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Abstract

Bats play an integral key ecological role in forests, but there is limited understanding of 
how their richness and activity vary over time in temperate forests and the effect of hab-
itat variables on these species. Herein we describe the seasonal variation of bat species 
richness, activity and assemblage structure during the reproductive season in a sclero-
phyllous forest, an endangered temperate Mediterranean forest located in Chile’s biodi-
versity hotspot. Additionally, we explored the relationship between bat activity and envi-
ronmental variables (air temperature, vegetation cover, and proximity to water bodies). 
Species richness and bat activity varied during the breeding season and exhibited two 
peaks: spring and summer end, markedly decreasing in mid-summer. During spring, the 
bat assemblage exhibited greater species richness, diversity and evenness, whereas from 
the end of summer until autumn, both diversity and evenness decreased. Monthly average 
air temperatures had a positive association with total bat activity, although there was evi-
dence of a threshold temperature over which bat activity significantly decreased. Canopy 
cover had a negative influence on the activity of Tadarida brasiliensis and Lasiurus varius, 
whereas increasing distance to water bodies was associated with a lower activity of T. 
brasiliensis and L. villosissimus. Our study demonstrates that bat diversity and bat activity 
vary greatly during the reproductive season in an endangered temperate forest, highlight-
ing the importance of knowing seasonal patterns and evidencing that multiple surveys 
will improve our understanding of bat communities. This study provides relevant informa-
tion to aid bat monitoring and conservation in the biodiversity hotspot of central Chile.

Key words: Air temperature, Central Chilean winter rainfall-Valdivian forests, Chiroptera, 
Mediterranean ecosystem, vegetation cover, water body

Introduction

Bats are widely distributed worldwide (Hutson et al. 2001). They are essen-
tial in ecosystem processes of terrestrial environments and provide various 
ecosystem services, such as pest control, seed dispersal and pollination 
(Ramírez-Fráncel et al. 2022), contributing to food production in agricultural 
landscapes (Boyles et al. 2011; Rodríguez-San Pedro et al. 2020). In particular, 
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insectivorous bats play a key ecological role in temperate forests (van den 
Driessche et al. 2000) because they feed on insects that can be considered 
pests, and may ultimately influence forest health, structure, and composition 
(Beilke and O’Keefe 2022).

All insectivorous bats are exposed to relatively high energy demands for 
maintaining flight and echolocation, but in temperate zones, they also require 
energy for thermoregulation (Ciechanowski et al. 2007; Fjelldal et al. 2021). 
However, unlike other small epigean insectivorous, bats can reduce their en-
ergetic demands under unfavorable conditions by entering torpor (Speakman 
and Thomas 2005; Dietz and Kalko 2006), allowing them to concentrate their 
activity during optimal periods and avoid unfavorable ones (Ciechanowski et al. 
2007; Fjelldal et al. 2022). This behavior generates a temporal variation in the 
pattern of bat activity in temperate environments (Amaral et al. 2020). Tempo-
ral activity also varies among bat species, producing structural changes in the 
assemblage over time (Mello 2009). Therefore, it is important to know the tem-
poral variation of species when carrying out ecological studies to avoid bias in 
the interpretation of the results.

Temporal variation in bat activity depends on environmental variables such 
as climate, weather, and habitat conditions (O’Donnell 2000; Koch et al 2023). 
Among weather factors, air temperature is usually one of the most import-
ant variables influencing bat activity (Milne et al. 2005; Ruczynski and Barton 
2020). Within habitat elements, vegetation cover (Kusch et al. 2004; Shapiro 
et al. 2020) and proximity to water bodies have been found to influence bat 
activity patterns (Ancillotto et al. 2019). Vegetation provides orientation clues, 
special foraging habitats and shelter from wind and/or predators (Verboom 
and Huitema 1997), but sites with very dense vegetation reduce foraging ef-
ficiency by limiting the movement of species and use of echolocation to de-
tect obstacles and potential prey (Marciente et al. 2015). Water bodies have a 
high richness, and bat activity around them is usually high because they allow 
them access to drinking water and a greater abundance of insects (Amorim et 
al. 2018). This association is particularly strong in arid and semi-arid environ-
ments (Korine et al. 2016).

The sclerophyllous forest corresponds to a temperate Mediterranean eco-
system (Gajardo 1994), which is in the middle zone of the “Central Chilean 
winter rainfall-Valdivian forests” (CCWR-VF) one of the 36 global biodiversity 
hotspots (Weinzettel et al. 2018). This hotspot contains many endemic plant 
and animal species and has lost at least 70% of its original coverage (Critical 
Ecosystem Partnership Fund 2019). Among natural ecosystems, the sclero-
phyllous forest has suffered one of the greatest losses of surface area and is 
poorly represented in the national system of protected wild areas (Pliscoff and 
Fuentes-Castillo 2011). Although the mammal community in this ecosystem 
is not particularly rich in species (Cofré et al. 2018), it exhibits a high level of 
endemism (Arroyo et al. 2008).

Mammal studies in the endangered sclerophyllous forest of central Chile 
have been performed for decades (e.g., Jaksic et al. 1981; Iriarte et al. 1989; 
Jaksic 2001; Pavez et al 2010). However, bat research in this ecosystem has 
only been developed recently (e.g. Rodríguez-San Pedro et al. 2018; Esco-
bar et al. 2022). Most of this bat research evaluated the effect of land use 
change on species richness and abundance (e.g. Rodríguez-San Pedro et al. 
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2021; Chaperon et al. 2022) whereas the natural history of bat species, such 
as their temporal activity patterns, has received little attention (e.g. Muñoz et 
al. 2019; Rodríguez-San Pedro et al. 2024; Vásquez et al 2020), although this 
information is important for designing more complex ecological studies. Bat 
species inhabiting the sclerophyllous forest of central Chile concentrate their 
activity during the reproductive season (spring-summer) (Ossa 2010; Muñoz 
et al. 2019). However, it is unknown whether activity patterns change within 
the reproductive season and if they vary among species in the sclerophyllous 
forest. This knowledge is essential for bat conservation, as it helps identify the 
time within the season when it is more likely to record species presence and 
activity (Law and Dickman 1998).

Herein we present the first study on seasonal variation of bat species rich-
ness and their activity during reproductive season in sclerophyllous forest 
remnants. In the biodiversity hotspot of central Chile, we describe the monthly 
variation in bat activity and the structural change of bat assemblage during 
the breeding season. We expect a gradual increase in bat activity as spring 
progresses and a decrease as summer progresses. Additionally, we explore the 
relationship between bat activity and environmental variables, including tem-
perature, vegetation cover, and proximity to water bodies. The results of this 
study will provide relevant information to aid bat conservation in the biodiversi-
ty hotspot of central Chile.

Materials and methods

Study area

The study area is located in the biodiversity hotspot of central Chile, in the 
ecoregion of Sclerophyllous Forest and Scrubland (Gajardo 1994). Anthropo-
genic activities now dominate central Chile, with agriculture, nonnative tree 
plantations and urban land uses being widespread, whereas sclerophyllous 
forests and shrublands are highly threatened (Venegas-González et al. 2023), 
with some remnants found in the hills (Hernández et al. 2016). So far, six bat 
species have been found in the sclerophyllous forest of central Chile: Brazilian 
Free-tailed Bat Tadarida brasiliensis, Valparaiso Myotis Myotis arescens, Cin-
namon Red Bat Lasiurus varius, Southern Hoary Bat L. villosissimus, Small Big-
eared Brown Bat Histiotus montanus and Bigeared Brown Bat H. macrotus (Díaz 
et al 2002), and concentrates an important part of the country’s threatened bat 
species (Galaz et al. 2020).

We carried out our study in Las Torcazas de Pirque Nature Sanctuary, lo-
cated in the southeast of the Metropolitan Region (33.72°S, 70.50°W) (Fig. 1). 
The Sanctuary has an area of 827 hectares, comprising altitudes from 900 to 
2,500 m.a.s.l. (CMN 2010). The climate is cold temperate with winter rain (di 
Castri and Hajek 1976), with average monthly temperatures of 7.5 °C as a min-
imum (July) and 21.5 °C as a maximum (January). The average rainfall is 648 
mm per year and is concentrated in the winter months (Dirección Meteorológi-
ca de Chile 2016). The southern exposure slopes are dominated by a dense, 
humid sclerophyllous forest with an understory of native shrubs, while the 
northern exposure slopes are dominated by a thorny scrub with an herbaceous 
stratum composed of perennial and annual herbs (Gajardo 1994).
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Sampling sites

Twelve sampling sites were selected in remnants of sclerophyllous forest with-
in “Las Torcazas de Pirque Nature Sanctuary” (Fig. 1). The sampling points were 
located on trails since these are usually used as flight paths by bats (Adams et 
al. 2009; Webala et al. 2011). Each site was located more than 150 m from any 
other sampling site to promote its independence (Korine and Pinshow 2004; 
Rodríguez-San Pedro and Simonetti 2013).

Bat survey and species identification

Bats were surveyed monthly for eight consecutive months (from September 
2013 to April 2014), comprising the austral spring, summer and fall seasons. 
All monthly surveys comprised two sampling nights and avoided the full moon 
phase. Thus, surveys were not performed from three nights before the full moon 
phase up to three nights after the full moon phase to avoid the modulating ef-
fect of lunar light phobia on bat activity (Saldaña-Vásquez and Munguía-Rosas 
2013; Vásquez et al. al. 2020). Sampling was conducted after sunset and within 
six hours, matching the period of maximum foraging activity of insectivorous 
bats (Kuenzi and Morrison 2003). On a given night, we conducted three trails 
(early, middle and late) to visit the same six sites on each, with a random order 
of visits within each trail. Bat calls were recorded for 10 minutes in each site 
visit using an EchoMeter 3 ultrasonic detector (Wildlife Acoustics, USA), total-
ing 30 minutes of monitoring per site in each monthly survey. The microphone 
was oriented upward at a 45° angle to the operator and was located 1.5 m 
above the ground (Weller and Zabel 2002).

The recorded files were processed in the Kaleidoscope program (Wildlife 
Acoustics, USA) to identify the files corresponding to bat echolocation calls. 
Each echolocation call was manually identified and assigned to a species by 
comparing their structure and frequency with reference libraries of bat echoloca-
tions recorded in central Chile (e.g., Ossa 2010; Rodríguez-San Pedro et al. 2016).

Environmental variables

We measured environmental variables that might be relevant for bats in our 
study area: air temperature, vegetation cover, and distance to the nearest wa-
ter body. Temperature was obtained from the Pirque Meteorological Station, 
8 km northeast of the study area. Vegetation cover was calculated for each 
sampling site at two spatial scales. First, the percentage of woody vegetation 
coverage at each site was calculated using 100-m-radius plots (Fig. 1A). For 
this, a 100-m buffer was created around each site and the woody vegetation 
cover within the buffer was digitized by interpreting high-resolution satellite im-
agery (WorldView, DigitalGlobe) in ArcGIS. Based on the digitized polygons, the 
percentage of woody vegetation coverage per plot (100 m radius) was calcu-
lated in ArcGIS. Vegetation cover was also assessed at the microhabitat level 
using two 12 m long transects starting from each edge of the trail towards the 
forest (Fig. 1B). In each transect, we estimated the canopy coverage every 3 m 
with a Vertical Cover Tube by visually estimating the percentage of the cylinder 
area covered by the canopy (Fiala et al. 2006). Then we obtained the average 
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percentage of canopy cover at a site using both transects. Finally, to calculate 
the distance to the nearest water body, we used high-resolution satellite imag-
ery (WorldView, DigitalGlobe) to identify water bodies (such as riverbanks or 
irrigation dams), and then measured the linear distance from the sampling site 
to the nearest water body.

Data analysis

Species richness and activity

From echolocation calls identified at the species level, we obtained the total bat 
species richness per month (considering all 12 sampling points) and used the 
activity index (passes/hr) to estimate abundance per sampling point (Walsh et 
al. 2004). A bat pass was considered to be any record with a maximum dura-
tion of 15 s where two or more pulses emitted by a bat were identified (Rodrí-
guez-San Pedro et al. 2020) and the activity index was built by quantifying the 
number of bat passes per hour per sampling point. To establish the seasonal 
variation in bat activity, we calculated the monthly average activity index for all 
records and each species.

Additionally, we calculated the monthly proportion of records assigned to 
each species to determine changes in its relative abundance in the assemblage 
over the evaluation period. Finally, we calculated for each month the Shannon 
index (H’) and the Pielou evenness index (J’) as descriptors of the diversity and 
degree of homogeneity of the species assemblage (Caballero et al. 2004). For 
both indices, 95% confidence intervals were calculated by resampling using 
PAST 3.25 Software (Hammer et al. 2001).

Figure 1. Study area and sampling sites A plot for recording woody vegetation coverage (100 m radius) at the habitat 
level B vegetation cover at the microhabitat level was recorded using two transects (12 m long).
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Environmental variables

We first explored the association between the number of passes and the month-
ly average air temperature (average between the daily minimum and maximum 
air temperatures) by using the Spearman rank correlation coefficient (Milne et 
al. 2005).

To identify the habitat variable that best explained each bat species’ activity, 
we used model selection in R 3.5.3 (R Core Team 2019). For each bat species, 
we first fitted three candidate models using Generalized Linear Models (GLMs) 
with Poisson distribution (log link). Each model described the total activity re-
corded over eight months (the response variable) as a function of a habitat vari-
able (predictive variable) for an individual species. Only one habitat variable was 
included in each model to avoid overparameterizing models because, for each 
species, we had one variable (total passes) from each sampling point (n = 12). 
Due to over-dispersion in our GLMs, we fitted Generalized Linear Mixed Models 
(GLMMs) by incorporating an observation-level random effect (sampling point, 
n = 12; Bolker et al. 2009). The best model for each response variable was then 
selected using the Akaike Information Criterion corrected for small samples 
(AICc) with the MuMIn package (Barton 2018). Finally, the residuals of the best 
models (lowest AICc values) were explored to evaluate the model fit. The best 
models were interpreted, and their 95% confidence intervals were estimated 
and graphed when there were significant (p < 0.05) or near significant (p ≤ 0.1) 
effects from predictive variables.

Results

Richness and abundance

We obtained 48 effective hours of acoustic recording and recorded 710 files 
during surveys. Of these, 330 files were classified as effective bat echolocation 
calls. All the potential species (six) for the study area were recorded (Table 1) 
(Díaz et al. 2002). All recorded species are native and one, Myotis arescens, is en-
demic to central Chile. Myotis arescens used to be considered a subspecies of M. 
chiloensis, but recently has been recognized as a separate species (see Novaes 
et al. 2022). The species with the largest number of records were M. arescens 
and Lasiurus varius, which together corresponded to 72% of the records (Table 1).

Species richness and bat activity showed seasonal variation during the 
breeding season. Bats were not recorded in September, whereas the maximum 
species richness was recorded in October and November (spring). There was 
a marked decrease in species recorded in January (mid-summer) and then 
increased richness in February and March (end of summer), although with a 
slightly lower value than in spring. In April (autumn), only one species was re-
corded (Fig. 2). Bat activity presented a pattern of monthly variation similar to 
species richness, with a peak in October and November (spring) and another in 
March (summer end) (Fig. 2).

Species assemblage varied over time regarding the proportion of records of 
bat species detected. During spring, the assemblage’s composition showed a 
higher species richness and similar relative abundances (Fig. 3). In fact, during 
this period, Shannon’s diversity (H’) and Pielou’s evenness (J’) indices were sig-
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Table 1. Origin (N = native; E = endemic), status (R = resident; PM = possible migratory), 
foraging groups (OS = open space; CE = clutter edge; C = clutter) and number and per-
centage of acoustic files of the six bat species recorded in the study area.

Family Species Origin Status Foraging groups Files N° (%)

Molossidae Tadarida brasiliensis N PM OS 46 (14)

Vespertilionidae Myotis arescens E R C 172 (52)

Lasiurus varius N R C 65 (20)

Lasiurus villosissimus N PM OS 29 (9)

Histiotus montanus N R CE 11 (3)

Histiotus macrotus N R CE 7 (2)

Figure 2. Seasonal variation of species richness (black line) and average monthly ac-
tivity (passes/hr) (gray bars). The error lines correspond to the standard error. The top 
shows the monthly average temperatures (red line) in the study area.

nificantly higher (Fig. 4). From the end of summer to autumn, both diversity and 
evenness decreased significantly (Fig. 4), accounting for a less diverse assem-
blage initially dominated by M. arescens and L. varius to end in autumn with the 
absolute dominance of M. arescens (Fig. 3).

There were two peaks of bat activity during the evaluated period, the first at 
the end of spring and the second at the end of summer (Fig. 2); however, this 
pattern of activity varies between species. The first peak of activity is very clear 
for all species and occurs in November for M. arescens, L. varius, Histiotus mac-
rotus and H. montanus, whereas for T. brasiliensis and L. villosissimus it occurs 
in December (Fig. 5). The second peak of activity is very clear for M. arescens 
and L. varius and occurs in March and February, respectively. The rest of the 
recorded species show a slight increase in activity in March (Fig. 5).
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Figure 3. Monthly proportion of each bat species in the number of files recorded as an 
indicator of their relative abundance.

Figure 4. Monthly values of Shannon Diversity Index (H’) (black line) and Evenness Index 
(J’) (gray line). Error bars show 95% confidence intervals.

Figure 5. Monthly activity (passes/hr) for each bat species. Line and point symbols dif-
ferentiate the species.
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Environmental variables

Monthly average air temperatures exhibited a positive association with bat ac-
tivity, except during the hottest month (January) where there was an abrupt 
decrease in richness and activity (Fig. 2). Total bat activity and average monthly 
air temperature were positively correlated (rs = 0.43; p < 0.001). However, cer-
tain temperature thresholds can be identified. With an average monthly tem-
perature above 15 °C, bat activity increased, with the greatest activity concen-
trated between 16 °C and 19 °C. At higher monthly temperatures, bat activity 
decreased (Fig. 6).

Best models predicting bat activity included canopy cover and distance to 
the water body (Appendix 1: Table A1). Canopy cover at the microhabitat level 
(12 m long transects) only affected T. brasiliensis and L. varius. The increase in 
canopy cover was associated with a lower abundance of these species (Fig. 7). 
The distance to the nearest water body affected two species. Increasing dis-
tance to the water body was associated with lower activity of T. brasiliensis and 
L. villosissimus (Fig. 7).

Discussion

Our study reveals a marked variation in bat activity and species richness in 
an endangered sclerophyllous forest of central Chile. Monthly activity patterns 
vary for each species, causing structural changes in the assemblage of bat 
species during the season. These seasonal bat activity patterns are associat-
ed with temperature. Additionally, habitat variables such as canopy cover and 
distance to water bodies affected bat activity negatively in the surveyed sites.

Richness and abundance

Although there is still limited understanding of how bat richness and activity 
vary over time in Mediterranean landscapes (Amorim et al. 2018), it is also 
well known that bat activity is high during the reproductive season (Swift 1980; 

Figure 6. Bat activity (passes/hr) recorded at the sampling sites compared to the month-
ly average temperature.
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Hayes 1997; Korine and Pinshow 2004), which is consistent with our find-
ings. The higher activity recorded in spring (October and November) may be 
explained by post-torpor restoration of fat body reserves (Ciechanowski et al. 
2010) and the increase in the abundance of insects and other prey species 
(Korine et al. 2020). In addition, we report a high activity at the end of summer 
(February and March). This may reflect the addition in the population of young 
bats that likely increase their activity during this period, as well as an increased 
bat feeding activity to accumulate fat body reserves for the winter torpor period 
(Barros et al. 2017; Korine et al. 2020).

Bats in temperate regions typically hibernate during the winter to minimize 
energy expenditure (Miková et al. 2013). However, when temperatures are high 
enough, torpor interruptions can be quite frequent (Ransome 1971; Daan 1973; 
Zukal et al. 2005). Although in our study we did not record bat activity during 
September (late winter), and it was very low in April (autumn), some bat activity 
has been documented during the non-breeding season in our study area, par-
ticularly over water bodies (Ossa 2010). However, this activity is sporadic and 
associated with days with favorable temperature (e.g., Barros et al. 2017; Mas 
et al. 2022) since the low temperatures and precipitation during winter in Med-
iterranean areas generally suppress bat activity (e.g., Kapfer and Aron 2007), 
possibly due to high thermoregulatory costs (Burles et al. 2009).

Although the structure of the bat assemblage varied over time regarding the 
proportion of bat species records, overall, the assemblage was dominated by 

Figure 7. Predicted activity (total passes) for bat species according to habitat variables 
in the best Generalized Linear Mixed Model. Predicted activity for a T. brasiliensis b L. var-
ius c T. brasiliensis d L. villosissimus. Shaded areas represent 95% confidence intervals.
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M. arescens and L. varius. Both species live under the canopy (Rodríguez-San 
Pedro and Simonetti 2014; Novaes et al. 2022), so their acoustic recording is 
probable given the height of the recording equipment (1.5 m). On the other 
hand, T. brasiliensis, L. villosissimus, H. montanus and H. macrotus fly at high 
altitudes above the canopy or in open spaces (Canals et al. 2005), so the proba-
bility of acoustically recording these species would be lower compared to those 
species that commonly move within the forest. In future studies, it is necessary 
to perform acoustic sampling at different heights to confirm our results on the 
dominance of these species in sclerophyllous forests.

All bat species presented a first peak of activity at the beginning of spring. 
However, the first peak of activity of T. brasiliensis and L. villosissimus is later 
than in the other species. This gap could be due to the greater mass of these 
species so their torpor period could be longer (Ruf and Geiser 2015). Alterna-
tively, as open space flyers, they may be more sensitive to lower air tempera-
tures at night (e.g. Duval and Campo 2017). We also cannot rule out that this 
gap reflects the migratory behavior of individuals of these species (see Galaz 
et al. 2020). Only M. arescens exhibited a clear second peak of activity during 
summer, with twice the activity recorded in the first peak. This greater activity 
could be due to increased feeding activity to accumulate reserves for the winter 
torpor as well as due to births (see Korine et al 2020). In fact, capture data for 
the summer in the study area shows that 45% of M. arescens captured corre-
sponded to young bats (M. Escobar, unpublished data).

Environmental variables

We found a positive relationship between bat activity and air temperature, a find-
ing that agrees with recent research by Rodríguez-San Pedro et al. (2024) in agro-
ecosystems in the same study area, and which has been previously described in 
the literature (e.g. O’Donnell 2000; Vaughan et al. 1997). Environmental tempera-
ture is crucial for aerial-insectivorous bats in temperate zones because it largely 
influences insect activity and bat activity, as bats need to maintain a stable body 
temperature when out of hibernation or torpor (Agosta et al. 2005; Barros et al. 
2014). However, in our case, this relationship between activity and temperature 
seems to be non-linear, evidencing a reduction in activity above a threshold tem-
perature (e.g., Amaral et al. 2020; Ciechanowski et al. 2007; Kraker-Castañeda 
et al. 2013). This reduction in activity at high temperatures would avoid the risk 
of hyperthermia by not dissipating the heat product of flight (Bender and Hart-
man 2015; Reichard et al. 2010; Voigt and Lewanzik 2011). This response to 
the increase in temperature would explain the lower activity recorded during the 
period of highest temperature in the austral summer season (January). In any 
case, this pattern could present species-specific variations for bats in central 
Chile (e.g. Rodríguez-San Pedro et al 2024), so that specific studies are needed 
to identify species that may be more vulnerable to temperature increase.

Tree vegetation cover is an important habitat variable for bat species (Es-
trada et al. 2004). However, in our study the cover of woody vegetation only 
influenced the activity (total passes) of T. brasiliensis and L. varius, presenting 
a negative relationship. The negative relationship between T. brasiliensis and 
canopy cover may be explained by their low maneuverability and low-frequency 
calls, which restrict their ability to capture insects in areas with dense canopies 
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(Bailey et al. 2019). In the case of L. varius, although this species lives under 
the canopy (Rodríguez-San Pedro and Simonetti 2014), it is likely that a cover 
of woody vegetation that is too dense obstructs the flight paths and does not 
allow the movement of individuals (Shapiro et al. 2020).

The decrease in activity (total passes) at greater distances from water bodies 
presented by T. brasiliensis and L. villosissimus would indicate that water bodies 
are an important food source for these insectivorous species. Water sources 
in dry Mediterranean forests are particularly important during the dry summer 
months (Lisón and Calvo 2014). Some authors have reported that most of the 
recorded species present greater feeding activity in sites with water bodies (e.g. 
Lisón and Calvo 2014; MacSwiney et al. 2020). This would be because the life 
cycles of many insect groups are associated with the aquatic environment and 
its surrounding vegetation (Escalona 2011; MacSwiney et al. 2020). Additional-
ly, T. brasiliensis and L. villosissimus present morphological characteristics that 
allow them to fly fast and in an energetically economical manner (Norberg and 
Rayner 1987) in open spaces during foraging (Canals et al. 2005; McCracken et 
al. 2008), which would also explain their greater abundance near water bodies.

Insights for conservation

A better understanding of the seasonal variation of bat diversity and activity, as 
well as their relationship with habitat variables, improves the knowledge of their 
natural history and provides valuable information for bat conservation (e.g. 
Lisón and Calvo 2014; Rodríguez-San Pedro et al. 2024). Our results highlight 
the need for a profound understanding of bat ecology for sampling and moni-
toring studies since bat diversity and activity significantly vary with survey date 
and habitat features. This is relevant and should be considered in the design of 
short- and long-term studies to determine population trends and phenological 
changes in behavior or understand the effects of climate change (Forrest 2016; 
Gottfried et al. 2020; Kerth 2022), but is particularly important in assessing 
environmental impacts of development projects. In Chile, these assessments 
are not only deficient in the methodologies they use (e.g. Escobar et al. 2015) 
but are also extremely limited in time (few nights) and tend to occur in periods 
that are not favorable for bats (Fernández et al 2016). We hope that the environ-
mental authority considers our results and incorporates recommendations for 
the design of bat surveys in the context of evaluating development projects, at 
least in projects with a greater impact on bats such as wind farms (Pereira et 
al. 2022). For example, based on our results, for this area, it would be appropri-
ate to carry out sampling in spring and not in summer during the reproductive 
season. This is particularly important to aid protection measures for bat com-
munities that inhabit this biodiversity hotspot in central Chile.
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Appendix 1

Table A1. Results of model selection on Generalized Linear Mixed Models predicting the activity of bats species accord-
ing to predictor variables. Best models had the lowest AICc value and p-values are shown: * < 0.05; (.) ≤ 0.1.

Species Intercept
Predictor variable coefficient

AICc Delta WeightWoody cover (%) 
at 100 m radius

Canopy cover (%) 
at 12 m transects

Distance to 
water (m)

T. brasiliensis 1.98 – – -0.01* 63.6 0,00 0.49

1.86 – -0.03** – 63.8 0.13 0.45

2.27 -0.03 – – 67.8 4.15 0.06

M. arescens 2.20 – – 0.001 99.1 0.00 0.34

2.24 – 0.002 – 99.2 0.08 0.33

2.18 0.003 – – 99.2 0.09 0.33

L. varius 2.1 – -0.02 . – 75.5 0.00 0.48

2.6 – – -0.004 75.6 1.06 0.28

1.9 -0.02 – – 75.8 1.31 0.25

L. villosissimus 1.24 – – -0.006 . 60.1 0.00 0.51

1.15 – -0.01 – 61.0 0.98 0.31

1.13 -0.01 – – 62.1 2.07 0.18

H. macrotus 0.42 – – 0.001 44.3 0.00 0.37

0.68 – -0.008 – 44.4 0.08 0.35

0.05 -0.01 – – 44.8 0.52 0.28

H. montanus 0.21 – – -0.003 38.5 0.00 0.4

0.12 – -0.006 – 39.0 0.51 0.3

0.10 -0.004 – – 39.2 0.73 0.3
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