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 Human-Carnivore Conflict and Perspectives on
 Carnivore Management Worldwide
 ADRIAN TREVES*t AND K. ULLAS KARANTHt

 *Center for Applied Biodiversity Science, Conservation International, 6010 South Hill Drive, Madison, WI 53705, U.S.A.
 tWildlife Conservation Society, International Programs, 2300 Southern Boulevard, Bronx, NY 10460, U.S.A.

 Abstract: Carnivore conservation depends on the sociopolitical landscape as much as the biological landscape.
 Changing political attitudes and views of nature have shifted the goals of carnivore management from those
 based on fear and narrow economic interests to those based on a better understanding of ecosystem function
 and adaptive management. In parallel, aesthetic and scientific arguments against lethal control techniques
 are encouraging the development of nonlethal approaches to carnivore management. We anticipate greater
 success in modifying the manner and frequency with which the activities of humans and domestic animals
 intersect with those of carnivores. Success should permit carnivore populations to persist for decades despite
 human population growth and modification of habitat.

 Conflicto entre Humanos y Carnivoros y Perspectivas de la Gesti6n Mundial de Carnivoros

 Resumen: La conservaci6n de carnivoros depende tanto delpaisaje sociopolitico como delpaisaje biol6gico.
 Cambios en las actitudes politicas y percepciones de la naturaleza han cambiado las metas de manejo de
 carnivoros de aqudllas basadas en el miedo y las intereses econ6micos estrechos a metas basadas en un mejor
 entendimiento delfuncionamiento del ecosistemay en el manejo adaptativo. A su vez, los argumentos estdticos
 y cientificos en contra de las tdcnicas de control letal estdn fomentando el desarrollo de planteamientos no
 letales en la gesti6n de carnfvoros. Anticipamos un mayor 6xito en la modificaci6n del modo y la frecuencia
 en que las actividades de humanos y animales domdsticos intersectan con las de carnfvoros. El 6xito debe
 permitir que las poblaciones de carnivoros persistan por d6cadas a pesar del crecimiento de la poblaci6n
 humana y la modificaci6n de hdbitats.

 Introduction

 The members of the mammalian order Carnivora number

 about 226 species, almost all of which are predators. As a
 group, carnivores exert a profound influence on biolog-
 ical communities via predation and interspecific compe-
 tition. Carnivores often regulate or limit the numbers of
 their prey, thereby altering the structure and function of
 entire ecosystems (Schaller 1972; Estes et al. 1998; Berger
 et al. 2001; Terborgh et al. 2002). As a result, carnivore
 management is of central concern to conservation
 biologists. In this context, human-carnivore conflicts
 (carnivore-related threats to human life, economic se-

 curity, or recreation) pose an urgent challenge world-
 wide because these conflicts often pit human commu-
 nities against carnivores and against other humans who
 seek to preserve or restore wildlife populations (Torres
 et al. 1996; Bangs et al. 1998; Berg 1998; Karanth &
 Madhusudan 2002).

 Human-carnivore conflict arises for several reasons.

 Carnivores' protein-rich diet and large home ranges draw
 them into recurrent competition with humans, who have
 somewhat similar needs. Indeed, many larger carnivore
 species are specialized for ungulate predation; there-
 fore, some individuals readily kill domesticated ungulates
 when opportunities arise (Meriggi & Lovari 1996; Karanth
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 1492 Human-Carnivore Conflict Worldwide Treves & Karanth

 et al. 1999; Polisar 2000). This is a worldwide problem,
 exemplified by wolves (Canis lupus) and bears (Ursus
 spp.) killing sheep in North America and Europe; pumas
 (Puma concolor) and jaguars (Pantbera onca) taking cat-
 tle in South America; numerous carnivore genera preying

 on cattle and goats in Africa; and tigers (P. tigris) and
 leopards (P pardus) killing livestock in Asia (Jackson &
 Nowell 1996; Kaczensky 1999; Karanth & Madhusudan
 2002). Under some conditions, individual carnivores at-
 tack humans, with tragic consequences for all (Brain
 1981; McDougal 1987; Treves & Naughton-Treves 1999;
 Rajpurohit & Krausman 2000; Karanth & Madhusudan
 2002). This competition over food and space is not re-
 stricted to big, fierce predators. Smaller carnivore species
 have long been involved in competition with humans over
 game species, crops, apiaries, fish stocks, and poultry
 (Gipson 1975; Jorgensen et al. 1978; Reynolds & Tappen
 1996).

 The frequency and economic cost of conflicts between
 humans and carnivores appears to be on the increase in
 many areas (Halfpenny et al. 1991; Mech 1998; Karanth
 2002; Rajpurohit & Krausman 2000; Treves et al. 2002).
 Conflicts between humans and wildlife increase with the

 expansion and growth of human populations, farming
 frontiers, and housing (Thouless & Sakwa 1995; Torres
 et al. 1996; Woodroffe 2000; Naughton-Treves et al. 2003
 [this issue]). Under a variety of demographic, economic,
 and social pressures, human alteration of carnivore habi-
 tat or exploitation of carnivores has led to escalated
 conflicts (Mladenoff et al. 1997; Liu et al. 2001; Naughton-
 Treves et al. 2003 [this issue]). Humans have also allowed
 the recovery of carnivores, which has promoted conflicts
 in some areas. For example, changing land-use practices
 exemplified by the regrowth of forests in many regions of
 the United States are providing room for potential recol-
 onization by previously extirpated carnivores (Mladenoff
 et al. 1997). Also, successful recovery programs for ex-
 tirpated carnivores have raised concerns about conflict
 (Bangs et al. 1998; Breitenmoser 1998). Conservationists
 must now resolve human-carnivore conflicts in a setting
 of rapid social and ecological changes across the land-
 scape.

 Opponents of carnivore recovery or population persis-
 tence remain active both politically and on the ground.
 For example, intentional killing of carnivores by humans
 is a major and rising threat to carnivore population via-
 bility (Rabinowitz 1986; Jhala & Giles 1991; Bangs et al.
 1998; Woodroffe & Ginsburg 1998; Landa et al. 1999). At
 the same time, new social constituencies have emerged
 to promote carnivore preservation as a part of broader
 social mobilizations in support of nature protection or an-
 imal welfare (Harbo & Dean 1983; Torres et al. 1996; Berg
 1998; Breitenmoser 1998; Forbes et al. 1998; Fox 2001).
 In this new sociopolitical context, past strategies of man-
 aging carnivores may need to be re-evaluated. Preventing
 and mitigating human-carnivore conflict must be based

 on an improved understanding of carnivore behavioral
 ecology and public acceptance of wildlife management,
 and it must draw upon accumulated empirical knowledge
 and local experiences. To suggest some directions for
 the future, we examined past management of carnivores
 in the light of modern research into human-carnivore
 conflicts.

 Overview of Past Approaches

 Governments have used three primary strategies to man-
 age wild carnivores. The three strategies can be de-
 fined by population management goals-eradication, reg-
 ulated harvest, or preservation-and reflect economic
 cost-benefit ratios and varying social perceptions of car-
 nivore species. Eradication is designed to reduce the neg-
 ative economic or ecological impacts of carnivores, as
 in the elimination of exotic species that harm native
 fauna or flora or the attempted extirpation of native carni-
 vores perceived as valueless. Regulated harvest involves
 controlling the timing, location, method, or number of
 carnivores killed by hunters, sometimes in combination
 with low-intensity monitoring of carnivore populations.
 Preservation aims to protect carnivores with more care-
 ful monitoring of their numbers and methods to prevent
 them being objects of poaching or illicit killing. Preserva-
 tion is generally used in protected areas or for carnivore
 populations considered endangered, rare, or valuable.

 The three primary strategies are neither immutable nor
 mutually exclusive. Often, we can understand changes in
 carnivore management policy by examining the records
 of human-carnivore interactions and their change over
 time (Suminski 1982; Harbo & Dean 1983; Torres et al.
 1996; Breitenmoser 1998). For example, eradication gave
 way to regulated harvest as the value of leopard skins and
 their rarity increased from 1920 to 1960 in Uganda (Treves
 & Naughton-Treves 1999). Conflicts with carnivores of-
 ten underpin changes in management policy. For exam-
 ple, lynx (Lynx lynx) harvest quotas have been directly
 tied to livestock losses in Norway (Sunde et al. 1998). We
 reviewed past examples of eradication, regulated harvest,
 and preservation policies to elucidate their costs, bene-
 fits, and constraints, and the conditions under which each
 may best be applied.

 Eradication

 Governments pursue policies of carnivore eradication
 through bounties to private hunters or systematic,
 widespread elimination by trained agents (Boumez 1989;
 Linton 1998; Treves & Naughton-Treves 1999; Rangara-
 jan 2001). Campaigns to eradicate populations of carni-
 vores have now largely been terminated, except for some
 against exotic carnivores that threaten native fauna. The
 justification for eradication of carnivores is usually pre-
 vention of agricultural loss or protection of other species.
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 These policies have a mixed record of success (Evans
 1983; Theberge & Gauthier 1985; Reynolds & Tappen
 1996; Ratnaswamy et al. 1997). A full treatment of this sub-
 ject is beyond the scope of this paper, but failures to stem
 the perceived negative impacts of carnivores, through
 eradication, sometimes reflect inadequate understanding
 of the individual predator's interactions with the prey or
 resource valued by humans. For example, carnivores may
 select weak, aged, or young individuals unlikely to repro-
 duce successfully (Evans 1983; Karanth & Sunquist 1995;
 Palmqvist et al. 1996). Eradication also has several costs.
 The first is political: conservation groups oppose threats
 to wildlife populations, and animal welfare groups op-
 pose harm to individual animals. Eradication campaigns
 can also be costly to taxpayers if bounties are paid or in-
 volve expensive methods such as aerial hunting (Wagner
 & Conover 1999). Other costs may be ecological if the de-
 cline of carnivore populations upsets ecosystem function
 or leads to dramatic changes in the populations of other
 taxa (Estes et al. 1998; Berger et al. 2001; Terborgh et
 al. 2002). For example, small to medium-sized carnivores
 often benefit from reductions in large carnivores-a phe-
 nomenon referred to as mesopredator release (Newby &
 Brown 1958; Reynolds & Tappen 1996; Crooks 2002).

 Regulated Harvest

 In many regions, carnivores are managed by hunting
 (Jorgensen et al. 1978; Harbo & Dean 1983; Stowell &
 Willging 1992; Okarna 1993; Landa et al. 1999;
 Andersone & Ozolins 2000). The carnivore population
 is monitored to ensure sustainable harvests, usually by
 indirect, inexpensive, regional techniques rather than by
 intensive, systematic monitoring. For example, the previ-
 ous year's harvest may be used to set current bag limits
 (Sunde et al. 1998). In our view, a policy of regulated har-
 vest must include scientific monitoring by methods sensi-
 tive enough to detect significant population declines. This
 will generally require enforceable limits on the number of
 carnivores killed. Sound harvest policies also address the
 timing, location, and method of hunting, and the distribu-
 tion of benefits to all stakeholders. Unregulated killing of
 carnivores is not a management strategy by our typology.

 The cost of regulated harvests tends to be low. Placing
 control in local hands can satisfy the proponents of pri-
 vate property rights and self-determination while possibly
 raising public tolerance for dangerous carnivores (Linnell
 et al. 2001; Du Toit 2002). For example, between 1992
 and 2001, black bears (Ursus americanus) killed 429 live-
 stock in the state of Wisconsin (U.S.A.), whereas wolves
 killed 164 livestock (Treves et al. 2002; Wisconsin De-
 partment of Natural Resources, unpublished data). Yet
 political opposition to wolves is persistent, and opposi-
 tion to bear populations is invisible (Stowell & Willging
 1992; Naughton-Treves et al. 2003 [this issue]). This vari-
 ation may reflect the fact that bear hunting is permitted

 and licenses are tremendously oversubscribed, whereas
 wolves cannot currently be hunted legally. With hunter
 cooperation, regulated harvests can provide information
 on carnivore populations and interactions with humans
 (Jorgensen et al. 1978; Faraizl & Stiver 1996; Andersone &
 Ozolins 2000). Licensed hunting can also provide funding
 for protection or rural development (Stowell & Willging
 1992; Du Toit 2002). For example, Stowell and Willging
 (1992) described how the increasing revenue from har-
 vests led managers of black bear populations to enforce
 protection outside the hunting season, translocate prob-
 lem bears rather than destroy them, and closely regulate
 permits to kill problem bears. By combining regulated
 harvest with preservation tactics, managers could opti-
 mize political, economic, and ecological priorities.

 However, carnivore harvests face increasing political
 opposition in the United States and Europe (Berg 1998;
 Breitenmoser 1998). This majority is increasingly com-
 posed of rural residents, as well as urban and suburban
 ones (Forbes et al. 1998). Critics of carnivore hunting cite
 concerns about animal welfare, conservation, tourism,
 and scientific issues (Harbo & Dean 1983; Haber 1996;
 Manfredo et al. 1998; Harden 2002; Treves 2002). Such op-
 position can limit managers' flexibility (Mansfield 1991;
 Torres et al. 1996).

 Harvests intended to reduce crop and livestock losses
 have had limited effectiveness (Treves et al. in press).
 Private hunters and government culling agents often do
 not selectively target the individuals that cause economic
 losses (Jackson & Nowell 1996; Sunde et al. 1998; Sacks
 et al. 1999). Many individual carnivores pose no threat to
 crops, domestic animals, or humans, despite having ac-
 cess to them for years (Jorgensen 1979; Suminski 1982;
 Tompa 1983; Wydeven et al. in press). Hunters can even
 increase the risk of conflict if they wound rather than kill
 carnivores (Rabinowitz 1986; Hoogesteijn et al. 1993; Lin-
 nell et al. 1999). In short, hunting is unlikely to reduce
 human-carnivore conflict and might even increase it.

 Preservation

 In recent years, many countries have implemented strict
 protections following dramatic carnivore population de-
 clines. For example, the large felids are totally pro-
 tected by law both inside and outside protected ar-
 eas in India, and the laws are enforced reasonably well
 (Karanth et al. 1999; Rangarajan 2001). Even problem
 carnivores that stray into human settlements and kill live-

 stock (and sometimes even humans) are not automatically
 killed; many protected-area managers prefer transloca-
 tion (Sanyal 1987; Chellam &Johnsingh 1993; Karanth &
 Madhusudan 2002).

 We see two primary benefits of preservation. First, it
 has resulted in the recovery of several carnivore pop-
 ulations from the brink of extinction in the last cen-

 tury and holds out hope for many other populations in
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 severe decline (Wydeven et al. 1995; Bangs et al. 1998;
 Breitenmoser 1998; Karanth et al. 1999). Without strictly
 protected sites, it is nearly impossible to conduct longi-
 tudinal studies of carnivores that are critical to scientific

 management and shaping positive public attitudes toward
 wildlife (Mech 1970; Schaller 1972; Caro & Durant 1995;
 Haber 1996; Karanth et al. 1999).

 On the other hand, preservation requires heavy invest-
 ments of personnel, time, and resources in interaction
 with the public because managers have to demarcate
 and patrol boundaries, interdict and prosecute poach-
 ers, engage community participation, or verify damage
 claims. The costs of managing human-carnivore conflicts
 within preservation policies can also be high because
 many nonlethal methods are complex and expensive to
 maintain (Thouless & Sakwa 1995; Linnell et al. 1997;
 Angst 2001; Karanth & Madhusudan 2002; Shivik et al.
 2003 [this issue]). A political cost of preservation is the
 opposition mounted by livestock producers, hunters, and
 local communities (Naughton-Treves et al. 2003 [this is-
 sue]). Hunters tend to range into carnivore habitats with
 firearms, and farmers can place poisoned bait and other
 traps on their land (Newby & Brown 1958; Tompa 1983).
 Few wildlife agencies have the wherewithal to prevent
 such illicit killing and must depend on the goodwill of
 farmers and hunters. Incentive schemes and compensa-
 tion often aim to generate goodwill among these con-
 stituencies (Hotte & Bereznuk 2001; Mishra et al. 2003
 [this issue]; Montag 2003; Naughton-Treves et al. 2003
 [this issue]). Hence, the role of farmers and hunters in
 carnivore management policy exceeds their numerical
 representation.

 Future Directions

 Carnivore management now stands at a crossroads in
 many regions of the world. In some areas, carnivore pop-
 ulations have recovered to the point that regulated har-
 vest is being considered. In others, threats to carnivores
 are growing despite efforts at preservation. We believe
 that the tactics employed for the mitigation of human-
 carnivore conflict will determine the future course of car-

 nivore management in both these situations. We suggest
 that solutions to human-carnivore conflict can be classi-

 fied as those that modify behavior (that of humans, live-
 stock, or carnivores) and those that prevent the activities
 of humans and carnivores from intersecting in space.

 Modifying Behavior

 The most drastic ways to modify carnivore behavior are to
 kill the individual, sterilize it, or relocate it to a new site.
 Some workers argue that these control operations can
 have a positive effect on conservation and management

 if they are highly selective (Sacks et al. 1999; Treves 2002;
 Treves et al. 2004), whereas others believe that lethal con-
 trol is essential to balancing political and conservation
 goals even if methods are not highly selective (Mansfield
 1991; Mech 1995). However, opposition to lethal control
 of carnivores has impeded its use in some areas because
 the control operations are accused of preferential cater-
 ing to livestock producers and hunters (Harbo & Dean
 1983; Torres et al. 1996; Fox 2001). In addition to public
 opposition, there is reason for scientific skepticism about
 some forms of lethal control. For example, a survey of
 systematic studies of lethal control (Treves et al. 2004)
 suggests that 11-71% of the carnivores killed to prevent
 conflict showed no evidence of having been involved
 in recent conflicts (Gipson 1975; Horstman & Gunson
 1982; Sacks et al. 1999). In the United States from 1996
 to 2001, federal agents killed 13.7 million animals to con-
 trol agricultural damages (U.S. Department of Agriculture
 Wildlife Services 2003). If error rates resemble those cited
 above, 1.5-9.7 million animals were killed without cause.
 Studies also show that conflicts recur in the same loca-

 tions even after removal of a few individuals (Evans 1983;
 Hoare 2001; Karanth & Madhusudan 2002; Treves et al.
 2004).

 If lethal control can be applied selectively to reduce fu-
 ture conflicts or remove only the problem carnivores, it
 may be a useful component within both preservation and
 regulated harvest strategies. For instance, elimination of
 repeat offenders may facilitate public approval of protec-
 tion for the remainder. Moreover, the surviving carnivores
 that avoid humans and their domesticates may gain a rela-
 tive advantage and pass on their learned or genetic avoid-
 ance to future generations (Jorgensen et al. 1978; Treves
 2002). Otherwise, lethal control is simply an expedient
 approach to satisfying stakeholders for a brief period at
 best (Hoare 2001). Selective removal of problem carni-
 vores will require further advances in such areas as toxic
 defenses (Burns et al. 1996; Mason et al. 2001) or forensic
 techniques (Treves & Woodroffe in press).

 From a conservation perspective, nonlethal removal
 may often be tantamount to killing when translocated an-
 imals die. In Wisconsin, for example, translocated adult
 and yearling wolves had significantly higher mortality
 than other radiocollared adults or yearlings (Wisconsin
 Department of Natural Resources, unpublished data).
 Translocation of bears, wolves, and some smaller car-
 nivores has been reviewed by others (Jorgensen et al.
 1978; Stander 1990; Linnell et al. 1997), so we summa-
 rize their findings here. Translocation can work if the
 individual is transported sufficiently far that it cannot
 return home and is placed in suitable habitat with ter-
 ritorial vacancies. Translocation of carnivores into pro-
 tected areas or habitat already occupied by conspecifics
 can lead to social disruptions such as infanticide and in-
 traspecific aggression that may result in many more carni-
 vore deaths than would simply killing the problem animal
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 (K.U.K., unpublished data). If individual carnivores are
 extremely valuable-as the last individuals in a population
 or as trophy animals for sport hunters-translocation may
 be a cost-effective alternative to lethal removal (Stowell &

 Willging 1992). Public acceptance of translocation varies
 markedly, so its effective use may also depend on pub-
 lic education efforts and community participation (Man-
 fredo et al. 1998; Naughton-Treves et al. 2003 [this issue]).
 Otherwise, the effort, expense, and high rates of mortal-
 ity associated with translocation render it unsuitable for
 most situations.

 Other forms of modifying carnivore behavior include
 nonlethal deterrence. Aversive stimuli are meant to trig-
 ger negative gustatory, olfactory, visual, or tactile sensa-
 tions in carnivores to repel them from a resource that is
 important to humans. Chemicals that cause aversive re-
 sponses when ingested have limited utility because they
 do not inhibit predatory behavior per se, their effect
 may be temporary, and they often have unpredictable,
 unintended effects on nontarget species (Ratnaswamy
 et al. 1997; Mason et al. 2001). Sound and light stimuli
 used to repel wildlife have a long history. Most research
 in this area has been conducted on canids and ursids

 (Jorgensen et al. 1978; Linhart et al. 1984; Smith et al.
 2000; Bangs & Shivik 2001). Shivik et al. (2003 [this is-
 sue]) note the great potential of these devices if stimuli
 vary unpredictably and if the devices are triggered by the
 behavior immediately preceding conflict with humans.
 Electrical or mechanical sensory aversion has been advo-
 cated in some cases (Sanyal 1987; Musiani et al. 2003 [this
 issue]). A consensus is emerging that multiple nonlethal
 defenses must be deployed simultaneously, must be de-
 signed and installed with a particular species in mind, and
 must be modified periodically to avoid habituation by tar-
 get species. In many cases, highly technical interventions
 are not practical within the socioeconomic constraints of
 developing countries or rural communities.

 Interventions that modify human or livestock behav-
 ior include changes in husbandry and guarding practices.
 Decades of study indicate that animal and crop husbandry
 practices affect vulnerability to carnivores. Risk increases
 where more livestock are present, when sick or preg-
 nant animals roam far from humans or buildings, when
 carcasses are left exposed, when humans are distant or
 absent, and when herds roam near cover (Mech et al.
 2000; Stahl & Vandel 2001; Ogada et al. 2003 [this is-
 sue]; Treves et al. 2003 [this issue]). Reducing human-
 carnivore conflict at farms will require changes in the be-
 havior of producers. Such changes are resisted typically
 for reasons of economy or inertia. Research is underway
 to determine whether incentive schemes and outreach

 campaigns can promote the needed behavioral changes
 (Fox 2001; Mishra et al. 2003 [this issue]).

 When carnivores threaten humans themselves, edu-
 cation campaigns may help reduce risks (Sanyal 1987;
 Beier 1991; Rajpurohit & Krausman 2000). A systematic

 study of the effectiveness of education campaigns is badly
 overdue.

 Changing husbandry practices to include the use of
 guard animals begins by modifying human behavior, al-
 though its mode of action is ultimately to affect carni-
 vore behavior (Coppinger et al. 1988; Green & Woodruff
 1989; Andelt 2001). Domestic dogs and some breeds of
 livestock, such as donkeys (Equus asinus) and llamas
 (Lama glama), may counterattack some carnivores or
 act in such a way as to interrupt predatory behavior. Pre-
 liminary conclusions can be drawn. Donkeys and llamas
 can repel coyotes (Canis latrans) or smaller canids, but
 there is no evidence that they guard against other carni-
 vores (Wagner & Conover 1999; Meadows & Knowlton
 2000). Guard dogs can also repel coyotes but less often
 wolves; likewise, they are effective against black bears
 but less so against the larger grizzly bears (Ursus arctos)
 (Green & Woodruff 1989; Bangs & Shivik 2001). Studies of
 the efficacy of guard animals against felids have not been
 published to our knowledge, but cheetahs (Acinonyxju-
 batus) appear to be deterred by guard dogs in Namibia
 (L. Marker, unpublished data).

 Avoiding the Intersection of Human and Carnivore Activities

 Barriers such as fences, trenches, and walls have been
 used for millennia. When made from local materials and

 using traditional technologies, barriers are generally in-
 expensive to maintain and sustainable under local socioe-
 conomic constraints (Jackson & Wangehuk 2001; Ogada
 et al. 2003 [this issue]). Some barriers may be undermined
 by the very people they are meant to protect if resources
 on the other side are needed (Karanth & Madhusudan
 2002). Electrified barriers are both expensive in capital
 and time (Shelton 1984; Angst 2001) and produce unde-
 sirable ecological side effects when they isolate wildlife
 populations or are dismantled and used as wire snares
 (Thouless & Sakwa 1995; L. Osborne, unpublished data).
 Limitations exist to even the most intensive barrier main-

 tenance efforts. Carnivores that have become dedicated

 predators on livestock or humans have not been impeded
 by most barriers for long (Corbett 1954; Turnbull-Kemp
 1967; Brain 1981). Given time, some individuals learn to
 penetrate any barrier (Thompson 1978; Shelton 1984;
 Thouless & Sakwa 1995). In sum, barriers are an impor-
 tant part of protecting humans and their resources, but
 they must be coupled with other approaches that address
 transgressions by either humans or carnivores.

 Where human settlements are expanding within the
 last remaining habitats of highly endangered carnivores,
 enforced zoning schemes may need to be considered.
 Protected areas that prohibit certain human activities are
 a form of zoning. The debate over the effectiveness of
 parks and their political challenges is beyond the scope
 of this paper, but the use of zoning specifically to miti-
 gate human-carnivore conflicts has begun to receive more
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 attention (Breitenmoser 1998; J. Linnell unpublished
 data). Because human-wildlife conflicts of all sorts are

 concentrated at the edges of protected areas (Woodroffe
 & Ginsburg 1998; Naughton-Treves et al. 2000), zoning
 may simply relocate conflicts without preventing them.
 More work is needed to understand zoning and its effec-
 tiveness in limiting the intersection of human and carni-
 vore activities.

 Voluntary resettlement is an extreme form of zoning.
 It has been employed for over 30 years in India to move
 human settlements out of lion (Panthera leo) and tiger
 habitat, leading to a substantial reduction in conflict and
 recovery of carnivore populations at many sites (Karanth
 et al. 1999; Karanth 2002; Karanth & Madhusudan 2002).
 To be successful in the long run, these relocation schemes
 should be truly voluntary, with participants gaining a net
 benefit such as improved access to jobs or essential ser-
 vices. The schemes should also be driven by incentive
 rather than coercion and must entail a fair, transparent
 participatory process. When conflicts with wildlife re-
 sult in human casualties, or catastrophic loss of home
 and income, human communities may wish to relocate
 their settlements (Karanth 2002; Karanth & Madhusudan
 2002). Resettlement schemes may face political oppo-
 sition from groups seeking to protect local land claims
 or culture. These concerns must also be addressed ade-

 quately. For many large carnivores in densely populated
 regions, however, such as in southern Asia, resettlement
 may increasingly be the only conservation option for
 some time (Karanth 2002).

 Conclusions

 Carnivore management is as much a political challenge
 as a scientific one. Public opposition can block transloca-
 tions, reintroductions, and the natural recovery of car-
 nivores to former habitats. Successful conservation of

 carnivores depends on tolerant sociopolitical landscapes
 and favorable ecological conditions because humans have
 caused most of the carnivore mortality worldwide and
 most of the recent extirpations of carnivore popula-
 tions. The human dimensions of carnivore conservation

 can trap carnivore managers between powerful interest
 groups and inflexible legislation. As a result, carnivore
 managers must now invest in intense and prolonged pub-
 lic outreach and engage social scientists to study public
 approval for management tactics. This investment will
 earn dividends if interested members of the public assist
 in necessary management tasks, such as monitoring and
 education. Thus, public involvement in carnivore policy
 can have a salutary effect but may also have a negative
 outcome. Negative outcomes are common in carnivore
 policy discussions when interest groups polarize debate
 and litigation leads to formal and inflexible rules. This out-
 come undermines the principles of adaptive management

 so important to conserving wildlife in human-dominated
 ecosystems.

 We believe that future carnivore managers will increas-
 ingly employ a mix of strategies involving nonlethal mod-
 ification of carnivore behavior, a change in human be-
 havior, prevention of conflicts through spatial separation,
 and use of lethal controls only where absolutely essential.
 These solutions must be situation-specific and driven by
 scientific data (both biological and social), not by fears
 and prejudices against carnivores. We recommend that
 attention be directed to understanding and reducing hu-
 man causes of carnivore mortality because this may result
 in the speedier recovery of many populations. In addition,
 information on the locations and participants in human-
 carnivore conflict may aid in the prediction, prevention,
 and mitigation of future conflicts (Treves et al. 2004).
 The job of conservation biologists is to inform the public
 and policy-makers about locally feasible options based on
 careful research. Close coordination with managers will
 be essential.
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