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EXECUTIVE SUMMARY

Since 1971theNavi Mumbai arednas been developes a new urban township of Mumbai by
CIDCO (City and Industrial Development Corporation of Maharashtrg, ladsovernment of
Maharashtra undertakingThe state government also built one of the largestainer
terminakin India called Jawaharlal Nehru Po¢@NPT) for shipping ship building and port

which changed the economic condition of Uran falling in the Navi Mumbai Brea.to land

filling activities and the development of JNPT at Uran, the habitat in Navi Mumbai has been
drastically altered (BUCEROS newsletter special issue 2010; Sarkar 2007).

On the other hangdthe need for a second airport in Mumbai region has become inescapable, as
the existing airport at Mumbai is fast reaching saturation level, and the scope for further
enhancement of passenger and cargo handling facilities, aircraftemance and citgide
facilities are limited. The Ministry of Civil Aviation, Government of India granted approval to
Government of Maharashtra in July 2007 to set up a Greenfield airport throughi Pribéite
Partnership (PPP) at Navi Mumbai. The Goweent of Maharashtra, in turn appointed CIDCO,

as a fANod al thehnplenmectgtian off Nawvi Mumbai International Airport (NMIA)
project. The total area that has been earmarked for the airport development is 1,775 ha, with
1,160 ha allocated for airpoarea and the remaining for déite infrastructure such as two
parallel runways for independent operation, recourse channel, approach road, railways,
interchanges and utility lines.

The Navi Mumbai International Airport is located between the existiatjoNal Highway No.
4B (east side) and Aamra Marg (west sidethe centre of Navi Mumba{(18°59'46.06"N, 73°
4'36.23"E) in Panveland Uran Taluka, Raigad District, Maharashtrat a distance of
approximately 3%ms fromthe existingSanta Cruairport asthecrow flies.

The Ministry of EnvironmentForest and Climate Change (MoEFC@gve clearance to this
project on the basis of some conditions. One condition (condition no. xxxi provided under
specific conditions)vasthat an avifaunal study should be carried out in consultation with the
Bombay Natural History Society (BNHS). CIDCO approached BNHS in April 2011 to conduct a
study on the baseline information of birds at the proposed NMIA airport tivittiollowing
objectves.
1. To study the current status and distribution of avian fauna in and around the proposed
airport area of Navi Mumbai.
2. To understand how birds use this habitat with special reference to their roosting and
feeding behaviour.
3. To study the site preferenoébirds within a 1&km radius of the proposed airport area.
4. To formulatea management plan for the airpwriorderto avoid bird hazard problems.

Since, Navi Mumbai isa comparatively new city, we had considered Mumbai region for the
literature review.The Mumbai region has always beerich in migratory birds because of the
coastal habitat as well its continuity into the Western Ghats. The avifauna of Mumbai has been
documented since the late 18@Bsrnes 18891, Butler 1880, Keswal 188&pioneering work

in this field was carried out by Humayun Abdulali and Balim Ali, two stalwartsof BNHS,

from 1924 to 1935during which timethey recorde430 species in Mumbai area (Ali and
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Abdulali 1937, Abdulali 1973). Ali and Abdulali (194pyovideddetaiked account of each bird
species with note on their migratistatussuch asvinter migrant, passage migrant and resident

Even, typical grassland birds such as the Lesser FlorlBgpheotides indicus/ere seen at
Mahalaxmj Churchgate and PanvelSymons 1889) A flock of 12 Greater Flamingo
Phoenicopterus roseusasrecorded in May 1930 in Alibag arahotherflock of 8 individuals
was seen at Bhayandar on 20 August 1986re is alsa recordof three Greater Flamingo
beingshot at DharamtaCreek on 12November 1939 (Ali and Abdulali 1937A single record
of a female Lesser Flaming@hoeniconaias minofmuseum specimen) is available from 2
January 1898 (Ali and Abdulali 1937But flamingoswere first noticed in thousands on the
Sewri mudflas by Sowrirajan (1994).

Soonthesemudflats became very popular amongst birdwatchers and more species of birds were
recorded Flamingos were recorded continuously visiting Sewri in thousands (Sowrirajan 1994,
Woodward 2007, Rahmani 2012h the year 20@, threatened birds such as Oriental Darter
Anhinga melanogasteiesser Flamingd®hoeniconaias mingrindian Whité backed Vulture

Gyps bengalensisGreater Spotted Eagl&angaclanga Eastern Imperial Eagl&quila heliaca

and Black bellied TernSternaacuticaudawere observed during a preliminary survey carried out

at Mahul Creelby BNHS (Vermaet al 2004) which resulted iits declaration as an Important

Bird Area (Islam &Rahmani 2004).

Bird aircraft collisions have been of great concern since the inception of aviation. Bird strike
samples received from 35 airfields in India from 19B®2 were identified by BNHS; the
sanples helped tadentify the birds usually involved in bitdhits. Bird species pasy a hazard to

the aviation industry are found varying according to variousdaographic zones in different
parts of the country. As th@oposed NMIA site mainly includes seashore and creek area, in this
report we have discussed congregatory birdsatetonsidered as species of concern.

Based on por knowledge of the landscapBNHS accepted the offéo conductthe five-year

study andstarted itdfield work related to the projech January 2012After preliminary surveys

in Navi Mumbai, eleven sites were shortlisted based on location, habitat and the athfauna
supported. Intensive studies were undertafieright wetlandgwetlands near Training Ship
Chanakya (TSC), NarResidential Indian (NRIComplex, Delhi Public School (DPSJharghar
Creek, KalundreRiver, Sonari Belpada, DastaRPhataJasai and Uran) and three forested areas
(Karnala Bird Sanctuary, Chirner and Mosare). An additional 24 sites were also opportunistically
surveyed. GPS coarthtes of locationkave been provided in the report

Field visits and documentation were carried out in each sitenoonghly basisthus resulting in
a large repository of baseline avifauna datadqueriod of60 months from January 202 to
December2016. Total counmethodwas adpted to countthe waterbirds which were seen
moving according to the tide level and water level. Therefore;diggendent movements of
birds werestudiedacross high tide and low tide. To get estimated count, high tasimg birds
were surveyed on monthly basis witiore frequent visits in winter. Bilhe highest count was
taken into account for analysj thedata With the help of MS Excefesults/distributions have
been graphically illustrateid theform of month,site, species, as well as seasoge variations
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A total of 287 bird species belonging to 56 families/e been recorded the study areaOf

these 93 are migratory species and the remaining 194 are residgmigkesMigratory birds are
winter visitors that arrivaroundNovember and stay on till MarthApril, while someamong
them stay back andre seen along with resident birdsroughout the yearmas overwintering
population Detailed information has been providedaimex V as a checklist of birds seerthia

study area during 2012016.

We recorded6 globally threatenedspecies(see annex | for detailswhich included 2

Endangered, four Vulnerable and eight N&areatenedspecies. From these 14 specitee

Lesser Flaming®hoeniconaias mingBlackheaded Ibid hreskiornis melanocephaluBainted
Stork Mycteria leucocephalaEurasian CurlevNumenius arquatand Curlew Sandpipérolia

ferrugineawere seen frequently arabundantly On the other hand, spies such a&reat Knot
Calidris tenuirostris Steppe Eagléquila nipalensisAlexandrine Paraked®sittacula eupatria
and Pallid HarrieliCircus macrourusvere seemarelybccasionally Indian SkimmermRynchops
albicollis, Greater Spotted Eag@angaclangag Indian Spotted Eagl€langahastata Woolly-

necked StorlCiconia episcopusiere seemfew times buin very limited numbers.

Apart from the list of threatened birdswe have also provided detald information about
additional 15congregatorywater birds (see annex Il)Congregatory birds are usuathjobally
known to be involved in bird strikemdconsideredis species of concern for flight safetising
available literature, we have provided detailed information such as global distribution, habitat,
habits and recent records of the species from MuiNbBai Mumbai seascagandscapeThe
number of birds in a flock/group usually seerthie study arednas been provided for the readers

to get an idea about the individual species.

We have also provided information about sikey congregating birds which were not observed

at high tide roostgannex V). These species incluéue Rock PigeorColumba lvia, Barn
Swallow Hirundo rustica, Redheaded BuntingEmberiza brunicepsBlack-headed Bunting
Emberiza melanocephaldRosy StarlingPastor roseusand Asian Pied StarlingGracupica
contra which are known to feed in open areas and roost in high number on power lines,
mangroves and other suitable perching structures.

We havealso provided sitavise bird count dynamics and used data collected from five wetlands
(wetlands near Training &h Chanakya (TSC), NémResidential Indian (NRI) Complex,
proposed NMIA site, Belpada and Pdrjende area of Uran) for the analysis. These areas
receive alarge number of wintering, over wintering and resident birds. The data indicates two
peaks in bird cont, one in October durintpe arrival of migratory birds and the second in April
during their departure. This suggests that some of the wetlants istudy area seevas
stopover sites for many birds before they arrive or depart during their migration period.

There are very few breeding records of birds available from Navi Mumbai area and therefore we
havetried to collectrelevantdatathrough field studyto addresshis gap Breeding data of 27
species collected opportunistically has been provaledg with details of ten specig@nnex

[l) . We believe this data will be helpful the future for a comparativetudyof birds breeding

in a humardominated landscap@a their response the continuously changing habitat.
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Observations on communally roosting birds in the study area have been provided. Some birds
such as egrets, cormorants, mynas, parakeets, crows, etc. which were found roosting in large
numbers at setted sites have been identified and documented. It is important to note that these
birds forage in the wetland areas during the day and return to their roosts during dusk. Flight
pattern movement during morning and evening between roosting and foragag) Gan be
correlated with flight paths to avoid biraircraft strikes.

Consideringhat NMIA too will face thebird hazard issuave havetried to trackthe movement

of congregatory birds and fournlere is arassociatiorwith their movemenand availability of
water in the wetland and tide leveDuring low tide when the mudflats are exposed, all the
shorebirds were found foraging on the sh@ering high tide themudflatsweresubmerged and
birds movel towards shallow areas of the inland wetls. To understand this pattern in detail,
we studied two Near Threatened congregatory species, Lesser Flahiaognicmaias minor
and Eurasian CurleMumenius arquatan detail. During high tide the movement of these birds
was seen from seashorethoee inland wetland®ne near Panjé-unde villages of Uran arttie
other two behind Training Ship Chanakya (T3@3Noni Residential Indian (NRI) complex of
Palm Beach Road, Navi Mumbgee figure 3)During low tide they wereseen moving from
these wetlands tihe seashore area.

Similar pattern of tide dependent movement was seen in other waders also. Therefore, w
propose these sites begonitoredand protectedn the future as thg are the only areas left for
birds to roosduring high tideoutsidethe airport zone (figure 2 showing landing atakeoff

area ofthe proposed airport site)n the absence of such measures, there is a high risk of birds
congregatingn open runways and spaces of the proposed airportvenedn may result in bird
hazard problem

Our study in the area ovéne 5 years revealed that Navi Mumbai harbours a very high bird
diversity and number, which is being threatened by-gased developmen(see figure 1)
However,high bird diversity ad populatiorwould mean aincreased riskf bird strikesfor any
airport. Though there is no single solutioncteeckbird hazard, usinghe baseline dataf this
study, we believe it will be possible smlopt sitespecific mitigative measures. Furthermore, this
data will also be helpful tainderstandthe impact of the airport on the birds duritige
construction and operational phase of the airport.

Our study indicates that there is a high probability of bird mwré between the study sites and

it appears thathe tidal height and water depth in temporary water pools created by local
fishermen govern this movement. The movement of tidal birds is very high during high tide and
they congregate at these sites to faeed restDuring 2012 to 2016, on average we used to count
40,000 to 50,000 birds in a single day ahd maximum number of birds counted were about
1,00,000in a single day. ferefore looking at this large number of birds and their local
movement, we adse NMIA authorityto becautious during high tide and the winter season,
especially duringdctoberand ApriktMay when bird congregation can be found at psakasto

avoid bird hit calamities
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Map showing bird movements and proposed

development in Mumbai and Navi Mumbai
seascape

. Proposed NMIA site

. Wetland behind TSC/ proposed golf course

. Wetland behind NRI Complex
. Wetland behind DPS
. Kharghar creek
. Complex of wetlands
around Belpada
. Belpada wetland
. Panje
Karnala Bird Sanctuary
Chirner forest
Mosare forest
Sector 16, Panvel
CIDCO Garden, Khanda colony
Panchshil rest house, Belapur
Panvel Creek
JNPT
. MbPT
Proposed Shivsmarak
Nariman Point coastal road
Kandivali coastal road
Bhandup Pumping Station
Seuwri jetty/fort
Elephanta Island
. Chirle
Eastern Seafront of MbPT
Thane Creek Flamingo Sanctuary
Proposed Flamingo Sanctuary
Abbreviations:-

TSC- Training Ship Chanakya, NRI- Non Resident

Indian, DPS- Delhi Public School, JNPT- Jawaharlal

Nehru Port Trust, MbPT- Mumbai Port Trust

Proposed Flamingo Sanctuary-2,3,8 & 27
High tide roosting site of birds- 2, 3 & 8

Google Earth
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Legend
@ Arrow showing high tide movement
@ Arrow showing low tide movement
@ Arrow showing tree roosting amow
A Developmental project
© Forest areas
& Funnel showing air traffic movement
© Landfilled wetiands
@ MoPT Eastem Seafront

Proposed coastal road
@ Proposed Flamingo sanctuary
& Proposed MTHL
2 Proposed NMIA
& Proposed ropeway Sewr fort to Elephanta island
@ Thane Creek Flamingo Sanctuary
# Tree roosting sites
© Wetlands

Figure 1 - Map showing ontgoing and proposed developmental plan in MumbaNavi Mumbai seascape along with

locations of existing airport in Mumbai and proposed airport in Navi Mumbai

Figure 2 - Funnel map showmg fl|ght routes at theproposed NMIA site




.

Figure 3 - Map showing Flamingoand wader congregation sitegnd funnel of the flight movement atthe proposed NMIA

site. Pale greencolour shows mangrove areas andark blue representsseashoreas well as inlandwetlands)
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) INTRODUCTION

1.1) Brief description of the proposed airport project
The need for a second airport in Mumbai region has become inescapable and imperative as
the existing airport at Mumbai is fast reaching saturation level. Thpestmr further
enhancement of passenger and cargo handling facilities, aircraft maintenance, and city side
facilities in thecurrentairportare limited. ThereforeGovernment of Maharashtra proposed
to set up a new international airport at Navi Mumbai, Maharashtr@Ministry of Civil
Aviation, Gowernmet of India granted approvab the Government of Maharashtm 2010
to setup aGreenfield airporthrough Pubti Private Partnership (PPP) at Navi Mumbai. The
Gowvernmentof Maharashtra, in turrappointed City & Industrial Developme@iorpoition
Lt d. ( Cl DCOA g s n @ytha infuatantation of Navi Mumbanternational
Airport (NMIA) project.

The total area earmarked fibre developmenbf the new airports 1,775 hawith 1,160 ha
setaside forairport area andhe remaining for offsite infrastructure such as two parallel
runways for independent operation, recourse channel, approach rbeaysainterchanges

and utility lines.The Ministry of EnvironmentForest and Climate Chang@oEFCQ has

given clearance to this project on the basis of some conditions. One of the conditions
(condition no. xxxi provided under specific conditions}hat an avifaunal study should be
carried out in consultation with BNHS

1.2) Project site location
The Navi Mumbai International Airport is located between the existing National Highway
No.4B (east side) anAmra Marg (west side) near Panyeh the geographicatentreof
Navi Mumbai (7 3 A0 £&rid® 8 A5 NPad & distance of approwately 35 kms from
the existing airport at Santa CruZhe entire area of the airport falls in Panaeld Uran
Tehsils ofRaigaddistrict covering 10 villages.

1.3)Review ofliterature on the avifauna of Mumbai and adjoining areas
Mumbai is bound by the Arabian Sea to the west and constituted lBrdtvehile seven
islands in theSouth and the suburbs stretching to Dahisar and MulundOwing to its
coastal habitat as well as continuity with the Western Ghats rdgiombaihas alwayseen
great diversity omigratory birdsii Bi r ds of t he southern portior
is one of the oldest available publications tve birds of Mumbai(Butler 1880). A
document was put together for the fitgshe in the early 20th centurgbout protection of
wild birds in the Bombay Presiden¢non. 1906).0ld literature on birds of Mumbai also
includes information about Grey Quélbturnix communiseen near the sea (Bethell 1912),
notes on two young Great Indian HornbiBsiceros bicornigPrater 1922, Ellison 1923),
and crow assemblies (Dalal 1938 attemptwas maddn the 1940¢0d o ¢c u me n t ATh:
Common Birds of Bombay(Aitken 1947)througha descriptive account of bird species of
Mumbai region, including residents and seasonal migrants

A series of publications by Humayun Abdulali laid the foundafmma scientific study of

birds in Mumbai and adjoining aredsis observations, noteand sight recordsneiched the
information on the birds of Mumbalsian Koel Eudynamys scolopacebsood parasitism
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(Abdulali 1931), the sun as a mortality factor among young birds (Abdulali 1939), local
movements of Paintedrancolin Francolinus pictusaround Mumbai (Abdulali 1943),
extension obreeding range dBlack-winged Stilt Himantopus himantopuasnd some notes

on its habits and plumages (Abdulali 19%13attle Egret fishing (Abdulali 1967), sparrow
Ohel pingbd nesting b uhskColunmba livighbstng lorathei grodn® 8 0 ) ,
(Abdulali 1983), juvenile plumage of female Whitaped FlamebaclChrysocolaptes
festivusand other nesting notes near Mumbai (Abdulali 198®)some examples of his
writings on the birds of the region

Abdulali, in the series of publicatior{&bdulali 1934, 1935, 1940, 1941, 194948 1950a,

1950b, 1952, 1952b, 1954, 1957, 1958, 1960, 1962, 1963, 1964, 1965, 1965c, 1967a, 1970,
1979, recorded several species to Mumbai region such as WaiezlBulbul Pycnonotis

leucotis Greyfronted GreerpigeonTreron affinis, White-bellied WoodpeckerDryocopus
javensis,Indian Swiftlet Aerodramusunicolor, Wi | s o n &petrel®teanitan oceanicus
Blue-tailed BeeeaterMeropsphilippinus White-winged TernChlidoniasleucopterus Red
Spurfowl Galloperdix spadiceaWhite-tailed LapwingVanellusleucurus, CommonCuckoo
Cuculus canorusGrey JunglefowlGallus sonneratii Large WhistlingTeal Dendrocygna

bicolor, Least Frigate Birdrregata arie] Small Indian Swallow Plovgpresently known as

Small PratincolgGlareola lactea Whiterumped Swifth ow cal | ed aApusBl yt ho
leuconyx PaintedFrancolin Francolinus pictus Fi n s ¢ h hew c&8lledaCGoinmon g
Starling Sturnus vulgarisBlack-headed Muniar Tricoloured MuniaLonchura malacca
Black-necked StorkEphippichynchus asiaticus S wi n h @ &GalnagoSmepgaba
Common Grey Hornbilllnow known as Indian Grey HornRillOcycerosbirostris, and
nesting oBlue Flycaicker Cybridiss tickelliae Pink-footed or Flesh Footed
ShearwaterArdenna carneipes(Abdulali & Grubh 1982) and Blaekared Kite Milvus
migrans lineatus(Abdulali & Sethna 1982) weralso recordedfor the first time by
Humayun Abdulali.

Notes by on Asian Pied Starling Gracupica contraand Bank MynaAcridotheres
ginginianus(Abdulali 1953) and extension of range afttle Bittern Ixobrychus minutus
(Abdulali & Grubh 1966)re first reported additi@to the avifauna of Mumbai area. Apart
from these publications, Humayun Abdulali published a comprehensive checklist of the
birds of Borindli National Park, at present known as Sanjay Gandhi National Park, with
notes on their status (Abdulali 1981a, 1986y checklist of the birds of Maharashtra with
notes on their status around Mumbai (Abdu&lAli 1940, Abdulali 1981b).Some other
publications include literature on pistand crows (Soman 1963), pugnacidehaviar of
breeding Whitebrowed Fantail FlgatcherRhipidura aureolaat Cumballa Hills, Mumbai
(Tyabji 1964),and thestrange feeding habit of Little Bitterlxobrychus minutugRao
1965) Some interesting information such amithophily i a preliminary study of the
reciprocal association betwedlower birds and bird flowers observed in and around
Mumbai (Kannan 1966), unusual mating behaviour of the crow (Chandran 1966), parakeet
roosts (Palkhiwallal968), Indian Thre¢oed KingfisherCeyx erythacugCreado 1969),
Black DrongoDicrurus adsimilisfishing (Serrao 1971), concern for young of other bibngs
aduts of other bird specieéSerrao 1973), JungBabblers at Pali Hill, Bandra (Ali 1974),
sandpipers at a suburban marsh (Akhtar 1977), biometntdood of some harriefSircus
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sp. (Satheesart al. 1991) and scavenging lyasternCattle EgretBubulcus coromandus
(Serrao 1993js also available.

Flamingos were foundfrequentlyvisiting Sewri in thousands (Sowrirajan 1994, Ali 2006,
Woodward2007). Threatened birds such as Oriental Daftehinga melanogastetesser
Flamingo Phoeniconaias mingrindian Whitebacked VultureGyps bengalensisGreater
Spotted Eagl€langa clangaEastern Imperial Eaglequila heliacaand Blackbellied Tern
Sterna acuticaudavere observed during a preliminasyrvey carried out at the Mahul
Creek by BNHS (Vermat al.2004).This led to the declaratioof the area as an Important
Bird Area (I BA) (I'sl am & RaAethapyga vigo@iigmt ) . Th
endemic bird of the Northern Western Ghats wasesl in Valley Park, Artist Village,
and someareas of the Khalgr Hills in Navi Mumbai. Threatened birds such as Greater
Spotted Eagl€langaclanga(VU - Vulnerablg and Pallid HarrieCircus macrourugNT-
Near threatengdwere also reported duringlaodiversity survey of Navi Mumbai Nature
Park carried out by BNHS for CIDCO, Navi Mumbai.

The propose@roject area of thénternational airport is located about 10 km away from
Karnala Bird Sanctuaryyhich is another majdird area in the region (Pda 2004, Raman
2004). Large numbers difirds were also recorded lbran and Jasai areas (Monga 2003,
Sarkar 2011, BUCEROS special issR@10) and Navi Mumbai (Vaylureet al 2008.
Through literarture review, it is er that the study area is rich in bidiversity and
population. Documentation of the avifauna is available from major publicafroms 1930

to 1980 by Aldulali (Abdulali 1934, 1979)a preliminary survey carried out at the Mahul
Creek by BNHS in 2002001 (Vermaet al. 2004) and review ofiterarture in year 2004
(Prasad 2004l the publications are based on opportunistic survidgsdocumentatiois
available onthe avifauna of the study ared&here are some records available on various
social media platforms about sighting of birds, betfaund many gaps in the knowledge of
avifauna in study area exceapttheabove mentionegublications.

1.4)Bird -aircraft strikes 1 literature review
Throughot history, humans have been intrigued and inspired by the beauty of birds and
their ability to fly. Birds first took to the air about 150 million yeaga Humans first began
to share their airspace onibout100 years ago. Unfortunately, when aircraftl ebirds
attempt to use the same airspace at the same time, collisions occur (Jayarathna 2011). Bird
strikes have been a concern from dagly days of powered flight. The first fatality due to a
bird strike was in 1912 when a Wright Flyer encounteredckfof gulls whik conducting a
demonstration flight along a beach. The investigation found that one of the gulls had
j ammed the rudder control causing the airpl
neck (Maragakis 2009)'he hghest number of aidents occur during the takdf phase
(48%), followed by the approach (30%), and theaute phase (15%)r(cludingthe phases
of climb and descent). Compared to other phases of flight, during theoffabbase
(acceleration and |Hoff), an aircraftis more susceptible to partial or total loss of control if a
bird strike does occur. Regarding the type of bird species involved in the accgpaties
of concern were knownonly for 60% ofthe accidents (Maragakis 200®)ajority of birds
involved havebeenflocks of large birds (45%), followed by strikes from single large birds
(31%) such as geese, duckgnsorants, hawkstc. (Maragaki2009).
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1.4.1Bird strikes in the Asia/Pacificregion

Bird strike statistics for the AsiandPacific regions coéicted from a total of 6,996 bird strikes
and reported by eighteen states in the Asia/Pacific rdzgomeen1l996and2006 show that bird
strikes occurs throughout the year with two peak perioAgril/May and September/October.
The months with least reged strikes were February and July (Jayarathna 2011). Bird strikes
were reported to be most prevalent during-liglyt conditions with 61% casgat night, only

29% cases were reported. Only 10% of the cases were reported during the hours of dawn and
dusk. In 88% of all cases, pilots received no pwarning from office of the Air Traffic Control
about impending bird strikes. Great majority ofceafts (88%) collided with onéird; the
remaining collidedwith two to 10 birds. There were two cases where the pilots reported having
beenstruckby flocksconsisting of more than 100 birds.

Analysis of datdy Jayarathna (2011) shows tloathe 6,996bird strikesin 3,799 cases (54%),

the bird species were not known. Small perching birds struck more frequently with 816 hits
(12%), birds of prey came second with 742 collisions (11%), shorebirds accounted for 613
strikes (9%), and other types of biidsluding parrots, herons, gulls accounted for 14% strikes.

1.4.2 BNHSStudiesregarding bird -aircraft issue

Under BNHS initiative from 1980 to 1990 (Ali and Grubh 1988judies revealethat vultures,

kites, rock pigeons, lapwings, doves, myna, stamew, egrets, crows, sand grouse, harriers,
parakeets and quails were timain bird species found to be involved in bird strike incidents. In

the individual species, the maximum number of hits involved the birds closely associated with
human habitationsugh as Black KiteMilvus migrans migrans/govindamainly due to open
garbage dumps which served as an attractive foraging ground for kites. Black Kite was closely
followed by the Blue Rock Pigeon and the Remnped SwallowCecropis dauricawhich use
manmade structures for nesting and roosting purposes.

During bird strike sample analysis, nesting birds (especially ground nesting) were seen to be
most affected by aircrafts as the maximum number of bird strike samples was collected in this
category. Butmore data is required from throughout India to formulate conclusive results.
Unfortunately, in India excegbr few aerodromes of Indian Air Force, there is no mechanism
available for longerm monitoring ofbird hazard issues. There is need to have drakred
database of all airfields based onim@nstruction, construction and pagieration phases to
dealwith this issue effectively.

Mitigation measures suggested during the past work includes maikfiredd areas unattractive

to birds and developg proper waste disposal systemosawvoid accumulation of garbaggirds

of all types use open water wetlands for drinking, bathing, feeding, loafing and roastinpr

safety. Gulls often find safety on or near runways of coastal airports when stewestpheir
roosting at sea, on islands or on coastal bays (Godin 1994). Apart from (sewage) ponds, basins
and canals, rain pools can be attractive drinking and preening sites. They also support a potential
food source when they contain amphibians, fisth iasects. Gulls and waterfowl! in coastal areas
show a strong preference for such locations. They often flock to temporary pools of fresh water
at airports after heavy rains.
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1.4.3 Coastal airports

Several examples show how coastal airports attréatge number of bird species: Black Kite
Milvus migrans migrans/govingd#&rey HeronArdea cinereaand EasternCattle EgreBubulcus
coromandusare usually attracted by grasshoppers that occur in large quantities, according to
studies conducted at Kansatdmational Airport, Japan, which iskdn from the coast (Inoue
1999). The airport in the North Sea off the Dutch coast is on an island which serves as a feeding
station, resting ground and stopover for many migratory bedpecially gulls. The Durban
International Airport located along the subtropical east coast of South Africa has a micro habitat
of grasslands that suppsi wide variety of birds and therefore has a high incidence of bird
strikes. The airport is surrounded by reed beds, marshessfalesib land and open patches for
commercial cultivation. Birdsaid to beprone to airstrikes iand around Durban airpaate lbis
Herons, Kites and Geese, to name a few (Frone&dRooyen 2003). Naval Air Station,
Alameda, on the east shore of the Faancisco Bay near Oakland has a large wetland system
which serves as an important feeding and resting ground for millions of annually migrating birds
(Ellisonet al.1992).

NMIA airport is proposed in high bird diversity and density aredésch havea mixture of

habitats such as creeks, seashore, paddy fields, forest, inland wetlands and mangroves. Even the
runways are proposed to be developed parallel to the creeks flowing adjacent to the airport area.
The recent developmental activities in Navi Maan have resulted in rapid changes in natural
habitats with consequences on the movement and distribution of birds. Thus, the knowledge of
the movement patterns of species will be extremely important not only for the protection of birds
but also for aircréh safety and human life.

1.4.4Importance of bird hazard management

Collisions between aircraft and avifauna are a concern throughout the world because they
threaten passengerodos safety (Thrope 19aft7) ; re
(Milsom & Horton 1990) and also erode public confidence in the air transport industry as a
whole (Conover et all995). Most wildlife strikes do not result in fatalities but safety hazards
exist and the proportion of wildlife strikes that result in dgen is substantial. Bird strike is
widely regarded with increasing concern, for reasons including the rising counts of certain
hazardous species and the replacement of turboprop fleets by jets (Nicholls & Bell 2005). The
hazard has become more severe asait speed has increased. This is because though birds are
relatively small in comparison to modern aircraft, the impact energy in collisions increases with
the square of the relative impact speed (CAATUBRG 2002).

Aircraft collisions with wildlifeannually cost the civil aviation industry at least $%.3 billion

in direct damagéJayarathna 2011Although the economic costs of wildlife strikes are extreme,
the cost in human lives lost when aircsaftash as a result of strikes best illustrabesreed for
management of the bird strike problem. The presence of wildlife (birds and animaisj in
aroundthe aerodrome poses a serious threat to aircraft operaggdapl (Jayarathna 2011).

1.4.5 Remediaimeasures usedvorld over to avoid bird hazard (Sourced fromAnon, 1988)]

To address bird hazard issue effectively, baseline datahenincrease or decrease of the
population ofmigratory or resident birdgnd themovement of the biglin a particular areare

very important. Measures could be divided into two categories: Ecological and Scaring.
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Ecological methodsincludes bngterm prevention of the risk. Most of the measureghis
categoryare for general use and could be considered as first step. Scaaetigods: This
categorycovers different technical measur@fe recessity of ecological background research
before applying angf thefollowing two methods should be always kept inmind.

Ecological measures
I. Measureghat would be useful are suggestedolw, with examples from other countries

1) Garbage disposal system should be strictlgplementedn and aroundhe airport areas
so that birg arenot attracted.

2) Nationallocal regulationsshould be enforcegrevening the feeding of pigeons in
vicinity of airports

3) Regulation that preventdhe use of land within a certain distance from any runways
should be enforced-or example, in Belgium zones of 150 m from the centre line of each
runway and 60n over both ends of each runwegmot be used for agriculture. In case
of military airport 30m from the airport and 56 from the edge of the taxiwagamot
be used for agriculture

4) Rules regarding the existence of trees and bushes in the vicinity of airport India: section
9i A of Indian Aircraft (1934) empowers théentral Government to restrict construction
of buildings and growing of trees within 20 km from the aerodrome reference point.
However, the government can enforce such a restriction only after issuing a notification
in the Official Gazette, which is yet to be done. The International Airpactthority of
India (IAAI) actively helps in bird hazard prevention measures.

5) Length of the grass along the runwagdl over the world, thegrass height is generally
kept within 1520 cmto avoid birds using open areas and keep away birds of prey
hunting on small birds.

Scaring measures
1. Distress calls/ Emergency calls: These calls aredtapeefully and played either via
fixed station or established on mobile units.
2. Other techniques
A. In France noise generators are used along the runways. sbkeds are played
automatically from sariseto sunset at highcoustic level (80dB) with silence period of 1
min durationbetween the emissions (30 seconds duration). This metiteédduring 4
years, is effective on lapwings, gulls and pigeons.
B. Pyrotechnical devices
a. Shell crackers: In India as well as other countries widely used on all civil
airports
b. Gas cannon: In Finlantlquid gas cannon firedutomatically at regular iatvals
has proved costeffective at several airports. In India there is no usgas
cannon.
c. Gun shooting: In Denmark visual scaring with shotgisnased at all military
and provincial civil airportsin India it is occasionally used.
3. Use of Birdsi methods such as falconry, bird mock up and raoiatrolledprey of
birds can be used to scare the birds roosting in airport areas
4. Visual Scaring In Australig vehicle mountedpotlightsare usedo shift the birds at
night. The method oflashing Ightshasbeen foundsuccessful in Canada also. In Japan
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one company has been testing eyepalhting on an engine spinner. According to their
four-yearrecord this device showed 20% reduction of bird strike.

Althoughthe issue obird strikesis as old as aviationhumans are yet to find a suitable
solution for the samdn the recent yearsvery few fatal accidents have been caused by
this hazard and most of these appear to involve a particular aircraft type. However, the
cost of bird strikes to the dhaviation industry is not negligible.

1.4.6 Indian perspectiveabout bird-aircraft issue

In India, a pioneering study on bird strike was carried ouhm1980s by the BNHS supported

by Aeronautics R & D Board, Ministry of Defend@pvernmenbf India. This study was carried

out at Gwalior, Gorakhpur, Jodhpur, Dundigal, Tezpur, Chabua, Sirsa, Srinagar, Jammu,
Kalaikunda, Hyderabad, Trivandrum, Bengaluru, Patna, Nagpur, Kolkata, Chennai, Mumbai,
Delhi, Hindan, Agra and Ambala. It was mentioned that al2guspecies of mainly terrestrial
birdswerepotential problem birds at Indian Aerodromes (Grubh & Ali 1984).

» 'BOMBAY NATURAL MISTORY SOCIETY

Image 1 - BNHS has done pioneering work in India regarding bird hazard issue since 19880

OBJECTIVES OF THE PRESENT STUDY
1. To study the current status and distribution of avian fauaad aroundhe proposed
airport area of Navi Mumbai.
2. To study the habitat usef birds with special reference to their roosting and local
movements.
3. To study thesite preferenceof birds at 10 km radius area from proposed airport area.
4. Suggestions for management plan for the airpoat/tod bird hazard problems
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) STUDY AREA

Navi Mumbai, a planned townshgn the west coast of Maharashira India, began to be
developed as an urban extension of the densely populated city of Mumbai in 1972. It extends
over an area of 344 sg. km and has a coastline stretching roughly across éskles the
urban cover, His areacompriseshabitatslike mangroves,creeks, mudflatsfocky seashore
forestedand agricultural aresaThe shore and inland wetlands of Navi Mumbai attract a number
of resident/migratory birds throughout the yefter preliminary surveys in Navi Mumbai,
eleven sites were shortlisted for nimring based on location, habitat and the avifauna it
supported. Intensive studies were undertaken at eight weilahdsning Shp ChanakyaTSO),

Noni Residentiallndian (NRI) complex, Delhi Public SchodDPS), KhargharCreek, Kalundre
River, SonaiiBelpada, DastaRhatalasai and Panje asngregatioaof birdswereseen athese
wetlands. Intensive studies were also carried out in three forested iarkasnala Bird
Sanctuary, Chirner and Mosaravhile considering their proximity to the proposed NM The
detailed description of the2lsites under studwre as follows (Please refeannexure V for
images of study sites).

Kharg:;ar KHill
& Kharghar.Creek

Seashore
4

NRiIfl*ake'® SINMIATSIte

¥ Mosare
DEE f‘ata Lake ’

d
Sonay Belpada'l'ake Morbe area
~ .

Chirner
ll pala Bird Sanctuary

3l Forest & -~

Figure 4 - Map showing 10 km radius circlearound proposedNMIA site

Following 11 selected sitegeredescribed in detail as below while glimpses of study sites have
been provided in annareV.

1. Proposed NMIA site
The proposed NMIA site (1,160 hectares) m@saichabitat of mangroves, open scrubland, and
complex of smaller wetlands created by backwater, paddy fields as well as creeks of Gadhi,
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Ulve, Talojeand Panvel riveraNe considered Kopar and Pargaon villageR$ coordinates of
the central poinf. 8 A5 9 612, 03A B8 3 6 3K, Figufed as centre point of the NMIA site.
On the basis of land use pattern observed, the siteré) was broadly classified into four
categories, as listed below:

Sr. No. | Habitat Area in % Ha
1 Mangrove patch 20 232
2 Grassland, paddy fields and abandoned gaits 50 580
3 Hilly undulating area, used as stone quarries 10 116
4 Area under human settlement 20 232

ot
)
°
&
S
Q7

—
, Kalundre River

Y .‘éaneshpuri
{ F ¢

| <
Knmbldb]'lu]a X

N

Grassland and abandoned paddyfield” *

Mangrove cover ———
>
NMIA site boundry N
e ea

Stone quarry

Image 2 - View of the proposed airport site
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2. Kalundre River and Panvel creek(proposed NMIA site wetland area)

The Kalundre River joins the Panvel Creek and flows parallel to the proposed NMIA site
(19A00613. 440 N,CommdrArBadgsote. sPesiésEfgund in the arealatieennia
marina and Acanthus ilicifolius Other associated plant species such as Glory Bower
Clerodendrum inermeCommon Derriderris trifoliata, Sea Purslan8esuvium portulacésim,
MeswakSalvadora persicalThese are shrubby trees with height of three to seven metres.

3. Wetland behind Training Ship Chanakya (TSC Wetland)

This is a small wetland adbout 15 hectaresrea, located behind the Training Ship Chanakya
Maritime Institute, Palm BeacRoad,Seawoodsi 9 A0 6 5,& .3AD® N &nd Se&iy B).
This site is followed by a stretch of paddy fieldarub land mangroves antinally reaches the
seashoren western side of the wetlan@ihe water level here wasesecontrolled by the local
fishermerwho have beemsing tidal cycles for effective fishimqyactices TSCwetland is one of
the importantesting grounds for congregating birds found in the coastalciridavi Mumbai.
The populationat roosting sitedluctuates accordingto water level in the wetland. Large
congregations were usually observed when the fisieempied the wetland through themall
check dams and funriélkke water channels. During low tidée birds were founfbraging on
mudflats andluring high tidehey were restingt TSC wetland
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Figure 6 - Map of wetland behind Training Ship Chanakya (TSC Wetland)

28



Image 31 Large number of flamingos can be seen in gtland behind TSCin winter

4. Wetland behind Noni Resident Indian (NRI) colony

This site lies in the northwest direction of the proposed NMIA site and lonats@®iRIl Colony,
SeawoodsEst ates (19A006 1B, . Fy@e K),This7vadandd shread 6c8Ss
appoximately 20-hectare area and surrounded by graksds shrubs ananangroves. A small
bund divicesthe wetland ito two parts The side towards humasettlements is mainly used for
fishing activities by the locals.

A part of wetland terior side othebundhasmangrove cover from two sidasda fen@ wall

of NRI colony ontheother. A thinstretch ofvegetation on the periphery of the wetland makes it
an enclosed and safe habitat for tbengregating birdsAccessibility tothe wetland hasbeen
restrictedafter a fence was constructed around ith@year 2013Jeaving a narrow entry path.
Recently a tree plantationwas undertaken alonthe path and residenia the surrounding
societiesusethis pathto jog. Anthropogenic pressure in tiigm of localfisherman, joggers and
bird watchers is increasing day by day here.
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Figure 7 - Map of wetland behind NRI Complex

5. Wetland adjacent to Delhi Public School (DPS)

This wetland is adjacent t N, 7t3hfel 6DleHighéeBorfEU b | i ¢
Palm Beach Road, Seawood$e wetlandcoveredabout 15hectars areaand is connected to

the Khargharcreek by a small canal. It is surrounded by tar roads on three aideschool
compound onthe remaining other side The wate level of this wetland was also observed
fluctuating as per the tidal cycles.

A few bird species were observed foraging in small growger the shallower part of the
wetland, in late winter. A new Sagar Sangam Rail@#gtionconnecting Seawoods and Uran
areais proposedppoximately 500 metres from this wetland and thentire area is under various
developmental schemes.

QD‘—’S Lake
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6. Kharghar Creek
This creek is located between Kharghar and Mansarovar railway statiotise Harbour
Line (19A 1648. 76Bigui9 and aldo cah bel reached \daFinpareat
from Sina Panvelhighway. The creek is nearly aboukéh long with densenangroveson

the edges. During the low tide, birds were seen foraging on the exposed benthos of open

creek.

Birds such asbeeeaters, mynas, starlings, warblers, prinias and bulbuls were seen using
mangroves andssociated plants for perching afataging. Incidences of sand mining,
illegal release ofindustrial effluents, and mangrove cuttings for road widening were
observed. Because of thendergoing construction of a large flyover on SiBanvel
highway, access to the particulewad is blockedinceyear 2015.

Q Kharg) 95588 s

Figure 9 - Map of Kharghar Cree

7. Wetlands near Jasai and Dastarffhata

Bird species were found congregating wo twetlands covering about 300 hectare area on either
side of PanveINPT road and locatedbetweenJasai village and Dastan Phata of Uran tehsil
(18556 33. 970N,, FiguB2A0). Thésé etlénhOscae connected to thevs@amall
water channelghe flow of whichis beingcontrolled bythelocal people.

A portion of this wetland adjacet JNPT toll plaza is a marshy area where birds like storks,
ducks and jacanas were saegularly. In 2013, a bund was built in the wetland on the side of
Belpada village whiclesulted in blocking the usual movement of water. Therefore, waisad

be seerhere onlyduring peak high tidegestof the period it was found completely dry. Land
filling activities were seen in these wetlands in summer.
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Figure 10- Map of wetlands of Jasai and Dastan Phata, Uran

8. Sonari-Belpada Wetland

It is located in the southwest direction of the proposed NMIA site between Bmipada
vill ages ( 1782AA55496644Bguee7obpNhis site is reachable from Parid\PT
road and is abouti3 km from Jasavillage. The size of wetland about50 ha andit is located
next to JNPT toll plaza. It isurrounded by gragsand shrubby areliom three sides and the
boundary wall of Speedy Services ldd the fourth sideOnce partof a coastal mudflat, its
now isolated from the sea arftas becomean inland wetland that gets completely dry in
summer.

In April 2013, the wetland dried up leaving few puddles of water and very few birdsseemne
here. After monsoon, the wetland wasce gainfull of water and birds like grebes, coasd
duckswere seen here. In September 2014, a drainage outlet was construtheddining
Speedy Companto removethe water fromthe wetlandwhich wasfollowed by a landfilling
activity. This sitewas landilled in December 2014osing itsstatuscompletely
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Figure 11 - Map of wetlands of Sonari Belpada, Uran

9. Wetland near Panjé Funde, Uran

This wetland is sandwiched between villages Dongri, Funde and Pahj@ A5 4 6,3. 04 0 N
7 2 A5 7 6, Fig 8§ bigused by waders during high tides. The sizéhis wetland iof 100

hectare and is located within the boundary of the Special Ecortonie (SEZ) of Uran, Navi

Mumbai.

This wetlandis situated 3 km from Nhava SheRalice station and isasily accesslb via tar
road. Tle site was created as a SEZ in 2009, anabundary wall was constructed around the
wetland separating it frorie shore. This wetlantas less anthropogenic pressure due to which
it has become a safe area for biml$orage and roost
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Figure 12 - Map of Panje-Funde wetland in Uran

10.Kar nala Bird Sanctuary and Ransai brest

Karnala Bird Sanctuary is located in PanWahsil of Raigaddistrict, ( 1 8 A53639. 970N,
6 657 ., Bd BEThe size of the sanctuary about 14.12 sckm with the cente point at

historic Karnala fort.

Sanctuary is also approachable by road via MuirtBaa highwayWe also coveredRansai, a
recently included area in the sanctuary

11.Chirner forest

A moistdeciduous forest patch sandwiched between Chirner village and Ransai Dam
(18A53064. 430N, 73A 3622.500E, Figure 14) wa:
dominated by trees like JamuByzygium cumuniBer Zizipus jujuba Banyan Ficus
benghalensisTeak Tectona grandisRed Silk CottonBombax ceibaand AnjanHardwickia

binata.

This site is a mosaic of different habitats such as forest, grassland, agriculture and plantations of
mango, teak and cashew.
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12.Mosarei Patnoli reserve brest

A moistdeciduous forest pataf reserved foredbcatedon top of a hillock between the Mosare
andPatnolivi | | ages ( 18A5706 2Rqré IBowds seldcedd subvéyTFaredt7 o E
birds. Agricultural lands cultivated by people from nearby villages surround this hillock.

The forest isof moistdeciduous type and represented by vegetation J&@un Syzygium
cumunj Ber Zizipusjujuba, BanyanFicus bengalensis TeakTectona grandisRedSilk Cotton
Bombaxceibg KaranjPongamia pinnatand AnjanHardwickia binata A plantation patch near
a stream flowingrom Mosare village is a communiadosting site for egrets, crows, parakeets,
and heronsEachbird speciesvas found-oosing on separate trees

Mosare village

Forest area

Agriculture

Patnoli
village

Figure 157 Map of Mosare forest

Tablel - Additional sites visited opportunistically

Sr. Site Sr. Site

No No

1 Ajivali 19°00'24.3"N 73°09'09.5"E 11 | Nerel19°00'52.0"N 73°10'14.9"E

2 Chiple19°00'23.6"N 73°09'09.7"E 12 | Nerul19°01'05.5"N 73°01'42.5"E

3 Dahirghatel8°52'56.5"N 73°04'28.7"E | 13 | Nhaval8°57'48.3"N 72°59'06.5"E

4 Dighadel18°54'18.4"N 73°02'41.7"E 14 | Palaspel8°57'31.7"N 73°07'51.1"E

5 Dighati 18°49'43.1"N 73°03'09.7"E 15 | Pali18°59'25.7"N 73°10'53.1"E

6 Diwale 19°00'47.5"N 73°02'16.4"E 16 | Pargonl8°58'47.7"N 73°04'03.1"E

7 Dongaril8°53'45.7"N 72°57'28.7"E 17 | Ransaidani8°53'36.5"N 73°04'08.8"E

8 Kopar18°59'07.1"N 73°04'59.3"E 18 | Shedundl8°57'15.1"N 73°10'18.4"E

9 MansarovarKamothe 19°01'07.6"N| 19 | Tembhodel9°01'18.5"N 73°07'23.5"E
73°04'48.2"E

10 | Nanoshil8°56'20.5"N 73°05'01.6"E 20 | Ulve nodel8°58'45.9"N73°01'16.4"E
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) METHODOLOGY

The study sites were surveyed using binoculars and a digital camera. In year 2012, we spent time
to understand the landscape and identification of sites (twelve sites mentioned in study area) for
long-term monitoring. From 2013, the known roosting and foraging sites of the birds were
monitored to study the movement pattern of the birds.

The bird species were recorded on the basis of sighting or call. Birds were identified following
Ali & Ripley (1983), Grimmettet al.(2011) and Rasmussen & Anderton (2012). The list of birds
was arranged family wise following Rasmussen & Anderton (2012). Total count taken for
congregatory birds at high tide roosts and highest count used for comparative analysis of
monthly/seasonal vatian at various sites (Bibbgt al. 2000, Urfi et al 2005, Driscollet al.

2019. Site wise variation in bird count across the months and seasons has been graphically
presented across for understanding of the pattern.

GPS coordinates of locations weeiken and sites were plotted on map. The site wise details of
the habitat, area covered, type of count taken, frequency of survey and usage of particular data
has been given ithefollowing table.

Table2 - Summary of methodolgies used for site wise data collection and analysis

Sr. | Name of site | Habitat Area in Ha | Type of Frequency | Data usage
No. Length in Count of survey
km
1. | NMIA Complex of | 1160 Total count off Monthly. Maximum count of
wetland, waterbirds During the waterbirds
grassland, during high | winter during high tide
paddy tide (2 hours | fortnightly | day/month/season/
fields, before and 2 year for analysis
mangrove hours after
and high tide) Documentation of
associated other bird species
plants
2. | Kalundre Wetland 50 Ha Walk for 1 Monthly. Documentation of
river and (Covered hour During bird species, flock
Panvel creek trail of 2km winter size of waterbirds,
distance fortnightly | changes in
parallel to landscape, see
Panvel movement of birds
creek(during from the site
low tide)
3. | TSC, Palm | Wetland 15 Ha Total count | Monthly. Maximum count of
Beach Road during high | During the
tide (2 hours | winter day/month/season/
before and 2 | fortnightly | year for analysis
hours after
high tide)

37



Sr. | Name of site | Habitat Areain Ha | Type of Frequency | Data usage
No. Length in Count of survey
km
4. | NRI colony, | Wetland 20 Ha Total count | Monthly. Maximum count of
Nerul during high | During the

tide (2 hours | winter day/month/season/
before and 2 | fortnightly | year foranalysis
hours after
high tide)

5. | DPS, Nerul | Wetland 15 Ha Total Monthl Maximum
count during | . count of the
high tide (2 During | day/month/season/
hours before | winter year for analysis
and 2 hours | fortnightly
after high
tide)

6. | Kharghar Wetland 1.5 km trail | Walk for 1 Monthly. Documentation of
creek, Navi along creek | hour During bird species, flock
Mumbai winter size of waterbirds,

fortnightly | changes in
landscape,
movement of birds
from the site

7. | Jasai and Wetland 300 Ha Total count | Monthly. Maximum count of
Dastan during high | During the
Phata, Uran tide (2hours | winter day/month/season/

before and 2 | fortnightly | year for analysis
hours after
high tide)

8. | Soanrt Wetland 50 Ha Total count | Monthly. Maximum count of
Belpada, during high | During the
Uran tide (2 hours | winter day/month/season/

before and 2 | fortnightly | year for analysis
hours after
high tide)

9. | PanjeFunde,| Wetland 100 Ha Total count | Monthly. Maximum count of

Uran during high During | the
tide (2 hours | winter day/month/season/
before and 2 | fortnightly | year for analysis
hours after
high tide)

10. | Karnala Bird | Moist, 2 km trail in | Walk for 1 Monthly. Documentation of
Sanctuary | deciduous | each site hour During bird species, count
and Ransai | forest winter of threatened birds,

fortnightly | breeding birds
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Sr. | Name of site | Habitat Area in Ha | Type of Frequency | Data usage
No. Length in Count of survey
km
11. | Chirner, Moist, 2 km trail in | Walk for 1 Monthly Documentation of
Uran deciduous | each site hour bird species, count
forest of threatened birds,
breeding birds
12. | Mosare Moist, 3 km trail in | Walk for 1.5 | Monthly Documentation of
Patnoli deciduous | each site hour bird species, count
forest of threatened birds;
breeding birds; tree
roosting birds

Time management for the teanmi One project scientist and two reseafellows were always
working on this project with some occasional help from selected volunteers. We visited each site
from study area at least once in a month and conducted fortnightly surveys in selected sites
where bird congregation was high. One memlbemfthe project team used to conduct field
surveys in individual site for a day. Remaining time of the month was used by the team for data
entry, analging the available data and compilation of the reports. Submission-miitrihly

reports was a mandaterfthe project and we were able to submit the report on time except the
last comprehensive report which is based on five year data.

Water bird count 7 Total count method was used to count congregating water birds and waders.
A suitable vantage point wascated and all individual birds were counted directly using
binoculars or spotting scope. Observations were carried out from sufficient distance avoiding
disturbance to the birds. Birds were counted with sun behind the observer so that patterns and
colorsof the different species were seen. For densely packed flock, in flight or at roost, the birds
were counted in estimated blocks. The size of the blocks used (10, 100, 1000, etc.) according to
the size of the flock (Bibbgt al. 2000). Variation in bird cant in major five wetlands (TSC,

NRI, PanjeFunde (Uran), NMIA, Belpada) given separately.

Count taken at tree roosting sitesi Birds were counted in evening while arriving at their
roosting sites (mentioned in following tabl@&he birds were seen moygra lot before settling on

the roost and it was difficult to count each and every individual. A detail account of the species
composition and count was taken in June 2014 and later on total roost count was taken
seasonallypnce and highest count has been provided in the report.

Table3 - List of sites where tree roosting birds were seen

Sr. | Name of site Sr. Name of site
No. No.

1. CIDCO garden, New Panvel 6 Vashi creek
2. Panchshil Rest HousBelapur 7 Kamothe

3. Sector 16, Panvel 8 Chowk, NH 4
4, Panvel Rest House 9 NMIA

5. Panvel Railway station
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High tide roosting count i During high tide waders were seen using inland wetlands for
roosting and therefore surveys were conducted at these locations. To locate roosts, or suitable
habitats such as salt pans, lakes, creeks and beaches, we made visits during rising tide when birds
were seen conggating. Counts of waterbirds were carried out during daytime and high tide,
when most birds congregate at communal roosts along the shoreline (Koéfitzr2003). Tide
dependent studies were graphically (bar graph) represented by comparing thediuatulaitd
populations at the shore and inland wetlands at 30 minute intervals. To study the movements of
congregatory threatened bird species such as Lesser FlarRimgeniconaias minorand
Eurasian CurlenNumenius arquatawe positioned two sets of olgers who simultaneously
recorded counts at the shore and inland wetland areas. This was done for a period of ~9hours: 4h
before high tide and 4 h after high tide for two days followed by taking maximum count at peak
tide time (minimum were always zero thg low tide). A multivariate line graph was
constructed with three variablégide time, tide level and bird countto show the variation in
number of birds between the two sites during changing tide.

Surveys in low tide areasi The observations carried out in low tide was used to promote a
better understanding of how the birds use sites, and are important in informing the conservation
management of these important ardigscoll et al.2012, Lewis & Tierney 2014)

Preparation of maps showing mass movement of birdé Movement of birds from their
roosting sites towards major foraging sites was tracked using vehicle and multiple observers. For
example, during two hours before and after high tide birds were seen flying towamds thei
foraging sites and during low tide towards open mudflats of seashore. Direction of the birds was
easily tracked as above mentioned pattern was clearly observed when handrédususandsf

shore birds seen flying. While, tree roosting birds were skyargftowards their roosts ithe
evening and from roosts to major foraging siteghamorning.

Bird hazard issue using bird samples from different airfields i To understand type species
posing bird hazard issue in various habitats, bird aircraftesttéta was compiled by ansglyy

bird strike samples received from 35 airfields all over India (figure 29). A total of 292 samples of
bird remnants received during 192812 were identified. Data was graphically represented with
the help of Microsoft ExceR010. Maps were plotted on Google Earth and Tableau Public
software. We segregated the samples in eight biogeographic zones of the country such as
Himalaya, NorthiEast, NortiiWest Desert and Arid, Western Ghats, Gangetic plains, Deccan
Peninsula (Central)Deccan Peninsula (South), Coast. Data was sewlfpor year wise, month

wise, species wise, season wise samples received. Based on daedaioalyive regions facing

bird hazard issues were plotted on map. Literature review has been done to undbestand
wildlife/bird hazard management issues and remedial measures to avoid this in all over the world
as well as India.

Analysis of datai Graphs were prepared by arsahyg data with the help of MS Excel. Monthly
variation was represented by taking tb&al highest count of the birds in study area from the
particular day or month. Seasonal variation was discerned by categorizing the year into three
seasoris summer (MarchMay), monsoon (Jufidugust) and winter (Decembidfebruary)
October and November gost monsoon. Proportion of seasonal variation was drawn up by
using percentage bar graphs.
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Species wise counts Total 14Threatened anlllear Threatened species of birds are discussed
in detail separately. Under seasonal variation we have discussedtait 15 species of
congregating water bird counted during 2012 to 2017 (Calletdé 2010). An account of 27
species of birds breeding in the study area has been given, whtobf10 species which were
seen breeding regularly have been discussedtaild

Discussioni We prepared a comprehensive map showing current and proposed developmental
projects coming up in Navi Mumbai area. Movement of birds from roosting to foraging sites and
vice versa has been shown on the maps along with proposed awoperations.
Recommendations provided for operational site of airport and separately for 10 km radius area.
Three sites (wetlands behind TSC, NRI and R&ujede) away from landing and také have

been proposed near seashore for protection of highdmkimg habitat for congregatory birds

for long term conservation.
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V) RESULTS AND DISCUSSIONS

4.1) Threatened and near threatened birds found in study area

As per

variougriterialaid down by IUCN (International Union for Conservation of

Nature),each yeabird speciess included under one of tHellowing categories.

1.

2.

Extinct (EX)7A taxon is Extinct when there is no reasonable doubt that the last
individual has died.

Extinct in the wild (EW)i A taxon is Extinct in the Wild when it is known only to
survive in captivity or as a naturalized population (or populations) well outside the past
range.

Critically Endangered (CR) A taxon is Critically Endangered when the best abédla
evidence indicates that it meets criteria for Critically Endangered, therefore considered to
be facing an extremely high risk of extinction in the wild.

Endangered (EN) A taxon isan Endangered when the best available evidence indicates
that the speaes is facing a very high risk of extinction in the wild.

Vulnerable (VU)i A taxon is Vulnerable when the best available evidence indicates the
species is facing a high risk of extinction in the wild.

Near threatened (NT) A taxon is Near Threatened whé& has been evaluated against
the criteria but does not qualify for Critically Endangered, Endangered or Vulnerable
now, but is close to qualifying for or is likely to qualify for a threatened category in the
near future.

Least Concern (LC) A taxon isLeast Concern when it has been evaluated against the
criteria and does not qualify for Critically Endangered, Endangered, Vulnerable or Near
Threatened. Widespread and abundant taxa are included in this category.

Data Deficient (DD) A taxon is Data Defient when there is inadequate information to
make a direct or indirect assessment of its risk of extinction based on its distribution
and/or population status.

Not Evaluated (NE) A taxon is Not Evaluated when it is has not yet been evaluated
against anybove mentioned criteria.

We recorded 14Threatened specieiEndangereddi Vulnerable and8i Near Threatened
species) as mentioned below. Thereatened antllear Threatened specidsmvebeendiscussed

in deta

ilin annexl.

Table 4: List of threatened bird species found in the study area

Sr. No. | Common Name Scientific name IUCN | Wildlife
status | (Protection)

Act, 1972
status

1. | Steppe Eagle Aquila nipalensis EN I

2. | Great Knot Calidris tenuirostris EN \Y

3. | Indian Skimmer Rynchopslbicollis VU \Y

4. | Greater Spotted Eagle | Clanga clanga VU I

5. | Indian Spotted Eagle Clanga hastata VU I

6. | Woollyi necked Stork Ciconia episcopus VU \Y
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Sr. No. | Common Name Scientific name IUCN | Wildlife
status | (Protection)

Act, 1972
status

7. | AlexandrineParakeet Psittacula eupatria NT \Y

8. Pallid Harrier Circus macrourus NT I

9. Lesser Flamingo Phoeniconaias minor NT I

10. | Blacki headed Ibis Threskiornis melanocephalug NT v

11. | Painted Stork Mycteria leucocephala NT \Y

12. | Blacki tailed Godwit Limosa limosa NT v

13. | Eurasian Curlew Numenius arquata NT Y

14. | Curlew Sandpiper Calidris ferruginea NT \Y

Bird diversity found in study area

During this study (2012017)we hadrecorded 287 species of birds belonging to 56 families
amongwhich 93 were migratory and 194vereresident species. A comprehensive checklist of
birds found in study aremasgivenin annex IV.

Seasonal changes tine countof 15 congregating birds the study area durinthe study period
hadbeen provided in annex Il while a note tbie breeding birdsn thestudy area has been given
in annex Ill.

Image 4 - Near Threatened Lesser Flamingo foundh study area
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4.2)Bird countvariation at five major wetlands

A) TSC wetland
A large number of birds were recorded predominantly during late winter and summer
(Figure 16, 17) which suggestshat the site isa stofi over resting site for birds before
theyresume their migratory trail
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Figure 16 - Monthly variation in bird count at TSC wetland from 2012i 2016
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Figure 17 - Proportion of seasonal variation of bird count at TSC wetland from 20122016
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B) NRI wetland

This wetland issimilar to the TSC wetland where there are a large number ofwomtsring
birds which use this inland wetland as a stopr site before resuming their migratargil (See
figures 18 and 19)
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Figure 18 - Monthly variation in bird count at NRI wetland from 201272016
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Figure 19 - Proportion of seasonal variation of birds at NRI wetland from 20122016
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C) Navi Mumbai International Airport T proposed site

Data collected over the past 5 years reearly show that the area is an important wetland for
wintering and ovémwintering birds.In 2016 we recordedtotal 1200congregatory birds at this
site (See Figures 20 and 21)
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Figure 20 - Monthly variation in bird count at NMIA proposed site wetland from 2012i 2016
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Figure 21 - Proportion of seasonal variation of birds at NMIA proposed site from 20122016

46



D) Belpada wetland

This wetland hadiumber of wintering birds) betweer2012 2014. It was an important breeding
ground for many birds. In 2014 land filling activities were underway and by @@l&itelost its
status of wetlandThere were very few birds recordeldiring 2015 2016. Tempony water
bodies formed in Belpadaite where wetland existeduring the monsoon resulted in poalsd
werevisited by few birdsduring this period from 2012016 (for details please see Figures 22
and 23)
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Figure 22 - Monthly variation in bird count at Belpada wetland from 2012 2016
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Figure 23 - Proportion of seasonal variation of birds at Belpada wetland from 2012016
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E) Panje-Funde wetland,Uran

It is the largest of all surveyadetlands. It comprises the Panje and Funde areas and receives
many congregatory birds in thousaradsl sometimes around @0,000birds, especially during

the winter monthsFor seasonal variation please see Figures 24 and 25.
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Figure 24 - Monthly variation in bird count at Uran wetland from 2014712016
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4.3) Communal roosting birds

4.3.1)communally roosting sites of birds were recaled at the following locations

1. Mosare Forest

A detailed account of the species composition and count was taken in Junef@ldwed by
seasonal counts while mean count has lmmsrsideredn the table The Indian Junglé€Crow
Corvus [macrorhynchos] culminatuswas the first one to enter the roost at about 6:00 pm
followed by the Roseinged ParakeetBsittaculakrameriand the Egrets were seen coming even
after 7:00 p.m. The birds were seen flying frdm west to easthile entering the roost. Rose
ringed ParakeePsittacula krameri Indian JungleCrow Corvus [macrorhynchos] culminatus
House CrowCorvus splendensBlack-crowned Night-heron Nycticorax nycticorax Laughing
Dove Spilopelia senegalensand a mixed groupfdegrets were seen roosting in large numbers
here. About 500 Eastern Cattle Egrd&sbulcus coromandus Intermediate EgreEgretta
intermedia, about 50 Great EgretEgretta albaand over50 Blackcrowned Nighitherons
Nycticorax nycticoraxwere seen in aommunal roost. About 2iddividuals of Laughing Dove
Streptopelia senegalensigere seen in low height bushes next tothe ground level. House Crows
Corvus splendentypically gatheed on the power transmissiamres and then entered the roost
on top. Egred were seen camg in from approximately :@5 p.m until 7:45 pm. and later. The
birds were seen approaching from west to east while entégrngoost. In morning these birds
were seen flying in all directions, especiatiyvardsmangrove areas.

2. CIDCO Garden

About 1,000 House CrowSorvus splendengl5 Indian Jungle CrowSorvus [macrorhynchos]
culminatus approximately 1,000 Common Myn&sridotheres tristis100 Asian Pied Starling
Gracupica contra,30 Indian PondheronsArdeola grayij 100 Indian Shag#halacrocorax
fuscicollisand 100 Eastern CattlggretsBubulcus coromandusere seen roosting on the trees in
CIDCO Garden at Sector Khanda Colony, Navi Mumbai. Indian Shdghalacrocorax
fuscicollis was seen arriving between00 pm. and 600 pm. followed by Common Myna
Acridotheres tristis Eastern Cattle Egré8ubulcus coromanduand Indian Pondheron Ardeola
grayii were seen arriving:60 pm. onwards until dark. Cromsere seen moving in all directions
in the morningdor foraging on food wastes, garbage dumps, seashore, foeest

3. Panchshil Rest House, Belapur

About 1,000 to 1,200 House Crow®rvus splendenweresen roosting all over the Parsik Hill
area of Belapur regulgr. Crows can be seen roosting on trees as well as on rooftops of
buildings. Flocks of 3040 individualswereseen travelling from west to east. About 700 Indian
ShagsPhalacrocorax fuscicollis50 Indian PordheronsArdeola grayii 30 Eastern Cattle Egret
Bubulcuscoromanduswere seen on a Gulmohar trBelonix regiaat Panchshil Rest House
Belapur(Navi Mumbai). Indian Shags were seen in the groups i@ hdividuals, flying from

the mangroves at the proposed site of NMIA and moving towards Kamothggh&hand the
Panchshil Rest Hese site. In the morning, théags were seen flying back to thengroves
towards the seashore on the west of the proposed site of NMIA.
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4. Panvel Railway Station area

Total 180 Indian ShaBhalacrocorax fuscicollisand Eastern Cattle Egi8tibulcuscoromandus
roosting and nesting, scattered over a large area in Sector 16, New PanWamedrRailway
Station.

Panchshil rest
house Belapur

Q
CIDCO garden,
Khanda colony

O

Sector 16, Panvel

) o)

Proposed Navi Mumbai
Internatio nal Airport

©Mosare

Tree roost sites of birds in NMIA study area

F a
Google earth
l-&—“.\—_—

20" E elev. 185nm

Figure 26 - Movementpattern of birds from tree roosting areas to foragingareas (black lines)

5. Panvel Rest House
Total 50 Indian Shag Phalacrocorax fuscicollis Eastern Cattle EgretBubulcus
coromandusoosting and nesting on large trees opposite to Panvel Rest house.

6. Vashi Creek area

Bird speciedike Asian Pied Starlingsracupica contraCommon MynaAcridotheres tristisand

HouseCrow Corvus splendenwgere seemoosting inmangroves spreaacrossVashi station to
creekwhere we could not get therd count because of inaccessibilikbout 150 Black Kites
Milvus migransmigrans/govindawere seerroostingin the evening on power linesinning

parallel toVashiBridge

7. Kamothe area

About 1500 House Sparrowasser domesticusvere seen roosting in groups of 3@00
individuals in variousareas in Kamothe node during winter seaSparrows were seen shifting
their roosting trees within Kamothe area.

8. Chowk village near Morbe dam

Though this sitevasoutsidethe 10 km radius areaf NMIA, it has been included here since bird
species such &30 Eastern Cattle EgréBubulcus coromandu$0 Indian ShagPhalacrocorax
fuscicollis, 15 Little CormorantPhalacrocorax niger15 Indian Black IbisPseudibis papillosa
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and70 House CrowCorvus splendensere seen roostingt the siten the evening andnoving
to theproposed NMIA inthemorning.

9. NMIA site

We observed500 Black-headed Buntingemberiza melanocephaland 700 6 | n d Bagan 6
WeaverPloceus philippinusvere observedoosting in mangrove at this site in winter season.
Around 300Rosy StarlingPastorroseuswere seemoosting occasionally during October (early
winter) and late winter (Februarggriod. Sometimearound 10(House CrowCorvus splendens
were also seen roosting along with otherspecies. Thirty to forty Grey Aeda@a cinereavere
seen roosting opower linetower neakKhandehwar railway station.
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Table 5 - Roosting sites of birds in study area

Sr. | Species Site Number | Season
No. of birds
1. | Roseringed Paraked®sittacula | Mosare 150 Regularly
krameri
2. | Indian JungleCrow Mosare 150 |
Corvus[macrorhynchos] All the
culminates season
3. | Eastern Cattle Egr&ubulcus | Mosare 500 Regularly
coromandus
Panchshil Rest House 50 Regularly
CDICO garden (Khanda Colony 65 Regularly
Chowk,near Panvel 30 Regularly
4. | Black-crowned Nightheron Mosare 30 Regularly
Nycticoraxnycticorax
5. | Common MynaAcridotheres | CDICO garden ( Khanda 1000 Regularly
tristis Colony)
6. | Asian Pied Starlingsracupica | CDICO garden ( Khanda 100 Regularly
contra Colony)
7. | Indian ShadP’halacrocorax Panchshil Rest house, Belapur | 700 Monsoon
fuscicollis
Sector 16 near Panvel station | 180 Monsoon
Panvel Rest House 50 Monsoon
Chowk (outside 10km radius) | 50 Monsoon
8. | Indian Black IbisPseudibis Chowk (outside 10 km radius) | 15 Monsoon
papillosa
9. | Little Cormorant Panchshil Rest house, Belapur | 35 Monsoon
Phalacrocorax niger
Chowk, near Panvel 15 Monsoon
10. | Rosy StarlingPastor roseus Mangroves at Kharghar creek, | 300 at Winter
Panvel Creek, Nhava Sheva each
place
11. | Black-headed Bunting Pargao (the proposed NMIA sit¢ 500 Winter
Emberiza melanocephalus
12. | Baya WeavePloceus Pargao (the proposed NMIA sit¢ 700 Winter
philippinus
13. | Redwattled Lapwingvanellus | Belpada 40 Regularly
indicus
14. | Black Kite Milvus migrans Belpada day roost 200 Summer
migrans/govinda
Vashi creek evening roost 150 Regular
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4.3.2) High tide roosts of ground roosting birds

During the study period, the birdgere observedisng differentsites in different seasons. Tidal
cycles of the sea and water levels in the wetlangdsre found to beinfluence theseasonal
variations in species abundance at the roosting and foragfieg. Roosting sites such as
wetlands near NRI, the proposed NMIAesitSonariBelpada and TS@vetland and adjoining
mangroves hold considerabdeunt of birds in the study area.These roosting sites are located
near the major foraging sites such as seashores and @megbs showing movement of birds).
Thousands of wadersd water birds were seen moving in flocks across the sites, aadd®
open creeks and mudflats on the seashororage (Please see Figure 27 for movement of
birds)

Bird specieslike Lesser FlamingoPhoeniconaias mingrLesser Sand Plove€haradrius
mongolusGreater Sand PloveCharadrius leschenaultia Grey PloverPluvialis squatarola
Eurasian CurlewNumenius arquataCommonRedshankTringa taanus Little stint Ereunetes
minutuswere seen roosting during high tide amditing until the mudflat atthe seashoregot

exposedIt was observed that bird congregation occurs usually in shallow water, acwliitef

the congregating birds in different roosting areas changes annually. For exdogl® low
rainfall in monsoor2012 wadercountwas seen very less year 2013s comparetb 2012 and
2014. In 2014 we have seen sudden increaseuntof Lesser Flamingoespecially juveniles
which indicatal thatthere has been good season at its breeding sit€éhe month of April
usually attrats a high congregation of waders.
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Figure 27- Map showing represenatative flight path of birds using at hightide (left) and lowi tide (right)
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Table 6: Conditions influencing the sighting of birds atinland wetlands

Tide Congregatory birds
Season Level Water level NRI and TSC Panje
' High Terns, Gulls Terns, Gulls, Flamingo
E?(r)lgtg\tl,ger Moderate Terns, Gulls, Flamingd Terns, Gulls, Flamingo
December) _ All Birds including All Birds including
High |[Low waders waders
CormorantsEgrets, Cormorantsggrets,
High Herons Herons
Moderate No birds No birds
Low |Low No birds No birds
_ High Terns, Gulls Terns, Gulls, Flamingo
Lfltaen\l/Jvallrr]}er Moderate Terns,Gulls, Flamingo| Terns, Gulls, Flamingo
March)y . All Birds including All Birds including
High |Low waders waders
Cormorantsggrets, | Cormorantsggrets,
High Herons Herons
Moderate No birds No birds
Low [Low No birds No birds
High Terns, Gulls No birds
Moderate Terns, Gulls, Flamingq No birds
All Birds including
High |[Low waders Small Waders
Summer
CormorantsEgrets,
High Herons No birds
Moderate No birds No birds
Low |Low No birds No birds
High Flamingo No birds
Moderate Flamingo No birds
High |[Low Flamingo No birds
Monsoon CormorantsEgrets,
High Herons No birds
Moderate No birds No birds
Low |Low No birds No birds

Note regarding water levels

Highi > 1 2 Moderate6il 2, bow2i6 0
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4.4) Shorebirds and tide dependent movements

A total 66 bird species were reported during the study period in the study area. We observed the
communal roosting of birds such as Lesser FlamPigoeniconaias mingiLesser Sand Plover
Charadrius mongolusGreater Sand PloveCharadrius leschenaultiaGrey PloverPluvialis
squatarola Eurasian CurlevNumenius arquataCommon Redshankringa totanus and Little

Stint Ereunetesninutusat the high tide roosting sites.

Birds were seen moving in flocks from these roosting sites to open creeks and mudflats of the
seashorén order toforage during low tide and roosti mainly during high tide (see tide dependent
variation in high tide roost count Figure 28).
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Figure 28 - Total count of shorebirds in TSC and NRI wetlands in a day
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Figure 29 - The monthly variation in total bird count in NRI and TSC wetlands, 2013 to 2014
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During 2013 and 2014, in the course of annmanitoring two peaks were observed in the
monthly count of birds. One was in October 2013 when the count reached 40,000 birds and
another in April 2014 when the count was 20,000 b{felgure 29). This correlates with the
previous observationsef the study Wmerea sudden increase in counts of birds was recorded
during the arrival of migratory birds in October as well as during their departure in April. This
indicates that some of the birds use this asestopover purpos&ird congregatios were
usuallyobservedn shallow water, and the count of the congregating birds in different roosting
areas fluctuattannually. In 2014, a sudden increase was recorded in count of Lesser Flamingo
Phoeniconaiasninor, especially juveniles indicating a pdssi successful breeding season.

We saw decreasing count of birds at high tide roosting with receding tide as the birds
started flying to the open sea shore for foraging. Conversely there was an increase in the count of
birds at inland wetlandduring high tide; birds were seen arriving at roosting sites from foraging
areas. This movement can be clearly seen while monitoring theements of the Lesser
Flamingo and Eurasian CurleNumenius arquatasimultaneously at the shore and inland
wetland aeas (Figure80and31).

We observed Lesser Flamindg@hoeniconaiasminor in large flocks of about 6,00@,000
individuals foraging on the seashore alongside the NRI and TSC wetland mainly during the
latewinter and the summer of 20BBurasian curlew were seen in groups of 2 to 15 individuals
foraging on the seashore during the low tide and roosting in the flocks iaf3@ndividuals at
wetland behind NRI complex during high tide.

In summary, we can say thattime study areahuge fluctuations in bird count can be seen from
more than 1,00,000 birds to few individuals across the sites, seasons and years. It indicates
complex pattern of bird movement withthe seascapéandscape(Please see Figure 32 for
further details).
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Tide dependent movement of Lesser Flamingo
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Figure 30 - The tide dependent movement of Lesser Flamingo in May 2012
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Figure 31 - Tide dependent movements of Eurasian curlew in January 2013
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4.5)Bird -aircraft strike data analysis
Enclosed in this report amarlier studieby BNHS on 35 airfields. Military as well as
civil airfields situated all over Indidave been considered in this analys&amples of
bird collisions were received from 35 airfields with a majority from Gwalior, Bidar,
Nagpur, Hyderabad, Secunderab&thsimara, dlpaiguri, Tezpur, Barmer, Jaisalmer,
Jalandhar, Jamnagar, Jodhpur, Naliya, Suratgarh, Dabolim, Mumbai, Nashik, Pune, Agra,
Ambala, Bareily, Bhatinda, Delhi, Gorakhpur, Halwara, Hindon, Lucknow, Patna,
Srinagar, Bengaluru, Bhubaneshwar, Coimbatore and diemb(Figure33).
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Figure 33 Pani India locations of airfields from where bird strike samples received

Data of bird strike sent toBNHS by various airfields in India during 199000 was published
(Mathewset al.2003)in an International Bird Strike Committee, Warsaw (IBSC26). Records of
bird samples sent for identification from the year 2000 onwé&vdthe BNHS Collections
departmentvere compiled in an excel sheet.

Samples of bird remnants received were identifisthg BNHS bird strike databaskitially,
samples were cleaned with hydrogen peroxide and water to remove any unwanted particles.
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Samples were then examined with the naked eye and general patterns/observations were noted.
Visual markers considered in afiners were size, pattern arwblour. After preliminary
examination, feathers were viewed under the microscope to observe finer distinct patterns.
Observations were compared with specimen catalogues and ultimately identified up to the
speciedevel. The 292 samples received between 1998 and 2012 were accurately idemotified

from 53bird species antWo batspecies.

Data analysis

Samples weranalysedand graphically represented with the help of Microsoft Excel 2010.
Maps were plotted on Google EarthdaTableau Public softwar®ata was categorized and
graphically represented into years and months of samples received, dsasom&r:March to

May; monsoon:June to September; winter:October to February), species, habitat and geographic
zones (for details see table numbexs given below).

Table 7 - Biogeographic zones considered for data analysis

Sr. No. | ZONE PLACES
1 Himalaya Srinagar
2 Northeast Chabua, Hasimara, Jalpaiguri, Tezpur
3 NorthwestDesert and arid Barmer, Bhatinda, Jaisalmer, Jalandhar,
Jodhpur, Suratgarh, Halwara,
4 Western Ghats Dabolim, Nashik, Pune
5 GangeticPlains Agra, AmbalaBareily, Delhi, Gorakhpur,

Hindon, Lucknow, Patna,
Gwalior, Bidar, Nagpur, Hyderabad,

6 Deccan Peninsula (Central) Secunderabad
7 Deccan Peninsula (South) | Bengaluru, Coimbatore,
8 Coast Tambaram, Bhubaneshwar, Mumbai,

Jamnagar, Naliya

Year-wisevariations in bird strike samples received

Variation inthe number of bird strikesamples receivedver 14 yearsndicatesthat bird hazard
issueis dependent on many facta@sd there is no clear pattern ir{Figure34). We received 43
samples in998and only three i”012sincealmost all aerodromes have assigned special human
resource/officers for conducting their own bird studies as per the guidelines of Airport Authority
of India (AAl).

Owing to theavailability of good cameras and deployment of special monitoringsteaost of
the remnantseceived werédentified at the airfields itselfy the airfield authoritiedMajority of
the birdstrike samples were received from five sites namely Bitathpur, Bengaluru, Mumbai
and Jamnagar (FiguBb).
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Month -wise variations in bird strike samples received

Most of the bird hits were recorded during July and August followed by Oc¢tdbeember and
January (Figure36). The monsoon season (Figus&) clearly showsmore number of avian
strikes. This could be probably due to the breeding sezfduinds and idealkonditions available
to them intheform of open fields near runways.

Specieswise variations in bird strike samples received

Total of 292 samplesverereceivedand we could identifghey belongedo 53 species of birds.
Out of them,11 species were seen commonlydlved in bird strikes (Figur&88). The Black
Kite Milvus migrans migrans/govind&opped the list followed by the Blue Rock Pigeon
Columba liva and the Reidcumped SwallowCecropisdaurica
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Figure 361 Month-wise number of bird strike samples received from 1998012
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Biogeographic zonewise variations in bird strike samples received

The 35 airfields were divided into 8 biogeographic zones in which the Méetit Desert and

Arid regions showed the maximum number of samples received (37), followed by the coastal
region with 32 samples and closely followed by the central Deccan Peninsula region with 31
samples (Figur&9). A high number of bird samples under speeigse categor received from

the top three zones are shown in Figui@s4land42.

Variations in bird strike samples received from various groups
Figure43 shows that threats are frammost all types of birds such ggoundnesting and tree
nesting birds, birds using human habitation and soaring birds.

From these examples, it is clear that airports located near coastal areas have potential threats
from many bird species that congregate on the coastal beaches, mudflats, wetlands and mangrove
for foraging, resting and roosting. Therefore, development of the Navi Mumbai International
Airport near the coast certainly poses a high risk of bird strikes. It is of utmost importance to
consider and manage the issue by taking into account all poge#vientive measures from the
beginning of the construction.
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V) RECOMMENDATIONS

After reviewing the available literature and using bird ste&mple analysis, we found that there

can be no single method to address the bird hazard issue at airports and there is a need to design
site-specific multiple bird strike prevention methods at NMIA. Therefore, even while drawing
from the earlier lessons bird strike, we would have to come up with sfeecific solutions for

NMIA, which calls for further surveys and research in the proposed airport area. The current
study has been conducted during-poastruction phase of the proposed airport and asedciat
developmerdl activities There isaneed to conduct suchstudy duringthe construction as well

as operational phases.

1) Runway and adjoining areas

A crucial need is to make NMIA, its runway and the adjoining areas unsuitable for congregatory
birds At the same timeadditional areas away from flight landing and talezones need to be
developed as birftiendly areas. Sinca majority of migrdory birds hae strong site fielity,

they will continue to come to the areas proposed for airporttorfipd no suitable habitas left

and thatin fact, will enhance bird strike risklhus development and protection of other suitable
sites (mudflats) and first 5 years of rigorous monitofwigthe airport, once it is operational, and
also of the aredseing developed as alternate hatitwill help us understand occupancy pattern

of the newly developed sites and how the migratory birds are respondihg #dtered or
changingseascape/landscapabitatsof the airport.

2) Cautions to be taken during high tide timing

Our study indicates that theresmgnificantbird movement between the study sites and it appears
that tidal height and water depth in temporary water pools created by local fishermen govern this
movement. The movement of tidal birds is very high during high tide and they congregate at
these sitesot feed and resOn an average we coueatl around 40,00€60,000 birds in a single

day during winter seaso®ne particularday, the maximum numbers of birds counted were
about 100,000 thereforeconsideringthe large numbers of birds and their local moveineve
advisethe NMIA authority to exercise cautioduring high tids, particularly inthe months of
OctoberNovember and Marcpril.

3) Measures to be taken to avoid movement of birds in the proposed airport area

To addresshe bird hazard issueffectively, a knowledgeof the migratoryandresident birdand
their movement isvery important.Thus bird hazard mitigation @asures could be divided into
two categoriesbird hit prevention methodsnd habitat developmetd address the bird hazard
issue attheproposed airport arewhich areelaborated hereunder

4) Specific Measures
Part I: bird hit prevention methods to be adopted aproposed airport site
Ecological method for lonrterm prevention of the riskvhereinmost of the measures are of
general usegcould be considered #sefirst step. Following are the few measutieat could be
taken upattheairport site and itsurroundingareas.

1. Development of a system for proper disposal of garbage, especially, whsth attract

birds
2. Regulationgo prevent feedingigeons irthevicinity of theairport
3. Barb wires and metal spikes to prevent nesting of birds like pigedhsairport premises
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4. Strict regulation againstahd filling activities, especially aimportant hightide roosting
sites of birds
5. Distress calls/emergency calls/noise getwes, played either via fixed station or mobile
units along the runways
. Use of fashlightsto scae roosting birds on runways during night time
. Restriction oftrees and shrubs the airportvicinity: Section 9 A of Indian Aircraft (1934)
empowers th€entral Government to restrict construction of buildings and growing of trees
within 20 km from the aerodrome reference point. However, the government can enforce
such a restriction only after issuing a notification in @fécial Gazette, which is yet to be
done.Apart from this, he International Airport&uthority of India (IAAI) actively helps in
bird hazard prevention measures.
8. Monitoring the study area foa long period of time during construction as well as
operational periods of NMIAIsing pré&construction baselingtudy
9. Additional site-specific prevention measures once construction is completed and more inputs
are received on bird movement dualieredlandscapéseascape.

~N O

Part Il: Adjacent areas

Conservation of high tide roosting sites

Though thecurrent study provides trend®ngi term monitoring with focused study on bird
occupancy and movement in the potential impact area is vital. This asswaesignificance
since few wetland$ike in the Uran areaare being landfilled and margre being degraded
causing largescale coastal sgeez along the eastern sea front of Munmib@dantext of coastal
birds(See Figure 44nd Figure 45h Because of large scale developmental projeatsgjority of

the coastal wetlandsavealreadybeenlandfilled and very few places are left fitve roosting of
waders in Navi Mumbai and adjoining areas.

Map showing bird and proposed z Legend

development in Mumbal and Navi Mumbali @ Acrow showing high tide movernent
@ Aow showng low tide moverment

’
seascape < po @ Arow showing tree roosting amow

A Developmental project

© Forest areas

& Funnel showing ar traffic movement
© Landfiled wetiands

1. Proposed NMIA site
2. Wetland behind TSC/ proposed golf course
3. Wetland behind NRI Complex
4. Wetland behind DPS
5. Kharghar creek
6. Complex of wetlands
around Belpada
7. Belpada wetland
8. Panje
9. Karnala Bird Sanctuary
10. Chirner forest
11. Mosare forest
12. Sector 16, Panvel
13. CIDCO Garden, Khanda colony
14. Panchshil rest house, Belapur
15. Panvel Creek
16. JNPT
17. MbPT
18. Proposed Shivsmarak
18. Nariman Point coastal road
20. Kandivali coastal road
21. Bhandup Pumping Station
22. Sewri jetty/fort
23. Elephanta Island
24. Chirle
25. Eastern Seafront of MbPT

a istand

26. Thane Creek Flamingo Sanctuary

27. Proposed Flamingo Sanctuary

Abbreviations:-

TSC- Training Ship Chanakya, NRI- Non Resident

Indian, DPS- Delhi Public School, JNPT- Jawaharlal

Nehru Port Trust, MbPT- Mumbai Port Trust -
18

Proposed Flamingo Sanctuary-2,3,8 & 27

High tide roosting site of birds- 2, 3 & 8

Google Earth

Figure 44 - Map showing proposed development in Mumbai and Navi Mumbai area around proposed NMIA
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We have providedime series google earth images of Uran area from 2003 to 2017 to show how
wetlandshave beervanishing from e study area (See Figure 45). This may be a cause for the
increase in bird counts over the years at the remaining wetléndsimportant to provide
protection to such sites in a rapidly changing landscapenatropolitan ciy like Mumbai This

is resulting in birdsincreasinglycongregating in large numbers in smaller areas Gid
movement patterns will continue to leeratic until we ensure strong protection and habitat
improvement measures tie sitessuggestedn the report. Fom air safety pmt-of-view, such
measuresvill be most crucial sincamajority of migratory birdexhibit strong site idelity.

a‘ g }a

2016 ' T 2017

Figure 45 - Map showing historical and current imagery of google earth with rapidly depelting wetland areas in Uran

A five-year study conducted by BNHS tmderstandsite fidelity among the wintering waders was
carried out at Chilikan Odishaduring 20002005 (Balachandran et al. 2009)he fudy reveatdthe
importance of the sites for the survival of the wintering/staging birds which follow the same flyway
year after year during the specific period of their annual cycle (please seeuatier8 for further
details).

A number of bird species of diverse orders and families, and with a diversity of habits and
habitats roost together for at least a part of the year. In a few cases, such social gathering or
roosting may be a simple consequence efghucity of a suitable roosting sifercing the birds

to crowd together. However, in a majority of cases of communal roosting, the birds associate
through some social attraction and do not disperse even if alternative roosting sites are available.
Someof these social groups merely comprise feeding or migratory flocks, which remain together
outside the roosting time as well.
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Table 8 Ringing and recapture data of the birds showing almost same arrival time duration at particular sites

at Chilika wetland (Balachandramt al 2005).

Ring No. Species Name D_ate_ of| Date Time interval
Ringing Recapture
A 147032 Little Stint 09 03/ 02 091 03/ 03 0 day
AB150624 Lesser Sand Plover 25.02.03 26.02.05 + 1 day
AB 149995 Lesser Sand Plover 08/ 021 02 07102 03 i 1day
AB 150648 Curlew Sandpiper 27.02.03 28.02.04 + 1 day
AB117998 Curlew Sandpiper 26.02.04 27.02.05 + 1 day
AB153208 Lesser Sand Plover 20.12.03 18.12.04 i 2 days
AB 150183 Curlew Sandpiper 16.03.03 14.03.04 i 2 days
AB121451 Lesser Sand Plover 24.12.02 18.12.04 I 6 days
AB 149928 Curlew Sandpiper 18.12.01 04.12.03 i 14 days
AB 141979 Curlew Sandpiper 28.03.02 11.03.04 i 17 days
AB 153822 Curlew Sandpiper 28.03.03 30.03.04 + 2 days
B65585 Pacific Golden Plover | 27.12.02 30.12.04 + 3 days
AB150536 Lesser Sand Plover 05.01.03 08.01.05 + 3 days
AB 153573 Lesser Sand Plover 10.12.03 14.12.04 + 4 days
AB148165 Lesser Sand Plover 14.12.03 18.12.04 + 4 days
AB 150485 Curlew Sandpiper 09.12.02 20.12.03 + 11 days
AB150479 Lesser Sand Plover 09.12.02 19.12.04 + 10 days
AB 150166 Curlew Sandpiper 15.03.03 30.03.04 + 14 days
A 247069 Little Stint 03.04.02 14.04.03 + 11 days

It has been studied that the dapst choicas affected by its distance from the feeding area and
other microclimatdactors(Rogerset al. 2006) At Roebuck Bay in Australisstudy showed that
birds seleatd day roosts closer to the feeding ardad,for thenight roost they opted fodistant

sites (Rogers et al. 2006). Similarly there was an assessment of the effectshurhan
development orthe roosting behaviour of water birds in CardBfy, and subsequently, the
Cardiff Bay Development Corporation (CBDC) produced alternative roostsites within the bay to
mitigate the loss of salt marsh (Donald & Clark 1991a). It was observethtbaghcommural
roosting, birds benefit by increased ability to spot approaching predatdrepportunity to
explore new feeding areas (Donald & Clark 1991b).

Secure roosts aressential for wading birds and wildfowl. It would be interesting to study the
longi termimpact of rapidly changing environmeon the birds in the study area and correlate it

with the status of birds in their breeding grounds. It mithvide anidea about hova particular

species is doing ahe local as well as global leveSuch a study wad also help to better
manage issues of air safety while at the same time exhibit caution on the measures adopted to
keep the birds away from the airport zone.

The BNHS studies have shown tliaere is a need to giva protected status teome ofthe

wetlandsof Mumbai and Navi Mumbai. Along with Sewri in Mumbdine following important

areas (mudflat, mangroves and seashore as shown ure M§ and table » from southern
Mumbai where thousands of flamingo and waders visit every, year be protecte These sites
should be classified as No Development Zone and legal status accorded accordingly.
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Table 9 - List of sites which should be classified as No Development Zone

Sr. No. | Name of sites Coordinates of cente point | Size ofthe area in Ha
1. MahulSewri Zone 19° 0'0.57"N 72°52'33.58"E | 559 hamudflatcore area an
179 ha  buffer are
(excluding proposed MTHLI
areas)
2. Thane Creek easterr 19° 6'48.29"N 72°58'38.73"F 424 ra mudflat and 697 ha ¢
part buffer area
3 | TSCGNRI wetlands off 1) TSC site- 1 9 A0 6 5 § 682 ha of foraging area ar
Palm Beach Roac 73A00619. 3308H11.2 ha of roosting area
Navi Mumbai 2) NRIsite-1 9 A 06 1] TSC wetland and 18.12 H
73A 004 3. 68 {roosting area of NRI wetlan
4 | PanjeFunde Zone| 18 A5463. 040N, [56.9 ha of foraging area
Uran seashore and 166 ha
roosting area
Proposed Flamingo Sanctuary Legend
7 Proposed Flamingo Sanctuary sites

1. Mahul-Sewri Zone

2. Thane Creek eastren part

3. TSC-NRI wetlands of Palm
Beach Road, Navi Mumbai

4. Panje-Funde Zone, Uran

A
N
10 km

Figure46 - Map stowing four sites ofproposed Flamingo Sanctuaig Mumbai and Navi Mumbai area

The proposed conservation steonsist oftwo parts of whichthe coreareas arenudflat while
thebufferareas ar@rimarily mangroves:

1. MahulSewri Zonei Major foraging grounds for flamingos. Please see Figure 47 for
further detailsThe proposed conservation sitethis zoneconsists of two parfshe core
area consists of mudflat while buffer areas are primarily mang(6&&a core area and
179ha bufer areaexcluding proposed MTHL areas)
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2. ThaneCreek eastern pait Core area oft24 ha is mudflat and 697 ha of buffer aréa
mangrovegFigure 49§. This site is about ~11 km from the proposed airport (as the crow
flies) andthe wesern part of this creeks already part of the Than€reek Flamingo
Sanctuary therefore the eastern areas should be surveyed and exploreduftrer
protection and habitat improvement.

3. TSG NRI wetlands of Palm Beach Road, Navi Mumbdihe proposedonservatiorsite
consist of two parts of whicthe core area consists of mudflat while buffer areas are
primarily mangrovesTSCGNRI wetlands of Plan Beach Road, Navi Mumbai (Core
comprises 783 ha of foraging area, 20 ha of roosting area of TSC wetland and 26 ha
roosting area of NRI wetland. Buffer area is 568ahd it is anmportant rest and roost
habitat for waterbirds including flamingos durihgh tide. Sed-igure 49. It is ~6 km in
aerial distancé&rom the upcoming airpart

4. PanjeFunde Zonei Core area of 213 ha consistf foraging area at seashore and
roosting area anthe buffer area of 157 ha primarily consists of mangrovédsch forms
the lest and roost habitat for waders and other waterlfiidgire 50). Since this site is
about~17 km from the proposedirport (as the crow flies) can bea perfect site for the
protection of birds. Some part of this wetland falls under proposed & fempnomic
Zone (SEZ) and therefore other adjoining areas should be surveyed ancbeXpio
further protectiorand habitat improvement

@atmagalng, Aaragl, &, 1ER

Figure47 - Proposed Flamingo Sanctuary 8ewri arealexcluding MTHL areas)
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Existing and Proposed SOWE Y Legend

F|aming° sanctuary 2 : \ 7 @ Proposed Flamingo Sanctuary (Mudfflat)

& ’ @ Propossed Flamingo sanctuary (Mangrove)
‘Bhandu p Wests | . : @ Thane Creek Flamingo Sanctuary
s )

SAndheri‘East
Existing Flamingo Sanctuary
_‘,Thane creek western part
Proposed Flamingo Sanctuary
Thang/creek eastern part

AMumbai

"’

Google Earth

Figure48 - Proposed Flamingo Sanctuary at Thane creek eastern part (western part in pink has albestydeclared as

Flamingo Sanctuary)

| Proposed Flamingo Sanctuary NRI-TSC Welnd area, Ni Mmi

19°40°N

19°40'N

T72°560°E

Figure49 - Proposed Flamingo Sanctuary at Palm Beach road (wetldrelind TS Chanakya and NRI complex)
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18'550'N

72°550°E

Proposed Flamingo Sanctuary Panje Wetland area, Uran

18°550'N

Figure50 - Proposed Flamingo Sanctuary at Pagi@inde villages of Uran
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Specificlssues of concern

1. Proposed Golf Course
A golf course has been proposed by CIDC@bout80 ha landat Sector 60 which essentially
consists of wetlands behind NRI and TSC (see Figijelbis our considered opinion that
this is a wetlandhaving all theessentialwetland characteristicsThis is an extraordinary
wetland thatis used bya large number of migitory and resident water bird®n average,
around 40,000 to 50,000 birds including 10,008,000Near Threatened Lesser Flamingos
can be observed roosting at this site at high tides during winter season.

We have recommended this site to be declared as protected area in the studies carried out for
proposed Navi Mumbai International Airport (NMIA) and Mumbai Tréfebour Link

(MTHL). Conversion of this land t@ different purposg(in this case, a golf couss will
seriouslyjeopardise the air safety tiie proposed airport as birds may start using the NMIA

and its influence zone for roosting purposes in the absenite above mentioned wetland.

Under no circumstancesshould this land be diverted to any otler land use.

72°480'E T°S6'0°E 73°40°E

Proposed Flamgoanctuary '

190N
19°40N

Ay

18°86'0°N
18°56'0N

Rk, Asraeid, 1N, 1ER,

T2°480°E 72°560'E 73°40°E

Figure51 - Map showing locations of proposed Golf Course at Palm Beach road. The areas in black circle are roosting sites of
birds andshouldbe protected as Sanctuary
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2. Proposed Mangrove Park near airport
Around 245 ha areas have been identified by CIDCO to be developed as a mangrove park
aroundthe proposed airport siteear Vaghivali villaggFigure 53. Mangroves interspersed
with mudflats can attract tree roosting birds and high tide roosting birds respectively which
could pse hazard to air safety Hie proposed airport. Thousands of birds foragamgl
roosting near runway can increase chances of birds comthg path of landing and take
off of the flights, in future.

Therefore, we suggest declaring Mangrove Park away the airport influence zonas it

would help to address the bird hazard issue, as mentioned under mitigative measures (see
Figures 46, 47, 48 and 49). The ideal site for the same would be Panje Funde region. At the
currentproposedmangrove park locatiora mangrove genebantould be developedthat

will prevent encroachments and garbage and other waste dumping.

Figure52 - Map showing proposed mangrove padeound NMIA site(Sourceg Environment Depament, CIDCO)

Additional cautions
1. The extent and spread of construction work should be strictly regulated and
minimised at high bird congregatory sites, especially in wjriteavoid disturbance
to birds which may poseamajor threat to airpoperations
2. No landfilling activities should be permitted, especially at important high tide
roosting sites of birdend these sites should be declared as no development zones
(NDZ) and notified accordingly.
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