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EXECUTIVE SUMMARY  
 

Since 1971, the Navi Mumbai area has been developed as a new urban township of Mumbai by 

CIDCO (City and Industrial Development Corporation of Maharashtra Ltd), a Government of 

Maharashtra undertaking. The state government also built one of the largest container 

terminals in India called Jawaharlal Nehru Port (JNPT) for shipping, ship building and port, 

which changed the economic condition of Uran falling in the Navi Mumbai area. Due 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 hand, the 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, aircraft maintenance and city-side 

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 through PublicïPrivate 

Partnership (PPP) at Navi Mumbai. The Government of Maharashtra, in turn appointed CIDCO, 

as a ñNodal Agencyò for the implementation of Navi 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 airport area and the remaining for offïsite 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 existing National Highway No. 

4B (east side) and Aamra Marg (west side) at the centre of Navi Mumbai  (18°59'46.06"N, 73° 

4'36.23"E) in Panvel and Uran Taluka, Raigad District, Maharashtra, at a distance of 

approximately 35 kms from the existing Santa Cruz airport, as the crow flies.  

 

The Ministry of Environment, Forest and Climate Change (MoEFCC) gave clearance to this 

project on the basis of some conditions. One condition (condition no. xxxi provided under 

specific conditions) was that 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 with the following 

objectives.  

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 preference of birds within a 10-km radius of the proposed airport area. 

4. To formulate a management plan for the airport in order to avoid bird hazard problems. 

 

Since, Navi Mumbai is a comparatively new city, we had considered Mumbai region for the 

literature review. The Mumbai region has always been rich 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 1800s (Barnes 1882ï91, Butler 1880, Keswal 1886). Pioneering work 

in this field was carried out by Humayun Abdulali and Dr. Sálim Ali, two stalwarts of BNHS, 

from 1924 to 1935 during which time they recorded 430 species in Mumbai area (Ali and 

https://en.wikipedia.org/wiki/CIDCO
https://en.wikipedia.org/wiki/State-owned_enterprise
https://en.wikipedia.org/wiki/State-owned_enterprise
https://en.wikipedia.org/wiki/Container_terminal
https://en.wikipedia.org/wiki/Container_terminal
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Jawaharlal_Nehru_Port
https://en.wikipedia.org/wiki/Shipping
https://en.wikipedia.org/wiki/Shipbuilding


14 
 

Abdulali 1937, Abdulali 1973). Ali and Abdulali (1941) provided detailed account of each bird 

species with note on their migration status such as winter migrant, passage migrant and resident. 

  

Even, typical grassland birds such as the Lesser Florican Sypheotides indicus were seen at 

Mahalaxmi, Churchgate and Panvel (Symons 1889). A flock of 12 Greater Flamingo 

Phoenicopterus roseus was recorded in May 1930 in Alibag and another flock of 8 individuals 

was seen at Bhayandar on 20 August 1939; there is also a record of three Greater Flamingos 

being shot at Dharamtar Creek on 12 November 1939 (Ali and Abdulali 1937). A single record 

of a female Lesser Flamingo Phoeniconaias minor (museum specimen) is available from 2 

January 1898 (Ali and Abdulali 1937). But flamingos were first noticed in thousands on the 

Sewri mudflats by Sowrirajan (1994).  

 

Soon these mudflats 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 2012). In the year 2004, threatened birds such as Oriental Darter 

Anhinga melanogaster, Lesser Flamingo Phoeniconaias minor, Indian Whiteïbacked Vulture 

Gyps bengalensis, Greater Spotted Eagle Clanga clanga, Eastern Imperial Eagle Aquila heliaca 

and Blackïbellied Tern Sterna acuticauda were observed during a preliminary survey carried out 

at Mahul Creek by BNHS (Verma et al. 2004) which resulted in its 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 1999ï2012 were identified by BNHS; the 

samples helped to identify the birds usually involved in birdïhits. Bird species posing a hazard to 

the aviation industry are found varying according to various bioïgeographic zones in different 

parts of the country. As the proposed NMIA site mainly includes seashore and creek area, in this 

report we have discussed congregatory birds that are considered as species of concern.  

 

Based on prior knowledge of the landscape, BNHS accepted the offer to conduct the five-year 

study and started its field work related to the project in January 2012. After preliminary surveys 

in Navi Mumbai, eleven sites were shortlisted based on location, habitat and the avifauna they 

supported. Intensive studies were undertaken at eight wetlands [wetlands near Training Ship 

Chanakya (TSC), NonïResidential Indian (NRI) Complex, Delhi Public School (DPS), Kharghar 

Creek, Kalundre River, SonariïBelpada, Dastan Phata Jasai and Uran) and three forested areas 

(Karnala Bird Sanctuary, Chirner and Mosare). An additional 24 sites were also opportunistically 

surveyed. GPS coordinates of locations have been provided in the report.  

 

Field visits and documentation were carried out in each site on a monthly basis, thus resulting in 

a large repository of baseline avifauna data for a period of 60 months, from January 2012 to 

December 2016. Total count method was adopted to count the water birds which were seen 

moving according to the tide level and water level. Therefore, tide-dependent movements of 

birds were studied across high tide and low tide. To get estimated count, high tide roosting birds 

were surveyed on monthly basis with more frequent visits in winter. But the highest count was 

taken into account for analysing the data. With the help of MS Excel results/distributions have 

been graphically illustrated in the form of month, site, species, as well as season-wise variations.   
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A total of 287 bird species belonging to 56 families have been recorded in the study area. Of 

these, 93 are migratory species and the remaining 194 are residential species. Migratory birds are 

winter visitors that arrive around November and stay on till MarchïApril , while some among 

them stay back and are seen along with resident birds throughout the year, as overwintering 

population. Detailed information has been provided in annex V as a checklist of birds seen in the 

study area during 2012ï2016.  

 

We recorded 6 globally threatened species (see annex I for details), which included 2 

Endangered, four Vulnerable and eight Near Threatened species. From these 14 species, the 

Lesser Flamingo Phoeniconaias minor, Black-headed Ibis Threskiornis melanocephalus, Painted 

Stork Mycteria leucocephala, Eurasian Curlew Numenius arquata and Curlew Sandpiper Erolia 

ferruginea were seen frequently and abundantly. On the other hand, species such as Great Knot 

Calidris tenuirostris, Steppe Eagle Aquila nipalensis, Alexandrine Parakeet Psittacula eupatria 

and Pallid Harrier Circus macrourus were seen rarely/occasionally. Indian Skimmer Rynchops 

albicollis, Greater Spotted Eagle Clanga clanga, Indian Spotted Eagle Clanga hastata, Woolly-

necked Stork Ciconia episcopus were seen a few times but in very limited numbers.     

 

Apart from the list of threatened birds, we have also provided detailed information about 

additional 15 congregatory water birds (see annex II). Congregatory birds are usually globally 

known to be involved in bird strikes and considered as species of concern for flight safety. Using 

available literature, we have provided detailed information such as global distribution, habitat, 

habits and recent records of the species from Mumbai-Navi Mumbai seascape-landscape. The 

number of birds in a flock/group usually seen in the study area has been provided for the readers 

to get an idea about the individual species.  

 

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

at high tide roosts (annex IV). These species include Blue Rock Pigeon Columba livia, Barn 

Swallow Hirundo rustica, Red-headed Bunting Emberiza bruniceps Black-headed Bunting 

Emberiza melanocephala, Rosy Starling Pastor roseus and Asian Pied Starling Gracupica 

contra which are known to feed in open areas and roost in high number on power lines, 

mangroves and other suitable perching structures.  

     

We have also provided site-wise bird count dynamics and used data collected from five wetlands 

(wetlands near Training Ship Chanakya (TSC), NonïResidential Indian (NRI) Complex, 

proposed NMIA site, Belpada and PanjeïFunde area of Uran) for the analysis. These areas 

receive a large number of wintering, over wintering and resident birds. The data indicates two 

peaks in bird count, one in October during the arrival of migratory birds and the second in April 

during their departure. This suggests that some of the wetlands in the study area serve as 

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 

have tried to collect relevant data through field study to address this gap. Breeding data of 27 

species collected opportunistically has been provided along with details of ten species (annex 

III) . We believe this data will be helpful in the future for a comparative study of birds breeding 

in a human-dominated landscape and their response to 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 selected 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 foraging areas can be 

correlated with flight paths to avoid birdïaircraft strikes. 

 

Considering that NMIA too will face the bird hazard issue, we have tried to track the movement 

of congregatory birds and found there is an association with their movement and availability of 

water in the wetland and tide level.  During low tide when the mudflats are exposed, all the 

shorebirds were found foraging on the shore. During high tide, the mudflats were submerged and 

birds moved towards shallow areas of the inland wetlands. To understand this pattern in detail, 

we studied two Near Threatened congregatory species, Lesser Flamingo Phoeniconaias minor 

and Eurasian Curlew Numenius arquata in detail. During high tide, the movement of these birds 

was seen from seashore to three inland wetlands: one near PanjeïFunde villages of Uran and the 

other two behind Training Ship Chanakya (TSC) and NonïResidential Indian (NRI) complex of 

Palm Beach Road, Navi Mumbai (see figure 3). During low tide, they were seen moving from 

these wetlands to the seashore area.  

 

Similar pattern of tide dependent movement was seen in other waders also. Therefore, we 

propose these sites be monitored and protected in the future as they are the only areas left for 

birds to roost during high tide outside the airport zone (figure 2 showing landing and take-off 

area of the proposed airport site). In the absence of such measures, there is a high risk of birds 

congregating on open runways and spaces of the proposed airport area, which may result in  bird 

hazard problems. 

 

Our study in the area over the 5 years revealed that Navi Mumbai harbours a very high bird 

diversity and number, which is being threatened by fast-paced development (see figure 1). 

However, high bird diversity and population would mean an increased risk of bird strikes for any 

airport. Though there is no single solution to check bird hazard, using the baseline data of this 

study, we believe it will be possible to adopt site-specific mitigative measures. Furthermore, this 

data will also be helpful to understand the impact of the airport on the birds during the 

construction and operational phase of the airport.  

 

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

it appears that the 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 feed and rest. During 2012 to 2016, on average we used to count 

40,000 to 50,000 birds in a single day and the maximum number of birds counted were about 

1,00,000 in a single day. Therefore looking at this large number of birds and their local 

movement, we advise NMIA authority to be cautious during high tide and in the winter season, 

especially during October and April-May when bird congregation can be found at peak, so as to 

avoid bird hit calamities.     
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Figure 1 - Map showing on-going and proposed developmental plan in Mumbai-Navi Mumbai seascape along with 

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

 

 
Figure 2 - Funnel map showing flight routes at the proposed NMIA site 
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Figure 3 - Map showing Flamingo and wader congregation sites and funnel of the flight movement at the proposed NMIA 

site. Pale green colour shows mangrove areas and dark blue represents seashore as well as inland wetlands) 
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I)  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. The scope for further 

enhancement of passenger and cargo handling facilities, aircraft maintenance, and city side 

facilities in the current airport are limited. Therefore, Government of Maharashtra proposed 

to set up a new international airport at Navi Mumbai, Maharashtra. The Ministry of Civil 

Aviation, Government of India granted approval to the Government of Maharashtra in 2010 

to set up a Greenfield airport through PublicïPrivate Partnership (PPP) at Navi Mumbai. The 

Government of Maharashtra, in turn, appointed City & Industrial Development Corporation 

Ltd. (CIDCO as a ñNodal Agencyò for the implementation of Navi Mumbai International 

Airport (NMIA) project.  

 

The total area earmarked for the development of the new airport is 1,775 ha, with 1,160 ha 

set aside for airport area and the remaining for offïsite infrastructure such as two parallel 

runways for independent operation, recourse channel, approach road, railways, interchanges 

and utility lines. The Ministry of Environment, Forest, and Climate Change (MoEFCC) has 

given clearance to this project on the basis of some conditions. One of the conditions 

(condition no. xxxi provided under specific conditions) is that 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) and Amra Marg (west side) near Panvel, in the geographical centre of 

Navi Mumbai (73Á04ô18òE and 18Á59ô33òN) at a distance of approximately 35 kms from 

the existing airport at Santa Cruz. The entire area of the airport falls in Panvel and Uran 

Tehsils of Raigad district covering 10 villages.  

 

1.3) Review of literature on the avifauna of Mumbai and adjoining areas 

Mumbai is bound by the Arabian Sea to the west and constituted by the erstwhile seven 

islands in the South and the suburbs stretching up to Dahisar and Mulund. Owing to its 

coastal habitat as well as continuity with the Western Ghats region, Mumbai has always seen 

great diversity of migratory birds. ñBirds of the southern portion of the Bombay Presidencyò 

is one of the oldest available publications on the birds of Mumbai (Butler 1880).  A 

document was put together for the first time in the early 20th century about protection of 

wild birds in the Bombay Presidency (Anon. 1906). Old literature on birds of Mumbai also 

includes information about Grey Quail Coturnix communis seen near the sea (Bethell 1912), 

notes on two young Great Indian Hornbills Buceros bicornis (Prater 1922, Ellison 1923), 

and crow assemblies (Dalal 1936). An attempt was made in the 1940s to document ñThe 

Common Birds of Bombayò (Aitken 1947) through a descriptive account of bird species of 

Mumbai region, including residents and seasonal migrants .  

 

A series of publications by Humayun Abdulali laid the foundation for a scientific study of 

birds in Mumbai and adjoining areas. His observations, notes, and sight records enriched the 

information on the birds of Mumbai. Asian Koel Eudynamys scolopaceus brood parasitism 
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(Abdulali 1931), the sun as a mortality factor among young birds (Abdulali 1939), local 

movements of Painted Francolin Francolinus pictus around Mumbai (Abdulali 1943), 

extension of breeding range of Black-winged Stilt Himantopus himantopus and some notes 

on its habits and plumages (Abdulali 1951) Cattle Egret fishing (Abdulali 1967), sparrow 

óhelpingô nesting bulbuls (Abdulali 1980), pigeons Columba livia nesting on the ground 

(Abdulali 1983), juvenile plumage of female White-naped Flameback Chrysocolaptes 

festivus and other nesting notes near Mumbai (Abdulali 1985) are some examples of his 

writings on the birds of the region. 

 

Abdulali, in the series of publications (Abdulali 1934, 1935, 1940, 1941, 1942, 1948; 1950a, 

1950b, 1952, 1952b, 1954, 1957, 1958, 1960, 1962, 1963, 1964, 1965, 1965c, 1967a, 1970, 

1979), recorded several species to Mumbai region such as White-eared Bulbul Pycnonotus 

leucotis, Grey-fronted Green-pigeon Treron affinis, White-bellied Woodpecker Dryocopus 

javensis, Indian Swiftlet Aerodramus unicolor, Wilsonôs Storm-petrel Oceanites oceanicus, 

Blue-tailed Bee-eater Merops philippinus, White-winged Tern Chlidonias leucopterus, Red 

Spurfowl Galloperdix spadicea, White-tailed Lapwing Vanellus leucurus, Common Cuckoo 

Cuculus canorus, Grey Junglefowl Gallus sonneratii, Large Whistling-Teal Dendrocygna 

bicolor, Least Frigate Bird Fregata ariel, Small Indian Swallow Plover (presently known as 

Small Pratincole) Glareola lactea, White-rumped Swift (now called as Blythôs Swift) Apus 

leuconyx, Painted Francolin Francolinus pictus, Finschôs Starling (now called Common 

Starling) Sturnus vulgaris, Black-headed Munia or Tricoloured Munia Lonchura  malacca, 

Black-necked Stork Ephippiorhynchus asiaticus, Swinhoeôs Snipe Gallinago megala, 

Common Grey Hornbill (now known as Indian Grey Hornbill) Ocyceros birostris, and 

nesting of Tickellôs Blue Flycatcher Cyornis tickelliae. Pink-footed or Flesh Footed 

Shearwater Ardenna carneipes (Abdulali & Grubh 1982) and Black-eared Kite Milvus 

migrans lineatus (Abdulali & Sethna 1982) were also recorded for the first time by 

Humayun Abdulali.  

 

Notes by on Asian Pied Starling Gracupica contra and Bank Myna Acridotheres 

ginginianus (Abdulali 1953), and extension of range of Little Bittern Ixobrychus minutus 

(Abdulali & Grubh 1966) are first reported additions to the avifauna of Mumbai area. Apart 

from these publications, Humayun Abdulali published a comprehensive checklist of the 

birds of Borivali National Park, at present known as Sanjay Gandhi National Park, with 

notes on their status (Abdulali 1981a, 1986) and checklist of the birds of Maharashtra with 

notes on their status around Mumbai (Abdulali & Ali 1940, Abdulali 1981b). Some other 

publications include literature on pittas and crows (Soman 1963), pugnacious behaviour of 

breeding White-browed Fantail Flycatcher Rhipidura aureola at Cumballa Hills, Mumbai 

(Tyabji 1964), and the strange feeding habit of Little Bittern Ixobrychus minutus (Rao 

1965). Some interesting information such as ornithophily ï a preliminary study of the 

reciprocal association between flower birds and bird flowers observed in and around 

Mumbai (Kannan 1966), unusual mating behaviour of the crow (Chandran 1966), parakeet 

roosts (Palkhiwalla 1968), Indian Three-toed Kingfisher Ceyx erythacus (Creado 1969), 

Black Drongo Dicrurus adsimilis fishing (Serrao 1971), concern for young of other birds by 

adults of other bird species (Serrao 1973), Jungle Babblers at Pali Hill, Bandra (Ali 1974), 

sandpipers at a suburban marsh (Akhtar 1977), biometrics and food of some harriers Circus 
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sp. (Satheesan et al. 1991) and scavenging by Eastern Cattle Egret Bubulcus coromandus 

(Serrao 1993) is also available.  

 

Flamingos were found frequently visiting Sewri in thousands (Sowrirajan 1994, Ali 2006, 

Woodward 2007). Threatened birds such as Oriental Darter Anhinga melanogaster, Lesser 

Flamingo Phoeniconaias minor, Indian White-backed Vulture Gyps bengalensis, Greater 

Spotted Eagle Clanga clanga, Eastern Imperial Eagle Aquila heliaca and Black-bellied Tern 

Sterna acuticauda were observed during a preliminary survey carried out at the Mahul 

Creek by BNHS (Verma et al. 2004). This led to the declaration of the area as an Important 

Bird Area (IBA) (Islam & Rahmani 2004). The Vigorsô Sunbird Aethopyga vigorsii, an 

endemic bird of the Northern Western Ghats was observed in Valley Park, Artist Village, 

and some areas of the Kharghar Hills in Navi Mumbai. Threatened birds such as Greater 

Spotted Eagle Clanga clanga (VU - Vulnerable) and Pallid Harrier Circus macrourus (NT-

Near threatened) were also reported during a biodiversity survey of Navi Mumbai Nature 

Park carried out by BNHS for CIDCO, Navi Mumbai.  

 

The proposed project area of the international airport is located about 10 km away from 

Karnala Bird Sanctuary, which is another major bird area in the region (Pande 2004, Raman 

2004). Large numbers of birds were also recorded in Uran and Jasai areas (Monga 2003, 

Sarkar 2011, BUCEROS special issue 2010) and Navi Mumbai (Vaylure et al. 2008). 

Through literarture review, it is clear that the study area is rich in bird diversity and 

population. Documentation of the avifauna is available from major publications: from 1930 

to 1980 by Abdulali (Abdulali 1934, 1979), a preliminary survey carried out at the Mahul 

Creek by BNHS in 2000-2001 (Verma et al. 2004) and review of literarture in year 2004 

(Prasad 2004). All the publications are based on opportunistic surveys. No documentation is 

available on the avifauna of the study area. There are some records available on various 

social media platforms about sighting of birds, but we found many gaps in the knowledge of 

avifauna in study area except in the above mentioned publications.  

 

1.4) Bird -aircraft strikes ï literature review 

Throughout 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 years ago. Humans first began 

to share their airspace only about 100 years ago. Unfortunately, when aircraft and birds 

attempt to use the same airspace at the same time, collisions occur (Jayarathna 2011). Bird 

strikes have been a concern from the early days of powered flight. The first fatality due to a 

bird strike was in 1912 when a Wright Flyer encountered a flock of gulls while conducting a 

demonstration flight along a beach. The investigation found that one of the gulls had 

jammed the rudder control causing the airplane to dive into the surf, breaking the pilotôs 

neck (Maragakis 2009). The highest number of accidents occur during the take-off phase 

(48%), followed by the approach (30%), and the en-route phase (15%) (including the phases 

of climb and descent). Compared to other phases of flight, during the take-off phase 

(acceleration and lift-off), an aircraft is more susceptible to partial or total loss of control if a 

bird strike does occur. Regarding the type of bird species involved in the accidents, species 

of concern were known only for 60% of the accidents (Maragakis 2009). Majority of birds 

involved have been flocks of large birds (45%), followed by strikes from single large birds 

(31%) such as geese, ducks, cormorants, hawks, etc. (Maragakis 2009). 
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1.4.1 Bird strikes in the Asia/Pacific region 

Bird strike statistics for the Asia and Pacific regions collected from a total of 6,996 bird strikes 

and reported by eighteen states in the Asia/Pacific region between 1996 and 2006 show that bird 

strikes occurs throughout the year with two peak periods ï April/May and September/October. 

The months with least reported strikes were February and July (Jayarathna 2011). Bird strikes 

were reported to be most prevalent during day-light conditions with 61% cases; at 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 prior warning from office of the Air Traffic Control 

about impending bird strikes. Great majority of aircrafts (88%) collided with one bird; the 

remaining collided with two to 10 birds. There were two cases where the pilots reported having 

been struck by flocks consisting of more than 100 birds.  

 

Analysis of data by Jayarathna (2011) shows that of the 6,996 bird strikes, in 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 birds including parrots, herons, gulls accounted for 14% strikes.  

 

1.4.2 BNHS Studies regarding bird -aircraft issue 

Under BNHS initiative from 1980 to 1990 (Ali and Grubh 1989), studies revealed that vultures, 

kites, rock pigeons, lapwings, doves, myna, stone curlew, egrets, crows, sand grouse, harriers, 

parakeets and quails were the main 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 habitations such as Black Kite Milvus migrans migrans/govinda, mainly 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 Redïrumped Swallow Cecropis daurica which 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. But more data is required from throughout India to formulate conclusive results. 

Unfortunately, in India except for few aerodromes of Indian Air Force, there is no mechanism 

available for long-term monitoring of bird hazard issues. There is need to have a centralized 

database of all airfields based on preïconstruction, construction and post-operation phases to 

deal with this issue effectively. 

 

Mitigation measures suggested during the past work includes making airfield areas unattractive 

to birds and developing proper waste disposal systems to avoid accumulation of garbage. Birds 

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

safety. Gulls often find safety on or near runways of coastal airports when storms prevent their 

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, fish and insects. 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 attract a large number of bird species: Black Kite 

Milvus migrans migrans/govinda, Grey Heron Ardea cinerea and Eastern Cattle Egret Bubulcus 

coromandus are usually attracted by grasshoppers that occur in large quantities, according to 

studies conducted at Kansai International Airport, Japan, which is 5 km 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 birds, especially gulls. The Durban 

International Airport located along the subtropical east coast of South Africa has a micro habitat 

of grasslands that supports a wide variety of birds and therefore has a high incidence of bird 

strikes. The airport is surrounded by reed beds, marshes, forests, shrub land and open patches for 

commercial cultivation. Birds said to be prone to airstrikes in and around Durban airport are Ibis, 

Herons, Kites and Geese, to name a few (Froneman & Rooyen 2003). Naval Air Station, 

Alameda, on the east shore of the San Francisco Bay near Oakland has a large wetland system 

which serves as an important feeding and resting ground for millions of annually migrating birds 

(Ellison et al. 1992).  

 

NMIA airport is proposed in high bird diversity and density areas which have a 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 Mumbai 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 aircraft safety and human life.  

 

1.4.4 Importance of bird hazard management 
Collisions between aircraft and avifauna are a concern throughout the world because they 

threaten passengerôs safety (Thrope 1977); result in loss of revenue and costly repairs to aircraft 

(Milsom & Horton 1990) and also erode public confidence in the air transport industry as a 

whole (Conover et al. 1995). Most wildlife strikes do not result in fatalities but safety hazards 

exist and the proportion of wildlife strikes that result in damage 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 as aircraft 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 (CAA UK ï SRG 2002).  

 

Aircraft collisions with wildlife annually cost the civil aviation industry at least US $ 1.3 billion 

in direct damage (Jayarathna 2011). Although the economic costs of wildlife strikes are extreme, 

the cost in human lives lost when aircrafts crash as a result of strikes best illustrates the need for 

management of the bird strike problem. The presence of wildlife (birds and animals) in and 

around the aerodrome poses a serious threat to aircraft operational safety (Jayarathna 2011). 

 

1.4.5 Remedial measures used world over to avoid bird hazard (Sourced from Anon, 1988)] 

To address bird hazard issue effectively, baseline data on the increase or decrease of the 

population of migratory or resident birds, and the movement of the birds in a particular area are 

very important. Measures could be divided into two categories: Ecological and Scaring. 
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Ecological methods: Includes long-term prevention of the risk. Most of the measures in this 

category are for general use and could be considered as first step. Scaring methods: This 

category covers different technical measures. The necessity of ecological background research 

before applying any of the following two methods should be always kept inmind. 

 

Ecological measures 

I. Measures that would be useful are suggested below, with examples from other countries: 

1) Garbage disposal system should be strictly implemented in and around the  airport areas 

so that birds are not attracted.   

2) National/local regulations should be enforced preventing the feeding of pigeons in 

vicinity of airports 

3) Regulation that prevents the use of land within a certain distance from any runways 

should be enforced. For example, in Belgium zones of 150 m from the centre line of each 

runway and 60 m over both ends of each runway cannot be used for agriculture. In case 

of military airport 30 m from the airport and 50 m from the edge of the taxiways cannot 

be used for agriculture. 

4) Rules regarding the existence of trees and bushes in the vicinity of airport India: section 

9ïA of Indian Aircraft (1934) empowers the Central 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 Airports Authority of 

India (IAAI) actively helps in bird hazard prevention measures. 

5) Length of the grass along the runways: All over the world, the grass height is generally 

kept within 15ï20 cm to avoid birds using open areas and keep away birds of prey 

hunting on small birds.  

 

Scaring measures 

1. Distress calls/ Emergency calls: These calls are taped carefully and played either via 

fixed station or established on mobile units. 

2. Other techniques: 

A. In France, noise generators are used along the runways. The sounds are played 

automatically from sunrise to sunset at high acoustic level (80dB) with silence period of 1 

min duration between the emissions (30 seconds duration). This method, tested during 4 

years, is effective on lapwings, gulls and pigeons. 

B. Pyrotechnical devices  

a. Shell crackers: In India as well as other countries it is widely used on all civil 

airports 

b. Gas cannon: In Finland, liquid gas cannon fired automatically at regular intervals 

has proved cost effective at several airports. In India there is no use of gas 

cannon. 

c. Gun shooting: In Denmark visual scaring with shotguns is used at all military 

and provincial civil airports. In India, it is occasionally used. 

3. Use of Birds ï methods such as falconry, bird mock up and radio controlled prey of 

birds can be used to scare the birds roosting in airport areas. 

4. Visual Scaring ï In Australia, vehicle mounted spotlights are used to shift the birds at 

night. The method of flashing lights has been found successful in Canada also. In Japan 
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one company has been testing eyeball painting on an engine spinner. According to their 

four-year-record, this device showed 20% reduction of bird strike. 

 

Although the issue of bird strikes is as old as aviation, humans are yet to find a suitable 

solution for the same. In the recent years, very 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 civil aviation industry is not negligible. 

 

1.4.6 Indian perspective about bird-aircraft issue  

In India, a pioneering study on bird strike was carried out in the 1980s by the BNHS supported 

by Aeronautics R & D Board, Ministry of Defence, Government of 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 about 27 species of mainly terrestrial 

birds were potential problem birds at Indian Aerodromes (Grubh & Ali 1984).  

 

 
Image 1 - BNHS has done pioneering work in India regarding bird hazard issue since 1980ï90 

  

OBJECTIVES OF THE PRESENT STUDY 
1. To study the current status and distribution of avian fauna in and around the proposed 

airport area of Navi Mumbai. 

2. To study the habitat use of birds with special reference to their roosting and local 

movements. 

3. To study the site preference of birds at 10 km radius area from proposed airport area. 

4. Suggestions for management plan for the airport to avoid bird hazard problems. 
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II)  STUDY AREA 
 

Navi Mumbai, a planned township on the west coast of Maharashtra in 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 sq. km and has a coastline stretching roughly across 100 km. Besides the 

urban cover, this area comprises habitats like mangroves, creeks, mudflats, rocky seashore, 

forested and agricultural areas. The shore and inland wetlands of Navi Mumbai attract a number 

of resident/migratory birds throughout the year. After preliminary surveys in Navi Mumbai, 

eleven sites were shortlisted for monitoring based on location, habitat and the avifauna it 

supported. Intensive studies were undertaken at eight wetlands ï Training Ship Chanakya (TSC), 

NonïResidential Indian (NRI) complex, Delhi Public School (DPS), Kharghar Creek, Kalundre 

River, SonariïBelpada, Dastan Phata Jasai and Panje as congregations of birds were seen at these 

wetlands. Intensive studies were also carried out in three forested areas ï Karnala Bird 

Sanctuary, Chirner and Mosare ï while considering their proximity to the proposed NMIA. The 

detailed description of the 12 sites under study are as follows (Please refer annexure V for 

images of study sites). 
 

 
Figure 4 - Map showing 10 km radius circle around proposed NMIA site  

 

Following 11 selected sites were described in detail as below while glimpses of study sites have 

been provided in annexure V.  

 

1. Proposed NMIA site  

The proposed NMIA site (1,160 hectares) is a mosaic habitat 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, Taloje and Panvel rivers. We considered Kopar and Pargaon villages (GPS coordinates of 

the central point 18Á59ô20.37ò N, 73Á03ô37.55ò E, Figure 5) as centre point of the NMIA site. 

On the basis of land use pattern observed, the site (Figure 6) 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 saltïpans 50 580 

3 Hilly undulating area, used as stone quarries 10 116 

4 Area under human settlement 20 232 

 

 
Figure 5 ï Land use land cover map of proposed NMIA site showing villages coming under proposed airport 

 

 
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 

(19Á0ô13.44òN, 73Á3ô51.05òE). Common mangrove species found in the area are Avicennia 

marina and Acanthus ilicifolius. Other associated plant species such as Glory Bower 

Clerodendrum inerme, Common Derris Derris trifoliata, Sea Purslane Sesuvium portulacastrum, 

Meswak Salvadora persica. These are shrubby trees with height of three to seven metres. 
 

3. Wetland behind Training Ship Chanakya (TSC Wetland) 

This is a small wetland of about 15 hectares area, located behind the Training Ship Chanakya 

Maritime Institute, Palm Beach Road, Seawoods (19Á0ô56.92òN, 73Á0ô19.33òE and see Fig 6). 

This site is followed by a stretch of paddy fields, shrub land, mangroves and finally reaches the 

seashore on western side of the wetland. The water level here was seen controlled by the local 

fishermen who have been using tidal cycles for effective fishing practices. TSC wetland is one of 

the important resting grounds for congregating birds found in the coastal area of Navi Mumbai. 

The population at roosting sites fluctuates according to water level in the wetland. Large 

congregations were usually observed when the fishermen emptied the wetland through the small 

check dams and funnelïlike water channels. During low tide, the birds were found foraging on 

mudflats and during high tide they were resting at TSC wetland. 

 

 
Figure 6 - Map of wetland behind Training Ship Chanakya (TSC Wetland) 
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Image 3 ï Large number of flamingos can be seen in wetland behind TSC in winter  

 

4. Wetland behind NonïResident Indian (NRI) colony 

This site lies in the northwest direction of the proposed NMIA site and located near NRI Colony, 

Seawoods Estates (19Á0ô18.02òN, 73Á0ô43.68òE, Figure 7). This wetland spreads across 

approximately 20-hectare area and is surrounded by grasslands, shrubs and mangroves. A small 

bund divides the wetland into two parts. The side towards human settlements is mainly used for 

fishing activities by the locals.  

 

A part of wetlandôs interior side of the bund has mangrove cover from two sides and a fence wall 

of NRI colony on the other. A thin stretch of vegetation on the periphery of the wetland makes it 

an enclosed and safe habitat for the congregating birds. Accessibility to the wetland has been 

restricted after a fence was constructed around it in the year 2013, leaving a narrow entry path. 

Recently, a tree plantation was undertaken along the path and residents in the surrounding 

societies use this path to jog.  Anthropogenic pressure in the form of local fisherman, joggers and 

bird watchers is increasing day by day here. 

 



30 
 

 
Figure 7 - Map of wetland behind NRI Complex 

 

5. Wetland adjacent to Delhi Public School (DPS) 

This wetland is adjacent to the Delhi Public School (19Á0ô21.68òN, 73Á1ô11.62òE, Figure 8) on 

Palm Beach Road, Seawoods. The wetland covered about 15 hectares area and is connected to 

the Kharghar creek by a small canal. It is surrounded by tar roads on three sides and school 

compound on the remaining other side. The water level of this wetland was also observed 

fluctuating as per the tidal cycles.  

 

A few bird species were observed foraging in small groups near the shallower part of the 

wetland, in late winter. A new Sagar Sangam Railway Station connecting Seawoods and Uran 

area is proposed approximately 500 metres from this wetland and the entire area is under various 

developmental schemes. 

 

 
Figure 8 - Map of wetland near Delhi Public School, Palm Beach road 
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6. Kharghar Creek 

This creek is located between Kharghar and Mansarovar railway stations on the Harbour 

Line (19Á 1ô48.76òN, 73Á 4ô45.46òE, Figure 9) and also can be reached via unpaved road 

from SinoïPanvel highway. The creek is nearly about 2-km long with dense mangroves on 

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

creek.  

 

Birds such as bee-eaters, mynas, starlings, warblers, prinias and bulbuls were seen using 

mangroves and associated plants for perching and foraging. Incidences of sand mining, 

illegal release of industrial effluents, and mangrove cuttings for road widening were 

observed. Because of the undergoing construction of a large flyover on SionïPanvel 

highway, access to the particular road is blocked since year 2015. 

 

 
Figure 9 - Map of Kharghar Creek 

 

7. Wetlands near Jasai and Dastan Phata 

Bird species were found congregating on two wetlands covering about 300 hectare area on either 

side of Panvel-JNPT road, and located between Jasai village and Dastan Phata of Uran tehsil 

(18Á55ô33.97òN, 73Á 0ô42.20òE, Figure 10). These wetlands are connected to the sea via small 

water channels, the flow of which is being controlled by the local people. 

 

A portion of this wetland adjacent to JNPT toll plaza is a marshy area where birds like storks, 

ducks and jacanas were seen regularly. In 2013, a bund was built in the wetland on the side of 

Belpada village which resulted in blocking the usual movement of water. Therefore, water could 

be seen here only during peak high tides; rest of 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 Sonari-Belpada 

villages (18Á54ô41.97òN, 72Á59ô43.29òE, Figure 11). This site is reachable from PanvelïJNPT 

road and is about 2ï3 km from Jasai village. The size of wetland is about 50 ha and it is located 

next to JNPT toll plaza. It is surrounded by grassy and shrubby area from three sides and the 

boundary wall of Speedy Services Ltd on the fourth side. Once  part of a coastal mudflat,  it is 

now  isolated from the sea and has become an inland wetland that gets completely dry in 

summer. 

 

In April 2013, the wetland dried up leaving few puddles of water and very few birds were seen 

here. After monsoon, the wetland was once gain full of water and birds like grebes, coots and 

ducks were seen here. In September 2014, a drainage outlet was constructed by the adjoining 

Speedy Company to remove the water from the wetland which was followed by a landfilling 

activity. This site was land filled in December 2014, losing its status completely. 
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Figure 11 - Map of wetlands of SonariïBelpada, Uran 

 

9. Wetland near PanjeïFunde, Uran 

This wetland is sandwiched between villages Dongri, Funde and Panje (18Á54ô3.04òN, 

72Á57ô1.86òE, Fig. 12). It is used by waders during high tides. The size of this wetland is of 100 

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

Mumbai.  

 

This wetland is situated 3 km from Nhava Sheva Police station and is easily accessible via tar 

road. The site was created as a SEZ in 2009, and a boundary wall was constructed around the 

wetland separating it from the shore. This wetland has less anthropogenic pressure due to which 

it has become a safe area for birds to forage and roost. 
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Figure 12 - Map of Panje-Funde wetland in Uran 

 

10. Kar nala Bird Sanctuary and Ransai forest 

Karnala Bird Sanctuary is located in Panvel Tehsil of Raigad district, (18Á53ô39.97òN, 73Á 

6ô57.50òE, Fig. 13). The size of the sanctuary is about 14.12 sq. km with the centre point at 

historic Karnala fort.  

 

Sanctuary is also approachable by road via MumbaiïGoa highway. We also covered Ransai, a 

recently included area in the sanctuary. 

  
 

11. Chirner forest 

A moist-deciduous forest patch sandwiched between Chirner village and Ransai Dam 

(18Á53ô4.43òN, 73Á 3ô22.50òE, Figure 14) was selected for survey. The site was found 

dominated by trees like Jamun Syzygium cumuni, Ber Zizipus jujuba, Banyan Ficus 

benghalensis, Teak Tectona grandis, Red Silk Cotton Bombax ceiba and Anjan Hardwickia 

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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Figure 13 - Map of Karnala Wildlife Sanctuary and Ransai forest 

 

 
Figure 14 ï Map of Chirner forest 
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12. MosareïPatnoli reserve forest   

A moist-deciduous forest patch of reserved forest located on top of a hillock between the Mosare 

and Patnoli villages (18Á57ô23.97òN, 73Á 5ô8.47òE, Figure 15) was selected to survey forest 

birds. Agricultural lands cultivated by people from nearby villages surround this hillock.  

 

The forest is of moist-deciduous type and represented by vegetation like Jamun Syzygium 

cumuni, Ber Zizipus jujuba, Banyan Ficus benghalensis, Teak Tectona grandis, Red Silk Cotton 

Bombax ceiba, Karanj Pongamia pinnata and Anjan Hardwickia binata. A plantation patch near 

a stream flowing from Mosare village is a communal roosting site for egrets, crows, parakeets, 

and herons. Each bird species was found roosting on separate trees.  

 

 
Figure 15 ï Map of Mosare forest 

 
Table 1 - Additional sites visited opportunistically 

Sr. 

No 

Site Sr. 

No 

Site 

1 Ajivali 19°00'24.3"N 73°09'09.5"E 11 Nere 19°00'52.0"N 73°10'14.9"E 
2 Chiple 19°00'23.6"N 73°09'09.7"E 12 Nerul 19°01'05.5"N 73°01'42.5"E 
3 Dahirghate 18°52'56.5"N 73°04'28.7"E 13 Nhava 18°57'48.3"N 72°59'06.5"E 
4 Dighade 18°54'18.4"N 73°02'41.7"E 14 Palaspe 18°57'31.7"N 73°07'51.1"E 
5 Dighati 18°49'43.1"N 73°03'09.7"E 15 Pali 18°59'25.7"N 73°10'53.1"E 
6 Diwale 19°00'47.5"N 73°02'16.4"E 16 Pargon 18°58'47.7"N 73°04'03.1"E 

7 Dongari 18°53'45.7"N 72°57'28.7"E 17 Ransaidam 18°53'36.5"N 73°04'08.8"E 
8 Kopar 18°59'07.1"N 73°04'59.3"E 18 Shedung 18°57'15.1"N 73°10'18.4"E 
9 MansarovarïKamothe 19°01'07.6"N 

73°04'48.2"E 

19 Tembhode 19°01'18.5"N 73°07'23.5"E 

10 Nanoshi 18°56'20.5"N 73°05'01.6"E 20 Ulve node 18°58'45.9"N 73°01'16.4"E 
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III)  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), Grimmett et 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 variation at various sites (Bibby et al. 2000, Urfi et al. 2005, Driscoll et al. 

2012). 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 were taken 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 in the following table.  

  
Table 2 - Summary of methodologies used for site wise data collection and analysis 

Sr. 

No. 

Name of site Habitat  Area in Ha 

Length in 

km 

Type of 

Count  

Frequency 

of survey 

Data usage 

1.  NMIA  Complex of 

wetland, 

grassland, 

paddy 

fields, 

mangrove 

and 

associated 

plants 

1160 

 

Total count of 

waterbirds 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

 

Monthly. 

During 

winter 

fortnightly 

 

 

Maximum count of 

the waterbirds 

during high tide 

day/month/season/ 

year for analysis 

 

Documentation of 

other bird species 

2.  Kalundre 

river and 

Panvel creek 

Wetland 50 Ha 

(Covered 

trail of 2km 

distance 

parallel to 

Panvel 

creek(during 

low tide) 

Walk for 1 

hour 

 

Monthly. 

During 

winter 

fortnightly 

 

Documentation of 

bird species, flock 

size of waterbirds, 

changes in 

landscape, see 

movement of birds 

from the site 

3.  TSC, Palm 

Beach Road  

Wetland  15 Ha Total count 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

 

Monthly. 

During 

winter 

fortnightly 

 

Maximum count of 

the 

day/month/season/ 

year for analysis 
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Sr. 

No. 

Name of site Habitat  Area in Ha 

Length in 

km 

Type of 

Count  

Frequency 

of survey 

Data usage 

4.  NRI colony, 

Nerul 

Wetland 20 Ha Total count 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

Monthly. 

During 

winter 

fortnightly 

 

Maximum count of 

the 

day/month/season/ 

year for analysis 

5.  DPS, Nerul Wetland  15 Ha Total 

count during 

high tide (2 

hours before 

and 2 hours 

after high 

tide) 

Monthl

y. 

During 

winter 

fortnightly 

 

Maximum 

count of the 

day/month/season/ 

year for analysis 

6.  Kharghar 

creek, Navi 

Mumbai 

Wetland 1.5 km trail 

along creek 

Walk for 1 

hour 

Monthly. 

During 

winter 

fortnightly 

 

Documentation of 

bird species, flock 

size of waterbirds, 

changes in 

landscape, 

movement of birds 

from the site 

7.  Jasai and 

Dastan 

Phata, Uran 

Wetland 300 Ha Total count 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

Monthly. 

During 

winter 

fortnightly 

 

Maximum count of 

the 

day/month/season/ 

year for analysis 

8.  Soanri-

Belpada, 

Uran 

Wetland 50 Ha Total count 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

Monthly. 

During 

winter 

fortnightly 

 

Maximum count of 

the 

day/month/season/ 

year for analysis 

9.  Panje-Funde, 

Uran 

Wetland 100 Ha Total count 

during high 

tide (2 hours 

before and 2 

hours after 

high tide) 

Monthly. 

During 

winter 

fortnightly 

 

Maximum count of 

the 

day/month/season/ 

year for analysis 

10.  Karnala Bird 

Sanctuary 

and Ransai 

Moist, 

deciduous 

forest 

2 km trail in 

each site 

Walk for 1 

hour 

Monthly. 

During 

winter 

fortnightly 

 

Documentation of 

bird species, count 

of threatened birds, 

breeding birds  
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Sr. 

No. 

Name of site Habitat  Area in Ha 

Length in 

km 

Type of 

Count  

Frequency 

of survey 

Data usage 

11.  Chirner, 

Uran 

Moist, 

deciduous 

forest 

2 km trail in 

each site 

Walk for 1 

hour 

Monthly 

 

Documentation of 

bird species, count 

of threatened birds, 

breeding birds  

12.  Mosare-

Patnoli 

Moist, 

deciduous 

forest 

3 km trail in 

each site 

Walk for 1.5 

hour 

Monthly 

 

Documentation of 

bird species, count 

of threatened birds; 

breeding birds; tree 

roosting birds 

 

Time management for the team ï One project scientist and two research fellows 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 member from the 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, analysing the available data and compilation of the reports. Submission of tri-monthly 

reports was a mandate for the 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  ï Total count method was used to count congregating water birds and waders. 

A suitable vantage point was located 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 

colors of 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 (Bibby et al. 2000). Variation in bird count in major five wetlands (TSC, 

NRI, Panje-Funde (Uran), NMIA, Belpada) given separately.  

 

Count taken at tree roosting sites ï Birds were counted in evening while arriving at their 

roosting sites (mentioned in following table). The birds were seen moving a 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 

seasonally once and highest count has been provided in the report.  

 
Table 3 - List of sites where tree roosting birds were seen 

 

Sr. 

No. 

Name of site Sr. 

No. 

Name of site 

1.  CIDCO garden, New Panvel 6 Vashi creek 

2.  Panchshil Rest House, Belapur 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 ï 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 congregating. Counts of waterbirds were carried out during daytime and high tide, 

when most birds congregate at communal roosts along the shoreline (Koffiberg et al. 2003). Tide 

dependent studies were graphically (bar graph) represented by comparing the fluctuation in bird 

populations at the shore and inland wetlands at 30 minute intervals. To study the movements of 

congregatory threatened bird species such as Lesser Flamingo Phoeniconaias minor and 

Eurasian Curlew Numenius arquata, we positioned two sets of observers 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 during low tide). A multivariate line graph was 

constructed with three variables ï tide time, tide level and bird count ï to show the variation in 

number of birds between the two sites during changing tide.  

 

Surveys in low tide areas ï 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 areas (Driscoll et al. 2012, Lewis & Tierney 2014). 

 

Preparation of maps showing mass movement of birds ï 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 towards their 

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 hundreds and thousands of 

shore birds seen flying. While, tree roosting birds were seen flying towards their roosts in the 

evening and from roosts to major foraging sites in the morning.  

 

Bird hazard issue using bird samples from different airfields ï To understand type species 

posing bird hazard issue in various habitats, bird aircraft strike data was compiled by analysing 

bird strike samples received from 35 airfields all over India (figure 29). A total of 292 samples of 

bird remnants received during 1998ï2012 were identified. Data was graphically represented with 

the help of Microsoft Excel 2010. Maps were plotted on Google Earth and Tableau Public 

software. We segregated the samples in eight biogeographic zones of the country such as 

Himalaya, NorthïEast, NorthïWest Desert and Arid, Western Ghats, Gangetic plains, Deccan 

Peninsula (Central), Deccan Peninsula (South), Coast. Data was analysed for year wise, month 

wise, species wise, season wise samples received. Based on data analysed top five regions facing 

bird hazard issues were plotted on map. Literature review has been done to understand the 

wildlife/bird hazard management issues and remedial measures to avoid this in all over the world 

as well as India.  

 

Analysis of data ï Graphs were prepared by analysing data with the help of MS Excel. Monthly 

variation was represented by taking the total highest count of the birds in study area from the 

particular day or month. Seasonal variation was discerned by categorizing the year into three 

seasonsï summer (MarchïMay), monsoon (JuneïAugust) and winter (DecemberïFebruary) 

October and November is postïmonsoon. Proportion of seasonal variation was drawn up by 

using percentage bar graphs.  
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Species wise counts ï Total 14 Threatened and Near Threatened species of birds are discussed 

in detail separately. Under seasonal variation we have discussed in detail 15 species of 

congregating water bird counted during 2012 to 2017 (Calbrade et al. 2010). An account of 27 

species of birds breeding in the study area has been given, out of which 10 species which were 

seen breeding regularly have been discussed in detail.  

 

Discussion ï 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 airport operations. 

Recommendations provided for operational site of airport and separately for 10 km radius area. 

Three sites (wetlands behind TSC, NRI and Panje-Funde) away from landing and take-off have 

been proposed near seashore for protection of high tide roosting habitat for congregatory birds 

for long term conservation. 
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IV)  RESULTS AND DISCUSSIONS 
 

4.1) Threatened and near threatened birds found in study area 
As per various criteria laid down by IUCN (International Union for Conservation of 

Nature), each year bird species is included under one of the following categories.   

1. Extinct (EX) ïA taxon is Extinct when there is no reasonable doubt that the last 

individual has died.  

2. Extinct in the wild (EW) ï 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.  

3. Critically Endangered (CR) ï A taxon is Critically Endangered when the best available 

evidence indicates that it meets criteria for Critically Endangered, therefore considered to 

be facing an extremely high risk of extinction in the wild. 

4. Endangered (EN) ï A taxon is an Endangered when the best available evidence indicates 

that the species is facing a very high risk of extinction in the wild. 

5. Vulnerable (VU) ï A taxon is Vulnerable when the best available evidence indicates the 

species is facing a high risk of extinction in the wild.  

6. Near threatened (NT) ï A taxon is Near Threatened when it 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. 

7. Least Concern (LC) ï A taxon is Least 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. 

8. Data Deficient (DD) ï A taxon is Data Deficient 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.  

9. Not Evaluated (NE) ï A taxon is Not Evaluated when it is has not yet been evaluated 

against any above mentioned criteria. 

 

We recorded 14 Threatened species (2ïEndangered, 4ïVulnerable and 8ï Near Threatened 

species) as mentioned below. The Threatened and Near Threatened species have been discussed 

in detail in annex I.  

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

Sr. No. Common Name Scientific name IUCN 

status 

Wildlife 

(Protection) 

Act, 1972 

status 

1.  Steppe Eagle Aquila nipalensis EN I 

2.  Great Knot Calidris tenuirostris EN IV  

3.  Indian Skimmer Rynchops albicollis VU IV  

4.  Greater Spotted Eagle Clanga clanga VU I 

5.  Indian Spotted Eagle Clanga hastata VU I 

6.  Woollyïnecked Stork Ciconia episcopus VU IV  
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Sr. No. Common Name Scientific name IUCN 

status 

Wildlife 

(Protection) 

Act, 1972 

status 

7.  Alexandrine Parakeet Psittacula eupatria NT IV  

8.  Pallid Harrier Circus macrourus NT I 

9.  Lesser Flamingo Phoeniconaias minor NT I 

10.  Blackïheaded Ibis Threskiornis melanocephalus NT IV  

11.  Painted Stork Mycteria leucocephala NT IV  

12.  Blackïtailed Godwit Limosa limosa NT IV  

13.  Eurasian Curlew Numenius arquata NT IV  

14.  Curlew Sandpiper  Calidris ferruginea NT IV  

 

Bird diversity found in study area 
During this study (2012ï2017) we had recorded 287 species of birds belonging to 56 families, 

among which 93 were migratory and 194 were resident species. A comprehensive checklist of 

birds found in study area was given in annex IV. 

 

Seasonal changes in the count of 15 congregating birds in the study area during the study period 

had been provided in annex II while a note on the breeding birds in the study area has been given 

in annex III.  

 

 
Image 4 - Near Threatened Lesser Flamingo found in study area  
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4.2) Bird count variation at five major wetlands 
A) TSC wetland 

A large number of birds were recorded predominantly during late winter and summer 

(Figure 16, 17) which suggests that the site is a stopïover resting site for birds before 

they resume their migratory trail. 

 

 
Figure 16 - Monthly variation in bird count at TSC wetland from 2012ï2016 

 

 
 

Figure 17 - Proportion of seasonal variation of bird count at TSC wetland from 2012ï2016 
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B) NRI wetland 

This wetland is similar to the TSC wetland where there are a large number of over-wintering 

birds which use this inland wetland as a stop-over site before resuming their migratory trail (See 

figures 18 and 19). 

 

 
Figure 18 - Monthly variation in bird count at NRI wetland from 2012ï2016 

 

 
Figure 19 - Proportion of seasonal variation of birds at NRI wetland from 2012ï2016 

0

2000

4000

6000

8000

10000

12000

14000

16000

Jan Feb March April May June July Aug Sept Oct Nov Dec

T
o
ta

l 
n
u
m

b
e

r 
o
f 

b
ir
d
s

Month

2012

2013

2014

2015

2016

7260 4772

10240

10,232

8564

53
277

4400

6562

262
8020 4576

450

15,236

4032

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2012 2013 2014 2015 2016

P
ro

p
o

rt
io

n
 o

f 
b

ir
d

s

summer monsoon winter



46 
 

 

C) Navi Mumbai International Airport  ï proposed site 

Data collected over the past 5 years here clearly show that the area is an important wetland for 

wintering and overïwintering birds. In 2016, we recorded total 1200 congregatory birds at this 

site (See Figures 20 and 21). 

 

 
Figure 20 - Monthly variation in bird count at NMIA proposed site wetland from 2012ï2016 

 

 
Figure 21 - Proportion of seasonal variation of birds at NMIA proposed site from 2012ï2016 
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D) Belpada wetland 

This wetland had number of wintering birds in between 2012ï2014. It was an important breeding 

ground for many birds. In 2014 land filling activities were underway and by 2015 the site lost its 

status of wetland. There were very few birds recorded during 2015ï2016. Temporary water 

bodies formed in Belpada (site where wetland existed) during the monsoon resulted in pools and 

were visited by few birds during this period from 2015ï2016 (for details please see Figures 22 

and 23). 

 
Figure 22 - Monthly variation in bird count at Belpada wetland from 2012ï2016 

 

 
Figure 23 - Proportion of seasonal variation of birds at Belpada wetland from 2012ï2016 
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E) Panje-Funde wetland, Uran  

It is the largest of all surveyed wetlands. It comprises the Panje and Funde areas and receives 

many congregatory birds in thousands and sometimes around 1, 00,000 birds, especially during 

the winter months.  For seasonal variation please see Figures 24 and 25.  

 

 
Figure 24 - Monthly variation in bird count at Uran wetland from 2014ï2016 

 

 
Figure 25- Proportion of seasonal variation of birds at Uran wetland from 2012ï2016 
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4.3) Communal roosting birds 
 

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

1. Mosare Forest 

A detailed account of the species composition and count was taken in June 2014, followed by 

seasonal counts while mean count has been considered in the table. The Indian Jungle Crow 

Corvus [macrorhynchos] culminatus was the first one to enter the roost at about 6:00 pm 

followed by the Rose-ringed Parakeets Psittacula krameri and the Egrets were seen coming even 

after 7:00 p.m. The birds were seen flying from the west to east while entering the roost. Rose-

ringed Parakeet Psittacula krameri, Indian Jungle Crow Corvus [macrorhynchos] culminatus, 

House Crow Corvus splendens, Black-crowned Night-heron Nycticorax nycticorax, Laughing 

Dove Spilopelia senegalensis and a mixed group of Egrets were seen roosting in large numbers 

here. About 500 Eastern Cattle Egrets Bubulcus coromandus, Intermediate Egret Egretta 

intermedia, about 50 Great Egrets Egretta alba and over 50 Black-crowned Nightïherons 

Nycticorax nycticorax were seen in a communal roost. About 20 individuals of Laughing Dove 

Streptopelia senegalensis were seen in low height bushes next tothe ground level. House Crows 

Corvus splendens typically gathered on the power transmission wires and then entered the roost 

on top. Egrets were seen coming in from approximately 6:15 p.m until 7:45 p.m. and later. The 

birds were seen approaching from west to east while entering the roost. In morning these birds 

were seen flying in all directions, especially towards mangrove areas. 

 

2. CIDCO Garden 

About 1,000 House Crows Corvus splendens, 45 Indian Jungle Crows Corvus [macrorhynchos] 

culminatus, approximately 1,000 Common Mynas Acridotheres tristis, 100 Asian Pied Starling 

Gracupica contra, 30 Indian Pond-herons Ardeola grayii, 100 Indian Shags Phalacrocorax 

fuscicollis and 100 Eastern Cattle Egrets Bubulcus coromandus were seen roosting on the trees in 

CIDCO Garden at Sector 9, Khanda Colony, Navi Mumbai. Indian Shag Phalacrocorax 

fuscicollis was seen arriving between 5:00 p.m. and 6:00 p.m. followed by Common Myna 

Acridotheres tristis. Eastern Cattle Egret Bubulcus coromandus and Indian Pond-heron Ardeola 

grayii were seen arriving 6:00 p.m. onwards until dark. Crows were seen moving in all directions 

in the mornings for foraging on food wastes, garbage dumps, seashore, forest areas.  

 
 

3. Panchshil Rest House, Belapur 

About 1,000 to 1,200 House Crows Corvus splendens were sen roosting all over the Parsik Hill 

area of Belapur regularly. Crows can be seen roosting on trees as well as on rooftops of 

buildings. Flocks of 30ï40 individuals were seen travelling from west to east. About 700 Indian 

Shags Phalacrocorax fuscicollis, 50 Indian Pond-herons Ardeola grayii, 30 Eastern Cattle Egret 

Bubulcus coromandus were seen on a Gulmohar tree Delonix regia at Panchshil Rest House, 

Belapur (Navi Mumbai). Indian Shags were seen in the groups of 10ï50 individuals, flying from 

the mangroves at the proposed site of NMIA and moving towards Kamothe, Khargharand the 

Panchshil Rest House site. In the morning, the shags were seen flying back to the mangroves 

towards the seashore on the west of the proposed site of NMIA. 
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4. Panvel Railway Station area 

Total 180 Indian Shag Phalacrocorax fuscicollis, and Eastern Cattle Egret Bubulcus coromandus 

roosting and nesting, scattered over a large area in Sector 16, New Panvel near Panvel Railway 

Station. 

 
 

 
Figure 26 - Movement pattern of birds from tree roosting areas to foraging areas (black lines) 

 

5. Panvel Rest House 

Total 50 Indian Shag Phalacrocorax fuscicollis, Eastern Cattle Egret Bubulcus 

coromandusroosting and nesting on large trees opposite to Panvel Rest house. 

 

6. Vashi Creek area 

Bird species like Asian Pied Starling Gracupica contra, Common Myna Acridotheres tristis, and 

House Crow Corvus splendens were seen roosting in mangroves spread across Vashi station to 

creek where we could not get the bird count because of inaccessibility. About 150 Black Kites 

Milvus migrans migrans/govinda were seen roosting in the evening on power lines running 

parallel to Vashi Bridge. 

 

7. Kamothe area 

About 1500 House Sparrow Passer domesticus were seen roosting in groups of 300ï400 

individuals in various areas in Kamothe node during winter season. Sparrows were seen shifting 

their roosting trees within Kamothe area. 

 

8. Chowk village near Morbe dam 

Though this site was outside the 10 km radius area of NMIA, it has been included here since bird 

species such as 30 Eastern Cattle Egret Bubulcus coromandus, 50 Indian Shag Phalacrocorax 

fuscicollis, 15 Little Cormorant Phalacrocorax niger, 15 Indian Black Ibis Pseudibis papillosa 
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and 70 House Crow Corvus splendens were seen roosting at the site in the evening and moving 

to the proposed NMIA in the morning. 

 

9. NMIA site  

We observed 500 Black-headed Bunting Emberiza melanocephala and 700 óIndianô Baya 

Weaver Ploceus philippinus were observed roosting in mangrove at this site in winter season. 

Around 300 Rosy Starling Pastor roseus were seen roosting occasionally during October (early 

winter) and late winter (February) period. Sometimes around 100 House Crow Corvus splendens 

were also seen roosting along with otherspecies. Thirty to forty Grey Heron Ardea cinerea were 

seen roosting on power line tower near Khandeshwar railway station. 
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Table 5 - Roosting sites of birds in study area 

Sr. 

No. 

Species  Site Number 

of birds  

Season 

1. Rose-ringed Parakeet Psittacula 

krameri 

Mosare 150 Regularly 

2. Indian Jungle Crow 

Corvus[macrorhynchos]  

culminates 

Mosare 150 ï 

All the 

seasons 

3. Eastern Cattle Egret Bubulcus 

coromandus 

Mosare 500 Regularly 

  Panchshil Rest House 50 Regularly 

  CDICO garden (Khanda Colony) 65 Regularly 

  Chowk, near Panvel 30 Regularly 

4. Black-crowned Nightïheron 

Nycticorax nycticorax 

Mosare 30 Regularly 

5. Common Myna Acridotheres 

tristis 

CDICO garden ( Khanda 

Colony) 

1000 Regularly 

6. Asian Pied Starling Gracupica 

contra 

CDICO garden ( Khanda 

Colony) 

100 Regularly 

7. Indian Shag Phalacrocorax  

fuscicollis 

Panchshil Rest house, Belapur 700 Monsoon 

  Sector 16 near Panvel station 180 Monsoon 

  Panvel Rest House 50 Monsoon 

  Chowk (outside 10km radius) 50 Monsoon 

8. Indian Black Ibis Pseudibis 

papillosa 

Chowk (outside 10 km radius) 15 Monsoon 

9. Little Cormorant 

Phalacrocorax niger 

Panchshil Rest house, Belapur 35 Monsoon 

  Chowk, near Panvel 15 Monsoon 

10. Rosy Starling Pastor  roseus Mangroves at Kharghar creek, 

Panvel Creek, Nhava Sheva 

300 at 

each 

place 

Winter 

11. Black-headed Bunting 

Emberiza melanocephalus 

Pargao (the proposed NMIA site) 500 Winter 

12. Baya Weaver Ploceus 

philippinus 

Pargao (the proposed NMIA site) 700 Winter 

13. Red-wattled Lapwing Vanellus 

indicus 

Belpada 40 Regularly 

14. Black Kite Milvus migrans 

migrans/govinda 

Belpada day roost 200 Summer 

  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 birds were observed using different sites in different seasons. Tidal 

cycles of the sea and water levels in the wetlands were found to be influence the seasonal 

variations in species abundance at the roosting and foraging sites. Roosting sites such as 

wetlands near NRI, the proposed NMIA site, Sonari-Belpada and TSC wetland and adjoining 

mangroves hold considerable count of birds in the study area.These roosting sites are located 

near the major foraging sites such as seashores and creeks (maps showing movement of birds). 

Thousands of waders and water birds were seen moving in flocks across the sites, and towards 

open creeks and mudflats on the seashore to forage (Please see Figure 27 for movement of 

birds).  

 

Bird species like Lesser Flamingo Phoeniconaias minor, Lesser Sand Plover Charadrius 

mongolus Greater Sand Plover Charadrius leschenaultia, Grey Plover Pluvialis squatarola, 

Eurasian Curlew Numenius arquata, Common Redshank Tringa totanus, Little stint Ereunetes 

minutus were seen roosting during high tide and waiting until the mudflat at the seashore got 

exposed. It was observed that bird congregation occurs usually in shallow water, and the count of 

the congregating birds in different roosting areas changes annually. For example, due to low 

rainfall in monsoon 2012, wader count was seen very less in year 2013 as compared to 2012 and 

2014. In 2014 we have seen sudden increase in count of Lesser Flamingo, especially juveniles, 

which indicated that there has been a good season at its breeding sites. The month of April 

usually attracts a high congregation of waders. 

 

 
Figure 27- Map showing represenatative flight path of birds using at highïtide (left) and lowïtide (right ) 
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Table 6: Conditions influencing the sighting of birds at inland wetlands 

Season 

Tide 

Level Water level  

Congregatory birds  

NRI and TSC Panje 

Early Winter 

(Octoberï

December) 

 

 

 

 

High 

High Terns, Gulls Terns, Gulls, Flamingo 

Moderate Terns, Gulls, Flamingo Terns, Gulls, Flamingo 

Low 

All Birds including 

waders 

All Birds including 

waders 

Low 

High 

Cormorants, Egrets, 

Herons 

Cormorants, Egrets, 

Herons 

Moderate No birds No birds 

Low No birds No birds 

Late Winter 

(Januaryï

March) 

 

 

 

 

High 

High Terns, Gulls Terns, Gulls, Flamingo 

Moderate Terns, Gulls, Flamingo Terns, Gulls, Flamingo 

Low 

All Birds including 

waders 

All Birds including 

waders 

Low 

High 

Cormorants, Egrets, 

Herons 

Cormorants, Egrets, 

Herons 

Moderate No birds No birds 

Low No birds No birds 

Summer 
High 

High Terns, Gulls No birds 

Moderate Terns, Gulls, Flamingo No birds 

Low 

All Birds including 

waders Small Waders 

Low 

High 

Cormorants, Egrets, 

Herons No birds 

Moderate No birds No birds 

Low No birds No birds 

Monsoon 
High 

High Flamingo No birds 

Moderate Flamingo No birds 

Low Flamingo No birds 

Low 

High 

Cormorants, Egrets, 

Herons No birds 

Moderate No birds No birds 

Low No birds No birds 

 

Note regarding water levels 
Highï >12ò,   Moderate: 6ï12ò, Low 2ï6ò  
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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 Flamingo Phoeniconaias minor, Lesser Sand Plover 

Charadrius mongolus, Greater Sand Plover Charadrius leschenaultia, Grey Plover Pluvialis 

squatarola, Eurasian Curlew Numenius arquata, Common Redshank Tringa totanus, and Little 

Stint Ereunetes minutus at the high tide roosting sites. 

 

Birds were seen moving in flocks from these roosting sites to open creeks and mudflats of the 

seashore in order to forage during low tide and roosti mainly during high tide (see tide dependent 

variation in high tide roost count in Figure 28). 

 

 
Figure 28 - Total count of shorebirds in TSC and NRI wetlands in a day 

 

 
 

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 annual monitoring, 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 birds (Figure 29). This correlates with the 

previous observations of the study where a 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 site as stopover purpose. Bird congregations were 

usually observed in shallow water, and the count of the congregating birds in different roosting 

areas fluctuated annually. In 2014, a sudden increase was recorded in count of Lesser Flamingo 

Phoeniconaias minor, especially juveniles indicating a possible successful breeding season.  

 

We saw decreasing count of birds at high tide roosting sites 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 wetlands during high tide; birds were seen arriving at roosting sites from foraging 

areas. This movement can be clearly seen while monitoring the movements of the Lesser 

Flamingo and Eurasian Curlew Numenius arquata simultaneously at the shore and inland 

wetland areas (Figure 30 and 31). 

 

We observed Lesser Flamingo Phoeniconaias minor in large flocks of about 6,000ï7,000 

individuals foraging on the seashore alongside the NRI and TSC wetland mainly during the 

latewinter and the summer of 2013. Eurasian curlew were seen in groups of 2 to 15 individuals 

foraging on the seashore during the low tide and roosting in the flocks of 100ï150 individuals at 

wetland behind NRI complex during high tide.  

 

In summary, we can say that in the study area, huge 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 within the seascape-landscape (Please see Figure 32 for 

further details). 

 

 



57 
 

 
Figure 30 - The tide dependent movement of Lesser Flamingo in May 2012 

 

 
Figure 31 - Tide dependent movements of Eurasian curlew in January 2013 
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Figure 32 ï Graph showing summary of monthly and yearly fluctuations in bird count across the  

selected five wetlands in study area 
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4.5) Bird -aircraft strike data analysis 
Enclosed in this report are earlier studies by BNHS on 35 airfields. Military as well as 

civil airfields situated all over India have been considered in this analysis. Samples of 

bird collisions were received from 35 airfields with a majority from Gwalior, Bidar, 

Nagpur, Hyderabad, Secunderabad, Hasimara, Jalpaiguri, 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 Tambaram (Figure 33). 

 

 
Figure 33ï PanïIndia locations of airfields from where bird strike samples received 

 

Data of bird strikes sent to BNHS by various airfields in India during 1997ï2000 was published 

(Mathews et al. 2003) in an International Bird Strike Committee, Warsaw (IBSC26). Records of 

bird samples sent for identification from the year 2000 onwards to the BNHS Collections 

department were compiled in an excel sheet.   

 

Samples of bird remnants received were identified using BNHS bird strike database. Initially, 

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 feathers were size, pattern and colour. 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 

species level. The 292 samples received between 1998 and 2012 were accurately identified to be 

from 53 bird species and two bat species. 

 

Data analysis 

Samples were analysed and graphically represented with the help of Microsoft Excel 2010.  

Maps were plotted on Google Earth and Tableau Public software. Data was categorized and 

graphically represented into years and months of samples received, seasons (summer:March to 

May; monsoon:June to September; winter:October to February), species, habitat and geographic 

zones (for details see table number 5 as given below).  

 
Table 7 - Biogeographic zones considered for data analysis 

Sr. No. ZONE PLACES 

1 Himalaya Srinagar 

2 Northeast Chabua, Hasimara, Jalpaiguri, Tezpur 

3 Northwest Desert and arid 
Barmer, Bhatinda, Jaisalmer, Jalandhar, 

Jodhpur, Suratgarh, Halwara, 

4 Western Ghats Dabolim, Nashik, Pune 

5 GangeticPlains 
Agra, Ambala, Bareily, Delhi, Gorakhpur, 

Hindon, Lucknow, Patna, 

6 Deccan Peninsula (Central) 
Gwalior, Bidar, Nagpur, Hyderabad, 

Secunderabad 

7 Deccan Peninsula (South) Bengaluru, Coimbatore, 

8 Coast 
Tambaram, Bhubaneshwar, Mumbai, 

Jamnagar, Naliya 
 

Year-wise variations in bird strike samples received 

Variation in the number of bird strikes samples received over 14 years indicates that bird hazard 

issue is dependent on many factors and there is no clear pattern in it (Figure 34). We received 43 

samples in 1998 and only three in 2012 since almost all aerodromes have assigned special human 

resource/officers for conducting their own bird studies as per the guidelines of Airport Authority 

of India (AAI). 

 

Owing to the availability of good cameras and deployment of special monitoring teams, most of 

the remnants received were identified at the airfields itself by the airfield authorities. Majority of 

the bird strike samples were received from five sites namely Bidar, Jodhpur, Bengaluru, Mumbai 

and Jamnagar (Figure 35). 
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Figure 34 ï Number of bird strikes reported yearly from 1998ï2012 

 

 
Figure 35ï Based on sample data top 5 airstrike regions in India  (Bangalore is known as Bengaluru now) 
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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 October, November and 

January (Figure 36).  The monsoon season (Figure 37) clearly shows more number of avian 

strikes. This could be probably due to the breeding season of birds and ideal conditions available 

to them in the form of open fields near runways.  

 

Species-wise variations in bird strike samples received 

Total of 292 samples were received and we could identify they belonged to 53 species of birds. 

Out of them, 11 species were seen commonly involved in bird strikes (Figure 38). The Black 

Kite Milvus migrans migrans/govinda topped the list followed by the Blue Rock Pigeon 

Columba livia and the Redïrumped Swallow Cecropis daurica.   

 

 
Figure 36 ï Month-wise number of bird strike samples received from 1998ï2012 
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Figure 37 ï Seasonal variations in bird strike samples received 

 

 

 

Figure 38 ï Top 11 bird species samples received  
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Biogeographic zone-wise variations in bird strike samples received 

 The 35 airfields were divided into 8 biogeographic zones in which the North-West 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 (Figure 39). A high number of bird samples under species-wise category received from 

the top three zones are shown in Figures 40, 41 and 42.  

 

Variations in bird strike samples received from various groups 

Figure 43 shows that threats are from almost all types of birds such as ground-nesting 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 possible preventive measures from the 

beginning of the construction. 

 

 

 
Figure 39 ï Biogeographic zone variations in number of samples received from all airfields 
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Figure 40ï Samples of the species received from the North-West Desert and SemiïArid zone 

 

 
Figure 41 ï Samples of the species received from the Coastal zone 

0

5

10

15

20

25

30

N
u

m
b

e
r 

o
f 

b
ir
d

 s
tr

ik
e

 s
a

m
p

le
s 

re
c
e

iv
e

d

Species

0

1

2

3

4

5

6

N
u

m
b

e
r 

o
f 

b
ir
d

 s
tr

ik
e

 s
a

m
p

le
s 

re
c
e

iv
e

d

Species



66 
 

 

 
Figure 42 ï Samples of the species received from the Central Deccan Peninsula 

 

 
Figure 43 ï Group-wise birds commonly involved in bird strike incidences 
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V) RECOMMENDATIONS 
After reviewing the available literature and using bird strike sample 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 of bird strike, we would have to come up with site-specific solutions for 

NMIA, which calls for further surveys and research in the proposed airport area. The current 

study has been conducted during pre-construction phase of the proposed airport and associated 

developmental activities. There is a need to conduct such a study during the 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 time, additional areas away from flight landing and take-off zones need to be 

developed as bird-friendly areas. Since a majority of migratory birds have strong site fidelity, 

they will continue to come to the areas proposed for airport only to find no suitable habitat is left 

and that, in fact, will enhance bird strike risk. Thus development and protection of other suitable 

sites (mudflats) and first 5 years of rigorous monitoring (of the airport, once it is operational, and 

also of the areas being developed as alternate habitats) will help us understand occupancy pattern 

of the newly developed sites and how the migratory birds are responding to the altered or 

changing seascape/landscape habitats of the airport. 

 

2) Cautions to be taken during  high tide timing  
Our study indicates that there is significant bird 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 sites to feed and rest. On an average we counted around 40,000ς50,000 birds in a single 

day during winter season. One particular day, the maximum numbers of birds counted were 

about 1,00,000; therefore considering the large numbers of birds and their local movement, we 

advise the NMIA authority to exercise caution during high tides, particularly in the months of 

October-November and March-April.      
 

3) Measures to be taken to avoid movement of birds in the proposed airport area 
To address the bird hazard issue effectively, a knowledge of the migratory and resident birds and 

their movement is very important. Thus bird hazard mitigation measures could be divided into 

two categories: bird hit prevention methods and habitat development to address the bird hazard 

issue at the proposed airport area, which are elaborated hereunder.  
 

4) Specific Measures 

Part I: bird hit prevention methods to be adopted at proposed airport site 
Ecological method for long-term prevention of the risk, wherein most of the measures are of 

general use, could be considered as the first step. Following are the few measures that could be 

taken up at the airport site and its surrounding areas.  

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

birds 

2. Regulations to prevent feeding pigeons in the vicinity of the airport  

3. Barb wires and metal spikes to prevent nesting of birds like pigeons in the airport premises  
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4. Strict regulation against landïfilling activities, especially at important high-tide roosting 

sites of birds  

5. Distress calls/emergency calls/noise generators, played either via a fixed station or mobile 

units along the runways 

6. Use of flashlights to scare roosting birds on runways during night time 

7. Restriction of trees and shrubs in the airport vicinity:  Section 9ïA of Indian Aircraft (1934) 

empowers the Central 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. Apart from this, the International Airports Authority of India (IAAI) actively helps in 

bird hazard prevention measures. 

8. Monitoring the study area for a long period of time during construction as well as 

operational periods of NMIA using preïconstruction baseline study 

9. Additional site-specific prevention measures once construction is completed and more inputs 

are received on bird movement due to altered landscape/seascape.  
  

Part II: Adjacent areas 
Conservation of high tide roosting sites 

Though the current study provides trends, longïterm monitoring with focussed study on bird 

occupancy and movement in the potential impact area is vital. This assumes great significance 

since few wetlands like in the Uran area are being landfilled and many are being degraded, 

causing large scale coastal sqeez along the eastern sea front of Mumbai in the context of coastal 

birds (See Figure 44 and Figure 45). Because of large scale developmental projects, a majority of 

the coastal wetlands have already been landfilled and very few places are left for the roosting of 

waders in Navi Mumbai and adjoining areas. 

 

 
Figure 44 - Map showing proposed development in Mumbai and Navi Mumbai area around proposed NMIA 
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We have provided time series google earth images of Uran area from 2003 to 2017 to show how 

wetlands have been vanishing from the study area (See Figure 45). This may be a cause for the 

increase in bird counts over the years at the remaining wetlands. It is important to provide 

protection to such sites in a rapidly changing landscape of a metropolitan city like Mumbai.  This 

is resulting in birds increasingly congregating in large numbers in smaller areas. The bird 

movement patterns will continue to be erratic until we ensure strong protection and habitat 

improvement measures at the sites suggested in the report. From air safety point-of-view, such 

measures will be most crucial since a majority of migratory birds exhibit strong site fidelity.  
 

  

2003 2007 

  
2016 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 to understand site fidelity among the wintering waders was 

carried out at Chilika in Odisha during 2000ï2005 (Balachandran et al. 2005). The study revealed the 

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 see table number 8 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 of the paucity of a suitable roosting site, forcing 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. 

Some of 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 (Balachandran et al. 2005). 

Ring No.  Species Name  
Date of 

Ringing  

Date of 

Recapture  
Time interval  

A 147032  Little Stint  09ï03ï02  09ï03ï03  0 day  

AB150624  Lesser Sand Plover  25.02.03  26.02.05  + 1 day  

AB 149995  Lesser Sand Plover  08ï02ï02  07ï02ï03  ï 1 day  

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  ï 2 days  

AB 150183  Curlew Sandpiper  16.03.03  14.03.04  ï 2 days  

AB121451  Lesser Sand Plover  24.12.02  18.12.04  ï 6 days  

AB 149928  Curlew Sandpiper  18.12.01  04.12.03  ï 14 days  

AB 141979  Curlew Sandpiper  28.03.02  11.03.04  ï 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 day-roost choice is affected by its distance from the feeding area and 

other microclimate factors (Rogers et al. 2006). At Roebuck Bay in Australia, study showed that 

birds selected day roosts closer to the feeding areas, but for the night roost, they opted for distant 

sites (Rogers et al. 2006). Similarly, there was an assessment of the effects of human 

development on the roosting behaviour of water birds in Cardiff Bay, 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 observed that through communal 

roosting, birds benefit by increased ability to spot approaching predators and opportunity to 

explore new feeding areas (Donald & Clark 1991b).  

 

Secure roosts are essential for wading birds and wildfowl. It would be interesting to study the 

longïterm impact of rapidly changing environment on the birds in the study area and correlate it 

with the status of birds in their breeding grounds. It will provide an idea about how a particular 

species is doing at the local as well as global level. Such a study would 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 that there is a need to give a protected status to some of the 

wetlands of Mumbai and Navi Mumbai. Along with Sewri in Mumbai, the following important 

areas (mudflat, mangroves and seashore as shown in Figure 46 and table 9) from southern 

Mumbai, where thousands of flamingo and waders visit every year, can be protected. 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 centre point Size of the area in Ha 

1.  Mahul-Sewri Zone 19° 0'0.57"N  72°52'33.58"E 559 ha mudflat core area and 

179 ha buffer area 

(excluding proposed MTHL 

areas) 

2.  Thane Creek eastern 

part 

19° 6'48.29"N  72°58'38.73"E 424 ha mudflat and 697 ha of 

buffer area 

3 TSC-NRI wetlands of 

Palm Beach Road, 

Navi Mumbai 

1) TSC site - 19Á0ô56.92òN, 

73Á0ô19.33òE 

2) NRI site - 19Á 0ô18.02òN, 

73Á 0ô43.68òE 

682 ha of foraging area and 

11.2 ha of roosting area of 

TSC wetland and 18.12 ha 

roosting area of NRI wetland 

4 Panje-Funde Zone, 

Uran 

18Á54ô3.04òN, 72Á57ô1.86òE 56.9 ha of foraging area at 

seashore and 166 ha of 

roosting area 

 

  
Figure 46 - Map showing four sites of proposed Flamingo Sanctuary in Mumbai and Navi Mumbai area 

 

The proposed conservation sites consist of two parts of which the core areas are mudflats while 

the buffer areas are primarily mangroves: 

1. Mahul-Sewri Zone ï Major foraging grounds for flamingos. Please see Figure 47 for 

further details. The proposed conservation site at this zone consists of two parts, the core 

area consists of mudflat while buffer areas are primarily mangroves (559 ha core area and 

179 ha buffer area, excluding proposed MTHL areas) 
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2. Thane Creek eastern part ï Core area of 424 ha is mudflat and 697 ha of buffer area is 

mangroves (Figure 48). This site is about ~11 km from the proposed airport (as the crow 

flies) and the western part of this creek is already part of the Thane Creek Flamingo 

Sanctuary; therefore, the eastern areas should be surveyed and explored for further 

protection and habitat improvement. 

3. TSCïNRI wetlands of Palm Beach Road, Navi Mumbai ï The proposed conservation site 

consist of two parts of which the core area consists of mudflat while buffer areas are 

primarily mangroves: TSC-NRI wetlands of Palm 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 568 ha and it is an important rest and roost 

habitat for waterbirds including flamingos during high tide. See Figure 49. It is ~6 km in 

aerial distance from the upcoming airport.   

4. Panje-Funde Zone ï Core area of 213 ha consists of foraging area at seashore and 

roosting area and the buffer area of 157 ha primarily consists of mangroves, which forms 

the rest and roost habitat for waders and other waterbirds (Figure 50). Since this site is 

about ~17 km from the proposed airport (as the crow flies) it can be a perfect site for the 

protection of birds. Some part of this wetland falls under proposed Special Economic 

Zone (SEZ) and therefore other adjoining areas should be surveyed and explored for 

further protection and habitat improvement. 

. 

 
Figure 47 - Proposed Flamingo Sanctuary at Sewri area (excluding MTHL areas) 
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Figure 48 - Proposed Flamingo Sanctuary at Thane creek eastern part (western part in pink has already been declared as 

Flamingo Sanctuary) 

 
Figure 49 - Proposed Flamingo Sanctuary at Palm Beach road (wetlands behind TS Chanakya and NRI complex) 
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Figure 50 - Proposed Flamingo Sanctuary at PanjeςFunde villages of Uran 
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Specific Issues of concern 

1. Proposed Golf Course  

A golf course has been proposed by CIDCO in about 80 ha land at Sector 60 which essentially 

consists of wetlands behind NRI and TSC (see Figure 51). It is our considered opinion that 

this is a wetland having all the essential wetland characteristics. This is an extraordinary 

wetland that is used by a large number of migratory and resident water birds. On average, 

around 40,000 to 50,000 birds including 10,000ï15,000 Near 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 Trans-Harbour Link 

(MTHL). Conversion of this land to a different purpose (in this case, a golf course) will 

seriously jeopardise the air safety of the proposed airport as birds may start using the NMIA 

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

Under no circumstances should this land be diverted to any other land use. 

 

 
Figure 51 - Map showing locations of proposed Golf Course at Palm Beach road. The areas in black circle are roosting sites of 

birds and should be 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 

around the proposed airport site near Vaghivali village (Figure 52). Mangroves interspersed 

with mudflats can attract tree roosting birds and high tide roosting birds respectively which 

could pose hazard to air safety at the proposed airport. Thousands of birds foraging and 

roosting near runway can increase chances of birds coming in the path of landing and take-

off of the flights, in future.  

 

Therefore, we suggest declaring Mangrove Park away from the airport influence zone, as 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 

current proposed mangrove park location, a mangrove genebank could be developed, that 

will prevent encroachments and garbage and other waste dumping.     
 

  
Figure 52 - Map showing proposed mangrove park around NMIA site (Source ς Environment Department, CIDCO)  

 

Additional cautions 
1. The extent and spread of construction work should be strictly regulated and 

minimised at high bird congregatory sites, especially in winter, to avoid disturbance 

to birds which may pose a major threat to airport operations 

2. No landïfilling activities should be permitted, especially at important high tide 

roosting sites of birds and these sites should be declared as no development zones 

(NDZ) and notified accordingly.  












































































































































































