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Abstract: Scientific  research  on  human-
environmental interactions is now a budding
sustainability science. The concept recognises that
the well-being of human society is closely related

the well-being of natural ecosystems. Traditional
knowledge is vital for sustainability of natural
resources including forests, water, and agro
ecosystems across landscape continuum spanning
from households through farms, village, commons
and wilderness. This article identifies recent
developments in local knowledge research and
interface this with the challenges that contemporar
society faces and how local knowledge can be
useful to address the biodiversity conservation.
Humanity faces exceptional challenge of eroding
natural resources and declining ecosystems services
due to a multitude of threats created by
unprecedented growth and consumerism. Also
imperilled is the biodiversity and sustainabilitiytbe
essential ecological processes and life support
systems in human dominated ecosystems across
scales. Indeed, human-domination of earth is etiden
in global change biodiversity extinctions and
disruption of ecosystem functions. Ecological
problems coupled with unequal access to resources
results in human ill-being and threats to the
livelihood security of the world's poorest.
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TRADITIONAL KNOWLEDGE ON BIODIVERSITY
CONSERVATION

conservation can learn from the context-specific

local knowledge and institutional mechanisms
such as cooperation and collective action;
intergenerational transmission of knowledge, skills
and strategies; concern for well-being of future
generations; reliance on local resources; restiaint
resource exploitation; an attitude of gratitude and
respect for nature; management, conservation and
sustainable use of biodiversity outside formal
protected areas; and, transfer of useful speciesmgm
the households, villages and larger landscape.€Thes
are some of the useful attribute of local knowledge
systems (Pandey, 2002a). Traditional knowledge on
biodiversity conservation in India is as diverse as
2753 communities (Joshéet al. 1993) and their
geographical distribution, farming strategies, food
habits, subsistence strategies, and cultural toagit

I n order to be effective, efforts on biodiversity

Local Vegetation Management

Over thousands of years local people have developed
a variety of vegetation management practices that
continue to exist in tropical Asia (Pandey, 1998),
South America (Atraret al, 1999; Gomez-Pompa
and Kaus, 1999), Africa (Getet al, 1999; Infield,
2001), and other parts of the world (Brosius, 1997;
Berkes, 1999). People also follow ethics that often
help them regulate interactions with their natural
environment (Callicott, 2001). Such systems areroft
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integrated with traditional rainwater harvestingtth
promotes landscape heterogeneity through augmented
growth of trees and other vegetation, which in turn
support a variety of fauna (Pandey, 2002a).

In India these systems can be classified in several
ways: (a) Religious traditions: temple forests,
monastery forests, sanctified and deified trees (b)
Traditional tribal traditions: sacred forests, sacr
groves and sacred trees (c) Royal traditions: royal
hunting preserves, elephant forests, royal gardens
(d) Livelihood traditions: forests and groves segvi

as cultural and social space and source of livetiho
products and services

The traditions are also reflected in a variety of
practices regarding the use and management of trees
forests and water. These include: (a) Collectiod an
management of wood and non-wood forest products
(b) Traditional ethics, norms and practices for
restraint use of forests, water and other natural
resources(c) Traditional practices on protection,
production and regeneration of forests (d) Cultorat

of useful trees in cultural landscapes and agrefoye
systems (e) Creation and maintenance of traditional
water harvesting systems such as tanks along with
plantation of the tree groves in the proximity

These systems support biodiversity, which is
although less than natural ecosystems but it helps
reduce the harvest pressure. For instance, thergbar
types of resource management practices that riesult
biodiversity conservation and contribute to langsca
heterogeneity in arid ecosystems of Rajasthan.
Environmental ethics of Bisnoi community suggest
compassion to wildlife, and forbid felling &rosopis
cineraria trees found in the region. Bisnoi teachings
proclaim: "If one has to lose head (life) for sayia
tree, know that the bargain is inexpensive" (Pandey
2002a).

In India, local practices of vegetation management
perhaps emanate from the basic ecological concepts
of local communities reflected in "ecosystem-like
concepts in traditional societies" (Berletsal. 1998).
Two key characteristics of these systems are treat t
unit of nature is often defined in terms of a
geographical boundary; and abiotic components,
plants, animals, and humans within this unit are
considered to be interlinked. Many local knowledge
systems are similar in temperament to the emerging
scientific view of ecosystems as unpredictable and
uncontrollable, and of ecosystem processes as
nonlinear, multiequilibrium, and full of surprises
(Berkeset al. 1998).

Biodiversity in Sacred Cliffs

Cliffs are completely forgotten cultural landscape
elements that support a variety of species of plant
and animals in India. As humans have special

fascinations to such areas often cliffs across the
country are considered sacred. Cliffs elsewhere hav
been found to support undisturbed ancient woodland,
dominated by tiny, slow-growing and widely spaced
trees. Vertical cliffs often support populations of
widely spaced trees that are exceptionally old,
deformed and slow growing. Some of the most
ancient and least-disturbed wooded habitats orhEart
are found on cliffs, even if such sites are close t
intensive agricultural and industrial development.
The age of the trees on cliffs may indicate the g
growth rates of the entire plant communities on the
cliffs. Cliffs across the world may support ancient
slow-growing, open woodland communities that have
escaped major human disturbance, even when they
are situated close to agricultural and industrial
activity, which has destroyed or altered most other
natural habitats (Larsoet al, 1999, 2000a & b;
Peterken, 1996). Examples of such habitat in India
abound. Cliffs in Udaipur and Kota districts of
Rajasthan were surveyed (7 cliff with ancient
vegetation). Cliffs were found to have more than 25
species of trees, several species of shrubs afd.her
Areas close to Bhopal have more than 50 cliffs in
central India in a radius of about 100 kms. All the
cliffs surveyed in Rajasthan are sacred. They are
often part of the sacred corridors along the rigetb
escarpment with several meters of precipitous fall.
Attempts have been made to regenerate the
Gaipernath Cliff with the traditional species
occurring in the area L&nnea coromandelica
Boswellia serrata Sterculia urensetc. about 25
species). The result was very poor initially. Batdl
ethnoforestry techniques of tucking the branch
cuttings of coppicing species in whatever little
crevices area may have were successful. Also,
depositing the seeds (same species that occur) in
crevices with the ball of moist earth has been dun
promising.

Farm Biodiversity

Throughout the Indian farms and field one finds
strips of vegetation containing several species of
plants and small animals. These strips are beaéfici
in several ways. Such strips on tropical lands have
been found to accelerate natural successional
processes by attracting seed-dispersing animals and
increasing the seed rain of forest plants. Effexfts
these strips resemble the windbreaks on seed
deposition patterns (Harvey, 2000). Isolated trees
provide seed in the area for natural regenerafibe.
strips enhance seed rain, and connectivity. Because
such strips trap large number of seeds of several
species they help in further tree growth. Compaoed
open fields, farm boundaries with vegetation regeiv
seed in greater densities and species-richness than
open farms and pastures. All forms of seed dispersa
help in the process but animal-dispersed (birdss, ba
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mammals etc.) seeds often occur in greater dessitie
and species numbers. Presence of isolated trees and
shrubs or remnant trees helps. Farm boundaries
maintained throughout the country are often self
regenerating and require only management as these
barriers considerably increase the deposition @é tr
and shrub seeds within the cultural landscape.edide
considerable biodiversity is found within thesepstr

This is a practice that needs to be maintainedt lzesi
several socio-economic benefits as well.

Value of traditional agroecosystems in supportimng t
plant and animal diversity (see for example, Kugite

al. 1998) is immense. Tree diversity in farms and
agroecosystems is often the product of interaabion
local and formal knowledge. A recent study by
Shastri et al. (2002) provides interesting insigts
the tree-growing practices and associated biodiyers

in Karnataka. Shastriet al. (2002) found trees
belonging to 93 species in a sampled area of 1af ha
Sirsimakki agro-ecosystem. Additional 44 species
were noted on non-agricultural lands in the village
ecosystem, which includedoppina betta minor
forest and reserve forest. The overall agroecosyste
had 556 trees/ha, while the non-agroecosystem had
only 354 trees/ha. The overall, tree density 0f.818
per ha was present in the village. There were 144
species in the village ecosystem with 2238
individuals in the sampled area of 5.34 ha. Thaltot
number of species in non-agro ecosystem was 104
with 1286 individuals. Home-gardens are notable
with 93 tree species in just about 1.7 ha. The rarmb
of tree species varies between 20 and 40 in home-
gardens, indicating that home-gardens in Karnataka
villages are highly biodiverse in comparison tos#o

in Mexico and Brazil (Shastet al. 2002).

Farms themselves have domesticated biodiversity
essential for survival and subsistence. One such
example is by Kimatat al. (2000) form South India

on the cultivation and process of domestication of
Brachiaria ramosa cultivated in pure stands. Its
grains are used in nine traditional food preparegio

in South India. Another crofSetaria glaucais
cultivated in mixed stands along with little millet
(Panicum sumatrenye In Orissa state and in
Southern India the grains are used to make at $dast
traditional supplementary foods. The weedy forms of
these species were found by the researchers growing
with upland rice and some millets in diverse agro-
ecological niches. The domestication process is
supposed to have gone through three phases: first
growing in association with weed and with upland
rice and other millets; a secondary crop mixed with
kodomillet; and finally as an independent crop.

Cultivation of Medicinal plants

There are numerous examples of medicinal plant
cultivation by local people in India. Socio-cultliya
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valued species find place in home gardens and
courtyards. For example, Around the Nanda Devi
Biosphere Reserve in the western Himalaya, the
Bhotiya community, whose livelihood is depends on
local natural resources, practices seasonal and
altitudinal migration and stay inside the buffemeo
for only 6 months (May-October). A survey in 5
villages in Pithoragarh District, found that Bhatiy
people cultivate medicinal plants on their agrigrét
fields. Of a total of 71 families, 90% cultivated
medicinal plants on 78% of the total reported
cultivated area (15.29 ha). Around 12 species of
medicinal plants were under cultivation. Surveyoals
found that a family earned about Rs.2423 +/- 376.95
per season from the sale of medicinal plants in6199
(Rs.38 = US$1 in 1996). Thus, supporting medicinal
plant cultivation at high altitudes in the Himalaya
may help to generate additional support to people a
well as conserve the species in the wild (Silord an
Badola, 2000, see also, Maikhudt al. 1998).
Another study (Satyakt al. 2002) on traditional
knowledge of Kumaun Higher Himalaya found that
Bhotia tribes use 34 species of medicinal plants
native to the region. Among theséngelica glauca
and Allium stracheyiare narrow range endemic and
Allium  stracheyi Picrorhiza  kurrooa and
Nardostachys grandiflordave been recorded in the
Red Data Book of Indian Plants. Interestingly, the
annual production of medicinal plants has beendoun
to be comparable with the annual production of
traditional crops. Thus, cultivation, and harvegtin
can help in livelihood security andn situ
conservation of these species.

Similarly, juang and Munda tribes of the Keonjhar
district of eastern India use 215 plants, belondgimg
150 genera and 82 families (Mahapatra and Panda
2002). This suggests a wealth of traditional
knowledge on biodiversity and herbal health care in
tribes of eastern India. Tribes in the region are
dependent on forests for other species as speties o
mushrooms, wild berries, tubers, and flowers that a
included in their diet including cooking oil.
Understanding of traditional knowledge on
biodiversity of the region will be most helpful in
planning for sustainable forest management.

Traditional Ethos

Similarly, in spite of the modernization, traditain

ecological ethos continue to survive in many other
local societies, although often in reduced forms.
Investigations into the traditional resource usams

and associated cultural institutions prevailingtinal

Bengal societies (Deb and Malhotra, 2001)
demonstrate that a large number of elements of loca
biodiversity, regardless of their use value, are
protected by the local cultural practices. Some of
these may not have known conservation effect, yet
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may symbolically reflect, a collective appreciatioh

the intrinsic or existence value of life forms, ahe

love and respect for nature. Traditional conseovati
ethics are still capable of protecting much of the
country's decimating biodiversity, as long as theal
communities have even a stake in the management of
natural resources.

Traditional ethos is reflected in a variety of piees
including sacred groves and sacred landscapes. They
are fairly well described (see for example, Dstlal.
1997, Pandey 1996 & 1998).

One example from northeast India is particularly
notable (see, Tiwariet al. 1998). The tribal
communities of Meghalaya — Khasis, Garos, and
Jaintias — have a tradition of environmental
conservation based on various religious beliefs. As
elsewhere in India, particular patches of forests a
designated as sacred groves under customary law and
are protected from any product extraction by the
community. Such forests are very rich in biological
diversity and harbor many endangered plant species
including rare herbs and medicinal plants. Tiwetri

al. (1998) identified 79 sacred groves and their
floristic survey revealed that these sacred grares
home to at least 514 species representing 340 gener
and 131 families. The status of sacred groves was
ascertained through canopy cover estimate. About
1.3% of total sacred grove area was undisturbed,
42.1% had relatively dense forest, 26.3% had sparse
canopy cover, and 30.3% had open forest. Notably,
the species diversity indices were higher for the
sacred grove than for the disturbed forest.

Another notable example is from peninsular India.
Study (Ramanujam and Kadamban 2001) on two
sacred groves, Oorani and Olagapuram, situated on
the north-west of Pondicherry found a total of 169
angiosperms from both sites. The Oorani grove (3.2
ha) had 74 flowering plant species distributed in 7
genera and 41 families; 30 of them are woody
species, 8 are lianas and 4 are parasites. The
Olagapuram grove (2.8 ha) was more species-rich
with 136 species in 121 genera of 58 families; wood
species were fewer (21) while 9 lianas and 3 pssi
occurred. Associated local knowledge, cultural and
religious rituals of local people sustain such dsitg.

Another tradition worth mention is use of plants in
mural painting. Such paintings are found, for
example, in the Ajantan mural art. The practice
spanned a whole millennium from the second century
B.C. to the eighth century A.D. The tradition
continued up to the nineteenth century under the
support of different dynasties in India, but deetin

by the end of that century. Nayat al. (1999) note
that the art is kept alive by a few artists in Hanaho
practice even today the methods and techniques of
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mural paintings similar to those practiced by the

Ajantan mural painters. Various plant species
provided materials for mural painting. Such
knowledge can be very helpful in providing

livelihood security to practitioners.

Traditional water harvesting structures too are als
habitat for a variety of species. Even if pond sie
small, as is the case in about 60% (out of 1.5ianill
total tanks) in India (Pandey, 2001) it may stié b
useful habitat for many species in rural ecosystems
Indeed, the island biogeography theory — valid in
numerous cases — suggesting that larger areasrsuppo
more species did not stand in case of 80 ponds in
Switzerland (Oertlet al, 2002).

Theoretical predictions and empirical support
suggests that although intentichabnservation may

be rare among small-scale societies as Smith and
Wishnie (2000) have pointed out, but practices that
actually result in what we today call 'sustainalée

and management' of resources and habitats by local
people is widespread globally that contribute to in
biodiversity conservation and enhancement through
creation of habitat mosaics (Smith and Wishnie,
2000).

Formal conservation efforts in India have relied
heavily on the recently declared official protected
areas in various categories for biodiversity
conservation. However, ancient and widespread
human practice to set aside areas for the presamvat
of natural values in India can be seen in several
examples of sacred groves, royal hunting foresid, a
sacred gardens (Gadgil 1982, Pandey, 1991; Gadgil
et al, 1993; Kanowsket al, 1999; Chandrashekara
and Sankar, 1998). Several of these areas became
national parks and wildlife sanctuaries in Indiad an
elsewhere (Pandey, 2001). It must be noted hete tha
much of the India's biodiversity lies outside the
officially declared protected areas. Indeed,
biodiversity occurs in landscape continuum (figlire
table 1 & 2). Other areas protect ecosystem sesvice
such as the delivery of clean water or the supply o
timber, or mitigate the expected adverse effects of
over-clearing (Grove, 1992). Others protect
recreational and scenic values and some have been
planned to foster international cooperation (Hanks,
1997). Many of these areas meet the World
Conservation Union's definition of a strictly proted
area (IUCN categories I-1V) (IUCN, 1994).

In view of accelerating biological and cultural
landscape degradation, a better understanding of
interactions between landscapes and the cultural
forces driving them is essential for their susthlaa
management. We need environmental and cultural
revolution, aiming at the reconciliation of human
society with nature (Naveh, 1995).
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Table 1: Human ecological and indigenous perspective fodibarsity management

Key challenges Suggestions for policy and practice*

Biodiversity . Application of the principles of sustainability soce fo
Conservation arforest management attempting to address the natwiety interactic
maintenance «will need an interdisciplinary approach agll as multiple stocks

ecosystem functionsknowledge and institutional innovations to navigamnsition towar
sustainable forest management (Pandey, 2002c).
. Representation of all forest types in protectedasrebot!
formal and ethnoforestry regimes, which are managgidborativel
(Reid, 2001) and link culture and conservatiBydrs et al., 2007).
. Protection of natural forests against wiicks, grazing, ar
unmanaged removals with the help of local strategieherders, ar
resident communitiesCoppolillo, 2000). As local people often ha
awareness about the application of fire, the diffierfire use practic
Providing goods arcan be identified for grassland management. Thesetipes reflect
services to the socielyell adapted production strategy. Policy decisishsuld as far :
possible be #xible in the light of local understanding of firese
(Mbow et al., 2000) wherever possible.
. Preventing fragmentation and providing connectivity
conserve biodiversity in landscape continuum. Inaproent o
existing shifting cultivation methods with adration of traditioni
knowledge and new practices can be helpful in ailng the proble
(Gupta, 2000).
. Maintenance of gene pool diversity in natural andtucal
landscapes (Saleh, 2000). Elements to conservbeadentified witl
the help of the local ethnoecological perceptiduhfison, 2000).
. Restoration of degraded forests with multiple useg, shruk
and herbs along with regeneration regimes thatssecidy combin
rainwater harvest, direct seeding, resprouting, ghahtations i

needed.
Social wellbeing ok Maintenance of woody vegetation in ethnoforestry mess it
the people landscape continuum (households, cultural lands

agroecosystems, and wilderness).

. Protection to a variety of woody vegetation manage
Economic wellbein¢regimes in agroecosystems to maximize social andaroic benefit:
of people to the people as well maintenance of ecosystemstius such ¢

natural pest control, pollination, carbon storagegulation o
hydrological cycle etc.

. Protection to large trees in natural, cultural amgmar
modified landscapes as well asrafgrestry systems (Castro, 19
Chandler, 1994; Chepstolusty and Jonsson, 2000) as they ac
seed source, conserve carbon pool, and act asabdbit see
dispersing birds, small mammals, and other faupeties.

. Soil conservation, and enhancementsoil fertility througt
conservation/restoration of woody leguminous speciacros
landscape continuum. Swidden farming that is oftentral to th
cultural identity of many indigenous people, conén to be viable
several cases, despite increagiogulation density and the continu
depletion of mature forests. By integrating comnac valuable
perennial leguminous trees with crops, soil faytitan be maintaine
along with improvement to soceeconomic condition of the peo
(Iskandar and Ellen, 2000)

. Communitybased management regimes and con
property management (Lu, 2001; Burke, 2001) builtiee principle ¢
equity of knowledge among stakeholders, and tHgtaapitalizing ol

75
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natural recovery mechanisms will prevent furtheaseophic shift an
degradation and retain the multiple values of la@hmmunit
conservation initiatives seeking to make conseovatvorthwhile ti
local people have a strong economic dimension. tBetchoices mal
by local landowners are not a simple dtion of the economic retur
potentially accruing from a particular enterpri3éey are as much
more influenced by who is able to control the difet flows of returr
from these different types of enterpriSh¢mpson and Homewooc

2002)

. Secure lad tenure for indigenous people, who othen
perceive conservation as luxuiMdrcus, 2001)

. Maintaining the gender equity as a means to réloligs

access to productive resources and household be(&fimed and
Laarman, 2000).

. Institutional coordinatin of pastoral movements over fori
tenure for pasturelandsd€rn€ndez-Gimé@nez, 2002).
. The adoption of agroforestry is determined by themiers

attitude to agroforestry, which in turn was shagmsd informatior

received through farmer-to-farmer and farmeexension conta

(Glendinning et al., 2001) A clear extension programme, theref

shall always be helpful for designing the multiftional agroforestr

systems.

. Adaptive strategies for resource management (Bagsx))
*Column 3 provides consolidated suggestions beceaask one often addresses more than one key cheallen

Table 2: Indigenous forest management in India that prdiexdiversity in landscape continuum (see figurésbh

Fractices Examples Aorerage Range of Atrea in
Ha.
Bacred and sanctified Temple forests 5-10ha.
Latwdscapes Sacred Cotridors 10-200 ha (1-2 k. lotg
Sacted Groves 0.1 ta?0 ha
Sacred TreesTaboo trees Isolated and sanchified trees
Ethnioforestty Fefugla 1-3 ha, (moders vatiants)

Eeghat-chbanta (saffron- sprindled and  30-500 ha, large forests
sanctified) forests

Paticharati (tree grove) 0:1-0.5 ha.
Family and Village Rarti (¥ illage Woodlots) 20-120 ha.
Forests FamilyFarm Groves 0.5-1 ha
Chartict (wooded grazing lands) 1-20ha.
Eankad(wllage boundatry for ests) 2-5 ha. Btrips
Rundh (closed ¢ omal woodlatuds) 10-500 ha.
Baugh (silvi-hotti- gar dend) 3-50ha.
Home gardens/docryard garden 0.01 ka 0.5 ha
Inhatited sallage groves 5-40 ha.
Lakheta (wooded islands amidst & grove of 10 to 50 trees
traditional sallage ponds)
BeedBir (traditiona woodlof) 5-200 ha:
Agroforests Several types Extreme vatiation in area

Source: Pandeyw(200151-2
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TRADITIONAL AND

BIODIVERSITY

KNOWLEDGE, WATER,

Simple local technology and an ethic that exhorts
"capture rain where it rains" have given rise t6 1.
million traditional village tanks, ponds and earthe
embankments that harvest substantial rainwater in
660,000 villages in India (Pandey, 200la), and
encourage growth of vegetation in commons and
agroecosystems. If India were to simply build these
tanks today it would take at least US $ 125 hillion
(Pandey, 2002).

Humans have virtually appropriated fresh water.

Humanity now uses 26 percent of total terrestrial

evapotranspiration and 54 percent of runoff that is

geographically and temporally accessible. New dam
construction could increase accessible runoff by

about 10 percent over the next 30 years, whereas
population is projected to increase by more than 45
percent during that period (Posétlal, 1996).

Over thousands of years societies have developed a
diversity of local water harvesting and management
regimes that still continue to survive, for examphe
South Asia, Africa, and other parts of the world
(Agarwal and Narain, 1997). Such systems are often
integrated with agroforestry (Wagachchi and
Wiersum, 1997) and ethnoforestry practices (Pandey,
1998). Recently it has been suggested that market
mechanisms for sustainable water management such
as taxing users to pay commensurate costs of supply
and distribution and of integrated watershed
management and charging polluters for effluent
treatment can solve the problem (Johnssinal,
2001). Such measures are essential although, &yt th
are insufficient and would need to draw on the lloca
knowledge on rainwater harvesting across different
cultures (Pandey, 2001).

Rainwater harvesting in South Asia is differentnfro
other parts of the world in that it has a continued
history of practice for at least over 5000 years.
Similarly, Balinese water temple networks as
complex adaptive systems are also very useful
systems (Falvo 2000). Although hydraulic earthworks
are known to have occurred in ancient landscapes in
many regions, they are no longer an operational
systems among the masses in the same proportion as
in South Asia. For instance, remains of earthworks
and water storage adaptations are found in Mayan
lowlands in South America (Mann, 2000). Such
systems had been used for prehistoric agriculture i
Mayan lowlands (Turner, 1974; Coe, 1979), and for
fish culture in Bolivian Amazon (Erickson, 2000).

Rainwater harvesting have been found to be scientif
and useful for rainfed areas (let al, 2000). For
instance, a validation comes from the Negev. Arcien
stone mounds and water conduits are found on

7

hillslopes over large areas of the Negev deseeldFi
and laboratory studies suggest that ancient farmers
were very efficient in harvesting water. A companis

of the volume of stones in the mounds to the volume
of surface stones from the surrounding areas itelica
that the ancient farmers removed only stones thdt h
rested on the soil surface and left the embedded
stones untouched. According to results of simulated
rainfall experiments, this selective removal inseth
the volume of runoff generated over one square mete
by almost 250% for small rainfall events compared t
natural untreated soil surfaces (Laeteal, 1997).

One of the principle tree genus growing in
association with tanks and ponds in IndiaFisus
which is culturally valued throughout the counthy.

is a keystone genus and supports a variety of other
species. Records of frugivory from over 75 coustrie
for 260 Ficus species (approximately 30% of
described species) suggest that in addition to &lsm
number of reptiles and fishes, 1274 bird and mammal
species in 523 genera and 92 families are known to
eat figs (Shanahaat al. 2001).

BIODIVERSITY CONSERVATION

Strategies employed for conservation and
management of natural resources prominently rely on
nature reserves, national parks, wildlife sancasri
and other such categories of protected areas (Bee f
example, Inamdaet al, 1999; Sarkar, 1999; Myers
et al, 2000; Pimmet al, 2001; Robertet al, 2002;
Sechrestet al., 2002; Briers, 2002; Wilson, 2002).
Protected-area-alone approach for nature
conservation, however, has serious flaw (Pandey,
1993) as it has further exacerbated the problem of
human-animal conflicts, and a majority of reserves
have failed to achieve the conservation goals in
marine (Tupper, 2002) as well as terrestrial
(Rajpurohit, 1999, Vanclay, 2001; Rawal and Dhar,
2001; Madhusudan and Karanth, 2002) ecosystems.
Such an approach has also "led to conflicts between
the local communities and the management
authorities" (Ashish Kotharpers. comn).

Further, application of island biogeography thetary
conservation practice has been contended since long
As Simberloff and Abele (1976) note "theoretically
and empirically, a major conclusion of such
applications — that refuges should always condist o
the largest possible single area — can be incorrect
under a variety of biologically feasible conditions
The cost and irreversibility of large-scale
conservation programs demand a prudent approach to
the application of an insufficiently validated thed
Protecting biodiversity in protected areas indead h
remained a challenge across nations.

On the other hand there are detailed accounts of a
variety of mechanisms and contexts through which
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local people conserve and maintain biodiversity
across landscape continuum (see for example, Arnold
and Dewees, 1997; Kothari 1996, 2000; 2002;
Kothari et al. 2001; Kothari and Anuradha 1999;
Pandey, 1996, 1998; Berkes, 1999; Collins and
Qualset, 1998; Ramakrishnahal, 1998; Medin and
Atran, 1999; Nazarea, 1999; Posey, 1999;
Venkataraman, 2000; Hartley, 2002; Daniels and
Vencatesan, 1995; see figure 1).

Practice to set aside areas for the preservation of
natural values such has sacred groves of Asia and
Africa and royal hunting forests in India are some
historical examples (Kanowskiet al, 1999;
Chandrashekara and Sankar, 1998) of nature
conservation. Several of these areas became nlationa
parks and wildlife sanctuaries in India and elsex@he

Consensus that seems emerging is that we might need
multiple conservation and sustainable management
approaches (Dinerstein and Wikramanayake, 1993;
Chandrashekara and Sankar, 1998; Schellnhuber and
Wenzel, 1998; Margules and Pressey, 2000; NRC,
1999; Clark, 2001) Under these circumstances,
instead of an exclusive approach, both protectedsar
and community areas seem complementary strategies.

As the human and livestock population grows and
natural resources decline command-and-control
management of natural resources tends to become the
norm. Stricter enforcement of protected areas again
gaining currency as a management proposal due to
perceived failure of people-oriented approaches to
safeguard biodiversity. Unfortunately, such an
approach usually results in adverse consequences fo
natural ecosystems and human welfare in the form of
collapsing resources, social and economic conflict,
and loss of biological diversity (Holling and Meffe
1996; Meffeet al. 1998). Additionally, this resurgent
focus on authoritarian protection practices largely
overlooks key aspects of social and political pssce
including clarification of moral standpoint,
legitimacy, governance, accountability, learningg a
external forces (Brechiet al. 2002). A single stock

of knowledge is inadequate to address the chalenge
that sustainability science faces today (Pandey,
2002a).

WATER HARVESTING
CONSERVATION

AND BIODIVERSITY

Revival of local rainwater harvesting globally coul
provide substantial amounts of water for nature and
society. For example, a hectare of land in Jaisalme
one of India's driest places with 100 millimeteffs o
rainfall per year, could yield 1 million liters efater

from harvesting rainwater. Even with the simple
technology such as ponds and earthen embankments
called tanks, at least half a million liters a yean be
harvested from rain falling over one hectare ofllan
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as is being done in the Thar desert, making it the
most densely populated desert in the world. Indeed,
there are 1.5 million village tanks in use and
sustaining everyday life in the 660,000 villages in
India (Pandey, 2001).

In the Negev Desert, decentralized harvesting
through the collection of water in microcatchments
from rain falling over a 1-hectare watershed yidlde
95 cubic meters of water per hectare per year,
whereas collection efforts from a single large unit
rather than small microcatchments — 345-hectare
watershed yielded only 24 cubic meters per hectare
per year (Evenaret al, 1982.). Thus, 75% of the
collectible water was lost as a result of the longe
distance of runoff in larger watershed. Indeeds thi
consistent with local knowledge distilled in Indian
proverbs: "capture rain where it rains" (Pandey,
2001). This is also inconsonance with Water and
civilizations with a promise of using history to
reframe water policy debates and to build a new
ecological realism (Priscoli, 1998).

There is an urgent need to policy innovations on
rainwater harvesting that has been found useful by
many studies (Boers and Ben-Asher, 1982). In the
cities, rainwater could be harvested from building
rooftops for residential use, and any surplus ctald
channeled through bore wells to replenish the
groundwater, avoiding loss to runoff. However, if
rainwater harvesting is to be used to their full
potential, policy innovations must include
institutional changes so that such resources are
effectively managed (Ostrarat al, 1999; Pandey,
2000).

In Rajasthan, tanks and ponds have been a mainstay
of rural communities for centuries. Strategiestéork
rehabilitation (such as proposed for 1200 largé&dan

in Rajasthan) must not treat tanks only as flow
irrigation systems; such an approach is very likely
result in a flawed strategy. A strategy that coessd
tanks as multiple-use socio-ecological entitiesqd an
which recognizes multiple stakeholder groups isemor
likely to enhance the social value of tanks (Shadh a
Raju, 2002).

In order to fully reward the context specific cuiili
resources, such as local knowledge, government
subsidies need to be removed to allow market
mechanisms to run their course and surplus revenue
generated can be given to the communities who own
the systems such as tanks.

Low INTENSITY -AGRICULTURE

Since low-intensity agriculture promotes biodiverse
farms across landscape, such systems need to be
supported and promoted. Agricultural intensificatio
has been found to impact biodiversity in farms padl
(Donald et al. 2001). Crop-animal systems in Asia,
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where 95% of ruminants are found in the mixed
farming systems is famous for diversity. Crop-ariima
systems are projected to see growth and remain the
dominant system in Asia. Biodiversity in such mixed
farming systems are vital for food production
(Devendra, 2002). Crop-animal systems, in which
livestock play a multi-purpose role, are the bacidbo

of Asian agriculture. Increased productivity from
livestock will be necessary in these systems totmee
the increased demand for animal products, to
alleviate poverty and to improve the livelihoods of
resource-poor farmers (Devendra and Thomas, 2002).
In the face of land degradation native farm vegmtat
will play a major role in the sustainability of the
farming systems.

CONCLUSION

Along with science, local technologies (Gandhi,
1982) and people's knowledge systems such as
ethnoforestry have an important role to play for
biodiversity conservation and sustainability. Ttiba
bag (Cox, 2000) and ancient texts (Tunon and Bruhn,
1994) may still be the best way to screen for new
herbal medicines that may be useful in the treatmen
of diseases in the era of global climate change.
Village communities and other small-scale societies
residing continuously over a territory create, srait

and apply comprehensive knowledge about the
resources contained in the territory. In villagdseve
women take active part in natural resource
management including agriculture and forestry they
develop repositories of local knowledge that is
continuously applied, tested and improved over time
(Harding, 1998).

The 1992 Convention on Biological Diversity
requires that every Contracting Party should respec
preserve and maintain knowledge, innovations and
practices of traditional and local communities and
promote the wider application with the approval and
involvement of the holder of such knowledge,
innovations and practices and encourage the edgiitab
sharing of the benefits. As nations implement the
Convention on Biological Diversity (CBD) work
programs, apply its guidelines, and execute naltiona
strategies, its influence on science is likely tovg
CBD-compliant national laws and policies alreadty se
priorities for research and affect the way in which
scientists can access and use genetic resources (Ka
2002).

By acknowledging and making use of peoples'
knowledge we shall also promote the principle of
equity of knowledge (Pandey, 1998). Equity of
knowledge between local and formal sciences results
in empowerment, security and opportunity for local
people. If the state and formal institutions inargie
people's knowledge into the resource management
decisions, it reduces the social barriers to

participation and enhances the capacity of thelloca
people to make choices to solve the problem.

Traditional societies have accumulated a wealth of
local knowledge, transmitted from generation to

generation. Experience has taught them how the
water, trees, and other natural resources should be
used and managed to last a long time. Equity of
knowledge can also enhance the security in its
broadest sense. By capitalizing on the collective

wisdom of formal and traditional sciences, we shall

be able to help people address the problem of globa
warming as well as to manage the risks they face
because of the destruction of the local resources.
Collective wisdom can help in the planning and

implementation of suitable programmes for managing

the agroforests (Pandey, 2002b). This results in
ecological, economic, and social security.

Equity of knowledge also provides opportunity for
local people to participate in the management céllo
affairs with global implications. It also providése
opportunity for self-determination. The process of
acquisition, transmission, integration, and field
application of traditional knowledge on tree-growin
with formal science promises to enhance the
productivity and efficiency of managing the natural
resource. Human ecological perspective is vital in
crafting the sustainability science for naturalorese
management.

There has been a concern that care needs to be take
to distinguish valuable knowledge from myth (Nature
2000). This may be useful from a different
perspective as well: that the useful knowledgeads n
lost. Identification of science behind traditions
(Arunachalam 2001) is a more constructive endeavor
than entering into the 'indigenous vs. scientific'
‘traditional vs. western' arguments (Agrawal 1997).
Scientists need not encounter traditional knowledge
systems uncritically, just as local people need not
approach formal science uncritically. Politically
strident advocates of local knowledge systems dls we
as formal science have done more harm than good by
defending the exclusive truth claims on the part of
their discipline. "Exclusive truth claims — assemtiof
epistemological privilege — are now not tenablbegit

on the part of science or local knowledge systems"
(Pandey 2002a).

Nonetheless, it needs to be reiterated that foymall
trained scientists as well as researchers on ivadit
knowledge systems have often misinterpreted the
process of what is often referred as validatione Th
term 'validation' need not be understood from a
narrow reductionist perspective of disciplinary
confines. It can, and should, draw on complimetyari
and the Ctonsiliencé across local and formal
systems. Thus, both formal and local methods, as
well as local people and formally trained sciestist
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shall contribute to comprehend the data, infornmatio
and knowledge. In collaborative efforts of suchckin
perhaps everyone involved may stand to benefith Bot
local people as well as external experts need adoes
the latest scientific developments and see if it ca
help improve existing conservation knowledge and
practices. The policy makers need ready acceswto t
science as well as understanding the difficultieiso
application (Kohmet al.2000).

Indeed, there are numerous examples where local
knowledge derived from long-term nature-society
interaction has been extremely useful in validating
scientific hypotheses and suggesting new research
directions (see for example a recent analysis by
Kimmerer 2002, among others; see also Robertson
and Hull 2001). Likewise, formal scientific methods
have been extremely valuable in validating the
traditional ethno-pharmacological knowledge by
identifying the active ingredients (chemicals) in
plants used in ethnomedicine. One such example of
significant contribution that established the antie
modern concordance came with the isolation of the
hypertensive alkaloid from the sarpagandha plant
(Rouwolfia serpenting valued in Ayurveda for the
treatment of hypertension, insomnia, and insanity.
Several such isolations of active ingredients have
been made since then (Dev 1999, Mistata al.
2001f. Another example pertains to the conservation
of ethnomedicinal species that are also globally
traded, and, therefore, have become endangered in
India. "A reasonable degree of scientific rigous" i
required to assess the threat status of speciég to
banned in trade (Veat al. 1998) as well as to
monitor, learn and craft strategies for contexicje
adaptive management by using formal and local
sciences. The important issue to be guarded here is
that the benefits must go to the community.

Intellectual Property Rights are now being extended
to beyond the conventional domain of mechanical
and chemical innovations to include biological
resources. National Biological Diversity Act of iad

in response to our commitment to the Convention on
Biological Diversity and intellectual property righ
must, therefore, devise operational mechanisms to
share benefits of commercial applications of
traditional knowledge on biodiversity with local
communities. Also useful shall be to ensure a
harmonized basket of rules made under the Patent
Act, Protected Plant Varieties Act, and the Biobagi
Diversity Act (see, Utkarstet al. 1999 for further
discussion).

Ultimately, it does precious little to present misge
concepts, and results of studies in academic
discourses if those efforts are not tested undalr re
conservation situations (Kohmet al. 2000).
Conservation scientists must make a transition from

"staid observer to participant at some level" (Meff
1998). Gone are the times when scientists could
afford to say that their work is to create knowledg
transmit it and leave application to policy makeansi
practitioners. Scientists shall have to collaborsitl
people to put forth new hypotheses that incorporate
aspirations of formal and local systems of knowing
and modify their methodologies accordingly.

I would, therefore, forewarn against the futile
philosophical arguments that engage in the question
of supremacy of one faith over the other, or, a
particular knowledge system over the other.
Humanity needs to go beyond disciplinary divide and
find a common ground across cultures, faiths and
disciplines (Pandey, 2002a).

Collective wisdom of humanity for conservation of
biodiversity, embodied both in formal science ad we
as local systems of knowledge, therefore, is the ke
to pursue our progress towards sustainability.

REFERENCES AND BIBLIOGRAPHY

[1] Agarwal, A., and Narain, S. eds. (199Dying
Wisdom: Rise, Fall and Potential of India's
Traditional Water Harvesting System€entre
For Science and Environment, New Delhi.
Agrawal, A. (1995a). Dismantling the Divide
between Indigenous and Scientific Knowledge.
Development and Chan@é: 413-39.

Agrawal, A. (1995b). Indigenous and Scientific
Knowledge: Some  Critical Comments.
Indigenous Knowledge and Development
Monitor 3(3): 3-6.

Agrawal, D.P. (1997). Traditional knowledge
systems and western Scien€&urrent Science
73: 731-733.

Ahmed, M.R., and Laarman, J.G. (2000). Gender
equity in social forestry programs in Bangladesh.
Human Ecology8: 433-450.

Anderson, P.N. (2001). Community-based
conservation and social change amongst South
Indian  honey-hunters: an anthropological
perspectiveOryx 35: 81-83.

Arnold, J. E. M., and Dewees, P. Eds. (1997).

(2]

(3]

(4]

(5]

(6]

(7]

Farms, Trees and Farmers: Response to
Agricultural Intensification Earthscan Publ.
London, UK.

[8] Arunachalam, A., Khan, M. L. and

Arunachalam, K. 2002. Balancing traditional
jhum cultivation with modern agroforestry in
eastern Himalaya — A biodiversity hot spot.
Current Scienc@&3: 117-118.

[9] Arunachalam, V. 2001. The science behind

tradition.Current Scienc&0: 1272-1275.

[10]Atran, S. et al, (1999). Folkecology and
commons management in the Maya Lowlands.
Proceedings of the National Academy of
Sciences USA6: 7598-7603.



Mirsanjari and Mirsanjari / OIDA International Janal of Sustainable Development 04: 03 (2012) 81

[L11]Ayensu, E. et al, (1999). International
ecosystem assessmedtience286: 685-686.

[12]Balvanera, P. et al., (2001). Conserving
biodiversity and ecosystem serviceScience
291: 2047.

[13]Bates, D.G. (2000Human Adaptive Strategies:
Ecology, Culture, and PoliticsAllyn & Bacon,
pp 238. 2nd ed.

[14]Bawa, K. S., and Dayanandan, S.
Socioeconomic factors and
deforestationNature 386: 562-563.

[15]Berkes, F. (1999)Sacred Ecology: Traditional
Ecological Knowledge and Resource
ManagementTaylor and Francis, Philadelphia.

[16]Berkes, F., Colding, J., and Folke, C. (2000).
Rediscovery of traditional ecological knowledge
as adaptive management. Ecological
Applications10: 1251-1262.

[17]Berkes, F., Feeny, D., McCay, B. J., and
Acheson, J. M. (1989). The benefit of the
commonsNature340: 91-93.

[18]Berkes, F., Kislalioglu, M., Folke, C., and
Gadgil, M. 1998. Exploring the basic ecological
unit: Ecosystem-like concepts in traditional
societiesEcosystems: 409-415.

[19]Bews, J.W. (1935).Human Ecology Oxford
University Press, London, pp. 312.

[20]Boers, T. M., and Ben-Asher, J. (1982). A
review of rainwater harvesting. AgridNater
Managemenb: 145-158.

[21] Brechin, S. R., Wilshusen, P. R., Fortwangler, C.
L., and West, P. C. (2002). Beyond the square
wheel: Toward a more comprehensive
understanding of biodiversity conservation as
social and political procesSociety and Natural
Resourced5: 41-64.

[22]Briers, R. A. (2002). Incorporating connectivity
into reserve selection procedureBiological
Conservatiorl03: 77-83.

[23]Brodt, S.B. (2001). A systems perspective on the
conservation and erosion of indigenous
agricultural knowledge in central Indieluman
Ecology29: 99-120.

(1997).
tropical

[24]Brosius, P.J. (1997). Endangered forest,
endangered people: environmentalist
representations of indigenous knowledge.

Human Ecology5: 47-69.

[25]Brush, S. B. & Stabinsky, D. (eds.)1996luing
Local Knowledge: Indigenous People and
Intellectual Property Rights (Island Press,
Washington DC).

[26]Burke, B.E. (2001). Hardin Revisited: A critical
look at perception and the logic of the commons.
Human Ecology9: 449-476.

[27]Byers, B.A., Cunliffe, R.N., and Hudak, A.T.
(2001). Linking the conservation of culture and
nature: a case study of sacred forests in
Zimbabwe Human Ecology9: 187-218.

[28]Callicott, J. B. (2001). Multicultural
environmental ethicdaedalus130(4): 77-98.
[29]Castro, A.P. (1991). Indigenous Kikuyu
agroforestry: a case study of Kirinyaga, Kenya.

Human Ecologyl9: 1-18.

[30]Cavalcanti, C. (2002). Economic
traditional ecological knowledge
ethnoeconomicsCurrent Sociology0: 39-55.

[31]Chandler, Paul. (1994). Adaptive ecology of
traditionally derived agroforestry in China.
Human Ecologyp?2: 415-422.

[32]Chandrashekara, U. M., and Sankar, S. (1998).
Ecology and management of sacred groves in
Kerala, India.Forest Ecology and Management
112: 165-177.

[33]Chapin F.S. lll, Zavaleta, E.S., Eviner, V.T.,
Naylor, R.L., Vitousek, P.M., Reynolds, H.L.,
Hooper, D.U., Lavorel, S., Sala, O.E., Hobbie,
S.E., Mack, M.C. and Diaz, S. (2000).
Consequences of changing biodiversi§ature
405: 234-42.

[34] Chepstow-Lusty, A., and Jonsson, P. (2000).
Inca Agroforestry: Lessons from the Pasmbio
29: 322-328.

[35]Clark, W.C. (2001). A transition toward
sustainability.Ecology Law Quarterh27: 1021-
1075.

[36]Coe, M. D. (1979). Farming among the Maya: a
revised viewScience04: 739-740.

[37]Collins, W.W., and Qualset, C. O. (1998).
Biodiversity in AgroecosystemCRC Press, UK.

[38] Coppolillo, P.B. (2000). The Landscape Ecology
of Pastoral Herding: Spatial Analysis of Land
Use and Livestock Production in East Africa.
Human Ecology8: 527-560.

[39]Cox, P. A. (1995). Shaman as Scientist:
Indigenous Knowledge Systems in
Pharmacological Research and Conservation
Biology. In, K Hostettmann, A Marston, M
Maillard, and M Hamburger  (eds.)
Phytochemistry of Plants Used in Traditional
Medicine Clarendon Press, Oxford) Pp. 1-15.

[40]Cox, P.A. (2000). Will tribal knowledge survive
the millennium?Science287: 44-45.

[41]Dash, S. S., and Misra, M. K. 2001. Studies on
hill agro-ecosystems of three tribal villages on
the Eastern Ghats of Orissa, Indigriculture
Ecosystems & Environme86: 287-302.

[42]Deb, D., Deuti, K., and Malhotra, K. C. 1997.
Sacred grove relics as bird refugi@urrent
Sciencer3: 815-817.

[43]1Deb, D., Malhotra, K. C. (2001). Conservation
ethos in local traditions: the West Bengal
heritage Society and Natural Resourc#4: 711-
724.

thinking,
and

[44]Deep Narayan Pandey(2004), Traditional
Knowledge Systems for Biodiversity
Conservation.



82 Mirsanjari and Mirsanjari / OIDA Internationalournal of Sustainable Development 04: 03 (2012)

[45]Dev, S. 1999. Ancient-modern concordance in
Ayurvedic plants: some examples. Environ.
Health Perspectl07: 783-9.

[46]Devendra, C. (2002). Crop-animal systems in
Asia: future perspectivesAgricultural Systems
71: 179-186.

[47]1Devendra, C., Thomas, D. (2002). Crop-animal
systems in Asia: importance of livestock and
characterisation of agro-ecological zones.
Agricultural System31: 5-15.

[48]Dhar, U., Rawal, R. S., Airi, S., Bhatt, I. D., and
Samant, S. S. (2002). Promoting outreach
through conservation education programmes —
Case study from Indian Himalayan Region.
Current Scienc8&2: 808-815.

[49]Donald, P. F., Green, R. E. & Heath, M. F.
(2001). Agricultural intensification and the
collapse of Europe's farmland bird populations.
Proc. R. Soc. Lond. R268: 25-29.

[50]East, E.M. (1936). Human ecolog$cience83:
305-306.

[51]Erickson, C. L. (2000). An artificial landscape-
scale fishery in the Bolivian Amazomature
408: 190-193.

[52]Evenari, M., Shanan, L., and Tadmor, N. (1982).
The Negev: The Challenge of a Desétarvard
University Press, Cambridge, Mass, 2nd ed.

[53]Falvo, D.J. (2000). On modeling Balinese water
temple networks as complex adaptive systems.
Human Ecology8: 641-649.

[54]Fernandez-Giménez, M.E. (2002). Spatial and
social boundaries and the paradox of pastoral
land tenure: A case study from postsocialist
Mongolia.Human Ecologys0: 49-78.

[55]Forest, C.E., Stone, P. H., Sokolov, A. P., Allen,
M. R., and Webster, M.D. (2002). Quantifying
uncertainties in climate system properties with
the use of recent climate observatioBsience
295:113-117.

[56]Gadgil M.1996. Deploying student power to
monitor India's lifescapeCurrent Science71:
688-697.

[57]Gadgil, M, Seshagiri Rao, P. R., Utkarsh, G.,
Pramod, P., Chhatre, A., and members of the
People's Biodiversity Initiative. (2000). New
meanings for old knowledge: the people's
biodiversity registers program. Ecological
Applications10: 1307-1317.

[58]Gadgil, M. (1982). Conservation of India's living
resources through biosphere resern@srrent
Sciencebl, 547-550.

[59]Gadgil, M. (1994). Inventorying, monitoring and
conserving India biological diversityCurrent
Sciences6: 401-406.

[60]Gadgil, M., and Guha R. (1992). This Fissured
Land: An Ecological History of India. Oxford
University Press, New Delhi, p. 274.
Gadgil, M., Berkes, F. and Folke, C. (1993).

Indigenous  knowledge  for
conservationAmbio22: 266?270.

[61]1Gandhi, I. (1982). Scientific endeavor in India.
Science217: 1008-1009.

[62]Shah, T. and Raju, K. V. 2002. Rethinking
rehabilitation:  socio-ecology of tanks in
Rajasthan, north-west Indis/ater Policy 3 (6):
521-536.

[63]Getz, W.M., Fortmann, L., Cumming, D., Toit, J.
du, Hilty, J., Martin, R., Murphree, M., Owen-
Smith, N., Starfield, A.M., Westphal, M.l
(1999). Sustaining natural and human capital:
villagers and scientistScience283: 1855-1856.

[64]Glendinning, A., Mahapatra, A., and Mitchell,
C.P. (2001). Modes of communication and
effectiveness of agroforestry extension in eastern
India. Human Ecology9: 283-305.

[65] Gomez-Pompa, A., and Kaus, A. (1999). From
pre-Hispanic to future conservation alternatives:
lessons from Mexico. Proceedings of the
National Academy of Sciences USA: 5982-
5986.

[66]Grove, R. H. (1992). Origins of western
environmentalismScientific Americar267: 22-

27.

[67]Gupta, A. K. (2000). Shifting cultivation and
conservation of biological diversity in Tripura,
northeast IndiaHduman Ecology28: 605-629.

[68]Hanks, J. (1997). Protected areas during and after
conflict: the objectives and activities of the Peac
Parks FoundatiorRarks7: 11-24.

[69]Harding, S. (1998). Women,
society.Science281: 1599-1600.

[70]Hartley, M.J. (2002). Rationale and methods for
conserving biodiversity in plantation forests.
Forest Ecology and Managemet85: 81-95.

[71]Harvey, C. A. (2000). Windbreaks enhance seed
dispersal into agricultural landscapes in
Monteverde, Costa Ric&cological Applications
10: 155-173.

[72]Holling, C.S., Meffe, G.K. (1996). Command
and control and the pathology of natural resource
managementConservation Biology0: 328-337.

[73]Inamdar, A., Jode, H. de, Lindsay, K., and Cobb,
S. (1999). Capitalizing on nature: Protected area
managemenScience283: 1856-1857.

[74]Infield, M. (2001). Cultural values: a forgotten
strategy for building community support for
protected areas in Afric&Conservation Biology
15: 800-801.

[75]Iskandar, J., and Ellen, R.F. (2000) The
Contribution  of Paraserianthes  (Albizia)
falcataria to sustainable swidden management
practices among the Baduy of West Jadaman
Ecology28: 1-17.

[76]Johnson, L.M. (2000). "A place that's good,"
Gitksan landscape perception and ethnoecology.
Human Ecology8: 301-325.

biodiversity

science, and



Mirsanjari and Mirsanjari / OIDA International Janal of Sustainable Development 04: 03 (2012) 83

[77]Johnson, N., Revenga, C., and Echeverria, J.
(2001). Managing water for people and nature.
Science292: 1071-1072.

[78]Joshi, N. V., Gadgil, M., and Patil, S. 1993.
Exploring cultural-diversity of the people of
India. Current Sciencé4: 10-17.

[79]Kanowski, P. J., Gilmour, D. A., Margules, C. R.
& Potter, C. S. (1999).International Forest
Conservation: Protected Areas and Beyond
(Commonwealth of Australia, Canberra).

[80]Kate, K.t. (2002). Science and the Convention on
Biological Diversity.Science295: 2371-2372.

[81]Kates, R. W., Clark, W. C., Corell, R., Hall, J.
M., Jaeger, C. C., Lowe, |., McCarthy, J. J.,
Schellnhuber, H. J., Bolin, B., Dickson, N. M.,
Faucheux, S., Gallopin, G. C., Grubler, A,
Huntley, B., Jager, J., Jodha, N. S., Kasperson,
R. E., Mabogunje, A., Matson, P., Mooney, H.,
Moore lll, B., O'Riordan, T., Svedlin, U. (2001).
Sustainability Sciencé&cience292: 641-642.

[82]Kimata, M., Ashok, E. G., and Seetharam, A.
2000. Domestication, cultivation and utilization
of two small millets, Brachiaria ramosa and
Setaria glauca (Poaceae), in South India.
Economic Botany4: 217-227.

[83]Kimata, M., Ashok, E. G., and Seetharam, A.
2000. Domestication, cultivation and utilization
of two small millets, Brachiaria ramosa and
Setaria glauca (Poaceae), in South India.
Economic Botany4: 217-227.

[84]Kimmerer, R. W. (2002). Weaving traditional
ecological knowledge into biological education:
A call to action.BioScienceé2: 432-438.

[85]Kleijn, D., Berendse, F., Smit, R., and Gillissen,
N. (2001). Agri-environment schemes do not
effectively protect biodiversity in Dutch
agricultural landscapeblature413: 723-725.

[86]Kohm, K., Boersma, P.D, Meffe, G.K., Noss, R.
2000. Putting the science into practice and the
practice into scienceConservation Biologyl4:
593-594.

[87]Kothari, A. (1996). Intellectual property rights
and biological resource€urrent scienc&0: 9-.

[88]Kothari, A. (2001). Time to move Out of Africa!

— A response to Adams and Hulm@ryx 35:
204-205.

[89]Kothari, A. (2002). Environment, food security
and natural resources: Lacunae in Tenth Plan
approach papeEconomic and Political Weekly
37(4): 289-291.

[90]Kothari, A., Anuradha, R. V. (1999).
Biodiversity and Intellectual Property Rights:
Can the Two Co-Existdournal of International
Wildlife Law and Policy2: 204-223.

[91]Kothari, A., Pathak, N., Anuradha, R. V., Taneja,
B. (2001). Communities and conservation:
naturaresource management in South and Central
Asia. International Forestry Revie®: 76-77.

[92]Kunte, K., Joglekar, A., Utkarsh, G., and
Padmanabhan, P. 1999. Patterns of butterfly, bird
and tree diversity in the Western Ghatsirrent
Sciencer7: 577-586.

[93]Larson, D. W., Matthes, U., Gerrath, J. A,
Larson, N. W. K., Gerrath, J. M., Nekola, J. C.,
Walker, G. L., Porembski, S., and Charlton, A.
(2000). Evidence for the widespread occurrence
of ancient forests on cliffs. Journal of
Biogeography27: 319-331.

[94]Larson, D. W., Matthes, U., Kelly, P. E. (2000).
Cliff Ecology Cambridge University Press, U.K.

[95]Larson, D.W., Matthes-Sears, U., Gerrath, J.A.,
Gerrath, J.M., Nekola, J.C., Walker, G.L.,
Porembski, S., Charlton, A. and Larson, N.M.K.
(1999). Ancient stunted trees on cliffSature
398: 382-383.

[96]Lavee, H., Poesen, J., and Yair, A. (1997).
Evidence of high efficiency water-harvesting by
ancient farmers in the Negev Desert, Israel.
Journal of Arid Environment35: 341-348.

[97]Lawton, R. O., U.S. Nair, R.A. Pielke, and R.M.
Welch. (2001). Climatic impact of tropical
lowland deforestation on nearby montane cloud
forests.Science294: 584 - 587.

[98]Li, F., Cook, S., Geballe, G.T., and Burch Jr,
W.R. (2000). Rainwater harvesting agriculture:
an integrated system for water management on
rainfed land in China's semiarid areAmbio29:
477-483.

[99]Loreau, M. et al., (2001). Biodiversity and
ecosystem functioning: Current knowledge and
future challengesScience294: 804-808.

[100] Lu, F.E. (2001). The common property
regime of the Huaorani Indians of Ecuador:
Implications and challenges to conservation.
Human Ecology9: 425-447.

[101] Madhusudan, M.D., and Karanth, K.U.
(2002). Local hunting and the conservation of
large mammals in IndigAmbio31: 49-54.

[102] Magistro, J., and Roncoli, C. 2001.
Anthropological  perspectives and  policy
implications of climate change researClimate
Researchl9: 91-96.

[103] Mahapatra, A. K., and Panda, P. K. (2002).
Ethno-pharmacological knowledge of Juang and
Munda tribes of eastern Indidnternational
Journal of Sustainable Development and World
Ecology9: 159-166.

[104] Maikhuri, R. K., Nautiyal, S., Rao, K. S.,
and Saxena, K. G. 1998. Role of medicinal plants
in the traditional health care system: A case
study from Nanda Devi Biosphere Reserve.
Current Scienc@5: 152-157.

[105] Mann, C. C. (2000). Earthmovers of the
Amazon.Science287: 786-789.

[106] Marcus, R.R. (2001). Seeing the forest for
the trees: Integrated conservation and



84 Mirsanjari and Mirsanjari / OIDA Internationalournal of Sustainable Development 04: 03 (2012)

development projects and local perceptions of
conservation in Madagasc&tuman Ecology29:
381-397.

[107] Mashelkar, R. A. 2001. Intellectual property
rights and the Third WorldCurrent Science1.:
955-965.

[108] Margules, C.R., and Pressey, R.L. (2000).
Systematic conservation planningyature 405:
243 - 253.

[109] Mbow, C., Nielsen, T.T., and Rasmussen, K.
(2000). Savanna fires in East-Central Senegal:
Distribution patterns, resource management and
perceptionsHuman Ecology8: 561-583.

[110] McCarty, J.P. (2001). Ecological
consequences of recent climate change.
Conservation Biology 15: 320-331.

[111] Medin, D.L., and Atran, S. Eds. (1999).
Folkbiology MIT Press, USA.

[112] Meffe, G.K., Boersma, P.D, Murphy, D.D.,
Noon, B.R., Pulliam, H.R., Soulé, M.E., Waller,
D.M. (1998). Independent scientific review in
natural resource managemen€onservation
Biology 12: 268-270.

[113] Meffe, Gary K (1998). Conservation
scientists and the policy processonservation
Biology 12: 741-742.

[114] Mishra, L, Singh, B.B., Dagenais, S. (2001).
Ayurveda: a historical perspective and principles
of the traditional healthcare system in India.
Altern. Ther. Health Med7: 36-42.

[115] Muller, C.H. (1974). Human ecology.
Sciencel83: 368.

[116] Myers, N., Mittelmeier, R. A., Mittelmeier,
C. G., da Fonseca, G. A. B., and Kent, J. (2000).
Biodiversity hotspots for conservation priorities.
Nature403: 853-858.

[117] Nature. (1999). Caution:
knowledge Nature401: 623-623.

[118] Naveh, Z. (1995). Interactions of landscapes
and culturesLandscape and Urban Plannir&p:
43-54.

[119] Nayar, T. S., Binu, S., and Pushpangadan, P.
1999. Uses of plants and plant products in
traditional Indian mural paintingsEconomic
Botany53: 41-50.

[120] Nazarea, V. V. Ed. (199%thnoecology:
Situated Knowledge/Located Live®niv. of
Arizona Press, Tucson.

[121] NRC. (1999). Our Common Journey: A
Transition Toward Sustainability National
Research Council, Board on Sustainable
Development/  National Academy Press,
Washington, D.C.

[122] Oertli, B. Joye, D. A., Castella, E., Juge, R.,
Cambin, D., and Lachavanne, J.-B. (2002). Does
size matter? The relationship between pond area
and biodiversity.Biological Conservation104:
59-70.

traditional

[123] Ostram, E., Burger, J., Field, C.B.,
Norgaard, R.B., and Polcansky, D. (1999).
Revisiting the commons: Local lessons, global
challengesScience284: 278-282.

[124] Pandey, D. N. 2002. Sustainability science
for tropical forestsConservation Ecology(1):
rl3. [online] URL:
http://www.consecol.org/vol6/iss1/respl3.

[125] Pandey, D.N. (1991). Participatory
management and sustainable use of biodiversity.
Yojana35(23): 11-14.

[126] Pandey, D.N. (1992). Environment and
biodiversity.Yojana36(13): 8-12.

[127] Pandey, D.N. (1993). Wildlife, national park
and peoplelndian Foresterl19: 521-529.

[128] Pandey, D.N. (1995). Parks and peoples: the
problem.Seminar426: 12-14.

[129] Pandey, D.N. (1996).Beyond Vanishing
Woods: Participatory Survival Options for
Wildlife, Forests and People CSD and
Himanshu, Mussoorie/New Delhi/Udaipur, p.
222.

[130] Pandey, D.N. (1998)Ethnoforestry: Local
Knowledge for Sustainable Forestry and
Livelihood SecurityHimanshu/AFN, New Delhi.

[131] Pandey, D.N. (2000). Sacred water and
sanctified vegetation: Tanks and trees in India.
Paper presented in IASCP  Workshop,
Bloomington, 31 May-June 2000.

[132] Pandey, D.N. (2001a). A bountiful harvest
of rainwater. Science293: 1763-1763.

[133] Pandey, D.N. (2002a). Cultural resources for
conservation scienceConservation Biology(in
press).

[134] Pandey, D.N. (2002b). Carbon sequestration
in agroforestry systemsClimate Policy 2 (in
press).

[135] Pandey, D.N. (2002c). Global climate
change and carbon management in
multifunctional forestsCurrent Scienc@&3: 593-
602.

[136] Pandey, D. N. 2002d. Sustainability science
for mine spoil restorationCurrent Sciencgin
press).

[137] Pandey, D.N. and Mohan, D. (1993). Nest
site selection by cavity nesting birds on Melia
azedarach L. and management of multiple use
forests. Journal of Bombay Natural History
Society90: 58-61.

[138] Pandey, Deep N. (2001b). Ethnoforestry for
Small-Scale Forest Management in India. In
Herbohn, J.et al. (eds) Developing Policies to
Encourage Small-Scale Forestrjustralia, pp.
220-231.

[139] Peterken, G. F. (1996Natural Woodland
Cambridge University Press, UK.



Mirsanjari and Mirsanjari / OIDA International Janal of Sustainable Development 04: 03 (2012) 85

[140] Phillips, O. L. et al., (1998). Changes in the
carbon balance of tropical forests: evidence from
long-term plotsScience282: 439-442.

[141] Pimm, S L. et al.,, (2001). Can we defy
nature's end3cience293: 2207-2208.

[142] Posey, D.A. Ed. (1999).Cultural and
Spiritual  Values of Biodiversity - A
Complementary Contribution to the Global
Biodiversity Assessment  Intermediate
Technology Publications/UNEP,
London/Nairobi.

[143] Postel, S. L., Daily, G. C., and Ehrlich, P. R.
(1996). Human appropriation of renewable fresh
water.Science271: 785-788.

[144] Priscoli, J.D. (1998). Water and civilization:
using history to reframe water policy debates and
to build a new ecological realisfvater Policy
1: 623-636.

[145] Rajpurohit, K.S. 1999. Child lifting: Wolves
in Hazaribagh, IndigAmbio28: 162-166.

[146] Ramakrishnan, P.S., Saxena, K.G., and
Chandrashekara, U.M. Eds. (1998onserving
the Sacred for Biodiversity Manageme@ixford
& IBH, New Delhi.

[147] Ramanujam, M. P., and Kadamban, D. 2001.
Plant biodiversity of two tropical dry evergreen
forests in the Pondicherry region of South India
and the role of belief systems in their
conservationBiodiversity and ConservatiohO:
1203-1217.

[148] Rangarajan, L.N. (ed.). (1992).The
Arthashastra by KautilyaPenguin Books, Delhi.
[149] Rao, J. S. (1985). Science and technology in

India. Science229: 130-134.

[150] Rastogi, M., Singh, S., and Pathak, H.
(2002). Emission of carbon dioxide from soil.
Current Scienc8&2: 510-517.

[151] Rawal, R.S., and Dhar, U. (2001). Protected
area network in Indian Himalayan region: Need
for recognizing values of low profile protected
areasCurrent Scienc@&1: 175-184.

[152] Reid, H. (2001). Contractual national parks
and the Makuleke Communitfduman Ecology
29: 135-155.

[153] Roberts, C. M. et al., (2002). Marine
biodiversity hotspots and conservation priorities
for tropical reefsScience295: 1280-1284.

[154] Robertson, D. P., and R. B. Hull. (2001).
Beyond biology: toward a more public ecology
for conservationConservation Biologyl5: 970-
979.

[155] Rykiel, E. J. (2001). Scientific objectivity,
value systems, and policymakirgjoSciences1:
433-436.

[156] Saberwal, V.K., Kothari, A. (1996). The
human dimension in conservation biology
curricula in developing countrie€onservation
Biology 10: 1328.

[157] Sala, O. E. et al., (2000). Global biodiversity
scenarios for the year 210GBcience287: 1770-
1774,

[158] Saleh, M.A.E. (2000). Value assessment of
cultural landscape in AlcKas settlement,
Southwestern Saudi Arabidmbio29: 60-66.

[159] Sarapatka, B., and Sterba, O. (1998).
Optimization of agriculture in relation to the
multifunctional role of the landscapeandscape
and Urban Planningtl: 145-148.

[160] Sarkar, S. (1999). Wilderness preservation
and biodiversity conservation — keeping
divergent goals distincBioSciencel9: 405-412.

[161] Satyal, G. S., Samant, S. S., and Kumar, K.
2002. Indigenous knowledge and conservation of
medicinal plants used by the Bhotia tribes in
Kumaun Himalaya, Indialnternational Journal
of Sustainable Development and World Ecology
9: 159-166.

[162] Schellnhuber, H. J., and Wenzel, V. eds.
(1998). Earth System Analysis: Integrating
Science for Sustainability Springer-Verlag,
Heidelberg.

[163] Schimel, D. S. et al., (2001). Recent patterns
and mechanisms of carbon exchange by
terrestrial ecosystembBlature414: 169-172.

[164] Sechrest, W., Brooks, T.M., da Fonseca,
G.A., Konstant, W.R., Mittermeier, R.A., Purvis,
A., Rylands, A.B., and Gittleman, J.L. (2002).
Hotspots and the conservation of evolutionary
history. Proc. Natl. Acad. Sci. U S 89: 2067-
2071.

[165] Shanahan, M., So, S., Compton, S. G., and
Corlett, R. 2001. Fig-eating by vertebrate
frugivores: a global reviewBiol. Rev. Camb.
Philos. Soc76(4): 529-72.

[166] Shanahan, M., So, S., Compton, S. G., and
Corlett, R. 2001. Fig-eating by vertebrate
frugivores: a global reviewBiol Rev Camb
Philos Socr6(4): 529-72.

[167] Shastri, C. M., Bhat, D. M., Nagaraja, B. C.,
Murali, K. S., Ravindranath, N. H. (2002). Tree
species diversity in a village ecosystem in Uttara
Kannada district in Western Ghats, Karnataka.
Current Scienc8&2, 1080-1084.

[168] Silori, C. S., and Badola, R. 2000. Medicinal
plant cultivation and sustainable development —
A case study in the buffer zone of the Nanda
Devi Bioshere Reserve, Western Himalaya,
India. Mountain Research and Developmeax
272-279.

[169] Simberloff, D.S., and Abele, L.G. (1976).
Island biogeography theory and conservation
practice.Sciencel91: 285-286.

[170] Singh, J.S. (2002). The biodiversity crisis: a
multifaceted review.Current Science82: 638-
647.



86 Mirsanjari and Mirsanjari / OIDA Internationalournal of Sustainable Development 04: 03 (2012)

[171] Smith, E. A., and Wishnie, M. (2000).
Conservation and subsistence in small-scale
societiesAnnual Reviews Anthropolo@p: 493-
524.

[172] Snoo, G. d., and Bertels, J. (2001). A Nobel
Prize for sustainability, perhapsscience294:
303.

[173] Stern, P.C. (1993). A second environmental
science:  human-environmental interactions.
Science260: 1897-1899.

[174] Taylor, P.D. (2002). Fragmentation and
cultural landscapes: tightening the relationship
between human beings and the environment.
Landscape and Urban Plannirgg: 93-99.

[175] Thompson, M., and Homewood, K. (20
Entrepreneurs, elites, and exclusion
Maasailand: Trends in wildlife conservation .
pastoralist developmentHuman Ecology 30:
107-138

[176] Tiu, Sangion Appiee(2007).The Role ¢
Indigenous  Knowledge in Biodivers
Conservation: Implications for Conservat

Education in Papua New Guinea

[177] Tilman, D. (2000). Causes, consequences
and ethics of biodiversitdature405: 208-211.

[178] Tiwari, B. K., Barik, S. K., and Tripathi, R.
S. 1998. Biodiversity value, status, and strategies
for conservation of sacred groves of Meghalaya,
India. Ecosystem Health: 20-32.

[179] Tunon, H, and Bruhn, J.G. (1994). Drugs in
ancient textsNature 369: 702.

[180] Tupper, M. (2002). Marine reserves and
fisheries managemer&cience295: 1233.

[181] Turner, B. L. (1974). Prehistoric intensive
agriculture in the Mayan lowlandSciencel85:
118-124.

[182] Udgaonkar, S. (2002). The recording of
traditional knowledge: Will it prevent ‘'bio-
piracy?Current Sciencé&2: 413-419.

[183] Utkarsh, G., Gadgil, M., and Rao, PRS.
1999. Intellectual property rights on biological
resources: Benefiting from biodiversity and
people's knowledgeCurrent Sciencer7: 1418-
1425.

[184] Vanclay, J. K., Bruner, A. G., Gullison, R.
E., Rice, R. E., and da Fonseca, G. A. B. (2001).
The effectiveness of parkScience293: 1007a-
1007.

[185] Ved, D. K., Mudappa., A. and Shankar, D.
1998. Regulating export of endangered medicinal
plant species — Need for scientific rigour.
Current Scienc&5: 341-344.

[186] Venkataraman, A. 2000. Incorporating
traditional  coexistence  propensities into
management of wildlife habitats in India.

Current Scienc&9: 1531-1535.

[187] Vitousek, P.M, Mooney, H.A., Lubchenco,
J., and Melillo, J.M. (1997). Human domination
of earth's ecosystemScience277: 494-499.

[188] Pal, S. K. (2002). Complementary and
alternative medicine: An overviewCurrent
Science82: 518-524.

[189] Valecha, N., Devi, C. U., Joshi, H., Shahi,
V. K., Sharma, V. P., and Lal, S. (2000).
Comparative efficacy of Ayush — 64 vs
chloroquine in vivax malariaCurrent Science
78:1120-1122.

[190] Dev, S. (1997). Ethnotherapeutics and
modern drug development: The potential of
Ayurveda.Current Sciencd3: 909-928.

[191] Wagachchi, H.R., and Wiersum, K.F.
(1997). Water management in agroforestry
systems: integrated buffalo ponds and forest

gardens in Badulla district, Sri Lanka.
Agroforestry Systengb: 291-302.

[192] Walther, G.-R., Post, E., Convey, P.,
Menzel, A., Parmesan, C., Beebee, T.J.C,

Fromentin, J.-M., Hoegh-Guldberg, O., and
Bairlein, F. (2002). Ecological responses to
recent climate changblature416: 389-395.

[193] Wilson, E. O. (1998).Consilience: The
Unity of KnowledgeKnopf, New York.

[194] Wilson, E.O. (2002).The Future of Life
Knopf, New York, 254 pp.

[195] World Conservation Union. (1994).
Guidelines for Protected Area Management
Categories (IUCN, Gland, Switzerland, and
Cambridge).



