capture resources more easily or inhibit
growth by chemical mediation, directly affecting the lar-
val period of other species (GRIFFITHS et al. 1991, SMITH
et al. 2004, CABRERA-GUZMAN et al. 2013, ARRIBAS et al.
2018). We know that an increase in intraspecific compe-
tition (aggregations) may favor the acceleration of meta-
morphosis in moments when the water bodies are drying.
However, P. nordestinus tadpoles would have no advantage
by anticipating this phase as a regular situation, as juve-
niles would reach a small size and would be more suscep-
tible to pressures in the terrestrial environment (SMITH
1987, BECK & CONGDON 2000). Temporary aquatic envi-
ronments are unpredictable in space and time, and the lar-
vae of various species often adapt to this unpredictability,
which may limit the degree of specialization for resource
allocation. In these types of environments, most tadpoles
are unspecialized filterers and may be potential competi-
tors between themselves (FATORELLI & ROCHA 2008). In
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this way, it would be important that P. nordestinus avoid
sharing space with other species, because resource avail-
ability could seriously decline.

The abundance and action of invertebrate predators
may exert an influence on the life of tadpoles, regulating
population density and reducing metamorphic size (IN-
DERMAUR et al. 2010), affecting locomotor capacity, swim-
ming speed and the degree of larvae exposure, includ-
ing biochemical changes to morphological characteristics
(MoGALI et al. 2012, MAHER et al. 2018, RAMAMONJISOA
et al. 2018), or selective action on different sized larvae
(WILBUR 1997). Some studies have shown that predators
cause changes in the distribution of tadpole species (HEy-
ER et al. 1975, GASCON 1989, HECNAR & M’CLOSKEY 1997),
or even lead to exclusion in some environments (TIBERTI &
VON HARDENBERG 2012). We observed a positive relation-
ship between predator abundance (Odonata larvae and Be-
lostomatidade) and P. nordestinus larvae. Our results con-
tradict the pattern of arid environments with ephemeral
water bodies, in which there is usually a low occurrence
of tadpole predators and a minor influence of predation
on amphibian larval assemblages (MORIN 1983, DAYTON
& FITZGERALD 2001, JARA & PEROTTI 2010). We do not
believe that a greater number of predators offers favora-
ble conditions for tadpoles, and justify the observed result
in two ways: 1 — the sites that allow the establishment of
more larvae may also have conditions that facilitate pred-
ator occupation, including some physical characteristics
(e.g., oxygen, pH, temperature) that were not investigat-
ed in this study, but which usually influence odonates and
belostomatids in ephemeral environments (FONSECA et al.
2008, JANSSEN et al. 2018, YAPO et al. 2018); 2 — the sites
that have the highest predator numbers also present more
P. nordestinus tadpoles, because the formation of shoals is
an effective behavior against predation, as has been dis-
cussed previously, and these are the areas where larger ag-
gregations occur. The larvae of amphibians that occur in
ephemeral water bodies also usually have chemical defense
mechanisms (ALVAREZ & NICIEZA 2009), a behavior that
could act in conjunction with aggregations and should not
be disregarded, and requires further investigations.

The emergent vegetation observed in the different water
bodies was negatively related to the presence of P. nordesti-
nus tadpoles. In most cases, this corresponded to typical
Caatinga plants (mainly shrubs) that colonized the sub-
strate of water bodies, dried and remained there after be-
ing flooded. We suggest that the accumulation of twigs and
dry leaves makes it difficult for the tadpoles to swim and
engage in feeding behavior, since Pithecopus larvae are usu-
ally found in the upper half of the water column, where they
ingest suspended food particles (CRUZ 1982, MCDIARMID &
ALTIG 1999, BRANDAO 2002). On the other hand, aquatic
vegetation would promote larvae survival, since densifica-
tion creates effective refuges against predators, as already
noted by other authors (Kopp et al. 2006, MUNIZz et al.
2008, VALDEZ et al. 2017). However, in this study, we detect-
ed a negative relationship between larvae abundance and
the percentage of aquatic vegetation in the plots; we sug-
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gest that this is because aggregates represent a more effi-
cient alternative to minimizing predation. Thus, P. nortesti-
nus larvae would avoid aquatic vegetation accumulation, as
this would reduce space and impair the accommodation of
a sufficient number of individuals for the shoal formation.

Finally, we did not observe an influence of depth on the
occurrence of P. nordestinus tadpoles. This result is some-
what intriguing because we believed that sites with a great-
er depth should favor larval abundance due to the habits
and adapted morphology of the species (theoretically more
efficient in deep environments; CRUZ 1982, MCDIARMID
1994, DUELLMAN et al. 2016). However, we suggest that
greater depths could also be occupied by competitors and
emergent vegetation, forcing P. nordestinus tadpoles to di-
versify the occupation of space in the water bodies.

In this semi-arid Brazilian environment, the occurrence
and distribution of P. nordestinus tadpoles seems to be in-
fluenced by the joint action of some factors (competitor
presence, predators, emergent and aquatic vegetation, sur-
face water retention time, milder temperatures and high
humidity rates). Morphological and reproductive aspects
also seem to contribute to the selection of the most appro-
priate sites for larval survival, especially for aquatic hab-
itats (lentic water bodies, with the presence of marginal
shrub-arboreal vegetation) and, to a certain extent, for the
microhabitats that integrate them (emergent vegetation
x tadpole habit). Individual aggregation can be a positive
strategy against the action of predators, because establish-
ment of predators in the water bodies does not seem to be
a problem even in an environment with drastic conditions.
The abundance of P. nordestinus larvae is not affected by
variations in the size of water bodies throughout the year,
suggesting that the acceleration of metamorphosis is not a
critical factor, even in an environment that is subject to wa-
ter irregularities most of the time.

Acknowledgments

We thank Mr. Manuel Messias and his family for their support at
MNGA. We thank the Coordenagao de Aperfeicoamento de Pes-
soal de Nivel Superior (CAPES) for the financial support given to
several of those involved in the work at the time of its execution;
to the Secretaria do Meio Ambiente e Recursos Hidricos of Sergipe
(SEMARH-SE) for the support in infrastructure, transport and the
issuance of the collection license, n°2010.0405.1211/00109-007. We
also thank the Programa de P6s-Graduagao em Ecologia e Con-
servagao (PPEC) of the Universidade Federal de Sergipe (UES) for
the support given. Special thanks to all those who held management
positions in the MNGA during the time of execution of this work,
Sidney E. Gouveia, Jefferson S. Mikalauskas and Bruno Barros de
Souza. FLSC also thanks the Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnoldgico (CNPq) for for the post-doctoral
financial support (150827/2018-0). Finally, we thank UFS and CNPq
for the financial resources provided for the manuscript publication.

References

AB’SABER, A. N. (1977): Os dominios morfoclimaticos na América
do Sul: Primeira aproximagéao. - Geomorfologia, 52: 1-121.



Variation in abundance of Pitechopus nordestinus tadpoles

AICHINGER, M. (1987): Annual activity patterns of anurans in a
seasonal neotropical environment. — Oecologia, 71: 583-592.

ALFORD, R. (1999): Ecology: resource use, competition, and pre-
dation. - pp. 240-278 in: MCDIARMID, R. W. & R. ALTIG (eds):
Tadpoles: the Biology of Anuran Larvae — University of Chicago
Press, Chicago.

Awvarez, D. & A. G. Nicieza (2009): Differential success of prey
escaping predators: tadpole vulnerability or predator selection?
- Copeia, 2009: 453-457.

ARRIBAS, R., J. C. TOUCHON & I. GOMEZ-MESTRE (2018): Preda-
tion and competition differentially affect the interactions and
trophic niches of a Neotropical amphibian guild. - Frontiers in
Ecology and Evolution, 6: 1-14.

BaBBITT, K. J. & F. JORDAN (1996): Predation on Bufo terrestris tad-
poles: effects of cover and predator identity. - Copeia, 1996:
485-488.

BaBBITT, K. J. & G. W. TANNER (2000): Use of temporary wetlands
by anurans in a hydrologically modified landscape. - Wetlands,
20: 313-322.

BaBBITT, K. J., M. ]. BABER, D. L. CHILDERS & D. HOCKING (2009):
Influence of agricultural upland habitat type on larval anuran
assemblages in seasonally inundated wetlands. - Wetlands, 29:
294-301.

BArBOsA, M. R. V., C. ARZABE, J. L. ATTAYDE, A. G. BANDEIRA, M.
C. Crispim, E. M. X. FREIRE, J. E. L. BARBOSA, R. PANOSSO, Z.
G. M. QUIRrINO, J. E. R. T. Souza & M. F. E M. XIMENES (2013):
Caatinga: estrutura e funcionamento de ambientes terrestres e
aquaticos. — pp. 337-366 in: TABARELLI, M., C. E. D. ROCHa,
H. P. RomaNowskl, O. RocHA & L. D. LACERDA (eds): PELD-
CNPq: Dez Anos do Programa de Pesquisas Ecoldgicas de Lon-
ga Duracdo no Brasil: Achados, Li¢des e Perspectivas — Editora
Universitaria UFPE, Recife.

BARRETO, L. & G. MOREIRA (1996): Seasonal variation in age struc-
ture and spatial distribution of a savanna larval anuran assem-
blage in Central Brazil. - Journal of Herpetology, 30: 87-92.

BEck, C. W. & J. D. CoNGDON (2000): Effects of age and size at
metamorphosis on performance and metabolic rates of South-
ern Toad, Bufo terrestris, metamorphs. — Functional Ecology,
14: 32-38.

BErRNABO, I, A. Bonacci, F Coscarerii, M. Tripepl & E.
BRUNELLI (2013): Effects of salinity stress on Bufo balearicus
and Bufo bufo tadpoles: Tolerance, morphological gill altera-
tions and Na+/K+-ATPase localization. - Aquatic Toxicology,
132: 119-133.

BLAUSTEIN, L., ]. E. GARB, D. SHEBITZ & E. NEVO (1999): Microcli-
mate, developmental plasticity and community structure in ar-
tificial temporary pools. - Hydrobiologia, 392: 187-196.

BraNcH, L. C. (1983): Social behavior of the tadpoles of Phyllo-
medusa vaillanti. — Copeia, 1983: 420-428.

BRANDAO, R. A. (2002): A new species of Phyllomedusa Wagler,
1830 (Anura: Hylidae) from central Brazil. - Journal of Herpe-
tology, 36: 571-578.

BrATTSTROM, B. H. (1962): Thermal control of aggregation behav-
ior in tadpoles. - Herpetologica, 18: 38-46.

BrosTorr, W, . HOLMQUIST, J. SCHMIDT-GENGENBACH & P. ZIM-
BA (2010): Fairy, tadpole, and clam shrimps (Branchiopoda) in
seasonally inundated clay pans in the western Mojave Desert
and effect on primary producers. - Saline Systems, 6: 1-11.

BUrRNHAM, K. P. & D. R. ANDERSON (2002): Model Selection and
Multimodel Inference: a Practical Information-Theoretic Ap-
proach. — Springer Science & Business Media, New York.

CABRERA-GUZMAN, E., M. R. CROSSLAND & R. SHINE (2013): Com-
peting tadpoles: Australian native frogs affect invasive cane
toads (Rhinella marina) in natural waterbodies. — Austral Ecol-
0ogy, 38: 896-904.

CaLrpas, E L. S, B. D. SiLva, R. A. SaNTOS, C. B. DE-CARVALHO, D.
O. SANTANA, E F A. GoMEs & R. G. Far1A (2016): Autoecolo-
gy of Phyllomedusa nordestina (Anura: Hylidae) in areas of the
Caatinga and Atlantic Forest in the State of Sergipe, Brazil. -
North-Western Journal of Zoology, 12: 271-28s.

CaramascHl, U. (2006): Redefini¢do do grupo de Phyllomedusa
hypochondrialis, com redescrigao de P. megacephala (Miranda-
Ribeiro, 1926), revalidagao de P. azurea Cope, 1862 e descrigdo
de uma nova espécie (Amphibia, Anura, Hylidae). - Arquivos
do Museu Nacional do Rio de Janeiro, 64: 159-179.

CHIANG, J. C. & A. KouTavas (2004): Climate change: tropical flip-
flop connections. — Nature, 432: 684-685.

CoNTE, C. E. & R. A. MACHADO (2005): Riqueza de espécies e dis-
tribuigdo espacial e temporal em comunidade de anuros (Am-
phibia, Anura) em uma localidade de Tijucas do Sul, Parang,
Brasil. — Revista Brasileira de Zoologia, 22: 940-948.

Costa, P.N. & A. M. P. T. CARVALHO E SILVA (2008): Ontogeny and
behavioral aspects of the larva of Phasmahyla guttata (Lutz, 1924)
(Amphibia, Anura, Hylidae). - Biota Neotropica, 8: 219-224.

Costa, T. B.,, L. D. A. GUIMARAES & R. P. BAsTOS (2010): Territorial
and mating behavior in Phyllomedusa azurea (Anura: Hylidae)
at a temporary pond in west-central Brazil. - Phyllomedusa, 9:
99-108.

Cruz, C. A. G. (1982): Conceituagdo de grupos de espécies de
Phyllomedusinae brasileiras com base em caracteres larvérios
(Amphibia, Anura, Hylidae). - Arquivos da Universidade Fede-
ral Rural do Rio de Janeiro, 5: 147-171.

DayToN, G. H. & L. A. FITZGERALD (2001): Competition, preda-
tion, and the distributions of four desert anurans. - Oecologia,
129: 430-435.

DEGANTI, G. & D. KAPLAN (1999): Distribution of amphibian larvae
in Israeli habitats with changeable water availability. - Hydro-
biologia, 405: 49-55.

Dixon, J. R. & W. R. HEYER (1968): Anuran succession in a tempo-
rary pond in Colima, Mexico. — Bulletin of the Southern Cali-
fornia Academy of Sciences, 67: 129-137.

DuEeLLMAN, W. E. & L. TRUEB (1994): Biology of Amphibians. - The
Johns Hopkins University, Baltimore.

DuEtLLMAN, W. E., A. B. MARION & S. B. HEDGES (2016): Phyloge-
netics, classification, and biogeography of the treefrogs (Am-
phibia: Anura: Arboranae). - Zootaxa, 4104: 1-109.

ETEROVICK, P. C. (2000): Effects of aggregation on feeding of Bufo
crucifer tadpoles (Anura, Bufonidae). - Copeia, 2000: 210-215.

ETEROVICK, P. C. & I. SAZIMA (2000): Structure of an anuran com-
munity in a montane meadow in southeastern Brazil: effects
of seasonality, habitat, and predation. - Amphibia-Reptilia, 21:
439-461.

FarvovicH, J., C. FE. HAppaD, D. BaAfTa, K. H. JUNGFER, G. F. AL-
VARES, R. A. BRANDAO, C. SHEIL, L. S. BARRIENTOS, C. L. BAR-
RIO-AMOROS & C. A. CRuz (2010): The phylogenetic relation-
ships of the charismatic poster frogs, Phyllomedusinae (Anura,
Hylidae). - Cladistics, 26: 227-261.

FATORELLL P. & C. E. D. RocHA (2008): O que molda a distribuigdo
das guildas de girinos tropicais? Quarenta anos de buscas por
padroes. — Oecologia Brasiliensis, 12: 733-742.

FonsEca, L., M. CRisTO, M. MACHADO, J. SALA, J. REIS & R. ALCA-
ZAR (2008): Mediterranean temporary ponds in Southern Por-

261



FraNcis Luiz SANTOS CALDAS et al.

tugal: key faunal groups as management tools? — Pan-American
Journal of Aquatic Sciences, 3: 304-320.

GascoN, C. (1989): Predator-prey size interaction in tropical
ponds. - Revista Brasileira de Zoologia, 6: 701-706.

GLos, J., K. H. DAUSMANN & E. K. LINSENMAIR (2007): Mixed-spe-
cies social aggregations in Madagascan tadpoles—determinants
and species composition. - Journal of Natural History, 41: 1965
1977.

GOMEZ-MESTRE, I, S. KULKARNI & D. R. BuCHHOLZ (2013): Mech-
anisms and consequences of developmental acceleration in tad-
poles responding to pond drying. - PLOS One, 8: 1-12.

GOUVEIA, S. E & R. G. FAr1A (2015): Effects of habitat size and het-
erogeneity on anuran breeding assemblages in the Brazilian
Dry Forest. - Journal of Herpetology, 49: 1-5.

GRIFFITHS, R. A, P. EDGAR & A. WONG (1991): Interspecific com-
petition in tadpoles: growth inhibition and growth retrieval in
natterjack toads, Bufo calamita. — Journal of Animal Ecology,
60: 1065-1076.

Happap, C. E B. & C. P. A. PRADO (2005): Reproductive modes
in frogs and their unexpected diversity in the Atlantic Forest of
Brazil. - BioScience, 55: 207-217.

HARAMURA, T. (2007): Microhabitat selection by tadpoles of Buer-
geria japonica inhabiting the coastal area. — Journal of Ethol-
ogy, 25: 3-7.

HarTEL, T, S. NEMES, D. CoGALNICEANU, K. OLLERER, O.
SCHWEIGER, C. MOGA & L. DEMETER (2007): The effect of fish
and aquatic habitat complexity on amphibians. - Hydrobio-
logia, 583: 173.

HECNAR, S. J. & R. T. M'CLOSKEY (1997): The effects of predatory
fish on amphibian species richness and distribution. — Biologi-
cal Conservation, 79: 123-131.

HERWIG, B. R., L. W. SCHROEDER, K. D. ZIMMER, M. A. HANSON, D.
F. STAPLES, R. G. WRIGHT & J. A. YOUNK (2013): Fish influences
on amphibian presence and abundance in prairie and parkland
landscapes of Minnesota, USA. - Journal of Herpetology, 47:
489-497.

HEYER, W. R. (1973): Ecological interactions of frog larvae at a sea-
sonal tropical location in Thailand. - Journal of Herpetology,
7:337-361.

HevEer, W. R.,, R. W. McDIARMID & D. L. WEIGMANN (1975): Tad-
poles, predation and pond habitats in the tropics. — Biotropica,
7:100-111.

INDERMAUR, L., B. R. ScuMiDT, K. TOCKNER & M. SCHAUB (2010):
Spatial variation in abiotic and biotic factors in a floodplain de-
termine anuran body size and growth rate at metamorphosis. -
Oecologia, 163: 637-649.

Janssen, A., H. HUNGER, W. KonoLD, G. PUFAL & M. STAAB
(2018): Simple pond restoration measures increase dragonfly
(Insecta: Odonata) diversity. — Biodiversity and Conservation,
27:2311-2328.

JaRrA, E G. & M. G. PEROTTI (2010): Risk of predation and behav-
ioural response in three anuran species: influence of tadpole
size and predator type. — Hydrobiologia, 644: 313-324.

JoHNsoON, J. B., D. SaEnz, C. K. Apams & T. J. HiBBITTS (2015):
Naturally occurring variation in tadpole morphology and per-
formance linked to predator regime. — Ecology and Evolution,
5:2991-3002.

Korp, K., M. WACHLEVSKI & P. ETEROVICK (2006): Environmental
complexity reduces tadpole predation by water bugs. - Cana-
dian Journal of Zoology, 84: 136-140.

262

KreBs, C. J. (2009): Ecology: the experimental analysis of distri-
bution and abundance. - Pearson Benjamin Cummings, Van-
couver.

KULLBACK, S. (1987): Letter to the editor: The Kullback-Leibler dis-
tance. — The American Statistician, 41: 338-341.

LEAL, I. R.,, M. TABARELLI & J. M. C. SiLva (2005): Ecologia e con-
servagao da Caatinga. — Editora da UFPE, Recife.

LeEAO-PIRrES, T. A., A. GIARETTA & R.J. SAWAYA (2017): The diurnal
aggregation behavior in Phasmahyla cochranae tadpoles (An-
ura: Phyllomedusidae). - Basic and Applied Herpetology, 31:
117-123.

LEGENDRE, P. & L. LEGENDRE (1998): Numerical Ecology: Devel-
opments in Environmental Modelling. - Elsevier Science, Am-
sterdam.

LEIPS, ]., M. G. MCMANUS & J. TRAVIS (2000): Response of treefrog
larvae to drying ponds: comparing temporary and permanent
pond breeders. — Ecology, 81: 2997-3008.

Lowg, K., J. G. CASTLEY & J. M. HERO (2015): Resilience to cli-
mate change: complex relationships among wetland hydroperi-
od, larval amphibians and aquatic predators in temporary wet-
lands. - Marine and Freshwater Research, 66: 886-899.

LyNcH, J. D. (2006): The tadpoles of frogs and toads found in the
lowlands of northern Colombia. — Revista de La Academia Co-
lombiana de Ciencias, 30: 443-457.

MAHER, J. M., E. E. WERNER & R. ]. DENVER (2018): Stress hor-
mones mediate predator-induced phenotypic plasticity in am-
phibian tadpoles. - Proceedings of the Royal Society of London
Series B: Biological Sciences, 280: 1-9.

McpiarmID, R. W. (1994): Data standards - Keys to successful
project: associated data and planning. - pp. 57-60 in: HEYER,
W. R.,, M. A. DONNELLY, R. W. McDIARMID, L. A. C. HAYEK &
M. S. FOsTER (eds): Measuring and Monitoring Biological Di-
versity — Standard Methods for Amphibians - Smithsonian In-
stitution Press, Washington.

McoiarmiD, R. W. & R. ALTIG (1999): Research: Materials and
Techniques. - pp. 7-23 in: MCDIARMID, R. W. & R. ALTIG (eds):
Tadpoles: The Biology of Anuran Larvae — The University of
Chicago Press, Chicago.

Mogatr S. M., S. K. SAIDAPUR & B. A. SHANBHAG (2012): Tadpoles
of the bronze frog (Rana temporalis) assess predation risk be-
fore evoking antipredator defense behavior. - Journal of Ethol-
0gy, 30: 379-386.

MOoRIN, P. J. (1983): Predation, competition, and the composition
of larval anuran guilds. — Ecological Monographs, 53: 119-138.

MOoRIsITA, M. (1962): Io-Index, a measure of dispersion of individ-
uals. - Researches on Population Ecology, 4: 1-7.

Muniz, K. P, A. A. GIARETTA, W. R. S1LvA & K. G. FACURE (2008):
Autoecology of Hypsiboas albopunctatus (Anura, Hylidae) in an
area of Cerrado in southeast of Brazil. - Iheringia, Série Zoolo-
gia, 98: 254-259.

NEwMAN, R. A. (1989): Developmental plasticity of Scaphiopus
couchii tadpoles in an unpredictable environment. — Ecology,
70:1775-1787.

NICIEZA, A. (1999): Context-dependent aggregation in Common
Frog Rana temporaria tadpoles: influence of developmen-
tal stage, predation risk and social environment. - Functional
Ecology, 13: 852-858.

NIMER, E. (1972): Climatologia da regido Nordeste do Brasil. Intro-
dugdo a Climatologia Dindmica. — Revista Brasileira de Geo-
grafia, 34: 3-48.



Variation in abundance of Pitechopus nordestinus tadpoles

O’REGAN, S. M., W. J. PALEN & S. C. ANDERSON (2014): Climate
warming mediates negative impacts of rapid pond drying for
three amphibian species. — Ecology, 95: 845-855.

PETRANKA, J. W. (1989): Chemical interference competition in tad-
poles: does it occur outside laboratory aquaria? - Copeia, 1989:
921-930.

PoMBAL JR,, J. P. (1997): Distribui¢do espacial e temporal de an-
uros (Amphibia) em uma poga permanente na Serra de Para-
napiacaba, sudeste do Brasil. — Revista Brasileira de Biologia,
57: 583-594.

PrADO, D. E. (2005): As caatingas da América do Sul. - pp. 3-74
in: LEAL, I. R.,, M. TABARELLI & J. M. C. S1LvA (eds): Ecologia e
conservagao da Caatinga — Editora da UFPE, Recife.

PyBURN, W. F. & J. R. GLIDEWELL (1971): Nests and breeding behav-
ior of Phyllomedusa hypochondrialis in Colombia. — Journal of
Herpetology, 5: 49-52.

R Development Core Team (2016): R: A language and environment
for statistical computing. Version 3.4.2. R Foundation for Statis-
tical Computing, Vienna, Austria.

RAMAMONJISOA, N., H. RAKOTONOELY & Y. NATUHARA (2018):
Defense investments and growth responses under different pre-
dation risks and gape-limitation predation threats in a tadpole
prey. — Behavioral Ecology and Sociobiology, 72: 144.

Re1s, A. M. S., E. L. Aratjo, E. M. N. FERRAZ & A. N. MOURA
(2006): Inter-annual variations in the floristic and population
structure of an herbaceous community of “caatinga” vegetation
in Pernambuco, Brazil. — Revista Brasileira de Botanica, 29:
497-508.

Rossa-FEres, D. C. & F. NoMURA (2006): Characterization and
taxonomic key for tadpoles (Amphibia: Anura) from the north-
western region of Sdo Paulo State, Brazil. - Biota Neotropica,
6: 1-26.

Ruiz-EsparzaA, J., S. E Gouvela, P. A. RocHA, R. BELTRAO-
MENDES, A. D. S. RIBEIRO & S. E FERRARI (2011): Birds of the
Grota do Angico Natural Monument in the semi-arid Caatinga
scrublands of northeastern Brazil. - Biota Neotropica, 11: 269
276.

SANTANA, D. O, S. C. FrRANCO, S. M. RocHA, E. B. Freitas, C. B.
DE-CARVALHO & R. G. FaRIA (2014): First record of Pipa car-
valhoi (Miranda-Ribeiro, 1937)(Anura: Pipidae) in the state of
Sergipe, northeastern Brazil. — Check List, 10: 407-408.

SiLvA, A. C. C., A. P. N. PrATA, L. S. SouTo & A. A. MELLO (2013):
Aspectos de ecologia de paisagem e ameagas a biodiversidade
em uma unidade de conservagdo na Caatinga, em Sergipe. —
Revista Arvore, 37: 479-490.

SKELLY, D. K. (1996): Pond drying, predators, and the distribution
of Pseudacris tadpoles. — Copeia, 1996: 599-605.

Smith, D. C. (1983): Factors controlling tadpole populations of the
chorus frog (Pseudacris triseriata) on Isle Royale, Michigan. —
Ecology, 64: 501-510.

SmitH, D. C. (1987): Adult recruitment in chorus frogs: effects of
size and date at metamorphosis. - Ecology, 68: 344-350.

SmitH, G. R., H. A. DINGFELDER & D. A. VAALA (2004): Asym-
metric competition between Rana clamitans and Hyla versicolor
tadpoles. — Oikos, 105: 626-632.

SokaL, R. R. & E. J. ROHLE (2012): Biometry: the Principles and
Practice of Statistics in Biological Research. - Freeman and
Company, New York.

SPIELER, M. & K. E. LINSENMAIR (1999): Aggregation behaviour
of Bufo maculatus tadpoles as an antipredator mechanism. -
Ethology, 105: 665-686.

STRAURS, A., R. D. RANDRIANIAINA, M. VENCES & J. GLOS (2013):
Species distribution and assembly patterns of frog larvae in
rainforest streams of Madagascar. - Hydrobiologia, 702: 27-43.

SZEKELY, D., M. DENOEL, P. SZEKELY & D. COGALNICEANU (2017):
Pond drying cues and their effects on growth and metamorpho-
sis in a fast developing amphibian. - Journal of Zoology (Lon-
don), 303: 129-135.

TEJEDO, M. & R. REQUES (1994): Plasticity in metamorphic traits of
natterjack tadpoles: the interactive effects of density and pond
duration. — Oikos, 71: 295-304.

TiBERTL, R. & A. vON HARDENBERG (2012): Impact of introduced
fish on common frog (Rana temporaria) close to its altitudinal
limit in alpine lakes. - Amphibia-Reptilia, 33: 303-307.

Torr, C. A. (1985): Resource partitioning in amphibians and rep-
tiles. — Copeia, 1985: 1-21.

TrovAo, D. M. B. M., P. D. FERNANDES, L. A. ANDRADE & J. D.
NETO (2007): Variagdes sazonais de aspectos fisioldgicos de es-
pécies da Caatinga. - Revista Brasileira de Engenharia Agricola
e Ambiental, 11: 307-311.

ULricH, W, E. JABOT & N. J. GOTELLI (2017): Competitive interac-
tions change the pattern of species co-occurrences under neu-
tral dispersal. — Oikos, 126: 91-100.

VALDEZ, J]. W., K. KLoP-TOKER, M. P. STOCKWELL, L. FARDELL, S.
Crurow, J. CLULOW & M. J. MAHONY (2017): Differences in mi-
crohabitat selection patterns between a remnant and construct-
ed landscape following management intervention. — Wildlife
Research, 44: 248-258.

VIEIRA, W. L. S, C. ARZABE & G. G. SANTANA (2007): Composiciao
e distribuigdo espago-temporal de anuros no Cariri paraibano,
Nordeste do Brasil. - Oecologia Brasiliensis, 11: 383-396.

VIEIRA, W. L. S, G. G. SANTANA & C. ARZABE (2009): Diversity of
reproductive modes in anurans communities in the Caatinga
(dryland) of northeastern Brazil. - Biodiversity and Conserva-
tion, 18: 55-66.

WARREN, D. L., M. CArpILLO, D. F. ROSAUER & D. I. BoLNICK
(2014): Mistaking geography for biology: inferring processes
from species distributions. — Trends in Ecology and Evolution,
29: 572—580.

WASSENS, S., A. WALCOTT, A. WILSON & R. FREIRE (2013): Frog
breeding in rain-fed wetlands after a period of severe drought:
implications for predicting the impacts of climate change. - Hy-
drobiologia, 708: 69-80.

WELLS, K. D. (2007): The Ecology and Behavior of Amphibians. —
University of Chicago Press, Chicago.

WILBUR, H. M. (1980): Complex life cycles. - Annual Review of
Ecology and Systematics, 11: 67-93.

WILBUR, H. M. (1997): Experimental ecology of food webs: com-
plex systems in temporary ponds. — Ecology, 78: 2279-2302.
WooDWARD, B. D. (1983): Predator-prey interactions and breeding-
pond use of temporary-pond species in a desert anuran com-

munity. - Ecology, 64: 1549-1555.

Yaro, M. L,, S. SyLra, Y. Tuo, B. C. ATSE & P. Kouasst (2018):
Composition and distribution of aquatic insect community of a
non-stocked pond of Banco National Park (Cote d’Ivoire, West-
ern Africa). - Journal of Environmental Science, Computer Sci-
ence and Engineering & Technology, 7: 247-259.

ZAR, J. H. (1999): Biostatistical Analysis. — Prentice-Hall, New Jer-
sey.

263



