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Abstract: Bats are excellent bioindicators and are increasingly used to assess ecosystem health and monitor changes in the environment. 
Due to increased awareness of the potential transmission of pathogens from bats to humans and recognizing the limitations of traditional 
bat sampling methods, the use of  of non-invasive sampling techniques such as bat recorders were recommended for field-based monitoring 
studies. In the Philippines, however, bat bioacoustics is still a growing field, and the scarcity of acoustic data hinders the use of echolocation 
calls to conduct accurate inventories and population monitoring of echolocating bats. Here, we recorded and characterized echolocation 
calls of insectivorous bats from caves and karst areas located in southern Luzon Island, Philippines. In addition, we compared our results 
with other studies performed within and outside the country to identify possible regional and local variation in acoustic characters 
for some species. A total of 441 echolocation calls were recorded from six bat families: Hipposideridae (five species), Rhinolophidae 
(five species), Vespertilionidae (three species), Miniopteridae (two species), Megadermatidae (one species), and Emballonuridae (one 
species). Discriminant function analyses (DFA) with leave-one-out cross validation correctly classified bats emitting calls dominated with 
a constant frequency (CF) component (rhinolophids and hipposiderids) with >97% success and those producing frequency modulated 
(FM) calls (Miniopteridae and Vespertilionidae) with 88.9% success. We report echolocation calls for Philippine population of two species 
(Megaderma spasma and Hipposideros lekaguli) for the first time. Moreover, we present geographical variations in call frequencies for 
some species by comparing previously reported acoustic data elsewhere across the species’ range. This underscores the importance of 
establishing a readily accessible and comprehensive local reference library of echolocation calls which would serve as a valuable resource 
for examining taxonomic identities of echolocating bats, particularly those whose calls exhibit biogeographic variations.

Keywords: Bat recorders, call frequencies, call library, discriminant function analysis, echolocating bats, ecotourism, limestone forest.
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INTRODUCTION

Bats are of great importance because they maintain 
ecosystem balance in tropical forests and their 
sensitivity to anthropogenic disturbances makes them 
excellent bioindicators in assessing ecosystem health 
and monitoring changes in the environment (Jones et 
al. 2009). Traditionally, bats are studied by capturing 
them using mist nets (Kunz & Kurta 1988; Sedlock 
2001), although some studies found that the use of harp 
traps are more effective in capturing echolocating bats 
(Tidemann & Woodside 1978; Francis 1989). Sampling 
bats using mist nets provides a more standardized 
method of measuring bat abundance; however, this 
method is prone to sampling biases since mist nets 
are usually placed below the canopy. This practice 
underestimates bat diversity of an area since there 
are relatively more species of bats on the upper forest 
layers (O’Farrell & Gannon 1999; Larsen et al. 2007; 
Gonzalez et al. 2020). Moreover, mist nets are more 
biased towards larger–bodied bats which do not have 
the ability to evade mist nets like most echolocating 
bats (Larsen et al. 2007).

There has been a growing global trend in utilizing 
ultrasonic detectors and recording echolocation calls as 
an alternative approach for a non-invasive and passive 
means to document the occurrence of echolocating 
bats, investigate their ecology, behavior, and responses 
to various anthropogenic pressures, and identify habitat 
and important areas for conservation of these species 
(Rydell 1991; Siemers & Schaub 2011; Pauwels et al. 
2019). Species-specific acoustic cues and characteristics 
allowed the accurate classification of species and the 
use of automatic classifiers have enabled rapid species 
identification using computer software programs 
(Adams et al. 2010; Agranat 2013; Amberong et al. 2021). 
Further, continuous advancements in ultrasonic bat 
recorders to cater the need for this growing field have 
led to improved features that facilitate the collection 
and analysis of larger datasets. These advancements 
have contributed to increased inventory completeness 
in studies focused on bat assemblages and have made 
long-term monitoring experiments feasible (Lausen 
& Barclay 2006; MacSwiney et al. 2008). Lastly, 
considering the recent Covid-19 pandemic and the 
potential transmission of bat-borne viruses and other 
zoonotic pathogens, the use of acoustic surveys offers a 
means of studying bats without direct contact, thereby 
reducing the risk of zoonotic transmissions (Nuñez et al. 
2020; Pekar et al. 2022).

While acoustically monitoring bats ensures 
researchers’ safety and significantly cuts the time 

and effort in surveying, there is still paucity of 
comprehensive and reliable bat call libraries in many 
regions which is an essential component for accurate 
species identification of echolocating bats (Karine & 
Kalko 2001). In the Philippines, bat bioacoustics is still 
in its infancy, and a comprehensive bat call library is 
still lacking. Relevant studies based on bioacoustics of 
bats are limited to very few localities and islands such 
as in Luzon (Sedlock 2001; Sedlock & Weyandt 2009; 
Esselstyn et al. 2012; Dimaculangan et al. 2019; Sedlock 
et al. 2019; Amberong et al. 2021; Taray et al. 2021), 
Panay Island (Mould 2012), Bohol Island (Phelps et al. 
2018; Sedlock et al. 2014a), and Siquijor Island (Sedlock 
et al. 2014b). Previous works have focused on examining 
taxonomy (Sedlock & Weyandt 2009; Sedlock et al. 
2014b) and studying behaviour, cave emergence, and 
activity (Dimaculangan et al. 2019; Sedlock et al. 2019) 
using few available acoustic data. Meanwhile, the works 
of Sedlock (2001), Amberong et al. (2021), and Taray 
et al. (2021) have delved into the characterization of 
acoustic calls of echolocating bats, aiming to establish a 
foundational dataset for creating a local bat call library 
for the Philippines. The archipelagic nature of the 
Philippines also provides an avenue to examine possible 
local echolocation variation or dialects, especially for 
endemic species with limited population dispersion.

Caves provide specific and stable microclimatic 
conditions, including temperature, relative humidity, 
and air quality, along with physical structures that are 
crucial for the survival of many bat populations. These 
factors provide a suitable environment for protection, 
roosting, and feeding (McCracken 1989; Murray & 
Kunz 2005). Among the 79 bat species present in the 
Philippines, 49 are known to roost in caves (Heaney et 
al. 2010). However, threats to these resident cave fauna 
are still rampant, including hunting, habitat destruction, 
and disturbances caused by unregulated human visits, 
leading to roost abandonment and rapid population 
decline (Mould 2012; Domingo & Buenavista 2018; 
Alcazar et al. 2020). Moreover, caves are also often 
overlooked and unprotected due to harsh conditions 
for proper assessment, research, and mapping of these 
landscapes (Tanalgo et al. 2022). Out of the 3500 caves 
identified in the Philippines, only approximately 40% 
have been adequately assessed and protected (BMB 
CAWED 2021). The lack of protection exposes these 
caves to potential exploitation, resulting in adverse long-
term impacts on wildlife populations, such as reduced 
species richness and diversity, as well as the destruction 
of cave features. To address these challenges, rapid and 
cost-effective methods for surveying and monitoring 
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cave bat populations, such as acoustic surveys, would 
be instrumental in assessing more caves in the country 
and protecting cave bats.

Here we describe echolocation calls of some 
insectivorous bat species we recorded from caves and 
karst areas in southern Luzon Island, Philippines and 
evaluate the potential of utilizing acoustic characters 
in identifying echolocating bat species. In addition, 
we want to assess possible geographic variation in 
echolocation call characteristics of some species by 
examining other existing acoustic data and studies done 
within and outside the country. Threats observed in the 
study areas and conservation implications of our results 
are also discussed. With this study, we aim to contribute 
to the building of a comprehensive reference library of 
bat echolocation calls for the Philippines and provide 
a non-intrusive and cost-effective tool for monitoring 
insectivorous bats.

MATERIALS AND METHODS

Study Site and Bat Sampling
Study sites were located in the Calabarzon Region, 

southern Luzon Island, Philippines. Four caves and 
surrounding karst forest areas were sampled between 
2021 and 2023: (1) Cathedral Cave in Cavinti, Laguna 
Province, (2) Sungwan Cave in Tayabas City, Quezon 
Province, (3) Kamantigue Cave in Lobo, Batangas 
Province, and (4) Pamitinan Cave inside the Pamitinan 
Protected Landscape (PPL), Rodriguez, Rizal Province 
(Figure 1). We captured bats from sunset (1800 h) until 
2000 h using mist-nets (12 x 2.6 m with 36 mm mesh). 
Nets were set up in cave openings, forest interior, 
and across water bodies and were checked at 10 min 
intervals.

Bat captures were identified to species level using 
external characters and morphometric measurements 
such as forearm length (FA), following an identification 
guide by Ingle & Heaney (1992). Wing biopsy tissue 
samples from released individuals or muscle tissues from 
voucher specimens were also collected for molecular 
analysis. All voucher specimens were deposited at 

Figure 1. CALABARZON Region depicting locations of caves surveyed for sampling during this study.
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University of the Philippines Los Baños-Museum of 
Natural History Zoological Collection. Field sampling 
was covered by Wildlife Gratuitous Permit numbers 
R4A-WGP-2021-LAG-004, R4A-WGP-2021-QUE-005, 
R4A-WGP-2021-BAT-006, and R4A-WGP-2021-RlZ-010.

Acoustic recording and description of echolocation 
calls

Echolocation calls were recorded using M500 
USB Ultrasound Microphone attached to a laptop PC 
(Pettersson Elektronic AB, Upsala, Sweden) with a 
sampling rate of up to 768 kHz and a frequency range 
of 5–235 kHz. Recordings were made from adult bats 
released in an enclosure (polyester camping tent with 
dimensions 2.74 x 2.1 x 1.5 m) to allow recording of 
echolocation call of bats on free flight for maximum 
of one minute per individual. Calls were recorded 
near the sampling site within two hours after retrieval. 
Call recordings were saved in WAV format on a flash 

card and call files were displayed as spectrograms 
using BatSound v. 4.2.1 (Pettersson Elektronik AB) 
with a sampling rate of 500 kHz with 16 bits/sample. 
Spectrograms were examined using 512-size fast fourier 
transformation (FFT) in a Hanning window. Three high 
quality search calls with high signal-to-noise ratio were 
chosen for analysis from each individual.

The following call parameters were measured 
from the spectrograms of each selected call (Figure 
2): maximum frequency (Fmax), minimum frequency 
(Fmin), initial frequency (Fini), terminal frequency (Fter), 
call duration (D); frequency is given in kilohertz (kHz) 
while time is expressed in millisecond (ms). In addition, 
frequency at maximum energy (FmaxE) was measured 
from the power spectra. 

Based on spectrograms, calls were described on the 
basis of their shape: (1) CF/FM call – consists of a constant 
frequency component terminated by a frequency 
modulation, (2) FM/CF/FM – constant frequency 

Figure 2. Call parameters extracted from call recordings of bats collected. a. Oscillogram of BatSound software where call duration (D) was 
measured; b. Power spectrum of the software showing the call variables frequency at maximum energy (FmaxE), minimum frequency (Fmin), 
and maximum frequency (Fmax); c. Spectrogram where initial frequency (Fini) and terminal frequency (Fter) were measured.
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preceded and terminated by frequency modulation 
component, (3) FM – composed mainly of a steep pure 
frequency modulated sweep, and (4) Multiharmonic – 
pulses composed of two or more harmonics.

To investigate inter- and intraspecific variation in 
echolocation calls for the species we have sampled, 
we tabulated and analyzed available acoustic metrics 
reported elsewhere. This includes published research 
papers, bat acoustic identification guides, and local bat 
call libraries.

Statistical analysis
Intraspecific variation in call frequency across our 

samples was first investigated by performing Kruskal-
Wallis test with post-hoc Mann-Whitney test. We 
compared echolocation call parameters between 
sexes and across the four study areas. No significant 
difference in the call parameters was observed for all 
species analyzed (p <0.05), thus, data were pooled in 
subsequent analyses. 

Discriminant function analysis (DFA) with leave-
one-out cross-validation was used to determine 
whether species could be separated in independent 
groups and to test the extent to which the measured 
call parameters could be used to identify species (Fils 
et al. 2018). Except for bats with multiharmonic calls, 
we carried out DFA separately for each of the three 
call types identified: CF/FM bats (Hipposideridae), CF/
FM/CF bats (Rhinolophidae), and FM-dominated bats 
(Vespertilionidae and Miniopteridae). Wilk’s lambda 
values were obtained to test for statistical significance 
of the discriminant functions in discriminating calls 
between species (Pedro & Simonetti 2013). We also 
plotted group centroids with 95% confidence limits to 
present a graphical representation of the separation 
of species within families based on their discriminant 
functions. 

Lastly, descriptive statistics (mean ± SE) for all call 
parameters were also computed for each species. All 
analyses were performed using IBM SPSS Statistics for 
Windows v 20.0.

RESULTS

Echolocation call descriptions
In total, we recorded and analyzed 441 echolocation 

pulses belonging to 147 individuals from six bat families: 
Hipposideridae (five species), Rhinolophidae (five 
species), Vespertilionidae (three species), Miniopteridae 
(two species), Megadermatidae (one species), and 

Emballonuridae (one species) (Table 1).
Hipposideridae calls showed the typical CF/FM call 

characteristic of the family wherein calls begin with a 
constant frequency component then terminate with a 
descending frequency modulated component (Figure 
3A). Call frequency values were highest for Hipposideros 
antricola, followed by Hipposideros bicolor, and 
Hipposideros pygmaeus (Table 1). Call duration was 
longest for H. diadema (13 ms). All of the call parameters 
measured did not overlap between the five species.

Rhinolophidae calls were characterized by a long 
CF component preceded and terminated by an FM 
component (Table 1, Figure 3B). FmaxE values ranged 
from 28.2–40.0 kHz in Rhinolophus philippinensis to 
73.3–76.3 kHz in R. macrotis. Most of the call parameters 
measured showed little to no overlap in values between 
species.

Vespertilionidae produced predominantly 
frequency-modulated (FM) calls (Figure 3C). Two 
species of the genus Myotis had calls characterized by 
a steep FM sweep of short duration (<4 ms). Based on 
the call parameters analyzed, the two Myotis species 
can easily be distinguished from one another; Myotis 
horsfieldii had lower call frequency values for all the 
parameters measured than Myotis muricola (Table 1). 
Meanwhile, calls of species within genus Miniopterus 
and Tylonycteris have steep FM components terminated 
by a short narrowband tail (Figure 3C). Between the 
two Miniopterus species, M. paululus emitted higher 
frequency for all call parameters measured (Table 1). 
Call measurements of Tylonycteris pachypus meanwhile 
overlapped with those of M. paululus.

Megadermatidae call was characterized by 
broadband FM, multi-harmonic signals of short 
duration. In contrast, calls of Taphozous melanopogon 
are characterized by having long multiharmonic call 
signals with most energy contained on the first three 
harmonics (Figure 3D).

Discriminant function analysis (DFA)
Hipposideridae (CF/FM)

In total, 97.8% of the original grouped cases were 
correctly classified to the five hipposiderid species 
(Wilk’s 𝝀 = 0.003, p <0.001) with Discriminant functions 
(DF) 1 and 2 explaining 97.1% and 2.9% of the total 
variance observed, respectively (Figure 4). Among the 
call parameters used in DFA, FmaxE was the most useful 
in discriminating between the species (Wilk’s 𝝀 = 0.042, 
p<0.001). Classification rates for the Hipposideros 
species are high based on the results of DFA; all species 
except H. antricola can be identified unambiguously 
with 100% success classification rate.
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Rhinolophidae (FM/CF/FM)
DFA analysis using the six acoustic parameters gave 

an overall correct classification of 99.4% of the calls 
after cross-validation (Wilk’s 𝝀 = 0.006, p <0.001) (Figure 
5). Further, 99.1% of the variation was explained by the 
first two discriminant functions, with FmaxE being the 
most important parameter in discriminating between 
species (Wilk’s 𝝀 = 0.03, p <0.001). Calls emitted by 
all rhinolophids were 100% correctly identified and 
grouped independently of the rest of the species, except 
for R. philippinensis with 93.3% correct classification 
rate. 

Vespertilionidae and Miniopteridae (FM-dominated)
Cross-validated DFA analysis resulted in 86.7% 

correct classification rate (Wilk’s 𝝀 = 0.046, p <0.001) 
(Figure 6). The most important variable in discriminating 
between the three species was minimal frequency 

(Wilk’s 𝝀 = 0.169, p <0.001) and terminal frequency 
(Wilk’s 𝝀 = 0.136, p <0.001). Correct classification rates 
(100%) were achieved for the three vespertilionids: M. 
horsfieldii, M. muricola, and M. eschscholtzii. Meanwhile, 
cross validated DFA for M. paululus and T. pachypus 
showed <20% misclassification rate to each other.

DISCUSSION

Acoustic identification and DFA Classification success
Reference calls were collected from 147 bat 

individuals across 17 species and six families. These 
calls provided additional data and contributed to efforts 
in building a call library for the acoustic identification 
of bats in the Philippines (Amberong et al. 2021). 
Moreover, these acoustic data will also be of great help 
in developing acoustic classifiers in the future, to utilize 
passive acoustic monitoring more effectively.

Figure 3. Spectrograms of representative echolocation calls of insectivorous bats recorded from caves and karst areas in southern Luzon Island, 
Philippines: A. Hipposideridae (HA: H. antricola,  HB: H. bicolor, HD: H. diadema, HL: H. lekaguli HP: H. pygmaeus), B. Rhinolophidae (RP: R. 
philippinensis, RR: R. rufus, RI:  R. inops, RA: R. arcuatus, RM: R. macrotis), C. Vespertilionidae (MM: M. muricola, MH: M. horsfieldii, MP: M. 
paululus, ME: M. eschscholtzii, TP: T. pachypus), and D. Multiharmonic bat calls.
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Our results demonstrate accurate classification of 
bat calls to families by considering their call structure, 
and identification to species level to some extent by 
analyzing several echolocation call parameters using 
DFA. Among the CF emitting bats, families Hipposideridae 
and Rhinolophidae could be distinguished from each 
other with the presence of an FM sweep preceding the 
CF component in the latter. Calls of Hipposideros species 
are also generally of shorter duration (<20 ms) compared 
to rhinolophids (Hughes et al. 2010). Most of the call 
parameters measured showed little to no overlap in 

values between species, indicating the reliability of 
utilizing these variables for acoustic identification of 
these bats in our study site.

Meanwhile, calls of FM bats can easily be 
distinguished from the other families by having calls 
of short duration and a steep FM component. Within 
this group, calls could further be classified into those 
which have pure and steep FM sweep (genus Myotis) 
and with a narrowband tail terminating the FM sweep 
(genus Miniopterus and Tylonycteris). Lastly, Taphozous 
melanopogon (Emballonuridae) and Megaderma 

Species n nInd Call structure D (ms) FmaxE 
(kHz)

Fini 
(kHz)

Fter 
(kHz)

Fmax 
(kHz)

Fmin 
(kHz) CC SC PC KC

Hipposideridae          

Hipposideros 
antricola 21 7 CF/FM 6.03 ± 

0.25
146.00 ± 

1.6
144.21 ± 

1.2
124.73 ± 

2.5
146.09 ± 

0.9
124.15 ± 

2.9 + +

Hipposideros 
bicolor 42 14 CF/FM 4.93 ± 

0.7
133.24 ± 

8.4
131.65 ± 

9.3
111.64 ± 

14.7
133.57 ± 

7.2
109.59 ± 

15.9 +

Hipposideros 
diadema 15 5 CF/FM 13.41 ± 

2.8
69.05 ± 

3.1
67.89 ± 

2.7
57.48 ± 

4.2
70.21 ± 

2.0
55.78 ± 

4.6 +

Hipposideros 
lekaguli 33 11 CF/FM 8.48 ± 

2.6
37.18 ± 

1.8
36.15 ± 

2.5
31.48 ± 

3.0
38.09 ± 

1.7
30.56 ± 

2.5 + +

Hipposideros 
pygmaeus 24 8 CF/FM 3.93 ± 

1.6
110.5 ± 

0.8
109.13 ± 

1.9
94.27 ± 

1.9
112.23 ± 

0.7
93.30 ± 

0.2 +

Rhinolophidae    

Rhinolophus 
arcuatus 108 36 FM/CF/FM 36.82 ± 

0.9
65.76 ± 

0.2
58.47 ± 

0.3
53.51 ± 

0.3
66.36 ± 

0.9
50.96 ± 

0.3 + + + +

Rhinolophus 
inops 6 2 FM/CF/FM 49.10 ± 

2.19
49.55 ± 

0.22
43.13 ± 

0.88
41.78 ± 

0.76
50.37 ± 

0.16
37.35 ± 

0.51 +

Rhinolophus 
macrotis 6 2 FM/CF/FM 36.65 ± 

2.07
74.60 ± 

0.42
66.40 ± 

0.96
64.23 ± 

0.74
74.38 ± 

0.63
61.56 ± 

0.59 +

Rhinolophus 
philippinensis 15 5 FM/CF/FM 73.01 ± 

3.30
30.73 ± 

0.71
26.23 ± 

0.44
24.50 ± 

0.46
31.47 ± 

0.63
22.44 ± 

0.56 + +

Rhinolophus 
rufus 30 10 FM/CF/FM 47.74 ± 

2.15
42.05 ± 

7.1
34.75 ± 

1.4
33.03 ± 

1.0
42.39 ± 

0.9
31.7 ± 

1.3 + +

Vespertilionidae    

Myotis horsfieldii 9 3 FM 3.65 ± 
0.11

70.02 ± 
0.77

106.6 ± 
0.79

42.37 ± 
0.28

109.47 ± 
0.71

39.33 ± 
0.22 + +

Myotis muricola 6 2 FM 3.43 ± 
0.18

82.37 ± 
0.82

108.22 ± 
1.45

44.27 ± 
1.28

112.2 ± 
2.00

42.17 ± 
1.04 +

Tylonycteris 
pachypus 6 2 FM/QCF 3.15 ± 

0.5
69.37 ± 

1.4
111.21 ± 

11.6
59.52 ± 

3.1
115.96 ± 

11.6
55.8 ± 

4.1 +

Miniopteridae    

Miniopterus 
paululus 57 19 FM/QCF 2.68 ± 

0.10
70.77 ± 

0.27
109.38 ± 

1.70
61.82 ± 

0.37
120.42 ± 

2.16
60.94 ± 

0.31 + + +

Miniopterus 
eschscholtzii 12 4 FM/QCF 3.26 ± 

0.40
53.13 ± 

0.39
97.25 ± 

1.27
45.88 ± 

0.33
99.9 ±  
1.38

44.25 ± 
0.71 + +

Emballonuridae

Taphozous 
melanopogon 45 15 Multiharmonic 4.01 ± 

0.40
28.4 ± 
0.31

29.4 ± 
0.22

20.16 
±0.65

29.9 ± 
0.21

22.18 ± 
0.16 +

Megadermatidae

Megaderma 
spasma 6 2 Multiharmonic 2.90 ± 

0.21
48.0 ± 
0.23

72.0 ± 
0.62

40.0 ± 
3.01

115.1 ± 
2.63

17.2 ± 
1.61 + +

Table 1. List of insectivorous bats collected in four caves sampled in southern Luzon Island, Philippines including their call structure and 
summary statistics (mean ± SE) for all echolocation call parameters measured (D: Duration, FmaxE: frequency at maximum energy, Fini: initial 
frequency, Fter: terminal frequency, Fmax: Maximum frequency, Fmin: minimum frequency, n: number of calls analyzed, nInd: number of 
individual bats recorded). “+” indicates the presence of the species in the study areas (CC: Cavinti Cave, SC: Sungwan Cave, PC: Pamitinan 
Cave, KC: Kamantigue Cave).



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2023 | 15(10): 23931–23951

Echolocation call characterization of insectivorous bats in southern Luzon Island, Philippines   Duco et al.

23938

J TT

Figure 4. Canonical discriminant function biplots showing groupings of echolocation calls for the five Hipposideros species sampled in Luzon 
Island.

Figure 5. Canonical discriminant function biplots showing groupings of echolocation calls for the five phonic groups of Rhinolophus sampled 
in Luzon Island.

Figure 6. Canonical discriminant function biplots showing groupings of echolocation calls for the FM bats sampled in Luzon Island.
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spasma (Megadermatidae) could be unambiguously 
identified by the presence of multiharmonic calls, the 
latter emitting broadband FM signals of short duration 
while the former having longer call duration at lower 
frequency. 

Overall cross-validated DFA resulted in >88% correct 
classification to species for each family. Calls within 
each family have high rates (>80%) of classification 
to species, with most of the species (11 out of 15 
species subjected to DFA) classified correctly. However, 
considering morphology for species discrimination is still 
important to avoid the risk of misidentification for some 
species which have overlapping call measurements. 
For instance, calls of M. paululus and T. pachypus have 
relatively lower rate of correct classification to each 
respective species based on the DFA (80.7% and 83.3%, 
respectively) but can easily be distinguished based on 
morphometrics. 

Examining geographic variation in echolocation call 
characteristics based on previous records

As intraspecific variation in call frequency due to 
geographic location has been observed in many species 
of echolocating bats, it is essential to collect reference 
recording from as many locations as possible to reliably 
identify species whose call parameters overlap with 
those of others across their known distribution range, 
determine the accuracy of existing reference call 
data from different regions and localities, and help in 
identifying potential novel and cryptic species which 
have great implications in conservation management 
(Hughes et al. 2010; Wordley et al. 2014). Based on the 
compiled list of available acoustic data for the species 
we recorded, most of the species exhibited variation in 
their echolocation call frequencies across their range 
(Table 2), although very few data are publicly available 
for some species such as R. inops, R. rufus, and H. 
lekaguli. Further, echolocation call data for most islands 
and biogeographic regions in the Philippines are virtually 
absent, with most studies concentrated on Greater 
Luzon and central Philippine islands. This highlights 
the need for more acoustic studies in the country to 
generate a more reliable call library for Philippine bats.

CF bats (Hipposideridae and Rhinolophidae)
This study provided additional acoustic data for 

some endemic species of CF bats within the Philippines, 
which is useful for examining possible local variation 
in their call frequencies across the archipelago. For 
instance, acoustic data for H. pygmaeus are limited 
to those captured in central Philippine Islands such 

as Cebu, Bohol, and Siquijor (Sedlock et al. 2014a,b; 
Phelps et al. 2018). H. pygmaeus in these islands have 
average FmaxE values ranging from 93–102 kHz, which 
is relatively lower compared to the FmaxE value of 110 
kHz recorded in this study. There is still great uncertainty 
on the taxonomic validity of Philippine hipposiderids 
which is evident in the recent molecular phylogenetic 
study done by Esselstyn et al. (2012) which suggested H. 
pygmaeus may comprise of three species. 

Meanwhile, the two endemic rhinolophids in 
this study have little acoustic data reported to date. 
For instance, call data for R. rufus is limited to those 
collected in Bohol Island; frequency was well within the 
range with our samples (Sedlock et al. 2014a; Phelps et 
al. 2018). R. rufus is one of the largest insectivorous bats 
and currently under near threatened category by the 
IUCN (IUCN 2022). Little is known about its taxonomy 
due to lack of genetic and acoustic data for this species. 
Meanwhile, this is the third study to document and 
measure the echolocation call of R. inops; the first was 
by Sedlock et al. (2014b) in Bohol Island which recorded 
an average FmaxE value of 54 kHz, while Dimaculangan 
et al. (2019) recorded an average FmaxE value of 54.3 
kHz for this species in Mt. Makiling in Luzon Island. 
Meanwhile, FmaxE of R. inops collected from this study 
averages at 50 kHz, which is slightly lower than the 
previous records. Additional acoustic data for these 
poorly known endemic species recorded from different 
localities in the country may be needed to further 
examine possible local dialects. 

Meanwhile, the widespread species of CF bats 
recorded in this study are believed to comprise of 
species-complexes and may show variation in their 
call characteristics over their wide range. Cryptic 
species producing calls at different frequencies have 
been a recurring theme among CF bats (Kingston et al. 
2001). For instance, FA length and FmaxE values of R. 
philippinensis recorded in the Philippines (Luzon Island: 
28–30 kHz, Bohol Island: 31–32 kHz) (Sedlock et al. 
2014a; Phelps et al. 2018; Amberong et al. 2021; this 
study) closely resemble the ‘large form’ (FA length: 52–
59 mm) of R. philippinensis recorded in Australia (28–
34 kHz) than the ‘small form’ (FA length: 50–53.5 mm, 
FmaxE: 40 kHz) (Pavey & Kutt 2008). Further, calls of R. 
philippinensis samples from the Philippines is close or 
well within the range of call frequencies of the species 
recorded in Borneo (32.8–34.8 kHz) (McArthur & Khan 
2021) and in Sulawesi, Indonesia (27.2 kHz) (Kingston & 
Rossiter 2004) but are significantly lower compared to 
the other morphotypes discovered for the species: the 
‘small morph’ emitting calls with an average of 53.6 kHz 
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Table 2. Echolocation call frequencies of bats recorded from this study and in other regions and localities.

Species
n 

individuals
Average FmaxE
 in kHz (range)

Fmax 
in kHz (range)

Fmin in kHz
(range)

Country/
Region Locality Reference Remarks

Hipposideridae

Hipposideros 
antricola 7 146.00 ± 1.6 - - Philippines Batangas This study -

6 134.6 (128.5 – 
138.1) - - Philippines Bulacan Amberong et al. 

2021 -

6 138.6 ± 4.84 - - Philippines Camarines Sur Esselstyn et al. 
2012 -

9 140.3 ± 2.6 
(134–143) - - Philippines Laguna Sedlock 2001 -

1 142 - - Philippines Bohol Esselstyn et al. 
2012 -

- 138.6 - - Philippines Bohol Phelps et al. 2018 -

1 140 - - Philippines Bohol Sedlock et al. 
2014a -

Hipposideros 
bicolor 14 133.24 ± 8.4 - - Philippines Batangas This study -

1 136.2 - - Philippines Quezon Esselstyn et al. 
2012 -

2 126.4 ± 7.9 (119.0 
– 133.7) - - Philippines Bulacan Amberong et al. 

2021 -

2 111.1 ± 2.76 - - Philippines Bohol Esselstyn et al. 
2012 -

2 109.5 ± 2.1 
(108.0–111.0) - - Philippines Bohol Sedlock et al. 

2014a -

- 133.13 - - Thailand - Hughes et al. 
2010 -

- 138 - - Indonesia Sumatra Huang et al. 2019 -

- 133.3–143.1 - - Thailand Satun Bumrungsri 2010 -

39 132.4 ± 2.4  
(121.5 – 135.5) - - Borneo - McArthur & Khan 

2021 -

- 136 - - Malaysia - Heller & 
Helversen 1989 -

- 163.1–169.5 - - India Madurai Jones et al. 1994 -

Hipposideros 
diadema 5 69.05 ± 3.1 - - Philippines Quezon This study -

6 67 ± 0.9 (66–68) - - Philippines Makiling Sedlock 2001 -

1 69.5 - - Philippines Quezon Esselstyn et al. 
2012 -

<10 (68.0–70.0) - - Philippines Laguna Sedlock et al. 
2019 -

6 70.0 ± 0.9 (66.5 
– 72.0) - - Philippines Bulacan Amberong et al. 

2021 -

164 69.4±0.1 (66.9–
70.8 ) - - Philippines Panay Mould 2012 -

1 69.3 - - Philippines Bohol Phelps et al. 2018 -

12 68.8 ± 1.1 (66.5–
70.0) - - Philippines Bohol Sedlock et al. 

2014a -

12 69.5 ± 1.02 - - Philippines Bohol Esselstyn et al. 
2012 -

5 59.08 ± 0.24 
(58.82–59.26) - - India Andaman 

Islands 
Srinivasulu et al. 
2016 -

- 54.6–55.3 - - Thailand Satun Bumrungsri 2010 -

- 61.45 - - Thailand - Hughes et al. 
2010 -

- 60 - - Thailand - Robinson 1996 -

- 57.6 - - Indonesia Sumatra Huang et al. 2019 -

2 67.52±2.26 
(65.26–69.78) - - Malaysia Sarawak Jinggong & Khan 

2022 -

21 67.5 ± 1.2 (65.1 
– 69.4) - - Borneo - McArthur & Khan 

2021 -
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Species
n 

individuals
Average FmaxE
 in kHz (range)

Fmax 
in kHz (range)

Fmin in kHz
(range)

Country/
Region Locality Reference Remarks

3 65 ± 0.7 (64.5 – 
66.7) - - Brunei - Aylen 2021 -

- 54.9 - - Australia - Fenton 1982 -

1 56.94 (54–59) - - PNG Libano Sok Leary & Pennay 
2011 -

Hipposideros 
lekaguli 11 37.18 ± 1.8 - - Philippines Laguna This study -

- 49.73 - - Thailand - Hughes et al. 
2010 -

- 45–46 - - Malaysia - Wilson & 
Mittermeier 2019 -

Hipposideros 
pygmaeus 8 110.5 ± 0.8 - - Philippines Laguna This study -

15 111.4 ± 3.3 (105.5 
– 115.7) - - Philippines Bulacan Amberong et al. 

2021 -

17 93.0 ± 1.4 (90.0–
95.0) - - Philippines Bohol Sedlock et al. 

2014a -

13 93.0 ± 1.35 - - Philippines Bohol Esselstyn et al. 
2012 -

- 95.5 - - Philippines Bohol Phelps et al. 2018 -

11 102 (90.8–105.4) - - Philippines Cebu Sedlock et al. 
2014b -

Rhinolophidae

Rhinolophus 
arcuatus 36 65.76 ± 0.2 - - Philippines Southern Luzon This study -

13 71.2± 0.4 (71–72) - - Philippines Laguna Sedlock 2001 -

<10 (46.8–50.0) - - Philippines Laguna Sedlock et al. 
2019 -

16 71.9 ± 1.5 - - Philippines Laguna Dimaculangan et 
al. 2019 -

21 69.84 ± 1.70 - - Philippines Quezon Sedlock & 
Weyandt 2009

Narrow sella 
morph

15 65.92 ± 2.30 - - Philippines Quezon Sedlock & 
Weyandt 2009

Wide sella 
morph

29 66.81 ± 2.04 
(62.17–69.34) - - Philippines Polilio Island Taray et al. 2021 -

23 65.0 ± 1.8 (61.8 
–67.0) - - Philippines Bulacan Amberong et al. 

2021 -

10 69.2±0.1 (68.3–
69.3) - - Philippines Panay Mould 2012 -

11 67.48 (66.7–68.5) - - Philippines Cebu Sedlock et al. 
2014b -

- 68.7 - - Philippines Bohol Phelps et al. 2018 -

32 68.7 ± 1.4 (67.0–
72.0) - - Philippines Bohol Sedlock et al. 

2014a -

1 71.3 (70–72) - - PNG Libano Sok Leary & Pennay 
2011 -

62 66.5 (58–69) - - Malaysia - Novick 1958 -

Rhinolophus 
inops 2 49.55 ± 0.22 - - Philippines Quezon This study FA length: 

53mm

9 54.3 ± 1.3 - - Philippines Laguna Dimaculangan et 
al. 2019 -

12 54 (52.7– 55) - - Philippines Cebu Sedlock et al. 
2014b -

Rhinolophus 
macrotis 2 74.60 ± 0.42 - - Philippines Quezon This study FA length: 

40mm

2 74.0 ± 0.3 (73.7 
– 74.4) - - Philippines Bulacan Amberong et al. 

2021 FA length: 41

9 52.1 ± 0.80 
(51–53) - - Philippines Laguna Sedlock 2001 FA length: 44.1 

– 46.4

12 50.9 ± 1.1 - - Philippines Laguna Dimaculangan et 
al. 2019

FA length: 43 
– 47



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2023 | 15(10): 23931–23951

Echolocation call characterization of insectivorous bats in southern Luzon Island, Philippines   Duco et al.

23942

J TT

Species
n 

individuals
Average FmaxE
 in kHz (range)

Fmax 
in kHz (range)

Fmin in kHz
(range)

Country/
Region Locality Reference Remarks

<10 (46.8–50.0) - - Philippines Laguna Sedlock et al. 
2019 -

2 50 - - Philippines Bohol Sedlock et al. 
2014a

FA length:44.1 
– 46.3 (45.2)

1 50 - - Philippines Bohol Phelps et al. 2018 -

- 48 - - Philippines - Heller & 
Helversen 1989 FA length: 46.5

1 75.1 - - Vietnam
Cu Lao Cham 
and Ly Son 
Archipelagos

Thong et al. 2019 FA length: 39.1

- - - Vietnam Phia Oac Tu et al. 2017 FA length: 48.6

11 66.4 ± 0.9 (65.2–
67.7) - - Vietnam - Furey et al. 2009 -

10 48.8 ± 0.6 - - China  Jiangxi Sun et al. 2008
"large form", 

FA length:  45.2 
± 3.7

 2 64.7 ± 0.3 - -  China  Jiangxi Sun et al. 2008
"small form", 

FA length:  
39.5–40

9 57.3 ± 0.6 - - China Yunnan Sun et al. 2008 FA length:  
42–43.5

28 57.10 ± 0.68 
(65.2–67.7) - - China Yunnan Shi et al. 2009 FA length:41.8 

± 0.16

6 66.7 ± 0.6 - - China Guangxi Sun et al. 2008 FA length: 
39–40.5

6 (47.2–53.9) - - China - Zhang et al. 2009 FA length: 
46.9–49.9

Rhinolophus 
philippinensis 5 30.73 ± 0.71 - - Philippines Laguna, 

Quezon This study FA length:54–
57mm

2 28.9 ± 0.6 (28.2 
– 29.5) - - Philippines Bulacan Amberong et al. 

2021 -

5 31.2 ± 0.5 (31.0–
32.0) - - Philippines Bohol Sedlock et al. 

2014a -

- 31.2 - - Philippines Bohol Phelps et al. 2018 -

6 27.2 ± 0.2 - - Indonesia Sulawesi Kingston & 
Rossiter 2004

"large morph" 
FA length: 56.1 

± 1.5 mm

3 39.0 ± 0.8 - - Indonesia Buton Island Kingston & 
Rossiter 2004

"Buton 
intermediate" 
FA length: 50.6 

± 1.4 mm

1 41.7 - - Indonesia Kabaena Island Kingston & 
Rossiter 2004

"Kabaena 
intermediate" 
FA length: 48.4 

mm

11 53.6 ± 0.6 - - Indonesia Sulawesi Kingston & 
Rossiter 2004

"small morph" 
FA length: 47.0 

± 0.4 mm

32 33.8 ± 0.5 (32.8 
– 34.8) - - Borneo - McArthur & Khan 

2021 -

- 36.6 - - Borneo - Francis & 
Habersetzer 1998 -

- (28–34) - - Australia - Pavey & Kutt 
2008

Large form 
FA length: 
52–59mm

- 40 - - Australia - Pavey & Kutt 
2008

Small form 
FA length: 
50–53mm

Rhinolophus 
rufus 10 42.05 ± 7.1 - - Philippines Southern Luzon This study -

- 39.5 - - Philippines Bohol Phelps et al. 2018 -

9 39.5 ± 1.1 (39.0–
41.9) - - Philippines Bohol Sedlock et al. 

2014a -



Echolocation call characterization of insectivorous bats in southern Luzon Island, Philippines   Duco et al.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2023 | 15(10): 23931–23951 23943

J TT

Species
n 

individuals
Average FmaxE
 in kHz (range)

Fmax 
in kHz (range)

Fmin in kHz
(range)

Country/
Region Locality Reference Remarks

Vespertilionidae

Myotis horsfieldii 3 70.02 ± 0.77 109.47 ± 0.71 39.33 ± 0.22 Philippines Laguna, 
Quezon, Rizal This study -

9 - 91.4 ± 14.1 
(67–108)

47.6 ± 5.6 
(38–58) Philippines Laguna Sedlock 2001 -

<10 (47.8–59.5) Philippines Laguna Sedlock et al. 
2019 -

- 47.6 - - Philippines Bohol Phelps et al. 2018 -

8 56.93 ± 7.98 134.25 ± 9.60 38.38 ± 3.46 Thailand - Hughes et al. 
2011 -

59 53.8 ± 5.14 
(37.9–101) - - India Western Ghats Wordley et al. 

2014 -

4 64.77 ± 3.91 
(58.8–72.4)

104.29 ± 5.13 
(94.1–113.5)

42.28 ± 4.29 
(37.2–52.1) India Andaman 

Islands
Srinivasulu et al. 
2017 -

3 70.32 ± 17.58 
(52.74–87.90)

100.61 ± 11.67 
(88.94–112.28)

43.81 ± 6.26 
(37.55–50.07) Malaysia Sarawak Jinggong & Khan 

2022 -

5 58.0 ± 6.0 (48.4 
– 63.1) - - Borneo - McArthur & Khan 

2021 -

5 64 ± 7.2 (54.9–
101.8)

103.2 ± 10.6 
(78.5–122.9)

43.8 ± 3.7 
(37.7–51.7) Vietnam Nguyen et al. 

2021 -

10 99 ± 7 (86 – 112) 134 79 Brunei Aylen 2021 -

Myotis muricola 2 82.37 ± 0.82 112.2 ± 2.00 42.17 ± 1.04 Philippines Quezon This study -

3 67.2± 3.0 
(63–71)

51.8± 0.8 
(51–53) Philippines Laguna Sedlock 2001 -

- 105.2 ± 10.2 
(87.8–127.7)

63.3 ± 1.3 
(61.1–65.8) Vietnam Quang Binh Thong et al. 

2022b -

4 66.2 ± 0.9 (62.0–
73.6)

59.7 ± 0.9 
(57–63.6)

54.5 ± 0.9 
(51.5–59.2) Vietnam - Furey et al. 2009 -

2 64.2–76.5 - - Thailand Satun Bumrungsri 2010 -

49 82.27 ± 16.63 137.14 ± 12.79 55.33 ± 6.81 Thailand - Hughes et al. 
2011 -

4 66.4 ± 2.6 (63.1 
– 69.1) - - Borneo McArthur & Khan 

2021 -

11 64.39 (63.39 
–66.15)

126.07 (119.75 
–132.62)

50.29 (45.49–
54.08) Borneo - Yoon & Park 2016 -

- (40–45) - - Nepal Csorba et al. 
1999 -

18 57.2 ± 0.0 79.9 ± 1.0 53.7 ± 0.48 Singapore Pottie et al. 2005 -

2 51.9 ± 2.51 104.7 ± 2.09 47.8 ± 3.66 India Uttarakhand Chakravarty et al. 
2020 -

- 63.5 108.2 40.7 Indonesia Sumatra Huang et al. 2019 -

10 56 ± 1 (54 – 59) 118 48 Brunei Aylen 2021 -

Tylonycteris 
pachypus 2 69.37 ± 1.4 115.96 ± 11.6 55.8 ± 4.1 Philippines Rizal This study -

- 69.8 ± 5.6 (76.7 
– 61.1)

124.1 ± 7.1 
(111.0 – 137.0)

54.2 ± 5.5 (46.0 
– 61.0) Philippines Bulacan Amberong et al. 

2021 -

3 63.38±4.07 
(59.31–67.45)

97.03±4.90 
(92.13–101.93)

54.75±0.98 
(53.77–55.73) Malaysia Sarawak Jinggong & Khan 

2022 -

- - - 53.5 (51–56) Malaysia - Novick 1958 -

1 48.2 - - Thailand Satun Bumrungsri 2010 -

5 50.46 ± 13.05 134.4 ± 6.69 39.4 ± 4.39 Thailand - Hughes et al. 
2011 -

- 61.8 111.7 52.8 Indonesia Sumatra Huang et al. 2019 -

126 65.1±2.8 129.2±7.4 58.3±1.8 China Guangxi Zhang et al. 2006 -

78 76.5±2.1 (62.4–
91.6) 91.6±4.5 62.4±3.8 China Guangxi Zhang et al. 2002 -

4 64.7 ± 1.2 (63.9–
66.5)

68.5 ± 3 
(65–71)

46.3 ± 1.5 
(45–48) Cambodia Phauk et al. 2013 -
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Species
n 

individuals
Average FmaxE
 in kHz (range)

Fmax 
in kHz (range)

Fmin in kHz
(range)

Country/
Region Locality Reference Remarks

Miniopteridae

Miniopterus 
paululus 19 70.77 ± 0.27 120.42 ± 2.16 60.94 ± 0.31 Philippines Laguna, 

Quezon, Rizal This study -

10 76.3± 4.7 
(73–80)

61.3± 0.64 
(60–62) Philippines Laguna Sedlock 2001 -

<10 (62.0–73.0) - - Philippines Laguna Sedlock et al. 
2019 -

- (55–80) - - Philippines Laguna Sedlock et al. 
2021 -

25 69.68 ± 2.14 
(66.24–74.06)

125.35 ± 5.72 
(112.14–
136.39)

58.29 ± 1.86 
(53.71–60.71) Philippines Polilio Island Taray et al. 2021 -

14 72.9 ± 4.1 (63.7 
– 90.0)

115.2 ± 12.1 
(76.0 – 134.0)

60.7 ± 2.7 (52.0 
– 65.0) Philippines Bulacan Amberong et al. 

2021 -

- 65.18 - - Philippines Bohol Phelps et al. 2018 -

4 65.5 ± 4.8 (60.7 
– 70.4) - - Borneo - McArthur & Khan 

2021 -

Miniopterus 
eschscholtzii 4 53.13 ± 0.39 99.9 ± 1.38 44.25 ± 0.71 Philippines Quezon, Rizal This study -

2 - 69.6± 3.8 
(63–77)

45.6 ± 0.7 
(44–46) Philippines Laguna Sedlock 2001 -

4 51.68 ± 1.08 
(50.62–52.90)

100.42 ± 3.63 
(97.49–105.31)

41.99 ± 1.47 
(39.88–43.29) Philippines Polilio Island Taray et al. 2021 -

1 53.1 ± 2.9 (49.7 
– 55.0)

101.7 ± 1.2 
(101.0 – 103.0)

44.3 ± 0.6 (44.0 
– 45.0) Philippines Bulacan Amberong et al. 

2021 -

1 48.5 - - Philippines Bohol Phelps et al. 2018 -

Emballonuridae

Taphozous 
melanopogon 15 28.4 ± 0.31 - - Philippines Batangas This study -

<10 (26.0–30.0) - - Philippines Laguna Sedlock et al. 
2019 -

- (20–30) - - Philippines Laguna Sedlock et al. 
2021 -

6 29.8 ± 0.9 (28.5 
– 31.9) - - Philippines Bulacan Amberong et al. 

2021 -

- 29.1 - - Philippines Bohol Phelps et al. 2018 -

33 29.71 ± 2.67 76.15 ± 20.18 20.37 ± 6.2 Thailand – Hughes et al. 
2011 -

2 28.16 ± 1.70 
(25.8–32.5)

34.01 ± 0.54 
(32.9–35.2)

26.47 ± 0.95 
(25.3–28.6) India Andaman 

Islands
Srinivasulu et al. 
2017 -

10 - 32.5 ± 1.7 
(30.1–35.2)

20.6 ± 0.6 
(19.7–21.6) Vietnam Quang Ninh Thong et al. 

2022a -

6 27.9 ± 0.56 28.7 ± 1.24 25.2 ± 0.82 Singapore – Pottie et al. 2005 -

1 28.9 – – Thailand Satun Bumrungsri 2010 -

12 30.10 ± 3.41 30.14 ± 2.58 22.72 ± 2.62 China Guangxi Wei et al. 2008 -

Megadermatidae

Megaderma 
spasma 2 48.0 ± 0.23 - - Philippines Quezon This study -

32 20 (17–22) - - Malaysia - Novick 1958 -

2 47.5–58.8 - - Thailand Satun Bumrungsri 2010 -

1 83.2 - - Thailand Rawi Island Bumrungsri 2010 -

44 72.99 ± 12.52 108.93 ± 8.24 20.8 ± 12.44 Thailand - Hughes et al. 
2011 -

59 55.9 ± 12.3 
(38.3–91.4)

99.79 ± 12.37 
(65.3–113.1)

38.87 ± 2.30 
(34.6–44.3) India Western Ghats Wordley et al. 

2014 -

3 21.87 ± 2.36 
(18.1–25.2)

67.03 ± 1.86 
(64.0–70.0)

14.90 ± 0.68 
(14.0–16.0) India Andaman 

Islands
Srinivasulu et al. 
2017 -

- 63 82.9 47.6 Indonesia Sumatra Huang et al. 2019 -

1 69.0 ± 23.3 (52.5 
– 85.5) - - Borneo - McArthur & Khan 

2021 -

 5 65.4 ± 3.1 (61.6–
69.3)

70.8 ± 4.3 
(65–74)

62.5 ± 2.1 
(60–65) Cambodia - Phauk et al. 2013  -
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in Sulawesi, Indonesia and ‘intermediate forms’ calling 
at 39.0–42.0 kHz in Indonesia (Kingston & Rossiter 
2004). 

Initial analysis of morphological and acoustic data of 
R. macrotis available in the Philippines revealed that at 
least two morphs are present: a small morph (FA: 40–41 
mm) and a large morph (FA: 43–46 mm) with dominant 
frequency at 75 kHz and 50 kHz, respectively (Table 2). 
An extensive morphological and call frequency variation 
is present in R. macrotis populations in the Philippines 
and thus considered a species complex (Heaney et al. 
2016). The R. macrotis samples collected in this study 
as well as those collected in Bulacan (Amberong et 
al. 2021) resembles the small morph of this species. 
Interestingly, the frequency values obtained from R. 
macrotis in this study are also closely similar to those 
collected in Vietnam (75.1 kHz) (Thong et al. 2019). 

Meanwhile, different morphotypes and phonic 
types of R. arcuatus have been observed to occur 
sympatrically in different localities within Luzon Island. 
For instance, Sedlock et al. (2019) recorded calls of 
R. arcuatus from Mt. Makiling with FmaxE values 
ranging from 46.8–50 kHz whereas those recorded by 
Dimaculangan et al. (2019) and Sedlock (2001) from the 
same locality ranged from 70–72 kHz. Meanwhile, the 
FmaxE value obtained from R. arcuatus in our study 
(65.76 kHz) is closely similar to the calls obtained from 
the ‘wide-sella’ morph (65.98 kHz), one of the noseleaf 
morphs observed by Sedlock and Weyandt (2009) to 
occur sympatrically with ‘narrow-sella’ morph (FmaxE = 
69.84 kHz) in Mt. Banahaw, Luzon Island. 

Hipposideros antricola and H. bicolor are often 
misidentified in the field due to similar morphological 
characteristics and overlapping measurements (Heaney 
et al. 2016; Amberong et al. 2021). In contrast with 
the recent survey done by Amberong et al. (2021), this 
study showed higher correct classification rate of calls 
to each respective species using DFA but found to emit 
relatively higher frequencies. Meanwhile, the calls of H. 
bicolor reported from Bohol Island are relatively lower 
(ca. 111 kHz) compared to those in Luzon Island, and 
may need additional studies.

For H. diadema, there appears to be not much 
variation in its FmaxE when Philippine populations 
are considered (Table 2). This is consistent with the 
molecular phylogeny of H. diadema presented by 
Esselstyn et al. (2012) which suggests that only one 
species is referred to H. diadema in the Philippines. 
However, the same study suggests that there are three 
species within H. diadema throughout its global range 
and previous records of the echolocation call for this 

species outside the Philippines showed variation in 
terms of FmaxE values. For instance, southern and 
southeastern Asian populations have average FmaxE 
values ranging from 58–62 kHz (Robinson 1996; Hughes 
et al. 2010; Srinivasulu et al. 2016) while those in 
Australia have FmaxE values ranging from 55–57 kHz 
(Fenton 1982; Leary & Pennay 2011). 

This study is the first to report acoustic data for 
Hipposideros lekaguli from the Philippines. This species 
is generally poorly known in the country, with only few 
ecological and distribution records reported to date. 
Previous records of this species from southeastern 
Asian countries such as Thailand and Peninsular 
Malaysia showed FmaxE ranging from 45–50 kHz which 
is relatively higher than those recorded in this study (37 
kHz) (Hughes et al. 2010; Wilson & Mittermeier 2019). 
Further study is needed to assess the taxonomy of the 
Philippine population of H. lekaguli.

FM bats (Miniopteridae and Vespertilionidae)
Among the vespertilionids with calls characterized 

by a steep broadband FM, acoustic data for M. horsfieldii 
is closely similar to those recorded from Mt. Makiling, 
Luzon Island (Sedlock 2001) and Thailand (Hughes et 
al. 2011). Similarly, our acoustic measurements for M. 
muricola showed similarities with other southeastern 
Asian forms in Malaysia, Vietnam, and Philippines 
(Sedlock 2001; Furey et al. 2009; Yoon & Park 2016) 
(Table 2).

Currently, the distribution of M. paululus is limited 
to Indonesia, Malaysia, the Philippines, and Timor-
Leste. In the Philippines, there have been recorded call 
frequencies (FmaxE) for M. paululus on Luzon Island 
ranging from 62.0–73.0 kHz in Mt. Makiling (Sedlock 
et al. 2019), 73 kHz in Bulacan (Amberong et al. 2021), 
and an average of 65.9 kHz on Bohol Island (Phelps et 
al. 2018). However, no acoustic data has been obtained 
from other areas where this species is known to occur, 
although McArthur & Khan (2021) reported an average 
FmaxE value of 65.5 ± 4.8 kHz for individuals they 
identified as M. australis in Borneo.

Miniopterus eschscholtzii was formerly 
acknowledged as a subspecies of M. schreibersii. 
However, subsequent molecular studies resulted in 
its reclassification as a distinct species (Akmali et al. 
2015; MMD 2021; Kusuminda et al. 2022; Simmons & 
Cirranello 2023). FmaxE values of the Philippine endemic 
Miniopterus eschscholtzii recorded in this study were 
within the range of obtained values recorded from 
other localities within the Philippines: 48.5 kHz in Bohol 
Island (Phelps et al. 2018), 45.6 kHz in Mt. Makiling, 
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Luzon Island (Sedlock 2001), and 53.1 kHz in Bulacan, 
Luzon Island (Amberong et al. 2021). 

Multiharmonic bats (Emballonuridae and 
Megadermatidae)

The calls of Taphozous melanopogon can easily 
be distinguished from other species, containing 
multiharmonic signals of long duration. The fundamental 
harmonic of its call is often weakly discerned while the 
first harmonic is the strongest component (Heller 1989). 
Calls of this species recorded in this study is well within 
the range of call measurements recorded from other 
localities such as in Luzon Island (Amberong et al. 2021), 
Malaysia (Heller 1989; Kruskop & Borisenko 2013), 
Vietnam (Pham et al. 2021), and Thailand (Thong et al. 
2018). 

We report the first echolocation call parameters 
for Megaderma spasma in the Philippines. Except for 
FmaxE, all call parameters are consistent with those 
reported before by other studies from Thailand (Hughes 
et al. 2011) and India (Raghuram et al. 2014). FmaxE 
values recorded in this study (48 kHz) are relatively 
lower than those recorded from the abovementioned 
areas (69–73 kHz). As the measurement of calls from this 
study is limited to only one individual, more samples are 
needed to evaluate the observed variation in the FmaxE 
values recorded.

Bat community of caves and karst areas in southern 
Luzon: conservation status and current threats

Owing to its unique microhabitat and complex 
terrains, karst forests are recognized as regions of 
significant biological significance due to the abundance 
of unique flora and fauna (Duco et al. 2021). Extensive 
small to large cave systems are present in these 
landscapes, making them an important habitat for 
many cave dwelling species such as bats. However, 
despite their ecological and economic importance, 
many caves in the Philippines remain vulnerable and 
continually being subjected to exploitation. Collection 
of speleothems, guano mining, vandalism, unregulated 
visitations, and littering pose significant threats to caves 
and their inhabitants in the Philippines (Tanalgo et al. 
2016).

The present study accounts for 17 species of 
insectivorous bats (Image 1) from the four caves 
and surrounding karst forest surveyed in southern 
Luzon Island. Interestingly, new locality records and 
species of conservation concern were documented. 
For instance, three endemic species (R. rufus, R. inops, 
and H. pygmaeus) were recorded from the study areas 

while eight species were recorded to be new locality 
records for Batangas province (T. melanopogon, H. 
antricola, H. bicolor, and R. arcuatus), Cavinti, Laguna 
(R. philippinensis, H. lekaguli, H. pygmaeus, and M. 
spasma), and Tayabas, Quezon (M. spasma). In addition, 
potential novel or cryptic species of insectivorous bats 
such as R. macrotis, H. bicolor, and H. pygmaeus were 
also recorded based on observed acoustic divergence 
between island populations.

Of the species documented in our study areas, two 
species (R. rufus and H. lekaguli) are currently under 
Near Threatened category by the IUCN (IUCN 2022). Both 
species are highly associated with caves and limestone 
areas. The occurrence of these species underscores the 
importance of the caves surveyed as crucial habitat for 
species of conservation concern. The caves and karst 
areas within Calabarzon region are subject to human-
induced pressure due to rapid deforestation driven by 
urban development (Fallarcuna & Perez 2015). Thus, 
protection and proper management is needed to ensure 
the availability of suitable habitat for these species.

In addition, the IUCN conservation status assessment 
for most of the species recorded in this study may require 
an updated revision. For instance, the last conservation 
assessment for The IUCN Red List of Threatened Species 
for 10 out of the 17 species recorded (T. melanopogon, 
H. bicolor, H. lekaguli, H. pygmaeus, R. macrotis, R. 
rufus, R. inops, M. horsfieldii, M. muricola, and T. 
pachypus) was done in 2018 (IUCN 2022). Additionally, 
no evaluation or assessment has been conducted for 
H. antricola and M. eschscholtzii. Currently, the Red 
List assessments are considered outdated after 10 
years, although more current assessments (ideally 
4–5 years) are recommended to ensure best possible 
information to conservationists are provided (Rondinini 
et al. 2014; IUCN 2023). With the rapid deforestation 
and deterioration of environmental conditions in 
many critical habitat areas in the Philippines, providing 
an up-to-date evaluation of population status and 
conservation assessment for these species is warranted 
to guide critical conservation management actions.

Majority of the bat community of the caves and 
karst forest visited in this study are also cave dependent 
species. In general, bat populations in the Philippines 
are steadily declining and forest degradation, habitat 
loss, and hunting are considered primary drivers for 
this trend (Raymundo & Caballes 2016; Quibod et al. 
2019; Tanalgo & Hughes 2019). However, as most of our 
study areas are locally designated ecotourism areas, the 
most common threats to bats observed include human 
disturbance due to frequent human visits as well as 



Echolocation call characterization of insectivorous bats in southern Luzon Island, Philippines   Duco et al.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2023 | 15(10): 23931–23951 23947

J TT

Im
ag

e 
1.

 In
se

cti
vo

ro
us

 b
at

s r
ec

or
de

d 
in

 ca
ve

s a
nd

 k
ar

st
 a

re
as

 o
f S

ou
th

er
n 

Lu
zo

n.
 A

—
H.

 a
nt

ric
ol

a 
| 

b—
H.

 b
ic

ol
or

 |
 c—

H.
 d

ia
de

m
a 

| 
d—

H.
 le

ka
gu

li 
| 

e—
H.

 p
yg

m
ae

us
 |

 f—
R.

 a
rc

ua
tu

s |
 g

—
R.

 in
op

s |
 h

—
R.

 
m

ac
ro

tis
 |

 i—
R.

 p
hi

lip
pi

ne
ns

is
 |

 j—
R.

 ru
fu

s |
 k

—
M

. h
or

sfi
el

di
i |

 l—
M

. m
ur

ic
ol

a 
| 

m
—

T.
 p

ac
hy

pu
s |

 n
—

M
. p

au
lu

lu
s |

 o
—

M
. e

sc
hs

ch
ol

tz
ii 

| 
p—

T.
 m

el
an

op
og

on
 |

 q
—

M
. s

pa
sm

a.
  ©

 R
AD

uc
o,

 JC
TG

on
za

le
z,

 
an

d 
JA

Pa
rc

on
.



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2023 | 15(10): 23931–23951

Echolocation call characterization of insectivorous bats in southern Luzon Island, Philippines   Duco et al.

23948

J TT
land-use changes resulting from development of these 
tourism areas. For instance, a project to pave the road 
going to Cathedral Cave in Cavinti, Laguna has recently 
been completed resulting in evident fragmentation 
in the karst landscape. Moreover, the project allowed 
accessibility resulting in increased tourist visits 
as well as rapid development and construction of 
human settlements. Meanwhile, in Pamitinan Cave, 
low population of bats and roost abandonment is 
apparent probably due to past human activities (tourist 
visits, removal of speleothems, hunting, vandalism) 
done inside the cave. Indeed, ecotourism is a rapidly 
expanding industry and contributes significantly to 
economic growth (Clements et al. 2006; Tolentino et 
al. 2020). Further, the essential role of communities in 
long–term conservation and protection of caves and 
its resources is well recognized. Thus, careful planning 
and proper management of these caves as well as 
strengthening community involvement are needed for 
this industry to be sustainable, balancing livelihoods as 
well as protecting wildlife and cave resources.

CONCLUSION

We successfully described echolocation calls of 17 
species of insectivorous bats belonging to five families 
(Hipposideridae, Rhinolophidae, Verpertillionidae, 
Emballonuridae, and Megadermatidae). Discriminant 
function analysis (DFA) was able to correctly identify 
species with high classification rate, providing a feasible 
and effective tool for conducting future acoustic surveys 
in the Philippines.

In addition, we provided evidence of possible regional 
differences in echolocation calls for some of the species 
we recorded as well as the presence of unrecognized 
morphs and potential novel cryptic species. This 
highlights the importance of conducting more acoustic 
surveys from as many localities as possible because of 
the observed geographical variations in call frequencies 
within a species as well as to confirm the presence of 
local dialects (Hughes et al. 2010). Acoustic analysis 
can be utilized in conjunction with morphometric and 
molecular analysis to accurately determine species’ 
taxonomic identities, especially those which are 
acoustically divergent and morphologically cryptic 
species. Our results contribute to the growing field of bat 
bioacoustics in the Philippines and in the development 
of a robust and well–developed echolocation call library 
for the country.

Further, this study identified several anthropogenic 

activities that may pose threat to the bat population 
in the study areas. Utilizing bat recorders, this study 
recommends bat emergence watching as an alternative 
to conventional ecotourism activities, such as visiting 
roost sites inside the cave, which could potentially disturb 
bats during sensitive periods like pregnancy, lactation, 
and weaning (Sheffield 1992; Tanalgo & Hughes 2021). 
This recreational night activity occurs at cave entrances, 
allowing tourists to observe bats emerging from their 
roosts (Kasso & Balakrishnan 2013). Integrating bat 
recorders to make bat calls audible to visitors will also 
enhance the tour experience (Wolf & Croft 2012). These 
activities present avenues to raise local awareness 
about bat conservation and the importance of caves 
and present novel guidelines for managing ecotourism 
activities in caves and karst landscapes.
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– Parvaiz Yousuf, Semran Parvaiz, Nisheet Zehbi, Sabia Altaf, Showkat Maqbool, 
& Mudasir Mehmood Malik, Pp. 24140–24143

Rare desmid genus Bourrellyodesmus Compère (Chlorophyceae: Desmidiales: 
Desmidiaceae) in India with description of a new species (Bourrellyodesmus 
indicus Das & Keshri sp. nov.) from eastern Himalaya, India
– Debjyoti Das & Jai Prakash Keshri, Pp. 24144–24147

Threats faced by Humboldtia bourdillonii Prain (Magnoliopsida: Fabales: 
Fabaceae), an endangered tree endemic to the southern Western Ghats, India
– Jithu K. Jose & K. Anuraj, Pp. 24148–24150
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