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Avifaunal diversity in Indian Institute of Technology Guwahati Campus, 
Assam, India
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1 Department of Mechanical Engineering, 2 Centre for the Environment,
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Abstract: Indian Institute of Technology - Guwahati (IITG), Assam, is an ecologically rich campus hosting different species of birds, 
butterflies and mammals. It accommodates several migratory and resident species of birds across different seasons. However, information 
is scanty on avian diversity with respect to the different habitats of the campus. Therefore, the present study attempts to gain insight into 
avian diversity with respect to habitat heterogeneity by considering the species presence-absence dataset collected for three years (2017–
2020). A multivariate Beta (β) diversity analysis is carried out for the IITG campus constituted of five primary habitats, viz., secondary 
growth, eco–forest, water bodies, swampy-marshy area, and constructions. Of 152 bird species observed in the IITG campus, the highest 
number is reported from secondary growth, followed by eco-forest. The multivariate analysis shows that the average β–diversity for the 
IITG campus is approximately equal to 79%, which is in accordance with another published study. These observations are examined in 
light of hypotheses and phenomena documented in the literature, such as habitat heterogeneity hypothesis, niche-based hypothesis and 
anthropogenic impact on habitats. The study also establishes that the IITG is among the educational institutes and campuses that host 
many migratory bird species. Lastly, based on the outcomes of β–diversity analysis, it is suggested that the conservation effort for avian 
species in the campus should be directed towards individual habitats uniformly.

Keywords: Campus avian diversity, habitat heterogeneity, presence-absence dataset, multivariate β ‒ diversity.

Abbreviations: 2D—Two dimensional | a—Number of species shared between two habitats | AR—Richness agreement | b,c—Number 
of species present in one habitat but absent in another | CBC—Campus Bird Count | DR—Richness difference | IBA—Important bird and 
biodiversity area  | IITG—Indian Institute of Technology Guwahati | Ns—Species nestedness | PAST—Paleontological Statistics software 
package for education and data analysis | RS—Species replacement | SJ—Jaccard’s similarity index | x—̅Mean index | α—Alpha diversity, 
diversity of individual habitat | β—Beta diversity | β+—Additive beta diversity | β×—Multiplicative beta diversity | βJ—Jaccard’s dissimilarity 
index or Beta diversity | βJ̅—Mean of all multivariate beta diversity values | βJ, avg—Average of multivariate beta diversity of one habitat | 
βS—Sorenson’s index | γ—Gamma diversity, the total number of species in an area encircling all the habitats.
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INTRODUCTION

The state of Assam, situated in the northeastern part 
of India, is home to over 700 avian species (BirdLife-
International 2022). The bird and biodiversity hotspots of 
Assam include 55 IBAs (Important bird and biodiversity 
areas), which also cover the state’s National Parks and 
Wildlife Sanctuaries (Rahmani et al. 2016). However, 
the presence of avian species is not limited to the 
aforementioned designated sites. It extends to lesser-
known birding areas such as a city, a remote wetland, a 
college campus or even an individual’s backyard. Among 
them, the university campuses are distinctive because 
they can possess heterogeneous habitats along with 
continuous anthropogenic influences. Moreover, Liu et 
al. (2021) reviewed the campus biodiversity surveys of 
at least 300 universities and colleges worldwide since 
1940. They found that each campus contains an average 
of 66 bird species, including threatened species, offering 
a major refuge for birds in nearby urban areas. It was 
then proposed that the campuses with high diversity 
should be protected for research, conservation, and 
biodiversity education. Further, to implement more 
bio-diversity-friendly designs, the suggested primary 
step is to monitor and investigate the biodiversity of 
university campuses. Similarly, from the perspective of 
the Indian academic campuses, Guthula et al. (2022) 
found an average of 88 bird species per campus based 
on the survey conducted on total of 335 Indian academic 
campuses. These observations and suggestions 
motivated the present authors to study the avian 
diversity of the Indian Institute of Technology, Guwahati 
(IITG) campus. 

The campus of IITG is beautifully manicured in the 
proximity of many IBAs located nearby Guwahati city 
viz, ‘Dadara-Pasara-Singimari’, ‘Deepor Beel’ (Assamese: 
lake) bird sanctuary, ‘Amchang’ hills, ‘Chandubi’ lake, and 
adjoining areas, ‘Jengdia Beel-Satgaon’ and ‘Pabitora’ 
wildlife sanctuary (Rahmani et al. 2016). The campus 
is composed of diverse habitats such as forest patches, 
hillocks, wetlands, bushes, and a few lakes, making it 
perfectly suitable for accommodating a wide range of 
bird species. The diverse vegetation found in such habitat 
heterogeneous sites decides the overall rich avifaunal 
composition of the area (MacArthur & MacArthur 
1961) . The campus with diverse habitats hosts not only 
resident birds but also many migratory species. However, 
no scientific documentation of the avifauna inside the 
IITG campus was conducted in the past. Thus, a study 
addressing the avian diversity within the IITG campus 
was deemed necessary. This investigation is an attempt 

to document the avian species of the IITG campus for 
three years (2017–2020) and to perform a diversity 
analysis of the bird species among different habitats of 
the campus using multivariate Beta (β) diversity analysis. 
This has been one of the most prevalent techniques to 
compare the diversities of different species assemblages 
(Anderson et al. 2011; Schmera et al. 2020), especially 
where the field data are collected only as the presence 
or absence of species. This study is particularly important 
to highlight the richness of avian species on the campus 
besides quantitative comparison of diversity among the 
different campus habitats. In the literature, there are 
many documented campus-based avian studies, but 
only as species checklists (Gupta et al. 2009; Surasinghe 
& Alwis 2010; Ali et al. 2013; Kabir et al. 2017; Manohar 
et al. 2017; Sailo et al. 2019), without thorough and 
quantitative habitat-wise diversity analysis. On the other 
hand, Chakdar et al. (2016) & Trivedi & Vaghela (2020) 
conducted a diversity & abundance analysis based on the 
dataset of species-wise number of individual birds. The 
overall trend suggests that most campus-based diversity 
analyses are checklists or abundance-based and are 
not based on a presence-absence dataset. To address 
this skewness, the present study is aimed to carry out 
a diversity analysis based on the presence-absence 
dataset. Moreover, this technique can emphasize 
the individual identity of the species rather than its 
abundance (Anderson et al. 2011). This technique is 
elaborated in the Methodology section, followed by 
results, discussion, and a brief conclusion emphasizing 
the threats and conservation measures.

METHODS

Study Area
The present study has been carried out in the IITG 

campus located at 26.1850N and 91.6880E, nearby  
Guwahati, Assam. The campus spanning over 2.8 km2 
of area is situated on the northern banks of the river 
Brahmaputra. The campus was established in 1995, and 
since then, the habitat has been significantly changed 
due to infrastructural development. The climate of the 
campus area is warm and humid, with an average annual 
rainfall of 1,752 mm. The temperature of the site ranges 
between maximum and minimum temperatures of 
32.60 (August) and 11.00 (January) (Govt. of India 2021). 
The campus is surrounded by marshy areas to the east 
and north, human settlements to the west, and the 
‘Brahmaputra’ river and sandy riverbanks in the south. 
Moreover, in the proximity of the campus, the hilly areas 
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‘Kali Pahar’ (Assamese: hill) in the north and ‘Nilanchal’ 
hills in the south are located. 

The campus area is divided into multiple habitat 
types, as depicted in Image 1 in the form of a map based 
on their topology and vegetation type. The approximate 
area of each habitat type is estimated by Google Earth 
and listed in Table 1 in ascending order. The eco-forest 
habitat, spread mainly over a hilly and uneven campus 
area, is the remains of the wooded forest that was 
present before the establishment of the campus. The 
highest peak in the eco-forest habitat is the ‘view-point’, 
with the lowest human disturbance compared to other 
habitats. The dominant tree species and other plants 
in this habitat are Tectona grandis, Dipterocarpus sp., 
Eucalyptus maculata, Acacia auriculiformis, Bombax 
ceiba, Erythrina stricta, Butea monosperma, Ficus 
hispida, Ficus racemosa, Artocarpus heterophyllus, 
Ailanthus excelsa, Neolamarckia cadamba, Aegle 
marmelos, Aglaia spectabilis, Toona ciliata, Holmskioldia 
sanguinea, Aporosa octandra, Nyctanthes arbor-tristis, 
Costus speciosus, and Areca catechu among others (Kar 

et al. 2012). The aquatic habitat of the campus is of 
two major categories: water bodies & swampy-marshy 
habitats. The water bodies are a combination of large 
lakes & ponds, viz., ‘Tihor’, Serpentine, and IITG lakes, 
as delineated in the form of blue location icons in Image 
1. These lakes were present before the establishment of 
the campus and are not yet landfilled. Among the lakes, 
Serpentine contains island-type small patches, providing 
safe shelter to the aquatic birds. The water bodies are 
surrounded by trees such as Roystonea sp., Cassia 

Image 1. Habitats of the Indian Institute of Technology, Guwahati campus.

Table 1. Area of different habitats.

Habitat type Area (km2)

Water bodies 0.235

Swampy-marshy 0.307

Secondary growth 0.456

Eco-forest 0.783

Constructions 1.019

Total 2.8
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javanica, Delonix regia, Lagerstroemia speciosa, and 
Michelia champaca for campus beautification. Most of 
the patches of the swampy-marshy habitat are a result 
of rainwater accumulation over the sites from which the 
vegetation was removed and then abandoned with no 
construction. Some of them have been present before 
the establishment of the campus. The aquatic species 
include Canna indica, Colocasia esculenta, Nymphaea 
rubra, Eichhornia crassipes, Hymenachne sp., and some 
species of ferns are abundant in this habitat. The scattered 
distribution of tree species such as Cocos nucifera, 
Ziziphus jujuba, Syzygium cumini, Ailanthus integrifolia, 
Dillenia indica, Mimusops elengi, Ficus religiosa, Lantana 
sp., and Bambusa sp. can be observed on the fringes 
of the Swampy-marshy habitat. The secondary growth 
habitat consists of shrubs, bushes, grassy meadows, 
and sparsely distributed trees. This area usually remains 
disturbed by construction activities, transportation, and 
human activities. Additionally, the playgrounds having 
grass/lawns are also included in this habitat. This habitat 
is dominated by tree species such as Alstonia scholaris, 
D. regia, Dalbergia sissoo, Acacia farnesiana, Eucalyptus 
hybrida, Albizia lebbeck, Gmelina arborea, Psidium 
guajava, Terminalia bellirica, Samanea saman, Monoon 
longifolium, Terminalia arjuna, Phyllanthus emblica, 
Mangifera indica, Polyalthia longifolia, Cassia fistula, 
Azadirachta indica, M. elengi, Ficus benghalensis, and 
others. Lastly, the habitat type named ‘Constructions’ 
(their locations marked by black icons in Image 1) is 
the only habitat which is non-contiguous and dispersed 
within the range of other aforementioned habitats. 
This area is scarcely populated with tree species such 
as D. sissoo, A. lebbeck, M. longifolium, M. elengi, N. 
cadamba, A. scholaris and P. longifolia, along with other 
floral species planted for campus beautification. It is 
important to note that sparse construction sites (their 
locations marked by gray icons in Image 1) are still 
present in all other habitats; however, they are not as 
congested as the construction habitat. 

Data Collection
To collect species presence-absence datasets for the 

diversity analysis, methodologies described in Hill et al. 
(2005) are implemented, as discussed in this section. As 
this task involves mobile species, the line/strip transect 
survey method is preferred, in which the surveyor walks 
along the line and records the presence/absence of 
individual species. The line transect method has been 
widely implemented in many avian surveys (Surasinghe 
& Alwis 2010; Devi et al. 2012; Kottawa-Arachchi & 
Gamage 2015; Chakdar et al. 2016; Pragasan & Madesh 

2018; Singh et al. 2020; Trivedi & Vaghela 2020). Other 
attributes of this survey method, such as the number of 
individuals and their perpendicular distances from the 
line, are omitted here since the aim of the present survey 
does not include density and detectability parameters. 
Additionally, some of the merits of the line transect 
method are the ability to cover a large distance, address 
the common, and elusive species, low bias, versatility, 
and efficiency (Hill et al. 2005). Considering this, the 
line transect method is applied especially over the well-
defined fixed routes, trails, bridle paths, and roads in the 
IITG habitats and boundaries around the habitats, water 
bodies, and swampy-marshy areas. Other documented 
studies have also adopted a similar methodology (Gupta 
et al. 2009; Ali et al. 2013; Kabir et al. 2017).

 To standardize this technique, timed search type 
method is intertwined with the same, especially while 
surveying for the presence-absence of the species. 
Therefore, the line transect surveys were usually made 
in the early morning (06:00–09:00) and sometimes at 
night for nocturnal species such as owls (Ali et al. 2013). 
Such surveys were conducted weekly for three years 
(2017–2020) in all the seasons of a year (viz, winter, 
summer, and monsoon), and the data were tabulated 
habitat-wise (Appendix 1). Sometimes, the point counts 
method and opportunistic sightings of the birds were 
also used along with line transects for the habitats 
(Pragasan & Madesh 2018). It is important to clarify that 
birds in flight are included in the dataset only when the 
particular species is found using the particular habitat; 
for example, any raptor hovering or soaring in search of 
prey, the swifts or swallows hawking in proximity to the 
habitat or transects. 

Instruments such as cameras (Nikon Coolpix P510 
and Canon Powershot S×50 hs) and field binoculars 
(Solognac 500 dpi, 8 × 40) were used to record the 
observations. Audio records were also used to identify 
the bird species by listening to the call on the spot or 
recording it in an audio recorder (Zoom H4n) and later 
analyzing it. Every identified species was cross-checked 
with the help of bird guides and handbooks (Grimmett et 
al. 2016), besides referring to the eBird database (ebird 
2021). The abundance code is qualitative; for example, 
if an individual of a species is found slightly less than 10 
times out of 10 different visits for birding, it is assigned 
as C―common, and, similarly, species were assigned 
as U―uncommon and R―rare, if recorded roughly for 
five times & 1─2 times out of 10 visits, respectively. 
These abundance codes, along with residency status 
& migratory status for each species, are provided in 
Appendix 1. 
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Mathematical Formulation for Data Analysis

As mentioned in the data collection section, the 
data of avian species in the aforementioned habitats 
are collected in the form of a presence-absence matrix. 
In this method, the presence & absence of a given 
species for each habitat are recorded in binary values 
1 & 0 (Appendix 1), respectively. Usually, this approach 
is preferred when the difference/variations of species 
numbers/identities among assemblages, communities, 
habitats, and along spatial or temporal gradients are 
emphasized (Magurran 1988). Moreover, a focus on the 
identities of species (especially the role of rare species) 
rather than their abundance (individual numbers) is 
necessary for conservation and biodiversity studies 
(Anderson et al. 2011). Since the present investigation 
opted for a comparison of diversity between habitats 
of the IITG campus, the presence-absence dataset is 
sufficient. 

As per the literature, the β – diversity is one of 
the most prevalent techniques used to compare the 
diversities of different assemblages whenever the 
species presence-absence data is available (Koleff et al. 
2003; Anderson et al. 2011).  Historically, the concept of β 
– diversity and its mathematical formulation in the form 
of β – diversity indices were proposed by R.H. Whittaker 
in 1960, and thereafter, ecologists have derived many 
indices for different applications. Some of these indices 
can even facilitate the use of abundance and presence-
absence data. Basically, the β – diversity quantifies 
the dissimilarity or variation between habitats and 
assemblages in terms of varieties of species. Ecologists 
have classified the broad range of β – diversity indices 
into two major classical categories, viz., multiplicative 
& additive indices, as expressed in Equations 1 & 2, 
respectively.  

The latter is more popular since it has the same 
dimension and unit as its independent variables (γ, 
α); hence, they can be directly compared. Therefore, 
the additive approach of β – diversity is chosen for the 
present investigation. It is important to note that the 
present study uses the measure of multivariate additive 
β – diversity instead of classical additive β – diversity. This 
approach facilitates the comparison of β – diversity of a 
given assemblage/habitat with all of the other habitats 

available in the given area in the form of their pairs which 
is not possible in the classical approach (Anderson et al. 
2011). Moreover, the value of β – diversity depends on 
the value of γ; therefore, it should be normalized by the 
value of γ as per equation 3 (Ricotta & Pavoine 2015). 

One common usage of β – diversity is to study the 
change of species diversity along an environmental 
gradient (i.e., elevation, latitude, longitude, 
temperature, upstream to downstream of a river, and 
others) (Legendre & Legendre 2012). On the other hand, 
the same index can also be used to compare species 
diversity & highlight dissimilarity in species compositions 
of different assemblages or habitats (Magurran 1988). 
As the multivariate β – diversity analysis deals with the 
dissimilarity between two assemblages (mentioned in 
the last paragraph), it is necessary to define an index 
which can quantify the same. In the literature on 
numerical ecology, more than 24 types of different types 
of β – diversity indices are available for the purpose 
(Koleff et al. 2003). Among them, Jaccard’s dissimilarity 
index is mathematically less vigorous yet intuitive. 
To understand the index, the notions of shared and 
unshared species between two assemblages/habitats 
have to be clarified, as shown in Figure 1. The species 
shared between both the assemblages/habitats are 
marked as ‘a’. The species present in Habitat―1 but not 
in Habitat―2 are marked as ‘b’. Similarly, the species 
present in Habitat―2 but not in Habitat―1 are defined 
as ‘c’. The summation of these quantities gives γ – 
diversity. The species absent from both the habitats, but 
present in other habitats, are excluded while calculating 
multivariate indices, i.e., exclusion of joint absences is 
implemented in multivariate analysis (Anderson et al. 
2011). Using the definitions of a, b and c, the Jaccard’s 
similarity & dissimilarity (β – diversity) in the normalized 
form can be calculated using Equations 4 & 5.  βJ 
emphasizes species b & c, which are not shared by both 
habitats, clearly quantifying the dissimilarity between 
the two habitats. The summation of βJ & SJ results in 
unity.
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The dissimilarity (βJ) between two habitats can be 

divided into two parts, namely the species replacement 
(RS) & richness difference (DR), as depicted in Figure 1. 
When a particular number of species in focal Habitat – 1 
is replaced by different but the same number of species 
in Habitat – 2, then the phenomenon is known as species 
replacement (RS)  and the number of species participated 
is known as replaced species (Podani & Schmera 2011; 
Legendre 2014). It is important to clarify that the term 
‘replacement’ or ‘variation’ is used for heterogeneous 
habitats-based studies, while the alternative term 
‘turnover’ is more prevalent for gradient-based studies 
(Anderson et al. 2011). The number of dissimilar species 
not part of the replacement phenomenon is marked as 
the difference in richness (DR). Both these quantities 
are defined in Equations 6 & 9, respectively. The (1 
– component) of both the quantities are known as 
species nestedness (NS) and richness agreement (AR) as 
expressed by Equations 7 & 8, respectively. Whenever 
the species of Habitat – 1 is a subset of Habitat – 2, it 
can be stated that both habitats have pure nestedness 
between them. It is also observed that the higher the 
value of βJ, the higher the anti-nested characteristics 
for the artificial presence-absence dataset (Podani & 
Schmera 2011). The species nestedness (NS) & species 
agreement (AR) can clearly be visualized in Figure 2. 

The above indices can be calculated using PAST 
(Paleontological Statistics software package for 
education and data analysis) software (Hammer et al. 
2001). It is important to note that all the indices cannot 
be calculated directly by PAST software; however, 
William’s index (Koleff et al. 2003) & Jaccard’s similarity 
index can be estimated directly by the software. Using 
the estimated values of both indices, the remaining 
indices are calculated by equations 4 through 10. It is 
important to note that the normalization using the 
denominator (2a+b+c) can also be implemented in 
the form of Sorenson’s index (βS). Nevertheless, the 
Jaccard’s index (βJ) is chosen since it gives an amplified 

value because of the lower value of (a+b+c), i.e., βJ > βS. 
To visualize the numerical values of indices intuitively, 

the simplex approach of visualization is implemented 
since the summation of SJ, RS and DR result in a value 
equal to 1 as per equation 10  (Podani & Schmera 2011). 
A graphical depiction of the 2D (two-dimensional) 
simplex approach in the form of a Ternary plot is shown 
in Figure 3. The apices of the equilateral triangle in 
the ternary plot represent 100% values of RS, SJ & DR. 
Their values decrease along their respective simplices 
and result into 100% values of their (1 ‒ component), 
creating apices of the inner equilateral triangle. The 
apices of this inner triangle represent 100% values of NS, 
βJ, and AR. The dotted sides of the inner triangle denote 
50% values of RS, SJ, and DR. Any point inside a ternary 
plot possesses values of RS, SJ and DR corresponding to 
a pair of dissimilar habitats/assemblages. Thus, the 2D 
simplex approach in the form of a ternary graph is used 
to represent indices for present investigations. 

In multivariate analysis, the aforementioned indices 
are calculated for different pairs of habitats; therefore, 
if there are m number of habitats in a given area, the 
total number of such pairs would be mC2 as per equation 
11. Hence, the average value of these indices from these 
pair values can be calculated using Equation 12.  

RESULTS AND DISCUSSION

Species Richness 
In total, 152 species of birds belonging to 108 genera, 

50 families and 14 orders were recorded on the IITG 
campus (Appendix 1). Among them, 35 species are 
winter migrants (including altitudinal migrants), four 
summer migrants, and others are resident and local 
migrants (Choudhury 2000; Grimmett et al. 2016). 
The highest number of species is found in secondary 
growth (83 species), followed by eco-forest (68 species), 
swampy-marshy area (57 species), constructions (38 
species), and water bodies (33 species), as shown in 
Figure 3. In the case of species that are specific to a 
habitat type, the highest numbers are recorded in eco-
forest followed by swampy-marshy areas, secondary 
growth, water bodies and, constructions. The highest 
difference between the aforementioned numbers (total 



Avifaunal diversity in IIT Guwahati Campus	 Rathod & Bhaduri

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 December 2022 | 14(12): 22293–22308 22299

J TT

number of species found in a habitat and the number 
of species that can only be found in the same habitat) is 
found in secondary growth, which clearly indicates that 
most of the species are generalists. The lowest difference 
is found for water bodies indicating a major share of 
specialist species.  Approximately 36%, 35%, and 33% of 
the total species are specialists in species composition 
of water bodies, swampy-marshy areas, and eco-forest 

Figure 1. Derivation of different additive diversity indices.

Figure 2. 2D simplex approach by ternary plot.

habitats, respectively. On the other hand, the values are 
17% & 13% (approximately 1/3rd of previous values) for 
habitats like secondary growth & construction habitats, 
which clearly indicate that the percentage of specialist 
species decreases due to construction work & associated 
disturbances. These results are also supported by similar 
findings for the Assam University Campus (Chakdar et al. 
2016).

Approximately 49% of species belong to only one 
habitat type, i.e., nearly half of the total species are 
specialists (Table 2). Five species are found in all of the 
five habitats; Black Kite Milvus migrans, Asian Barred 
Owlet Glaucidium cuculoides, Spotted Owlet Athene 
brama, Black Drongo Dicrurus macrocercus, and Red-
vented Bulbul Pycnonotus cafer. Similarly, species namely 
the Spotted Dove Streptopelia chinensis, Cattle Egret 
Bubulcus ibis, Shikra Accipiter badius, Taiga Flycatcher 
Ficedula albicilla, and White Wagtail Motacilla alba are 
recorded in four habitats (different habitats for each 
species) out of the total five habitats. The qualitative 
abundance of each species is tabulated in Appendix 1.

Variation in Species Compositions Among Different 
Habitats of IITG Campus

Following the methodology discussed in the 
section on mathematical formulation for data analysis, 
multivariate values of Jaccard’s similarity index (SJ) & 
William’s index are estimated (Table 3). After that, other 
indices such as βJ, RS, DR, NS, and AR are calculated. As per 
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Table 4, all of the multivariate βJ values are more than 
50%, clearly showing high β – diversity of all the habitats 
in the IITG campus. The high β – diversity values can be 
explained by the habitat heterogeneity hypothesis, which 
states that an increase in the number of distinct habitats 
leads to an increase in β – diversity and hence the 
overall diversity in a landscape (MacArthur & MacArthur 
1961). Because of habitat heterogeneity, a successful 
adaptation of a particular species to one habitat leads 
to its inferior competitiveness for another habitat. As a 
tradeoff between both, distinct habitats in an area may 
be distinct in terms of species composition, resulting 
in higher β – diversity among them (Cramer & Willig 
2005; Soininen et al. 2007). Additionally, the number 
of partitionable niche dimensions is expanded due to 
habitat heterogeneity. The maximum value of βJ = 94.8% 
is obtained between eco-forest & water bodies habitats. 
Although both the habitats are contiguous, these habitat 
types have very contrasting characteristics, i.e., the 
former is a hilly wooded forest and the latter is aquatic. 
A similar trend is reported for contrasting habitats even 
in a gradient-based study (Goettsch & Hernández 2006). 
The lowest value of βJ = 57.1% is found between eco-
forest & swampy-marshy areas. Average β – diversities 
(βJ, avg) (e.g., for habitat – 1 of the present case, βJ for pairs 
12, 13, 14, and 15 are averaged) of each habitat is more 
than 70%. The overall β̅J calculated using Equation 12 is 
approximately 79%, showing very high β – diversity for 
the overall IITG campus area.  

The authors of the present paper implemented the 
current approach of β – diversity analysis in another 
documented research article (Surasinghe & Alwis 2010) 
to gain more insight into the species variation in different 
habitats of college campuses besides the present study. 
The study recorded 145 species distributed into seven 
different habitats of the ‘Sabargamuwa’ university 
campus (area ≈ 0.5 km2, established in 1990); however, 
β – diversity analysis and species variation along 
habitats were not analyzed. Authors of the present 
paper calculated β̅J ≈ 82% for ‘Sabargamuwa’ university 
campus, which is close to the β̅J ≈ 79% of the IITG campus 
area (area ≈ 2.8 km2, established in 1995). 

The results of the multivariate analysis are presented 
in a graphical ternary plot (Figures 5,6) using the values 
of RS, DR, and SJ listed in Tables 3 & 5. As discussed, the 
ternary plot provides a better understanding of the 
relative composition of richness difference (DR) & species 
replacement (RS) constituting βJ. Figure 4 shows that 
most of the multivariate data points are enclosed by β 
– triangle (depicted in Figure 2) and are leaning towards 
the left side of the equilateral triangle, indicating high βJ 

values. A similar type of trend is also observed in Figure 
5. Further, the majority of the points (circular & solid 
red markers) are congregated in the top 1/3rd portion of 
a quadrilateral (depicted in Figure 2) with a propensity 
towards replacement (RS apex) rather than the richness 
difference (DR apex). Therefore, species replacement is 
dominating factor behind the high β – diversity of IITG 
habitats. The reason might be that the specialist species 
of one habitat are replaced by those of another habitat 
without much relative difference between them in terms 
of species numbers. This can also be explained by the 
niche-based hypothesis, which states that the difference 
in habitat compositions drives species turnover between 
different locations along a gradient or species variation 
through replacement among different habitats in a given 
area (Anderson et al. 2011; Lorenzón et al. 2016). 

 	 On the other hand, the points are equally 
dispersed towards RS apex (circular markers) & DR 
apex (solid circular markers) for Figure 5. Hence, the 
species replacement and richness difference are equally 
responsible for the high β – diversity of ‘Sabargamuwa’ 
university campus. Graphically, the points of Figure 4 are 
distributed along R – simplex, while they are along S – 
simplex for Fig. 6 while maintaining inclination towards 
high βJ values. The habitat pair of secondary growth and 
constructions yields the highest value of nestedness 
(NS ≈ 88.5%) among IITG habitats, indicating a subset 
relationship between them. The dispersed and non-
contiguous nature of the constructions habitat inside the 

Table 2. Number of species found in the given number of habitats.

Number of total habitats Number of species

1 74

2 46

3 22

4 5

5 5

Table 3. Values for Jaccard’s similarity index-SJ (upper  triangle) and 
William’s index (lower triangle).

Habitats* 1 2 3 4 5

1 ‒– 0.052 0.096 0.428 0.235

2 0.291 ‒– 0.304 0.105 0.111

3 0.403 0.173 ‒– 0.241 0.160

4 0.219 0.211 0.267 ‒– 0.367

5 0.200 0.412 0.296 0.057 ‒–

*Habitats are tagged as: 1—Eco-forest | 2—Water bodies | 3—Swampy-
marshy area | 4—Secondary growth | 5—Constructions.
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secondary growth habitat might be the reason for such 
species composition. A corresponding multivariate point 
(red square marker) is also located towards the triangle’s 
lower side, clearly showing a prominent nestedness 
behavior. Likewise, the nestedness is observed between 
dry-mixed semi-evergreen forest and residential habitat 
in Figure 5 (red solid square marker at point 45). A similar 
trend of high β – diversity is observed for the Colorado 
fish dataset (Smith 1978), involving six different sites and 
26 fish species in the ternary plot (Podani & Schmera 
2011). The high β – diversity was constituted by DR as a 
major factor and RS as a minor factor. The reason behind 
this trend was believed to be many extinctions and a few 
successful colonization. 

Therefore, it can be concluded that the habitats in 
IITG habitats proclaim high β – diversity due to habitat 
heterogeneity. The main factor behind high β – diversity 
is species replacement rather than species richness 
differences. Most importantly, habitat heterogeneity 
is also a result of anthropogenic impacts. The β – 
diversity is observed to increase during the initial stage 

of the anthropogenic impacts due to the extinction 
of rarer specialist species and the establishment of 
invasive generalist species (considering the campus a 
biogeographic island) (Socolar et al. 2016). Gradually, the 
invasive generalist species become more dominant while 
eradicating native specialist species. Hence, the entire 
process gives a momentary increment in β-diversity 
followed by a simultaneous drop in β-diversity and 
overall species richness. Therefore, the high β-diversity 
of the IITG campus indirectly indicates the initial phase of 
anthropogenic impact. 

It is noteworthy to clarify that the present analysis 
only emphasizes presence-absence data, not the 
abundance data, providing equal weightage to both rare 
and abundant species. Nevertheless, the species list with 
qualitative abundance code is provided in Appendix 1 for 
further insights. 

Figure 3. Habitat-wise species richness.

Table 4. Values for Jaccard’s dissimilarity index (βJ) (upper triangle) and Nestedness index (NS) (lower triangle).

Habitats* 1 2 3 4 5 βJ, avg β̅J

1 ‒– 0.947 0.903 0.571 0.764 0.796

2 0.416 ‒– 0.695 0.894 0.888 0.856

3 0.192 0.652 ‒– 0.758 0.835 0.799 0.789

4 0.561 0.576 0.464 ‒– 0.632 0.714

5 0.600 0.174 0.407 0.885 ‒– 0.781

* Habitats are tagged as: 1—Eco-forest | 2—Water bodies | 3—Swampy-marshy area | 4—Secondary growth 
| 5—Constructions.
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THREATS AND CONSERVATION MEASURES

Not much past documented data are available in the 
literature about the avian diversity of the IITG campus; 
nevertheless, a checklist from a web source is available 
from July 2000─February 2002 (Praveen 2002). The 
documentation was done during that time of the year 

when most of the area within the campus was a part of 
the wetland on which the autonomous institute was built. 
As eBird was launched only in 2014 in India, the earlier 
historical records of species within campus could not be 
found in the portal. Hence, the authors had to rely on the 
website on which the aforementioned documentation 
had been uploaded. The checklist listed 120 species, most 
of which had been observed during the period of the 
present study (2017─2020). The exceptions are Eurasian 
Wryneck Jynx torquilla, Little-ringed Plover Charadrius 
dubius, Osprey Pandion haliaetus, Eurasian Marsh 
Harrier Circus aeruginosus, and Common Kestrel Falco 
tinnunculus that were not observed during the period. 
These species are common in nearby wetlands and water 
bodies. The reason behind their disappearance from the 
campus could be the deterioration of water bodies and 
marshy areas besides the peripheral vegetation that 
came up due to construction activities.

During the 2017─2020 timeframe, one critically 
endangered, one endangered, two vulnerable and three 
near threatened species were recorded as per IUCN Red 
List norms as enlisted in Table 6. Both the migratory 
aquatic species, viz., Common Pochard Aythya ferina 
and Ferruginous Duck Aythya nyroca can be observed in 
the water bodies of the campus during winter in small 

Figure 4. Ternary plot for IITG habitats.

Figure 5. Ternary plot for reported data of Surasinghe & Alwis (2010).

Table 5. Values for Species replacement index (RS) (upper triangle) 
and Richness difference index (DR) (lower triangle).

Habitats* 1 2 3 4 5

1 ‒– 0.583 0.807 0.438 0.400

2 0.364 ‒– 0.347 0.423 0.825

3 0.096 0.347 ‒– 0.535 0.592

4 0.133 0.471 0.223 ‒– 0.114

5 0.364 0.063 0.246 0.517 ‒–

* Habitats are tagged as: 1—Eco-forest | 2—Water bodies | 3—Swampy-
marshy area | 4—Secondary growth | 5—Constructions.

Table 6. List of recorded species under the IUCN Red List.

IUCN Red List status Species name Taxonomic name

Critically Endangered Slender-Billed Vulture Gyps tenuirostris

Endangered Greater Adjutant Leptoptilos dubius

Vulnerable
Common Pochard Aythya ferina

Lesser Adjutant Leptoptilos javanicus

Near Threatened

Ferruginous Duck Aythya nyroca

Himalayan Griffon Gyps himalayensis

Red-Breasted Parakeet Psittacula alexandri

Oriental Darter Anhinga Melanogaster
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numbers (10─20); however, their presence have become 
less frequent with each winter as per the observations 
of the authors. Another important observation by the 
authors is that both the species, besides other duck & 
pochard species, are mostly found in Serpentine and 
‘Tihor’ lakes, and not in the IITG lake. The reason can be 
the small island type patches and bushes on the fringes 
of the lakes, except that of the IITG lake, which provides 
safe roosting places for the aforementioned species (as 
the majority of them are nocturnal feeders) (Ali & Ripley 
1978) away from the reach of feral cats, dogs, and Indian 
Jackal Canis aureus indicus. Over time, vegetation on the 
fringes of the IITG lake has been removed due to constant 
construction work, fencing, and campus beautification 
by planting Bottle palm tree species. This would be 
one of the probable reasons behind their less frequent 
presence. Preservation of the small island patches and 
vegetation on peripheral fringes can be an important 
step to maintain the Water bodies undegraded for the 
critically endangered and near threatened aquatic 
species besides other species. 

The Red-breasted Parakeet usually prefers forest and 
wooded habitats. Therefore, it is recorded in eco-forest 
and wooded areas of secondary growth. It nests in the 
cavities of trees and is mainly frugivorous. Therefore, it is 
advisable to conserve already present teak wood patches 
and other trees along with fruit-bearing ones like Gular 
Tree Ficus racemosa. 

As mentioned in the ‘Results and Discussion’ section, 
the IITG campus has a high value of β – diversity, with 
species replacement as a dominating factor. It is reported 
in the literature that the replacement across multiple 
habitats in a given area (or turnover for gradient-based 
study) implies the focus to be on conservation efforts 
over multiple habitats rather than any single habitat 
(Socolar et al. 2016). Hence, the conservation effort 
for the avian community of the IITG campus should be 
directed towards each habitat uniformly. Moreover, the 
species richness of the campus is 152 species, which is 
way over the average species richness (by considering 
the dataset of 300 plus campuses), equal to 66, as per the 
review conducted by (Liu et al. 2021). For such avian (or 
overall) diversity-rich campuses, different key steps were 
suggested (Kobori & Primack 2003; Colding & Barthel 
2017; Liu et al. 2021). It is recommended that a―certain 
parts of the campus should be protected with minimal 
scraping and disturbance | b―diversity of university 
campuses should be monitored thoroughly to plan more 
diversity-friendly designs, | c―provide nature-based 
education and awareness to campus residents, especially 
the students as they are the next generation of potential 

birders/naturalists | d―restoration of biodiversity in the 
surrounding area with biodiversity protected in campus | 
e―implement primary biodiversity educational courses. 
In this direction, different activities are being carried 
out in the IITG campus, as narrated in the following 
paragraph. 

Awareness of the avifauna within the IITG campus 
was restricted only to the birders with experience. 
Therefore, the authors, with support from the IITG 
population (refer to acknowledgement), tried to spread 
the message of the presence of birds within the campus 
by organizing ‘Bird Walk’ events frequently. During these 
events, participants were provided with the necessary 
support to identify and understand the importance of 
birds. These events have been organized as a part of 
the ‘Campus Bird Count (CBC)’ and ‘Bihu Bird Count’ 
projects every year since 2017 & 2020, respectively. The 
CBC, conducted under the banner of ‘Great Backyard 
Bird Count’ by Bird Count India (https://birdcount.in/
about/), has further accelerated the process of counting 
the species and the number of birds in a given time 
frame within various campuses across the country. Other 
Campuses within Assam have also participated in CBC 
since its inception in 2014, with IITG recording one of the 
highest numbers of species yearly. ‘Bihu Bird Count’ is 
a regional citizen science project hosted by Assam Bird 
Monitoring network and Bird Count India, integrating 
with the celebration of ‘Bihu’ festivals (celebrated three 
times a year) with documentation of avifauna since its 
initiation in the year 2020. Especially for water bodies 
and swampy-marshy habitats, the ‘Asian Waterbird 
Census’ (by Bird Count India and International Waterbird 
census – IWC) has also been organized in the IITG campus 
to record migratory waterbirds. Plantation drives are also 
being organized from time to time in the eco-forest, 
secondary growth and periphery of the water bodies, 
which will be beneficial, especially for IITG lake, to address 
the concerns mentioned earlier. Further, a pictorial guide 
on birds in the form of a coffee table book (Bhaduri et al. 
2020) is also launched by the IITG to inform visitors and 
students about avian diversity. 
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1 Common Pochard Aythya ferina 0 1 0 0 0 U WM VU

2 Cotton Pygmy-Goose Nettapus coromandelianus 0 1 0 0 0 R R LC

3 Eurasian Wigeon Anas penelope 0 1 0 0 0 R WM LC

4 Ferruginous Duck Aythya nyroca 0 1 0 0 0 U WM NT

5 Fulvous Whistling-Duck Dendrocygna bicolor 0 1 1 0 0 U WM LC

6 Gadwall Mareca strepera 0 1 0 0 0 U WM LC

7 Green-Winged Teal Anas crecca 0 1 0 0 0 U WM LC

8 Lesser Whistling-Duck Dendrocygna javanica 0 1 1 0 0 C R LC

9 Tufted Duck Aythya fuligula 0 1 0 0 0 U WM LC

10 Yellow-Footed Green-Pigeon Treron phoenicopterus 1 0 0 1 0 C R LC

11 Spotted Dove Streptopelia chinensis 1 0 1 1 1 C R LC

12 Red Collared-Dove Streptopelia tranquebarica 0 0 0 1 0 U R LC

13 Eurasian Collared-Dove Streptopelia decaocto 1 0 0 1 0 C R LC

14 Rock Pigeon Columba livia 0 0 0 1 0 C R LC

15 Asian Koel Eudynamys scolopaceus 1 0 0 1 1 C R LC

16 Common Hawk-Cuckoo Hierococcyx varius 1 0 0 1 0 C R LC

17 Banded Bay-Cuckoo Cacomantis sonneratii 1 0 0 0 0 R R LC

18 Greater Coucal Centropus sinensis 1 0 1 1 0 C R LC

19 Lesser Coucal Centropus bengalensis 0 0 1 1 0 C R LC

20 Green-Billed Malkoha Phaenicophaeus tristis 1 0 0 0 0 U R LC

21 Plaintive Cuckoo Cacomantis merulinus 1 0 0 0 0 R R LC

22 Pied Cuckoo Clamator jacobinus 1 0 0 0 0 U SM LC

23 Indian Cuckoo Cuculus micropterus 1 0 0 1 0 C SM LC

24 Asian Palm-Swift Cypsiurus balasiensis 1 0 0 1 0 C R LC

25 House Swift Apus nipalensis 0 0 0 0 1 C R LC

26 Brown-Cheeked Rail Rallus indicus 0 0 1 0 0 R WM LC

27 Slaty-Breasted Rail Lewinia striata 0 0 1 0 0 R R LC

28 Eurasian Moorhen Gallinula chloropus 0 1 1 0 0 C R LC

29 White-Breasted Waterhen Amaurornis phoenicurus 0 1 1 1 0 C R LC

30 Eurasian Coot Fulica atra 0 1 0 0 0 C R LC

31 Grey-Headed Swamphen Porphyrio poliocephalus 0 0 1 0 0 R R LC

32 Red-Wattled Lapwing Vanellus indicus 0 0 1 1 1 C R LC

33 Bronze-Winged Jacana Metopidius indicus 0 1 1 0 0 C R LC

34 Pheasant-Tailed Jacana Hydrophasianus chirurgus 0 1 0 0 0 R R LC

35 Asian Openbill Anastomus oscitans 0 1 1 0 0 C R LC

36 Greater Adjutant Leptoptilos dubius 0 0 1 0 0 U R EN

37 Lesser Adjutant Leptoptilos javanicus 0 0 1 0 0 U R VU

38 Oriental Darter Anhinga melanogaster 0 0 1 0 0 R R NT

Appendix 1. Checklist of avian species recorded in IITG during 2017–2020.

https://ebird.org/species/placuc1/L3311347
https://ebird.org/species/piecuc1/L3311347
https://ebird.org/species/bncrai1/L3311347
https://ebird.org/species/slbrai1/L3311347
https://ebird.org/species/eurcoo/L3311347
https://ebird.org/species/purswa3/L3311347
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39 Little Cormorant Microcarbo niger 0 1 1 0 0 C R LC

40 Great Cormorant Phalacrocorax carbo 0 1 0 0 0 R R LC

41 Cinnamon Bittern Ixobrychus cinnamomeus 0 0 1 1 0 C R LC

42 Indian Pond-Heron Ardeola grayii 0 1 1 0 0 C R LC

43 Black-Crowned Night-Heron Nycticorax nycticorax 0 0 1 0 0 U R LC

44 Purple Heron Ardea purpurea 0 1 1 0 0 U R LC

45 Striated Heron Butorides striata 0 0 1 0 0 U R LC

46 Cattle Egret Bubulcus ibis 0 1 1 1 1 C R LC

47 Little Egret Egretta garzetta 0 1 1 1 0 C R LC

48 Intermediate Egret Ardea intermedia 0 0 1 0 0 U R LC

49 Yellow Bittern Ixobrychus sinensis 0 0 1 0 0 R R LC

50 Booted Eagle Hieraaetus pennatus 1 0 0 0 0 U WM LC

51 Crested Serpent-Eagle Spilornis cheela 1 0 0 0 0 R R LC

52 Short-Toed Snake-Eagle Circaetus gallicus 0 0 0 1 0 R R LC

53 Oriental Honey-Buzzard Pernis ptilorhynchus 1 0 0 0 0 R R LC

54 Black Kite Milvus migrans 1 1 1 1 1 C R LC

55 Black-Winged Kite Elanus caeruleus 0 0 0 1 0 R R LC

56 Shikra Accipiter badius 1 0 1 1 1 C R LC

57 Himalayan Griffon Gyps himalayensis 1 0 0 0 0 R WM NT

58 Slender-Billed Vulture Gyps tenuirostris 0 0 0 1 0 R R CR

59 Asian Barred Owlet Glaucidium cuculoides 1 1 1 1 1 C R LC

60 Spotted Owlet Athene brama 1 1 1 1 1 C R LC

61 Barn Owl Tyto alba 0 0 0 1 1 U R LC

62 Brown Hawk-Owl Ninox scutulata 0 0 1 1 1 C R LC

63 Oriental Scops Owl Otus sunia 1 0 0 0 0 R R LC

64 Eurasian Hoopoe Upupa epops 0 0 0 1 0 C R LC

65 Oriental Pied Hornbill Anthracoceros albirostris 1 0 0 0 0 R R LC

66 Stork-Billed Kingfisher Pelargopsis capensis 0 0 1 0 0 U R LC

67 White-Throated Kingfisher Halcyon smyrnensis 0 1 1 1 0 C R LC

68 Common Kingfisher Alcedo atthis 0 1 1 0 0 R R LC

69 Pied Kingfisher Ceryle rudis 0 1 0 0 0 R R LC

70 Green Bee-Eater Merops orientalis 1 0 0 1 0 C R LC

71 Chestnut-Headed Bee-Eater Merops leschenaulti 1 0 0 0 0 U SM LC

72 Blue-Tailed Bee-Eater Merops philippinus 0 0 0 1 0 U SM LC

73 Indo-Chinese Roller Coracias affinis 0 0 0 1 1 C R LC

74 Coppersmith Barbet Psilopogon haemacephalus 1 0 0 1 0 U R LC

75 Blue-Throated Barbet Psilopogon asiaticus 1 0 0 1 0 C R LC

76 Lineated Barbet Psilopogon lineatus 1 0 0 1 0 C R LC

77 Fulvous-Breasted Woodpecker Dendrocopos macei 1 0 0 1 0 C R LC

http://orientalbirdimages.org/search.php?Bird_ID=1101&Location=
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78 Black-Rumped Flameback Dinopium benghalense 1 0 0 1 0 C R LC

79 Greater Flameback Chrysocolaptes guttacristatus 1 0 0 1 0 C R LC

80 Rufous Woodpecker Micropternus brachyurus 1 0 0 0 0 R R LC

81 Peregrine Falcon Falco peregrinus 0 0 0 1 0 R WM LC

82 Rose-Ringed Parakeet Psittacula krameri 0 0 0 1 0 U R LC

83 Red-Breasted Parakeet Psittacula alexandri 1 0 0 1 0 U R NT

84 Large Cuckooshrike Coracina macei 1 0 0 1 1 C R LC

85 Black-Hooded Oriole Oriolus xanthornus 1 0 0 1 1 C R LC

86 Ashy Woodswallow Artamus fuscus 0 0 0 1 0 C R LC

87 Common Iora Aegithina tiphia 1 0 1 1 0 C R LC

88 White-Throated Fantail Rhipidura albicollis 0 0 0 1 0 U R LC

89 Black Drongo Dicrurus macrocercus 1 1 1 1 1 C R LC

90 Ashy Drongo Dicrurus leucophaeus 1 0 0 0 0 U WM LC

91 Hair-Crested Drongo Dicrurus hottentottus 1 0 0 1 0 C R LC

92 Greater Racket-Tailed Drongo Dicrurus paradiseus 1 0 0 0 0 R R LC

93 Black-Naped Monarch Hypothymis azurea 1 0 0 0 0 U R LC

94 Long-Tailed Shrike Lanius schach 0 0 0 1 1 C WM LC

95 Brown Shrike Lanius cristatus 1 0 0 1 1 C WM LC

96 Grey-Backed Shrike Lanius tephronotus 1 0 0 1 1 C WM LC

97 House Crow Corvus splendens 0 0 0 1 1 C R LC

98 Large-Billed Crow Corvus macrorhynchos 0 0 0 1 1 U R LC

99 Rufous Treepie Dendrocitta vagabunda 1 0 0 1 0 C R LC

100 Grey-Headed Canary-Flycatcher Culicicapa ceylonensis 1 0 0 0 0 U WM LC

101 Cinereous Tit Parus cinereus 1 0 0 1 1 C R LC

102 Gray breasted Prinia Prinia hodgsonii 1 0 1 1 0 C R LC

103 Plain Prinia Prinia inornata 0 0 1 1 0 U R LC

104 Common Tailorbird Orthotomus sutorius 1 0 0 1 1 C R LC

105 Thick-Billed Warbler Arundinax aedon 0 0 1 1 0 U WM LC

106 Clamorous Reed Warbler Acrocephalus stentoreus 0 0 1 1 0 U WM LC

107 Zitting Cisticola Cisticola juncidis 0 0 0 1 0 U R LC

108 Paddyfield Warbler Acrocephalus agricola 0 0 1 0 0 U WM LC

109 Blyth’s Reed Warbler Acrocephalus dumetorum 0 0 1 0 0 U WM LC

110 Rusty Rumped Warbler Locustella certhiola 0 0 1 0 0 R WM LC

111 Striated Grassbird Megalurus palustris 0 0 0 1 0 U R LC

112 Barn Swallow Hirundo rustica 0 0 1 0 0 C R LC

113 Red-Rumped Swallow Cecropis daurica 0 0 1 0 0 U WM LC

114 Striated Swallow Cecropis striolata 0 0 1 0 0 U R LC

115 Bengal bush lark Mirafra assamica 0 0 1 0 0 R R LC

116 Red-Vented Bulbul Pycnonotus cafer 1 1 1 1 1 C R LC
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117 Black-Crested Bulbul Rubigula flaviventris 1 0 0 0 0 R R LC

118 Red-Whiskered Bulbul Pycnonotus jocosus 1 0 0 1 0 C R LC

119 Tickell's Leaf Warbler Phylloscopus affinis 1 0 0 0 0 U WM LC

120 Dusky Warbler Phylloscopus fuscatus 0 1 1 1 0 C WM LC

121 Greenish Warbler Phylloscopus trochiloides 1 0 0 0 0 C WM LC

122 Blyth’s Leaf Warbler Phylloscopus reguloides 1 0 0 0 0 R WM LC

123 Oriental White-Eye Zosterops palpebrosus 1 0 0 1 0 C R LC

124 Pin-Striped Tit-Babbler Mixornis gularis 1 0 0 0 0 R R LC

125 Puff Throated Babbler Pellorneum ruficeps 1 0 0 0 0 R R LC

126 Jungle Babbler Turdoides striata 1 0 0 1 1 C R LC

127 Asian Pied Starling Gracupica contra 0 0 0 1 1 C R LC

128 Chestnut-Tailed Starling Sturnia malabarica 1 0 0 1 0 C R LC

129 Common Myna Acridotheres tristis 0 0 0 1 1 C R LC

130 Jungle Myna Acridotheres fuscus 1 0 0 1 0 U R LC

131 Great Myna Acridotheres grandis 0 0 1 0 0 U R LC

132 Common Hill Myna Gracula religiosa 0 0 0 1 0 R R LC

133 Taiga Flycatcher Ficedula albicilla 1 0 1 1 1 C WM LC

134 Oriental Magpie-Robin Copsychus saularis 1 0 0 1 1 C R LC

135 White-Rumped Shama Copsychus malabaricus 1 0 0 0 0 U R LC

136 Blue Whistling-Thrush Myophonus caeruleus 0 0 0 0 1 U R LC

137 Blue Rock-Thrush Myophonus caeruleus 0 0 0 0 1 R WM LC

138 Siberian Rubythroat Calliope calliope 0 0 1 0 0 R WM LC

139 Black Redstart Phoenicurus ochruros 1 0 0 1 0 U WM LC

140 Siberian Stonechat Saxicola maurus 0 0 1 1 0 C WM LC

141 Crimson Sunbird Aethopyga siparaja 1 0 0 1 1 C R LC

142 Purple Sunbird Cinnyris asiaticus 1 0 0 1 1 C R LC

143 Baya Weaver Ploceus philippinus 0 0 1 1 0 C R LC

144 Chestnut Munia Lonchura atricapilla 1 0 0 1 0 U R LC

145 Scaly-Breasted Munia Lonchura punctulata 1 0 0 1 1 C R LC

146 House Sparrow Passer domesticus 0 0 0 0 1 C R LC

147 Eurasian Tree Sparrow Passer montanus 0 0 0 0 1 C R LC

148 White-Browed Wagtail Motacilla maderaspatensis 0 1 1 0 0 U WM LC

149 White Wagtail Motacilla alba 0 1 1 1 1 C WM LC

150 Paddyfield Pipit Anthus rufulus 0 0 1 1 1 C R LC

151 Citrine Wagtail Motacilla citreola 0 1 0 0 0 U WM LC

152 Olive-Backed Pipit Anthus hodgsoni 1 0 0 1 0 U WM LC

Abundance code: C―common | U―uncommon | R―rare
Residency status: R―resident | SM―summer migrant | WM―winter migrant
IUCN Red List status: LC―Least Concern | NT―Near Threatened | VU―Vulnerable | EN―Endangered | CR―Critically Endangered

Threatened Taxa



Dr. George Mathew, Kerala Forest Research Institute, Peechi, India 
Dr. John Noyes, Natural History Museum, London, UK
Dr. Albert G. Orr, Griffith University, Nathan, Australia 
Dr. Sameer Padhye, Katholieke Universiteit Leuven, Belgium
Dr. Nancy van der Poorten, Toronto, Canada 
Dr. Kareen Schnabel, NIWA, Wellington, New Zealand 
Dr. R.M. Sharma, (Retd.) Scientist, Zoological Survey of India, Pune, India 
Dr. Manju Siliwal, WILD, Coimbatore, Tamil Nadu, India 
Dr. G.P. Sinha, Botanical Survey of India, Allahabad, India 
Dr. K.A. Subramanian, Zoological Survey of India, New Alipore, Kolkata, India 
Dr. P.M. Sureshan, Zoological Survey of India, Kozhikode, Kerala, India 
Dr. R. Varatharajan, Manipur University, Imphal, Manipur, India 
Dr. Eduard Vives, Museu de Ciències Naturals de Barcelona, Terrassa, Spain 
Dr. James Young, Hong Kong Lepidopterists’ Society, Hong Kong
Dr. R. Sundararaj, Institute of Wood Science & Technology, Bengaluru, India 
Dr. M. Nithyanandan, Environmental Department, La Ala Al Kuwait Real Estate. Co. K.S.C., 
Kuwait
Dr. Himender Bharti, Punjabi University, Punjab, India
Mr. Purnendu Roy, London, UK 
Dr. Saito Motoki, The Butterfly Society of Japan, Tokyo, Japan
Dr. Sanjay Sondhi, TITLI TRUST, Kalpavriksh, Dehradun, India  
Dr. Nguyen Thi Phuong Lien, Vietnam Academy of Science and Technology, Hanoi, Vietnam 
Dr. Nitin Kulkarni, Tropical Research Institute, Jabalpur, India 
Dr. Robin Wen Jiang Ngiam, National Parks Board, Singapore
Dr. Lional Monod, Natural History Museum of Geneva, Genève, Switzerland.
Dr. Asheesh Shivam, Nehru Gram Bharti University, Allahabad, India
Dr. Rosana Moreira da Rocha, Universidade Federal do Paraná, Curitiba, Brasil
Dr. Kurt R. Arnold, North Dakota State University, Saxony, Germany
Dr. James M. Carpenter, American Museum of Natural History, New York, USA 
Dr. David M. Claborn, Missouri State University, Springfield, USA
Dr. Kareen Schnabel, Marine Biologist, Wellington, New Zealand
Dr. Amazonas Chagas Júnior, Universidade Federal de Mato Grosso, Cuiabá, Brasil
Mr. Monsoon Jyoti Gogoi, Assam University, Silchar, Assam, India 
Dr. Heo Chong Chin, Universiti Teknologi MARA (UiTM), Selangor, Malaysia
Dr. R.J. Shiel, University of Adelaide, SA 5005, Australia
Dr. Siddharth Kulkarni, The George Washington University, Washington, USA
Dr. Priyadarsanan Dharma Rajan, ATREE, Bengaluru, India
Dr. Phil Alderslade, CSIRO Marine And Atmospheric Research, Hobart, Australia
Dr. John E.N. Veron, Coral Reef Research, Townsville, Australia
Dr. Daniel Whitmore, State Museum of Natural History Stuttgart, Rosenstein, Germany.
Dr. Yu-Feng Hsu, National Taiwan Normal University, Taipei City, Taiwan
Dr. Keith V. Wolfe, Antioch, California, USA
Dr. Siddharth Kulkarni, The Hormiga Lab, The George Washington University, Washington, 
D.C., USA
Dr. Tomas Ditrich, Faculty of Education, University of South Bohemia in Ceske 
Budejovice, Czech Republic
Dr. Mihaly Foldvari, Natural History Museum, University of Oslo, Norway
Dr. V.P. Uniyal, Wildlife Institute of India, Dehradun, Uttarakhand 248001, India
Dr. John T.D. Caleb, Zoological Survey of India, Kolkata, West Bengal, India
Dr. Priyadarsanan Dharma Rajan, Ashoka Trust for Research in Ecology and the Environment 
(ATREE), Royal Enclave, Bangalore, Karnataka, India

Fishes 

Dr. Neelesh Dahanukar, IISER, Pune, Maharashtra, India 
Dr. Topiltzin Contreras MacBeath, Universidad Autónoma del estado de Morelos, México 
Dr. Heok Hee Ng, National University of Singapore, Science Drive, Singapore 
Dr. Rajeev Raghavan, St. Albert’s College, Kochi, Kerala, India 
Dr. Robert D. Sluka, Chiltern Gateway Project, A Rocha UK, Southall, Middlesex, UK 
Dr. E. Vivekanandan, Central Marine Fisheries Research Institute, Chennai, India 
Dr. Davor Zanella, University of Zagreb, Zagreb, Croatia
Dr. A. Biju Kumar, University of Kerala, Thiruvananthapuram, Kerala, India
Dr. Akhilesh K.V., ICAR-Central Marine Fisheries Research Institute, Mumbai Research 
Centre, Mumbai, Maharashtra, India
Dr. J.A. Johnson, Wildlife Institute of India, Dehradun, Uttarakhand, India
Dr. R. Ravinesh, Gujarat Institute of Desert Ecology, Gujarat, India

Amphibians 

Dr. Sushil K. Dutta, Indian Institute of Science, Bengaluru, Karnataka, India 
Dr. Annemarie Ohler, Muséum national d’Histoire naturelle, Paris, France

Reptiles 

Dr. Gernot Vogel, Heidelberg, Germany 
Dr. Raju Vyas, Vadodara, Gujarat, India
Dr. Pritpal S. Soorae, Environment Agency, Abu Dubai, UAE.
Prof. Dr. Wayne J. Fuller, Near East University, Mersin, Turkey
Prof. Chandrashekher U. Rivonker, Goa University, Taleigao Plateau, Goa. India
Dr. S.R. Ganesh, Chennai Snake Park, Chennai, Tamil Nadu, India
Dr. Himansu Sekhar Das, Terrestrial & Marine Biodiversity, Abu Dhabi, UAE 
 

Birds 

Dr. Hem Sagar Baral, Charles Sturt University, NSW Australia 
Mr. H. Byju, Coimbatore, Tamil Nadu, India
Dr. Chris Bowden, Royal Society for the Protection of Birds, Sandy, UK 
Dr. Priya Davidar, Pondicherry University, Kalapet, Puducherry, India 
Dr. J.W. Duckworth, IUCN SSC, Bath, UK 
Dr. Rajah Jayapal, SACON, Coimbatore, Tamil Nadu, India 
Dr. Rajiv S. Kalsi, M.L.N. College, Yamuna Nagar, Haryana, India 
Dr. V. Santharam, Rishi Valley Education Centre, Chittoor Dt., Andhra Pradesh, India 
Dr. S. Balachandran, Bombay Natural History Society, Mumbai, India
Mr. J. Praveen, Bengaluru, India
Dr. C. Srinivasulu, Osmania University, Hyderabad, India 
Dr. K.S. Gopi Sundar, International Crane Foundation, Baraboo, USA 
Dr. Gombobaatar Sundev, Professor of Ornithology, Ulaanbaatar, Mongolia 
Prof. Reuven Yosef, International Birding & Research Centre, Eilat, Israel
Dr. Taej Mundkur, Wetlands International, Wageningen, The Netherlands
Dr. Carol Inskipp, Bishop Auckland Co., Durham, UK
Dr. Tim Inskipp, Bishop Auckland Co., Durham, UK
Dr. V. Gokula, National College, Tiruchirappalli, Tamil Nadu, India
Dr. Arkady Lelej, Russian Academy of Sciences, Vladivostok, Russia
Dr. Simon Dowell, Science Director, Chester Zoo, UK
Dr. Mário Gabriel Santiago dos Santos, Universidade de Trás-os-Montes e Alto Douro, 
Quinta de Prados, Vila Real, Portugal
Dr. Grant Connette, Smithsonian Institution, Royal, VA, USA
Dr. M. Zafar-ul Islam, Prince Saud Al Faisal Wildlife Research Center, Taif, Saudi Arabia

Mammals 

Dr. Giovanni Amori, CNR - Institute of Ecosystem Studies, Rome, Italy 
Dr. Anwaruddin Chowdhury, Guwahati, India 
Dr. David Mallon, Zoological Society of London, UK 
Dr. Shomita Mukherjee, SACON, Coimbatore, Tamil Nadu, India 
Dr. Angie Appel, Wild Cat Network, Germany
Dr. P.O. Nameer, Kerala Agricultural University, Thrissur, Kerala, India 
Dr. Ian Redmond, UNEP Convention on Migratory Species, Lansdown, UK 
Dr. Heidi S. Riddle, Riddle’s Elephant and Wildlife Sanctuary, Arkansas, USA 
Dr. Karin Schwartz, George Mason University, Fairfax, Virginia. 
Dr. Lala A.K. Singh, Bhubaneswar, Orissa, India 
Dr. Mewa Singh, Mysore University, Mysore, India 
Dr. Paul Racey, University of Exeter, Devon, UK
Dr. Honnavalli N. Kumara, SACON, Anaikatty P.O., Coimbatore, Tamil Nadu, India
Dr. Nishith Dharaiya, HNG University, Patan, Gujarat, India 
Dr. Spartaco Gippoliti, Socio Onorario Società Italiana per la Storia della Fauna “Giuseppe 
Altobello”, Rome, Italy
Dr. Justus Joshua, Green Future Foundation, Tiruchirapalli, Tamil Nadu, India
Dr. H. Raghuram, The American College, Madurai, Tamil Nadu, India
Dr. Paul Bates, Harison Institute, Kent, UK
Dr. Jim Sanderson, Small Wild Cat Conservation Foundation, Hartford, USA
Dr. Dan Challender, University of Kent, Canterbury, UK
Dr. David Mallon, Manchester Metropolitan University, Derbyshire, UK
Dr. Brian L. Cypher, California State University-Stanislaus, Bakersfield, CA
Dr. S.S. Talmale, Zoological Survey of India, Pune, Maharashtra, India
Prof. Karan Bahadur Shah, Budhanilakantha Municipality, Kathmandu, Nepal
Dr. Susan Cheyne, Borneo Nature Foundation International, Palangkaraja, Indonesia
Dr. Hemanta Kafley, Wildlife Sciences, Tarleton State University, Texas, USA

Other Disciplines 

Dr. Aniruddha Belsare, Columbia MO 65203, USA (Veterinary)
Dr. Mandar S. Paingankar, University of Pune, Pune, Maharashtra, India (Molecular) 
Dr. Jack Tordoff, Critical Ecosystem Partnership Fund, Arlington, USA (Communities)
Dr. Ulrike Streicher, University of Oregon, Eugene, USA (Veterinary)
Dr. Hari Balasubramanian, EcoAdvisors, Nova Scotia, Canada (Communities) 
Dr. Rayanna Hellem Santos Bezerra, Universidade Federal de Sergipe, São Cristóvão, Brazil
Dr. Jamie R. Wood, Landcare Research, Canterbury, New Zealand
Dr. Wendy Collinson-Jonker, Endangered Wildlife Trust, Gauteng, South Africa 
Dr. Rajeshkumar G. Jani, Anand Agricultural University, Anand, Gujarat, India
Dr. O.N. Tiwari, Senior Scientist,  ICAR-Indian Agricultural Research Institute (IARI), New 
Delhi, India
Dr. L.D. Singla, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, India
Dr. Rupika S. Rajakaruna, University of Peradeniya, Peradeniya, Sri Lanka
Dr. Bahar Baviskar, Wild-CER, Nagpur, Maharashtra 440013, India

 
Reviewers 2019–2021
Due to pausity of space, the list of reviewers for 2018–2020 is available online.

Journal of Threatened Taxa is indexed/abstracted in Bibliography of Sys-
tematic Mycology, Biological Abstracts, BIOSIS Previews, CAB Abstracts, 
EBSCO, Google Scholar, Index Copernicus, Index Fungorum, JournalSeek, 
National Academy of Agricultural Sciences, NewJour, OCLC WorldCat, 
SCOPUS, Stanford University Libraries, Virtual Library of Biology, Zoologi-
cal Records.

NAAS rating (India) 5.64

Print copies of the Journal are available at cost. Write to:
The Managing Editor, JoTT, 
c/o Wildlife Information Liaison Development Society, 
43/2 Varadarajulu Nagar, 5th Street West, Ganapathy, Coimbatore, 
Tamil Nadu 641035, India
ravi@threatenedtaxa.org

The opinions expressed by the authors do not reflect the views of the 
Journal of Threatened Taxa, Wildlife Information Liaison Development Society, 
Zoo Outreach Organization, or any of the partners. The journal, the publisher, 
the host, and the partners are not responsible for the accuracy of the political 
boundaries shown in the maps by the authors. 



www.threatenedtaxa.org

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by 
publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.  
All articles published in JoTT are registered under Creative Commons Attribution 4.0 International License 
unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles in 
any medium by providing adequate credit to the author(s) and the source of publication.

OPEN ACCESS

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)

December 2022 | Vol. 14 | No. 12 | Pages: 22207-22354
Date of Publication: 26 December 2022 (Online & Print)

DOI: 10.11609/jott.2022.14.12.22207-22354

Threatened Taxa

Publisher & Host

Communications

A preliminary survey of moss flora of Chail Wildlife Sanctuary, 
Himachal Pradesh, India
– Meenal Sharma, Anju Rao & S.S. Kumar, Pp. 22207–22214

New distribution record and DNA barcoding of Sapria 
himalayana Griff. (Rafflesiaceae), a rare and endangered 
holoparasitic plant from Mizoram, India
– Laldinfeli Ralte, Hmingremhlua Sailo, Sagolshem Priyokumar 
Singh, Laldinliana Khiangte & Y. Tunginba Singh, Pp. 22215–
22220

Species distribution modeling of a cucurbit Herpetospermum 
darjeelingense in Darjeeling Himalaya, India
– Debasruti Boral & Saurav Moktan, Pp. 22221–22231

An updated catalogue of true flies (Insecta: Diptera) from 
northern Pakistan
– Noor Fatima & Ding Yang, Pp. 22232–22259

Desert Carabidae (Insecta: Coleoptera) of India
– S.V. Akhil, Sabu K. Thomas & Sanjeev Kumar, Pp. 22260–22269

Photographic evidence of fish assemblage in artificial reef site 
of Palk Bay - an implication for marine resource management
– Koushik Sadhukhan, T. Shanmugaraj, Ramesh Chatragadda & 
M.V. Ramana Murthy, Pp. 22270–22276

Systematics of the enigmatic and narrowly endemic toad 
genus Bufoides Pillai & Yazdani, 1973: rediscovery of Bufoides 
kempi (Boulenger, 1919) and expanded description of Bufoides 
meghalayanus (Yazdani & Chanda, 1971) (Amphibia: Anura: 
Bufonidae) with notes on natural history and distribution 
– R.S. Naveen, S.R. Chandramouli, Gautam Kadam, S. Babu, 
P.V. Karunakaran, H.N. Kumara & N. Parthasarathy, Pp. 22277–
22292

Avifaunal diversity in Indian Institute of Technology Guwahati 
Campus, Assam, India
– Umang H. Rathod & Rupam Bhaduri, Pp. 22293–22308

Reviews

Threatened flora of Uttarakhand: an update
– D.S. Rawat, Satish Chandra & Preeti Chaturvedi, Pp. 22309–
22328

A systematic review on the feeding ecology of Sloth Bear 
Melursus ursinus Shaw, 1791 in its distribution range in the 
Indian subcontinent
– Vasantkumar Rabari & Nishith Dharaiya, Pp. 22329–22336

Short Communications

Mercury in tuna from the western equatorial Atlantic Ocean 
and health risk assessment
– Ana Paula Madeira Di Beneditto, Inácio Abreu Pestana, Igor 
David da Costa, Marcelo Gomes de Almeida, Braulio Cherene Vaz 
de Oliveira & Carlos Eduardo de Rezende, Pp. 22337–22340

First photographic record of Spotted Deer Axis axis (Erxleben, 
1777) (Artiodactyla: Cervidae) in Great Indian Bustard 
Sanctuary, Maharashtra, India
– Shaheer Khan, S. Ramesh Kumar & Bilal Habib, Pp. 22341–
22345

Comparative study of morphology and keratin levels in hair 
from deer and goat 
– Sangeeta Patle, Divya Bagchi & K.P. Singh, Pp. 22346–22350 
 
 
Response & Reply

Is trade the reason for the unusual colour morph of Cobra from 
Goa? Response to Sawant et al.
– Raju Vyas & Harshil Patel, Pp. 22351–22353

Corrections to ‘An unusual morph of Naja naja (Linnaeus, 1758) 
from Goa, India (Serpentes: Squamata)’
– Nitin Sawant, Amrut Singh, Shubham Rane, Sagar Naik & 
Mayur Gawas, P. 22354

https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://zooreach.org/?page_id=2
http://zooreach.org



