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Abstract 

Mundanthurai plateau, situated in Kalakad Mundanthurai Tiger Reserve (KMTR) of south 

Western Ghats, India, is a home for rare and endangered species of plants and animals and 

one of the priority hotspots for conservation. Bats, as one of the primary predators of 

nocturnal insects, play a significant role in forest ecosystem. Nocturnal foraging behaviour, 

echolocation capability, dentition and flight manoeuvrability adaptations enhance their 

ability in detecting and preying on flying insects, through identifying nearby obstacles, and 

navigating flight paths in the dark. Acoustic detection of bats provides a reliable technique 

for recording and identifying each species based on its unique echolocation calls. It also 

helps in determining population density of bats. Available Acoustic survey carried out in 

the present study show that Rhinolophus sp. has rich population density and wide 

distribution in the forest ecosystem of KMTR.  
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Introduction 

Bats (member of order Chiroptera) are one of the most diverse and widespread mammalian 

species on Earth. India being a tropical country harbours an incredible bio-diversity with about/ 

or more than 120 species of bat representing 20% of India‟s mammalian species.  Bats have a 

significant ecological role in environments where they dwell, for example, the fruit eating 

Megabats (Sub order Megachiroptera) as pollinators and seed dispersers, and insect eating 

Microbats (Sub order Microchiroptera) as insect control agents of the ecosystem (Colwell, 

2006; Anne et al., 2011;Vanitharani 2014 a, b, c; Selva Ponmalar and Vanitharani  et al., 2014; 

Vanitharani  et al., 2015).The latter  important component (Microchiroptera) of the ecosystem 

are nocturnal in habit and utilize ultrasonic echolocation calls to navigate and forage insects 

during night.  

Methodology 

About the Study Animal: The study of bats in an ecosystem is an important tool in assessing 

the habitat quality and climate change (Jones et al., 2009). Their species richness and activity 

patterns indicate the habitat status. In recent years bat monitoring studies has been improved by 

using advanced acoustic technology (using ultrasonic bat detectors) which allows the 

investigators to hear and visualize ultrasonic echolocation calls of bats. (Kalko and Schnitzler 

1993, Ahlen and Baggoe 1999, Jones and Teeling 2006).  
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Among the microbats, horseshoe bats (members of family Rhinlophidae) are the wide 

spread insectivorous bat species inhabiting the forest ecosystem of Southern Western Ghats. 

Extensivestudies made by the team led by Vanitharani on the distribution of bat species in 

Agasthiyarmalai Biosphere Reserve since 2000 (Vanitharani, 2003, 2004, Vanitharani et al. 

2013a, b) has recorded  four Rhinolophus species. They are Rhinolophus indorouxii (Rufous 

horseshoe bat: Temminck 1835), Rhinolophus pusillus (Least horseshoe bat: Temminck 1835), 

Rhinolophus lepidus (Blyth‟s horseshoe bat: Blyth 1844) and Rhinolophus  beddomei (Lesser 

wolley horseshoe bat: Anderson, 1905). Their unique nose leaf with horseshoe shaped 

cutaneous plate surrounding the nostrils helps them to produce ultrasonic sound waves. 

Analysing bat‟s “bio sonar” echolocation call structure through bat detectors tells a lot 

about their habitat utilization (Menzel et al., 2002; Barclay and Hardar, 2003; Tibbels and 

Kurta, 2003; Schnitzler et al., 2003). Present study has used ultrasonic detectors (Patterson 

D240x, Anabat SDI and Wildlife Acoustics Echo Meter EM3,) for the identification and survey 

of Rhinolophus sp. bats. The study was conducted for a period of two years from April 2014 to 

2016, the period covered the prevailing four seasons. The present study has documented an 

average of 7 night‟s bat activity in the study site during the four seasons for calculation.  

 
 Acoustic Monitoring: Reference calls were recorded through bat detectors from the captured 

Rhinolophus bat species kept at various situations (inside bat bag, held in hand, flying indoors 

and hand released).The recorded Rhinolophus  sp. calls help to measure typical call 

characteristics such as call shape, frequency and other temporal features. 

To study the activity patterns the bat detectors were set up in the selected niches of bat 

pathways at various research stations of Mundanthurai plateau from dusk 18.00hrs to dawn 6.00 

hrs, when the bats were active in foraging. Echo-call monitoring at multiple sites help to 

compare bat species activity throughout the night in different habitats and also used to identify 

species richness. Bat calls were analysed through acoustics software Bat Sound 4.1, Analook W 

and Kaleidoscope Installer – 0.4-14.exe. For each recording, the numbers of bat passes were 

filed and considered as a relative index of that species. The activity of each bat species was 

determined from the total number of bat passes recorded per site per day. A “pass” was defined 

as a sequence of recorded echolocation calls over a 15-s period. Bat passes were tallied by 

location, date, time and species using the count label tool in Analook and with Excel spread 

sheets. Statistical analyses were helped to pool and compare the seven days recorded data of the 

study sites. Data are expressed as mean ± SD. Student‟s t-test was used to analyze differences in 

mean. ANOVA was performed to assess overall differences between the bat activities in the 

study sites. A value of P<0.05 was considered statistically significant. To find out the dependent 

phenomena of the bat activity in habitat variables, correlation analyses were made up to 0.01 

level significance. Multiple regression analyses were made between the bat activities in habitat 

variables to predict the bat activity trend analysis. 

 

Results and Discussion 

Echo calls of Rhinolophus sp.: Echolocation calls of bats consist of three phases: search, 

approach, and terminal (Griffin et al., 1960). Search phase calls are produced to locate prey, 

approach phase calls are produced to identify exact locations of prey, and terminal phase calls 

are produced just prior to capture, search phase calls are useful in the study of bat echolocation 

because they constitute majority of calls produced by bats, exhibit consistency in structure 

throughout the call sequence, and possesses species- specific characteristics (Betts, 1998; 

Fenton and Bell, 1981; O‟Farrell et al.1999). 

Echolocation call types of Rhinolophus sp: Rhinolophs sp. produce a complicated 

sequence of calls, combining constant frequency (CF) and frequency modulated (FM) 

components (Figure 1). 
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Figure 1: Biosensor patterns of Horseshoe bat species. 

FM and CF calls: An Frequency Modulated FM sweep is a broad band signal 

containing a downward sweep with a distinct harmonic and short duration (1.7-5.9ms).FM 

pulses can be steep or shallow and each provides different information about the target 

(Simmons and Stein 1980).CF tone is narrow band signal. The sound stays constant at one 

frequency throughout its duration. These calls are typically longer (10 to 100ms), with most of 

their energy in a narrow frequency band. CF components serve to assist in the detection of 

targets. All the four Rhinolophus sp. produce FM-CF-FM echolocation pulses, with a long, 

strictly CF component preceded and followed by a brief FM sweep. Echo-call analysis made by 

Schnitzler (1998) on Rhinolophus sp. also confirm that  the echolocation pulse of these bats 

have short FM component signals and long CF component signals in order to determine the 

flight paths and detect subtle movements of insect preys in forest habitats.(Table 1, Plate 1). 

 
Table 1: Measurements of Echo-calls: Mean ± Standard deviation; FMAXE: Maximum Frequency.   

 
Species name Call Duration (ms) Call Interval (ms) FMAXE (kHz) 

Rhinolophus indorouxii 40,14±5.51 70.57±18.20 90.23±1.08 

Rhinolophus pusillus 39.2±13.10 51.6±19.49 105.83±1.39 

Rhinolophus lepidus 23.39±3.02 33.57±4.26 103.70±0.62 

Rhinolophus beddomei 70.82±9.65 89.31±6.11 45.17±0.43 
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Plate 1: Ecocalls of Horseshoe bats recorded and viewed through Bat sound software. 
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Frequency distributions of Rhinolophid echolocation calls show a clear species specific 

variation in their call frequency [R.rouxii- 91.27 kHz (90.6-91.9 kHz), R.pusillus - 103.5 kHz 

(101.7-105.4 kHz), R.lepidus - 104.3 kHz (103.0-106.3 kHz) R.beddomei - 45.1 kHz (44.7-46 

kHz). All the four species showed there was no overlap of FMAXE (Maximum Frequency) 

between species thereby variable may be used for species identification. There is an inverse 

relationship between call frequency and body size. This is a major factor affecting FMAXE 

across species. According to Jones (1999), higher the bodies size, lower the frequency 

production. In the present study also, R.beddomei with greater body size (12.03±1.22 g) 

produces lesser frequency level (45.17±0.43982 kHz) and R.pusillus with lesser body size 

(4.67±0.28) produces higher call frequencies (105.837±1.39639 kHz). Differences in 

echolocation call frequencies potentially facilitate diet differences between species, or between 

different sex and age classes within the same species (Pye, 1993; Hamilton and Barclay, 1998).  

                  The Rhinolophus bat activity in the research stations are described based on the 

number of bat pass recorded (Figure 2). Habitat heterogeneity affect activity richness (Patterson 

et al. 1996, Lomolino, 2001, Willig et al., 2003). The present research also confirms that the 

activity richness is high in the forested area (58%) than the human settlement area (42 %) of 

Mundanthurai plateau (Figure 2). This variation may be due to the presence of tribal hamlets, 

hydroelectric dam sites, electricity board quarters that causes more interferences. The variability 

also depend on the availability of food and roosting sites. 
 

 

Figure 2: Rhinolophus Bat Activity in the Research Stations . 

The overall bat activity was significantly higher in summer than in winter. The 

Pearson‟s test shows that there is significant positive correlation (p< 0.01) between bat activity 

and seasons (summer: r = 0.91, df = 9, P < 0.01), (winter: r = 0.92, df = 9, P < 0.01). The reason 

for positive correlation is due to seasonal availability of insects. In the case of tropical countries, 

the insect availability is high during summer because more insects emerge during the late 

premonsoon and early summer monsoons (Janzsn and Schosner 1968).  Also rise in temperature 

during summer increases the activity of these bat species. It is also possible that the changes in 

weather conditions due to summer showers and the dependent insect availability triggers the 

activity rates of bats (Park et al. 1999).  
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Figure 3: Seasonal variation in Rhinolophus Bat Activity in the Research Stations  

The hourly bat activity shows variability in its pattern. Bimodal pattern of activity with 

peaks at dusk and before dawn is typical of bats in many areas (Cockrum and Cross, 1964; 

Jones, 1965; Kuenzi and Morrison 2003; O‟ Farrell and Bradley, 1970; Ekert, 1978). Several 

studies have documented two nocturnal peaks of activity, one shortly after dusk and another 

near dawn (Rautenbach et al., 1988; Rydell et al., 1996). Studies of Bontadina, et al., (2002), 

Knight and Jones (2009) has indicated multimodal phases of activity. Several environmental 

factors such as temperature, humidity, and moonlight have been reported to affect the flight 

activities of insects (Lewis and Taylor, 1965; Taylor, 1963; Williams, 1961) and can therefore 

be thought to directly or indirectly influence bat activity as well. Studies on activity patterns and 

habitat preferences of insectivorous bats in a West African forest–savanna mosaic by Meyar et 

al. (2004) supports that bat activity was significantly and positively related to insect availability 

and ambient temperature.  

In the present study, all Rhinolophids studied show different activity patterns 

(Plate 2). The R. rouxii shows a multimodal pattern of activity. R. pusills and R. lepidus 

shows a trimodal pattern of activity; R. beddomei shows a bimodal pattern of activity.  
A review by Erkert (1982) found that insectivorous bats characteristically follow a 

bimodal pattern of activity, whereby a peak in activity is recorded following emergence from 

the roost at dusk, with a second smaller peak at the end of the night before dawn. Studies of 

Taylor (1963) shows that reduction of prey availability explains unimodal or bimodal 

behaviour, as peaks of activity coincide with overnight peaks in insect numbers at dusk and, to a 

lesser extent, at dawn. However moths, which are active during night with a peak activity 

occurring around midnight (Rydell et al. 1996), allow species like R.rouxii to feed throughout 

the night, for example feeding predominantly on swarming insects at dusk and dawn, and 

mainly on moths and non-volant prey during the intervening period, hence resulting in 

multimodal activity patterns. The activity pattern is also affected by temperature, wind speed, 

rainfall and insect availability (Knight and Jones 2009). The insectivorous bats thus appear to 

have adjusted their nocturnal activities to match those of their prey, thereby maximising 

foraging success and energy gains. 
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Plate 2: Hourly activity patterns of Horseshoe bats between dusk and dawn. 
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Conclusion 

The rich diversity of flora of Mundanthurai, the core area of Agasthyamalai Biosphere 

has provided excellent environment for bat diversity and bat activity pattern with a wide 

range of roosting habitats as well as foraging habitats. The majority of bats were found 

foraging in forested wetlands and they often move between different types of habitats, 

like day roosts and nocturnal foraging sites. Selection of foraging habitat largely 

depends on availability of diet and seasonal variation in insect availability. Among the 

forest inset eating bats these Rhinolophus sp. are rich in number and play a crucial role   

in maintaining the insect population under control (Ponmalar 2014).  Monitoring forest 

habitation through bioindicators such as bat‟s diversity, species richness and activity 

patterns will be a good tool to indicate the habitat status in a long way provide robust 

data in support of species recovery, survival and biodiversity conservation. The present 

study focused on the impact of Rhinolopus sp. in the ecosystem Mundanthurai plateau 

of Kalakad Mundanthurai Tiger Reserve. Study of Ponmalar et al (2014) on faecal 

pellet analysis and flight performance studies of Mercy (2016) has proved that these 

bats play key functional role in all the different types of forested ecosystems, acting as 

predators of insects, including harmful forest pests. Their nature of activity and frequent 

use of night roosts and alternative day roosts is a significant aspect of  Rhinolophus sp. 

behaviour, should be considered carefully by conservation planners while designing 

management strategies to conserve these species. 
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