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Abgtract

Ragi-Corbett Tiger Congervation Unit (RCTCU), in northern India, is one of the 11 Level-l Tiger Conservation Units (TCU)
identified in the Indian subcontinent for the long-term conservation of the tiger. This TCU of about 7500 km? gretches from the
Yamuna River in thewest to Sharda River in the east and indudes portions of the Outer Himadaya and the Shivdik hills Little less
than one third of this TCU comes under protected area datus (Rajaji Nationd Park—820 km?, and Corbett Tiger Resrve—1286
km?) and the res are under 12 ressrve forest divisons five of which have largely been converted into monoculture plantations
Between November 1989 and March 2000, we evaluated the status of tiger and leopard in RCTCU by counting the number of
diCerent pug marks on 3-6 km transect walks along 52 dry stream beds (‘raus’), for atota digance of 479 km in these ressrve
forests and plantations People and cattle ssen dong the transects were dso counted, asan index of disurbance. In this TCU, the
tiger occurs in three isolated populations between the west bank of River Ganges and River Yamuna, from the eagt bank of
Ganges to Kathgodam-Hadweani-Lakuan Highway and between the Highway and River Sharda Owing to increasing biotic
pressures, thetiger has become rare in Rajgi-Corbett corridor and has become extinct in four divisons There isa growing threat
of further d ion and fragmentation of its habitat. To implement a recovery programme, we suggest several management
measures such as control of poaching, rescttlement of local tribes (gujjars ) and five villages, creation and srengthening of forest
corridors, conversoh of monocultures into polyculture plantations and egtablishment of severa mini-core aress including Nandaur
Valley Nationa Park. We recommend therelizble and user-friendly method used by usto evauate and monitor the gatus of leo-
pard and tiger in this conservation unit. A suggeded Greater Corbett Tiger Reserve (2000 km?) should be kept as inviolate as
possible.

# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The rate at which the tiger (Panthera tigrig is losing
its range, has lost three subspedes and is dedining in
number from ca. 100,000 at the beginning of the twen-
tieth century to ca. 6000 now, isa sureindication that
this magnificent spedes is radng towards extindion.
The conservation status of the tiger isworrying even in
India, which has about half the total population in the
wild (Jackson, 1997; Thapar, 1999). There are two
major reasons for this sorry state of aCairs. One isthe
unprecedented increase in human population, which in
India, for example, was 361 million in 1951 and now

* Corresponding author, Td.: + 91-135-640112-5; fax: + 91-135-
640117.
E-mail address: ajtjohnsingh@wii.gov.in (A.J.T. Johnsingh).

stands at one billion (10°), one sixth of the world’s
human population. This colossal human mass and its
growing requirements puts enormous pressure on wild-
life habitats. The other reason is the spedal require-
ments of the tiger, which as a spedes nesds large
undisturbed habitats with abundant ungulate prey
(Johnsingh and Negi, 1998). These requirements conflict
with those of an expanding human population, which
destroys or disturbs tiger habitats and competes directly
with the tiger for prey. Also, most tiger populations,
particularly in northern India during the last two dec-
ades, have besn subjedted to heavy poaching for bones,
an important component in Traditional Chinese M edi-
dne (Wildlife Protedtion Sodety of India, 1998).

The ne=d of the hour isto identify, proted and man-
age tiger habitats assiduously so that as many tiger
populations as possible can be proteded across its
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range. Two studies (Johnsingh e al., 1991; Dinastein &
al., 1997) have identified such landscapes for India and
the Indian subcontinent respedively. What is now
urgently needed isto identify the threats to each of these
areas, quantify biotic pressures and assess the status of
tiger and its assodated spedes. Such studies will provide
information to enable us to evolve suitable conservation
programmes for each area to maintain and restore
habitat integrity, reduce biotic pressures and safeguard
the future of the tiger.

This paper assesses the status of the endangered tiger
and the still common leopard (Panthera pardus), and
quantifies biotic pressures in terms of people and cattle
use in the Rajaji—Corbett Tiger Consarvation Unit
(RCTCU) in north India, to form the basis for broad
management recommendations for the recovery of the
tiger population.

2. Study area

The RCTCU is one of the 11 Level-l Tiger Consarva-
tion Units (TCUs) identified in the Indian subcontinent
for the long-term conservation of thetiger (Dinerstein et
al., 1997). This TCU indudes portions of the outer
Himalaya and the Shivalik hills northeast of Dehi,
which in summer (M arch—June) have very littlewater for
wild ungulates. This was formerly in the state of Uttar
Pradesh but since November 2000 most parts of the
RCTCU, except the Shivalik and Bijnor divisions, come
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under the new state of Uttaranchal. The TCU extends
from the Yamuna River in the west to the Sharda River
in the east (Fig. 1). This trad is drained by numerous
riversand streamsrunning north to south, most of which
remain dry in late winter and summer. These dry beds are
locally called ‘raus’. Until 30 years ago, this sal-domi-
nated (Shorea robusta) forest tract, which isca. 300 km
long and 7500 km? in area, was continuous and much
more extensive. Sal forest, with an understory of unpa-
latable shrub spedes such as Ardisia solanacea, Cler-
odendron infortunatum, Colebrookia oppositifolia,
Desmodium spp., Flemingia spp. and a sparsity of grass,
does not olCer much forage to wild ungulates.

Over the years the growing human population and its
demand for more forest land for agriculture and various
development projeds have broken the forest continuity
along the west bank of the River Ganges and along the
Kathgodam-Haldwani—Lalkuan Highway (hereafter
the Highway). The pressures on the remaining forests by
the pastoral gujjars people in the adjacnt towns and
villages, and ther livestock, grow day by day, severdy
threatening the wildlife values of this area. In the past
the gujjars migrated with their buCaloes and other live-
stock to the Himalaya in summer and returned to the
foothills in winter. Now, because of resentment from
the people living in the mountains, most of the gujjars
are foreed to stay in the foothills with their animals
throughout the year, which causss sustained damage to
the habitat. Yet this TCU is the most vital conservation
areain northern India for largemammals (Johnsingh &
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al., 1991; Johnsingh and Panwar, 1992; Anon, 1993;
Dinerstein & al., 1997).

About onethird of this TCU isunder protected area
status: the proposed Rajaji National Park (Rajaji NP,
820 km?) and Corbett Tiger Reserve (Corbelt TR, 1286
km?). The rest is reserve forest under various forest
divisions (Fig. 1). Corbett TR has a national park of
521 km?, Sonanadi Wildlife Sandtuary (WLS, 302km?),
which waspart of Kalagarh forest division till 1987, and
a buCer of 463 km? formed by part of Kalagarh, Ram-
nagar and Terai West forest divisions. Rajaji NP is
divided by the Ganges into an eastern half (Chilla WLS)
and a western half (Rajaji and Motichur WLSs). The
tenuous habitat connection betwesn the two halves, the
Chilla-Motichur corridor (Johnsingh & al., 1990), is
rapidly degrading under increasing biotic pressures.
From west to east the forest divisions in this Tiger
Conservation Unit are Shivalik, Dehra Dun, Naren-
dranagar, Haridwar, Lansdowne, Bijnor, Terai West,
Ramnagar, Terai Central, Haldwani, South Pithoragarh
and Terai East. Five of these [Haridwar (part), Bijnor,
Terai West, Terai Central and Terai East] consist of
large-scale mechanised plantations of softwood (eg.
Eucalyptus spp., Ailanthus excdsa, Populus dliata) and
hardwood (eg. Acada catechu, Dalbergia sissoo, Tec-
tona grandis) which were raised in the 1960s to meet
industrial needs, repladng the mixed forests and grass-
lands on the terai. These monoculture plantations,
which still exist, have changed the habitat composition
drasticallyas agricultural aops were also raised in the
interspaces resulting in round-theyear disturbance to
tiger and its prey spedes. Exotic wesds like Lantana
camara and Parthenium hysterophorus, and native weeds
like Adhatoda vasica, Cannabis sativa and Cassia tora,
are problems throughout this TCU, which reduce the
suitability of the habitat for ungulates.

3. Methods

Information on tiger and leopard and disturbance
factors—livestock (cattle Bos indicus and buCalo Buba-
lus bubalis) and people—was oolleded with the assis-
tance of stall working with a non-governmental
organisation (NGO), ‘Operation Eye of the Tiger—
India’, and the stad of the Uttar Pradesh Forest
Department. Since we did not have the manpower to
survey all the raus (dry river beds) in the ca. 5400 km?
area (other than Rajaji NP and Corbett TR) we sdeded
52 rausin the forest divisions in locations where there
was oonsidered to be less disturbance and greater
chance of sesing tiger pug marks. The stall were chosen
and trained by us to locate and identify tiger and
leopard pug marks. They worked in teams of two and
walked 3-5 km transedts along these raus searching a
width of ca. 4 m and covering the two sides of the rau

separatdy on the outward and return journey if it was
> 10 m wide. The length and breadth of the pug marks
weremeasured irrespedive of the fad that whether they
were dther of fore or hind foot. The measurements and
the continuity of the pug mark trails were used to dis-
tinguish those made by diCerent individualsin the same
rau, but not to identify diCerent individuals between
raus.

Although Rajaji NP was not surveyed as part of this
study, based on camera trap studies, we have estimated
the number of tigers using Dholkhand area of the Park,
which isfreefrom gujjar settlements, to bearound eight.
Our research on eephants in the Park from 1995 to
2000 has given us ample opportunities to survey and
record tiger pug marks from other parts of the Park
enabling us to estimate that there could be 10-15 tigers
in the Park.

The transects were walked early in the morning,
before cattle eTaced the signs, and in winter when the
rau beds were wet when conditions were ideal for
locating pug marks. The data were expressed as
encounter  rate (number/km) in the analysis. This
methodology is explained with one example. In Ram-
nagar division (487 km?) in December 1999 within 3
days 10 transeds in 10 diCerent raus totalling 48 km
were walked. The number of tiger pug marks seen were
2+ 1+ 1+ 1+ 1+ 1+2+1+1+1 (12) and leopard
2+ 1+ 1+ 1+ 1+ 0+ 1+ 1+ 1+ 1 (10). Number of cattle
7+ 2+ 0+ 0+ 39+ 0+ 0+ 0+ O+ 25(73) and people seen
were 4+ 4+ 0+ 2+ 32+ 2+ 7+ 11+ 24 + 15 (101). The
encounter rate for tiger and |leopard pug marks was0.25
and 0.21, respedively and for cattle and people 1.52and
2.10 (Table 1).

Between November 1999 and March 2000 we sur-
veyed a total of 479 km in the forest divisions listed
earlier and also 7.7 km on the west bank of Ganges in
the Chilla-Motichur corridor. We did not survey the
two protected areas (Rajaji NP and Corbett TR) and
reied on the regular Forest Department census figures
available for these two areas (Tables 2 and 3).

4. Results

Table 1 summarises the results of the transeds related
to the number of kilometres walked, number of tiger
and leopard pug marks seen and cattle and people
encountered. Tigers oocur in three habitat blocks in
Rajaji—Corbett Tiger Conservation Unit. One is from
Yamuna to the west bank of the River Ganges, which
indudes the forest divisions of Shivalik, Dehra Dun,
Narendranagar (total tiger habitat ca. 1000 km?), and
the Rajaji-Motichur (ca. 500 km?) part of Rajaji NP,
Our additional surveys along the west bank of the
Ganges, in the proposed Chilla—M otichur corridor ares,
showed that tigers (0/km) do not use the west bank but
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Table 1

Counts and encounter ratesin parenthesss (no./km) of tiger and leopard pug marks, and cattle and people sen in 12 forest divisions of theRajaji—

Corbett Tiger Consavation Unit, November 1999-March 2000

Forest division, area in km? Km Tiger pug Leopard pug Cattle People Habitat
walked maks marks block

Shivalik, 32 B [} 1 (04) B (888 147 (4.45) |

Dehra Dun, 510 » 1 (0.2 4 (010 & (1.59) B (0®)

Narendrange (pat), 150 15 0 6 (0.40) 5 (385 21 (1.40)

Haridwar, 370 D 0 8 (0.40) 163 (8.15) 8 (250) 1

Rggi-Corbett corridor, 250 186 3 (0m) & (055) 1140 (7.35) 1 (510)

Bijnor, 344 15 0 3 (020) o4 (6.27) 13 (7.59)

Ramnager, 487 48 12 (0.25) 10 (021) (1) 101 (210)

Terd West, 30 15 5 (0.33) 4 (027 &8 (5587 7 (647)

Ted Centrd, 44 15 2 (013) 4 (027 218 (14.53) 51 (340)

Terd East, 801 15 1 (007 4 (027 12 (12680 40 (267) n

Haldwani, 768 0 6 (0.12) 8 (0.16) 20 (4.18) 118 (23)

South Fithoragerh, 400 ] 1 (0.05) 3 (019) 120 (7.50) 15 (0.94)

leopards (0.26/km) still do. Our data on pug marks and
use of camera traps indicate that there could be 6-10
adult tigersin this 1500 km? habitat blod, largdy con-
fined to the Rajaji—-Motichur area (. 500 km?) of the
Rajaji NP (Johnsingh and Goyal, unpublished data).
The two tiger pug marks seen by forest department star
in Dehra Dun division during the 2001 census (Table 2)
areprobably from animals straying from Rajaji NP.

The second habitat blodk isfrom the east bank of the
Ganges to the Highway. This trad is about 4000 km?
and indudes the Chilla part of Rajaji NP, Corbeit TR,
Lansdowne, Haridwar, Bijnor, part of Kalagargh,
Ramnagar, Terai West and Terai Central forest divi-
sions. There ocould be ca. 50 adult tigers in this stretch of
habitat. The tiger habitat from the eastern end of the
Rajaji-Corbett corridor (Khoh River and Kotdwar
town) to the Highway is about 3000 km?. Its eastern
part, an area of ca. 1000 km? east of Boar River, comes
under the Terai West and Terai Central forest divisions,
and ishighly disturbed by plantation activities.

The third block, ca. 1800 km?, is from the Highway to
Sharda River and indudes the Haldwani, South Pitho-
ragarh and East Terai forest divisions. East Terai forest
division has tenuous habitat connedivity with the
Pilibhit forest division of Uttar Pradesh which is west of
Sharda River. During the survey in this block eight tiger
pugmarks were seen, six of them in the Haldwani forest
division (Table 1) which, in terms of combined encoun-
ter ratewith cattle and people (6.54), was reativey less
disturbed than Terai East (15.47) and South Pithoragah
(8.44). Besides this, the Haldwani forest division has the
fairly undisturbed Nandaur Valley (ca. 100 km?). The
Uttar Pradesh Forest Department censusss alsoindicate
that Haldwani forest division consistently has more
tigers than the other two divisions (Table 2).

Two disturbing results emerged as a result of the sur-
vey. One is the near absence of tigers in the ca. 1000 km?
forest area in Shivalik, Narendranagar and Dehra Dun

forest divisions west of Rajaji-Motichur. Here 87 km
were surveyed, and the mean encounter rate for tiger
pug marks was 0.01, leopard 0.28, cattle 4.68 and people
2.34. The Forest Department has not censused tigers in
Narendranagar forest division but the information
availablefor Shivalik and Dehra Dun divisions (Tahle 2)
dearly indicates absence of tiges here It should be
noted that west of Yamuna, in the state of Haryana
(Fig. 1), only tigers straying from forests east of
Yamuna are reported.

Table 2
Counts of tiger pugmarks in Rajaji-Corbett Tiger Conservation Unit
acoording to Forest Department censuses

Division/protected area Yer

1984 1980 198 196 1997 1999 2001
Shivdik 1 6 0 V] 0 0 NC
Denhra Dun 10 2 0 0 0 2
Rgsi NP (80 km?) 13 3B 18 22 32 28 30
Lansdowne 25 0 1B 7 NC 15 9
Bijnor 7 10 0 0 0 0 NC
Kaagrh 4 48 HB NC NC NC NC
Sonanadi WLS* (32 km?) NA NC NC 24 15 15 22
Corbeit Nationa Park (821 km*) 90 91 88 90 91 83 85
Buler of Corbelt TR (463 km?*) NC NC NC 27 32 28 30
Ramnagar 0 4« 17 B 33 B H
Nanita 13 10 3 4 0 0 0
Tera West 0 A 19 7 5 5 4
Ted Centrd B3 7 1B 1 5 5 4
Hadwani 2 484 2 B 11 N1 B
Fithoragerh = 2 0 0 0 NC NC 3
Tea East 12 17 9 8 7 5 12
Grand totd 3 3| 243 240 28 24 51

0—No pugmark was seen. NC—Not counted. NA—Not awleble

* Sonanadi WLSwas carved out of Kdagerh division formed in 1987 but
separdde counts for the Sanctuary were made only from 196

® Buler of Corbelt TR indudes portions of Kdagrh, Ramnage and
West Terd forest divisions.

¢ FAthoragrh was divided into North and South Rthoragerh in 1994,
After 1955 the tiger number gven is only for South Fithoragarh.
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Table 3
Counts of leopard pugmarks in Rajaji-Corbett Tiger Conservation Unit acoording to Forest Department censuses
Division/protected area Year

1984 1989 1993 1995 1989 2001

Shivalik 19 41 18 NC NC NC
Dehra Dun 23 4 NC NC NC 23
Rajaji NP 38 89 110 NC 177 236
Lansdowne 21 110 53 NC 44 47
Bijnor 23 79 4 NC 9 NC
Kalagarh 30 48 59 NC NC NC
Sonanadi WLS® (302 km?) NA NA NA NC 14 66
Corbett National Park (521 km?) 43 41 2 NC 36 3
BuCe of Corbett TR® (463 km?) NA NA NA NC NC NC
Ramnagar ] 5 15 NC 10 10
Nainital 6 4 14 NC 0 0
Taai West 6 12 19 NC T 4
Teai Central 2 3 NC 6 1
Haldwani 6 14 10 NC 8 13
Pithoragarh® 63 55 NA NC 96 226
Taal East 1 3 9 NC 18 9
Grand total 290 505 356 NA 425 668

0—No pugmark wasseen. NC—Not counted. NA—Not available

* Sonanadi WLS wasarved out of Kalagarh divison formed in 1987 but separate counts for the Sanduary wasmade only from 1995,
® BuDe of Corbett TRindudes portions of Kalagarh, Ramnagar and West Terai forest divisons.
¢ Pithoragarh wasdivided into North and South Pithoragarh in 1994. After 1995 the leopard numbe given is only for South Pithoragarh.

The Rajaji-Corbett corridor (250 km?, Fig. 1), which
is part of Lansdowne division (400 km?), is a vital
habitat link between Rajaji NP and Corbett TR and
was intensively surveyed. Only three tiger pug marks
were recorded over the total 155 km walked, while the
leopard encounter rate was the highest of the whole
survey (Table 1). Disturbance in this narrow corridor
arises largely from Kotdwar town and the adjacent vil-
lages. The larger number of tiger signsrecorded by the
Forest Department in the Lansdowne division as a
whole (Table 2) may be because of the availability of
relatively disturbancefree wildlife habitat (ca. 200 km?)
east of the corridor which is also abutting Corbett TR
where bresding is still vigorous. There have been occa-
sional sightings of a mother with four grown-up cubs.

The status of tiger in the eastern part of the Tiger
Conservation Unit (between the Highway and Sharda),
induding the Terai East, Haldwani and South Pitho-
ragarh forest divisions isbetter than that of Dehra Dun,
Shivalik and Narendranagar divisionsin the west. In the
easten part wewalked 81 km and the encounter rate of
tiger pug marks was 0.10, leopard 0.19, cattle 6.43 and
people 2.14. Biotic disturbanc es here are as high as in
the western portion of this Tiger Conservation Unit
(cattle 4.68 and people 2.34), yet more tigersstill use this
area.

Leopard pug marks were encountered in all the divi-
sions induding the ones where tiger pug marks were
absent (Table 1). Ecologically and behaviourally, the leo-
pard is much more adaptable than the tiger (Johnsingh,

1983), and Forest Department censuses in 1999 and
2001 gave pug mark counts of 425 and 668, respectivey
for this conservation unit (Table 3). Indeed, there isno
evidence of any dedine in leopard numbers since stan-
dard records have been made there over the past decade

5. Discussion

We have demonstrated here that it is possible to
gather basic vital information on the status of tiger,
leopard and bictic pressures crudal for monitoring and
planning conservation at a landscape levd. This is
achieved by systematic presdedion of raus, where we
had a greater chance of seding pug marks during winter
months and which can serve as reference points for
future monitoring, and by working in teams of two and
covering 3-5 km transeds. Karanth (1999) and Rabi-
nowitz (1999) have recommended such simple repeat-
able methods for surveying vast areas. Miquelle & al.
(1999) and Smith & al. (1999) have demonstrated the
feasibility of such methods in the Russian Far East and
in Nepal, respedivdy.

We suggest that the information colledted in this way
ismuch morerdiablethan the total count by the Forest
Department who usually equate sighting of one trail of
pug marks with one tiger. Our estimate of tiger number
for the Rajaji NP in 2000 was 10~15 (Johnsingh and
Goyal, unpublished data). The Forest Department
assumed that the numbers of tigers in the Park
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increased from 13in 1984 to 33 in 1989, dedined to 18
in 1993 and inaeased again to 30 in 2001, two to thres
times our estimate Such fluctuations are quite unrealis-
tic and the eguation of pugmark counts with tiger
numbers involves many biases (Karanth, 1987).

Censusing tiger and leopard purdy by counting pug
marks in other parts of this Conservation Unit also
highlights the unrdiability of this method. Corbett TR
has a total area of 1286 km?, induding the National
Park, Sonanadi WLS and the BuCer Zone. A total tiger
figure of 137 (Table 2) would give a crude density of
10.65 tigers/100 km? which is dose to the recorded eco-
logical density of 11.7 1.93 tigers/100 km?2 in Kanha
TR and 11.9 1.71/100 km2 in Nagarhole NP (Karanth
and Nicholas, 1998). This is not feasible for sal-domi-
nated Corbeit TR, which ishilly and fadng increasing
biotic pressures. Two-hundred and thirty-six leopards
recorded for Rajaji NP (a density of 29/100km?2) and an
increase from 96 in 1999 to 226 leopards in 2001 in
Pithoragarh division (ca. 700 km2), which givesa den-
sity of 32/100 km?, are also not possible.

Although the leopard population estimates are ques-
tionable the population in this conservation unit may
still be a single population, with occasional movement
across the Ganges in the Chilla—M otichur corridor area,
upstream of Haridwar where there are many bridges
aooss the Ganges and north of Kathgodam where there
issuitable habitat for leopard all around.

Neverthdess, the challenge before us isto ensure the
long-term survival of tiger in this conservation unit,
using theinformation gathered. Data available (Table 2)
indicates a dedining trend in tiger numbers in this TCU
over the recent decades and extindion seams imminent
in some forest divisions. For example, Shivalik and Bij-
nor divisions, which each had more than five tigers
about 12 years ago, has none now. Extindion in the
Shivalik division can be attributed to high biotic pres-
sures, which indude the presence of gujjar settlements
and intense bhabar grass (Eulaliopsis binata) collection
for rope making from the stegp Shivalik hills between
November and March. The poverty-stricken grass cut-
ters not only disturb the area but also steal the large
kills of leopard and tiger. Poaching and livestodk graz-
ing, major conservation problems throughout |ndia, are
also prevalent here. Yet leopards still survive against all
the odds, with the second highest pug mark encounter
raterecorded (0.42/km, Table 1).

Another major reason for the disappearance of tigers
in the Shivalik division is the absence of a source popu-
lation nearby. Populations at the extreme end or the
periphery of the range of a spedes are usually sparse
(Hengeveld and Haeck, 1982) and have agreater chance
of going extind (Beddington €& al., 1976; Lawton,
1995). Extirpation of tigers in the Shivalik division
stands as an example of this statement. Tigers are
absent across Yamuna to the west and there islack of

sufdent bresding to maintain the population in the
Rajaji—-Motichur area to the east. One explanation for
the poor breeding, besides stealing of kills, might be
shortage of prey. Sambar (Cerwus unicolor)isa preferred
prey of tiger in the Indian subcontinent (Schaller, 1967;
Tamang, 1982; Johnsingh, 1992) and we have recorded
a dedine in sambar abundance over the years in
Dholkhand area. Along one of our transeds known as
Burnt Ridge transedt (1.6 km) we walked nine times in
the summer of 1988 and the encounter rate of sambar
was 5.33. In 1999 in the same season we walked eght
times and the encounter rate of sambar was 2.12 which
is oconsiderably less (Mann-Whitney Test, z=2.67,
P< 0.006, Johnsingh and Goyal, unpublished data).
This may be due to a dedine in habitat quality for
sambar perhaps through the preponderance of Lantana
camara, an exotic noxious weed in the diet of sambar.
Poaching can not be blamed asthe major fador since
Dholkhand receives the best possible protedtion in
Rajaji NP and if poaching were the reason it would
have also aledted the chital (Axis axis) population
which has not dedined: the encounter rate was 1.6 in
1988 and 8.69 in 1999 (Johnsingh and Goyal, unpub-
lished data). Because of the behaviour of yarding for the
night in groups in open areas chital are not suitable prey
for tiger (Johnsingh, 1992).

Tiger extindion in the Bijnor division can betraced to
one or a combination of several factors: (1) conversion
of natural vegetation (which oCers cover to tiger, and
wver and forage to prey spedes such as sambar and
wild pig) to Eucalyptus plantations, (2) human dis-
turbances (encounter rate 7.53, the highest recorded)
induding gujjar settlements, (3) poaching and (4) cattle
grazing. Interestingly, tigers still oocur in Terai West
and Terai Central divisions, which are also plantation
divisions and subjedted to enormous biotic pressures.
This may be largdy due to the 4-km wide Nihal—
Bhakhra corridor, which is still used by tigers and con-
neds Terai Central division with the Ramnagar divi-
sion, which is next to Corbett TR.

Although there areno major developments along the
Rajaji-Corbett corridor (250 km?)sighting of only thres
pug marks after walking 155 km oeates a very strong
impression that tigers are very rare here If total frag-
mentation oocurs, we will have another isolated popu-
lation of four to six tigers between the Ganges and
Rajai—Corbett corridor, atotal area of about 600 km?
induding the Chilla part of Rajaji NP and Haridwar
division (Fig. 1).

As a result of enormous day and night traCic, and
human seftlements along the Highway, we bdieve that,
for large mammals, the forests east of the Highway
(Haldwani—Terai East) are now isolated from the for-
ests west of the Highway (Terai Central). We bdieve
that there oould be occasional immigration of tigers
from forest areas east of Sharda River, which indude
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Sukhlaphanta Reserve in Nepal, and from Filibhit For-
est Division with Kishanpur Wildlife Sanctuary. Sugar
cane fields and patches of forests give some habitat
continuity between these forests and in summer the
Sharda River should not be a barrier to a strong swim-
mer liketiger. This immigration may be the major factor
that still enables tigers to ocour more in Haldwani—Terai
East than in the western part of this Tiger Conservation
Unit.

The history of tiger extindion and conservation in
this trac dearly demonstrates that the most cudal
fador that has helped the survival of tiger west of
Ganges is the protected area status given to Rajaji and
Motichur areas way back in 1966—1967. Before the for-
mation of these sanduaries, the forests west of Ganges
came under Shivalik, East Dehra Dun and West Dehra
Dun divisions. In 1966, 90 km? of Dehra Dun division
was upgraded as Motichur Wildlife Sanctuary and an
area of 249 km? of the Shivalik division was notified as
Rajaji Wildlife Sanctuary (Johnsingh, 1991). Before the
formation of these sanduaries, all these divisions had
tiger, although at a density of one per 40 km2, which is
low when compared to the density of one per 22.5 km?
in the Himalayan foothills and one per 16.5 km?2 in the
terai region (Singh, 1968). But conservation of a pro-
teded area is more expensive than managing a Reserve
forest. The average conservation cost for Rajaji NP, for
the period 1997-2000 was Rs. 125,000 (US $2840)/km 2.
The cost for Shivalik division was Rs. 43,015 (US $979y
km? and Dehra Dun Division Rs. 60,570 (US $1377).
The 820 km? National Park, although fragmented by
developments on the west bank of Ganges (Johnsingh et
al., 1990), still has 10-15tigers.

In apopulous country like India, where about 36% of
the people live bdow the poverty line (M anorama Year
Book 2000), conservation, particularly of tiger, which
nesds vast undisturbed wdl-managed habitats, is even
more diDcult. It should be remembered that although
this TCU isabout 7500 km?, the habitat used by tiger is
only about 4000 km?, because of disturbances in the rest
of the area. To enable tigers to thrive in Rajaji Corbett
Tiger Conservation Unit, which would indude a come-
back in areas where it has been extirpated in the recent
years, we make the following recommendations:

6. Reoommendations
6.1. Control of poaching

Our surveys around this conservation unit have
shown that there are about 20 shops, which sdl guns
and the local people have 40,000-50,000 licensed guns.
Although legal hunting is banned in India these shops
sd| about 100,000 cartridges every year most of which
may be usad for poaching.

We suggest the following:

Replace all guns around this conservation unit
with spedally made guns with short barres
which cannot be used for poaching. Gun owners
will have rights over their guns which, however,
should be kept in the safe custody of the Gov-
enment. International conservation agendes
and Government of India should come up with
suddent funds for this gun replacement pro-
gramme. Champion (1934) recommended sawing
oLl the barrds of aop protedion guns to make
them ineCedive for poaching.

Reward anyone apprehending a wild ungulate
poacher with an incentive amount of US $1000
Train stal] in anti-poaching measures

Control India—Nepal aoss-horder poaching
through dose collaboration with wildlife stall in

Nepal.

6.2. Reocation of people and ecodevel opment
programmes

Relocate gujjarsfrom Shivalik, Rajaji NP, Lans-
downe (which indudes Rajaji—Corbett corridor
area) and Kalagarh divisions to the periphery of
reserve forest areas.

Resettle Ganga Bhagpur Thalla village with ca.
30 families (ca. 300 people) situated betwesn
river Ganges and the Kunaun-Chilla power
channe to strengthen the Chilla-M otichur cor-
ridor and protect the only patch of riverine for-
est along the entire length of Ganges River
which is still being used by tiger (Johnsingh et
al., 1990).

Shift three villages (Ringora, Amdanda and
Tedha) each with ca. 20 families (ca. 200 people)
to strengthen the connectivity betwesn Corbelt
TR and Ramnagar forest division.

M ove Laldhang village ca. 100 families (ca. 1000
people) for whom forest land has already been
deared in Ramnagar forest division which will
significantly strengthen conservation in the
southern boundary of Corbeit TR.

Do not allow any development between M ahand
and Kumaria villages so as to retain the 5km
broad forest connetivity between Corbett TR
and Ramnagar forest division. Shift the Indian
Medidnes Pharmaceutical Corporation Limited
from its present location, doser to Ramnagar
town, asmost of the 200 or so employess come
from this town, which isabout 15 km away and
dose down Gargia Chemicals, where fewer than
10 people work now (Johnsingh & al., in press).
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Initiate ecodevelopment measures all along this
forest tract with the sole objedtive of redudng the
biotic pressures like grazing and wood cutting
arising from the human habitations. The em-
development measures should be intense in and
around the identified corridors.

6.3. Use of user-friendly methods for monitoring

The simple easily repeatable reiable methods
used by us could be adopted by the forest star],
at least every seond year, to evaluate the status
of leopard, tiger and bictic pressures in this con-
servation unit.

6.4. Landscape management

6.4.1. Conversion of monoculture to polyaulture
plantations

Convert monoaulture plantations along the
southern boundary of Corbelt TR, and in Terai
West, Terai Central and Terai East divisionsinto
patches of polyaulture plantations of native spe-
des. This might be achieved by planting spedes
such as Dalbergia sissoo, Derris indica, Holoptdia
integrifolia and Syzygium cumini which are not
palatable to ungulates but give good cover and
shade to ungulates and tiger. Do not allow aulti-
vation of agricultural aops in these plantation
divisions.

6.4.2. Creation of mini-core areas

Identify at least one mini-core area with a mini-
mum area of about 20 km?, the best wildlife area
with water and natural vegetation, in each forest
division and proted them from all forms of
disturbances.

6.4.3. Creation of Nandaur Valley National Park
(NVNP)

Establish NVNP (100 km?) in Haldwani Division
to protect the catchment area of the picturesque
Nandaur River. This area has no permanent vil-
lagebut only temporary cattle camps, which arein
the danger of becoming permanent. The National
Park could become a breeding site for tigers.

6.4.4. Establishment of corridors
Establish a Chilla-Motichur corridor endosing

the islands on the river Ganges and a Lalkuan
corridor between Central and East Terai divi-

sions. Protedt and strengthen the habitat con-
nedivity betwesn Corbett TR and Ramnagar
forest division induding both the banks of the
Kosi river and the 4-km wide Nihal-Bhakhra
corridor between Ramnagar and Terai Central
Division. Johnsingh e al. (in press) give ddails
of these corridors.

6.4.5. Conservation of Greater Corbett TR

Ensure the future of ca. 2000 km? habitat blodk
from east of Rajaji—Corbett corridor to the Boar
River asinviolate as possible Do not allow eco-
logically incompatible devdopments like mush-
rooming of tourism resorts and building an all-
weather highway ether along the northern or
southern boundary of this tiger habitat.

We are aware that, in this human, cattle and wesd-
dominated landscape, it will be extrandy diDault to
fully implement a recovery programme like the one we
have recommended. Yet we wish to try and make a
change which would be better for both tigersand people.
We believe, like Burge (1999), that by saving the tiger
we save complex ecosystems and habitats that would
otherwise be destroyed in the reentless march of human
need. We agree with Sddensticker & al. (1999) that
landscapes with tigers are worth more than landscapes
without them. We condude with a fervent hope and
plea that a massive and sustained conservation eCort
will be launched as early as possible to save the tiger in
this habitat which would otherwise dwindle and degrade
day by day and disappear eventually.
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