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Abstract

Radio telermetry is an increasingly important and useful tool for conservation biologists and is a widely used field research tool, its
value praven on a large variety of species ranging from dolphins to large land mammals such as the African elephant and much
smalier animals, such as rodents. In an effort to better understand the seasonal movement of gharial (Gawalis gangeticus,
Gmelin, 1789) and in light of the unprecedented die-off in the Mational Chambal Santuary in the winter of 2007/08. a radio-
telemetry research project was initiated in March 2002, This Madras Crocodile Bank Trust/Gharial Conservation Authority project
was based in Garhaita Village, Etawah District, UP and conducted in collaboration with the Uttar Pradesh Forest Department and
the Madhya Pradesh Forest Department. In this report we present a brief synopsis of other crocodilian studies invalving radio
telemetry, a sumrmary of the results and findings the present study has revealed over the past one year, and a synopsis of our
findings in regards to gharial spatial ecology, a subject highly relevant 1o the die-off and one that will reguire much more study to
comprehensively understand,
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Introduction

For millennia, crocodilians have survived and diversified in tropical and sub-tropical environments, where they hold the dubious
distinction of being top predators in the water and on land. The secret to their evolutionary success is in large part due to thair
universal ability to conceal their presence to potential prey, which are ambushed by these sit-and-wait masters at the water's
edge. By nature, they are well camoufiaged and inconspicuous before they strike and employ cryplic and elusive behavours to
avoid detection. These fealures present the researcher intent on divulging how they make a living, and what habitats they
frequent, special challenges when studying them.

So it is no surprise that with the advent in the 1960s of radic telemetry as a powertul tool with which to identify and track animals,
crocodilian biologists have utilized available technologies to learn essential details of the life processes and natural history of this
unigue reptilian group. The 23 living species of crocodilian are relatives of the dinosaurs and birds and exhibit complex suites of
anatorry and behaviours not seen in other reptiles. Universally, crocodiles  are difficult to observe and study undetected, have
sophisticated learning skills, and generally are disturbed easily. Furthermore, individuals are difficull to recognize, especially
when they do show themselves while basking.

Contemporary telemetry techniques are being increasingly utilized in a widaning variety of applications in the biclogical study of
animals and have the potential ta reveal unparalleled detailed and new information about an individual's activities and behaviours
in space and in time. Not surprisingly, 2 major emphasis has been on spatial ecology, in parlicular on movement pattemns, home
ranges, dispersal, and homing abilities. For any given species, these life history parameters arg essential componems in
understanding emvironmental responses, especially adaptation to changed conditions in a world increasingly influenced by
hurmans. In addition, these features play critical roles in demographic/population processes that are vital to conservation and
managemant

The: objectives of the present paper are two-fold. First, we provide a brief synopsis of radio telemetry as a successtul and well
established methedology in studies of other crocodilians. Second, we present the prefiminary results of a study conducted in the
Mational Charmbal Sanctuary (NCS) in 2008-2010. It was initiated in response to the die-off of 2007-2008 in the lower reaches of
the Chambal River, near its confiluance with the Yamuna. The study presented here has provided detailed information about

Vol.13, No.1. 2010



ghana! spatial ecology, directly relevant not only to the recent mass mortalty event, but also to the long term conservation and
management of tha gharialin the NCS.

Radio telemetry studies in crocodilians: A synopsis

In the 1970s, telermetry studies were initiated on Aligator mississipiensis which focused on ecalogy {e.g., Joanen and MciNease
1970, 1972; McNease and Joanen 1974; Goodwin and Marion 1973). More recently, additional telemetry studies have been
conducted throughout the species’ range (e.g. Rodda 1984a; Taylor 1984, Rooles and Chabreck 1993). Other species inwhich
telemetry has been employed, primarily to study movements and spatial ecology include the following: Crocodylus acutus
(Rodda, 1984b; Kushlan and Mazzotti, 19893), Crocodylus johnstoni (Tucker et al., 1997}, Crocodylus infermedius (Munoz and
Tharbjarnarson 2000), Crocodylus niloticus (Hutton 1989; Hocutt et al., 1992}, Crocodylus porosus (Kay 2004b; Read et al., 2007.
Brien et al., 2008), Paleosuchus figonatus (Magnusson and Lima 1991), and Melanosuchus niger (Martin and da Silva 1998).

With raspect to the design of telemetry systems for tracking, VHF transmitters and multichannel compatible, hand-held receivers
with portable Yagi antennas have been employed in the majority of studies to date. Tracking methods with these systems typically
entail manual signal reception by observers on fool and/ar using a varnety of terrestrial vehicles, boats, and aircraft. Recently,
satelita tracking technology (e.g., platform tesminal transmitters, SIRTRACK - New Zealand) which provide intermittent signal
broadcast with GPS fixes of animal positions have been usad successfully to track the speed and direction of long distance
mavements of sattwater crocodiles remotely via computers (Read efal, 2007). It should be noted here that marine, as compared
with freshwatar environments pose special challenges to signal transmission, and generally require that animals spend some
time out of saltwater periodically in order to facilitate location. In addition to tracking transmitters, the ability to relocate individuals
has lacilitated the additional use of dala leggers which archive environmental/physiological parameters for retrieval.

The attachment methodologies for crocodilians are varied ;and have involved affixing transmitters to the head, neck, or tail, as well
as subcutaneous surgical implants. According to Kay (2004a), neck coflars and implants have proven to be the mast durable and
ettective, but radio transmitters have been successiully attached to the nuchal (=neck) scutes in recent studies (Read et al., 2007

For other species, in particular gharial, the absence of high crests on the nuchal scutes precludes this attachment option, and
Singh (1985) describes trials in which various attachrment metheds, including the use of neck collars, neck mounts, and tail sites
were employed with varying degrees of success. He concludes that the best method of attachrment was stitching the transmitter
an the dorsal surface of the tail just anterior o the double-single scute junction.

Analyses of spatial information, using GPS/GIS approaches have been developed in conjunction with advances in telermetry
technologies (Millspaugh and Marzhsff 2001), Standardized approaches provide the bases for objective comparisons between
populations and species. Several authors discuss the utility of using meaninglul home range descriptors, aclivity centres, and
normal movement patterns within the cantext of spatially constrained, linear habitats such as rivers (Kenward 2001; Kemnochan
atal, 2001).

In summary, modern telermetric techniques have been proven to be especially valuable tools with which to develop effective
conservation and management strategies for crocodilians. This is apparent from the increasing number of studies in a wide
variety of species inhabiting diverse aquatic environments. This trend is likely to continue, as new methadalogies contribute new,
critical data relevant to the specific questions posed. For example, translocation of nuisance crocodiles is often the conventional
management solution, but a satellite study of saltwater crocodiles proved conclusively that animals displaced 56, 99, and 411 km
(the latter directly across the Cape York peninsula) returned to their capture sites, travelling an average of 7-20 km/day (Read et al,,
20073, These results are corroborated by a host of similar findings in other species in which homing of displaced crocodilians has
been demonstrated. Additional management concerns which have been informed by detailed and targeted telemetry studies
include the (1) design and execution of rigorous survey methodologies, (2) documentation and mitigation of man-made
disturbances, (3) evaluation of releasefreintroduction schemes, and (4) effectiveness of habitat protection/restoration. For
consenvation purposas, telemetric studies have allowed researchers (5) o delineale exisling populations more accurately, (8) o
identify the critical habitats and specific environmental components vital for a species’ continued survival, and (7) to manage
populations adaptively at sustainable levels. Inthis connect, this study aimed to

L] Use radio telemetry and groundfwater based tracking to quantify seasonal movement patterns, home range
characteristics, and habitat use of wild gharial.

&  Conduct avariety of related scientific studies in an effort to better understand gharial spatial ecelogy and general biology 1o
pravide inputs for a range-wide gharnal species recovery plan.

&  Provide data that will allow conservation managers to better evaluate and implement conservation measures such as
habitat restoration, captive breeding, and reinfroduction.

&  Continue to haise with forest department personnel and other key slakeholders in an efforl o belter understand the key
consenation measuras required o maintainfestore habitat and revive wild gharial populations.

Study area and species

The NCS is a 428 kmn streich of the Chambal River, ending at the confluence of the Chambal and Yamuna rivers at Pachnada. The
sanctuary areais located in a semi-and zone in northern India in the states of Rajasthan, Madhya Pradesh, and Uttar Pradesh, The
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mean ambient temperatures range from 2 to 46 “C, with a mean annual pracipitation of 531.2 mm, most ot which is received during
tha south-west rmonsoon months of May to August. The landscape is dominated by raving thorn torest, and there is no evergrean
riparian forest left — ground cover is generally sparse throughout. The Chambal River itself is a fast flowing river which originates in
the Vindhya hill range of Central India. It flows norh-east and  joins the Yamuna River al Pachnada before eventually flowing into
the Ganges River,

This study was focused on a 115 km stretch of river from Pinahat (N268641707 E7B.3637237 to SashonGhat (N26.543776°
ET70.086323%), which was the affectad area of the die-off, This stretch of river, particulary the downstream reaches, was the
epicentre (impact area) of the gharial dig-off in the winter of 2007/2008. The telemetry study and active tracking of animals have
largely been confined to a study site comprising a 30 krm streteh of river from Dinnpura (N26 779278° ETB 7259377 to the Udi
bridge {N26.697508° ETE.935026).

Gharial (Gawialis gangeticus) is the cnly suniving member of its crocodilian family and is a geographically endemic, critically
endangered species of South Asian rivers, conferring on it a scientific unigueness possessed by few vertebrate quadruped taxa
amywhere. The species, on the verge of extinction in the early 1970s, with tewer than 300 individuals surviving giobally, was slowly
recovering in the NCS as a result of concerted in-situ as well as ex-situ consarvation action but has recently expenenced two
dramatic and near-catastrophic population declines. Although gharials do oceur in a few olher protecled areas in India, a PHVAIn
1995 assessed the population in the NCS as baing the anly viable and sel-sustaining population inthe world.

Methods

Animal capture, restraint, and release

Gharial of the selected size class (2-4 m total length) were very difficult to capture, particularly the larger size class (3.5-4 m TL),
and the present sludy is based solely on 2.7-3.3 m adulls and sub-adults. The successiul capture strategy employed technigues
developed by local fishermen, and entailed setting curtaing of mash netting at the deep water approaches to favoured basking
sites. Animals entangled in nets did not struggle, and consaquentty nets were checked frequentty to avoid injury/drowning. Once
secured with rope bindings on the limbs and snout, the captured gharial were remarkakbly sedate and docile, requinng a minimunm
of additional restraint, but protection from overheating by providing a large shade canopy and frequant wetting are essential while
holding animals for tagging. On several occasions, it was necessary o retain animals for B-10 hours prior to fagging, and under
these conditions, the holding procedure that was used was well loleraled. Upon releass, all tagged gharial reacted normally and
typically showed defensive behaviours briefly and then bounded for the water and swam away quickly. A qualified veterinanan
was at hand and assisted in all capture/fagging procedures,

Radio attachment

The rectangular, epoxy encased radio transmitters (60 g, 18 cm = 10cm x 8 cm) with trailing, flexible whip antennas (30 cm) were
attached to the base of the tail just anterior to the junction of the single/double tail scutes. Stainless steel split rings (3, on the
bottom edge of each radio) were embedded in epoexy casing and were anchored with a Kewviar fishing line that was inserted with
the aid of a trocar style, large gauge needle as a guide, undemeath the dorsal skin immediately below the bottom of the
transmitter. Three strands of iing were threaded through holes drilled at the base of the tail scutes on either side of the radio and
then lied lo each of the three sels of rings. The knols were dabbed with 5§ minute epoxy. They were further secured with metal
swages, crimped on line ends. Local anaesthetic was available for use ad b, Radio attachment was completed within 45-60
minutes and well tolerated by all gharial so treated. In addition, a temperature data logger and visual cattle tags were used o
provide individual identification, as well as permanent scute markings, Figure 1 shows one of the radios after a full year of
attachment, illustrating the effectiveness of the procedure, and Figure 2 shows a fully processed animal, ready forrelease,

Transmitter function

The transmitters (151 MHz: Advanced Telemetry Systerns, USA) wera designed to be functional for 2.5 - 3 years and under
Chambal conditions have an effective signal range of 0.5-3 km, depending on the local terrain and prevailing weather conditions.
Listening posts, an high ground (lacally known as fapu), were established about every 2 - 3 km along the riverside. The limited
vegetation in the river valley and high vantage points facilitated signal reception; the maximurm reception range was =5 km under
ideal conditions. Daily observations indicate that specific behaviours and activities of an animal correlated closely with the signal
strength and signal vanation. For example, a swimming gharial can be distinguished from one sitting stationary on land, e.q.,
hasking. Submergence under water results in signal loss at 2-3 m, and continual visual observations while monitoring the signal
strength confirmed that submerged animals were detectable even when a gharial surtaced for brief periods, .g.. 1 - 3minutes. In
the dry season, when gharial spend hours submerged, monitoring was extended for 0.5 -2.0 hours at listening posts in order to
adequately track resident ghanal when they surfaced perindically while remaining undenvater at midday.

By carefully noting signal variations, & variety of animal activities/behaviours can be detected from the signal variation alone and
subsequently confirmed by repeated visual sightings. All the above protocols have been incorporated into the routine data
recorded at each tracking site, The absence of a signal for a 1-3 day period indicated that an animal was likely no longer present in
the area, At all listening posts, the frackers scanned all ten frequencies for signals to prevent bias in anticipating an animal’s
whereabouts by selectively tracking only known local residents,
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Figure 1

Picture faken in

March, 2008 of the ragio
attached fo animal number: 55,
tagged in June, 2008 iustraling
i (he raobust nature of

the radio affachiment procedune
fatowed in this siudy:

Figure 2

Tail section of

Animal Number 57, after
attachment of the radio, dafa logger
anid uniguely coded cafile lags.
This animal is reaaly for release.

Disturbances associated with capture/tracking

Captureftagging activities in mid March "09 extended over two weeks and resulted in disturbance at the two capture sites for the
following 4-6 weeks, and typical/normal behaviours, primarily basking, by gharial at these sites were only resumed by tagged as
wedl as untagged individuals in late April/early May, Following this interruption, tagged gharial resumed association with untagged
individuals, and regular patterns of activity were exhibited by all resident gharial.

Tracking from listening posts on rverside high ground resulted in minimal/negligible animal disturbance, whereas tracking by
boat (technique usad initially) was much less productive and appeared to create a much greater disturbance which interfered with
radio-location, e.g., gharial submerged on approach, and signal detectionwas not possible, and there were no visual sightings

"Tha Chambal gharial populations resident at specific locations appear to be habituated to normal riverside activities | and display
finely tuned discrimination abilites when reacting to human activities close o basking and/or nesting sites particularly. Gharial are
alert to calls/signals of other sentinel riverbank inhabitants such as shorebirds and wading birds , and typically react to their alarm
calls signifying unusual, atypical, often threatening activities .Gharial rapidly head for water if basking , or subrmerge if in the waler
until the potential threat wanes or disappears. Habituation tovillagers using footpaths | walking with livestock | moving with camels
, even crossing of shallow stretches of river on foot/camel is evident, and these aclivities are ignored and not responded to with
escape behaviour,"

The capture-tagging forays to affix radios continued for days, and even residual human activities loosely associated with capture,
such as tracking/observing, resulled in daily disturbances to normal patterns of basking and submergence by resident ghanal.
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Frequent major disturbances at some localities appeared to result in resident gharial shifting their “normal” daily locations to
nearty, undisturbed areas

Based on repeated observations reinforcing the summary of disturbance faclors (above), the oplimum lime for caplure/lagging
wauld appear 1o be in the immediate post-monscon months (Oct-Dec) to-avold intererance with irmpartant socialreproductive
behaviours known to accur from mid-January through the pre-monseon months (May, June, early July), when nesting, hatching,
and parental care of young have bean obsarved in Chambal localities,

Tracking Methodology

The tracking team, based at Garhaita village, consisted of 2 experienced local trackers who also operated an inflatable boat with a
25 hp OBM, and 2 researchers who worked with the trackers to locate tagged gharial along a 30 km stretch of river which was
monitored 3-5 days a week, Local transport was primarily on foot and/or by motorbike for river transects, High ground overlooks
located at strateqic sites provided upstream and downstream coverage, Optimal tracking ranges of 0.5 -3.0 km were obtained by
utilizing 4 element Yagl antennas as well as 3-elerment handheld units with portable field receivers (ATS Fieldmaster 100).
depending on the local terrain and weather condibions. The tracking team, logged a total of 241 days of the 412 day tracking
period.

GPS readings (Garmin Yista HCX) were taken for determining anirmal locations by triangulation on constant signals, and when
feasible {ie. when tagged animals were visible), these data were collected by waypoint projactions using a compass bearing
along with alaser range-finder (Bushnell Sport 450).

In addition, hand drawn sketches and marked printouts of satellite maps were maintained for the most impartant basking
sandbanks, Observations/tracking effort, consisting of daily forays of 6-10 hours, were seasonally adjusted to accommodate
local weather conditions and, importantly, the seasonal changes in gharial activities — early morning and fate aftemoon
observations during periods characteristic of the warmer, dry months (March—July; Sept-Mov) and midday cbservations during
the wet period (July-Sept) and the winter months (Nov-Feb). Figure 3 ilustrates the typical tracking methods, in the backdrop of
‘typical’ habitat of the study site.

=

A view of one of

the main basking sites,

‘Chifongea, with the tiacking team in
the fore-ground. Trackers work
alone of In pairs dacided by 8 work
plan formutated the might befors,

Tracking effort

Orne radic-tagged gharial (52) has been monitored for over 22 months (9 months from June '08 to Feb '09 intermittantly, followed
by 13 months regularly}. The ten gharnal outfitted with radio transmitters (151 MHz; individual frequencies) have been tracked for
appraximately 50% of the total days (2432 of the total gharial days lagged, which were 4120) between release in mid-March 2009
and 30 April, 2010. For the ten gharial monitored for 13 months, locations for 1795 daily monitoring gharial days were recorded, for
an average of 180 tracking days during the mean 412 days tagged per animal, or approximately 44% of the days maonitored. Atotal
of 1812 daily locations were recorded for the ten menitored gharial during the 13-22 months of the study. In addition to daily
tracking locations, detailed ocbservations were made of environmental parameters, water levels (river) and gharial activity and
behaviour throughout the dayiight hours, including the moming and afternoon, Photos of gharial groupings, including those
which included tagged gharal, were taken frequently, daily to weekly, to further document gharial locations and habitat usage. A
summary of the tracking effort is presented in Table 1.
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Table 1 : Summary of the Tracking Effort

=
Sex |D Length Days Days Monitored Total Mot Track
(mts) Tagged March 2009 to April 2010 Found Days
Mm A MJ J A § O ND J F M A
F &1 29 412 17 18 25 24 24 14 16 23 22 24 27 23 16 15 288 &7 241
F 53 283 410 & 15 24 28 23 4 10 18 20 18 20 18 21 11 239 45 194
M B 21 412 15 17 21 27 8 7T 15 23 23 25 27 24 19 16 267 53 214
F 69 3 409 8 16 23 26 23 5 12 16 20 17 21 14 25 23 240 §7 192
F 2 25 410 10 17 24 27y 22 5 11 16 20 20 24 17 12 18 243 &2 181
F 63 33 412 =R 18 11 21 20 238 24 25 18 20 21 1896 7V 119
F 57 28 417 18 12 24 24 19 12 21 16 19 18 18 19 11 13 251 &1 180
F 49 239 409 14 12 23 22- 13 & 12 15 18 17 20 15 15 19 220 48 172
F g1 2B 410 15 13 23 28 22 6 14 19 18 19 24 21 17 18 255 58 197
M B8 2 419 15 14 17 18 26 4 16 17 20 21 22 8 14 12 224 128 86
TOTAL 123 141 204 224 193 73 148 183 203 203 228 175 170 164 2432 637 1795
June 2008-March 2009
L) 5 2 255 5 4 a8 4 21 4 17
TOTAL 123 141204 229 197 73 148 183 211 207 228 175 170 164 2453 641 1812
Result

Movement Patterns and Spatial Ecology of Chambal River Gharial

During the dry season/dow water conditions, normal actvities consisted of loose aggregations of gharial of all sizes at particular
deep waler areas, poois with riverside sand banks, sandbars and exposed mid-river sand islands. This 'clumped’ distribution of
ghanal is charactenslic of all manths of absernvalion, except the high watermonsoean months of July, August, September and
Cectober.

Table 2 : Summary of dry season and monsoon residency, maximum movement distances,
summed distances moved and trips recorded for ten telemetered Gharial, Chambal River /
=

ANIMAL DETAILS SUMMARY
ID Sex Total Track Cap Primary Dry Secondary Max (km) Loc Distance Min# UP DWHNST
length Days Site Season Monsocon  Dist. Loc max (km) tips STR  Rtrips

mis Residence Residence movement trips

61 F 29 244 CH CH CH =2km CEMR 32 0 a 0

5d B 23 194  NK DN MK 6.9 DN-NK 285 B 4 4

85 M 21 214 CH CH PG 4.2 CH-PG 313 13 7 &

g5 LA 192 MK DM MK 6.4 DN-NK 735 16 8 8

T 2.3 181 NK DN MK 5.4 DMN-NK 1255 23 11 12

Bds i3 112 CH CH PG 8.0 MR-PG 102 2 1 2

Y i 29 180 CH CH/BR BER 14.3 CH-BD 662 11 5 5]

43 F 29 172 NK CH/BD PG 21.5 MR-UD  B5.9 10 a i

81 F 28 187 DN DN MK 16.4 DN-PG 545 15 8 7

59 M 2 112 NK  NK MK 16.4 DN-PG 986 18 8 8

8F2Mm 1812 X =10.2 X=548 X=11.7 X=5.6 X=6.1

TOTAL (2 -16.4) {3-100) (0-23) (0-9) (0-12)

X= MEAN VALUE

Abbreviations : CH - Chilonga, NK - Nakhnoli, BD - Badpura, PG - Pachai Gaon, DN - Dinnpura, UD - Lidi Bridge, MR -
Murang, CE - Chilonga East Sandbank, AK - Aken ki muanyan, BR - Baroli, LK - Lakhanpura rock pool, BS - Baswara
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Synopsis

The radio-tagged gharial manitored for 13 maonths (Mar '09 - Jan '10) exhibited individually distinct patterns that ranged from
residency al a single location (61 al Chilonga) lo wide-ranging maovements upsiream as well as downstream, which were
exhibited by a gharial {59 al Nakhnaoli) whose residency was loosely centred al the midpoint, 8 km below the furthes! upstreanm
location and 10 km above the furthest downsiream location. The home range of the radio-tagged animals has, for the most par,
besn within the 30 km stretch that formed the main study site, although some animals (63 and 49) have been found outside this
range, The 3.3 m famale {63) has been recorded 22 krn upstream of Dinnpura, and ancther famale (49) has been recorded about
5 km downstream of the Udi brdge, Summaries of the residency patterns are presented in Table 2, and further details of indwidual
patterns, as well as size estimators duning the dry season and monsoon months, are shownin Table 3.

Table 3 : Activity centres, home range estimates, river direction and summed movements of ten

telemetered Gharial in dry season vs. monsoon on a 30 km stretch of Chambal River, Udi-Dinnpura,
Uttar Pradesh and Madhya Pradesh States, India /"E
SEX ANIMAL SEASON DRY SEASON AND HOME RANGE RIVER SUM ALL
D MONSOON RESIDENECES MOVEMENT MOVEMENTS
CENTER RANGE DISTANCE AREA DIRECTION {K)
(KM) (HA)
F 61 8] CH CE-CH 1.3 28 NONE 3
61 M CH CE-MR 3.2 158 NONE
E 63 D DM DMN-AK 24 70 DOWN STR 29
53 il ME MB-KA L | 2R9 DOWN STR
] 55 D CH CH-LK 21 2] DOWN STR at
55 M PG CH-PG 42 208 DOWN STR
F 63 8] DM DMN-KA 5 141 DOWN STR 74
M MK MR-KA 54 269 DOWN STR
E 75 ] D DN-MNIK 6.9 197 DOWN STR 126
75 M MK MB-FA 54 269 DOWN STR
E 63 D CH CE-MR 3.2 o1 MNOMNE 10
63 M PG MR-PG 6 301 DOWN STR
F 87 D CH{2009) LK-CH 211 59 DOWN STR
&7 ] BR (2009} PG-BD 10.1 503 DOWN STR 66
57 (B BR (2010} BS-ED B.T 189 LP & DOWMN
F 49 D CH {2009) NE-PG 9.5 268 DOWN STR
49 M PG (2009) MK-PG =} am UPSTR 56
49 8] BD (2010) RF-BR 52 148 DOWN STR
E 51 D (B DM-AK 24 70 DOWN STR54
51 M MK NK-PG 9.5 472 DOWN STR
M 54 D MK MNE-AK 45 127 UFP STR100
59 M NK NK-PG 9.5 472 DOWN STR
Abbreviations : CH - Chilonga, NK - Nakhnaoli, BD - Badpura, PG -~ Pachal Gaon, DN - Dinnpura, UD - Udi Bridge, MR -
Murong, CE - Chilonga East Sandbank, AK — Akon ki muariyan, BR — Baroli, LK - Lakhanpura rock pool, BS — Baswara

Seasonal trends

Most tagged gharial showed well-defined seasonal patterns of residency, with upstream primary (low water/dry season)
location(s) and downstream secondary (high water'monsoon maonths) residences to which each moved during August-October,
returning toits primary residence upstream in subsequent months. Twe tagged gharial (49 and 57) varied this seasonal pattern by
rermaining at downstream locations and/or visiting these during the post-monsoon, dry season as well.

Two other gharal (75 and &9) with upstream residencies shified frequently between their primary residencies and nearby
localities, presurmably in response to high water fluctuations that inundated mid-river islands at Dinnpura. Seasonal shifts to
maonsoan residencies during the high water months of August-Sept-Oct involved shorter distances (4-7 km) or longer distances
(14-16 krn), by gharial from dry season primary residencies al Dinnpura as well as those residing al Chilonga.

Distance trends

Thres ghanal fagged at Chilonga had their primary residency at Chilonga, and either did not move downstream (61) or made
shorter movemenls Lo secondary residencies downstream (55 and 83). Three Dinnpura residents (53, 69 and 75) moved shorter
distances (7 km) to secondary residences, while another Dinnpura resident, 51, shifted a longer distance (16 km) to its secondary
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downstream residenca. Two other Chilonga residents (49 and 57) moved downstream and back upstream with less obvious
seasonality, involving longer downstrearn shifts in residency. These gharial appearad to have shifted their dry season residencies
in 2009 to locations downstream in 2010 and resided at or near their secondary residencies downstream that were occupied
during the 2009 monsoon.

The mean for the ten manitored gharial was 10.2 km but varied from < 2 km for a Chilonga resident (61) which was not recorded
anywhere else (location tracked on 247 days through the 412 tagged days aver 13 months) to 16-21 km for three wide-ranging
residents (49@CH, 51@ON and 59@NK), The total recorded movernents for the 10 radio tagged gharial also showed
considerable individual variation. These distances ranged from 3 to 100 km, with an average of 53 km. Likewise, the minimum
number of trips upstream and downstream recorded averaged 11.7 trips, ranging from 0 to 23 trips, raughly equally divided
between downstream high water movements and upsiream return movemenis.

Transit patterns typically involved a series of short movements between specific locations, with stopovers at transit locations as
short as 1-2 days and as long as several weeks, For example, 57 shifted in late January from Baroli to Chilonga, a river distance of
11 km, in 1-2 days. A number of recorded movements showed relatively short transit imes of 1-4 days for distances of = 10 km
The typical transit patterns are illustrated by the travel narratives of two gharial (51 and 57) which are presented in detail below.

Movement summaries for two selected individuals

To llustrate the movement patterns af these two animals, the residency and movement patterns have been superimposed on
satellite imagery, and the resulting outputs have been shown for these two animalg (51 and 57), Downstream routes are denoted
as yellaw lines with downstraam stops marked as vellow balloons: upstream routes are denoled as red lines with upstream stops
marked as red balloons.

Movement Summary (2009 - 2010) - ID: 51 Figure 4
(2.8m female, captured at Nakhnoli) - =

This individual {51), a residenl of Dinnpura and Akon Ki
Mauriyan during the manths of May-July. has been tracked
for a total of 2656 days till date (30/04/10), During the tracked
days, it was found on 197 days (or 77% of the time). The total
number of days this animal has been tagged is 410, and it
has been tracked for 48% of the total number of tagged days.
During the months of May-July, 51 moved from Dinnpura to
Akon, a distance of 2.4 km, several times but remained
resident in this general area. In early August, 51 made a
downstream transit, first to Makhnoli (6.9 km) and then to
Chilonga (5.3 km from Nakhnoli) — a total distance of 12.2
km. The transit time from Nakhnoli to Chilonga was 1 day,
and Chilonga was used as a temporary residence for 15
days. Seplember saw ancther downstream movement by
51, from Chilonga to Pachal Gaon, a distance of 4.2 km
whichwas covered in a single day. Pachai Gaonwas used as
a temporary residence for about 4 days. Following the
residence at Pachai Gaon, 51 moved back upstream to
Chilonga in October, again covering a distance of 4. 2 km.
Chilonga was again used as a termporary residence for a
further period of 15 days. 51 then moved upslream o
Murong and spent 2-3 days resident at this site. In early
Movermber, 51 moved upstream from Murong ta Nakhnoli,
covering a distance of 3.4 km with a transit time of 2-3 days
In mid-late Movernber, 51 again moved upstream, back toits
May-July residence just below Dinnpura al Akon and Karot
4.5 krn upstream of Nakhnoli. Figure 4 is an overview map of
the movermnents made by 1.

N0 Y- BB EUMET

In late December, 51 moved upstream 2.4 km to Dinnpura
and was resident there for 2 days, tollowing which there was
a 6.9 km transit downstream to Nakhnoli, The downstream
mavement to Nakhnoli coincided with a rise in water levels
and submergence of some basking siles al Dinnpura. 51
was resident at Makhnoli and nearby sites just upstream

during late January and early February and returmed to Mavemer mag for Animal Number 51 showing a summary
Dinnpura brefly for 3 days before shifting 5 km downstream of frigfor movemisnis fmide from March 2009 to May' 2610
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to Karot where it resided all of April. The total distance
traveled by 51 over this 13 month period was 54.5 km, the Figure &
sum of all its recorded transits. [t made a minimum of 15trips,
Bupand 7 downslream (Table 2).

Movement Summary (2009- 2010) -1D; 57 (2.9
mfemale, captured at Chilonga)

This individual was observed to use the Chilonga basking
site fairly exclusively during the manths of May, June and
July. During this period, the animal was tracked for a total of
57 days and was recorded exclusively at Chilonga (itwas not
recorded for 12 of tha 57 fracking days — it was not found for
21% of the tracking days). In early August, the animal left
Chilonga and moved downstream to another well used
basking site at Badpura. The transit time for this move was 5-
6 days. and the distance covered was 14.3 km. 57 used
Badpura asits primary residence for a period of 15-20 days.

In mid-September, 57 moved upstream to a site near the
village of Baswara, where it was resident for a period of 10-15
days. The distance travelled over this transit was 6.7 km, In
early Oclober, levels of disirbance were obsened to
increase at the Baswara site, and 57 left Baswara and made
anather upstream transit to Pachai Gaon, a distance of 3.4
km. The Pachai Gaon site was used as another iemporary
residence, and the animal spent ~15 days at this site. Figure
5 is an overview map of the moverments made by 57.

Late Oclober to early November saw 57 making another
downstream transit from Pachai Gaon to Barali, a distance of
6.9 km, with a transit time of about 5 days. Baroliwas used as
anather significant temparary residence site, and 57 spent
the months of Movember and December and most of
January there. In late January, 57 left Barol and moved
upstream 1o Chilonga, with no recorded stops along the
route, over a transit time of 1-2 days. This distance travelled
was 11.1 km, and the animal remained at Chilonga for 3
days, retuming to Baroli to the same locality it had occupied
previously. [t remained there till mid-March, when it shifted 1
downstreamn 3.2 km to Badpura, stayed there one day and Movement map for Animal Number 57 showing a summany
then returned to Baroli through the rest of March and all of SRR ORI Pl NS JOUS Iinbw S016
April. The total distance recorded travelled by 57 over this 13

month percd was 66.2 km, the sum of all major transits it made during this time. It made a minimum of 11 trips, 5 upstream and 6
downstream (Table 2)

Seasonality of movement patterns observed

The details of individual gharials’ seasonal patterns of residency (dry season vs. monsoon) with respect to the main centre of
activity, home range size and area estimates, the direction of movement and the summed movement tolals are presented for the
ten telermetered gharial in Table 3. Each gharial had a well defined activity centre from which it made excursions, typically return
trips, penodically.

Home ranges consisted of all racked locations and were larger during the moansoon manths. River lengths (between maost distant
points of home range) averaged 4.0 km {range 1.3 to 7.3 km) in the dry season vs. 6.5 km (range 3.2 to 10.1 km) during the
monsoon. The home range area (river length = river width seasonal) averaged 92 ha (range 38-208 ha) in the dry seascn and 322
ha (range 159-503 ha) during the monsoon, The predominant movement direction was downstream during both seasons, The trip
frequency, reflected in the summed movements, was not chviously related to either the size or extent of home range estimates.
The tracker observations strongly suggest that many short trips were directly in response to water level changes (e.g.. dam
releases inundating basking sites and/or specific human activities close to basking areas that directly interfered with the: daily
basking routine).

Although the seasonal pattems of residency summarized here were notably consistent for all the gharial monitored, four
individuals (29, 57, 48 and 63) showed departures from the general pattern, Two (57 and 49) shifted their dry season residences
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downstream during 2010, close to where they initially shifted dunng the monsoon from previously occupied upstream residences.
Anothar (59) had an activity centre that did not shift seasonally but tended to move upstream during the dry and downstream
during the monsoon. Finally, the largest female (53) disappeared coincident with the nesting/hatching periods in 2009 and again
in2010.

Discussion

The preliminary rasults of this study indicata that the telemetry methods we employed have provided sufficient data to reveal the
seasonal residency patterns of the Chambal gharial in some detail. The majer findings in brief are the following: {1} each gharial
displayed its own individual spatial preference for specific areas of the river stretch we studied, (2) activity centres and home
ranges varied seasonally, (3) the primary direction of movement was downstream during the mansocn and upstream post-
monsoon, and (4] significant individual differences were evident as variations of the general pattern common to all. However, the
slucly results lo date are limited because (a) the 2009 monsoon was late and did nol resull in the usual high water levels and [b) the
absence of larger gharial (3.5 to 4+ m tatal length) limits the findings to the 2-3.3 m residents only.

Previous studies of gharial movements have been prirarily focused on tracking released juvenites (1-2 m total length) as part of
various head-starting/reintroduction programmes within India and Nepal {Singh 1985 :Ballouard and Cadi, 2005 ) These effarts
have met with varied success which has been difficult to assess because the resident, wild populations have not been studied
and/or reintroductions have been made in river strefches devoid of an established resident population. In general, although some
reintreducedireleased gharial remain near release points, many have been resighted =10 km away, predominately at
downstream locations.

The movement patterns of wild, resident gharial deterrmined utilizing telemetry at 2 Chambal locality upstream from the study area
inthe present study have been reported by Singh (1285), One juvenile moved downstream atotal of 9 kmin 35 days upon releass,
maying & kmin 15 days and a further 3 kmin 20 days. Another juvenile translocated 60 km upstream moved 14 km downstream,
where il remained alter 4 months, still 46 km upstream of its caplure site. In a previous study {Bustard and Singh 1983), based
solety on sightings of 4 uniguely marked adults (2 males, 5.4 and 6.6 m total length; 2 females, 3.6 and 4.6 m total length) in
Satkoshia Gorge, a22 km stretch of the Mahanadi River in Orissa, India, home range river lengths of 19.2,12.8,10.4, and 11.6 km,
respactively, were estimated based on numerous re-sightings. The maximum recorded movements in this study were 28, 44, 23
and 43 km, respectively
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