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Climate and forest cover explain the rarity of the tricoloured big-eared bat
(Glyphonycteris sylvestris) in eastern South America
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The tricoloured big-eared bat, Glyphonycteris sylvestris (family Phyllostomidae), is a species frequent in bat surveys of certain
Neotropical regions, but rarely recorded in the fragmented forests of eastern South America. The extent to which this lack of records
is driven by the species’ abiotic niche or its sensitivity to the forest loss observed in the region remains unclear. Here, inspired by
new records we have made in the southern Atlantic Forest — including the southernmost — we investigated the role of climate and
forest cover in the geographic distribution of G. sylvestris. Using our primary records and data from an extensive literature search,
we fitted species distribution models with ecological variables at 1 km? resolution, while accounting for sampling biases common
in opportunistic data. We then used this model to predict the species’ distribution in South America under different scenarios of
climate and forest cover availability. Our results suggest that both climate and forest cover shape G. sylvestris rarity in eastern South
America. Although our model predicts low climatic suitability for drier regions such as the Caatinga and Chaco, it also suggests that
this species could be frequent in the Atlantic Forest and in forest formations of the Cerrado if most landscapes had not been altered
by human activities in these regions. Our study elucidates the southern distribution limits of G. sy/vestris, highlights its vulnerability

to habitat loss, and reinforces the importance of landscapes with high forest cover to maintain South American bat diversity.
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INTRODUCTION

Glyphonycteris sylvestris Thomas, 1896 is a small
phyllostomid bat for which little information is
available in the literature (Williams and Genoways,
2007; Solari, 2018). Its diet appears to consist of
fruits and insects (Goodwin and Greenhall, 1961;
Sanchez et al., 2019). There are records of the use
of hollow trees and caves as roosts (Goodwin and
Greenhall, 1961; Hall and Dalquest, 1963; Handley,
1967), including the formation of colonies estimated
at up to 75 individuals (Goodwin and Greenhall,
1961). Little is known about its reproductive biol-
ogy, population status, and vulnerability to environ-
mental change (Solari, 2018). Indeed, most records
of G. sylvestris are limited to a few captured individ-
uals (Arita, 1993), making accurate analyses of its
natural history difficult (Solari, 2018).

Although generally rare at local scales, G. syl-
vestris has a wide distribution in the Neotropics
(Arita, 1993; Williams and Genoways, 2007). There
are records for Mexico, Honduras, Nicaragua, Costa

Rica, Panama, Colombia, Ecuador, French Guiana,
Guyana, Suriname, Trinidad and Tobago, Venezu-
ela, Peru, Argentina (Goodwin and Greenhall, 1961;
Williams and Genoways, 2007; Morales-Martinez
and Suarez-Castro, 2014; Tirira et al., 2016; Solari,
2018; Sanchez et al., 2019), and several states in
Brazil (Trajano, 1982; Pedro et al., 2001; Felix et
al., 2016; Carvalho et al., 2020; Claudio et al., 2020;
Verde et al., 2021; Da Silva et al., 2022). Further-
more, the species appears to be a generalist with re-
spect to the forest types it can inhabit, occupying
both primary and late-stage secondary-growth rem-
nants of evergreen or deciduous forests (Solari,
2018).

There is, however, strong geographical variation
in the capture frequency of G. sylvestris across its
distribution. For example, the species is relatively
frequent in the Amazon Basin, appearing in approx-
imately 26% of bat surveys (Carvalho et al., 2023).
In contrast, in the fragmented Atlantic Forest, G. syl-
vestris is listed in less than 2% of the surveys
(Muylaert et al., 2017). The extent to which this
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variation is determined by the species’ abiotic niche
or its sensitivity to the forest loss observed in eastern
South America remains unclear.

Species Distribution Models (SDMs) are a useful
tool for investigating species’ environmental prefer-
ences, even for rare species (Guisan ef al., 2006; van
Proosdij et al., 2016). This approach uses geo-refer-
enced occurrence data and environmental variables
(e.g., climate, topography, or land cover) to establish
a statistical relationship between species and envi-
ronment. This relationship can then be used to pre-
dict environmentally suitable regions for species
(Guisan and Zimmermann, 2000; Guisan and
Thuiller, 2005; Elith and Leathwick, 2009). By al-
lowing the integration of data from multiple sources,
SDMs reveal ecological patterns that are impossible
to detect in small-scale studies, especially for locally
rare species, such as G. sylvestris.

In this study, inspired by new records we made in
relatively cold regions of the subtropical Atlantic
Forest — including the southernmost — we investi-
gated the drivers of G. sylvestris distribution in
South America. Specifically, we integrated our pri-
mary records with those found in an extensive liter-
ature search to fit SDMs, in order to answer the fol-
lowing question: What is the role of climate and
forest cover in the rarity of G. sylvestris in eastern
South America? Our findings help to elucidate some
fundamental aspects of the natural history of this
poorly known species.

MATERIALS AND METHODS

New Records

We present new records of G. sylvestris we made in the state
of Santa Catarina, southern Brazil (Fig. 1). These records are the
result of bat surveys carried out in three sampling sites: (1) APA
Rio Vermelho, in Sdo Bento do Sul (26°19°24”’S, 49°18°32”W),
between August 2014 and July 2015; (2) Fazenda Schacht, in
Ibirama (26°56°56S, 49°33°44”W), in September 2012; and
(3) Sao Joaquim National Park, in Orleans (28°14°49”S,
49°31°09”W), between May 2022 and February 2023. All sur-
veys were carried out with understory mist nets, opened at dusk
and operated for five or six hours. The permits for sampling
were provided by SISBIO, under numbers 26934-1 (studies 1 e
2) and 80713-1 (study 3). Although geographically distant, the
three sampled sites are ecologically similar, with all points
being inserted in large remnants of late-stage secondary-growth
Atlantic Forest, in the Serra do Mar (rainforest) ecoregion
(Olson et al., 2001). According to Kdppen’s classification, the
climate type is also the same at all points: Cfa — humid subtrop-
ical, with no defined dry season and hot and humid summers
(Alvares et al., 2014). The elevations are 725, 735 and 660 m
above sea level (a.s.l.) at sites 1, 2 and 3, respectively.

Taxonomic identification was based on Simmons and Voss
(1998), Williams and Genoways (2007) and Diaz et al. (2021).

At the genus level, the following diagnostic characters were ob-
served: (1) chin with pair of dermal pads arranged in a “V’ with
no central papilla; (2) first upper incisor of similar length to the
canines; (3) calcar shorter than hindfoot. Within the genus, the
following diagnostic characters were observed: (1) forearm
length less than 44 mm; (2) total skull length less than 22 mm;
(3) dorsal fur with three colour bands, dark grey at the bases and
tips and lighter in the middle band.

Secondary Data

We started our search for secondary records of G. sylvestris
in two comprehensive datasets of bat surveys from the Atlantic
Forest (Muylaert et al., 2017) and the Amazon basin (Carvalho
et al., 2023). Then, we supplemented these with data from the
specialised literature and the Global Biodiversity Information
Facility (GBIF, 2024; gbif.org). Data from the specialised liter-
ature were found in Web of Science, Google Scholar, and
SciELO, using the keywords ‘Glyphonycteris sylvestris’ or
‘Micronycteris sylvestris’ (synonym). We included both re-
search articles and grey literature in our database, provided they
were accessible online to allow verification of records and sam-
pling sites. In cases where the authors did not report the exact
location of the study in the text, we requested it by email.
Likewise, data from GBIF were searched using the species
name as a keyword. We restricted GBIF results to the South
America polygon and selected only records with spatial un-
certainty less than or equal to 1 km. We then carefully checked
each record to ensure that there were no duplicates and
to exclude records with dubious locations, such as those point-
ing to city centroids or water bodies. We did not apply any date
restrictions, since most of the old records (i.e., before
2000) were in regions within the species’ currently recognised
distribution.

Environmental Variables

We used a set of climate, landscape and accessibility vari-
ables in our analyses. The climate variables were accessed from
the Chelsa ver. 2.1 portal (average of the period 1981-2010;
Karger et al., 2017), at a resolution of 1 km?. From the 19 avail-
able bioclimatic variables, we selected four non-collinear vari-
ables that represent different dimensions of climate variability
in South America, namely: temperature seasonality (bio4), min-
imum temperature of the coldest month (bio6), total annual pre-
cipitation (biol2), and total precipitation of the driest quarter
(biol7). Temperature and water availability have been sug-
gested as important predictors of bat occurrence and diversity
(McCain, 2007; Stevens, 2013). We used the NASA GEDI
Forest Height layer (reference year 2019, 30 m resolution) to
calculate forest cover across 1 km? pixels. We first transformed
this layer into binary (1 for forest, 0 for non-forest), using a for-
est height of 3 m as a threshold, and then calculated the mean
forest cover at 1 km? pixels, using the same pixels location as
the climate layer. We recognize that other more complex metrics
besides forest cover may be related to landscape suitability (e.g.
fragmentation metrics) but calculating these metrics for each
pixel was computationally intractable given the continental
scale of our study. Finally, accessibility was represented by two
variables: distance to roads, derived from the South American
roads file (available on the GLOBIO portal; www.globio.info);
and human footprint index, downloaded from the NASA
SEDAC portal (sedac.ciesin.columbia.edu). All geoprocessing



Glyphonycteris sylvestris distribution 251

10°N

10°S

20°S

30°S

80°W 70°W

60°W

50°W

40°W

F1G. 1. Records of G. sylvestris in South America. Yellow dots indicate new records reported in this study, while blue dots indicate
records from secondary sources. Coordinates of each record are provided in Supplementary Table S1

tasks were performed in QGIS (QGIS Development Team,
2019) and R (R Core Team, 2023), using the ‘raster’ (Hijmans,
2023a) and ‘terra’ (Hijmans, 2023b) packages.

Species Distribution Modelling

We used the MaxEnt algorithm, implemented in the
‘maxnet’ R package (Phillips et al., 2017), to model the distri-
bution of G. sylvestris in South America. Under certain assump-
tions, MaxEnt’s predictions can be viewed as measures of rela-
tive abundance (see Renner et al., 2015; Phillips et al., 2017),
making it suitable for our research question. We selected a ran-
dom set of 100,000 background points to represent environmen-
tal availability in our study area. Occurrence records and back-
ground points were modelled as a function of climate and land
cover variables, which were of our interest, plus accessibility
variables, which were included to control for the fact that pres-
ence-only records tend to be biased toward more accessible
areas (Phillips ez al., 2009; Fithian et al., 2015). As spatial inde-
pendence in occurrence records is an assumption of MaxEnt
models (Phillips et al., 2017), we removed extra records when
more than one record was located in the same raster cell (1 km?).
We included only linear and quadratic terms for all variables, re-
sulting in more interpretable models (Merow et al., 2014).
Moreover, the variables were standardised prior to the analyses

to a mean of 0 and a standard deviation of 1 to facilitate the in-
terpretation of the coefficients. The ‘maxnet’ package uses
Lasso (/,) regularisation to reduce the coefficients of less impor-
tant variables to zero, which minimises the risk of overfitting
and automates the process of selecting relevant environmental
variables (Friedman et al., 2010; Phillips et al., 2017). We as-
sessed the predictive power of the model using a spatially struc-
tured 10-fold cross-validation procedure (Radosavljevi¢ and
Anderson, 2014), with the Area Under the Receiver Operating
Characteristic Curve (AUC-ROC) as the performance metric.
The model validation folds were created using the ‘blockCV’
R package (Valavi et al., 2019).

To explore the role of climate and land cover on the distri-
bution of G. sylvestris in South America, we created a set of pre-
diction scenarios for our fitted model: (i) First, we predicted the
climate suitability across the study area, so that forest cover was
fixed at 100% and climate variables were maintained at their
original values. (ii) Next, we predicted the landscape suitability
across the study area, so that climate variables were fixed at
their mean values and forest cover was restored to its original
values. (iii) Finally, we predicted the species realised distribu-
tion, where both climate and land cover variables were main-
tained at their original values. In all scenarios, accessibility vari-
ables were fixed at their mean values to remove the effect of
sampling bias on the predictions.
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Finally, we also used the fitted model to create response
curves to environmental variables. To do this, we used a boot-
strap procedure with 1,000 replicates, randomly removing 30%
of records before fitting the model in each replicate. Comple-
mentary log-log (cloglog) outputs were used in all maps and re-
sponse curves (Phillips e al., 2017). The data and code required
to replicate the modelling approach and main results are avail-
able in the Figshare repository (doi.org/10.6084/m9.figshare.
26781727).

RESULTS

Our field surveys resulted in six individuals of
G. sylvestris: one female in Ibirama, one male in Sdo
Bento do Sul, and three females and one male in
Orleans. Four individuals were collected and de-
posited in the Zoological Collection of the Regional
University of Blumenau — CZFURB (Ibirama:
SLA34359, Sdo Bento do Sul: SLA56194, and
Orleans: SLA6954% and SLA695573), while the re-
maining individuals were released. The four individ-
uals from Orleans represent the southernmost
records for this species.

A search of secondary data revealed 55 records,
distributed across northern South America, the Ama-
zon Basin, and eastern South America, including
the Cerrado and Atlantic Forest (Fig. 1). Of these,
51 were found in the literature and four were found
in the GBIF database.

The MaxEnt SDM showed satisfactory perfor-
mance in a spatially structured cross-validation
(AUC = 0.811). Annual precipitation (coefficient:
1.58), forest cover (coefficient: 1.26; Fig. 3), and the
quadratic term of temperature seasonality (coeftfi-
cient: -0.98) were the ecological predictors with the
highest estimated effect in the model. In addition,
distance to roads (coefficient: -0.90) and human
footprint (coefficient: 0.52) were also important,
suggesting the presence of sampling bias in the data
(Table 1).

When forest cover was set at 100% (scenario 1),
the SDM predicted high values of environmental
suitability in the wetter and hotter regions of South
America (Fig. 2A), including most of the Amazon
Basin, the Atlantic Forest, and parts of the Cerrado.
Next, when climate variables were set at their mean
values and forest cover was restored to its original
values (scenario 2), the SDM predicted high levels of
landscape suitability in places with high forest cover
(Figs. 2B and 3). Finally, when climate and forest
cover were restored to their original values (scenario
3), the final predictions restricted G. sylvestris occur-
rence to landscapes with high forest cover of regions
with suitable climatic conditions (Fig. 2C).

DiscussION

Our results elucidate the geographic distribution
of G. sylvestris in South America and point to both
climate and forest cover as drivers of the lack of
records in the eastern region. We show that although
the species’ potential distribution seems incompati-
ble with the driest and coldest ecoregions of South
America (e.g., Caatinga, Chaco, central and southern
regions of the western Andes), G. sylvestris could
still be frequent in the Atlantic Forest and in forest
formations of the Cerrado if most landscapes had not
been altered by human activities in these regions.
Below, we discuss these findings in more detail.

Based on the historical lack of records in the dry
diagonal of South America (Caatinga, Cerrado, and
Chaco), numerous studies have reported the distri-
bution of G. sylvestris as disjunct (e.g. Williams and
Genoways, 2007; Solari, 2018), with one metapopu-
lation inhabiting an area extending from Mexico
to the Amazon Basin, and another isolated in the
Atlantic Forest. Recently, Felix et al. (2016) re-
corded the species in a deciduous forest in the
Cerrado, between the two known metapopulations,
thereby motivating a discussion about the possibility
of a continuous distribution (see also Sanchez et al.,
2019). This hypothesis was later supported by addi-
tional records in the Cerrado presented by Ben-
vindo-Souza et al. (2021), in a riparian forest, and
Da Silva et al. (2022), in a mosaic of forest and
non-forest formations associated with caves. Here,
we show that most of the Cerrado has regions cli-
matically suitable for G. sylvestris, supporting the

TaBLE 1. Estimated standardised coefficients for the effect of
different environmental variables on the relative probability of
occurrence of G. sylvestris in South America. Terms (linear or
quadratic) with no importance, for which the coefficient was
estimated to be zero, are represented by ‘—’

Variable Term Coefficient

Temperature seasonality linear 0.73

quadratic -0.98

Minimum temperature of the linear 0.89

coldest month quadratic -0.35

Annual precipitation linear 1.58

quadratic -0.54

Precipitation of the driest quarter linear 0.15
quadratic -

Forest cover linear 1.26

quadratic 0.40

Human footprint linear 0.52
quadratic -

Distance to roads linear -0.90
quadratic -
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FIG. 2. Predicted habitat suitability maps for G. sylvestris in South America under different scenarios: A — with forest cover fixed

at 100% and climate variables kept at their original values; B — with climate variables fixed at their mean values and forest cover

kept at its original values; and C — with both climate and forest cover kept at their original values. Maps show ‘cloglog’ outputs

from a MaxEnt model, and are colour-coded according to habitat suitability, following the colour palette on the right. Dots indicate
occurrence records used in model calibration

hypothesis of a continuous potential distribution.
According to our results and these previous records,
there are reasons to expect that most well-preserved
forest landscapes in the Cerrado harbour popula-
tions of this species, which may be further discov-
ered with increased sampling efforts in the region.
However, in contrast with the high climate suit-
ability predicted for eastern South America by our
model, many landscapes in the region present
a challenging context for the persistence of G. sy/-
vestris. By incorporating forest cover into our SDM,
we show that the realised distribution of the species
is strongly related to landscapes that are highly
forested. This is consistent with the few studies
on bat responses to forest loss that have included
G. sylvestris in their analyses (Rocha et al., 2018;
Farneda et al., 2022). Most forest landscapes in east-
ern South America have been converted to areas of

human influence such as plantations, cattle pastures,
forestry, and urban areas (Ribeiro et al., 2009;
Alencar et al., 2020; Vancine et al., 2024). In ad-
dition, most of the landscapes in the Cerrado, as well
as a small portion of the landscapes in the Atlantic
Forest, consist of natural open areas, such as savan-
nas and grasslands (Ribeiro and Walter, 1998).
Together, these conditions appear to explain much
of the lack of records of G. sylvestris in eastern
South America. Furthermore, this leads us to spe-
culate that many populations may have been locally
extirpated at a landscape scale due to the deforesta-
tion that has occurred in the region in recent
centuries.

Responses to forest loss are highly variable
among Neotropical bats (Farneda et al., 2015,
2022), making it difficult to identify ecological traits
that can predict such responses. Interestingly,
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F1G. 3. Under average climatic conditions, the occurrence of
G. sylvestris is positively related to landscapes with high forest
cover. The black line represents the model fitted to all available
data, while the shaded area represents the 95% confidence
intervals generated in a 1,000-replicate bootstrap procedure

species phylogenetically close to G. sylvestris, such
as Carollia spp. (Davalos et al., 2012), appear to be
quite tolerant and even increase in abundance in
early-stage second-growth forests and pastures in
some regions (Bobrowiec and Gribel, 2010; Rocha
et al., 2018), as they primarily feed on pioneer
plants (Fleming, 1991). It is possible that G. syi-
vestris depends on resources found only in forested
landscapes, which may explain the strong associa-
tion observed. For example, the species predomi-
nantly roosts in tree hollows across its range
(Goodwin and Greenhall, 1961; Voss et al., 2016),
with occasional use of caves (Hall and Dalquest,
1963). In altered landscapes, large trees capable of
providing suitable roosts are either absent or present
only at very low densities, which may act as a con-
straint on the species’ distribution, particularly when
no cave is available nearby. Indeed, roost unavail-
ability has been suggested as a likely explanation for
the absence of cavity-roosting bats in early-stage
secondary forests (Voss et al., 2016).

Additionally, we note that some of our records
were obtained in riparian forests with mist nets
placed over streams, which was also mentioned by
researchers we contacted (V. C. Claudio, personal
communication) and documented by previous stud-
ies (Reid, 1997; Benvindo-Souza et al., 2021). If the
species feeds on plant items or insects that are more
abundant in riparian forests, a positive association
with forest cover at landscape scale can be expected,
especially because many of the forest remnants of
the Atlantic Forest and the Cerrado are concentrated

along riverbanks, where legal protections under the
Brazilian Forest Code are designed to ensure their
preservation (Brasil, 2012). However, future studies
at smaller spatial scales are necessary to test these
and other hypotheses and shed light on the ecologi-
cal mechanisms driving the patterns observed here.

SUPPLEMENTARY INFORMATION

Contents: Supplementary Table S1. Occurrence records of
G. sylvestris in South America. Supplementary Information is
available exclusively on BioOne.
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