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Abstract 

Background:  Wetlands provide diverse ecological services to sustain rich biodiversity, but they are recklessly 
exploited around the globe. East Kolkata Wetlands (EKW; Ramsar site No. 1208, ~ 125 km2) was once very rich in faunal 
diversity that declined over the years due to various anthropogenic pressures. In such scenarios, effective manage-
ment plans need to contemplate local and landscape level initiatives and prioritize areas for conservation. Studying 
the foraging guild structure and spatial patterns of relationship between bird and its environment provides impor-
tant insight of ecological processes of avifauna. Thus, we carried out extensive surveys in 142 point count stations to 
explore the diversity and foraging guild structure of birds in EKW. We addressed two important questions that how 
bird diversity varied from the outer periphery of the city towards the wetlands and how bird diversity is influenced 
by land cover features at local and landscape level in wetland complex. The goal of this study was to prepare a spatial 
map of avian diversity and to find the conservation priority areas for birds in this internationally recognized wetland 
complex.

Results:  We recorded 94 species of birds and the Shannon diversity index values ranged between 1.249 and 3.189. 
We found that the avian diversity increased with increasing distance from city periphery. Omnivores and insectivores 
were the dominant foraging guilds, followed by carnivores, granivores, frugivores and piscivores. Generalized Linear 
Models revealed that bird communities were positively influenced by areas of wetlands, dikes and banks, agricultural 
field and emergent vegetation, and negatively influenced by built-up area. In the projected spatial map of species 
diversity, 74.15 km2 area has high diversity. Finally, we identified 12.82 km2 of top 10% conservation priority areas.

Conclusions:  Low bird diversity near city periphery is related to habitat degradation due to anthropogenic pressure. 
Dominance of omnivores and insectivores indicates a possible impact of urbanization in EKW. We suggest that a mix 
of agricultural field, wetland areas and emergent vegetation helps to sustain a greater avian community. Besides, 
protection of conservation priority areas, restoration of the degraded habitats and reduction of threats (particularly in 
the north-eastern parts of EKW near the city periphery) will ensure the conservation of avifauna, and also the overall 
biodiversity of EKW.
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Background
Wetlands are fragile ecosystems (Fraser and Keddy 2005) 
that provide several vital ecological services and play 
very important role in sustaining biodiversity (Leibowitz 
2003; Millennium Ecosystem Assessment [MEA] 2005). 
However, wetlands are diminishing worldwide (Millen-
nium Ecosystem Assessment [MEA] 2005; Mazumdar 
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and Saha 2016). East Kolkata Wetlands (henceforth 
EKW) is a unique wetland ecosystem (Parihar et al. 2013) 
and is recognized as a ‘Wetland of International Impor-
tance’ (Ramsar Convention 2002). It is unique being the 
largest resource-recycling system of the world, where 
large volumes of wastewaters of Kolkata metropolis are 
treated (Mukherjee and Chakraborty 2016). The wet-
land was once very rich in floral and faunal diversity, 
which declined over the years due to rapid population 
growth, unplanned urbanization and encroachment of 
certain parts of wetlands due to flourishing real estate 
sector (Bhattacharyya et  al. 2008; Parihar et  al. 2013; 
Ghosh et al. 2018). Studies carried out in EKW had ear-
lier recorded 271 avian species, but, the shrinkage and 
transformation of EKW and degradation of the habitat 
quality due to various anthropogenic activities (Ghosh 
et  al. 2018) have led to the local disappearance of 109 
species, mostly the aquatic birds, from the wetland com-
plex (EKWMA 2010). This demands a conservation ori-
ented management plan for this unique ecosystem to 
ensure the continued existence of existing biodiversity 
(Parihar et  al. 2013). Such conservation planning needs 
comprehensive understanding of the relationships of the 
organisms with their respective environment (O’Neil and 
Carey 1986).

Birds are sensitive to environmental changes and are 
therefore, frequently used as indicators for various eco-
logical studies and often considered as good surrogate of 
biodiversity in a particular area (Alexandrino et al. 2016). 
Besides, local and landscape level characteristics of wet-
lands often influence avian ecological processes such as 
habitat dependencies, foraging, distribution (Bennett 
et  al. 2009; Douglas et  al. 2010; Lee and Carroll 2014). 
Wetland features like water area, dikes and banks and 
adjacent vegetation cover, as well as the crop fields often 
influence wetland-dependent bird communities (Sundar 
and Kittur 2013; Barik et al. 2021a, b, c). Bird conserva-
tion plans need to consider the influence of various envi-
ronmental features at local, as well as landscape level 
spatial extents on the avian communities (Lee and Carroll 
2014). Earlier studies on the birds of EKW mostly pro-
vided only the list of avian species encountered (Ghosh 
and Sen 1987; Ghosh 1990; Bhattacharyya et  al. 2008; 
EKWMA 2010; Saha et al. 2014). However, studies on the 
relationship between avian diversity and wetland habitat 
features at local and landscape level spatial scales are less 
and are particularly non-existing in EKW.

In the present study, first we analysed the species rich-
ness and abundance of birds belonging to different for-
aging guilds, which is unexplored in EKW. Studies on 
foraging guild structure provide a clear understanding 
of avian community structure and adaptation of birds 
towards changing physical environments (Snep et  al. 

2015; Sohail and Sharma 2020). Secondly, we hypoth-
esized that the bird diversity in EKW increased with 
increasing distance from Kolkata Municipal Corporation 
(henceforth, KMC) boundary towards the wetland. Next, 
we addressed an important question of how bird diversity 
is influenced by land cover features at local and landscape 
level spatial extents in wetland complex. Also, wetland 
authorities are interested to know the areas with rich 
avian diversity to prioritize areas for conservation initia-
tives. In any landscape, areas and land cover features that 
support high bird diversity need to be prioritized for con-
servation and management (Moilanen et al. 2011). Such 
conjointly designed conservation and management strat-
egy will ensure the long-term retention of bird diversity 
of EKW (Moilanen et al. 2011; Giosa et al. 2018). There-
fore, our aim was to find the high bird diversity areas, for 
this purpose we projected a spatial map of bird diversity. 
Finally, by using the spatial map of bird diversity and 
important land cover features, we identified the conser-
vation priority areas for birds in an internationally recog-
nized wetland complex for future conservation, which is 
undergoing land cover changes and habitat degradation 
over the years.

Materials and methods
Study area
The present study was carried out in EKW, which is situ-
ated on the eastern part of Kolkata, West Bengal India 
(Fig.  1a, b; latitude: 22°25´–22°40´N; longitude: 88°22´–
88°55´E, altitude: 1–5  m asl; area: ~ 125  km2). This is a 
wetland of international importance delivering environ-
mental benefits worth $38.54 million and was declared 
as Ramsar site in November 2002 (Bhattacharyya et  al. 
2008). The land use of EKW primarily includes sew-
age water channels, vast stretches of sewage-fed aqua-
culture ponds, shallow marshlands, dikes, agricultural 
fields, residential areas and dumping grounds. The depth 
of most of the wetlands ranges between 0.7 and 3  m. 
Floating macrophytes are often present near the banks 
of the aquaculture ponds, while the areas not used for 
pisciculture harbour emergent macrophytes along with 
other wetland-associated vegetation (Bhattacharyya et al. 
2008).

Bird surveys
Surveys conducted at a series of point locations (point 
counts) are a common tool for ecological monitor-
ing, particularly for birds (Bibby et  al. 2000). Initially 
116 1×1 km2 grid layer was overlaid on the surface fall-
ing inside the boundary of EKW (Fig. 1b), then 71 grids 
were selected (through random number generation and 
based on accessibility). Two points were randomly placed 
in each of these 71 selected grids keeping a minimum 
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gap of 250  m between two adjacent points (Fig.  1b). 
Then, surveys were carried out in each of the 142 bird 
count stations (71 grids × 2 stations per grid) four times 
between June 2019 and March 2020. Point counts were 
carried out during morning (between 06:00 and 10:00 
when the birds were most active) wherein the individ-
ual birds belonging to different species (through visual 
observation or listening to their calls) were recorded for 
10 min (Bibby et al. 2000).

Bird species and functional classification
Birds were identified and their dispersal status (resident 
or migratory) was noted from standard field guides (Ali 
et  al. 1987; Grimmett et  al. 2013). Thereafter, we calcu-
lated Shannon diversity indices of avifauna  (H = -∑pi ln 
pi, where pi = proportion of individuals that belong to 
species i, Shannon and Weaver 1949). ‘Water birds’ were 
categorized as per wetland bird list provided by Wetland 
International (http://​wpe.​wetla​nds.​org/​Iwhat​rwb) and 
the remaining birds are categorized as ‘terrestrial birds’. 
We grouped the avian species into six foraging guilds 
such as omnivorous, insectivorous, carnivorous, piscivo-
rous, granivorous and frugivorous following Sohail and 

Sharma (2020). The diets of the birds were also deter-
mined based on our field observation as well as referring 
to HBW Alive (2021) (Additional file 1).

Local and landscape‑scale variables selection
We considered land cover types within 50 m and 500 m 
circular buffers around the point count stations as local-
scale and landscape-scale variables, respectively (Table 1; 
Fig.  1c; Bibby et  al. 2000; Lee and Carroll 2014; Litteral 
and Shochat 2017). Local scale land cover variables were 
assessed using high resolution Google Earth satellite 
image (~ 1  m spatial resolution), while landscape-scale 
variables were measured using Sentinel-2 satellite images 
(Barik et al. 2021a, b, c; Lamy et al. 2016). The Sentinel-2 
satellite images with minimum cloud cover (15 November 
2020) downloaded from USGS Earth Explorer (https://​
earth​explo​rer.​usgs.​gov) and prepared the present land 
cover map of the study area (with 10 m resolution, Fig. 2) 
in QGIS through supervised ‘minimum distance classi-
fication’ (Abburu and Golla 2015) using Semi-automatic 
Classification Plugin (Congedo 2014, 2016). We prepared 
an error ‘matrix’ by using a total of 9160 ground truth 
points for accuracy estimation of the land cover layer of 

Fig. 1  a Location of the study area in West Bengal, India. b Map of study area showing surveyed grids and point count stations, in EKW. c Local 
(50 m) and landscape (500 m) scale circular buffer

http://wpe.wetlands.org/Iwhatrwb
https://earthexplorer.usgs.gov
https://earthexplorer.usgs.gov
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the study area (Campbell 1996), which revealed 96.56% 
overall accuracy (> 85% considered as standard limit by 
Anderson et al. 1976) and kappa coefficient 0.96 (Table 2) 

indicating very good to excellent accuracy (Cohen 1960; 
Landis and Koch 1977). We used FRAGSTATS software 
(ver. 4, McGarigal 2015) derived class area metrics (i.e. the 

Table 1  Description of local and landscape-scale land cover classes within study area

Land use land cover classes Description

Local scale Water area Areas with standing water cover

Dikes and banks Areas of embankment for controlling or holding the waters of the bheri and ponds

Agricultural field Arable land for different crops, vegetables

Tree cover Area of the tree canopy area when viewed from above

Open ground Areas of fallow lands play grounds and barren lands

Built-up area Areas of house, buildings, etc

Landscape scale Wetlands Areas of bheri, ponds, and lakes

Dikes and banks Areas of embankment for controlling or holding the waters of the bheri and ponds

Emergent vegetation Areas where marsh, uncultivated shrubs and bushes were seen to grow

Agricultural field Arable land with standing crops, vegetables

Fallow lands Arable land without standing crops, vegetables

Tree cover Area of the tree canopy area when viewed from above

Human-settlements Areas of urban and rural settlements

Barren lands Areas of without any vegetation cover

Fig. 2  Land cover map of EKW
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sum of the areas of all patches belonging to the respective 
land cover class) to quantify the areas of each land cover 
class within 500 m circular buffer. However, the samples 
need to be non-overlapping, spatially independent land-
scapes (Pasher et al. 2013). Hence, the overlapping sam-
pling sites were removed prior to landscape level analyses 
(Koper and Schmiegelow 2006). So, we carried out the 
landscape level analyses in 51 spatially non-overlapping 
landscape of 500  m circular buffer, where the observed 
mean distance (obtained from ‘nearest neighbour analy-
sis’ in QGIS) between nearest neighbour is 1.25 km and 
nearest neighbour index is 1.44 with high positive sig-
nificant z score (z = 6.05, p < 0.05). So, our landscape level 
sampling plots are spatially well-dispersed throughout the 
study area (Jude et  al. 2018). The species diversity data 
obtained from the complete dataset of 142 study points 
(species diversity Mean ± SE = 2.262 ± 0.132) and data from 
51 spatially non-overlapping study points (species diver-
sity Mean ± SE = 2.277 ± 0.023) did not show any signifi-
cant variation (Kruskal–Wallis tests: H = 181.81, df = 182, 
p > 0.05), which indicates sampling adequacy (Kaliyadan 
and Kulkarni 2019).

Data analysis
Species richness and abundance data followed non-
normal distribution (Shapiro–Wilk’s tests: Wspecies rich-

ness = 0.929, df = 567, p < 0.05; Wspecies abundance = 0.851, 
df = 567, p < 0.05). Hence, non-parametric Kruskal–Wal-
lis tests were applied to compare species richness and 
abundance between terrestrial and water birds, as well 
as between different foraging guilds. We prepared scat-
ter plots to illustrate the variation in species richness 

and abundance of different species of avifauna belonging 
to each of the six different foraging guilds (Fig.  3). Fur-
ther, we performed Agglomerative Hierarchical Clus-
ter (AHC) analysis using Jaccard’s similarity coefficient 
(Krebs 1989; Manly 1994) and constructed a dendrogram 
using unweighted pair-group average (UPGA; Hammer 
et al. 2001) in ‘BinMat’ package (van Steenderen 2020) of 
R to show similarities in foraging guild structure among 
observed bird families in EKW (Fig. 4).

Thereafter, we measured the linear distance of each 
point count stations in EKW from the KMC bound-
ary in QGIS (ver. 3.6) and calculated the Shannon indi-
ces of bird diversity at each point count station in PAST 
(ver. 3.06) software (Hammer et  al. 2001). Shapiro–
Wilk’s tests revealed that the species diversity data at 
local (W = 0.995; df = 567, p > 0.05) and landscape scale 
(W = 0.994, df = 203, p > 0.05) were normally distributed, 
thus we performed Generalized linear models (hence-
forth, GLM) with Gaussian error distribution and iden-
tity link (Zuur et al. 2009) to show how bird diversity of 
EKW influenced by distance and land cover variables at 
local and landscape level spatial extents using ‘MASS’ 
package (Ripley 2011). We created three separate mod-
els for each spatial scale. In the first model, we used only 
land cover features as explanatory variable. In the second 
model, we used distance to KMC boundary as explana-
tory variable. Third model was built by using land cover 
and distance variables jointly as explanatory variables. 
The multicollinearity in GLM was identified by calculat-
ing a variance inflation factor (VIF) for each variable in 
created models (Smith and Warren 2019) using ‘car’ (Fox 
and Weisberg 2019) and ‘performance’ package (Lüdecke 

Table 2  Land cover accuracy assessment through error ‘matrix’

Overall accuracy = 96.56%, Kappa coefficient = 0.96

Wetlands Emergent 
vegetation

Agricultural field Tree cover Human-
settlements

Barren 
lands

Dikes and banks Fallow lands Total

Wetlands 8318 0 0 0 0 0 0 0 8318

Emergent vegeta-
tion

0 273 2 1 2 0 0 0 278

Agricultural field 0 0 140 3 8 0 0 1 152

Tree cover 0 0 0 6 0 0 0 0 6

Human-settle-
ments

0 0 4 0 289 2 2 0 297

Barren lands 0 0 0 0 0 42 0 0 42

Dikes and banks 0 0 0 0 0 0 10 0 10

Fallow lands 0 0 1 0 4 0 0 52 57

Total 8318 273 147 10 303 44 12 53 9160

Producer accuracy 
(%)

100 100 96.43 92.19 94.45 93.37 96.42 98.52

User accuracy (%) 100 98.20 92.11 100 97.31 100 100 91.23

Standard error 0 0.0009 0.0051 0.0023 0.0057 0.0015 0.0015 0.0038
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et al. 2019) in R. We have calculated the generalized vari-
ance inflation factor (GVIF) for predictor variables at 
local scale (binary categorical variables (n = 7, df > 1) fol-
lowing Fox and Monette (1992) and found GVIF < 1.1. 
This clearly indicates low inter-correlation between the 
predictor variables. On the other hand, landscape-scale 
land cover variables are showing high multicollinearity 
(VIF > 10) in the model (Zuur et al. 2007; Smith and War-
ren 2019). To solve this multicollinearity issue, principal 
component analysis (PCA) was performed on landscape-
scale land cover variables using ‘princomp’ function 
(Gwelo 2019). We retained three principal components 
(henceforth, PC) which collectively explained > 70% of 
the cumulative variance (considered as standard limit 
by Jolliffe 2002, Table  3). In our study, PC1, PC2 and 
PC3 explained 40, 29, 14% of variance, respectively, 
and thus collectively explained 83% of cumulative vari-
ance  (Table  3). We used varimax rotation, which is the 
most common rotation method to simplify interpretation 
of principal components (Abdi and Williams 2010). Vari-
ables with correlation coefficient or loading values < 0.5 
were not considered for interpretation of PCs following 
Lee and Carroll (2014). We found that  PC1, PC2, and 
PC3 are positively correlated with areas of wetlands, 
emergent vegetation, agricultural field area, respectively 
(Table 3). Scores of the principal components were then 
used as explanatory variables in the subsequent GLMs at 
landscape scale (Graham 2003). Finally, we ranked all the 
models based on their respective second-order Akaike’s 
information criterion (henceforth, AICc) values using 

“AICcmodavg” package (Mazerolle 2020) and the mod-
els with lowest AICc values were considered as the best 
model (Table 4). To find out the importance of explana-
tory variables in the best model, we standardized the esti-
mate values following Silva et al. (2015) using “reghelper” 
package (Hughes et al. 2021) in R (Table 4, Fig. 5). All the 
statistical test were carried out in R studio (ver. 1.3.1073) 
and Past (ver. 4.03; Hammer et al. 2001).

Next, we plotted a spatial map of bird diversity over 
the surface of EKW (Fig.  6), through Inverse Distance 
Weighting function of QGIS (with default power value) 
which is commonly used in avian research (Li and Heap 
2011; Gutiérrez-Tapia et  al. 2018; Touhami et  al. 2019). 
We used Shannon diversity index values of each surveyed 
locations to create the spatial map of bird diversity fol-
lowing Izaguirre and Ramírez-Alán (2018) and Morelli 
et  al. (2018). One reasonable measure of efficiency of 
interpolated map is the root mean square error (RMSE) 
and the RMSE value of interpolated spatial map of 
diversity in our study was 0.0002, which indicates high 
accuracy (Ouabo et al. 2020). To develop a spatial conser-
vation prioritization model we used the Zonation soft-
ware (v. 3.1.0; Lehtomäki and Moilanen 2013). Zonation 
prioritizes the areas based on input layers (grid cells), 
which are simultaneously processed to assign a hierarchi-
cal rank to each cells. The cells with least values within 
the study area are discarded at the beginning and the 
most valuable cells are retained till the end. This process 
of progressive removal of cells may identify most impor-
tant areas for conservation (Lehtomäki and Moilanen 
2013). At present rate of urban expansion and wetland 
transformation in EKW (Ghosh et al. 2018) we also need 
to manage those land covers, which have positive influ-
ence on bird communities of EKW. Following Lehtomäki 
and Moilanen (2013) and Di Minin et al. (2014), we used 
the spatial map of bird diversity and the land cover layers 
(showing significant positive influence on avian diversity) 
as input layers in Zonation software. Equal weight was 
given to each of them and used the warp factor value of 
50 (Moilanen et al. 2011; Di Minin et al. 2014). We then 
used the Core-Area Zonation function and identified the 
high-quality localities in the final output map (Lehtomäki 
and Moilanen 2013). Thus, top 10% conservation prior-
ity areas were identified in the Zonation output map of 
EKW (Fig. 7). We finally used a 50-m buffer around the 
top 10% conservation priority area, which may minimize 
the effects of anthropogenic disturbances in the conser-
vation priority area (McElfish et al. 2008).

Table 3  Principal components (PC) loadings (correlation 
coefficients) obtained from principal component analysis (with 
varimax rotation) on landscape-scale land cover variables. (PC1 
is correlated to wetland area, PC2 is correlated to emergent 
vegetation area, and PC3 is correlated to agricultural field area)

Bold fonts with ‘*’ marked are the highest component loadings and values > 0.5 
are used to explain the PC

Landscape-scale land cover 
variables

Principal components

PC1 PC2 PC3

Wetlands 0.51* − 0.25 0.30

Emergent vegetation 0.2 0.54* − 0.26

Agricultural field − 0.09 0.13 0.72*
Tree cover − 0.35 0.37 0.45

Human habitation 0.3 0.39 − 0.19

Barren lands 0.2 − 0.54 0.06

Dikes and banks − 0.63 − 0.21 − 0.3

Fallow lands 0.2 − 0.1 − 0.3

Variance explained 40% 29% 14%

Cumulative variance 40% 69% 83%
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Results
Bird diversity and correlation with distance to outer 
periphery of KMC area
During the present study, we recorded a total of 27,623 
individuals of birds belonging to 94 species, of which 
26 species (27.66%) were water birds and 68 species 
were terrestrial birds (72.34%) and the species richness 
and abundance of terrestrial and water birds varied sig-
nificantly (Kruskal–Wallis tests: Hrichness = 834.4, df = 1, 
p < 0.05; Habundance = 725.4, df = 1, p < 0.05; Dunn post hoc 
tests: zrichness = 14.57, zabundance =  14.05, Bonferroni cor-
rected p value < 0.05). All these 94 avian species fall under 
14 orders and 41 families. Passeriformes, with 38 species 
of birds, was found to be the most diverse avian order in 
EKW. We found 13 species of winter visitor and remain-
ing species were resident. Twenty one species having 
globally declining population trend were recorded during 
the present study, of which two species were near-threat-
ened (Black-headed ibis Threskiornis melanocephalus 
and Alexandrine parakeet Psittacula eupatria), while the 
remaining species fall under the least concern category of 
IUCN red list (del Hoyo et al. 2014). The Shannon diver-
sity indices values ranged between 1.249 to 3.189 and the 
obtained mean ± SE values of Shannon diversity indices 
were 2.262 ± 0.013.

Foraging guild structure and UPGA cluster analysis
The abundance (Kruskal–Wallis test: H = 2118.3, df = 5, 
p < 0.05) and richness (H = 2190.1, df = 5, p < 0.05) of 
avian species significantly varied between foraging 
guilds. Omnivores and insectivores were highest (31 
species in each, 32.98%), followed by carnivores (19 spe-
cies, 20.21%), granivores (6 species, 6.38%), frugivores 
(5 species, 5.32%) and piscivores (2 species, 2.13%). In 
the scatter plots, we observed dissimilar patterns in 
the abundance of birds belonging to different forag-
ing guilds. The abundance of avian species belonging to 
omnivorous guild was highest, followed by carnivorous, 
insectivorous, granivorous, piscivorous and frugivorous 
(Fig.  3). AHC analysis revealed that the avian families 
recorded in the present study fall under eight distinct 
groups (Fig.  4), namely I = frugivorous (two families), 
II = piscivorous (only one family), III = granivorous (two 
families), V = carnivorous (five families), VI = insectivo-
rous (13 families), VII = omnivores (14 families). Group 
IV and VIII shared more than one food resources and 
thus were categorized as carnivorous/insectivorous (one 
species) and omnivorous/insectivorous (three families), 
respectively.

Fig. 3  The mean abundance of bird species belonging to each of the avian foraging guilds of EKW. (The vertical axes represent the mean 
abundance of birds in respective foraging guilds, and horizontal axes represent the species richness.)
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Fig. 4  UPGA cluster dendrogram (based on Jaccard’s similarity) showing foraging guild structure among observed bird families in EKW
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Local and landscape‑scale bird response
The lowest AICc value revealed that the conjoint model 
containing land cover and distance to KMC boundary as 
explanatory variables were the best models both at local 
and landscape scales (Table  4). Relative importance of 
explanatory variables of the best GLM models is depicted 
in Fig.  5. Amongst the local-scale land cover variables, 
species diversity was positively influenced by presence of 
dikes and banks (B = 0.031) and negatively influenced by 
presence of built-up area (B = − 0.046) (Table 4, Fig. 5). 

At landscape scale, GLM further revealed that PC1 (cor-
related to wetlands area, B = 0.119), PC2 (correlated to 
emergent vegetation area, B = 0.045) and PC3 (correlated 
to agricultural field areas, B = 0.077) positively influenced 
the species diversity (Table 4, Fig. 5). At both scales, we 
found that the bird diversity of EKW increased with 
increasing distance from KMC boundary (local scale: 
B = 0.072, landscape scale: B = 0.142) (Fig. 5).

Spatial map of species diversity and top conservation 
priority areas
We classified the spatial map of diversity into two cat-
egories (i) areas with Shannon diversity index < 2.262 
and (ii) areas with Shannon diversity index > 2.262. Thus, 
we identified 74.15 km2 area with higher and 54.09 km2 
area with lower than mean species diversity in EKW 
(Fig.  6) and the land cover types falling under each of 
these classes are presented in Table 5. Based on relative 
importance of land cover variables (Fig.  5), we selected 
land cover layers of wetlands, dikes and banks, emergent 
vegetation, agricultural field, as well as, the spatial map of 
avian diversity as input layers for Zonation and identified 
12.82 km2 of top 10% conservation priority areas in EKW 
along with their respective land cover types (Table  5; 
Fig. 7).

Table 4  Generalized linear models of bird diversity in relation to local and landscape-scale land cover variables and distance to KMC 
boundary variable

WA water area, DB dikes and banks, AF agricultural field, TC tree cover, OG open ground, BA built-up area, DKB distance to KMC boundary, PC principal component; 
bold fonts of variables indicate p < 0.05; The lowest AICc values indicate the best model

Spatial scales Models Variables (β estimate ± SE) t values AICc values

Local scale 1. glm(Bird diversity ~ WA + DB + AF + 
TC + OG + BA)

WA = − 0.01 ± 0.016
DB = 0.04 ± 0.016
AF = 0.011 ± 0.013
TC = 0.006 ± 0.013
OG = 0.02 ± 0.013
BA = − 0.052 ± 0.014

WA = − 0.627
DB = 2.543
AF = 0.862
TC = 0.471
OG = 1.509
BA = − 3.802

288.85

2. glm(Bird diversity ~ DKB) DKB = 0.075 ± 0.013 DKB = 5.848 272.82

3. glm(Bird diversity ~ WA + DB + AF + 
TC + OG + BA + DKB)

WA = − 0.001 ± 0.015
DB = 0.031 ± 0.016
AF = − 0.011 ± 0.014
TC = 0.007 ± 0.014
OG = 0.009 ± 0.013
BA = − 0.046 ± 0.013
DKB = 0.072 ± 0.014

WA = − 0.046
DB = 1.975
AF = − 0.823
TC = 0.521
OG = 0.709
BA = − 3.417
DKB = 5.169

264.45

Landscape scale 1. glm(Bird diversity ~ PC1 + PC2 + PC3) PC1 = 0.069 ± 0.022
PC2 = 0.017 ± 0.022
PC3 = 0.083 ± 0.022

PC1 = 3.066
PC2 = 0.779
PC3 = 3.699

119.02

2. glm(Bird diversity ~ DKB) DKB = 0.095 ± 0.023 DKB = 4.199 120.6

3. glm(Bird diversity ~ PC1 + PC2 + PC3
 + DKB)

PC1 = 0.119 ± 0.022
PC2 = 0.045 ± 0.021
PC3 = 0.077 ± 0.020
DKB = 0.142 ± 0.022

PC1 = 5.406
PC2 = 2.148
PC3 = 3.759
DKB = 6.351

83.49
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Fig. 5  Relative importance of variables (standardized β estimates) 
in the best GLM models at local and landscape scale (WA water area, 
DB dikes and banks, AF agricultural field, TC tree cover, OG open 
ground, BA built-up area, DKB distance to KMC boundary, PC principal 
component, SE standard error)
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Discussion
Increasing wetland transformation in EKW reduces wet-
land cover (Ghosh et al. 2018), which is the major cause 
of decreasing water bird populations (Sica et  al. 2020). 
Hence, despite EKW being a wetland, we found that the 
species richness and abundance of terrestrial birds were 
highest. On the other hand, urban expansion is known 
to adversely influence the avian communities living in 
the adjoining natural environments (Blair and Johnson 
2008). We found that the species richness belonging to 
order Passeriformes was highest, which is also a possible 
indication of urbanization in EKW (La Sorte et al. 2018). 
The species richness and abundance varied across six for-
aging guilds (Fig.  3). Omnivores and insectivores were 
found to be the major foraging guild, followed by carni-
vores, granivores, frugivores and piscivores in our study 
area (Figs. 3 and 4). Urban expansion favours insectivo-
rous birds, and the omnivores with wider dietary spec-
trum also thrive better in human-dominated landscapes 
(Sohail and Sharma 2020; Kurucz et  al. 2021). Highest 
species richness of the omnivores and insectivores in our 

study area also indicates a possible impact of urbaniza-
tion in this wetland complex. On the other hand, frugi-
vores require fruit-bearing plants and few number of 
frugivores is an indication of increased habitat degra-
dation (Sohail and Sharma 2020). Also unexpectedly, 
despite EKW being a wetland complex, we found only 
two species of piscivores. Piscivores are reported to dam-
age fish stocks (Harris et al. 2008). In EKW the fishermen 
often cover the commercial fishponds with fine fishnets, 
denying the access of the piscivores. Such denial of their 
access to preferred resource is disadvantageous for birds 
belonging to such specialist foraging guild (Burin et  al. 
2016).

In agreement to our second hypothesis, we found 
that multiple land cover features at local and land-
scape scale influence the bird species diversity (Table 4, 
Fig.  5). Among the land cover features, agricultural 
field positively influence the bird diversity at landscape 
scale (Table  4, Fig.  5). The agricultural fields serve as 
important nesting and foraging habitat for several 
bird species (Wilcoxen et  al. 2018). The high density 

Fig. 6  Spatial map of bird diversity showing areas of higher and lower than mean bird diversity in EKW
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of paddy stands in the agricultural fields also provides 
necessary refuge and hiding places from their natural 
enemies and the narrow muddy borders between adja-
cent agricultural fields are often reported to be used 
by the birds for dispersal (King et  al. 2010; Wilcoxen 
et  al. 2018; Barik et  al. 2021b). Mixed cropping pat-
terns increase the spatiotemporal heterogeneity of agri-
cultural fields in EKW, which are known to positively 
influence the avian communities (Thenail et  al. 2009; 
Siriwardena et  al. 2012; Sarkar and Parihar 2014). At 
landscape scale, we also found a positive influence of 
wetland area on avian diversity. Ducks and other pis-
civorous birds in the study area depend on open waters 
(Zhang et  al. 2018). The shallow wetlands in parts of 
EKW (Barik et  al. 2021b; EKWMA and WISA 2021) 
also provide foraging habitat for several water birds, 
particularly waders (Colwell and Taft 2000). Aquatic 
insects are abundant in waterbodies of EKW (Saha 
et al. 2017), which also influence avifauna (Ferger et al. 
2014). We found that bird diversity was positively influ-
enced by presence of dikes and banks at local scale 
(Table  4, Fig.  5). Presence of diverse plants provides 
refuge for several wetland-dependent birds (Barik et al. 

2021b). On other hand, connectivity between resource 
patches is important for safe dispersal of individu-
als, thereby providing them with optimal foraging and 
mating conditions (St-Louis et al. 2014). Dikes in EKW 
provide such habitat connectivity for several species of 
birds (Barik et al. 2021b). Emergent vegetation patches 
are sparsely distributed in EKW and provide natural 
habitats for marsh dwelling birds (e.g., bitterns, birds 
species of family Rallidae, etc.), herons, munias (Family 
Estrildidae), shrikes, warblers and prinias (Grimmett 
et  al. 2013; Rajpar and Zakaria 2011; Bradshaw et  al. 
2020). Emergent vegetations on dikes and banks often 
provide hiding places for several birds (Barik et  al. 
2021b). Therefore, it is an important land cover feature 
and positively influences the bird diversity at landscape 
level (Table 4, Fig. 5).

On the contrary, built-up areas adversely influenced 
the bird diversity at local scale (Table 4, Fig. 5). Expansion 
of human habitations often create disturbances. Usu-
ally the generalist species show high adaptability in such 
altered environments, while the specialist species are less 
adaptive to such disturbances (Sultana et al. 2021). Gen-
erally, rapid urban growth leads to ‘biotic homogeniza-
tion’ (McKinney 2006) wherein only urban exploiters or 

Fig. 7  Map showing top 10% conservation priority area in EKW
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synurbic species (Palomino and Carrascal 2006) flourish 
by using the artificial and built-up structures as nesting 
sites and by foraging on abundant and predictable food 
refuse discarded by city dwellers (Shochat et  al. 2010). 
This corroborates our hypothesis that the species diver-
sity in EKW increased with increasing distance from the 
city boundary of Kolkata, as the dominance of urban 
exploiters increases, but the overall species richness 
declines near the city boundary as compared to the natu-
ral areas away from the city.

Spatial conservation prioritization and management 
implications
Rapid urbanization has already resulted in the decline in 
avian species richness reported earlier from some of the 
northwest areas of EKW (Bhattacharyya et  al. 2008). In 
EKW, only 162 species have been noted during the last 
30  years, among them several migratory bird species 
were infrequently detected (EKWMA and WISA 2021). 
Increasing road density is known to negatively influence 
various species of birds (Husby 2016). We also noticed 
that many areas with lower avian diversity in EKW (i.e. 
diversity index value < mean species diversity index of 
the study area) are situated adjacent to the major roads 
Eastern Metropolitan Bypass road (EM bypass) and State 
Highway 6 (SH6) (Fig. 6). The rate of wetland transforma-
tion is also higher in the western portion of EKW (Ghosh 
et al. 2018), which includes areas adjacent to Kolkata city. 
So, the urban avoiders still thriving in the western part of 
EKW are under serious threats due to intense urbaniza-
tion pressure. On the other hand, the wetland transfor-
mation rate is lower in the south-eastern portion of EKW 
and we found 11.43 km2 areas with higher than mean 
species diversity in this area.

It is evident from our findings that the association of 
land cover features with the avian assemblages varied at 

local and landscape scales, which conjointly shape the 
bird communities of an area. Hence, we need to consider 
both of them while framing conservation planning (Lit-
teral and Shochat 2017). Furthermore, we have projected 
the top 10% conservation priority areas in EKW (Fig. 7), 
of which almost half is under wetland cover, emergent 
vegetation and agricultural field (Table  5). Alarmingly, 
fertilizers and pesticides are extensively used in those 
agricultural fields (Ghosh et al. 2018) thereby posing an 
imminent threat of the dearth of various resources there, 
particularly the availability of insects (Benton et al. 2002; 
Goulson 2014). Intensive and commercial sewage-fed 
pisciculture is practised in these water bodies of EKW, 
which leads to the bioaccumulation of harmful heavy 
metals in cultured fishes (Dutta and Chakraborty 2017). 
This poses a potential risk to the piscivores found in 
EKW. Emergent vegetation patches are vanishing due to 
urban encroachment, crop and fish farming activity. We 
also noticed that several birds died being entangled in 
fishnets (pers. obs.), and locals reported that a few spe-
cies are captured for illegal pet trade. All these are emerg-
ing as serious threats to bird species in EKW, as well as 
many wetland habitats across the globe. Nevertheless, 
these potential risks need to be quantified in future 
studies.

Conclusion
We described the foraging guild structure of avifauna in 
EKW. Next, we prepared a spatial map of avian diversity 
in EKW, and identified high species diversity areas for 
bird conservation. Our study suggests that wetland man-
agement strategy needs to contemplate both local and 
landscape level characteristics to improve overall avifau-
nal diversity of EKW. Our findings clearly indicate that 
a mix of agricultural field, wetlands areas and emergent 
vegetation can support a high number of bird species in 

Table 5  Areas (km2) of land cover types falling under higher and lower than mean species diversity and top 10% conservation priority 
areas in EKW

Land cover Lower than mean species diversity 
(< 2.262)

Higher than mean species diversity 
(> 2.262)

Top 10% 
conservation 
priority area

Wetlands 17.80 19.22 2.75

Emergent vegetation 6.92 11.01 2.75

Agricultural field 7.89 13.14 0.56

Tree cover 2.67 3.48 0.01

Human-settlements 10.25 13.83 2.75

Barren lands 0.90 0.93 0.23

Dikes and banks 4.96 7.58 2.75

Fallow lands 2.71 4.96 1.02

Total 54.09 74.15 12.82
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EKW. Besides, protection of important land use features 
and the remaining natural habitats, as well as, restora-
tion of degraded habitats and reduction of anthropogenic 
threats (particularly in the north-eastern parts of EKW 
and areas adjacent to the city periphery, EM bypass and 
SH6), involving local communities might serve as a deci-
sive factor for the conservation of the avian diversity in 
EKW. Birds serve as important surrogate of biodiver-
sity, and are useful to prioritize areas for conservation 
of biodiversity across the globe. Therefore, prioritizing 
conservation initiatives in the top 10% areas projected 
during the present study will not only be cost effective 
(Moilanen et  al. 2011) for the protection of birds, but 
also will be useful in conserving the overall biodiversity 
of these areas. Maintenance of shrubs and emergent veg-
etation along the dikes and banks of the wetlands (Barik 
et al. 2021b), prevention of the use of nets over commer-
cial fish ponds and lowering the anthropogenic pressure 
in these high diversity areas are crucial. Such conserva-
tion initiatives need to be urgently implemented in those 
top 10% priority areas of this internationally acclaimed 
wetland engaging all stakeholders (landholders, fisher-
men, farmers etc.). Awareness campaigns among the 
local residents, particularly those residing in the pro-
jected conservation priority areas, might be useful in sus-
taining the avian diversity (Sterling et al. 2017) of EKW. 
Similar studies may be carried out in prioritizing the 
areas for conservation of avifauna in wetlands across the 
globe, particularly those situated at human-dominated 
landscapes.
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