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ABSTRACT

Here we evaluate the reproduction and changes in abundance among different
reproductive stages for Artibeus lituratus (Olfers, 1818) and Sturnira lilium (E. Geoffroy,
1810) in a Semideciduous Seasonal Forest fragment at southern Brazil. Bats were
identified according with sex and reproductive stages based on secondary characters, as
follows: young bats (1); males with descending testes (2); males with abdominal testes (3);
non-pregnant females (4); lactating females (5); pregnant females (6); pregnant-lactating
females (7); post-lactation females (8). Abundance was explored monthly in each
reproductive stage considering rainy (October to March) and dry (April to September)
season. Bat abundance changed over the months and between species, with August
and June with highest abundance for A. lituratus and February, June and September
for S. lilium. Both species showed a pattern of bimodal polyestry, with first pregnancy
occurring at the end of dry season and second in the middle of rainy season. The data
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here presented contribute to understand reproductive biology and abundance changes over one year
for A. lituratus and S. lilium in a Semideciduous Seasonal Forest fragment, reducing knowledge gap
about reproduction patterns of these species.

Keywords: Reproductive stage, Atlantic Forest, Neotropical bats, Fragmented tropical landscape,
Chiropterofauna

RESUMO

Avaliamos a reprodugdo e mudangas na abundancia entre diferentes estagios reprodutivos para
Artibeus lituratus (Olfers, 1818) e Sturnira lilium (E. Geoftroy, 1810) em um fragmento de Floresta
Estacional Semidecidual no sul do Brasil. Os morcegos foram identificados de acordo com o sexo
e estagio reprodutivo com base em caracteres secundarios, como segue: jovens (1); machos com
testiculos descendentes (2); machos com testiculos abdominais (3); fémeas nao gravidas (4); fémeas
lactantes (5); fémeas gravidas (6); fémeas gravidas e lactantes (7); fémeas pos-lactantes (8). Abundéancia
foi explorada mensalmente para cada estagio reprodutivo, considerando a estagdo chuvosa (outubro
a marco) e seca (abril a setembro). A abundéancia dos morcegos variou ao longo dos meses e entre as
espécies, com agosto e junho com a maior abundéncia para A. lituratus e fevereiro, junho e setembro
para S. lilium. Ambas as espécies apresentaram um padrao reprodutivo de poliestria bimodal, com
a primeira gravidez ocorrendo no fim da estagdo seca e a segunda no meio da estagao chuvosa. Os
dados aqui apresentados contribuem para o entendimento da biologia reprodutiva e mudangas na
abundancia ao longo de um ano para A. lituratus e S. lilium em um fragmento florestal, reduzindo a
lacuna de conhecimento sobre os padroes de reprodugdo dessas espécies.

Palavras-chave: Estigio reprodutivo, Mata Atlantica, Morcegos neotropicais, Paisagem tropical

fragmentada, Quiropterofauna

Introduction

Bats are mammals that exhibit great variation
in reproductive strategies, such as changes in
gestation time, number of pregnancies per year,
presence or absence of postpartum estrus and
presence or absence of reproductive synchrony
(Tamsitt & Valdivieso, 1963; Fleming et al,
1972; Happold & Happold, 1990; Esbérard et
al., 2006; Godoy et al., 2014). Thus, four main
reproductive strategies are recognized for bats
in the Neotropical Region (Fleming et al.,
1972): seasonal monoestry (1), with only one
pregnancy per year in a given season (Zortéa,
2003); seasonal polyestry (2), with two annual
pregnancies and frequency presenting two peaks
in a rapid succession (Bernard, 2002); extensive
reproductive period followed by a short period
of inactivity (3), with more than one progeny
per year in different pregnancies (Willig, 1985);
and continuous or non-seasonal polyestry (4),
with pregnancy in different months over a year
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and reproduction all year round (Trajano, 1984).
Bats reproductive strategies variation along
different areas are connected with endogenous
and exogenous factors (Willig, 1985; Klose
et al., 2006; Lima & Fabidn, 2016), such as
resource availability, which is directly affected by
environmental conditions, such as temperature
and precipitation (Tamsitt & Valdivieso, 1963).
According to Durant et al. (2013), reproductive
phenologies of populations are strongly
molded by environmental variation because the
phenomenon of natural selection tends to favor
individuals that time energetically demanding
portions of their life cycle to correspond
with periods of high resource availability.
Phyllostomidae family is endemic to Neotropical
Region and recognized as the most abundant and
diverse family of bats in Brazil (Gardner, 2008;
Pellon et al, 2021). Generally, the individuals
of this family present a reproductive pattern of
seasonal polyestry, with two reproduction peaks
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per year (Fleming etal., 1972; Taddei, 1976). More
specifically, the species Artibeus lituratus (Olfers,
1818) and Sturnira lilium (E. Geoftroy, 1810)
belong to the Stenodermatinae subfamily which
have a predominant frugivorous diet and are
widely distributed across Brazil (Zortéa, 2007).
Artibeus lituratus is one of the most common
species in urban environments (Pacheco et al.,
2010), mainly because of their diverse diet, which
can consume exotic fruits (Novaes & Nobre,
2009; Laurindo & Vizentin-Bugoni, 2020).
Sturnira lilium is also commonly found in altered
environments, such as urban habitats, showing
a varied frugivorous diet (Zortéa, 2007; Pacheco
et al., 2010). However, both species can be also
found in conserved environments or large forest
areas (Sekiama et al., 2001; Bernard, 2002; Reis et
al., 2003; Camargo et al., 2009).

Most of the frugivorous bats are seasonally
polyestrous, but reproductive pattern of A.
lituratus and S. lilium varies throughout their
geographic distribution area, with A. lituratus
presenting records of seasonal polyestry
(Fleming et al., 1972; Orténcio-Filho et al., 2007),
continuous polyestry (Taddei, 1976; Trajano,
1984) and monoestry (Duarte & Talamoni,
2010). Sturnira lilium presents records of seasonal
polyestry in most studies throughout their
distribution area (Fleming et al., 1972; Bernard,
2002; Marinho-Filho, 2003), and some records of
continuous polyestry (Godoy et al., 2014).

Information about reproductive biology of
Brazilian bats is spatially fragmented and not
consistent, resulting in a knowledge gap, even for
common species (Bernard, 2002; Marinho-Filho,
2003). Thus, studies in regions with knowledge
and information lacks, such as some parts of
Semideciduous Seasonal Forest, are essential to
better understanding the reproductive biology
of these species and improve management
strategies to bats conservation. Semideciduous
Seasonal Forest is a typical formation of interior
areas within the Atlantic Forest biome, which
has been severely reduced and fragmented in
recent decades especially due to the expansion
of agricultural fields, urbanization and timber
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extraction (Ribeiro et al., 2009; Joly et al., 2014;
Haddad et al., 2015; Dettke et al., 2018; Silva et
al. 2019), directly affecting bats communities
(Bréandel et al., 2020).

In this context, here we evaluated the
reproduction of two common Brazilian bats:
Artibeus lituratus and Sturnira lilium in an
Atlantic Forest fragment at southern Brazil. More
specifically, we explored changes in A. lituratus
and S. lilium abundance over the months of one
year (1); changes in abundance according with
reproductive stages (2); and the influence or effect
of climatic variables on bats abundance (3). We
expected changes in abundance of both species
over the months and among reproductive stages
in order to investigate a possible reproductive
pattern in A. lituratus and S. lilium. We also
hypothesized an effect of climatic variables,
such as temperature and precipitation on species
abundance along the year.

Material and methods

Study site

Bat species were collected in a forest fragment
in southern Brazil (Fig. 1). The fragment is a
state-protected area called Sdo Camilo State Park
(hereafter SCSP) located in Palotina municipality
(24°8'57" 'S; 53°54'38" W), Parana State, with
approximately 385 hectares (ha). The region
is part of Semideciduous Seasonal Atlantic
Forest and the forest fragment is inserted in a
highly fragmented landscape, surrounded by
agricultural fields, characterized by the presence
of agricultural crops with short phenological
cycles such as soybean and corn (Ribas et al,
2020).

Climate of the region, according to Koppen’s
classification, is subtropical mesothermic (Cfa)
characterized by hot summers and occasional
frosts during the winter, with rainy season
concentrated in the summer (Alvares et al., 2013).
The highest temperatures and precipitations
occur from October to March (IAP, 2006).
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Sampling design and species repro-
ductive classification

Species were collected monthly in four
consecutive nights of third quarter or in new
moon of each month between September 2016
and August 2017, totaling 12 months of sampling.
Eight mist nets (12 x 2.5 m) were distributed in
trails, in a transition area between forest fragment
and agricultural crops by a riparian vegetation
and an open area near a lake (i.e., forest edge
habitats). Nets were opened after sunset and
checked every 20 minutes for six hours. Captured
bats were placed in cotton bags and taken to
the field base for screening and identification.
Species were tagged with numbered metal
rings for identification when recaptured and to
compare their reproductive stage. After that, bats
were released in the same place where they are
captured.

At least one specimen of each bat species
was selected as material testimony, under
the licence of the Instituto Chico Mendes de
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of Artibeus (Artibeus fimbriatus Gray, 1838 and
Artibeus planirostris (Spix, 1823)) were captured
as well, only A. lituratus were considered for this
manuscript.

Bats were identified based on the keys
developed by Gardner (2008) and Miranda et
al. (2011). The specimens were also classified
according to their sex and reproductive stages.
The identification of reproductive stages was
based on secondary characters of males and
females, and the classifications were performed
according to Trajano (1984) with modifications
for male classification. Young bats were identified
through the ossification level of wing epiphyses.
Males individuals were classified according to
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Figure 1. Location of the Sao Camilo State Park (24°8'57" S; 53°54'38" W), municipality of
Palotina, state of Parana in southern Brazil and the location of the mist nets used for the

captures of the bats (triangle).
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testes position into two reproductive categories:
(1) males with descending or external testes,
when testes are positioned in the scrotum, and
(2) males with internal or abdominal testes,
when testes are not detected externally. Females
individuals were classified into five reproductive
categories: (1) non-pregnant, when they
presented no pregnancy or lactation; (2) lactating,
when the female was secreting milk; (3) pregnant,
when they had a detectable fetus by probing the
abdomen; (4) post-lactation, when they presented
slight pigmentation of the skin and almost total
absence of hair around the breasts, indicating
recent lactation and (5) pregnant-lactating, a
condition that indicate postpartum estrus.

Sampling effort was calculated according
to Straube & Bianconi (2002) proposal. We
measured the number of captured individuals
(i.e., abundance) of A. lituratus and S. lilium.
Abundance was measured monthly for each
species and considering two climatic periods:
rainy and dry. October to March was defined as
the rainy season and April to September as dry
season.

Statistical analysis

To perform exploratory analysis and
investigate data distribution, bat species
abundance and their reproductive stages were
compiled and organized monthly from September
2016 to August 2017. Boxplots were used to
visualize and compare the abundance according
to each reproductive stage for A. lituratus and S.
lilium, whereas barplots were used to visualize
and investigate species abundance in each
reproductive stage monthly during rainy and
dry season. Plots were executed using ‘ggplot2’
package in R statistical environment (Wickham,
2016; R Core Team 2021).

Generalized linear models (GLMs) were
used to verify the effect of climatic variables
on species abundance along the months and
seasons. Climatic variables were obtained locally
at Palotina from SIMEPAR database (2018). We
used three climatic variables for each month:
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average monthly temperature, obtained by the
mean between maximum mean temperature
and minimum mean temperature; accumulated
monthly precipitation, measured as the total
rainfall; and average monthly relative humidity,
measured as the relative air humidity in
percentage (%). Previous of GLMs performance,
we calculated correlation among temperature,
precipitation and humidity, which were not
considered as correlated variables (r = < 0.42).
Abundance of A. lituratus and S. lilium were
considered as response variable in the models,
and climatic variables (temperature, precipitation
and humidity) and seasons (rainy and dry) as
explanatory variables (Crawley, 2015). Models
were fitted with a Poisson error distribution
(family = poisson), which is recommended for
counts as response variable and executed using
GLMs function from ‘stats’ base package in R (R
Core Team 2021).

Akaike Information Criteria for small
samples (AICc) were used to select the best
parsimonious model given the dataset (Burnham
& Anderson 2002). To provide an indication of
model goodness-of-fit, we estimated pseudo-R?
values for GLMs using the function nagelkerke
from ‘rcompanion’ package in R (Mangiafico
2021; R Core Team 2021). AICc scores and model
comparisons were obtained using the function
AlCctab from ‘bbmle’ package (Bolker 2020).
All analyses were conducted in R environment
version 4.0.5 (R Core Team 2021).

Results

Bats abundance and reproduction
stages

A total of 278 individuals were recorded
(152 Artibeus lituratus and 126 Sturnira lilium),
with a sampling effort of 69,120 m?* h. Different
reproductive stages and change in species
abundance were registered over the months and
seasons (Fig. 2 and 3). August was the month with
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highest abundance of A. lituratus (29 individuals)
both for female and male individuals, followed by
June (25 individuals) and April (18 individuals),
whereas for S. lilium, February was the month
with highest abundance (20 individuals) both
for female and male individuals, followed by
September and June (18 individuals; Fig 2 and 3).

For A. lituratus, seven of the 152 recorded
individuals were juvenile females and 145 were
adults, of which 82 were females and 63 were
males, with a female to male ratio of 0.77:1.
Juveniles were captured in April and June.
Males with descending testes were found in
all months, with higher numbers in August,
followed by April and June. Pregnant females
were found with highest abundance in October
and August, whereas lactating females were
found in November, February, March and April.

One pregnant-lactating female was captured in
December. Post-lactating females were found in
November, December and April. Non-pregnant
females were captured in every month, except
April and November, with highest counts in June
and August (Fig 2 and 3).

For S. lilium, 14 of the 126 captured
individuals were young (11 females and 3 males)
and 112 were adults, of which 79 were females and
33 males, with a female to male ratio of 0.42:1.
Two peaks of young individuals were observed,
with the first being recorded between January to
March and the second between May to July. Males
with abdominal testes were more frequent in
September, January, February and July, whereas
males with descending testes in May and June.
Pregnant or lactating females were captured in
all months, except for June and July and their
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Figure 2. Female bats species abundance along the months between September 2016
to August 2017 and distribution in each reproductive stage for Artibeus lituratus (a) and
Sturnira lilium (b) in Sao Camilo State Park, municipality of Palotina, state of Parana, Brazil.
Reproductive stages were represented by different colors.
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frequency showed two peaks. Pregnant females
were found with highest abundance in September
whereas lactating females in December and
March, forming two lactating peaks. Post-
lactating females were found only in January
with 2 individuals. Non-pregnant females were
captured in all months, expect November, with
highest counts in June, February and September
(Fig 2 and 3).

Regarding A. lituratus recaptured bats, two
of nine recaptured bats were females and seven
males. All two females were non-pregnant at
capture (Februaryand March) and at the recapture
(August). Six males were captured and recaptured
in the same condition (descending testes), and
one bat that was captured in November with
abdominal testes was recaptured in February with
descending testes. Regarding S. lilium recaptured
bats, one of the six recaptured bats was male and
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five were females. A female that was captured
in September, apparently non-pregnant, was
lactating when recaptured in December. One
pregnant and two lactating females were
recaptured without signs of post-lactation after
five and three months respectively.

The reproductive stage with highest

abundance for both species was non-pregnant
females (Fig 4). Considering the abundance of
A. lituratus females per season, 13 individuals
were in a lactating or post-lactation stage and
six were pregnant during the rainy season
(October 2016 to March 2017). Similar results
were found for S. lilium females, where 12
individuals were lactating or post-lactation
stage and five were pregnant during the rainy
season. Males with descending testes for both
species were captured mainly in the dry season.
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Figure 3. Male bats species abundance along the months between September 2016 to August
2017 and distribution in each reproductive stage for Artibeus lituratus (a) and Sturnira lilium
(b) in Sao Camilo State Park, municipality of Palotina, state of Parana, Brazil. Reproductive

stages were represented by different colors.
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Influence of climatic variables on bat
abundance

Our GLMs indicated a potentially influence of
temperature, precipitation, humidity and season
(rainy and dry) on bats species abundance. For
Artibeus lituratus, the best selected models were
the effect of temperature followed by the effect of
season on bat abundance, whereas for Sturnira
lilium, was the effect of precipitation followed
by the effect of season (Table 1). All performed
models and explained variance (pseudo-R?) are
shown in Table 1.

Discussion

The results obtained here demonstrate a
descriptive data about reproduction pattern of
A. lituratus and S. lilium bats in a Semideciduous

Seasonal Forest fragment at southern Brazil.
As expected, we found changes in A. lituratus
and S. lilium abundance over the months and
among reproductive stages, demonstrating a
polyestry pattern for both species. Moreover,
we also registered an effect of climatic variables
on bats abundance during the sampling period.

Bats abundance and reproduction
stages

Both recorded bat species are common
and abundant in the study area. Females of A.
lituratus and S. lilium at reproductive stages were
found at the end of dry season and throughout
rainy season. Considering gestation time of
these species, which length at least three months
(Taddei, 1976), the birth of bats from females that

Bats species abundance (log2)
N co
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-
'

1LY

Males with
internal testes

Males with
external testes

Young bats

Non-pregnant
females

Post-lactation
females

Lactating females Pregnant females

Figure 4. Bat species abundance in each reproductive stage for Artibeus lituratus (dark
green bars) and Sturnira lilium (dark yellow bars) in Sao Camilo State Park, municipality of
Palotina, state of Parana, Brazil. Axis Y was transformed into a log scale to reduce dimensions
and improve graphics looks.
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were pregnant at the end of dry season (August
to September) occurs at the beginning of rainy
season (October and November). Energy demand
in females along reproductive stages increases
and lactation is the stage that requires more
energy, which need a high availability of food
resources (Gittleman & Thompson, 1988; Korine
et al., 2004). Moreover, bats that consume fruits,
pollen, or nectar can have two pregnancy peaks,
which one in the end of dry season and another in
the middle of rainy season, concentrating births
on rainy season (Durant et al., 2013). Females
of both species recorded here have this same
reproductive strategy, as found in other regions
along their geographical distribution (Estrada
& Coates-Estrada, 2001; Orténcio-Filho et al.,
2007; Duarte & Talamoni, 2010; Kaku-Oliveira et

al., 2010; Passos et al., 2013). Higher abundance
of young bats sampled in the dry season (April
and June for A. lituratus and May to July for S.
lilium) and in the end of rainy season (January
to March for S. lilium) demonstrate that births
can occurred more often in the rainy season.

Biased sex ratio for females is commonly
reported in other annual studies with bats of
family Phyllostomidae and can be explained
by their social habit (Zortéa, 2003; Mello et al.,
2009; Kaku-Oliveira et al. 2010). These species
form harems with only one adult male in each
group (Morrison, 1980). In addition, males live
in smaller areas than females, and females have
greater mobility, thus, the probability of capturing
females is higher (Mello & Fernandez, 2000;
Zortéa, 2003). Moreover, long-term studies and

Table 1. Generalized linear regressions models performed between bats abundance, climatic
variables and seasons in the studied forest fragment.

Response variable Explanatory variable AICc df A AICc Weight pseudo R?
Artibeus lituratus Temperature 102.2 2 0.0 0.50 0.41
Season 103.5 2 1.3 0.26 0.35
Temperature + Season 105.9 3 3.7 0.08 0.41
Precipitation + Season 106.5 3 43 0.05 0.38
Humidity + Season 107.1 3 4.9 0.04 0.35
Precipitation 108.3 2 6.1 0.02 0.03
Humidity 108.6 2 6.4 0.02 0.004
Sturnira lilium Precipitation 73.6 2 0.0 0.56 0.38
Precipitation + season 75.9 3 2.3 0.17 0.44
Season 77.2 2 3.7 0.09 0.15
Humidity 77.7 2 4.2 0.07 0.12
Temperature 78.3 2 4.8 0.05 0.07
Humidity + Season 79.5 3 6.0 0.02 0.24
Temperature + Season 80.5 3 7.0 0.01 0.18

Where: AICc = Akaike’s information criterion; df = degrees of freedom; A AICc = AICc difference from the best model;
weight = Akaike weights of the model; pseudo-R* = explained variance for GLM (Nagelkerke pseudo r-squared) from
Cragg & Uhler. All performed models are exhibited and models were ranked based on the lowest to highest AICc value.
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with larger number of samples usually finds a sex
ratio of 1:1 for A. lituratus and S. lilium (Estrada
& Coates-Estrada, 2001; Godoy et al., 2014).

Atlantic Forest biome has a great latitude
extension with tropical and subtropical regions
depending of latitude, with variations in their
climatic conditions, affecting seasonality and
plant species phenology (Marques & Oliveira,
2004; Ribeiro et al.,, 2009; Cantidio & Souza,
2019). Plant flowering in this biome presents
a pattern dependent of seasonality (Morellato
et al., 2000; Mikich & Silva, 2001; Pereira et al.,
2008). However, fruiting process does not follow
a clear pattern and can shows peaks in the dry
season (Morellato & Leitao-Filho, 1996; Mikich
& Silva, 2001), or in rainy season (Marques
& Oliveira, 2004; Liebsch & Mikich, 2009) or
even all over the year (Morellato et al., 2000).

Studies evaluating phenology of the main
chiropterochoric fruit families on fragments
of Semideciduous Seasonal Forest in southern
Brazil indicate a pattern and a relation between
Piperaceae plants species fruitification and bats
abundance, with greater availability of fruits
between October and March (Lima & Reis, 2004;
Sartore & Reis, 2015). Preferences for fruits of
genera Piper, Cecropia, Ficus and Solanum are
well recorded for diet of A. lituratus and S. lilium
(Charles-Dominique, 1986, Silva et al. 2008,
Andrade et al. 2013, Parolin et al. 2016; Parolin
etal. 2021). Rainy season has a greater availability
of these chiropterochoric fruits, and this
environmental factor can explain concentration
of births during this period. Relationship of
birth rate and nutrient availability during dry to
rainy season transition and in the rainy season
was recorded for genera Sturnira and Artibeus
bats species in Costa Rica, where the author
found correspondence of lactation peaks with
fruit abundance (Dinerstein, 1986). However,
we recommended phenological studies in SCSP
to better understand the influence of food
resources and fruiting in bats species abundance.

The presence of a pregnant-lactating
female indicates an estrus soon after delivering,
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confirming polyestry pattern for A. lituratus
species in the study site. Our recorded bats did
not have two pregnancy peaks, however, they
had two slightly pronounced peaks of lactating
females, indicating a possible bimodal polyestry
pattern. Some studies confirm polyestry on A.
lituratus, mainly fitting to bimodal polyestry
pattern (Fleming et al., 1972; Estrada & Coates-
Estrada, 2001; Orténcio-Filho et al., 2007; Kaku-
Oliveira et al., 2010; Castillo-Navarro et al,
2017). Continuous polyestry is less commonly
(Tamsitt & Valdivieso, 1963; Taddei, 1976), as
well monoestry patterns, as found by Duarte
& Talamoni (2010) in southeast Brazil in a
Semideciduous Seasonal Forest fragment. For
S. lilium bats was registered a bimodal polyestry
in the study area, with two pregnancy peaks
(August to November and February), followed
by two lactating peaks (with more abundance in
December and March) and two peaks of young
bats (more abundant in February and June).
Polyestry is common throughout geographic
distribution area of S. lilium, with bimodal
polyestry pattern in some regions such as Central
America and south Brazil (Fleming et al., 1972;
Mello et al., 2009; Kaku-Oliveira et al., 2010).

Recapture of S. lilium bats assisted in
estimating the gestation, lactation, and weaning
times. According to Costaetal. (2007), fetusis only
detectable by probing after a third of pregnancy
time (i.e., after about a month), and identification
method for reproductive stage by probing is
limited due to difficulty in identifying pregnant
females before the first month of gestation. A
female of S. lilium was captured in September and
classified as non-pregnant, and then recaptured
three months after lactating stage, indicating a
gestation time of approximately three and a half
months for this species (Taddei, 1976). Little
is known about weaning range age in S. lilium,
however estimates from copulation to weaning,
indicate a reproduction time about 11 months in
this species (Godoyetal.,2011). In our study, some
females were pregnant and lactating at capture,
and then recaptured without signs of post-
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lactation, indicating a weaning up between three
or four months. Considering the gestation time
of three and half months and the range weaning
of three or four months, reproductive time found
here for S. lilium had about seven and half months.

Males of both species with evident scrota are
found practically all over the year in the study area,
being more frequent during dry season. Highest
abundance of A. lituratus males in reproductive
stages occurs in August, associated with the
beginning of first peaks of pregnant females.
Evidences suggests that spermatogenesis is
continuous, seasonally independent and fertile all
over the year in males of A. lituratus and S. lilium
(Beguelini et al., 2009; Duarte & Talamoni, 2010;
Morais et al., 2013; Notini et al., 2015). However,
peaksofspermproductioncanoccursynchronized
with female reproductive cycle (Beguelini et al.,
2013). The use of testis position alone is not good
indicator to assess the stage of reproduction in
males, once during the field triage procedure,
due to stress and excitation this character can be
altered, in this case, we suggest that further work
be performed using histological and hormonal
techniques (Crichton & Krutzsch, 2000).

Influence of climatic variables on bat
abundance

Our results indicate a potentially influence
of precipitation and temperature in bats
species abundance during the sampling
period (September 2016 to August 2017). The
establishment of organisms in the most different
terrestrial environments depends fundamentally
on abiotic factors, such temperature, humidity
and precipitation (Begon et al. 1986). Thus, the
environmental conditions of a place directly
influence the structure of a community and its
lifestyle (Ricklefs & Miller, 2000). For A. lituratus
and Slilium resource availability drive the
seasonal abundance. Therefore, abiotic factors act
indirectly in its seasonal variation, favoring the
growth of fruits required by its diet (Carvalho,
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2014, Laurindo & Gregorin, 2019) We suggest a
long-term sampling with these species (e.g., atleast
three years) in order to check potential and with
more accurately the effects of climatic variables
on bats species abundance. Moreover, sometimes
sampling during one year can be misleading, with
the year presenting an atypical pattern regarding
to previous years, such as: a warmest or coldest
year compared to previous ones, or even a year
with highest rates of precipitation and humidity
than previous ones. In addition, changes in climate
caused by global warming, deforestation, and
climatic events such as El Nifio and La Nifa are
becoming more frequent, changing the pattern of
dry and rainy seasons along different regions. For
the state of Parana, hot days and nights is rising at
a rate of 0.1 to 0.4% per year and there has been
observed an acceleration of hydrological cycle,
increasing frequency of more intense rainfalls
and the occurrence of longer droughts (Silva
& Guetter, 2003; Silva et al., 2015). Our results
find a possible influence of temperature and
precipitation variation on species abundance, but
considering the climate inconsistencies in a short
period of time, food and resource availability
can have been more influential to reproduction
pattern of bats during the sampling time.

Climate change directly affect bats
reproduction, which can lead to severe
ecological impacts, considering the importance
of bats to dissemination and polinization of
chiropterochoric plants (Muscarella & Fleming,
2007; Fleming et al., 2009; Aguiar et al., 2016).
Alterations in temperature and rainfall can
change the phenological patterns and plants
fruit production, affecting ecological interactions
between fruits and bat species (Cleland et al.,
2007; Jones & Rebelo, 2013; Laurindo et al., 2017).
In addition, we highlight that a year of sampling
is likely a short time to evaluate the effects of
climatic variables in reproductive cycle of bat
species, specially under climate changes scenarios
where important conditions for reproduction can
vary year from year (Godoy et al., 2014). However,
data here presented contribute to understand the
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reproductive biology and abundance changes
over one year of A. lituratus and S. lilium in a
Semideciduous Seasonal Forest fragment in
southern Brazil, reducing the knowledge gap
about reproduction pattern of these species.
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