
load, which may increase the recruitment and/or 
reproduction of dung beetles. Changes in land 
management practices such as pastures replaced by 
arboreal crops results the replacement of a rich 
assemblage of native species by introduced species just as 
Digithonthophagus gazella, a savanna specialist, that has 
been expanding its range southward from the United 
States in part as a result of conversion of large extension of 
rain forest to pastures (De Oca and Halffter, 1998). Escobar 
et al. (2007) evaluated the effect of expanded cattle 
ranching along three altitudinal gradient in one located in 
the Mexican Transition Zone and two located in northern 
Andes. All three sites are facing immense pressure of not 
only dairy farming but also expansion of mountain into 
agricultural areas. They reported that processes of 
disturbance caused by human activity along altitudinal 
gradients can impact communities in different ways, 
depending on the geographic position of each mountain 
and particularly the biogeographical history of the group 
of species that inhabits it. Drawing upon historical data, 
comparisons among dung beetle collections across parts 
of Africa and the Mediterranean provide circumstantial 
evidence of strong, linked changes in mammal-dung 
beetle assemblages, typically within a context of broader 
land-use change (Nichols et al., 2009). Lobo et al. (2002) 
also analyzed which factor or factors govern the species 
richness and distribution of dung beetles of France 
mainland and Corsica Island. Six climate variables were 
utilized mean annual temperature, temperature variation, 
maximum mean temperature, minimum mean 
temperature, mean annual precipitation and precipitation 
variation. Results showed that Minimum mean 
temperature is the most influential variable on a local 
scale, while maximum and mean temperature are the 
most important spatially structured variables. In Europe 
Menendez et al. (2014) compared historical and current 
data on dung beetle distributions along elevation 
gradients for 30 species in the South-western Alps (France) 
and 19 species in the Sierra Nevada (Spain) and reported 
that up-slope range shifts for 63% and 90% of the species 
in the SW Alps and Sierra Nevada, respectively. The 

 

magnitudes of range shifts were consistent with the level 
of warming experienced in each region, but they also 
reflected the asymmetrical warming observed along the 
elevation gradients. This study reveals that climate change 
is directly or indirectly responsible for range-shift of the 
species. Anthropogenic land use and habitat 
fragmentation clearly promote community level 
taxonomic divergence in human modified landscapes. This 
community level taxonomic divergence suggests that 
edge-dominated and matrix habitats ensure the 
persistence of disturbance adapted species, some of 
which exclusively in these habitats, which are unsuitable 
for forest dependent species (Filgueiras et al., 2016). 

New paradigms in conservation biology propose 
that not only protected areas but also patches of natural 
habitat via corridors should be analyzed in the context of 
the agricultural or managed matrix. Land use patterns 
significantly affect the species assemblages, diversity, and 
richness and also guild structure across various habitats. 
We need long-term observations and basic ecological 
studies to assess the impact of land management 
practices. The success of using dung beetles is based on 
cost-effective data collection, sensitivity to different 
environmental factors and wide habitat requirements. 
Species richness, abundance of dung beetles varies widely 
depending on the period of the year, habitat, seasonality, 
rain fall and land use practices. Forest fragmentation has 
strong negative consequences on dung beetle 
biodiversity. Environmental changes also have 
considerable influence on the community structure of 
dung beetles. Bioindicator based approach to ecological 
monitoring is crucial for developing countries largely 
having complicated landscape matrix as it includes 
protected areas, dominated agriculture system and patchy 
habitats. Ecological data on population structure, 
community composition, habitat specificity of dung 
beetles correlated with biogeographic and historical data 
can be efficient model to analyze the impact of human 
induced changes in forest along different land use 
gradient, climate change and forest fragmentation. 
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Ecological monitoring can provide advanced 
warning of undesirable ecological change (climate change, 
forest fragmentation and biodiversity loss) thus permit 
managers and policy makers to adopt an adaptive 
management approach to conserving biological diversity. 
The nature of landuse changes in recent decades has not 
only resulted in a dramatic decrease in total forest cover, 
but also accelerated biodiversity loss and forest 
fragmentation. Forest fragmentation is an important 
process contributing to the present-day concern over the 
loss of biodiversity and rates of species extinction. There is 
now an urgent need to identify the key effects of forest 
fragmentation on biotic systems and to find management 
solutions, for this ecological monitoring is very important 
to understand the complex process of biodiversity loss. 
Bioindicators have been proven to be useful tools for 
monitoring and detecting changes in the environment. 
Bioindicator can be defined as a species or group of species 
that readily reflects the impact of environmental change 
on habitat, community or ecosystem or is the indicative of 
the diversity of a subset of taxa or the whole biodiversity 
within an area. Especially, living things are so closely 
related to the environment that the indicator between the 
env i ronment  and  l i v ing  th ings  shows  c lose  
interrelationship. Also, the indicator related to 
environment provides information about representative 
or decisive environmental phenomenon and is used to 
simplify complicated facts (Noss, 1990: Dufrene and 
Legendre, 1997; Mcgeoch et al., 2002; Han et al., 2015).  It 
is impossible to evaluate the total biodiversity and also to 
measure the impact of environmental change on each and 
every species therefore we need efficient model system 
for analyzing the concern. Dung beetles provide an 
effective model to understand the effect of environmental 
change, habitat fragmentation or any stress. 

Dung beetles (Scarabaeidae) compose widely 
distributed taxa; about 5000 species (Scholtz et al., 2009) 
are present worldwide. Dung beetles are divided into 
three functional groups: rollers, tunnelers and dwellers, 
which largely feed on dung and carrion. Dung beetles 
perform various ecological functions in diverse ecological 
services (Nichols et al., 2008) such as dung removal, 
nutrient cycling, bioturbation, secondary seed dispersal 
and parasitic control which are very useful to maintain 
ecosystem integrity. Community structure of dung beetles 
is largely affected by forest modification, fragmentation 
and elevated anthropogenic pressure hence this group 

clearly reflects the impact of anthropogenic pressure and 
habitat alteration. Community structure, population of 
dung beetles can be rapidly determined using simple, 
standardized, time and cost effective trapping methods 
which permits efficient comparative evaluation of 
ecological changes at landscape scale. 

Dung beetles as bio-indicator across landscape matrix

Dung beetles have been used in empirical studies 
(Klein, 1989; Davis et al., 2001, 2008; Gardner et al., 2008) 
to evaluate the biodiversity loss, forest fragmentation and 
the impact of habitat modification. The structure, 
organization and composition of guild structure of dung 
beetles primary forest are totally different from the 
fragmented forests and also a transition guild is also 
present in ecotones which have its own structure (Halffter 
and Favila, 1993). Changes in dung beetle assemblage 
structure are correlated with climatic and/or edaphic 
variables, which clearly interact to drive biogeographical 
composition and population responses of dung beetle 
species across regional and local gradients. Studies 
(Estrada et al.,1998; Numa et al., 2009, 2012; 
Shahabuddin et al., 2014; Batista et al., 2016) showed that 
the existence of a rich pool of forest dung beetles species 
exist in the fragmented landscape but the majority of the 
species are represented in low numbers. Species richness, 
abundance, and biomass declined drastically on smaller 
and more isolated islands (Larsen et al., 2008). Fragment 
characteristics such as vegetation structure, ground cover, 
litter depth, age, and isolation distance also influence 
dung beetle assemblage in forest. Due to the modification 
in tree cover or canopy cover, native forest species 
undergo local extinction and are replaced by open area 
species (Halffter and Arelleno, 2002). Canopy cover is 
thought to be influence humidity as well as atmospheric 
and soil surface temperature, which might affect the 
survival and reproduction of dung beetles, as well as food 
availability and attractiveness. Edge effects also 
considered as an important factor in the distribution and 
composition of dung beetles communities as abundance, 
species richness and species composition of dung beetles 
changed with distance from roads/trails Forest edges act 
as a barrier and affect the patterns of dispersal and spatial 
distribution of dung beetles communities. Narrow or small 
forest clearings for skid trails, logging roads, log yards, and 
logging camps affect local distributions of dung beetles. 
Litter has been reported to be important for modifying soil 
characteristics such as moisture, density, and nutrient 
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load, which may increase the recruitment and/or 
reproduction of dung beetles. Changes in land 
management practices such as pastures replaced by 
arboreal crops results the replacement of a rich 
assemblage of native species by introduced species just as 
Digithonthophagus gazella, a savanna specialist, that has 
been expanding its range southward from the United 
States in part as a result of conversion of large extension of 
rain forest to pastures (De Oca and Halffter, 1998). Escobar 
et al. (2007) evaluated the effect of expanded cattle 
ranching along three altitudinal gradient in one located in 
the Mexican Transition Zone and two located in northern 
Andes. All three sites are facing immense pressure of not 
only dairy farming but also expansion of mountain into 
agricultural areas. They reported that processes of 
disturbance caused by human activity along altitudinal 
gradients can impact communities in different ways, 
depending on the geographic position of each mountain 
and particularly the biogeographical history of the group 
of species that inhabits it. Drawing upon historical data, 
comparisons among dung beetle collections across parts 
of Africa and the Mediterranean provide circumstantial 
evidence of strong, linked changes in mammal-dung 
beetle assemblages, typically within a context of broader 
land-use change (Nichols et al., 2009). Lobo et al. (2002) 
also analyzed which factor or factors govern the species 
richness and distribution of dung beetles of France 
mainland and Corsica Island. Six climate variables were 
utilized mean annual temperature, temperature variation, 
maximum mean temperature, minimum mean 
temperature, mean annual precipitation and precipitation 
variation. Results showed that Minimum mean 
temperature is the most influential variable on a local 
scale, while maximum and mean temperature are the 
most important spatially structured variables. In Europe 
Menendez et al. (2014) compared historical and current 
data on dung beetle distributions along elevation 
gradients for 30 species in the South-western Alps (France) 
and 19 species in the Sierra Nevada (Spain) and reported 
that up-slope range shifts for 63% and 90% of the species 
in the SW Alps and Sierra Nevada, respectively. The 

 

magnitudes of range shifts were consistent with the level 
of warming experienced in each region, but they also 
reflected the asymmetrical warming observed along the 
elevation gradients. This study reveals that climate change 
is directly or indirectly responsible for range-shift of the 
species. Anthropogenic land use and habitat 
fragmentation clearly promote community level 
taxonomic divergence in human modified landscapes. This 
community level taxonomic divergence suggests that 
edge-dominated and matrix habitats ensure the 
persistence of disturbance adapted species, some of 
which exclusively in these habitats, which are unsuitable 
for forest dependent species (Filgueiras et al., 2016). 

New paradigms in conservation biology propose 
that not only protected areas but also patches of natural 
habitat via corridors should be analyzed in the context of 
the agricultural or managed matrix. Land use patterns 
significantly affect the species assemblages, diversity, and 
richness and also guild structure across various habitats. 
We need long-term observations and basic ecological 
studies to assess the impact of land management 
practices. The success of using dung beetles is based on 
cost-effective data collection, sensitivity to different 
environmental factors and wide habitat requirements. 
Species richness, abundance of dung beetles varies widely 
depending on the period of the year, habitat, seasonality, 
rain fall and land use practices. Forest fragmentation has 
strong negative consequences on dung beetle 
biodiversity. Environmental changes also have 
considerable influence on the community structure of 
dung beetles. Bioindicator based approach to ecological 
monitoring is crucial for developing countries largely 
having complicated landscape matrix as it includes 
protected areas, dominated agriculture system and patchy 
habitats. Ecological data on population structure, 
community composition, habitat specificity of dung 
beetles correlated with biogeographic and historical data 
can be efficient model to analyze the impact of human 
induced changes in forest along different land use 
gradient, climate change and forest fragmentation. 
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Ecological monitoring can provide advanced 
warning of undesirable ecological change (climate change, 
forest fragmentation and biodiversity loss) thus permit 
managers and policy makers to adopt an adaptive 
management approach to conserving biological diversity. 
The nature of landuse changes in recent decades has not 
only resulted in a dramatic decrease in total forest cover, 
but also accelerated biodiversity loss and forest 
fragmentation. Forest fragmentation is an important 
process contributing to the present-day concern over the 
loss of biodiversity and rates of species extinction. There is 
now an urgent need to identify the key effects of forest 
fragmentation on biotic systems and to find management 
solutions, for this ecological monitoring is very important 
to understand the complex process of biodiversity loss. 
Bioindicators have been proven to be useful tools for 
monitoring and detecting changes in the environment. 
Bioindicator can be defined as a species or group of species 
that readily reflects the impact of environmental change 
on habitat, community or ecosystem or is the indicative of 
the diversity of a subset of taxa or the whole biodiversity 
within an area. Especially, living things are so closely 
related to the environment that the indicator between the 
env i ronment  and  l i v ing  th ings  shows  c lose  
interrelationship. Also, the indicator related to 
environment provides information about representative 
or decisive environmental phenomenon and is used to 
simplify complicated facts (Noss, 1990: Dufrene and 
Legendre, 1997; Mcgeoch et al., 2002; Han et al., 2015).  It 
is impossible to evaluate the total biodiversity and also to 
measure the impact of environmental change on each and 
every species therefore we need efficient model system 
for analyzing the concern. Dung beetles provide an 
effective model to understand the effect of environmental 
change, habitat fragmentation or any stress. 

Dung beetles (Scarabaeidae) compose widely 
distributed taxa; about 5000 species (Scholtz et al., 2009) 
are present worldwide. Dung beetles are divided into 
three functional groups: rollers, tunnelers and dwellers, 
which largely feed on dung and carrion. Dung beetles 
perform various ecological functions in diverse ecological 
services (Nichols et al., 2008) such as dung removal, 
nutrient cycling, bioturbation, secondary seed dispersal 
and parasitic control which are very useful to maintain 
ecosystem integrity. Community structure of dung beetles 
is largely affected by forest modification, fragmentation 
and elevated anthropogenic pressure hence this group 

clearly reflects the impact of anthropogenic pressure and 
habitat alteration. Community structure, population of 
dung beetles can be rapidly determined using simple, 
standardized, time and cost effective trapping methods 
which permits efficient comparative evaluation of 
ecological changes at landscape scale. 

Dung beetles as bio-indicator across landscape matrix

Dung beetles have been used in empirical studies 
(Klein, 1989; Davis et al., 2001, 2008; Gardner et al., 2008) 
to evaluate the biodiversity loss, forest fragmentation and 
the impact of habitat modification. The structure, 
organization and composition of guild structure of dung 
beetles primary forest are totally different from the 
fragmented forests and also a transition guild is also 
present in ecotones which have its own structure (Halffter 
and Favila, 1993). Changes in dung beetle assemblage 
structure are correlated with climatic and/or edaphic 
variables, which clearly interact to drive biogeographical 
composition and population responses of dung beetle 
species across regional and local gradients. Studies 
(Estrada et al.,1998; Numa et al., 2009, 2012; 
Shahabuddin et al., 2014; Batista et al., 2016) showed that 
the existence of a rich pool of forest dung beetles species 
exist in the fragmented landscape but the majority of the 
species are represented in low numbers. Species richness, 
abundance, and biomass declined drastically on smaller 
and more isolated islands (Larsen et al., 2008). Fragment 
characteristics such as vegetation structure, ground cover, 
litter depth, age, and isolation distance also influence 
dung beetle assemblage in forest. Due to the modification 
in tree cover or canopy cover, native forest species 
undergo local extinction and are replaced by open area 
species (Halffter and Arelleno, 2002). Canopy cover is 
thought to be influence humidity as well as atmospheric 
and soil surface temperature, which might affect the 
survival and reproduction of dung beetles, as well as food 
availability and attractiveness. Edge effects also 
considered as an important factor in the distribution and 
composition of dung beetles communities as abundance, 
species richness and species composition of dung beetles 
changed with distance from roads/trails Forest edges act 
as a barrier and affect the patterns of dispersal and spatial 
distribution of dung beetles communities. Narrow or small 
forest clearings for skid trails, logging roads, log yards, and 
logging camps affect local distributions of dung beetles. 
Litter has been reported to be important for modifying soil 
characteristics such as moisture, density, and nutrient 
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The colubrid snakes of the genus Boiga Fitzinger, 
1826 is represented by 32 species in Asia and 16 species in 
India (Orlov and Ryabov, 2002; Tillack et al., 2004; 
Manamendra-Arachchiand and Pethiyagoda, 2007; 
Whitaker and Captain, 2004; Vogeland and Ganesh, 2013). 
Forsten's cat snake Boiga forsteni (Duméril, Bibron et 
Duméril, 1854) has a wide distribution in India and it is 
reported from Uttar Pradesh, Bihar, West Bengal, Orissa, 
Madhya Pradesh, Andhra Pradesh and entire Western 
Ghats from Maharashtra, Karnataka, Kerala and Tamil 
Nadu. In the west, it is reported from Gujarat and 
Rajasthan (Smith, 1943; Tillack et al., 2004; Srinivasulu and 
Das, 2008; Sharma et al., 2002; Vyas, 2004). The western 
most known locality for the species is Mt. Abu in southern 
Rajasthan (Daniel, 1963; Sharma et al., 2002). The eastern 
distribution limit is recorded as Birbhum and Sijna in West 
Bengal (Stoliczka, 1871; Whitaker and Captain, 2004) and 
Sikkim (Anderson, 1871; Stoliczka, 1871; Theobald, 1876). 
However, Tillack et al. (2008) after analyzing Stoliczka's 
(1871) description showed that the record from Sikkim 
does not represent B. forsteni but is referable to Boiga 
siamensis Nootpand, 1971 (Pauwels et al., 2005). Similarly, 
they also remarked that listing of Boiga forsteni from the 
eastern Himalaya e.g. Darjeeling may be misidentified and 
turn out to be specimen of B. siamensis.

In the North, Boiga forsteni is known from Nepal 
where it is reported from Danagadhi, Sukla Phanta (close 
to Dudhwa Tiger reserve in India) and Dharan all in terai 
landscape within an elevation of 200-349 m (Schleich and 

Kästle, 2002). In India, northernmost limit of the species is 
from the Uttarakhand state and it is reported from three 
districts viz. Dehradun, Pauri and Nainital within an 
elevation of 900 m (Husain and Ray, 1995). However, the 
only specific locality record from Uttarakhand comes from 
a specimen (ZSIK 16395; male) collected from Kaladhungi 
(elevation~393 m) of Nainital district. 

A second specific locality record of Boiga forsteni 
from Uttarakhand state is provided. One adult (unsexed) 
specimen was encountered on July 7, 2013 in the Mundal 

0 0forest camp (29.952781  N, 78.263152  E; 300 msl), Chilla 
Range of Rajaji tiger reserve (Fig. 1) at around 21:00 hr IST. 
It was sighted on a small temporarily wooden roof c. 2m 
above ground. Identification of the species is based on 
observation of its distinct body pattern and colouration. 
Body slender, slightly compressed laterally. The head is 
triangular in shape and distinct from neck. Top of head 
with a conspicuous black mid bar from the frontal shield to 
the nape with two more additional stripes parallel to it 
(Fig. 2A). Eyes are large with vertical pupil and a broad 
black stripe run behind the eye to the angle of mouth. 
Supralabials and infralabials are whitish with few black 
spots. The dorsal coloration is greyish with alternating 
irregular transverse markings giving it a checkered pattern 
(Fig. 2B). Color form of the species encountered falls in 
“variety 1” as described by Mohapatra et al. (2009). 

After observations and photography, the snake 
climbed vertically on Psidium guajava and later it 

Fig. 1: Map showing northernmost locality report of B.forsteni 
from India

Fig. 2: Boiga forstenl variety 1 (A) dorsal view (arrow showing black mid-
stripe on head and two parallel stripes on the neck (B) front view of 
B.forstteni.




