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ABSTRACT

Freshwater habitats in urban landscapes play vital role in maintaining the overall ecological as well as
economical balance of the region. Therefore, understanding the status of avian species diversity becomes
crucial. In this study, we assessed species richness, diversity and evenness of four freshwater lakes of
Chhatrapati Sambhajinagar city. A total of 140 species of birds were recorded in the study. This study
examines the notable decline in bird species diversity, particularly in Salim Ali Lake, which has experienced
a significant reduction in both species richness and overall ecological health. Through an analysis of four
freshwater habitats — Sawangi Lake, Harsul Lake, Walmi Lake, and Salim Ali Lake—our results reveal a
clear disparity in species diversity. Salim Ali Lake showed the lowest diversity index (1.78) and evenness
(0.77), whereas Sawangi Lake and Harsul Lake exhibited relatively higher diversity and a more balanced
distribution of species. The decline in bird diversity at Salim Ali Lake appears to be primarily driven by
anthropogenic factors, such as urban development in the surrounding areas, as well as environmental

pressures, including climate change.
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Introduction

In the race of adapting global trends of urban devel-
opment, cities are undergoing rapid urbanisation
which have direct and indirect effects on environ-
ment that negatively affects the ecological aspects of
sustainable development (Rees, 1997). These areas
tend to have higher disturbance in habitats and al-
tered ecosystem functionality compared with natu-
ral ecosystem. The habitat of a species is defined
mostly by its physical and chemical characteristics
rather than its place in a community. The habitats
that species occupy in a particular area integrate via
environmental gradients, which can be used as the
axis of a habitat hyperspace, a very distinct type of
abstract space (Whittaker, 1972).

Understanding the avian ecology of the freshwa-
ter bodies in this region is crucial, as birds are sensi-
tive indicators of environmental health and can pro-
vide valuable insights into the overall ecological sta-
tus of these aquatic ecosystems. (Pawar et al., 2019)
(Menon et al., 2014) (Kale et al., 2018) Indeed, the
study of avian populations has become increasingly
important to understand the complexity of wetland
ecosystem structures and to develop appropriate
management strategies with robust monitoring tools
to ensure their ecological sustainability (Martins et
al., 2021). Although Marathwada is endowed with a
variety of natural environments, including rivers,
reservoirs, hills, woods, and grasslands, researchers
have studied the local bird life. (Yardi et al., 2004)
identified 64 bird species in Aurangabad’s Salim Ali
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Lake. According to (Kulkarni et al., 2005), there are
151 different species of birds in and around Nanded.
In addition, Kulkarni et al. (2006) identified 93 bird
species in the reservoir district of Nanded’s
Shikhachiwadi Wadi. Wetlands have always been a
preferred habitat for bird species especially carni-
vores and piscivores.

The Harsul Lake is one of the major and impor-
tant freshwater lake of the city. The lake has been
surrounded by agricultural land and used a tradi-
tional water source for local communities. Over the
course of time, it has faced challenges related to en-
croachment and pollution, which have impacted its
water quality (MSPCB, 2021). Efforts are being made
to restore and safeguard its ecological health and
function in groundwater recharging (Kumar &
Shah, 2020). Salim Ali Lake, named after renowned
naturalist Salim Ali, is an important freshwater
habitat for diverse bird species, particularly migra-
tory birds such as ducks. the lake is situated in
northern part of the city, the water body serves as
natural barrier against urbanization sprawl and of-
fers vital services like flood control and water puri-
fication (Schneider et al., 2020). Close proximity to
urban area of the city leads to pollution therefore,
sustainable management techniques need to be
adopted to protect its ecological functions and
biodiversity (Patil, 2022).

Another important freshwater lake in terms of
avian species diversity is Sawangi Lake, which is
located southwest of the city. The original purpose
of the lake was irrigation. However, this artificial
lake has developed into a refuge for a range aquatic
life resulting in attracting high avian diversity espe-
cially piscivores. Sawangi Lake continues to play a
crucial role in the regional hydrological system
while being vulnerable to seasonal variations the
water levels shift’s drastically from monsoon to
summer. Groundwater replenishment is influenced
by its catchment area, particularly during the mon-
soon season (Gosavi and Patil, 2021). Last but not
least is WALMI Lake, a smaller but important body
of water inside the city that is connected to the Wa-
ter and Land Management Institute (WALMI). The
lake plays a crucial role in developing urban areas
around its vicinity and teaching nearby people
about land use and water conservation while also
acting as a demonstration ground for sustainable
water management techniques (WALMI, 2021).
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Materials and Methods

Study Area

The city of Chhatrapati Sambhajinagar, formerly
known as Aurangabad, is a rapid developing and
prominent city located in the Marathwada region of
Maharashtra, India. It is an important cultural, his-
torical and economic hub of the state and also serves
as the administrative headquarters of the district.
The city, with a population of over 1.5 million is
known for its rich history including approx. 52 his-
toric gates, Bibi ka Magbara, and iconic UNESCO
heritage sites like the Ajanta and Ellora Caves
(UNESCO, 2020). Chhatrapati Sambhajinagar has
actively undergoing urban development (Gosavi
and Patil, 2021) at high pace although faces chal-
lenges in maintaining ecological balance particularly
in terms of water resources, urban green cover and
waste management.

A critical component of the city’s natural land-
scape is its freshwater lakes. These lakes provide
vital water sources for local citizens as well as
biodiversity. The four lakes in the city are 1) Harsul
Lake - 75.336856°, 19.929156°, 2) Sawangi Lake -
75.358299°,19.937498°, 3)

Salim Ali Lake - 75.342397°, 19.897362° and 4)
Walmi Lake - 75.306182°, 19.833252°. These lakes
play crucial role in city’s ecosystem, offering not just
water storage but also supporting diverse flora and
fauna.

Bird Survey

Standard techniques for identification of bird spe-
cies were used in the survey. During the months of
September and October, the survey was conducted
between 7 and 9 a.m. As bird species begin their
migration, the winter months have the greatest di-
versity of birds. Bird species identified using
(Grimmett, R., 2011) field guide. It was advanta-
geous to find migratory species in the chosen loca-
tion during study period. A total of 140 species were
recorded in the survey with 923 individual counts
(Table 1). The species sighted in flight were not in-
cluded in the poll since they did not belong to the
habitat.

Shannon Diversity Index

The Shannon-Weiner Diversity Index (Spellerberg,
1991) is used as a measure to quantify the avian di-
versity in 20 different locations across the city. It is
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one the most widely accepted indices in ecology and
biodiversity studies that accounts for both species
richness and relative abundance of the species re-
spectively. The Shannon-Weiner diversity index is
also used to understand community structure in
natural or modified habitats by comparing two dif-
ferent ecosystems/ habitats (Tuomisto, 2010). This
method quantifies the uncertainty or entropy in pre-
dicting the identity of a randomly chosen individual
from a dataset. All the recorded species data was
arranged in excel sheet to calculate indices using
formula:
S
H'=-2 piln(p)
i=

Where:

e H’:Shannon-Weiner Diversity Index

e S: Total number of species (species richness)

e p:Proportion of the i-th species in the commu-

nity (relative abundance)
In: Natural logarithm

Composition of freshwater habitat based on
primary feeding nature of species

The freshwater lakes in urban and peri-urban areas
of the Chhatrapati Sambhajinagar provides an es-
sential ecosystem for diverse range of bird species.
These aquatic habitats reveal important ecological
interactions which support a diverse species of
avian fauna, which is vital for overall functioning
and health of ecosystem. The composition of bird
species in these habitats is often analyzed based on
their feeding preferences, which includes insecti-
vores, frugivores, omnivores, carnivores, nectivores,
and granivores (Elliot et al., 2019). The formula used
to analyze the species categorization is as follow:
Formula:
Total number of species with specific group

Percentage of EG = x 100
Total number of species in all groups

Results and Discussion

Species richness, diversity and abundance

The survey of the four freshwater lakes documented
a total of 923 individuals representing 140 bird spe-
cies (Table 1). The lakes exhibited considerable avian
activity during the study period, with Salim Ali
Lake showing notably less activity compared to the
other lakes situated on the urban fringes. The previ-
ous study by (Yardi et al., 2004) recorded 64 bird
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species at Salim Ali Lake, but this study reports a
significant decline, with only 10 species observed.
Whereas, Sawangi Lake, Harsul Lake, and WALMI
Lake recorded 45, 41, and 44 species, respectively.
This decline in species richness at Salim Ali Lake
may be attributed to rising water pollution levels
and increased urbanization in the area. Sawangi
Lake emerged as the most active freshwater body in
terms of species diversity (Table 2) and even re-
corded a rare sighting of Haliastur indus (Brahminy
Kite), a species previously unreported in the city.
This sighting was confirmed by local ornithologists
and highlights the area’s rich food availability,
which supports such species. Interestingly, a consid-
erable number of Ardea intermedia (Intermediate
Egret) were observed, which appeared to be feeding
on waste dumped near the water body rather than
relying on natural food resources. It was also noted
that insectivorous and carnivorous birds were more
frequently observed in the waste processing yard
compared to the lakes. Migratory species, such as
Emberiza melanocephala, Ardea cinerea, Plegadis
falcinellus, Circus pygargus, Phalacrocorax carbo, and
Clamator jacobinus, were also recorded during the
survey.

The avian diversity of across the four freshwater
habitats was assessed using Shannon- Weiner Diver-
sity Index and Evenness metric (Table 2). The high-
est bird species of 45 were recorded in Sawangi Lake
with the diversity index of 3.15 indicating a rela-
tively high level of species diversity. The evenness
value for Sawangi lake was 0.82 suggesting a bal-
anced distribution of species. The higher diversity of
lake can be attributed to its comparatively balanced
ecological conditions with lower levels of water pol-
lution and less urbanization (Sutherland, 2018).
Harsul Lake recorded species count of 41 with high-
est diversity index and evenness of 3.32 and 0.89
reflecting a well-balanced avian community due to
wetland characteristics and food availability. On the
other hand, Walmi lake with 44 bird species showed
a moderate diversity index of 3.05 and evenness of
0.81. and Salim Ali Lake exhibited lowest species
diversity index of 1.78. with the evenness of 0.77 re-
flects the poor condition of the habitat.

Analysis of variance (ANOVA) test

The decline of species richness in Salim Ali Lake
was confirmed with the analysis of variance
(ANOVA) test with jA95% confidence interval with
degree of freedom =1 the p value of 0.0017, 0.0002
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Table 1. Avian species distribution across freshwater strata in Chhatrapati Sambhajinagar

Scientific Name Category Harsul Salim Ali Sawangi Walmi Total
Lake Lake Lake Lake
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Table 1. Continued ...
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Scientific Name Category Harsul Salim Ali Sawangi Walmi Total
Lake Lake Lake Lake

Amandava amandava G 0 0 0 1 1
Ficedula parva I 0 0 1 2 3
Pseudibis papillosa C 0 0 0 2 2
Pycnonotus cafer F 8 0 24 7 39
Vanellus indicus (@) 13 0 25 61 99
Sterna aurantia C 23 0 66 2 91
Columba livia G 8 0 36 14 58
Psittacula krameri F 5 0 3 0 8
Dendrocitta vagabunda o 0 0 0 1 1
Calidris alba C 0 0 0 7 7
Lonchura punctulata G 0 0 5 2 7
Accipiter badius C 0 0 0 2 2
Lonchura malabarica G 3 0 1 2 6
Egretta garzetta C 0 0 0 1 1
Pericrocotus cinnamomeus F 2 0 0 0 2
Anas poecilorhyncha o 0 17 0 7 24
Athene brama I 3 0 0 0 3
Halcyon smyrnensis C 3 1 1 2 7
Amaurornis phoenicurus o 1 0 0 0 1
Rhipidura aureola I 1 0 0 0 1
Motacilla maderaspatensis I 3 0 0 0 3
Hirundo smithii I 3 0 3 0 6
Tephrodornis gularis I 0 0 1 0 1
Ciconia episcopus C 0 0 0 2 2
Motacilla flava I 0 0 1 0 1
Sum Individuals 177 48 414 284 923
Sum Species 41 10 45 44 140
O - Omnivores, I — Insectivores, C — Carnivores, F — Frugivores, G — Granivores, N — Nectivores.
Table 2. Shannon Diversity Index of Individual Freshwater Habitat
Sr. No. Location Bird Species Count Shannon-Weiner Diversity Index Evenness
1 Sawangi Lake 45 3.150177354 0.822792
2 Harsul Lake 41 3.322662499 0.894735
3 Salim Ali Lake 10 1.778578261 0.772427
4 Walmi Lake 44 3.050316751 0.806069
Table 3. List of dominant species in freshwater lakes.
Freshwater Strata Harsul Lake Sawangi Lake Walmi Lake

F P-value F P-value F P-value
Salim Ali Lake 10.1878 0.0017 14.6676 0.0002 8.5539 0.0040

and 0.0040 confirms the significant difference in the
recorded observations of species at Salim Ali Lake
as compared to Sawangi lake, Harsul lake and
Walmi lake respectively. Various anthropogenic and
environmental factors affect ecosystem health of the
lake. The Lake is surrounded by heavy human ac-
tivities like transport and residence. The deteriorat-

ing water quality is confirmed by the lesser number
of species count and activity in and around the lake.
The environmental factors like climate change and
change in the weather pattern with seasonal shifts
shares the contribution.

Freshwater Avian Ecology Composition
These birds play important role in pest control, seed
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dispersal and nutrient cycling (Sutherland, 2018).
Previous studies have shown that significant wet-
land habitat of composition Salim Ali Lake is domi-
nated by 44% insectivores including species such as
Motacilla flava and Lanius Schach (Patil, 2022). These
species rely on variety of insects and invertebrates
that feed in abundant vegetation. This study classi-
fies the overall composition of four freshwater habi-
tats pertaining to primary feeding nature of species.
The presence of insectivores is an indicator of the
rich insect diversity and abundance in wetland eco-
system, as these are known to hold high density of
arthropods, serving as primary food source for bird
species (Miller et al., 2019). The carnivores (47 spe-
cies) 33.33% and insectivores (41 species) 29.08%
dominate the freshwater habitats (Fig. 1) of
Chhatrapati Sambhajinagar. The piscivores that feed
mainly on fishes are categorized as carnivores. The
omnivores hold species count of 25 with 18.44% fol-
lowed by granivores (13 species) 9.22% and
nectivores (6 species) 4.26% respectively.

Freshwater Avian Ecology Composition

Nectivorous

Granivorous 4%
9%
Frugivorous
6%

Omnivorous
18%

.

Fig. 1. Composition of freshwater avian ecology in
Chhatrapati Sambhajinagar

Conclusion

Being a vital habitat for bird species, freshwater
lakes of Chhatrapati Sambhajinagar are important
for the city’s water resources and its urban develop-
ment. However, pollution, urbanization, and climate
change pose a mounting strain on these significant
ecosystems. Local governments, private organiza-
tions, and local citizens must work together in con-
servation initiatives and implement sustainable eco-
logical management techniques in order to preserve
these valuable freshwater bodies. Since the study
shows a substantial decline in the diversity of bird
species, special efforts must be made to concentrate
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on Salim Ali Lake. The lake may fail to deliver its
crucial ecological services if this trend continues,
which could potentially disrupt the local ecosystem.
Therefore, it is imperative to implement timely con-
servation actions to preserve and protect ecological
balance of these lakes for future generations (Ives et
al., 2020; Cuthbert et al., 2021).
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