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Insectivorous bats represent 70% of all bat species and
are widely distributed (SIMMONS 2005). They play an important
ecological role in the transfer of nutrients in ecosystems (PIERSON

1998) and in the control of insect populations, including agri-
cultural pests (BOYLES et al. 2011). Insectivorous bats occupy
high trophic levels, are indicators of habitat quality (JONES et
al. 2009), and may undergo population decrease in response
to environmental disturbances (TUTTLE 1979, GERELL & LUNDBERG

1993, O’DONNELL 2000).
In temperate zones, insectivorous bats use some types of

habitat more frequently than others, and tend to respond posi-
tively to the presence of trees and water bodies (WALSH & HAR-
RIS 1996). Bats are highly active in forests and forest fragments
in rural areas (ERICKSON & WEST 2003, LUMSDEN & BENNETT 2005),
mainly in hedgerows and forest edges (RUSS et al. 2003, PETTIT &
WILKINS 2012), as well as around rivers, lakes, and lagoons
(VAUGHAN et al. 1997, BROOKS 2009). Furthermore, in temperate
regions the activity levels of bats vary seasonally in response
to fluctuations in climatic conditions and their own energy

requirements throughout the year (CIECHANOWSKI et al. 2010,
JOHNSON et al. 2011). Some studies highlighted the influence of
abiotic factors on bat activity, such as temperature (HAYES 1997,
RUSS et al. 2003), wind speed (AVERY 1985, JOHNSON et al. 2011),
and relative humidity of the air (LACKI 1984, ADAM et al. 1994).

There is plenty of information available about habitat
use and seasonal activity of insectivorous bats, which is mainly
based on studies carried out in temperate regions of the north-
ern hemisphere. In Brazil, studies focusing on habitat use by
insectivorous bats are few, though there is one study carried
out in an urban area in southeastern Brazil (ALMEIDA et al. 2007).
One of the places where the Brazilian bat fauna is understud-
ied is the state of Rio Grande do Sul, mainly its southern half,
where the Pampa biome is located (BERNARD et al. 2011). The
Pampa biome corresponds to the Brazilian part of the South
American Pampas, which extends through Uruguay and Ar-
gentina and is characterized by plains covered by grasslands
(IBGE 2004). Although the Pampa covers approximately 2% of
the Brazilian territory (IBGE 2004), it occupies the third place
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among the six continental biomes of Brazil in terms of num-
ber of endangered species, surpassing even the Amazon,
Caatinga, and Pantanal (PAGLIA et al. 2008). The main threats
to the biodiversity of the Pampa are the expansion of agricul-
ture, silviculture, and exotic grasses, which have been respon-
sible for a considerable loss of natural grasslands in the past
three decades (PILLAR et al. 2009).

Information about patterns of habitat use is important
for bat conservation (FENTON 1997) and, hence, for the conser-
vation of ecological processes associated with bats. In the
present study, we describe spatial and seasonal activity pat-
terns of insectivorous bats in the southernmost region of Bra-
zil, in a Pampa area. Our objectives were: a) to compare the
main characteristic habitats of this region in terms of bat ac-
tivity; b) to test for seasonal variations in bat activity; and c)
to test whether bat activity is influenced by abiotic factors,
such as temperature, wind speed, and relative humidity of the
air. We hypothesized that bat activity is higher in habitats with
trees and/or water, and also that bats decrease their activity in
the colder months of the year.

MATERIAL AND METHODS

We carried out the present study in private properties of
the rural area of Santa Vitória do Palmar, in the southernmost
region of the state of Rio Grande do Sul, Brazil. The study area
is located in the geomorphologic region of Planície Costeira (a
coastal lowland), in the Pampa biome, classified as steppe ac-
cording to the international phytogeographic system of world
vegetation (IBGE 2004).

The landscape is wide lowland with sandy grasslands, lo-
cated between Mirim Lagoon and the Atlantic Ocean. The pre-
dominant vegetation in the region is grassland, which is mainly
formed by grasses, sedges, and other herbs and subshrubs (RAMBO

2000). In areas under freshwater influence there is paludal and
shrubby vegetation, forming small riparian forests along water-
courses (RAMBO 2000). In addition, there are lines and stands of
introduced eucalyptus isolated in the grassland, planted to serve
as windbreaks and shelter for farm livestock.

According to the Köppen system, the climate of the region
is classified as Cfa, i.e., temperate without dry season and with
hot summer (PEEL et al. 2007). According to data obtained be-
tween 1990 and 2010 at the meteorological station of Santa Vitória
do Palmar (Instituto Nacional de Meteorologia/INMET), the av-
erage annual temperature is 17°C. The coldest months are June
and July, with an average temperature of 12°C, and the warmest
months are January and February, with an average temperature
of 22°C. The average monthly rainfall is 109 mm, and the an-
nual total rainfall was 1,153 mm in 2009 and 1,176 in 2010.

The term “activity” has broad meaning; in our study we
are referring to the flight/foraging activity of bats, outside day
roosts. Monitoring of bat activity was carried out in four 1,500-
m long transects, located in the different types of habitats that

predominate in the region (Table I, Figs 1-6. 1). We marked 30
fixed points at each transect, 50 m away from each other. We
marked the transects TR II and TR IV in structurally homoge-
neous environments in terms of vegetation, and considered
them to contain the same type of habitat. Transects TR I and
TR III comprised two types of habitat each. Each point at the
transects comprised only one type of habitat, considering the
type of vegetation in a radius of 50 m around the point.

Every month from April 2009 to March 2010 we moni-
tored one transect each night and, whenever possible, during
four consecutive nights. We used the ultrasound detector
Pettersson Elektronik AB D230 (frequency range: 10-120 kHz,
bandwidth: 8 kHz ± 4 kHz), in the mode heterodyne, which
artificially reduces the ultrasound frequency and makes it au-
dible to humans in real time (PARSONS & SZEWCZAK 2009). The
transects were always monitored by the same observer, and
the ultrasound detector was used for three minutes in each
one of the 30 points. Transect monitoring began 10 minutes
after sunset and was carried out at night when it was not rain-
ing. At each point, the observer kept the ultrasound detector
at approximately 1 m above ground, at 45º of inclination, and
turned it 360° covering all directions. For each point, we re-
corded the number of bat passes, which are defined as a se-
quence of a bat echolocation calls on the detector from
beginning to end (following KUENZI & MORRISON 2003). To in-
crease the chance of recording the highest possible number of
species, we constantly altered the frequency of the bat detec-
tor between 10 and 120 kHz (following CELUCH & KROPIL 2008).

We considered the activity of the bat assemblage as a
whole. Spatial and seasonal activity patterns may vary among
species (BROOKS & FORD 2005, CIECHANOWSKI et al. 2010), but in-
formation on general bat activity is useful for the identifica-
tion of general tendencies of habitat use and priority areas for
bat conservation (ESTRADA et al. 2004, WALSH & HARRIS 1996). In
the study area, the fauna of insectivorous bats corresponds to
molossid and vespertilionid species, and sampling with mist
nets confirmed the presence of Tadarida brasiliensis (I. Geoffroy,
1824), Molossus molossus (Pallas, 1766), Molossus rufus É.
Geoffroy, 1805, and Eptesicus brasiliensis (Desmarest, 1819) in
the region (M.A.S. Barros, unpublished data) – although prob-
ably more species occur in the area.

The sampling effort was 72 hours on 48 sampling nights.
The average time to completely monitor transects was 132.4 ±
9.5 minutes (time with the bat detector switched on plus move-
ment time on foot between points). According to information
from temperate zones of North America (KUNZ 1973, HAYES

1997), and also to data from other parts of the region of Planície
Costeira in Rio Grande do Sul (Rui & Barros, unpublished data),
our survey was carried out in the typical activity peak of insec-
tivorous bats in the first two-three hours after sunset. Because
of this, we assume that the timing of activity monitoring did
not bias our results, and transects were always surveyed in the
same direction (from point 1 to 30).
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Figures 1-6. Habitat types monitored for bat activity with acoustic surveys, from April 2009 to March 2010, in the grasslands of
southernmost Brazil: (1) Eucalyptus stand (TR I); (2) Grassland (TR I); (3) Channel (TR II); (4) Riparian forest (TR III); (5) Wetland (TR III);
(6) Grassland (TR IV).

Table I. Transects and habitat types monitored for bat activity with acoustic surveys, from April 2009 to March 2010, in the grasslands
of southernmost Brazil.

Transect Sites Coordinates (UTM) Habitat Description

TR I 01 to 10 288369/6282442 Eucalyptus stand Edge of eucalyptus stand, with an area of 600 m2 and maximum height of 15 m.

TR I 11 to 30 288914/6281884 Grassland Grassland with only underbrush vegetation, used as pasture for bovine livestock.

TR II 01 to 30 293353/6284182 Channel Margin of an artificial managed channel of 15 m in width and 3 m in depth, used for water
extraction for rice irrigation.

TR III 01 to 15 293208/6280102 Riparian forest Edge of dense arboreal-shrubby riparian forest fragment, with maximum height of 5 m,
located on the margin of a native wetland.

TR III 16 to 30 293107/6280711 Wetland Margin of native wetland, composed of a flooded field covered by herbaceous and shrubby
vegetation.

TR IV 01 to 30 289340/6287498 Grassland Grassland with only underbrush vegetation, used as pasture for bovine livestock.

21

43

65
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We recorded the following abiotic parameters: tempera-
ture, relative humidity of the air, and wind velocity. We col-
lected these data four times while monitoring transects: at point
01 (beginning of the transect), at point 10 (500 m), at point 20
(1,000 m), and at point 30 (end of the transect).

The statistical analysis was carried out in the program
PASW Statistics 18 (Statistical Package for the Social Sciences/
SPSS Inc.). Since our data were not normally distributed
(Kolmogorov-Smirnov test, � = 0.01), we used non-parametric
tests.

We compared the number of bat passes/3 min among
the five habitat types, pooling the 12 sampling months, and
compared bat activity between habitats for each season. In both
analyses, we used Kruskal-Wallis tests (� = 0.05) and Mann-
Whitney post hoc tests (� = 0.005, with Bonferroni correction).

For the assessment of seasonal variations in bat activity,
we compared the number of bat passes/3 min among seasons,
pooling data of the five types of habitats. We also compared bat
activity among seasons for each habitat alone, carrying out five
additional analyses, one for each type of habitat. For these analy-
ses, we used the Friedman ANOVA (� = 0.05) and the Wilcoxon
post hoc test (� = 0.008 with Bonferroni correction).

To assess the influence of abiotic factors on bat activity,
we calculated correlations between the number of bat passes
and temperature (ºC), relative humidity of the air (%), and
wind speed (m/s), with the Spearman coefficient (� = 0.05).
Since the abiotic factors were measured only four times when
we monitored transects, and did not vary much from one point
to the next, we extrapolated the values measured in one point
to its neighbors. For the analyses, we extrapolated the abiotic
data obtained at point 01 to points 02 to 05, the data of point
10 to points 6 to 15, the data of point 20 to points 16 to 25,
and the data of point 30 to points 26 to 29.

RESULTS

Use of habitat by bats
We recorded 1,183 bat passes during one year. Bat activ-

ity differed significantly among habitat types (H = 311.38, df =
4, p < 0.001). We observed the highest activity in the eucalyp-
tus stand and in the channel, followed by the riparian forest
and the wetland (Fig. 7). The grassland was the least used habi-
tat (Fig. 7). All habitats differed from each other (p < 0.001),
except for the comparisons “eucalyptus vs. channel” (p = 0.038)
and “riparian forest vs. wetland” (p = 0.162) (Fig. 8).

Bat activity differed also among habitat types in the dif-
ferent seasons (Fig. 9). The difference in activity among habi-
tats was significant in the autumn (H = 190.56, df = 4,
p < 0.001), the winter (H = 81.65, df = 4, p < 0.001), the spring
(H = 71.48, df = 4, p < 0.001), and the summer (H = 90.54, df =
4, p < 0.001). In the autumn, the highest activity levels were
recorded in the eucalyptus stand and in the channel; all habi-
tats differed from each other (p � 0.002), except for the com-

Figure 7. Total number of bat passes recorded with a bat detector in
each fixed point on 1,500-m transects monitored for bat activity, from
April 2009 to March 2010, in the grasslands of southernmost Brazil.

Figure 8. Box plot of the number of bat passes/3 min recorded
with a bat detector in each habitat type, from April 2009 to March
2010, in the grasslands of southernmost Brazil. Different letters
indicate significant differences at the 0.005 probability level (with
Bonferroni correction).
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parisons “eucalyptus vs. channel” (p = 0.834) and “grasslands
vs. wetland” (p = 0.113). In the winter, activity was higher in
the channel than in the other habitats (p < 0.001), except for
the eucalyptus stand (p = 0.018). In the spring, bat activity was
lower in the grassland than in the other habitats (p < 0.001),
which did not differ from each other (p � 0.010). In the sum-
mer, the eucalyptus stand showed the highest activity, differ-
ing from all other types of habitats (p < 0.001).

Seasonal variations in bat activity
Bat activity varied among seasons (Fr

 = 10.34, df = 3, p =
0.016). There was no significant difference in the number of
bat passes between the autumn (356 bat passes in total), sum-
mer (316), and spring (282) (p � 0.116). The number of bat
passes in the winter (229) was significantly smaller than in the
autumn and summer (p � 0.004), and statistically similar to
the number of bat passes in the spring (p = 0.106).

We also observed seasonal variations in bat activity for
each habitat alone, in the eucalyptus stand (Fr

 = 36.42, df = 3,
p < 0.001), the channel (Fr

 = 32.46, df = 3, p < 0.001), the ripar-
ian forest (Fr

 = 12.12, df = 3, p = 0.007), the wetland (Fr
 = 61.94,

df = 3, p < 0.001), and the grassland (Fr
 = 28.14, df = 3, p < 0.001).

In the eucalyptus stand, riparian forest, wetland and grassland,
the highest bat activity was observed in the spring and summer
(Fig. 10). However, in the channel, bat activity was higher in
the autumn and winter; bat activity in the autumn was signifi-
cantly higher than in the other seasons (p � 0.006) (Fig. 10).

Influence of climatic factors in bat activity
In the winter we recorded the lowest average tempera-

ture, and also the highest humidity and highest wind speed
(Table II). We observed the highest bat activity (� 7 bat passes/
3 min) in the points where the temperature was higher than
15°C, and we observed null or very low values (� 1 bat pass/

Figure 9. Box plot of the number of bat passes/3 min recorded with a bat detector in each habitat type in different seasons, from April
2009 to March 2010, in the grasslands of southernmost Brazil. Different letters indicate significant differences at the 0.005 probability
level (with Bonferroni correction).
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3 min) when temperatures were between 5ºC and 10°C. The
number of bat passes was correlated with temperature (rs =
0.138, p < 0.001). We recorded high levels of activity (� 7 bat
passes/3 min) in nights with different values of wind speed
and relative humidity of the air. Bat passes were not signifi-
cantly correlated with relative humidity of the air (rs = 0.009,
p = 0.722) or wind speed (rs = -0.030, p = 0.258).

DISCUSSION

Use of habitat
The hypothesis that bats mostly use areas with tall trees

and water bodies was corroborated. The association of insec-
tivorous bats with forest edges has been broadly documented
for other regions (LUMSDEN & BENNETT 2005, KOFOKY et al. 2007,
MORRIS et al. 2010). This is also true for aquatic habitats (LUNDE &
HARESTAD 1986, VAUGHAN et al. 1997, BROOKS 2009). The use of the

eucalyptus stand and the channel were probably due to the avail-
ability of aerial insects, which are frequently abundant in forest
edges (LEWIS 1970) and water bodies (BARCLAY 1991).

The canopy of the eucalyptus stand is approximately
three times higher than the canopy of the riparian forest. Since
linear vegetation edges serve as landmarks and also offer pro-
tection against the wind and predators (LIMPENS & KAPTEYN 1991),
eucalyptus probably are more efficient for spatial orientation
and protection than riparian forest. In addition, the eucalyp-
tus trees have a large diameter, a reasonable space between
each other, and trunks with cavities, cracks and loose bark,
which favors their use as diurnal roost by bats, and also for
flights inside the stand. The vegetation of the riparian forest,
on the contrary, harbors trees with smaller diameter and high
density, a factor that is negatively correlated with bat activity
(ERICKSON & WEST 2003).

In southern Brazil, there are records of association be-
tween insectivorous bats and tree species introduced for com-
mercial use (Pinus spp.), which are used by vespertilionid bats
to roost during the day (BARROS & RUI 2011). Exotic trees tends
to acquire particular significance when the original vegetation
has been altered and the availability of tall native trees is re-
duced. In the study area, the natural vegetation is known as
Butiazal, which is composed of jelly palm (Butia capitata) clus-
ters that occur along the coastal lowland of southern Brazil
(RAMBO 2000). These formations are currently rare in the state
of Rio Grande do Sul, and Butia capitata is endangered in the
state (RIO GRANDE DO SUL 2002).

Figure 10. Total number of bat passes recorded with a bat detector in each season for the five habitat types, from April 2009 to March
2010, in the grasslands of southernmost Brazil. Different letters indicate significant differences at the 0.008 probability level (with
Bonferroni correction).

Table II. Average values and standard deviation of the climatic
factors measured in the transects monitored for bat activity, from
April 2009 to March 2010, in the grasslands of southernmost Brazil.

Season Temperature (°C) Humidity (%) Wind speed (m/s)

Autumn 15.0 ± 4.7 80.5 ± 9.5 1.5 ± 1.6

Winter 11.9 ± 2.5 92.7 ± 5.3 2.6 ± 1.5

Spring 14.7 ± 4.5 88.7 ± 8.9 2.1 ± 1.3

Summer 17.8 ± 2.3 85.2 ± 11.8 1.2 ± 0.9
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The channel may represent an important water source,
since frequent water ingestion is a critical factor for the water
balance of insectivorous bats (NEUWEILER 2000). Since insectivo-
rous bats use watercourses for spatial orientation (RACEY & SWIFT

1985, SERRA-COBO et al. 2000), the channel can also be used as a
flying route. Apparently, the presence of open water is impor-
tant for bat activity, since the channel showed higher activity
levels than the wetland, where portions of flooded grassland
are completely covered by vegetation. A study carried out in
temporary lakes showed that the activity of insectivorous bats
decreases as the exposed water area decreases (FRANCL et al. 2008).
Insect availability in riparian areas may be high (RACEY & SWIFT

1985). However, the activity of bats that forage over water may
be negatively correlated with the presence of floating vegeta-
tion, which hinders the detection of prey through echoloca-
tion (CIECHANOWSKI et al. 2007, SIEMERS et al. 2001).

The low bat activity in the grassland was expected, since
insectivorous bats, in general, use field and pasture areas less
frequently (FENTON 1970, ESTRADA et al. 2004). The activity re-
corded for grasslands is probably a result of the movement of
individuals between roosts and feeding areas, or between feed-
ing areas.

In all seasons, the eucalyptus stand and the channel were
the habitats with highest activity, except in the spring. During
this season, strong rains caused a more intense flood in the
riparian forest and the wetland, which attracted more bats in
relation to other seasons of the year, probably due to an in-
crease in insect abundance.

Our data suggest that watercourses and edges of tree
stands are priority habitats for bat conservation in the region.
Areas of native wetland, with and without riparian forest, were
less used, but also presented expressive levels of bat activity.
The association of these types of habitat with insectivorous
bats indicates that alterations in aquatic habitats or removal
of trees tend to negatively affect bat activity in the region.

Seasonal variations in bat activity and influence of
climatic factors

As expected, bat activity varied seasonally, and activity
in the winter was low. This result is consistent with the com-
mon pattern observed for insectivorous bats (HAYS et al. 1992,
CARMEL & SAFRIEL 1997, HAYES 1997). The winter is the most criti-
cal period for the energy balance of insectivorous bats because
low temperatures reduce insect abundance and activity (TAY-
LOR 1963, WOLDA 1988) and increase heat loss (RANSOME 1990),
making foraging less profitable. In the study area, bat activity
was positively correlated with temperature, as in other tem-
perate regions (AVERY 1985, BROOKS 2009, BRODERS et al. 2006),
and the low activity levels in winter was a response of bats to
low temperatures.

Like other authors (e.g., JOHNSON et al. 2011, VERBOOM &
SPOELSTRA 1999), we did not detect a significant relationship
between bat activity and humidity or wind speed. In the study
area, the climate frequently varies more expressively in terms

of temperature than in terms of humidity or wind speed (RAMBO

2000). In southern Brazil, rainfall is uniform throughout the
year and the relative humidity of the air during our sampling
period was never below 60%, which may explain the apparent
lack of response of bats to variations in humidity. In addition,
the wind may affect bat activity only when wind speed is high
(> 4 m/s) (O’FARRELL et al. 1967, O’FARRELL & BRADLEY 1970), which
was rarely observed in our sampling period. The lack of a cor-
relation between bat activity and climatic factors may also re-
sult from the pooled analysis of the bat assemblage, since some
species at an area may be influenced by specific climatic fac-
tors, such as wind speed, whereas others may not (RUSSO &
JONES 2003, RUSS et al. 2003).

We observed a tendency for high bat activity in the sum-
mer and spring and low activity in the winter in the eucalyp-
tus stand, grassland, riparian forest and wetland. By contrast,
in the channel, the spring and summer were the periods when
bat activity was the lowest. This pattern is probably associated
with the cultivation of rice in the area. From the beginning of
spring to the end of summer, the grassland is removed, the soil
is plowed and flooded, and the crop is treated with pesticides.
It is likely that these actions may have negatively influenced
bat activity in the channel, since bat activity is lower in areas
with intensively managed crops (WALSH & HARRIS 1996), prob-
ably due to a reduction in insect availability due to pesticides
(CARMEL & SAFRIEL 1998, WICKRAMASINGHE et al. 2003).

Our study first demonstrated that insectivorous bats show
seasonal variation in activity in the grasslands of southern Brazil
(Pampa biome). Their activity patterns are markedly reduced
in the winter, and are influenced by temperature.
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