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Insectivorous bats of the genus Pteronotus are considered rare or uncommon because they are difficult to capture with traditional me-
thods (i.e., mist nets and harp traps). However, these bats have a distinct echolocation call design that enables their detection and recognition
acoustically. In this note, we report the presence of 3 species of bats of the Pteronotus genus based on acoustic records from the department
of Vichada in Colombia and we present a brief characterization of the echolocation calls for each species. We conducted passive acoustic mo-
nitoring in 3 localities and analyzed echolocation calls of sequences. Additionally, we searched for bat capture records in biological collections
and scientific articles to find out the current distribution of the Pteronotus genus in Colombia. We recorded 3 species of bats of the Pteronotus
genus: P. personatus, P. gymnonotus, and P. cf. rubiginosus. As for the search of records in biological collections and articles, we found that 8 out
of 59 records of Pteronotus species in Colombia were from Vichada department. This work provides evidence that acoustic surveys for bats
efficiently register elusive and difficult-to-capture insectivorous species, such as those of the genus Pteronotus.
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Los murciélagos insectivoros del género Pteronotus son considerados raros o poco comunes por su dificil captura con métodos tradicio-
nales (i.e., redes de niebla y trampas arpa). Sin embargo, estos murciélagos emiten sefales de ecolocalizacién distinguibles que facilitan su
deteccién y reconocimiento mediante métodos acusticos. En esta nota, reportamos la presencia de 3 especies de murciélagos del género
Pteronotus a partir de registros acusticos en el departamento de Vichada, en Colombia y presentamos una breve caracterizacién de las sefiales
de ecolocalizacién para cada una de las especies. Realizamos un monitoreo acustico pasivo en 3 localidades y analizamos las secuencias de los
pulsos de ecolocalizacion. Adicionalmente, realizamos una busqueda de registros de capturas en colecciones bioldgicas y articulos cientificos
para conocer la distribucién actual de Pteronotus en Colombia. Registramos acusticamente 3 especies de murciélagos del género Pteronotus: P.
personatus, P. gymnonotus y P. cf. rubiginosus. En cuanto a la busqueda de registros en colecciones y articulos encontramos 59 registros a partir
de capturas de especies de Pteronotus en Colombia, de los cuales 8 pertenecen al departamento de Vichada. Este trabajo aporta evidencia ala
nocion de que los estudios con el uso de métodos acusticos en murciélagos son eficientes para el registro de especies insectivoras dificiles de
capturar, como las del género Pteronotus.

Palabras clave: Acustica; ecolocalizacion; mormodpidos; murciélagos insectivoros; Orinoquia.
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Bats of the genus Pteronotus Gray, 1838 are characterized
for having a slow and maneuverable flight, adapted for
hunting insects in cluttered spaces, like forest interiors and
edges (Bateman and Vaughan 1974). Pteronotus species
have highly distinct echolocation calls from other species
of insectivorous bats: calls are multi-harmonics with peak

frequencies in the second harmonic, employing differ-
ent combinations of constant frequency (CF) and modu-
lated frequency (FM) elements in each echolocation call
(O’Farrell and Miller 1997). In general, bats of the Ptero-
notus genus broadcast calls with a main FM component
coupled with CF components at the beginning and the
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end of the call, except for Pteronotus cf. rubiginosus Wagner,
1843 which emits pulses composed by a short ascendent
FM sweep (~ 5 ms), followed by a long CF component (~ 20
ms) and finalize with another short descendent FM sweep
(~ 5 ms; Mancina et al. 2012). Moreover, P. cf. rubiginosus
and Pteronotus personatus Wagner, 1843 have adapted a
sophisticated hearing system to compensate for the Dop-
pler effect, which makes them able to shift down the emit-
ted narrowband frequencies in the CF structure of their
echolocation calls as they reach top flight speed, ensuring
that returning echoes remain within the best auditive sen-
sitivity range of the bat (Smotherman and Guillén-Servent
2008; Schnitzler and Denzinger 2011).

The genus Pteronotus is restricted to the Neotropics
with distribution from western México, Central America,
and the Antilles, to northeastern Brazil on the east portion
and Peru on the western part of South America (Gardner
2007; Pavan and Marroig 2016). Currently, 5 species are dis-
tributed in Colombia: Pteronotus davyi Gray, 1838, Pterono-
tus gymnonotus Natterer, 1843, Pteronotus fuscus J. A. Allen,
1911, P. rubiginosus and P. personatus, and all have been
widely observed in the departments of Antioquia, Bolivar,
Cauca, Cesar, Cundinamarca, La Guajira, Huila, Magdalena,
Sucre, and Tolima under 1,200 m (Alberico et al. 2000; Solari
et al. 2013; Ramirez-Chaves et al. 2021). For the depart-
ment of Vichada, there is only one published record at the
Santa Teresita locality for P. personatus (Montes et al. 2012).
However, other non-published records of biological collec-
tions hint at a wider distribution of the genus in the eastern
regions of Colombia.

Currently, acoustical tools have become more relevant
for monitoring the insectivorous bat guild, mainly due to
the difficulty of capturing these bats with traditional meth-
ods (i.e., mist nets and harp tramps), like species of the Pte-
ronotus genus (MacSwiney et al. 2008). Since the species of
Pteronotus have a distinct echolocation call, it is possible to
identify them in acoustic surveys. In this note, we report
the presence of P. personatus, P. gymnonotus, and P. cf. rubi-
ginosus with acoustic methods in the Vichada department
in Colombia and we present a brief characterization of the
echolocation calls for each one of the 3 species, thus pro-
viding more evidence supporting the utility of using acous-
tic records for the completeness of wildlife inventories, spe-
cifically for elusive species difficult to register.

We conducted an acoustic survey in 2 locations, “La
Reserva Forestal La Pedregoza” (RFLP) in February 2018 and
in the “Cafno Negro” farm in November 2020. The 2 study
areas are characterized by forest plantations, riparian for-
ests, and natural savannas in the circumscription of Puerto
Carrefio, Vichada (Figure 1). In the RFLP, we installed an SM4
FS ultrasonic detector with an SMM - U1 microphone (Wild-
life Acoustics® Maynard, MA, USA) for 5 nights in pine (1
night) and acacia crops (2 night), natural savannas (1 night)
and gallery forests (1 night), from 18:00 hr to 6:00 hr. At
Cano Negro farm, we conducted active acoustic monitor-
ing with an Echo Meter Touch 2 Pro ultrasonic detector
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Figure 1. Occurrences of Pteronotus cf. rubiginosus, Pteronotus gymnonotus, and
Pteronotus personatus in the department of Vichada, Colombia. The red dots correspond
to acoustic records of P. gymnonotus, the yellow dots of P. cf. rubiginosus, and the blue
dots to P. personatus.

for 3 nights in different land cover uses between 18:00 hr
- 22:00 hr: forest plantations (acacia crops and pine crops),
riparian forests, and natural savannas. We performed 5-min
recordings in 30 points per land use cover spaced every 300
m. In both locations, we configured the detectors with a
sampling rate of 384 kHz and a gain of 12 dB. We analyzed
337 echolocation calls from 46 echolocation sequences
with Bat Explorer software, version 2.1 ©Elekon AG (https://
www.elekon.ch/). To generate spectrograms, we used a
Hamming window with a fast Fourier transformation (FFT)
of 512 points and an overlap of 80 %. We measured the
second harmonic for all 3 species, as it concentrates most
of the energy of each echolocation call, with very few
exceptions. We only used the echolocation pulses of each
sequence with the best signal-to-noise ratio and measured
the pulses in the search and approach phase. In total, we
measured 8 acoustic parameters (Appendix 1), following
the recommendations proposed by Martinez-Medina et al.
(2021a). The 5 recordings corresponding to the 3 species
presented in this paper have been deposited in the Envi-
ronmental Sound Collection “Mauricio Alvarez Rebolledo"
of the Alexander von Humboldt Institute under the follow-
ing numbers IAVH - CSA 18829 to IAvH - CSA 18833.

To know the current distribution of Pteronotus in Colom-
bia, we carried out an exhaustive search of public access
databases such as the Biodiversity Information System of
Colombia (SIB Colombia 2021) and the Global Biodiversity
Information Facility (GBIF.org 2021), in biological collection
records, and scientific literature (Cuervo-Diaz et al. 1986;
Alberico et al. 2000; Montes et al. 2012; Solari et al. 2013;
Chacoén-Pacheco et al. 2018). All records from these sources




were obtained through captures in mist nets. Finally, for
the scientific literature search, we used the keywords “Pte-
ronotus AND Colombia” excluding the records that were not
georeferenced.

We obtained a total of 44 sound files with calls of Ptero-
notus distributed by each species as follows: P. personatus
was recorded in 16 sound files along the riparian forest, 9
in acacia crops, 8 in pine woods, and 3 in savannas, P. gym-
nonotus in 3 recordings of acacia crops and P. cf. rubiginosus
in 5 recordings of riparian forest. Because several record-
ings did not have a good signal-to-noise ratio, the number
of measured sequences did not correspond to the number
of recording points (Appendix 1).

The call structure of P. personatus and P. gymnonotus
(Figure 2a, 2b) consisted of a descending FM sweep framed
between a short initial CF element and a short terminal
descending quasiconstant frequency (QCF) sweep (CF/
FMd/QCFd), similar to those reported by O’Farrell and Miller
(1997), MacSwiney et al. (2008), Briones-Salas et al. (2013),
Orozco-Lugo et al. (2013), Zamora-Gutierrez et al. (2016)
and Arias-Aguilar et al. (2018; Appendix 1). In addition, we
recognized variations in some of the temporal and spectral
parameters of echolocation calls from reference acoustic
records of other neotropical countries for these species.

The average call duration of P. personatus was higher than
the average of O’Farrell and Miller (1997), Orozco-Lugo et al.
(2013), and Zamora-Gutierrez et al. (2016). However, within
the reported variability range of all the references men-
tioned above. On the other hand, the call duration values
of Briones-Salas et al. (2013) are lower and do not overlap
with any value in the duration range reported in our study.
Likewise, the average Maximum Frequency (MaxF) and the
Minimum Frequency (MinF) of our study were lower than
the average of the references mentioned before but, again,
with overlapping bandwidths, being those of O’Farrell
and Miller (1997) and MacSwiney et al. (2008) closer to our
observations, and those of Briones-Salas et al. (2013) and
Zamora-Gutierrez et al. (2016) broader for approximately 3
and 7 kHz, respectively. Concerning the inter-pulse interval
found in our study, it is consistent with the range reported
by MacSwiney et al. (2008) and Orozco-Lugo et al. (2013)
but much higher than that reported by O’Farrell and Miller
(1997; Appendix 1).

For P. gymnonotus, the average call duration was higher
than the references of Zamora-Gutierrez et al. (2016), Mac-
Swiney et al. (2008), and Arias-Aguilar et al. (2018), but over-
lapping in the range of the highest values, except for the
last reference which fell below the 6 ms of duration. Also,
the MaxF and MinF observed in this work were higher
than those values reported by MacSwiney et al. (2008) and
Zamora-Gutierrez et al. (2016). Again, the exception was
the MinF reported by Arias-Aguilar et al. (2018), which was
marginally higher than ours. Furthermore, the bandwidths
of all references were quite similar (14 - 17 kHz for all the
references, including the present work), containing over-
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lapping frequencies. Finally, our average value of the inter-
pulse interval was within the range of variation reported by
Arias-Aquilar et al. 2018 (Appendix 1).

In addition, the call structure for P. cf. rubiginosus (Fig-
ure 2a) consisted of a long-duration CF segment framed
between two short ascending and descending FM sweeps
(FMa/CF/FMd) and are similar to echolocation signal struc-
tures reported for the species complex of P. parnellii by
O’Farrell and Miller (1997), Macias et al. (2006), MacSwiney
et al. (2008), Pio et al. (2010), Briones-Salas et al. (2013),
Zamora-Gutierrez et al. (2016) and Arias-Aguilar et al. (2018).
The call duration average reported in the present work was
higher than those values reported by Macias et al. (2006),
Pio etal. (2010), Briones-Salas et al. (2013), Zamora-Gutierrez
et al (2016), and Arias-Aguilar et al. (2018) and overlapped
with those reported by MacSwiney et al. (2008) and Orozco-
Lugo et al. (2013). The MaxF values of our study were lower
than those reported in all the references mentioned above,
except for those reported by Arias-Aguilar et al. (2018),
which were lower than ours. The MinF values showed the
same pattern of higher frequencies, except for those values
reported by Pio et al. (2010), Zamora-Gutierrez et al. (2016),
and Arias-Aguilar et al. (2018), which were lower than ours.
All the bandwidths of the references, including those
reported in this work, overlapped except the one reported
by MacSwiney et al. (2008), which was the narrowest of the
current references and was above the bandwidth reported
by us. We reported a higher inter-pulse interval than any of
those reported in previous references (Appendix 1).

The search for bat capture records in biological collec-
tion and scientific references yielded a total of 59 records
of Pteronotus species found in Colombia, from which only 8
records belonged to the department of Vichada: 4 records
of P. cf. rubiginosus, 3 records of P. personatus and 1 record of
P. gymnonotus (Appendix 2).

Insectivorous bats inhabiting the understory of forests
are adapted to emit short-high frequency FM echolocation
calls that render better distance resolution of the objects in
their surroundings that are close to each other. Nonethe-
less, these echolocation calls tend to attenuate also at short
distances. Conversely, the bats commonly found in forest
edges use these types of FM structures in combination with
other call structures such as QCF and CF echolocation calls
better suited for long-distance detection, given these con-
centrate the vast majority of the call energy in a narrow-
band of frequencies that travels further in space (Neuweiler
1989; Schnitzler et al. 2003).

The echolocation call structures of the acoustic records
of P. personatus and P. gymnonotus found in acacia crops,
savannas, riparian forests, and pine crops reported in this
study are a good example of the combination of call types
adapted by bats using spaces like forest edges to forage
for flying insects. These types of habitats impose condi-
tions found in forest interiors on one side, along with open
spaces on the other side. This combination of call structures
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Figure 2. Spectrograms and oscillograms of echolocation signals emitted by mormoopid species in Vichada, Colombia. A) Echolocation calls emitted during search flight by Ptero-
notus gymnonotus, Pteronotus cf. rubiginosus, and Pteronotus personatus. B) Representation of echolocation signals emitted by P. personatus during the search phase, approach phase, and

feeding buzz. Pulse intervals are not scaled.

can also explain the observations of P. personatus using
water streams and rivers associated to dense vegetation,
representing a combination of cluttered and less cluttered
spaces (Kober and Schnitzler 1990; O’Farrell and Miller
1997; Guillén-Servent 2005; de la Torre and Medellin 0;
Pavan and Tavares 2020). The echolocation call structure
observed in the recordings of P. cf. rubiginosus found in the
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forest is also consistent with its capability of flying through
cluttered sites with dense vegetation in search of flutter-
ing insects. This structure consists of high frequency-long
narrowband CF calls that are compensated for the Doppler
shifts in the echo frequency, allowing bats with the recogni-
tion of amplitude and frequency micro modulations in the
returning echoes, typically induced by moving prey (Kober




and Schnitzler 1990; Von der Emde and Schnitzler 1990;
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al. 2008). Therefore, the complementary use of these meth-

Kalko et al. 2008; de Oliveira et al. 2015).

Recently, Clare et al. (2013) proposed a change in the
taxonomic level of continental populations of the sub-
species of P. parnelli complex, P. parnelli fuscus, and P. par-
nelli rubiginosus would now be upgraded to species level.
Hence, P. parnelli becomes an exclusive species of insular
distribution and the Colombian populations of the new P.
fuscus would be distributed on the Caribbean coast, while
the P. rubiginosus populations would be distributed in the
eastern part of Colombia (Pavan and Marroig 2016). There-
fore, the sonotype (i.e., the group of sounds with the same
characteristics and that are assumed to correspond to the
same species; Bader et al. 2015) we recorded in this study
was determined by the proposed geographic distribution
as P. cf. rubiginosus. Something similar happens with the
P. personatus complex, so we use the references of P. per-
sonatus from México for comparison, currently known as
P. psilotis Dobson, 1878 (Zarate-Martinez et al. 2018; Arias-
Aguilar and Ramos-Pereira 2022).

It is noteworthy that the recent “Clave de Identificacion
de los Murciélagos Neotropicales” published by Diaz et
al. (2021) proposed a discrimination between species of
P. rubiginosus and P. fuscus, based on echolocation call of
the characteristic frequency. Nevertheless, there’s not suf-
ficient acoustic evidence in Colombia supporting this dis-
crimination. Since the P. parnellii complex exhibits Dop-
pler shift compensation (Smotherman and Guillén-Servent
2008; Schnitzler and Denzinger 2011), discrimination based
on small differences in peak frequencies (~ 3 kHz) of the CF
component of its echolocation calls are not straightforward.
To fulfill proper discrimination between species, there must
be reference recordings of identified individuals obtained
under controlled conditions regarding flight spaces, flight
speed, body size, sex, and development condition, given
that these factors can alter the frequency in the emission
of echolocation calls for most bats (Jones 1997; Jacobs et al.
2007; Jones and Holderied 2007).

Through the search of biological collection records and
scientific references, we found that the Vichada department
is one of the places with the fewest records of mammals we
found in the country, and remarkably the only record of P,
gymnonotus in this department was in 1967, that is, approx-
imately 50 years ago (GBIF.org. 2021). So far, the records of
Pteronotus species that have been published for the depart-
ment of Vichada (Montes et al. 2012; Péez-Vasquez et al.
2020) or the Orinoco River basin (Ferrer-Pérez et al. 2009a)
are based on captures with mist nets or specimens from
scientific collections. However, using acoustic methods,
we recorded 3 species of Pteronotus for the department of
Vichada: P. cf. rubiginosus, P. gymnonotus, and P. personatus.

Studies of bats using acoustic methodologies have
shown that they are efficient in recording rare insectivo-
rous bat species, such as those of the family Mormoopidae
(MacSwiney et al. 2008). Using acoustic tools can increase
the richness of Chiroptera sets by up to 40 % (MacSwiney et

odologies is necessary to register species of insectivorous
bats that are not commonly obtained by traditional meth-
odologies. In Colombia, the studies on bat acoustics are
still relatively new (Martinez-Medina et al. 2021b), and this
field of knowledge has been increasing in recent years. Bat
echolocation call descriptions of Colombian species are key
for the conservation of their communities since these char-
acterizations contribute to the identification capacity of bat
monitoring programs, aiming to assess the impacts of dif-
ferent human activities on the spatial-temporal patterns of
bat activity (Walters et al. 2013). Furthermore, knowledge
of the bat reference acoustic parameters is fundamental to
understanding the intra-and-interspecific variations of the
bats’ ultrasonic vocalizations, improving the sound collec-
tion performed in the country.

The present work is one of the first contributions to the
acoustic ecology of the Mormoopidae family in Colombia,
identifying acoustic variations for the 3 species of Pterono-
tus to what has been reported up to date for Central and
South America. Although these variations could be the
product of inter and intraspecific factors such as sex, age,
body condition, reproductive stage (Jones 1997; Jacobs et
al. 2007; Jones and Holderied 2007), or a consequence of
environmental factors like the increased absorption of the
high frequencies in echolocation calls recorded in humid
environments, the amount of vegetative clutter in foraging
spaces and noisy conditions (Lawrence and Simmons 1982;
Arlettaz et al. 2001; Kalko et al. 2008; Tressler and Smoth-
erman 2009). We urge the scientific community to record
reference calls accompanied by the collection of voucher
specimens as the only way to ensure that each acoustic
record will provide full information for species discrimina-
tion as would be the case of the P. parnellii complex, given
the taxonomic transitions these species have been through
in recent years.
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Acoustics records of Pteronotus species

Appendix 1

Spectral and temporal parameters of the echolocation calls obtained from the search phase of Pteronotus personatus, Ptero-
notus gymnonotus, Pteronotus cf. rubiginosus, and Pteronotus parnellii recorded in this study and other Neotropical regions.
We also added spectral and temporal parameters of the echolocation calls of the approach phase of P. personatus and P. cf.
rubiginosus. Mean + Standard Deviation (X £ SD), ms = milliseconds, kHz = kilohertz, IP = Interpulse Interval, SF = Start fre-
quency, EF = End frequency, PF = Peak frequency, MaxF = Maximum frequency, and MinF = Minimum frequency, n = number
echolocation pulses and N= number sequences. 'Vichada, Colombia. 2Belize. *Yucatan Peninsula, México. *Oaxaca, México.
>México. ®Morelos, México. 7Brazil. 8Cuba. °Trinidad.

A Phase Length [ms] IP [ms] (X SF [kHz] (X EF [kHz] PF [kHz] MaxF [kHz] MinF [kHz]
Species n/N References
type (X+SD) +SD) +SD) (X + SD) (X+SD) (X+SD) (X+SD)
Search 6.8+13 789%26.5 772%20 66.2+2.0 68.0+4.0 78520 653+1.7 132/22 This study’
Approach 65+1.5 56.8+10.9 784+23 66.6 + 2.0 68.6+3.3 794+22 65.8 +22 117/16 This study’
O'Farrell and Miller
Search 5.7 483 83 68 25
19972
MacSwiney et al.
P. personatus Search 7.1£05 53.9+10.0 80.1+1.5 809+ 1.5 74.1£4.2 8 2008°
Briones-Salas et al.
Search 4.40 £0.57 83.72+1.44 66.75+1.61 12 2013
64.12 + 70.53 =
Search 571+£1.18 82.83 +£2.68 284 25 82.88 + 2.66 64.12 +2.84 10 Zamora et al. 2016°
814+ Orozco-Lugo et al.
Search 5.7+0.02 55.1 82.2+0.05 67.6 £0.02 -
0.05 2013¢
Search 7509 68.0+3.5 575+32 49.8 +3.1 572+39 588+3.6 485+34 34/3 This study’
4581 = 5134+
P. gymnonotus Search 533+0.82 54.99+3.14 285 487 55.51+3.19 45.81+284 - Zamora et al. 2016°
Arias-Aguilar et al.
Search 53+06 84.9+53.0 53.1+27 60.6 + 1.0 484+ 15 - 20187
Search 28.5+0.5 187.6 £ 60.9 58.3+0.7 53.8+0.8 60.5+0.1 60.8+0.3 53.4+0.6 5/1 This study’
P. cf. rubiginosus
Approach 25.0+5.2 794 +14.1 59.2+1.1 56.0+3.2 60.2+0.6 60.6 +0.8 54.2+3.1 49/4 This study’
O'Farrell and Miller
Search 304 61.9 63.5 54.5 30
19972
48.05 + )
Search 21.23+0.87 60.6 + 0.08 061 60+0.17 60+0.17 59.61+0.16 67 Macias et al. 2006°
MacSwiney et al.
Search 258+3.1 48.0£21.1 645+1.0 64.6+1.0 642+ 1.1 25 2008°
Arias-Aguilar et al.
Search 158+48 474 £37.7 539+34 57.2+0.5 46.7 £2.3 - 20187
P. parnellii
. Search 2155 25+15.6 582+0.7 60.2+0.8 463+19 5 Pio et al. 2010°
species complex
Orozco-Lugo et al.
Search 27.8+3.1 64.8 613+1.8 55.7+28 63.1+1.1 - 20136
Briones-Salas et al.
Search 2442 +3.7 64.73+1.42 54.93+1.61 388 2013¢
52.87 63.61 £
Search 21.21£4.97 61.93 £2.04 290 319 64.97 £1.27 52.86 +£2.20 50 Zamora et al. 2016°
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Appendix 2

Records of Pteronotus species in Colombia were obtained from the Biodiversity Information System of Colombia (SIB), Global
Biodiversity Information Facility (GBIF), and biological collections. USNM: National Museum of Natural History, ICN: Instituto
de Ciencias Naturales, FMNH: Field Museum of Natural History, ROM: Royal Ontario Museum, MHNG: Muséum d'histoire
naturelle de la Ville de Genéve, MUJ: Museo Javeriano de Historia Natural, CZUC-M: Coleccién Zooldgica de la Universidad
de Cérdoba - Mamiferos, MHNLS: Museo de Historia Natural La Salle, MHNUCa: Museo de Historia Natural de la Universidad
de Caldas, MHNU: Museo de Historia Natural Unillanos. *Specimen deposited in the Laboratory of Biology | - Universidad

de Sucre.

Species Department Locality Latitude Longitude Source References
Vichada Santa Teresita USNM 431554 GBIF 2021
Cérdoba Corregimiento El Diluvio ICN 2481 ICN online database

Pteronotus gymnonotus . . .
B Bocachica, Ruinas de San Angel (Cerro de La Popa). Salén .
Bolivar en una galerfa. ICN 1668 ICN online database
Bahia de Cartagena, Isla de Tierra Bomba, Bocachica.
Bolivar Fuerte de San Fernando. En las galerias bajas laterales ICN 2255 ICN online database
atravesando las bévedas
Bolivar Bocachica, Cartagena 10°19'60.0" N 75°29'40.9"W FMNE;&Z‘?& - Chacon-Pacheco et al. 2018
Bolivar Cartagena 10°23'59.0" N 75°30'52.0"W Roggigsgégggloi Chacdn-Pacheco et al. 2018
Bolivar Isla Bard 10°14'23.8"N 75°35'46.4"W MHNG 1922.023- o con-pacheco etal 2018
1922.064
Cesar Los Besotes, Valledupar 10°34'13.7"N 73°16'15.3"W MUJ 1661 Chacon-Pacheco et al. 2018
Guainia Inirida 03°50'N 67°55'W FerrerPérezetal.  Chacon-Pacheco etal. 2018
Huila Baraya, Las Delicias 03°09'05.6" N 75°01'19.5"W ICN 13589 - 13590 Chacon-Pacheco et al. 2018
Huila Tamarindo, Neiva 03°03'36.0"N 75°22'12.0"W MUJ 655, 1003 Chacon-Pacheco etal. 2018
Magdalena PNN Tayrona 11°18'59.5" N 73°56'59.4"W ICN 7822 Chacén-Pacheco etal. 2018
ICN 17441,17442,
Sucre La Florida, San Marco 08°35'49.9"N 75°08'31.2"W 17443, 17444, 17445, Chacon-Pacheco et al. 2018
17446
Sucre Estacion Meteoroldgica Primates, Coloso 09°31'50"N 75°21'01"W Montes et al. 2012 Chacon-Pacheco et al. 2018
Sucre Las Campanas, Coloso 09°30'00.0" N 75°21'00.0"W FMNH 69367 - 69396 Chacén-Pacheco et al. 2018
Tolima Gualanday 04°15'N 74°59'W BejaranoBonilaet  cpacgn-Pacheco etal 2018
Tolima Pastales, Ibagué 04°30'N 75°18'W Bejaraar;oz-gg;\illa et Chacoén-Pacheco et al. 2018
Tolima Boquerdn, Ibagué 04°24'13.4"N 75°11'49.9"W ROM 77274 Chacén-Pacheco et al. 2018
Vichada PNN El Tuparro, Administrative Center 05°21'07.8"N 67°51'"15.1"W ICN 12688 Chacon-Pacheco etal. 2018
Cérdoba La Oscurana, Tierralta 08°00'N 76°05'W ICN 19907, 19912 Chacén-Pacheco et al. 2018
Coérdoba PNN Paramillo, Llanos del Tigre 07°36'49.5"N 76°00' 44" W MUJ 1520 Chacon-Pacheco et al. 2018
Pteronotus parnellii
Cérdoba PNN Paramillo, Zanco 07°40'02.5"N 076 °05' 50.5" W MUJ 1523 Chacén-Pacheco et al. 2018
Cérdoba Tuis Tuis, Tierralta 08°02'46.8"N 076°05'43.5"W CZUC-M 0131, 0239 Chacoén-Pacheco et al. 2018
Cérdoba Cajon del Diablo, Tierralta 08°17'24.2"N 075°59'49.8"W CZUC-M 0240, 0241 Chacon-Pacheco etal. 2018
Guainia Inirida MHNLS Ferrer-Pérez et al. 2009b
Vichada Puerto Carreiio, Reserva Natural Privada Bojonawi 6°5'52.789" N 67°28'59.581"W MHNUCa 1108 GBIF 2021
Vichada Puerto Carrefio, Reserva Natural Privada Bojonawi 6°5'52.789" N 67°28'59.581"W MHNUCa 1113 GBIF 2021
B Bahia de Cartagena, Isla de Tierra Bomba, Bocachica, "
Bolivar Ruinas de San Angel, Cerro de La Popa, salén en galerias ICN 2628-2677 ICN online database
Cesar San Martin 07°53'19,5"N 73°39'17,4"W ICN 18892 ICN online database
Cesar El Paso ICN 18893 ICN online database
Bogota Ciudad de Bogota ICN 1533 ICN online database
Huila Baraya, Sitio El Cruce, finca Las Delicias 3°9'5.608"N 75°1'19.501"W ICN 13589 - 13590 ICN online database
La Guajira Guajira, Albania, Valle del Cerrejon, Arroyo Bruno ICN 19486 ICN online database
Magdalena Parque Nacional Natural Tayrona, Arrecifes 11°19'4.080" N 73°56'52.584" W ICN 7822 ICN online database
Magdalena Parque Nacional Natural Tayrona, Gairaca 11°19'39.828"N 74°6'38412"W ICN 7823 ICN online database
Magdalena Colonia Agricola de Caracolito ICN 875 ICN online database
Sucre San Marcos, VeredaLa Florida, ciénaga Gamboa, Granja  go35149901"N  75°8'31.194'W  ICN 17441-17446 ICN online database
Vichada Parque Nacional El Tuparro, alrededores del Centro 5921'7751"N -67°51'15.120"W  ICN 12688, ICN 13944 ICN online database
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Appendix 2

Continuation
Species Department Locality L d Longitud Source References
Antioquia Turbo Gardner 2007 Montes et al. 2012
Antioquia Boca Chica Munoz-Arango 2001 Montes et al. 2012
Bolivar Tierra Bomba Munoz-Arango 2001 Montes et al. 2012
Bolivar Cartagena Munoz-Arango 2001 Montes et al. 2012
Cauca El Bordo USNM 595072 Montes et al. 2012
Cundinamarca Santa Fe de Bogota Munoz-Arango 2001 Montes et al. 2012
La Guajira Nazaret Gardner 2007 Montes et al. 2012
Sucre Toluviejo USN‘M 144361:59 Montes et al. 2012
Sucre Colosé *ADNO 0007 Montes et al. 2012
Valle del Cauca El Pital USNM 595073 Montes et al. 2012
Pteronotus personatus Vichada Santa Teresita USN4I\4 144381;84 Montes et al. 2012
Meta Restrepo 4°15'0.000" N 73°34'0.001"W ROM 50142 GBIF 2021
Vichada Puerto Carrefio, Vda Cafo Negro MHNU 406 GBIF 2021
Vichada Santa Teresita USNM 43 1 454- GBIF 2021
Bahia de Cartagena, Isla de Tierra Bomba, Bocachica,
Bolivar Fuerte de San Fernando, en las galerias laterales de la ICN 2573-2627 ICN online database
parte alta
Bolivar Castillo de San Fernando ICN 3873-3902 ICN online database
soliar i Cragen o deTiris St Bocahics,
Cérdoba Monteria, Corregimiento El Diluvio ICN 2686 ICN online database
La Guajira Hatonuevo ICN 14950 ICN online database
La Guajira Albania ICN 19487 ICN online database
Narino Km 98 via Tumaco. Rio Nambi, cuenca rio Telembi, ICN 2722 ICN online database

Quebrada. Babosa, cuenca del rio Patia
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