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Bats use the landscape as their habitat to thrive and survive 
for years and have high site fidelity for their traditional 
roosting places. This is highly collaborated with other 
cofactors like optimum humidity and temperate. Over the 
years of anthropogenic activities at the landscape level, bats 
also explore them as an opportunity to expand their species 
distribution range as well and the same can have a negative 
impact too. The present study gives an opportunity to 
understand this in the Thar Desert of Rajasthan and the 
outcome is interesting to extrapolate the hypothesis. In 
Western Rajasthan, we explored three major districts 
namely Jodhpur, Jaisalmer and Barmer. Over the years 
urbanization in Jodhpur has led to habitat loss for bats, 
Barmer become a hub of many horticulture crops due to 
many affirmative and promotional schemes by the 
Government and large areas of Jaisalmer are now under 
agriculture, left a negative impact on the vast open habitats 
in desert country. Bats are very sensitive towards their 
habitat change and this can be understood from the way 
landscape-level changes.

Abstract

Introduction:
On earth, millions of organisms choose thousands of 
suitable habitats to fulfil requirements to survive and 
sustain their life and it can be summarized in different 
land-use classes as it varies from desert to tropical forest. 
Bats mostly choose forests, woodland, hills, and mountains 
for their roosts. In the last decades, many changes have 
occurred in land use patterns due to anthropogenic impacts 
like intensive agriculture, alteration of pasture land, 
human settlement, and linear development like road and 
rail transports. As a result, deforestation and forest 
degradation have increased due to disturbed wildlife 
communities and habitat-specific species have been 
threatened to extinct (Rulli et al., 2021) including bats. 
These types of land degradation are caused by 
unsustainable human practices and have a huge impact on 
the native biodiversity. As of now, 40% of the land surface is 
covered by Agricultural areas (FAO, 2011; Alpizar et al., 
2019) which are increasing gradually (Tilman, 2011). Due to 
the expansion of many cities and towns, the old trees and 
microhabitats have vanished so on to a local scale that it 
decreased the species richness and biodiversity. Many bat 
roots were affected especially fruit bats. It generates an 
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active link between commercial crops and forests through 
seed dispersal and controls the insect population (Boyles et 
al., 2011). Bat hunting strategies, echolocation frequency, 
body size, and diet composition decide the range of foraging 
habitat and these ranges are species-specific (Norberg & 
Rayner, 1987; Arlettaz, 1996; Entwistle et al., 1996; Sierro, 
1999; Siemers & Schnitzler 2000). Bats prefer forest or 
natural vegetation and may use man-made habitats or 
forest fragments which are more similar to the forest in 
horizontal and vertical complexity (Estrada et al., 1993) and 
among bats, insectivores bats are a good indicator of habitat 
quality (Jones et al., 2009). Forest fragments may increase 
the mortality of non-adult individuals due to poor dispersal 
and mobility. The mosaic habitat and continuous forest 
support the species richness in that area (Estrada et al., 
1993). The conservation of forest fragmentation, man-made 
vegetation and the expansion of the area of vegetation and 
reducing the distance between the habitats may support bat 
population and richness in the landscape. Human affects 
the climate through land use and land cover changes and 
activities such as growing more and more food crops, 
rampant cutting of trees, and building more and more cities 
and townships. Land-use changes largely impact the 



environment (Anaafo, 2015). Due to the construction, 
single species plantation, deforestation and others, have 
impacted the soil quality, biodiversity and ecosystem 
(Kong, 2006). Climate change impacts the species 
distribution, disturbed patterns, and suitability of land 
uses (Sleeter et al., 2018). In urban areas, buildings and 
infrastructure trap more sun heat than vegetation and soil 
and ultimately increase the local temperature with the 
creation of an urban heat island (Oleson, 2015; Sleeter et al., 
2018). Urbanization influences the global temperature at a 
small level but it affects more regionally where 
urbanization is immense and extensive (Zhou et al., 2004; 
Yang & Chen, 2011; Hartmann et al., 2013). Urbanization 
locally can influence the ambient temperature over the year 
and it can influence the species diversity, especially in bats. 
More expansions of towns and cities can disturb the old bat 
roosts and its dynamics. These changes become permanent 
and prominent and it’s emphasized to species locally 
extinct and migrating. Land use changes impact 
temperature, moisture, seasonal variation of rain, and heat 
fluxes globally and locally. Forest mostly affects the 
environment, through deforestation and afforestation. 

India is a mega-diverse country and various types of 
landscapes help to flourish biodiversity. Unsustainable 
developments are the major factor to impact the land use 
change. Most of the land in India is under agricultural 
practice and most of the forests have been converted into 
farming and plantation. In the Western Ghats, much of the 
landscape has been dominated by monoculture tea and 
coffee plantations (Mudappa & Raman, 2007; Wordely et 
al., 2017). In India, much of the land is under the practice of 
crop production and it produces one of the largest 
agricultural commodities on the earth (FAO, 2017a; 
Teluguntla et al., 2015; Hinj et al., 2020) Some remaining 
forest patches occupy the 22% of the total area and helps to 
reduce carbon (Nadagoudar, 2016; Roy et al., 2015; 
Swaminathan & Bhavani, 2013; Tian et al., 2014) but due to 
human population, these landscapes are under pressure to 
fulfill the demand of the ever-increasing human 
population. Due to town and city expansion, the 
requirement for infrastructure has increased rapidly in the 
last few decades including the road transportation systems, 
highways, townships, and dam constructions. It threatens 
biodiversity as many species are more sensitive to habitat 
loss.  During the last decades, the human population of that 
desert has increased immensely compared to the rest of the 
world’s desert landscapes. The Thar Desert is the most 
populated desert in the world. A large portion of it lies in 
Rajasthan and cover 0.32 million km2 and form 10% total 
geographical area of India. To fulfil the demand of the 
growing population the government introduced the Indira 
Gandhi Canal in 1952 and as of now it supplies water for 
agriculture to Sriganganagar, Hanumangarh, Jaisalmer and 
Bikaner on the other hand water from the Narmada River is 

also brought up to Barmer and Jalore. This has changed the 
life of humans and as it provides water to irrigates 30 to 35 
lakh hectares of land (Payal & Poonam, 2020). This caused 
immense changes in the desert area into a flourishing 
agricultural landscape and it also inf luenced the 
surrounding environment. It changed the ambient 
temperature and moisture of the surroundings 
permanently. The direct impact of this can be seen on many 
desert-adapted flora and fauna. This also forced the 
biodiversity of arid areas under the threat of local extinction 
(Tembhurne et al., 2020). Three species of bats have been 
not seen since 1980 in this region, are False-vampire bat 
(Megaderma lyra), the Dormer’s bat (Pipistrellus dormeri) 
and the Egyptian Free-tailed bat (Tadiarida aegyptiaca). 
Interestingly, Fulvous Leaf-nosed bat (Hipposiderous 
fulvus) was rediscovered in the Jodhpur district 37 years 
(Dookia et al., 2017). All these bat species are habitat-
specific and during 20-30 years there has been an increase 
in canal irrigation, humidity and landuse pattern changed 
into double cropping system which led to various changes 
in the ecological system of Thar Desert. Many old buildings 
like old houses have been diminished, destroyed, renovated 
and converted into heritage hotels and new houses. These 
new building structures are not habitable for bats to roost. It 
also changes the roosting site from the micro level to the 
macro level and leaves a drastic impact on bat diversity and 
species composition. The floral diversity of the Thar Desert 
adapted to the harsh environment and mostly is 
xerophytes. During the last 15-20 years, the agriculture 
pattern has changed and farmers are now growing fruit-
bearing trees. This new type of untraditional way of 
cropping system also had an impact on bats' diversity. It 
allowed expending the distribution of Short-nosed fruit 
bats (Cynopterus sphinx) from the Aravalli hills towards the 
desert area from 2004 onwards (Dookia, 2004). During the 
present study, a distributional range of extension of Indian 
fruit bats (Pteropus medius) was noticed in more drier parts 
of Thar Desert like Jalore and Jaisalmer districts 
respectively. Jaisalmer is one of the driest regions of the 
state and Pteropus medius is the largest bat on the Indian 
subcontinent, requires nearby perennial waterbodies for 
daily water drinking and cooling off body temperature 
during summer and relies on fruit-bearing trees. In 
Jaisalmer, land use change faces a new dimension of the 
agricultural system. Many fruit orchards of date palm, 
Ziziphus and Pomegranate have been introduced in this 
arid land in last 2-3 decades. The present study is an attempt 
to understand the impact of land use changes on bat 
diversity at the landscape level in western Rajasthan. 

Bats are largely dependent on the local climate, topography 
and available landscape for their survival and distribution. 
To understand this, change detection methods were used. 

Materials and methods
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For this Landsat satellite data imageries of four decades 
were taken for landscape-level study and supervised 
classification was carried out from year 1986 to 2018. The 
land use land cover change of the three largest districts of 
western Rajasthan namely Jodhpur, Barmer and Jaisalmer 
were chosen for this study and classified into seven broad 
categories, i.e., agricultural land, hills, barren land, water 
bodies, mining, scrubland and human settlements. There 
are a total of 272 known bat roosting sites in these districts, 
out of them only 6 permanent roosting sites where more 
than one species roosting site was monitored. A buffer of 20 
km was taken, with the centre of each roosting site and later 
outer boundary of all these sites was merged to make a 
single polygon for landscape level change matrix study. The 
Google Earth Pro engine was used to study the area and 
mark a 20 km buffer from the selected roosting sites. The 
Landsat 5 imagery for the years 1986, 1996 and 2006 and 
Landsat 8 imagery for 2018 were downloaded from the 
United States Geological Survey (USGS). The spatial 
resolution of all imageries was 30m. All the 30m resolution 
Landsat scenes used in this study were carefully selected 
from September, and they were without cloud cover. The 
bats considerably travel between 1 to 20 km home range 
(Zeale et al., 2012) every night from their roosting sites. 
During uncertain conditions, it can migrate locally and 
travel more distance. Therefore 20 km buffer was used for 
each site to understand the landscape level changes over the 
four decades. For this, four permanent roosting sites were 
selected from Jodhpur and one site each for reaming two 
districts. 

Processing of satellite data with Geographical 
Information System (GIS): After the image was procured, 
the pre-processing of the image was completed. Pre-
processing of satellite images involves the following 
important steps which were completed using the software 
ERDAS ImagineTM 15. Satellite images were processed, 
layer stacking, and sub-setting of the area of interest was 
done using UTM projecting and unsupervised 
classification was performed. It is a fast process so good for 
classifying large areas over multiple images. In the present 
study, 89 classes were selected with 16 iterations for 
running the unsupervised classification tool. After the 
unsupervised classified image is generated, the classes are 
reduced from the assigned number (89) to the desired 
number of classes using the Raster recode tool from 
ERDAS. In the present study, all 89 classes of the 
unsupervised image were reduced into the 7 following 
classes:
i. Agricultural-land – An area which is constantly under 

agriculture, either single cropping pattern or multi-
cropping pattern  

ii. Barren-land – Those areas or land which has less than 
one-third of vegetation cover, including barren sand 
dunes, thin and loose soil, sand, rocks, desert, dry salts 

or saline beds, exposed rocks, strip mines and gravel 
pits.

iii. Hills – Small hillocks or liner rocky clusters 
iv. Human settlement – Human dwelling units or 

clustered human settlements. 
v. Mining – Open cast mining, stone quarries.  
vi. Scrubland – Uncultivated scrubland with perennial 

shrubs 
vii. Water bodies – Small to large water bodies, dry river or 

stream beds 
After the classes were reduced to 7, the utilization of 

field knowledge with the help of ground truthing was used 
to potentially make a more accurate classification using the 
unsupervised classification as a guide. The classified pixels 
might take a different class than what original is its spectral 
signature. Hence the classified image was panned with the 
satellite image and each pixel was assigned the same class as 
its spectral signature by drawing AOIs (Area of Interest) in 
ERDAS and by this image cleaning was done.  ArcGISTM 
10.7.1 and ERDAS 15 were used for satellite image processing 
and spatial analysis. Garmin 52S GPS was used for the 
ground truthing and collected the geo-coordinates of 
location of the all the sites. 
The flow chart of the methodology is exemplified in below 
fig. 1: 

Landscape-level habitat change assessment (land use – 
land cover analysis) 

The desert landscape of western Rajasthan witnessed 
major land use - land cover changes over the four decades. 
To understand this, a 20 km buffer of a few permanent 

2roosting sites was created and a total of 5,437 km  area was 
classified under 7 different land-use classes, out of that, 

2 21255 km  was for Jaisalmer, 2926 km  for Jodhpur and 1256 
2km  for Barmer site. 

Results
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Figure-1: Schematic flow chart showing different stages of image 
processing
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Jaisalmer site: Jaisalmer is the most arid region of 
Rajasthan state and is largely dominated by barren sand 
dunes with xerophyte vegetation over flat lands between 
sandy habitats. Agriculture mainly depends on the 
monsoon season, but in the last four decades, some parts of 
the land have now been irrigated by tube wells and canal 
systems. The site for LULC classification was on the eastern 
border of the city, namely Gajroop Sagar Pond and the 
surrounding. This area of Jaisalmer is surrounded by rocky 
barren land and xerophytic scrub vegetation. In the last four 
decades, agricultural land has decreased by 3.05% (38.4 

2 2km ), barren land increased by 1.31 % (16.5 km ), human 
2settlement increased by 1.35 % (17.04 km ), scrubland 

2decreased by 0.92% (11.67 km ), water bodies increased by 
20.47% (5.93 km ) and mining increased by 0.86% (10.84 

2km ). In the four decades, agriculture and scrubland have 
been converted into human settlements, and mining, as 
well as water bodies, also increased (Table-1).  

Jodhpur site: A total of four permanent roosting sites, 
where multiple species roosting for decades, were selected 
from the Jodhpur district for this study. All these sites fall 
within a 20 km buffer of each other, hence these areas were 

2pooled together and a total of 2926 km  area was classified 
to understand the various land use types and changes over 
the four decades. All sites are also in and around Jodhpur 
city, which is the second largest city in the Rajasthan state. 
This urban landscape influences the neighbouring area and 
changes into human settlements. During last four decades 
(1986-2018), agricultural land decreased by 7.35% (215.34 

2km2), barren land increased by 4.21% (123.37 km ), hills area 
2decreased by 0.54% (15.88 km ), human settlement 

2increase by 2.88% (84.44 km ), mining area increased by 
23.32% (97.17 km ), scrubland decreased by 0.99% (29.04 

2 2km ) and water bodies decreased by 1.53% (44.82 km ). The 
overall major changes were observed in agricultural land 
which was converted to barren land and human 
settlements, whereas hills were converted into human 
settlements as well as mining areas. Scrubland and water 
bodies were also decreased into mining and human 
settlements. It indicates that, due to urban expansion, the 
available land around the city area was converted into 
human settlement and other associated requirements. 
Mining is also a major threat to the habitat of bats species as 
it destroys the roosting sites of caves, hillocks and crevices 
(Table-2).           

Barmer site: In the Barmer district, only one site was 
selected for this landscape-level habitat study, i.e., the 
Kundal region. This is an agricultural-dominated area with 
a large number of fruit orchards of pomegranate, Ziziphus 
and gooseberry. Barmer and Jalore is the largest producer of 
the Pomegranate in Rajasthan state (Pagaria et al., 2019). In 
the last four decades, massive land use conversions have 
been noticed. This was largely from all classes to 

agricultural land where good availability of groundwater 
reservoirs is the main source of irrigation. In 1986, the 
Kundal region was dominated by the sand dunes, which was 
a major category under barren land and the seasonal Jawai 
River was the major source to recharge the underground 
aquifers. Interestingly, in the last decade, the state 
government started many subsidized farming schemes 
linked with horticulture, drip irrigation, solar-powered 
tube wells as well as the construction of large farm ponds 
(diggi) with government subsidized  affirmative schemes or 
rural development and income generation. This attracted 
many farmers and almost all privately owned available land 
(barren land category), which was hardly cultivated in past, 
is now converted into such horticulture farms. From 1986 to 
2018, major change has been observed into increase of 

2agricultural land by 61.10% (767.49 km ), human settlement 
2increased by 0.64% (8.08 km ), negligible change in mining, 

2scrub land increased by 0.89% (11.17 km ), water bodies 
2decreased by 0.85% (10.71 km ) and barren land decreased 

2by 62.19% (781.20 km ) (Table-3). The maximum change 
happened in the barren land category to agricultural land. 
Basically, this conversion was noticed as a major sand dune 
habitat is now under horticulture due to state-sponsored 
subsidized schemes as of now Barmer is one of the major 
exporters of Pomegranate fruits from Rajasthan. 

Change Matrix analysis: For a better understanding of 
which class was converted into which, a change matrix was 
generated. 

Jaisalmer site: This site is close to a perennial  water body, 
but in the last four decades, urbanization and the demand 
for land for the construction of human dwelling units 
caused major land use changes. In the Jaisalmer area, major 
class change occurs between barren land and agricultural 
land. Barren land is converted into agricultural land 
(2288.66 ha.), human settlement (1112.99 ha.) and mining 
(1035.39 ha.). On the other hand, earlier existing 
agricultural land also was converted into human settlement 
(338.06 ha.) and illegal mining (11.73 ha.). Scrub land was 
also converted into human settlement (379.85 ha.) and 
mining (33.89 ha.) (Fig. 2, 3 & 4, Table 4).    

Figure-2: Change matrix and class conversion of Jaisalmer site from 
1986-2018
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Table 1. Area class distribution and land use land cover assessment of Jaisalmer site

Classes Surface land area covered (km2) Net area change (%)
1986 1996 2006 2018 1986-96 1996-2006 2006-18 1986-2018
Km2 % Km2 % Km2 % Km2 % Km2 % Km2 % Km2 % Km2 %

Table 2. Area class distribution and land use land cover assessment of Jodhpur sites

Classes Surface land area covered (km2) Net area change (%)
1986 1996 2006 2018 1986-1996 1996-2006 2006-2018 1986-2018
Km2 %   Km2 % Km2 % Km2 % Km2 % Km2 % Km2 % Km2 %

Table 3. Area class distribution and land use land cover assessment of Barmer sites

Classes Surface land area covered (km2) Net area change (%)
1986 1996 2006 2018 1986-1996 1996-2006 2006-2018 1986-2018
Km2 %   Km2 % Km2 % Km2 % Km2 % Km2 % Km2 % Km2 %

*the value of mining is 0.003%, which is very less in comparison to an area of 1256.30 km2

Agricul. Land 73.64 5.87 47.87 3.81 81.96 6.53 35.21 2.80 -25.77 -2.05 34.08 2.71 -46.74 -3.72 -38.4 -3.05
Barren Land 1148.89 91.52 1190.56 94.83 1137.88 90.63 1165.39 92.82 41.67 3.32 -52.68 -4.19 27.51 2.19 16.5 1.31
Human Settle. 1.308 0.10 5.67 0.45 13.65 1.09 18.34 1.46 4.36 0.34 7.98 0.63 4.69 0.37 17.04 1.35
Scrub Land 27.01 2.15 5.54 0.44 1.12 0.09 15.34 1.22 -21.46 -1.70 -4.42 -0.35 14.22 1.13 -11.67 -0.92
Water Bodies 4.45 0.36 3.05 0.24 9.20 0.73 10.38 0.83 -1.40 -0.11 6.15 0.49 1.18 0.09 5.93 0.47
Mining 0 0 2.78 0.22 11.68 0.93 10.84 0.86 2.78 0.22 8.9 0.70 -0.84 -0.06 10.84 0.86
Hills   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sub total 1255.31 100 1255.50    100 1255.50 100 1255.52         100 0 0 0 0 0000

Agricul. Land 2321.43 79.33 2337.43 79.88 2363.75 80.78 2110.88 71.13 16 0.54 26.32 0.89 -257.66 -8.80 -215.34 -7.35
Barren Land 158.79 5.43 206.05 7.04 277.06 9.47 282.07 9.63 47.25 1.61 71.01 2.42 5.10 0.17 123.37 4.21
Hills 110.09 3.76 143.49 4.90 134.46 4.59 94.19 3.21 33.39 1.14 -9.02 -0.30 -40.24 -1.37 -15.88 -0.54
Human settle. 36.90 1.26 51.24 2.02 55.91 1.70 121.32 4.15 22.31 0.76 -9.52 -0.32 71.64 2.44 84.44 2.88
Mining 15.68 0.54 71.86 2.98 35.91 1.23 98.26 3.86 71.39 2.43 -35.95 -1.22 76.94 2.62 97.17 3.32
Scrub land 229.72 7.85 76.33 2.61 25.51 0.87 200.61 6.86 -153.39 -5.24 -50.81 -1.73 175.16 5.98 -29.04 -0.99
Water Bodies 53.71 1.84 35.69 0.57 39.91 1.36 18.52 0.30 -37.09 -1.26 23.21 0.79 -31.09 -1.06 -44.82 -1.53
Sub total 2926.35 100.00 2926.30 100 2926.33 100 2926.26100 0 0 0 0 0 0 0 0

Agricul.Land 97.00 7.72 292.55 23.29 509.85 40.58 864.49 68.81 195.55 15.52 217.3 17.30 354.63 28.23 767.49 61.10
Barren Land 883.75 70.35 675.85 53.80 471.73 37.55 102.54 8.16 -207.9 -16.55 -204.11 -16.25 -369.19 -29.39 -781.20 -62.19
Hills 211.03 16.80 223.71 17.81 212.13 16.89 216.27 17.22 12.65 1 -11.58 -0.92 4.14 0.33 5.21 0.41
Human Settle. 1.87 0.15 2.41 0.19 3.99 0.32 9.95 0.79 0.53 0.04 1.57 0.12 5.96 0.47 8.08 0.64
Mining 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0.0*
Scrub land 7.47 0.60 10.68 0.85 9.03 0.72 18.65 1.49 3.20 0.25 -1.64 -0.13 9.61 0.76 11.17 0.89
Water Bodies 55.04 4.38 51.08 4.07 49.56 3.95 44.32 3.53 -3.96 -0.31 -1.51 0.12 -5.23 -0.41 -10.71 -0.85
Sub total 1256.21 100 1256.30   100 1256.31 100 1256.31               100 0 0 0 0 0 000

Table-4: Class wise land use conversion of Jaisalmer site between 
1986 to 2018

Class conversion between 1986 to 2018 Change (1986-2018) ha

Barren Land - Agricultural Land 2288.66
Barren Land - Human Settlement 1112.99
Barren Land – Mining 1035.39
Agricultural Land - Human Settlement 338.065
Agricultural Land – Mining 11.74
Agricultural Land - Barren Land 5484.25
Scrub Land - Human Settlement 379.85
Scrub Land – Mining 33.89

Jodhpur Site: For the LULC study, four permanent roosting sites 
were undertaken with a 20 km buffer. The buffer of all these sites 
overlapped each other, hence a single image was taken. In the 
Jodhpur site, major changes occur in the scrubland, agricultural 
land and barren land. Scrub land was converted into agricultural 
land (10879.90 ha), barren land (2363.18 ha.), Mining (1125.53 ha.) 
and human settlement (2810.34 ha.). Agricultural land was 
converted into the following classes i.e., barren land (19754.77 
ha.), scrubland (11953.92 ha.), mining (4820.67 ha.) and Human 

settlement (3890.88 ha.). Barren land converted into agricultural 
land (6631.31 ha.), Human settlement (878.07 ha) and mining 
(2180.37 ha). Hills class converted into mining (351.80 ha.) and 
human settlement (1182.96 ha.) (Fig. 5, 6&7, Table 6.5).

Figure-3: Land use land cover map of Jaisalmer site (1986-1996)
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Figure-4: Land use land cover map of Jaisalmer site (2006-2018)

Figure-5: Change matrix and class conversion of Jodhpur sites 
from 1986-2018

Table-5. Class wise land use conversion of Jodhpur sites between 
1986 to 2018

Class conversion between 1986 to 2018 Change (1986-2018) ha

Scrub Land - Agricultural Land 10879.90
Scrub Land - Barren Land 2363.19
Scrub Land – Mining 1125.54
Scrub Land - Human Settlement 2810.35
Hills – Mining 351.81
Hills - Human Settlement 1182.97
Agricultural Land - Barren Land 19754.78
Agricultural Land - Scrub Land 11953.92
Agricultural Land - Mining 4820.68
Agricultural Land - Human Settlement 3890.89
Barren Land - Agricultural Land 6631.32
Barren Land – Mining 2180.38
Barren Land - Human Settlement 878.09
Water Bodies - Agricultural Land 2748.89
Water Bodies – Mining 215.09
Water Bodies - Human Settlement 206.56
Mining - Scrub Land 40.49
Mining - Human Settlement 189.33

Barmer site: In the Barmer area, only one permanent 
roosting site and its surrounding of 20 km were taken as 
buffers to understand the land use change as bat habitats. 
The major change noticed was in the barren land class, 

75132.14 ha. has been converted into agricultural land. This 
makes almost 66% of LULC change from one category to 
another (Fig.-8,.9& 10, Table-6). 

Agricultural Land – Mining 1.56
Hills - Human Settlement 47.33
Scrub Land - Agricultural Land 151.95
Scrub Land - Human Settlement 10.78
Water Bodies - Agricultural Land 1539.80
Water Bodies - Human Settlement 25.09
Barren Land - Scrub Land 1158.86
Barren Land - Agricultural Land 75132.15
Barren Land - Human Settlement 575.67
Barren Land – Mining 3.36

Figure-6: Land use land cover map of Jodhpur sites (1986-1996)

Figure-7: Land use land cover map of Jodhpur sites (2006-2018)

Figure-8: Change matrix and class conversion of Barmer site from 
1986-2018

Table-6: Class-wise land use conversion of the Barmer site 
between 1986 to 2018

LULC(1986-2018) Change (1986-2018) hr.

http://www.caves.res.in/Ambient Science (2023)                                                        Vol.-10(2):p. 06

RESEARCH ARTICLE
Ambient Science, 2023: Vol. 10(2); 01-10
DOI:10.21276/ambi.2023.10.2.ra01 



Discussion
Many of the reasons affect the species diversity and 
population in particular landscapes. Land use changes are 
global threats to biodiversity. During the last fifty years, the 
economic development achieved by many countries it 
affected the global biodiversity and climate of earth. Bats 
are affected by this change and have changed their foraging 
range, diversity and species composition. Many studies 
have been conducted to investigate the current scenario. 
These studies were carried out by different – different 
characterizations like genic effect, behavioural responses, 
assemblage and population-level responses, and effect on 
the ecosystem service, habitat fragmentation, logging, 
forest, agroforestry system, plantation and agricultural 
(Meyer et al., 2016). Bats are the response variable of the 
ecosystem health and environmental changes (Jones et al., 
2009). Bats are important pollinator and seed dispersal for 
tropical forest and also provides the essential insect pest 
(Muscarella & Fleming 2007; Kalka et al., 2008; Williams-
Guillén et al., 2008; Kunz et al., 2011; Maas et al., 2013).  
Habitat fragmentation can vary from species to species, 
each species has a different home range but overall it can 
emphasise the stress between the species for food sharing. 
Three main factors influence the bats towards landscape 

Figure-9: Land use land cover map of Barmer sites (1986-1996)

Figure-10: Land use land cover map of Barmer site (2006-2008)

fragmentation, i) fragmentation size in isolation landscape 
ii) landscape change with time (rate of change) iii) type and 
quality of matrix habitat (Meyer et al., 2016). Species loss is 
clear evidence of fragmentation in certain time lags (Cosson 
et al., 1999; Pons & Cosson 2002; Henry et al., 2010). Several 
studies suggest that some tropical bats are more sensitive 
towards the edge effect (Meyer & Kalko 2008a; Klingbeil & 
Willig 2009, 2010; Henry et al., 2010). Logging also affects 
the bat species richness and population in the landscape. In 
the last 40-50 years, deforestation has increased drastically, 
it changed biodiversity patterns immensely due to many 
species shifting to other forest patches or becoming extinct 
in the wild. The intensity of timber harvesting affects the 
rate of species composition (Clarke et al., 2005a). Logging 
impact can be minimised through conservation efforts. The 
reservoir forest patches suppress the logging effect and 
maintain the population of sensitive species (Christine et 
al., 2013). In the study, the Vietnamese karst forest suggests 
that Rhinolophidae and Hipposideridae were less abundant 
in logged forest compared to the primary original forest, 
(Furey et al., 2010), which means habitat destruction and 
deforestation affects the bats' population and richness. 
These bats are more sensitive to habitat degradation. In the 
last 40 years, four species of bats are not been seen in this 
part of Thar Desert. During these decades, the species 
composition has been changed. Most of the insectivorous 
bats got affected which were more sensitive to land use 
change, they have been extinct locally. During the present 
study, a total of 272 roosting sites were surveyed in the study 
area. 

Agriculture is the oldest practice for livelihood in the 
world. During ancient times, many crops were introduced 
for food and taste. For a meal, rice, corn and wheat is the 
most precious food items and they fulfil the demand of the 
world population. 

Mono-cultural and poly-cultural agroforestry (coffee 
and cacao) support the frugivorous and insectivorous bats 
because of food availability (Castro-Luna & Galindo-
González, 2012). But somehow it showed negative results for 
insectivorous bats which reduced foraging activity in the 
agroforestry system (Williams-Guillén & Perfecto, 2011). 
Isolating distance to the forest also impacts species richness 
(Estrada et al., 1993a). Those landscapes cover more area in 
agroforestry and reduce the native forest as a result 
decreases the species richness (Faria et al., 2006; 2007). 
High capture rates of Pteropodidae bats have been recorded 
in orchards of Borneo (Fukuda et al., 2009). It means 
orchards support the fruit bats compared to ordinary forests 
and habitats and most bats have chosen the movement 
between the two habitat zones (Estrada et al., 1993; Estrada 
& Coates-Estrada, 2002; Bianconi et al., 2006; Medina et al., 
2007; Mendes et al., 2009; Trevelin et al., 2013). So it is 
important to conserve native forests and old habitats for 
species richness. It supports the bats' activity and provides 
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the roosting spaces. To understand the planning of bat 
conservation we need to understand the use of land cover in 
particular landscapes. 

Bats play an important role in the Thar Desert of 
Rajasthan, thousands of bats prey on millions of insects 
each and every day. It controls the overall insect population 
and contributes to the ecosystem. Many of roosting is full of 
bats guano; it gives nutrients and energy to invertebrates. 
This guano is rich in phosphorus, nitro compounds and 
other nutrients, which are essential for the farmers. Many 
farmers collected this black gold from the roosting sites. 
Overall bat community, supports the ecosystem as well as 
human livelihood. Thar Desert of Rajasthan is diverse in bat 
species, 16 species have been listed till now. In the last four 
decades, immense changes in bat diversity its a concern, 
due to urbanization and change in LULC pattern as it has 
two faces, both negative and positive. In the last four 
decades, three species have been missing which are 
Megaderma lyra, Tadarida aegyptiaca and Pipistrellus 
dormeri (Scotozous dormeri).

Hipposideros fulvus was re-sighted after 37 years 
(Dookia et al., 2017). All species have been reported in 
Jodhpur city and its suburb areas. But in the last four 
decades, Megaderma lyra, Tadarida aegyptiaca and 
Pipistrellus dormeri (Scotozous dormeri) have not 
reported.On the other hand, in the same time frame, 
human settlements and mining have increased by 84.44 

2 2km  and 97.17 km which is an immense change for a city. 
Mining destroys the old roosts and their habitat which 
affects the bats' diversity. 

Interestingly, in the last forty years, two species have 
been added to the Thar Desert of Rajasthan Cynopterus 
sphinx (Dookia, 2003) and Asellia tridens (Senacha & 
Dookia, 2013). In the last four decades, agriculture pattern 
has changed, and new fruit orchards have been added. 
Cynopterus sphinx (Dookia, 2003) was sighted from the 
Jalore districts and Jalore and Barmer is the largest producer 
of pomegranate in Rajasthan state (Pagaria et al., 2019). 
Extension of Agriculture or irrigation in new areas also 
influences the biodiversity of particular landscapes. Due to 
expand of the fruit orchards in the Thar Desert, the 
distribution of fruit bats also expanded simultaneously. 
Indian flying fox (Pteropus medius) has never been sighted 
in Jaisalmer districts in past, but during fieldwork first time 
sighted in Jaisalmer district and now a permanent colony is 
being established in the city. In the last ten years, Jaisalmer 
has introduced new fruit orchards, especially Date palm, as 
it is climatologically suitable for the date palm farming. 
These types of big fruit orchards attract the species of fruit 
bats. If agricultural practices are introduced in a sustainable 
way, it could be beneficial for the bats' diversity. 

Some threats in the study area directly affect to bat 
population like wind energy farms, mining and diminished 
old buildings or roosting sites. Vast expenses of Thar Desert 

are good palace for wind farms, especially in Jaisalmer 
districts. Jaisalmer city vicinity area is surrounded by small 
to big windmills, which affects the bat population. During 
the study, Carcass of Rhinopoma hardwickii and Taphozous 
perforatus were found in the Jaisalmer area. In these areas, 
wind farms continuously works so a suggestion is that  in the 
evening time, when bat emerges from  their roosts at that 
time rotation of the blade should be stopped. Like evening 
bats (Scotophilus spp. and Pipistrellus spp.) come after 6 
O’clock. At that time, the mortality of bats had increased 
and bat reflectors should be installed in each wind turbine 
over the head of windmills. Mining is also a bigger threat the 
bat diversity, as rock mining destroys the roost and roosting 
habitat of bats. Bats roost in caves and crevices of rock or 
hills. Some bat chooses the hills or rock for roosts like 
Hipposideros fulvus and Tadarida aegyptiaca. These natural 
roosts are important for bat diversity and important for 
species which are dependent on the natural roosts. If 
natural roosts are diminished then it affects the bat's 
diversity and its population. 

Old buildings are also important for the Bats diversity 
like Rhinopoma hardwickii and Rhinopoma microphyllum, 
both species were selected for the maximum man-made 
structures like old houses and old wells which are situated in 
the Urban and Rural areas. Old wells are very important for 
both species; the largest number of roosting sites are old 
wells. It supports the biggest population of bats. In a single 
well, thousands of bats can roost for example one well is 
situated in the vicinity of Mehrangarh Fort in Jodhpur, 
where thousands of bats (R. hardwickii and R. 
microphyllum) were spotted. Wells provides suitable 
environmental conditions for bat species so they can 
survive. Old buildings also provided shelter to the bats, 
especially in small towns huge number of bats with human 
habitation. Nowadays, people renew the old buildings into 
new one and destroys the roosts of bat species. This is also a 
major threat to bats which affects the bat population as well 
as diversity.     

We are thankful to the Dean, University School of Environment 
Management, GGS Indraprastha University, New Delhi for providing us 
with laboratory facilities. We are thankful to the Rajasthan State 
Biodiversity Board and the State Forest Dept for granting permission. GS is 
thankful to the Director of Research and Consultancy for providing 
Indraprastha University Research Fellowship and SD for providing 
financial support through the Faculty Research Grant Scheme.

Alpízar, P., Rodríguez-Herrera, B. & Jung, K (2019): The effect of 
local land use on aerial insectivorous bats (Chiroptera) within 
the two dominating crop types in the Northern-Caribbean 
lowlands of Costa Rica. PLOS ONE,  14(1): e0210364.

Anaafo, D. (2015): Land reforms and land rights change: A case 
study of land stressed groups in the Nkoranza South 
Municipality, Ghana. Land Use Policy. 42: 538–546.

Anderson, R.G., Canadell, J.G., Randerson,  J.T. , Jackson, R.B.,  

Acknowledgement:

References:

http://www.caves.res.in/Ambient Science (2023)                                                        Vol.-10(2):p. 08

RESEARCH ARTICLE
Ambient Science, 2023: Vol. 10(2); 01-10
DOI:10.21276/ambi.2023.10.2.ra01 



Hungate, B.A., Baldocchi, D.D., Ban-Weiss, G.A., Bonan, 
G.B., Caldeira, K.,Cao, L., Diffenbaugh, N.S., Gurney, K.R., 
Kueppers, L.M., Law, B.E., Luyssaert, S. & O'Halloran, T.L.  
(2011): Biophysical considerations in Forestry for climate 
protection. Fron. Ecol. Environ., 9 (3):174-182. 

Arlettaz, R. (1996): Feeding behaviour and foraging strategy of 
free-living mouse-eared bats, Myotis myotis and Myotis 
blythii. Anim. Behav., 51:1–11.

Bianconi, G.V., Mikich, S.B. & Pedro, W.A. (2006): Movements of 
bats (Mammalia, Chiroptera) in Atlantic Forest remnants in 
southern Brazil.Rev. Bras. Zool.,  23:1199–1206.

Boyles, J.G., Cryan, P.M., McCracken, G.F. & Kunz, T.K. (2011): 
Economic importance of bats in agriculture. Science, 332: 
41–42. 

Castro-Luna, A.A. & Galindo-González, J. (2012): Enriching agro-
ecosystems with fruit-producing tree species favours the 
abundance and richness of frugivorous and insectivorous 
bats in Veracruz, Mexico. Mam. Biol., 77:32–40

Christine, L.J., Fletcher, C.  & Abd Rahman, K. (2013): Spatial 
effects of virgin jungle reserves (VJR) on the community of 
insectivorous bats in Peninsular Malaysia. J. Trop. For. Sci., 
25:118–130.

Clarke, F.M., Pio, D.V. & Racey, P.A (2005): A comparison of 
logging systems and bat diversity in the Neotropics. Conserv. 
Biol., 19:1194–1204

Cosson, J.F., Pons, J.M. & Masson, D. (1999): Effects of forest 
fragmentation on frugivorous and nectarivorous bats in 
French Guiana. J. Trop. Ecol., 15:515–534.

DeAngelis, A., Dominguez, F., Fan, Y.,  Robock, A., Kustu, M.D. & 
Robinson, D. (2010): Evidence of enhanced precipitation due 
to irrigation over the Great Plains of the United States. J. 
Geophys. Res., 115: D15115. 

Dookia, S. (2004). Occurrence of the short-nosed fruit bat 
(Cynopterus sphinx Vahlk, 1979) in the Thar Desert of 
Rajasthan. Zoos' Print, 19(9): 1629.

Dookia, S. & Tak, J.R. (2004): Status and distribution of Indian 
flying fox (Pteropus g. giganteus Brunnich) in Thar Desert of 
Rajasthan. Bat Net (CCINSA Newsletter), 5(1): 7-8. 

Dookia, S., Singh, G. & Mishra, R. (2017): Re-sighting record of 
Fulvous Leaf-nosed Bat Hipposideros fulvus Gray, 1838 
(Mammalia: Chiroptera: Hipposideridae) from Thar Desert, 
Rajasthan, India. J. Threat. Taxa., 9(1): 9764–9767.

Entwistle, A.C., Racey, P.A. & Speakman, J.R. (1996): Habitat 
exploitation by a gleaning bat, Plecotus auritus. Philos. Trans. 
R. Soc. Lond., B 351, 921–931.

Estrada, A.R., Coates-Estrada Estrada, A., Coates-Estrada, R., 
Meritt Jr., D. (1993): Bat species richness and abundance in 
tropical rain forest fragments and in agricultural habitats at 
Los Tuxtlas, Mexico. Ecography,  16:309–318.

Estrada, A. & Coates-Estrada, R. (2002): Bats in continuous forest, 
forest fragments and in an agricultural mosaic habitat-island 
at Los Tuxtlas, Mexico. Biol. Conserv., 103:237–245

FAO (2011): The State of the World's land and water resources for 
Food and Agriculture. Managing systems at risk. Report: 
Food and Agriculture Organization. 2011.

FAO (2017). FAOSTAT: Food and agricultural data. Retrieved from: 

Faria, D., Laps, R.R. & Baumgarten, J. (2006): Bat and bird 

http://www.fao.org/faostat/en/#home

assemblages from forests and shade cacao plantations in two 
contrasting landscapes in the Atlantic Forest of southern 
Bahia, Brazil. Biodivers Conserv., 15:587–612.

Faria, D., Paciencia, M.L.B. & Dixo, M. (2007): Ferns, frogs, lizards, 
birds and bats in forest fragments and shade cacao 
plantations in two contrasting landscapes in the Atlantic 
forest, Brazil. Biodivers.  Conserv., 16:2335–2357.

Fleming, T.H. (1988): The Short-tailed Fruit Bat. Pub. by: The 
University of Chicago Press, Chicago.

Foley, J.A. (2005): Global consequences of land use. Science, 309, 
570–574.

Fukuda, D., Tisen, O.B. & Momose, K (2009): Bat diversity in the 
vegetation mosaic around a lowland dipterocarp forest of 
Borneo. Raffles Bull. Zool., 57:213–221.

Funakoshi, K., Yamasita, K., Kitanokuchi, T., Tanaka, H., Otubo, 
S., Ohira, R., Uchihara, A., Osawa, T., Watanabe, K., 
Nagayama, T., Watari, Y. & Minami, T. (2019): Ecological 
studies on the bat species of Tokunoshima and those of 
Amami-Oshima Island, Japan, with special reference to 
Ryukyu tube-nosed bat. Murina Ryukyuana. Mam. Sci., 59: 
15–36.

Furey, N., Mackie, I. & Racey, P (2010): Bat diversity in Vietnamese 
limestone karst areas and the implications of forest 
degradation. Biodivers Conserv., 19:1821–1838.

Galetti, M., Morellato, L.P.C., (1994).Diet of the large fruit-eating 
bat Artibeus lituratus in a forest fragment in Brazil. 
Mammalia, 58:661–665.

Gordon, L.J., Steffen, W. , Jönsson, B.F., Folke, C. &  Falkenmark, 
M. & Johannessen, Å. (2005): Human modification of global 
water vapor flows from the land surface. Proc. Nat. Aca. Sci. 
USA., 102(21):7612-7617.

Goudie, A.S. (2018): Human Impact on the Natural 
environment. Pub. by: John Wiley and Sons.

Haddad, N., Brudvig, L., Clobert, J., Davies, K., Gonzalez, A., Holt, 
R., Lovejoy, T., Sexton, J.,  Austin, M., Collins, C., Cook, W., 
Damschen, E., Ewers, R., Foster, B., Jenkins, C., King, A., 
Laurance, W., Levey, D., Margules, C. & Townshend, J. (2015): 
Habitat fragmentation and its lasting impact on Earth 
ecosystems. Sci. Adv., 1. e1500052. 10.1126/sciadv.1500052.

Hartmann, D.L., Klein Tank, A.M.G., Rusticucci, M., Alexander, 
L.V., Bronnimann, S., Charabi, Y., Dentener, F.J., 
Dlugokencky, E.J., Easterling, D.R., Kaplan, A., Soden, B.J., 
Thorne, P.W., Wild M. & Zhai, P.M. (2013): Observations: 
Atmosphere and Surface. (In: Stocker, T.F., Qin, D., Plattner, 
G.-K., Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., 
Bex V. and Midgley, P.M., Eds.) Climate Change. The 
Physical Science Basis. Contribution of Working Group I to 
the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change. Pub. by: Cambridge University Press, 
Cambridge and New York.

Henry, M., Cosson, J.F. & Pons, J.M. (2010): Modelling multi-scale 
spatial variation in species richness from abundance data in a 
complex neotropical bat assemblage. Ecol. Model., 
221:2018–2027

Hinz, R., Sulser, T. B., Huefner, R.,Mason-D'Croz, D., Dunston, S. 
& Nautiyal, S. (2020): Agricultural development and land use 
change in India: A scenario analysis of trade-offs between UN 
Sustainable Development Goals (SDGs). Earth's Fut., 8, 

http://www.caves.res.in/Ambient Science (2023)                                                        Vol.-10(2):p. 09

RESEARCH ARTICLE
Ambient Science, 2023: Vol. 10(2); 01-10

DOI:10.21276/ambi.2023.10.2.ra01 

http://www.fao.org/faostat/en/


e2019EF001287. 

Jones, G., Jacobs, D.S., Kunz, T.H., Willig, M.R. & Racey, P.A. 
(2009). Carpe noctem: the importance of bats as 
bioindicators. Endan. Sp. Res., 8 (1-2): 93-115. 

Kalka, M.B., Smith, A.R, and Kalko, E.K.V (2008). Bats limit 
arthropods and herbivory in a tropical forest. Science, 320:71

Kunz, T.H., Braun de Torrez, E.,Bauer, D., Lobova, T. &  Fleming, 
T.H. (2011): Ecosystem services provided by bats. Ann.New 
York Acad. Sci., 1223:1–38.

Maas, B., Clough, Y. &  Tscharntke, T. (2013): Bats and birds 
increase crop yield in tropical agroforestry landscapes. Ecol. 
Lett., 16:1480–14

Nadagoudar, S.V. (2016): A critical analysis of law relating to 
biodiversity conservation and forest ecosystem management 
in India (pp. 121–130). In S. Nautiyal, R. Schaldach, K. V. Raju, 
H. Kächele, B. Pritchard, and K. S. Rao (Eds.), Climate 
change challenge (3C) and social-economic-ecological 
interface-building. Pub. by: Cham: Springer. 

Norberg, U.M. & Rayner, J.M. (1987): Ecological morphology and 
flight in bats: wing adaptation, flight performance, foraging 
strategy and echolocation. Phil. Trans. R. Soc. Lond., B 316: 
335–427.

Oleson, K.W., Monaghan, A., Wilhelmi, O., Barlage, M.,  Brunsell, 
N., Feddema, J., Hu, L. & Steinhoff, D.F.  (2015): Interactions 
between urbanization, heat stress, and climate change. Clim. 
Change, 129 (3-4):525-541. 

Pagaria, P., Khan, T. & Mali, G.R (2019): Problems and prospects of 
pomegranate growing in Barmer district of Rajasthan. 
Rashtriya Krishi, 14(2): 69-71.

Payal, P. & Poonam (2020): Role of Irrigation in Development: The 
Rajasthan Experience. Int. J. Rec. Technol. Eng. 8(6):2430-
2435.

Pons, J.M. & Cosson, J.F. (2002): Use of forest fragments by 
animalivorous bats in French Guiana. Rev. Ecol.-Terre Vie 
57:117–130

Roy, P., Roy, A., Joshi, P., Kale, M., Srivastava, V., Srivastava, S., 
Dwevidi, R., Joshi, C., Behera, M., Meiyappan, P., Sharma, Y., 
Jain, A., Singh, J., Palchowdhuri, Y., Ramachandran, R., 
Pinjarla, B., Chakravarthi, V., Babu, N., Gowsalya, M., 
Thiruvengadam, P., Kotteeswaran, M., Priya, V., Yelishetty, K., 
Maithani, S., Talukdar, G., Mondal, I., Rajan, K., Narendra, P., 
Biswal, S., Chakraborty, A., Padalia, H., Chavan, M., Pardeshi, 
S., Chaudhari, S., Anand, A., Vyas, A., Reddy, M., 
Ramalingam, M., Manonmani, R., Behera, P., Das, P., 
Tripathi, P., Matin, S., Khan, M., Tripathi, O., Deka, J., Kumar, 
P. & Kushwaha, D. (2015): Development of Decadal 
(1985–1995–2005) Land use and land cover database for India. 
Remote Sensing, 7(3): 2401–2430. 

Rulli, M.C., D'Odorico, P. & Galli, N. (2021): Land-use change and 
the livestock revolution increase the risk of zoonotic 
coronavirus transmission from rhinolophid bats. Nat. Food. 
2:409–416.

Sacks, W.J., Cook, B.I., Buenning, N., Levis, S. & Helkowski J.H. 
(2009): Effects of global irrigation on the near-surface 
climate. Clim. Dyn., 33 (2-3):159-175.

Senacha, K. R and Dookia, S. (2013): Geoffroy's Trident Leaf-nosed 
bat, Asellia tridens (Geoffroy, E., 1813) from India. Current 
Sci., 105 (1): 21 – 22.

Siemers, B.M. & Schnitzler, H.U. (2000): Natterer's bat hawks for 
prey close to vegetation using echolocation signals of very 
broad bandwidth. Behav. Ecol. Sociobiol. 47:400–412.

Sierro, A., (1999): Habitat selection by barbastelle bats 
(Barbastella barbastellus) in the Swiss Alps (Valais). J. Zool. 
Lond., 248, 429–432.

Sleeter, B.M., Loveland, T. , Domke, G,  Herold, N., Wickham, J. &  
Wood, N. (2018): Land Cover and Land-Use Change. In 
Impacts, Risks, and Adaptation in the United States: 4th Nat. 
Climate Assess., Vol.-II pp. 202–231. In: Reidmiller, D.R., C.W. 
Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. 
Maycock & B.C. Stewart (eds.). U.S. Global Change 
Research Program, Washington, DC, USA.

Swaminathan, M.S. & Bhavani, R.V. (2013): Food production and 
availability—Essential prerequisites for sustainable food 
security. Ind. J. Med. Res., 138(3):383–391.

Teluguntla, P.G., Thenkabail, P.S., Xiong, J. N., Gumma, M.K., Giri, 
C. & Milesi, C. (2015): Global Cropland Area Database 
(GCAD) derived from remote sensing in support of food 
security in the twenty-first century: Current achievements 
and future possibilities. In P. S. Thenkabail (Ed.), Remote 
sensing handbook. Volume II, Land resources 
monitoring, modelling, and mapping with remote 
sensing. Pub. by: Boca Raton: CRC Press.

Tembhurne, S., Pareek, S.K., Kanwar, P. & Saini, A. (2020): 
Environmental Implications of Indira Gandhi Canal in Thar 
Desert, India. ESSENCE Int. J. Env. Rehab. Conserv., XI (SP2): 
178-182.

Tian, H., Banger, K., Bo, T. & Dadhwal, V.K. (2014): History of land 
use in India during 1880-2010: Large-scale land 
transformations reconstructed from satellite data and 
historical archives. Glob.  Planet. Change, 121:78–88. 

Tilman, D., Balzer, C., Hill, J. & Befort, B.L. (2011): Global food 
demand and the sustainable intensification of agriculture. 
Proc. Natl. Acad. Sci., 108: 20260–20264.

Trevelin, L.C., Silveira, M.C. & Port-Carvalho, M. (2013): Use of 
space by frugivorous bats (Chiroptera: Phyllostomidae) in a 
restored Atlantic forest fragment in Brazil. Ecol. Man., 
291:136–143.

Vazquez-Yanes, C.A., Orozco, A., Francois, G. & Trejo, L. (1975): 
Observations on seed dispersal by bats in a tropical humid 
region in Veracruz, Mexico. Biotropica, 7:73–76.

Wickham, J., T. Wade, and K. Riitters, (2014).An isoline separating 
relatively warm from relatively cool wintertime forest surface 
temperatures for the southeastern United States. Glob. 
Planet. Change, 120, 46-53. 

Williams-Guillén K., and Perfecto, I. (2011).Ensemble composition 
and activity levels of insectivorous bats in response to 
management intensification in coffee agroforestry 
systems.PLoS ONE,  6:e16502.

Williams-Guillén, K., Perfecto, I. & Vandermeer, J. (2008): Bats 
limit insects in a Neotropical agroforestry system. Science, 
320:70.

Wordley, C., Sankaran, M., Mudappa, D., and Altringham, J. 
(2017). Bats in the Ghats: Agricultural intensification reduces 
functional diversity and increases trait filtering in a 
biodiversity hotspot in India. Biological Conservation.210. 
10.1016/j.biocon.2017.03.026.

http://www.caves.res.in/Ambient Science (2023)                                                        Vol.-10(2):p. 10

RESEARCH ARTICLE
Ambient Science, 2023: Vol. 10(2); 01-10
DOI:10.21276/ambi.2023.10.2.ra01 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

