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Abstract

Large mammal populations theoretically are best conserved in landscapes where large protected areas are surroundec
by buffer zones, connected by corridors, and integrated into a greater ecosystem. Multi-use buffer zones, including those
containing complex agroforestry systems, are promoted as one strategy to provide both economic benefits to people and
conservation benefits to wildlife. We use the island of Sumatra, Indonesia to explore the benefits and limitations of this
strategy. We conclude that conservation benefits are accrued by expanding the habitat available for large mammals but more
attention needs to be focused on how to reduce and respond to human-wildlife conflict that is likely to occur in these multiple
use areas. Agroforestry systems are likely to play an increasingly valuable role in the conservation of large mammalian
species. We believe this value can be increased still further if the agroforestry community decides to assume a leadership
role in addressing the issue of human—wildlife conflict, which is fast becoming a central threat to the survival of many large
endangered species like tigers and elephants. Both people and wildlife can benefit enormously if appropriate methods are
developed to more rigorously define the distribution and frequency of conflict between tigers and elephants with people along
the edge of protected areas. Sharp forest—agriculture boundaries may reduce tiger—human conflicts, but not elephant—humar
conflict according to the data we currently have.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction human-dominated landscapes that constrain efforts to
conserve biological diversityJanzen, 1983; Wilcox
Tropical forest conversion and modification con- and Murphy, 1985; Harris and Silva-Lopez, 1992,
tinue at alarming rates globally and particularly in Cincotta et al., 2000
Southeast AsiaBrooks et al., 1999; WRI, 2000The Examples from every continent and current conser-
resulting habitat loss, degradation, and fragmentation vation theory suggest that strictly protected areas are
are serious threats to the conservation of biological di- needed to enable a full complement of a region’s bio-
versity Harris and Silva-Lopez, 1992Rapid human  logical diversity to persist over the long teridramer
population growth in much of the tropics has resulted et al., 1997; Noss et al., 1989To maintain the in-
in many protected areas and biodiversity “hot spots” tegrity of the fauna and flora within these core pro-
becoming habitat islands surrounded by a matrix of tected areas buffer zones are frequently established
to reduce the impact of people on the biodiversity
* Corresponding author. inside reservesShafer, 1990; Sayer, 1991; Groom
E-mail addressphilip.nyhus@fandm.edu (P. Nyhus). et al., 1999. Buffer zones extend the available habitat
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for plants and animals (extension buffering) and pro-
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Jackson, 1996and the same is true in Sumatra

vide resources and services to people (socio-buffering) (Santiapillai and Ramono, 1993; Tilson and Nyhus,

(MacKinnon et al., 1986 One important challenge is

1998. Recent history has shown that wildlife conflict

to identify land use systems that can simultaneously with humans can increase as existing habitat becomes

fulfill both roles Salafsky, 199Bwhile minimizing the
potential for conflict among wildlife and stakeholders
using this resource.

In the tropics, and particularly in Southeast Asia,

progressively fragmented and the pressure of human
encroachment becomes more sevadeNeely, 1978;
Seidensticker, 1984; McDougal, 1987; Sukumar,
1989; Nowell and Jackson, 1996Me are concerned

buffer zones that incorporate agroforestry systems that the potential linkages among agroforestry sys-

provide one such approactsiébert, 1989; Michon

tems, wildlife conservation, and human—wildlife

and de Foresta, 1990; Salafsky, 1993; Van Schaik and conflict have not been adequately considered.

Terborgh, 1993; Potter and Lee, 1998; Vandermeer

et al., 1998; Johns, 1999Agroforestry systems are
characterized by generally higher biological diversity

We use our experiences in Lampung Province,
Sumatra, Indonesia, as a case study to highlight this
challenge. Since 1995, we have collected data to

compared to surrounding agricultural landscapes and evaluate the extent and distribution of tiger and ele-

monoculture cultivation but generally lower biological
diversity compared to primary forestslichon and de
Foresta, 1990; Pimentel et al., 1992; Thiollay, 1995;
Vandermeer et al., 19980verall, they contribute to
considerable plant, invertebrate, and bird diversity
(Thiollay, 1995; Lawton et al., 1998; Vandermeer
et al., 1998 Plantations, production forests, and
other managed forest systems offer additional op-
portunities to expand habitat available for biological
diversity beyond the boundaries of core protected
areas llacKinnon et al., 1986; Sayer, 1991
Agroforestry systems also provide significant eco-
nomic benefits to peopleMichon and de Foresta,
1990; Nair, 1991; Wojtkowski, 1993; Brookfield and
Padoch, 1994 In Indonesia, for example, smallhold-

phant conflict at Way Kambas National Patkyhus

et al., 2000; Nyhus and Tilson, 2004nd are now
extending these observation to other areas of Sumatra
as part of the Sumatran Tiger Projedilgon et al.,
1996, 1997, 2001 We discuss the implications of our
observations for the development and management of
both agroforestry systems and conservation of these
mega-vertebrates.

2. Sumatra and Lampung Province

The island of SumatraF{g. 1) has significant
biological diversity Whitten et al., 1987; MSPE,
1992. Covering 474,000 kinthe island is also home

ers grow stands of trees as components of their di- to 45 million people BPS, 199%. Today, some of

verse farming system®6tter and Lee, 199&nd help
to make the country the world’s second largest pro-

Indonesia’s fastest deforestation rates occur on the
island and only one-third of its once abundant forests

ducer of natural rubber (about three-quarters producedremain FWI/GFW, 2003. Holmes (2002)estimates

by smallholders), the world’s third largest produce
of coffee (95% of production by smallholders) and
the fourth largest producer of coco&underlin and
Resosudarmo, 1996More than 200,000 people are
employed by the rattan industry alorfeAQ, 1998.

The issue we address in this paper is how agro-
forestry systems adjacent to core wildlife habitat may
have significant conservation value by extending avail-
able habitat for large mammals and serving as wildlife
corridors but may also increase the risk of conflict
with people using these same areas. TigBenthera
tigris) and elephantsHlephas maximysare a prin-
cipal source of conflict in much of AsiaicDougal,
1987; Sukumar and Gadgil, 1988; Nowell and

that all lowland forests outside of protected areas will
likely disappear by 2005.

Sumatra’s protected area system encompasses close
to one-fifth of its land areaacAndrews, 1998and is
administered by the Indonesian Ministry of Forestry.
It is characterized by many small reserves and few
large reserves. Of its 231 protected areas, 75% are
less than 300 kiin size. Protection forests account
for over half of this total area and over half the total
number of reserves, but many are degraded and har-
vesting of natural resources by local villagers is com-
mon. The only strictly protected areas of significance
are the island’s six National Parks (Taman Nasional)
(Table 1.
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Fig. 1. Map of Sumatra showing the location of the principle protected areas.

Table 1

Number and size of protected areas in Sumatra by official Indonesian categories

Category N Total N (%) Sum area Total area (%)
Grand forest park 1 0.4 222 0.3
Hunting park 4 1.7 1149 14
Recreation park 5 2.2 223 0.3
National ParR 7 3.0 31366 38.0
Nature reserve 9 3.9 567 0.7
Game reserve 13 5.6 5261 6.4
Protection forest 192 83.1 43689 53.0
Total 231 100.0 82478 100.0

Source (IUCN, 1998.
ancludes Siberut National Park (1905 Kyrlocated in the Mentawai islands off of mainland Sumatra.

Lampung, the most southerly of Sumatra’s eight 3. Agroforestry in Sumatra
provinces, has some of the fastest human population

growth rates and densities in Sumat&PgS, 1999 Agroforestry systems are a prominent component
because it was one of the first areas targeted by of farming systems in Sumatra. Depending on the re-
the government’s transmigration policiddgrdjono, gion, on average between 20 and 60% of the cultivated

1977. Two national parks, Bukit Barisan Selatan in land area is occupied by agroforests used for cash in-
the west and Way Kambas in the east, are located income and smallholder gardens of specialized crops
this province. (Godoy and Bennett, 1989; Siebert, 1989; Michon and



90 P. Nyhus, R. Tilson/Agriculture, Ecosystems and Environment 104 (2004) 87-97

de Foresta, 1990; Barlow and Tomich, 1991; Thiollay, offer protection for the many other species that share
1995. Rubber forests and complex agroforests char- their habitats $antiapillai and Jackson, 1990; Norchi
acterized by fruit trees and other useful species are and Bolze, 1995; Nowell and Jackson, 1896 Suma-
particularly commonRadoch and Peters, 1993 tra, these two species once numbered in the tens of
The prominence of agroforestry systems has sig- thousands and were found across the island, but to-
nificance for Sumatra’s conservation areas. The In- day are restricted to a handful of isolated protected
donesian Ministry of Forestry under the Suharto areas $antiapillai and Jackson, 1990; Tilson et al.,
government initiated social forestry schemetutan 1994h (Table 3. An estimated 500 Sumatran tigers
kemasyarakatgnencouraging smallholders to plant are found in all eight provinces of Sumatra, but their
trees on production forest land to create buffer zones distribution is spread over some 26 disjunct popula-
around protection forests. Approximately 70% of trees tions (Tilson et al., 1994) Elephants are estimated to
in these schemes are for timber while the remainder number between 2800 and 4800 and their populations
are fruit trees which smallholders may cultivate and are highly fragmentedT{lson et al., 1994n The de-
utilize but not cut Potter and Lee, 1998 Similar cline of these populations and their increasingly iso-
schemes have been promoted among inhabitants livinglated distribution is directly related to the rapid human
near Sumatra’s largest protected areas. Near Kerincipopulation growth on the island and the large-scale
Seblat National Park, for example, the maintenance loss and degradation of optimal habitati¢on et al.,
of a buffer zone has been an important management1994a,b, 200l Populations of tigers and elephants
policy. On the park's border, complex agroforestry were historically high in Lampung Province and per-
systems include cinnamon, coffee, legume, fruit, and sist in core protected areas and several adjacent forest

timber trees are commonPétter and Lee, 1998In fragments Tilson et al., 1994a, 2001
some areas, these trees are being cultivated within the Both animals play important ecological roles. Large
park (Pagiola, 2001 predators play a pivotal “top—down” regulatory role in

helping to maintain biological diversity in terrestrial
communities through trophic cascades and preferential
4. Tigers, elephants, and conflict in Sumatra feeding on prey species¢ulé and Terborgh, 1999
In Sumatra, tigers are thought to regulate populations
Tigers and elephants often share the same habitat,of pig (Sus scrofaand large ungulatesS@antiapillai
and because of their broad distribution across Asia, and Ramono, 1985; Seidensticker, 1P8&Vhere
any conservation program for these animals will also tiger are missing, these prey species often become

Table 2
Comparison of wild tiger and elephant populations and distributions in Sumatra
Sumatran tigerRanthera tigris sumatrae Sumatran elephanE(ephas maximus sumatranus

Historic distribution Continuously distributed across isfand Continuously distributed across island
Estimated wild population 500 2800-4800
Estimated wild population by forest status

National parks 400 963-1178

Game reserves n.a. 710-860

Protection forests 160 130-188

Production forests n.a. 1890-2320
Population in Way Kambas 25-90 100-308
No. populations 2% 47
IUCN Status Critically endangergd Endangered

aTilson et al. (1994h)

b Tilson et al. (1994a)

¢ Franklin et al. (1999)

d Nowell and Jackson (1996)

€ Santiapillai and Jackson (1990)
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agricultural pests. Studies of Asian elephants have Table 3
documented their important role as agents of seed Characteristics of attacks by tigers on people in Sumatra
dispersal and disturbance in influencing forest dy- (1978-1997)

namics McKay, 1973; Santiapillai and Suprahman, Category Victims
1986; Sukumar, 1989 n %
- ; Victim’s activity (n = 66

4.1. Tiger conflict Working in f)i/el(ds ) 34 51.5

In forest 22 33.3
To evaluate tiger conflict, we methodically collected  Near homes 6 9.1

more than 200 Indonesian- and English-language re- ©On roads 4 6.1

ports, documents, press reports, and other informa- yapitat type = 57)

tion about tiger—human conflicts in Sumatra for the  Low disturbance 13 22.8

past 20 yearsNyhus and Tilson, 2004 Cases were Intermediate disturbance 29 50.9
High disturbance 15 26.3

coded into categories for location of attacks, informa-
tion about human and livestock victims, and details Location of attack if = 66)

about the tigers and events that followed tiger attacks. X”?‘geﬁ | feld l‘; 2% o
We also investigated several incidents in person where  -9™° :(;Ze elas a1 ot
tigers were injuring or killing livestock or peopl&TP, Primarily forested areas 14 21.2

1997, 1998; Tilson and Nyhus, 1998

On average, at least four people were killed per
year across the island of Sumatra between 1978 andforested habitat that create both a buffer and corri-
1997 (Nyhus and Tilson, 2004 Out of 146 people  dors linking different habitat patchedilson et al.,
reportedly killed and 30 people injured over this pe- 2001). During early 1997, three people were killed
riod, information on where these attacks occurred was and three others injured in forests near this park in
available only for a subset of cases. In this subset, tiger logged over forest (Register 34) where coffee and
conflict was lower in undisturbed forests and protected other agricultural commodities were abundant and a
areas or highly disturbed areas and highest in moder- major government-sponsored regreening program was
ately disturbed areas where there was a high proba-underway §TP, 1997. In April 1998, a child was at-
bility of overlap between people and tiger&able 3. tacked by a tiger while sleeping in a hut near recently
Reports of tiger conflicts have been reported in buffer cleared forest land adjacent to the pa8P, 1998.
zones adjacent to Gunung Leuser, Bukit Barisan Se- In both cases, prey species were available but human
latan, Berbak, Kerinci, and Bukit Tigapuluh national activity in these areas was high.
parks and in virtually every provinceKMNKLH, In contrast, no buffer zone or significant forest
1985; Sinaga, 1995; SBKDSA-Jambi, 199These patches suitable for wildlife are found adjacent to
observations suggest that the probability of future Way Kambas National parkMinistry of Forestry,
tiger—human conflicts in Sumatra are considerable in 1995; Nyhus et al., 1999 The park is bordered by
protection forests, degraded forests, industrial forests, the Java Sea on one side, rivers on two sides, and on
agroforestry areas, and other multiple use areas onthe fourth side, the edge of the park and the cultivated
the edges of protected areas where tigers and humandand directly abut each other. Despite a known tiger
share resourcegi(son and Nyhus, 1998 Examples population of as many as 40 tigers and an estimated
of activities carried out by villagers attacked by tigers density of 4.3 tigers per 100 Km(Franklin et al.,
include gathering rubber, working in their fields and 1999, only one death by tigers has been reported in
gardens ladang, collecting cinnamon, or collecting the last 20 years, and this occurred just inside the
wood and non-timber forest products. park when a farmer collecting grass was killed by a

A comparison of two national parks in Lampung tiger in 1995 Tilson and Nyhus, 1998; Nyhus et al.,
Province help to illustrate why this might be the case. 1999. This lack of conflict is even more interesting
Bukit Barisan Selatan National Park is surrounded by considering that 90,000 people live in 27 villages
many production forests, protection forests, and other immediately bordering the park.

Source (Nyhus and Tilson, 2004
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These two examples highlight how conflict with centers across Sumatra over the last two decades
tigers may be higher in areas where the probability of (Lair, 1997.
people overlapping with tigers and habitat degrada- Forest cover and availability of food and water pos-
tion is high compared to habitat within the boundaries itively influence the movement of elephants and wide
of core protected areas. We do not have sufficient buffers containingmperatagrasslands or other vege-
data to say that conflict will necessarily be higher tation not suitable for food or cover tend to inhibit the
in agroforestry systems over other multiple use ar- movement of elephantd/cKay, 1973; Seidensticker,
eas, but we feel confident in hypothesizing that the 1984; Sukumar, 1999These patterns were confirmed
prevalence of these systems in and near tiger habitatin a survey of villages surrounding Way Kambas by
in Sumatra makes them potential hot spots for future Nyhus et al. (2000)Crop-raiding was highest where
conflict. Recent history bears out why such concerns secondary growth forests immediately abutted village
are warranted. Extermination of problem tigers as fields and lower where grasslands and wetlands pro-
core wildlife habitat diminished played an important vided buffers between forest and fields. Unlike tigers,
role in the demise and eventual extinction of the Javan elephants are a frequent source of conflict in villages
tiger in the 1970sHoogerwerf, 1970; Seidensticker, near the park. Elephant crop-raiding causes significant
1987 and the likely extinction in the wild of the economic damage and villagers are forced to spend
South China tigerTilson et al., 2004 long hours guarding their fields. Between 1984 and

Our observations from Sumatra are supported by 1996, at least 15 people were reportedly killed and 9
experiences in other areas of the world. In a survey injured by elephants near the park’s boundatyus
of the literature and global analysis of existing data et al., 2000.
on population extinction of 10 species of large car- As elephant habitat continues to decline around
nivores, Woodroffe and Ginsberg (1998pund that core elephant habitats, it is reasonable to assume that
conflict with people on reserve borders is the ma- areas outside protected areas like Way Kambas are
jor cause of mortality of large carnivores. They con- likely to continue to be conflict hot spots. Unlike
clude that priority should be given to measures that tigers, elephant conflict hot spots may actually be
seek to mitigate carnivore persecution on reserve bor- higher in agricultural areas, where high-protein foods
ders or in buffer zones. In Nepal, at least 14 people are accessibleSukumar, 198p Nevertheless, even a
were killed in 1998-1999 by tigers, with over half lone bull elephant has the potential to cause problems
of these occurring in buffer zones outside two na- (Sukumar, 198Ppand abundant examples in Sumatra
tional parks fcDougal, 1999. Numerous other ex-  already show that conflict can and does occur in mul-
amples of tiger conflict in multiple use areas exist in tiple use buffer zones and agroforestry areas around
the literature KcDougal, 1987; Nowell and Jackson, elephant protected areaSantiapillai, 199
1996; Helalsiddiqui, 1998as do examples with other
carnivores Nowell and Jackson, 1996To cite one
example, between 1978 and 1991, 78% of all inci- 5. Balancing wildlife conflict in agroforestry

dents of Asiatic lion Panthera leo persidaand hu- systems

man conflict in Gir Forest, India, occurred on private

lands outside the main forest reser@aberwal et al., Landscapes outside strict protected areas are gain-

1995. ing increasing attention from wildlife researchers for
their conservation value. Given adequate availability

4.1.1. Elephant conflict of prey and low poaching pressure, tigers have a high

Few data exist on elephant conflict in Sumatra probability of persistenceKaranth and Stith (1999)
but it is widely recognized as a significant prob- argue that identifying, protecting, maintaining, and
lem (Santiapillai and Jackson, 1990; Santiapillai and monitoring prey-rich habitat patches, some as small
Ramono, 1993; Tilson et al., 1994®ress reports fre-  as 300 km and set in a larger landscape matrix with
quently describe incidents of crop-raiding and more multiple uses, should be central to tiger conservation
than 500 of these elephants have been captured ancand recovery efforts in Asia. Others argue that exist-
translocated to protected areas or elephant traininging protected areas are already too small to maintain



P. Nyhus, R. Tilson/Agriculture, Ecosystems and Environment 104 (2004) 87-97 93

viable populations of many large animals, and only promoting agroforestry and other multiple use land
by extending the habitat beyond park boundaries can use systems adjacent to these protected areas. Con-
viable tiger and large carnivore populations be main- sidering how to reduce human—wildlife conflict in the
tained over a long period of timeSéntiapillai and early stages of planning may better support the devel-
Jackson, 1990; Nowell and Jackson, 1996; Dinerstein opment of the financial and human resources required
et al.,, 1997; Seidensticker, 1997; Dinerstein et al., to work with local communities to address conflicts
1999; Seidensticker et al., 1999 when they occur. To date, there has been relatively

As an important land use type in Sumatra, the little common work on this issue between researchers
value of agroforestry systems for integrating biolog- involved with wildlife biology and agroforestry. The
ical conservation and economic development goals is agroforestry community has the potential to play a
high. What is less clear is what needs to be done to leading role in developing theoretical analyses and
address the problem of conflict between large mam- carrying out collaborative field research with wildlife
mals and people in these and other similar areas. conservationists to explore how to reduce tiger and
Historically, the problem of human-wildlife conflict —elephant conflict, and thus contribute to the conser-
has fallen under the aegis of wildlife conservation vation of these species. Examples of questions that
authorities. However, their jurisdiction often ends at could benefit from such cross-disciplinary research
the park’s boundary, and when tigers and elephants include the following:
cross this boundary, the dilemma of who is responsi-
ble for dealing with wildlife conflict can be uncertain.
Solutions are difficult to develop because there is
no professional discipline which embraces the sub-
ject (Nowell and Jackson, 19%96As a result, when
livestock are killed by tigers, elephant raid crops, or
people are injured or killed, local people often take
matters into their own hands and kill the offending an-
imals (Nowell and Jackson, 1996; Tilson and Nyhus,
1998. Ultimately, both people and wildlife suffer the
consequences where conflict is unresolved.

Several steps could be taken to better understand
and address this issue. First, there is a dearth of rigor-
ous field data to test these observations and hypothe-
ses. We do not even know with any certainty where
tigers and elephants are still distributed in Sumatra,
how many remain, or how their populations are in-
creasing or decliningTilson et al., 1994a)b This
information is urgently needed. Several ecological in-
dicators may also be useful monitoring tools to iden-  Third, where conflict occurs, authorities must be
tify potential conflict hot spots. For tigers, the presence ready to respond to remove the problem animal(s)
of prey species is an important indicator of habitat by translocation, transfer to captive facilities, or with
health Karanth and Stith, 1999Where prey densityis  lethal means in extreme circumstances. Isolated tiger
low, either because of hunting or habitat degradation, and elephant populations, particularly those in multi-
tigers may be more likely to kill livestock{cDougal, ple use areas distant from major protected areas that
1987; Nowell and Jackson, 199&or elephants, herd  are too small to be demographically or genetically vi-
size and availability of food and wateSkumar, able over the long term, may need to be moved proac-
1989 may be important ecological indicators. tively to larger protected habitat areas. In Sumatra,

Second, there is a need to encourage dialoguethere are already successful precedents for doing this
among agencies and organizations focused on conserwith both tigers and elephants. Small-scale compen-
vation within protected areas with those managing and sation efforts have also been implemented in Sumatra.

1. How might consideration of the potential for
human-wildlife conflict influence the planning,
development, and management of buffer zones,
Integrated Conservation and Development Projects
(ICDPs), and corridors connecting adjacent pro-
tected areas in the human-dominated landscapes
of Southeast Asia?

2. How do different buffering strategies promote or
inhibit conflict between humans and large mam-
mals, including tigers, elephants, wild pigs, and
primates?

3. How do different buffering strategies affect the con-
servation of different species assemblages (e.g. in-
vertebrates, birds, amphibians, and large mammals)
in the context of human activities and what are the
benefits (e.g. greater habitat area) and risks (e.qg.
greater conflict) associated with different land use
choices?
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Globally, well-run compensation programs have been conservation that transcends core protected areas
shown to be potentially effective strategies for reduc- (Dinerstein et al., 1997; Seidensticker et al., 1999;
ing animosity among cultivators and ranchers when Soulé and Terborgh, 1999equires the attention of
large mammals do leave protected areas and destroyspecialists and managers who are involved with the
property. Compensation efforts can also be used to en-management of these resources and who will ulti-
courage the adoption of livestock husbandry practices mately have to address the consequences of these
that reduce conflictyhus et al., 2008 Strategies for policies.
efficiently and effectively distributing such programs Buffer zones in Asia are one area where further
in remote areas of Sumatra would be valuable. development of these models is needed. The issue
In addition to habitat loss and prey depletion, of human—wildlife conflict is complex, and its man-
stochastic events can pose significant risks to wildlife agement ultimately requires site-specific information.
populations. For example, fires represent a serious We need a better understanding of the different con-
threat to large mammals and increase the probability servation benefits and human-wildlife conflict risks
of conflict. During the extended drought and fires among a range of systems, including monoculture,
that followed an extreme El Nifio Southern Oscilla- multi-species, and degraded or secondary growth
tion (ENSO) event in 1997 and 1998 an estimated ecosystems. In Southeast Asia, the large number of
13,000-15,000 ki of forest burned in Sumatra institutions and individuals involved directly or indi-
(Levine et al., 1999 In just one example, tigers and rectly with agroforestry, and the uniqueness of these
elephants were reported leaving burning areas nearsystems as areas where humans and wildlife overlap
Berbak National Park, where one person was reported could provide an ideal context for human—wildlife
killed by a tiger while attempting to scare away a conflict research and policy.
group of elephants. Without long term consideration  Areas outside core protected habitats may play an
of how the habitat matrix surrounding existing pro- increasingly important role in the conservation of
tected areas may exacerbate such fires or the resultsvide-ranging mammalian species like tigers and ele-
of these fires on wildlife, these disasters are likely to phants. The value of agroforestry systems for promot-
compound the already dire conservation situation for ing biological diversity is already well established.
the island’s remaining large mammals. We believe this value can be increased still further if
the agroforestry and agricultural community decides
to assume a leadership role in addressing the issue of
6. Conclusion human—wildlife conflict outside of traditional wildlife
conservation areas, which is fast becoming one of the
Theory and models of large mammal conservation most central threats to the survival of many large ani-
are increasingly stressing the integration of core pro- mals, particularly large endangered species like tigers
tected areas within a larger human-dominated land- and elephants.
scape matrix, where core habitats are surrounded by Both people and wildlife will benefit enormously
buffers and linked with habitat corridor§¢ulé and if appropriate methods are developed to more rigor-
Terborgh, 1999 Given the right pre-requisites, buffer ously define and reduce the distribution and frequency
zones and corridors can have tremendous benefits forof conflict between tigers and elephants with people
both conservation of large mammals like tigers and along the edge of protected areas.
economic developmenD{nerstein, 1999; Dinerstein
et al., 1999. The social and political reality of many
landscapes in Asia, however, suggest greater attentionAcknowledgements
needs to be given to the constrains of high human
population densities, highly fragmented habitats, and We are grateful to the Indonesian Institute of Sci-
intensive land use near core protected areas that mayences, the Ministry of Forestry’s Directorate of Forest
constrain efforts to develop these “ideal’” conser- Protection and Nature Conservation, the director and
vation scenariosTlson et al., 2001 The growing staff of Way Kambas National Park, staff and stu-
calls among biologists to emphasize landscape-level dents of the University of Lampung, and staff of the
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