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Abstract. Twenty-seven wetlands around Keoladeo National Park (KNP) were surveyed from 2009 to 2011. These wetlands were either on agri-
cultural land or the dams that have been created mainly for supplying water for irrigation of the agricultural fields of surrounding areas. They ranged in
distance from KNP from 4.3 to 125.82 km and area from 10 to 26,667 ha. The majority of the wetlands were from 10 to 400 ha in area. The relations of
population abundance and species richness with other factors, i.e. water availability, distance and wetland size, were studied. Water availability was a
very important aspect and played a crucial role for water birds. The highest bird diversity, H' =2.82, D = 0.084, as determined by the Shannnon-Wiener
and Simpson’s diversity indices, was observed at Urmila Sagar located 61.82 km from KNP, but no correlation was found between distance and species
richness. Moreover, no correlation was found between distance and population abundance also.
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ABudayHucTHyecKoe pazHo0o0pa3ue BOAHO-00/I0THBIX YIO/IMii BOKPYT HauoHaIpHoro napka Keonaneo, bxaparnyp, Muaus. - 5.C. Bxagypus,
B.b. Marxyp, K. CuBakymap. - Bepkyrt. 23 (1). 2014. - B okpecTHOCTSIX HauuoHainsHOTO napka Keonmaneo (mrar Pamkactxan Ha ceBepe Muaun)
pacrionoxeHsl 27 BoaHO-0010THBIX yronuii (BBY). B ocHOBHOM 3T0 3ampynsl, co3nanHble i uppuranyi. OHKU pacroioKeHbl Ha paccTosHUHU OT 4,3
1o 125,8 km ot mapka. [Tnormanp konebnercs ot 10 ra go 26,7 teic. ra. B GonpmunacTBe cinydaeB BBY ne6Gonbime — ot 10 mo 400 ra. B 20092011 rr.
OBLIH IPOBEICHB! y4eThl ITHII. 1o moTydeHHBIM JaHHBIM ONIPEeIsIOCh BUA0BOE OorarcTBo BBY 1 00mmast 4ucIeHHOCTS NTHII. AHAIN3HPOBAIACh CBS3b
MEX]y 3THMH XapaKTePHCTUKAMH U JAPYTUMHU (aKTOpaMH — 0OBOJHEHHOCTb, PACCTOSHHE 10 HAI[HOHAIBHOTO Hapka, miomans BBY u T.n. Haubonee

Ba)XHBIM ()aKTOPOM OBLIO HAIMYUE BOABI, KOPPEISIMS MEXIY KOINYECTBOM BHJIOB, YUCICHHOCTBIO NTHUIl U PACCTOSTHUEM JI0 MapKa HE OTMEYEHA.
KuoueBble ciioBa: (ayHa, BOIHBIE OTUIIBI, BUIOBOE OOraTCTBO, OOMIINE, YHCICHHOCTb.

1. Introduction

Worldwide there has been increasing interest in the
conservation of water birds and their wetland habitats. They
are under pressure due to certain environmental changes
and human activities (Turner et al., 2000; Froneman et al.,
2001). Wetland ecosystems are being altered and reduced at
an increasing rate by human activities (Wilen, 1989). Human
activities throughout the world have, however, responsible for
the fragmentation of most natural biotopes (Burgess, Sharpe,
1981; Van Drop, Opdam, 1987). Over 50% of the world’s wet-
lands have been lost since 1900 (Finlayson, Davidson, 1999)
due to agricultural and urban development (Shine, Klemm,
1999). To meet increasing demands for food, natural wetlands
have been converted into agricultural fields and dams that sup-
ply water for irrigation of the surrounding agricultural fields.
In this situation, these agricultural wetlands have become
important refuges for bird communities.

The importance of artificial wetlands has been studied
by many authors who have suggested that these wetlands
can provide suitable habitats for water birds (Tourenq et al.,
2001; McKinstry, Anderson, 2002; Paracuellos, Telleria, 2004;
Santoul et al., 2004; Okes et al., 2008; Rendon et al., 2008).
In the early years, the focus was on describing the patterns
of bird communities in homogenous habitats (Enemar, 1959;
Blondel, 1965), but later it was understood that habitat het-
erogeneity, water-level fluctuations and vegetation cover may
be factors influencing the occurrence, abundance and richness
of species (Kaminski, Prince 1984; Wiens, 1989; Edwards,
Otis, 1999; Weller, 1999).

India is estimated to have about 58.2 million hectares of
wetlands (Prasad et al., 2002). Many of these wetlands are
distributed around the Indo-Gangetic plains. Apart from the
natural wetlands, which support 20% of the known biodiver-
sity of India (Deepa, Ramachandra, 1999), there are many
man-made wetlands such as dams and ponds, which also
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support floral and faunal diversity. The use of these artificial
wetlands by water birds during the breeding season has been
studied by Sanchez-Zapata et al. (2005). The preferences of
avian communities in recently created agricultural wetlands
in irrigated landscape of semi-arid areas have been studied
by Moreno-Mateos et al. (2009).

Wetlands around Keoladeo National Park (KNP), which is
a World Heritage Site and a Ramsar Site, were selected for the
present study. Most of the wetlands are natural depressions that
have been converted into dams and ponds that supply water to
agricultural fields. Over the last decade, KNP has not received
the required quantity of water (550 million cubic feet) because
of erratic rainfall. Consequently, the population of water birds
and the number of species have decreased, and no heronry has
been formed during drought periods. In this paper we analyse
the bird communities of these wetlands.

2. Material and Methods

2.1. Study Area

KNP (27°8't027° 12" N and 77° 30" to 77° 34’ E), with an
extent of 2873 ha, lies at the edge of the Gangetic plain, near
the margin of the Thar desert, in a depression at the junction
of the Gambhir and Banaganga rivers (Fig. 1).

KNP has a climate with hot summer and a cold winter. The
mean maximum temperature ranges from 20.9 °C, in January,
to 47.8 °C, in May, while the minimum mean temperature
varies from 6.8 °C, in December, to 26.5 °C, in June. The
mean annual precipitation is 743 mm, with rain falling on an
average of 39 days per year, mainly during the monsoon, in
July and August.

More than 350 species of bird have been recorded in KNP,
with a high diversity of migratory birds during winter. Indeed,
KNP is known as «Birders Paradise» as the park lies on the
Central Asian Flyway of the Asia Pacific Global Migratory
Flyway. It is a wintering ground for a large number of migra-
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Fig. 1. Block map of Keoladeo National Park.

tory waterfowl that breed in the Palaearctic region. Due to its
rich avian biodiversity value, the park has been declared as
both a Ramsar Site and a World Heritage Site. Populations of
both migratory and resident water birds have been declining in
the region due to a prolonged drought and a scarcity of water
in its reservoirs. Birds known to reside within KNP have been
moving to the nearby wetlands as less water has become avail-
able in the park (Mathur et al., 2009). Detailed information
is not available on usage of these wetlands by birds. Twenty-
seven wetlands were identified for this study (Fig. 2). They are
located at distances ranging from 4.3 to 125.8 km from KNP
and are never interconnected by ecological corridors.

2.2. Water Bird Census

Water birds were counted over a period of 3 years, from
2009 to 2011. The counting was done between 12% and 17%
hours, using binoculars and telescopes. Surveys began near
wetlands, where most of the surface area and edge of the water
were visible. All the birds present were identified and counted
(Bibby et al., 1993). Birds were located by walking along the
edge of the wetland. They were identified to species level by
consulting Ali (1996), Ali and Ripley (1986) and Bhusan et al.
(1993). The bird species richness at each site was determined
as the total number of species observed (Ludwig, Reynolds,
1988). The total number of individuals of each species was
recorded to calculate the species diversity (H') using the
Shannon-Wiener diversity index (Krebs, 1999).

2.3. Data Analysis

The GPS locations of all the wetlands were obtained and
the distance of each wetland from KNP calculated using an
online distance calculator. The relationships between depend-
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ent and independent variables were determined using simple
linear correlation. The mean and standard deviation were
calculated using an Excel worksheet.

3. Results

The wetlands’ characteristics, such as size, water availabil-
ity and holding capacity, are presented in Table 1. Water was
available throughout the year in nine wetlands. In 11 wetlands,
water was available for 4-8 months, and the remaining seven
wetlands were dry during the survey period. Water availability
is a very important aspect of a wetland ecosystem and plays a
crucial role in the assemblage of water birds there. It can be
seen that the area of the wetlands ranged from 10 to 26,667
ha (M = 1980.8, SD = 5622.7), but most of them were in the
range from 10 to 400 ha.

The GPS locations of the wetlands and their calculated
distances from KNP are presented in Table 2. The wetlands are
located 4.3—-125.82 km (M = 53.25, SD = 34.35) from KNP,
and their extent ranges from 10 to 26,667 ha (M = 1980.8,
SD =5622.7).

3.1. Species Composition, Diversity and Evenness

and Bird Abundance

The species richness and bird abundance of each wetland
were calculated. The Shannon-Wiener and Simpson’s diversity
indices were used to determine the species diversity of each
wetland (Table 3).

3.2. Species Richness and Population:
Relationship with Distance and Area
The results indicate that there is no relationship between
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Fig. 2. Locations of the wetlands selected for the study.
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species richness and distance (Fig. 3). The highest species
richness (Shannon-Wiener diversity index H' = 2.82, D =
0.084) was recorded at Urmila Sagar, which is located 61.82
km from KNP. The species eveness at Urmila Sagar was
0.759.

No relationship was found also between distance and total
population (Fig. 4). The highest population of birds was found
at Bundh Baretha, which is 36.3 km from KNP. The second
highest population was recorded at Parvati Dam, which is
located 61.73 km from KNP. We found 41 species at this
wetland, but the largest bird population is supported at Bundh
Baretha, where 30,529 birds were recorded.
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Fig. 3. Relationship between species richness and distance.
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3.3. Relationship of Wetland Size with Species

Richness and Total Population

No relationship was found of the size with species richness
and population (Fig. 5, 6). The wetlands selected for this study
ranged in size from 10 to 26,667 ha, with mean area 1980.8
ha (SD = 5622.7).

The size of most wetlands was in the range from 10 to 400
ha. Two of others were 800 ha in area, and rest were in the
range from 2900 to 26,667 ha. The area of the most diverse
wetland, Urmila Sagar, is about 2900 ha.
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Fig. 4. Relationship between population and distance.
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The water availability and sizes of the wetlands

Table 1

Hanugue Bozs! ¥ pa3Mepsl BOAHO-00JIOTHBIX Yroauit

Water availability Area
Wetland
JUL | AUG | SEP | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | (ha)
Abua Nagla 200
Ajan Dam 120
Babula DRY 250
Bhandor DRY 250
Bundh Baretha 120
Chambal 300
Chiksana Bundh 810
Ghumna DRY 50
Gir Raj Canal 300
Indrolia NA
Jagar Bundh | | | | | | | 100
Jalsen DRY 40
Jasora DRY 200
Kalakho DRY 100
Kot 14,497
Leathri 300
Mansarovar 800
Nonera 10
Pachna Dam 140
Parvati 26,667
Ram Sagar 5600.3
Redia Bundh 80
Roopbas Bundh 20
Saithal DRY 400
Talab-e-Shahi 410.12
Urmila Sagar | | 2900
Vishronde Ka Taal 200

4. Discussion

The present study was conducted with the objective of
evaluating the species richness and abundance of water birds
using these man-made wetlands, which have been created
for irrigation. These wetlands are the roosting, feeding and
breeding places of water birds. Similar findings have been
reported by Murias et al. (2002), Ma et al. (2004), Paracuel-
los, Telleria (2004), Santoul et al. (2004). We tried to identify
factors responsible for birds migrating to these wetlands and
to correlate the species richness and bird abundance with
the distance of the wetland from KNP and the area of the
wetland. Many studies that have tried to determine the most
important features responsible for selection of habitats by
water birds have not been successful (Murkin et al., 1997),
and the influence of season on habitat selection has been
poorly investigated (Froneman et al., 2001). The diversity
of some wetlands was found to be high from the Shannon-

Wiener and Simpson’s indices. Urmila Sagar, Redia Bundh,
Bundh Baretha, Nonera and Abua Nagla were the five areas
with the highest species richness. Almost all the wetlands
hold water throughout the year, except Nonera, where water
is available for up to 8 months in a year. Studies have dem-
onstrated that the bird abundance is best predicted by water
level fluctuations. Ringelman and Longcore (1982), Froneman
et al. (2001), Paszkowski and Tonn (2000) have reported that
larger wetlands can provide more microhabitats and hence
attract a larger number of species. However, Hudson (1983)
and Garay et al. (1991) have reported that smaller wetlands
maintain a higher water bird density and diversity compared
with larger ones.

During our survey, a rare albino Oriental White Ibis
(Threskiornis melanocephalus) was observed at Talab-e-
Shahi, which is located 62.24 km from KNP. We spotted what
was probably the same bird at KNP after a gap of a few days.
This suggests that the local movements of birds, as well as
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their habitat use, need to be assessed more intensively. The
present study provides some basic information that can be used
in preparing a comprehensive landscape-level conservation
plan for conserving the avifaunal diversity of this region. The
prolonged drought in and around KNP may be a factor forcing
several migratory species to move to the neighbouring wet-
lands. Hence, these wetlands are playing a crucial role in the
conservation of the avifauna of this region, especially during
droughts. The current land-use patterns of this region could
well be posing an added threat to these wetlands. Some of these
wetlands should be declared as community or conservation
reserves after conducting nature education programmes and
subsequently receiving inputs from the local people.
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