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Abstract

Bats can be monoestrous or polyestrous, and seasonal or non-seasonal in their reproductive patterns. The strategy adopted
by each species or population depends on the regional climate. The objective this study was to analyze reproductive data
of Sturnira lilium from long-term sampling carried out in several sites in Rio de Janeiro states, southeastern Brazil. We
carried out sampling in 42 sites (with altitudes ranging from sea level to 1300 m a.s.l.) from May 1989 to December
2011. In total, we obtained 2602 captures of S. /ilium: 1242 captures of adult females, 1225 captures of adult males,
and 136 captures of subadults. The sex ratio was 0.99 males: 1 female. The reproductive season varied from eight
to twelve months a year, and it was not related to the total accumulated rainfall. Sturnira lilium have continuously
polyestrous reproduction with postpartum estrus and pregnant females can be observed in all months except July. In
the present study, the highest proportions of pregnant females were observed in the months with the highest rainfall.

Keywords: seasonality, reproductive season, rain influence, Atlantic Forest, Rio de Janeiro.

Biologia reprodutiva do morcego Sturnira lilium (Chiroptera,
Phyllostomidae), na Floresta Atlintica do Rio de Janeiro, sudeste do Brasil

Resumo

Os morcegos podem ser monoestrais ou poliestrais e sazonais ou assazonais em relagao aos padrdes reprodutivos. A
estratégia adotada por cada espécie ou populagdo depende do clima regional. O objetivo deste estudo foi analisar os
dados reprodutivos de Sturnira lilium em amostragem de longo prazo realizado em diversos locais do Estado do Rio de
Janeiro, sudeste do Brasil. De maio de 1989 a dezembro de 2011, realizamos amostragens em 42 locais (com altitudes
que variam de 0 a 1300 m de altitude). No total, obteve 2602 capturas de S. lilium: 1242 fémeas adultas, 1225 machos
adultos e 136 subadultos. A proporgao sexual foi 0.99 machos: 1 fémea. A temporada reprodutiva variou de oito a
doze meses por ano e nao foi relacionada com o total de precipitacdo acumulada. Sturnira lilium apresenta reprodugio
continua poliéstrica com estro pds-parto e fémeas gravidas podem ser observadas em todos os meses, exceto o més de
julho. No presente estudo, as maiores propor¢des de fémeas gravidas ocorreram nos meses com maior precipitacao.

Palavras-chave: estacionalidade, época reprodutiva, influéncia da chuva, Mata Atlantica, Rio de Janeiro.

1. Introduction

Bats can be monoestrous or polyestrous, and seasonal or
non-seasonal in their reproductive patterns (Fleming et al.,
1972). The strategy adopted by each species or population
depends on the regional climate (e.g., Wilson, 1979).
Happold and Happold (1990) identified in African bats 10
strategies, considering the presence or absence of postpartum
estrus: strictly seasonal monoestry, long-term seasonal
monoestry, non-seasonal monoestry, bimodal polyestry with
postpartum estrus, bimodal seasonal polyestry, continuous
and bimodal polyestry with postpartum estrus, multimodal
seasonal polyestry with postpartum estrus, multimodal
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continuous polyestry with postpartum estrus, multimodal
continuous polyestry without postpartum estrus, and non-
seasonal polyestry. There is no such comparative study
for the bats of South America; and only few species had
their reproductive biology analyzed in detail.

Sturnira lilium (E. Geoffroy, 1810) is distributed
from Mexico to northeastern Argentina, Uruguay, and
Paraguay (Simmons, 2005). In Brazil, it is present all
over the country, and is classified as a common species
with broad distribution (Gardner, 2007; Reis et al., 2010).
Sturnira lilium is an intermediate-sized species: it weights
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on average 21 g and its forearm length varies from 36.6
to 45.0 mm (Gannon et al., 1989).

Although the reproductive biology of S. /ilium has been
well studied in other countries, it is still poorly known in
Brazil, since it is based on local data (Mello et al., 2009),
small samples (Stoner, 2001; Estrada and Coates-Estrada,
2001; Kaku-Oliveira et al., 2010) or short-term sampling
(Sipinski and Reis, 1995). Mello et al. (2008a, 2009)
observed, in a montane rainforest in southeastern Brazil,
a positive relationship between temperature, reproduction
and population size of S. /ilium. The purpose of our study
was to analyze reproductive data of S. /ilium from long-
term sampling carried out in several sites in Rio de Janeiro,
southeastern Brazil.

2. Material and Methods

From May 1989 to December 2011, we carried out
sampling in 42 sites in the state of Rio de Janeiro (Figure 1).
The sampling sites vary from primary forests to urban areas,
with altitudes ranging from sea level to 1300 m a.s.l. The
state of Rio de Janeiro has an average annual rainfall of
1200 to 2200 mm, and no months with water deficit. The
average annual temperature varies from 18 to 24 °C. June
and July are the driest months and the highest rainfall rate
occurs in December (Ramos et al., 2009).

We carried out sampling two to four nights a month.
Bats were captured in mist nets (from 7 to 9 x 2,5 m, with
19 mm mesh) set up at ground level, close to food sources,
trails, forest edges, and over water bodies. On each night
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Figure 1. Localities sampled in the state of Rio de Janeiro from May 1989 to August 2011. In detail, map of South America,
showing the location of the state of Rio de Janeiro. Close locations were represented as a single dot on the map. Localities:
(1) Varre-Sai; (2) Miracema; (3) Cambuci; (4) Parque Estadual do Desengano, Miracema; (5) Morro de Sdo Jodo, Casimiro
de Abreu; (6) Reserva Bioldgica de Pogo das Antas, Silva Jardim; (7) Cantagalo; (8) Nova Friburgo; (9) Reserva Ecologica
de Guapiagu, Guapiagt; (10) Marica; (11) Area de Protecio Ambiental de Guapimirim and Estagdo Ecoldgica Paraiso,
Guapimirim; (12) Duque de Caxias; (13) Reserva Biologica de Araras, Petropolis; (14) Trés Rios; (15) Quinta da Boa Vista,
Penha and Barreira do Vasco, Rio de Janeiro; (16) Parque Guinle and Convento Jequitiba, Rio de Janeiro; (17) Estrada de
Macacu and Reserva Biologica do Tingua, Nova Iguact; (18) Paty do Alferes; (19) Vargem Grande, Rio de Janeiro; (20)
Universidade Federal Rural do Rio de Janeiro, Seropédica; (21) Santuario de Vida Silvestre da Serra da Concordia, Valenga;
(22) Ponte Coberta; (23) Coroa Grande, Mangaratiba; (24) Cacaria; (25) Ilha de Jaguanum, Mangaratiba; (26) Ilha de
Itacuruga, Mangaratiba; (27) Ilha da Marambaia, Mangaratiba; (28) Vale do Sahy and Hotel Porto Belo, Mangaratiba; (29)
Reserva Rio das Pedras, Mangaratiba; (30) Ilha Grande, Angra dos Reis; (31) Quatis; (32) IlTha do Capitulo, Angra dos Reis;
(33) Ilha da Gipoia, Angra dos Reis; (34) Visconde de Maua; (35) Praia do Sono, Parati.
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we set up from 10 to 16 mist nets (70 to 130 m), which
remained open all through the night in most cases. For
each individual we recorded the following parameters:
age, distinguishing juveniles from adults through epiphysis
ossification (Anthony, 1988); fur color; sex; and reproductive
condition — males were classified as having scrotal or
abdominal testes, and females were classified as sexually
inactive, with palpable fetus or lactant (Zortéa, 2003;
Esbérard, 2012). We classified the females that were
simultaneously pregnant and post-lactating, with hairless
swollen nipples, without milk secretion, and without a
palpable fetus as being in the second reproductive cycle
(Costa et al., 2007). Up to 1997, the animals were marked
with a tattoo plier and from 1998 on with plastic necklaces
with colored cylinders (Esbérard and Daemon, 1999).
We did not consider recaptures made on the same night.

For each month and for each (females, males, juveniles,
gravid females and so on) we used capture rate, expressed as
total of captures divided by the total of h*m? of nets (Straube
and Bianconi, 2002), but to increase the visualization and
use only three decimal places, we multiplied the values
by 10° (Esbérard, 2009).

To estimate the beginning of the reproductive season in
each year, we considered only the years that had a number
of captures equal or larger than ten pregnant females. The
beginning of the reproductive season was considered to
be at 30 days before the capture of the first female with a
palpable fetus, as fetuses are detectable by palpation only after
the first month of pregnancy (Costa et al., 2007; Esbérard,
2012) and pregnancy in this species lasts from three to
four months (Taddei, 1976). The end of the reproductive
season was considered to be at 30 days after the capture
of the last lactating female. This period corresponds to the
estimated duration of lactation for species of intermediate
weight, between Carollia perspicillata (Linnaeus, 1758)
and Artibeus jamaicensis (Leach, 1821) (Kunz and Hood,
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2000). To test whether reproductive seasonality of females
varies with rainfall we calculated a linear regression between
the estimated duration of the reproductive season and the
annual accumulated rainfall.

We use the Rayleigh test to identify frequency
concentrations in a circular distributions using months
as intervals (Zar, 1999). To analyze climatic factors, we
used rainfall data from the Vargem Grande Meterological
Station (ANA - Agéncia Nacional de Aguas: 02242020),
because it has complete historical data for the study period.
Temperature data came from the Alto da Boa Vista Station
(OMM: 83007, Rio de Janeiro, Ramos et al., 2009). Both
stations are located close to the midpoint of the study
sites. We calculated multiple linear regressions to test for
a relationship between the rainfall and average temperature
with the capture frequency of gravid females, lactating
females and males with external testes in each month.

3. Results

In total we obtained 2603 captures of S. lilium: 1242
adult females, 1225 adult males, and 136 subadults. The
sex ratio was 0.99 male: 1 female. Although the final equal
proportion of sexes, males showed higher frequency of
captures in all months except January. In all months the sum
of captures resulted in an average of 191.42 + 87.90 captures
per month and a capture rate of 2.67 + 0.68 captures/h*m?>-
net*10° (Figure 2). We observed subadult individuals in
all months, which were more frequent in February, April
and May (captures above 0.20 captures/h*m*-net*10%) and
less frequent in June, July and October (captures below
0.10 captures/h*m?-net*10°%) (Figure 3A). We observed
newborns carried by their mothers in November (n = 3),
May (n=1), June (n = 1), and September (n = 1), whose
forearm length varied from 16.79 to 42.10 mm, and whose
weight varied from 3.0 to 13.9 g.
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Figure 2. Number of males and females Sturnira lilium captured monthly between 1989 and 2011 in the state of Rio de

Janeiro. Captures expressed as (N/h*m? of nets)*10°.
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We observed males with scrotal testes in all months
(r=0.106,Z=0.078, p=0.93) (Table 1). The concentration
of males with scrotal testes exceeded the amount of males
with abdominal testes from September to January, averaging
0.653 & 0.282 captures/h*m?-net* 103, while in others
months average 0.472 + 0.162 captures/h*m?-net*10?
(Figure 3B). We captured pregnant females in all months
except July, averaging of 0.177 + 0.162 captures/h*m?-
net*10%, (r=1, Z =1, p = 0.512). The months with the
highest proportion of pregnant females, September to
March averaged 0.274 + 0.149 captures/h*m?2-net*10°,
while from April to August capture frequency of gravid
females was lower (0.040 = 0.032 captures/h*m?>-net*10%).
We observed lactating females in all months, averaging 0.269
+0.301 captures/h*m?-net*10°), with peak in November
(r=0.977,Z=1.909, p = 0.055) (Table 1). From June
to September the capture frequency of lactating females
was reduced (> 0.100 captures/h*m?-net*10%) while from
October to May averaged 0.376 + 0.474 captures/h*m?-
net*10°. Females simultaneously pregnant and lactating
were observed in all months but July, with high frequency

in December. Post-lactating females were observed in all
months with increased frequency of capture from March
to June (Figure 4).

We observed a significant multiple regression between
the accumulated rainfall and average temperature with
capture frequency of pregnant females (R? = 0.725;
F=11.892; p = 0.003) with rainfall (p = 0.046) being the
best descriptor than average temperature (p = 0.229).
We do not observed a significant multiple regression
between these two climatic variables with lactating
females R? = 0.407; F = 3.086; p = 0.095) or with males
with external testes (R?=0.145; F = 0.761; p = 0.495)
(Figure 5). The reproductive season varied from eight to
twelve months a year (Table 2), and it was not related
to the total accumulated rainfall (R* = 0.155; F = 0.321;
p = 0.58) (Figure 6).

4. Discussion

The sex ratio varied throughout the year and was skewed
towards males. In harem species a sexual proportion skewed
to females can be expected (Mello and Fernandez, 2000),
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Figure 3. Capture of adults and subadults of Sturnira lilium captured monthly from 1989 to 2011 in the state of Rio de

Janeiro. Captures expressed as (N/h*m? of nets)*103.

Table 1. Analyzes of circular statistics for the occurrence of phenological peaks for lactating and pregnant females and males
with scrotal testes of Sturnira lilium. The Rayleigth’s test was conducted with significance level of 0.05.

Lactating females Mean angle (1) 330° (November)
Circular standard deviation 12.347°
Length vector (r) 0.977
Rayleigth’s test (p) 0.023
Pregnant females Mean angle (1) 315° (November)
Circular standard deviation -
Length vector (r) 1
Rayleigth’s test (p) 0.512
Males with scrotal testes Mean angle (1) 45° (May)
Circular standard deviation 121.445°
Length vector (r) 0.106
Rayleigth’s test (p) 0.93
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Figure 4. Captures of males e females of Sturnira lilium captured monthly from 1989 to 2011 in the state of Rio de Janeiro:
(A) males with scrotal and abdominal testes (B) post-lactating and simultaneously pregnant and lactating. Captures expressed

as (N/h*m? of nets)*10°.

Table 2. Estimated reproductive season of female Sturnira lilium based on females with a palpable fetus and lactating
females captured monthly from 1989 to 2011 in the state of Rio de Janeiro.

Years N* Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1991 11 X X X X X X X
1992 14 X X X X X X X X X X
1993 32 X X X X X X X
1994 24 X X X X X X X X X X
1995 19 X X X X X X X X X X X X
1996 28 X X X X X X X X X
1997 13 X X X X X X X X X X X X
2001 13 X X X X X X X X
2002 13 X X X X X X X
2004 12 X X X X X X X X X X X X
2005 75 X X X X X X X X X
2007 13 X X X X X X X
2011 25 X X X X X X X X X X X X
Braz. J. Biol., 2014, vol. 74, no. 4, p. 913-922 917
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Figure 5. Relationship between the percentages of pregnant and lactating female of Sturnira lilium captured monthly from
1989 to 2011 in the state of Rio de Janeiro with (A) average temperature (B) rainfall. Captures expressed as (N/h*m? of

nets)*10°.

but this data, using long term sampling and a great variety
of locals probably inhibit this difference as obtained by
Costa et al. (2010) in other harem bat species. Subadult
bats were more netted from November to February, period
that is expect the independence of the youngs borned in
each year and less frequent from May to August, when few
females showed reproductive activity. We observed males
with scrotal testes in all months: a small frequency from
February to August and a large frequency from September
to January. In tropical species, the production of male
gametes needs to be synchronized with female activity; in
polyestrous species, individuals with scrotal testes can be
captured at any time of the year (Krutzsch, 2000). Adult
males of Artibeus jamaicensis Leach, 1821, in Panama,
have their spermatogenesis extended when females are

918

receptive during postpartum estrus (Handley et al., 1991).
Based on our study, we believe that the same might happen
to male S. /ilium in the state of Rio de Janeiro. Some
authors say that testes location is not a good indicator of
male reproductive activity, since the spermatic activity is
continuous (Fabidn and Marques, 1989; Moraes, 2008).
Other authors suggest the use of other external indicators
of active reproduction, such as behavior, glands, and odors
(Krutzsch, 2000; Mello et al., 2009). However, in the
present study, the higher proportion of males with scrotal
testes was synchronized with the proportion of potentially
receptive females (lactating and post-lactating), indicating
that the more females are in estrus, the more males will
show maximum sperm production.

Braz. J. Biol., 2014, vol. 74, no. 4, p. 913-922
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Figure 6. Variation of the estimated duration of the reproductive season of Sturnira lilium from 1989 to 2011 in the state of
Rio de Janeiro for the years with more than 10 sexually active females captured the with total accumulated rainfall.

Female S. /ilium have continuously polyestrous
reproduction with postpartum estrus (Happold and Happold,
1990). Pregnant females are observed in all months but
July, and lactating females are observed in all months.
Stoner (2001) studied S. /ilium in Costa Rica and captured
pregnant females from February to May and in December,
and lactating females from February to June, and in October
and December, corroborating a bimodal polyestrous
pattern. Estrada and Coates-Estrada (2001) observed the
same pattern in Mexico.

Tropical bats, such as Anoura geoffroyi Gray, 1838,
may have monoestrous cycles as a response to food
availability (Baumgarten and Vieira, 1994). However,
the most common pattern is a response to local climate,
as observed in Artibeus lituratus Olfers, 1818, which
varies from bimodal polyestrous in Central America
(Fleming et al., 1972) and at low altitudes in southeastern
Brazil (Reis, 1989) to seasonal monoestrous at altitudes
above 1,000 m a.s.l. in southeastern Brazil (Duarte and
Talamoni, 2010). Bimodal polyestry was also observed
in Platyrrhinus lineatus E. Geoffroy, 1810 at the same
latitude of the present study (Costa et al., 2007) and in
other species in tropical areas (Fleming et al., 1972; Wilson,
1979; Willig, 1985; Granham, 1989; Stoner, 2001; Estrada
and Coates-Estrada, 2001).

We observed higher frequency of pregnant females
of S. lilium in September, which suggests a beginning to
the reproductive season in June or July. Lactation requires
higher energy costs in comparison to other reproductive
activities (e.g., Gitleman and Thompson, 1988; Heideman,
2000; Korine et al., 2004; Melo et al., 2012). Hence,
reproduction in bats should be synchronized so that lactation
occurs when food availability is highest, which usually
coincides with the period of the highest rainfall (Janzen,
1967; Fleming et al., 1972; Willig, 1985; Heideman,

Braz. J. Biol., 2014, vol. 74, no. 4, p. 913-922

1995; Estrada and Coates-Estrada, 2001; Zortéa, 2003;
Costa et al., 2007). The months in which pregnancy and
lactation of this species occur more frequently at this
latitude coincide with the highest rainfall, supporting
the importance of synchronizing reproduction with the
highest environmental productivity. However, there was
no relationship between the percentage of lactating
females and climate variables. In a study on S. /ilium in
southeastern Brazil at a subtropical latitude, Mello et al.
(2009) observed a relationship between temperature and the
number of pregnant and lactating females. In the present
study, the highest proportions of pregnant and lactating
females were observed in the months with highest rainfall.
However, as the rainiest months are the hottest, it is difficult
to distinguish the role of each variable in determining the
reproductive seasonality of S. /ilium.

We observed a relationship between accumulated
rainfall and average temperature and the frequency of
pregnant females. Mello et al. (2009) observed that, although
S. lilium did not have its reproduction synchronized with
rainfall nor fruit availability, births occurred in the rainy
season. These authors suggest that temperature has the
strongest influence on the reproduction of S. /ilium in
montane forests.

Sexually active females could be observed from eight
to twelve months, similarly to what was observed for
P. lineatus in the same study sites (Costa et al., 2007).
Longer reproductive seasons were not related to accumulated
rainfall. Only through long-term sampling at different
conditions it will be possible to identify the strategies
adopted by different populations. One-year sampling is
often little representative. Such variation evidences the
adaptability of S. /ilium to annual and multiannual rainfall
cycles, as already observed in other species (Bronson, 1985)
and evidence that local variations could also be expected.
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Fruits of Solanaceae are a yearlong food source for
mammals (Elias et al., 2003; Tudica and Bonaccorso, 1997,
Mello et al., 2008b), mainly during the dry season, when
the availability of other fruits is scarce (Dalponte and
Lima, 1999). Other studies have already shown a strong
association between S. /i/ium and plants of the genus
Solanum (Uieda and Vasconcellos-Neto, 1985; Tudica and
Bonaccorso, 1997; Herrera et al., 2001; Mello et al., 2008a,
b, 2009). Flowering and fruiting of these species may vary
from September to March in tropical areas (Vignoli-Silva
and Mentz, 2005; Penhalber and Montovani, 1997; Santos
and Kinoshita, 2003), with flowering in the end of the dry
season (July-September) and fruiting in the beginning of
the rainy season (October-November). This phenology
coincides with the peaks of lactating females observed
in the present study, which suggests the synchronization
of most pregnancies with the period of the highest food
availability in the state of Rio de Janeiro.

Hence, we conclude that S. /ilium has non-seasonal
polyestry with postpartum estrus at the studied latitude
(23°S). Most captures of pregnant females coincided with
the months of the highest rainfall. The duration of the
reproductive season varies annually and is independent
of the accumulated rainfall.
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