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ABSTRACT

As part of the world biodiversity hotspot ‘Meso-America’, the country of Guatemala hosts
a minimum of 100 bat species. However, the taxonomy and the systematic of Neotropical
bats have recently undergone many changes and the knowledge about species diversity
and distribution remains patchy. We report here the results of a bat survey conducted in
November 2010 inside the biological station ‘Las Guacamayas’ (‘Laguna del Tigre’ National
Park’). We used three survey methods: roost search, mist net capture as well as ultrasound
recording. On the basis of recent taxonomic knowledge, we surveyed a minimum of 25 bat
species belonging to seven different families, including two new families for the National
Park (Natalidae and Vespertilionidae). We have identified several systematic and taxonomic
changes: Carollia brevicauda for C. sowelli, Pteronotus parnellii for P. mesoamericanus,
Rhogeesaa tumida for R. bickhami / menchuae, Sturnira lilium for S. parvidens and Uroderma
bilobatum for U. convexum. Mist net captures and ultrasound recordings resulted in the
identification of several new species. By combining the two inventories of the National Park
and taking into account the taxonomic changes, we obtained a maximum of 31 species
identified so far. Our survey improves the knowledge on bat diversity and distribution in

accepted: February, 28th 2018

INTRODUCTION

Located in Central America, Guatemala is part of the
world’s biodiversity hotspot ‘Meso-America’ (Myers et al.
2000). Despite its small surface (108.889 km?), the country
hosts an important part of the world’s bat diversity with a
minimum of 100 species identified (Kraker-Castafieda et al.
2016). Despite the fact that the systematics and taxonomy
of bats faced numerous changes with the description of
several species for the country (Solari & Martinez-Arias
2014), the knowledge on bat diversity in Guatemala remains
poorly understood.

Situated in the North of Guatemala, the National Park
‘Laguna del Tigre’ is of particular interest for biodiversity.
With a surface of 289,000 ha, this park represents one of
the core areas of the Biosphere Reserve Maya. Wetlands
from the Park are recognized as being of international
importance according to the Ramsar Convention of 1990
and 1999 (Bestelmeyer & Alonso 2000). Despite this, the
park is extremely threatened by human development
and colonization linked to oil extraction facilities (causing
significant deforestation), unregulated fishing and hunting,
and pollution (Bestelmeyer & Alonso 2000). To ensure
conservation work, the biological station “Las Guacamayas”
(Estacion Bioldgica Las Guacamayas: EBG, 5,050 hectares)
was created in the south-eastern area of the Park. It is

Guatemala, with implications for their conservation.

located in mature and remote lowland tropical forest, but
it is also one of the most threatened areas of the Park
(Bestelmeyer & Alonso 2000).

Despite the great potential for bat biodiversity studies,
little research has been conducted on the diversity of bats
in the area. A previous study in five different localities of the
’Laguna del Tigre’ National Park (including a locality close to
the EBG) reported 20 species caught in mist nets and three
species located in roosts (Bestelmeyer & Alonso 2000). One
of the major limitations of these two methods lies in the
fact that aerial insectivorous species are under-represented
among captures (MacSwiney et al. 2008). Acoustic recording
is a great complementary method for detecting high-flying
species and thus improves the inventories of bats in the
Neotropics (Kalko 1998, MacSwiney et al. 2008). Considering
the poor knowledge of the bat community in the biological
station “Las Guacamayas” and following a request from
the managers of EBG, the association ‘Ascalaphe’ carried
out an inventory of the bat diversity within the perimeter
of the station. This study is based on three complementary
methods: mist net captures, roost search, and ultrasound
recordings. The aim of this multi-method inventory was to
provide additional information on the specific richness and
conservation status of bats within the ‘Laguna del Tigre’
National Park and more generally in Guatemala on the basis
of updated systematic and taxonomic knowledge (Kraker-
Castafeda et al. 2016).
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MATERIAL AND METHODS

Study site

Located in the forest area of Petén in the north of
Guatemala, the biological station is accessible after about
2h 30’ off trail to the north-east of the regional capital
Santa-Elena / Flores followed by 30’ canoe to the east of
the traditional community of Paso Caballos. This station is
located at the heart of a primary forest, close to the Rio San
Pedro but also shows some patches of secondary forest in
its vicinity. Established in 1994 by the association ProPetén
and Conservation International, this station is administered
since 2008 by the association Balam.

The region is mostly at low altitude, with elevations
up to 300 m above sea level (CONAP 2006). The dominant
habitat is a tropical dry forest (Murphy & Lugo 1995). About
30% of the surface is composed of savannas and flooded
swamps, the rest consists of highland forests, some relics
of oak forests (Quercus oleoides) and riparian vegetation
areas, lakes, lagoons and rivers. The region is subject to a
wet and warm dominant climate with well-marked seasons.
The rainy season lasts from June to December and has an
average temperature of 25 2C. The dry season runs from
January to May and has an average temperature of 35 2C
(CONAP 1999). The rainfall for the region averages 1600 mm
per year (Bestelmeyer and Alonso 2000).

Sampling

Field sampling was carried out using three methods:
i) mist net sampling, ii) roost research, and iii) acoustic
surveys using ultrasound detectors. We carried out 16
hours of mist net sampling over eight nights (16-17, 19,
21-25 November 2010), at a rate of two hours per night
between 17:30 and 19:30. Seven sampling nights took
place near the EBG (border and trails in the primary and
secondary forests as well as open landscapes). The eighth
night was carried out near the archaeological site ‘El Peru
— Waka’ (trail in the secondary forest, Fig. 1). We used a 6 x
2.4-meter Japanese mesh filament (16 mm mesh; Ecotone,
Poland) in undergrowth in order to block forest tracks or
potential flight corridors. We also used the same type of mist
net as canopy net using 6-meter poles in two sites. Captured
specimens were identified to species level using field guides
(LaVal & Rodriguez-H 2002, Reid 2009, Rodriguez et al.
2007). To avoid recaptures, all individuals were released at
the end of night of sampling. All released individuals were
recorded at three meters to obtain reference sequences.
A fraction of the sequences (i.e. Natalus mexicanus) did
not show the required quality and therefore they were
discarded. Secondly, diurnal surveys of roosts were carried
out in various places (caves, tree cavities, undersides of
palm leaves and banana trees) between 16th and 25" of
November 2010. Finally, we used ultrasound detectors at
capture sites to record over a duration of six hours, spread
over six nights (17, 19-22, 23, 25 November 2010) at a rate of
one hour per night between 17:45 and 18:45. These passive
acoustic inventories were carried out using a Tranquility
transect time expansion detector (Courtpan Design Ltd, UK),
set to standard gain, recording time of 1.28, and division
by 10 in combination with a zoom H2 recorder (Samson

Technologies, USA). Species identification was performed
manually using the Syrinx software (John Burt, University
of Washington). Identification criteria are based on the
association between acoustic call type, call shapes and
measurable parameters (pulse duration, inter-pulse interval,
bandwidth, terminal frequency and maximum frequency).

RESULTS

Species list

In eight nights of sampling, we caught 84 bats belonging
to 17 species and five different families (Table 1 and
Supplementary Material Fig. 1). During the six nights
using ultrasound detectors, we recorded 12 species of
bats representing five families as well as one unidentified
species. During the roost search, we also found two species
of two different families. By combining the three survey
methodologies, we identified 25 species of Chiroptera from
19 genera within the perimeter of the EBG.

Emballonuridae Gervais, 1856
Peropteryx macrotis Wagner, 1843

This species was recorded only once on 23™ of November
over Rio San Pedro (Fig. 2A). The species was identified by six
pulses with a duration of 6-9 ms in quasi-constant frequency
(QCF) around 40 kHz and inter-pulse intervals (IPl) between
80 and 230 ms which are typical of the species. Such short
calls with most energy at c. 38-40 kHz are typical of the
species (Rydell et al. 2002).

Rhynchonycteris naso Wied-Neuwied, 1820

This small insectivorous species occurs at the edge of the
Rio San Pedro in full light, concealed in small groups on rocks
or trunks of trees emerging from the water. Two colonies
of seven and eight individuals respectively were discovered
within one km of the station. Many echolocation calls of the
species, characterized by high frequencies (Jung et al. 2007),
could also be recorded at the river (e.g. Fig. 2B). These calls
comprise a QCF component of high frequency between
90 and 92.5 kHz with inter-pulse interval between 30 and
120 ms. A group of 5-6 individuals was already observed in
the Park, on a tree trunk above the water (Bestelmeyer &
Alonso 2000).

Saccopteryx bilineata Temminck, 1838

This is a small insectivorous species which is characterized
by the presence of two white lines on its back, contrasting
with its dark fur. The males have the particularity of being
equipped with two small wing sacs under the forearm
to store pheromones. Eleven individuals were captured
in a forest path leading to the Rio San Pedro. The species
was regularly recorded with the detector (e.g. Fig. 2C)
but only in mature forest areas. The sounds recorded at
release consist of series of 3 to 4 harmonics of QCF, a first
harmonic between 23 and 24 kHz of maximum frequency
(Fmax) and a measured IPl between 100 and 140 ms. Those
measurements are consistent with the values from the Table
S1 from MacSwiney et al. (2008). We also identified the
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Table 1 - List of the species detected during our survey. Endemism refers to the publication from Kraker-Castarnieda et al. (2016). The IUCN
status is the status from the IUCN Red List of Threatened Species (Version 2017-3; LC = Least Concern, DD = Data Deficient). The forearm

length is given as mean + SD and number of individuals in brackets.

Family Species New for the Park  Endemism IUCN status Forearm length
Peropteryx macrotis * no LC

Emballonuridae Rhynchonycteris naso no LC
Saccopteryx bilineata no LC 44,3 +1 (11)
Pteronotus davyi * no LC 44 (1)

Mormoopidae
Pteronotus mesoamericanus yes LC 57,1+1,5(18)

Molossidae Eumops sp. " ) )
Molossus rufus no LC

Natalidae Natalus mexicanus * no LC

Noctilionidae Noctilio cf. leporinus no LC
Artibeus jamaicensis no LC 60,1+ 1 (6)
Artibeus lituratus no LC 70,3+ 1(3)
Carollia sowelli yes LC 39,0+0,7 (13)
Carollia perspicillata * no LC 43,3 +1 (3)
Dermanura phaeotis no LC 38,6 +0,9 (5)

Phyllostomidae = Dermanura watsoni yes LC 37,7+0,5(3)
Desmodus rotundus no LC 56,8 (1)
Glossophaga cf. commissarisi no LC 35,3+0,8(2)
Glossophaga cf. soricina * no LC 36,1+0,5 (5)
Sturnira parvidens yes Not yet assessed 38,0+ 0,4 (2)
Uroderma cf. convexum yes Not yet assessed 43,2+1(2)
Eptesicus furinalis * no LC
Lasiurus ega/intermedius * no LC

Vespertilionidae Rhogeessa bickhami/men- . yes LC/DD 28,7+0,5(8)
chuae
Myotis sp. * - - 34,1 (1)

Legend

Las Guacamayas
@ ElPert
@ Las Guacamayas
Sampling
Canopy net
@ Primary forest net
© Secondarv forest net
¢ Acoustic recordings

Fig. 1 - Map of the capture and recording sites. The first insert
shows the country of Guatemala while the second insert shows
the localization of El Perd and Estacidn Bioldgica Las Guacamayas
(EBG). The main figure is the localization of the different fieldwork
sites in the EBG.

pulse alternation which is characteristic of the species (Jung
et al. 2007). A group of the species was already observed
in a hollow trunk of matapalos (Ficus sp.) (Bestelmeyer &
Alonso 2000).

Mormoopidae Saussure, 1860
Pteronotus davyi Gray, 1838

An individual was captured eight km from the station on
a forest path leading to the Laguna el Peru. This species has
a singular peculiarity: its wings are contiguous to its back,
giving it a “hairless” look. The lone female captured had a
44 mm forearm, a characteristic measure for the species
(43-49 mm, Reid 2009). Furthermore, we recorded many
echolocation calls from this species, mainly in the forest
alleys around the station (e.g. Fig. 3A). Its echolocation
consists of a constant frequency segment (CF) followed
by a downwardly modulated frequency segment which
terminates with a short, quasi-constant frequency segment.
Up to three harmonics were recorded, the second harmonic
segments being the most intense in terms of energy. The
average frequencies recorded for the constant frequencies
of the second harmonic varied between 57-58.5 and 67-70
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Fig. 2 - A (on top). Ultrasound recording of a free-flying Peropteryx macrotis recorded along the Rio San Pedro. B (in the middle). Ultrasound sequence from
a hand-released Rhynchonycteris naso (time expansion x10). C (at the bottom). Ultrasound sequence from a hand-released Saccopteryx bilineata (time
expansion x10). x-axis: Time (1 unit = 100 ms), y-axis: Frequency (1 unit = 10 kHz).

kHz for an IPI of 120-130 ms. These values are consistent
with the frequencies of 58.0 and 68.0 kHz reported for
conspecifics from Panama (lbanez et al. 1999).

Pteronotus mesoamericanus Smith, 1972

Previously considered a species in its own right,
Pteronotus parnellii is now seen as a complex of species
difficult to identify (Lewis-Orrit et al. 2001, Davalos 2006,
Clare et al. 2013, De Thoisy et al. 2014, Lépez-Wilchis et
al. 2016, Lopez-Baucells et al. 2017). Captured 18 times
(11 males and seven females) and recorded at all capture
sites, this species is the most commonly captured bat in
the biological station. This species complex was already
known for the National Park thanks to the capture of several
individuals (Bestelmeyer & Alonso 2000). The forearm
measurements of our captured individuals, between 52.2

and 59.2 mm, cannot be used to differentiate species from
the complex (Clare et al. 2013). Based on the basis of our
ultrasound recordings (30 series analysed and 100 calls
measured), the species has a QFC with an average of 63.0 +
1.7 kHz that varies between 61.8 and 63.8 kHz (e.g. Fig. 3B).
Based on the acoustic measurements, we can confirm that
we recorded P. mesoamericanus, which is known to have
an average constant frequency of 62.1 + 1.91 kHz based on
individuals from Central America (Clare et al. 2013). It will
be noted however that our individuals appear on average
slightly higher in frequency.

Molossidae Gervais, 1856
Eumops sp.

We recorded many sequences comprising calls with QCF
and downward modulation alternating between 15 and 20
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Fig. 3 - A (on top). Ultrasound sequence of a free-flying Pteronotus davyi typical of prey capture (time expansion x10). B (at the bottom).
Ultrasound sequence of a free-flying Pteronotus mesoamericanus typical of foraging (time expansion x10). x-axis: Time (1 unit = 100 ms),
y-axis: Frequency (1 unit = 10 kHz).
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Fig. 4 - A (on top). Ultrasound sequence of a free-flying Eumops sp. (time expansion x10). B (at the bottom). Ultrasound sequence of a free
flying Molossus rufus foraging above the Rio San Pedro (time expansion x10). x-axis: Time (1 unit = 100 ms), y-axis: Frequency (1 unit = 10
kHz).
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kHz (e.g. Fig. 4A) that are typical of Eumops sp. (Jung et al.
2014). Both species of the genus known in Guatemala, E.
auripendulus and E. ferox, have a wide distribution (Kraker-
Castafieda et al. 2016). Several other species are also
present in neighboring countries (Reid 2009). The scarcity
of acoustic data for the genus does not allow us a specific
identification.

Molossus rufus Geoffroy, 1805

Many individuals were recorded by the detector,
flying over the biological station or foraging above the Rio
San Pedro. We recorded calls with QFC and downward
modulation between 21 and 27 kHz with pulse alternation
(e.g. Fig. 4B) which are typical of the species (Jung et al.
2014). The species was already known for the area with the
discovery of an individual under a camping tent of the EBG
(Bestelmeyer & Alonso 2000).

Natalidae Gray, 1866
Natalus mexicanus Miller, 1902

An individual was captured early in the night near the
station on a forest path leading to the Rio San Pedro. No
sound of reference of satisfactory quality could be realized
when releasing this individual because this species emit
echolocation calls of very low intensity (Rydell et al. 2002).
It is actually the only species of Natalidae recorded in
Guatemala.

Noctilionidae Gray, 1821
Noctilio cf. leporinus Linnaeus, 1758

An individual was found in a tree cavity at the El Peru
(Maya site). Since the individual was inaccessible, the
forearm length could not be measured. However, its large
size suggests that it was Noctilio cf. leporinus (and not N.
albiventris). The species was already known for the National
Park with the observation of an individual at the ‘Laguna el
Perud’ (Bestelmeyer & Alonso 2000).

Phyllostomidae Gray, 1825

The family of Phyllostomidae, endemic to the new world,
represents most of the specific diversity encountered in
the biological station with 11 species surveyed. Except for
Glossophaga commissarisi, we recorded no ultrasounds
during the release of captured individuals because
Phyllostomidae usually emit low-intensity and high-intensity
echolocation calls (Kalko 2004).

Artibeus jamaicensis Leach, 1821

This frugivorous species was captured six times
(three males and three females) in different habitats. The
measurements of forearm length varied between 58.4 and
61.7 mm, for a specific range between 55 and 67 mm (Reid
2009).

Artibeus lituratus Olfers, 1818

Similar to A. jamaicensis, this species has white lines on
the rostrum. Three males were caught on the same site, a
secondary forest alley. The measurements of forearm length
varied between 69.5 and 71.8 mm, when the specific range
is 69-78 mm (Reid 2009).

Carollia sowelli Baker, Solari & Hoffman 2002

Individuals of this species were previously attributed to
C. brevicauda, which is now considered limited to eastern
Panama and South America (Wright et al. 1999, Baker et
al. 2002, Hoffman & Baker 2003). C. sowelli has the same
sequence of morphological features as C. brevicauda but is
slightly larger (Baker et al. 2002). We captured 13 individuals,
both in primary and secondary forests. The forearm length
of our captured individuals varied between 37.7 and 40 mm,
for a specific range known between 37 and 42 mm (Reid
2009). The species was already known for the National Park
but reported under the name C. brevicauda (Bestelmeyer &
Alonso 2000).

Carollia perspicillata Linnaeus, 1758

One male and two females were captured in primary
forest alleys. The forearm length of these individuals varied
between 40.9 and 44.4 mm, with a known specific range of
41-45 mm (Reid 2009).

Dermanura cf. phaeotis Miller, 1902

The synonym of this species is Artibeus phaeotis.
Frugivorous species of medium size, it was caught five times
on four different forest sites.

Dermanura cf. watsoni Thomas, 1901

The synonym of this species is Artibeus watsoni. It has
white facial stripes, usually more than in its sister species
D. phaeotis (Reid 2009). The forearm length, between 35-40
mm for D. phaeotis and 35-41 mm for D. watsoni, does not
allow a specific diagnosis. Three individuals were caught on
a forest path.

Desmodus rotundus E. Geoffroy, 1810

This is the only hematophagous species detected in our
study, with a male individual captured eight km from the
station at the end of the sampling night on a forest path
leading to the Laguna el Peru.

Glossophaga cf. commissarisi Gardner, 1962

This nectarivorous species was caught twice, in a forest
alley at the most isolated site from the station. The forearm
length of these individuals varied between 34.5 and 36.1
mm, with a known specific range of 31-38 mm. The lower
incisors are small and have a small space between them
(Lopez-Baucells et al. 2016). Ultrasound recordings from
a hand-released individual show a series of frequency-
modulated calls, with initial frequency of 35 kHz, terminal
frequency of 12 kHz and IPI of 750 ms (Fig. 5). These pulses
show ‘zigzags’ with a terminal part relatively flattened as
well as two very low harmonics.
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Glossophaga cf. soricina Pallas, 1766

This species was caught five times on a forest path
leading to the Rio San Pedro. The forearm length of these
individuals varied between 35.4 and 36.8 mm, with a
known specific range of 31-40 mm. Unlike its sister species
G. commissarisi, the lower incisors are not spaced (Lépez-
Baucells et al. 2016).

Sturnira parvidens Goldman, 1917

Previously a widely distributed species from Mexico to
South America, Sturnira lilium (E. Geoffroy 1810) is now
considered a species complex (Ditchfield 2000, Velazco &
Patterson 2013). S. lilium is now restricted to South America
(Velazco & Patterson 2013) while subspecies S. I. parvidens
Goldman 1917 is now ranked as a species distributed in
Central America (Velazco & Patterson 2014). This species
was captured twice in a forest alley leading to the Rio San
Pedro (one male and one female). The forearm length of
these individuals varied between 37.7 and 38.4 mm, with
a known specific range of 38-41 mm (Velazco & Patterson
2014). The species was already known to the National Park
but reported under the name of S. lilium (Bestelmeyer &
Alonso 2000).

Uroderma cf. convexum Baker & McDaniel, 1972

Previously a widely distributed species, Uroderma
bilobatum (Peters 1866) is now considered a species
complex. Two species are found in Central America:
Uroderma davisi (Baker & McDaniel 1972) distributed
along the Pacific coast and U. convexum (Lyon 1902) along
the Atlantic coast (Mantilla-Meluk 2014). According to the
geographical distribution, we have likely captured Uroderma
convexum. This species was caught twice: in open areas
above the canopy net camp (normal mist net pulled up
on 6-meter poles) and in a forest alley near the river. The
forearm length of the captured individuals varied between
42.3 and 44.2 mm. The species was probably already known
for the National Park but reported under the name of U.
bilobatum (Bestelmeyer & Alonso 2000).

©C -~ N W A OO

Vespertilionidae Gray, 1821
Eptesicus furinalis

High-flying species, E. furinalis was detected one time
with the ultrasonic detector as it was passing over the camp.
The recorded sounds are of the highly modulated type,
with a terminal frequency between 36 and 37.5 kHz, an IPI
between 120 and 250 ms and a bandwidth between 7 and
20 kHz (e.g. Fig. 6A). These acoustic pulses are in accordance
with those described acoustically in the publication by Rydell
et al. (2002).

Lasiurus ega/intermedius Gervais, 1856/H. Allen, 1862

This genus was detected with the ultrasonic detector on
many occasions (e.g. Fig. 6B). The recorded sounds are of the
modulated type, with a terminal frequency between 28.5
and 33 kHz, an IPl between 100 and 250 ms and a bandwidth
between 3 and 15 kHz. Sequences with alternating phases
could be recorded. The acoustic characteristics of these
sounds are characteristic of Lasiurus ega or Lasiurus
intermedius (two species described acoustically in the
publication by Rydell et al. 2002). However, the lack of
precise study on their acoustic identification does not allow
us to make a specific diagnostic.

Rhogeessa bickhami/menchuae Baird et al. 2002

Previously a broadly distributed species, Rhogeessa
tumida (H. Allen 1866) is now considered a species complex
comprising two new species have been identified based on
geneticdata: R. bickhamiand R. menchuae (Baird et al. 2002).
These two species are found in Guatemala: R. bickhami in
the east of the Motaga Valley and R. menchuae at the Rio
Vega Grande, Los Amates, Izabal. These two species have
no morphological differences except for small differences in
the proportions of the skull. We are not in a position here
to differentiate these two species. Eight individuals (four
females and four males) of R. bickhami / menchuae were
caught in mature forest alleys during 4 different evenings.
The forearm length of these individuals varied between 28.1
and 29.6 mm. The set of sequences recorded at release or in
flight has modulated frequencies with a terminal frequency
of 47 and 49.5 kHz, an IPl of 80 ms and a bandwidth between
25 and 40 kHz (Fig. 6C).

Fig. 5 - Ultrasound sequence from a hand-released Glossophaga cf. commissarisi. x-axis: Time (1 unit = 100 ms), y-axis: Frequency (1 unit

=10 kHz).
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Fig. 6 - A (on top). Eptesicus furinalis foraging above the biological station (time expansion x10). B (in the middle). Ultrasound sequences
of Lasiurus sp. foraging above the biological station (time expansion x10). C (at the bottom). Ultrasound sequence of Rhogeessa bickhami/
menchuae (time expansion x10). x-axis: Time (1 unit = 100 ms), y-axis: Frequency (1 unit = 10 kHz).

Myotis sp. Kaup, 1829

This genus was captured only once but recorded several
times. An individual was captured early in the night near
the station, on a forest path leading to the Rio San Pedro.
The forearm length of the female captured measured 34.1
mm, for a specific range known between 32 and 39 mm
(Reid 2009). This species appears to show characteristics
of Myotis keaysii. However, ten species of Myotis are
known in Guatemala (Kraker-Castafieda et al. 2016).
Ultrasounds recorded at release had a terminal frequency
between 60 and 65 kHz, an IPI between 20 and 50 ms and a
bandwidth of between 30 and 70 kHz (Fig. 7A). In addition,
anotherindividual was recorded in a clearing near the station
(Fig. 7B). The echolocation calls are highly modulated with
a terminal frequency between 61 and 63 kHz, an IPI of 50
ms and a bandwidth between 15 and 30 kHz. The pulses of
this second recording appear to be characteristic of Myotis
elegans, which emits flattened modulated frequencies with
terminal frequency between 61 and 62 kHz (O’Farrell &
Miller 1999). However, taxonomic uncertainties do not allow
us to propose a specific identification. This genus is a new
report for the national Park.

Unidentified bats

A short sequence with perfect QFCs with downward
modulation at 22 kHz recorded on November 22 above Rio
San Pedro (Supplementary material Fig. 2) could not be
attributed with certainty to a given species, genus or family.
In the current state of knowledge, this sequence could be
potentially attributed to Nyctinomops laticaudatus but also
to Tadarida brasiliensis (Jung et al. 2014). Currently, it seems
difficult to confirm the identification of this sequence but
the future knowledge improvement on the acoustics of the
Mesoamerican bats may allow the determination of this
sequence.

DISCUSSION

In this study, we present an update of the species list of
the ‘Laguna del Tigre’ National Park, with systematic and
taxonomic changes (Kraker-Castafieda et al. 2016) as well
as the report of several new species for the National Park.
By combining the two inventories of the National Park and
taking into account the taxonomic changes, we obtained a
maximum of 31 species identified so far.
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Fig. 7 - A (on top). Ultrasound sequence of the captured individual of Myotis cf. keaysii at release. B (at the bottom). Ultrasound sequence
recorded in flight, potentially of Myotis cf. elegans (time expansion x10). x-axis: Time (1 unit = 100 ms), y-axis: Frequency (1 unit = 10 kHz).

Specific richness and systematic and taxonomic changes

We have made an inventory totaling 24 species for the
EBG. Compared to the inventory of Bestelmeyer & Alonso
(2000), we have identified several systematic and taxonomic
changes: Carollia brevicauda for C. sowelli, Pteronotus
parnellii for P. mesoamericanus, Rhogeesaa tumida for R.
bickhami / menchuae, Sturnira lilium for S. parvidens and
Uroderma bilobatum for U. convexum. Mist net captures
and ultrasound recordings resulted in the identification of
several new species. The novelty of our inventory resides
in finding two new families: the family Vespertilionidae
and the family Natalidae. However, several species known
from the previous survey of the National Park, six species
of Phyllostomidae (Chrotopterus auritus, Mimon bennettii
and M. crenulatum, Micronycteris schmidtorum, Tonatia
evotis and T. brasiliense) and 1 species of Mormoopidae
(Mormoops megalophylla), were not recorded in our study.

Mist net surveys

Mist net surveys are a reliable method for capturing
many species of bats. In a first inventory, 221 individuals of

20 species were detected at five sampling stations in the
National Park ‘Laguna del Tigre National Park’ with a capture
effort of 7,536 N-m / h (Bestelmeyer & Alonso 2000). In this
second inventory, almost exclusively focused on the EBG,
84 individuals belonging to 17 species were recorded for a
capture pressure of only 96 N-m / h (less than 1.5% of the
capture effort of the first study). In both capture surveys,
specific richness is clearly biased toward the capture of
phyllostomid species. Despite low capture effort and a
reduced set of habitat types in our study, we obtained a
very similar number of species and a proportionally larger
number of individuals. This result can be namely explained
by our use of monofilament nets which were new at the
time of our study and seldom used in the region. This type
of net is much thinner and therefore much less detectable
by bats, including insectivorous species such as Pteronotus
mesoamericanus and Saccopteryx bilineata (respectively 18
and 11 individuals captured). Other surveys with mist nets in
Guatemala gave different results. Another study surveying
coffee shade plantations of Antigua Guatemala reported
a lower diversity than our survey with only 12 bat species
(Kraker-Castafieda & Pérez-Consuegra 2011). However, two
other studies in Guatemala reported higher diversity than
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our survey, respectively 20 species of Phyllostomidae in
forests of the Tikal National Park (Schulze et al. 2006) and
42 species in 13 sites across Guatemala (Ubico & McLean
1995). The important specific diversity detected in this last
study probably results from the high diversity of habitats
sampled.

Five of the seven most abundant species of our survey
were also part of the most dominant species in a mosaic
of forests and arboreal crops in Mexico: Pteronotus
mesoamericanus (under the name P. parnelli), Carollia
sowelli (under the name C. brevicauda), Artibeus jamaicensis,
Dermanura cf. phaeotis and Glossophaga soricina (Estrada &
Coates-Estrada 2002). Two of these species - Carollia sowelli
(under the name C. brevicauda) and Artibeus jamaicensis -
were also some of the most abundant species of a rainforest
from Mexico (Medellin 1993). The abundance of some
species (e.g. Carollia brevicauda, Artibeus spp., Dermanura
spp. & Glossophaga soricina) could potentially result from
high ecological flexibility and foraging in various strata of the
vegetation (Estrada & Coates-Estrada 2002).

Acoustic surveys

The use of ultrasonic detectors is very effective in
complementing the capture inventory, even during a very
short period. With only six hours of recording, we detected
several species that were not captured. (e.g. the high-flying
insectivorous Vespertilionidae Eptesicus furinalis). Due to
the use of echolocation, these species, that usually forage
above the canopy, can easily detect and avoid nets when
flying at their level (Berry et al. 2004). Our study reinforces
the value of combining ultrasonic recordings to obtain a
more complete inventory in a shorter period of time. This
combination of methods reduced the effort, time and cost
(the ultrasound detector was a loan) and provided a better
characterization of bat communities (MacSwiney et al.
2008).

Supplementary inventories

Comprehensive bat inventories in the Neotropics remain
very difficult to achieve in the short term because many
species are too rare or difficult to capture. By combining
three survey methods (mist net in understory, canopy mist
nets and roost search), Simmons & Voss (1998) estimated
that they sampled only 77% of the specific diversity expected
for Paracou in French Guiana. For future surveys at the EBG,
we advise the use of canopy mist nets which increase the
number of species captured, presumably because of the
vertical stratification of species (Kalko & Handley 2001). We
also suggest the use of mist nets above water, potentially
using a catch net support system (Nelson et al. 2012). This
method is ideal to capture bats such as aerial insectivorous
species that are attracted to greater abundance of insect-
prey than the interior forest (Fukui et al. 2006) or to water
bodies for drinking (Russo et al 2012). The repositioning of
nets each night is an alternative strategy to capture more
species by limiting net avoidance (Weller & Lee 2007,
Marques et al. 2013). In complement, sampling throughout
the night increases the probability of catching rare species
(Simmons & Voss 1998, Esbérard & Bergallo 2005). However,
for any bat inventory in the Neotropics, it would be highly

preferable to combine capture and ultrasound recording
(MacSwiney et al. 2008). Acoustic recording over several
nights should allow the detection of further species with
lower detection probability as well as the exploration of
other environments such as caves and Mayan temples.
Last but not least, the democratization of DNA barcoding -
despite budget limitation and infrastructure in the Tropics
- is highly recommanded to enhance the detection of cryptic
species (Clare et al. 2011, 2013).

Conservation implications

Species lists are crucial tools that document the
biodiversity of a habitat or a geographical area. Many of
the species listed in this inventory have a wide distribution
across the continent and are therefore not directly
threatened. However, several species in our inventory are
considered regionally endemic, with a limited distribution
between the northern limit of the Tehuantepec Isthmus
and northern Colombia (Kraker-Castafieda et al. 2016).
Our study shows a strong specific diversity of bats, which is
probably still underestimated. Outside the perimeter of the
EBG, the National Park ‘Laguna del Tigre’ is still threatened
by human development and colonization related to oil
extraction, leading to major deforestation, unregulated
fishing and hunting, and pollution (Bestelmeyer & Alonso
2000). Conservation efforts should focus on preserving the
primary forest and the Rio which provide shelter and food
for many bat species.

ACKNOWLEDGEMENTS

We would like to thank the complete team of the
biological station ‘Las Guacamayas’ and in particular,
its director Jeovany Tut Rodriguez for allowing us to do
fieldwork in the station as well as Adolpho, Alfredo, Romulo
and Maria for their help, their presence and their friendship
throughout the study. We thank also Vincent Rufray and
Yves Bas for their help and precious advice throughout this
work as well as the Muséum National d’Histoire Naturelle
and Jean Francois Julien for the loan of the recording
equipment. Finally, we would like to thank Conor Whelan,
two anonymous reviewers and the editor for proofreading
the manuscript.

REFERENCES

BAIRD, A.B., MARCHAN-RIVADENEIRA, M.R., PEREZ,
S.G. & BAKER, R.J. (2012). Morphological analysis and
description of two new species of Rhogeessa (Chiroptera:
Vespertilionidae) from the Neotropics. Occasional
Papers, Museum of Texas Tech University, 307: 1-25.

BAKER, R.J., SOLARI, S. & HOFFMAN, F.G. (2002). A new
Central American species for the Carollia brevicauda
complex. Occasional Papers, Museum of Texas Tech
University 217: 1-12.

BERRY, N., O'CONNOR, W., HOLDERIED, M.W. & JONES,
G. (2004). Detection and avoidance of harp traps by
echolocating bats. Acta Chiropterologica, 6(2): 335-346.
https://doi.org/10.3161/001.006.0211

Journal of Bat Research & Conservation

Volume 10 (1) 2017


https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.3161/001.006.0211

Raphaél Colombo, Audrey Pichard, Yann Gager

BESTELMEYER, B. T. & ALONSO, L. E. (2000). A biological
assessment of Laguna del Tigre National Park, Petén,
Guatemala. Rapid Assessment Program. Bulletin of
Biological Assessment 16, Conservation International.
Washington, USA, 221 pp.

CONAP. (1999). Plan maestro 1999-2003 del Parque
Nacional Laguna del Tigre y Biotopo Laguna del Tigre-
Rio Escondido. Consejo Nacional de Areas Protegidas,
Conservacién Internacional-ProPetén, Asociacién Canan
K’aax. Petén, Guatemala.

CONAP. (2006). Plan Maestro Parque Nacional Laguna del
Tigre y Biotopo Laguna del Tigre-Rio Escondido 2007-
2011. Wildlife Conservation Society. Consejo Nacional
de Areas Protegidas. Petén, Guatemala.

CLARE, E. L., LIM, B. K., FENTON, M. B., HEBERT, P. D. N.
(2011). Neotropical Bats: Estimating Species Diversity
with DNA Barcodes. PLoS One, 6(7): e22648. https://doi.
org/10.1371/journal.pone.0022648

CLARE, E. L., ADAMS, A. M., MAYA-SIMOES, A. Z., EGER,
J. L, HEBERT, P. D. N. & FENTON, M. B. (2013).
Diversification and reproductive isolation: cryptic species
in the only New World high-duty cycle bat, Pteronotus
parnellii. BMC Evolutionary Biology, 13: 26. https://doi.
org/10.1186/1471-2148-13-26

DAVALOS, L.M. (2006). The geography of diversification in
the mormoopids (Chiroptera: Mormoopidae). Biological
Journal of the Linnean Society, 88: 101-118. https://doi.
org/10.1111/j.1095-8312.2006.00605.x

DE THOISY, B., PAVAN, A. C., DELAVAL, M., LAVERGNE,
A., LUGLIA, T., PINEAU, K., RUEDI, M., RUFRAY,
V. & CATZEFLIS, F. (2014). Cryptic diversity in
common mustached bats Pteronotus cf. parnellii
(Mormoopidae) in French Guiana and Brazilian
Amapa. Acta Chiropterologica, 16(1): 1-13. https://doi.
0rg/10.3161/150811014X683228

DITCHFIELD, A. D. (2000). The comparative phylogeography
of Neotropical mammals: patterns of intraspecific
mitochondrial DNA variation among bats contrasted
to nonvolant small mammals. Molecular Ecology,
9(9): 1307-1318. https://doi.org/10.1046/j.1365-
294x.2000.01013.x

ESBERARD, C. E .L. & BERGALLO, H. G. (2005). Colectar
morcegos por seis ou doze horas a cada noite. Revista
Brasiliera de Zoologia ,22(4): 1095-1098.

ESTRADA, A. & COATES-ESTRADA, R. (2002). Bats in
continuous forest, forest fragments and in an agricultural
mosaic habitat-island at Los Tuxtlas, Mexico. Biological
conservation, 103(2): 237-245. https://doi.org/10.1016/
S0006-3207(01)00135-5

FUKUI, D., MURAKAMI, M., NAGANO S. & AOIl, T
(2006). Effect of emergent aquatic insects on bat
foraging in a riparian forest. Journal of Animal Ecology,
75(6):  1252-1258.  https://doi.org/10.1111/j.1365-
2656.2006.01146.x

HOFFMANN, F. G. & BAKER, R. J. (2003). Comparative
phylogeography of short-tailed bats (Carollia:
Phyllostomidae). Molecular Ecology, 12(12): 3403-3414.
https://doi.org/10.1046/j.1365-294X.2003.02009.x

IBANEZ, C., GUILLEN, A., JUSTE J. B. & PEREZ-JORDA, J. L.
(1999).Echolocation Calls of Pteronotus davyi(Chiroptera:
Mormoopidae) from Panama. Journal of Mammalogy,
80(3): 924-928. https://doi.org/10.2307/1383261

JUNG, K., KALKO, E. K. V. & VON HELVERSEN, O. (2007).
Echolocation calls in Central American emballonurid
bats: signal design and call frequency alternation. Journal
of Zoology, 272(2): 125-137. https://doi.org/10.1111/
j.1469-7998.2006.00250.x

JUNG, K., MOLINARI, J. & KALKO, E. K. V. (2014). Driving
factors for the evolution of species-specific echolocation
call design in New World Free-tailed bats (Molossidae).
PLoS One, 9(1): e85279. https://doi.org/10.1371/
journal.pone.0085279

KALKO, E. K. V. (1998). Organisation and diversity of tropical
bat communities through space and time. Zoology,
101(4): 281-297.

KALKO, E. K. V. & HANDLEY, C. O. (2001). Neotropical bats
in the canopy: diversity, community structure, and
implications for conservation. Plant Ecology, 153(1-2):
319-333. https://doi.org/10.1023/A:1017590007861

KALKO, E. K. V. (2004). Neotropical Leaf-Nosed Bats
(Phyllostomidae): “Whispering” Bats as Candidates For
Acoustic Surveys? in Bat Echolocation Research tools,
techniques and analysis. Brigham M, Jones G, Kalko EKV.
Bat Conservation International. Austin, Texas, USA, p. 63.

KRAKER-CASTANEDA, C. & S. G. PEREZ-CONSUEGRA.
(2011). Contribucion de los cafetales bajo sombra en la
conservacion de murciélagos en la Antigua Guatemala,
Guatemala. Acta Zoolégica Mexicana, 27(2): 291-303.

KRAKER-CASTANEDA, C., PEREZ, S. G., CAJAS-CASTILLO, J.
0. & ECHEVERRIA-TELLO, J. L. (2016). Lista actualizada
de los murciélagos (Mammalia, Chiroptera) de
Guatemala. Revista Mexicana de Biodiversidad, 87(2):
409-416. https://doi.org/10.1016/j.rmb.2015.10.005

LAVAL, R. & B. RODRIGUEZ-H. (2011). Murciélagos de
Costa-Rica. Instituto Nacional de Biodiversidad. Editorial
Inbio. San José, Costa Rica.

LEWIS-ORRIT, N., PORTER, C.A. & BAKER, R.J. (2001).
Molecular systematics of the family Mormoopidae
(Chiroptera) based on Cytochrome b and Recombination
Activating Gene 2 Sequences. Molecular Phylogenetics
and Evolution, 20(3): 426—436. https://doi.org/10.1006/
mpev.2001.0978

Journal of Bat Research & Conservation

Volume 10 (1) 2017


https://doi.org/10.1371/journal.pone.0022648
https://doi.org/10.1371/journal.pone.0022648
https://doi.org/10.1186/1471-2148-13-26
https://doi.org/10.1186/1471-2148-13-26
https://doi.org/10.1111/j.1095-8312.2006.00605.x
https://doi.org/10.1111/j.1095-8312.2006.00605.x
https://doi.org/10.3161/150811014X683228
https://doi.org/10.3161/150811014X683228
https://doi.org/10.1046/j.1365-294x.2000.01013.x
https://doi.org/10.1046/j.1365-294x.2000.01013.x
https://doi.org/10.1016/S0006-3207(01)00135-5
https://doi.org/10.1016/S0006-3207(01)00135-5
https://doi.org/10.1111/j.1365-2656.2006.01146.x
https://doi.org/10.1111/j.1365-2656.2006.01146.x
https://doi.org/10.1046/j.1365-294X.2003.02009.x
https://doi.org/10.2307/1383261
https://doi.org/10.1111/j.1469-7998.2006.00250.x
https://doi.org/10.1111/j.1469-7998.2006.00250.x
https://doi.org/10.1371/journal.pone.0085279
https://doi.org/10.1371/journal.pone.0085279
https://doi.org/10.1023/A:1017590007861
https://doi.org/10.1016/j.rmb.2015.10.005
https://doi.org/10.1006/mpev.2001.0978
https://doi.org/10.1006/mpev.2001.0978
https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.14709/BarbJ.10.1.2017.10


Rapid assessment of bat diversity in the biological station ‘Las Guacamayas’ (‘Laguna del Tigre’ National Park, Guatemala)

LOPEZ-BAUCELLS, A., TORRENT, L., ROCHA, R,
CAROLINA PAVAN, A., ESTEFANO D. BOBROWIEC, P. &
CHRISTOPH F. J. MEYER. (2017). Geograpbhical variation
in the high-duty cycle echolocation of the cryptic
common mustached bat Pteronotus cf. rubiginosus
(Mormoopidae). Bioacoustics, 1-17. https://doi.org/10
.1080/09524622.2017.1357145

LOPEZ-BAUCELLS, A., ROCHA, R., BOBROWIEC, P. E. D,,
BERNARD, E., PALMEIRIM, J. M. & MEYER, C. F. J.
(2016). Field Guide to Amazonian Bats. INPA. National
Institute of Amazonian Research. Manaus, Brazil, 176 pp.
https://doi.org/10.13140/RG.2.2.23475.84003

LOPEZ-WILCHIS, R., FLORES-ROMERO, M., GUEVARA-
CHUMACERO, L. M., SERRATO-DIAZ, A., DIAZ-LARREA,
J., SALGADO-MEJIA, F., IBANEZ, C., SALLES, L. 0. &
JUSTE, J. (2016). Evolutionary scenarios associated
with the Pteronotus parnellii cryptic species-complex
(Chiroptera: Mormoopidae). Acta Chiropterologica,
18(1): 91-116. https://doi.org/10.3161/15081109A
CC2016.18.1.004

MACSWINEY, G.M. C., CLARKE, F. M. & RACEY, P. A. (2008).
What you see is not what you get: the role of ultrasonic
detectors in increasing inventory completeness in
Neotropical bat assemblages. British Ecological Society,
Journal of Applied Ecology, 45(5): 1364-1371. https://
doi.org/10.1111/j.1365-2664.2008.01531.x

MANTILLA-MELUK, H. (2014). Defining species and species
boundaries in Uroderma (Chiroptera: Phyllostomidae)
with a description of a new species. Occasional Papers,
Museum of Texas Tech University, 325: 1-25.

MARQUES, J. T., RAMOS PEREIRA, M. J.,, MARQUES, T. A.,
SANTOS, C. D., SANTANA, J., BEJA P. & PALMEIRIM,
J. M. (2013). Optimizing sampling design to deal with
mist-net avoidance in Amazonian birds and bats. PLoS
One, 8(9): e74505. https://doi.org/10.1371/journal.
pone.0074505

MEDELLIN, R. A. (1993). Estructura y diversidad de una
comunidad de murciélagos en el trépico humedo
mexicano. Avances en el Estudio de los Mamiferos
Méxicanos. Asociacion Mexicana de Mastozoologia,
A. C.. Editors: Rodrigo A. Medellin y Gerardo Ceballos.
Ciudad de México, México. 333-354 pp.

MURPHY, P. G. & LUGO, A. E. (1995). Dry forests of Central
America and the Caribbean. Bullock, S.H., Mooney, H.A.
& Medina, E. Seasonally dry tropical forests. Cambridge
University Press, Cambridge. New York, USA, pp. 9-34.

MYERS, N., MITTERMEIER, R. A., MITTERMEIER, C. G,,
DA FONSECA G. A. B. & KENT, J. (2000). Biodiversity
hotspots for conservation priorities. Nature, 403: 853-
858. https://doi.org/10.1038/35002501

NELSON,J.,BARNHART,P.&GILLAM,E.(2012).Development
of the over-water mist net support system: a novel
ecological research tool. Acta Chiropterologica, 14(2):
491-495. https://doi.org/10.3161/150811012X661792

O’FARRELL, M. J. & MILLER, B. W. (1999). Use of vocal
signatures for the inventory of free-flying Neotropical
bats.  Biotropica, 31(3): 507-516. https://doi.
org/10.1111/j.1744-7429.1999.tb00394.x

Q0

REID, F. A. (2009). A Field Guide to the Mammals of Central
America and Southeast Mexico. Oxford University Press.
New York, USA.,346 pp.

RUSSO, D., CISTRONE, L. & JONES, G. (2012). Sensory
ecology of water detection by bats: a field experiment.
PLoS One, 7(10): e48144. https://doi.org/10.1371/
journal.pone.0048144

RYDELL, J., ARITA, H. T, SANTOS, M. & GRANADOS,
J. (2002). Acoustic identification of insectivorous
bats (order Chiroptera) of Yucatan, Mexico. Journal
of Zoology, 257(1): 27-36. https://doi.org/10.1017/
50952836902000626

RODRIGUEZ, B., MEDELLIN, R. & TIMM R. (2007).
Murciélagos neotropicales que acampan en hojas: Guia
de campo. Instituto Nacional de Biodiversidad, INBio.
Santo Domingo de Heredia, Costa Rica, 180 pp.

SCHULZE, M., SEAVY, N.E. & WHITACRE, D. (2006). A
comparison of the Phyllostomid bat assemblages
in undisturbed Neotropical forest and in forest
fragments of a slash-and-burn farming mosaic in Petén,
Guatemala. Biotropica, 32(1): 174-184. https://doi.
org/10.1111/j.1744-7429.2000.tb00459.x

SIMMONS, N. B. (2005). Order Chiroptera. In: Mammal
species of the World: a taxonomic and geographic
reference. 3rd Edition, D. E. Wilson and D. M. Reeder.
Johns Hopkins University Press. Baltimore, Maryland.
312-529 pp.

SIMMONS, N. B. & VOSS, R. S. (1998). The mammals of
Paracou, French Guiana: a Neotropical lowland rainforest
fauna. Part 1, Bats. Bulletin of the American Museum of
Natural History, 237: 1-219.

SOLARI, S. & MARTINEZ-ARIAS, V. (2014). Cambios
recientes en la sistematica y taxonomia de murciélagos
Neotropicales (Mammalia: Chiroptera). Therya, 5(1):
167-196. http://dx.doi.org/10.12933/therya-14-180

UBICO, S.R. & MCLEAN, R.G. (1995). Serologic survey of
neotropical bats in Guatemala for virus antibodies.
Journal of Wildlife Diseases, 31(1): 1-9. https://doi.
org/10.7589/0090-3558-31.1.1

VELAZCO, P. M. & PATTERSON, B. D. (2013). Diversification
of the vyellow-shouldered bats, genus Sturnira
(Chiroptera, Phyllostomidae), in the New World tropics.
Molecular Phylogenetics and Evolution, 68(3): 683-698.
https://doi.org/10.1016/j.ympev.2013.04.016

Journal of Bat Research & Conservation

Volume 10 (1) 2017


https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.1080/09524622.2017.1357145
https://doi.org/10.1080/09524622.2017.1357145
https://doi.org/10.13140/RG.2.2.23475.84003
https://doi.org/10.3161/15081109ACC2016.18.1.004
https://doi.org/10.3161/15081109ACC2016.18.1.004
https://doi.org/10.1111/j.1365-2664.2008.01531.x
https://doi.org/10.1111/j.1365-2664.2008.01531.x
https://doi.org/10.1371/journal.pone.0074505
https://doi.org/10.1371/journal.pone.0074505
https://doi.org/10.1038/35002501
https://doi.org/10.3161/150811012X661792
https://doi.org/10.1111/j.1744-7429.1999.tb00394.x
https://doi.org/10.1111/j.1744-7429.1999.tb00394.x
https://doi.org/10.1371/journal.pone.0048144
https://doi.org/10.1371/journal.pone.0048144
https://doi.org/10.1017/S0952836902000626
https://doi.org/10.1017/S0952836902000626
https://doi.org/10.1111/j.1744-7429.2000.tb00459.x
https://doi.org/10.1111/j.1744-7429.2000.tb00459.x
http://dx.doi.org/10.12933/therya-14-180
https://doi.org/10.7589/0090-3558-31.1.1
https://doi.org/10.7589/0090-3558-31.1.1
https://doi.org/10.1016/j.ympev.2013.04.016

Raphaél Colombo, Audrey Pichard, Yann Gager

VELAZCO, P. M. & PATTERSON, B. D. (2014). Two new WRIGHT, A.J. VAN DEN BUSSCHE, R.A., LIM, B.K,

species of yellow-shouldered bats, genus Sturnira Gray, ENGSTROM, M.D. & BAKER, R.J. (1999). Systematics
1842 (Chiroptera, Phyllostomidae) from Costa Rica, of the genera Carollia and Rhinophylla based on the
Panama and western Ecuador. ZooKeys, 402: 43-66. Cytochrome-b gene. Journal of Mammalogy, 80(4):
https://doi.org/10.3897/z00keys.402.7228 1202-1213. https://doi.org/10.2307/1383171

WELLER, T. J. & LEE, D. C. (2007). Mist-net effort required
to inventory a forest bat species assemblage. Journal
of Wildlife Management, 71(1): 251-257. https://doi.
org/10.2193/2005-384

Journal of Bat Research & Conservation Volume 10 (1) 2017


https://doi.org/10.3897/zookeys.402.7228
https://doi.org/10.2193/2005-384
https://doi.org/10.2193/2005-384
https://doi.org/10.2307/1383171
https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.14709/BarbJ.10.1.2017.10

https://doi.org/10.14709/BarbJ.10.1.2017.10


