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1. Introduction

Increasing rate of global urbanization and awareness has created new interests for the urban
biodiversity (Magle et. al.2012). Although urbanization in general tends to reduce species
richness at a place, in a context, it is not true for certain plants and animals (Luck et. al 2011).
Amongst these, the Black Kite (Milvus migrans), a medium sized accipitrid, is the most
common scavenging and predacious raptor of the old world. It lives amidst human habitation

in India; thriving on dump sites (Ferguson-Lees and Christie 2001).

Black Kites and congeneric Red Kites belong to the family Milvinae or old world kites.
Milvinae kites evolved in the Miocene Epoch in Tertiary Period of Cenozoic Era, 25 million
years ago. Species belonging to the genus Milvus and Haliastur, in this family, are known to
be notorious scavengers (Grossman et al. 1964). Kites have featured in literature over the
world, depicting their ecological relationships with human since centuries (Gotch 1981, Table
1). The dependency of Old world kites on the human refuse has a regulatory effect on their
abundance and distribution. The urban infrastructure changes to promote better waste

management towards improvement of hygiene ultimately reduce or clumps the scattered food
resources (Schreiber et al. 2000).

Table 1: Summary of the relationship of kites and human beings as mentioned in old literature

(Source- Grossman ef al. 1964)

Bird Time period Text Remarks
Red Kite Before Christ Republic by Plato Kites termed temple thieves
Red Kite Henry VI Shakespeare’s poems Snatchers of kills of other raptors
] | e Shakespeare’s Julius I. “Kite’ used to define a person’s
Red Kite Ceaser black character.
e Hamlet II. Commonly called ‘Puttock’.
) . ) . 1. Br. Kite signified good omens
Brahminy e Sanskrit (Shiv Purana)
B and the BI. Kite the bad ones.
Kite and BC e Battle records of .
) ) I1. First scavengers to arrive
Black Kite. Ancient India
during battles.
The fishing eagles, greater
Brahminy BC Ancient bird Classification, adjutant stork, common heron,
Kite , source: Dave (1985) Br. Kite were classified together
as jalpars or water birds.
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The abundance and distribution of these birds is currently suffering declines (Sergio and Boto
1999) and shrinkage due to rapid infrastructural changes in the developing cities, which likely
limit or change the spatial layout of the available habitat and food sources (Ferguson-Lees
and Christie 2001). Many cities in the old world (L.ondon, Cape Verde, Istanbul) have
experienced historical declines in the population of Milvus kites owing to rapid changes in
their landscape (Ferguson-Lees and Christie 2001, Grossman et al. 1964, Parry and Putman
1979, Schreiber et al. 2000).

It is noticeable that abiotic, biotic and cultural components of an urban landscape produce a
great diversity of habitats ranging from near natural to completely artificial. These habitats
are characterized by small patch size of vegetation, varied ownership, unexpected
juxtaposition, intensive human management, abrupt change in structure and high
anthropogenic interference (Bookhout 1996). In the above context Delhi, the capital of India,

has undergone rapid urban development since the country’s independence (Mehta 2011).

Development in Delhi has changed the availability andaccessibility of resources for the
urban fauna. Kite distribution and abundance has likely responded to the changed spatial
distribution of habitat and food sources within the city. 1 gathered it from a questibnnaire
survey circulatea amcng 214 age citizens in June 2012 as a part of reconnaissance for this
thesis. It holds even more importance after Indian sub-continent has almost lost its primary

scavenger, white backed vultures, since 1990s from most of its distribution range (Pain e al.
2008; Prakash et al. 2003).

The existence of Indian Black Kites, the govinda sub-species, as the secondary scavenger
proves vital. Therefore, it is important to understand the behavioral characteristics that allow
kites to adapt to a highly urban landscape, nest amidst human habitation and forage on dump
refuse. Black kites have most likely acquired a portion of the niche recently vacated by
vultures in the Indian Sub-Continent, while they may also limit rodent pests within the city,

with potential beneficial effect on human health-risks (Malhotra 2007).

In this thesis, I report the results of a 5 month study on Black Kite population in the
statz of Delhi and its adjoining arcas in India called National Capital region (hereafter
referred to as NCR). The aim of this study was to provide quantitative data on Black Kite

abundance, nest site selection and nest survivorship. The intensive study was conducted at 8
study sites distributed in NCR.
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1.1. Literature Review

Long term monitoring of Black Kites in Europe since last 40 years makes it the most
intensively monitored-studied raptor population in the world. Researchers have monitored
500 pairs each year, ringed 7000 individuals to date, trapped 2000 birds and satellite-GPS
tagged more than 100 birds (Pers comm, Sergio F. 2013). These studies report the importance
of marsh, riverine area, open woodland and wooded cliffs associated with water bodies as
favoured habitat for the kites (Hille 2000; Sergio et al. 2003a, b; Schreiber et al. 2000). Kites
also adjust in urban territories, agricultural areas and grasslands with adequate nesting
facilities. They have rarely been reported to nest on the buildings (Ferguson-Lees and
Christie 2001). Their extended adaptation to nest amidst human settlement in the India and

Africa highlights their ecological plasticity (Ferguson-Lees and Christie 2001, Schreiber ef
al. 2000).

. In contrast to other raptors, the breeding and non-breeding segments in the Black Kite
population do not share much of their habits and habitats (Blanco 1994, 1997; Newton 1979).
This aspect of breeding biology with respect to the intersections between the floaters and
breeding conspecifics has been little studied in raptors while it is known to have a potential

influence on their population dynamics (Newton 1979). Floaters roost in the woodland arca
| near the dump sites and are exclusive consumers of refuse and seldom take wild prey whereas
the breeders which are largely predators sporadically visit the dumpsites (Blanco 1997). In
Italy Sergio and Boto (1999) identified 307 items of prey through the analysis of regurgitated
pellets and prey remains. Fishes constituted 62% of diet against 28% from avian sources. All

vertebrate classes were represented in the diet with some occasional invertebrate prey.

Black kites in Europe, against the resident Red Kites, are trans-Saharan migrants from Africa
and breed in relatively natural setup (Schreiber et al. 2000, Sergio and Boto 1999, 2003a, b,
Vinuela 1999). The diet of both Milvus kites is highly influenced by their habitats. (Schreiber
et al. 2000, Sergio ef al. 2003a, Vinuela 1999). However, Black Kites are comparatively less
specific and utilize even unstable food sources. In Europe, this enables Black Kites to
successfully raise more fledglings than their conspecifics (Vinuela 1999). It is noticeable that
even though they show greater opportunism in utilization of both prey and human refuse,

their breeding success was found much lower against Asian or African populations (Sergio
and Boto 1999).
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Comparatively less studied Indian Black kites, which are residents, form the largest and the
densest population than any raptor for its distribution range. Raptor reference sources have
mentioned them to be the most successful birds of prey, based on their opportunistic
utilization of garbage at the dumpsites (Ferguson-Lees and Christie 2001; Grossman e al.
1964; Veiga et al. 1990; del Hoyo er al. 1994). Aquatic prey base in Indian sub-continent is
mostly harvested by the Brahminy Kite, Haliastur indus (Ferguson-Lees and Christie 2001;
Grossman ef al. 1964). In Afro-Asia the adaptability of these birds to forage amidst human
establishment has made it the greatest menace at the airports. Satheesan (1996) found Black
Kites to be responsible for 21% of all Indian air hazards. It is a result of unplanned

management of the airport areas as many of these are associated with dumpsites (Satheesan
1996; Owino 2004).

There are several reports based on anecdotal observations on Black Kites in India in volumes
of Journal of Bombay Natural History Society (1892, 1906, 1910, 1911, 1912, 1916, 1921,
1926, 1938, 1950, 1968, 1972, 1982, 1985. 1986, 1989, 1990 and 1991) emphasizing their
natural history. From these sources, we know the sporadic predacious behavior of kites. They
have been reported to prey on the birds of the size of common kingfisher and rodents. Ali
(1926) and D'Abreu (1911) reported their breeding behavior for the first time through keen
observations. Many birds start the nest building activity, one or two months before the normal
season (Ali 1926). This phenomenon was also observed in Delhi during the present study.
Mahaba'l and Bastawade (1985) studied communal roosting behavior of these birds in Pune
city. They reported the seasonal fluctuation in the birds on the roosts. These roosting places

were found both permanent as well as temporary over time.

- However, apart from Galushin (1971), no other concrete quantitative attempt, reporting their
abundance and distribution in a landscape has been made. Desai and Malhotra (1979) studied
their breeding behavior at Delhi Zoological Park, monitoring nesting success for 60 nests in
the area. At Delhi Zoo, average hatching success (55%) was found way below other studies
(Sergio and Bot;) 1999). Malhotra (2007) also mentioned large congregation of non-breeding
Black Kites inside the park area. Apart from scavenging on garbage, Malhotra (2007) also
established the importance of rodents and fishes in the diet and published his thesis in the
form of a book titled “Tigers of the sky: Black Kite™ with nest monitoring and chick growth

data. It will be important to compare growth patterns of chicks over a gap of 30 vears.
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Delhi

Delhi. as the national capital of a new democratic state has undergone rapid development.
(http://books.google.co.in/books?id=aqgAAAAAMA AJ&q=urbanization#search_anchor,

http://esa.un.org/unpd/wup/Maps/maps_1970_2011.htm). Through a time sustaining
immigration, human population and random settlements shot up exponentially with decreased
public sanitation (Mehta 2011). Under National Urban Sanitation Policy, small or large
dumps from the middle of the city were closed and covered. In addition, new dump areas
were allocated on the outskirts (www.urbanindia.nic.in/programme/uwss/NUSP,
indiasanitationportal.org.Ghaziabad_CSP, http://talkdelhi.com/delhi/delhi-the-garbage-
capital/). The population of Black Kites, utilizing these temporary resources, has responded
in terms of changing distribution patterns. This is reflected more evidently in reduced
sighting of the common flocks of birds in many parts of the city as reported by the old aged
residents during my questionnaire survey. Study of Galushin (1971), where he noted 2400
nesting pairs of Black Kites in 150 km® of city is a baseline data to compare any changes in
the abundance of breeding birds in Delhi. According to his study, 83% of the total monitored
raptor nesting pairs was of the Black Kites. However, their distribution had notable

unevenness with 50-80 nesting pairs per km® in old Delhi against 16 pairs per km® in New

Delhi area.

1.2. Objectives
Following were main objectives of this study-

Objective 1: To estimate the abundance and distribution of Black Kites in the urban

landscape of National Capital Region, India.

a. Abundance of nesting pairs in the study sites.

b. Abundance of kites at foraging sites.
Objective 2: To evaluate factors influencing nesting habitat selection

Objective 3: To assess the nesting success of Black Kites across different ecological

settings in National Capital Region, India.
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NCR falls in the semi-arid zone with 60 cm of annual rains, mainly in the two months of

monsoon. The capital city lies at the farthest eroded Aravali ranges at an altitude of 200 odd

meters. Being in the Northern belt, it experiences both temperature extremes (touching 47° C

in summer to less than 1° C in winter) (Krishen 2006). Vegetation of Delhi falls in typical-
Northern Tropical Thorn Forest category (Champion & Seth 1968). (Prosopis spp., Acacia
spp.) and few patches of dry Monsoon forests (Krishen 2006). The prominent vegetation is
comprised by Acacias such as 4. nilotica, A. leucophloea, A. catechu, A. modesta, Butea
monosperma, Cassia fistula, Salvadora persica, Anogeissus latifolia with abundant Prosopis
Jjuliflora (http://www.delhi.gov.in). The trees around human establishment are of Sygizium spp.,
Neem (Azadiracta indica), Arjun (Terminalia arjuna), Eucalyptus spp. and Ficus spp. from

the plantation movements in the city planning over the years (Champion & Seth 1968,
Krishen 2006)
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5 : i .
dump does not remain uniform throughout the day. It undergoes through major fluctuations
as the day progresses. I determined the time of maximum congregation in a day through

repeated photo shoots of the dump from a fixed vantage point at every hour between 0500
hours and 1830 hours. '

Analysis of these photographs in software ImagelJ (http:/rsbweb.nih.gov/ij/) gave the period of
maximum congregation between 1530 and 1700 hours (Figure 11). This was also cross
verified with the workers on the dump site. This software is not able to count the kites sitting
on the dump which are to be counted manually in a photograph. Therefore, I tried to obtain
an average proportion of kites sitting on the dump to the kites in flight. It was to be used to

estimate the kites sitting on the dump with the knowledge of kites in flight through the

analysis of panoramic shot from the top of the dump.
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Figure 11: Count of the kites found over the dump in photo shots taken from a vantage point.
The photographs clicked between 0500 hrs and 1830 hours were analysed in software

Imagel.

Using above clue, I stationed 10 persons, each with a camera, at uniform systematic locations
on full face of the dump around 1600 hours on 15" February 2013 (Figure 12). Each person

first clicked the kites sitting on the dump followed by tilting the camera upwards to shoot the

kites in flight (Figure 13). This was followed by a 60° turn and repeating the earlier step with
o

no overlap with previous frame. The said person continued this till he completed shooting all

kites in his 360° view through 5 replicates of first step. In the end, kites flying over his head
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3.3. Nesting habitat selection

In order to evaluate the factors which regulate the nesting behaviour, I estimated the
availability of green cover, built up area and food, specific for each study site. The landscape
variables, proportional green cover and built up area were obtained using latest Google Earth
imagery of the study area. It was done by subdividing each study site into smaller grids of 25
hectare. This divided each study site into 12 grids of 25 hectare blocks which is quite close to
the median as well as mode of kite territories in the study sites (Table 3). For NCR, I assumed
foraging radius of breeding birds at 300 m because of the easy food availability and regular

vigilant presence of parent birds during the nest checks. It is unlike the European sub species

foraging radius of one kilometre (Sergio ef al. 2003a).

Further, I used smaller grids of Google Earth which subdivided each 25 hectare grid into 30
smaller grids (Figure 15). I assigned each of the 30 Google Earth grids a status of either built
- up, green, open or mixed after visually judging percent extent of each category. The built up
or green status was assigned only when the percent extent of each category was more than 60.

Mixed status was for the percent extent of built up or green from 40 to 60 while open was

used for areas which were fallow.

Later, the mixed category grids were equally distributed to built up and green categories.
Therefore, from total 360 Google earth grids for each study site, 1 obtained the percent built

up and green space on their built up or green status (Table 2).
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index, keeping the value of green cover constant. Partial correlation was decided after the bi-
variate correlation between the green cover and food index.

Table 2: Land use land cover specifics of 8 intensive study sites in NCR (with proportional green cover
and logical derivation of Food Index for each site).

Study area Waste Proportional | Food Direct food | Food Proportional
disposal Built-up indirect | availability | Index (a*b | Green
regularity | area ‘b’ ‘(a*b)’ index‘c’ (0 | +c¢) Cover
‘a’(0 =no = absence/
waste, 1 1=
=high / 2= moderate/
low) 2= high)

Mahipalpur 0 0 0 0 0 0.91

Yamuna Bank 2 0.08 0.16 1 1.16 0.42

Delhi Zoo 1 ’ 0.41 0.41 2 241 0.67

(NZP) '

Rohini 0 0 0 1 1 0.17

North Campus 1 0.52 0.52 2 2.52 0.54

Okhla 2 0.62 1.24 1 2.24 0.38

Ghazipur 2 0.6 1.2 2 2.20 0.13

Sagarpur 2 0.98 1.96 1 2.96 0

a: The index of regularity of waste disposal from a study area. 0= no waste present, 1= regular waste removal,
2= irregular removal of waste

a*b: indirect index of food which gives the quantum of interaction between the built up area (analogous to

population) and waste removal regularity. The high built up area and irregular waste disposal shall generate high
amount of food.

¢: Direct food availability index to represent the direct sources of food which were regularly seen in a particular
area, like large dumps, slaughter house waste

3.4. Monitoring nesting success

I monitored all 150 reported nests for their contents at a gap of 5 to 10 days. New nests, as
and when reported, entered monitoring protocol at all stages of maturity i.e. pre-laying, under
incubation and nestling. The criterion for nesting success was successful fledging of at least
one nestling by the parents (Sergio and Boto 1999). | used an 8 meter long telescopic metal
rod mounted with a mirror and small spy video camera on its top to collect the data on

nesting success on subsequent visits to the nests (Figure 16).
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Likewise, I also combined the tree species categories on the basis of similarity of their
structure with respect to supporting a kite nest. All the nesting trees were assigned to
following groups Eucalyptus, Ficus spp., Keekar, Neem + Jamun, Tower and Others. For
each nest, I made dummy covariates for the specific tree species group and central /
peripheral position of the nest in a tree in 1, 0 frameworks. The study sites were also
combined according to habitat similarity as following categories: Sagarpur, North Campus,
NZP, Ghazipur + Okhla, Mahipalpur and Yamuna Bank + Rohini. They were used in
modelling nest survivorship in 1, 0 framework as well. All re-categorization was done to

represent maximum information through least number of parameters, leading to higher fitness
of the models during analysis.

The nest survivorship data was analysed using Known Fate scheme in Prog. MARK (Cooch
& White 2013) which estimates the interval specific and overall survival index of a nest
under log likelihood framework. The programme works under assumption that encounter

probability of a nest is 1.0. The resultant nest survivorship (Cooch & White 2013) estimate is
- very close to the classic Mayfield estimator (http://www.dodpif.org/kiwa/kw-
papers/1961 %20Mayﬁeld.%20Nesting%20Success%ZOCalculated.(Wilson%2OBulletin).pdf.
The estimated parameter signifies the chance that the nest will survive from one interval of
nest check to the other. As new nests entered the analysis scheme at different stages of
construction and maturity, only those 116 nests which were monitored since nest building
stage were put into analysis. The Known fate data was arranged in a staggered stage specific

pattern of pre-laying stage, incubation stage and nestling stage.

Pre-laying stage was defined as the period between first day on field and the last day an eg

was laid in a nest (first 84 days of field work). The nests which did not bear eggs post this
stage were taken as failed nests. The incubation stage was defined as the time taken by the
last laid egg to successfully hatch (85™ to 119" day of field work). All the nests under
incubation with no resultant hatchling post this period were taken as failed nests. The nestling
stage was defined as the approximate time taken by the youngest nestling to fledge out (50

days from the 120" day on the field).

Thus. 1 modelled the nest survivorship in Programme MARK using the encounter history of
116 nests along with their nesting covariates. I began with the null model which assumes the
nest survivorship to be uniform throughout the season, with no incorporation of covariates.

The null model was used as datum 10 further model nest survivorship (Appendix II) using
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various sets of covariates. This ultimately helped in deciding those specific nesting site
covariates which significantly influence nest survivorship.

Collection of regurgitated pellet and prey remains of kites

I also collected the regurgitated pellets during each nest check from the nesting and
enmmunal roosting sites for further examination in laboratory. Regurgitated pellets are
compact balls, around 2 — 2.5 cm in diameter, of undigested remains of the prey consumed by
the kites. They provide a reliable means to assess diet consumed by the birds (Malhotra 2007,
Sergio and Boto 1999). Based on Sergio and Boto (1999), I bagged these pellets separately
for each nesting and roosting site in tagged plastic bags. In case of large roosting sites where I
encouﬁtered heap of pellets, 1 bagged all pellets falling within five randomly drawn 50 cm
radius circles. Whenever possible, I also collected the prey remains (body parts, scales,

bones, feathers) from inside and below the nest to better understand their diet (Figure 17).
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3. Results

Nest density

I could find a total of 244 nests in all the 8 study sites. [ collected data from 150 nests across
7 study sites chosen at random (Table 3). No nests were found in Mahipalpur area. Nest
substrates were quite variable for the 150 nests under regular monitoring. Of these, 23.3 %

were on Eucalyptus, 17.3% on Ficus spp., 12.6% on Keekar (Prosopis spp.). 16% on Neem
& Jamun, 11.3% on pylons & towers and rest on other tree species.

Total nest counts on specific paths for three study sites, where I employed double observer
Mark Recapture, were within the 95% CI of the Prog. MARK estimate of nest counts (Table
4, Figure 18). The densities of kite nests for 8 study sites varied from 0 nests / km? at
Mahipalpur to 67 nests / km? at North Campus (Table 3). I found nest densities to be
correlated with the Food index, once the effect of proportional green cover was controlled for
8 study sites (a = 0.1, partial r = 0.636, p = 0.06) (Figure 19). There was non-significant
negative correlation between Food Index and proportional green cover (¢ = 0.1, r=-0.45,p=
0.14) for 8 study sites.

Table 3: Number of nests, net area sampled for nest search, nest density and number of nests used
for data collection on nesting success

Number of nests
Total No. of Net Area Nest Density used for nest
Area Nests Sampled (km? | (Nests/ km®) survivorship
' data
Mahipalpur 0 2.03 0 0
Sagarpur 9 ' 2.08 433 9
Rohini 13 2.70 4.81 13
Yamuna Bank 15 3.00 5.00 7
Okhla 15 2.60 5.73 8
Ghazipur 16 2.18 | 7.34 6
NZP 70 2.65 26.42 46
e : 59
North Campus LL_" 1.58 67.09
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Table 4: Comparison between double observer based Mark-Recapture estimate and actual nest count
along fixed paths in three study sites

Number of nests on fixed path

M MARK-estimate OTotal nest count

Zoo

i B

Rohini

North Campus

Study Area lzsl;:::tecapture LCL (95%) UCL (95%) Total nest
count on path
NZP 30.66 30.09 34.75 31.00
Rohini 7.16 7.02 9.58 8.00
North Campus | 41.91 41.15 46.51 41.00
50
o

Figure 18: Comparison

nest counts on fixed paths i

month intensive nest search.

between estimated numbers of nests using Prog. MARK and total

n three study sites to show the accuracy obtained through one
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