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Fndowed as it is with diverse bio-climatic regions and habitats, India has been a home for some
magnificent wildhife: both resident and migrant. While much of our narurai history and ecological studies
have been addressed to the resident wild fauna, It is only in recent years our biologists and managers
have started looking at migratory fuuna. As a signatory to the Convention on Migratory Species (CMS)
and several bilateral treatics with our ncighbouring countrics, India is commirted to cooperate and
collaborate in studies related to Trans-boundary migration of wildlife. Satellite Teacking of Siberian and
common crancs from Russia o India in collaboration with Russian, Japancse and American scientises
is a good example of such cooperation.

Within our resources and human resource capahilides, we in India have heen addressing such
studies with traditional tracking and menitoring methods, However, 1n our efforts to keep ourselves in
tune with the modern technologies in this suhject area, we have been fortunare o have the support
and collaboration of the US Fish & Wildlife Service, The US Fish & Wildlife Service have been lending
their technical know how o Indian Biologists and Managers in the ficld of wildlife research anc
management for the last 3-4 decades. As always, also in the field of migration studies, the US Fish &
Wildlife Service have pro-actively collaborared wirh the Ministry of Frvironment and Foreses for
conducting 4 training workshop on the use of satellite tracking technology which was organised in
December, 1999 by the Wildlife Insttite of India along with the Bombay Narral History Sociery
(BNHS), Aligarh Muslim University (AMU), Indian Insdtute of Science (118¢) and Salim Ali Centre for
Ornithology and Natural History (SACON). The US T'ish & Wildlife Service had also obrained the
services of several eminent scientists from the US Geological Service. The Wild Bird Society of Japan
very kindly donated the satellite transmitters, which were used for tracking the migratory
bar-headed goose trom India to Tibetan Plateau in Western China.

1 am happy that this effort has not only empowered our wildlife scicntists and managers to use
this technology in future but also has sct the wrend for adopting newer technologies in this field. While
placing my appreciation on record of the services rendered by the US Fish and Wildlife Service, I also
wish to congratulate all the participating agencies for successfuliy conducting this workshop. The report
compiled by the Aligarh Mushm University scientsts and coordinated by the Wildlife Instirure of India
will be an additional asset for the collaborating organisations who may use it for obtaining support for
their future studies 1o this ficld, T hope this report will have a wide cireulation to the potendal users

of this technology.
@/f/‘/

(S C Sharma)
Addl. Director General of Forests (Wildlife)
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With a population of less than 30,000 individuals, the near-threatened bar-headed geese
(user fndics) winters in central Asia from Pakastan to Myanmar. Nearly owo-thards of the
population winters in India, Bar-headed geese are repured 1o be the highest tlving
migratory bird in the world and have been sighted crossing the Himalava above
Mu Fverest (= 9,000 m). However, their migration route from wintering to breeding areas

las never heen documented.

In che firse satellire relemeny stady conducted on geese in the Indian subcontinent,
we examined the local distribution and spring migration of two bar-headed geese marked
in the winter of 19992000 ar Keoladeo National Park (27.217°X, 77.533°1%) ncar
Bharatpur, India. During winter, the satellitc-marked geese primarily roosred in the shallow
marshes in the center of the Park and occasionally used surrcunding agricultural fields,
One transmitrer ceased functoning after 103 d in mid Magch prior to the spring migration.
The second goose migrated on 24 NMarch, with a brict stopover ar the Ganges River
(27.970°N, 78.690°T)) ncar Kasganj, Uttar Pradesh. On 25 March, it flew 504 km across
the imalavan mountain ranges to the Lamgog Kanbab River, Tiber (29.8827N, 83.470°14),
The bar-headed goose staged there for 8 davs betore migrating ro the west side of Taro
Tso (31.238°X, 83.974°E) a lake ncar Lunggar, Tibet. The geese remained there through

the brecding scason (Mav-June).

We suggest that bar-headed geese migrate over the Himalava across a broad frone,
with the route documented in this study showing an example of one route from northern
India. Conscrvation of this specics will depend on identification and protection of critical
wintering, migration, and breeding habitats and improved monitoring surveys to detcrmine
population trends. We recommend thar studies should include marking at several wintering
arcas, including castern Tibet, to determine the amount of geographic variadon cevidenced

i
fan) &

in different bar-headed goose populations.

As this wacking ceffort was part of an International Workshop, our cffort has noc only
provided first hand information on the trans-Himalavan migration of the bar-headed geesc,
but has also demonstrared the use of the rechnology to a large number of potential users
in the Indian sub-continent,



Section 1

INTRODUCTION

1. INTRODUCTION

Animal movement and migration studies have made significant progress with the use of
telemetry. Conventional radio-telemetry has been used in numerous studies in different
regions. However, the use of this rechnology is restricted to species with limited range of
movement. Applving this too] for long distance migrants is usually unsatisfactory. Other
challenges such as hilly tervain or dense vegetation, where getting signals and following
animals often become major constraints. These problems and the need to rack long
distance migrants, particulatly birds, led to the development of other technologies with
greater spatial coverage, accuracy and case in tracking. Satellite telemetry technology has
overcome many of these problems and has become a very useful tool. There is a greater
recognition of the use and benctits of this technology among biclogists, managers and
various conservation organizations.

Satellite tracking technology has been used extensively in the Western Hemisphere.
However until recently, in the Indian sub-continent the use of this technology was limited
to one study in 1994 when three TMurasian cranes (Gr grus) were fitted with Platform
Terminal Transmitter (PTTs) in Keoladeo National Park, Bharatpur and tracked to their
Siberian breeding grounds (Higuchi ef o/, 1994). It took almost six more vears for the next
international collaborative project 1o emerge within India. This project, started in winter
1998-99, was the first long-term project using satellite tracking in India (IHiguchi e @/,
1999). Other than these two studies, no eftort has been made previously 1o demonstrate
the use of this technology and its application in the Indian subcontinent.

1.1 BACKGROUND

The need o hold a workshop where satellite telemetry technology could be demonstrated
to potential users was identified nearly ten vears ago. However, the workshop was not
conducted until 1999 with the support of the Ministry of Environment, Government of
India. With Interest shown by leading wildlife organizations and individuals throughout the
country the first such demonstration of technology took place in December 1999 when a
week long workshop was held at the Wildlife Institute of India, Dehradun. This report is
an outcome of the workshop’s successful culmination when two bar-headed geese (Anser
indiens) were captured and fitted with PTTs to tack their spring migration.

The 1\1inislr_y of Environment and Forest, Government of India, in collaboration with
the United States Uish & Wildlife Service, sponsored a regional workshop ttled
“Application of Satellite Telemetry for Wildlife Research and Management”. The workshop
was organised by the Wildlife Institute of India (WII), Dehradun, jointdy with the Bombay
Natural History Society, Mumbai (BNLHS), Department of Wildlife Sciences, Aligarh
Muslim University, Aligarh, Indian Institute of Science (11Sc), Bangalore and Salim Ali
Centre for Ornithology and Natural History (SACON), Coimbatore.
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1.2 SATELLITE TELEMETRY WORKSHOP

The workshop was meant for participants from India and neighbouring counmies and
aimed at introducing this rechnology to wildlife research and management personnel. The
technieal sessions were held from 13-15 December 1999 ar the Wildlife Institute of India,
Dechradun, followed by a ficld demonstration ot PUT deploymenr ar Keoladeo National
Park, Bharatpur, Alchough the inital plan was ro demonstrate the use of this technology at
three different sites for three different interest groups (Bhitarkanika Wildlife Sanctuary in
Orissa for marine turtles and ac a reserve fn the Karnataka for clephants), due to logistics
and lack of P'I"1"s for wrtles and clephants, the field demonstration on these two groups
were deferred. All participants of the workshop were taken to Bharatpur for demonseration
on bar-headed geese,

1.2.1 Technical scssion

The three-dav technical session addressed a broad range of topics, This included history
and review of the satellire rracking technology, design options for the Platform
Transmission Terminals (PT71%s) and improvement in the size and shape of the
rransmitters. Various harnessing considerations such as transmission cvele options,
hardware and software requirements, introduction to the Argos Svstem, PTT deplovment,
real-time Argos data acquisitions, data access and interpretation and GIS options were also
discussed in grear detail during the three day technical session (Appendix I).

Resource persons Appendix 11} also discussed various financial considerations, such
as PTT costs, Argos tariffs and data costs. The penultimate session was attributed to
interest group discussion. Interest groups were formed among the delegates based on their
arca of interest and work, The four interest group presentations focused around developing
priority species lists where the technology can be cffectively used, the collaborating
individuals and agencies and funding opportunitics. The concluding session was devorted to
networking and potential project ideas (Appendix 13,



Section 2l

2.1 EVOLUTION OF SATELLITE TELEMETRY

Satcllite tracking technology in wildlite srudies was identificd as an important tool as carly

as in 1970 when an clk (Cervns elapbns) was matked and acked in Wyoming (Craighead
et al, 1972), The technology became more popular in the last decade largely duc to
reduction in weight, refinement in size and shape of the PT'T and harness methods. Since
the deployment of o 160 g transmitter on a Sandhill Crane in 1989 (Nagendran 1989) the
rechpnology has made substantal progress. Mita and Kanmurt (1994) have developed a
25-gram PTT. The currene sets of transmitters weigh from as licde as 20 ¢

Continued investment on research and development and subsequent weight reduction
and improved performance of PIT’s were possible due to the unlimited opportunity the
technology otfered to track long distance avian migrants. Size and weight ot avian sateliite
transmitters is crucial for the use and success of the technology. Development of satellite
transmicters or the Plattorm Transmitter Terminal (PTT) has continued towards
manufacturing smaller transmitters (Fuller e/ @/, 1995). This has resulted in use of Satcllite
Tracking on different groups of hivds, such as seabirds (Jouventin and Weimerskire 1990,
bald cagles (Halicwetss lemeoreplals), Furasian cranes (Higuchi o/ «/, 1994), white-naped
crancs (Grws wpioy and hooded cranes (G monacha)y (Higuchi ¢f 2/, 1992 and Higuchi ¢/ a,
19945).

Standard very-high-frequency (VEHEF) radio transmitters have been used for several
decades to track numerous species including mammals {marine and rerrestrial), birds,
reptiles and amphibians, However, VHF transmitrers have a detection range of less than
10 km, which precluded studies on species 1n remorte arcas with limited access. Since the
carly 19705, development of satellite telemetry has created a major technological advance
in conservation studies by cnabling researchers to track remote and trans-border specics.
The ftirst plattorm transmitter terminal (PTT) used to track wildlife by satellite was
deployved on a large mammal (Craighead ef o/, 1972), but in the early 1980s, Stikwerda
¢/ al., (1986) developed the first bird-borne PTT. Farly gencraton PTTs for birds weighed
more than 100 grams and were deploved on large birds such as swans, crapes and cagles
(Fullex ¢f «f, 1995, Nagendran 1992, Thguchi ¢/ o4, 1994 and 1liguchi e &/, 1996). As the
weight of PTTs decreased, studies were ininated on smaller species in groups such as
scabirds and waterfowl, including the far eastern curlew (Nwmwewrics madagascariensis),

Satellite technology has been used extensively to study migratory birds across many
regions through the 1990s; however, in the Indian sub-continent, the use of this
technology has been hmited. This moderm technology has been used in the Indian sub-
continent only twice before, even though the use of conventional radio-telemerry has made
significant progress in this region. In 1994, nwo Furasian cranes were successfully tracked
from Keoladeo National Park, Bharatpur. An ongoing project on “Satellite tracking of
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Large Wetland Birds” conducted by Hirovoshi Higuchi, Salim Javed and Mini Nagendran
is the only other effort. Under this project nwo Eurasian cranes, have been successfully
tracked from Kutch in Guijrat. Nine more birds, Furasian and demoiselle cranes will be
captured and marked in the year 2000-2001.

2.2 TRANS-HIMALAYAN MIGRATION

India is a winter terminus for several species of birds in central Asia (Ali & Ripley, 1987,
Grimmet e i, 1999). For many species breeding in northern areas and traveling to the
south for the winter, the Himalayan mountain range is a formidable barrier to migration.
For example, satellite telemetry studies have shown that the houbara (Chlamydetis undutata)
migrates around the range (O. Cumbreau, unpubl. data), but such a circular route greatly
increases the distance and duration of their migration compared with a trans-Himalayan
route. However, Donald (1952) and Swan (1961, 1970) noted the presence of several
different species of birds flying at clevations well above 5,000 m ro cross over the
Himalayas,

One migratory species in particular, the bar-headed geese (Anser indicns), is known for
its ability to cross this formidable barrier. Mountaineers scaling Mt. Everest reported
having seen bar-headed geese flying over Everest (Swan 1970) ar a height estimated ar over
9,000 m, Numerous studies (reviewed in Butler & Bishop, 2000} have been undertaken ro
examine the physiology of captive bar-headed geese to determine how they achieve
sustained flight in such a rarified atrmosphere. Compared with other geese, this species has
a higher myoglobin concentration ar the onset of migration (Saunders & Fedde, 1991} and
a slightly modified hemoglobin structure that increases the binding affinity of oxygen
(Zhang e 4/, 1996). However, none of these studies have examined the acrual routes and
timing of their migration in the wild.

2.3 WHY BAR-HEADED GEESE?

The estimated world population of bar-headed geese is less than 50,000 individuals, but
17,000 or neatly half of the birds counted in surveys, winter in India (Mundkur & Taylor,
1993). Bar-headed geese are known to be the highest flying migratory bird in the world and
have been sighted crossing the Himalaya above Mr. Everest (> 9,000 m). However, their
migration route from wintering to breeding areas has never been documented. Bar-headed
geese have a discontinuous breeding range restricted to selected wetlands on the high
plateaus of central Asia and wintering grounds spanning the Indian subcontinent from
Pakistan to Myanmar (Ali & Ripley, 1987; Miyabayashi & Mundkur, 1999). Given their
limited numbers and uncertain distribution, their conservation status has been listed as near
threatened (del Hovo 1992, Collar ¢ &/, 1994, Grimmet et a/, 1999).
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Unfortunately, the ecology and distribution of this species is little studied, primarily
because thev are found in remote trans-border regions of central Asia that have Lmited
access to ornjthologists. In fact, the breeding grounds for the bar-headed geese wintering
in India ace not documented. It is also not certain whetber the birds that breed in Tadakh
winter in India. Thus, as a demonstration project for the first satellite telemetry workshop
in India, hosted by the Ministry of Environment and Forests, Government of India and
the U. S. Fish and Wildlife Service, we deployed two satellite transmitters donated by the
Wild Bitd Society of Japan on bar-headed geese at Keoladeo Natonal Park (hereatter
KNP) to examine their winter distribution and spring migration,

Selection of bar-headed geese for demonstration was also based on logistics, ease of
capture, and their winter abundance at KNP. Also, because the species 1s not listed in
either Schedule 1 or Schedule II of the Wildlife Protection Act (1972}, the bar-headed
geese was an ideal candidate for demonstration tracking, Morcover the bar-headed geese
had merit as a candidate for education, as an ordinary nature lover or a layperson is more
familiar with this species because of its frequent occutrence in wetlands during winter.



Section 3

FIELD DEMONSTRATION

3.1 STUDY AREA

KNP (27.217°N, 77.533°E) is located near Bharatpur in the state of Rajasthan, 50 km west
of Agra and 178 km northeast of Jaipur (I'ig. 1). I is located at low elevadon (<150 m},
within the natural floodplain of the Gambhir and Banganga Rivers, with a boundary
demarcated by a masonry wall separating it from 18 adjacent villages. The central 8-km?
wetland is divided into units by earthen dykes with dams and floodgates controlling water
levels (Ali & Vijayan, 1986), and the remaining 21-km” units consist of a variery of upland
habitats. The vegetation of Bharatpur is a mixture of xerophytic and semi-xerophytes
species consisting predominantly of Aawwa nifotica, Prosopis auneraria and Salvadera olevides. The
flora 1s intensively studied by Prasad e 4, (1996).

Prasad « &/, (1996) have classitied the wetland plant specics into six categorics; free
floating (Spiredela polyrbiza, Ienmna perpusitla and Eichhornia crassipes); rooted with floatng
leaves (Nymphaea pubescens, Nymphaea nonchali and Nyphoides cristatum); nunanchored
submerged (Ceratoplyltum demersum, Utricularia anrca and Utricularia stellaris), rooted
submerged (Hydrifla verticillata, Nejas minor and Potamogeton crisprs); emergent amphibious
(Fleocharis duters, Scirpus littoralis and Ipomea aguaticad) and marshland plants such as Caerulia
axiflaris, Exckpta prostrata and Foebinochloa coloanm.

The Park has been divided into 15 blocks. The wetland blocks are L, D, K, E, N and
F but the plant species composition ditfers in each block depending upon the water level.
Hydritta verticillata, Najas winor, Potanmgeton nodosus, Nymphea pubescens, Spirodela polyrhiza,
Wolffia glsbosa, 1.emna perpusille and Agolla pinnata are the main species that occur in these
blocks. These species are confined to the deepest areas with open water and loose muddy
bottom. Paspalum distichum, Ipomea aguatica, Psendoraphis spinescens and  Scirpus littoralis are the
species forming associations mostly in comparatively shallow water areas and in moist soil.
Extensive patches of Paspalum distichum occur in such areas. Most precipitation occurs in
June through October when water levels rise to 2 m, drop slowly during the winter months
and quickly during March to June (Middlcton, 1989).

KNP is one of the best-studied national parks of India. It was developed as a
waterfowl sanctuary in 1899 by Maharaja of Bharatpur and used for gamc hunting from
1902 to 1967 (Vijavan, 1988). When India became a party to the Ramsar Convention in
1980, KNP was one of two wetlands 1n the country {the other was Chilka ake, Orissa)
to be named as a Ramsar site, and then was raised to the status of a Natonal Park in 1981.
KNP is also a United Nations world heritage site.
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3.2 CAPTURE AND MARKING

Two bar-headed geese were caprured and marked on 18 December 1999 and 6 February
2000, Trappers used traditional Indian rechniques to capture the geese by hiding leg-noose
lines at the edge of the werland. Trappers have very effectively used the waditional leg
noosc technique to capture crancs and geese in India. To minimize stress due to caprure,
birds are very caretully handled and transmitters are quickiy deploved. Sovon after catching,
birds are examined for external injury or abnormalite. If no such evidence is apparent the
process of deplovment begins, One person holds the bird in irs normal standing posture o
avold any damage to the bird. The whole process of examination and deployment is
completed in 25-30 minutes tme, allowing a quick release of the bird at the caprure site.
Special cave is taken to release the bird with no predators, particularly raptors in the
vicinity, Although the birds wnitially show some reaction to the deployed P11 by pecking
on it a few times, but very soon thev get used to it Studics on Petegrine Flacons i Alaska
(S, Ambrose and T.A. Rexstad, unpublished dara) did not find any significant annual
variation in adult survival over the vear in PTT marked birds. However iv is alwavs beteer
to ground track the birds for the initial few hours afrer release and record movement and
behaviour,

The geese were fitted with 43 g satcllite transmitters {T2050), manutactured by
Nippon Telegraph and Telephone Company, Japan. Given the average bodv weight of the
geese as 2000 g, the 45 g rransmitter will be less than 3 per cent of the body weight.
Transmitter weight, roughly about 3 per cent of the body weight 1s considered ideal for
most of the species. The PTT was deployed using a standard backpack harness (Dwyer,
1972) made of Teflon nbbon. The Teflon ribbon was sewn together with dissolvable
thread so that the transmitter would drop off after 6-8 months. ‘This is idcal, as the battery
would deplete by thar time, given the duty cycle. The sides of the wansmitter were painted
red on the geese marked in February (#11753) to visually distinguish it from the other
PTT-marked geese (#11754). Fach transmitter was programmed to send a signal cvery
60 s ona 6 hon: 12 h oft duty cvele to extend the battery life over 119-170 d. Locations
of marked geese also were recorded during regular survevs of KNP from 8 February
2000 through 3 Apnl 2000, and sightings were transferred onto a map overlaid with a
400 m X 400 m grid.

3.3 SATELLITE TELEMETRY LOCATIONS

PTT signals were received by rhrece U.S. Natonal Oceanic and Atmospheric
Administration polar-orbiting weather satellives circling 850 km overhead about every
100 min. Locations were calculated by Doppler shifts in frequency by the French
acrospace atfiliate, Service Argos (Toulouse, France). Data made available by Argos were
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sent by clectronic mail to the study investigators or acquired on the Inrernet. The messages
were compiled and concatenated at the Alaska Biological Science Center (U.S. Geological
Survey, Anchorage, AK, USA} on a Unix workstation and processed into datasers
(SAS Inst.,, 1994) for analysis with customized programmes.

For interpreting the broad-scale migration locations of transmitter #11753, higher-
quality location classes (n=89) were accepted, and lower quality locadons (n=103) were
subjected to svstematic plausibility tests of direction, distance, and rate of movement
berween locations (. Douglas, unpubl. method). This procedure removed 24% (n=23} of
the lower quality locations. For interpretation of local-scale wintering distribution at KNP,
only the 2 highest Argos location classes (2, 3) were used (n=44, #11753; n=01, #11754).
Spadal interpretation was conducted with ArcInfo and Arcview geographic information
system software (ESRI, Inc., Redlands, CA, USA), digital thematic maps, and Tandsac-7
saccllite browse imagery (U. S, Geological Survey, FROS Data Center, Sioux Falls, SD,
USA). Service Argos provided an index of quality with each location. Figures included
color indices of elevation, vegeration, and ice cover.

3.4 BAR-HEADED GEESE POPULATION DATA

We compiled available survevs ar KNP to examine the peak count of bar-headed geese
wintering in the Park, Annual counts were conducted by the Pack staff and biologists. We
calculated a teend line comprised of 3-year moving averages. We also extracted population
counts tor bar-headed geesc trom Asian Warerfowl Counts (Lopez & Mundkue, 1997)
reportted in wetlands from 16 ditferent states in India.



Section 4

4.1 TRANSMITTER PERFORMANCE

We obtained a total of 423 satellite locations from December through June for the two
PTT-marked geese (Table 1), The first PTT (#11754) was deployed in December and the
transmitter ceased to transmit on 17 March (0=137 d). This bird was last sighted prior to
the spring migration on 2 April with 20 geese in the “K block at KNP, The second PTT
(#11753) was deploved in February and lasted tor 88 davs. The ransmitters were stored
for several months and field-tested prior to deployment. This may have resulted in a
shorter ficld lifespan than was originally projected.

Table 1 Summary of events for the two PTT marked bar-beaded geese
(Anser indicus)
Events ID 17753 1D 11754
Date of Marking 06 Feb 2000 18 Dec 1999
Last Sighting 23 Mar 2000 (2 Apr 2000
TLast Location 22 Jun 2000 15 Mar 2000
Last Message 22 Jun 2000 16 Mar 2000
Opecrational Days 137 days 88 days
Total Overpasses 259 275
Total Messages 1059 1108
Toral Locations 02 228
Tocation Class
Z 12 ik
B 22 43
A 29 46
0 34 7
3 9 27
2 35 34
1 45 49
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4.2 WINTER DISTRIBUTION OF BAR-HEADED GEESE IN
KEOLADEO NATIONAL PARK

We examined the distribution of the two PTT-marked geese wintering at KNP, We limited
the daraser to the best Argos accuracy classes (Class 2-3, approximate 130-330 m accuracy)
because we had a large dataser for cach geese. The geese were located roosting in the
middle of the werland habitar (Iig. 2), especially in blocks “K” and 1.7 where they
commonly feed on grasses including Paspedin: distichiny (NMiddleton, 1992), On occasions,
both the geese used areas bevond the Park boundary also, primarily 1o agricultural arcas to
the cast. Addinonally, the 184 divect sightings of the geese inside the Park, confirmed the
general accuracy of the telemerry locations. OFf the 184 sightings we obrained 117 sightings
for bird #1753 and 67 for bird # 11734 Inside the park, bird # 11753 largely used block
“1.7 while the bird with PTT 1D # 11734 mostly used block “K7 (Table 2), an examiple
of strong site tidelity tor individual wetland units.

Table 2 Summary of ground locations of the two bar-beaded geese in Keoladeo
National Park during winter
Months [ 17753 HY 11754

Locativing Block Locations Block
February g6 I 35 K
March 18 5 al [\
April 0 IE, =) K

4.3 SPRING MIGRATION AND BREEDING AREA

Winter migration movements of the geese coincide with the food availabilin ar KNP
(sce Middleton 1992). Following the end of the monsoon rains in October, the winteripg
habitat improves through December but declines through April (Fig. 3, lower inset).
Bar-headed gecse tvpically arrive later than many other species, 1n November, and depart
in March and Aprl (Owen 19803,

On 23 March 2000, #11753 left the wintering area ar KNP and flew aorthease
<130 kim to a stopover site on rhe banks of Ganges River, 25 km west of Kasgani, Uttar
Pradesh (Vable 3). After <18 h the geese resumed migration. Crossing the Jlimalava ir flew
northeast for 304 km at (>29 km/h) to the Lamqog Kanbab River, 10 km south of
Parvang in the U-Tsang region on the Tibetan Plateau. The gecse traveled over the
Fimalayas in less than 24 h, possibly flying along Karnali River Valley before crossing
berween two 7000 m peaks.
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Table 3 Description of capture, migration, stopover and staging sites for Bar-beaded geese (Anser
indicus) ID 11753. The table also gives distance covered between sives, speed, time takett to reach
the site and direction of migration
Date Sifte Sire Coordinates Distance | Speed | Time |Angle | Locations
Nanre Description (em) | (kmfl) | (B)
23.03.2000 KNP Wintering | 27.217N, 77.533 E - - - - 133
24.03.2000 | Ganges | Stopover 27.970N, 78.690 E 141.6 7.4 19.1 46.6 | 3
River
25032000 | Lamqog | Staging 27.970N, 78.690 E 504.1 28.8 75 64.4 10
Kanbab
-01.04.2000]  River
03.03.2000 | Taro Tso | Breeding 27.970N, 78.690 E| 1340 38 35.1 24.5 46
Lake
22.06.2000

A Landsat image of the neatby lakes {(IFig. 3, upper inset) taken on 25 March 2000 showed
that the perimeter of many nearby Jakes was frozen, The geese staged on the river Parvang
from 25 March to 2 April (T'able 3). The lake had probably thawed (see Fig. 3, upper inset)
when the bird moved 134 km north to the west edge of the Taro Tso Lake near Lunggar.
It remained there from 3 April until 22 June when the transmitter ceased functioning,

4.4. POPULATION SURVEYS

We found survev data on bar-headed geese at KNP for 13 vears berween 1983 and 2000
(Fig. 4). The peak counts were highly variable, but averaged 773 + 442 (SD) individuals.
The statewide survey results for bar-hcaded geese in India (Table 4), summarized from the
Asian Waterfow] Count, also indicate highly variable numbers (CV = 125%) with a peak
of 16,600 individuals, but the majority (>81%) were counted in only four states: Assam,
Karnataka, Orissa, and Rajasthan {T.opex & Mundkur, 1997).
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Results

Figure 4 Popuilaiion curveys of hbar-beaded pesse wintering at Keoladeo Ghana
Nationa! Park, Bbaratpur, India, 1983-2000. Bars indicate annnal peak counts, e
lne shows the trend from 3-year moving average
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Table 4 State-wise status of bar-beaded Geese (Anser indicus) in India based on Asian
Waterfowl Count data (Lopez & Mundkur 1997). Names in bold are important for fiture
monitoring programme and conservation of wintering population of bar-beaded geese. Dash
indicates no count data
States 1994 1995 1996 Meau
Andaman & Nicobar Islands - - - -
Andhra Pradesh 670 637 228 511
Arunachal Pradesh - - - -
Assam 4085 21 464 2915
Bibar - 263 87
Delhi o = ! £
Goa SN | o e il i
Gujarat 285 154 —~ 146
[Harvana - 54 - 18
FHimachal Pradesh - - 1200 400
Karnataka 3686 1321 3934 2980
Kerala - - - =
Madbya Pradesh 67 - - 22
Maharashtra 189 - - 63
Manipur = — 3 =
Orissa 2510 3060 2021 2830
Pondicherry - s 14 4
Punjab 3 = s, 1
Rajasthan 3435 967 245 1549
Tamil Nadu - 67 20 29
Tripura = . ks a
Uttar Pradesh 166 232 - 132
West Bengal - 30 12 168
Total 16606 8194 13835 12878




Section 5

5.1 TRANS-HIMALAYAN MIGRATION AND POSSIBLE BREEDING
AREA

Our study has documented a trans-Himalayan migration route of a satellite-marked
bar-headed goose wintering in northern India (Fig. 2, 3). Geese may fly at 100 km/h
(Blockpoel, 1974) or more, but the short period (Table 2: 17.5 h} between locations during
the migration indicated that the PTT-marked goosce flew directly across the range. The
goose landed in a snow-free river valley in the Tibetan Plateau wheve it staged before
adjacent lakes thawed. Demoiselle cranes (Anthropoides virgo) tracked from Mongolia during
the fall migration of 1996 (Kanai ¢/ @/, in prep.) staged near the same riverine arca as the
geese in our study, suggesting that this habitat may be used by many migratory waterbivd
species. Both species staged on along the river drainage thar includes the Lamqgog Kanbab
and Kali Gandaki Rivers, before and after their trans-Himalavan flight. In addition, several
thousand demoiselle cranes have been observed flying nearby over Jomsom, Nepal during
the fall (IKanai e «f, in prep.).

We also may have identified a breeding area for bar-headed geese wintering in India.
We obtained 46 locations for the PTT-marked goose on the shore of Taro Lake, and chis
is tvpical of the preferred habitat for this colonially nesting species (Owen, 1980; Ming &
Dai, 1999). Breeding geese have been reported in nearby arcas (<250 km) of the Tibetan
Platcau to the southwest of Lungpar (Lu, 1997). In additon, the goose was located here
during May and June when bar-headed geese are reported to breed (Owen, 1980; Grimmet
et al, 1999}, Whether this area represents a breeding area for a sizeable proportion of the
birds from India or simply a small colony requites additional study.

5.2 MIGRATORY STRATEGIES OIF BAR-HEADED GEESE

Some goose populations, such as lesser snow geese (user o cuernlescens) from Wrangel
Island, Russia follow a single major route to their staging arca on the Yukon-Kuskokwim
Delta of Alaska during the fall migration (Flly es al, 1993). Greater white-fronted geese
{Anser albifrons) from Japan funneled through Kamchatka during the spring (Kurechi e/ a/,
1995). In contrast, bar-headed geese winteting in India probably migrate across a wide
front.

Swan (1970) reported that bar-headed geese migrated over Mt Everest in the western
Himalaya. Our srudy suggests that some individuals wintering in India migrate across the
Himalaya near the Karnali River., In Kashmir, Donald (1952) obscrved skeins of
bar-headed geese at sundown, tlying over the Scoj Plateau near Bhadarnwa and near the
Bhal Pudhree Pass near Seo) in Chamba, likely passing on to the Pangong lakes. He
observed these geese flying at high elevations and suggested they flew over the mountains
rather rhan following rivers. A recent study on bar-headed geese marked with satellite
transmitters in Kyrgyszran in 1998 (U. IKoeppen ¢ o/, in prep) showed that their
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migratory route extended to wintering arcas in eastern Pakistan, a previously undescribed
wintering area. According to thejr results, they suggested there may be regular wintering
aveas west of 70° L.

Bar-headed geese have been reported to both breed and spend the winter in western
Tibetr (Bishop ef a/, 1997; Lu 1997). Different populations likely exhibit geographic
variadon in their migratory behavior which has been documented in studies of radio-marked
greater white-fronted geese (wser allifronsy on the Pacific coast of North America (Elv &
Takekawa, 1996). However, it is unclear whether the population in western Tibet is nonmi-
gratory or if a leaptrog migration (Swarth, 1920} has evolved in this species. Additional
marking of the population in western Tibet would clarify their true migratory behavior.

5.3 POPULATIONS OF BAR-HEADED GEESE

5.3.1 Winter distribution

Historic records and counts for wintering bar-headed geese (Bishop e o/, 1997) and band
returns from five birds (see Mivabavashi & Mundkuar, 1999) show their distribution extends
from Pakistan to Myanmar, In China, the western Tibetan Plateau is the major wintering
area (Bishop ¢ a4/, 1997). In India, the bird 15 reported to breed in Ladakh and is a
common winter visitor throughout northern and northeastern India, especially in Rajasthan
and Assam (Al & Ripley, 1987). It is found in Kaziranga National Park and Pani Dihing
Sanctuary in Assam (Choudhnry, 1997). It migrates south to Chilka Lake, Orissa where it
was very common in catly 1940s (Benthall, 1947). It s a regular visitor in Karnataka
(IKrishnan, 1987). In Gujarat, the bird has been a rare visitor to Kutch and Saurashtra
(Khachar, 1971; Himmmarsinh)i & Bapat, 1989).

5.3.2 Abundance and Trends

Perennou ¢ ol (1994) estimated that there were <50,000 bar-headed geese, but that their
numbers were increasing (see Callahan and Green 1993}, However, there are conflicting
views about the population trend of this species. Recent increases in survey effort and
better coverage mav confound population trends. Yakovlev (1997) suggested numbers in
Kyrgyzstan had deereased from the 1950s o the 19905, Swan (1970) noted that bar-headed
geese were declining in the 1960s, and Owen (1980) suggested that counts were decreasing
in the 1970s. About 259% (13,000-14,000) of the world population winters in Tiber (Bishop
o al, 1997) ar aldtudes ranging from 3,570-4,480 m. Bishop et al. {1997} found that
although numbers have remained relatively stable in Tibet in the 1990s, they have declined
considerably in other parts of China where the geese are hunted. Roberts (1991) reported
that numbers of bar-headed geese observed at Manchar Lake, Pakistan by Salim Al in
1926 were in the thonsands, <400 by 1972, and none in the late 1980s. Mivabavashi and
Mundkur (1999) compiled counts for the world population and found <36,000 individuals
(<19,000 in southern Asia) and estimated there were only 12,000 breeding pairs,
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In India, numbers of bar-headed geese are highest in Assam, Karnataka, Orissa, and
Rajaschan (Table 4). Counts 1n Rajasthan at KNP have varied from 257 to 1,582
individuals (Iig. 4; Vijavan, 1991), but the surveys have been highly variable and show no
consistent increasing trend. This is possibly duc to inconsistent coverage of waterbodies in
cach state during the annual Asian Watertowl Count. A large number of bar-headed geese
arc found ar Kaziranga National Park (>750) and Pani Dihin Sanctuary (>1,000) in Assam
(Choudhury, 1997), Counts ar Chilka Lake in Orissa have shown that the population in the
arca has deereased, but birds may have changed their wintering grounds to Bhitarkanika

(Dev, 1997,

To improve the quality of information and regular monitoring ot the wintering
populatdon of bar-headed geese in India, we suggest thar an annual geese count should be
initiated. In areas such as KNP where bar-headed geese are abundant (up to 48% of the
total state count in 1994-1995), consistent surveys should provide a good index to
population change. In each area, surveys should be conducted on a single day to prevent
duplicate counts. Darta should be collected during mid-day when geese are most likely ro
concentrate at roost sites. Initiallv these counts should concentrate on arcas within the four
states with the largest numbers (Table 4) of bar-headed geese.

5.4 CONSERVATION THREATS

541 Hunting

Social changes may affect breeding populations, Formerly, Buddhists revered geese in Tiber
and afforded them considerable protection (Swan, 1970). On their breeding grounds and in
parts of their wintering grounds on the Tibetan Plateauw, bar-headed geese were very tame
(Ludlow, 1951; Swan, 1970), but hunting is now common in Tibet (Bishop ¢ a4, 1997).
Although hunting 1s prohibited undev the Wildhte Protection Act of 1972 i India,
bar-headed geese are extremely wary because they are subject 1o illegal hunting {(Grimmet
¢t al, 1999). Latge numbers are caprured in nets with live decoys in northeastern India
(Choudhury, 1997). Bar-hcaded geese are vulnerable outside current protected areas such
as at the single spring stopover area we documented on the Ganges River, so it s essential
to provide them with greater protection at these areas.

5.4.2 Habitat loss and degradation

Bar-beaded geese, like many other migratoty waterbirds wintering in India, face rhreats
because of continued loss and degradation of wetlands. There are ncarly 170 major
wetlands in India covering approximately 580,000 km® of the land area (Anonvmous,
1993). However, a significant portion of these wetands is not protected. OFf the 93 kev
wetlands in India, nearly 45 per cent are moderately to highly threatened {(Scott & Pole,
1989). Threats to wetlands Include reclamation for agricultural, industrial, and urban
expansion, and over-exploitaton of wedand resources (Loote ¢ @/, 1996). Use of wetlands



Discussion 29

by rural poor is a major source of disturbance and alteration of wetland habitats. Bar-
headed geese typically avoid disturbed areas near habitation and roads (Middieton, 1992).

Poor enforcement and lack of protection for innumerable small wetlands, wayside
ponds, and river stretches used by migratory birds during the fall and spring migration also
threaten the long-term health of the bar-headed geese population. Protection measures in
several protected areas need improvement (Choudhury 1997). To accord greater protection
to these birds, a protection programme should be implemented that includes migration
areas along their migratory flyways.

Finally, species such as bar-headed geese are at risk from pesticide contarnination.
Vijayan (1991) documented elevated levels of Eldrin and Dieldrin in sarus cranes (Gras
antigone). The dieldrin levels in sarus cranes were higher than the lower limit of the
diagnostic lethal level of dieldrin (4-5 ppm) in the brain. As the mortality of all the birds
around Bharatpur occurred during winter, which coincides with application of eldrin and
dieldrin to protect the wheat and mustard crops from termites. This may have implications
for the bar-headed geese and other winter migrants that use adjacent crop fields for
feeding. Similar mortality was also observed in snow geese feeding on eldrin contaminated
rice seeds in Texas. Gole (1996) noted that geese often share the same feeding habitats as
these cranes, and they may be exposed to the same contaminants.

5.4.3 Conservation of bar-headed geese and the promise of satellite telemetry

Baseline information from monitoring would provide crucial data on population trends that
will support necessary research and management intervention, A network of biologists and
amateur bird watchers support various activides related to bird conservation such as the
Asian Waterfowl Count (AWC) and the recently launched Important Bird Areas (IBA)
programme. A long-term conservation programme should involve strengthening the
current network of organizations and individuals in India interested in bar-headed geese to
develop an improved monitoring programme.

Our study was the first attempt to apply satellite telemetry to study the migration of
waterfowl in India and to determine the spring migration and breeding areas of bar-headed
geese. Although we were successful, our study clearly represents a pilot effort in the
understanding of this species. The project has served as a hypothesis-generating exercise to
further examine the ecology of the bar-headed geese. A logical follow-up study would be
to examine a Jarger sample of marked individuals, captured in the major wintering areas of
India. From such a study, we might obtain bertter information about different migration
routes and timing, as well as evidence of distinct breeding and wintering populations.
Ongoing advances in satellite transmitters, including hourly global positioning system
(GPS) locations and altitude sensors (P. Howey, pers. comm.), will provide the tools
needed to describe the exact migradon flight patterns of the bar-headed geese. These
advances in technology should lead to improved conservation for this species.
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LESSONS LEARNT AND PROSPECTS

This project marked the fivst successful attempt to satellite track bar-headed geese in India.
The teacking of one of the geese has achieved twin objectives. It has demonstrated the usce
and benefit of this technology to potental users in the Indian subcontdnent. On the other
side, it has provided information establishing the migration route of the bar-headed geese
that wintet in India. We do not wish to make far-reaching conclusions, based on tracking
of one bird. There is clearly a nced to repeat this work in India with a much larger sample
size. This will allow further confirmaton of our preliminary findings.

The successtul tracking of bar-headed goose and Eurasian cranes has ushered a new
beginning in wildlife tracking studics in India. We hope that in future projects this
technology will be utilized, offering unlimited opportunities for studving movement and
migration pattern for species where ground tracking is difficult or impossible,

6.1 TECHNOLOGY TRANSFER

The workshop not only demonstrated the use and application of the technology, but also
allowed the transfer of technology, which is an important achievement in itself. With
reputed and very experienced scientsts from USA and other countries (Appendix 11) the
delegates obtained first-hand experience of using the technology and its potential benefirs,
This was possible because of the initiative from the US Fish & Wildlife Service.

6.2 COLLABORATION AND NETWORKING

The satellite telemetry workshop has also allowed various leading organizations and
individnals to come together. If number of applicants and collaborators are any indicators,
this workshop must serve as a role model in collaboration and networking. The workshop
was very successfully organized by the Wildlife Institute of India, Dchradun in joint
collaboration with Bombay Natural History Society, Mumbai, Department of Wildlife
Sciences, AMU, Aligarh; Indian Institute of Science, Bangalore; Salim Ali Centre ftor
Ornithology and Natural History, Coimbatore. The Ministry of FEnvironment and Forests
Govt, of India, New Delhi, and the U.S. Fish and Wildlife Service cosponsored the
workshop with technical assistance from the U.S. Geological Survey, The Wild Bird Society
of Japan generously donated the two PI'Ts. This workshop has successfully demonstrated
the role of national and international collaboration.

6.3 CONCLUSION

Latest and cutting edge rechnologies such as these not only provide academic incentives to
users, but also bring in other benefits, The ease, efficiency and spatial coverage not only
unravels various mysterics of migration and movement but allows us in charting strategics
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for conservation of specics, some of which may be critically endangered. For the Siberian

cranes, it may be too late, but for manv other specics this 1s the right start.

Avian species such as the Great Indian Bustard (Choriotis nigriceps), the Lesser
Florican (Syphestides indicay, Bengal Florican (IRupodotis bengalensisy, the Demoisclle
Crane (Authropaides virgey, Blacknecked Crance {(Grus nigricellisy, Adjurant Stock
(Leptoptilos dubinsy, Long-billed (Gyps indicis) and Whitebacked Vultures {Gyps
bengalensisy are some of the important candidates for future studies using satellite
telemetry.

We hope that this effort to organize and demonstrate the use of technology has not
only enthused the user but also the persons in Central and State forest departments and
governments, A synergy between the two is critical for the future of satellite tracking in
India. With the Ministry of Fnvironment paving the way for organizing this workshop, we
hope that future rescarch projects will ger quick clearance from the Ministry and respective
State governments. One of us (§]) has tremendously bencefited from a posidve attitude and
expeditdous processing of application for fieldwork on cranes in Gujavat. A recently signed
protocol by the Indian and Russtan governments has identified bird migration srudies using
satellite telemetry as one of the key areas for future collaborative research between India
and Russia. This will give much needed boost to satellite telemetry studies in India,
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