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Summary 

 

As part of the Amur Falcon Conservation Initiative in Manipur this study helped create 

mass awareness and garner support of local people in conserving the migratory Amur 

Falcons. To support the conservation efforts satellite tracking of Amur Falcons was 

initiated in 2018. During the study, eight Amur Falcons were satellite tagged to document 

their migration, their breeding and non-breeding grounds, stop-over sites and migration 

strategies. The satellite tracking was undertaken in two stop-over seasons in 2018 and 2019 

where a total of 28 Amur Falcons were captured. In 2018, of 5 Amur Falcons that were 

captured, ringed and released, one male named Manipur and one female named 

Tamenglong were fitted with the lightweight PinPoint GPS Argos tags. The Amur Falcon 

Manipur post-tagging and release unfortunately was hunted down by a local hunter at 

another stop-over site Puching in Tamenglong district. Because of this incident Puching 

was later revealed to be one of the major stop-over sites in the region. While the female 

falcon Tamenglong tagged successfully crossed the Arabian Sea, however ceased 

transmission after 40 days of tracking at Zambia on its way to non-breeding grounds. 

 

In 2019, 23 Amur Falcons were captured at Puching stop-over site in Tamenglong district. 

And of these, two female falcons named Puching and Irang were tagged and released on 

31st October and two males named Chiulon and Phalong and one female named Barak were 

satellite-tagged and released on 1st November. Chiulon and Irang were tagged using the 

Argos microwave PTT tags while the others were fitted with the PinPoint GPS Argos tags. 

While Phalong and Puching could not be tracked successfully due to transmitter failure. 

Barak was successfully tracked for its one trip to the non-breeding grounds in southern 

Africa while Chiulon which was tracked for the longest duration of 827 days along with 

Irang were tracked for three trips to the non-breeding grounds and two to the breeding 

grounds.  

 

A total of 9894 locations from the four-satellite tagged Amur Falcons was collected during 

their period of tracking of which 39% locations belonged to good location class. At the 

breeding grounds, the tagged Amur Falcons arrived in May and departed in September-
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October, spending on an average of 145 days (range: 137 – 157). When compared with other 

Amur Falcons which were tracked in Nagaland, Chiulon crossed the Khingan Mountains 

and spent its breeding season farthest north near Hailar city of Inner Mongolia Province. 

At the non-breeding grounds, the Amur Falcons arrived in December-January and 

departed in March-April spending on an average of 95 days (range: 57 – 112). The falcons 

spent their non-breeding season in in the grasslands (veldts) and savannah of southern 

Africa (Botswana, Mozambique, Zimbabwe, and South Africa).  At both their breeding as 

well non-breeding grounds, Amur Falcons showed high site-fidelity and this was also seen 

at their stop-over grounds in Northeast India. 

 

Across years, in autumn, Amur Falcons made a stop-over in Manipur, arriving in October- 

November, spending on an average 13 days. We identified three major Amur Falcon stop-

over sites in Tamenglong district of Manipur namely: Chiulon, Phalong and Puching hosting 

huge congregations of Amur Falcons stopping over in the region in autumn. After 

spending about two weeks at the stop-over sites in Northeast India the tagged falcons 

departed on their migration to Africa arriving in Somalia, close to 6000 km covered in an 

average of 6.5 days. During spring migration just before the crossing of Arabian Sea the 

tagged Amur Falcons stopped-over in Somalia in April for an average of 14 days. The stop-

over in Somalia was primarily to the south-eastern regions at sites near the capital 

Mogadishu and near Middle Juba.  

 

Our study confirms the long-distance trans-equatorial migration of Amur Falcons from 

their northern hemisphere breeding areas to their southern hemisphere non-breeding 

areas, following an elliptical or loop migration strategy. The tagged Amur Falcons on their 

migration either passed through the territory or stopped over in 21 countries including 

India. The Amur Falcons started their southbound migration from their breeding grounds 

in mid-September to mid-October and took an average of 63 days to reach south African 

non-breeding grounds in mid-December to January. And on their return, Amur Falcons 

started in late March to early April and completed their spring migration in about 49 days 

which was faster than the autumn migration. We found that during the oceanic crossing, 

the presence of optimal wind conditions largely facilitated the Amur Falcons’ non- stop 

flights over the Arabian Sea. 
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Apart from the stop-over sites identified, we carried out modelling for identifying potential 

stop-over sites elsewhere in the region. The suitability model showed potential Amur 

Falcon stop-over along the western parts of Manipur next to Imphal valley and also on the 

borders of eastern Manipur. The highly suitable area for the Amur Falcon to stop-over 

accounted 0.3% area in Manipur. This study confirms the significance of sites in Manipur as 

important stop-over sites for Amur Falcons on passage during their autumn migration. Our 

findings from the suitability model serve as baseline for future management and 

conservation efforts at select stop-over sites. 

 

Further, we examined the diet of Amur Falcons through regurgitated pellets during their 

stop-over. We collected 270 pellets from Puching and only found insects (invertebrate) 

prey in the pellets of the Amur Falcons. This was consistent in the pellets sampled from 

other stop-over sites during the study. At Puching, the prey remains identified to be of four 

insect orders and in increasing order of their occurrence: Isoptera (65%), Hemiptera (30%), 

Coleoptera (4%) and Orthoptera (1%). The predominant occurrence of termite prey in the 

diet of Amur Falcons while in Northeast India led us to investigate the identity of the 

termite species, and their swarming behaviour. The morphological examination of the 

soldier termites resulted in the identity to be of Odontotermes feae. We believe that prey 

availability particularly termite prey likely influences stopover site selection by the Amur 

Falcons in the Naga and adjoining hills. 

 

Lastly, the satellite tracking initiative proved very effective in producing positive results in 

conserving Amur Falcons through engagement of local communities in falcon 

conservation. Along with this, administrative orders banning hunting, media campaign, 

conservation awareness through the support of the church, and community ownership 

were also key factors in halting the large-scale harvest of Amur Falcons in the region. Our 

tracking study on the Amur Falcon has provided deeper insights on the migration of these 

incredible long-distance migrant and we suggest that the Amur Falcons are an ideal model 

or subject for understanding climatic influences on migration in birds. However, many 

important facets about their migration strategy remains unknown which needs to be 

further explored to better understand the long-distance migration of Amur Falcons.
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Akhoipuina  

– the long-distance traveller to Manipur 

 

 

Amur Falcon Falco amurensis is a long distance, trans-equatorial migrant (Bildstein 2006). 

It has one of the longest and most arduous migration routes of any bird, travelling up to 

22,000 km in a year, from eastern Asia all the way to Southern Africa and back. Annually, 

in early autumn, these migrant falcons leave their Asian breeding range and travel to parts 

of northeast India and Bangladesh that act as staging areas for the overland flights across 

India (Ali and Ripley 1978).  In Nagaland they collect in huge flocks of 100,000+ falcons and 

remain for about three to four weeks to feed and rest before continuing their journey. 

Similar such roosting of Amur falcons has also been recorded from Manipur. 

 

Subsequently, they undertake the longest regular overwater passage of any bird of prey, 

crossing over the Indian Ocean between Western India and tropical East Africa, a journey 

of more than 4,000 km, which also includes nocturnal flight (Bildstein and Zalles 2005). 
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This species is said to be finely attuned to the strong monsoon tailwinds, which results in 

its late arrival in eastern Africa in autumn (Ash and Atkins 2009). Migrants arrive in their 

southern African winter range in November-December and depart by early May 

(Mendelsohn 1997).  

 

This falcon was one of the least talked about species until November 2012 when all that 

changed following reports by an NGO-Conservation India of a massive large-scale harvest 

of Amur Falcons at a remote locality in Nagaland. Dalvi et al. (2013) estimated that between 

120,000 – 140,000 Amur Falcons were being trapped and killed for human consumption 

just in that location in Nagaland each year. Hunting of Amur Falcons in Northeast India 

though is not new and there were reports of considerable number of these birds 

harvested, specifically in Cachar in Assam (Ali and Ripley 1987, Naoroji 2006). However, the 

scale of Amur Falcon hunting documented in Nagaland in 2012 with several hundred 

shipped to local markets daily for commercial sale during the entire stop-over period in 

2012 was clearly unsustainable. This led to widespread media outcry asking for an 

immediate stop to the hunting. Given the species is also protected under the Appendix II 

of the Convention on the Conservation of Migratory Species (CMS) and that India is a 

signatory State led to passing administrative orders stating strict ban in hunting of the 

falcons in the region in Nagaland.  

 

In the following months the Nagaland State Forest Department initiated steps to protect 

the falcons and one such was the launch of a satellite tracking program in November 2013 

to get an understanding of these poorly known falcons and also to support conservation 

efforts so as to specifically create awareness among local people on the uniqueness of the 

falcons. This was followed by another detailed study in October-November 2016 involving 

satellite tagging five more Amur falcons from across stopover sites in Nagaland. The Amur 

falcons were fitted with the state-of-the-art solar powered satellite transmitters 

(Microwave Telemetry Inc. USA), weighing only 5 grams in 2013 and 2016. The eight falcons 

fitted with the tags were named after the local tribe or the name of the village and a few 

of these were successfully tracked on their round-trip migration. This led to identifying 

their migratory routes and more importantly locate their stop-over sites while on passage 

though India. The tracking effort also provided incredible insights into the lives of these 

small raptors. Particularly, that they undertake a non-stop flight of nearly 6000 km covered 
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in five and half to six days from Nagaland to Somalia in Africa across the Arabian Sea. The 

Amur Falcon satellite tracking in Nagaland proved to be a major success in creating mass 

awareness and garnering support of local Naga people bringing about a change in their 

attitude towards hunting practices and resulted in hunters turning protectors.  

 

Around the same time when Amur Falcon conservation efforts were being initiated in 

Nagaland in 2013 similar steps were being taken up in Manipur. With the satellite tracking 

proving successful in creating positive influence on local people in Nagaland it was only 

natural that tracking of falcons from stop-over sites in Manipur be initiated. The 

Tamenglong district in Manipur which adjoins Nagaland was where large congregations of 

Amur Falcons was reported to occur every October at select sites along the rivers Barak 

and Irang. Thus, to support the conservation efforts and to gather detailed information on 

stop-over sites of Amur Falcons within the Manipur State, a satellite tracking study was 

initiated in October-November 2018. And, this report details the findings of this tracking 

study, which includes information on the Amur Falcon migration journeys, their breeding 

and non-breeding grounds, stop-over sites in Manipur and elsewhere, their diet and 

conservation efforts.  

 

  



 

 
 

5 

  

Satellite-tagged female Amur Falcon Tamenglong 
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Tracking the trans-equatorial migration of  

Amur Falcon Falco amurensis  

 

 

Capture, tagging & release of Amur Falcons 

The Amur Falcon tagging in Manipur was undertaken in two phases, first in 2018 and then 

in 2019 and was scheduled for the first week of November when congregation of falcons 

is at its peak. In 2018, a team from Hungary including Dr. Peter Palatitz along with Ms. 

Zsofia Sumegi from BirdLife Hungary, and Dr. Peter Fehervari from Hungarian Museum of 

Natural History, assisted in the capture and tagging of falcons at the Chiulon village along 

the Barak River in Tamenglong district. In 2019 season, Amur Falcons were captured at 

their stopover site in the mountain slopes along the Irang River near Puching (Khebuching) 

village in Tamenglong. 

 

Amur Falcons at their stop-over sites in Manipur were captured between 16:00 to 20:00 hr 

using canopy mist-nets. A series of mist-nets (45 x 45 mm) spanning 12 meters in length 

and 5 meters in height held on bamboo poles were hoisted on average 20 to 25 feet up 

almost in line with canopy height of trees or bamboo in the area. Upon capture the falcons 

were placed in separate cardboard boxes and brought to the camp nearby. The following 

morning, the falcons were age-sexed and assessed for their body condition by examining 

the flight muscle mass, and then weighed. A set of morphometric measurements were 

also recorded. The feather condition in the falcons along with stage of moult was also 

examined. Based on the above a select number of Amur Falcons were identified for 

satellite tagging and these were fitted with the lightweight and a ~6 g Lotek PinPoint Solar 

GPS tag and 5 g Solar-Powered Microwave PTT like a backpack using a teflon harness. The 

tags were programmed to a duty cycle of 10 hours on followed by 24 hours off. The 

captured falcons were ringed on the left with a metal ring of the Bombay Natural History 

Society and a colour coded plastic ring on the right. Following this, the falcons were 

released at or near the site of capture. 
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The tagged Amur Falcons 

 

In all 28 Amur Falcons were captured during this study: 5 of these were captured on 4th 

November 2018 at the Chiulon stop-over site in Tamenglong district that included three 

males, one female and one juvenile. Two of these: a male named Manipur after the name 

of the State, and one female named Tamenglong after the name of the district were tagged 

and released.  The male falcon Manipur and the female Tamenglong were released on the 

5th of November near the banks of Barak River at Chiulon stop-over site in the presence of 

Sri Kh Hitler Singh of Tamenglong Forest Division and the village Chairman. Post-release 

the tagging of Amur Falcons in Manipur was then celebrated at the “4th Amur Falcon 

festival” held at Unity Stadium Tamenglong chaired by Hon’ble Minister, Forest & 

Environment, Shri Th. Shyamkumar as Chief Guest. Parallelly, the 4th Amur Falcon Festival 

2018 was also held at Bhalok (Phalong) village which was later declared as Amur Falcon 

Village. 

 

In 2019, over a period of three days (29th October, 31st October, and 1st November), 23 Amur 

Falcons were captured at the Puching stop-over site in Tamenglong district. On 29th 

October 2019, a juvenile falcon was captured and was ringed and released. On 31st October, 

four falcons including three females and one juvenile were captured and of these, two 

female falcons, one named Puching after the name of the village and one Irang after the 

name of the Irang River were tagged and released. Another 18 falcons (6 males, 6 females 

and 6 juveniles) were captured on 1st November 2019, and of these two males and a female 

were satellite- tagged and released. The males were named Chiulon and Phalong after the 

name of the villages hosting large Amur Falcon congregations in Tamenglong while the 

female was named Barak after the name of the Barak River flowing along the Chiulon site. 

The tagging was followed by the celebration of 6th Amur Falcon festival at the Unity 

Stadium, Tamenglong. 
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Tracking data 

 

For each of the tagged falcons, we downloaded the movement data from the Argos 

website. The Argos satellite telemetry system estimates the location as per their accuracy 

in different classes in decreasing order: 3, 2, 1, 0, A, B and Z. In addition to the Kalman 

filtering automatically applied to the data by the Argos (Lowther et al. 2015), we also 

attempted to distinguish genuine movements by removing outliers by plotting the points 

in ArcGIS. The location data were archived on Movebank data repository. The location 

class 0, A, and B were excluded for all analysis except for depicting Amur Falcon tracks. 

From the location data we identified Amur Falcon stop-over sites during their migration as 

well as in the breeding and wintering grounds.  

 

A total of 9894 locations from the four-satellite tagged Amur Falcons was collected during 

their period of tracking. And, of which 3878 (39%) locations belonged to good location 

class; 3, 2, and 1 (Table 1). The Amur Falcon Manipur post-tagging and release was hunted 

down by a local hunter at another stop-over site Puching in Tamenglong district. Analysis 

of the tracking data showed that immediately after release Manipur moved to a site 3 km 

southeast of Punglam village along the Irang river where it roosted. Thereafter, the next 

two days Manipur foraged in around the Irang river between Punglam Kabui Khullen - 

Nagaching – Bhalok and returned to roost along the Irang river. On 9th November evening 

DFO, Tamenglong received information about a falcon with a satellite tag attached having 

been hunted at Puching (Kebuching) village. The tag was handed over to the forest 

department personnel in Noney and it was confirmed to be the same one deployed on the 

falcon Manipur. From the data gathered this bird was killed on 8th morning at the Irang 

river roost site (Puching) which was later revealed to be one of the major stop-over sites 

in the region. During the three days of tracking, Manipur transmitted 14 GPS and 5 Argos 

locations. 

 

Even though one of the tagged Amur Falcon was killed, it did help identify other roost sites 

and that the problem of hunting persists. Tamenglong district administration immediately 

issued an order strictly prohibiting use of air guns along Irang river near Gwan gram, 
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Puching, Rangkhung and Taobam villages. The Forest Department with support of District 

Administration and Police along with village leaders had also stepped-up monitoring and 

protection of the Amur falcons at all the roost sites there. It was found that Amur falcons 

roost at several other sites in Tamenglong and adjoining districts and this incident called 

for spreading conservation awareness activities in all villages in the region. 

 

While the female falcon Tamenglong tagged at the same time crossed the Arabian Sea and 

ceased transmission after 40 days of tracking at Zambia on its way to non-breeding 

grounds. Barak made one trip to its non-breeding grounds in southern Africa and on its 

way to breeding grounds ceased transmission in Northeast India. Phalong and Puching 

could not be tracked successfully due to transmitter failure. Chiulon and Irang made three 

successful trips to the non-breeding grounds and two to the breeding grounds and both 

ceased transmission at their non-breeding grounds. The tracks of all the tagged falcons are 

shown in Figure 1 along with the individual falcon tracks are shown with their tracking 

duration (Figure 2 to 5) and their migration is described in detail in later sections. 
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Table 1 Satellite telemetry data of the seven tagged Amur Falcons during the period of tagging (2018 and 2019) including their duration of 

tracking along with the number of locations of each Amur Falcon per Argos location class data  

S. No Falcon 
Weight (g) 

of falcon at the 

time of tagging 
First Date 

of Tracking 

Last Date 

of Tracking 

Tracking 

Duration 

(Days) 

Argos Location Class Data 

Total Locations 

3 2 1 0 A B 

1 Manipur ♂ 149 05-11-2018 08-11-2018 4* - - - - - - - 

2 Tamenglong ♀ 164 05-11-2018 14-12-2018 40 15 16 17 04 - 3 55 

3 Puching ♀ 160 31-10-2019 - -* - - - - - - - 

4 Irang ♀* 155 31-10-2019 18-12-2021 780 537 477 676 664 389 917 3660 

5 Chiulon ♂* 150 01-11-2019 04-02-2022 827 539 542 874 1147 835 2132 6069 

6 Phalong ♂ 169 01-11-2019 - -* - - - - - - - 

7 Barak ♀ 185 01-11-2019 29-05-2020 211 130 88 127 88 22 46 501 

Total 1179 1076 1623 1835 1198 2983 9894 

 

*The marked falcons were fitted with the solar-powered microwave PTT while the others were tagged using the PinPoint GPS tags. *Post- 

release, the falcon Manipur was killed by the local hunter & the tag was retrieved. *Two falcons could not be tracked due to tag failure. 
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Breeding Sites 

 

Two Amur Falcons Irang and Chiulon could be tracked to their breeding grounds in 

northeast China. Across two years of tracking, both Irang and Chiulon arrived at the 

breeding grounds in the month of May. Interestingly, the dates of arrival of both the 

falcons were same in 2020 and 2021. On an average Irang and Chiulon spent 145 days (range: 

137 – 157) at the breeding grounds in China (Table 2) and showed fidelity to their breeding 

sites returning to the same site in the following year (Figure 6). When compared with other 

Amur Falcons which were tracked in Nagaland, Chiulon went furthest towards the 

northwest China at Inner Mongolia Province where it spent two breeding seasons near to 

Hailar city. Unlike other tagged falcons, Irang went to the eastern China border where in 

consecutive two years where it spent the breeding seasons near Shenyang city of 

northeast Liaoning Province. 

 

Table 2 Number of days spent by the satellite – tagged Amur Falcons across years along with the breeding 

sites across their breeding range in China. (* represents more than one breeding site in a season) 
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Non- breeding Sites 

 

The Amur Falcons arrived at their non-breeding grounds in the months of December-

January across years of tracking. The tagged falcons spent their austral summer in the 

grasslands (veldts) and savannah region of southern Africa (Botswana, Mozambique, 

Zimbabwe, and South Africa) spending on an average 95 days (range: 57 – 112) before 

departing in March-April (Table 3, Figure 7). Barak was tracked only for a one trip to its non-

breeding grounds where it spent maximum days at Central Kalahari Game Reserve in 

Botswana while Chiulon and Irang were tracked for three non-breeding seasons. Both Irang 

and Chiulon showed high site fidelity to the sites where they spent their non – breeding 

season in consecutive years. Across years at the non-breeding grounds Chiulon and Irang 

moved between different sites spending maximum duration at sites in Zimbabwe, 

Botswana, and South Africa. 

 

© Eugene Moll 
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Table 3 Number of days spent by the satellite-tagged Amur Falcons across years along with the non-breeding sites 

across their non-breeding range in Southern Africa, (* represents more than one site in a single season, # 

represents last tracking location). 
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Migration Journeys of the Amur Falcons 

 

We divided the autumn and spring migration into three phases each to understand the 

migration of falcons. For autumn, first phase of migration depicts flight between breeding 

grounds to the first major stop-over in Northeast India, second phase depicts flight from 

Northeast India to Somalia which involves the Arabian Sea crossing, and third phase from 

Somalia to the non-breeding grounds in Southern Africa. Similarly, the three phases of 

spring migration are first from Southern Africa to spring stop-over in Somalia, second 

phase from Somalia to India and third from India to the breeding grounds in China. 

 

The tagged Amur Falcons on their migration either passed through the territory or 

stopped over in 21 countries including India. This included China, Mongolia, Vietnam, Laos, 

Thailand, Myanmar, Bangladesh, Pakistan, Oman, Somalia, Ethiopia, Kenya, Tanzania, 

Malawi, Zambia, Zimbabwe, Mozambique, Botswana, Namibia, and South Africa.  

 

Autumn Migration 

 

The tagged Amur Falcons Irang and Chiulon departed on their southbound migration from 

their breeding grounds in China in mid-September to mid-October. The first phase of 

migration took an average of 22 days (range: 9 – 49 days) to reach their stop-over sites in 

Northeast India where Irang in 2021 took longer (49 days) to reach Northeast India. After 

spending about two weeks at the stop-over sites in Northeast India the tagged falcons 

departed on their migration to Africa arriving in Somalia, close to 6000 km covered in an 

average of 6.5 days. This journey involved two oceanic crossings, at first about 700 km 

stretch over the Bay of Bengal to enter Deccan region in India and thereafter around 3000 

km over the Arabian Sea to reach Somalia in Africa. In some years, few of the tagged birds, 

however, avoided Bay of Bengal crossing and opted a land route from Northeast India to 

western coast of India. 
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From Somalia, the Amur Falcons on an average took 24days (range: 10 – 53 days) to reach 

their non-breeding grounds in southern Africa. Of the four Amur Falcons which could be 

tracked for at least one migratory journey to the southern Africa, Tamenglong ceased 

transmission before reaching its non-breeding grounds in North Luangwa National Park, 

Zimbabwe on 14th December 2018. The three falcons, Barak, Chiulon and Irang reached the 

non-breeding grounds in their first year of tracking between December-January. In 2020 

and 2021, Irang and Chiulon arrived at the non-breeding grounds in the first week of 

December, except in 2021 where Irang reached the southern African region in mid-

December. The tagged falcons arrived at the non-breeding grounds between mid-

December to early January and stayed on till March and early April. To complete the entire 

autumn migration, starting from the breeding grounds to the non-breeding grounds, the 

Amur Falcons took on an average 63 days (range: 47 – 91) (Table 5). 

 

Spring Migration 

 

The tagged Amur Falcons started on their spring migration from the non-breeding grounds 

in late March to early April. For the first phase of spring migration, the tagged Amur 

Falcons first flew northwards to reach Somalia, where all the falcons flew over the land in 

African continent and took on an average of 15 days (range: 8 – 24 days). During spring 

migration, the tagged falcons took a halt in Somalia where they spent an average of 14 

days before commencing their non-stop flights over the Arabian Sea to reach the Indian 

landmass. During spring migration, while crossing the Arabian Sea, the Amur Falcons took 

a northerly flight route which was different from their autumn flight paths. Upon leaving 

Somalia, all the tagged falcons, flew near the Socotra Island, covered a distance of about 

2500 km over the Arabian Sea and entered western coasts of India near Gujarat and 

Mumbai in western coasts of India. On an average, Amur Falcons took five days from 

Somalia to reach Northeast India and covered an average distance of 6,000 km. 

 

For the third phase of spring migration Amur Falcon took a shorter number of days than 

that of autumn migration, an average of 16 days (range: 9 – 20 days) to reach their breeding 

grounds from northeast Indian region. The tagged falcons completed their spring 
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migration from non-breeding to breeding grounds in about 49 days (range: 39 – 54) which 

was faster than the autumn migration (Table 5). 

 

 

Table 5 Number of days the tagged Amur Falcons took on their spring migration (back from non-

breeding grounds to the breeding grounds) and on autumn migration (from the breeding 

grounds to reach their non-breeding grounds)  
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Cyclone Amphan and Barak 

 

The northbound migration of the satellite tagged Amur Falcon Barak towards its breeding 

grounds in China was faced by the Tropical Cyclone Amphan over the Bay of Bengal. The 

Cyclone formed on May 16, 2020 in the Northern Indian Ocean and became the most 

powerful cyclone to form in the Bay of Bengal to date. Making the landfall near the India-

Bangladesh border along the northern edge of the Bay of Bengal on May 20, 2020 with 

winds measuring 165 km per hour (NASA 2020) (Figure 8). 

 

This was during the time of Barak traveling across the Indian landscapes near the coast of 

Bay of Bengal. In order to avoid the strong winds developing due to the Cyclone, Barak 

appeared to have taken a detour on its northbound route and travelled back to 

Chhattisgarh. And just after the Cyclone Amphan made the landfall on May 20, 2020 Barak 

again started its travel northwards on May 21, 2020 taking benefits from the Cyclone 

tailwinds to reach Bangladesh – Meghalaya border where it last stopped transmission 

(Figure 9). This was also observed by Kumar (2021) where the Amur Falcon named 

Longleng tagged in Nagaland was also seen following the tailwinds of Cyclone Fani 

developed over the Bay of Bengal in 2019. 
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Figure 8 Development of Cyclone Amphan at the Bay of Bengal from 11th of May 2020 t0 22nd May 2020. This was 

the time of Amur Falcon Barak crossing across the Indian landscape over Chhattisgarh and Odisha 

(Source: VEDAS 2022). 
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Figure 9 Flight path of Amur Falcon Barak crossing across the Indian landscape over Chhattisgarh and then to 

Odisha (5th May to 12th May), with the development of Amphan cyclone, Barak was seen traveling back 

to halt at sites in Chhattisgarh (12th May to 17th May) and waited for better weather conditions to start 

its travel back to Odisha and thereafter north and where it stopped transmitting near Meghalaya – 

Bangladesh border (29th May) (Left). Track of Barak along with the Cyclone Amphan over the Bay of 

Bengal (Image Credit: Owen Kelly, NASA GSFC). 
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The Imphal Valley Gateway  

 

 

During the southbound migration, the tagged Amur Falcons flew southwards towards 

southeast Asia and after crossing Thailand instead of taking straight line course to the 

Arakan Mountains in Myanmar, took a route appeared to be a detour in the northwest 

direction towards Northeast India. This gave an interesting insight on how the falcons are 

using the gap in the region full of high mountains as they funnelled through the narrow 

Imphal valley gap in Manipur (Figure 10 A). On their return migration, all the tagged falcons 

again crossed the Northeast India from Imphal valley, however, few others also flew in 

different directions, depicting no sign of funnelling in the region. However, these paths 

seemed to be the result of overall flight orientation of falcons during their overland 

journey over India (Figure 10 B). 

 

It is interesting to see the elevation profile (Figure 10 C) of the region depicting the 

significance of the Imphal river valley gap in the funnelling in of Amur Falcons in autumn. 

As this gap is located right in the middle of Naga hills to the north and Chin hills to the 

south is of considerably lower elevation, allowing the Amur Falcons to pass through 

without facing any barrier of crossing high mountains. All of the tagged falcons upon 

entering into Manipur, headed first to Tamenglong district. Here the falcons which were 

tagged in Manipur, namely Chiulon and Irang moved locally to their stop-over sites in 

Tamenglong while those tagged in Nagaland took a northward route to finally enter the 

Naga hills in Nagaland to stop-over. This flight path clearly suggests that the Amur Falcons 

avoid crossing high Naga hills to directly reach their stop-over sites in Nagaland. 

  



 
38 

  



 

 
 

39 

Wind-assisted Oceanic Crossing 

 

Across the four sections of autumn (A – from Northeast India to south-west coast of India, 

B - from south-west coast of India to Somalia) and spring migration (C – from Somalia to 

western coast of India, D – from western coast of India to Northeast India) during the 

crossing of Indian Subcontinent and the Arabian Sea, the speed of Amur Falcons was found 

to be not significantly different (Kruskal Wallis Test: p- value = 0.08 > 0.05). However, the 

average speed of Amur Falcons differed at each of the four sections where in all the speed 

while crossing the ocean (39 km/hr for section B and 40 km/hr for section C) was greater 

than that of land (29 km/hr for section A and 40 km/hr for section D) (Figure 11).  

 

Further, along the Amur Falcon flight paths, the speed of the prevalent winds at height 

850 hPa during autumn (average 17.1 km/h) and spring migration (17.6 km/h) was found to 

be not significantly different (Kruskal Wallis test: p-value = 0.09 > 0.05) and similar was the 

case at height 925 hPa (Kruskal Wallis test: p-value = 0.008 > 0.05) during autumn (19.4 

km/h) and spring migration (18.5 km/h). At what heights the Amur Falcons fly during their 

migration specially while crossing the Arabian Sea, whether at 850 hpa or 925 hpa could 

not be discerned. The wind direction, on the other hand, at both 925 and 850 hPa was 

predominantly oriented southeast to west during autumn migration and northeast to east 

during spring migration, appearing to facilitate the Amur Falcons flights (Figure 11).  

© Zuthunglo Patton 
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Figure 11 Amur Falcon migration divided into four sections over land and ocean during their autumn 

migration (arrows A & B), and spring migration (arrows C & D) (top). The wind-rose diagrams 

shown in the middle depict the wind speed and direction during migration at each of the four 

sections at 850 hpa (Amur Falcon flight altitude). The boxplot at the bottom shows the Amur 

Falcon speed (in red) across four sections along with the wind speed at three flight altitudes 

(1000 hpa in yellow, 925 hpa in green and 850 hpa in purple). 
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Male Amur Falcon Manipur 

© Amarjeet Kaur 
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Stop-over Sites 

 

We identified three major Amur Falcon stop-over sites in Tamenglong district of Manipur 

namely: Chiulon, Phalong and Puching hosting huge congregations of Amur Falcons 

stopping over in the region in autumn. The stop-over site in Puching village was identified 

after the incident of hunting down of the falcon Manipur which was satellite tagged in 

2018. The stop-over sites were located predominantly between 180-800 m elevation and 

on North-east to Southwest aspects with moderate to steep slopes. The sites were further 

found in the vicinity of rivers that originate in the Naga hills and drain north-westwards 

into the river Brahmaputra. The Chiulon stop-over site was found to be located on a 

mountain slope facing the major river flowing in the region, the Barak River. While Puching 

stop-over site was found to be facing Irang River which is the major river in the region. 

Across the stop-over sites the vegetation type was primarily bamboo brakes and 

secondary forests, a result of past slash and burn agriculture in the region. Few sites Amur 

Falcon stop-over sites were found to be plantations of Teak Tectona grandis and Beech 

wood Gmelina arborea, and primary forests. 
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Chiulon Stop-over site located on the banks of Barak River 
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Puching Stop-over site located on the banks of Irang River 
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Stop-over Sites during Autumn Migration 

 

 

From the tracking data it was seen that the falcons tagged in Manipur spent the 

consecutive stop-over at sites in Manipur itself, showing high-site and regional fidelity. 

Irang which was captured, tagged and release at the Puching stop-over site, returned back 

to the site in the next two years of tracking where it spent the entire stop-over duration. 

However, in 2019 and 2020, after departing from the stop-over, Irang moved to another 

site near Mizo hills, Lunglei near to Phairang River tributary of Lunglei River in Mizoram 

where it spent few days in 2019 and 2020 before starting its southbound migration to the 

non-breeding grounds. While in 2019 Chiulon post-tagging and release moved from 

Puching stop-over site to another site north of Tamenglong town, Chiulon on the banks of 

Barak River where it spent the rest of the stop-over period before undertaking the 

southbound migration. In 2020 and 2021, Chiulon also showed high- site affinity as it 

returned to select stop-over sites first to Puching and then to Chiulon (Figure 12 a). 

 

The data from the tagged Amur Falcons showed that their arrival and stop-over duration 

in Manipur during autumn migration was highly variable across individuals and across years 

(Figure 12 b). In 2020, Irang returned to the stop-over sites in the region towards the end 

of October while in 2021 it reached the stop-over grounds almost in the second week of 

November. While Chiulon in 2020 timed its arrival to the stop-over site almost at the same 

time with Irang, however, in 2021, it arrived early in the third week of October. Across the 

two years of tracking Irang and Chiulon stopped over for an average of 13 days (range: 7-17 

days). The timing of departure from the stop-over sites was observed to be similar as Irang 

in both the years departed in the second week of November while Chiulon in the first week 

of November (Figure 12 b). During spring migration, Amur Falcons passed through the 

region without making a stop to their breeding sites. 

  



 
48 

 

Figure 12 Amur Falcons stop-over in Manipur during their southbound migration (October-November). A: 

shows the stop-over range using Kernel Density of tagged falcons in the region, B: shows the residency 

period where the color of the bars corresponds to the color of the tracks shown above (A). Note that 

the stop-over duration of Amur Falcons during their first year of tracking is shown with * as total days 

does not include the days before deployment of tag. 
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Stop-over Sites during Spring Migration 

 

During the spring migration, the tagged Amur Falcons after departing from the non-

breeding grounds in southern Africa, spent the stop-over in Somalia. Across years, the 

Amur Falcons reached Somalia in the month of April. In Somalia, the falcons stopped over 

for an average of 14 days (range: 10 – 19 days). The stop-over in Somalia was primarily to 

the south-eastern regions at sites near the capital Mogadishu and near Middle Juba (Figure 

13). All the tagged falcons departed from Somalia towards the end of April, before 

undertaking their non-stop flights over the Arabian Sea. The stop-over in Somalia was 

identified as the only major stop-over ground for the Amur Falcons during their spring 

migration as the falcons did not stop-over anywhere else for such long duration. 
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Figure 13 Amur Falcons stop-over in Somalia during their northbound migration (April). A: shows the stop-over 

range using Kernel Density of tagged falcons in the region, B: shows the residency period where the 

color of the bars corresponds to the color of the tracks shown above (A).  
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Modelling Amur Falcon Stop-over Sites across Manipur 

 

 

In order to identify potential stop-over sites in Manipur other than the existing important 

stop-over sites (Chiulon, Bhalok and Puching), a multi-criterion Site Suitability Modelling 

(SSM) approach was adopted. For this analysis we only used surveyed stop-over locations 

as training data to feed into the modelling approach and did not use the tracking data of 

the tagged falcons. This was due to the reason of inherit error associated with the accuracy 

of the location in tracking data. The spatial attributes of the stop-over sites; elevation, 

slope, aspect and forest cover were thought to influence site selection and were 

therefore, identified as the criterion for the SSM. From the existing knowledge of known 

stop-over sites, the influence of one criterion over the other was determined and individual 

weights were then generated for these criteria in an Analytic Hierarchy Process (AHP), 

through a pairwise comparison matrix on a nine-point weighing scale following Saaty 

(1980). The Consistency Ratio (CR), which is a measure of how much variation is allowed 

was checked to accept the results of AHP generated weights and then the relative weights 

were used to perform the weighted overlay analysis in ArcGIS Pro platform.  

 

Spatial layers for each of the criterion; elevation, slope and aspect were prepared using 

the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global 

Digital Elevation Model (GDEM) Version 3 (ASTGTM) data of 30 m resolution obtained from 

NASA’s Earthdata (https://earthdata.nasa.gov). The Land Use/Land Cover (LULC) layer for 

the region was obtained from the European Space Agency (ESA) Climate Change Initiative 

(CCI) database (https://www.esa-landcover-cci.org) for the year 2018 of 300 m resolution, 

which was then reclassified to five LULC classes and to a resolution of 30 m. 

 

All of the spatial layers were standardized by converting them into same units of resolution 

to execute weighted overlay. The identified criterion for the site suitability modelling were 

then individually scored for the sub-criterion on a scale of 1-3 with 3 being the highly 

suitable class and then the input spatial layers were reclassified as per the scores given for 
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common evaluation scale of suitability. In the weighted overlay tool, the weights 

generated for each of the criterion using AHP were then entered to generate the final 

output (Table 6). The resulting output generated a raster layer of three classes wherein 

the suitable class of maximum score (class 3) was identified as the class containing regions 

of high suitability for Amur Falcons potential stop-over. 

 

Table 6 Criteria chosen for modelling potential Amur Falcon stop-over sites with details on weight 

and influence of each criterion generated using Analytic Hierarchy Process (AHP) and scores 

given to sub-criterion with related suitability. 

 

 

 

 

 

 

 

 

 

 

The suitability map generated showed potential Amur Falcon stop-over along the western 

parts of Manipur next to Imphal valley where the tracking data of Amur Falcons was also 

located and also on the borders of eastern Manipur (Figure 14). These sites were found to 

be located primarily in the hilly tracts along the middle stretches of rivers flowing into the 

Brahmaputra. The sites identified overlapped with the stop-over sites identified during the 

field surveys as well as with the tracking data of Amur Falcons. The highly suitable area for 

the Amur Falcon to stop-over accounted 0.3% area in Manipur. Further, Tamenglong and 

Churachandpur districts were found to have more potential area for the Amur Falcons to 

stop-over (Table 7). 
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Table 7. District-wise suitable area (in percentage) for the Amur Falcon to stop-over generated using 

the site-suitability modelling across Manipur. 

Figure 14 Potential 

Stop-over sites identified in 

Manipur using site-

suitability modelling where 

Amur Falcons can 

potentially stop-over during 

their passage migration 

through India during their 

autumn migration. The 

figure also shows the stop-

over sites identified during 

the survey in Manipur along 

with the sites identified 

using the satellite telemetry 

data. 
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Stop-over to Refuel! 

- diet of the Migrating Amur Falcons 

 

Amur Falcons during their passage migration through India are reported to forage aerially 

on swarms of insects such as winged termites and ants (Ali and Ripley 1978, Naoroji 2006). 

However, Information on their diet is primarily limited to the non-breeding grounds in 

Southern Africa where they are reported to feed on Insects mainly Coleoptera, 

Orthoptera, Isoptera and Solufigae, and occasionally on rodents and small birds (Kopij 

2010, Pietersen and Symes 2010, Alexander and Symes 2016). Our study revealed that every 

year in autumn, Amur Falcons make a long stop-over at select stop-over sites in the North-

eastern region of India. This led us to ask a series of questions as to what is it that the Amur 

Falcons forage on during their stop-over in Manipur? Why Amur Falcons stopped over in 

such large numbers at select sites in Manipur and not elsewhere, especially since similar 

habitats exist elsewhere along their migratory route during the passage across India. 

Lastly, why stop-over in such large numbers only during their southbound autumn 

migration and not during spring passage? We suspected this to may be due to the 

availability of abundant insect food in the area. To investigate this, we undertook a study 

to document the prey species in their diet. This was done through examination of 

regurgitated pellets that were found at the roosting sites.  

 

We collected freshly regurgitated and whole pellets of Amur Falcons from the forest floor 

at Puching stop-over site in Manipur. This was carried out along with the diet examination 

at three major stop-over sites in Nagaland: Yaongyimchen, Pangti and Hakhizhe and at 

Umrangso stop-over site in Assam. The pellets were picked up far and wide at each site 

and the collections were only made in the morning soon after the falcons left the roost. 

The collected pellets were stored in individual paper bags and labelled. The pellets were 

later sundried to remove any moisture. As a reference to identify insect prey remains in 

the pellets, we made opportunistic collection of large-bodied insects such as Coleoptera, 

Orthoptera, Odonata, Isoptera in and around the stop-over sites. 
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In lab, we placed individual pellets in a petri dish, and gently segregated it for any visible 

prey remains. We then examined the pellet under a dissecting microscope (10X to 40X 

optical zoom), wherein we identified the prey remains up to the taxonomic Order. 

Following Kopij (2010), we calculated the frequency of occurrence of each prey item as the 

proportion of the total number of pellets examined containing a given taxon. We labelled 

the unidentified prey remains as unknown and stored for later identification. For those 

insect prey that occurred more frequently in a pellet we attempted to quantify for their 

abundance and then identified the commonly occurring prey remain up to species level. 

 

We collected 270 pellets from Puching Stop-over site and only found insects (invertebrate) 

prey in the pellets of the Amur Falcons. This was consistent in the pellets sampled from 

other stop-over sites during the study. At Puching, the prey remains identified to be of four 

insect orders and in increasing order of their occurrence: Isoptera, Hemiptera, Coleoptera 

and Orthoptera (Figure 15). However, the insect order Hymenoptera which was 

additionally found in the diet of Amur Falcons at sites in Nagaland was not seen in the 

pellets collected from Puching and Umrangso. 

 

 

Figure 15 Percentage frequency of occurrence of prey items in the diet of Amur Falcons at 
Puching stop-over site, Manipur in 2019. 
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Foraging Observations 

 

 

During the study, we recorded four different types of foraging by Amur Falcons wherein 

on a sunny day we observed the falcons to be taking advantage of thermals, and they 

would mill above the roosting area in large congregations and dispersing far off in search 

of food. The second type of foraging activity was usually during the early evening hours, 

where we observed falcons to be flying in one direction often in large groups of tens of 

thousands of individuals, followed by “feeding frenzy”, hawking and feeding on emerging 

termite alates. We saw falcons flying very low to the riverine grasslands hovering and 

picking up insects possibly grasshoppers. On one instance, just before roosting, we 

observed large number of falcons flying close to the river and sweeping off emerging 

Mayflies. At times, Amur Falcons also made visits to a nearby water source to drink water 

during the morning or afternoon hours. Lastly, we made frequent observations on falcons 

often in small numbers perched on electricity lines and posts, snags, practicing ambush 

hunting strategies. 

 

We observed Amur Falcons opportunistically foraging on various other insects such as 

Cicadas (Hemiptera), Dragonflies (Odonata) and Mayflies (Ephemeroptera). One instance 

of such observation was at the Puching stop-over site in Tamenglong in Manipur where we 

observed mass emergence of Mayflies from Irang River right next to the stop-over site 

early in the evening. This emergence coincided with the falcons returning to the roost and 

as a result falcons used the opportunity by swooping over the emerging mayflies and 

foraging actively before roosting. These group of insects, however, did not show up in the 

pellets during the diet examination suggesting that these taxa do not contribute majorly 

in their diet and are only constitute in the diet when available. It is also speculated that 

other taxa such as Lepidoptera and Diptera may potentially be part of the diet of Amur 

Falcons but because of the complete digestion of such soft-bodied prey, detection in the 

pellets becomes difficult resulting in underestimating the importance of such taxa (Kopij 

2010). 
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Termites & their Emergence 

 

 

The arrival of Amur Falcons in northeast India during October appears to coincide with the 

mass emergence of termites in the area. This is also the time of year when the period of 

high rainfall (Southwest Monsoon) from June to September comes to an end, and likely 

triggers termite emergence. Swarming behaviour in termites is generally known to occur 

after periods of rain and soon after when the weather is warm and the soil is moist 

(Roonwal and Verma 1991, Pervez 2018). The local tribal people related to the Amur 

Falcons as the insect-eater referring to their feeding on termites. Further, local hunters in 

Nagaland reported the falcon meat to be lean at the time of their arrival in early to mid-

October and preferred to hunt them at the time of their departure in early to mid-

November for they are high on fat. Thus, this high energy diet during passage stop-over in 

Northeast India is what appears to fuel Amur Falcon migration across the Indian 

Subcontinent. It was therefore natural to know what this species of termite that important 

prey is of Amur Falcons and gather more information on the termites in the region, the 

species identity, whether the termites in the diet included one or multiple species, and 

their swarming behaviour. Therefore, to identify the termite species in the diet of the Amur 

Falcons we undertook explorations to locate termite colonies and collect termite 

specimens for taxonomic examination (Kumar 2021). 

 

Based on the presence of a tooth on the left mandible and tongue-shaped labrum with a 

pointed tip, the species at Puching stop-over site was identified to be O. feae (Table 8, 

Fig. 16). Other than this species, we also found O. horni at other sites in Nagaland and 

Umrangso. From our findings it appears that O. feae is commonly occurring species 

across the Amur Falcon stop-over sites in the region that O. horni. 
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O. feae is said to be widely distributed in South and Southeast Asia with specific records 

of its occurrence in India, Nepal, Bhutan, Bangladesh, Sri Lanka, Myanmar, Thailand and 

Vietnam. In India, the species occurs in all regions except in extreme north (Jammu & 

Kashmir) and in the western drier regions of Rajasthan (Roonwal and Verma 1991). The 

species is reported to prefer humid areas and is mainly a subterranean burrower, building 

its nest underground and only rarely building of mounds by this species is reported. In 

northeast India, Bose (1999) reported finding the species to be building mounds near 

Imphal, Manipur. The nest structure is reported to be large, complex and cryptic in 

nature, and impossible to locate except during swarming time (Roonwal and Verma 

1991). It is only shortly before swarming begins in this species that the workers open 

several holes on the ground surface from which the winged alates emerge one after the 

other, thus betraying the presence of the nest (Holmgren 1913). 
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Swarming in Odontotermes species is thought to occur only once a year, and the swarming 

season to vary with geographic location from early June to the last week of November 

(Roonwal and Verma 1991). In Manipur and Nagaland, we recorded termite swarming only 

after the South West monsoon receded, and occurred from last week of September to 

first week of December.  A short swarming event was also observed during pre-monsoon 

season in May-June. In support of our observation local people in the area also reported 

termite swarming in the pre-monsoon season to not be as large as during post-monsoon 

season.  
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Table 8. Morphological characters of this study specimens (soldiers) with that of 

Odontotermes feae. 
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We observed termite swarming to occur only on clear sunny days and this often occurred 

within days after heavy rainfall and only during late afternoon to evening from 1500 to 1700 

hr. Coinciding with this time of day, Amur Falcons that appeared resting throughout the 

day start to fly out from the stop-over sites, and then begin to actively forage. The termite 

swarming that we observed at select termitaria appeared to last only for 5 to 15 minutes 

each day. At the end of the swarming each day the workers close the holes from which the 

winged alates emerged and left no sign of the presence of the nest. 

 

It is evident that the large-scale mass emergence of the subterranean termites of the 

genus Odontotermes primarily influences the huge congregations of Amur Falcons in the 

Northeast Indian region. This is also evident from the fact that across sites that were 

sampled in Northeast India, nearly 90% of the Amur Falcon diet is of winged termites. 

Termite prey being high energy diet it plays a crucial role in sustaining the congregations 

of the Amur Falcons in the region during the autumn passage and helps fuel their non-stop 

flight thereafter to Africa. Information on termite ecology including swarming behaviour 

is still poorly known and requires further research. The increasing deforestation and 

predominant shifting cultivation practices in the region may likely influence the presence 

of termite species, and this in turn may influence the presence of Amur Falcons in the area. 

Future research therefore should focus on how or whether land use changes are affecting 

termite populations in the region. It will also be interesting to document how Amur 

Falcons act as biocontrol agents keeping a check on termite populations that are generally 

regarded as pests. 
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The Trans-Equatorial Migrant… 

 

The findings of this study corroborate with a previous tracking study by Kumar (2021) of 

the falcons from Nagaland. The trans-hemispheric migration of Amur Falcons clearly 

coincides with the onset of northern summer in their breeding and austral summer in their 

non-breeding grounds. Similar to the Amur Falcons, several other long-distance migrants 

take the benefit of the reversing of seasons by migrating to the opposite hemispheres 

(Alerstam et al. 2003, Newton 2008). Further, across these two regions the summer 

months are predominantly wet and the falcons as a result benefit from the abundant food 

resources becoming available during that period (Thorup et al. 2017). 

 

In the breeding season, the Amur Falcons are reported to range largely across east Asia 

covering the eastern Siberia from Transbaikalia eastward through Amurland and 

Ussuriland, southward through northeast Mongolia and Manchuria to North Korea and 

eastern China (Ferguson-Lees and Christie 2001). In this study, the two tagged Amur 

Falcons Chiulon and Irang spent their breeding season entirely within the Manchurian 

Plains to northeast China breeding between east longitude 113º to 140º and north latitude 

from 37º to 57º in northeast China. Across the two years of their tracking both Chiulon and 

Irang arrived at their breeding grounds in the month of May and departed in late 

September to mid-October and showed high breeding site fidelity. We found that the 

Amur Falcons timed their arrival and departure from the breeding sites with the period of 

heavy rainfall in the region (Kumar 2021). 

 

Following the change in the seasons, the tagged Amur Falcons spent their austral summer 

in the southern countries of Africa; Botswana, Mozambique, Zimbabwe and South Africa 

largely between 15º to 35º east longitude and 15º to 35º south latitude. Across years, the 

tagged falcons arrived at their non- breeding grounds between December – January and 

departed between March – April, coinciding with the austral summer and period of high 

rainfall in the region (World Bank Group, Climate Change Knowledge Portal 2021). At the 

non-breeding grounds, Amur Falcons largely used multiple sites throughout the entire 
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season, however similar to the breeding grounds falcons showed affinity to non-breeding 

sites as well. 

 

The Amur Falcons took much longer to complete their autumn migration (47 – 91 days) 

than their spring migration of 39 to 52 days. Given the strong competition at breeding 

grounds for best territories and resources (Kokko 1999), migratory birds time their arrival 

at the breeding sites early (Moore et al. 2005) to increase their reproductive performance 

(Van Noordwijk et al. 1995). In the case of Amur Falcons, their obligatory “nest – 

cleptoparasite” behaviour likely influences their early arrival to the breeding sites given 

the competition to occupy nests of other birds such as Eurasian Magpies Pica pica (Zhou 

et al. 2009, Burner et al. 2019, Frommhold et al. 2019). Further, the timing and arrival to the 

breeding and nonbreeding grounds also determine the reproductive success, survival and 

fitness of migratory species (Arzel et al. 2006, Ely et al. 2007) and therefore, migratory 

birds time their migration to coincide with the seasonal food abundance (Arzel et al. 2009) 

and also with the optimal weather conditions (Shamoun-Baranes et al. 2017). 

 

Long-distance migratory birds that migrate between continents invariably face the 

challenge of crossing large ecological barriers that was also seen in the case of the Amur 

Falcons. While sea crossing by landbirds is often considered as examples of endurance 

flights (Newton 2008), we believe that prevalent wind conditions during the migration 

influence such non-stop flights. It is reported that birds especially raptors that alternate 

between soaring and flapping flights including Amur Falcons regularly perform long sea 

crossings of thousands of kilometres (Agostini et al. 2005, Bildstein 2006, Gschweng et al. 

2008, Dixon et al. 2011, Meyburg et al. 2017) and are assisted by tailwinds (Meyer et al. 

2000, Agostini et al. 2002, Agostini et al. 2004, Nourani et al. 2016, Nourani et al. 2021), and 

possibly sea thermals (Bildstein 2006, Yamaguchi et al. 2012). In our study, we also found 

that during the oceanic crossing, the presence of optimal wind conditions including the 

wind direction as well as wind speed largely facilitated the Amur Falcons’ non- stop flights 

over the Arabian Sea. Further, it is evident from our study that the Amur Falcons also make 

use of the trade winds which act as a conveyor belt and a migration corridor facilitating 

the Arabian Sea crossing (Kumar 2021). 
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Stop-over sites located specifically adjacent or just before the barriers are critical in 

determining the overall success of migration (Delingat et al. 2008, Bonter et al. 2009, Bayly 

et al. 2012, Gómez et al. 2017). This was true in the case of Amur Falcons as we observed that 

just before undertaking the non-stop overwater flights over the Arabian Sea, the tagged 

falcons made several days stop-overs at Northeast India and Somalia during autumn and 

spring migratory cycles respectively. At both of the stop-over regions, the Amur Falcon spent 

about 13 to 14 days, a considerable period to fatten before their non – stop flights. 

 

Across Northeast India, we found that Amur Falcon stop-over sites were located primarily 

along the western side of the Naga hills at low elevations. It is suspected that the regions 

at higher elevations pose challenges of colder climes while regions at lower elevations are 

more humid, which likely influences the insect prey and in turn the foraging behaviour of 

the Amur Falcons. Across the sites, Amur Falcons congregate and roost communally 

primarily close to river valleys or waterbodies, where they likely benefit from rising 

thermals during the day that not only assists them to soar but also to forage aerially. 

Soaring land birds mainly raptors are reported to use such orographic lift where they use 

thermals to gain height (Newton 2008). Communal roosting by migrants also offers the 

benefit of timing their migration including synchronized departures (Helm et al. 2006), 

which help reduce flight costs (Cutts and Speakman 1994, Weimerskirch et al. 2001). 

 

Amur Falcons in the Northeast India appears to be congregating majorly in the Naga and 

adjoining North Cachar hills while are not observed stopping over in the other hills in the 

region. It is interesting to note that while flying from their breeding grounds in northern 

China the tagged Amur Falcons predominantly flew in the southwest direction to enter 

into Myanmar and then changed their flight course to northwest where just before 

reaching near to the Naga – Chin hills range, took detour and headed straight north to 

enter making landfall in the Naga hills (Kumar 2021). Using Site – suitability Modelling we 

identified suitable areas across the region and in hills other than Naga hills where Amur 

Falcons can potentially stop-over. However, reports on large congregations of Amur 

Falcons stopping over at these sites are absent. Given the limitations of remote and 

mountainous terrain, we adopted a basic approach in identifying potential sites with 

limited information so as to assess the landscape. Since our understanding of why Amur 
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Falcons are stopping over at select sites is not clear, it is important to include fine-scale 

habitat information into the model. Other than Manipur, Nagaland, and Assam, surveys to 

locate the presence of Amur Falcon stop-over sites in Arunachal Pradesh, Mizoram and 

Tripura are required in order to confirm the model’s result. Our findings serve as a baseline 

for measurement of effectiveness of future management and conservation efforts on 

identified stop-over sites. 

 

We believe that it is primarily the prey availability particularly abundant termite prey which 

likely influences stop-over site selection by the Amur Falcons in the Naga and adjoining 

hills. During the stop-over period, we observed flocks of Amur Falcons feeding primarily 

on huge swarms of termites in Manipur and at sites in Nagaland and Assam. Therefore, we 

undertook a study on understanding the diet of Amur Falcons during their stop-over in 

Nagaland and Manipur by examining their regurgitated pellets. Our study revealed that 

Amur Falcons primarily stop-over in Manipur to refuel and prepare for their non-stop 

flights to the non-breeding grounds. This is evident by the results of our study which 

indicates that during the stop-over period Amur Falcons extensively forage in the region 

building up their fat reserves.  

 

During the stop-over Amur Falcons prey almost entirely on invertebrates which is similar 

with their diet in their non-breeding grounds in Southern Africa (Kopij 2010, Pietersen and 

Symes 2010, Alexander and Symes 2016), however, in Manipur the diet consisted of four 

insect orders; Isoptera, Hemiptera, Coleoptera and Orthoptera. Apart from these four 

groups of insects, Hymenoptera was seen at sites in Nagaland (Kumar 2021). Among these, 

Isoptera was the dominant and major prey in the diet of Amur Falcons with highest 

frequency of occurrence (65%) throughout the stop-over season while Hemiptera 

contributed 30% in the diet. This significantly differed with the prey contribution in their 

diet from non-breeding grounds where Coleoptera, Orthoptera and Solifugae were the 

most dominant prey groups (Kopij 2010, Pietersen and Symes 2010, Alexander and Symes 

2016). 

 

In Northeast India, we also observed Amur Falcons opportunistically foraging on various 

other insects such as Cicadas (Hemiptera), Dragonflies (Odonata) and Mayflies 
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(Ephemeroptera). One instance of such observation was at Puching where we observed 

mass emergence of Mayflies from Irang River right next to the stop-over site early in the 

evening. This emergence coincided with the falcons returning to the roost and as a result 

falcons used the opportunity by swooping over the emerging mayflies and foraging 

actively before roosting. These group of insects, however, did not show up in the pellets 

during the diet examination suggesting that these taxa do not contribute majorly in their 

diet and are only constitute in the diet when available. It is also speculated that other taxa 

such as Lepidoptera and Diptera may potentially be part of the diet of Amur Falcons but 

because of the complete digestion of such soft-bodied prey, detection in the pellets 

becomes difficult resulting in underestimating the importance of such taxa (Kopij 2010). 

 

During the stop-over in Northeast India, millions of falcons congregate across different 

roost sites and feed extensively on abundant insect prey. Given, Amur Falcon being a 

versatile species feeding on a wide range of invertebrates, and also efficiently track their 

resources both spatially and temporally (Kopij 2010, Symes and Woodborne 2010, 

Alexander and Symes 2016), their presence thus becomes critically important in regulating 

insect populations. We observed that in Northeast India, Amur Falcons tend to move 

between different stop-over sites during the stop-over season and similar to the non-

breeding grounds, effectively track the resources. We also observed that in the Northeast 

India, Amur Falcons shift their stop-over sites over the years (Kumar 2021), which we 

believe is the response to seasonal prey availability and termite emergence in the region 

and is dictating the presence of Amur Falcons. Therefore, we attempted to identify the 

termite species in the diet of Amur Falcons. 

 

We identified the termite species to be Odontotermes feae, which largely emerges in the 

region during the stop-over season. Although O. feae has a wide geographical distribution 

reported from across India and Southeast Asia, however, the swarming or emergence is 

seen at different seasons across the region (Roonwal and Verma 1991). In the Naga hills 

and adjoining region, we observed prolonged and intense termite swarming throughout 

the stop-over season supporting huge congregations of Amur Falcon. Local people in the 

region also reported Amur Falcons to forage actively on the swarming termite alates 

during the stop-over period. This suggests that the Northeast Indian region and 



 

 
 

75 

particularly select sites in Manipur and adjoining areas are resource-abundant site for the 

falcons to refuel. Interestingly, during the return passage from Africa on their spring 

migration, Amur Falcons do not stop-over in large congregations in Northeast India 

suggesting the non-availability of prey is likely the reason. 

 

In recent years, global climate change events have affected many species including the 

ones that migrate over intercontinental distances as they experience different ecological 

conditions and habitats in their breeding, wintering and stop-over areas, as well as en 

route (Robinson et al. 2009, Both et al. 2010, Saino et al. 2011). While several threats posing 

limitations in breeding areas of Amur Falcons have been reported (Zhou et al. 2009, Burner 

et al. 2019 and Heim et al. 2019), reports from the changing habitat in nonbreeding range, 

the South African grasslands are also concerning (Mendelsohn 1997, Jenkins 2005), along 

with rapidly changing climate, restricting the potential habitats for the species (Bernitz 

2006, Pietersen and Symes 2010, Symes and Woodborne 2010, BirdGuides 2019).  

 

Further, growing evidence on impact of climate change on the phenology of bird migration 

(Ahola et al. 2004, Parmesan 2007, Saino and Ambrosini 2008) challenges the ability of 

migratory species to adapt to these changing environmental conditions (Webster et al. 

2002). In addition to this, a recent study by Nourani et al. (2017) suggested that climate 

change can also disturb the wind assistance, impacting particularly the species that 

depend on the winds to cross large ecological barriers. Further, any change in resource 

base at stop-over sites makes migratory birds more vulnerable (Baker et al. 2004), 

especially if populations rely on a small number of sites to acquire energy (Bayly et al. 2013, 

McKinnon et al. 2013a). 
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Future Actions 

 

As part of the Amur Falcon Conservation Initiative this study as originally conceived helped 

create mass awareness and garner support of local people bringing about a change in their 

attitude towards hunting practices. This has led to a significant reduction in hunting Amur 

Falcons at their stop-over sites during passage migration through Manipur and 

neighboring States. Echoed as a conservation success story, Amur Falcons are now the 

flagship species for conservation as many local communities at few sites across Manipur 

are coming forward to set aside community lands for not only Amur Falcon conservation 

but for all other biodiversity in the area. Along with this, administrative orders banning 

hunting, media campaigns, conservation awareness through the forest department and 

support of the church, and community ownership helped effectively in halting the large-

scale harvest of Amur Falcons in the region. 

 

The present study was a pilot effort where we tagged eight Amur Falcons however due to 

transmitter failure at least three falcons could be tracked for a minimum of one cycle to 

their non-breeding and two to their breeding grounds. Given the small sample size of 

falcons that were tracked in the study it is suggested to continue track more Amur Falcons 

in Tamenglong and elsewhere in the region. This study through the use of satellite 

telemetry has helped in our understanding of Amur Falcon migration, however many 

important facets about their migration strategy remains unknown. And therefore, tracking 

more Amur Falcons will help in understanding the Amur Falcon populations arriving in 

Northeast India, which we believe represent populations from different parts of their very 

wide breeding range. 

 

While the present study has generated important baseline information on stopover sites 

in the Northeast region, securing the habitats however requires a more in-depth 

understanding of habitat characteristics that influence site selection by Amur Falcons. For 

this, an extensive field study across the northeast region focusing on identification of 

stopover sites and documenting their habitat characteristics is required. Along with this, a 

detailed study on variability of termite prey across these sites is essential. Whether, the 
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termite swarming events observed during Amur Falcon stop-over are cyclic in nature, and 

whether or how this is influenced by climatic factors, particularly monsoonal rains. This is 

also important as during this study it was documented that Amur Falcon population as a 

whole shift stop-over site. What factors influence the non-use of certain sites that 

previously used to host large congregations of the falcons requires further investigation. 

A detailed ecological study is required to plan the restoration of habitats across the region 

in better conservation management not only for Amur Falcons but also for other 

biodiversity in the region. 

 

Lastly, conservation measures for Amur Falcon should adopt a landscape-based approach 

and not site-specific, as Amur Falcons shift stop-over sites over the years which is possibly 

determined by monsoonal rain in a given year and that very likely influences emergence of 

termites that the falcons are dependent on. It is recommended that a network involving 

local communities, forest department personnel, the church, administrators, media 

personnel representing each of the stop-over sites across the Northeast Indian region be 

formed. And, the network through consultations works together in planning, strategizing 

and adopting measures that better benefit Amur Falcon conservation in the region. 
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Annexure 

Table. Morphometric data of all 28 captured Amur Falcons during the two seasons of tagging (2018 and 

2019), Falcons highlight in bold are those that were deployed with satellite tags. 

S.no. Year Amur Falcon Sex Weight (g) Wing length 
(mm) 

Tail length 
(mm) 

Ring no. 

1 

2018 

Tamenglong Female 164 234 123 - 

2 Manipur Male 149 237 138 - 

3 Bird 3 Male 145 240 125 - 

4 Bird 4 Male 152 236 130 - 

5 Bird 5 Juvenile 157 238 127 - 

6 

2019 

Bird 1 Juvenile 110 233 126 C-58301 

7 Puching Female 195 299 125 C-58302 

8 Irang Female 155 230 121 C-58303 

9 Bird 4 Female 150 236 122 C-58304 

10 Bird 5 Juvenile 125 224 113 C-58305 

11 Bird 6 Juvenile 140 230 122 C-58306 

12 Bird 7 Male 125 234 124 C-58307 

13 Chiulon Male 150 242 130 C-58308 

14 Gonmei Female 145 231 126 C-58309 

15 Bird 10 Female 145 225 123 C-58310 

16 Phalong Male 170 225 125 C-58311 

17 Nehemiah Female 165 230 129 C-58312 

18 Bird 13 Female 135 235 136 C-58313 

19 Bird 14 Juvenile 125 230 123 C-58314 

20 Bird 15 Juvenile 135 230 120 C-58315 

21 Barak Female 185 230 129 C-58316 

22 Bird 17 Male 160 234 127 C-58317 

23 Bird 18 Female 155 231 126 C-58318 

24 Bird 19 Juvenile 160 235 121 C-58319 

25 Bird 20 Juvenile 145 230 125 C-58320 

26 Bird 21 Male 140 236 127 C-58321 

27 Bird 22 Male 150 226 125 C-58322 

28 Bird 23 Juvenile 130 220 117 C-58323 



 

  



 

 
 

 


