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Abstract

Bat diversity and activity have been documented to change with elevation and to be correlated
with temperature variation, especially in temperate regions. Acoustic elevational studies of insect-
ivorous bat fauna in tropical mountains are scarce. Here, we investigated diversity, general and
species-specific activity patterns of aerial insectivorous bats along an elevational gradient in Costa
Rica and tested the hypothesis that on tropical wet mountains species richness of insectivorous bats
follows a decreasing pattern with elevation. We expected a peak of species diversity and activity at
lower elevations and higher temperatures and nomajor differences betweenmonths. With simultan-
eous acoustic monitoring on five elevations, we recorded 11 984 bat passes during approximately
550 recording hours and identified 15 species, two genera and one sonotype at the family level. We
found the highest diversity and activity of bats at mid-elevations, besides elevational, temporal and
species-specific differences that were partially explained by temperature. The fact that in our tran-
sect humidity does not change with elevation may explain observed differences from the expected
patterns. Climate change in Monteverde could be one of the factors resulting in elevational move-
ments of bats to mid-elevations, probably affecting the availability of food resources, and thus the
foraging activity of aerial insectivorous bats.

Introduction
Understanding patterns of biological diversity and activity along elev-
ational gradients provides valuable insights for conservation at small
geographical scales but yet for many mountain ecosystems these pat-
terns are not well documented (Patterson et al., 1989; Lomolino, 2001;
Sánchez-Cordero, 2001; Bender and Hartman, 2015). Small mammals
like bats are particularly useful in the study of diversity along eleva-
tional gradients because they are key organisms in the structure, com-
position, and dynamics of tropical ecosystems; generally, they have
high diversity and abundance, and participate in multiple biological
processes such as pollination, seed dispersal, insect predation and food
webs (Fleming et al., 1972; McNab, 1982; Fleming, 1986; Fenton,
1997; Mena et al., 2011). By understanding patterns and correlates
of variation in activity of bats, the design of research and monitor-
ing programs can be improved (Hayes, 1997). Studies of bats along
elevational gradients in the Neotropics have been mainly focused on
patterns of distribution and composition of species principally through
the use of mist nets as the main capture technique (e.g., Patterson et al.,
1996; Sánchez-Cordero, 2001; Echeverría-Tello, 2013; Refulio, 2015)
and in a very few cases with acoustic methods (e.g., Ortiz-Badillo,
2015). As a result, aerial insectivorous bats have usually been under-
estimated (O’Farrell and Gannon, 1999; Ochoa et al., 2000). For this
group, which may comprise about one-third of all bat species in the re-
gion (Jung and Kalko, 2010), it is feasible to monitor echolocation calls
through the use of acoustic detectors because they allow species identi-
fication as well as the assessment of distributional patterns and habitat
use (Fenton, 1997; Kalko and Schnitzler, 1998; Ochoa et al., 2000).
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Studies of the insectivorous bat fauna activity using acoustic detectors
along elevational gradients are common in the Paleartic (e.g., Piksa et
al., 2011; Müller et al., 2012) and Neartic realms (e.g., Grindal et al.,
1999; Wolbert et al., 2014), but scarce in the Afrotropic (e.g., Linden
et al., 2014) and, to our knowledge, almost none exist for the Neo-
tropic. Bat diversity and richness have been documented to vary with
elevation, been strongly correlated with temperature (McCain, 2007)
and usually showing a decrease pattern with increasing altitude (Pat-
terson et al., 1996; Heaney, 2001; Sánchez-Cordero, 2001; Curran et
al., 2012; Linden et al., 2014). Commonly, in temperate regions, the
pattern of species richness peaks at mid-elevations, while in the tropics,
species richness declines with elevation (McCain, 2007). Meanwhile,
bat activity shows a general decreasing pattern with elevation (Thomas,
1988; Barclay, 1991; Linden et al., 2014; Wolbert et al., 2014), prob-
ably as a result of higher temperatures favouring some reproductive
and thermoregulatory strategies of bats as well as higher insect densit-
ies (Grindal et al., 1999; Cryane et al., 2000; Weier et al., 2016). Bat
activity has been documented to be affected by weather factors, vary-
ing with habitat, region or season but this influence is poorly under-
stood (Bender and Hartman, 2015). Here, we investigated the patterns
of diversity and activity of aerial insectivorous bats along an eleva-
tional gradient within a continuous forest in the mountainous region
of Monteverde, Costa Rica. Using acoustic surveys we aimed to de-
termine the pattern of species diversity along the elevational gradient
and to evaluate how the activity of aerial insectivorous bats responds to
temperature variation between months at different elevations. As pro-
posed byMcCain, 2007, species richness of bats on tropical wet moun-
tains follows a decreasing pattern with elevation, so we expected a peak
of species diversity and activity at lower elevations where higher tem-
peratures occur. As the sampling campaigns occurred during a short,
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almost non-seasonal period, we expected no major differences in bat
activity between months.

Materials and methods
Study site
The study was conducted in the Monteverde Cloud Forest Reserve,
and the Children´s Eternal Rainforest (10°18′33.3′′ N, 84°47′45.8′′W)
on the Caribbean slope of the Cordillera de Tilarán, Puntarenas and
Alajuela provinces, Costa Rica (Fig. S1). The full description of cli-
mate and vegetation characteristics of the region could be found in
Nadkarni and Wheelwright, 2014. Based on those authors we de-
scribed our sampling area. The highest elevation, site one (1560 meters
above sea level -m-) at the continental divide holds a dense cloud
forest, with an annual rainfall of 2500mm–3500mm. In wind ex-
posed hills, the canopy height varies between 5m–10m, characterist-
ics of the dwarf forest. At site two (1360m) the forest is composed
of abundant and dense epiphytes and understory with a canopy height
that varies between 20m–30m. At site three (1160m) and lower elev-
ations, the rainforest is essentially aseasonal; with annual precipitation
of 3500mm to 7000mm and an almost imperceptible dry period in
March and April. At site three, in exposed steep hills, the forest is re-
duced to 15m–20m height, with amore fragmented canopy, disordered
structure, and little diversity. Sites four and five (960 and 760m) in-
clude protected valleys and slight slopes, where the natural vegetation
is dense, with abundant epiphytes and high biodiversity. The canopy is
more uniform (30m–40m) and trees frequently exceed 50m in height.

Sampling design
We conducted acoustic surveys at five sampling sites along a transect of
continuous forest spanning 800m altitude and a distance of approxim-
ately 14 km in a straight line. The minimum distance between sites was
2 km. The top of the gradient was at the continental divide -1560m-
down to 760m in elevation where the forest was still well preserved.
Ideally, lower elevations would have been surveyed, but no large frag-
ments of intact forest exist below 600m in this region of Costa Rica
(McCain, 2004). We performed monthly sampling campaigns of seven
consecutive nights, during the dry season from February to April and
early rainy season during May of 2014.

Temperature data
We obtained hourly temperature data from four weather stations (Davis
Vantage Pro2™ & Vantage Pro2 Plus™) located through the gradi-
ent at 1560m, 1300m, 950m and 820m. As weather stations and
sampling points differed altitudinally, we used climatic data from the
nearest weather station and estimated temperature according to the
moist adiabatic cooling rate, average increases 0.6°C per 100m in el-
evation (Barry, 1992).

Acoustic sampling of bats and identification
Acoustic sampling was simultaneously carried out at each of five sites
with one bat detector (Song Meter SM2Bat or SM2Bat+ by Wildlife
Acoustics) per site, programmed to record in real time for 6.5 hours
from sunset, in lapses of 10 minutes each 10 minutes. When topo-
graphic conditions allowed it, we located the detectors along the trail
and/or clearings within the forest, alternating places between sampling
campaigns. Bat calls were analysed using Avisoft Saslab Pro, Version
5.0.24 (Raimund Specht, Avisoft Bioacoustics, Berlin, Germany). Call
duration, pulse interval, start and end frequencies and peak frequency
were registered. Bat echolocation calls were manually identified us-
ing previous literature as a reference (e.g. O’Farrell and Miller, 1999;
Ochoa et al., 2000; Rydell.et al., 2002; Jung et al., 2007, 2014). All
species identifications were corroborated by an expert (blind confirm-
ations).

Data analyses
We display the acoustic data by elevation and species (Tab. 1). Vari-
ables were summarized by hour ± standard deviation; mean air tem-

perature was estimated as the average of the temperatures by hour. Bat
activity was quantified as the sum of the bat passes within each hour.
Following Fenton et al., 1998, we consider a bat pass as a recorded se-
quence of ≥ 6 echolocation calls separated by at least four times the
prevailing interpulse intervals from other echolocation calls produced
by a bat. Using Hill numbers based on relative incidence in the as-
semblage (Chao et al., 2014), we constructed sampling-based (occur-
rence data) and coverage-based rarefaction and extrapolation sampling
curves to investigate species diversity among sites. We estimated spe-
cies richness (order q=0), Shannon (“typical” species) diversity (order
q=1, the exponential of Shannon entropy), and Simpson (“dominant
species) diversity (order q=2, the inverse of Simpson index) (sensu Jost,
2006) with the iNext package (Hsieh et al., 2016) for each elevation.
Significant differences at a level of 5% among the expected diversities
were considered if the 95% confidence intervals do not overlap (Chao
et al., 2014).Nevertheless, partially overlapping intervals do not guar-
antee nonsignificance (Schenker and Gentleman, 2001). All analyses
were run in R 3.3.1 (R Development Core Team, 2016). We evaluated
which variables had an effect on the general activity of bats. We ran
a generalised linear model assuming a negative binomial distribution
of the response variable (bat passes / hour / species). The model in-
cludes elevation and month as factors and the mean temperature as a
predictor. We tested multicollinearity of factors assessing the variance
inflation factor with vif function of the R package car (Fox and Weis-
berg, 2019). We removed a factor if vif score was greater than 2 (Fox
andWeisberg, 2019). We ran the model using a stepwise regression in-
cluding one factor at a time and evaluate the performance of the model
in respect of the previous model using the Akaike’s Information Cri-
terion. The statistical significance of regression terms was assessed by
likelihood ratio tests. For each species with more than 500 records, we
evaluated the effect of the site (elevation), period (month) and temper-
ature in the activity (bat passes) by hour using generalised linearmodels
assuming a negative binomial distribution and with the same proced-
ure as we made with all the data. For all the models, the assumptions
were evaluated by qq-plots of the residuals.

Results
Sampling summary

We recorded 11,984 bat passes during approximately 550 recording
hours (for a total of 22–28 sampled nights per site) and identified 15
species, plus sonotypes of two genera of Molossidae and one sono-
type of Vespertilionidae (Tab. 1). The number of species varied among
sites, being highest at 960m (14 species) and lowest at 1560m (six spe-
cies) (Tab. 1). The most common species recorded wasMyotis pilosati-
bialiswith 26.02±4.81 bat passes/night/site. It was registered in all the
elevations, but recurrently at 1160m At that elevation and 960m, M.
pilosatibialis was the species with higher average bat passes recorded
(Tab. 1). At elevations 760, 1360 and 1560m, Pteronotus mesoameric-
anus, Myotis riparius and Centronycteris centralis, respectively, were
the species with the highest activity. We recorded more than one bat
pass/night for seven species (Tab. 1).

Species diversity among sites

In general, all sites show similar diversities (Tab. 2, Figs. S2-
S3). The sample coverage for the five sites (760, 960, 1160,
1360 and 1560 m) was estimated as 99.47%, 100.00%, 99.91%,
99.84% and 95.67%, respectively, indicating that sampling is nearly
complete for all sites. Sample-based diversity of the sites for
species richness (q=0); exponential of Shannon entropy (q=1);
and inverse Simpson index (q=2) decreased as follows: q=0:
1160>960>760>1360>1560 m; q=1: 1560>1360>1160>960>760 m
and q=2: 1560>1160>1360>960>760m (Fig. S2). Only the 95%
confidence intervals for species richness of sites 3 and 1 (1160 and
1560m, respectively) and Simpson diversity of site 5 (760m) were
nonoverlapping, implying significant differences. Coverage-based di-
versities for species richness (q=0); exponential of Shannon entropy
(q=1); and inverse Simpson index (q=2) decreased as follows: q=0:
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Table 1 – Mean ± standard error of bat passes/night for species recorded along an elevation gradient in a tropical forest in Costa Rica.

Species Mean bat passes/night Elevation (m)
General mean
bat passes /
night / species

760m 960m 1160m 1360m 1560m

Emballonuridae
Centronycteris centralis 0.05 ±0.04 1.39 ±0.71 14.32 ±4.22 5.21 ±1.86 0.33 ±0.33 4.35 ±1.04
Peropteryx kappleri 0.36 ±0.35 0.08 ±0.08
Saccopteryx bilineata 8.32 ±3.03 0.50 ±0.18 1.55 ±0.58
Mormoopidae
Pteronotus gymnonotus 1.32 ±0.79 0.14 ±0.08 0.48 ±0.21 0.11 ±0.11 0.38 ±0.15
Pteronotus mesoamericanus 12.00 ±1.32 16.14 ±2.86 26.08 ±4.69 3.29 ±1.34 0.17 ±0.09 11.53 ±1.42
Molossidae
Eumops sp. sonotype 1 0.32 ±0.32 0.32 ±0.13 0.29 ±0.17 0.18 ±0.07
Molossus sp. sonotype 1 0.27 ±0.23 0.25 ±0.21 0.08 ±0.06 0.04 ±0.04 0.08 ±0.08 0.14 ±0.07
Tadarida brasiliensis 0.29 ±0.22 0.52 ±0.52 0.17 ±0.11
Vespertilionidae
Eptesicus brasiliensis 0.05 ±0.05 2.79 ±1.35 0.12 ±0.08 1.11 ±0.49 0.89 ±0.33
Eptesicus furinalis 0.21 ±0.14 0.05 ±0.03
Eptesicus fuscus 0.04 ±0.04 1.61 ±1.20 0.36 ±0.26
Dasypterus ega 0.14 ±0.09 0.03 ±0.02
Myotis albescens 4.41 ±2.10 29.11 ±8.12 37.72 ±10.60 16.68 ±6.42 18.28 ±3.32
Myotis nigricans 1.18 ±0.77 8.04 ±3.13 82.76 ±18.07 0.86 ±0.79 0.04 ±0.04 18.46 ±4.57
Myotis pilosatibialis 0.05 ±0.05 33.00 ±7.77 87.84 ±17.39 6.36 ±2.64 0.25 ±0.17 26.02 ±4.81
Myotis riparius 4.32 ±2.32 3.57 ±1.76 21.40 ±5.72 27.79 ±14.01 11.87 ±3.43
Rhogeessa bickhami 0.04 ±0.04 0.010±0.008
Vesp. 0.04 ±0.04 0.010±0.008
Nights sampled 22 28 25 28 24
General mean bat passes / night /
site

32.27 ±6.13 96.04 ±9.76 271.44 ±31.12 63.25 ±20.77 1.17 ±0.47 94.36 ±11.46

Species number per site 11 14 13 11 6

960>1160>1360>760>1560m; q=1: 1360>1160>960>1560>760 m
and q=2: 1160>1360>1560>960>760m (Fig. S3). For coverage val-
ues higher than 40% the nonoverlapping of the 95% confidence inter-
vals for site 4 (960m) and site 5 (760m) imply that the diversities of
order q=0 (species richness) and q=2 respectively, are significantly dif-
ferent.

Activity patterns along the gradient

The summary of the adjusted model relating general bat activity with
temperature, elevation and period are presented in Tab. 3. The GLM
reveals significant variation in the number of bat passes / hour / spe-
cies between the elevations and months (Tab. 3, Figs. 1,2). The site at
1160m had the highest activity/hour/species during most of the four
months, while site 1560m had the lowest activity (Fig. 2). The pat-
tern of activity per site was very similar during all months; however,
in March, there was a general increment in the activity and particularly
for the site at 1360m regarding the other months (Fig. 1). Evaluating
the overall range, we found temperature had a negative effect on the
activity (Tab. 3, Fig. 2).

Table 2 – Diversity of all species based on incidence data (0∆= species richness), of
“typical” species (1∆= Shannon diversity), and of dominant species (2∆= Simpson diversity)
at each elevation and its respective sample coverage (SC).

Estimated diversity (SE)
Elevation (m) 760 960 1160 1360 1560

0∆ (Richness)
14.00
(4.50)

14.00
(0.39)

15.25
(3.40)

11.50
(1.32)

6.48
(1.27)

1∆ (Shannon)
5.05
(0.19)

5.53
(0.12)

5.75
(0.06)

5.87
(0.18)

5.99
(0.93)

2∆ (Simpson)
3.88
(0.17)

4.47
(0.08)

5.21
(0.07)

4.77
(0.18)

5.68
(0.96)

SC 0.99 1 1 1 0.96

Activity patterns by species

Only six species had more than 500 records: Myotis albescens, Myotis
nigricans, M. pilosatibialis, M. riparius, P. mesoamericanus and C.
centralis. The activity patterns were idiosyncratic among the species
(Fig. 3). The summaries of the significant factors which adjusted to the
models relating activity for the six bat species with temperature, elev-
ation and period are presented in Tab. 4. The GLMs show that month
was the factor affecting all the species (Tab. 4). However, when the el-
evation was included, it was the factor with more effect in the activity
of the species except for M. albescens and M. riparius, for which the
period (month) was the factor explained more variance in the activity
(Tab. 4, Fig. 3). In general, all species had more activity at middle el-
evations, between 960 and 1360m, and low activity in the lowest and
the highest elevation analysed (Fig. 3). March was the month with the
highest activity for the species M. pilosatibialis, M. nigricans and M.
riparius and P. mesoamericanus (Fig. 3). When the temperature has an
effect in the activity of bats, it was negative (Tab. 4, Tab. S1).

Discussion

To our knowledge, this is the first study to describe diversity and gen-
eral and species-specific patterns of activity of aerial insectivorous bats

Table 3 – Likelihood Ratio Test for the generalized linear model to explain the bat
passes/hour/ species in an elevation gradient in a tropical forest in Costa Rica using
as predictor period (months), elevation and temperature. The significance of the e�ects
are represented with ** for pp <0.01 and *** for p<0.001.

Factor Deviance df Residual deviance df p

Null 1342.05 888
Elevation 444.56 4 897.49 884 <0.001***
Month 40.84 3 856.65 881 <0.001***
Temperature 7.26 1 849.4 880 0.007**

60



Neotropical insectivorous bats along an altitudinal gradient

Figure 1 – Bat passes / hour for each site (elevation) and month analysed. The dotted line represents the mean of bat passes / hour for each month.

Table 4 – Likelihood ratio tests for the generalized linear models with negative binomial
distribution to explain the bat passes/hour for each species with more than 500 records.
The models were constructed using the e�ect of period (months), elevations and tem-
perature. Models were tested using step AIC (Akaike Information Cirterion) and variables
removed when the model was improved. Variables removed are marked with NI (not in-
cluded). The significance of the e�ects are represented with * for p<0.05, ** for p<0.01
and *** for p<0.001.

Species Factor Deviance df
Residual
Deviance df p

Myotis pilosatibialis

Null 888.16
Elevation 403.29 4 484.86 884 <0.001***
Month 42.7 3 442.17 881 <0.001***
Temperature 4.06 1 438.11 880 0.04*

Myotis nigricans

Null 716.64
Elevation 353.61 4 363.03 884 <0.001***
Month 39.77 3 323.26 881 <0.001***
Temperature NI

Myotis albescens

Null 463.42
Month 60.6 3 402.82 717 <0.001***
Temperature 15.57 1 387.25 716 <0.001***
Elevation NI

Myotis riparius

Null 363.45
Month 122.7 3 243.75 717 <0.001***
Elevation 33.03 3 210.72 714 <0.001***
Temperature NI

Pteronotus mesoamericanus

Null 702.34
Elevation 90.47 3 611.87 717 <0.001***
Month 23.04 3 588.84 714 <0.001***
Temperature NI

Centronycteris centralis

Null 515.31 888
Elevation 174.38 4 340.93 884 <0.001***
Temperature 51.13 1 289.8 883 <0.001***
Month 9.02 3 280.78 880 0.03*

along an elevational gradient in a Neotropical rainforest, using exclus-
ively acoustic methods.

General patterns along the gradient

Although the temperature decreased with elevation we found the
highest richness, diversity and activity of the insectivorous bats in mid-
elevations, and lower values at the lowest and highest site. These find-
ings differ from previous results reported for other wet mountains in
Mexico and South Africa (McCain, 2007; Weier et al., 2016) where
the warmest–wettest conditions are towards the base of the mountain
and support the highest bat species richness. In contrast with what was
previously thought, we found that the increase in temperature by itself
did not explain a higher species richness or activity, and the deviations
from the expected pattern of species distribution may be partially at-

tributed to lack of correlation between temperature and precipitation
patterns. Despite we did not test that correlation, it is suggested by the
fact that, in Monteverde precipitation does not decrease with elevation,
it is highest at midlands (McCain, 2007) and by additional informa-
tion from the weather stations (at 1560, 960 and 820m) that revealed
a higher average rainfall at site 960 m during our study period than at
the other two elevations.

As an alternative explanation, despite the continuity of the forest
along the gradient, the lowest species richness and lowest diversity at
the site 760m could be a consequence of habitat disturbance occurring
at lower elevations (under 600m). It has been argued, that montane
communities adjoining areas of dense human settlement sustain lower
species richness thanwithin intact habitat (McCain andGrytnes, 2010).
However, we do not know the magnitude of this effect on the com-
munity of insectivorous bats of Monteverde and as we did not sample
in the lowlands this may be biasing the observed patterns. Overall for-
aging activity of bats along the gradient was slightly but negatively
affected by temperature. Precisely why bat activity diminished with
higher temperatures is uncertain. Previous studies from temperate re-
gions revealed that the influence of temperature on bat activity could
be positive (e.g. Vaughan et al., 1997; O’Donnell, 2000) or negative
(e.g. Boonman et al., 1998; Ciechanowski et al., 2007). On the Neo-
tropical region, increases in temperature due to climate change, besides
other factors, has negatively impact insect density and species richness
(Janzen and Hallwachs, 2019), so one has to wonder what has been the
effect on diversity, abundance, activity, and elevational distribution of
bats here due to drastic reduction of insect populations. Our results also
showed a temporal variation on bat activity. Temporal changes on local
levels of insectivorous bat activitymay be related to local sampling con-
ditions (Bender and Hartman, 2015) as unusually large hatches of in-
sects or other factors area- and species-specific (Hayes, 1997). For ex-
ample, horizontal, vertical or regional movements related (or not) with
migration could be linked to temporal variations on the abundance of
some species (Esbérard et al., 2011). Timm and LaVal (2014) reported
that in Monteverde abundance variation of some mammals was due to
elevational migration in search of food. Monthly variation in the activ-
ity of the insectivorous bats during our study period does not necessar-
ily represent migration but it may reflect changes in food resources. In
fact, some insects like butterflies, dragonflies, and wasps perform elev-
ational migrations and in others, like some nocturnal beetles, species
richness and diversity varied with elevation (Hanson, 2014).

Species-specific patterns

The activity of the most common insectivorous bats was differently af-
fected by elevation, temperature and sampling month. Besides, as oc-
curred with the overall bat activity, species responses to temperature
varied along the gradient and within sites. Those differences could ex-
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Figure 2 – Predicted values of bat passes / hour for each period (month) (A), elevation (B)
and temperature (C) according to the generalized linear model. In A and B, dots represent
the mean expected for each group and whiskers the standard error. Letters represent
groups which are di�erent between them (p<0.05). In C the line represents the fitted line
and the gray shadow represents the standard error.

plain the observed changes in the elevational distribution for some spe-
cies (see LaVal and Rodriguez, 2002) in the Caribbean slope of Mon-
teverde. Myotis riparius, M. albescens and E. furinalis occurred above
their known distribution (above 700m), while E. fuscus was found be-
low their known distribution on the Caribbean slope (below 1650m).
Recently Frank et al., 2018 also reported the presence of M. riparius at
high elevations (around 1400m). For the first time, we reported the oc-
currence of Centronycteris centralis in Monteverde as well as its pres-
ence at middle and high elevations in Costa Rica. Our results support
the hypothesis of LaVal, 2004 that lowland bat species in this region
are moving upwards - colonizing mid-elevations and increasing species
richness, as also occurred with birds (Pounds et al., 1999). Changes in
Monteverde’s climatic conditions could be one of the factors facilit-
ating elevational movements of bats, as the species move up or down
the mountain attempting to remain within the temperature and humid-
ity limits to which they are adapted (Timm and LaVal, 2014). Nightly
increases in minimum temperature within sites probably do not im-
pose a physiological limit for bat activity, at least for our most com-
monly recorded species. However, tropical insects are relatively sensit-
ive to temperature change and are currently living very close to their op-
timal temperature (Deutsch et al., 2008). Particularly, species found at
middle elevations and on mountaintops are less tolerant to high temper-
atures than species restricted to lowland (Garcia Robledo et al., 2016).
Besides temperature, insects may also be affected by vegetation dens-
ity resulting in differences in activity between bat species with different
foraging strategies (Müller et al., 2012). In this sense, further studies
are therefore required to elucidate if the negative effects of temperature

Figure 3 – Mean and standard error of the bat passes / hour for the six bat species in an
elevation gradient of tropical forest in Costa Rica during four months.

on insects may cause a decreased in the activity of insectivorous bats
and how habitat structure affects its foraging behaviour in Monteverde.

Conclusions

We found that patterns of activity and diversity for aerial insectivor-
ous bats in Monteverde differed from other tropical mountains where
the wettest-warmest conditions are inversely correlated with elevation
(McCain, 2007). Highest activity and diversity of bats occurred at mid-
elevations and was partially explained by temperature with elevational,
temporal and species-specific differences. However due to habitat dis-
turbances under 600m we did not sample lower elevations. Those dif-
ferences, as previously suggested for temperate regions (Hayes, 1997;
Bender and Hartman, 2015) may be a result of changes in the availab-
ility of food resources. However, it is unknown how local temperature
changes impact the insects consumed by bats in Monteverde. Studies
with other animal groups (like birds, lizards and frogs) showed that re-
gional climate changes linked to changes on land use (e.g. deforestation
of lowlands) affect cloud formation and precipitation regimes with neg-
ative ecological implications (Pounds et al., 1999; Nair, 2003). It will
be necessary to explore how cloud and precipitation regimes, as well as
the effect of wind together with air temperature, influence the activity
and occurrence of aerial insectivorous bats in Monteverde.
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