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Introduction

INTRODUCTION

Ecology is the science of determining how species within an environment
relate to one another and also how species are distributed and abundant in
a particular habitat. This is important in understanding the health of an
ecosystem. With the high rate of urbanization globally and the rapid loss
of wild habitats, cities are now viewed as challenging ecosystems for
sustaining rich biotic communities. Over last few decades urban
ecosystems have therefore become ecological challenges in conservation,
restoration, and reconciliation of ecology (Miller and Hobbs, 2002;
Rosenzweig, 2003). Designing sustainable urban ecosystems that support
species rich bird communities also includes maintaining key ecosystem
services, such as clean air and water, waste decomposition, and pest
control. Cities consist of mixtures of built up habitats and green patches.
Although urbanization increases total bird densities, it appears that only a
few species contribute to this increase. Kark et al. (2007) describes these
species as “Urban exploters”. These are the species that can exploit urban

resources and coexist and thrive and contribute to the biomass in the most
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built parts of the city, such as business hubs and industrial zones where

vegetation may almost be absent. In VVadodara species like Blue Rock

Pigeons (Columba livia), House crow (Corvus splendens), Common

Myna (Acridotheres tristis), House swifts (Apus affinins) and Black Kites

(Milvus migrans govinda) are described as urban exploiters (Rathod,

2009). While food density is normally high in urban settings, the main

source is of low quality anthropogenic refuge.

Birds, specifically raptors, are excellent indicators of environmental

health. Their changing populations often provide clues to the overall

health of their habitat (Estrella et al., 1998). Raptors have fascinated

humans for thousands of years due to their keen senses, hunting skills,

power, behaviour, complex migration and occupation of key niches in

ecosystem. Raptors play critical ecological roles often impacting

ecosystems making them keystone and flagship species for conservation

efforts (Palomino and Carrascal, 2007). Though found in low densities,

using raptors as umbrella species in conservation can protect entire

ecosystem and all the species that live within that community. They are
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quite sensitive to changes in habitat structure and fragmentation and have
a high susceptibility to local extinction (Simberloff, 1988). Population of
raptors is declining worldwide and many species are threatened with
extinction (IUCN, 2002). However, Black Kite -Milvus migrnas govinda
is an urban exploiter found in huge number in many urban areas of

northern and western India.

Black Kite (Milvus migrnas govinda) is classified in Order:
Falconiformes and Family: Accipitridae with hawks, eagles, old world
vultures, buzzards etc. In Latin Genus Milvus means ‘Kite’ while species
migrans means ‘migrating/ wandering’. Race govinda meaning ‘cow
finder’ comes from Hindu mythology (Naoroji, 2007) as this race is

common in Indian subcontinent.

There are 3 races of Black Kite, M. m. migrans, M. m. lineatus, and M. m.
govinda in India (Ali, 1979; Navroji, 2007). The Black kite (Milvus
migrans govinda) isa common resident bird of prey of urban environs in
many parts of the world (Ali, 1979). It can be easily identified by its

brown colour and long forked tail, brown eyes and yellowish legs and
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feet. The adult is overall dark brown variably tinged with rufus colour.
Adult M. m. govinda measures between 54-59 cm and has a wing span
between 102- 107 cm. while, juvenile is overall dark brown with black
spots but liberally mottled. M. m. migrans is larger species. Among the
races M. m. lineatus is commonly known as Black eared Kite. It is also
larger than M. m. govinda, more prominent and with extensive white
patches at base of primaries, has extensively streaked head and neck and

paler brown under parts lacking russet tone (Navroji, 2007).

Huge populations of M. m. govinda can be observed in many cities of
western and northern India. They can be seen feeding at garbage dumps
or soaring on thermals developed by urban concrete jungles. At sunset
time they gather in large numbers at roosts and show Pre roosting
behaviour in the form of soaring around the roost. The population of
black kite is reported to fluctuate as well as shift their roosts seasonally
(Mahabal and Bastawade, 1987). These authors have considered
fluctuations in population of kites in Pune city central India in 3 phases of

annual cycle: Pre breeding season — June to September, Breeding season
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- October to February, Post breeding season — March to May. Based on
this, as first step while studying ecology of Black kites M. m. govinda in
western semi-arid subtropical zone of India, a study of annual

fluctuations in their population is carried out.

For the survival of a bird species its successful nesting is important. As
this species is adapted to urban habitats its nesting ecology with reference
to nest site selection is also considered in the present study. An
individual’s fecundity and survival depends upon choice of nest site
which may in turn determine the structure and growth rate of populations,
and the evolution of species (Clark et al., 2004). As selection of nesting
site is equally important for the survival of a species, present study also
deals with nest site selection, tree species used, its characteristics and

whether nesting is successful or not.

Food is the most important factor influencing the abundance and
distribution of birds in any ecosystem (Pimm, 1982; Polis, 1991; Begon
et al., 1996). A non-invasive method for the study of prey species of

raptors is study of undigested food particles in regurgitated pallets.
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Hence, investigations on regurgitated palates of Black Kites are also

considered in the present study at VVadodara.

Pollution is one of the major problems of urban environment. Urban areas

get polluted not only due to industries but also due to vehicular

emissions. As a result of escalating generation of evidences that bird

populations are particularly sensitive to the changes produced by human

in the environment, potential use of birds as indicator for environmental

pollution has been widely recognized. Environmental contamination

caused due to men is a relatively novel concept, in ecological times.

Stressors like pollutants negatively affect individuals and entire

ecosystems via air and water around the world, even in the areas

relatively free of contaminants (Iwata et al., 1993). However, in the past

few decades, many efforts have been made regarding monitoring of

health of an ecosystem. Birds are one of the best indicators for bio-

monitoring the environmental changes as they are on the pinnacle of the

food chain. Among the birds raptors are the most intensively studied

group of species which are at the apex position in the food chain and



Introduction

show the spatial integration of contaminant levels in their extended home
ranges (Altmeyer et al., 1991; Esselink et al., 1995; Pain et al., 1995;
Garcia- Fernandez et al., 1997). However, being extremely mobile, they
feeding over a wide geographical range making it complicated to
determine the source and site for their toxic ingestion. However the
present investigation also includes quantification of various toxic as well
as trace elements from tissues like liver, kidney, muscles and feathers of
Black Kite (Milvus migrans govinda) from the most polluted city of
Gujarat, Ahmedabad.

Though the Black Kite is not under immediate threat of population
decline it is exposed so several threats in urban environment. One has to
learn from the example of vultures. The decline in the population of Gyps
species, which was thriving till 1993, and declined by 95% in late 1990s
(Prakash et al., 2003, Green et al., 2004) is now known fact. Before
anything happens to Black Kite M. m. govinda; one of the “List
Concerned” Species according to bird Life International and adapted very

well to urban habitats; its status and ecology needs to be documents. This
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study expected to provide information regarding its population size,

breeding success, feeding ecology and different stressors encountered by

them in cities in western India.



Population and Roosting

CHAPTER: 1

Population trend and Roosting behaviour of Black kite (Milvus
migrans govinda)

INTRODUCTION:

Avian population fluctuations have been shown to arise primarily from
random demographic processes (Karr, 1982; Boag and Grant, 1984;
Desante and Geupel, 1987) as well as movements of individuals within
and among habitats (Greenberg, 1981, Karr and Freemark, 1983,
Whellwright, 1983). Among these populations, raptors are of particular
concern as they have great symbolic significance in many cultures and
great value as potential indicator or umbrella species (Simberloff, 1998).
These predators play important role in ecosystems because they can
determine the community structure patterns of their prey (Menge et al.,
1994). As these umbrella species are known to occur at low population
densities and have large individual home ranges, by protecting them we
protect all the species on which they depend directly or indirectly and
also those species which have similar requirements but smaller home

ranges. Therefore, top predators like raptors are considered as key taxa in
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planning conservation strategies and also environmental impact
assessments (Simberloff, 1998; Martinez et al., 2003). They are quite
sensitive to changes in habitat structure/fragmentation and have a high
susceptibility to local extinction (Simberloff, 1988; Thiollay, 1989;
Savard et al., 2000; Chace and Walse, 2006). Hence, they act as valuable
indicator species on changes and stresses in the various ecosystems
including urban system. Nevertheless populations of raptors worldwide
are declining and many species are threatened with extinction (IUCN,

2002).

Urbanization produces large scale extensions of once continuous natural
habitats, causing its intense fragmentation. This results in extensive
changes in the landscape (Clergeau and Quenot, 2007). The increased
urbanization usually leads to an increase in the avian biomass with
reduction in species richness (Marzluff, 2001; Rathod, 2009). This
successive increase is reflected as increase in the population of certain
species as urban settings are free from persecution as it provides adequate

food supplies (Chace and Walse, 2006). Urban areas house a large

10
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proportion (~50%) of the world’s human population (Brown et al., 1998)
and this proportion is increasing rapidly, particularly in the developing
world (World Resources Institute, 1996). As natural habitats are
encroached by urban settlements, it is clear that their impacts need to be
mitigated, and their potential for conservation better understood and
exploited. Numerous studies on avifauna have been carried out in urban
landscapes. Many of these studies focus on birds in remnant forests,
urban reserves or parks or urban habitats in general (Tomialojc, 1998,
Natuhara and Imai, 1999; Park and Lee, 2000) while, other studies focus
on the changes in bird communities across gradients of urbanization
(Rathod, 2009). Many of these studies report that the density and
structures of vegetation cover (both native and exotic), and the
availability of anthropogenic food influence bird communities (Mills et
al., 1989; Munyenyembe et al., 1989; Jokim&ki and Suhonen, 1998;
Maeda, 1998; Rathod, 2009). However, urban habitats have been
considered to be of superior quality for raptors. Species that meet their

food requirements within such settings exhibit positive population

11
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responses. Marzluff et al. (2001) have stated that in order to forecast the
effects of human settlement, evaluating how increasing exurban
development affects avian species with large area requirements is likely

to help to identify the proximate factors that drive these changes.

The behavioural flexibility in the form of rapid adjustments to the new
conditions, allows birds to respond rapidly to changing environment. The
litheness to adapt to changes in landscape and habitat configurations is
considered as a key to success for several avian species residing in urban
areas. They are able to respond to urban environment due to an important
component of their behaviour i.e colonizing. Though daily activities of a
bird follow an endogenous or circadian rhythm, the exact time of their
display varies from day to day. The variations are not random, but are
related to concurrent changes in environmental factors i.e weather that
can affect individual behaviour, natality, mortality and dispersal. These
potential repercussions on population and community regulation, reflect
that birds can alter their behaviour in response to changing environment

(Reebs, 1986; Tester, 1987). Urbanization , is one such change in natural

12
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habitats that produces substantial and lasting effects on bird
communities (Marzluff and Ewing, 2001) by altering the amount,
composition and arrangement of vegetation (Hostetler, 2001, Melles et
al., 2003), creating barriers to movements  (Fernandez-Juricic, 2000)
and changing local temperature, food supply, predators, and parasites
(Bowman and Woolfenden, 2001; Crooks et al., 2001; Marzluff, 2001,
Chance et al., 2003; Thorington and Bowman, 2003; Sinclair et al., 2005;

White et al., 2005).

Black kite (Milvus migans govinda) (Plate I) is one such resident urban
raptor of Indian sub-continent. However, this raptor occurs in huge
numbers in metro cities (Altkin, 1947; Ali and Reply, 1968; Mahabal and
Bastawade, 1987; Rathod, 2009). As this species is abundant in the area it
has been classified as least concerned (Bird Life International, 2009).
However, being a member of family Accipitridae it is a schedule I species
of Wild life Protection Act (1972), amendment 2008. Panuccio and
Agostini (2010) described that Black Kites show intermediate behaviour

between eagles and harriers. It also shows migratory as well as local

13
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movements in different regions. At the Strait of Gibraltar large numbers
of kites gather to cross Central Mediterranean region through the Channel
of Sicily and the Tyrrhenian Sea for spring migration (Agostini and
Duchi 1994; Panuccio et al. 2004; Mellone et al. 2007) while in India
though a resident species there are populations that show local

movements (Altkin, 1947, Mahabal and Bastavade, 1987).

Black Kites have become very common species in the urban skies and
their soaring and roosting behaviour in these built-up areas is a common
scene. Further, this species is also known to form roosting aggregation in
cities. In Vadodara (Lat22° 18> N, Long 73° 10’ E) (Plate Il )numbers of
Black Kite start increasing mostly by the end of April and the beginning
of May, when a significant percentage of immature birds are observed.
As is also observed by several authors that non-breeders cross the
Central Mediterranean during spring migration and conversely during
autumn migration (max. 3600 over the island of Marettimo in 1998)
peaking in late August, when mostly adults are observed (Agostini et al.

2000; Agostini et al., 2004; Panuccio et al., 2005; Panuccio et al., 2007

14
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Panuccio and Agostini (2010), in Vadodara also, the numbers increase
by the month of August when monsoon sets in, with the arrival of local

migratory population.

Population density is one of the major ecological characteristic pertaining
to the ecosystem level energy use by the species (Makarieva et al., 2005).
Most studies concerning habitat use by raptors focus on 'microhabitat’
variables such as tree characteristics, ground cover or perches, often
measured at small detailed scales (Fuller, 1979; Andrew and Mosher,
1982; Cody, 1985; Verner et al., 1986, Sanchez- Zapara and Calvo,
1999). As, there is a lack of documented information about the population
trend and phenomenon of its roosting by Black Kites Milvus migrans
govinda in response to change in climatic factors, the present study
investigates the influence of different environmental factors viz.
Temperature, Humidity and Rainfall in VVadodara over the three seasons
summer, monsoon and winter. Thus, an attempt is made to analyze the

distribution and density of Black kites in an urban semi-arid region of

15
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Gujarat to discuss the influence of seasons on their distribution,

fluctuation and density patterns and rooting behavior.

Many studies on diurnal activity patterns have focused on the communal
roosting of birds, which is a well known phenomenon among numerous
species like Starlings (Jumber, 1956), Herring Gulls (Schreiber, 1967),
Corvids (Everding and Jones, 2004), etc. As far as raptors are concerned,
roost counts can be a useful method for assessing and monitoring raptor
populations as long as the counting regime is able to detect real
differences in daily variability in roost size. In many communally
roosting species the temporal patterns of roosting behaviour are also
affected by various environmental factors which in turn have become
modified due to urbanization and human interferences. Despite the
extensive time spent by birds at roosts and their presumed vulnerability
while asleep, little is known about the roosting behaviour of majority of
species especially the communally roosting raptors of tropical region. In
urban areas, the influence of increasing roads with vehicular traffic,

direct loss of habitat, disturbance through the presence of humans during

16
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the construction processes and the presence of artificial light used to

illuminate the area influencing photoperiod needs to be investigated.

The above mentioned human activities are known to impact wild
populations in variety of ways including their distribution, habitat use,
dispersal patterns, fecundity, survival, and energy budgets (Knight and
Cole, 1991). Hence, in the present chapter, population fluctuation over
the year as well as roosting behaviour of Black Kites (Milvus migrans
govinda) in urban areas of Vadodara city, Central Gujarat, India is
considered.

MATERIALS AND METHOD:

Black Kites are known to show pre-roosting behaviour (Plate 4) in the
form of soaring around the roost before descending onto the roost in the
evening. Three sites were identified while randomly searching for
roosting sites in the city. These sites were surveyed for Kite populations
about 6 times in a month from January 2009 to December 2011 before
sunset time, either by direct observations or by surveying the potential
tree assemblages where pre-roosting behaviour has been observed earlier.

17
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1. Study area: Plate Il and 111

Three major locations could be identified in Vadodara city (22°18° N, 73°
10’ E) having varying degree of urbanization and human activities along
with differences in their habitat composition. Of the three roosting sites, a
major roosting congregation was observed in an undisturbed area of
Sayaji Baug (commonly known as Kamati Baug) (22° 18°N, 73° 12°E). It
is the largest public park in Western India stretching over 113 acres. A
small river Vishwamitri cuts across the park. Park has rich flora of more
than 98 species of trees (Thaker and Jasrai., 2005). An assemblage of
trees on the eastern side of the park is used by kites for communal

roosting.

The second assemblage of trees utilized for roosting is located near
Vadodara railway station (22 ° 18’N, 73 ° 12°E). This roost is highly
disturbed because of vehicular and rail traffic as well as continuous
human activities. The third roost at Bhutdizapa (22”18’ N, 73”12’ E), is
located right in the middle of the city and surrounded by concrete jungle.
It is also a highly disturbed area.

18
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2. Population size at Roosting:

The Black Kites were observed with naked eyes as well as with the help
of field binoculars (10X magnification) whenever required. When Kites
are displaying their pre-roosting behaviour they can be accurately
counted by point count method. Hence, the number of kites exhibiting
pre-roosting behaviour was visually counted at each roost. Photographs
were taken with the help of Canon D70. Simultaneously, to find out the
effects of vehicular traffic, the number of vehicles passing in 1 hour at the
time of roosting at three study sites was also noted. Population density
was calculated as number of birds per roostand population size was noted
as the mean of total number of Black kites observed monthly at the three

sites.

3. Roost site characteristics:

To find out roost site characteristics, the tree species preferred for
roosting by Black Kites were identified and their percentage calculated
within 1 Km of each roost along with the total area occupied by the trees.

The perimeter of each roost was walked on feet and the number of trees

19
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used for roosting were identified and on the basis of this percentage of

trees used calculated.

As at each roost all the trees are typically of same age, their height was

obtained using scale method and girth were obtained by a measuring tape

to find out Diameter at breast height (DBH). The circumference of a tree

trunk was divided by IT (3.14). The percentage of canopy cover was

measured with the help of a mirror that has known numbers of grids

marked on it with uniform length and width. For the evaluation of the tree

canopy, the grid mirror was held under the canopy exactly parallel to the

ground and the number of grids occupied by the image of the canopy and

the grids that were exposed to light having no image of canopy were

counted to find out percentage of canopy cover (Paletto and Tosi, 2009).

The approximate linear distance from the centre of the roost to the nearest

road and building was also measured by step counting method. The

shape index for the roost was calculated using formula S - L-W/L, where

L is the length of the roost and W is width. This index ranges from 0,

20
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when length and width of the roost are equal, to 1, for maximum

difference between these two measures (Sarasola and Negro, 2006).

4. Meteorological parameters:

Temperature and humidity were recorded with the help of MEXTECH-
Thermo-Hygro Clock J421CTH instrument while rainfall was obtained
from the meteorological Division, Department of Physics, The M.S.
University of Baroda, Vadodara. Information regarding three
meteorological parameters viz. Temperature, Humidity and Rainfall were
pooled monthly. As sun sets in the subtropical zone where Vadodara is
located, before and after 7 p.m. depending on seasons, the time was

considered as + or - with reference to 7 p.m.

5. Statistical analysis:

To correlate kite population with seasons, data was pooled into three
seasons: Summer (February to May), Monsoon (June to September) and
Winter (October to January). Rainfall data was not used for the analysis

as rains occur only during monsoon in semi- arid zone of India. Multiple
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Linear Regression (MLR) was employed to examine the effects of

environmental variables on the fluctuations in the populations and

roosting time of Black Kites. While Pearson correlation coefficient was

employed to find out seasonal correlation between roosting time with

sunset, humidity and temperature in three seasons. Statistical software

package Graph Pad Prism 5.00 was used for both. Values are expressed

as mean £ SE and test statistics were considered significant at P< 0.05.

PAST was used mainly for the preparation of graphs.

Results:

Population fluctuation in Black Kites: (Seasonal-Table: 1, Monthly-Fig:

1)The Population of Black Kites at roost was highest during Monsoon

(August) with mean 541.7 = 17.33 individuals at Sayajibaug, 322 + 9.18

at Railway station and 152 + 4.41 at Bhutdizapa roost while lowest in

summer (March-April-May) with mean 102.2 £ 3.7, 127 + 6.8 and 77.33

+ 3.38 at Sayajibaug, Railway station and Bhutdizapa respectively.

During winter the population of Black kites was 166 + 7.1 at Sayajibaug,

162.2 + 8.48 at Railway station and 105.3 £ 4.63 at Bhutdizapa.
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Roost site characteristics (Table: 2):

At Sayajibaug roost, the number of Black Kites was highest in monsoon
and increased from June to September varying between 400-700 birds/ 10
trees while lowest in summer from March to May with 120-150 birds/ 10
trees. Here, 44 trees of two species, Nilgiri (Eucalyptus hybrid- 8 trees-
18.18%) and Asoka (Saraca asoca- 2 trees-4.5%) are used for roosting
(Table 2). The mean height (in m.) and Girth (in cm.) of Nilgiri trees
were 21.33 = 1.32m. and 53 £ 0.84 cms. respectively while those of
Asoka trees were 18.28 + 2.01lm. and 60 £1.02 cms. respectively.
Canopy cover of Nilgiri and Asoka were 56% and 50% respectively,
while, the shape index for Nilgiri trees was 0.5 and for Asoka trees 0.6.
The nearest building and road from roost at Sayajibaug were located at

490m and 402m respectively.

At the second roost i.e. near Vadodara Railway station also, maximum
kites were counted during the months of Monsoon- June to September,
ranging between 300-450 on 7 Maha neem (Alianthus exelsa) trees while
minimum in summer from March to May ranging between 110-120
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individuals. Here, 25 Maha Neem are present on one side of one
kilometer long road. Out of these, 7 trees (28%) were used for roosting.
The mean height (m) and Girth (cm) for Maha Neem were 21.33 + 2.12m
and 106 + 1.89cm respectively. The mean canopy cover was 79 % + 1.02
while the shape index for the roost was 0.66 and the distance to the
nearest building and the road from the roost site were 30m. and Om.

respectively.

At the third roosting site i.e. Bhutdizapa the number of Kites occupying
the roost was highest during the months of monsoon but from July to
September with the numbers varying between 120-175 birds on 3 Neem
(Azadiracta indica) trees and minimum during March to May ranging
between 50-80 individuals. Here, the tree density was 8 trees/Km which
Is a monospecific assemblage. Out of these only 3 trees were used for
roosting. The height (m) and girth (cm) of these trees were 19.81 +
0.98m. and 89 £ 0.98 cm. respectively. Their canopy cover was 84% =+
0.83 while the shape index for the roost was 0.64 and the distance to the

nearest building and road 100m. and 70m. respectively.
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Distribution of Black Kites in relation to anthropogenic activities:

The number of vehicles passing in 1 hour at the time of roosting was
counted at three sites. At Sayajibaug assemblage of trees on Eastern side
of the park has very low human intervention. Here, there is no vehicular
traffic. The nearest main road is about 490m away. At the second study
site Railway station the vehicular traffic is very heavy (600 = 0.05
vehicles/ hour) at the time of roosting. In addition the noise of passing
trains is also very high. This roost is located on the side of road hence the
distance between road and roost is very low 4.2 m. Similarly around the
third site, Bhutdizapa, also large number of vehicles pass at the time of
roosting (800 * 0.08 vehicles/ hour). This site is present in the centre of
Vadodara city with concrete jungle and very few trees for roost. The
habitat variables at three sites were Natural vegetation (Sayajibaug),
commercial buildings with residential area (Railway Station) and
Residential area — OIld city (Bhutdizapa). At Railway station and
Bhutdizapa roosts very low vegetation cover is present with minimal

diversity in tree species.
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Meteorological parameters: (Table: 3, Fig.2)

a. Temperature (°C): In Vadodara, significant fluctuations in the
atmospheric temperature occur over the year. The mean temperature at
roosting site and time was 30.2 °C + 0.46 in monsoon 27.76 °C +1.5 in

winter while 32.44 °C + 2.0 in summer.

b. Humidity (%):Lowest humidity levels occurred in summer (59.92 £ 5
% ) while highest in Monsoon (79.9 + 3.2%). Once the monsoon is over
humidity levels drop significantly and in winter mean humidity was 69.41

+ 0.9%.

c. Rainfall (mm): As in Vadodara city the rains occurs only in monsoon,
during the study period low 526.2 mm rainfall was recorded in 2009
while high 950.1 mm in 2010 and 850.5 mm in 2011 Hence, the mean

annual rainfall was 775.6 + 0.3 mm.

d. Sunset (p.m.): With the increase in the day length, the sunset time
extends in summer (7:30 p.m. £ 2.34 min.) and monsoon (7:16 p.m.
1.68 min.) while with the arrival of winter sunset was early (6:18 p.m. £

2.43 min.) due to decrease in the day length.
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e. Roost Arrival time (p.m.): Arrival time of Black kites was recorded
when first kite arrived at roost in the evening. The kites arrived before
sunset. In summer, their arrival time was 7:22 p.m.x 2.25min. while in
monsoon it was 7:05 p.m. + 2.43, while in winter 6:08 p.m. £ 2.49 min.
The arrival of Black Kites to their roosts is usually 5-15 minutes before
the sunset. The Black Kites arrived at their roosts during monsoon earlier

as compared to their delayed arrivals during the summer months.

Relation between Black kite Population and different environment

variables- temperature and humidity at roosting time

Multiple Linear Regression analysis was employed to assess the
relationship between fluctuations in population of kites (as dependant
variable) and environmental variables like temperature and humidity at
roosting time (as independent variable). Temperature and humidity in
monsoon correlated with population significantly at R% 0.99 and 0.7
respectively. During summer and winter only temperature was explained
with R? at 0.8 and 0.83 respectively while humidity did not show as much

of positive relationship at all three roosting sites.
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Multiple linear regression was also employed between roosting time (as
dependent variable) and environmental variables like Sunset time,
Temperature and Humidity (as independent variables). The results
(Table:5 and Fig:4) show that, the regression coefficient R*was highly
positive for sunset 0.96, 0.94, and 0.96 at all the three roosting sites.
Temperature also influenced roosting time by 90% in Sayajibaug , 89% at
Railway station and 87 % at Bhutdizapa. However, humidity showed
negative relationship at all three roosting sites (R* 0.57, 0.53, 0.56

respectively).

Seasonal correlation between roosting time with sunset time,
humidity and temperature:

Pearson correlation coefficient is considered between roosting time and
sunset time, temperature and humidity. All the three were significantly
correlated during summer, with temperature negativerly at P <0.001 (P- -
0.89***), with sunset positively correlated at P<0.05 (P- 0.69*) and with
humidity positively correlated at P<0.001 (P-0.88***). However, in
monsoon sunset time significantly correlated at p<0.001 (P-0.81***)
while humidity positively correlated at p<0.05 (P- 0.7*). During winter

sunset time positvely correlated at p<0.01 (P-0.76**).
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Sunset was important for kites to arrive at roost in all seasons but it was
more significant in monsson when humidity was high and significance
was low in summer when humididy was low. In other words it can also
be said that when humidity was high roosting time was correlated only at
* in monsoon while humidity was low in summer, roosting time and
humidity were highly significantly correlated. During winter only sunset
time was significant at p<0.01 (P-.0.76**) to arrive at roost while

temperature and humidity were nonsignificant.

General Observations:

Though, three permanent roosts were found during the study period, in

Monsoon when additional migratory population arrives three temporary

roosts were observed near two garbage dumping sites and a poultry farm.

Pre roosting display (Plate 4)

Generally, Black Kites gathered above the roost and were seen soaring in

the sky for sometime before settling down. Such displays were intense

towards the end of August and in early September (end of Monsoon).

Black kites gathered and showed pre- roosting display for about 5 to 15

minutes before sunset. The flock comprising of 50 — 250 birds fly high up

in the sky by circling around and then descending slowly on the roost tree
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and again ascending in the sky. After a period of 6-10 minutes the pre-
roosting display ends and the flock slowly comes down at the roost.
Sometimes, the kites which had already settled down also take off
without making any noise and complete a round of about half a kilometer
radius over the roost before settling down again. In summer, when
temperature is high at ground level, the kites soar high in the sky for long
time after sunset. Occasionally they are also seen soaring under clouds

on hot days.
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Table: 1 Population of Kites during different seasons at the three roosts.

Name of different Summer Monsoon Winter
sites
Sayajibaug 102.2 £0.3.7 541.7 £17.33 166 + 7.1
Railway Station 127 + 6.8 322 +9.18 162.2+ 8.48
Bhutdizapa 77.33£3.38 152 +4.41 105.3 + 4.63

Table 2: Characteristics of roost and roosting trees of Black Kites in Vadodara

city
. . Sayajibaug Railway .

Roosting Site Station Bhutizapa
1. Number of 300-450 120-175
Black kite at 400-700 birds on 10 trees birds on 3

on 7 trees

Roost trees
2. Tree Species Eucalyptus hybrid Saraca asoca Alianthus Az_adl_racta
used exelsa indica
3.Trees/ Km 44 25 8
4. Trees ysed 8 9 7 3
for roosting
5. Tree used 18.18% 45% 28% 37.5%
(%)
6. Tree height 21.33 +1.32 18.28 + 2.01 2133+ | 19814189
(m) 2.12
7. Girth of tree 53 +0.84 60 +1.02 106 £ | 894008
(cm) 1.89
8. Canopy 56% £ 0.56 N 79% * o
cover (%) 50% +0.96 102 849% + 0.83
9. Shape Index 0.5
(Roost) 0.6 0.66 0.64
10. Distance to
nearest road 490 0 70
(m)
11. Vehicular
traffic per 0 600+ 0.05 | 800+ 0.08
hour
12. Distance to
nearest 402 30 100
building (m)
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Table: 3 Mean Temperature, Humidity, Sunset time and Arrival time of Black

kites at Vadodara.

Parameters Summer Monsoon Winter
Temperature at roosting time °C 32.44+2 30.2+£ 0.46 27.76+1.5
Humidity (%) 59.92+5 79.943.2 69.41+0.9
Rainfall (mm) - 775.6 mm £ 0.3 -
6:18
sunset time (p.m.) 7:30+£2.34 7:16 £1.68 +2.43
Arrival time (p.m.) 7:22 £2.25 7:05+2.43 6.08+£2.49
Difference arrival and sunset time 8 min 11 min 10 min

Table: 4 Relation between Black kite Population and environment variables-
temperature and humidity at roosting time.

R? value( Non significant)
Seasons Temperature Humidity
Summer 0.8 0.15
Monsoon 0.99 0.7
Winter 0.83 0.18
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Table: 5 Relation between Roosting time as dependent variable and
environmental variables (Sunset time, Temperature and Humidity) as
independent variables.

Sunset Temperature | Humidity

Sayajibaug

R? 0.96 0.9 0.57

Railway Station

R? 0.94 0.89 0.53
Bhutdizapa
R? 0.96 0.87 0.56

Table:6. Seasonal Correlation between roosting time with sunset time,humidity

and temperature

Summer Monsoon Winter
Temperature -0.89*** 0.51 NS 0.59 NS
Sunset time 0.69* 0.81*** 0.76 **
Humidity 0.88*** 0.7* 0.47 NS

* P<0.05, ** P<0.01, *** P<0.001, NS- Non significant
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Fig: 1 Annual fluctuations in black kite population at three roosts.
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Fig: 2 Seasonal changes in Temperature, Humidity, Sunset time and roosting
time of Black kites inVadodara.
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Fig:3 Relation between Black Kite Population with temperature and humidity in
summer, monsoon and winter.
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Fig: 4 Relation between roosting time with temperature, sunset time and

humidity.

6.6 %
65
6.4 o
80 o
o
6.3
6.2
E
2 61
E <
g 6.0 £
g E ° o
@ 59 £ 60
5.4 56 5.8 6.2 6.4 6.6 5.4 56 5.8 6.0 6.2 6.4 6.6
Roosting time (p.m.) Roosting time (p.m)
34
o o
33 o o o
o o ocooo o
32 o o o
o
o o
31 ) g ooo
o
30 o o, 8
o
29 o
e
2
o
T 28 o o
Q
£
& 27
5.4 5.6 5.8 6.0 6.2 6.4 6.6

Roosting time (p.m.)

36



Population and Roosting

DISCUSSION:

Increasing urbanization worldwide is affecting local and global ecological

systems negatively (Marzluff, 2001; Pickett et al., 2001; Alberti et al.,

2003; Imhoff et al., 2004) by perforating, isolating and degrading natural

landscape (Meyer and Turner, 1992; Matlack, 1993; Marzluff and Hamel,

2001; Faeulkner, 2004). Biodiversity of urban ecosystems have been

examined in response to urban changes (Middleton, 1994; Wackernagel

and Rees, 1996).

Biodiversity conservation in urban environments is now a global focus of
research (Morneau et al., 1999; Park and Lee, 2000; Clergeau et al.,
2001; Porter et al., 2001). There is growing recognition for the
importance of urban environments (Savard et al., 2000), especially in the
remnants of natural ecosystems that persist in and around the areas
(Bolger et al., 1997; Crooks et al., 2001). In many studies, birds have
been used to investigate the factors influencing distribution, abundance
and conservation status of urban fauna (e.g. Catterall et al., 1991;
Fernandez-Juricic, 2000; Cooper, 2002; Jokimaki et al., 2002).
Ornithologists are concerned about the effects of wide-scale

anthropogenic changes on ecosystems and have stressed on variations in
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biological integrity over large geographic areas (Carrete et al., 2009). A
common tool for monitoring biological integrity is the use of indicator
species (Margules and Pressey, 2000).

Among the indicator species, raptors, because of their role in food chain;
are considered as appropriate indicators for monitoring changes at the
ecosystem scale (Tella et al., 1998; Sanchez-Zapata et al., 2003; Carrete
and Dondzar, 2005). They occur across a broad gradient of anthropogenic
distribution from immaculate wilderness to metropolitan areas and many
species are often associated with particular habitat type. However, the
justification of this top predator (Black kite) as flagship or umbrella
species (Sergio et al., 2006) is based on their association with high
biodiversity value in biological system (Sergio et al., 2008). According to
these researchers, the simulated network of protected sites constructed on
the basis of raptors have been considered to be more efficient for
conserving biodiversity than networks based on lower tropic level
species. Rathod (2009) has associated Black Kite — Milvus migrans
govinda with urban habitats as urban exploiter as they occur in huge
number in metropolitan cities and are rarely seen in rural areas (Plate 4).

Population fluctuation of Black kites at Vadodara:

As it was observed by Mahabal and Bastawade (1987), in Pune,

Maharashtra State; in VVadodara also maximum population of Black kites
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were noted during Monsoon (July-September) indicating arrival of
migratory population from the southern parts of India. Sudden increase in
number of kites was noted 3 to 4 days prior to the arrival of south-west
monsoon of Indian subcontinent (Fig.1). The number reached to peak by
month of August and/or September before retreating monsoon sets in the
area. As per Mahabal and Bastawade (1987), the seasonal fluctuations in
Black Kites populations occur due to immigration to city, emigration
from city as well as addition of new generations. The later condition may
not be adding significant number in August and September as this is the
pre- breeding season for kites. In Vadodara, kites nest from September to
March (Chapter:I1).The avian population fluctuations have been shown to
arise primarily from random demographic processes (Karr, 1982; Boag
and Grant, 1984; DeSante and Geupel, 1987) and movement of
individuals within and among habitats (Greenberg 1981; Karr and
Freemark, 1983; Wheelwright, 1983). However, the present study notes
the increase in number of Black Kites with arrival of migratory

individuals into city. Individuals move in response to seasonal climatic
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changes (Root, 1988), breeding (Robinson et al., 1992), or the temporal
and spatial variations in food resources (Wheelwright, 1983; Levey,
1988; Blake and Loiselle, 1991; Powell and Bjork, 1994, Janicke and
Chakarov, 2007). The fluctuating populations of Black kites showed
positive relationship with environmental variables like temperature in all
seasons and humidity only in monsoon (Table 4). Environmental factors
and their interactions are believed to shape specific breeding and survival
strategies in top predators like raptors. Indirect effects of weather on bird
population are probably very noticeable like decline in food procurement
and lowering predation rate by lowering predator availability. Death of
large number of kites was unofficially reported during floods in VVadodara
city in year 2005 (Padate, G. Personal communication) probably due to
unavailability of food as garbage dumping sites along the river
Vishwamitri were under water and probably poultry processing units
were also closed. The black kites are generally seen foraging nearer to
garbage dumps or poultry farms where they could easily get plenty of

food in all seasons. Additionally in monsoon they are also observed
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feeding on insects at ground level which may not be available when area

is flooded with water.

Varying geographic conditions, the erratic timing of rainfall and other
environment limit our understanding of the movement patterns
(Underhill et al., 1999; Roshier et al., 2002). Duringthe study period,
rainfall was highly significantly correlated with the population of kites
due to their arrival - as they emigrated from southern region to these
comparatively drier parts of semi-arid zone where Vadodara is located.
Explaining variations in population size over time remains a great
challenge in ecology (May, 1999). The number of kites was high during
rainy season and low in winter and summer. The high prey availability
and comparatively drier habitat probably attract more individuals to this
semi-arid zone during rainy season. In western semi-arid zone of India,
where rainfall is comparatively low, insects emerge from their dormancy
of hot summer days at the onset of monsoon. The annual rainfall is not
the best way to understand the effect of climate on bird populations in a

habitat such as this one in which potential evaporation nearly always
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exceeds rainfall. Rather, the length and severity of the dry season and also

the occurrence of rains before the breeding season may be critical.

However, this study shows the relationship of population of Black Kites

with environmental variables as rainfall, humidity and temperature were

significantly correlated with the arrival of the migratory Black Kites to

these comparatively drier places.

Urban ecosystems have usually been examined in terms of their impact

on biodiversity (Middleton, 1994; Wackernagel and Rees, 1996). Much

can be learned by applying biodiversity concepts to the urban ecosystem

itself. However, Raptors are known to cause special problems for the

estimation of population status and trends (Fuller and Mosher, 1981,

Titus et al., 1990) because they usually disperse in wide areas and/or are

secretive species that nest at low densities. Nevertheless, urban

ecosystems are quite similar worldwide in terms of structure, function

and constraint while they differ in terms of their geographical location,

size and the type of landscape they modify. The landscapes in a city

greatly influence plant and animal species that are found within the new
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artificial ecosystem (Savard et al., 2000). The existing volume of
vegetation in these urban areas supports proportional bird diversity
(Emlen, 1974; Lancaster and Rees, 1979; Rathod, 2009). Black Kites in
Vadodara city varied with the seasons and even from year to year. With
the arrival of migratory population number of roosts (which were
temporary) increased where both resident and migratory population
shared the roost. The challenge of explaining variation in population
size is amplified by migratory population where individuals spend parts
of the year in different areas. Evidences suggest that conditions
experienced during migration and in winter play an important role in
population processes year round (Norris and Marra, 2007). When these
species meet adequate food within the urban setting they can exhibit
positive population responses. The landscape provides additional
ample but unpredicted food supplies. Many falcon species have been
shown to respond well to urban environment because of the large

biomass of small birds (Dietrich and Ellenberg, 1981; Newton,

43



Population and Roosting
1986) as well as food provided directly or indirectly by men
(Rathod,2009; Chapter: 111).

Roosting behaviour:

Avian time activity budgets are strongly affected by the local
environmental conditions (Elkins, 1988). When coping with the
environmental factors, birds tend to alter their energy demands by
modifying their behaviour. Many studies have focused on the activity
patterns of communally roosting birds where the roosting activity is
affected by wvarious environmental factors (Eiserer, 1984). The
environmental conditions in Vadodara, located in subtropics, fluctuate
over the year with decrease in day length during winter ~ 11 hours and
increase in summer ~ 13 hours. The sunset time actually serve as a
proximate cue for birds for approaching the roost site (R*= 0.9) with the
roosting time of Black Kites as is reported also by Peh (2001). Studies on
other species such as Common Myna (Acridotheres tristis) and White-
Vented Myna (A. javanicus) have also shown that arrival of birds at their

roosting site is significantly associated with sunset times (Jayson and
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Mathew, 1995). As the day length decreases from summer to winter birds

start arriving earlier and vice versa during summers when the day length

Is extended and the sunset time is delayed. However, in summer, Kites

soar in the cooler skies till late in the evening as the temperature is higher

at ground level due to heating of urban concrete structures and hence the

roosting time is also further delayed significantly. Raptors are known to

rise late in the day when sun is high in the sky and thermals develop and

many of them may be seen soaring high in the sky in afternoon when

temperature is maximum.

However, the Black kites leave their roosts on the day break and are

frequently seen feeding early in the morning especially after a rainy night.

In urban area, Black kites get plenty of food in the form of poultry

leftover. This indicates that the food sources for these birds are abundant

in an urbanized landscape. Therefore they are able to secure their daily

food requirements before sunset and soar in the sky before roosting.

In an urban landscape like Vadodara the three roosts selected for the

present study are located in the close proximity to either a poultry farm or
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dumping grounds where carcasses and other food items are available.

Hence, copious amount of food is available for these urban scavengers.

Since, the daily energy demands of these birds are easily met, they arrive

early to their roosting sites usually about half an hour prior to the sunset

time and exhibit leisurely pre-roosting displays. A similar correlation

between sunset time and early arrival to roosting site has been reported

for House crow (Corvus splendens) (Peh, 2002). However, it is suggested

that the circadian rhythm also can play a role in controlling the roosting

times (Swingland, 1976). For a diurnal bird, light perceptive machinery

Is also believed to cause a steady modification in the timing of roost

arrivals with the seasonal change in sunset times while for nocturnal

animals that seek shelter during the day, day-roost selection is likely to be

an important determinant of individual fitness (Kerth et al., 2001). Any

energetic cost associated with choosing a potential roost reduces energy

available for reproduction, resource defense and social activities, thus

directly influencing individual fitness (Walsberg, 1986). Selection of a

roost site is also influenced by factors including inter- and intra specific
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competition, predation, ectoparasitism and microclimate (Kerth et al.,

2001). Though for a predator species predation is not important the roosts

must provide a suitable microclimate (Hayward and Garton, 1988) where

heat loss can be minimized during periods of cold weather or maximized

during warm weather (Ko rtner and Geiser, 1999). When choosing a

roost, kites presumably weigh the importance of these factors to optimize

thermal and energetic benefits as these roost have either huge aggregation

of trees (Sayajibaug), vehicular and railway traffic (Railway station) or

few trees amidst concrete structures (Bhutadizapa) that provides warmth

to microclimate.

Insufficient data are available on the influences of environmental factors

as well as anthropogenic factors on the roosting behaviour of raptors

especially Milvus migrans. In the present study it seems that sunset time

Is important for birds to reach their roosting site. Humidity is also equally

important as during days of low humidity (winter) there is highly

significant positive correlation between humidity and roositng time and

highly significant negative correlation with temperature. On hot summer
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days, kites may be seen soaring in the sky till late evening after sunset
and descending to roost as the urban concrete starts cooling down, during
monsoon availability of natural prey like insects satisfy their energetic
needs and rain as well as clouds probably forces them to arrive at roost
earlier. Mearns and Newton (1988), have also reported that during rains
hunting is impaired in raptors like Peregrins.

Like other investigations carried out on various species of birds where the
relative humidity or daily precipitation were negatively correlated with
the arrival time of the birds to their roosting sites (Peh, 2002; Zammuto
and Franks, 1981), it was observed that humidity was positively
expressed with arrival time at which 50% of the Black Kites arrived.
Hence, most of the Black Kites arrived earlier at roost sites when relative
humidity was higher. The relative humidity varied according to the
amount of precipitation. In a study by Janicke and Chakarov (2007), it is
shown that for Common Raven (Corvus corax), weather conditions did

not have any effect on the arrival times at communal roosting.
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Many researchers have reported that the temperature also has a significant

effect on the daily roosting time of birds like in Black Billed Magpie

(Reebs, 1986), Chimney Swifts (Zammuto and Franks, 1981), Starlings

(Jumber, 1956), House crows (Peh, 2002) etc. Black Kite’s arrival times

to their roost, in the present study, showed that temperatures also

impinged on this important diurnal activity. Nevertheless, the current data

showed that the influence of temperature may be dependent upon the

interaction between sunset time and roosting behaviour. Thus, ambient

temperature probably played role as a stimulus on the roosting time of

Black Kites to some extent. However, the climate was never so cold that

the Black Kites had to decrease their general activity level and return to

their roost earlier.

Roost site characteristics:

The roost site characteristic in the present investigation demonstrates that

Black Kites select roosts with certain physical attributes and in a

changing environment especially in an urban context, they may shift their

roost site preferences. The present results substantiate the capacities of
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Black Kites to respond to changes in resource availability. The analysis of
urban Black Kite roost site characteristics showed the importance of the
tree height and canopy cover. Similar studies have been conducted by
May et al., (2004) and Everding and Jones (2006) on Spotted Owl (Strix
occidentalis) and in Torresian Crow (Corvus orru) respectively. The
Importance of canopy density has been previously shown by Lyon and
Caccamise (1981) for rural Starling roosts and also in urban roosts of
House Crow Corvus spendens (Peh, 2002) and Common Myna
Acridotheres tristis (Xu et al., 2002). These authors have not only
emphasized on the importance of canopy cover for the purpose of
protection from exposure to wind and rain (Holmgren, 2004) but also
suggested that dense twig and perch configuration is preferred by some
species of birds. For raptor which prefers to roost on edges of branches,
the canopy cover and height of tree is also important. Dense canopy cover
Is expected to have more branches to roost and also keep individual
distance. Further, some other factors like distance from feeding grounds

and availability of water may also play significant role in roost selection.
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Several Eucalyptus, Saraca asoca, Alianthus exelsa and Azadiracta
indica trees are present in the city but only certain tree aggregations are
used by Black kites for roosting. The percentage of canopy cover was
comparatively low at trees of Sayajibaug but it is a totally undisturbed
patch of vegetation due to river Vishwamitri on two sides and Zoo Aviary
on the other side. Anthropogenic variables like human disturbance and
vehicular traffic did not affect the roosting of Black kites. Though at
smaller tree cluster Bhutdizapa, traffic was maximum but kites were
minimum. Here, number of trees available for roost is also less. At
Sayajibaug, where maximum trees are available, largest roost was noted
while several trees with vehicular as well as railway movement at
Vadodara Railway Station also had moderate number of roosting kites.
Though, in Vadodara Kites are observed to roost on top of trees, in
Ahmedabad where trees are scattered or less in number they are observed
to roost on tree less ground/ agricultural fields near a patch of garbage hill

which is accumulating garbage of the city for last few decades.
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According to World Resources Institute, (1996), Wildlife conservation in
urban habitats is increasingly important due to current urbanization
trends. The different approaches to studying birds in urban landscapes
point out the importance of the habitat island ecological theory as a
research framework for the management and conservation of urban birds.
Approximately 80% of the human population from industrialized
countries is concentrated in urban areas and in the next decade, urban
sprawl is expected to reach such a magnitude that several natural areas
surrounding cities will give way to buildings and residential areas.
Although some long-term efforts to understanding wildlife dynamics in
cities are under way (Grimm et al., 2000) very little has been done in
order to foretell the influence of urban expansion on wildlife and to
develop management strategies aimed at diminishing these impacts
(Hadidian et al., 1997). A need to study urban biodiversity to improve
ecological knowledge in urban planning is stressed (Niemeld, 1999a;
Savard et al., 2000). Urban landscape has several special feature of an

ecosystem. However, the mosaic phenomena, specific disturbance
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regimes, and the ‘heat island’ phenomena of urban system are expected to
influence the dynamics and structure of urban wild life populations and
communities (Rebele, 1994). Most studies on urban wildlife have focused
on birds, and the information gathered up to now allows the comparison
of different cities in relation to bird abundance and diversity patterns
(Clergeau et al., 2001).

Thus, this study adds the information on the association of roosting
behaviour of Black Kites to several environmental variables like
temperature, humidity but no effects of anthropogenic activities. Sunset
time, temperature and humidity are significantly correlated with the
arrival time of the Black Kite to their roosting aggregation, while
temperature had a very little effect on this daily activity. Further, the
Black Kites prefer certain features of trees while selecting their roosts.
These may be tree height, shape and canopy cover. This understanding of
roosting behaviour and roost site preference of Milvus migrans govinda
might be useful pertaining to the management and conservation of such

species in an urban landscape.
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Carnivores are often used as reliable indicator species owing to their
position at the top of the food web and to a number of life history traits
(low density or low fecundity) that make them particularly vulnerable to
human-induced alterations of their supporting ecosystems (Sergio et al.,
2008). However, in Vadodara city increased numbers of Black Kites

shows their high adaption to the urban area.

In the present investigation, the apparent lack of information on influence
of weather conditions on the fluctuation in population and roosting times
of Black Kites could be resolved to some extent. The ample feeding
sources probably permits the species to reach the roosting site in time to
select preferred roosting positions within an accessible distance from the
roost. We assume that the abundance of food supply in urban area has
probably enabled the Black Kites to spend less time in acquiring food,
making them immune to various weather conditions and spend some time
soaring leisurely in the sky before reaching roost in response to declining
light conditions due to setting sun. Adequate food supply also influenced

the migratory population. Further, the roosting time is significantly
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correlated with the sunset time and temperature. The sunset time may act
as a proximate signal for approaching the roost site by Black Kites along
with some light sensitive mechanism under playing to cause the regular

shift in timing of roost arrivals with the change in the time of sunset.
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CHAPTER: 2
NESTING ECOLOGY

INTRODUCTION:

Nests of birds have been compared to the mammalian uterus which
provides warmth and protection to the developing embryo. Hence, in
many species of birds selection of the nest site is often considered as an
important determinant of their reproductive success (Coulson, 1968;
Ryder and Ryder, 1981; Jackson et al., 1988; Rendell and Robertson,
1989; Li and Martin, 1991; Toumenpuro, 1991; Donazar et al., 1994;
1996). Thus, the nest site selection is an important determinant of the
population dynamics of birds. For breeding, habitat selection is also
important where the parents can easily get primary requirements such as
food (Kushlan 1976; Wilson et al., 2009; Watling et al., 2009, Gamauf et
al., 2013). An individual’s fecundity and survival is likely to depend upon
the choice of nest site which may in turn determine the structure and
growth rate of populations, and also the evolution of species (Clark et al.,
2004). The poor nest site selection can lead exposure of nest to predation
for longer duration when parents are away feeding and hence affect the
natural selection of the bird species (Lack, 1954; Ricklefs, 1969; Nillson,
1987).

Knowledge of how individuals disperse and select nest sites remains

limited (Walters, 2000). However, the distribution of nesting raptors is
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not only influenced by nest site but also by food availability (Newton,
1979). Raptors are reported to settle in areas where food is abundant,
which significantly influence the selection of nest sites, minimizing the
risks of predation (Simmons and Smith, 1985; Mearns and Newton, 1988)
and optimize the thermal environment (Skutch, 1976; Mosher and White,
1976). In reality, the choice of nest site represents a compromise between
various factors, for e.g. Northern harriers show compromise between wet
nest site in close proximity to optimum foraging habitat and their females
to a mate with a high food provisioning rate (Simmons and Smith, 1985).
Relatively little is known about the breeding biology of raptors in tropical
regions. Tropical birds of prey have longer breeding seasons and lower
reproductive rates than their temperate counterparts (Mader, 1981). Due
to stable climatic conditions they can lay eggs almost at any time of the
year (Immalmen, 1971; Mader, 1982). However, tropical species may
have breeding seasons that are restricted to either the wet or the dry
seasons (Benson et al., 1971; Mader, 1981; 1982). The duration of some
of their stages of the breeding cycle (such as incubation and nesting
periods) are generally longer (Newton, 1979; Mader, 1982) with
reproductive rates and nest success comparatively lower (Lack, 1968;
Skutch, 1976) while, survival of fledglings and adults is as high as in

temperate areas due to prolonged parental care (Mader, 1982).
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Factors such as inclement weather and proximity to feeding places
influence species of bird with small body size while larger species are
better equipped to tolerate weather oscillations and can make long
distance trips in search of food (Collias and Collias, 1984). Further, avian
nest studies also show intraspecific variations in reproduction success in
relation to nesting substratum. Nests made at the places not easily
accessible to predators, such as cliffs, tall trees, thick vegetation, etc. have
high breeding success (Li and Martin, 1991; Watson, 1992; Kelly, 1993).
Further, nest site selection is also closely related to the individual fitness
since it influences the probability of raising offspring successfully
(Martin, 1988). As nest sites selection is competitive and strong, the
choice of less secure places is very common. The individuals with lesser
competitive abilities relegate to suboptimal sites (Li and Martin, 1991;
Newton, 1991). In a given species, nest site quality varies in space and
time at different scales due to different environmental factors affecting
reproductive success (Wiens, 1976). Thus, selection of nesting habitat is
of prime importance for the fitness of individual birds (Martin, 1988;
Boulinier, 1996). Nest site selection of raptors has been studied by
Speiser and Bosakowski, (1987) for Northern Goshawks, Redpath et. al.,
(2001) for Hen harrier, Ontiveros (1999) for Bonelli’s Eagle, Kraiger

(2002) for Common Buzzard, Serrano et al. (2004) for Lesser Kestrel,
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Orth and Kennedy (2001) for Burrowing owl, Sara and Vittorio (2003)
for Egyptian Vultures and Stanevieius, (2004) for Marsh harrier.
However, nesting requirements of the Black Kites is poorly known except
brief accounts given by Ali, (1979) and Naoroji, (2007). Hence, nesting
ecology of the Black kites was studied to understand the factors affecting
selection of nesting habitat and nest tree characteristics and its
implications for management of the species for conservation purpose.
MATERIALS AND METHODS:

Study area:

The Breeding season of Black kite is from September to February (Ali,
1979; Mahable and Bastawade, 1984; Naoroji, 2007). In the present
study, nesting of Black Kites is investigated in Vadodara city (22° 18N,
73°10° E), Gujarat, India from 2009 to 2011. After identification of nests
month wise random surveys were conducted from September to February
(2009-11) each year to find out active nests (nest with eggs). Once
identified the nests were regularly monitored for 2 to 4 days in a week.
To study nesting ecology, nest site characteristics like tree species where
the nest was built, height of tree, height of nest, canopy cover, sub-
branches, trunk diameter at breast height (DBH), number of nests,
distance from nearest water body, distance from nearest building (based
on Google earth images), are recorded. The percentage of canopy cover is

measured with the help of a mirror that has known numbers of grids
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marked on it with uniform length and width. For the evaluation of canopy
cover the grid mirror was held under the canopy exactly parallel to the
ground and the number of grids occupied by the image of the canopy and
the grids that were exposed to light having no image of canopy were
counted to find out percentage of canopy cover (Paletto and Tosi, 2009).
Diameter at breast height (DBH) was measured using a standard
measuring tape to measure the circumference of a tree and divided by ©
(3.14). Degree of urbanization and human activities along with
differences in habitat composition around each nest tree was noted down.
Statistical analysis:

To analyze the relationship between different nest site characteristics,
nest height is correlated with characteristic of the trees studied like
canopy cover, height, DBH, distance of the nest from the nearest water
body and distance of the nest from the nearest building by using
Spearman rank correlation coefficient. Nest site characteristics for
successful and unsuccessful nests were analyzed using t-test. Statistical
evaluation of the data is carried out using Statistical software package
Graph Pad Prism 3.00 and SPSS 7.0. Data values are expressed as mean +
SE and test statistics were considered significant at P<0.05 and p< 0.01.
RESULTS:

Total 90 nests of Black Kites are recorded within the study area from

2009 to 2011. Out of these, 83 nests were successful whereas 7 were
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unsuccessful. As seen in Tablel and Fig.1, majority of nests were found
on Neem trees (Azadiracta indica 61% of successful nests Plate: 5). The
other species of trees used for nesting were Maha neem 13.25%
(Alianthus exelsa - 12% successful with 2% unsuccessful attempts),
Eucalyptus 4.81% (Eucalyptus hybrid - 4.% successful nest and 1%
unsuccessful nests), three each 3.61% of Gulmohor (Delonix regia —
successful nests 3% ) and Tamarind (Tamarindus indica - successful
nests 3%), Ashoka 6.2% (Polyalthia longifolia with 6% successful and
2% unsuccessful nests), and one each (1.2%) of Piple (Ficus religeosa
1% successful nests and 2% unsuccessful nests) and Bahedo (Terminalia
bellirica- successful nests 1% Plate:5 ). The mean tree height, nest height,
canopy cover and DBH for Neem trees were 20.9 £ 0.12 m, 15.24 + 0.32
m, 85 £ 0.24 % and 96 = 0.02 cms. respectively. For the other 6 species,
the height of nesting trees with successful attempts were 18.89 + 0.32,
19.81 £ 0.04, 19.72 £ 0.81, 18.28 + 0.34, 17.67 = 0.01, 16.98 + 0.75 and
20.42 £ 0.3m. for Maha neem, Eucalyptus, Gulmohor, Tamarind,
Ashoka, Pipal and Bahedo respectively. The mean height at which nests
are constructed are 14.02 + 0.21, 16.15 + 0.09, 15.76 + 0.9, 14.98 + 0.2,
13.63 £0.12, 13.1 + 0.24, 14.93 + 0.5m. respectively. The highest canopy
cover is noted for Tamarind (87 + 0.23%) while lowest is of Ashoka (58

+ 0.16%) and Eucalyptus (58 £ 0.4%). The highest mean DBH is noted
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for Tamarind (90 £ 0.02 cms) while lowest is noted for Ashoka (43 + 0.4
cm).

Out of 83 successful nesting trees, 45 nest are located near busy roads, 26
near human habitation, 8 nests near dumping area whereas only 3 nests
are found in garden and 1 near Industrial area (Tablel, Fig.1). Further, for
Neem trees mean distance from nearest water body and from nearest
building are 370 + 2.34 m. and 180 £ 13.21m. respectively, while for
other species like Maha neem it is 800 = 14.32 and 100 = 4.21m, for
Eucalyptus it is 400 £ 12.13; 220 + 9.19m, for Gulmohor it is 500 £ 10.21
and 200 = 4.1 m, for Tamarind it is 300 + 8.1 and 300 + 15.76m, for
Ashoka 179 + 1.02 and 402 £ 12.98 m., for Pipal and Bahedo; 200 and
40 m. and 240 m. and O m. respectively as only one tree each are used for
nesting.

Characteristics of trees used for nesting by Black kite- Milvus
migransgovindain Vadodara city.

As seen in Table 1 the mean height of trees where nesting is successful is
19.08 £ 0.48 m. Their mean height at which nests are constructed is 14.73
+ 0.37 m., the mean difference between tree height and height of nest is
4.23 £ 0.26m., mean canopy cover is 75%, mean DBH of trees is 63.25 +
6.9 cms., the mean distance from nearest water body is 373 + 71.93 m.

and from nearest building is 180.3 + 47.07 m.
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As seen in table 2 the mean height at which the nesting was successful is
14.23+0.66m., the mean height at which the nest is constructed is 16.62+
1.64m, the mean difference between the tree height and nest height
1.88+2.06 m, the mean canopy cover is 68.5+0.07 %, the mean DBH
52+6.17cm., the mean distance from the nearest water body 394.8 +
1.44m. and the mean distance from the nearest build is 195.5+78.06. On
the other side the mean height at which the nesting was unsuccessful is
11.15 £ 0.61 m., the mean height of the tree is 14.74+1.24m, the mean
difference between tree height and height of nest is 2.97 £ 0.9m., mean
canopy cover of these trees is 48%, mean DBH of trees 41.75 = 6.04
cms., the mean distance from nearest water body is 350 £ 120 m. and
from nearest building is 190 £ 56.77 m.

In present study, breeding failure was noted in 7 nests. These nests were
found on Eucalyptus, Ashoka, Pipal and Maha neem trees. When data of
tree species on which both successful and unsuccessful nesting is
computed (Table:3) there were significant differences between nest
height (P<0.05) and percentage of canopy cover (P<0.05) of successful
and unsuccessful nesting. No significant differences were noted between
height of tree (P>0.05), DBH of tree (P>0.05), distance from nearest
water body (P>0.05) and distance from nearest building (P>0.05).

As noted in Table: 3 highly significant correlation was found between

tree height and nest height (0.89, P<0.1), tree height and canopy cover
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(0.722, p<0.05) and, nest height and canopy cover (0.813, p<0.05). While
DBH, distance from nearest water body and nearest building were non
significantly correlated (0.431, 0.487 and 0.559 respectively, p>0.05)

with each other.
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Table: 1 Characteristics of trees used for nesting by Black Kite- Milvus migrans govinda in Vadodara city.

SN=Successful nest, USN= Unsuccessful nest

Tree height Nest height Difference Canopy DBH (cm) Distance from | Distance from
(m) (m) Between tree and cover (%) nearest water | nearest building
nest height (m) body (m) (m)
Neem tree SN=55
Azadiracta indica 61% 20.9+0.12 15.24+0.32 5.66 85+0.24 96+0.02 370+2.34 180 +13.21
66.26%
Maha neem SN=11
Alianthus exelsa 12% 18.89+0.32 14.02+£0.21 4.87 78+0.02 50+0.09 800+14.32 100+4.21
[0) =
13.25% VN | 1581001 | 1262:03 3.19 55+0.21 41£0.12 700+10.34 130+8.0
Eucalyptus 823)/204 19.81+004 16.15+0.09 3.66 58+0.4 70£0.12 400£12.13 220+9.19
Eucalyptus hybrid ~
4.81% Usl';/'o‘l 15.01 11.21 3.81 45 59 320 200
Gulmohor SN=3
Delonix regia 3(; 19.72+0.81 15.76+0.9 3.96 78+0.34 58+0.2 500£10.21 200+ 4.1
3.61% °
Tamarind SN=3
Tamarindus indica 3(; 18.28+0.34 14.98+0.2 3.3 87+0.23 90+0.02 300+£8.10 300+ 15.76
3.61 % °
Ashoka SN=5
Polyalthia longifolia 6% 17.67+£0.01 13.63+0.12 4.04 58+0.16 43+0.4 179+1.02 402 £12.98
[0) =
6.02% Vb | 1693+121 | 1223:034 4.70 50+0.9 35+0.9 180+4.9 350+9.0
Fi Pipll_e Si\(l)/:ol 16.98+0.75 13.1+0.24 3.88 80x0.23 45+0.5 200 40
icus religeosa
1.2% USZI(?/L_Z 11.21+0.76 9.53+0.41 2.68 45+0.34 32+0.79 220+3.21 100+4.65
Bahedo SN=1
Terminalia bellirica 1(; 20.42+0.3 14.93+£0.5 4.49 75x0.01 57+0.8 240 0
SN=1,1.2% °
Mean (8227) 19.08 £+ 0.48 | 14.73+£0.373 4.23 £0.26 7488 £3.93 | 63.25+6.9 373 £71.93 180.3 + 47.07
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Table 2. Nest site characteristics of successful and unsuccessful nests.

Nest site characteristics Unsuccessful Nest Successful Nest

Tree height 1474 +1.24 16.62 +1.61
Nest height 11.24+0.61 14.23 +0.66*
Canopy cover 48.75+ 2.39 68.50£3.07*

DBH 41.75 +6.04 52+6.17

Distance from nearest water
350+ 120 394 +1.44
body
Distance from nearest
o 190+56.77 195, + 78.06
building

Table 2. Spearman rank Correlation coefficient between nest height and
different characteristics of nesting tree.

. Distance Distance
Nest site Nest Cano from from
characteristics . Py DBH
(N=83) Height cover water ne_art_est
body building
Height of tree | 0.89** 0.722* 0.431 0.487 0.559
Nest Height 0.813* 0.456 0.351 0.510
Canopy cover 0.561 0.510 0.455
DBH 0.461 0.520
Distance from
water body 0.623

* P<0.05, ** P<0.01, *** P<0.001
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Fig:1 Percentage of trees used for nesting successfully (83 nests) by Black Kite-

Milvus migrans govinda in Vadodara city.
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Fig: 2 Tree height, nest height, canopy cover, DBH, distance from nearest water
body and distance from nearest building of trees used for nesting of Black kite.
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Where, N= Neem tree, Mn=Maha neem tree, E= Eucalyptus tree, G= Gulmohor tree,
T= Tamarind tree, A= Ashoka tree, P=Pipal tree, B= Bahedo tree.
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Fig 3. Correlation between Tree height and different characteristics of nesting

tree.
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Fig 4. Nest site characteristics of successful and unsuccessful nests.
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DISCUSSION:

Identification of the habitat features, that influence reproduction and
survival, are essential for the management and long-term viability of bird
populations (Davis et al., 2006). As successful nesting is important for
later, selection of nesting tree also should be equally important. In the
present study it is noted that the Black Kites mainly prefer Neem trees
(Azadiract indica) for nesting. The reason may be the availability of these
trees in large numbers which have suitable height and canopy preferred
by these raptors. Neem is the most common tree in the area. Among other
trees, Maha Neem (Alianthus exelsa) with almost similar canopy covers
and height were preferred. They also provide number of crotches to hold
the nest properly on the tree. The dense cover of the canopy provides
sustained protection by minimizing direct heat loss to the open sky
(Morse, 1980) and thermal stress to vulnerable young while provides hide
from the predators (Burger and Hahn, 1989) and does not require wing
shading provided by parents to their chicks, which considerably reduces
energy loss by the parents (Lack, 1968).

However, among these two tree species, 100 % nesting success was noted
only on Azadiracta indica (55 nests) whereas nesting success for
Alianthus exelsa is noted to be lower [Successful nest-11 (12%) and
Unsuccessful nest-2 (2%)] having comparatively low canopy cover. As

noted for Hadada Ibis and Black Ibis (Soni et.al., 2010), Black Kites also
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prefer nesting on the upper third of the tree. A positive correlation of tree
height and canopy with nest height indicates that canopy cover and height
of trees are important for nesting by Black Kites. The height and higher
nest elevation provide easy access to leave and to land directly on the
nest. Majority of bird species choose their nest site with the consideration
of climatic pressures such as wind speed, temperature, sudden and heavy
rain pour as well as potential predation including human disturbance
(Dhinsa et al., 1989). The position of nest on the sub- branch and its
proximity to the trunk minimizes exposure, easy flight pathways and
escape. Beside the characteristics of the tree and nest vicinity,
consideration of the foraging sites is also equally important. The
American White ibis (Eudocimus albus) are reported to construct their
nesting colony depending on the availability of the foraging habitat
(Kushlan, 1976). Similarly, Egyptian Vultures (Neophron percnopterus)
also build their nests at the site where the food availability is abundant
(Olga and Jose, 1989). Thus, distance from foraging habitat is crucial to
birds to avoid exposure of chicks for long duration to predation (Plate: 6).
Though not measured majority of nests found in the present study were
found nearer to either garbage dumps or near poultry or mutton shops
where plenty of food is available. Food and water are the basic
requirements for any individuals. In the case of Black kites, their nests are

nearer to waterbodies too.
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Birds with food solitarily show nest solitarily too (Lack, 1968). Like,
Common Kestrel (Falcon tinunculus) (Bustamante, 1994), Black Kites
are also solitary nesters. Further, it is a well known fact that availability
of food and nesting sites are limiting factor for bird populations including
raptors. However, raptors in urban area are equally opportunistic and
acquire either of these limited commodities from human source. Though,
not observed in Vadodara, Kites have been observed nesting on power
poles or high voltage transmission towers in Ahmedabad. Thus, when
trees are not available for nesting they use other resources to overcome
availability of a second limited source. Acquisition of such limited

commodities has increased the urban population of Kites.

Many bird species are reported to occupy previously used nesting area
(Greenwood and Harvey, 1976; Newton, 1979; 1982). These researchers
noted that breeding site fidelity is more often observed in the successful
individuals than the unsuccessful one. Reuse of old deserted nests and
taking over of active nests are recorded for many bird species as a
consequence of scarcity of nest sites or nest materials (Dusi, 1968;
Burger, 1978a; 1978b). Many species also show nesting associations
(Welty and Bapista, 1988). Nesting association of Black Kites with crows
was recorded in Vadodara. An association with a predatory species is

related to protection from potential predators. Such an association is also
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reported in White Ibis (Donazar et al., 1996). Similar observation was
recorded at Ahmedabad. It was also noted that the nests used by Vultures
were reused by Black Kites (Personal observation). Stealing of nest
material was also recorded occasionally by Black Kites as is also
reviewed by Welty and Bapista (1988). Old nest is reused by many
species like Cattle egret and Little Blue heron (Dusi, 1968) and Buff
necked Ibis (Donazar et al., 1996). Likewise, Black Kites often reuse
their conspecific or heterospecific deserted nests. By preferring old nests,
the kites could save energy required in exploring safer nest sites and by
shortening the period of nidification. Frequent flights are required to
gather nest material from nearby area to build a nest. Thus, Black Kites
have to invest much time and energy to build a new nest. Therefore, reuse
of nest involves apparent benefit of time and energy saving by not
building a new nest. It is further supported by the fact that pre-laying
period is significantly shortened when a pair reuses old nest. If the same
pair reuses the site, then it could minimize the cost of territory
establishment too (Soni et al., 2010).

Nest predation is the main cause of nest failure in many bird species
(Ricklefs, 1969; Martin, 1993) and nest-predation rates have been shown
to vary with nest-site characteristics for a wide range of bird species
(Ricklefs, 1969; Collias and Collias, 1984; Martin, 1993). In Black Kites,

out of 83 nests only 7 nests are not successful. It is also noted that
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unsuccessful nests are built on shorter trees which provide lower nest
height with a thinner canopy cover and are directly exposed to sunlight.
Though the actual reason for nest failure could not be found out in
present study, it might be because of selection of inferior nesting sites.
Human impact on the environment is one of the major issues in
biodiversity conservation (Meffe and Carroll, 1994). As far as an urban
adaptor like Black Kite (Rathod, 2009) is concerned, the human presence
had no negative influence on its nesting. Distance from nearest building
was not correlated with nesting activities as 45 nests were located on busy
roads, 26 near building while only 4 in undisturbed area.

In conclusion it may be said that Black Kites M. m. govinda prefers
nesting in the trees which are tall and have higher canopy cover. The
availability of these trees is also important. In Vadodara where large
number of old Azadiracta inidca with high canopy cover as well as height

are present the success of nesting on it is 100%.
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CHAPTER: 3
FEEDING ECOLOGY
INTRODUCTION:

In the terrestrial ecosystems predators, the raptors among the birds play
the apex role. Occupying a position at high tropic level they play
important role by regulating prey species. The concept recorded by Lack
(1946) as “density of raptor is limited because of its food supply”.
Therefore studying the food habits of raptors is essential for the
understanding of raptor biology and its community dynamics. Food
availability is one of the most important factors influencing the quality of
raptor habitats, which is determined not only by prey density, but also by
its accessibility (Widen, 1994). Though, urbanization is reported by many
conservationists as one of the major driving force behind the loss of
global biological diversity it is also being recognized as a major modified
ecosystem (Marzluff, 2001). Several species successfully adapt to
urbanization over the time. Black Kite is one such species that is most
common raptor inhabiting urban tropical region (Naoroji, 2007, Rathod,
2009). Being common resident around human habitation, it has adapted
very well to living in cities. Though strongly associated with urban
landscapes it isone of the least studied diurnal bird of prey as its
population is very high in the cities. It is one species that has probably got

effectively adapted to urban habitat and its modification (Rathod, 2009).
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Ecology of this raptor with reference to food habits in the diet is scarce,

highly fragmentary and incomplete.

Food is one of the most important factor influencing the abundance and
distribution of birds in any ecosystem (Pimm, 1982; Polis, 1991; Begon
et al., 1996). In a food web, birds show interactions both between species
and ecosystems (Pimm, 1982; Paine, 1980; Schoener, 1989; Polis, 1991).
Here a species reacting functionally to the abundance of its prey can be
utilized to assess predator prey population dynamics (Andersson and
Erlinge, 1977; Korpimaki, 1987; Korpimaki and Norrdahl, 1989, 1991;

Hanski et al., 1991; O’Donoghue et al., 2001).

To understand the role of raptors in an ecosystem detailed knowledge of
its feeding habits and diet are important (Marti et al., 2007). Diet studies
also provide information on abundance of prey species and its distribution
(Bontzorlos et al., 2005). Further, for the conservation and management
of raptors also, it is necessary to understand their preferred food and
feeding ecology in particular habitat (Bakaloudis, 2009, 2010; Birrer,
2010). Diurnal raptors often consume prey large enough to be identified
at a distance. Yet, studying raptor diets for many species can be difficult
and time consuming given the large home ranges and low rates of prey
capture. The most common methods used to study food of raptors are

direct observation of prey capture or consumption, monitoring and
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photographic recording of prey delivered to the nests (Collopy, 1983;
Marti, 1987, Simmons et al., 1991), and collecting prey remains
(Mafiosa, 1994; Toyne, 1998; Rutz, 2003). Other methods include
stomach content analysis (Marti, 1987). In raptors indigested parts of
food such as hair, bone, insect exoskeletons, scales, etc. are regurgitated
by many species in the form of pellets. Thus, study of pellets (Mafiosa,
1994; Toyne, 1998) is non invasive method of food analysis that provides
good indication of prey species consumed (Rosenberg and Cooper, 1990).
Hence, in the present study pellet analysis is carried out to find out main
food of Black Kite Milvus migrans govinda. However, this method is
likely to overestimate the large and more conspicuous prey items (Real,

1996; Rutz, 2003; Selas et al., 2007; Ruddock et al., 2009).

MATERIAL AND METHODS:

In Vadodara city (22° 18 N, 73° 10’ E) Gujarat, India, Kites were

observed feeding at several places from 2010-2011. These mainly
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included garbage dumps and poultry/ mutton shops. However, for

collecting regurgitated pellets roosting sites were visited (Chapter: 1).

The regurgitated pellets under the roosting trees of Black Kites were
collected bimonthly during morning hours. Pellets were identified based
on their morphological features and collected manually and stored in zip
lock bags until analyzed (Plate: 7). For each pellet, information regarding
date and place of collection were recorded. Before analysis pellets were
dried in hot oven at 60° C to remove all moisture content, cooled and
weighted. After drying, to identify different undigested prey items, pellets
were teased carefully to separate the indigestible components such as
insect body parts, bones of small animals, undigestable parts of birds etc.
as describe by Huang et al., (2006). The parts of insect exoskeleton were
observed under the microscope for identification up to order/family and
classified on the bases of standard reference guides (McGavin, 2000). For
better identification of the bony parts they were kept in 5% KOH solution

overnight for bleaching.

Statistical Analysis:

Total 1800 pellets from three sites (600 each) over three seasons were
collected and used for the analysis. Morphometry and composition of
pellets were compared between seasons and between sites by using one

way analysis of variance (ANOVA).

79



Feeding Ecology

RESULTS:

Morphometric characteristics of regurgitated pellets of Black Kites:

(Table: 1, Fig: 1, Plate: 7)

In summer, mean length and width of pellets collected from Sayajibaug
are 3.92 +£ 0.2 cm. and 2.14 £ 0.11 cm. while that from Railway station
are 3.84 £ 0.01 cm. and 2.02 + 0.16 cm. and from Bhutdizapa 3.93 + 0.01
cm. and 2.16 + 0.14 cm. respectively. When these are compared, the
differences are significant at P<0.001 (F ;547 8.76) for length and at
P<0.01 (F;, 597 2.30) for width. Differences in weight of pellets is also
highly significant at P<0.001 (F 5597 18.98), as mean weight of pellets
from Sayajibaug, Railway station and Bhutdizapa are 1.89 + 0.04 gm.,

1.99 £ 0.01 gm. and 2.03 + 0.01 gm. respectively.

In monsoon mean length and width of pellets collected from Sayajibaug
are 3.7 £0.22 cm. and 2.08 + 0.01cm. while that from Railway station are
3.52 £ 0.13cm. and 1.97 + 0.01cm. and from Bhutdizapa 3.65 + 0.14cm.
and 1.9 £0.2 cm. The differences in length and width of pellets are
significant at P<0.001 (F 3597 3.77 and F ;597 8.15) respectively.
Similarly, differences in mean weight of pellets from three sites are also
highly significant at P<0.001 (F 3597 26.74) as mean weight of pellets
from Sayajibaug, Railway station and Bhutdizapa are 1.99 + 0.21 gm.,

2.04 £0.1 gm. and 2.0 = 0.1 gm. respectively.
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In winter, mean length and width of pellets collected from Sayajibaug are
4.02 + 0.07 cm. and 2.09 + 0.03cm. Those from Railway station are 4.0 +
0.06 cm. long and 2.13 £ 0.05 cm. broad while those from Bhutdizapa are
3.97 £ 0.01 cm. and 2.14 +£0.12 cm. long and broad respectively. The
differences in the length and width of these pellets are significant at P <
0.05 (F 3597 3.67 and F 3597 3.81). However, differences in mean weight
of pellets are highly significant at P<0.001 (F 5597 30.24) with mean
weight of pellets from Sayajibaug, Railway station and Bhutdizapa being

1.77 £ 1.35 gm., 1.79 £ 0.9 gm. and 1.66 = 0.81 gm. respectively.

When undigested food contents from pellets are analyzed (Table: 1 Fig:
2, Plate: 8). Poultry leftovers (Feathers) are the main components with
mean weight 0.85 = 0.05 gm., 0.9 = 0.06 gm. and 0.91 + 0.05 gm., in
summer, for the pellets collected from Sayajibaug, Railway station and
Bhutdizapa respectively. The insect remains are 0.12 £0.5 gm., 0.1 + 0.03
gm. and 0.14 £ 0.02 gm. respectively. Occasionally undigested bones are
also noted with mean weight 0.01 £0.02 gm. at Sayajibaug, 0.06 +0.03
gm. at Railway station and 0.04 +0.003 gm. at Bhutdizapa. The
differences in the poultry leftovers between the three sites are significant
at P<0.001 (F;,s59723.17), for insect parts at P<0.05 (F;, 597 3.9) while non
significant for bony parts at P>0.05 (F5, 597 1.13). Similarly mean poultry

leftover for pellet in monsoon are 0.79 += 0.01 gm., 0.77 £ 0.06 gm. and
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0.71 £ 0.02 gm., insect remains 0.37 1.8 gm., 0.29 £ 0.9 gm. and 0.3 +
1.2 gm. from the three sites respectively. While, bony parts are 0.09 +1.4
gm., 0.08 £0.16 gm. and 0.08 +£0.27 gm. from the three sites respectively.
In monsoon the differences in the weight of poultry left over in the pellets
from three sites are significant only at P<0.05 (Fss9; 3.58), while
difference in insect remains are significant at P<0.001 (F;s97; 33.98) and
bony parts at P<0.05 (F3 597 6.01). During winter mean poultry leftover in
regurgitated pellets are 0.99 + 1.7 gm., 0.85 = 1.2 gm. and 0.92 £+ 0.02
gm., weight of insects remains 0.1 £0.9 gm., 0.05 £ 0.02 gm. and 0.03 +
0.01 gm. respectively while, bony parts 0.02 + 0.2 gm. at Sayajibaug,
0.01 £0.2 gm. at Railway station and 0.02 +£0.01 gm. at Bhutdizapa. The
difference in poultry left over and insect remains during winter are
significant at P<0.05 (F;s9; 4.30 and F;s97 4.25) respectively, while

differences in bony parts are nonsignificant at P>0.05 (F 3597 0.06).

The overall Seasonal variation: (Table: 2, Fig: 2)

The mean Length of pellets for summer is 3.96 = 0.01 cm., for monsoon
3.7 £ 0.02 cm. and for winter 3.89 + 0.01 cm. while, widths are 2.1 +
0.03 cm., 1.96 = 0.0lcm. and 2.0 £ 0.01 cm. respectively. Length and
width of pellets during three seasons are significantly different at P< 0.05
and P<0.001 (F3 1797 3.57 and F3 1797 12.75) respectively. The mean weight

of the pellets from three sites are 1.97 = 0.1, 1.91 £ 0.12 and 1.98 + 0.01
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gm., with poultry left over in pellets at 0.89 + 0.06, 0.78 £+ 0.09 and 0.88
+ (0.03 gms., insects remains 0.06 = 0.01, 0.28 £ 0.1 and 0.03 = 0.01 gm.
and bony parts 0.01 = 0.7, 0.1 £ 0.03 and 0.01 £ 0.04 gm. in summer,
monsoon and winter respectively. Seasonal variations at P<0.001 (F3 797
12.75,35.22, 12.91, 83.69 and 30.42) are noted for width of pellets, total
weight, poultry leftover, insect remains and bony parts respectively while

at P<0.05 (F3,17973.57) for length of the pellets.
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Table 1: Morphometric Characteristics Black kite pellets from three sites in

three seasons:

Summer F Value
Mean value Sayajibaug Railway Bhutdizapa
station
Length (cm) 3.92+0.2 3.84+0.01 3.93+0.01 8.76 ***
Width (cm) 214+0.11 2.02+0.16 | 2.16 +0.14 2.3
Weight(gm) 1.89+0.04 1.99+0.01 | 2.03+0.01 18.98***
Poultry left over | 0.85+0.05 0.9 +0.006 0.91+0.05 23.17***
(gm)
Insects remain | 0.12+0.5 0.1+0.03 0.14 £0.02 3.9*
(gm)
Bony parts (gm) | 0.01+0.02 0.06 +0.03 | 0.04 +0.003 1.13
Monsoon
Length (cm) 3.70£0.22 3.52+0.13 |3.65+0.14 3.77*
Width (cm) 2.08 £0.01 1.97+0.01 | 1.90+0.2 8.15%**
Weight(gm) 1.99+0.21 2.04+0.1 20+0.2 26.74***
Poultry left over | 0.79 £ 0.01 0.77£0.06 | 0.71 +0.02 3.58*
(gm)
Insects remain | 0.37 +1.8 0.29 0.9 0.30+1.2 33.98***
(gm)
Bony parts (gm) | 0.09+0.14 0.08+0.16 0.08+0.27 6.01*
Winter
Length (cm) 4.02 £0.07 4.0 +£0.06 3.97+0.01 3.67*
Width (cm) 2.09+£0.03 2.13+005 |214+0.12 3.81*
Weight(gm) 1.77+1.35 1.79 +0.9 1.66 +£0.81 30.24%**
Poultry left over | 0.99 +1.7 085+1.2 0.92 +0.02 4.3*
(gm)
Insects remain | 0.1+0.9 0.05 +0.02 0.03+0.01 4.25*
(gm)
Bony parts (gm) | 0.02 £0.2 0.01+0.2 0.02 +0.01 0.06

* P<0.05, ** P<0.01, *** P<0.001
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Table: 2 The overall seasonal variations in Morphometric characteristics of
Black Kites pellets.

Mean value Summer Monsoon Winter F value,
P<0.05
Length (cm) 3.96 £0.01 3.7+0.02 3.89£0.01 3.57*
Width (cm) 2.1+0.03 1.96+0.01 2.0 £0.01 12.75***
Weight(gm) 1.97+0.1 1.91+0.12 1.98 +0.01 35.22%**
Poultry left | 0.89 £ 0.06 0.78 £ 0.09 0.88 +0.03 12.91%**
over (gm)
Insects remain | 0.06 +0.01 0.28+0.1 0.03+0.01 83.69***
(gm)
Bone parts | 0.01+0.7 0.1 +0.03 0.01+0.04 30.42%**
(gm)

* P<0.05, ** P<0.01, *** P<0.001
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Fig:1 Morphometric Characteristics Black Kite pellets from three sites in three
seasons:
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Fig: 2 The overall seasonal variations in Morphometric characteristics of Black
Kite pellets.
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DISCUSSION:

Environmental quality can affect the size of raptor population through
food supply, nest sites and human activities (Newton, 1979). Food habit
studies provide the foundation for additional investigations. Besides
documenting the existence of certain prey species within the raptor's
range, it also documents individual’s capability to take such prey, and
relative abundance of prey species in the diet (Santhanakrishnan et al.,
2010). As in other avian groups, food supply is one of the main factors
influencing the ecology of raptors too (e.g., Newton 1979). Black Kite
prefers feeding on insects, small animals etc. as evidenced by the
presence of their bones in the pellet (Ali, 1979; Naoroji, 2007). The
occurrence of adequate prey numbers to fulfill energy requirements
influences the birds’ breeding performance hence; food has direct affect
on the breeding success of individuals (Newton, 1979). Therefore,
knowledge of the diet of focal species at a location of interest is crucial
for appropriate management and conservation action (Limifiana et al.,
2012). In present study, based on frequency of occurrence it is noted that
poultry leftover is the major food item consumed by this species which
has adapted to urban environment. In addition, parts of insect exoskeleton
with few bony remains are also observed in all of the pellets collected

during the study period from all the study sites. On the basis of data
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collected, the result stresses on heavy dependence of the Black Kites on
the poultry leftovers because of their easy availability in urban habitats.
To gather small bits of biomass to fulfil nutritional needs in urban
environs can be more difficult. However, the attraction of urban men to
poultry products has resulted in mushrooming of poultry farms around the
cities. Black Kite a sensible species has probably exploited this
availability as more than 90% undigested food in the pellets showed
presence of feather of White Leghorn, a very common poultry breed
grown for both egg and table purpose. Further, Vadodara being located in
semi arid zone of India and experiencing monsoon type climate with dry
and hot summer and humid and warm in monsoon emergence of
insects/amphibians form their dormancy of hot summer, increases their
availability in large number. Hence, in monsoon, insects are included in
food items by Black Kites. In addition though in small numbers, small
amphibians also form prey base for the Black Kites.

The increase in insects in diet during monsoon decrease the length and
width of pellets as chitinous parts of insects form a compact structure
while poultry feather in summer and winter make the pellet soft and
fluffy making them larger in size. Very few bony parts added to this
compactness without influencing weight of the pellets. Hence, it can be
said that due to poultry leftovers and insects the pellet showed significant

difference in the morphometrics of pellets across the seasons.
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Investigations of predation have shown that certain prey species are more
likely to be eaten than others (Getz, 1961, Marti, 1974; Kolter, 1985).
This depends on their easy availability. Occurrence of insects exoskeleton
especially (Order: Coloeptera) during monsoon in all the pellets studied
indicate their availability at the 3 habitats. The proportion of insects in
diet is higher in the pellets collected from Sayajibaug which has rich
floral diversity attracting variety of insects while other two areas have
comparatively more concrete structures and low insect diversity. In
present study majority of insects were from order Coeloptera, families -
Carabidae and Scarabidae. These families are common in Sayajibaug
area, near Vishwamitri stream, and surrounding and inside the cricket
ground in university campus (Naidu, 2008). In Vadodara Black Kites are
requently seen near garbage dumping sites as well, where high insect
population is expected. The urban landscape shows presence of natural
diet like insects as well as amphibians that are consumed whenever
available. The relative abundance of any prey species in a particular
habitat is further influenced by its own reproductive schedule, vegetation
cover, climate and weather (Cameron 2003, Mushtag-ul-Hassan et al.,

2004, Mahmood-ul-Hassan et al., 2007).

Thus, the results suggest that due to availability of poultry leftover in

Vadodara, Black Kites get plenty of food to satisfy their energy needs and
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as discussed in Chapter: | plenty of time to soar in the urban sky with
thermals without spending much energy. This helps them to save energy
by avoiding hunting and breed successfully (Chapter: 11). This may also
suggest that the time spent for hunting is less compared to other species
which have to rely on obtaining maximum biomass in limited available
time.

The current study is an attempt towards understanding the diet
composition and food preference of the Black Kites in three habitats in
urban landscape and to have a base line data regarding the prey base for
these birds. This investigation can be further carried out extensively to
have a better understanding of diet composition its availability and food
preference spatially and temporally.

General information:

Food and water is the basic need of every individual. Species of birds try
to build their nest nearer to feeding sites so they can explore the feeding
grounds and also care for the young once. During day time Black Kites
are observed foraging nearer to dumping site, poultry farms, surrounding
water resources, slaughter houses and nearer mutton shops. The sites
from where they can easily get food. At a time after rainy nights in
monsoon Kites are observed flying low on large open grounds for feeding

on emerging small insects from ground from early morning itself.
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CHAPTER: 4
ANALYSIS OF TOXIC AND ESSENTIAL ELEMENTS
INTRODUTION:

Large quantities of pollutants are continuously being introduced into the
environments of cities as a consequence of anthropogenic activities such
as urbanization, vehicular traffic and industrial processes. Among these
heavy metals, due to their high potential to enter and accumulate in food
chains, are considered as critical contaminants in the environment, (Olojo
et al., 2005; Erdogrul and Erbilir, 2007). The main sources of heavy
metal pollution are industries and mining activities (Singh et al., 2007).
At low concentrations arsenic, lead, cadmium and chromium are toxic to
living organisms while other metals like copper and zinc are the
biologically essential metals that become toxic only at very high
concentrations (Cohen et al., 2001; Storelli et al., 2006).

Environmental contamination caused due to anthropogenic activities is a
relatively novel concept in ecological times. These stressors negatively
affect individuals and entire ecosystems via air and water around the

world, even in the areas relatively free of their production (Iwata et al.,
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1993). However, in the past few decades, more efforts have been made to

discuss the monitoring of health of the ecosystem. These discussions

concentrate on presence of essential, non essential elements and other

pollutants in the environment that cause great risk to all living biota.

These elements are frequent waste products of industrial activities and

their emission contaminate surrounding environment (Eeva and

Lehikoinen, 2000).

Increasing levels of toxic and essential elements in air, soil as well as

water are of growing concern for the biota on earth including human

being. There are hundreds of sources for these elements like pollution,

combustion of coal and natural gases, paper and chloroalkali industries,

etc. through which these metals end up and accumulate in environment.

Their excessive persistence in the environment or their bioaccumulation

and biomagnification in food chains are the potential threats leading to

undesirable effects in the biota (Zhuang et al., 2009; Dzugan et al., 2012).

A control of accumulation of these substances in an ecosystem is of great

value in context to global environmental pollution. Use of bioindicators
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in monitoring such pollutants is often easier compared to monitoring

abiotic samples (Lebedeva, 1997). Among the bioindicators birds are

traditional subjects for monitoring polluted ecosystem, especially in

territories adjacent to stationary sources of pollution. The studies on birds

with reference to accumulation of heavy metals are extensive and

increasing (Dmowski, 1999).

Birds occupy wide range of tropic levels in different food chain. Due to

this compared to other species it is very easy to monitor them (Burger et

al., 1999; Eens et al., 1999). Among them species that are at the apex of

the food web are more commonly used as bio-indicators to evaluate the

presence of persistent contaminants. As a result of escalating generation

of evidences that bird populations are particularly sensitive to the changes

produced by men in the environment, potential use of birds as indicator

for environmental pollution has been widely recognized. Most of these

species are long-lived, hence pollutant burden in their bodies get

integrated in a complex way over the time. Thus, birds are useful

biomonitors for studying bioaccumulation. They are visible, sensitive to
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environmental changes and are at the pinnacle of the food chain. Raptors

are amongst the most intensively studied bird species in biomonitoring

investigations due to their top position in the food chains and the spatial

integration of contaminant levels in their extended home ranges

(Altmeyer et al., 1991, Esselink et al., 1995, Garcia- Fernandez et al.,

1997, Pain et al., 2007).

Their ecology, physiology and behaviour have been well studied and they

are of interest to the public (Burger, 1993). Most studies have been

conducted on internal tissues, but the number of studies making use of

non-destructive methods, like measuring the concentrations of metals in

feathers, faeces and eggs have increased over the years. Especially,

feathers are considered as valuable tool to monitor exposure to heavy

metals. However, many carnivorous birds are foraging over a wide

geographical area; due to this it is also very difficult to detect source and

site for their toxic ingestion. The effects of heavy metal concentration in

the different species have been studies by researchers like Burger (1993),

Furness (1993), etc. The environmental toxicant can bind to the protein-
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molecules in the feather during the short period of feather growth when
the feather is connected with the bloodstream in pulp of calamus
(Furness, 1993). Compared to blood and other tissues it is easier to detect
and quantify heavy metals in feathers (Cahil et al., 1998; Tom et al.,

2002).

The Black Kite (Milvus migrans govinda) is a common diurnal scavenger
distributed throughout the Paleartic region (Bijlsma, 1997) and also a
very common scavenger around towns in India (Galushin, 1971; Ali,
1979; Navroji, 2007). In the present study, while studying ecology of
kites in urban area an attempt is made to quantify and assess the impact of
various elements from different tissue of Black Kite (Milvus migrans
govinda) collected from one of the most polluted city Ahmedabad,

Gujarat, India.

MATERIALS AND METHODS:

The samples of tissue and feather of kites were collected from
Ahemdabad (23.03 N 72.58 E) about 90 Km. North of Vadodara. Gujarat

1s a cultural state where all festivals are celebrated. One of the most
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celebrated festival of Gujarat is “Uttraryan-The Kite flying festival”
celebrated on 14th and 15" January every year. During this festival
thousand of paper kites are flown in the sky with sharp threads and there
is an impulsive competition among kite flyers to cut each other’s paper
kites. Due to the sharp threads hundreds of birds are injured. These
injured birds are brought to bird rescue centres and are treated by several
NGOs and Forest Department, Government of Gujarat for recovery.
However, some heavily injured birds succumb to the injury. From these
dead Black Kites Milvus migrans govinda (Plate 9) from Ahmedabad

were used for quantification of heavy metals.

Sample collection:-

Ahmedabad being a Metro city with highest human population in Gujarat
has larger population of kites too and hence the number of kites getting
injured and succumbing to death is also higher.

After taking Permission from Ministry of Environment and Forest
Government of India (MOEF), New Delhi (vide letter no.WLP/28/C/396-
398 and F.No.1-4/2007 WL-I) for collection of various tissue from dead
birds the samples were collected. For heavy metal analysis, liver, kidney,
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muscles and primary feathers were taken. Each dead Kite was weighed by
digital weighing balance, dissected open and tissues were collected and
stored in dry ice and transferred to laboratory and stored at -20° C till
further analysis. Before analysis the tissues were washed alternately with
deionized water (Mili-Q) and acetone and then exposed to 60 °C in dry
oven for 24 h to determine dry weight. The dry tissues were digested in a
1:1 mixture of Nitric acid (Qualigen) (70%) and Hydrogen Peroxide
(Merck) (30%). For analysing toxic and essential elements in feathers,
first three primaries were taken (Plate 9); their calamus was removed and
processed in similar way. The digestion was completed with heat
destruction procedure described by Blust et al. (1988). All the samples
were diluted by adding 4 ml deionized water (Milli Q) and stored at -20
°C until analysed. Analysis was carried out by Inductively Coupled
Plasma Atomic Mass Spectrometer (ICPMS) method described by
Swaileh and Sansur (2006) at Inductively Coupled Plasma (ICP) Lab,
Pawai, Mumbai.

Statistical analysis:

Statistical evaluation of the data was carried out by using statistical
software package SPSS 7.5 for Spearman correlation coefficient while
Prism 3 for one way ANOVA. To find out relationship between body

weights and concentrations of different metals in different organs of male
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and female, Pearson coefficient was carried out. Concentration of
essential and toxic metal in different tissue like Feathers, Kidney, Liver
and Muscles were compared by using One way analysis of variance
(ANOVA). To reveal the overall variation in the concentration of each
element the coefficient of variation (CV) was calculated. Data values are
expressed as mean = SE and test statistics were considered significant at

P<0.05, P<0.01, P<0.0001.

RESULTS:

Concentration of toxic elements in Feathers, Liver, Kidney and
Muscles of Milvus migrans govinda: (Cd, Hg, Ni, Pb, Cr) (Table: 1,
Fig: 1)

The mean concentration of toxic metals, cadmium, mercury, nickel, lead
and chromium in feathers are 0.05 + 0.01, 0.03 = 0.03, 0.1 £ 0.01, 0.4 +
0.01, 0.25 £+ 0.04 pg/g dw respectively. Among  other tissues
concentration of Cadmium 1is highest in Liver 2.0 = 0.01pg/g dw,
followed by kidney 0.8 = 0.03 and muscles 0.2 + 0.1 pg/g dw. Similarly
concentration of Mercury is also high in liver 0.5 £ 0.01 nug/g dw,
followed by kidney 0.2 + 0.02 pg/g dw and low in muscles 0.05 £ 0.01
ng/g dw. The concentration of Nickel is 0.3 = 0.01, 0.21 = 0.01 and 0.01
+ 0.01 pg/g dw respectively, while those for Lead and Chromium are

also highest 1.0 = 0.01 and 0.8 + 0.01 in liver, followed by 0.13 + 0.01

pg/g dw and 0.15 = 0.02 pg/g dw in kidney and lowest 0.03 = 0.01 and
99



Toxic and Essential elements

0.04 +0.02 pg/g dw in muscles. Accumulation of metals (in pg/g dw) can
be summarised as follows: Feathers Pb > Cr > Ni > Cd > Hg, Liver Cd >
Pb > Cr > Hg > Ni, Kidney Cd > Hg = Ni > Cr = Pb, Muscles Cd > Hg >
Cr > Pb > Ni. The difference in the concentration of toxic elements in
tissues studied are highly significant at P < 0.0001 with Cadmium- F;,,
64.99, Mercury- F5,, 27.38, Nickel- F3,; 72.21, Lead- F5,; 247.8 and
Chromium- F3,,76.52.

Concentration of essential elements in Feathers, Liver, Kidney and
Muscles of Milvus migrans govinda: (Zn, Cu, Co) (Table:1, Fig:1)

The mean concentration of essential elements Zinc, Copper and Cobalt in
feathers are 26 + 0.4, 4.0 = 0.5 and 0.05 +0.01 pg/g dw respectively.
Amongst the tissues also the concentrations of Zinc is highest of all the
essential elements and are 85 + 0.8, 32 + 0.9 and 2.0 + 0.05 pg/g dw for
liver, kidney and muscles respectively. The concentration of Cobalt is
minimum amongst all the tissues with 2.0 + 0.01, 1.3 + 0.3 and 2.0 £ 0.3
pug/g dw in the three tissues respectively while the concentration of
copper is 15 + 0.09, 10 £ 0.7 and 13 £ 0.52 pg/g dw respectively. For
essential elements also differences in accumulation of elements in tissue
are highly significant at P < 0.0001 with Zinc- F5,; 255.9, Copper- F;,;

12.02 and Cobalt- F;,; 34.9. Mean concentration of essential elements
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can be summarise for feather, liver and kidney as Zn > Cu > Co while for

muscles as Cu > Zn = Co.

Correlation between body weight and accumulation of heavy metal in
different tissues:

As given in Table: 2, Pearson correlation was employed to examine the
correlation between body weight and toxic and essential metal
accumulation in different tissues. The body weight of Black kites ranged
between 300 to 550 gms. with mean body weight 473.8 + 13.55. Body
weight correlated nonsignificantly either positively or negatively. Both
the trends are seen in liver (Cd, Pb, Cu - positive and other elements Cr,
Hg, Ni, Zn Co - negative). In kidney it is mainly negative (Cd, Hg, Pb,
Cr, Cu, Co,) while only Ni and Zn showed positive correlation. In
muscles and feather the correlation with body weight are mainly positive
(Hg, Pb, Cr, Zn, Cu) while other elements (Cd, Ni, Co) showed negative

correlations.

Comparison of heavy metals in Male and Female Black Kites:

For the comparison of heavy metal concentrations in various tissues of
male and female Kites t test is employed. The Results are given in Table:
3. As seen in the table no significant difference are observed in
concentration of all elements studied in all tissue of male and female

Black kites.
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Correlation of concentration of toxic and essential elements in
various tissues of male and female Kites with body weight:

Fig (2) shows correlation between body weight and concentration of toxic
and essential elements in various tissues of male and female Kites
(Milvus migrans govinda). When toxic elements in liver of male and
female individuals are considered no significant increase with the
increase in body weight in the concentration of all toxic elements are
noted except for mercury in male which shows significant increase at
P<0.05 with body weight. While in female liver non significant decline is
noted only for Pb and Cr with increase in body weight. However, in
kidney of male and female individuals all toxic elements showed a non
significant increase with body weight except chromium concentration.
Chromium concentrations are negatively and nonsignificantly correlated
with body weight of male birds while positively and significantly at
P<0.05 with body weight of female birds. For muscles, though the
concentration of all toxic elements is very low they showed
nonsignificant increase with body weight in both the sexes. Feathers
showed wvaried relationship. In male birds non significant positive
correlation for all elements except Ni is noted. In feathers from female
kites concentration of Cd, Ni and Cr showed nonsignificant increase with
the body weight whereas Hg showed significant increase (P<0.05) while

Chromium showed nonsignificant decline with body weight.
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Among essential elements all showed nonsignificantly increase (P<0.05)
with body weight in liver and kidney of both the sexes. In muscle
negative correlation with body weight is noted only for copper in male
while for feathers negative correlation is established in Zinc

concentrations in both the sexes.

Coefficient of variation of all elements in different tissues:

All toxic and essential elements in tissues studied are compared with the
help of coefficient of variation too (Table:5, Fig:3). In the liver, Mercury
concentration showed highest coefficient of variation while Cadmium and
Zinc showed lowest CV compared to all other elements. In the kidney
with Mercury, Copper also showed highest coefficient of variance while
nickel showed lowest variations. In muscles and feather, it is Cadmium
concentrations which has highest CV while Copper and Nickel

respectively showed lowest CV.
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Table:1 Concentration (in pg/g dw) of toxic and essential elements in Feathers,
Liver, Kidney and Muscles of Milvus migrans govinda: (Cd, Hg, Ni, Pb, Cr)

Feather Liver Kidney Muscle F value

(=)
Cd 0.05+0.01 20+0.01 0.8 +0.03 02+0.1 64.99
Hg 0.03 £0.03 0.5+0.01 0.2+0.02 0.05+0.01 27.38
Ni 0.1+0.01 0.3+0.01 0.21+0.01 0.01+0.01 72.21
Pb 04+0.01 1.0+0.01 0.13+0.01 0.03+0.01 247.8
Cr 0.25+ 0.04 0.8+0.01 0.15+0.02 0.04 +0.02 76.52
Zn 26+0.4 85+0.8 32+0.9 2.0+05 255.9
Cu 4+0.05 15+0.09 10+0.7 13+0.52 34.9
Co 0.05+0.01 2.0+0.01 1.3+0.3 2.0£0.3 12.02

Table: 2 Overall Correlation of various toxic and essential elements in tissue with
body weight (Pearson correlation).

Metals Feather Liver Kidney Muscle
Cd -0.06 0.77 -0.05 -0.06
Hg 0.16 -0.04 -0.38 0.17
Ni -0.17 -0.001 0.07 -0.12
Pb 0.16 0.33 -0.06 0.16
Cr 0.61 -0.56 -0.75 0.67
Zn 0.08 -0.06 0.11 0.09
Cu 0.52 0.26 -0.04 0.80
Co -0.03 -0.05 -0.03 -0.004
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Table: 3 A comparison of Toxic and essential elements in various tissue in Male and female Milvus migrans
govinda (t test)

Feather Liver Kidney Muscle

Male Female Male Female Male Female Male Female
Cd 0.01+0.03 0.05+0.01 0.92 £ 0.07 0.86 + 0.08 0.92 +0.09 0.92+0.07 0.48+0.08 0.43+0.10
Hg 0.05+0.01 0.04+0.01 0.51+0.07 0.47 +0.06 0.22 £0.02 0.20 +0.02 0.1+0.01 0.08+0.07
Ni 0.07+0.01 0.09+0.01 0.3+0.02 0.29 +0.03 0.24 £0.01 0.24 £0.01 | 0.03+0.08 | 0.02 +0.05
Pb 0.41+0.08 0.26+0.05 1.14 + 0.06 1.13+0.08 0.16 +0.01 0.15+0.01 0.05+0.01 0.06+0.1
Cr 0.22+0.04 0.25+0.06 0.68 + 0.06 0.61+0.04 0.19+0.006 |0.17+0.01 0.06+0.007 | 0.05+0.005
Zn 27.28+4.99 | 21.83+4.45 | 81.0+3.27 79.33+£2.72 37.5%2.79 38.3+1.90 4.88+1.02 4.50+1.057
Cu 1.92+0.38 3.23+0.477 | 15.83+1.62 15.67+1.52 13.92+1.55 13.3£1.54 14.83+0.90 | 14.17+0.70
Co 0.019+0.06 | 0.049+0.01 | 1.93+0.133 1.94 +0.1 1.57+0.11 1.41+0.1 3.45+0.45 3.0+0.365

All p values are Non significant (NS)
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Table: 4 Correlation of concentration of toxic and essential elements in
various tissues of male and female kites (Milvus migrans govinda) with
their body weight.

Liver Kidney Muscle Feather

Male | Female | Male | Female | Male | Female | Male | Female
Cd 0.71 0.41 0.54 0.43 0.65 0.17 0.13 0.38
Hg 0.81* 0.33 0.58 0.44 0.79 0.44 0.63 0.87*
Ni 0.78 0.49 0.52 0.47 0.7 0.7 -0.6 0.47
Pb 0.65 -0.57 0.03 0.23 0.8 0.24 0.01 0.39
Cr 0.64 -0.1 -0.05 0.89* 0.35 0.06 0.62 -0.23
Zn 0.82 0.91 0.44 0.4 0.84 0.49 -0.52 -0.02
Cu 0.81 0.8 0.47 0.23 -0.63 0.14 0.46 0.02
Co 0.75 0.56 0.74 0.05 0.54 0.59 0.50 0.11

*P <0.05
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Table: 5 Coefficient of variance (CV) of all elements in different tissues of Milvus

migrans govinda.

Elements Feather Liver Kidney Muscle
Cd 101.75 9.03 18.85 56.81
Hg 55.19 30.27 27.96 21.30
Ni 45.84 20.10 13.02 55.82
Pb 54.31 13.05 21.92 45.82
Cr 51.35 22.35 14.62 24.52
Zn 46.47 9.44 14.86 54.84
Cu 47.26 23.91 27.01 11.59
Co 83.86 16.10 17.76 28.42
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Fig:1 Concentration of toxic and essential elements in Feather Liver, Kidney and
Muscle of Milvus migrans govinda:
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Fig 3: Coefficient of variance of all elements in different tissue of Black Kite
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DISCUSSION:

Avian survivorship in urban areas is influenced by risk of environmental
toxicants, collision with man-made objects, changes in the predator
assemblage, food supply and diseases (Chace and Walsh, 2006). Among
the environmental toxicant metal and elements form major component.
Many studies reported on concentration of heavy metals in different
groups like Birds and fishes (Licata et al., 2010; Mansouri et al., 2012;
Binkowski et al., 2013, Begum and Sehrin, 2013, Rajkowsa and
protasowicki, 2013, etc.). Birds are used intensively for the past 30 years
as a biomonitoring tools (Burger, 1993). Among eight elements Studied
Cadmium is the toxic element which is showing maximum accumulation
among the elements studied in the three tissues. However, its CV was
maximum >100% for feathers followed by kidney and liver. Cadmium is
known to be nephrotoxic (Gancia- Fernandez et al., 1997; Kalisinska et
al., 2004). Studies of Binkowski et al., (2013) show highest concentration
of Cadmium in kidney of Waterfowls i.e. Coots and Mallards indicating
similar efficiency of detoxification process. However, in terrestrial raptor
Milvus migrans govinda highest cadmium concentration are noted in
liver. A non significant but positive correlation of hepatic cadmium levels
while negatively correlated with kidney, muscle and feather concentration

with respect to body weight indicates a possibility of difference in
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efficiency of detoxification process in water dependent and terrestrial
species which needs to be further explored. As high concentration of
Cadmium also occurs in liver it has been reported that Liver and Kidney
together may accumulate about 75% of Cadmium in an organism (Gunn
and Gould, 1957, Nordburg et al., 2007) as it is also true in present
studies. Further, as per various studies (Nicholson, 1981, Thompson,
1990) in present study also Cadmium levels in muscles and feathers are
low. Singh and Srivastav (2007) state that the tissue concentration of
metal content is strictly influenced by availability to animals while those
in feathers to the share deposited in growing feathers through blood

(Furness et al., 1990).

Mercury is one of the most important heavy metal toxicant in the
environment originating from both natural cycling in the biosphere as
well as anthropogenic activities like industrial emissions, burning of
fossil fuels etc. As top predators as well as urban exploiters, Black Kites-
Milvus migrans govinda is likely to accumulate the same in its body.
Among the three tissues studied and feathers, maximum Hg concentration
occurred in liver, followed by kidney and low in Muscles and feathers.
Mercury contents in feathers are the indications of mercury contents in
the diet of an individual (Furness et al., 1990). Top predators are known

to accumulate high mercury contents in their feather too. Though, Black
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Kite is a raptor it mainly scavenges on the poultry left over (Rathod and
Padate, 2004, Chapter:1ll). Hence, the accumulation of the same in
feathers can be low. However, in Black kite accumulation of Hg in liver
is highest followed by Kidney, indicating presence of the same in the
terrestrial urban environment of Ahmedabad. This also indicates that
Liver and Kidney of Black kite (Milvus migrans govinda) are able to
handle the low concentrations of this heavy metal in the environment.
However as far as CV is concerned feathers showed 55% variability
compared to other tissues which showed CV between 20 to 30 %
indicating that in these individuals that are exposed to Hg load
accumulation of Hg increases in feather. The liver is preferred organ for
metal accumulation. When mercury concentration is correlated with body
weight positive correlations are obtained for muscles as well as feathers
while negative correlations with liver and kidney. Milvus migrans
govinda shows higher accumulation of Chromium too in both tissues.
With significantly low accumulation in other tissue indicating that liver is
able to handle this load of mercury too. However, among other three
tissues accumulation of chromium is higher in feathers with 50% CV
against 15 to 25% CV of other tissues indicating irregular ingestion of

this metal in food by M. m. govinda.
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Nickel, a ubiquitous metal in the biosphere is introduced in the
environment from natural and human sources. It is circulated via
chemical as well as physical processes and transported across living
organism via biological mechanisms ( Sevin, 1980; WHO, 1991). Though
useful for normal growth of many microorganisms, plants and several
species of vertebrates WHO classify this metal as carcinogenic for
humans. Hence, nickel which persist in the environment and has affinity
for bioaccumulation is considered as toxic metal (Bubb and Lester, 1996).
The data on toxic influence of Nickel on birds is more limited than
mammals. Outridge and Scheuhammer (1993) report higher accumulation
of nickel in mammals and birds form Ni polluted environment with
occasionally kidney showing higher levels than liver. According to these
authors higher doses of nickel 300 to 800 pg/g in diet of chicks produces
variable effects including death whereas still higher dose in adult show no
evidences of systemic or reproductive toxicity. Hence, tissue
concentrations of nickel are not reliable indicator of potential toxicity.
DeForest et al., (2012) states that the nickel toxicity is likely to occur in
animals ingesting food that includes soil that are specifically higher in
earthworms. However, concentrations higher than 10 pg/g dw of kidney
and 3 pg/g in liver are considered to lead to no toxicity. Aquatic food
chains with macrophytes and aquatic organisms like piscivores, or

terrestrial food chain like soil earthworm and worm eating mammals, are
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at risk of secondary poisoning (Technical Guidance Document, 2003). On
the basis of very limited data available for correlation of bioavailability of
the diet born fraction of nickel in birds, the concentration of nickel in
various tissues of Black Kites may be considered as below the toxic
levels. Further, Kites do not fall in any of the food chains which are
believed to lead to bioaccumulation of this metal leading to its toxic
effects. Birds all over the world usually show low accumulation of nickel
(Kozulin and Pavluschick, 1993; Hui, 1998; Hui et al., 1998). However,
accumulation of nickel is positively correlated with body weight only in
kidney while in other three tissue it is negatively correlated. As, Nickel
concentration is higher in feathers and muscle with 45- 56% CV against
10 to 20% CV of other tissues it indicates irregular ingestion of this metal

in food of M. m. govinda.

Lead toxicity in birds is frequently associated with ingestion of lead
shots, mistakenly consumed as food particles or grit or from dead prey
which has been shot by lead pellets. These shots remaining in muscular
gizzard can lead to Lead toxicity (Sanderson and Bellarose, 1986; Pain,
1992; 1996, Scheuhammer and Norris, 1996). Hunting of 1.4 to 2.6
million water birds annually has been estimated by U.S. Fish and Wildlife
Services (1986). The status of “Critically Endangered” Callifornia

Condor Gymnogyps califernianus has been associated with Lead
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poisoning from such ingested bullets (Wiemeyer et al., 1988; Birdlife
international, 2007). This has also been reported to be major obstacle to
the reintroduction programs for this species (Meretsky et al., 2000).
Several other species are also moved to critical and near threatened
categories due to lead poisoning. However, as Kites mainly feed on
poultry leftover (Rathod and Padate, 2004; Chapter IlI), there is rare
possibility of heavy metal load of lead to this species. Nevertheless, here
liver showed maximum concentration followed by feathers, kidney and
Muscles. It showed positive increase in liver and muscles as body weight
increased. While among other two tissues accumulation of lead is higher
in feathers with >50% CV. Clark and Scheuhammer (2003) considered
<6 pMg/g dw lead in Liver and Kidney of birds as back ground
concentration while >6 pg/gm associated with exposure to lead and >20
pg/gm liver and >30 pg/gm as toxic. Hence, the concentration in present
study indicates much lower exposure of Black Kites of lead in city of
Ahmedabad. The muscles in general are considered to have weak
accumulation potential (Erabgrual and Erbilir, 2007; Bervoers and Blast,

2003).

Having multiple valance chromium has dual character. Chromium Il
plays key role in the metabolism of animals (e.g. formation of glucose

tolerance factor), while its hexavalent form Cr VI is related to
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occupational health hazard (Jeejeebhoy et al., 1977; Gad, 1989). Hence,
Chromium is known to be essential for human as well as animals
(Schwartz and Mertz, 1995). Though homeostatic mechanism regulates
chromium uptake as per nutritional requirements of body an increase in
chromium concentration is observed when mechanisms are saturated or
are less effective in controlling uptake. In such cases Chromium
intoxication may be observed. Since the first reports of Cancer in early
1990s, there have been several studies on chromium levels in
environment and biota including birds (Mansouri, et al., 2012; Toghyani,
2012; Binkowski, et al., 2013). However, no biomagnifications of
chromium has been reported in food chain probably due to ready ability
of Cr VI to get converted to Cr Il1l. This ability is likely to protect the
higher organisms from the effects of low level of exposure (Eisler, 1986).
In present study, among the tissues studied though highest Chromium
levels are in liver and lowest in muscles, the overall concentration is low.
As said earlier in urban areas of Gujarat, Black Kites get plenty of Poultry
left over (Skin with feather, Rathod and Padate, 2004;  Chapter:Ill)
where exposure to chromium is expected to be nil. Hence, it can be said
that whatever Chromium occurs in tissues of Black Kites has other
sources and have not crossed the critical levels to consider as harmful to
kites. However, as body weight increases, consumption of food also

increases and the accumulation of metal is significant as is evinced by
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increase in Chromium concentration with increase in body weight in
muscles and feathers. Metal level in feather may change and increase

with age due to exogenous contamination.

Zinc an essential trace element is having varied functions in body (Welsh
et al., 1994). However it is also believed to be harmful to organisms at
higher concentrations  (Sandstead and Au, 2007). In human Zn
accumulation is considered as less toxic. The interaction of Zinc and
Copper is considered to be mutually antagonist and hence probably in
livestock Zinc supply is raised as a protective measure to reduce Copper
toxicity. It also plays important role against Cadmium toxicity (Jacob et
al., 1987). Animal flesh is the best source of readily bio available Zinc
(Soriano-Santos and Guerrero-Legarreta, 2010) with red meat being
richest. Among birds the aviary species are likely to exhibit Zn poisoning
due to galvanized irons (Cage wire, cage clips and bird toys). However,
toxicity associated to Zn coated food containers has been reported in
humans but not in birds (Brown et al., 1964). Toxic level of Zn in liver of
different aviary species of psittacine species is reported to range from 95
to 759 ug/g dw (Puschner et al., 1999). Though, higher levels of Zn are
recorded compared to other heavy as well as essential elements in the
tissue of Black Kites, in present study these levels are nowhere near toxic

concentrations. Among essential elements Zinc concentration in tissue
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studied except liver, increased positively with body weight. While in
other three tissues muscles and feathers this increase was with 45-55%
CV against 5 to 20 % CV of Liver and Kidney of M. m. govinda. Black
Kite Milvus migrans govinda is neither aviary bird nor it feeds on red
meet (it gets plenty of poultry left overs i.e. white meat in urban area).
Hence, it can be said that the possibility of any zinc toxicity in Black Kite

is remote in present environmental conditions.

Copper, the naturally occurring metal in variety of foods like nuts, meat
and grains, is one of the important micro nutrient essential to human
health. However, being ubiquitous in the environment, it is highly toxic to
many freshwater aquatic species including algae and fishes. Terrestrial
fauna is exposed to acute and chronic copper toxicity risk due to
agricultural pesticides. Because of its role as essential trace element there
is uncertainty in establishing its risk to birds and mammals. Many of
these have the ability to handle excess copper by storing it in liver and
bone marrow. Hence copper deficiency as well as toxicity risk are rare. In
accordance to the studies of Szymczyk and Zalewski (2003) and
Binkowski et al (2013) the copper concentrations in tissues of Black
Kites in present study are found to be lower with low concentrations in
muscles compared to liver as reported by former ornithologist. As body

weight increased concentration of Copper also increased in muscles,
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followed by feathers and liver. The concentration of Copper in tissues
especially liver is regulated below 50 pg/g dw by homeostatic control

(Pyle et al., 2005).

Cobalt, a compound of Vitamin By, in @ minute quantity is an accessory
element for life mainly in production of erythrocytes and prevention of
anaemia. At higher levels of exposure it has been shown to produce
mutagenic and carcinogenic effects which may be similar to nickel. Its
concentration in body is highly regulated with over 80 % accumulated in
the skeletal system. Mean range of Cobalt in different species of sea birds
has been shown to be between 0.048 to 0.11 pg/g dw with lowest
coefficient of variance (Szefer et al., 1993; Kim et al., 1998). Further,
accumulation of cobalt in eggs of tern has shown no change in levels for
eleven years (Burger and Gochfeld, 1988). However, in the present study
cobalt levels in tissues are found to be much higher from 0.05 in feathers
to 2.0 pg/g dw in liver and muscles. However, compared to three tissues
accumulation of cobalt is elevated in feathers with >80% CV against 15
to 30% CV of other tissues of M. m. govinda. This needs further
investigation with reference to its role in terrestrial raptors in one of the

highly polluted urban area of India.
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Gender Difference:

In present study the accumulation of heavy metals showed no gender
difference as is demonstrated in the Red- Billed Gulls (Larus
novaehollandiae scopulinus) (Furness et al., 1999), Great tit (Parus
major) and Blue tit (Parus caeruleus) (Dauwe et al., 2002). However, in
present study only Mercury and Chromium concentrations showed
significant increase in either of sexes in relation to body weight while,
rest of elements showed nonsignificant increase or decrease. Burger and
Gochfeld (1997) found significant differences in levels of several metals
between male and female ducks, although mercury levels were the same
in both the sexes. Hutton (1981) found differences in levels of Zinc and
Cadmium between male and female Oystercatchers Haematopus
ostralegus while Heinz (1976) has reported higher Mercury levels in the
livers of males than in those of females in Mallards, after the egg-laying

period.

Few studies have examined the effects of gender on the accumulation of
heavy metals in feathers and other tissues (Burger, 1995; Gochfeld et al.,
1996). In feathers of Bonaparte’s Gulls, Braune and Gaskin (1987) found
significantly lower levels of Mercury in primary feathers of female when

compared with primaries of male birds while in present study no gender
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difference is found in accumulation of essential and toxic metals in

feathers of Milvus migrans govinda.

Biological monitoring provides direct qualitative and quantitative
assessment of exposure of a group of persons or individual to noxious
agents present in the environment (Mehra, 2010). Advantages of using
biomonitors are recently acknowledged. To identify pollution in a larger
area Bio-indicators that reflect a coarser spatial scale should be used.
Birds use different sources of food and water in a relatively large area and
thus the levels of trace elements in bird’s organs and feathers are
expected to reveal the levels of toxic elements in their entire home range.
In the present study it is revealed that urbanization in Central Gujarat has
very little impact on accumulation of heavy metals in various tissues of
Black Kites and hence the lower concentrations of these metals in tissue
of Black Kite (M. m. govinda) which mainly feeds on poultry leftovers
which are expected not to be exposed to heavy metals as poultry is one of
the major food item in the diet of urbanized human population. The Black
Kite has exploited this food very well and hence is thriving in urban areas
due to plenty of food supply, thermals to soar at high levels in the sky

with little exposure to polluted diet and air at lower levels.
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SUMMARY

Urbanization produces large scale extensions of once continuous natural
habitats, causing its intense fragmentation. The increased urbanization
usually leads to an increase in the avian biomass with reduction in species
richness. This successive increase is reflected as increase in the
population of certain species as urban settings are free from persecution
and provide adequate food supplies As urban settlements encroach
natural habitats, it is clear that their impacts need to be mitigated, and
their potential for conservation better understood and exploited.

Numerous studies on avifauna have been carried out in urban landscapes.

Black Kite (Milvus migans govinda) is a resident urban raptor of Indian
sub continent that occurs in huge numbers in Metro cities. As there is lack
of information about its ecology in urban area, an attempt is made to
document habits of this umbrella species in an urban landscape. The first
part of study includes Ecology while second part of study includes
essential and toxic elements from different tissue of Milvus migrans

govinda.

POPULATION AND ROOSTING ECOLOGY:

In Vadodara maximum population of Black Kites was noted during
Monsoon (July-September) indicating arrival of migratory kites from the

southern parts of India. Sudden increase in number of kites was noted 3 to
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4 days prior to the arrival of south-west monsoon of Indian subcontinent.
The number reaches to peak by month of August and/or September
before retreating monsoon sets in the area. The fluctuating populations of
Black Kites showed positive relationship with environmental variables
like temperature in all seasons but with humidity only in monsoon.
During study period rainfall was highly significantly correlated with
population of Kkites due to arrival of migratory population from southern
regions of India which immigrate to these comparatively drier parts of
semiarid zone where Vadodara is located. The understanding of
fluctuating population behaviour with environmental variables might be
useful pertaining to the management and conservation of such species in
an urban landscape. When roosting time is considered highly significant
positive correlation is noted with humidity. While, highly significant
negative correlation with temperature. On hot summer days Kites may be
seen soaring in the sky till late evening after sunset and descending to
roost at the urban concrete starts cooling down, during monsoon
availability of natural prey like insects satisfy their energetic needs and
rain as well as clouds probably forces them to arrive at roost earlier. It
was observed that humidity was positively expressed with arrival time at
which 50% of the Black Kites arrived. Most of the Black Kites arrived

earlier at roost sites when relative humidity was higher.
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In Vadodara, Black Kites roosting prefer on aggregations on tall trees
with dense canopy cover. Sunset time, temperature and humidity are
significantly correlated with the arrival time of the Black Kite to their
roosting aggregation, while temperature had a very little effect on this
daily activity. Further, the Black Kites prefer certain features of trees
while selecting their roosts. These may be tree height, shape and canopy

cover.

NESTING ECOLOGY:

The nest site selection is important determinant of the population
dynamics of birds. In the present study it is noted that the Black Kites
mainly prefers Neem trees for nesting. The reason may be the availability
of these trees with suitable height and canopy preferred by these raptors.
Neem- Azadiracta indiaca is one of the most common tree in the area.
Among other trees Maha Neem- Alianthus exelsa with almost similar
canopy covers and height were preferred. These species of tree also
provides number of crotches to hold the nest at the proper locations. The
dense cover of the canopy provides sustained protection by minimizing
the direct heat loss to the open sky and reduces the thermal stress to
vulnerable young and also provides hide from the predators. Moreover, a
well covered nest does not require wing shading provided by parents to

their chicks, which considerably reduces energy loss by the parents. In
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addition, higher nest elevation provide easy access to leave and land

directly on the nest.

Beside the characteristics of the tree and nest vicinity, consideration of
the foraging sites is also equally important. The majority of nests were
found nearer to either garbage dumps where plenty of food is available or
near poultry or mutton shops where skin is thrown away. Hence,
availability of food is important factor affecting nest site selection. Food
and water are the basic requirement for any individuals. In Black Kites,

their nests are nearer to waterbodies too.

FEEDING ECOLOGY:

In the terrestrial ecosystems predators -the raptor among the birds, play
the apex role. Occupying a position at highest tropic level they play
important role by regulating prey species. Black Kite is a diurnal bird of
prey mainly feeding on the insect and small sized amphibians as well as
other smaller vertebrates. As food is main component for survival of a
species, food preference studies are also conducted for Black Kites.
Regurgitated pellets from all the study sites mainly contained feather of
poultry birds. This shows that the poultry leftover were the most preferred
food. The data is supported by the facts that out of three, two study sites
are in close vicinity to poultry farms and/or dump yard where poultry

leftovers are easily available. In addition parts of insect exoskeleton and
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amphibian bones are also found in the pellets but at very low levels.
Heavy dependence of the Black Kites on the poultry leftovers shows its
easy availability and widespread presence in the urban area. The
proportion of insects diet is higher during monsoon, especially in the
pellets collected from Sayajibaug which has rich undisturbed natural
habitat supporting variety of insects while other two areas have
comparatively more concrete structures and low insect diversity. Hence,
it may be said that Black Kite has adapted to urban, environment and the

easy food supply that has help the population thrive in the region.

ESSENTIAL AND TOXIC ELEMENTS:

Birds use different sources of food and water in a relatively large area and
thus the level of trace elements in bird’s organs and feathers may reveal
the levels of toxic elements in their entire home range. Tissues of raptors
are known to be potentially appropriate biomonitors for environmental
heavy metal contamination. Hence, the other aspect of current study was
preliminary assessment of toxic (Cd, Hg, Ni, Pb and Cr) and essential
(Zn, Cu and Co) elements in the various tissues like liver, kidney,
muscles and feathers of Milvus migrans govinda. Black Kites generally
exhibited low to moderate concentrations of these elements in tissues.
Based on these results, metal pollution does not appear to be an

immediate risk to these birds. Black Kites may be particularly well-
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adapted to survive in urban areas as they mainly feed on poultry leftover
where possibility of heavy metal contamination is expected to be rare. In
the present study it is revealed that urbanization has very little impact on
accumulation of heavy metals in Black Kite as it mainly feeds on poultry
leftover and prefers soaring high in the sky during evening hours as its
energy requirement are fulfilled and hence the median concentrations of
these metals were lower in tissue of Black kite (M. m. govinda) in Central

Guijarat.
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GENERAL CONSIDERATION

The urban landscapes asses a broad spectrum of variable environments
ranging from patches of land to highly modified streetscapes that house a
large proportion (~ 50%) of the world’s human population. This
proportion is increasing rapidly, particularly in the developing world
(World Resources Institute, 1996) and by 2030 no space is expected to be
available in cities. Such processes of urbanization promote extensive
changes in the landscape, especially when urban sprawl produces large
scale extensions of once continuous natural habitats, causing its intense
fragmentation. Large proportions of birds are known to adjust to such
changes. Even though patterns of avian responses to urbanization are
emerging, most of the studies have been carried out in the temperate

regions.

In the present study, we have made an attempt to understand the ecology
of a raptor- Black Kite (Milvus migrans govinda), a species well adapted
to urban ecosystem in the metropolitan cities of India i.e. including
Vadodara, Gujarat, along with assessment of environmental toxicant in

various tissues of this species.

Vadodara is located at 22.30°N 73.19°E in western India at an elevation
of 39 metres. The city sits on the banks of the River Vishwamitri, in

central Gujarat. Divided into two aspects: behavioural and laboratory
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study, Behavioural part includes Population fluctuations, Roosting,
Nesting and Feeding ecology while, laboratory study includes
quantification of trace elements from various tissue of Black kite.

Three roosting sites observed during study period namely Sayajibaug,
Railway Station and Bhutdizapa all together support hundreds of Black
kites with seasonal fluctuations in number above the noise of daily
variability. Number increases during Monsoon due to arrival of migratory
populations from southern parts of India.

Birds settle down at roosts sites during evening. Among the different
environmental parameters like humidity, temperature and sunset time, the
last one is most important to bring individuals back to the roost with
temperature and humidity playing little effect. The roost sites selected are
aggregations of trees either monospeciefic or multispcific. However, in
the later only two species are used for roosting. For understanding the
characteristics of roosts, tree species, its canopy cover, DBH, number of
birds per tree, shape index etc. are counted at each roost sites. From this it
can be said that Black kites select taller trees for roosting with greater
canopy cover which will provide protection against wind, sunlight as well
as predators.

Roosting time of Black kite is positively correlated with sunset time and
temperature. Birds settled down at roosting place before sunset time

around 8- 15 minutes earlier than sunset. Temperature and humidity
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provide cles for arriving at roost earlier mainly during monsoon and
winter.

Black kite (Milvus migans govinda) is one such resident urban raptor of
Indian sub continent that occurs in huge numbers in Metro cities. During
study hundreds of Black Kites migrated at each site arriving mostly
between end of April and beginning of May, when a significant
percentage of immature birds are observed. On the onset of pre monsoon
the population size further increases with the arrival of migratory
populations and temporary roosts are also formed. Population density is
the major ecological characteristics pertaining to the ecosystem level
energy use by the species.

During study period, when the migratory species mix with the resident
species they show local movements from one roost to another roost. After
some time some birds from that roost again come to the original roost. In
Ahmedabad city these Black kites are observed roosting on the ground
near dumping sites. Occasionally during full moon M. m. govinda shows
some typical flying behaviour.

Reproduction is necessary process to produce a new generation of living
individuals similar to themselves. In Birds, especially Raptors both male
and female take part in nesting. For nest site selection tree height, canopy
cover, and distance from feeding ground and water sources are important.

Almost all observed nests of the Black Kites were found to be located on
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the third sub branch of the trees. Black kite is a solitary breeder.
Therefore, only one nest was found on a tree but occasionally two nests
are found in Ahmedabad city. Kites do not use roosting trees for nesting.
In study period majority of nests were observed on Neem tree. In city of
Ahmedabad where tree density is low Kites build their nest on electrical
poles and sometimes at the top of building too. Once a crow was also

observed disturbing parents while feeding their young.

Feeding plays a critical role in biological adaptation. Food and water both
are essential for parents as well as young once. On the basis of study on
regurgitated pallets of Black Kites it is observed that in the urban areas
poultry leftover is the main component of food with very less insects and
small vertebrates. Consumption of later two items increases in monsoon
when they emerge from their dormancy of summer after first rains. Kites
may be seen foraging in the afternoon at dumping sites or in monsoon

early in the morning on open grounds to catch emerging insects.

Environmental stressors like metal contamination, pesticides and
pollutants are found in air and water in urban areas. Vehicular traffic,
industrial exhaust and other pollutants are basic sources of toxic
contamination including heavy metals and essential elements which
disturb balanced in environmental biota. These pollutants also affect

plants as well as animals. Among animals birds are considered as bio

130



General Considerations

indicators as changes in environment directly affect them. Raptors placed
at the top of food chain are the umbrella species. Bioaccumulation of
stressors in top predators can produce several adverse effects. As far as
Black Kites in urban areas are concerned, as they mainly feed on poultry
leftovers, biomagnifications of stressors in their body is not observed.
However, on the bases of lessons learnt from Gyps species, it is necessary
to monitor Black Kites which are thriving in urban areas and feeding on

the leftover food produced by men for himself.

The present study provides baseline data for a species of raptor whose
population is thriving in urban areas. Among raptors Vultures are
considered highly sensitive towards the environmental change. Vultures
are classified under Critically Endangered species in the world. By
learning from wvultures before anything happens to Black Kites care
should be taken and planning its conservation and management are

suggested.
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Plate 1. Adult Black kite (Milvus migrans govinda)

Juvenile Black kite (Milvus migrans govinda)



Plate 2. Location of threeroost of Black kitesin Vadodara City
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Plate 3. Google Earth Image of threeroosting sites of Vadodara City




Plate 4. Preroosting Behaviour of Black Kite ( Milvus migrans govinda)




Plate 5 Nest of Black Kite (Milvus migrans govinda) on Neem




Plate 6

Y oung once of Black Kites (Milvus migrans govinda)
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Plate: 7 Adult Black Kite (Mivus migrans govinda) with food

Regurgitated Pellet of Black Kite (Milvus migrans govinda)
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Plate: 8 Poultry left over from Regurgitated Pellet of Black Kite (Milvus migrans govinda)

Bony parts of amphibiansfrom regurgitated pellet of Black Kite
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