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ABSTRACT

We describe an approach for integrating protectedsa managed forests, community-owned forests, and
the intervening human-dominated matrix to consdaeeliversity and to provide economic and social
benefits to urban and rural sectors in forestsdfd. The Wildlife Institute of India, US ForestrSice,
Indira Gandhi National Forest Academy, and sevstiate Forest Departments began this work in 1995.
We identified four pilot Conservation Areas (CApthrepresent major Indian ecosystems: Terai (north
India), Garo Hills (northeast), Satpura Range (edhtand Anaimalai Hills (south). In each CA wid d
biodiversity assessment, compiled wildlife-habitaelationships information, evaluated forest pragic
and human use, developed management strategiesyakdd with field staff to identify management
opportunities. A 6-volume management guide (wwivgaiv.in) presents the approach, wildlife-habitat
relationships, and results of the four CA caseistud Primary lessons learned were to think broadly
across landscapes; coordinate inventory data aalgls®s; integrate management across ownerships and
allocations; consider cumulative effects; refocilgicaltural and other management practices toward
biodiversity issues, as well as meeting human neadd work with field managers and local user
communities of the forest. The transition to “hiadsity-based forestry” will require continuing
education for professionals and experimentationgiatdaptive management.

Key Words: biodiversity, conservation, forest management,dnldindscape ecology



INTRODUCTION

Biological diversity worldwide is threatened by gsares from an ever increasing human populatian tha
places huge demands and burdens on natural systemie shares these problems with the rest of the
world (Marcot and Nyberg 2005), with a large angdidly increasing population whose needs for food,
fuel, fodder, recreation, and economic developnmemst be met from a fixed land base (Parikh 1977).
These human needs exert great pressures on Indi@st fresources as evidenced by species
endangerment and declines in forest area, foremuptivity, and in the biodiversity and healthy
functioning of forests (UNEP 2001). Nevertheldhs, biological diversity of India remains remarlebl
India occupies about 2.4% of the world's land amtasupports about 8% of the world’s total species,
including 47,000 species of flowering plants (12%sworld flora), 4833 vertebrates (10.4% of world),
and 68,389 arthropods (6.9% of world) (UNEP 2001).

Despite the severity of these problems, India immodted to maintaining forests and their biological
diversity. The cultural traditions of India plaaehigh value on nature in the form of sacred arsnaad
places (Bhagwatt al. 2005a; Tiwariet al. 1998). The establishment of a network of Protb&ecas
(PA), launched under Project Tiger in the 1970ss wadirst key step in preserving the biodiversity o
India’s forests (Sawarkar 2001). Currently, 59@tpcted areas cover about 4.7% of the total laed af
India and about 20% of the land is classified asdo(Wildlife Institute of India 2006). The Natial
Forest Policy (1988) includes a formal mandatertwide for biological diversity in the managemefit o
all forested areas. Under this policy, tree hamgsn classified forests can only proceed whemredgo
management plans fully incorporate the Policy’suremments for biological diversity.

To fully capitalize on the value of protected aressa network supporting biological diversity, thei
management must be integrated with surrounding gehaforests (MF), and even with non-
governmental lands (Bhagwettal. 2005b). A few PAs in India are thousands of sguan in extent, but
their average size is less than 30F kamd 70% of them are smaller than 20¢ kBawarkar 2001). This
integration is necessary to enhance connectivityorgmhabitats; buffer the negative effects of
fragmentation on habitat patches; capture theviatiety of habitat types, quality, and settingsyvide
additional habitat area to support viability of efd distributed species; encompass key sites for al
threatened, endangered, rare and endemic spewieB)antain key ecological functions (Shal. 2005).

At present, separate processes are used to prelaaefor MFs and PAs. Working plans for MFs are
prepared according to provisions of the All Indiamiing Plan Code, whereas plans for PAs follow the
Manual for Planning Wildlife Management in Protettareas and Managed Forests (Sawarkar 1995,
2005). Because plans have been prepared sepdmtélf-s and PAs, they have not provided integrated
management guidance for all resources across ldgiwdscape units (Rodgers and Panwar 1988). Such
an integrated approach could better achieve obgfor both resource production and the maintemanc
of biological diversity (Sawarkar and Panwar 198i)would help facilitate the role of MFs as cdois
between PAs, ensure that provisions for major etsnef biological diversity were included in
prescriptions for MFs, provide for appropriate mgeraent in PAs when necessary to achieve desired
ecological conditions, and allow a broader landscapbe viewed as the operational base for meeting
ecological goals and human needs.

Following an initial collaboration during 1990-9hat aimed to improve management of wildlife in
managed forests, the Wildlife Institute of IndihgtUS Forest Service, and Indian central and state
forestry agencies initiated in 1995 a 7-year prof@at "Management of Forests in India for Biological
Diversity and Forest Productivity: A New Perspeetiyhereafter, the Project). The goal of the Rioje
was to demonstrate methods for doing integrateénsei and management assessments across



jurisdictional boundaries of PAs, MFs, and commuffitrests (CF). Such large-scale assessments make
possible the identification of key areas for botbtection and active management of habitats anciepe

and will facilitate the development of managemelasing at scales ranging from individual stands to
biogeographic regions (Rodgers and Panwar 1988).

The Project had six objectives to accomplish inrfal@monstration landscapes, which we called
Conservation Areas (CA):

e Assess, document and map plant and animal diversity

o Develop information about wildlife habitat relat&mps for selected vertebrate species.

¢ Evaluate the impact of existing forestry practidesjuding the use of forest resources by local
people.

o Rapidly assess the social and economic systemsriafunding villages in terms of land use and
forest resource dependency.

e Use modern ecological concepts to develop potemi@alagement tools and practices.

e Develop the assessment information into a fielddguiand transfer technology through
publications, workshops, seminars, and developwigiorestry and wildlife training curricula.

Here we describe the Project study areas, the metheed to assess plant and animal diversity and
identify management issues, the results in termsutputs and key anthropogenic stressors to the
ecosystems, and lessons learned and manageme ntLmytxs.

STUDY AREAS

The project was field based and conducted in eddheofour CAs(Fig. 1). Each CA included PAs
(National Parks, NP, and Wildlife Sanctuaries, WLB)Fs (official Reserved and Protected Forest
categories), and intervening government, commuuwityprivate forests and agricultural land (Table 1)
We selected the CAs to represent a very wide diyeo$ ecological conditions, site histories, culu
situations, and management challenges across Intle four CAs were: the Anaimalai Conservation
Area (ACA) in south India, the Garo Hills Conseigat Area (GCA) in northeast India along the
Bangladesh border, the Satpura Conservation Ar€A)Y$ central India, and the Terai Conservation
Area (TCA) in north-central India along the Nepatdter.

Anaimalai Conservation Area

The ACA is located in the Anaimalai and the Patadhé of northwestern Tamil Nadu state in the Weste
Ghats mountain range, which is one of 25 ‘biodiitgrnsotspots’ of the world (Myerst al. 2000). The
2200 knf ACA is in the 5B - Western Ghats Mountains biotimyince of the Western Ghats
Biogeographic Zone (Rodgers and Panwar 1988). Jmephic, edaphic and climatic variations within
the ACA create an exceptional array of vegetatypes including Tropical Dry Thorn forests, Temperat
Wet Montane Shola Grassland systems, semi-everfpeests, and evergreen tropical forests (Champion
and Seth 1968). The high number (15) of vegetatypes recorded in the ACA are indicative of the
region's exceptionally high floral and faunal daigy.

Plant and animal endemism is high (Tewari 1993)is la stronghold of the Nilgiri tahHemitragus
hylocrius) and the lion-tailed macaquilécaca silenus). Fourteen of the 15 endemic bird species in the
Western Ghats are found in the ACA. Likewise, 12%3 species of reptiles, 30 (63.8%) species of
amphibians, 18 (64%) species of fishes, and 13 @3éties of butterfly are endemic to this regidme T
endemism of the vegetation is equally rich. The A@#ssesses some of the best quality tdaktgna



grandis) in southern India and has greatly contributethtorevenue generated by the forest department
through timber production. The region also suppoash crops of tea, coffee and cardamom. The tribal
economy is largely dependent on non-timber forastdycts found abundantly in the forests and
grasslands of the ACA.

Garo Hills Conservation Area

The GCA is in the western part of Meghalaya statedrtheastern India. The GCA is in the 9B — North
East Hills biotic province of the North-Eastern ilmdiogeographic zone (Rodgers and Panwar 1988).
The GCA covers about 2000 krof extremely rugged and undulating Tropical Eveegr and Semi-
Evergreen forests (Champion and Seth 1968) thakreoen to harbor rich biodiversity and endemism.
The GCA harbors one of the densest population déirA&lephantsElephas maximus) in the Indian
subcontinent. Endemic plants, such as the pitplzent (Nepenthes khasiana) and manyCitrus species,
occur in the region.

Most of the GCA forests are owned by tribal Gard ather communities, who mostly practice shifting
cultivation, locally calledjhum’ (Momin 1995) Increasing area devoted jtaum and the shortening of
thejhum cycle are important land use issues. Collectionaf-traditional forest products (NTFP) is an
important source of food, medicine, and constructmaterials.
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Figure 1. Forest cover map of India (Forest Sumvieindia 1999) and locations of Conservation Areas
chosen to demonstrate an assessment and manageameiing approach that integrates Protected Areas
and managed forests for conservation of biodiweesid human use.

Table 1. Area of Protected Areas and managed mmmity forests in Conservation Areas created to
demonstrate a landscape approach for integratedtfplanning and management in India.

Conservation Area Sate Constituent areas Area

(k)

Anaimalai (ACA) Tamil Nadu PA: Indira Gandhi NP, Anaimalai WLS 958



MF: Kodaikanal and Dindigual FDs _ 1,207
2,165
Garo Hills (GCA) Meghalaya PA: Balpakaram NP, Nokrek NP, Siju WLS,
Pitcher Plant WLS 406
MF: Baghmara Reserved Forest 89
CF: Baghmara CF 1,505
2,000
Satpura (SCA) Madhya PradeshPA: Satpura NP, Gugamal NP, Pachmarhi WLS,
Maharashtra Bori WLS, Melghat WLS. 3,065

MF: Hoshangabad FD; North,West and South
Betul FDs; East, West and South Melghat FDs 6,239

9,304

Terai (TCA) Uttar Pradesh PA: Dudwa NP, Kishanpur WLS; 884
MF: North and South Kheri FDs 843

1,727

" Protected Areas (PA), Managed Forests (MF), Natidtark (NP), Wildlife Sanctuary (WLS), Forest
Division (FD), Community Forest (CF)

Satpura Conservation Area

The Satpura Conservation Area (SCA) represent6AheCentral Indian Highland biotic province of the
Deccan Peninsula biogeographic zone (Rodgers amadad?a988). The SCA covers some 900C ki
forest in Madhya Pradesh and Maharashtra states. ohe of the largest contiguous forest aredbim
central part of India. The forests in the SCA atenomically the most valuable of the dry deciduous
forest type. Teak is the principal timber specied is intensely managed. A small tract of Shbiea
robusta) forest represents the most southerly occurrehti@sodominant northern Indian forest type. A
large number of endangered and threatened plantespkave been documented from the region. The
SCA has one of the largest contiguous populatidnthe critically endangered tigePdnthera tigris
tigris) and supporting prey species in India. The léoast-dwelling tribals and non-tribal communities
are mainly dependent on the forests for their siastee and livelihood. The SCA has the regionally
important hill stations and outdoor recreation eentof Pachmarhi and Chikaldhara. There are old
forests and other sites of historical, religioud ailgrimage attraction.

Terai Conservation Area

The TeraiConservation Area (TCA) covers 1700 %of mostly Moist Deciduous Sal forest (Champion
and Seth 1968) and interspersed grasslands andpsagmUttar Pradesh state along the Indo-Nepal
border. It is the single best representative thdrof the 7B — Upper Gangetic Plains biotic praeirof

the Gangetic Plains biogeographic zone (RodgerdPamgdvar 1988), and harbors a rich and unique flora
and fauna. The TCA is a stronghold of severalaten@ed or endangered species, including the swamp
deer Cervus duvauceli duvauceli), Bengal florican(Hubaropsis bengalensis), hispid hare(Caprolagus
hispidus), and Indian one-horned rhinocerd@#ifoceros unicornis) (Dinerstein 2003) The TCA forests

are historically famous for mechanized timber wogkand production of sal railroad sleepers (tidd)e
TCA is home to importanTharu tribal communities that have a rich cultural hegé and traditional
resource dependence on TCA forests and grasslands.

The agricultural matrix, with its dense village pégion and intensively farmed sugarcane fields,
separates the primary PAs and creates a landsoapeativity issue that is unigue among the CAs. The



landscape faces severe management challengesdpiditransformation of natural land into agricuttur
and an ever-increasing human and livestock populatihe landscape also experiences high biotic
pressure from across the Indo-Nepal border.

METHODS

Here we present a summary of methods used to abgmtigersity in each CA. Methods for field
ecological assessment, in particular, varied ante&g because of ecological or logistical reasontilde
are in the respective Project reports for each(sieghuret al. 2002a).

We first reviewed and collected available inforratiin research publications, forest working and
wildlife management plans, maps, reports, poli@geshents, and guidelines for each CA. The liteeatu
review was followed by reconnaissance visits tohe@é to survey the ecological and management
situation, interact with field managers, and plpedific field methods.

We next created a map library using geographicrinédion systems (GIS) with the objective of
consistently mapping vegetation conditions and ussss across each PA and MF unit in each CA.
Imagery from the IRS IB LISS Il satellite for easite was procured from the National Remote Sensing
Agency, Hyderabad. We combined Survey of Indiaosheets, forest thematic maps, and satellite
imagery to generate land-use and land-cover magismh validated in the field. We generated maps of
elevation, hydrology, habitations, soil types, @ggl agriculture, transportation networks, and vaiien
fragmentation (e.g., A. Kumaat al. 2000). We used Forest Department stock mapsrergi current
and past information on forest site quality, agessldistribution and allotment of forest workingelds in
standard management units (compartments, beatkstdmd range).

We undertook limited field studies in each CA, ermihing vegetation attributes stratified by coyget

A researcher was hired for each CA, and they dastaea randomly-placed transects and quadrats to
assess vegetation structure, composition, distabutand frequencies of plants of conservation and
economic importance. Vegetation sampling techrigiolowed standard methodologies described by
Mishra (1968) and Mueller-Dombois and Ellensbur§74). The researchers characterized tree and
shrub communities in detail, whereas grass and berbmunities were described in terms of key
assemblages and sensitive sites. The importdntivatine and upland dry grasslands in the TCA,
however, were described in detail. Along with péanresearchers recorded the distribution and
abundance of larger vertebrates by indirect evidenithin the quadrats and from sightings along the
transects. Special projects or analyses were oseme CAs. In Dudwa National Park in the TCAs th
researcher carried out an experimental study ossimad burning, cutting and harrowing practices. |
the SCA, detailed studies were conducted on thellptipn structure of tree species important for-non
timber forest products. Landscape pattern wasysedlin the TCA and GCA. Fishes and birds were
surveyed in the ACA.

We assessed the kind, extent, and potential impfapast forestry practices for their impacts omdta
composition, structure, and microhabitats suchnags and logs. Practices evaluated were silvi@alltu
treatments, marking rules, fuel wood harvest, tetrggstems for non-timber forest produce (NTFPJ, an
spatial allocation of management actions acrosdahdscape. We also collected information on the
impacts of infrastructure development (e.g. roafilg lines, water holes, hides, etc) and forest
administration practices.

We tallied the number and distribution of settlatsewithin each CA and investigated villagers'
lifestyles and influences on forests variously tlgio standard techniques such @sestionnaires,
household surveys, rapid assessment and microiptateg., A. Kumaet al., in press). We often relied



on acquiring data from completed or concurrent egetbpment and community forestry projects in or
near the CAs. Socioeconomic assessment topiagdiedlagricultural practices in enclave and perigher
villages, impacts of crop depredation, predationlivastock by wild carnivores, injury and death of
humans from wildlife encounters, and poaching. ustdal activities such as mining, quarrying,
collection of sand, and irrigation were also ddssmlialong with their potential impacts on biodivgrs

RESULTS

Here we present the major accomplishments of tbge&r and a summary of the key stressors affecting
biodiversity conservation within the CAs. Detailesbults of the study can be found in the respectiv
volumes for the ACA (Sajeest al. 2002), GCA (A. Kumaet al. 2002), SCA (Pangt al. 2002), and
TCA (H. Kumaret al. 2002).

Accomplishments

Resource Maps. Resource maps were created for each CA using reseatng and GIS technologies. A
spatial database is now available for each CA wifbrmation on watershed boundaries, administrative
and management units, land use and land covertatege distribution of selected animals, villages,
and infrastructure.

Baseline Ecological Information. Baseline data were collected from 1997 through 289Yatterns of
plant and animal distributions and diversity, lams#, historical development and management impacts,
socio-economic conditions, wildlife—people confliahd key stressors.

Wildlife Habitat Relationships (WHR). A list of 141 vertebrate species of conservationceon was
developed to start a WHR database for India. Acisenaccount of the species' status and distoibuti
ecosystems used, habitat requirements, and keipogavas written. All species were listed in aisiby-
referenced table that tersely listed the taxonolagal status, residency and endemism, abundance,
conservation issues, vegetation and structuraktysed, microhabitats (e.g., snags) used, key gicalo
functions, and sensitivity to human disturbance.

Capacity Building. Training curricula at the Wildlife Institute of lradfor the Post-Graduate Diploma
Course in Wildlife Management were revised for nedstaff (Assistant/Deputy Conservator of Forests)
of the forest departments, and for continuing etlomacourses for middle- and senior-level forest
managers and planners. Changes also were mate tmsic training module for new foresters being
trained at the Indira Gandhi National Forest Acaglef@hapters in the draft National Working Plan €od
(1999) on assessment of biodiversity and wildliid Aabitat management planning were largely based o
the lessons learned from this project. The lamus@pproach adopted by this collaborative project i
being increasingly advocated in all capacity-buitdi programs and also used for planning,
implementation, and management of conservatiomegtlarojects in the country.

Sudy Tour for the Indian Delegation. A 13-member Indian delegation of forest managets smmentists
visited a number of national forests, parks, afoareas throughout the U.S.A. on a study touingur
1999. A prime focus for the tour was understanding lessons learned by U.S. counterparts in
conducting large-scale ecological assessmentsiedhtern and western U.S. The entire experiease w
extremely relevant to the situation in India andradsed the vital areas of training, research, foong,
planning, and management.

Management Guide. Results and recommendations of the project wersepted in a 6-volume report
(www.wii.gov.in). Volume | (Mathuret al. 2002a) contains a description of the Project psepand



background; concepts underlying landscape anadysisplanning; a summary of the results for the four
CAs and the lessons learned in them; and a profarsakxt steps to be pursued. Volume Il (Matlur

al. 2002b) presents wildlife habitat relationship mmfation for 141 selected vertebrate species iriche
CAs. Volumes Il through VI (cited above) describge assessment results, lessons learned, and
management opportunities to maintain and enhartedital diversity in each of the CAs.

Key Stressors

Despite the great diversity of species, habitat®sgstems, management issues, and human cultures
among the four CAs, a common set of key anthropiogetnessors on resources and biodiversity were
identified. We categorized stressors into six ngaoups.

Resource consumption. Resource consumptioncludes changes in the structure, composition,eseint

of forests related to forest management activitiese cutting, grazing, fishing (including use of
pesticides), farming and invasion of exotic speaedraw-down areas, and collection and poaching of
animals and plants. Changes in forest structun@position and extent have reduced late-seral &hd o
growth forests and structures such as dead tresesiated with those forests. Such forest chantyes a
have resulted in replacement of native forests pittmtations, replacement of open grassland immhssi
(blanks) with plantations, disturbance of undegsteegetation, reduction in tree density in managed
forests, and increased levels of disruption assetiith human activities. Excessive collectiorranfe
and medicinal plants threatens populations of thglaats. In the GCA, large-scale coal mining and
extraction has recently become a major impact omneonity-owned forest lands.

Nonconsumptive resource amenities including tourism and religious visitations. In the SCA, especially in
the hill stations of the Pachmarhi plateau and &ld#ra, recreational tourism is a major stresgamual
pilgrimage by millions of devotees to the Mahad@wniple and Nagdwari sites puts major stress on water
and wildlife, and is accompanied by increases itrapogenic fire, illegal collection of firewood @n
bamboo, and dumping of rubbish. Tourism and fihmdpiction in the ACA, especially in the hill arezfs
the Kodaikanal District, has damaged sensitive y@tems and strains the capacity of the small
administrative staff to manage conflicts. In castr the GCA has little tourism due to its remossnand
other factors affecting safety and ease of traveta{ agitation, lack of basic transportation
infrastructures, etc.), so tourism pressure isanédctor. In fact, the GCA could benefit econoritjca
from growth in sustainable ecotourism if the basiablems of visitor access, accommodation, andysafe
were solved.

Transportation and habitation infrastructures. Irrigation canals and dams, roads and railway |iaesl
traffic of cars and trains are barriers to movenwnwildlife, sources of mortality and disturbanesd
corridors for the spread of invasive plants. Thesegatively affect wide-ranging herbivores (eleghian
and carnivores (tigers, leopards), and other spamimcipally through direct collision of vehiclesnd
trains and indirectly through fragmenting foreste@ohabitats and encouraging the presence of péwople
areas better left undisturbed. In the GCA, rodddyl are not causing major stress on wildlifehaligh
elephant populations are far lower in areas ndzarucenters such as Tura.

Tribal village enclaves are a significant managenissue. For example, the Indira Gandhi Wildlife
Sanctuary of the ACA contains 36 tribal settlemenif&aditionally, the tribals depended on various
forestry operations such as logging, thinning, BiAdP collection. With the declaration of the assaa
protected area, these tribals have been deprivéldeaf source of livelihood and are now confinedato
primitive style of agriculture and only seasonalpbsgment with the Forest Department and adjoining
estates. These tribal settlements have now bedloensource of anthropogenic disturbances including
illicit NTFP collection, fire, grazing, and catfenning.
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Effluents. Water and air pollution from nearby industrial eban areas are fouling the water and air. In
the SCA, the Pachmarhi Plateau is under tremendodsincreasing pressure from tourism which has
resulted in the draining of pollutants into theidage system of Satpura National Park. In the GCA,
massive coal mining, extraction, and transportatiotivities are likely producing high levels of wat
effluents. Specific effects of these pollutants anknown.

Other human activities. lllegal fires and excessive collection of medicipdnts and other non-timber
forest products are serious problems in most Cissthe SCA, extraction of non-timber forest product
and extensive collection of some medicinal plams fiuits has had a detrimental effect on sometplan
species and frugivorous birds. Pachmarhi has marey and endangered plant species that are under
threat from botanical collections by large numbafrsisiting students, researchers and traders.niBgr

to aid collection of ‘mahua’, ‘tendu’, and othempts disturbs wildlife populations and the fordebf
understory, and eliminates dead wood from forexirfl. lllegal fires also are eliminating fire-sitine
plant species from the area and reducing cover bigedidlife. Many wildlife species are affecteg b
combination of these and other human activitiestandther stressors, such as loss of forest coven f
timber harvesting coupled with poaching or distad®mfrom tourism. Shared and competitive use of
water sources can result in disruption of populetiof large ungulate species and crocodiles.

Human-animal conflicts stress both humans and iféldlin the ACA, elephant depredation of cropsa is
problem, especially coconut plantations adjacentPt#ss. This is exacerbated by the loss and
fragmentation of forest habitat. The ultimate hesloss of human life and property and deaths of
elephants from human harassment or poaching f@stuBoaching directly affects populations of tiger
and leopards, ungulate prey of large predatorqhalets, porcupines, pangolins and monitor lizards.
Poaching of ungulates, in particular, has a lang&réct impact on tigers and leopards, and on etesy
processes like seed dispersal of fruiting spetiasare ungulate foods.

Legal and illegal felling of forest has resultedhabitat loss. lllicit cultivation of the narcotganja
(Cannabis indica) in the ACA has resulted in the clearing of laitgacts of primary forest and the
destruction of habitat for closely associated wfigdl lllicit removal of sandalwood is an issuen the
GCA, forest produce is illegally sold across thiiinational border in Bangladesh. Much of theveati
forest cover in the ACA has been converted to taatations, resulting in the fragmentation andatoh

of remaining evergreen forest tracts. This hasugied movement corridors of elephants and reduced
and fragmented available habitat of forest spexgsiring dense tree canopies, such as the litedtai
macaque.

Other land use palicies. Land use policies of non-forest agencies sometianesn conflict with forest
department policies Most of the GCA area is under Schedule 6 of thesGmtion of India, which
provides for governance by District Councils the¢ authorized to make decisions for the control and
management of forest areas within their jurisdittioHowever, the management priorities of District
Councils are distinctly different from those of ti@rest Department, and there is essentially no
coordination between these two bodies. This haated conflict in conserving forest biodiversity in
GCA.

DISCUSSION
Lessons Learned
Following are a set of overall guiding principlesdalessons learned from this project, which may be

usefully applied to other areas when assessingmaamthging forests for biological diversity and fdres
productivity:
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Think broadly across major landscape areas. Think “outside the box,” that is, account for caiatis
beyond the boundaries of the specific forest aoéasterest. It is the broad context within whidtet
management area resides that greatly affects comslitvithin the area and success of management
actions. Consider the spatial and temporal curvelaffects of land use, conditions, and trends
within, among, and beyond the boundaries of imntediaterest. This would include, for example,
the combined effects of such activities as forembhagement, grazing, tourism, road construction, and
collection of non-timber forest produce on a gil@nd area. Cumulative effects in buffer areas or in
zones of influence outside existing protected aremsven along state and international bordess, ar
also to be taken into account when developingsgieific management plans.

Integrate management plans across administrative boundaries and between forest and wildlife
management. This principle suggests the need to coordinate, datalyses, and technical aspects of
resource planning across forest and wildlife mamesye areas, and with revenue land management,
including agricultural lands. Some strategies mooeirage voluntary public participation in such
coordination are wildlife watches to thwart poasheronservation easements, and other monetary
incentive programs. One approach suggested forTtbA was the definition of Landscape
Management Units based on common management issgasdless of managing agency.

Think in hierarchical spatial scales. An integrated resource management approach applied
consistently across spatial scales is seen asiteray to avoid conflicts in resource use andda p

for appropriate ways to conserve biodiversity imaged forests. A useful approach to accomplish
this is to evaluate conditions within a conservaterea across delineated land ownerships and
allocations, which then serves to help prioritizeas and identify the most efficient actions nedgded
meet more site specific biodiversity objectiveson€ider connections needed across landscapes. For
example, consider how thinning and other foresvd®troperations may be defined or modified to
meet both local and broader biodiversity conseovatjoals, as in the adage “think globally and act
locally.”

Use local knowledge and needs in the conservation strategy. Local resource experts and lay people
often have a wealth of experience, knowledge arsdiovh in understanding the natural and human
histories of an area, as well as what kinds of mament actions may work and which may not.
Attending to local knowledge also means being $@esto cultural values of resources. In some
cases, forests can be conserved for wildlife bypgaizing their religious value, as in the case of
sacred groves in GCA. The cultural and social eslof organisms can be represented in the
Wildlife-Habitat Relationships (WHR) Matrix as cgt@ies of “key cultural functions.” The current
WHR database does not explicitly list key cultdtaictions but they can be an important addition in
future work. In this way, the WHR database coull used to identify the collective habitat
conditions needed to manage for wildlife for bdthit ecological and social functions and values.

Consider a fuller array of flora and fauna. The traditional focus in wildlife management on

charismatic or “flagship” species such as elephantstigers serves well to rally support for forest
and wildlife conservation. Such wide-ranging spsainay also serve as “umbrellas” by which other
species and environments may be conserved as wibwever, management for flagships and
umbrella species does not guarantee that all sganivill be provided for. Conservation planning

should also explicitly provide for habitat and e@ovimental conditions required by less charismatic
species, including many plants, smaller mammajfiles and amphibians.

Consider ecosystem and anthropogenic processes and the ecological roles of organisms. Providing
environments for plants and animals entails acdogntfor the longer-term influence of
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anthropogenic and ecosystem processes that inuerganisms and their habitats. A successful
integrated forest-wildlife management plan wouldirads disturbance regimes such as effects of
insect pests, pathogens and disease, naturallyageddire, floods, and other factors. It wouldaal
address major anthropogenic activities such astioteal fire-setting, diversion of water, grazing,
lopping of trees for fodder, and many other adtegit Also pertinent is the set of ecological roles
played by organisms; these are referred to as &oejogical functions” (KEFs) of wildlife. KEFs
are the roles that wildlife play that influence tab conditions for other species, such as cavity
excavation in trees, creating soil burrows, dispgrseeds, pollinating flowering plants, and many
other roles. Because biodiversity is ultimatelye‘tvariety of life and its processes,” to provide f
biodiversity means attending to not just habitais species but also their KEFs.

MANAGEMENT OPPORTUNITIES

How can the manager ameliorate effects of stresdergified and use the lessons learned in thigePr?d

A major readjustment of administrative and orgatinirel procedures may be in order to use the lesson
learned and to effectively reduce the key stressoremarized above. We view such changes in
management as positive opportunities that would entawvard more integrated forest and wildlife

resource planning for long-term sustainable biadite and forest productivity. Following are some

changes that could be instituted.

Managed forests. Improve coordination of management between MFsR#El Some examples include
delineating wildlife habitat corridors among PAstaining existing old-growth forests, retaining gna
and hollow trees, maintaining grassy openings, igiog for weed control, and balance removal of &xot
shrubs such dsantana with restoration of native shrubs.

Management of forest structure and compositiontlypiior timber, wildlife habitat, and other resoas;

is most efficiently accomplished by consideringsalth objectives simultaneously. Only in this wan
silvicultural prescriptions for forest stand treamts be devised that help meet all goals, and iartlyis
way can the extent to which all such goals can leé simultaneously be identified. The onus is on
clearly describing the specific conditions of fdresucture and composition needed to meet welhddf
wildlife habitat management objectives. This isewdhthe Wildlife-Habitat Relationships database on
wildlife species’ requirements can greatly help,idgntifying specific habitat and substrate requieats
—including forest structure and composition —dach species.

Managers currently recognize the need to managevethiand and grassland habitats. In forests,-fruit
bearing trees traditionally have been recognizednamagement plans and operations as important
wildlife trees. Managers also are beginning togmize the ecosystem and wildlife values of defecti
and dead wood (shags and down logs), instead ofuhlele just for salvage. Defective trees andgsna
provide key cover and foraging habitats for caekgavating birds and secondary cavity-nestersubat
woodpecker holes, for example. Down logs are kabitats for invertebrates, reptiles, and small
mammals, which are prey to many birds and othetlsnanmals.

Identifying natural conditions and native biodiversity. In all CAs, existing forest and grassland
conditions are far from pristine, that is, formgdnatural processes alone. People have beenfihese
ecosystems for thousands of years and have infhgeacological processes for centuries. This mékes
difficult to describe desired future conditionsfofest and grassland vegetation using "naturaltitimms
(i.e., without significant anthropogenic disturbajas a baseline or management target. The assampt
is that natural stand conditions and their patsemoss the landscape will maintain the full ranfyeative
biodiversity, i.e., species and their interactiovith each other and the environment. If those d@r
are unknown, or if there is high variation in th@mposition and structure of a vegetation commuaity
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landscape as a result of the environment or digha® processes, then a range of conditions, @ssiat
used to bracket acceptable future conditions.

Where “natural” conditions cannot be describeds itinknown the degree to which the full extent of
native biodiversity would be provided by a set ofrmagement guidelines. In that case, the best the
manager can do is to describe current conditiodsiddata permit, at least recent historic cowdhig, and

use these as baselines. The manager should alsattpation to the array of stressors and spedtlifica
identify which anthropogenic stressors have theatget adverse effect on the species or habitats of
interest, and then manage to reduce such stres$bis.focuses on the desired outcomes and isfaluse
approach where identifying native biodiversity aradural conditions is not possible.

Riparian areas. Institute comprehensive management of ripariansaaed corridors. This might include
such activities as establishing no-disturbance dosifalong stream channels; maintaining down logs
within streams for fish and wildlife habitats; encaging growth of native grasses and sedges iradegr
riparian areas; managing and reducing contaminatiovater by controlling discharge of pollutant$oin
streams or wetlands; eliminating use of pesticidgber poisons and explosives for harvesting fish;
establishing specific guidelines for permissiblenam activities that are consistent with conservasind
restoration objectives; and restricting agricultimreeservoir draw-down areas.

Roads and transportation systems. Manage existing transportation systems and desigoref
transportation systems to minimize impacts, paldity to reduce or eliminate wildlife collisions thi
vehicles and trains, to reduce impacts over straathriver crossings, and to reduce or eliminate the
severing and fragmenting effect on forest and ¢madshabitats for wildlife.

Tourism. Increase coordination among entities responsibigdiarism development, to reduce negative
impacts on biodiversity. Promote sustainable amdimpact ecotourism to help promote environmental
education and to replace or reduce higher-impaceational and exploitative tourism. In the SCiist

is a major challenge, as tourism (and religiousts)ishave impacted the area around the Pachmarhi
plateau. However, low impact tourism has beenmaptished in the Melghat Tiger Reserve in the SCA.
Among the CAs, promoting tourism will be most ckaljing in the GCA because of its remoteness from
tourism centers. Recent major improvements in sbigbways to the region are a good first step,
however.

Rare species and communities. Rare species and communities have often been figenith the past, but
little research has been done, except on somehflagpecies such as tiger and elephant, and specifi
management guidelines are lacking. Knowing thegggphic locations of rare species will remain a
challenge, but effort should be made to surveysafeasuch species before additional disturbances a
permitted.

Vegetation community types that are rare and spyadigtributed may nonetheless provide vital habita
for many plants and animals. Examples includestbemeadow inclusions in the ACA, mixed deciduous
forest in the TCA, riparian environments in the GG&d deep-canyon forests in the SCA. In most
conservation areas, “blanks” are grassland habigaite important to wildlife. In some cases,
manipulative management practices need to be digrefansidered in light of the ecology and wildlife
values of these relatively rare and important vagtiy@t types.

Wide-ranging species. Habitat corridors help maintain interactions amgogulation units and thereby
maintain effective population size of wide-rangingdlife such as tiger and elephant. For example,
the GCA a series of seven forest corridors has pegposed to link the few PAs and MFs of the area;
these corridors would serve to help maintain theaty-declining elephant populations there (Matot
al. 2002), and would likely benefit a wide array oh@t plant and animal species as well. However, in
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cases where the matrix lands are heavily convedistyrbed, and occupied with villages, creatinghsu
habitat corridors may be difficult, as in the TCh such a case, new approaches for providing e

to owners or managers of the matrix lands to coutei to conservation goals need to be developed.
Approaches might include purchase of conservatasements wherein ownership of the land remains in
private hands but concessions are made by the owmecreate or maintain wildlife habitat.
"Conservation districts" or “community reserves’gie in GCA; A. Kumaret al., in press) could be
formed to enlist support of private landowners bgviding incentives to maintain cover or other habi
elements during all or part of the year. Similamenunity groups could be organized to protect alima
while in the area, similar to the Tiger Watch ogdli Guardian programs (De 2001). On a regiondésca
bold programs like the Terai Arc Project for lingiPAs with forested corridors across the entire™'af

the Indian and Nepalese Terai region (Johnseigil. 2004) will be necessary to ensure the long-term
viability of species like tigers and elephants.

Callection and poaching of species. Control of poaching will require development of érdgency
programs to locally control poachers and engagal Ipeople in conservation activities (e.g., Nepal a
Weber 1995), and international programs to corinel consumers in the market. In the TCA, for
example, threats from poaching need to be conttdheough a concerted effort of Indian and Nepalese
civilian and border authorities. Markets in Tilaeid China need to be controlled to cut demand (iféld
Protection Society of India 2005). In the ACA,seunended antipoaching measures include developing
and strengthening intelligence networks among eefoent agencies, conducting security audits wigh th
help of tribal communities, monitoring the methasd seasonality of poaching, providing insurance
coverage for protection of forest staff, engagilgats as anti-poaching guards, and providing sesyof
rewards and incentives to thwart poaching.

To reduce or eliminate stressors associated withitng and collection of animals and plants, inchedi
medical plants, fruits, seeds, and other non-tinglbeducts, the manager can monitor collection rates
the range of impacts of harvest systems, interlomal peoples to determine their use and needgegur
market demands and influence, and study the rdtpsoduction and distribution of such organisms and
resources within the conservation area (Tewari 1L99%nhowing the production capacity allows setting
extraction rates to ensure long-term sustainal@gAppasamy 1993). Maps of villages and their zoine
influence would indicate areas most at risk of uese damage and those areas free from currenthask
might serve as refuges. Government could dendidenthhe collection scheme and allow collectors and
villagers the right to sell NTFPs in the open méark&his might encourage local people to parti@pat
Joint Forest Management ventures.

Participation by local people. Several of the conservation areas are benefitingoaold benefit, from
participation by local peoples formally organizeal donserve wildlife, forest, grassland, and other
resources. As an example, the state Governmeviadhya Pradesh has launched an extensive program
of Joint Forest Management (JFM). In the SCA madalgorest Divisions in Betul and Hoshangabad,
JFM has improved protection of forests by helpmgnttitute a better fire protection strategy,rstitute
self-help programs to monitor the status of locabgde, and to aid the sale of forest produce testor
cooperatives.

NEXT STEPS

Some next steps in implementing the guidelineslessbns summarized above have already been taken,
and other steps are yet to come. The five fielgdlavorkshops held during 2005-2006 in each CA
provided further technology transfer, helped retewal interest in the landscape conservation ambroa
and identified major priority activities neededgiach CA
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Technology Transfer. The Project's annual reports, maps, and data hega bubstantial assets for
managers, who have used them to prepare manag@est For example, project concepts and data
were incorporated in the first management plantenifor the Dudwa Tiger Reserve (De 2001) in the
TCA, and used in the GCA to write a proposal toaleligsh an Elephant Reserve in the State of
Meghalaya. Three Ph.D. dissertations came framptibject. Presentations by Project scientist® hav
been made at a number of regional, national, aternational research and management meetings.
Workshops for senior and field forestry and wildlgtaff, outside scientists, public interest growgrsl
concerned citizens were conducted in 2005 and 20@@&ch CA to present Project findings, discuss the
issues and opportunities for implementing this séategy, and to identify a primary issue for imiaéal
attention.

Conservation activity priorities. Major priorities were identified in each CA for itementing results of
the Project. A few examples follow. In the TCAiopities included continued restoration and prtitec

of rare species, particularly swamp deer, tigery leer, hispid hare, and other Terai species, and
establishing a second reintroduced population @& -lwrned rhinoceros. Studies are needed on the
effects of habitat changes on swamp deer demograpdyon other wetland species. In the GCA,
priorities might include designation of forest ¢dars between PAs and MFs; designation of Siju Ges/e

a bat sanctuary; updating PA management plans rmereéasing field staff; adding forest buffers to
increase areas of PAs; inventory MFs for amountd ase of NTFPs; registering sacred groves in
community forests for conservation; and nominatimg GCA for UNESCO World Heritage Site status.
In the ACA, priorities would include establishingtimoaching camps; designating riparian areas for
conservation; mapping NTFPs; and development ofptehensive tribal and ecotourism development
plans. In the SCA, priority management might ideludentifying wildlife corridors; improving grazin
management; mitigating wildlife mortality along nsportation corridors; and targeting remnant old-
growth forests for special management.

Research, monitoring, and adaptive management. In all four CAs, management could benefit by reslear
that would fill major knowledge gaps on basic spea@cology (including the less conspicuous species)
species distributions, population trends, speéffects of stressors, and effects of specific mamamt
activities. Research can take the form of adaptim@agement, whereby researchers and managers both
learn from management actions that follow scientifkperimental design standards of replication and
control. Conducting activities as adaptive manag@mresearch may require developing a new
administrative approach and structure.

Basic ecological understanding also is necessampoidernize silvicultural systems by moving themmiro

a focus simply on the production of wood and otineman goods and services, to the production of both
human and ecological goods and services while niegtoor maintaining forest ecosystems. The
transition from old to “new forestry” will be crital for integrating PAs and MFs to meet ecologguls
described for conservation areas. The transitiaiy will require a period of adjustment of atties and
experimentation with new methods.

It is clear that India is moving toward wildlife @rfiorest conservation at a broader spatial scadebgn
incorporating more land use conditions than evéorbe By focusing both within boundaries of PAglan
MFs, and outside to community, revenue, and othedd, conservation guidelines will better use
concepts of landscape ecology and conservatiorodyoto help ensure protection and restoration of
forests in India for future generations.

ACKNOWLEDGMENTS



16

We gratefully acknowledge the following individuasd organizations for their advice and assistance
that have helped to make this project successfuR. Stevenson, G. K. Gupta, and U. Kapur from the
USDA Foreign Agriculture Service/Far Eastern RegldResearch Office in New Delhi funded the work
under Grant No. FG-In-780 (Project In-FS-120) te WWildlife Institute of India (WII), with V. B.
Sawarkar as Principal Investigator and P. K. Ma#siNodal Officer. Former Directors of the WII L.
Panwar and S. K. Mukherjee were instrumental itiating and promoting the project. Present WII
Director P. R. Sinha provided support and advise€C# workshops during 2005-2006. J. W. Thomas, H.
Salwasser, T. Darden, M. Prather, and E. Thoman fte USDA Forest Service guided early project
development. WII scientists and faculty S. DuttKSSrivastava, S. P. Singh, A. Saxena, A. K. @Guft

B. Banubakode, and D. V. S. Khati were co-investiga for individual conservation areas. WII
researchers and staff N. K. Ramachandran, T. keSa/A. Kumar, S. G. Chavan, A. Pant, G. Sunal, and
H. Kumar did the critical field work and reportifgr Conservation Areas. Field managers from tlaeSt
Forest Departments of Maharashtra, Madhya Pradégghalaya, Tamil Nadu, and Uttar Pradesh
provided vital intellectual, field, and adminisixet support. Last but not the least, the hospijtali
cooperation and knowledge provided by field fonesstaff and by local people will always be
remembered and appreciated.

REFERENCES

Appasamy, P. P. 1993. Role of non-timber forestipcts in a subsistence economy: the case ofha joi
forestry project in IndiaEconomic Botany47:258-267.

Bhagwat, S. A., C. G. Kushalappa, P. H. WilliamsJ &. D. Brown. 2005a. A landscape approach to
biodiversity conservation of sacred groves in thesW'rn Ghats of IndiaConservation Biology
19:1853-1862.

Bhagwat, S. A., C. G. Kushalappa, P. H. Williamsd aN. D. Brown. 2005b. The role of informal
protected areas in maintaining biodiversity in iNestern Ghats of India.Ecology and Society
10(2)8 [online] http://www.ecologyandsociety.org/voll&¥i/art8/.

Champion, H. G., and S. K. Seth. 1968.Revised Survey of Forest Types of India.Government of
India Press, New Delhi, India.

De, R. 2001.Management Plan of Dudwa Tiger Reserve (2000-200& 2009-201Q) Uttar Pradesh
Forest Department, Lucknow, India.

Dinerstein, E. 2003The return of the unicorns: the natural history and conservation of the greater
one-horned rhinoceros Columbia University Press, New York.

Forest Survey of India. 1999. State of ForestdRepDehra Dun, Uttaranchal, India. Availablenfro
http://envfor.nic.in/fsi/sfr99/sfr.html (accessedidh 2006).

Johnsingh, A. J. T., K. Ramesh, Q. Qureshi, A. Ba8. P. Goyal, G. S. Rawat, K. Rajapandian, and S.
Prasad. 2004 Conservation status of tiger and associated specigsthe Terai Arc landscape,
India. Wildlife Institute of India, Dehra Dun, Uttararadhindia.

Kumar, A., A. K. Gupta, B. G. Marcot, A. SaxenaPSSingh, and T. T. C. Marak. 200Rlanagement
of forests in India for biological diversity and faests productivity, a new perspective. Volume
VI: Garo Hills Conservation Area (GCA). Wildlife Institute of India-USDA Forest Service
collaborative project report. Wildlife Institutd imdia, Dehra Dun, India.



17

Kumar, A., A. Saxena, B. G. Marcot, V. B. Sawarl@r,S. Roy, P. K. Mathur, and S. P. Singh. 2000.
Forest fragmentation in the tropical forest ecamysiof Garo Hills, Meghalaya, northeast India.
Pages 174-196 in P. S. Roy, S. Singh, and A. Gopeus, (eds.)Proceedings of a workshop on
Biodiversity and Environment: Remote Sensing and Gagraphic Information System
Perspective. Indian Institute of Remote Sensing, National REm®ensing Agency, Dehra Dun,
India.

Kumar, A., B. G. Marcot, A. K. Gupta, and S. P.d@bin In press. Socioeconomics of modern Garodribe
in the western hills of Meghalaya. In J. R. B.raf, M. Ahmad, and V. B. Sawarkar, (eds.).
Biodiversity conservation and utilisation. Jyoti Publishers, Dehra Dun, India.

Kumar, H., P. K. Mathur, J. F. Lehmkuhl, D. V. Sha#i, R. De, and W. Longwah. 200Rlanagement
of forests in India for biological diversity and faests productivity, a new perspective. Volume
VI: Terai Conservation Area (TCA). Wildlife Institute of India-USDA Forest Service taborative
project report. Wildlife Institute of India, DehEaun, India.

Marcot, B. G., A. Kumar, P. S. Roy, V. B. Sawarkar,Gupta, and S. N. Sangama. 2002. Towards a
landscape conservation strategy: analysis of jhamaddcape and proposed corridors for managing
elephants in South Garo Hills District and Nokrekaa Meghalaya.Indian Forester February:
207-216.

Marcot, B. G., and J. B. Nyberg. 2005. The futwfe forest biodiversity conservation amidst
development: reflection and visioimternational Forestry Review 7: 21.

Mathur, P. K., J. F. Lehmkuhl, and V. B. Sawarkachnical coordinators. 2002avlanagement of
forests in India for biological diversity and fored productivity, a new perspective. Volume I:
Concepts, approaches and project overview.Wildlife Institute of India-USDA Forest Service
collaborative project report. Wildlife Instituté mdia, Dehra Dun.

Mathur, P. K., J. F. Lehmkuhl, and V. B. Sawarkachnical coordinators. 2002bVlanagement of
forests in India for biological diversity and foreg productivity, a new perspective. Volume II:
Wildlife-habitat relationships (WHR) in conservation areas. Wildlife Institute of India-USDA
Forest Service collaborative project report. Widinstitute of India, Dehra Dun, India.

Mishra, R. 1968.Ecology Work Book. Oxford and BH Publishing Company, New Delhi, di

Momin, K. C. 1995. Traditional jhum-based econoafythe Garos and its changing patterns. Pages
103-109 in M. S. Sangma, (ed.Hill Societies and Their Modernisation: A study ofNorth East
with special reference to Garo Hills. Omsons Publications, New Delhi, India.

Mueller-Dombois, D., and H. Ellensberg. 197Aims and Methods of Vegetation Ecology. John
Wiley and Sons, New York.

Myers, N., R. A. Mittermeier, C. G. Mittermeier, @. B. da Fonseca, and J. Kent. 2000. Biodiversity
hotspots for conservation prioritifdature 403 853-8.

Nepal, S. K., and K. E. Weber. 1995. Prospeatsdexistence: wildlife and local peoplémbio 24:
238-245.



18

Pant, A., S. G. Chavan, S. B. Banubakode, R. ShHaen, V. B. Sawarkar, S. Sen, and R. Wankhade.
2002. Management of forests in India for biological divesity and forests productivity, a new
perspective. Volume VI: Satpura Conservation Area(SCA). Wildlife Institute of India-USDA
Forest Service collaborative project report. Widinstitute of India, Dehra Dun, India.

Parikh, J. K. 1977. Environmental problems ofignahd their possible trends in futufénvironmental
Conservation 4 189-198.

Rodgers, W. A., and H. S. Panwar. 198Blanning a wildlife protected area network for hdia.
Volume | — The Report, and Volume Il — State Summaes. Wildlife Institute of India. Dehra
Dun, India.

Sajeev, T. K., S. K. Srivastava, M. G. RaphaelD8tt, N. K. Ramchandran, and P. C. Tyagi. 2002.
Management of forests in India for biological divesity and forests productivity, a new
perspective. Volume lll: Anaimalai Conservation Area (ACA). Wildlife Institute of India-USDA
Forest Service collaborative project report. Widinstitute of India, Dehra Dun, India.

Sawarkar, V. B. 1995A manual for planning wildlife management in proteded areas and managed
forests. Wildlife Institute of India. Dehra Dun, India.

Sawarkar, V. B. 2001. Conserving biodiversityfanested landscapes. Mational Workshop on
Regional Planning for Wildlife Protected Areas, Inda Habitat Centre, New Delhi, 6- 8 August,
2001. Wildlife Institute of India, Dehra Dun, India.

Sawarkar, V. B. 2005A guide for planning wildlife management in proteced areas and managed
landscapes.Wildlife Institute of India/Natraj Publishers. Bea Dun, India.

Sawarkar, V. B., and H. S. Panwar. 198Ttegrated landuse strategy for conservation — th&atpura
case. Capsule course in wildlife management, 8-D@&nuary 199Q Wildlife Institute of India.
Dehra Dun, India.

Shi, H., A. Singh, S. Kant, Z. Zhu, and E. Wall&2005. Integrating habitat status, human popuiatio
pressure, and protection status into biodiversityservation priority settingConservation Biology
19: 1273-1285.

Tewari, D. D. 1999. Income and employment gei@maipportunities and potential of non-timber fares
products (NTFPs): a case study of Gujarat, Indmurnal of Sustainable Forestry 85-76.

Tewari, D. N. 1995Western Ghats ecosysteminternational Book Distributors, Dehra Dun, India

Tiwari, B. K., S. K. Barik, and R. S. Tripathi. 98. Biodiversity value, status, and strategies for
conservation of sacred groves of Meghalaya, InHiecosystem Healt: 20.

UNEP. 2001. India: state of the environment 2001. United Nations Environment Programme,
Regional Resource Centre for Asia and the Paétthumthani, Thailand.

Wildlife Institute of India. 2006. National Wildé Database. Dehra Dun, Uttaranchal, India.

Wildlife Protection Society of India. 2006. Shoul scale of market for tiger and leopard skineeded
(http://mvww.wpsi-india.org/news/23092005.php). SRAanchsheel Park, New Delhi, India.



